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Abstract

Abiotic stresses are serious problems that hinder crop production. Seed germination and seedling development are
stages which are sensitive to abiotic stress. Seed priming improves the performance of seeds/seedlings and provides
faster and synchronized emergence under stress conditions. The present study aimed to investigate the effect of
priming with biostimulants, vermicompost (5%), karrikinolide (107 M) and seaweed (5%) using the solid matrix
method (5 days, dark, 15 °C, 2:1:3, seed:vermiculite:organic solution, w:w:w) on germination and seedling quality
of carrot seeds under abiotic stress conditions. Biostimulants were used alone and in double and triple combinations.
Drought stress was simulated by PEG-6000 (-0.3 MPa), salinity by using NaCl at 100mM, and high temperature by
30 °C. Dry control and distilled water treated were used as controls. Priming treatment with biostimulants improved
performance of seeds and seedlings, though not always significantly (p=0.05). Seaweed alone and its combination
with karrikinolide showed the best performance for all the parameters. The germination percentage for dry control
of carrot seeds were 37, 63 and 72% in salt, drought and high temperature stresses while distilled water treated seeds
had values of 74, 79 and 77%, respectively. Seeds treated with seaweed+ karrikinolide and seaweed alone had 80 and
89% germination. The same treatments stimulated seedling emergence from 57% to 84-88%, 25 to 69-76%, 71 to
85-87% under drought, salt and high temperature stress, respectively. Seedling criteria, seedling height, fresh weight,
dry weight and root fresh weight were also higher with these treatments in all stress conditions. Catalase activity of
treated seeds was higher for seaweed (0.400 EUg'seed) and seaweed karrikinolide (0.411 EUg'seed) treated seeds
than for both controls (non-primed: 0.299, distilled water: 0.239 EUg'seed). Biostimulants have potential as seed
priming agents to enhance seed quality in carrots.
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Introduction

Crops encounter environmental stresses which are both
abiotic and biotic. Various analyses have suggested that abiotic
stresses, mainly drought, salinity and extreme temperatures,
are the major factors that obstruct crops from realizing their full
yield potential (Wang et al., 2003; Fetri et al., 2014). According

Cite this article as:

to Wang et al. (2003), drought and salinity are becoming the
prevalent problems in many regions, and will account for
serious salinization problems in more than 50% of all arable
lands by the year 2050. Abiotic stress affects all stages of crop
growth and development. However, seed germination, early
growth of seedlings and flowering stages are the most sensitive
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stages (Yadav et al., 2011). Under abiotic stress conditions, it’s
difficult for a seed to be able to germinate and produce a good
crop stand in the field. Hence, seed treatments are a useful tool
for seeds to cope with the existing abiotic stress (Paparella et
al., 2015).

Seed priming is a simple, low cost practice, which is
used to overcome the problems of abiotic stress in crop
production. Several methods of seed priming were developed
in order to enhance the quality of seeds and minimize the
risk of environmental stresses (Lutts et al., 2016). The effect
of priming was attributed to metabolic repair and activation
of seeds during imbibition (Basra et al., 2005). Solid matrix
priming in which water uptake by seeds is controlled,
was developed as a solution to overcome the problem of
aeration in osmo-priming and the high cost of osmotic agents
(Paparella et al., 2015). During matrix conditioning, seeds
are mixed and incubated with a wet solid (water carrier) for
a certain period of time so as to control the uptake of water
by the seeds. Afterward, seeds are separated from the carrier,
rinsed, and back-dried to the level of their original moisture
content. The use of solid medium allows seeds to hydrate
slowly and simulates the natural imbibition process occurring
in the soil (McDonald, 2000). Different types of osmotica
and chemicals are used for priming purposes. However, the
issue of environmental problems is common due to intensive
use of chemicals. The use of organic farming is receiving due
consideration. Among such treatments, we considered seaweed
(Balakrishnan et al., 2007, Muhie et al., 2020), vermicompost
(Muhie et al., 2020) and smoke extracts (Demir et al., 2018).
Such organic biostimulants were found to enhance seed quality
in various crop seeds such as Lupinus angustifolius (Plazek
et al., 2018), Capsicum annuum (Rekha et al., 2018) and
onion (Muhie et al., 2020). Furthermore, there is not much
research on priming combined (single, double and triple) with
organic extracts (biostimulants) for carrot seeds, especially
under abiotic stress conditions. We presume that they may
synergistically affect seed quality under stressful conditions.
Thus, the objective of this research is to investigate the effect
of biostimulants (seaweed, vermicompost and smoke derived,
karrikinolide) alone or in combination by using matrix priming
on performance of carrot seed germination and seedling quality
under drought, salinity and high temperature stress conditions.

Materials and Methods

Seed and biostimulants

Carrot (Daucus carota L. cv. Maestro F1 hybrid) seeds
were obtained from a commercial company. The germination
percentage of the lot was 85% and seed moisture content was
6.6%.

Karrikinolide (Kar) was provided by Prof. Van Staden from
South Africa, University of Kwazulu Natal. 10"M karrikinolide
(Mavi et al., 2010) was used in this experiment. Seaweed (Sw,
green algae, Ulva lactuca) was collected from Marmara Sea in
Turkey (northwestern part). The seaweed extract was prepared
using the physical integration method. The particle size was
gradually reduced and diluted with water to a ratio of 1:3. There
was no heat, acid or any alkaline hydrolysis used for extraction
(Demir et al., 2006). Then the diluted seaweed was filtered

through a muslin cloth. The filtrate was considered 100%
seaweed extract (Demir et al., 2006). The seaweed extract
was stored at 4 °C for further applications. Balakrishnan et al.
(2007) reported that best seedling performance was observed
at 5% concentration. So, we used the same concentration of
seaweed extract. Liquid vermicompost (V) was obtained
from a compost producing company in Turkey (Aybasol
Ltd. Polatli/Ankara). Liquid vermicompost was diluted with
distilled water to make 5% vermicompost extracts which
displayed best seedling performance (Arancon et al., 2012) in
our preliminary experiments. The extract was stored at 4 “C for
further applications.

Priming procedure

Solid matrix priming was done at the ratio of 2:1:3
(Seed:vermiculite:organic solution (w:w:w)) for five days at 15
°C. Priming was done with single solutions of Sw (Seaweed), V
(Vermicompost), Kar (Karrikinolide) and double combinations
Sw+V, Sw+Kar, V+Kar and the triple combination of
Sw+V+Kar. All combination treatments were done under dark
conditions. Seeds were also treated with distilled water (Dw)
and untreated dry seeds (Np) were considered as controls. So,
7 treatments and two controls were allocated. After treatments,
seeds were dried on the laboratory bench until the initial seed
weight was reached. Then, the seeds were kept at 5 °C to be
used for germination and emergence tests.

Seed germination under abiotic stresses

Drought stress condition was simulated using Polyethylene
Glycol-6000 (PEG) at 10%, -0.30 MPa (Muscolo et al., 2014).
Primed and control carrot seeds (four replicates of 50 seeds)
were placed on filter paper in 9 cm Petri dishes containing
3 cm?® of -0.3 MPa PEG. The Petri dishes were sealed with
stretch film to prevent evaporation and kept according to
a completely randomized design in a growth chamber.
Germination was carried out at 20 °C for 14 days in the dark.
Seeds were considered germinated when the radicle emerged
by at least 2 mm and is expressed as percentage. In the salt
stress experiment, NaCl at concentration of 100mM was used
to simulate salinity stress. The same germination procedure
was followed.

Primed and control carrot seeds were allowed to germinate
at 30 "C. Four replicates of 50 seeds were used for germination
tests. Monitoring and recording of data were as described
under earlier stress conditions.

Seedling emergence and quality tests

The seedling emergence test were carried out in three
replicates of 25 seeds each under moisture, salinity and
temperature stress conditions. For this purpose, plastic
germination trays were used. The seeds were sown to a depth
of 2 cm in peat moss and the appearance of the cotyledon
leaves above the peat moss was considered as the emergence
criterion. Trays were kept at 20+2 °C. Control and stress levels
were induced as described above. Trays were watered with an
appropriate solution according to the treatment design (-0.3
MPa PEG, 100mM NaCl, tap water) during the emergence
period. Seedling emergence percentage (EP) was calculated
based on percentages of seedlings appearing on the surface
of the peat. After 21 days of sowing, five seedlings in each
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replicate were destructively taken and shoot height (SH, cm/
plant), shoot fresh (SFW, mg/plant) and dry weight (SDW, mg/
plant), and root fresh weight (RFW, mg/plant) were calculated.
Seedling dry weight was calculated after keeping seedlings at
80 °C for 24 hours. Vigor index was recorded according to
Abdul-Baki and Anderson (1973).

Catalase analysis

The two treatments that gave best results for germination
and emergence tests and two controls (distilled water primed
and non-primed) were subjected to catalase enzyme analysis.
An amount of 0.5 grams of three replicates in each treatment
were used. CAT (Catalase) activity was analyzed based on
the rate of hydrogen peroxide decomposition according to the
method and is expressed as per g seed, and one unit represents
1 umol of substrate undergoing reaction per g per seed (Abedi
and Pakniyat, 2010).

Mineral analysis

Mineral nutrient analysis was completed only for the three
biostimulants for macro and micro nutrients at the soil science
laboratory of Ankara University. Analysis was done using
an inductively coupled plasma spectrophotometer (Mertens,
2005).

Statistical analysis

Data was subjected to analysis of variance (ANOVA) using
SPSS v.20 and Duncan’s Multiple Range Test was applied to
compare the differences among treatment means.

Results and Discussion

Effect of priming on seed germination

Germination percentages for carrot seeds under optimum
conditions varied from 85% in Np to 92% in Sw treated. The
other treatments varied between these values and significance
also changed (Table 1). Drought, salt and high temperature
stresses affected seed germination at various levels. The
greatest impact was seen in Np seeds in which seed germination
declined to as low as 37% in salt, 63% in drought and 72%
in high temperature conditions, respectively. Under stress
and optimum germination conditions, Sw treatment provided
the highest germination percentages between 89 and 92%
except for salt stress which had 80%. Biostimulant priming
advanced carrot germination 10% in drought, 13% in salt and
12% in high temperature stress when the best treatment (Sw,
Sw+Kar) was subtracted from Dw (distilled water) treatment.
This difference was not significant except for high temperature
germination (p<0.05).

Table 1. Germination percentages of carrot seeds treated with different biostimulants at optimum condition, drought (-0.3 MPa,
PEG), salt (100 mM NaCl) and high temperature (30°C) stresses. The values in a column with the same letter are not significantly

different (P<0.05).
Stresses

Priming agent (2%13} g;lgilv) Drought Salt High temperature Mean
Np 852 63? 372 728 64
V+Kar 852 700 730 76 76
Sw+V+Kar 87 78° 74° 77 79
Dw 87 79¢ 74° 77 79
A% 88 82¢d 74° 820 81
Sw+V 87 83¢d 75° 84 83
Kar 89:b 85¢ 79b¢ 85 85
Sw+Kar 89:b 86 87° 88 88
Sw 92° 89¢ 800 894 88

NP:None primed (Control), Dw:Distilled water, Sw:Seaweed, Kar:Karrikinolide, V:Vermicompost

Effect of priming on seedling emergence and quality

The effect of drought stress was observed in the seedling
emergence test at -0.30 MPa. Maximum seedling emergence
of 89% was observed from seeds primed with seaweed
extracts (Table 1). A significant difference (P<0.05) was
observed against NP (none primed) in terms of EP (emergence
percentage). Under drought stress the maximum EP was
recorded from Sw (%88) and Sw+Kar (%84) treatments while
the minimum was from the control (%57) (Table 2). Seedling
parameters like seedling fresh weight, seedling dry weight, root
fresh weight and vigor index were also statistically significantly
different between the treatments. The maximum emergence of
76% was observed in SW and Sw+Kar at 100 mM salt stress
(Table 3). Seedling height showed statistically significant
difference among treatments The maximum seedling height
was recorded in SW (4.9 cm) for low quality and for high
quality carrot seeds. All other parameters like SFW, SDW and

RFW also showed statistical significance differences at various
levels among treatments (Table 3). Seedling emergence tests
all showed more positive responses for all the parameters
by using Sw and other biostimulants under high temperature
stress. Np seeds had 71% emergence (EP) which went up to
83% when Dw was used and the Sw treatment increased this to
87% (Table 4). All seedling criteria were found to be higher in
Sw-treated carrot seeds. But it was not significantly separated
from the other treatments in all cases.

Catalase enzyme analysis was done on the best treatments
according to germination and seedling emergence test results.
From the nine treatments, Sw and Sw+Kar gave the best results
for all the parameters studied in relation to germination and
emergence. DW (Control 2) and non-primed (control 1) were
also considered. These treatments were tested for the activity
of enzymes via Catalase (CAT), which was maximum in Sw
treatment. The activity of CAT was maximum in Sw+Kar
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treatment but the difference was not significant compared to
Sw (Table 5).

Mineral nutrient content of biostimulants

The results for mineral nutrient content are presented in
Table 6. The amount recorded in Kar was lower than that of
seaweed and vermicompost. Maximum amounts of Ca (12.30
mgKg™), Mg (4.22 mgKg")and S (10.19 mgKg™") were recoded
from seaweed extract. Vermicaompost also showed maximum
results for minerals such as Fe (0.25 mgKg™"), P (1.19 mgKg™),
and K (175 mgKg™") (Table 6).

The present work indicates that biostimulant priming
treatments increased tolerance to drought, salt and temperature
stress in carrot seeds. Especially seaweed and the seaweed and
karrikinolide combination provided the highest germination
and seedling emergence. Seed germination, emergence,
and seedling establishment are the most vulnerable growth
processes and can be affected by an increase in abiotic stress
conditions (Atia et al. 2006, Akbari et al., 2007; Nascimento and

Pereira, 2007). Such abiotic conditions adversely affect seed
germination which leads to slow and non-uniform emergence
in the field or modules in transplant production (Pereira et al.,
2009). Therefore, pre-sowing seed treatments are used to obtain
faster and synchronized germination particularly under stress
conditions. Biostimulants foster plant growth and development
throughout the life cycle of crops from seed germination to
plant maturity in a number of ways. One of which is priming
of seeds with biostimulants because biostimulants include
a variety of plant promoting substances such as hormones,
humic substances, micronutrients, manure, seaweed extracts
and/or smoke-derived karrikinolides (Kulkarni et al., 2011,
Paparella et al., 2015, Muhie et al. 2020). Biostimulants are
also valuable in organic farming systems and were proposed as
a solution to environmental issues and to encourage the use of
organic materials starting from seed treatment.

Table 2. Effect of priming with different biostimulants on seedling emergence and quality of carrot under drought stress at -0.30
MPa of PEG. The values in a column with the same letter are not significantly different (P< 0.05).

o EP SH SFW SDW RFW Vigour

Priming agent

(%) (cm/p) (mg/p) (mg/p) (mg/p) Index
Np 572 4.92 25.3% 2.32 3.0° 316°
V+Kar 61b 5.3® 27.0% 2.7% 3.3 3210
Sw+V+Kar 65 5.74be 28.0% 3.0 3.7 3492
Dw 6920 5.9abe 29.3%® 3.0%¢ 3.7 3552
A% 744 5.9b¢ 29.7%® 3.0%¢ 3.7 3572
Sw+V 76%4 6.0%° 29.7%® 3.0 3.7° 389°
Kar 8(pbed 6.30be 33.7%¢ 3.30b¢ 4.2 419
Sw+Kar 84¢cd 6.4% 35.67¢ 3.7% 4.6% 515°
Sw 884 6.6° 41.3¢ 4.0° 5.0¢° 519°

NP:None primed (Control), DW:Distilled water, SW:Seaweed, Kar:Karrikinolide, V:Vermicompost, EP:Emergence percentage (%),
SH:Seedling height (cm/p), SFW:Seedling fresh weight (mg/p), SDW:Seedling dry weight (mg/p), RFW:Root fresh weight (mg/p).

Table 3. Effect of priming with different biostimulants on seedling emergence and quality of carrot under saline condition at
100mM NaCl. The values in a column with the same letter are not significantly different (P<0.05).

o EP SH SFW SDW RFW Vigour
Priming agent
(%) (cm/p) (mg/p) (mg/p) (mg/p) Index
Np 25° 3.58 14.0° 1.3 2.0° 912
V+Kar 26% 3.8 15.7% 1.52 2.3® 99¢
Sw+V+Kar 36%¢ 4.2 17.3% 1.7 2.3® 149
Dw 48:b¢ 4.4® 19.78be 2.0 2.7% 200%
v 53abe 4.5%® 20.3b 2.0ebe 3.0¢ 255%®
Sw+V 570 4.5% 20.7% 2.08be 3.0° 269®
Kar 65%¢ 4.7° 21.5% 2.3 3.7¢ 271%®
Sw+Kar 69° 4.8° 23.7¢ 2.4b¢ 3.74 311°
Sw 76° 4.9° 26.0¢ 2.7° 3.74 3230

Np:None primed (Control), Dw:Distilled water, Sw:Seaweed, Kar:Karrikinolide, V:Vermicompost, EP:Emergence percentage(%), SH:Seedling
height (cm/p), SEW:Seedling fresh weight (mg/p), SDW:Seedling dry weight (mg/p), REFW:Root fresh weight (mg/p).
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Table 4. Effect of priming with biostimulants on seedling emergence and quality of carrot at high temperature of 30°C. The val-
ues in a column with the same letter are not significantly different (P< 0.05).

o EP SH SFW SDW RFW Vigour
Priming agent
(%) (cm/p) (mg/p) (mg/p) (mg/p) Index
Np 71* 6.3* 33.3¢ 3.0 1.7* 5132
V+Kar 75° 7.0° 35.3% 3.3 1.7 549
Sw+V-+Kar 79%¢ 7.0° 37.3%® 3.7 1.8 554z
Dw 83« 7.3b 38.3%® 3.7 1.8® 579%¢
A% 84<d 7.3b 39.0® 3.7 2.4%® 5842b¢
Sw+V 84 7.7 43.0° 4.0 3.00 6012
Kar 85¢d 8.0 44.0 4.0° 3.0 67204
Sw+Kar 85« 8.7¢ 52.3«4 5.0° 3.7« 715
Sw 87¢ 9.0° 59.6¢ 5.7° 4.1¢ 7924

Np:None primed (Control), Dw:Distilled water, Sw:Seaweed, Kar:Karrikinolide, V:Vermicompost, EP:Emergence percentage, SH:Seedling
height (cm/p), SFW:Seedling fresh weight (mg/p), SDW:Seedling dry weight (mg/p), REW:Root fresh weight (mg/p).

Table 5. Changes in catalase (CAT). activity of none primed (Np). distilled water (Dw). seaweed (Sw). seaweed and Kar (Sw+Kar)
treated carrot seeds. The values in a column with the same letter are not significantly different (P< 0.05).

CAT EUg'seed
Np 0.299 ¢
Dw 0.239°

Sw 0.411°
Sw+Kar 0.401°

Table 6. Results of mineral analysis from the three biostimulants (mg kg™')

Extracts P K Ca Mg S Fe Zn Cu Mn B

v 1.19 175.20 9.93 3.07 5.86 0.25 0.17 0.11 0.31 0.18
Sw 0.26 5.37 12.30 4.22 10.19 0.05 0.14 0.11 0.29 0.06
Kar 0.11 0.82 0.41 0.22 0.52 0.02 0.13 0.11 0.28 0.25

V:Vermicompost, Sw: Seaweed and Kar: Karrikinolide

Seedling characteristics such as EP, SH, SFW, SDW,
RFW and vigor index were affected at 100mM (Table 3). The
inhibitory effect of salinity on germination and emergence
of carrot was previously studied (Elena and Lagunovschi,
2015). Slow germination, or inability to germinate, in carrot
at 100mM or drought might be due to insufficient osmotic
potential to hinder the uptake of threshold water. Moreover,
high salinity has an inhibitory effect on cell division and
enlargement. Sayar et al. (2010) mentioned that water uptake
by a seed can be limited by a decrease in the osmotic potential
of soil solution due to the accumulation of soluble salts in
the growth medium, which in turn results in a decrease in the
activity of physiological process such as germination, growth
and development. Salt (NaCl) and PEG at the same osmotic
potential were used to simulate salinity and moisture stress. But,
the inhibitory effect of PEG was greater than salinity at same
osmotic potential. In a similar study on wild mustard, both NaCl
and PEG treatments decreased final germination percentage
and seedling growth characteristics, but the effects of NaCl

were lower on germination compared to PEG (Kayacetin et al.,
2018). Demir and Mavi (2008) reported the effects of salt and
osmotic stresses on the germination of pepper seeds of different
maturation stages, and stated that the inhibition of germination
at the same water potential of NaCl and PEG resulted from
the osmotic effect rather than the salt toxicity. Seed priming
with different biostimulants exerted a positive effect on carrot
seeds. Sw and Sw+Kar were more effective in improving the
performance of carrot seeds (Table 3) and seedlings under
salinity stress conditions. Sw improved not only germination
but also seedling characteristics such as EP, SH, SFW, SDW,
RFW and vigor index. In previous reports, seaweed extract
caused positive responses in different crops when used as
priming agent (Kalaivanan and Venkatesalu, 2012; Shahbazi
et al., 2015). A promotional effect on germination and seedling
characteristics was also observed using 5% seaweed extract
during priming of Cyamopsis tetragonola (Balakrishnan et al.,
2007) as we used the same concentration. This is in line with
the findings of the present study. The promotional effect of
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priming with seaweed (SW) in carrot seeds might be attributed
to the presence of enzymes, phytohormones, minerals and
other growth-promoting substances (Godlewska et al., 2016;
Masondo et al., 2018).

Carrot is a cool season crop and vulnerable to loss
from thermal stress during early stages of development.
Most commercial carrot cultivars have reduced and erratic
germination at high temperatures (Nascimento and Pereira,
2007). The metabolic activation of the embryo is triggered by
a favorable temperature preparatory to the start of germination.
High temperatures hinder activation of enzyme compliments
within the cells, changes in nucleic acids in the nuclei,
mobilization of stored energy, and synthesis of new materials
during the early stages of germination. All these changes
prepare the radicle for elongation and the transition to normal
seedling growth and development (Kozarewa et al., 2006). The
indirect injuries include inactivation of enzymes, inhibition
of protein synthesis, protein degradation and membrane
integrity (Goraya et al., 2017). Under mild temperature stress
(30°C), matrix priming of seeds with seaweed extracts and
seaweed plus karrikinolide combinations was effective in
minimizing the problems related to temperature stress and
improving the germination/emergence of carrot seeds and
seedling characteristics such as seedling height, seedling fresh
and dry weight, and vigor index. Effects of seed priming on
germination stress were observed in muskmelon (Nascimento
and Aragao, 2004), watermelon (Demir and Oztokat, 2003)
and asparagus (Bittencourt et al., 2004). The positive effect of
Sw as a biostimulant for seed priming was also observed in
many crops by different researchers (Balakrishnan et al., 2007;
Kalaivanan and Venkatesalu, 2012; Shahbazi et al., 2015).

One of'the original aspects of the present work was to test the
double and triple combinations of three different biostimulants
in order to accelerate the priming effect. However, combinations
appeared not to be more effective than treatments alone. This
indicates that there is no integrated effect since combinations
did not provide higher seed germination than single treatments.
Seaweed alone and its combination with karrikinolide were
most effective in improving the quality of carrots seeds
both under normal and all stress conditions. Interestingly
the positive effect of ranking in all treatments was the same
under all stress conditions with Sw being the best and Sw+Kar
being the second-best treatment (Tables 2, 3, and 4). The
positive effect on germination under abiotic stress conditions
was also reported in our earlier work in onion seeds (Muhie
et al., 2020). Distilled water (humidifying, soaking etc.) is
commonly used in priming. The promotional effect of priming
with seaweed (Sw) in carrot might be attributed to the presence
of enzymes, phytohormones, minerals and other growth-
promoting substances (Sivasankari et al., 2006 Godlewska et
al., 2016; Masondo et al., 2018, Mubhie et al., 2020). In the
present study, maximum amount of CAT was observed in seeds
treated with seaweed and Sw+Kar which might contribute to
the metabolic activity of seeds and enhanced seed germination.
High sulfur in Sw co-relates to the production of enzymes,
since S is the precursor of methionine and other amino acids
(Svozil and Baerenfaller, 2017). Sulfur containing compounds

play a critical role in the response of plants to abiotic stress
factors including drought and salinity (Cao et al., 2014). Thus,
rich mineral contents may contribute to the beneficial effect
of seaweed. Researchers also revealed the presence of various
sources of growth-promoting substance/hormones in seaweed
(Masondo et al., 2018).

Conclusion

Solid matrix priming of carrot seeds with seaweed extract
alone and its combination with karrikinolide showed the best
results for carrot seed germination and seedling characteristics.
Further research should be done to identify the best biostimulant
priming for each crop because there is no single best suited
method for priming of every crop.
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