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Abstract

The technology of intensive light culture (city farms, vertical farms, plant factories) is ac-
tively developing which allows fresh vatable products to be available throughout the year. The search
for accessions of various crops that maximize their productive potential under these conditions is of
great importance for improving the quality of plant products and breeding work. Among the early
ripening crops, garden cress (Lepidium sativum L.) is of large interest, since it is characterized by a
wide variability of forms that differ in economically valuable traits, primarily yield and biochemical
composition. However, the influence of growing conditions characteristic of light culture on the
manifestation of traits of productivity and quality in garden cress accessions that differ in ecological-
geographical origin and botanical affiliation has been practically not studied. In this work, we for the
first time carried out a comprehensive assessment of the variability of economically valuable traits of
garden cress under conditions of intensive light culture. The purpose of our work was to study pheno-
logical, morphological, biochemical and economic characteristics in 72 accessions of garden cress of
three varieties, var. latifolium DC., var. sativum Alef. and var. crispum (Medik.) DC. under conditions
of intense light culture, and to identify accessions with valuable traits. Morphological description
(height and diameter of the rosette, shape and size of leaves) and biochemical analysis were carried
out at the stage of technical ripeness. Biochemical analysis included the determination of the content
of dry matter, ascorbic acid, anthocyanins, chlorophylls and carotenoids. The variability of morpho-
logical, phenological and biochemical characteristics of garden cress under intensive light culture was
determined. It was noted that the greatest variability was observed in the average plant weight (Cv =
40.3 %), yield (Cv = 38.3 %) and anthocyanin content (Cv = 42.5 %), other parameters were char-
acterized by a middle degree of variability. Late-ripening accessions are characterized by late or slow
bolting, larger plant weight (mean 3.6 g) and high dry matter content (mean 9.0 %), while early-
ripening forms allow for more vegetations per year and accumulate more ascorbic acid (mean
32.8%£5.7 mg/100 g). On average, among the studied accessions, the late-ripening accessions of var.
latifolium from Iran (k-91) and Azerbaijan (k-112, k-125, k-131), as well as the accession of var.
sativum from Iran (k-92) and the accession of var. crispum from Denmark (k-185), turned out to be
productive. Statistically significant differences were found between the accessions and varieties in
terms of the content of chlorophylls and carotenoids. The greatest variability in the content of
carotenes was in the accessions of var. sativum (Cv = 24.7 %), in the content of anthocyanins was in
the accessions of var. crispum (Cv = 44.7 %). The accessions of var. latifolium were generally characterized
by a high content of the total chlorophylls (124.2+14.0 mg/100 g), carotenoids (37.3+4.4 mg/100 g),
carotenes (6.11+0.6 mg/100 g), and B-carotene (5.0£0.6 mg/100 g). We identified accessions of gar-
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den cress that are of the greatest interest in terms of development rate, resistance to bolting and
formed yield when grown under intensive light culture, as well as potential sources of economically
valuable traits for further breeding and obtaining forms of garden cress that are most adapted to con-
ditions of intensive light culture.

Keywords: Lepidium sativum L., garden cress, intensive light culture, productivity, ascorbic
acid, chlorophylls, carotenoids, variability

Leafy vegetable crops are the most accessible source of bioactive sub-
stances, including vitamins and antioxidants necessary for human to maintain a
healthy lifestile. However, in the Russian Federation, the provision with these
products is only 30-34% of the recommended norm, 20.4 kg per year per person
[1, 2]. These plants, due to short vegetation season and compact habitus, may be
grown on multi-tier lighting installations and seem to be one of the most prom-
ising crops for controlled intensive light culture using phytotechnical complexes
[3, 4], city farms [5], and vertical farms [6-8].

In intensive light culture it is possible to create and maintain optimal pa-
rameters of light, root and air environments for plant growth, development and
maximum productivity [9, 10]. The Agrophysical Research Institute (API, St.
Petersburg) has proposed a methodology for multidimensional optimization of
intensive light culture parameters for growing samples from collections of genetic
resources. In addition, API creates highly productive forms with a complex of
economically valuable traits which are maximally realized under completely
regulated intensive light culture. Scalable phytotechnical complexes have been
developed that can be located close to the consumer for year-round provision
with high-quality plant products [11-15]. Controlled conditions increase signifi-
cantly the accuracy of identifying valuable genotypes and speed up breeding lines
and varieties for city farms and plant factories [16-19].

Recently, interest in functional nutrition has been growing worldwide
[20]. Plants of the Brassicaceae Burnett family are a valuable source of biologi-
cally active substances, e.g., phenolic compounds, plant pigments, glucosin-
olates, terpenes, phytoalexins, and alkaloids [21]. In addition, many cabbage
crops have short growing season, compact sizes and, due to intensive growth,
produce high yields, that is, may be successfully grown in layered light culture.

Garden cress (Lepidium sativum L.) is an annual herbaceous plant of the
Brassicaceae family known mainly as a leafy and aromatic crop [22]. Fresh ro-
sette leaves and young shoots, which have a pleasant mustard taste, are eatable.
The exact place of origin of garden cress is not known, but it is believed to have
originated in Northeast Africa (Ethiopia, Eritrea, Egypt) where it was grown
more than 2000 years ago as an oilseed plant, and Southwest Asia (Iran) [23].
Gradually, the culture spread to the countries of Central and Western Asia,
Transcaucasia and the Mediterranean where a secondary source of origin of veg-
etable forms appeared [24, 25].

The genus Lepidium L. contains more than 175 species [26]. L. sativum
is a polymorphic species, and attempts at its intraspecific botanical classification
have been made several times. N. Sabaghnia et al. [27] divide the species L. sa-
tivum into three botanical varietates, the var. vulgare Alef. (common), var. cris-
pum (Medik.) DC. (curly), and var. latifolia DC. (broadleaf) depending on the
leaf, stem and root morphology. In Russia, according to the accepted classifica-
tion, the species L. sativum has five main varietates, namely, the var. latifolium
DC. (whole-leaved), var. sativum Alef. (common), var. nanum Schtschenk. (fine-
ly dissected), var. crispum (Medik.) DC. (curly), and var. adpressum Schtschank.
(pinned) [28]. The genetic diversity of garden cress is poorly consistent with its
ecological and geographical origin, there is significant variability in quantitative
traits which does not depend on the place of origin of the sample [27, 29]. Fresh



garden cress leaves are rich in vitamin C (47-74 mg/100 g fresh weight) [30-32].
They also contain vitamins B, PP, A, E, D, K, macro- and microelements P, K,
Ca, Mg, Na, Fe, I [24, 33-35], and carotene [36]. Some varieties are character-
ized by increased contents of macroelements P, K, Ca, Na and Mg in the aerial
parts compared to lettuce, spinach, parsley and cabbage [31]. Thanks to its valu-
able biochemical composition, garden cress is not only a leafy vegetable crop
widely consumed in food, but a medicinal plant [37-39] used to treat asthma,
headaches, uterine tumors, breast cancer [40], jaundice, liver and spleen prob-
lems, and gastrointestinal disorders [41, 42]. Garden cress has antipyretic, anal-
gesic, coagulant [43], hypotensive [44], diuretic [45], anti-asthmatic [46], hypo-
glycemic, antioxidant and anti-inflammatory [47] properties.

The prospects for intensive light culture of garden cress are also associat-
ed with its early ripening which ensures regular harvests, according to original
research at the Agrophysical Institute (St. Petersburg), up to 24 growing seasons
per year (personal communications). Breeding of garden cress is focused on
high-yielding varieties with large, double pinnately lobed dissected curly leaves
with a high content of biologically active substances (BAS) and good taste.

Currently, the world collection of the Russian Federation, stored in VIR
(Vavilov All-Russian Institute of Plant Genetic Resources, St. Petersburg) in-
cludes 323 garden cress samples. The geographical diversity of the collection co-
vers Europe, Asia, the Caucasus and Transcaucasia, Africa, Australia and North
Americab 46 countries in total. The collection cover all botanical varietates of
garden cress.

In recent years, the search and selection of various agricultural plants for
light culture have been carried out, the purpose of which is to increase the effi-
ciency and profitability of their production and to expand the range of plant
products. Cress Lepidium sativum L., as an early ripening crop with a wide varie-
ty of forms that differ in economically valuable traits, primarily in yield and bio-
chemical composition, is of interest for adaptation to such technologies. Howev-
er, the influence of growing conditions characteristic of light culture on produc-
tivity and quality parameters in L. sativum samples that differ in eco-
geographical origin and botanical affiliation has been practically not studied.

In this work, we comprehensively assessed the economically valuable
traits of L. sativum accessions from the VIR world collection and for the first
time determined the biochemical composition and limits of variability of the
pigment composition of garden cress plants under intensive light culture.

The purpose of this study is to assess the variability of phenotypic traits
in a representative sample of garden cress samples, including morphometric
characteristics, yield and biochemical composition, in intensive light culture and
to identify promising forms for use in vegetable growing and breeding.

Materials and methods. The sample included 72 accessions from the VIR
collection that differ in eco-geographical origin and botanical affiliation, includ-
ing 27 whole-leaved (var. latifolium), 35 common (var. sativum) and 10 curly
(var. crispum) cress accessions.

The studies were carried out in the original AFI vegetation light installa-
tion [48], equipped with DNaZ-400 lamps (Reflax LLC, Russia). Irradiance in
the PAR is 75-80 W/m2 with 12 h photoperiod, the day/night temperature is
22+2/20+2 °C. A 3 cm layer of Peat nutrient substrate Agrobalt-S (Pindstrup
LLC, Russia) was the rooting medium. Watering was carried out with water,
fertilizing mmep 0.5 n. Knop solution 3 times a week. Soil humidity was main-
tained at 60-70% full moisture capacity, air humidity at 60-65%. The experiment
was repeated 3 times, with 15 assessed plants per sample, sowing scheme was
5%5 cm.



Phenological observations (dates of emerging single and mass shoots and
the beginning of stemming) and morphological description were performed ac-
cording to the VIR method [49]. In plants, the height and diameter of the ro-
sette, the length and width of the leaf, the length of the petiole were measured,
the weight of one plant, the number of leaves (quantitative characteristics) were
assessed, and the type of leaf (qualitative characteristics) was described, and the
yield was calculated. Description of plants and biochemical analysis were carried
out at the stage of technical ripeness (on days 15, 17 and 22 from emergence).

Preparation and biochemical analysis of samples were as described by
A.l. Ermakova [50]. The dry matter content was determined gravimetrically,
ascorbic acid by direct extraction from plants with 1% hydrochloric acid, fol-
lowed by titration with 2,6-dichloroindophenol (Tillmans reagent). Carotenoids
and chlorophylls were extracted with 100% acetone and quantified by absorb-
ance (OD) at A = 645 nm (chlorophyll a), » = 662 nm (chlorophyll b), A = 440
nm (carotenoids), and A = 454 (B-carotene). Anthocyanins were extracted with
1% hydrochloric acid, OD was measured at A = 510 nm and converted to cya-
nidin-3,5-diglycoside (A = 453 nm). To correct for the content of green pig-
ments, the optical density of the extracts was simultaneously determined at A =
657 nm. All OD measurements were carried out using an Ultrospec II spectro-
photometer (LKB Vertriecbs GmbH, Austria). All values are expressed in fresh
weight.

Statistical analysis was performed using STATISTICA v.12.0 software
(StatSoft, Inc., USA). Descriptive statistics parameters were calculated for all
values (mean M, median Me, standard deviation SD, range of variability min-
max). Data testing for normality of distribution was performed using the
Shapiro-Wilk test. Mean values were compared using analysis of variance
(ANOVA). LSDos5 and Tukey's honestly significant difference (HSD) test were
used to identify outliers [51, 52].

Results. Morphological and phenological observations,
economic value. Variability of traits characterizes the norm of a species’ re-
sponse to environmental factors and its ability to adapt [53]. Understanding the
phenotypic variability of economically valuable traits in certain environments
[54] provides information about effective traits for breeding [55] and the ability
of a cultivated species to realize its adaptive potential for high yield. We deter-
mined the limits of variability of phenotypic traits in garden cress plants in light
culture. The greatest variability was characterized by the average plant weight and
yield (Cv of 40.3 and 38.3%, respectively) (Table 1), other parameters vary within
a moderate rang.

1. Lepidium sativum L. intraspecific variability for phenotypic traits (accessions of
the VIR collection, N = 3, n = 72, the AFI biopolygon, St. Petersburg, 2022)

Trait [ M ] Me [ min | max | +SD [ o %
Growing season, days 25.0 27.0 15.0 27.0 39 15.5
Rosette height, cm 8.0 7.8 5.5 11.8 1.3 15.7
Rosette diameter, cm 15.2 15.3 8.8 21.2 2.4 15.7
Leaf length, cm 5.8 5.6 34 8.9 1.1 19.2
Leaf width, cm 33 33 2.1 5.2 0.6 17.9
Plant weight, g 2.8 2.4 1.1 6.6 1.1 40.3
Yield, kg/m? 1.1 1.0 0.5 2.5 0.4 38.3

For light culture, the growing season, plant weight and resistance to ear-
ly stemming are the most economically important traits which largely deter-
mine the yield and commercial qualities of plant products. In light culture,
76% of the studied samples were resistant to early stemming, 24% began
stemming on days 15-19.

Early-ripening and ultra-early-ripening forms belonged mainly to var.



crispum and var. sativum, late-ripening forms to var. latifolia. Late-ripening sam-
ples are late or slow stemming and are valuable for their high productivity and
13-14 harvests per year. In early ripening forms, harvesting is more often, and
ultra-early ripening forms with a growing season of 15 days give up to 24 har-
vests per year in light culture. The total annual yield per 1 m? in early-ripening
and late-ripening forms of garden cress varied little and averaged 16.3+4.5 and
16.1£6.2 kg/m?2, respectively, the yield of Mestny sample (k-112, Azerbaijan)
was 33.3 kg/m2. Similar results confirming the wide intraspecific variability of
garden cress have been reported by other researchers [27, 29, 56]).

To identify the contribution of various factors to the variability in pheno-
logical and morphological traits, we performed a one-way analysis of variance
(Table 2). It was found that from 70.0 to 89.4% variability was due to the gen-
otype, and only 19 to 39% was contributed by the botanical affiliation (see Ta-
ble 2).

2. Contribution of genotypes (G) and varietates (V) to the total variance of Lepidi-
um sativum L. phenotypic traits (accessions of the VIR collection, p < 0.05, one-
way analysis of variance; N = 3, n = 72, the AFI biopolygon, St. Petersburg,

2022)
Trait SS df MS F Contribution, %
ral G | V |G|V G | V G | V G | V
Growing season, days 3239.83 681.48 71 2 4563 340.74 - 28.37 - 21.0
Rosette height, cm 237.84 94.11 71 2 3.35 47.05 4.75 40.86 70.1 27.7
Rosette diameter, cm 1007.80 367.56 71 2 14.19 183.78 9.19 45.38 81.9 29.9
Leaf length, cm 210.97 51.07 71 2 2.97 25.54 8.06 25.55 79.9 19.3
Leaf width, cm 59.97 2224 71 2 0.84 11.12 7.70 44.27 79.2 29.4
Plant weight, g 237.54 103.78 71 2 3.34 51.89 17.02 68.20 89.4 39.0
Yield, kg/m?2 38.00 16.60 71 2 0.53 8.30 17.02 68.20 89.4 39.0

N ot e. Dashes mean that the variance is not significantly different.

Biochemical analysis. Dry matter and ascorbic acid content. The
content of dry substances determines the nutritional value and useful yield of
vegetable products. In our study, the range of variability between the accessions
for this trait ranged from 6.3 to 12.7% (Cv = 14.4%).
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Fig. 1. Variability for the dry matter content in Lepidium sativum L. depending on the varietates (ac-
cessions of the VIR collection, n = 72, the AFI biopolygon, St. Petersburg, 2022). The figure shows
the means and confidence intervals, M=£(t0.05 x SD).

In early ripening samples of var. crispum, the dry matter content ranged
from 7.2 to 9.7%, of var. sativum from 6.3 to 8.8%. In ultra-early ripening sam-



ples of var. sativum, the dry matter content was lower (7.6% on average) com-
pared to early-ripening and late-ripening forms (7.9% on average). Samples of
var. latifolium accumulated 6.7-12.7% of dry matter, in early-ripening forms of
this variety the average was 8.7%, in late-ripening forms 9.4% (Fig. 1). Late-
ripening samples of var. latifolium from Azerbaijan (k-12, k-15, k-132, k-153)
and Georgia (k-100, k-106, k-248) had a high dry matter content, more than
10%. These data are consistent with the reports for various garden cress samples
at the stage of economic ripeness, e.g., 8.3-13.6% [24], 11.5-17.0% [33], 4.1-
13.6% [28].

40
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var. crispum var. sativum var. latifolium

Fig. 2. Variability for the ascorbic acid content in Lepidium sativum L. depending on the varietates
(accessions of the VIR collection, n = 72, the AFI biopolygon, St. Petersburg, 2022). The figure
shows the means and confidence intervals, M£(t0.05 x SD).

The content of ascorbic acid, one of the most important bioactive sub-
stances, ranged from 20.0 to 44.0 mg/100 g (Cv = 20.6%). In samples of var. cris-
pum and var. sativum the ascorbic acid averaged 33.7£5.0 and 33.1+6.2 mg/100 g,
respectively. For early-ripening and ultra-early-ripening forms of these varietates
a higher content of vitamin C was characteristic. Samples of var. latifolium ac-
cumulated an average of 28.1%£5.8 mg/100 g ascorbic acid; we did not find any
significant differences between early-ripening and late-ripening forms of var.
latifolium (Fig. 2). Ultra-early ripening samples of var. sativum (k-42, Russia;
k-124, Nepal; k-224, Germany) and var. crispum (k-245, Zimbabwe) and a
late-ripening local accession from Georgia (k-44) were highly active producers
of ascorbic acid, more than 40 mg/100 g.

Importantly, the biochemical composition of garden cress in intensive
light culture has not been previously studied. Many works assessed the biochem-
ical parameters of one or two varieties during summer cultivation in field and
under hydroponic technique [30, 31]. In field, the content of ascorbic acid in
two varieties was 54 and 74 mg/100 g.

Pigment contents. The content of pigments and their ratio significantly in-
fluence plant metabolism and can vary depending on the plant species or variety,
and on the syage of ontogenesis [57].

Our study was the first to determine the limits of variability in the pig-
ment composition of garden cress samples in light culture (Table 3). The greatest
variability was noted in anthocyanins (Cv = 42.5%). Most of the samples did not
have anthocyanin coloring, but there were forms with such coloring on the stem,



e.g., Merezhivo (vr. 334, Ukraine), Cressona le'noir (k-85, France), local sam-
ples from Pakistan (k-118), Armenia (k-11, k-51) and Belarus (k-99), which are
considered promising for selection. Accumulation of other pigments varied mod-
erately (see Table 3).

3. Lepidium sativum L. intraspecific variability for pigments (mg/100 g) (accessions
of the VIR collection, N = 3, n = 72, the AFI biopolygon, St. Petersburg,

2022)
Pigments \ M \ Me | min | max | +SD [ v, %

Anthocyanins 13.6 11.8 39 27.3 5.8 42.5
Chlorophyll a 85.2 83.4 63.7 118.7 13.4 15.8
Chlorophyll b 24.2 239 16.0 34.8 4.3 17.8
Total chlorophylls 109.4 106.4 79.7 153.4 17.6 16.1
Carotenoids 33.2 32.8 24.9 45.7 5.2 15.7
Carotenes 5.7 5.8 2.0 8.1 1.1 19.1
B-Carotene 4.4 4.4 33 6.1 0.7 15.5

We found statistically significant differences between samples and varie-
tates in the content of chlorophylls and carotenoids, including carotene and -
carotene (Fig. 3). For the accumulation of carotenes, the greatest variability
within the varietas was demonstrated by var. sativum (Cv = 24.7%), for anthocy-
anin var. crispum (Cv = 44.7%). Samples of var. latifolium were generally charac-
terized by a high content of the sum of chlorophylls, carotenoids, carotenes and
-carotene.

140

Total chlorophylls: F (2;68) = 28.0367; p = 0.00
Kaporunouns: F (2;68) = 20.6659; p = 0.00
Carotenoids: F (2:68) = 4.1784; p = 0,019

120 [l p-Carotene: F (2:68) = 23.9967; p = 0.00
Anthocyanins: F (2;68) = 1.0396; p = 0.352
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Fig. 3. Variability for pigmet composition in Lepidium sativum L. depending on the varietates: a —
chlorophylls, b — carotenoids, ¢ — carotenes, d — B-carotene, ¢ — anthocyanins (accessions of the
VIR collection, n = 72, the AFI biopolygon, St. Petersburg, 2022). The figure shows the means and
confidence intervals, M%(t0.05 X SD).

Previously, we conducted a comparative analysis of pigment accumula-
tion in plants of 35 garden cress samples, depending on the varietates and grow-
ing conditions, in field, greemhouses and in light culture [58]. The highest con-
tent of chlorophylls, anthocyanins and carotenes was revealed in light culture,
while the accumulation of B-carotene decreased. Total carotenoid content in-
creased when grown in field [58]. The same study revealed high accumulation of
anthocyanins in var. crispum, of total chlorophylls and carotenoids in var. sa-
tivum, and carotenes and B-carotene in var. latifolium on average for all grow-



ing conditions [58]. Here, on 72 garden cress accessions tested under light
culture conditions we confirmed the high accumulation of carotenes (6.1£0.6
mg/100 g) and B-carotene (5.0+0.6 mg/100 g) in samples of var. latifolia.

Sources of valuable traits in garden cress. Based on pheno-
typic, morphological and biochemical examination of 72 accessions from the
VIR collection under intensive light culture, we have identified samples promis-
ing for breeding. Local accessions of var. latifolium from Iran (k-91) and Azer-
baijan (k-112, k-125, k-131), sample of var. sativum from Iran (k-92) and early
ripening accession of var. crispum Almindelig (k-185, Denmark) were highly
productive and resistant to early stemming. For the content of ascorbic acid,
two samples stood out, the local sample of var. latifolium from Georgia (k-44)
and a sample of var. sativum from Germany (k-224). Samples of var. crispum
Cressona le noir (k-85, France), Merezhivo (vr. k-334, Ukraine) and Curled (k-
245, Zimbabwe) can be considered genetic sources of high anthocyanin content,
samples of var. latifolium from Azerbaijan (k-15 and k-125) and a sample of var.
sativum from Armenia (k-167) can be sources of high chlorophylls and B-
carotene production (Table 4). The garden cress samples superior in early ripen-
ing, yields and accumulation of ascorbic acid and pigments are of greatest inter-
est for growing in intensive light culture and for breeding.

4. Lepidium sativum L. accessions superior in complex of economically valuable
traits (the VIR collection, a representative sample of n = 72, M+SD, the AFI
biopolygon, St. Petersburg, 2022)

Accession Resistance to  Yield per year, Content, mg/100 g
early stemming kg per m? ascorbic acid anthocyanins chlorophylls B-carotene
var. latifolium
k-91, Iran + 28.77+3.86 22.0+2.62 6.9+0.82 110.4£12.72  4.44+0.52
k-131, Azerbaijan + 27.88+1.500 22.0+3.12 10.0+1.40 122.3+16.7  4.840.62
k-112, Azerbaijan + 33.22+3.14¢ 35.0+3.9b 11.0+1.4b 105.4+14.62  4.240.62
k-125, Azerbaijan + 23.61£3.27a 32.0%+4.1b 9.4+1.2b 153.4+19.74  6.140.6b
k-15, Azerbaijan + 20.73£1.652 22.0+2.12 20.8+2.5¢ 144.3£19.1¢  5.840.9b
k-44, Georgia + 20.17+3.202 44.015.7¢ 10.141.3b 133.6£15.9  5.540.6b

Varietas average 17.34+5.04 28.2+5.9 12.7+5.2 124.2£14.0  5.0£0.6
var. sativum

k-92, Iran + 24.82+3.064 28.043.4b 9.1t1.22 112.2412.2¢  4.5+0.6b
k-167, Armenia + 20.03+2.76¢ 22.0+3.72 10.6£1.32 143.9£18.64  5.8+0.7¢
k-224, Germany - 20.80+2.66¢ 44.0t4.6¢ 9.0£0.12 79.7+£10.82  3.3£0.52
k-42, Uzkolistny 3,
Russia + 8.9610.732 42.0+4.8¢ 14.341.8b 96.0£11.5>  3.9+0.52
k-124, Nepal + 12.27+1.83b 42.0+5.9¢ 19.9+2.6¢ 83.5+£10.68 3.4%+0.4a
Varietas average 15.2314.39 33.1+6.2 13.7+8.8 101.3£13.8  4.1£0.6
var. crispum
k-185, Almindelig,
Denmark - 22.9013.04¢ 36.0+4.0b 12.8+1.52 87.6+11.42 3.6+0.42
vr. 334, Merezhivo,
Ukraine + 9.41%+1.092 28.0£3.62 27.313.4¢ 90.3+11.82  3.8+0.52
k-85, Cressona
le'noir, France + 11.09+1.202 30.0+3.82 26.8+3.8¢ 111.84£15.9¢  4.5+0.6b
k-245, Curled,
Zimbabwe - 16.80+2.43b 42.0+5.0¢ 22.242.8b 103.4£12.4>  4.340.5b
Varietas average 15.11£3.89 33.7£5.0 15.8+7.0 96.4+7.7  4.0£0.32
Collection
average 16.14+£5.44 31.0+6.4 13.6£5.8 109.4£17.6  4.4%0.7
LSDos 3.16 2.3 2.0 6.0 0.2

a-d Values with different superscripts in the column differed statistically significantly at p < 0,05 (Tukey's HSD
test).

Thus, in a representative sample of garden cress var. sativum, var. cris-
pum and var. latifolium accessions of different eco-geographical origin (the VIR
world collection) we assessed the variability of morphological, phenological and
biochemical traits under conditions of intensive light culture. The most variable
parameters are the average plant weight (Cv = 40.3%), yield (Cv = 38.3%), and
anthocyanin content (Cv = 42.5%), other traits show moderate variability, Cv no
more than 20%. Early- and ultra-early ripening forms belong to var. crispum and



var. sativum, late-ripening forms mainly to var. latifolia. Late-ripening samples
are characterized by a late or delayed transition to stemming, a larger plant
weight (an average of 3.6 g) and a high dry matter content (an average of 9.0%).
Early-ripening and ultra-early-ripening forms accumulate greater amounts of
ascorbic acid (on average 32.8+5.7 mg/100 g), while a shorter growing season
allows for a greater number of harvests per year. As a result, the total productivi-
ty per 1 m? per year between late-ripening and early-ripening forms differs little
and amounts to 16.1£6.2 and 16.3+4.5 kg/m?2, respectively. In the studied sam-
ple, the late-ripening samples of var. latifolium from Iran (k-91) and Azerbaijan
(k-112, k-125, k-131), sample of var. sativum from Iran (k-92) and accession of
var. crispum from Denmark (k-185) are the most productive. Statistically signifi-
cant differences are found between samples and varietates in the content of chlo-
rophylls and carotenoids. For carotene, var. sativum is the most variable (Cv =
24.7%), for anthocyanin content var. crispum (Cv = 44.7%). Samples of var. lati-
folium were generally characterized by a higher total content of chlorophylls
(124.2+£14.0 mg/100 g), carotenoids (37.31+4.4 mg/100 g), carotenes (6.1%0.6
mg/100 g) and B-carotene (5.0£0.6 mg/100 g). Samples of different varietated
have been identified that are of the greatest interest in terms of high growth rate,
resistance to stemming and yield formation under conditions of intensive light
culture. These samples are also potential sources of economically valuable traits
in breeding forms of garden cress adapted to conditions of intensive light culture.
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