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        HE IMPACT of heat stress on tomato plant (Lycopersicon 

……esculentum MILL.) during the late summer season was studied in 

the International Protected Cultivation Centre, Kafrelsheikh 

University, Egypt. The plants were grown in the open field and in a 

shaded house covered by white net providing 35% shading. The 

shaded house was divided into three groups, two of them grown under 

two fogging systems and the third one was isolated without fogging. 

The fogging system was operated to work 10 min/h or 20 min/h. 

According to the climatic data, the fogging system was adjusted to 

only work during the peak temperature period of the day (10 am - 4 

pm). The maximum temperature was recorded at 2 pm in the open 

field which exceeded 37oC during the peak flowering and fruit set 

period. While the temperature was extremely high in the open field, 

the RH% was extremely low which reached to 39% at 2 pm. The 

results indicated that the average monthly of maximum temperature 

reduced 1.8 oC by shading and 4.5 oC by fogging under shading. Inside 

the shaded house, the RH% increased by 10% and the fogging added 

more 16% during the period of 10 am - 4 pm. All studied treatments 

mitigated heat stress on tomato plant and decreased fruit physiological 

disorders. Improving the microclimate inside the shaded house by 

fogging systems resulted in higher fruit set percentage, fruit weight 

and total and marketable yields than those obtained from the open 

field. The main fruit disorders were cracking, sunscald, blossom end 

rot, puffiness, internal white tissues, blotchy ripening and cat face, 

respectively. The most effective treatment was the use of fogging 

system for 20 min/h (10 am - 4 pm) under shaded house for high fruit 

yield and less physiological disorders during the late summer season.      

Keywords: Tomato, Heat stress, Shaded house, Fogging system, 

Fruit set, Yield, Physiological disorders. 

 

One of the critical problems of climatic changes is the global warming which 

causes many risks for all human life including food security. Mediterranean 

region has been identified as a possible climate-change “hot spot” (Alessandri 

et al., 2014). Mediterranean climate is characterized by high summer 

temperatures, high solar radiation, low relative humidity and limited water 

resources. The global warming was expected to increase in the next years with 

great impact on nature and ecosystems including plant production and quality 

(Mahato, 2014). Tomatoes as one of the most important vegetables in the world 
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are negatively affected by stressful temperatures, which in turn affect yield and 

product quality. Harel et al. (2014) suggested that temperatures of 2.5 °C above 

the optimal mean daily temperature (25°C) reduced the ability of the plant to 

reach its potential fruit set by up to 40%.  Sato et al. (2000) reported that 32/26 

°C day/night temperatures had negative effect on release of pollen grains, fruit 

set and fruit production. A reduction in tomato yields with increase incidences of 

fruit physiological disorders such as blossom-end rot, cracking, puffiness and 

sunscald causing significant loss was also noted under heat stress in the open 

field (Milenković et al., 2012 and Shehata et al., 2013).  

 

One strategy to alleviate temperature stress on the plant is using heat/cool 

systems under greenhouses modifying the microclimate to be suitable for plant 

production (El-Aidy and Sharaf-Eldin, 2015). Although these systems have 

favorable effect on plant production, they are still expensive. Another strategy to 

reduce solar radiation and air temperature as well as increasing relative humidity 

with low cost is shading (Zaki et al., 2014). It is reported that shading increased 

tomato growth, yield and quality compared to the open field under the late 

summer season (Shehata et al., 2013 and El-Bassiony et al., 2014). But it needs 

to add high efficiency system to control the temperature and RH at the peak 

periods during afternoon time.  

  

Fogging systems have been suggested as a cooling method to mitigate the 

adverse effects of high evaporation and excess temperatures (FAO, 2013). Fog 

systems are based on spraying water in the fog range, in the form of small 

droplets 2- 60 μm in diameter, in order to increase the water surface in contact 

with air (Montero, 2006). It is postulated that the fogging system offers a better 

balance between production and nutritional quality (Leyva et al., 2014). Fogging 

system inside the screenhouse showed good performance in terms of radiation 

with a percentage reduction of incident radiation on the crop of 18% and a mean 

reduction of maximum VPD (Vapor Pressure Deficit) values of - 0.4 KPa, 

compared with the unfogging treatment (Leyva et al., 2013). Leyva et al. (2015) 

reported that using fogging system on cherry tomato grown under screenhouse 

reduced incident radiation 30 – 37 %, while increased relative humidity by 16 – 

20 % avoiding incident of physiological stress that affect yield and final quality. 

 

From monitoring climate data in the north River Nile Delta, high stressful 

temperature and low RH for tomato fruit set and quality occur between 10 am 

and 4 pm during the late summer season. In this study, the traditional cultivation 

in the open field was compared with cultivation in a shaded house provided with 

different fogging techniques during the late summer season in order to evaluate 

its influence on microclimate, tomato fruit set, yield and physiological disorders. 

 

Material and Methods 

 

The experiments were carried out in the International Protected Cultivation 

Centre, Faculty of Agriculture, Kafrelsheikh Univ., Egypt in a silty-clay soil  
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(7.8 pH, EC 1.38 ds m
-1

 and 1.8 % organic matter) during the late summer 

seasons of 2013 and 2014 on tomato crop (Lycopersicon esculentum Mill.) cv. 

023. Five weeks old seedlings were transplanted on 1
st
 June with plant density of 

2.7 plant m
-2

 and the drip irrigation system was applied. The plants were grown 

in both the open field and shaded net house. The net house orientation was 

north/south with natural ventilation and had 3-4 m height with 1200 m
-2 

total 

ground area. White mesh insect proof net with 35% shading level were used as a 

cover for the net house. Fogging system was set up to produce fogging under 405 

KPa pressure. The fog lines were spaced at 100 cm below the house roof. Plastic 

sheets were hanged vertically inside the net house as a hail to prevent 

overlapping. Each experimental unit consisted of three rows with 15 m length. 

The common agricultural practices were managed for fertilization, pest and 

irrigation managements. Minimum, maximum and average temperature and 

RH% were monitored by RH/Temp data loggers at 50 cm height above the plant 

canopy and the sensors were shielded to avoid direct sun light. The temperature 

and RH% were registered hourly during the all season. However, they presented 

during one day of the peak flowering and fruit set (26
th

 July). The monthly 

averages of the whole season were also presented. 

 

The plants were arranged in four treatments as follow: 

 Open field planting without fogging system (OF).  

 Shaded net house without fogging system (S).  

 Shaded net house with fogging system operating from 10 pm to 4 pm for 10 

min/h in a rate of 6 S/ 36 S (SF1).  

 Shaded net house with fogging system operating from 10 pm to 4 pm for 20 

min/h in a rate of 12 S/ 36 S (SF2).  

 

Full mature pink fruits from all the plants were picked to estimate total and 

marketable yields per plant (kg), average fruit weight (g) and fruit set percentage 

(taken during 2 weeks of the peak flowering and fruit set period). All fruits were 

sorted every picking to determine the percentage of the next disorders. 

 

 Cracking: radial or concentric cracking.  

 Sunscald: yellow, sunken and/or wrinkled areas.  

 Blossom end rot (BER): water-soaked areas at or near the blossom end.  

 Puffiness: bloated and flat-sided and/or inside cavities that lack the seed gel. 

 Internal white tissue (IWT): internal white hard areas in the outer walls 

and/or in cross-wall, without outer symptoms (was taken in random 10 

fruits from each treatment).  

 Blotchy ripening: outer uneven ripening or yellow shoulders. 

 Cat face shape: deep indentations in the blossom end. 

  

The incident of physiological disorders was expressed individually as 

average of all pickings.         
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Complete block randomized design in three replicates was conducted. Data 

were analyzed by one-way analysis of variance using statistical software SPSS 

18.0 for windows. Significant differences in mean values were evaluated by 

Tukey test at (p<0.05).   

 

Results 

Climate data 

The temperature and RH% were registered hourly at 26
th

 July were shown 

in (Fig. 1 & 2). High increase in air temperature was noticed between 10 am 

and 4 pm at ambient air (Fig. 1). The values ranged between 34.2 and 39.4 
o
C 

at 2013 season and between 32.7 and 37.2
o
C at 2014 season. The maximum 

temperatures were recorded at 2 pm in the open field during the both studied 

seasons. The treatments could be arranged from the lower to the higher 

temperatures as SF2 (shading plus fogging 20 min/h) > SF1 (Shading plus 

fogging 10 min/h) > S (shading) > OF (open field). However, SF2 recorded 

only 2 
o
C lower than the open field of the all day average temperature, it 

decreased 6.8
o
C during the peak period (10 am – 4 pm). The daily average 

temperature decreased 0.7 
o
C in S treatment and 1.5 

o
C in SF1 while they 

decreased 3 
o
C and 5.5 

o
C during the peak period, respectively. These results 

indicate that providing the shaded house by fogging system operating 20 

min/h was the most effective treatment for controlling the raise temperature 

during the peak periods. 

 

While the temperature was extremely high in the open field during the 

peak periods (10 am - 4 pm), the RH% was extremely low (Fig. 2). The RH% 

gradually decreased from 6 am to 2 pm which reached to the minimum (38 - 

41%) at 2 pm then gradually increased until 6 am which reached to the 

maximum values (87 - 98%). In the open field from 10 am to 4 pm, the RH% 

ranged from 38 to 56% in 2013 season and from 41 to 53% in 2014 season. 

Comparing the shaded house with the open field during the peak period 

(10am - 4pm), the RH% increased by 9-13% - 8-11% in 2013 and 2014, 

respectively. At the same period, the use of fogging system under the shaded 

house added 11-18% to those obtained in the shaded housed without fogging. 

Increasing operating time of the fogging system from 10 to 20 min/h 

increased the RH% by 4-9% as average of the two seasons. Almost the RH% 

did not differ inside the shaded house either with or without fogging (off 

time) at the other day times. Whereas, the RH% decreased 1 -15% under 

the shaded housed at night and early morning comparing with the open 

field. In a brief, during the peak period, the RH% increased inside the 

shaded house 10% without fogging, 18.7% with 10 min/h fogging and 

26% with 20 min/h fogging.  
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Fig. 1. Hourly temperature changes during the peak of flowering and fruit set at 

26/7/2013 registered at open field (OF), shaded house (S), shaded house with 

fogging 10m/h (SF1) and shaded house with fogging 20m/h (SF2). 

 

 

The data of monthly averages of maximum and minimum temperatures 

during the experimental periods indicate that the highest temperature averages 

accompanied with the lowest RH% which were recorded in July and Aug. (Figs. 

3, 4 & 5). In all cases, the highest temperatures (maximum and minimum) were 

obtained from the open field which exceeded 35/22 
o
C during July and Aug. The 

shading and fogging contributed to decrease 4.5 
o
C from the monthly average of 

maximum temperature and 1.7 
o
C from the minimum temperature. The fogging 

under shaded house was the most effective treatment for controlling the increase 

in temperature during the late summer season especially with increasing 

operating time to 20 min/h (Fig. 3 & 4). The contrast was happened with RH% 

which the lowest values were registered in the open field (Fig. 5). It was less 

than 60% in July and did not exceed 65% at the all season (from Jun. to Oct.). 



M. A. SHARAF-ELDIN 

 

Egypt. J. Hort. Vol. 42, No. 2 (2015)  

870 

0

20

40

60

80

100

12:00
AM

2:00
AM

4:00
AM

6:00
AM

8:00
AM

10:00
AM

12:00
PM

2:00
PM

4:00
PM

6:00
PM

8:00
PM

10:00
PM

12:00
AM

Time

RH% 2014
OF S SF1 SF2

0

20

40

60

80

100

12:00
AM

2:00
AM

4:00
AM

6:00
AM

8:00
AM

10:00
AM

12:00
PM

2:00
PM

4:00
PM

6:00
PM

8:00
PM

10:00
PM

12:00
AM

Time

RH% 2013
OF S SF1 SF2

The RH% under shaded house without fogging was 2.6% higher than the open 

field.  Providing the shaded house by fogging system (20 min/h) increased RH% 

by 10.2%.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Hourly relative humidity during the peak of flowering and fruit set at 

26/7/2013 registered at open field (OF), shaded house (S), shaded house 

with fogging 10m/h (SF1) and shaded house with fogging 20m/h (SF2) 
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Fig. 3. Average monthly maximum temperature during the experiments period, 

registered at open field (OF), shaded house (S), shaded house with fogging 

10m/h (SF1) and shaded house with fogging 20m/h (SF2) . 
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Fig. 4. Average monthly minimum temperature during the experiments period, 

registered at open field (OF), shaded house (S), shaded house with fogging 

10m/h (SF1) and shaded house with fogging 20m/h (SF2) 

 

 

10

12

14

16

18

20

22

24

Jun Jul Aug Sep Oct

Month

Minimum temperature 2014

OF S SF1 SF2

 

10

12

14

16

18

20

22

24

Jun Jul Aug Sep Oct

Month

Minimum temperature 2013

OF S SF1 SF2

 

M
in

im
u

m
 t

em
p

er
a

tu
re

 (
o
C

) 
M

in
im

u
m

 t
em

p
er

a
tu

re
 (

o
C

) 



MITIGATION HEAT STRESS ON TOMATO PLANT BY SHADING … 

 

Egypt. J. Hort. Vol. 42, No. 2 (2015) 

873 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Average monthly RH% during the experiments period, registered at open 

field (OF), shaded house (S), shaded house with fogging 10m/h (SF1) and 

shaded house with fogging 20m/h (SF2) 
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Fruit set 

Fruit set data was presented in Table 1. Fruit set percentage was very low in 

the grown plants under the open field conditions which ranged from 51.4 to 

53.6%. Whereas, a significant increase was obtained from the grown plants 

under the shaded house. The use of fogging system under the shaded house 

achieved the highest fruit set percentage especially when the operating time 

increased from 10 to 20 min/h. The highest operating time gave fruit set 

percentage ranged from 80.3 to 80.7 in the first and second season, respectively.   

     
TABLE 1. Effect of shading and fogging system on the percentage of fruit set, 

average fruit weight and percentages of marketable yield and fruit 

disorders of tomato. 

Treatment# Fruit set % 
Average fruit 

weight (g) 

Marketable 

yield 

Disorder 

fruits 

As percentage of the total yield 

2013 season 

Open field 51.4±0.32 d 60.8±0.44 d 52.4±0.15 d 44.6±0.32 a 

Shading 65.1±0.35 c 67.8±0.27 c 69.4±0.35 c 20.8±0.04 b 

Shading + 

fogging1 

76.8±0.12 b 73.0±0.20 b 74.2±0.78 b 12.0±0 .12 c 

Shading + 

fogging2 

80.3±0.21 a 77.4±0.79 a 77.4±0.41 a 10.3±0.11 d 

2014 season 

Open field 53.6±0.21 d 63.1±0.18 d 55.4±0.86 c 38.9±0.43 a 

Shading 66.7±0.15 c 71.4±0.45 c 74.  ±0.12 b 15.8±0.25 b 

Shading + 

fogging1 

78.3±0.22 b 75.9±0.06 b 75.9±0.46 ab 9.6±0.46 c 

Shading + 

fogging2 

80.7±0.22 a 78.5±0.29 a 77.3±0.54 a 7.6±0.11  d 

# Fogging system was operated 10 min/ h in fogging1 and 20 min/ h in Fogging2 and both operated 

from 10 am to 4 pm. 

Different letters in the same column indicate that means are significantly different (P<0.05). 

 

 
Yield and its components 

The highest fruit yield was obtained under the shaded house with SF2 

including: average fruit weight (Table 1) and marketable and total yield (Fig. 6). 

The treatments can be arranged from the highest as SF2 > SF1 > S > OF. 

Average fruit weight increased from 60.8- 63.1 g in the open field to 77.4 - 78.5 

g in the shaded house with SF2. SF2 treatment produced 4 - 4.3 kg/ plant of the 

total yield with 3.1 - 3.3 kg of marketable yield compared to 2.1 - 2.4 kg total 

yield and 1.1 - 1.3 kg marketable yield in the open field (Fig. 6). The marketable 

yield contributed to 77.3 - 77.4% from the total yield with SF2 compared to 52.4 

- 55.4% in the open field, while shaded house and FS1 were committed with 

intermediate values (Table 1).  
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Fig. 6. Effect of shading and fogging system on tomato fruit yield (kg / plant), 

evaluated at open field (OF), shaded house (S), shaded house with fogging 

10m/h (SF1) and shaded house with fogging 20m/h (SF2)  
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Fruit disorders 

The lower fruit disorders percentage reflected to higher marketable yield 

percentage (Table 1). SF2 decreased general fruit disorders percentage from 

being 38.9 - 44.6% in the open field to be 7.6 - 10.3%. The main disorders 

were cracking, sunscald, blossom end rot, Puffiness, internal white tissues, 

blotchy and cat face, in order from the higher to the lower incidents (Table 

2). The main fruits disorder was sunscald in the open field (comparing to the 

other disorders), it was fruit cracking in the shaded house although it was 

also lower than the open field. Significantly lower in fruits cracking was 

obtained under shaded house especially with fogging system without 

significant differences between the two studied operating systems. The 

cracking reduced from 8.1-9.1% in the open field to 2.4-2.9% in SF2. 

Although, there was a large portion of sunscald in the open field (10.1 – 

12.3%), non was noticed in the shaded house. The fogging system under 

shaded house succeeded to reduce blossom end rot from 7.1 -7.6% in the 

open field to 1.5 – 2.0 with SF2 treatment. The same results were obtained in 

the other studied disorders which reduced puffiness from 4.6 – 5.1 to 0.7 – 

1.6%, the internal white tissues from 4.2 to 2.1 – 2.3, the blotchy ripening 

from 2.8 – 3.1 to 0.5 – 0.8 and the cat face from 2.2 – 3.2 to 0.5 – 0.9%. 

However, shaded house and SF1 treatments resulted in intermediate values in 

all cases.    

 
TABLE 2. Effect of shading and fogging system on the percentage of some tomato 

fruit disorders as a percentage of the total yield  .  

Treatment# Cracking Sunscald BER* Puffiness IWT^ Blotchy Cat face 

2013 season 

OF 9.1±0.09 a 12.3±0.09a 7.6±0.18 a 5.1±0.05 a 4.2±0.65 a 3.1±0.01 a 3.2±0.06 a 

S 5.7±0.32b 0±0.00 b 4.5±0.32 b 2.9±0.09 b 3.3±0.09 b 2.0±0.06 b 2.4±0.20 b 

SF1 3.4±0.15 c 0±0.00 b 2.2±0.07 c 1.3±0.09 c 2.6±0.15 c 0.9±0.04 c 1.6±0.09 c 

SF2 2.9±0.03 c 0±0.00 b 2.0±0.06 c 1.6±0.24 c 2.3±0.12 d 0.8±0.02 c 0.9±0.04 d 

2014 season 

OF 8.1±0.49 a 10.1±0.06 a 7.1±0.04 a 4.6±0.15 a 4.2±0.10 a 2.8±0.04 a 2.2±0.09 a 

S 4.1±0.04b 0±0.00 b 3.4±0.06 b 2.4±0.06 b 2.9±0.13 b 1.8±0.02 b 1.3±0.10 b 

SF1 2.9±0.35 c 0±0.00 b 1.9±0.07 c 1.0±0.04 c 2.4±0.03 c 0.5±0.01 c 0.8±0.07 c 

SF2 2.4±0.06 c 0±0.00 b 1.5±0.02 d 0.7±0.03 d 2.1±0.04 d 0.5±0.03 d 0.5±0.02 d 

# OF = open field, S = shaded house, SF1= shaded house with fogging system (10 min/h) and SF2 = 
shaded house with fogging system (20 min/h), fogging was operated from 10 am to 4 pm. *BER = 

blossom end rot. ^IWT = internal white tissue. 

Different letters in the same column indicate that means are significantly different (P<0.05). 
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Discussion 

 

High summer temperature and low relative humidity in Mediterranean 

region especially during the day time of 10 am to 4 pm are observed. The 

temperature can exceed 37 °C and the RH could decrease than 40%. In addition, 

the high spread of insects and related virus diseases reflected to the limits of 

tomato production at the late summer season in the open field. The net house can 

be used to prevent insect’s entry and translocate viruses. Whereas, the grown 

plants under high temperature conditions in the open field suffer from 

physiological and biochemical stresses. Possible biochemical and/or 

physiological processes affected by high temperature are photosynthetic enzyme 

activity, membrane integrity, photophosphorylation, and electron transport in 

chloroplast, stomatal conductance to CO2 diffusion and photoassimilate 

translocation which all dealing finally with tomato yield reduction (Dinar and 

Rudich, 1985). The results in Table 1 indicate a significant reduction in fruit set 

percentage in the open field (heat stress conditions). This reduction could be 

explained according to Kuo et al. (1986) who suggested the mechanism of 

proline accumulation in tomato leaf tissue at high temperature. Proline thus 

causes the depletion of proline in the reproductive tissue, thereby seriously 

reducing pollen formation or viability. In the same line, Sato et al. (2006) 

reported that failure of tomato fruit set under a moderately increased temperature 

above optimal is due to the disruption of sugar metabolism and proline 

translocation during the narrow window of male reproductive development. It is 

also had negative effect on release of pollen grains, fruit set and fruit production 

(Sato et al., 2000). The favorable effect of shading on fruit set percentage and 

fruit production (Table 1) may attributed to the reduction in hourly and average 

monthly temperature (Fig. 1 & 3) which ameliorated heat stress on the plant. A 

reduction in insect and virus infections was also noticed inside the shaded house 

as a role of anti-insect net cover which all reflected to plant health. It is also 

reported that shading resulted in high nutrient uptake and photosynthesis rate and 

in turn more fruits with high weights (Milenković et al., 2012 and El-Bassiony et 

al., 2014). The effect of shade on transpiration may be as important for fruit 

growth as its effect on photosynthesis and carbohydrate status (Medrano et al., 

2004 and Gent, 2007). The high light intensity in the open field can lead to 

several disorders in development and appearance of tomato fruit that affect 

quality (Dorais et al., 2001). Pearce et al. (1993) noted that under high irradiance 

during the day, the rate of fruit swelling was reduced because the plants exposure 

to water stresses through the high transpiration rates. The high irradiance and air 

temperature and their combined effects could be reasons for sunscald injury and 

alter metabolism leading uneven ripening (Adegoroye & Jolliffe, 1987 and Gent, 

2007). The obtained results in Table 2 show that field-grown fruits exposed to 

sunlight had more cracks than shaded fruits. This result is supported by Whaley-

Emmons and Scott (1997) findings who obtained 49% of cracking fruits in the 

open field versus 20% under shading. It could be explained as exposure of fruit 

to sunlight could change the water potential of the fruit directly and cause the 

skin to crack as a result of heating of the fruit surface. The midday decrease in 
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plant water potential should be less for plants grown under shade which may be 

an important factor in controlling cracking under shade. Moreover, shading 

clearly would ameliorate heat stress in proportion to the reduction in sunlight 

intensity. Secondarily, plant leaf area tends to increase under low-light 

conditions, and shading may result in better coverage of the fruit by leaves hence 

decrease sunscald. The reduction in fruit set under heat stress could be as a result 

of the leak in pollen grain viability which was improved by applying fogging 

system under shaded house (Harel et al., 2013). Moreover, the heat stress in the 

open field was also reported as a reason for high physiological disorders, i.e., 

Cracking, sunscald, blossom end rot and puffiness (Milenković et al., 2012).  

 

The RH% can be another reason for the higher fruit set under shading with or 

without fogging compared to the open field. It is clear from Fig. 2 that RH% 

reached to less than 40% at afternoon which could be a reason for low fruit set in 

the open field compared to higher values inside the shaded house with or without 

fogging which it was higher than 60%. These results are supported by Huang et 

al. (2011) who tested tomato pollen quality and fruit set at several air humidity 

levels and found that increased RH (60–70%) improved pollen and fertilization 

in comparison with 30–40% RH. The results of Harel et al. (2014) were that 

increased RH% (from 50% without fogging to 75% with fogging) was found to 

be positively correlated to pollen viability which reflected to high fruit set. They 

added that even relatively small increases of 2 °C in the mean daily temperature 

can cause a yield reduction of up to 60% which these findings are in agreement 

with the obtained results. These results indicate that the global worming even 

relatively small increase in mean daily temperature could affect tomato 

production in the open field if unsuitable practices were taken.  Leyva et al. 

(2013) summarized the benefits of fogging systems in the improved 

environmental conditions, besides promoting the highest activities of ROS-

scavenging enzymes, the redox state of the ascorbate, and a low proline: free 

putrescine ratio, which would explain the increase in commercial weight of fruit 

by 21% to 17%, with respect to un-fogging. These explanations could be support 

the high fruit weigh and yield in the obtained results with fogging system (Table 

1 & Fig. 6).   

Conclusion 

 

 Growing tomato in the open field during the late summer season exposures 

for heat stress accompanied with a reduction in relative humidity especially 

from 10 am to 4 pm. 

 Growing tomato under shaded net house with 35% shading ameliorate heat 

stress and caused an improvement in fruit set and yield with low 

physiological disorders. 

 The use of fogging system especially with operating time 20 min/h 

increased the efficiency of the shaded house and improved the microclimate 

conditions which appeared in high yield and low fruit disorders.   
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 It seems that the moderate reduction in mean daily air temperature and 

increasing RH% under fogging conditions enabled the tomato to better 

manage with heat stress and to improve fruit set and yield. 
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تخفيف الاجهاد الحراري علً نبات الطواطن بالتظليل ونظام 

الضباب: التأثير علً هناخ الصىبة، وعقذ الثوار، والوحصىل، 

 والعيىب الفسيىلىجية
 

 وذ علً شرف الذينـهح

  يصط. −كفط انشيد  −لؽى انبؽاحيٍ  −كهيت انعضاعت  −جايعت كفط انشيد 

 

 

صٕل انطًاطى ذلال انعطٔة انصيفيت حى زضاؼت حأريط الاجٓاز انحطاضٖ عهٗ يح

انًخأذطة فٗ انًطكع انسٔنٗ نهعضاعت انًحًيت فٗ جايعت كفط انشيد بًصط. ظضعج 

٪ 53انُباحاث فٗ انحمم انًكشٕف ٔفٗ صٕبت يظههّ يغطاِ بشبك ابيض يعطٗ 

حظهيم. ٔلؽًج انصٕبت انًظههّ انٗ رلاد يجاييع، حى ظضاعت ارُيٍ يًُٓا ححج 

كج انًجًٕعت الأذيطة يُفصهت بسٌٔ ضباب. حى ضبظ أَظًت أَظًت انضباب ٔحط

غ. ٔطبما نبياَاث انًُاخ، حى ضبظ َظاو  ق/ 01غ أٔ  ق/ 01انضباب نخعًم 

و(. ؼجهج  4 –ص  01انضباب نيعًم فمظ أرُاء فخطة انصضٔة انحطاضيت يٍ انُٓاض ) 

 53و فٗ انحمم انًكشٕف ٔلس حرطج  0زضجت انحطاضة انعظًٗ عُس انؽاعت 
º

و  

ٔشنك ذلال فخطة شضٔة انخعْيط ٔانعمس. ٔبيًُا كاَج انحطاضة يطحفعت نهغايت فٗ 

٪ 53انحمم انًكشٕف، فاٌ انططٕبت انُؽبيت كاَج يُرفضت نهغايت حيذ ٔصهج انٗ 

و. ٔحشيط انُخائج انٗ أٌ انًخٕؼظ انشٓطٖ نسضجت انحطاضة انعظًٗ لس  0عُس انؽاعت 

 0.1اَرفض 
º

 4.3و بٕاؼطت انخظهيم ٔ  
º

و بٕاؼطت َظاو انضباب ححج حظهيم.  

٪ ٔلس أضاف انضباب 01ٔفٗ زاذم انصٕبت انًظههّ، اظزازث انططٕبت انُؽبيت 

و. ٔلس ذففج جًيع انًعايلاث يحم  4ص انٗ  01٪ أذطٖ ٔشنك فٗ انفخطة يٍ 01

انسضاؼت يٍ الاجٓاز انحطاضٖ عهٗ َباث انطًاطى ٔذفضج انعيٕب انفؽيٕنٕجيت 

َعكػ ححؽٍ انًُاخ انساذهٗ نهصٕبت انًظههت بٕاؼطت أَظًت انضباب نهزًاض. ٔلس ا

عهٗ ظيازة َؽبت عمس انزًاض، ٔٔظٌ انزًطة، ٔانًحصٕل انكهٗ ٔانخؽٕيمٗ ٔشنك عٍ 

انحمم انًكشٕف. ٔلس كاَج عيٕب انزًاض انفؽيٕنٕجيت الأكزطشيٕعا ْٗ: انخشمك، 

انساذهيت انبيضاء، ٔنفحت انشًػ، ٔعفٍ انططف انعْطٖ، ٔ انخجٕف، ٔالاَؽجت 

ٔانُضج انًخبمع، ٔاذيطا ٔجّ انمظ، عهٗ انخٕانٗ. ٔلس كاَج انًعايهت الاكزط كفائت 

و( ححج انصٕبت  4ص انٗ  01غ )يٍ  ق/ 01ْٗ اؼخرساو َظاو انضباب نًسة 

انًظههّ حيج حممج أعهٗ يحصٕل رًطٖ ٔألم َؽبت يٍ انعيٕب انفؽيٕنٕجيت ذلال 

 انعطٔة انصيفيت انًخأذطة.


