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Goyji berries (Lycium L.) have been an important element of traditional Chinese medicine for centuries due to their health-
promoting properties and chemical composition, and they deserve the term “superfiuit”. The objective of this study was to evaluate
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Introduction tain biologically active substances, but also other parts of the plants, espe-

The genus Lycium L. (Solanaceae Juss.) includes about 92(97) spe-
cies, widespread in temperate and subtropical zones. Its shrubs or small
trees are mostly found in arid or semi-arid, semisaline environments (Le-
vin et al., 2011; Barboza et al., 2016). 35 species from all genus are used as
food or medicine (Yao et al., 2018a).

But goji berries are the most used in the quality of ‘superfood’. Under
this name, the fiuits of two species from east Asia: L. barbarum L. and
L. chinense Mill. are consumed. They have been used in Chinese medi-
cine for over 2000 years (Amagase & Famnsworth, 2017; Yao etal., 2017).
Lycii Fructus (fruits of Lycium) are listed into several pharmacopeias,
including China, Europe and UK (Chang et al., 2015; Yao et al., 2017).

Goji berries have high anti-cancer (Wawruszak et al., 2016; Cumaog-
lu et al., 2018), anti-hyperglycemic (Potterat, 2010; Wojdyto et al., 2018),
antioxidant (Protti et al., 2017; Ma et al., 2019), anti-inflammatory (Liu
etal,, 2015; Nardi et al., 2016; Wang et al., 2017), and anti-aging proper-
ties (Chang et al., 2015; Wojdylo et al., 2018). The fiuits are characterized
by a high amount of ascorbic acid (Niro et al., 2017), carotenoids (Chang
et al,, 2015), polysaccharides (Li et al., 2007; Wang et al., 2010), betaine
(Xie etal., 2001; Lee et al., 2014) and taurine (Potterat, 2010).

In China, more than 150,000 ha are occupied by the goji crop, they
are also grown in Europe and the USA (Yao et al., 2018). The fiuits of
goji berries are used in fresh and dried condition and juices, wine, pre-
serves are made from them and also a substitute of tea is made from their
leaves (Potterat et al., 2010; Yao et al., 2018). Not only do the fruits con-
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cially leaves (Grygorieva et al., 2020; Szot et al., 2020). L. barbarum and
L. chinense are the most common species in both hemispheres (GBIF.org,
http:/doi.org/10.15468/  d1.23c8y6,  http:/doi.org/10.15468/dl.at62jg).
In Europe, including Ukraine, both species have naturalized and are neo-
phytes, a component of the synantropic flora (Mosyakin et al., 1999;
Pysek et al., 2002).

The purpose of this study was to determine the variability of some
morphological characteristics of fruits Lycium spp. The obtained results
will help to select promising genotypes for further breeding work and to
evaluate the prospects of promising use of selected samples.

Materials and methods

The plants were grown in M. M. Gryshko National Botanical Garden
of NAS of Ukraine (Kyiv) from seeds or cuttings obtained from China,
France, Slovak Republic and other Botanical Gardens of Ukraine. There
21 genotypes were investigated in an experimental study 2016-2019,
including three species (Lycium barbarum, L. chinense, L. truncatum) and
10 cultivars and 11 varieties (LB01-LB03, LCO1-LCO05, LTO1). Samples
were marked as LB (L. barbarum), LC (L. chinense), LT (L. truncatum).

30 fruits from each genotype were used immediately after harvest for
phenotypic measurements such as fruit weight, (FW), in g, fruit length
(FL), in mm, fiuit diameter (FD), in mm. Fruit mass was measured by
using a digital balance with a sensitivity of 0.01 g (PS6000/C/1). Linear
dimensions of fruits as length and diameter were measured by using a
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digital calliper gauge with a sensitivity of 0.01 mm, then the shape index
was calculated by using length/width ratio. Basic statistical analyses — the
minimal and maximal values of the traits, arithmetic means, and coeffi-
cient of variation (V, %) were performed using PAST 2.17 (Norway,
2001). Results of the morphometric analysis were determined 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

The differences in weight, shape, size, colour of fruits from the collec-
tion of the M. M. Gryshko National Botanical Garden are shown in Fig-
ure 1. The minimum and maximum values for the weight, length, diame-
ter, shape index of fruit, and number of seeds in the twenty-one Lycium
spp. are shown in Table 1.

Fig. 1. Variability of fiuits of Lycium spp.

Table 1
Variation limits of fiuits of species of the genus Lycium cultivars and varieties
Species, Fruit weight, g Fruit length, mm Fruit diameter, mm Shape index Number of seeds in fruit
cultivars, varieties min max min max min max min max min max
Lycium barbarum
LBO1 025 124 14.00 23.00 5.00 10.00 1.56 320 5 29
LB02 0.54 1.70 1571 2784 7.77 1140 1.85 2.74 5 35
LB03 041 1.30 13.74 22,65 7.09 10.63 1.69 261 5 29
LB Wild 0.10 1.07 6.11 2225 351 11.60 1.00 258 1 16
Lycium chinense
LCo1 0.68 1.13 15.70 19.07 822 1049 1.57 221 12 32
LC02 031 0.67 11.17 1443 623 9.11 137 1.93 10 26
LCo3 0.56 125 15.00 20.00 7.00 10.00 1.78 2.57 15 31
LCo4 0.68 1.52 9.78 21.09 8.07 11.80 1.03 227 10 34
LCO05 0.54 147 15.00 19.00 8.00 11.00 1.60 225 10 30
LC Amber Sweet 0.51 1.71 13.04 21.60 7.09 11.30 1.38 224 6 17
LC Big Lifeberry 049 1.13 16.00 20.00 8.00 10.50 1.70 238 13 35
LC Delikat 0.61 124 9.00 12.00 11.00 16.00 0.67 092 13 30
LCQ1 043 1.07 15.00 22.00 7.00 10.00 1.67 2.79 5 23
LC Sweet Lifeberry 0.54 0.85 13.99 19.34 7.06 9.82 1.69 228 17 28
LC Tybet 0.65 1.52 13.00 19.00 8.00 11.50 127 1.89 8 38
Lycium truncatum

LTO1 027 093 10.88 17.30 6.13 11.06 127 1.85 13 33
LT Super Sweet 048 1.68 15.69 2827 640 1143 2.08 3.18 9 37
LT Korean Big 023 0.86 9.66 2048 6.04 995 1.34 2.50 8 42
LT N1 Lifeberry 043 094 14.18 2224 648 9.68 1.69 2.69 11 49
LT New Big 0.55 129 1847 2589 6.93 9.72 217 3.09 18 36
LT Princess Tao 031 0.61 12.09 1692 5.66 237 148 251 5 31

Note: min — minimal value; max — maximal value.
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Variation limits for fruit length varied between 6.11 mm for cv. Wild
(L. barbarum) to 28.27 mm for cv. Super Sweet (L. truncatum, Table 1).
The value of diameter varied within the interval from 3.51 mm (L. barba-
rum cv. Wild) to 11.80 mm (L. chinense var. LC_04). Fruit weight, eco-
nomically the most important characteristic, ranged of 0.10 g (L. barba-
rum cv. Wild) to 1.71 g (L. chinense cv. Amber Sweet). In this
experiment, the average weight of a single fruit exceeded 1 g in the case
of: LB 02, LC 04, LC 05, LC Amber Sweet, LC Tybet and LT Super
Sweet. The average weight of the fiuits was determined in the range of
044 (L. truncatum cv. Princess Tao) to 1.08 g (L. chinense cv. Tybet),
fruits length from 10.41 (L. chinense cv. Delikat) to 22.84 mm (L. trunca-
tum cv. Super Sweet), fruits” diameter from 7.16 (L. truncatum cv. Prin-
cess Tao) to 13.48 mm (L. chinense cv. Delikat, Fig. 2, 3). The shape
index (Fig. 4) of fiuits ranged from 0.78 (L. chinense cv. Delikat) to 2.56
(L. truncatum cv. New Big).

Number of seeds in fruit was identified in the range from 1
(LB_Wild) to 49 (LT N1 Lifeberry). Lycium barbarum fit contains 1—
35 seeds, L. chinense — 5-38, L. truncatum — 5-49 seeds. These results

L. barbarwun

L c?:’nense

indicate the great variability of this trait. The analysis of coefficient of
variation showed the significant variability of morphological signs be-
tween Lycium spp. cultivars and varieties. The variation coefficients (%)
ranged between 11.41 (L. chinense cv. Q1) and 37.12 (L. chinense cv.
Delikat) for fruit weight, between 4.31 mm (L. chinense cv. Q1) and 20.40
(L. chinense cv. Delikat) for fruit length, between 5.05 (L. chinense var.
LC 05) and 14.09 (L. chinense cv. Delikat) for fiuit diameter, between
4.51 (L. truncatum cv. N1 Lifeberry) and 14.44 (L. chinense cv. Delikat)
for the shape index, and between 9.73 (L. truncatum cv. N1 Lifeberry) and
60.78 (L. chinense cv. Delikat) for number of seeds in fruits. Data showed
that the most variable important selection signs are the fruit weight and
number of seeds in fruits. These results indicate the promise of breeding in
this way of investigation.

The above data shown in Figures 2-5 are confirmed by cluster analy-
sis. In clustering, all studied parameters for 21 cultivars and varieties of the
Lycium spp. were used, and the resulting clusters are shown in Figure 6.
On the basis of data presented in Figure 6 it could be said that cluster
analysis separates Lycium spp. selections into three main Clusters.
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Fig. 2. Fruits weight of Lycium spp. cultivars and varieties: means in columns followed by different letters are different by P <0.05
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Fig. 6. Cluster dendrogram analyzed on four morphometric parameters of fruits of Lycium spp. 21 cultivars and varieties

The Cluster I contained two cultivars Wild (L. barbarum) and Amber
Sweet (L. chinense) only, and these two cultivars differed by the least
number of seeds in the fiuit. The largest number of samples (18 cultivars
and varieties) was included in Cluster II. The Cluster III consisted of the
cultivar Delikat (L. chinense) which is found to be furthest from all other
genotypes Cluster I, 11, and differs from other ones by the smallest shape
index and fruits length and the largest diameter of the fruits.

Discussion

In Ukraine, goji has not been investigated or grown on an industrial
commercial scale. Since 2016, the Department of Fruit Plants Acclimati-
sation (M. M. Gryshko National Botanical Garden) has been working on
creating a Lycium spp. collection. Our collection includes 45 genotypes
from seeds or cuttings obtained from China, France, Slovak Republic and
other Botanical Gardens of Ukraine. In the selection process 26 promising
genotypes of Lycium spp were involved, of which 9 candidates were
selected for cultivars. Among the studied L. barbarum plants a group was
identified that differed in features of the structure of flowers and the nature
of pubescence of the corolla and petals. According to the description in
Flora of China, the plants correspond to the species L. truncatum
Y. C. Wang. Therefore, such cultivars as Ningqi 1 (N1 Lifeberry), Super
Sweet, Korean Big, New Big and Pmcess Tao have been considered
within this species.

Regul. Mech. Biosyst., 2021, 12(1)

Currently, only in China are breeding programs focused mainly on
species: L. barbarum, L. chinense and L. ruthenicum. The first selection
work started in China at 1960-1970s at the Ningxia Research Center of
Wolfberry Engineering Technology (China), which was renamed as
National Wolfberry Engineering Research Center in 2011 (Chen et al.,
2018). The result of their work is only a few established and used culti-
vars: Damaye and Ninggi 1 (in Europe known as N1 Lifeberry). As noted
by the authorization, breeding work was conducted with L. barbarum.
In Europe, the largest plantations are laid in Germany, Serbia, Macedonia,
Greece, Bulgaria, Spain and Portugal. The cultivation of goji berries in
Poland is still developing. There are companies supporting the establish-
ment of plantations. Several companies have also been launched to deal
with the purchase and processing of fiuit. In Poland, Chinese wolfberry (L.
barbarum) selection is introduced, mostly based on seeds of this species
imported from Tibet and China. Among several types the best rated is NQ
1 and it has been incorporated into nursery production. Bulgarian varieties
are also available: JB1, JB2, JBX and JB4. Planting by sowing seeds is
also promoted (Marosz, 2017).

Azim et al. (2018) pointed that fruit diameter of barberry is response
to different areas revealed a wide range of differences with each other.
Mean values of fruit diameter ranged from 6-9 mm in various ecotypes.
Kazbekovna et al. (2018) comparing morphological features of L. barba-
rum fruits from the North Caucasus stated that length of fruits ranged from
8 to 18 mm and their diameter from 5 to 10 mm. Commercial goji are
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categorized into six grades depending on the number of fruits per 50 g.
In the best grade there are 180200 fruits per 50 g and in the lowest grade
980 fruits (Yao et al., 2018). Chen et al. (2018) stated that the weight of
1000 fruit of valuable varieties such as Damaya and Nanggqji was 450-510
and 586 g, respectively. Azim et al. (2018) stated that 100 fruit weight was
highly significantly positively correlated with fiuit diameter and was non
significantly positively correlated with plant height, main stem diameter,
number of thorns and plant canopy.

Our results have shown that investigated parameters values are simi-
lar within those obtained by Wang et al. (2011), Qin et al. (2012a, b), Dai
etal. (2015), Yang et al. (2015), and Zhurba (2019) (Table 2).

Table 2
Variability of some morphometric characteristics of Lycium spp. fruits
according to the authors from different countries

. . Fruit Fruit Fruit dia-
Autors Species, cultivars weight, ¢ length, mm mefer, mm

Wangetal,2011  Lycium (cv. Ningqi 6) 129 2273 929
Qinetal,2012a  Lycium (cv. Ningqi 7) —* 220 1.18
Qinetal,2012b  Lycium (cv. Ninggi 5) 1.10 2540 1740
Daietal,2015 L barbanm 1.06 —x e

(cv.Ningnongqi 9)
Yangetal, 2015 L2cium (cv. Zhongke —* 1420 13.60

Liichuan 1)
Zhurba, 2019 L. chinense 0.81 16.13 935
According L. barbarum 0.74 17.83 842
toour data L. chinense 0.84 1640 941

L. truncatum 0.67 17.69 8.36

Note: * —no data available.

Lin (2013) and Qi et al. (2016) report that fiuit traits of goji are af-
fected by temperature, humidity, duration of sunshine and altitude. Also,
fruit morphology may differ even within the same climatic region (Lei
etal,, 2013). Yao et al. (2018) report that goji from monsoon, plateau and
arid regions differ according to their fruit morphology, whereas semi-arid
goji cannot be separated from those of other regions. L. chinense fiuits,
which are exclusively cultivated in Hebei (monsoon), are significantly
lighter, smaller and brighter in colour, while the heaviest and largest fruits
(L. barbarum) stem from the plateau.

The shape of each object can be characterized by the shape index, i..
the length to width ratio. In the study by Yao et al. (2018) goji from the
plateau regions has the largest, while those from the arid regions shows the
smallest length/width ratio. Goji from the plateau appears to be elongated
oval or lancelolate, while those from from other regions are of shorter oval
shape.

Cluster analysis has been used for evaluation of genetic diversity in
many crops such as Cornus mas L. (Ja¢imovi¢ et al., 2015), Helianthus
annuus L. (Ruzdik et al., 2015), Aronia mitschurinii A. K. Skvortsov &
Maitul. (Vinogradova et al., 2017), Ziziphus jujuba Mill. (IvaniSova et al.,
2017), Elaeagnus multiflora Thunb. (Grygorieva et al., 2018a), Mespilus
germanica L. (Grygorieva et al., 2018b), and Sambucus nigra L. (Hor¢in-
ova Sedlackova et al., 2019). This analysis demonstrates the integrated
character of the variability of the studied species, cultivars and indicates
possible ways to artificially improve the genetic material. The data ob-
tained allow us to estimate the state of the collection in M. M. Gryshko
National Botanical Garden in Kyiv (Ukraine) as quite high.

Conclusions

Plants of the genus Lycium, due to their growing importance as func-
tional food, require systematic research work. In the case of food use large
fruit size is important. In the results of our research on L. barbarum, L.
chinense and L. truncatum, in terms of fruit sizes for the following geno-
type and varieties stand out : LB02, LC Amber Sweet and LT Super
Sweet. The collected varieties and genotypes can be the basis for obtaining
new varieties distinguished by the size of crops and their quality.

The publication was prepared with the active participation of researchers in Interna-
tional Network AgroBioNet within the project ITMS 25110320104 “Innovation of
test methods and procedures for the detection of sources of bioactive substances for
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Fund (52011113).
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