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Abstract: Runner propagation is an important process in strawberry cultivation, which influences
plant survival and fruit yield during the commercial production. In South Korea, this process is
carried out on plug tray benches that are set off the ground in greenhouses, rather than in open fields.
During the propagation, the propagation media and fogging systems play an important role in the
survival and rooting of daughter plants. The aim of this study is to investigate the influences of
the different types of propagation media and various fogging treatments on the rooting and early
growth of strawberry daughter plants. Two strawberry cultivars—‘Maehyang’ and ‘Seolhyang’—in
a glasshouse, grown in four different propagation media-a peat moss-based mixture (PBM), rockwool
cube (RWC), granular rockwool (GRW), and a coir-based mixture (CBM)—combined with five fogging
durations, 0, 3, 6, 9 and 12 days were tested. PBM with 9–12 days of fogging was the most ideal
combination for the rooting and early growth of daughter plants of the two strawberry cultivars,
which increased the ratio of survival and rooting, number of new leaves, root length and maximised
the fresh and dry weights of the aboveground and belowground runner biomass. However, fogging
treatments shorter than 9 days led to a lower survival rate and rooting. RWC and GRW are not
recommended for young plants of these two strawberry cultivars because their strong water-retentive
properties could subject the root to water stress, which can lead to root rotting. The purpose of this
study is to provide a reference for strawberry growers to improve the quality of plants and efficiency
of production during the propagation period.
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1. Introduction

In South Korea, strawberry production has reached to 208,699 tons in 2017. The total area of
production is about 6435 hectares, 6290 of which were protected cultivation, while only 145 hectares
were field cultivation. Almost all strawberries are now propagated with plugs in South Korea [1].
With the fast development of the strawberry industry, strawberry propagation has become an integral
part of the strawberry production process. Botanically, strawberry (Fragaria x ananassa) is a hybrid
species that propagates by either seeds, or vegetatively by runners that produce daughter plants that are
identical to the mother plant. Nearly all strawberries are propagated asexually in the Korean strawberry
industry to maintain the true characteristics of the cultivar [2]. Cutting propagation is an efficient
method for producing strawberry daughter plants of uniform sizes. But many commercial strawberry

Agronomy 2020, 10, 557; doi:10.3390/agronomy10040557 www.mdpi.com/journal/agronomy

http://www.mdpi.com/journal/agronomy
http://www.mdpi.com
https://orcid.org/0000-0002-0967-4488
https://orcid.org/0000-0002-4146-7278
http://www.mdpi.com/2073-4395/10/4/557?type=check_update&version=1
http://dx.doi.org/10.3390/agronomy10040557
http://www.mdpi.com/journal/agronomy


Agronomy 2020, 10, 557 2 of 15

farms still use traditional propagation methods, such as runner pegging using the pin. Runner pegging
takes freshly rooted runners that branch out from mother plants and anchors them on the substrate for
further growth and root development. After rooting, a complete strawberry plant can be obtained.
This process can be done in open fields or on plug trays in greenhouses. Because of the advantages of
reducing pesticide requirement and soilborne diseases, facilitating mechanised operations, lowering
fertiliser and water requirement and increasing survival rate and yield, plug seedling propagation has
been widely used for vegetables, ornamental plants, tissue culture plants and trees [3]. Poling and
Maas [4] mentioned that using plug seedlings to produce strawberry transplants can improve the
efficiency while reducing diseases and insect pests. They also found that intermittent misting for 10 to
12 days was effective for rooting daughter plants. Currently, almost all strawberries in South Korea
are produced in greenhouses, and therefore seedlings are produced on special strawberry plug trays.
In the first period of strawberry production on plug trays, runners with 2–3 leaves are pinned down in
special plug trays on either side of the mother plant. When the runners have rooted, they are separated
from the mother plants. Because the runners are well-rooted before they are separated from the mother
plant, there is no need for high humidity conditions as there are the cutting process used in this method.
However, because of the different rooting times of runners, the size of daughter plants is not uniform.
Unequal runner sizes will influence bloom and fruit production of strawberries after the runners are
moved out of plug trays and planted in open fields [5–7]. Recently, this method has been gradually
replaced by the cutting method. First, daughter plants with similar sizes are separated from their
mother plants. It is necessary to leave at least 1 cm of the daughter plants, so that it serves as an anchor
at the moment of planting [8]. In this method, the size of the cuttings can be selected, thus greater
uniformly sized plants to be in the same plug tray [9]. This method can improve the quality of the
runners and fruit production in the subsequent cultivation. It can also standardize the production.

A successful rooting of daughter plants depends on various factors such as the growth media,
air humidity and quality of plant-lets [10]. The growth media plays an important role in the rooting
process of runners. The growth media helps to provide moisture, support, nutrients and aeration for
growing plants and aids in the proper growth and development of the plants. Thus, the growth media
can affect the survival and rooting rates of the runner tips, as well as the subsequent growth and fruit
production of the plants [11,12]. Both the physical properties of the media such as the structure, texture,
porosity, water-holding and drainage capacities, bulk density and aeration as well as the chemical
properties such as the pH, cation exchange capacity and organic matter, influence the performance of
the plants in the media. At present, the commonly used soilless cultivation or cutting media are mainly
divided into organic media and inorganic media. The mixed organic media made of peat moss, coir,
vermiculite, perlite, etc., is widely used in horticultural production. A common advantage of mixed media
is that the proportion of components can be adjusted to meet the needs of a particular crop. Rockwool is
a kind of inorganic medium, which has the characteristics of light weight, strong water-holding ability,
and can be cut according to any shape, so it is also widely used in soilless cultivation.

Humidity is also crucial for the rooting of the runner tips. Once the runner tips are cut off from the
mother plants, the water supply is limited, while the continued transpiration loses water vapor through
the stomata and the incision. Until the root system is established, water absorbed from the medium and
the atmospheric moisture are not sufficient for the plant, and water supply from intermittent misting
or artificial fogging method is necessary. Supplementary fogging is an effective way to guarantee high
survival and rooting rates for the daughter plants. With fogging, not only is the surface of the young
leaves always kept with a water film, which ensures that the plants do not die because of water loss
before rooting, but also the medium is kept moist to create an optimal environment for root formation,
ensuring a higher possibility of rooting and survival. Most previous studies used a water spray or
misting method, but fogging system used in this study employs an ultrasonic oscillator to shake the
water into particles which are smaller than 20 µm in diameter. The small water particles are more
easily suspended in the air, and cause less condensation to form water droplets on the surface of the
leaves, thus blocking the gas exchange of the leaves etc. Fogging duration is also important. If it is
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shorter than the necessary duration, fogging may not work effectively, whereas if it is longer than the
necessary duration, fogging may lead to root rot or mildew and affect the survival rate. When the
water content in the medium is too high, it will cause water stress to the plants. The degree of stress
can be reflected by measuring the content of hydrogen peroxide or antioxidant enzyme [13,14].

Jafarnia, Giménez and Bartczak, etc. [15–17] have extensively studied the influence of the growth
medium on the growth and development of strawberry runners and mother plants. Jafarnia [15] found
that for both ‘Fresno’ and ‘Selva’ strawberries, 100%:0 and 60%:40% perlite/peat moss are the best
propagation media for strawberry production in Iran. By comparing the growth of two strawberry
cultivars ‘Elsanta’ and ‘Honeoye’ in different media (mixture of peat with pine bark (1:1 v/v),
coconut fibre, mixture of brown coal with disintegrated rockwool (2:1 v/v) and rockwool blocks),
Bartczak et al. [17] found that rockwool was the most useful substrate for the production of strawberry
plants. Durner and Rowley [3,8] mentioned the high humidity required for rooting of strawberry runners.
However, the effects of the propagation medium combined with the humidity on the growth and
development of strawberry runners during the cutting propagation period have yet to be investigated.

‘Maehyang’ and ‘Seolhyang’ are two popular strawberry (Fragaria × ananassa) cultivars in
South Korea. The general characteristics of ‘Maehyang’ and ‘Seolhyang’ include high vigour and erect
type in growth. They are suitable for forcing culture because it shows weak dormancy, high yield and
fruit quality [18]. Compared with ‘Seolhyang’, ‘Maehyang’ has harder fruits and they are better for
long-term storage. Therefore, ‘Maehyang’ is mainly cultivated for the export markets and ‘Seolhyang’
is cultivated mostly for the Korean domestic market [19]. These two cultivars account for 62.7% of
the total strawberry production in South Korea [20]. To provide a planting guidance at an early stage
of strawberry production for growers, this experiment investigated the effects of the propagation
medium and the duration of fogging on the rooting and early growth of daughter plants of these
two strawberry cultivars.

2. Materials and Methods

2.1. The Experiment Locations and Experimental Conditions

This experiment was carried in a glasshouse at Gyeongsang National University (GNU), Jinju,
South Korea (35◦09′ N, 128◦05′ E). The glasshouse environment during the experiment period is shown
in Figure 1.
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2.2. Plant Materials and Propagation Media

All the unrooted runner materials of ‘Maehyang’ and ‘Seolhyang’ used in this study were selected
from one strawberry farm. All selected runners were of similar size and each runner had three leaves.
Four common media (Figure 2) available in South Korea were selected for the experiment: a peat
moss-based mixture (PBM, Bas Van Buuren Substrates, De Lier, The Netherlands), a commonly used
medium for strawberries; rockwool cube (RWC, Korea UR Media, Co., Seoul, Korea), a medium that
is marketed as a rooting medium; granular rockwool (GRW, Korea UR Media, Co., Seoul, Korea)
having similar properties as the RWC, but with more large-sized pores; and a coir-based mixture
(CBM, Tosilee Medium, Shinan Grow Co., Jinju, Korea), a popular propagation medium produced and
used in South Korea. The four media can be divided into two categories: PBM and CBM are organic
media. PBM is a mixture of 80% peat moss, 10% coir dust and 10% perlite. CBM is a mixture of 50%
coir dust, 25% peat moss, 10% perlite, 10% vermiculite and 5% zeolite. Although these two premixed
media cost more than RWC and GRW (Figure 2), they can be formulated according to the requirements,
where their physical and chemical properties are reasonably consistent. RWC and GRW, two forms
of rockwool, made from spinning molten basaltic rock into fine fibres which are then formed into
a range of cubes, blocks, growing slabs and granular products. Both RWC and GRW are pure inorganic
substrates. The physicochemical property of the four common propagation media in South Korea are
also shown in Figure 2.
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2.3. Fogging System and Experimental Design

A special system was developed for the experiment such that the effects of the fogging as well as
the propagation media on plants could be studied. Initially, a bench to support the propagation media
and plants was built with steel bars. Cell trays (21-Zigpot/21 cell tray, Daeseung, Jeonju, Korea) filled
with one of the four media with daughter plants stuck in them were laid out on the benches. For each
fogging group, there were eight trays (4 media × 2 cultivars) placed side by side.

Daughter plants were separated from the mother plants with around 3 cm of the runner left on the
crown, and this runner was pegged into the medium leaving the crown of the runner exposed to the air.
The medium was drenched completely with a nutrient solution (the greenhouse multipurpose nutrient
solution (in mmol L−1 NH4

+ 1.0, NO3
− 10.6, H2PO4

− 1.2, K+ 5.1, Ca+2 3.1, Mg+2 1.0, and SO4
−2 0.3,
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and in µmol·L−1 Fe+3 43.6, BO3
−3 22.6, Mn+2 9.4, Zn+2 1.5, and MoO4

− 0.5) with electrical conductivity
(EC) 1.6 dS·m−1, adjusted pH 5.8) and a layer of polyethylene (PE) film was put over (30 cm from the
top of the plant) to cover the whole system. A fogging system (UH-303, JB Natural Co. Ltd., Gunpo,
Korea) connected to a polyvinyl chloride (PVC) pipe of a 10 cm diameter with holes was used to evenly
distribute fog inside the PE film. The fogging time was from 6:00 to 18:00 every day, and each fogging
duration was 30 min, and the interval was also 30 min.

Five fogging groups were set with a duration of 0, 3, 6, 9 or 12 days, respectively (Figure 3).
All groups formed a line on the bench. In each group, daughter plants were grown in four growth
media (4 media × 2 cultivars × 21 runners/tray = 168 runners/fogging group). Runners were anchored
on the four media in 21-cell trays each, where two trays were filled with each medium, with each
tray holding one cultivar. Seven plants out of each 21-cell tray were randomly selected as a repeat or
an observation unit. The first group was located at one side of the bench, the farthest from the fogging
system, where fogging was totally absent from the beginning to the end of the experiment. The second
group was fogged for 3 days, the third group for 6 days, and so on in a similar fashion for the rest of
the groups.
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2.4. Measurements of the Growth Parameters

To calculate the percentages of survival, rooting and newly formed leaves, an observation was
made every 3 days. Runners with dry leaves and root were considered dead, and when the root
extended into the medium, plants were judged to be rooted. The proportion of rooted plants to the
total number of plants was recorded as the rooting percentage, and the proportion of living plants to
the total number of plants was recorded as the survival percentage. The leaf grows and develops until
it is fully unfolded as new trifoliate. The proportion of the number of new leaves to the total number
of plants was recorded as the ratio of new leaves. Growth parameters, including the number of roots,
length of the shoot and root, as well as fresh and dry weights of the shoot and root were measured after
15 days. The length of the longest root was measured after the medium was cleaned with running
water. Dry weights of the shoot, root and whole plant were measured after 72 h of drying in a drying
oven (FO-450M, Jeio Technology Co. Ltd., Daejeon, Korea) at 70 ◦C.
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2.5. Measurement of Hydrogen Peroxide

High humidity environment after fogging treatment may cause water stress on plants, especially
the stress on root after rockwool media was saturated with water, so the content of hydrogen peroxide
(H2O2), an important signal molecule in response to stress was measured. The spectrophotometric
determination of H2O2 was carried out according to the method described by Christou et al. [21].
Root samples (0.1 g) were homogenised in 1 mL of 0.1% trichloroaceticacid (TCA) and centrifuged at
10,000 rpm for 15 min. Then, 0.5 mL of the supernatant was mixed with a 10 mM phosphate buffer
(0.5 mL, pH 7.0) and 1 mL potassium iodide (1M). The mixture was incubated at room temperature for
30 min, after which the absorbance was measured at 390 nm. The H2O2 content was determined from
the standard calibration curve.

2.6. Measurement of Activities of Antioxidant Enzymes

Similarly, in the stress condition, the activity of various antioxidant enzymes in plants will
also change. Through the determination of the activity of four antioxidant enzymes in the root of
plants, the influence of different media and different fogging duration on plants will be further
determined. For the analysis of antioxidant enzymes, 0.1 g fresh root samples were homogenized in
a 1.5 mL ice-cold 50 mM phosphate buffer (pH 7.0) containing 1 mM ethylenediaminetetraacetic acid
(EDTA), 0.05% triton X-100, and 1 mM polyvinylpyrrolidone (PVP). The extracts were centrifuged at
13,000 rpm for 20 min at 4 ◦C and the supernatant was employed for the analysis of enzyme activities.
The superoxide dismutase (SOD) activity was estimated by following the nitro blue tetrazolium (NBT)
inhibition methods according to the protocol of Giannopolitis and Ries [22]. The activity of the catalase
(CAT) enzyme was measured based on the method of Cakmak and Marschner [23]. The guaiacol
peroxidase (GPX) activity was determined based on the amount of enzyme required for the formation
of tetraguaiacol per minute, following the methods of Shah et al. [24]. The ascorbate peroxidase (APX)
activity was assayed following the methods of Nakano and Asada [25].

2.7. Statistical Analysis

The experiment was carried out with three replicates in a randomized complete block design,
using seven runners in each observation unit. The replications were randomly located to eliminate the
effects of the position within a controlled environment. A multi-way analysis of variance (ANOVA)
with the SAS program (Statistical Analysis System, V.9.1, Cary, NC, USA) was applied to statistically
analyse the collected data (Factors: medium, fogging, and cultivar). Tukey’s multiple range test was
adopted to test the significant differences between the different means. The interactions were analysed
by the main factors of medium, fogging and cultivar.

3. Results

3.1. Survival Percentage

The effects of the medium, fogging duration and cultivar on the survival of strawberry daughter
plants are showed in Table 1. Neither the propagation medium nor the cultivars affected the survival,
but fogging duration significantly affected the survival of plants. There also have some interactive
effects between the media and fogging durations.

To show the survival percentage changes over time in different media more clearly, changes in
survival were recorded in Figures 4 and 5 for each strawberry cultivar. The only exception was in
GRW, where a few strawberry ‘Seolhyang’ daughter plants survived without fogging, but they were
all in a poor condition. Fogging for 9 or 12 days could guarantee a 100% survival percentage of plants
grown in any of the four media. However, the plants grown with 3 or 6 days fogging treatments were
dying after the fogging stopped. Without fogging, dead plants were found at every inspection time
until almost all of them died.
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Table 1. The effects of the medium, fogging duration and cultivar on the survival of strawberry
daughter plants after 15 days treatment.

Survival

F-test
C z M F C * M C * F M * F C * M * F

NS y NS *** NS NS ** NS
z C, cultivar; M, medium; and F, fogging duration. y NS, not significant. *, **, and ***, significant at p = 0.05, 0.01,
or 0.001, respectively.
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observation units (n = 3). PBM, a peat moss-based mixture; RWC, rockwool cube; GRW, granular
rockwool; and CBM, a coir-based mixture.

3.2. Percentage of Rooting and Ratio of Newly-Grown Leaves

As Table 2 shows, no plants rooted without fogging. Even with only 3 days of fogging, about
half of the daughter plants developed roots. Especially in the PBM medium, the rooting percentage
reached to 70–90%. Fogging for at least 6 days ensured a 100% rooting percentage in both cultivars.
With longer fogging duration, plants developed a greater number of newly formed leaves except for
‘Seolhyang’ daughter plants grown in RWC. The ‘Seolhyang’ daughter plants had a lower ratio of
newly formed leaves after 12 days of fogging than after 9 days of fogging in RWC. A 12-day fogging
guaranteed that the ratio of newly formed leaves was higher than 80%.
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Figure 5. The effects of the growth medium on the survival percentage of daughter plants of strawberry
‘Seolhyang’ in the 0, 3, 6, 9 and 12 days fogging treatments. Error bars represent the SEs of the three
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Table 2. The percentages of rooting and ratio of new leaves of strawberry runners affected by the
fogging duration, medium and cultivar. The experiment was carried out in a glasshouse at GNU
(35◦09′ N, 128◦05′ E) on 14–27 September 2018.

Cultivar Duration of
Fogging (Day)

Rooting (%) Ratio (%) of New Leaves

PBM RWC GRW CBM PBM RWC GRW CBM

‘Maehyang’

0 0.0 e z 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e
3 86.6 b 53.3 d 66.7 cd 73.3 c 66.7 c 40.0 d 40.0 d 53.3 c
6 100.0 a 100.0 a 100.0 a 100.0 a 40.0 d 80.0 bc 80.0 bc 66.7 c
9 100.0 a 100.0 a 100.0 a 100.0 a 66.7 c 53.3 c 53.3 c 66.7 c
12 100.0 a 100.0 a 100.0 a 100.0 a 80.0 bc 80.0 bc 80.0 bc 80.0 bc

‘Seolhyang’

0 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e 0.0 e
3 73.3 c 53.3 d 66.7 cd 73.3 c 26.7 d 26.7 d 33.3 d 33.3 d
6 100.0 a 100.0 a 100.0 a 100.0 a 60.0 c 53.3 c 40.0 d 80.0 bc
9 100.0 a 100.0 a 100.0 a 100.0 a 80.0 bc 106.0 ab 53.3 c 73.3 c
12 100.0 a 100.0 a 100.0 a 100.0 a 86.7 bc 80.0b c 120.0 a 106.0 ab

z According to Tukey’s test, lowercase letters at p ≤ 0.05 indicate significant differences between different treatments.
PBM, a peat moss-based mixture; RWC, rockwool cube; GRW, granular rockwool; and CBM, a coir-based mixture.

3.3. Growth Parameters

Groups without fogging or with 3 days of fogging had low percentages of survival, rooting and
newly grown leaves, so it was meaningless to measure the subsequent growth data. Thus, the growth
parameters were measured for groups that were fogged for 6 days or longer (Table 3). For strawberry
‘Maehyang’, PBM with a 12-day fogging enhanced the length of roots (47.9% greater than with
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6 days of fogging), root fresh weight (57.3% greater than with 6 days of fogging) and root dry weight
(52.1% greater than with 6 days of fogging), shoot fresh weight (56.6% greater than with 6 days of
fogging) and shoot dry weight (53.3% greater than with 6 days of fogging). Strawberry daughter plants
grown in CBM with 9-day or 12-day fogging also performed well, but there was still a gap between
those grown in CBM and PBM. RWC and GRW are not recommended for strawberry root growth,
as daughter plants grown in these two media had worse root appearances and shorter root lengths
than those grown in the other two media (Figure 6). Strawberry ‘Seolhyang’ with a 9-day fogging
performed the best when grown in CBM, especially in root length (53.6% greater than with 6 days of
fogging) and biomass (24.0% greater than with 6 days of fogging). With a 12-day fogging, PBM resulted
in the highest quality daughter plants, especially in the root quality (fresh and dry weights increased
39.7% and 43.5%, and length increased 31.0% compared to those fogged for 6 days).

Table 3. The effects of the growth medium, fogging duration and cultivar, on the length, fresh weight
and dry weight of the strawberry daughter plants after 15 days.

Cultivar Medium
Duration of

Fogging
(Day)

Shoot Root

Length
(cm)

Fresh
Weight (g)

Dry
Weight (g)

Length
(cm)

Fresh
Weight (g)

Dry weight
(g)

‘Maehyang’

PBM
6 16.90 e z 5.17 e 1.26 f 5.05 d 1.84 e 0.35 e
9 18.07 e 7.21 de 1.63 d 7.92 b 2.31 d 0.43 c

12 23.83 b 11.93 a 2.70 a 9.69 a 4.31 a 0.73 a

RWC
6 22.80 ab 6.66 e 1.76 c 3.87 e 1.72 e 0.39 d
9 20.03 d 8.27 d 1.86 c 6.81 bc 3.85 b 0.68 a

12 25.30 a 9.98 c 2.27 b 7.36 bc 2.17 d 0.41 c

GRW
6 18.43 e 5.81 e 1.40 e 4.52 de 1.88 e 0.37 e
9 22.47 c 6.71 e 1.50 e 6.43 c 2.95 cd 0.50 bc

12 24.87 ab 10.69 b 1.82 c 7.72 b 3.00 cd 0.47 bc

CBM
6 18.87 de 6.69 e 1.61 d 6.64 bc 2.10 de 0.42 c
9 21.93 cd 6.52 e 1.36 f 7.71 b 2.14 d 0.36 e

12 21.93 cd 8.77 d 1.67 d 9.18 b 3.20 c 0.52 b

‘Seolhyang’

PBM
6 22.97 bc 6.56 c 1.47 d 6.49 bc 2.42 cd 0.35 d
9 22.07 bc 5.69 cd 1.40 d 7.85 b 2.40 cd 0.41 cd

12 27.43 a 9.57 a 2.09 a 9.41 ab 4.01 a 0.62 a

RWC
6 19.77 c 3.83 d 1.38 d 3.39 d 1.42 d 0.41 cd
9 23.20 b 8.07 b 1.88 ab 6.42 c 3.05 c 0.38 d

12 24.27 b 5.04 cd 1.78 c 3.45 d 1.87 d 0.34 d

GRW
6 23.93 b 7.01 c 1.82 ab 3.75 d 2.64 c 0.43 cd
9 19.30 d 6.67 c 1.47 d 4.99 cd 2.50 cd 0.47 c

12 23.87 b 8.51 b 1.77 c 6.72 bc 3.03 c 0.47 c

CBM
6 17.33 d 3.89 d 1.41 d 4.70 cd 1.76 d 0.33 d
9 21.03 c 8.21 b 1.73 c 10.07 a 3.60 b 0.56 b

12 24.37 b 8.28 b 1.81 ab 9.19 ab 3.50 b 0.55 b
z According to Tukey’s test, lowercase letters at p ≤ 0.05 indicate significant differences between different treatments.
PBM, a peat moss-based mixture; RWC, rockwool cube; GRW, granular rockwool; and CBM, a coir-based mixture.
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3.4. Plants Morphology

The morphology of the Strawberry ‘Maehyang’ and ‘Seolhyang’ daughter plants affected by the
different media of the 12-day fogging treatment are shown in Figure 6. The differences in above-ground
part were not obvious, but the roots of daughter plants grown in PBM and CBM were significantly
better developed than those grown in RWC and GRW. Rotten roots were found in RWC and GRW with
a 12-day fogging.

3.5. Hydrogen Peroxide Content and Activities of Antioxidant Enzymes

The two cultivars of strawberry daughter plants treated with 9 and 12-days fogging all reached to
100% rooting and survival, and the strawberry daughter plants treated with 12-days fogging showed
better growth parameters, but rotten roots were found in RWC and GRW. In order to determine the
influence of four media on root development, we analysed the hydrogen peroxide (H2O2) content
in the roots of two cultivars of strawberry daughter plants treated with 12-days fogging (Figure 7).
The results showed that the H2O2 content in RWC and GRW was significantly higher than that in PBM
and CBM. There was no significant difference between PBM and CBM. This indicates that the roots
grown in the two kinds of rockwool were under stress.
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The activities of four antioxidant enzymes were also measured and analysed (Figure 8).
The activities of four antioxidant enzymes in the roots of strawberries daughter plants all showed a
similar effect to H2O2 contents in four different media. The activity of superoxide dismutase (SOD)
in RWC and GRW was significantly higher than that in PBM and CBM, ‘Maehyang’ grown in PBM
showed lowest activity. The activity of catalase (CAT) was the highest in both cultivars grown in
RWC and ‘Maehyang’ grown in GRW. The ‘Seolhyang’ grown in CRW was lower but still significantly
higher than the plants grown in PBM and CBM. Strawberry ‘Seolhyang’ grown in RWC had the
highest activity of ascorbate peroxidase (APX). There was some difference between PBM and CBM
but both were lower than RWC and GRW. The guaiacol peroxidase (GPX) activities were also similar
to that of the previous three enzymes in the four media, the plants grown in RWC and GRW were
still significantly higher than that grown in PBM and CBM. These results indicated that the roots of
strawberry grown in two kinds of rockwool had increased activity of enzymes due to resistance to
stress, and further demonstrated the plants grown in the two types of rockwool were under stress.
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4. Discussion

It can be seen that from the environmental conditions recorded during the experiment, except the
cloudy days on the first day and the sixth day, the temperature, humidity and light change evenly, so it
can be regarded as the environment change in the glasshouse has little influence on the experimental
results. Through analysing the results, it was found that 100% plants survived in any medium tested in
our experiment as long as the fogging duration was more than 9 days. Thus 9-day fogging guaranteed
the highest survival rate of strawberry runners. In 3-day or 6-day fogging treatment, a few plants
survived in RWC and GRW. Some plants even survived without any fogging in GRW. One possible
reason for this observed survival of plants is that both GRW and RWC have excellent water-holding
and aeration characteristics [26]. Moreover, GRW has a higher number of large pores among particles
that are more conducive to rooting than RWC, thus some plants even survived in the absence of
fogging GRW.

There is a correlation between rooting and survival. When the strawberry runners began to root,
the new roots absorbed water and nutrients from the medium. After being fogged for 3 days, half of
the runners rooted. However, the small number of newly developed roots were too weak to supply
sufficient water and nutrients needed by the leaves. If fogging was stopped after 3 days, the runners
withered and died. Kim et al. [27] made a study on growth and rooting rate of ‘Maehyang’ strawberry
as affected by irrigation method on cutting propagation. They found that the rooting ratio of ‘Maehyang’
was significantly higher in the overhead irrigation and fog irrigation treatments. The rooting percentage
reached to 77.8 and 91.7% after 4 and 8 days of fog irrigation treatment. Their study showed that
rooting rate increased with longer fogging duration. Although their results were not completely
consistent with our results because of the differences in equipment and environment, our study also
proved that longer fogging duration (that is 9 days) promoted stronger rooting system of strawberry
runners and guaranteed 100% survival rate.

In order to reduce water loss caused by transpiration, it is very important to maintain a high
humidity when rooting vegetative stems [28]. Rowley et al. [8] described in detail how strawberry plug
plants are produced in the United States. They noted that it is necessary to mist the runners during the
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rooting duration of strawberry. This is consistent with the results of our study, that is, the survival
percentage of plants was very low without fogging or with short fogging duration. Rowley et al. [8]
also found that a rooting environment with high humidity is prone to fungal rots. In our study, root rot
was also found in strawberry plants grown in RWC and GRW after fogging for 12 days, especially in
the ‘Seolhyang’ cultivar (Figure 7). The maximum water retention of the rockwool growing medium
can reach 90% [29], which is much higher than that of common mixed media.

Major factors such as abiotic stresses-heavy metals, drought, water-logging, salt, low temperature,
etc., can limit crop productivity and yield. These abiotic stresses are associated with the production of
certain deleterious chemical entities termed reactive oxygen species (ROS), which include hydrogen
peroxide (H2O2), superoxide radical (O2−), hydroxyl radical (OH−), etc., [30]. Gratão et al. [31]
suggested that in order to prevent or alleviate injuries from ROS, plants have evolved an antioxidant
defence system that includes non-enzymatic compounds, such as ascorbate, glutathione, tocopherol,
carotenoids, flavonoids and enzymes such as SOD, CAT, POX, APOX, GR and PPO. When plants
are subjected to the abiotic stress, these changes in ROS content and activity of enzymes can reflect
whether the plant is in the normal state of growth. Both GRW and RWC have excellent water-holding
characteristics. We speculate that the excellent water-holding characteristics of RWC causes the plant
roots to be under water stress after a long period of fogging treatment and thus reducing the growth of
strawberry cuttings. The results showed that the number of roots per cutting and root length were
significantly improved (30.8%) in the two organic mixtures treatments compared with those in the
rockwool. The main influencing factor could be that the high water-retention capacities of rockwool
caused water stress in the roots of plants under the condition of continuous high humidity with fogging.
The subsequent determination of hydrogen peroxide (H2O2) content and activity of enzymes in the
roots did reveal that the roots were under stress (Figures 7 and 8). Hall et al. [32] also found that the
root respiration was inhibited after sunflower was subjected to water stresses. Rotten roots were found
with daughter plants grown in RWC and GRW with a 12-day fogging, probably also because of the high
water-retention capacities of the rockwool. Similar to the findings of Rowley et al. [8], the high humidity
rooting environment is prone to fungal rots. Liao and Lin [33] reviewed the physiological adaptation of
crop plants to flooding stresses. Excess water produces anoxic soil conditions within a few hours [34].
Plant roots, consequently, suffer hypoxia or anoxia. A low respiratory capacity leads to anaerobic
metabolism of roots, which consequently causes ethanolic fermentation of the cell. Then, gas exchange
will be out of balance among the shoots, roots and leaves. Flooding causes a significant decrease in
the capacity for root gas exchange in most flood-intolerant plants. It can be seen that the ratio of new
leaves in both PBM and CBM increases with the increase of the duration of fogging, but in the two
types of rockwool, the abnormal result was that the new leaves in 9-day fogging were less than in
6-day. We speculate that it is the water stress of two types of rockwool on the root that also affects
the development of new leaves. We conclude that this is why RWC and GRW are not suitable for
cutting propagation in the fogging tunnels with a high humidity. Baisak et al. [14] also found that
water stress caused a rapid increase in the activity of SOD and APX in wheat leaves. Decline in the
efficacy of the H2O2 decomposing system is probably responsible for the oxidative damage occurring
in water-stressed wheat leaves. On the other hand, the high water retention properties of rockwool may
be an advantage in the low air humidity environment for cutting propagation. But for the herbaceous
plants like strawberries, which tend to wilt when they are separated from their mother plants, obviously
a low air humidity environment cannot sustain strawberries survival. The rockwool may be used in
cutting propagation of the herbaceous plants with thicker waxy layers or the woody plants.

From the point of view of the media constituents, compared to the inorganic media of RWC
and GRW, the two organic mixtures, PBM and CBN, contain a nutrient charge and a wetting agent.
Low levels of fertilizers containing minor nutrients are not required initially for germination or
rooting [35]. Moreover, the pH of these two organic media is faintly acidic, which is better for
strawberry growth than the two kind of alkalescency rockwool [36,37]. Olympios [38] mentioned that
compared with an organic mixed matrix, an inorganic matrix such as rockwool has a high disposal
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cost after use. Tehranifar et al. [39] reported that growth media with peat and cocopeat showed less
malformed fruits in soilless cultivation of strawberry. Gislerød H.R. [40] introduced the physical
conditions of propagation media and their influence on the rooting of cuttings in detail, where two types
of compressed peat and one type of rockwool were compared during poinsettia cutting process.

About the cultivar, ‘Maehyang’ and ‘Seolhyang’ have similar traits but also have certain differences.
Previous studies [41–44] have found that these two cultivars responded differently to different
treatments. These differences are shown at the seedling stage, which lead to slightly different responses
between the two cultivars in different fogging treatments in this study.

5. Conclusions

The experimental results and production practices show that PBM is the most appropriate medium
for the cutting propagation of strawberry ‘Maehyang’ and ‘Seolhyang’ plants when using the fogging
system, and 9–12 days of fogging is the most appropriate duration. Rockwool is not suitable for use in
high air humidity environment for cutting propagation of strawberry ‘Maehyang’ and ‘Seolhyang’.
PBM combined with a 9 or 12-day fogging significantly enhanced the growth of young plants, making
them healthy and strong. After calculating the cost and profit, the growers can make a reasonable
production plan based on the valuable results of this study.
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