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Variability of morphometric traits of seeds
of different genotypes of Lycium spp.
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Purpose. The objective of this study was to evaluate the morphological parameters of Lycium spp. seeds from the
collections in M. M. Hryshko National Botanical Garden (NBS) NAS of Ukraine. Methods. Cultivars and varieties of three
Lycium species (Lycium barbarum, L. chinense, L. truncatum) were studied in the period from 2016 till 2019. The following
morphometric measurments were conducted: seeds weight, seeds length, seeds width and index of seeds shape. Basic
statistical analyses were performed using PAST 2.17. Hierarchical cluster analyses of similarity between genotypes were
computed on the basis of the Bray-Curtis similarity index. Correlation between traits was determined using the Pearson
correlation coefficient. Results. Cultivars and varieties of different species of Lycium varied in weight, shape, and size
of seeds. Seed weight varied from 0.54 to 3.54 mg, seed length from 1.90 to 3.06 mm, seed width from 1.43 to 2.53 mm.
The shape indexes of seeds were found ranging from 0.73 to 0.80. The analysis of coefficient of variation showed the
difference of variability in morphometric characteristics between some Lycium spp. cultivars and varieties. The most
variable features: seeds weight (8.51-28.22%) and seeds length (5.07-24.81%) are important parameters for selection.
The use of cluster analysis made it possible to establish the similarity between the species of the studied Lycium species.
Conclusions. Diagnostic signs by seed morphometry for differentiation of Lycium species were revealed. The analysis of
coefficient of variation showed the difference of variability in morphometric characteristics between some Lycium cul-
tivars and varieties. The most variable characteristics of the studied genotypes were seed weight and length, which are
important parameters for selection because they determine the pulp content and number of seeds, as well as the ratio of
these parameters between them. It is through variability that promising varieties with low seed weight and length can be
selected, Due to securing them later vegetatively.
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lationships [7] that would be a great help in aca-

Introduction demic as well as in applied ventures [8, 9].

For the successful cultivation of neglected
and underutilized species and the production
of new wvaluable varieties, a comprehensive
study of their plant morphology and anatomy
is necessary [1-6]. It is especially important to
study the biological characteristics of seeds,
since they characterize the most successful va-
rieties, especially those propagating by seed.

The morphological characteristics of the seeds
of different plant species serve as taxonomical
markings and also in deducing phylogenetic re-
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The genus Lycium L. (Solanaceae Juss.) in-
cludes about 92 (97) species, of which 35 spe-
cies are used as food and medicinal [10-12].
The two most common species are L. barbarum L.
and L. chinense Mill., which have been used in
Chinese medicine for over 2000 years [12, 13]
because of content of valuable bioactive sub-
stances [14-18] that have many pharmacologi-
cal effects, namely anti-cancer, anti-hypergly-
cemic, antioxidant, anti-inflammatory, and
anti-aging properties [19—23]. Not only fruits,
but also other plant parts, especially leaves
contain valuable biologically active substances
[24-26].

Lycium fruits are used to prepare juices,
wine, canned food, used in soups, as porridge
with rice, and added to various types of meat
and vegetable dishes [12—-18].
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The unique biochemical characteristics of
Lycium are well documented. However, infor-
mation about the morphological variability
of Lycium seeds is insufficient. It is impor-
tant to study the genetic variability of seeds
for improving selected characteristics in the
future.

The purpose of this study was to determine
the variability of morphological characteris-
tics of Lycium spp. seeds. The obtained results
will help to select promising genotypes for fur-
ther breeding work.

Material and methods
Collection of plant material

Plants growing in M. M. Hryshko National
Botanical Garden of NAS of Ukraine (Kyiv)
from seeds or cuttings obtained from China,
France, Slovak Republic and other Botanical
Gardens of Ukraine. The research was con-
ducted during 2016-2019. The following geno-
types of the three Lycium species were studi-
ed in this work: L. barbarum (var. LBO1,
LB0O2 and LBO03); L. chinense (var. LCO1,
LC02, LC03, LC04, LCO5, and cv. Amber
Sweet, Big Lifeberry, Delikat, Ql, Sweet
Lifeberry, Tybet); Lycium truncatum (var.
LTO01 and cv. Super Sweet, Korean Big, N1
Lifeberry, New Big, Princess Tao). The ripe-
ned fruits were harvested in the maturity
stage (August).

Morphometric analysis

Immediately after the harvest, 30 fruits of
each genotype were taken and 30 seeds were
randomly selected. The following morphomet-
ric parameters were measured: seeds weight
(50 seeds), in g; seeds length, in mm; seeds
width, in mm. Seeds weight was measured by
using a digital balance with a sensitivity of
0.01 g (PS6000/C/1). Linear dimensions of
seeds as length and width were measured by
using a digital calliper gauge with a sensitivi-
ty of 0.01 mm than shape index was calculated
by using length/width ratio.

Statistical analysis

Basic statistical analyses — the minimal and
maximal values of the traits, arithmetic means,
and coefficient of variation (V %) were per-
formed using PAST 2.17 (Norway, 2001). Re-
sults of the morphometric analysis were deter-
mined by mean =+ standard deviation (SD) and
statistical significance was estimated. Hierar-
chical cluster analyses of similarity between
phenotypes were computed by the Bray-Curtis
similarity index and were performed using
PAST 2.17.

Results and discussions

For the first time since 2016 in Ukraine in
the M. M. Hryshko National Botanical Gar-
den (Department of Acclimatization of Fruit
Plants) work on the collection of different
species of Lycium L. has begun. Until this
time, Lycium spp. was not studied in Ukraine
at all. The collection consists of 45 genotypes
(from seeds or cuttings) received from China,
France, Slovakia and other botanical gardens
in Ukraine, 9 of which were selected for cul-
tivars.

There is limited information on morphomet-
ric parameters of Lycium seeds. Descriptions
of species in the flora of countries indicate
rough parameters of seed length and width in-
dicators, which are usually 2-3 and 1.5-2.0 mm,
or indicate only length. This does not reveal
the morphometric parameters fully.

Cultivars and varieties of different species
of Lycium plants varied in weight, shape, and
size of seeds (Fig. 1).

The seeds color of the currently studied Ly-
cium ranges from pale yellow, grayish yellow,
and light brown.

The minimum and maximum values for the
seeds weight, seeds length, seed width and
shape index of seeds in the twenty-one culti-
vars and varieties are shown in Table 1.

Variation limits for seed length varied from
1.38 mm for LT01 (Lycium truncatum) to 2.20 mm
for cv. Princess Tao (L. truncatum) (Table 1).
The value of width varied within the interval
from 1.01 mm (L. barbarum LB03) to 3.03 mm
(L. chinense cv. Delikat). Seed weight ranged
of 0.37 mg (L. truncatum cv. Princess Tao) to
4.43 mg (L. chinense LCO03).

The average weight of the seed was deter-
mined in the range of 0.54 (L. truncatum cv.
Princess Tao) to 3.54 (L. chinense LC03) mg,
length of seed from 1.90 (L. truncatum LTO01
and cv. New Big) to 3.06 (L. chinense cv. De-
likat) mm, width of seed from 1.43 (L. trunca-
tum LTO01) to 2.53 (L. chinense LC03) mm
(Fig. 2, 3).

Kazbekovna et al. [27] established a seed width
range in L. barbarum from 2.50 to 3.0 mm
and in L. ruthenicum from 1.5 to 2.0 mm.
According to Zhang et al. [28], the seeds
width of L. ruthenicum was also determined
from 1.5 to 2.0 mm. The seeds width of L. chi-
nense was determined to be between 2.5 and
3.0 mm and L. shawii between 1.5 and
2.0 mm [29].

The shape index (Fig. 4) of seeds which is
ranged from 0.73 (L. barbarum LB04 and L. chi-
nense LCO1) to 0.80 (L. chinense LCO03).
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Fig. 1. Seeds of different Lycium species

Table 1
Variation limits of seeds of cultivars and varieties of Lycium spp.
Cultivars, of 10\%‘2:;15, g Seeds length, mm | Seed width, mm Shape index
varieties - - : -
min max min max min max min max
Lycium barbarum
LBO1 1.81 2.87 2.19 2.97 1.58 2.46 0.64 1.02
LB02 2.30 3.37 1.90 3.65 1.45 2.75 0.64 0.93
LBO3 0.75 2.14 2.00 3.03 1.01 2.57 0.39 1.12
LB04 1.33 2.04 2.36 3.04 1.69 2.63 0.58 0.88
Lycium chinense
LCo1 1.75 2.77 2.54 3.23 1.67 2.63 0.60 0.95
LCo2 2.18 3.32 2.50 3.44 1.87 2.70 0.60 0.92
LCo3 2.80 4.43 2.02 3.33 2.08 2.91 0.71 1.12
LCo4 2.30 3.23 2.43 3.38 1.88 2.88 0.68 0.96
LCo5 2.29 4.11 2.60 3.48 1.64 2.69 0.50 0.91

Amber Sweet 2.26 3.73 2.13 3.28 1.62 2.48 0.62 1.03
Big Lifeberry 1.86 2.99 2.46 3.06 1.64 2.50 0.60 0.96

Delikat 2.29 3.66 2.74 3.48 1.99 3.03 0.61 0.97
Q1 2.46 3.54 2.33 3.27 1.85 2.71 0.68 0.98
Sweet Lifeberry | 1.49 2.37 2.32 3.31 1.77 2.76 0.62 0.99
Tybet 2.22 3.25 2.40 3.10 1.76 2.60 0.67 0.98
Lycium truncatum
LTo1 0.75 1.31 1.38 2.32 1.14 1.68 0.58 1.01
Super Sweet 0.72 1.42 1.69 2.46 1.12 1.96 0.53 1.05
Korean Big 0.52 1.10 1.45 2.38 1.09 1.80 0.47 1.00
N1 Lifeberry 0.69 1.02 1.57 2.40 1.19 1.78 0.63 0.93
New Big 0.45 0.78 1.59 2.26 1.15 1.81 0.57 0.98
Princess Tao 0.37 0.78 1.44 2.20 1.12 1.92 0.54 1.12

Note. min — minimum values; max — maximum values.
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Fig. 2. Mean values for seed’s weight of cultivars and varieties of Lycium spp.
[means in each column followed by different letters are not significantly different (P < 0.05)]
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Fig. 3. Mean values for seed’s length and width of cultivars and varieties of Lycium spp.
[means in each column followed by different letters are not significantly different (P < 0.05)]

The analysis of coefficient of wvariation
showed the significant variability of mor-
phological signs between cultivars and varie-
ties (Fig. 5). The variation coefficients (%)
ranged between 8.51 (L. chinense cv. Amber
Sweet) and 28.22 (L. truncatum cv. Super
Sweet) for seeds weight, between 5.07 (L. chi-
nense cv. Big Lifeberry) and 24.81 (L. barba-

rum LBO02) for seeds length, between 7.59
(L. chinense cv. Big Lifeberry) and 15.01
(L. barbarum LB02) for seeds width, between
8.51 (L. chinense cv. Amber Sweet) and 15.22
(L. truncatum cv. Super Sweet) for the shape
index.

The most variable characteristics in the
studied genotypes were seed weight and length,
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Figure 4. Comparison of shape index of seeds of cultivars and varieties of Lycium spp.
[means in each column followed by different letters are not significantly different (P < 0.05)]
% which are important parameters for selection.
30 They determine the pulp content and number
25 - of seeds in the fruit and the ratio of these pa-
rameters to each other. The smaller the seed in
20 1 weight and length, the greater the pulp content
15 A of the fruit. It is through variability that
10 - promising varieties with small weight and
lengths can be selected, securing them after-

51 wards, as in other cultivars, vegetatively.
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Fig. 5. Variability of morphological characters showed a strong correlation between the main
of Lycium spp. cultivars and varieties (%) morphological features (Fig. 6).
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Fig. 6. Correlation of morphological parameters of seeds of cultivars and varieties of Lycium spp.
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Fig. 7. Cluster dendrogram analyzed on four morphometrics parameters
of seeds of 21 cultivars and varieties of Lycium spp.

Thus, the correlation coefficient between seed
length and width was 0.964 and is reliable at all
accuracy levels. The strength of the relation-
ship between the length and seed weight was
characterized by the coefficient of 0.894, and
between the width and seed weight by 0.934.

Cluster analysis is very widely used to as-
sess the genetic diversity of many plant spe-
cies [1, 6, 30, 31].

The above data (Figure 2-5) confirms clus-
ter analysis. In clustering, all studying para-
meters of seeds for 21 cultivars and varieties
of the Lycium spp. were used, and the result-
ing clusters are shown in Figure 7.

Based on the data presented in Figure 7, we
can say that cluster analysis divides the collec-
tion into two main clusters. The largest num-
ber of samples (15 cultivars and varieties) were
included in Cluster I. Cluster II consisted of 5
cultivars and 1 wvarieties of L. truncatum,
which were the most distant from all other
samples of Cluster I, and differed from the
others by the smallest morphometric charac-
teristics of seeds. Cluster analysis demon-
strates the integrated character of the varia-
bility in seeds of the studied species, cultivars
and indicates possible ways to artificially im-
prove the genetic material.

Varieties of Lycium with big seeds weight and
size not be seen as a practical unusable. The
seeds of different Lycium species contain rich
biologically active substances, mainly fatty acids.
QOil from these seeds can be used in the phar-
maceutical and food industries [32—34].

Conclusions

Diagnostic signs by seed morphometry for
differentiation of Lycium species were re-
vealed. The analysis of coefficient of varia-
tion showed the difference of variability in
morphometric characteristics between some
Lycium cultivars and varieties. The use of
cluster analysis allowed us to establish a clear
limitation of L. truncatum on a complex of
diagnostic characters. Seeds of L. truncatum
differed from other plant species by the lowest
morphometric indices. The most variable
characteristics in the studied genotypes were
seed weight and length, which are important
parameters for selection. They determine the
pulp content and number of seeds in the fruit
and the ratio of these parameters to each other.
The smaller the seed in weight and length, the
more pulp the fruit contains. It is through
variability that promising varieties with
small weight and lengths can be selected, se-
curing them afterwards, as in other cultivars,
vegetatively.
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Meta. OuiHuTM MOPQOMETPUYHI NOKA3HWKU HACIHHSA
Lycium spp. konekuii HauioHanbHoro 6otaHiyHoro cagy ime-
Hi M. M. Tpuwka (HBC) HAH YkpaiHu. Metopgu. Ynpopnosx
2016-2019 pp. gocnigxeHo 21 reHotun (10 coptiei 1l dopm)
Tpbox BuAiB (Lycium barbarum, L. chinense, L. truncatum).
YcTaHoBNeHO MOPGOMETpPUYHi MOKa3HMKM HaciHHA (Maca,
AOBXWHA, WKUpUHA Ta iHpeKc cdopmu). CTaTuCTUYHMI aHa-
ni3 BuKoHyBanu 3a ponomoroto PAST 2.17. IepapxiuHuit
KNnacTepHuii aHania nopibHocTi reHoTUNiB 3filicHeHO 3a
iHpekcom nopibHocTi bpeit-Keptica. HasBHiTb 3B'A3KiB Mix
napameTpamu BCTaHOBNIOBaAW 3a KoediuieHToM Kopensuii
Mipcoxa. Pesynbratu. Coptvt Ta popMu pi3HUX BUAIB POCIMH
Lycium BapitoBanu 3a Macoio, po3Mipom Ta PopMOI0 HACIHHS.
MopdomeTpuyHi napameTpu HaciHHf OynW TakuMMU: Maca —
Big 0,54 po 3,54 mr, poBxuHa — Big 1,90 go 3,06 mm, wupu-
Ha - Bif 1,43 po 2,53 MM. BennunHa ingekcy hopmu HaciHHA
ctaHoBuna Big 0,73 po 0,80. AHani3 koediuieHTa Bapiauii
noKa3as pi3Hy MiHAUBICTb MOPGHOMETPUYHNX XapaKTEPUCTUK
coptis Ta popM pi3Hux BugiB Lycium. Haiiminnueiwoto € maca

HaciHHA (8,51-28,22%) Ta Woro posxwuHa (5,07-24,81%),
AKi € BXNMBMMU NapameTpamu ans cenekuii. BukopucranHs
KNacTepHOro aHanisy [ano 3Mory BCTAHOBUTU TEHETUYHi
3B'A3KM MiX copTamu i dopmamu Lycium Ta po3nofinutu ix
y ABa OCHOBHUX KnacTtepu. BucHoBku. BussneHo pgiarHoc-
TUYHI O3HaKM MOP(OMETPUYHUX MapaMeTpiB HACIHHA AN
ipeHTudikauii supis Lycium. AHani3 kKoediuieHTa Bapiauii
NoKa3aB MiHAMBICTb MOP(OMETPUYHUX XapPaKTEPUCTUK MiX
peskumu coptamu Ta cdopmamu Lycium. HalmiHamsiwmmm
napameTpamu LOCNifKYBaHWUX reHoTUniB 6ynu maca Ta fo-
BXWHA HaciHHA. OCTaHHI € BaXAUBUMU NS cenekuii, ocKinb-
KM Bifi HUX 3aNeXWUTb YMiCT M'AKyWY Ta KiNbKiCTb HACiHHS, a
TaKOX CMiBBifHOWEHHSA LMX NapamMeTpiB MiX HUMU. 3aBAAKN
MiHAMBOCTI MOXHA [ibpaT NepcneKkTUBHI COPTM 3 HEBeNU-
KMMW Macolo Ta [OBXMUHOK HACiHHA, 3aKPinuBLIKM iX NOTIM
BEreTaTUBHO.

Knrouosi cnosa: 200xi; sudu; copmu,; popmu; HACIHHSA;
mopghomempuyHi  napamempu; KaacmepHul  TEpapXiyHUl
aHan3.
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