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Abstract: The low relative humidity (RH) levels in a greenhouse during the daytime in a strawberry (Fragaria 

× ananassa Duch) cultivation period negatively affect the growth of strawberry related to photo-physiology. 

Therefore, this study was conducted to confirm an efficient RH management method by analyzing the 

phenotypic characteristics related to photo-physiology by controlling the RH in a greenhouse during the 

daytime with a fog system. Strawberry plants were grown respectively in a greenhouse affected by natural RH 

changes (control) and in a greenhouse with 40% ~ 50% RH adjusted during the daytime using a fog system. 

In the greenhouse, with controlled RH, the temperature decreased, and the RH was higher in the initial growth 

stage of strawberry planting than the control. It was observed a significant increase in the survival rate of the 

strawberry plant, as well as the incidence of powdery mildew, was lowered. In addition, the photosynthetic 

rate and OJIP chlorophyll a fluorescence transients related to photosystem II efficiency of strawberry leaves 

were significantly higher in the fog treatment than in the control. In winter, during the day, the number of days 

on which the temperature dropped below 20℃ has increased, the greenhouse temperature with controlled RH 

was lower due to the fog system. When the yield per strawberry plant in January and February was investigated, 

the control was higher than the RH treatment. Therefore, RH management using a fog system must be 

controlled at a level where a temperature range is adequate for plant growth, in which the efficient control of 

these parameters increases strawberry productivity. 
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1. Introduction  

Many horticultural crops are cultivated in a controllable greenhouse for optimal productivity, where 

typical environmental factors such as light, temperature, and carbon dioxide are controlled. In particular, air 

temperature affects plants’ photosynthesis, photorespiration, and respiration, which induces positive or 

negative growth of plants [1]. It is known that controlling the cultivation temperature of horticultural crops 

from 18℃ to 24℃ in a greenhouse is advantageous for productivity [2, 3]. Therefore, through air temperature 

management using energy, horticultural crops in the greenhouse maintain high productivity than open field 

crops. Relative humidity (RH), along with temperature, is one of the most important environmental factors in 

greenhouses influencing the physiological response and yield of various horticultural crops [4, 5]. Especially, 

RH is highly related to the opening and closing of stomata, which affects the plants’ photosynthesis. So, 

regulating RH is an important cultivation management method after planting or grafting horticulture crops 

grown in a greenhouse [6, 7], whereby the maintenance of an appropriate RH has a positive influence on the 

growth of horticultural crops [8, 9]. Also, it has been reported that in various cultivation regions, differences 

in RH have a significant impact on the carbon fixation of rice crops grown in the open field [10]. 

Strawberry (Fragaria × ananassa Duch.) is a berry fruit, popular worldwide as sweet and fresh fruit and 

with potential health benefits [3]. In Korea, strawberries have the highest productivity among horticultural 

crops, with the produce of $1.3 billion in 2015 [11]. In particular, over 83% of strawberries grown 

commercially in Korea are “Seolhyang” cultivar [12]. In this country, most strawberries are cultivated in 

greenhouses with a heating system, so they are planted in September and harvested from December to April 

of the following year. After planting strawberries in a greenhouse, the period between September to November 

is very important for initial management. However, during this initial management period, there is dry weather 

in Korea, which affects the greenhouse conditions where the RW is low and very dry. But after planting in a 

greenhouse, RH plays a major role in horticultural crop growth, being a significant environmental management 

factor [13]. In strawberry cultivation, it is observed that RH has a great influence on the physiological responses 

related to photosynthesis and promotes the development and growth of leaves [14, 15]. 

The chlorophyll a fluorescence OJIP transient (OJIP) test is widely used to analyze the photo-

physiological response of horticultural crops under various environmental conditions [16, 17]. Several 

parameters of the OJIP test show a change in the pattern over time under extreme conditions, such as the 

process of plant cell death [18]. To confirm the plant growth condition of plants under various environmental 

regimes, photosynthetic parameters such as photosynthetic rate, stomatal conductance, and transpiration rate 

are also widely used to measure the photo-physiological response of horticulture crops to environmental 
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changes [19]. OJIP and photosynthesis measurement methods also have the advantage analyze physiological 

phenomena non-destructively in plants.  

Temperature and RH are very important environmental management factors for cultivating strawberries 

in a greenhouse, but it is not clear which of them is the priority management environmental factor. Therefore, 

this study was conducted in a greenhouse after planting strawberries, with RH and temperature management 

using a fog system, to determine the changes in the phenotypic characteristics such as OJIP and photosynthetic 

efficiency. Also, is proposed an environmental management algorithm that can control the temperature and 

RH more efficiently, in the cultivation of strawberries in a greenhouse, based on the analysis of the 

photosynthetic rate of strawberry leaves. 

 

2. Materials and Methods 

 

2.1. Strawberry plant cultivation and materials  

The strawberry (Fragaria × ananassa Duch.) plants used in this experiment were three cultivars, 

“Seolhayng,” “Kuemsil,” and “Arihyang,” bred in Korea. The strawberry seedlings were planted in a 

hydroponics bed system filled with a coco peat medium in greenhouses at Kongju National University, Korea. 

Two greenhouses were used to set different RH levels in this experiment (Figure 1). Immediately after 

strawberry planting, one greenhouse controlled RH at ranges of 40% ≤ RH ≤ 50% by the fog system from 

10:00 to 15:00. The other greenhouse maintained ambient RH without an artificial RH system (control). This 

study was conducted with controlling RH from October 3, 2019, to March 2, 2020, after transplanting 

strawberry plants. This experiment consisted of 3 repeats by installing three high-bench beds in each 

greenhouse and using each high-bench bed as one repeat, and 30 strawberry plants were planted by cultivar on 

one high-bench bed. The strawberry plants were supplied a nutrient solution in with water and nutrient 

[Research Station for Floriculture and Glasshouse Vegetables (PBG) nutrient solution; macro-elements: 

N:P:K:Ca:Mg:S = 12.5:3.0:5.5:6.5:2.5:3.0 me·L−1; micro-elements: Fe:B:Mn:Zn:Cu:Mo = 

1.12:0.27:0.55:0.46:0.05:0.05 mg·L−1; electrical conductivity (EC) = 1.0 dS·m−1; hydrogen ion concentration 

(pH) = 5.5–6.0] via a drip irrigation at 2-min intervals up to five times per day. During the experiment, the 

temperature was controlled in the greenhouses. Ventilators were opened when the temperature was above 20℃, 

but when below 17℃ they were closed. When the temperatures were below 10℃, the heating was turned on. 

 

2.2. Analysis of chlorophyll fluorescence and photosynthesis   
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Chlorophyll a fluorescence OJIP transient (OJIP) and photosynthesis were measured in two strawberry 

leaves, aged 10 and 30 days per plant between November 7 and 10, 2019. 

OJIP analysis was measured with a portable fluorometer (FluorPen; Photon Systems Instruments, Drasov, 

Czech Republic) after 30 min of dark adaptation of the same leaf used for photosynthesis analysis from 07:00 

before measuring photosynthesis. 

The photosynthetic parameters such as the photosynthetic rate (PR), stomatal conductance (SC), and 

transpiration rate (TR) were measured, in the greenhouses, using a portable photosynthesis system (LI-6800; 

Licor, NE, USA). The measures were taken two times per day, on the morning (08:00 ~ 10:00) and afternoon 

(14:00 ~ 16:00) of a sunny day (<1,000 μmol·m−2·s−1 measured by a light-emitting diode panel light installed 

in the chamber). In addition, to confirm the photosynthetic efficiency between temperature and RH, strawberry 

leaves (“Seolhyang” cultivar), between 25 and 30 days of age, were measured the photosynthesis in the 

morning (08:00 ~ 10:00) on February 15 and 16, 2020. 

 

2.3. Measurement of the survival rate and powdery mildew incidence rate  

The survival rate and the strawberry’s powdery mildew incidence rate by cultivar were measured 45 days 

after planting in the greenhouses. The rates were calculated according to the formulas indicated below. 

 

 

 

 

2.4. Measurement of yield  

The fully ripe fruit (completely red color) was harvested at weekly intervals from January to February to 

confirm the fruits’ yield in each treatment group. 

 

2.5. Experimental design and statistical analysis 

A randomized block design was used in two different greenhouses, with or without a fog system, each 

The survival rate (%) = 
 Number of planting plants 

Number of living plants 

The powdery mildew incidence rate (%) = 
 Number of planting 

Number of plants with powdery spores 
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greenhouse consisted of 270 plants transplanted on three high-bench beds containing 30 plants by 3 cultivars. 

In this experiment, one high-bench bed installed in each greenhouse was used in one repetition. OJIP and 

photosynthesis were measured with nine replicates (plants) per treatment. To confirm differences between the 

treated group and control group, the data were analyzed using a t-test or two-way analysis of variance with 

Duncan’s multiple range test using a significance level of P ≤ 0.05 in SAS (SAS Institute Inc., NC, USA). 

 

3. Results  

3.1. Temperature and relative humidity in the greenhouse 

The records of air temperature and RH, outside and inside the control and experimental greenhouses, are 

shown in Figure 2. 

The ambient air temperature in October, December, and January was around 25℃, 10℃, and 5℃ during 

the daytime, and was around 10℃, −3℃, and −4℃ during nighttime, respectively. In all greenhouses, the air 

temperature during the night was maintained around 15℃ in October and 12℃ from December to January. 

However, there are differences in air temperature between the control and the greenhouse with the fog system. 

In the latter case, the recorded temperature was about 3℃ to 5℃ lower than control. 

During the same period, the outside RH was around 45% during the daytime. Although, during the night 

was around 95% until December and below 90% in January. During the daytime, in the greenhouse with the 

fog system, the RH was maintained at 40% to 50%. Meanwhile, at the control, the RH fell to less than 30%. 

 

3.2. Photosynthesis and OJIP of strawberry leaves on initial period of cultivation 

The photosynthetic parameters taken on strawberry leaves, recorded in the morning and afternoon at the 

initial growth of periods, are shown in Figure 3. As the first result, all photosynthetic parameters dropped 

dramatically in the afternoon compared to the morning in the control and experimental greenhouses. Analyzing 

the PR data, the “Seolhyang” cultivar showed a significant difference according to the leaves' age in the 

morning. On the other hand, the “Kuemsil” cultivar showed significant differences according to the leaf's age 

and according to RH in the afternoon period. Also, in the afternoon, in the control groups, the PR of old leaves 

dropped sharply. In the afternoon of the “Seolhyang” cultivar and the morning of the “Kuemsil” cultivar, the 

SC of the young leaves of the control groups were significantly higher. The two cultivars showed TR, 

significantly higher in the control groups than in those in the fog treatment, especially the young leaves at 

control groups that were the highest. 

In OJIP plotted on a logarithmic time scale, the “Kuemsil” cultivar with fog system showed a large size of 

fluorescence intensity when measured in the morning, whereas the “Seolhyang” cultivar was high in young 
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leaves without a fog system. On the other hand, in the afternoon, the OJIP fluorescence intensity of young 

leaves with fog system increased in the “Seolhyang” cultivar (Figure 4). 

As a result of the change in energy flux of the chloroplast membrane, in two cultivars grown under the fog 

system, the absorption flux per one active reaction center (ABS/RC), energy flux trapped by one active reaction 

center (TR/RC), and energy flux not intercepted by a reaction center (DI/RC) in the young leaves increased in 

the afternoon compared to the morning, and rate of electron transport by one active reaction center (ET/RC) 

decreased. While in the control, ABS/RC, TR/RC, and ET/RC of young leaves all decreased. The TR/RC and 

ET/RT in the young leaves with fog treatment, in the afternoon, were maintained higher than the control. In 

the old leaves of two cultivars, ABS/RC, TR/RC, ET/RC, DI/RC significantly decreased than the young leaves 

regardless of fog treatment. In the afternoon, the ET/RC efficiency of old leaves grown under the fog system 

was higher than that of control (Figure 5). 

The correlation coefficient between the photosynthetic parameters and OJIP of strawberry plants with or 

without the fog system is shown in Figure 6. PR showed a positive correlation with SC (0.84), TR (0.67), 

DI/RC (0.46), and maximum quantum yield of photosystem II (PSII) photochemistry (Fv/Fm, 0.38), but a 

negative correlation with TR/RC (−0.27) and ET/RC (−0.28). SC showed a positive correlation of 99% with 

TR (0.83) and DI/RC (0.46), 95% negative correlation with TR/RC (−0.25) and 95% positive correlation with 

Fv/Fm (0.31), respectively. TR showed a positive correlation with DI/RC (0.42) and Fv/Fm (0.23) in 

parameters related to OJIP. ABS/RC does not correlate with related photosynthesis parameters. In the OJIP 

parameter, ABS/RC, TR/RC, and ET/RC showed a positive correlation with each other, while these parameters 

were negatively correlated with DI/RC and Fv/Fm. 

 

3.3. Survival rate and powdery mildew incidence rate of strawberry plant  

As a result of investigating the survival rate (SR) and the powdery mildew incidence rate (PMIR) for three 

strawberry cultivars 45 days after planting strawberry seedlings in the greenhouse, SR of “Seolhyang” and 

“Arihyang” cultivars was significantly increased by applying the fog system. In particular, SR of the 

“Seolhyang” cultivar increased by 28% or more. As well as, PMIR of the “Arihyang” cultivar grown under 

fog system decreased by 34% compared to the control. However, there was no difference between SR and 

PMIR of “Kuemsil” cultivar according to with or without fog system (Table 1). 

 

3.4. Yield of strawberry fruit  

In this experiment, three cultivars were tested, but the “Arihyang” cultivar was excluded. This action is 

related to the very severe PMIR and with the very low productivity in the control group. In January, there was 
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no difference in yield of strawberry fruit for two “Seolhyang” and “Kuemsil” cultivars, while in February, the 

control yield was significantly higher than that of the fog treatment (Table 2).  

 

3.5. Photosynthesis of strawberry in six different environmental regimes  

Although SR of strawberry grown under the fog system was high, the yield was low, so photosynthesis 

according to temperature and RH was measured to analyze the cause of these results (Tables 3 and 4). In the 

temperatures (15℃~25℃) and RH (30% or 40%) levels of this experiment, as the temperature and RH 

increased, the PR and SC of strawberry leaves increased. PR and SC of strawberry plants measured at 40% 

RH and 25℃ were the highest as 22.85 µmol·m⁻²·s⁻¹ and 346.8 mmol·m⁻²·s⁻¹, respectively, while strawberry 

plants measured at 30% RH and 15℃ were the lowest at 12.13 µmol·m−²·s−¹ and 131.0 mmol·m−²·s−¹. The 

highest PR and TR values were, respectively, 88% and 164% higher than those of the lowest value. On the 

other hand, the TR of strawberry leaves increased according to increasing temperature and decreasing RH 

(Table 3). RH had a significant effect on the PR and SC of strawberry plants, and the temperature had a 

significant influence on the TR as well as PR and SC of strawberry plants (Table 4). However, the interaction 

between temperature and RH on photosynthesis of strawberry plants was not significant. 

 

4. Discussion 

The fog system in greenhouses was used to control RH in this experiment. When spraying fog, not only 

RH in the greenhouse but also the temperature changed significantly (Figure 2). The temperature decreased, 

and RH increased in the greenhouse during the daytime according to fog treatment. The fog treatment was 

effective for SR and PMIR of strawberry plants by providing the environment in the greenhouse at the initial 

growth stage of the strawberry plant with a suitable temperature and RH for strawberry growth (Table 1). It is 

known that the growth of strawberry plants is optimal when the temperature is 30℃ [20], which supports our 

findings that the decrement in greenhouse temperature due to fog treatment increases SR of strawberry plants. 

Also, PMIR of the “Arihyang” cultivar, high incidence of powdery mildew, was relatively higher in control 

than in the fog treatment during the initial stages of growth. Strawberry plants grown under control are 

considered to have been weakened compared to treatment with fog because at the early growth stage, they 

were affected by high temperatures close to 40℃ and 30% of low RH conditions during the daytime. 

Thus, the temperature and RH are very important elements that interact with each other as environmental 

factors for growing crops in a greenhouse. The temperature is reported to play a major role in enzyme activity 

involved in starch biosynthesis and gene expression [21]. In addition, RH is known to affect the growth of 

crops, influencing photosynthesis by acting on the opening and closing of leaf stomata [5, 8]. Photosynthesis 
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occurs in two stages, the light and dark reactions, positively correlated, and to increase photosynthesis 

efficiency, both must have good activity. To analyze the photo-physiological response according to the 

environment, the PR related to the dark reaction and the chlorophyll fluorescence reaction related to the light 

reaction of photosynthesis are used as major analysis tools [14, 22]. Also, it is known that the phenotypic 

expression is very diverse because of the large genetic variation in octoploid strawberry [23]. In this study, 

when the photo-physiological responses of strawberry plants at different temperature and RH were measured 

using these two photosynthetic analysis tool, differences between cultivars were widely revealed. The RH 

influence on the PR value of the “Seolhyang” cultivar was small, but the difference according to the leaf’s age 

was large (Figure 3A). On the other hand, the PR value of the “Kuemsil” cultivar was found to be affected by 

RH in the afternoon, and the difference in the leaves’ age was not significant (Figure 3D). Nevertheless, PR of 

the old leaves of both cultivars grown under control dropped sharply than fog treatment. Our results are similar 

to the reports that PR of strawberry plants is increased under high RH conditions than low RH [14]. It was 

reported that RH conditions of 65% to 75% are suitable for strawberry growth in the summer season [24], and 

tomato is also known to be beneficial for photosynthesis by appropriately increasing RH in a greenhouse [25]. 

It was found that the energy flux on the chloroplast membrane of two strawberry cultivars grown under the 

greenhouse maintaining high RH due to the fog treatment was more effective in the afternoon than that of 

control (Figure 5). These results indicate a positive effect on strawberries’ growth due to the photosynthetic 

activity in which the synthesis of NADPH and ATP is induced through the light reaction. The present study 

results are in agreement with previous reports that state that the OJIP parameters of strawberry grown in high 

RH in the growth chamber are higher than in low RH [14]. The activity of PSII is easily recovered under heat 

stress below 45℃, but the damage of PSII (irreversible decrease of photochemical activity) is significantly 

increased as always the most vulnerable part of the photosynthetic machinery [26, 27, 28]. In this experiment, 

it was assumed that the PSII activity of strawberries grown in the fog treatment was good, not by increasing 

the RH through fog spraying in the initial growth stage but also by controlling 5℃ below about 40℃ 

concerning the control temperature (Figure 2A and 5). The young leaves showed a sensitive response according 

to changes in temperature and RH environment due to fog treatment than that of old leaves, and the 

fluorescence intensity of young leaves grown under fog treatment did not decrease and remained steadily in 

the afternoon (Figure 4). Previous reports show that the chlorophyll a fluorescence of plant leaves decreases 

rapidly under heat stress and drought stress, resulting in a dramatic drop in the OJIP curve [26, 29]. In this 

study, we consider that the high temperature and low RH of the greenhouse during the day of the initial growth 

period influenced the photosynthetic system of strawberry plants, having a negative effect on strawberry 

growth by reducing carbon fixation metabolism activity. Also, PR, SC, TR/RC, ET/RC, and DI/RC, which 
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represent the light reaction and the dark reaction of photosynthesis, were significantly correlated with each 

other, according to environmental conditions (Figure 6). Therefore, these photosynthetic parameters are an 

excellent tool to analyze the physiological response of crops grown in a greenhouse. 

However, in the measurement of strawberry yield in control and fog treatment in January and February, it 

was found that the yield of strawberry plants grown under fog treatment decreased to the control plants. The 

results of these months are related to the daytime temperature in the registered greenhouse, in which it fell to 

values that negatively affect the growth of strawberry plants. Due to the fog treatment in winter, the 

temperature registered in the greenhouse with the fog system was significantly lower than that of the control 

(Figure 2). The analysis of the results of photosynthesis parameters in different environmental conditions, 

reveals that with low RH and temperature below 20℃, the photosynthetic efficiency deteriorates rapidly (Table 

3 and 4). RH also affected photosynthesis, but the effect of temperature was remarkably higher than RH. The 

low temperature is a risk factor to strawberry plants due to be reduced PR [30], in which the strawberry PR is 

better when the temperature was 29℃, whit the PR difference not significant at 19℃ to 31℃ [12]. In line with 

our investigation, an earlier study [31] showed that the strawberry fruit yield was rapidly reduced as the 

temperature decreased from 20℃ to 15℃, in a greenhouse. After all, when using the fog system to manage 

RH in a greenhouse, it is considered to be advantageous to use it within a range that does not deviate from the 

temperature range suitable for strawberry cultivation. 

 

5. Conclusions  

Our results demonstrate how the growth of strawberry plants depends on the changes in temperature and 

RH conditions. When placed in a stressful environment-related to temperature and RH, the efficiency of 

photosynthesis drops sharply. Therefore, properly controlling the temperature and RH in strawberry cultivation 

in a greenhouse is an important management method. From the analysis of the present study results, it was 

confirmed that the effect of the temperature surpasses the RH effect on strawberry growth in a greenhouse. In 

conclusion, we intend to provide an environmental management algorithm for the temperature and RH in the 

strawberry cultivation of the greenhouse using a fog system. In conclusion, according to the algorithm 

presented in this study (Figure 7), if the temperature in a greenhouse is controlled above 20℃ and the RH does 

not fall below 40% using a fog system, these parameters are expected to be advantageous in the strawberry 

cultivation with increased fruit production. 
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Tables  

Table 1. The survival rate and the powdery mildew incidence rate of the strawberries, 45 days after greenhouse 

planting, according to with or without fog systems. 

Treatment 

Seolhyang Kuemsil Arihyang 

SR (%) PMIR (%) SR (%) PMIR (%) SR (%) PMIR (%) 

AF 89.1±2.4 2.2±1.8 92.2±2.4 1.3±1.5 93.7±2.5 22.1±8.2 

NF 61.0±5.7 3.1.±1.0 90.8±4.3 2.6±2.0 90.6±0.5 56.5±7.7 

T-test ** NS NS NS * ** 

NS, *, **Non-significant or significant at P < 0.05 or 0.01 by t-test, respectively (n = 30). SR: survival rate; 

PMIR: powdery mildew incidence rate; AF: with fog system; NF: without fog system (control). 

 

 

Table 2. The yield of strawberry fruits, from January to February, according to with or without fog systems. 

Treatment 

Yield (g/plant) 

January February Total 

Seolhyang  Kuemsil Seolhyang  Kuemsil Seolhyang  Kuemsil 

AF 51.2  48.4  71.1 60.7  122.3  109.1  

NF 53.3  46.6 89.2  72.3  142.5  118.9  

T-test NS NS ** ** ** ** 

NS, *, **Non-significant or significant at P < 0.05 or 0.01 by t-test, respectively (n=30). AF: with fog system; 

NF: without fog system (control). 
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Table 3. The photosynthetic parameters of strawberry leaves in six different environmental regimes, consisting 

of two relative humidity levels and three temperature levels. 

Treatment PR SC TR 

(µmol·m⁻²·s⁻¹) (mmol·m⁻²·s⁻¹) (mmol·m⁻²·s⁻¹) 

FRH15 17.09 ± 2.16 c 203.7 ± 93.9bc 2.07 ± 0.80 c Z 

FRH20 19.51 ± 0.49ab 286.2 ± 24.6ab 3.11 ± 0.35bc 

FRH25 22.85 ± 2.12 a 346.8 ± 56.9 a 4.35 ± 0.16ab 

TRH15 12.13 ± 0.52 d 131.0 ± 16.9 c 2.14 ± 0.19 c 

TRH20 18.26 ± 1.41 b 241.6 ± 48.0ab 4.28 ± 0.88ab 

TRH25 20.30 ± 3.12 ab 290.9 ± 83.7ab 5.11 ± 1.00 a 

ZAverage values and standard deviation were presented and values that are followed by different letters within 

a columns are significantly different (DMRT, P < 0.05. n = 9). PR: photosynthetic rate; SC: stomatal 

conductance; TR: transpiration rate; FRH: 40% relative humidity; TRH: 30% relative humidity; 15: 15℃; 20: 

2℃; 25: 25℃. 

 

 

Table 4. The effect of relative humidity and temperature and between them on photosynthetic parameters of 

strawberry leaves in six different environmental regimes, consisting of two relative humidity levels and three 

temperature levels. 

Photosynthetic 

parameter 

Relative humidity (%) Temperature (℃)  Interaction 

FRH TRH P value 15 20 25 P value P value 

PR 

(µmolCO2·m⁻²·s⁻¹) 
19.81 16.89 0.007 14.61 18.89 21.57 0.000 0.264 

SC 

(mmolH2O·m⁻²·s⁻¹) 
283 226 0.047 176 263 325 0.003 0.923 

TR 

(mmolH2O·m⁻²·s⁻¹) 
3.84 3.17 0.152 2.10 3.69 4.73 0.001 0.597 

P values were determined by two-way ANOVA. Tr: transpiration rate; PR: photosynthetic rate; SC: stomatal 

conductance; TR: transpiration rate; FRH: 40% relative humidity; TRH: 30% relative humidity. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 February 2021                   doi:10.20944/preprints202102.0379.v1

https://doi.org/10.20944/preprints202102.0379.v1


 

15 

 

Figure 

 

Figure 1. The strawberry plants cultivation under conditions with or without fog spray system. A: without fog 

spray system (control); B: with fog spray system; C: strawberry plants cultivation in control; D: strawberry 

plants cultivation with fog system. 
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Figure 2. Outside and inside environmental conditions of the greenhouses with or without (control) a fog 

system.   
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Figure 3. Photosynthetic parameters on morning and afternoon of two strawberry cultivars according to with 

or without fog system. A, B, and C: “Seolhyang” cultivar; D, E, and F: “Kuemsil” cultivar; AFY: 10 days old 

leaves after fully unfold with fog system; AFO: 30 days old leaves after fully unfold with fog system; NFY: 

10 days old leaves after fully unfold without fog system; NFO: 30 days old leaves after fully unfold without 

fog system. ∗P values were determined by two-way ANOVA. Values marked with different lowercase letters 

are significantly different by Duncan’s multiple range test (P < 0.05).  
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Figure 4. OJIP Chlorophyll a fluorescence transients plotted on a logarithmic time scale measured in morning 

and afternoon of two strawberry cultivars according to with or without fog system. A and B: “Seolhyang” 

cultivar; C and D: “Kuemsil” cultivar; A and C: analyzed in the morning; B and D: analyzed in the afternoon; 

AFY: 10 days old leaves after fully unfold with fog system; AFO: 30 days old leaves after fully unfold with 

fog system; NFY: 10 days old leaves after fully unfold without fog system; NFO: 30 days old leaves after fully 

unfold without fog system. 
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Figure 5. Models of energy flux on chloroplast membrane, in the morning and the afternoon, of two strawberry 

cultivars according to with or without fog system. A: “Seolhyang” cultivar; B: “Kuemsil” cultivar; AFY: 10 

days old leaves after fully unfold with fog system; AFO: 30 days old leaves after fully unfold with fog system; 

NFY: 10 days old leaves after fully unfold without fog system; NFO: 30 days old leaves after fully unfold 

without fog system; AM: morning; PM; afternoon; ABS/RC: absorption flux per one active reaction center; 

TR/RC: energy flux trapped by one active reaction center; ET/RC: rate of electron transport by one active 

reaction center; DI/RC: energy flux not intercepted by a reaction center. 
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Figure 6. Correlation coefficients between photosynthetic parameters and OJIP chlorophyll a fluorescence 

transient parameters of strawberry (Fragaria × ananassa) plants according to with or without fog system. 

Significant differences are shown at the 5% and 1% levels (n = 64), respectively, using Pearson correlation 

coefficients. **Dark blue box: positive correlation of 99%; **Red box: negative correlation of 99%; *Light 

blue box: positive correlation of 95%; *Pink box: negative correlation of 95%; NSWhite box: non-significant 

correlation. PR: photosynthetic rate; SC: stomatal conductance; TR: transpiration rate; ABS/RC: absorption 

flux per one active reaction center; TR/RC: energy flux trapped by one active reaction center; ET/RC: rate of 

electron transport by one active reaction center; DI/RC: energy flux not intercepted by a reaction center; Fv/Fm: 

maximum quantum yield of photosystem II photochemistry. 
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Figure 7. Algorithm for controlling the temperature and relative humidity using a fog system based on 

photosynthesis results shown in Table 3 during the daytime of strawberry cultivation periods in a greenhouse. 
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