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Abstract. The aim of the study included the spectrophotometric quantification of chlorophyll 

and carotenoid pigments and the estimation of the ratios of the respective pigments in the species 

Lycium barbarum L. from the spontaneous flora and in four cultivars of this species ('Licurici', 'New 

big', 'Amber Sweet' and 'Ning Xia N1'), obtained by tissue culture in the Laboratory of Embryology 

and Biotechnology of the "Alexandru Ciubotaru" National Botanical Garden (Institute). 

The total content of chlorophyll pigments was between 6.934 and 11.604 mg/g plant mass. 
The minimum values, similarly to the separate fractions of chlorophyll a and b, were recorded in the 

leaves collected from wolfberry plants in the spontaneous flora. The maximum total chlorophyll 

content is characteristic of the 'Ning Xia N1' cultivar, which also demonstrated the highest chlorophyll 

a content, quantified separately. This is also true for the content of carotenoids. The ratio of 

chlorophyll a to b is about 3:1 in the leaves collected from the cultivated varieties and exceeds 4:1 in 
the plants found in the spontaneous flora. However, the ratio of total chlorophyll to carotenoids in the 

leaves of specimens from the spontaneous flora indicated a value equal to the average of this ratio 

calculated for the four cultivated varieties. The cluster analysis confirmed the differences of the 

contents of chlorophyll a, chlorophyll b and carotenoids between the cultivated goji varieties and the 

species Lycium barbarum L. from the spontaneous flora, and the similarities between the goji plants 

from the spontaneous flora and the cultivated varieties, particularly 'Licurici' and 'Ning Xia N1', in 

terms of the ratio of the total chlorophyll content to the carotenoids.  

The generalization of the results obtained in the study on chlorophyll and carotenoid 

pigments and the estimation of the values established between their ratios allow us to assume that all 

four cultivars of Lycium barbarum L. ('Licurici', 'New big', 'Amber Sweet' and 'Ning Xia N1') have 

acclimatized very well to the pedoclimatic conditions of the Republic of Moldova, and the determined 

optimal values indicate a good development of the vital processes of the plants. 
 

Key words: Lycium barbarum L., 'Licurici', 'New big', 'Amber Sweet', 'Ning Xia N1', goji, 

chlorophyll a, chlorophyll b, carotenoids. 

 

INTRODUCTION  
 

In the Chinese folk medicine, the leaves of Lycium barbarum L. (species known as 

goji or wolfberry) are called "Tianjingcao" (vitality and vigour of nature) because of the high 
ethno-botanical value of this species in China. They are considered a significant source of 

bioactive compounds, including mineral-rich polysaccharides, alkaloids, polyphenols, 

terpenoids, sterols, minerals (mainly calcium, iron and zinc), vitamins etc. (Yao et al., 2011; 

Dong et al., 2011; Liu et al., 2012; Ren at al., 2017; Lei et al., 2021). Flavonoids have been 
reported as the main functional components in L. barbarum leaves (Wu et al., 2015) and 

rutin – as the predominant flavonoid (Dong et al., 2009). The studies on the importance of 

Lycium barbarum have shown that its photosynthetic organs can exert diverse biological 
activities – antioxidant, anti-inflammatory, antidiabetic, antimicrobial (Duan, Chen and 

Chen, 2010; Mocan et al., 2014; Mocan et al., 2017) and they have a beneficial role in 

maintaining the functionality of the body, especially of the liver, eyesight (Dong et al., 2011), 
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in alleviating mineral deficiency, combating heat stress, toning etc. (Kim et al., 1997; Chen, 

Shao and Chen, 2015; Xiao et al., 2019). 
The results obtained by Bae et al. (2019) suggest that Lycium fruits and leaves are 

potential anti-inflammatory therapeutic agents, and LBP (Lycium barbarum 

polysaccharides) found in leaves have a beneficial effect on immunostimulatory activity (Liu 
et al., 2012). Because they contain rutin, a compound known for its ability to protect cells 

from UV-induced damage, goji leaves could be good sources for anti-radiation foods or sun 

protection skincare products (Conidi, Drioli and Cassano, 2020). 

Goji berries have also been used in food, for the preparation of functional teas, 
soups, sauces, salads or as food supplements (Yeh et al. 2008; Potterat, 2010; Gong et al., 

2016; Mocan et al., 2017).  

Due to the polyphenols contained in goji berries, they can be integrated into 
nutraceuticals, functional foods and cosmetics (Anunciato and da Rocha Filho, 2012). 
Mocan and his colleagues (2017) indicated that L. barbarum leaves have the potential to be 

marketed as ingredients for functional drinks and as a valuable source of bioactive 

compounds in other healthy foods. A recent study (Lei et al., 2021) led to the conclusion that 
LBP found in leaves have appreciable structural activity, and the proteins in goji leaves are 

worth studying. Goji berries are potential ingredients for the production of natural food 

additives, and for people who prefer to eat less sugar and more dietary fibre, goji leaves can 
be a good choice as an alternative to goji berries (Lei et al., 2021).  

The yield of plant biomass depends on the photosynthetic process and, therefore, on 

the efficiency of the photosynthetic apparatus, and the assimilating pigments, including 
chlorophylls and carotenoids, are considered to be some of the most important chemical 

compounds that make this process possible. 

Sims and Gamon (2002) mentioned that in most species, the content of 

photosynthetic pigments provides a valuable insight into the physiological performance of 
plants. Determining the chlorophyll content can be an important indicator of the vital 

processes of the plant, which can affect the biomass yield (Zielewicz, Wróbel and Niedbała, 

2020). 
The chlorophyll present in the leaves can act as an antioxidant or pro-oxidant 

depending on the presence of light (Bae et al., 2019). Carotenoids provide protection against 

excess light, detoxifying free radicals and limiting membrane damage (Cuttriss and Pogson, 
2004). Because carotenoids are pigments with a chemically different structure, they also 

have a wider range of functionality. They can act as light-absorbing pigments or as protectors 

of chlorophyll pigments against distinctive photo-oxidation reactions (Valladares et al., 

2000; Lichtenthaler et al., 2007). β-carotene is a source of vitamin A (Falkowski and 
Kukułka, 1977a). Another function of carotenoids is to mediate their responses to biotic and 

abiotic signals and to control plant architecture (Wurtzel, 2019). Carotenoids are lipophilic 

compounds that range in color from yellow to orange or even red. However, carotenoids do 
not determine the leaf color because they are masked by chlorophyll (Stahl and Sies, 2005). 

It is has been determined that the environment influences the expression of genes, 

inducing changes not only in the nutrients in the leaves (Sardans et al., 2006), but also in the 

content of leaf pigments (Valladares et al., 2000; Damesin, 2003; Larcher, 2003; Zúniga et 
al., 2006; Lichtenthaler et al., 2007; Soler et al., 2011). Thus, the content of chlorophyll 

pigments is considered an indicator of the response of plants to habitat, climate and 

anthropogenic conditions (Falkowski and Kukułka, 1977b; Kozłowski, Goliński and 
Golińska, 2001; Goliński, 2001; Selzer and Busso, 2016). Golińska (2007) mentioned that 
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the amount of chlorophyll can be considered an appropriate indicator of the vitality of plants 

and their resistance to thermal conditions and humidity stress. 
Chlorophyll loss is associated with environmental stress, and any variation in the 

overall chlorophyll / carotenoid ratio may be a good indicator that the plant is affected by 

stress (Netto et al., 2005). Very low or high temperatures in the growth medium can be 
detrimental to various metabolic processes, including chlorophyll biosynthesis (Markwell et 

al., 1986). Lisar et al. (2012) found that water stress inhibits chlorophyll synthesis, while 

carotenoids are less susceptible to it. The capacity of accumulating photosynthetic pigments 

differs among varieties of a species, due to the morphological and anatomical features of the 
leaves: the surface, the perimeter and the thickness of the mesophyll (Salem-Fnayou et al., 

2011). Drought reduces the content of chlorophyll and carotenoid pigments, and also 

changes the ratio of chlorophyll a to b (Ashraf et al., 1994; Farooq et al., 2009; Sourour et 
al, 2017). Besides, drought reduces the intensity of photosynthesis (Kalaji and Zebrowski, 

2004). The level of soil moisture is another factor that influences the chlorophyll content of 

the leaves (Olszewska et al., 2010). 

Taking into account the therapeutic, nutritional and cosmetic value of wolfberry 
leaves, but also the importance of the photosynthetic apparatus in obtaining the yield of plant 

biomass and as an indicator of plant vitality and adaptability, we aimed at evaluating the 

content of chlorophyll and carotenoid pigments so that we could also estimate the level of 
adaptation of Lycium barbarum cultivars, obtained in vitro by tissue culture and 

subsequently cultivated in open ground. 

 

MATERIALS AND METHODS 

 

The dried leaves of four cultivars of Lycium barbarum L. ('Licurici'; 'New big'; 

'Amber Sweet' and 'Ning Xia N1') which had been obtained by tissue culture in the 
Embryology and Biotechnology Laboratory of the “Alexandru Ciubotaru” National 

Botanical Garden (Institute) (NBGI), served as biological material. The plants were grown 

in the experimental field of NBGI. We also studied leaves collected from wolfberry plants 
growing in the spontaneous flora. 

The cultivar 'Licurici' has been bred by the researchers of the Embryology and 

Biotechnology Laboratory of the NBGI. The fruits are red-orange, oblong or cylindrical, 
1.8-2.0 cm long and 7-9 mm in diameter. They are juicy and sweet. The growing season lasts 

from April to November. Flowering begins in the middle of May. It prefers sunny places, 

sandy or clayey, well-drained soils. On rich soils, the plants are more vigorous and 

productive. This cultivar is resistant to pests, pathogens and adverse environmental 
conditions. The fruits of this cultivar are very suitable to be eaten fresh (Tabăra, 2020). 

The cultivar 'New big' was obtained in Poland in 2013. The fruits are large, 

elongated, deep red, 1 cm in diameter and up to 2 cm long. They are sweeter than the fruits 
of other cultivars. The plants bear fruit in July-November. The plant needs to be fixed to a 

support. The height reaches from 2.5 m to 3 m. It grows best in full sun and is resistant to 

frost. The fruits are suitable for drying. (https://www.kraeuter-und-

duftpflanzen.de/pflanzen-saatgut/gagelstrauch-guduchi/goji-beere/goji-beere-new-big-
pflanze). 

'Amber Sweet' is a relatively new cultivar, obtained in 2016 by the researchers of 

the Research Centre Źródło Dobrych Pnączy in Poland. The fruits are amber-yellow, 1.5 cm 
in diameter and 2-2.5 cm long. The plant begins to bear fruit 2-3 years after planting. It 

blooms in June-August. Fruit ripening takes place from August to November. It can keep its 

https://www.kraeuter-und-duftpflanzen.de/pflanzen-saatgut/gagelstrauch-guduchi/goji-beere/goji-beere-new-big-pflanze
https://www.kraeuter-und-duftpflanzen.de/pflanzen-saatgut/gagelstrauch-guduchi/goji-beere/goji-beere-new-big-pflanze
https://www.kraeuter-und-duftpflanzen.de/pflanzen-saatgut/gagelstrauch-guduchi/goji-beere/goji-beere-new-big-pflanze
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shape without being fixed to a support. It has an annual growth of 0.5-1 m and can reach a 

height of 2-2.5 m. It prefers sunny places. This cultivar is tolerant to frost. 
(https://www.clematis.com.pl/ru/encyklopedia/?tx_plant_pi1%5Bplant%5D=947; 

https://www.kraeuter-und-duftpflanzen.de/pflanzen-saatgut/gagelstrauch-guduchi/goji-

beere/goji-beere-new-big-pflanze). 
'Ning Xia N1' is considered the most productive cultivar, obtained in 2007 by 

Chinese researchers. It is a thornless shrub with fast / vigorous growth. It has long shoots 

that can reach 3-4 m. It bears fruit from the first year when it is planted, unlike the older 

varieties, which begin to be productive after 3-5 years. The shrubs of this cultivar are more 
resistant to diseases and pests and are better adapted to harsh environmental conditions (very 

alkaline soils with a pH> 9, episodes of drought or excessive watering). The productivity of 

3-year-old shrubs is 11.8 t/ha of fresh fruit with an average weight of a fruit of 1.29 g 
(Hummer et al., 2012).  

Lycium barbarum L. from the spontaneous flora is a species that was naturalized 

many years ago on the territory of the Republic of Moldova. It is a shrub with branches that 

can reach a height of 2.5 m, and the diameter of the shrub can vary between 1 and 3 m, 
depending on the environmental conditions. It blooms from June to September. The fruits 

are oblong-ovate, sometimes elliptical, with a sharp or obtuse tip and a glabrous surface. The 

colour can vary from bright red to yellow-orange, and the taste is sweet-faded. 
The biochemical investigations were performed in the Plant Biochemistry 

Laboratory of the Institute of Genetics, Physiology and Plant Protection. 

The determination of photosynthetic pigments (chlorophyll a, chlorophyll b and 
carotenoids). The method (according to Șlîc) is based on the spectrophotometric 

quantification of the fraction strongly bound to pigments, which are extracted with acetone. 

The crushed plant sample (leaves) of 100 mg was transferred to a mortar, adding CaCO3, 

and homogenized in 100% acetone to an even consistency, and then was filtered through a 
Schott filter with a vacuum pump into a Bunsen flask. The filtrate was adjusted with acetone 

to a volume of 25 ml. The extinction coefficients were determined for chlorophyll a, b and 

carotenoids in the red region of the spectrum and at the absorption maximum wavelength 
(chlorophyll a at 662 nm, chlorophyll b at 644 nm and carotenoids at 440.5 nm). 

The pigment concentration (mg/ml) was calculated according to the formula: 

𝐶𝑎 = (11,7 ∗ 𝐷662) − (2,09 ∗ 𝐷644) 

𝐶𝑏 = (21,19 ∗ 𝐷644) − (4,56 ∗ 𝐷662) 

𝐶𝑎+𝑏 = (7,14 ∗ 𝐷662) + (19,1 ∗ 𝐷644) 

𝐶𝑐𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑𝑠 = (4,695 ∗ 𝐷440,5) − (0,268 ∗ 𝐶𝑎+𝑏) 

 

To calculate the chlorophyll content in units of mass (mg/g plant mass), the 
following formula was applied: 

𝐶𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 𝑎+𝑏 =
(𝐶𝑎+𝑏 ∗ 𝑉

(1000 ∗ 𝑎
 

where, Сchlorophyll a+b – chlorophyll a and b content (mg/g plant mass); V – volume of 
the extract (ml); a – initial weight of the sample (g). 

The content of chlorophyll a, b and carotenoids was similarly calculated. 

 

Statistical processing. The research results were analysed using the Microsoft Excel 

program. The data were expressed as the mean of replicates. 

 

https://www.clematis.com.pl/ru/encyklopedia/?tx_plant_pi1%5Bplant%5D=947
https://www.kraeuter-und-duftpflanzen.de/pflanzen-saatgut/gagelstrauch-guduchi/goji-beere/goji-beere-new-big-pflanze
https://www.kraeuter-und-duftpflanzen.de/pflanzen-saatgut/gagelstrauch-guduchi/goji-beere/goji-beere-new-big-pflanze
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RESULTS AND DISCUSSIONS  

 
The spectrophotometric estimation of chlorophyll pigment content showed values 

between 6.934 and 11.604 mg/g plant mass (Fig. 1). The maximum value of these pigments 

was recorded in the leaves collected from the 'Ning Xia N1' cultivar, and the minimum – in 
the photosynthetic organs of the specimens with the habitat in the spontaneous flora. If the 

difference in the chlorophyll content of leaves among the cultivated varieties is a maximum 

of 23%, then the value of this parameter is by 35.4% lower in the leaves of wild goji plants 

as compared with the average value determined in the cultivated varieties. The separate 
chlorophyll a and b contents also have the lowest values in the plants grown in the 

spontaneous flora. In contrast to the total chlorophyll content, the maximum value of 

chlorophyll b (2.645 mg/g plant mass) was quantified in the leaves of the 'Amber Sweet' 
cultivar, while the maximum level of chlorophyll a (9.065 mg/g plant mass) was determined 

in the 'Ning Xia N1' cultivar. However, the differences between the chlorophyll b content of 

the cultivated varieties are smaller as compared with those of the chlorophyll a and their 

overall content, respectively.  
 

 
 

Figure 1. The quantity of chlorophyll a and b (mg/g plant mass)  

in the leaves of Lycium barbarum L.  
(1 – 'Licurici'; 2 – 'New big'; 3 – 'Amber Sweet'; 4 – 'Ning Xia N1'; 5 – spontaneous flora)  

 

The values of the chlorophyll pigment content recorded in our research are similar 
to those obtained by Chen et al. in a study on Lycium chinense leaves. The value of this 

parameter, according to the data included in the respective paper, was about 10000 g/g of 

dried leaves (Chen et al., 2020). The congruence of our data with those of the above-

mentioned paper is also determined by the fact that acetone was used as a solvent in both 

researches. However, in another investigation (Zhao Jian-hua et al., 2018) focused on 
studying the assimilating pigments of four species of goji (Lycium chinense Mill. var. 

potaninii (Pojark.) A. M. Lu, Lycium chinense Mill., Lycium barbarum L. and Lycium 

yunnanense Kuang & A. M. Lu), using water as solvent, the value of assimilating pigment 
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content was only 1.96-2.09 mg/g-1 dry matter, thus demonstrating significantly lower values, 

indicating the importance of the nature of the solvent used in the pigment extraction process. 
The elaboration of the distance matrix based on the values of chlorophyll a and 

chlorophyll b content (fig. 2) shows that the cultivars 'Amber Sweet' and 'Ning Xia N1' are 

the closest (P3,4 = 0.34) in terms of the capacity of biosynthesis and accumulation of 
chlorophyll pigments, followed by the cultivars 'Licurici' and 'New big' (P1,2 = 0.70). 
Respectively, the cluster analysis (fig. 2.) has made it possible to highlight two major 

clusters: S(1,2, 3,4) and S(5). In the obtained dendrogram, it is obviously observed the distance 

between the values of the chlorophyll a and b content of the leaves collected from the Lycium 
barbarum plants grown in the spontaneous flora from the four cultivated varieties (P = 1.89). 

 

 
 

 

 

 
Figure 2. The distance matrix and the dendrogram  

obtained on the basis of the values of chlorophyll pigment content  

(1 – 'Licurici'; 2 – 'New big'; 3 – 'Amber Sweet'; 4 – 'Ning Xia N1'; 5 – spontaneous flora) 

 
The quantitative study on carotenoids showed that the wolfberry leaves collected 

from plants in the spontaneous flora contain about 43% less carotenoids than the leaves of 

the 'Ning Xia N1' cultivar, for which the maximum value of this group of assimilating 

pigments is characteristic (2.665 mg/g plant mass). Unlike chlorophyll pigments, the amount 
of carotenoids quantified in the leaves of the 'Licurici' cultivar is about 12% higher than in 

the 'New big' cultivar, which has an almost 11% higher content of chlorophyll pigments. The 

quantitative differences of the carotenoids in the leaves of the cultivated varieties are smaller 
and constitute at most 28%, unlike the difference between the average value of this parameter 

in the cultivated varieties and in the goji plants from the spontaneous flora, which constitutes 

35%. The difference between the content of chlorophyll pigments in the cultivated varieties 
is maximum 22.6%, and – between these plants and those grown in the spontaneous flora – 

much more, namely 35.4%, similar to the content of carotenoids (Fig. 3.). 

 

 

 Distance matrix 

Nr. 1 2 3 4 5 

1 0 0.704 1.515 1.803 1.886 

2 0.704 0 0.910 1.240 2.574 

3 1.515 0.910 0 0.343 3.392 

4 1.803 1.24 0.343 0 3.657 

5 1.886 2.574 3.392 3.657 0 
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Figure 3. The total amount of chlorophylls and carotenoids (mg/g plant mass)  

in Lycium barbarum L. leaves  
(1 – 'Licurici'; 2 – 'New big'; 3 – 'Amber Sweet'; 4 – 'Ning Xia N1'; 5 – spontaneous flora)  

 

On the distance matrix, elaborated based on the values of the total content of 
chlorophyll (a + b) and carotenoids (Fig. 4.), the same picture is seen, as described in the 

case of the fractions of chlorophyll a and chlorophyll b. Thus, the cultivars 'Amber Sweet' 

and 'Ning Xia N1' are the closest in terms of the content of chlorophyll and carotenoid 

pigments (P3,4 = 0.47), followed by the cultivars 'Licurici' and 'New big' (P1,2 = 1.025). The 
cluster analysis (Fig. 4.) also revealed two major clusters: S(1,2, 3,4) and S(5), and the distance 

between the values of the plants grown in the spontaneous flora and the cultivated plants, 

according to the content of assimilating pigments, is much higher (P = 2.66). 
For the normal functioning of the photosynthetic apparatus, not only the absolute 

values of the pigment content are important, but also their ratios, which indicate the 

interaction of the reaction centres of the photosystems (Тужилкина, 2009). The variations 
in the ratios of chlorophyll a/b and chlorophyll/carotenoids are often used as indicators of 

senescence, stress or damage to the photosynthetic apparatus (Merzlyak et al., 1999; 

Gitelson et al., 2009; Fassnacht et al., 2015). The values of these ratios depend on both the 

species and the conditions of growth and development, especially on light intensity. One of 
the informative indicators that characterize the activity of the photosynthetic apparatus is the 

ratio between chlorophyll a and chlorophyll b. In higher plants, this ratio is about 3:1 

(Rajalakshmi and Banu, 2015). The data obtained by us indicate that this ratio is more or 
less characteristic of the leaves collected from the four cultivated varieties. In the plants from 

the spontaneous flora, the value of the given ratio is higher, and constitutes 4.276 (Fig. 5.). 
It has been shown that the plants can adjust the ratio of chlorophyll a to b to respond to 

changes in environmental or internal conditions. For example, the chlorophyll a/b ratio may 
increase when the nitrogen content in the leaves decreases (Kitajima K., Hogan, 2003). 
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Figure 4. The distance matrix and the dendrogram elaborated on the basis of the content of 

chlorophyll and carotenoid pigments  
(1 – 'Licurici'; 2 – 'New big'; 3 – 'Amber Sweet'; 4 – 'Ning Xia N1'; 5 – spontaneous flora) 

 

Among the cultivated varieties, the minimum value of this ratio (2.973) was found 
in the leaves of the 'New big' cultivar, and the maximum (3.57) – in the 'Ning Xia N1' cultivar 

(Fig. 5.). The ratio of chlorophyll a to b has been shown to increase sharply at low light 

intensity and gradually – at higher light intensities (Leong and Anderson, 1984). Probably 

the significantly higher value of the respective ratio in the plants grown in the spontaneous 
flora as compared with the cultivated varieties is due to the light intensity. 

The variations in the total chlorophyll/carotenoid ratio (Hendry and Price, 1993) or 

the chlorophyll a/carotenoid ratio (Féret et al., 2008) can be used to assess the condition of 
plants in response to environmental stress. As photosynthetic pigments, both chlorophylls 

and carotenoids support the functionality of the photosynthetic apparatus, and the deviations 

of the ratio of these two groups of pigments indicate the mechanisms of light energy 

assimilation and finally the ability of plants to synthesize and accumulate biomass. 
The estimation, in our research, of the ratio of total chlorophyll to carotenoids 

revealed values between 4.077 in the 'Licurici' cultivar and 5.071 – in the 'Amber Sweet' 

cultivar. 
Unlike the ratio of chlorophyll a to b, which recorded the minimum value in the 

plants from the spontaneous flora, the ratio of chlorophylls to carotenoids in these plants has 

an average value, calculated for the cultivated varieties, which allows us to assume that even 
if the amount of chlorophyll and that of carotenoids is significantly lower than in the 

cultivated plants, the ratio between these two groups of assimilating pigments is similar to 

that determined in the cultivated varieties, and the photosynthetic capacity of goji plants in 

the spontaneous flora should not be affected. 
 

 

Distance matrix 

Nr. 1 2 3 4 5 

1 0 1.025 1.919 2.163 2.657 

2 1.025 0 0.938 1.285 3.572 

3 1.919 0.938 0 0.474 4.509 

4 2.163 1.285 0.474 0 4.808 

5 2.657 3.572 4.509 4.808 0 
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Figure 5. The ratio of the amount of chlorophyll a to b (I) and the ratio  
of the amount of chlorophyll to carotenoid pigments (II) in Lycium barbarum L. leaves. 

(1 – 'Licurici'; 2 – 'New big'; 3 – 'Amber Sweet'; 4 – 'Ning Xia N1'; 5 – spontaneous flora) 

 

The elaboration of the distance matrix based on the ratios of chlorophylls to 
assimilating pigments (fig. 6.), showed that the closest cultivars, according to these 

parameters, are 'New big' and 'Amber Sweet' (P3,4 = 0.33), followed by 'Licurici' and 'Ning 

Xia N1' (P1.2 = 0.34). 
 

 

 

 

 

Figure 6. The distance matrix and the dendrogram  

elaborated on the basis of the ratios of the amount of chlorophyll a to b  

and the ratio of the amount of chlorophyll to carotenoid pigments  
(1 – 'Licurici'; 2 – 'New big'; 3 – 'Amber Sweet'; 4 – 'Ning Xia N1'; 5 – spontaneous flora)  
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Distance matrix 

Nr. 1 2 3 4 5 

1 0 1.046 0.996 0.342 1.027 

2 1.046 0 0.332 0.913 1.391 

3 0.996 0.332 0 0.765 1.099 

4 0.342 0.913 0.765 0 0.735 

5 1.027 1.391 1.099 0.735 0 
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Unlike the other two dendrograms, the one elaborated as a result of the cluster 

analysis of the values of the chlorophyll a/b ratio and the chlorophyll/carotenoid ratio 
indicates another clustering picture, also highlighting two clusters, but different from those 

described above. They include: S(1,4,5) and S(2,3), and the distance between them is 0.76. This 

result shows that according to the separate content of chlorophyll a, chlorophyll b and 
carotenoids, the leaves collected from goji plants in the spontaneous flora of the Republic of 

Moldova differ significantly from the cultivated varieties in the same parameters of the 

photosynthetic organs, but in the ratios of chlorophyll a to b and chlorophylls to carotenoids, 

this difference is not so pronounced. Moreover, in terms of the above-mentioned ratios, the 
leaves of the plants from the spontaneous flora are located in the same cluster as those of the 

'Licurici' and 'Ning Xia N1' cultivars (S(1,4,5), P = 0.74). 

 

CONCLUSIONS  

 

The spectrophotometric estimation of the content of chlorophyll pigments showed 

values of chlorophyll a between 5.619 and 9.065 mg/g plant mass and chlorophyll b – 
between 1.314 and 2.645 mg/g plant mass. Both fractions of chlorophyll recorded minimal 

values in the plants grown in the spontaneous flora of the Republic of Moldova. The 

carotenoid content also showed significantly higher values in the cultivated varieties of 
Lycium barbarum. 

The evaluation of the ratio of chlorophyll a to b is about 3:1 in the leaves collected 

from the cultivated varieties and exceeds 4:1 in the plants grown in the spontaneous flora. 
However, the ratio of total chlorophyll to carotenoids in the leaves of specimens from the 

spontaneous flora indicated a value equal to the average of this ratio calculated for the four 

cultivated varieties. 

The cluster analysis confirmed the distancing of the cultivated varieties from the 
Lycium barbarum L. plants grown in the spontaneous flora in terms of chlorophyll a, 

chlorophyll b and carotenoid content, but also the similarity between the original species and 

the cultivated varieties, especially 'Licurici' and 'Ning Xia N1' according to the ratio of total 
chlorophyll to carotenoids. 

The general results of the study on chlorophyll and carotenoid pigments and the 

estimation of the values established between their ratios allow us to assume that all four 
cultivars of Lycium barbarum L. ('Licurici', 'New big', 'Amber Sweet' and 'Ning Xia N1') 

have acclimatized very well to the pedoclimatic conditions of the Republic of Moldova, and 

the determined optimal values indicate a good development of the vital processes of the 

plants. 
 
The research was carried out within the project 20.80009.7007.19 (2020-2023) "The 

introduction and development of technologies for propagation and cultivation of new species of 

woody plants by conventional techniques and tissue culture”. 
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