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Abstract
The article presents the results of cryopreservation of seeds of the medical plant Calendula officinalis.
Cryopreservation is a highly promising direction of biology, allowing deep freezing of objects with full
preservation of life properties. Calendula seeds have different size and weight. The best survival
rates are observed for large seeds (germination rate - 77.5%, energy of germination - 55.0%).
Assessment of seed survival in the storage rate showed a linear decrease in germination rate and
energy of germination during storage. After 1.5 years of storage, germination decreased to 30.0%.As
part of the research, the container was optimized for cryopreservation of Calendula officinalis seeds,
defrosting conditions, seed humidity and the use of different cryoprotectors. The results showed that
the optimal container for freezing in liquid nitrogen was plastic cryotubes; defrosting should be carried
out at room temperature; the best survival rates were found at seed humidity 5-6%; the use of
cryoprotectors was not feasible. The results of the studies can be used to organize long-term storage
of Calendula officinalis seeds at extra low temperatures (liquid nitrogen).
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INTRODUCTION
Studying the different methods of preservation of
seeds species with medical, food, feed and technical
value is an important and actual goal of botany and
agriculture of Republic of Kazakhstan. Research on
medicinal plants (herbs) is highly relevant. This area is
currently limited by insufficient production of vegetative
raw
materials
(Grudzinskaya
et
al.
2014,
Pharmaceutical Market of Kazakhstan 2015), especially
for species which do not grow in natural flora.
Calendula officinalis L. (Asteraceae family) is one of
most popular crops in Kazakhstan used for the
manufactory of medical preparations and cosmetic
products (Ishmuratova 2015, Loseva 2008).
Calendula officinalis
(marigold) has
many
pharmacological properties. Preparations from raw
material are used as antibacterial, antiseptic, antifungal,
anti-inflammatory and anti-allergenic cures; in cosmetic
practice for improving skin condition (Alsaraf et al. 2019,
Butnariu et al. 2012, Goktas et al. 2015, Jan et al. 2017,
Kurkin et al. 2016, Muley et al. 2009, Preethi et al. 2009,
Shafeie et al. 2015, Ukiya et al. 2006, Voskresenskaya
et al. 2016)
Seed material of Calendula officinalis has a limited
shelf life, losing viability during 3-5 years (Arjenali et al.
2011, Ishmuratova et al. 2010). As a modern method of

long storage of genetic resources will use the
cryopreservation in liquid nitrogen (González-Benito et
al. 2009, Nesterova 2004, Nilishina et al. 2007, Reed
2002).
Cryopreservation allows freezing plant seed at the
critical low temperatures with maintaining viability for a
long period (Babu et al. 2012, Gonzales-Benito et al.
2009).
The aim of present research is to determine
peculiarities of cryopreservation of seeds of Calendula
officinalis for introduction in cryobank (Ansari et al 2015).

MATERIALS AND METHODS
The collection of seeds of Calendula officinalis varies
“Calta” was made from the collection of local flora of the
botanical garden of Ye.A. Buketov Karaganda State
University in 2016-2019.
For experiments the seeds are divided into batches
of 100 pieces, rejected damaged and slow-developed
achenes; dried to different humidity (Dodonova et al
2017, Kushnarenko et al. 2008, Pavlov et al. 2016, Sakai
2000, Zhimulyev 2014). Humidity of seeds is determined
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Table 1. Energy of germination and germination rate of
Calendula officinalis seeds depending on size and weight
Size of seeds
Large
Medium
Small
Control (non
separated seeds)

Weight of 1000
pieces, gram
16.6±0.5
12.3±0.6
6.7±0.4

Germination
rate, %
77.5±3.1
61.3±2.8
55.0±2.4

Energy of
germination, %
55.0±2.2
45.0±1.6
37.5±0.9

14.6±3.9

71.4±2.3

62.5±1.8

using a moisture meter MS-2000. The seeds are
controlled without freezing. Calendula has differentquality seeds, so they are divided by party size.
Germination is evaluated separately for each batch.
Part of samples is stayed in paper package for
determination of germination during storage at the room
temperature.
Packaging of seeds for experiments is carried out in
2 types of containers: plastic cryotubes and foil bags.
Seeds samples are placed in liquid nitrogen in Dewar
Cryo Vessels CDC 20 (CryoMash).
Defrosting after freezing is carried out in 2 versions:
(a) Rapid defrosting in water bath (70 C) for 15
minutes;
(b) Slow defrosting at room temperature (22-23 C)
for 4-5 hours.
In second series of experiments it was used different
cryoprotectors: sucrose – 10 and 40%; glucose – 20 and
40%; glycerin – 20 and 40%. Seed materials are soaked
in various solutions of cryoprotectors during 8-10
minutes; after replaced in liquid nitrogen. As a control is
used seeds frosted without cryoprotectors. These seeds
are washed from cryoprotectors 3-4 times with distilled
water before checking of their viability.
To the test of viability experimented seeds and
control samples are sown in Petri dishes on two-layer
filter paper moistened with distilled water (Baskin &
Baskin 1998). The energy of germination (on 6th day)
and germination (on 15th day) are noted.
Statistic treatment is conducted according
recommendation of G.F. Lakin (1990) using program
package EXCEL-2010.
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RESULTS AND DISCUSSION
Preservation of viability of plant seed material
depends on a number of factors, including packaging,
moisture content of seed material, size and weight of
seeds, period of their maturation, cryopreservation
conditions. Different seed groups require another
freezing and defrosting conditions (Dodonova et al.
2017, Nesterova 2004). Thus, seeds with deep
physiological rest can be frozen without prior drying; and
seeds with shallow physiological rest are more sensitive
to cryopreservation conditions.
However, there is no unique algorithm for freezing
seeds, so it is necessary to individually select
cryopreservation conditions for each species.
On the first stage of experiments is analyzed energy
of germination and germination of Calendula officinalis
seeds depending on the size and weight (Table 1).
It is noted the difference in germination between
separated and non-separated seeds. The results
showed that the maximum germination and germination
energy values were observed for large seeds - 77.5 and
55.0%. In small seeds germination made 55.0%, in
medium 61.3%, which is lower than the control
parameters. The results show in favor of selection of
large seeds of Сalendula for further use and storage, as
having maximum germination rate and energy of
germination.
Indicators of viability of Calendula officinalis seeds
are studied during storage. Thus, it is found that after a
year of storage germination rate of Calendula was 34,2
%, after 1,5 years was 30,0 % (Fig. 1).
On both indicators of quality of seeds we can observe
linear dependence between viability of seeds, energy of
germination and a period of storage. That is, we can
observe that the seeds of herb are rapidly losing their
sowing properties, so, it is necessary to optimize their
storage conditions and methods of increasing
germination.

Fig. 1. Germination rate and energy of germination of Calendula officinalis seeds in process of storage
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Table 2. Germination rate and energy of germination of
Calendula officinalis seed after cryopreservation in different
containers and using different methods of defrosting
Variant of experiment
Control, storage for 6 month in
room temperature, paper packs
Cryopreservation in foil pack,
defrosting in water bath
Cryopreservation in plastic tubes,
defrosting in water bath
Cryopreservation in foil pack,
defrosting in room temperature
Cryopreservation in plastic tubes,
defrosting in room temperature

Germination rate,
Energy of
%
germination, %
47.0±1.0

44.0±1.0

1.0

1.0

63.3±1.4

56.7±1.2

70.0±1.5

65.0±1.4

71.7±1.6

68.3±1.5

Table 3. Germination rate and energy of germination of
Calendula officinalis seeds of different humidity after
cryopreservation (fresh seeds)
Variant of experiment
Constrol, without
cryopreservation
Humidity 5-6%
Humidity 10-11%
Humidity 15%

Germination rate,
%

Energy of
germination, %

47.0±1.0

44.0±1.0

72.0±3.2
54.8±1.4
20.5±0.2

68.5±2.4
48.9±0.7
15.6±0.1

At the second stage, the effects of package and
defrosting conditions on viability of seeds after storage
in liquid nitrogen (6 months) are analyzed (Table 2).
The results shew that there was a difference in
defrosting in a rapid or slow manner. Thus, the
germination of Calendula officinalis seeds after freezing
in foil and defrosting in a water bath was significantly
lower, than the control values and defrosting at the room
temperature - 1.0%. Freezing in plastic containers and
defrosting in water bath are slightly better. The
germination rate of plant seeds in this test variant was
63,3%, energy of germination – 56,7%; which was
higher the control parameters on 16,3 and 12,7%. The
best result was noted for variant preservation in plastic
tubes and defrosting in room temperature: germination
rate was 71,7%, energy of germination – 68,3%. So, we
can recommend these conditions for cryopreservation of
Calendula officinalis seeds.
The effect of seed humidity on cryopreservation
survival rates is analyzed. Free moisture is able to form
ice crystals, which can damage plant cells. Therefore,
low moisture content can reduce crystal formation,
thereby increasing survival of plant objects.
Seeds of different humidity (5-6; 10-11 and 15%) are
frozen in plastic containers. Results showed that when
humidity decreased, the survival rate of Calendula
officinalis seeds increased (Table 3).
Thus, we can observe that the maximum values of
germination rate and germination energy of Calendula
officinalis seeds are noted at the humidity 5-6%, the
minimum - at the seed humidity 15%. That is, freezing of
marigold seeds should be carried out after preliminary
drying.
It is known (Reed 2002) that in cryobiology one of the
ways to increase germination is the use of special
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Table 4. Germination rate and energy of germination of
Calendula officinalis seeds after cryopreservation in
different proprotectors
Variant of experiment
Control, cryopreservation without
cryoprotectors
Sucrose, 10%
Sucrose, 40%
Glycose, 20%
Glycose, 40%
Glycerin, 20%
Glycerin, 40%

Germination rate,
Energy of
%
germination, %
65.0±1.4

55.0±1.2

45.0±1.0
10.0±0.2
15.0±0.3
15.0±0.3
5.0±0.1
5.0±0.1

40.0±0.7
5.0±0.1
10.0±0.2
10.0±0.2
5.0±0.1
5.0±0.1

chemicals - cryoprotectors. These substances are able
to penetrate cells by binding free water, or to be
embedded in the structure of cell membranes, thereby
making it stronger and more resistant for freezing in
liquid nitrogen. The disadvantages of many
cryoprotectors are their toxicity, so it is necessary to
thoroughly wash the seeds from cryoprotectors after
defrosting, as well as to strictly dose the concentration.
At the third stage of research is tested the effects of
cryoprotectors on viability of Calendula officinalis seeds
(Table 4).
The results showed that Calendula officinalis seeds
had lower germination rate and energy of germination
after using of cryoprotectors. Thus, the control
parameters were 65,0 and 55,0%, whereas the use of
cryoprotectors showed a germination rate from 5 to
45%; energy of germination was from 5 to 40%.
The last results show that it is not recommended to
use cryoprotectors during cryopreservation of Calendula
officinalis seeds.

CONCLUSION
Thus, Calendula officinalis has the large
perspectives of using as vegetative raw materials in
Kazakhstan for medicine and cosmetic industry.
Marigold seeds have different quality and limited shelf
life.
Conducted research is shown that the seed material
of Calendula officinalis could be successfully freezing at
extremely low critical temperatures (in condition of liquid
nitrogen), and the selection of optimal conditions
allowed not only to preserve the viability of the seeds,
but also increased the germination rate and energy of
germination.
The optimal container for freezing in liquid nitrogen
was plastic cryotubes; defrosting was necessary to
spend at room temperature. The best survival results are
obtained after using seeds with humidity 5-6%.
It was determined that the use of cryoprotectors did
not have a positive effect on the increase in germination
rate and energy of germination of Calendula officinalis
seeds. Viability of seeds after cryoprotectors treatment
was lower than for seeds frozen in liquid nitrogen without
cryoprotectors. Therefore, the use of cryoprotectors is
not appropriate.
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The results of the studies can be used to organize
long-term storage of Calendula officinalis seeds at extra
low temperatures (liquid nitrogen).
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