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Tomato plants are highly sensitive to chilling stress so this experiment was conducted during successive winter seasons of 2020/2021 and 

2021/2022 to investigate the possibility of sustaining production and quality of tomato yield under cold conditions by using different types 

of mesh cover for low tunnels. Two commercial cultivars, i.e., Super gold F1 and Super streen F1 were used. Seedlings were transplanted 

under different types of mesh cover for low tunnels. Three types of mesh cover (63%, 65%, 73%) had done to cover the plants of all tested 

seasons compared to open field condition (control "without cover"). Results show that significant differences were observed among the two 

hybrid varieties of tomato studied, in terms of their vegetative growth characteristics (plant height, number of branches, number of leaves, 

fresh weight, dry weight and leaves area) as well as yield and fruit quality characteristics (Fruit set, total yield, firmness, T.S.S. and 

Vit. C. ‘Super gold’ exhibited significantly higher values for these characteristics, compared to ‘Super strain B’. Chilling reduced the 

growth parameters (plant height, number of leaves, number of branches, plant fresh weight, plant dry weight) for control plants (without 

cover) compared to the coverage treatments (63%, 65%, 73%). Significant highest results in the growth, chemical composition of tomato 

leaves as well as yield and fruit quality parameters were obtained with covering tomato plants by white mesh cover 63% flowed by 65% of 

treatments which were best than the chilled plants. Concerning the interaction between hybrid varieties and covering treatments, it can be 

noticed that Super gold F1 which grown under white mesh cover 63% recorded a highly significant increases in plant height, number of 

branches, number of leaves, fresh weight, dry weight, leaves area, N, P, K, total chlorophyll, total proline, total sugars contents, fruit set, 

total yield, firmness, T.S.S. and Vit. C when compared to Super streen F1 which grown in open field (without coverage). 
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INTRODUCTION 

Tomato (Solanum lycopersicum) is one of the most 

important vegetable crops in Egypt and other world 

countries for fresh consumption, industry processing and 

exportation as well as for its nutritional, economical and 

medicinal values. The cultivated area of tomato in Egypt 

for winter season 2019/ 2020 is 192782 feddan (4200 m
2
) 

with total production of 3501835 tons and an average of 

18.165 tons/fed. (Ministry of Agric, Egypt, 2020). 

 

Tomato plants are highly sensitive to low temperature 

stress (Weiss and Egea-Cortines, 2009 and Mesa et al., 

2022; Sheha et al., 2022; Suliman and Saleh, 2022). 

Where, tomato plants show signs of injury upon 

exposure to temperature below 10-15°C (Guy, 1990). 

Several aspects of tomato development also are 

negatively affected by cold temperature. Low temperature 

may affect sundry manifestations of crop growth; viz., 

subsistence, cell division, photosynthesis, sap 

transmission, growth, flowering and crop yield (Venema 

et al., 2005; (Goud and Kachole, 2011; Shi et al., 2016; 

Nievola et al., 2017; Yildiztugay et al. (2017) and Hussain 

et al. (2018)). Exposure to temperatures below 13°C may 

inhibit fruit-set (Atherton and Rudich 1986). In addition, 

reproductive development in tomato is adversely 

influenced by low temperature, where it causes a 

reduction of anther fusion rates by 60%, consequently 

decreases fruit set (Fernandez- Munoz et al., 1995 and 

Lozano et al., 1998). Thus, a serious reduction in tomato 

fruit yield and quality was observed in winter and early 

summer seasons every year in Egypt where level of night 

temperature drops several times below 10°C. Therefore, 

tomato and other sensitive plants should have some 

agricultural practices applied to protect plants from frost 

damage. Presently, there are tomato genotypes which can 
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be planted in the different climate. However, commercial 

agriculture of tomato in Egypt displays seasonality with a 

lot of the production concentrated in the relatively cool 

and dry period. 

Low tunnels are smaller structural frames that are used to 

grow different vegetable crops as they modulate 

microclimate inside They dilate the growing and harvest 

seasons, sustain yield as well as fruit quality, and protect 

crops from low-temperature damage during winter (Xiao 

et al., 2001; Jenni et al., 2006; Kadir et al., 2006;Carey et 

al., 2009; Wien, 2009; Zhao and Carey, 2009; Rowley et 

al., 2010, 2011; Singh et al., 2012; Lewers et al., 2017; 

Petran et al., 2017; Acharya et al., 2020, 2019). 

 
Therefore, the objectives of this study were to evaluate 

the effect of low tunnel covering with different white 

mesh cover on vegetative growth, production and quality 

traits for two genotypes of tomato. 

 

 

 
MATERIALS AND METHODS 

 
1. Experimental layout: 

 
This experiment was performed during successive winter 

seasons of 2020/2021 and 2021/2022 in the experimental 

station of the Horticultural Department, Faculty of 

Agriculture at Moshtohor, Benha University to 

investigate the possibility of sustaining production and 

quality of tomato yield under cold conditions by using 

mesh cover. The field of experimental field was clay soil 

(pH 7.7; EC1.32 dS m
-1

) and contains 2.2% of organic 

matter, 18.71 mg kg
-1

 of nitrogen, 17.9 mg kg
-1

 of 

phosphorus, and 75 mg kg
-1

 of potassium. Two 

commercial cultivars, i.e., Super gold F1 (grand green 

company) and Super streen F1 (United Genetics Italia 

company) were used. 

 
Seedlings were transplanted into the open field or in 

tunnels protected with a different mesh cover on 11th 15th 

of November at 40 cm apart on one side of ridge 3.5 m 

long and 1m width with experimental unit area of 10.5m2. 

Three types of covering (63%, 65%, 73%) had done to 

cover the plants of all tested seasons compared to open 

field condition to investigate the growth and productivity 

of tomato plants under these conditions. The tunnel height 

was 80 cm above the soil and its wide was one m. A 

distance of 100 cm was left between each net covering 

type treatments. 

 
Split plot designed was adopted, with three replicates. 

Where, treatments of mesh covering were placed in main 

plots and cultivars in subplots. Each replicate consisted of 

4 treatments of coverage treatments (63%, 65%, 73% and 

the control "without covering") within 2 cultivars 

treatments (Super gold F1 and Super streen F1). 

 
All cultural practices i.e. irrigation, hoeing and weeding, 

and fertilizer applications keep same for all treatments. 

 
Three plants from each treatment were randomly taken at 

75 days after transplanting and the following data were 

recorded: plant height, leaf area per plant and dry weight 

of whole plant. Chlorophyll A and B were determined as 

described by Wettstein (1957). Chemical constituents 

determination; leaves total nitrogen, phosphorus, 

potassium and total carbohydrates % were determined in 

the dry matter of leaves according to Pregl (1945), John 

(1970), Brown and Lilleland (1946) and Herbert et al. 

(1971), respectively. Proline and Total soluble sugars 

concentrations were measured according to the method of 

Bates et al. (1973) and Dubois et al. (1956), respectively. 

At flowering stage, fruit set percentage was calculated 

according to the following equation: Fruit set % × 100. At 

harvesting time yield expressed as number of fruits per 

plant and yield per plant (kg) were recorded. Total yield 

as kg/plot were recorded, then calculated as ton/fed. At 

breaker stage, three ripe tomato fruits/plot were picked 

and used for determination of TSS% by hand refract 

meter and vitamin C, titratable acidity and lycopene 

according to A.O.A.C. (1990). 

 
All statistical analyses of the recorded data were subjected 

to analysis of variance as factorial experiments in a split 

plot design. Mean values among treatments were 

compared by Duncn’s tests at the 5% level of significance 

according to Snedecor and Cochran (1991). 

 

 

Results and Discussion 

 
1- Vegetative growth parameters: 

 
Effect of chilling stress on tomato growth was studied as 

influenced by two hybrid varieties (Super gold F1 and 

Super streen F1) at two different seasons. According to 

data shown in Table1, significant differences were 

observed among the two hybrid varieties of tomato 

studied, in terms of their vegetative growth traits. In 

general, the maximum of plant height (75.7 and 74.1 cm), 

number of branches (5.3 and 4.9/plant), number of leaves 

(60.7and 57.7 /plant), fresh weight (642.2 and 624.9 g 

/plant), dry weight (98.0 and 95.4 g /plant) and leaves area 

(1521.1 and 1473.6 cm
2
) were noted in Super gold F1 

during first and second season, respectively. While the 

minimum of plant height (71.3and 69.7 cm), number of 

branches (4.5 and 4.1/plant), number of leaves (55.4 

and 52.5 /plant), fresh weight (498.2 and 468.0 g /plant), 

dry weight (80.1 and 76.2 g /plant) and leaf area (1262.6 

and 1208.7 cm
2
) were recorded in Super streen F1. The 
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results are in agreement with Davis et al., 2003, Rab and 

Ihsan, (2008), Naz et al., 2011, Iqbal et al., (2011), Ali et 

al., 2013, Ali et al. (2016) who reported variation with 

cultivars because of genetic makeup and different 

requirements of environmental condition. 

 
As compared to tomato plants, chilling reduced the 

growth parameters (plant height, number of leaves, 

number of branches, plant fresh weight, plant dry weight) 

compared to the covering treatments (63%, 65%, 73%). 

Significant highest results in the growth parameters 

recorded with covering tomato plants by white mesh 

cover 63% followed by 65% in the second trend which 

were best than the chilled plants (Ilic et al., 2011; 

Setiawati et al., 2014; Nangare et al., 2015; Ngelenzi et 

al., 2017). The results are in line with Sadek and Youssef 

(2019) who reflected that, white net cover was the most 

suitable cover for increasing vegetative growth 

parameters i.e., plant length, number of leaves per plant, 

stem diameter, fresh and dry weight / plant of common 

bean plants. 

 
The reduction in plant growth under open field conditions 

as compared with tunnels conditions may be due to that 

open field recorded the lowest values of maximum and 

minimum air temperature compared to all covering 

treatments. Meanwhile, it is due to the superiority of first 

type of covers (63%) because this cover represents the 

lowest ability to reduce solar radiation compared to other 

types (Sadek and Youssef, 2019). Net covers reduce the 

mixing of outside and inside air, hence effectively reduce 

loss of heat to the surrounding atmosphere, which leads 

to a temperature increase (Tanny et al., 2003). Generally, 

this may be due to enhanced photosynthesis and 

respiration due to the favorable micro-climatic conditions 

under mesh covering (Ramesh and Arumugam, 2010; 

Rajasekar et al., 2013; Yasoda et al., 2018). 

 

Table 1. Effect of cultivar, mesh cover and the interaction between them on some vegetative growth characters of tomato 

plants in winter seasons of 2020-2021 and 2021-2022. 

Treatments 
Plant height 

(cm) 

Number of 

branches/plant 

Number of 

leaves/plant 
Fresh weight (g) Dry weight (g) Leaf area (cm2) 

Cultivar 
Mesh 

cover 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

Super gold 

F1 

  
75.7A 

 
74.1A 

 
5.3A 

 
4.9A 

 
60.7A 

 
57.7A 

 
642.2A 

 
624.9A 

 
98.0A 

 
95.4A 

 
1521.1A 

 
1473.6A 

Super 

streen F1 

 
71.3B 69.7B 4.5B 4.1B 55.4B 52.5B 498.2B 468.0B 80.1B 76.2B 1262.6 1208.7B 

 63% 77.1A 75.8A 5.8A 5.2A 66.1A 63.4A 648.0A 632.3A 97.9A 94.9A 1585.7A 1491.2A 

 
65% 75.1B 74.2B 5.0B 4.5B 62.7B 60.0B 600.5B 582.4B 91.3B 89.4B 1492.2B 1452.8B 

 73% 72.9C 71.7C 4.7C 4.3C 56.2C 53.9C 553.4C 515.5C 88.6B 84.3C 1416.4B 1359.7C 

 Control 68.8D 65.9D 4.1D 3.8D 47.2D 43.0D 478.8D 455.7D 78.3C 74.5D 1073.1C 1061.0D 

 

 
Super gold 

F1 

63% 78.3a 77.2a 6.1a 5.6a 68.4a 65.8a 699.1a 686.7a 106.2a 103.2a 1671.8a 1569.3a 

65% 76.3ab 75.7ab 5.5ab 4.9b 64.8b 62.5b 672.8a 661.5a 98.6a 97.8a 1686.4a 1634.5a 

73% 75.5bc 74.5bc 5.0bc 4.5bc 56.8d 54.7cd 634.8b 610.1b 99.1a 95.9a 1606.3ab 1547.3a 

Control 72.6d 69.3d 4.8c 4.4bc 52.6e 47.9e 562.1cd 541.5c 88.0b 84.8b 1119.9de 1143.5d 

 

Super 

streen F1 

63% 76.0ab 74.5bc 5.4b 4.8b 63.8bc 61.1b 597.0c 577.9bc 89.6b 86.7b 1499.7b 1413.2b 

65% 73.9cd 72.8c 4.6c 4.2c 60.5c 57.6c 528.3d 503.3d 84.1bc 81.1b 1298.0c 1271.1c 

73% 70.3e 68.9d 4.3c 4.0c 55.6de 53.1d 472.1e 420.9e 78.1c 72.8c 1226.6cd 1172.1d 

Control 65.0f 62.6e 3.5d 3.3d 41.8f 38.2f 395.5f 369.8f 68.6d 64.3d 1026.3e 978.6e 

 

Concerning the interaction between hybrid varieties and 

covering treatments, it can be noticed in Table (1) that 

Super gold F1 grown under white mesh cover 63% 

recorded a highly significant increases in plant height (7.9 

and 24.4%), number of branches (11.4 and 26.8%), 

number of leaves (27.1 and 20.7%), fresh weight (27.3 

and 21.7%), dry weight (30 and 49.3%) and leaves area 

(37.4 and 37.2%) when compared to its control in during 

first and second seasons, respectively. 
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2- Chemical composition of tomato leaves: 

 
No significant differences were found between the hybrid 

varieties on their mineral constituents i.e., N, P and K 

(Table, 2). Whereas, total chlorophyll, total proline and 

total sugars contents were found significantly different 

among the various cultivars of tomato. The results show 

that maximum total chlorophyll (6.2 and 5.9 mg/g 

Dr.Wt),  proline (1325 and 1285 µg/g Dr.Wt) and sugars 

(15.3 and 17.7 mg/g Dr.Wt) contents were reported in 

Cv. Super gold F1 during first and second season, 

respectively. Whereas minimum total chlorophyll (6.0 and 

5.6 mg/g Dr.Wt), proline (1072.9 and 895.1 µg/g Dr.Wt) 

and sugars (15.1 and 14.9 mg/g Dr.Wt) contents were 

recorded in Super strean F1 during first and second season, 

respectively. The results are in line with Mesa et al. 

(2022). 

It was observed that there was a significant reduction in 

chlorophyll (a+b), total proline and total sugars contents 

of chilled stress tomato leaves. Plants grown under white 

mesh 63% showed significant increase compared to 

chilled plants. 

 

Table 2. Effect of cultivar, mesh cover and interaction between them on nutrients contents in leaves of tomato 

plants in winter seasons of 2020-2021 and 2021-2022. 

 

Treatments 

 

N% 

 

P% 

 

K% 
chlorophyll 

(a+b) 

(mg/g Dr.Wt) 

Proline 

(µg/g Dr.Wt) 

Total sugars 

(mg/g Dr.Wt) 

 

Cultivar 
Mesh 

cover 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

Super gold 

F1 

  
2.05A 

 
2.11A 

 
0.56A 

 
0.64A 

 
2.54A 

 
2.61A 

 
6.2A 

 
5.9A 

 
1325.8a 

 
1285.5A 

 
15.3A 

 
17.7a 

Super 

streen F1 

 
2.04A 2.10A 0.56A 0.63A 2.52A 2.60A 6.0B 5.6B 1072.9B 895.1B 15.1B 14.9b 

 63% 2.09A 2.15A 0.60A 0.68A 2.51A 2.58A 6.3A 6.0A 1446.9A 1400.9A 17.9A 17.5A 

 
65% 2.07A 2.08B 0.58B 0.64B 2.49A 2.50B 6.2A 5.8B 1345.5A 1228.3B 15.1B 14.9B 

 
73% 2.03B 2.04C 0.55C 0.61C 2.49A 2.51B 6.1B 5.7C 994.0B 943.7C 14.0C 14.1C 

 
Control 1.89C 1.94D 0.50D 0.56D 1.89B 1.95C 5.7C 5.4D 1011.0B 788.2D 13.7D 13.6D 

 

Super gold 

F1 

63% 2.12a 2.17a 0.61a 0.68a 2.55ab 2.60a 6.4a 6.1a 1718.0a 1704.8a 18.0a 17.5a 

65% 2.06ab 2.11a 0.57ab 0.64ab 2.68a 2.74a 6.2ab 5.9ab 1522.9a 1478.2b 15.2b 15.0b 

73% 2.05ab 2.10ab 0.56ab 0.62ab 2.77a 2.84a 6.2ab 5.9ab 1102.7b 1046.3cd 14.1c 14.4c 

 Control 1.97ab 2.05ab 0.52bc 0.59bc 2.17c 2.25bc 5.9ab 5.7ab 959.7b 912.7ef 13.8cd 13.7d 

 
 

Super 

streen F1 

63% 2.06ab 2.14ab 0.59ab 0.67ab 2.47ac 2.56ab 6.2ab 6.0a 1175.8b 1097.0c 17.8a 17.4a 

65% 2.08ab 2.06ab 0.58ab 0.63ab 2.29bc 2.26bc 6.2ab 5.8ab 1168.0b 978.4de 15.0b 14.8b 

73% 2.00ab 1.98ab 0.54ac 0.59bc 2.20c 2.18c 6.0ab 5.6ab 885.4b 841.2f 13.9cd 13.8c 

Control 1.80b 1.83b 0.47c 0.53c 1.62d 1.64d 5.4b 5.1b 1062.4b 663.7g 13.6d 13.5d 

 

These results were obtained in the both seasons and were 

in agreement with Sadek and Youssef (2019) who found 

influenced the positive effect of using different net 

covering on leaves content of chlorophyll reading, 

nitrogen, phosphorus and potassium. 

Regarding the interaction between hybrid varieties and 

covering treatments, it can be noticed that Super gold  F1 

grown under white mesh cover 63% recorded a highly 

significant increases in their constituents i.e., N, P K total 

chlorophyll, total Proline and total sugars contents. 

In general chilling stress inhibits the photosynthesis of 

plants by affecting chlorophyll components. Yildiztugay 

et al. (2017) cited that low temperature (chilling) 

reduced photosynthetic activity. The decrease in 

chlorophyll under chilling stress is mainly as a result of 

damage to chlorophyll caused by active oxygen species 

(ROS). However, under chilling stress conditions there 

will be degradation in pigment compositions, which 

induce decrease in chlorophyll content, (Suzuki et al., 

2012). Meanwhile, the favorable effect of the white net 

covering on plant growth may be due to covering 

applications protect the membranes from damage and 

subsequently protect chloroplast membrane which 

increase chlorophyll content (Sorial Mervat et al. 2010 and 

El-Shraiy Amal and Hegazi 2010). 
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Moreover, the favorable effect of the white net covering 

on plant growth may be due to modifying the 

microclimate around the growing plants, i.e., improving 

the maximum and minimum air, soil temperatures, 

radiation and relative humidity as well as enhancing soil 

properties especially soil moisture content and soil 

nutrients availability of nitrogen, phosphorus and 

potassium (Table, 2). Also, sugars accumulation at low 

temperature play a control regulatory role in many vital 

processes of photosynthetic plants besides saving the 

energetic function and considered as important signals 

that regulate plant metabolism and development (Couee 

et al., 2006). Moreover they might protect plant cell 

membranes during cold. Induced dehydration, replacing 

water species and by acting as hydroxyl scavengers and 

so, increased membrane stabilization (Couee et al., 2006 

and Ruelland et al., 2009). 

 

3- Yield and fruit quality: 

 
Significant differences were observed between the two 

hybrid cultivars tested in this study (Table, 3) in terms of 

the yield and their fruit quality characteristics, i.e., fruit 

set (%), total yield (tons/fed.),     firmness       (kg/cm²), 

T.S.S. and Vit. C (%). ‘Super gold F1’ exhibited 

significantly higher values for these characteristics, 

compared to ‘Super streen F1'. The findings are in line 

with Rab and Ihsan, (2008). The difference in the total 

tomato production may be due to the difference in the 

genetic makeup of different cultivars where, each variety 

requires different environmental conditions for proper 

growth and development to produce optimum yield 

(Davis et al., 2003). The results are in line with Javeria et 

al. (2012), Singh and Tawari, (2013) and Mesa et al. 

(2022). 

 

Table 3. Effect of cultivar, mesh cover and interaction between them on yield and its components of tomato plants in 

winter seasons of 2020/2021 and 2021/2022. 

Treatments 
Fruit set 

(%) 

Total yield 

(ton/fed) 

Firmness 

(kg/cm²) 

T.S.S 

(%) 

Vit. C 

(mg/100 ml 

Cultivar 
Mesh 

cover 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

1st 

season 

2nd 

season 

Super gold F1 
  

73.65A 
 

67.55A 
 

4.03 
 

3.71A 
 

2.65A 
 

2.54A 
 

5.94A 
 

5.62A 
 

27.23A 
 

26.50A 

Super streen 

F1 

 
67.79B 55.75B 3.76B 3.51B 2.50B 2.41B 4.67B 4.46B 25.67B 24.71B 

 63% 77.45A 66.87A 4.24A 3.82A 2.88A 2.75A 6.11A 5.95A 28.75A 27.92A 

 65% 73.78B 65.51B 4.00B 3.69B 2.71B 2.65B 5.60B 5.37B 27.00B 26.33B 

 73% 71.11C 60.96C 3.81C 3.58C 2.49C 2.41C 5.14C 4.85C 25.63C 25.00C 

 Control 60.53D 53.28D 3.52D 3.34D 2.22D 2.09D 4.38D 3.99D 24.42D 23.17D 

 

 

Super gold F1 

63% 80.46a 74.01a 4.37a 3.90a 2.93a 2.81a 6.44a 6.38a 29.17a 28.42a 

65% 77.64ab 72.53a 4.16b 3.76b 2.78ab 2.71ab 6.30a 5.99b 27.92a 27.25a 

73% 74.11b 65.60b 3.96c 3.68bc 2.59c 2.48c 5.88b 5.56c 26.50b 26.08b 

Control 62.38d 58.08cd 3.63d 3.49d 2.31d 2.15e 5.16c 4.54d 25.33bc 24.25c 

 

 
Super streen 

F1 

63% 74.43b 59.73c 4.11b 3.74bc 2.83ab 2.68ab 5.77b 5.53c 28.33a 27.42a 

65% 69.93c 58.50cd 3.85c 3.61cd 2.64c 2.60bc 4.90c 4.76d 26.08b 25.42b 

73% 68.12c 56.32d 3.67d 3.48d 2.38d 2.34d 4.41d 4.13e 24.75c 23.92c 

Control 58.67e 48.48e 3.40e 3.20e 2.13e 2.03e 3.61e 3.43f 23.50d 22.08d 

 

 

 

The effect of cold stress on flowering and fruit set on the 

different plant axes had influenced on yield and yield 

components. It is also observed that treatments 

considerably differed among of these in their effects since 

great enhanced fruits set % was obtained by covered 

plants with white mesh 63% followed by covered plants 

with white mesh 65% in second order compared to the 

chilled plants in both seasons (Table 3). These results 



1839 Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 3 ¦ 2022  

were obtained in the both seasons and were in agreement 

with Nangare et al. (2015); Mutisya et al. (2016); 

Ngelenzi et al. (2017); Tafoya et al. (2018) and Ngelenzi 

et al. (2019) who mentioned that developing plants under 

net covers substantially improved total yields compared 

to control plants. Results are in line with Sadek and 

Youssef (2019) who showed that the highest productivity 

for total yield as well as pod characters (number of pods 

par plant, average pod weight and T.S.S) were obtained 

when plants were grown under white net covering. 

 
It is quite clear from Table 3 that total yield per feddan 

were significantly increased as the results of all applied 

treatments under studying compared with the chilled 

tomato plants only, in both seasons. On the contrary, the 

chilled plants (control) plants were strongly stressed. It is 

also observed that treatments considerably differed 

among of their effects since great enhanced total yield per 

feddan were obtained by cultivate tomato plants cv super 

gold under low tunnels and covered with mesh coverage 

63% compared to chilled plants. This improve can be 

attributed to modify microclimate under these covers 

which enhanced fruits production rates, improved total 

numbers and weight. Moreover, the light environment 

which created by mesh cover increased average of fruit 

weight and number of fruits per plant due to the positive 

effect on increasing of plant biomass by increasing the 

availability of solar radiation and the efficiency of 

photosynthetic, promoting the growth rate of individual 

fruits (Tafoya et al., 2018). 

 

 

CONCLUSION 

 
It can be concluded that, the observed results may show 

that tomato plants subjected to chilling stress recorded 

highly significant reduction in their growth and 

production parameters especially Super streen F1 

compared with Super gold F1. But cultivate tomato plants 

under mesh cover for low tunnels 63% which exerted the 

most protecting effect in alleviation of chilling injury and 

modified microclimate as well as increasing the 

availability of solar radiation which reflect a good 

performance of tomato plants under chilling with high 

quantity and good quality of yield. 

 

 

 
REFERENCES 

1. A. O. A. C. (1990): Official Method of Analysis, 15th Ed., 
Association of Official Analytical Chemists, Inc., USA 

2. Acharya, T.P., G.E. Welbaum, and R.A. Arancibia. (2019). Low 
tunnels reduce irrigation water needs and increase growth, yield, 

and water-use efficiency in brussels sprouts production. 
HortScience 54(3): 470–475. 

3. Acharya, T.P., M.S. Reiter, G. Welbaum, R.A. Arancibia, and 

R.A. Arancibia. (2020). Nitrogen uptake and use efficiency in 

sweet basil production under low tunnels. HortScience 55:429– 
435. doi: 10.21273/HORTSCI14515-19. 

4. Ali A, Ijaz H, Humaira G, Shah M, Ayub K, Fazli W and Junaid 

K. (2015). Effect of different doses of foliar fertilizer on yield and 
physiochemical characteristics of tomato (Lycopersicon 

esculentum Mill) cultivars under the agro climatic condition of 

Peshawar. I.J.B, 7(1): 58- 
65.http://dx.doi.org/10.12692/ijb/7.1.58-65. 

5. Ali S, Hafiz UJ, Rana N, Irfan AS, Muhmmad SN, Muhmmad ZS, 
Dawood AS, Muhammad AN. (2013). Foliar application of some 

macro and micro nutrients improves tomato growth, flowering 
and yield. I.J.B. 3(10): 280-287. 

http://dx.doi.org/10.12692/ijb/3.10.28087. 

6. Ali, A. I. Hussain, A.Khan, J. Khan, M. U. Rehman and A. Riaz. 
(2016). Evaluation of various tomato (Lycopersicon esculentum 

mill.) cultivars for quality, yield and yield components under agro 
climatic condition of peshawar. ARPN Journal of Agricultural and 

Biological Science, 11(2):59-62. 

7. Atherton, J.G. and Rudich, J. (1986) The Tomato Crop. Chapman 

and Hall Ltd,New York. 

8. Bates, L., R.P. Waldren and I.D. Teare (1973). Rapid 
determination of free proline for water-stress studies. Plant and 

Soil, 39: 205-207. 

9. Brown, J., Lilleland, O. (1946). Rapid determination of potassium 

and sodium in plant material and soil extracts by flame 

photometric. Proc. Amer. Soc. Hort. Sci., 48: 341- 346. 

10. Carey, E.E., L. Jett, W.J. Lamont, T.T. Nennich, M.D. Orzolek, 
and K. A. Williams. (2009). Horticultural crop production in high 

tunnels in the United States: A snapshot. Hort. Technol. 19(1):37– 

43. doi: 10.21273/HORTSCI.19.1.37. 
11. Couee, I., C. Sulmon, G. Gouesbet and A. El-Amrani (2006). 

Involvement of soluble sugars in reactive oxygen species balance 

and responses to oxidative stress in plants. J. Exp. Bot., 57:449– 
459. 

12. Davis JM, Sanders DC, NelsonPV, Lengnick L, Sperry WJ. 

(2003). Boron improves growth, yield, quality and nutrients 

contents of tomato. J. Ami. Soc. Horti. Sci., 128(3): 441-446. 

13. Demchak, K. and E.J. Hanson. (2013). Small fruit production in 
high tunnels in the U.S. Proc. IS High Tunnel Hort. Crop Prod. 

Acta Hort. 987:41–44. 

14. Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Rebers and F. Smith 

(1956). Colorimetric method for determination of sugars and 
related substances. Analytical chemistry, 23(3): 350-356. 

15. El-Shraiy, Amal M. and Amira M. Hegazi (2010). Influence of JA 
and CPPU on Growth, Yield and á- Amylase Activity in Potato 

Plant (Solanum tuberosum L.). Australian Journal of Basic and 

Applied Sciences, 4(2): 160-170. 

16. Fernandez-Munoz, R., Gonzalez-Fernandez, J.J. and Cuartero, J. 

(1995) Variability of pollen tolerance to low temperatures in 
tomato and related wild species. J. Am. Soc. Hortic. Sci., 70 (1), 

41-49. 

17. Goud P.B, Kachole MS. (2011). Effect of exogenous hydrogen 
peroxide on peroxidase and polyphenol oxidase activities in 

Cajanuscajan (L.) Millsp.detached leaves. Inter. J. of Current Res. 

3: 61-65. 

18. Guy, C.L. (1990) Cold acclimation and freezing stress tolerance: 
role of protein metabolism. Annu Rev. Plant Biol., 41 (1), 187- 

223. 

19. Heidenreich, C., M. Pritts, M.J. Kelly, and K. Demchak. (2007). 

High tunnel raspberries and blackberries. Cornell University 
Dept. Hort. Pub. No. 47. 

20. Herbert, D., Phipps, P.J., Strange, R.E. (1971).Determination of 

total carbohydrates, Methods in Microbiology, 5 (8): 290-344. 

21. Hussain, H.A., S. Hussain, A. Khaliq, U. Ashraf, S.A. Anjum, 

S.N. Men and L. Wang (2018). Chilling and drought stresses in 
crop plants: Implications, cross talk, and potential management 
opportunities. Front. Plant Sci., 10 (9): 393. 

22. Ilic, Z.; Milenkovic, L.; Durovka, M. and Kapoutas, N. (2011). 

The effect of color shade nets on the greenhouse climate and 
pepper yield. Proceedings 46th Croatian and 6th International 

Symposium on Agriculture (pp. 529-532). Opatija, Croatia. 

23. Iqbal M, MNiamatullah, I Yousaf, M Munir, MZ Khan. (2011). 

http://dx.doi.org/10.12692/ijb/7.1.58-65
http://dx.doi.org/10.12692/ijb/3.10.28087


Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 3 ¦ 2022 1840  

Effect of nitrogen and potassium on growth, economical yield and 
yield components of tomato. Sarhad J. Agric. 27(4): 545-548. 

24. Jackson, M.L. (1973). Soil Chemical Analysis. Printice-Hall of 
India. Privat Limited, New Delhi. 

25. Jenni, S., I. Gamache, J.C. Côté, and K.A. Stewart. (2006). Plastic 
mulches and low tunnels to reduce bolting and increase 

marketable yield of early celery. J. Veg. Sci. 12(2):57–73. doi: 

10.1300/J484v12n02_06. 

26. John, M.K. (1970). Colorimetric determination of phosphorus in 

soil and plant material with ascorbic acid. Soil Sci., 109: 214-220. 

27. Kadir, S., E. Carey, and S. Ennahli. (2006a). Influence of high 
tunnel and field conditions on strawberry growth and 

development. HortScience 41(2):329–335. 

28. Kadir, S., G. Sidhu, and K. Al-Khatib. (2006b). Strawberry 
(Fragaria x ananassa Duch.) growth and productivity as affected 

by temperature. HortScience 41(6): 1423–1430. 

29. Karlsson, M.G. and J.W. Werner. (2011). High tunnel covering 
materials for northern field production. Proc. IS High Tech. 

Greenhouse Syst. Acta Hort. 893:1333–1340. 

30. Lamont, W.J., M.D. Orzolek, E.J. Holcomb, K. Demchak, E. 
Burkhart, L. White, and B. Dye. (2003). Production system for 

horticultural crops grown in the Penn State high tunnel. 
HortTechnology 13:358–362. 

31. Lewers, K.S., D.H. Fleisher, and C.S.T. Daughtry. (2017). Low 
tunnels as a strawberry breeding tool and season-extending 

production system. Int. J. Fruit Sci. 17(3):233–258. doi: 
10.1080/15538362.2017.1305941. 

32. Lloyd, A. E., Hamacek, A. P., George, R. J., & Waite, G. (2005). 

Evaluation of exclusion netting for insect pest control and fruit 

quality enhancement in tree crops. Acta Hort, 694, 253-258. 

33. Lozano, R., Angosto, T., Gómez, P., Payán, C., Capel, J., Huijser, 

P. and Martınez-Zapater, J.M. (1998) Tomato flower 
abnormalities induced by low temperatures are associated with 

changes of expression of MADS-box genes. Plant Physiol., 117 

(1), 91-100. 

34. Mesa, T.; J. Polo; A. Arabia; V. Caselles and S. Munn. (2022). 
Differential physiological response to heat and cold stress of 

tomato plants and its implication on fruit quality. Journal of Plant 

Physiology, 268:1-10. 
35. Mutisya, S.; Saidi, M.; Opiyo, A.; Ngouajio, M. and Martin, T. 

(2016). Synergistic effects of agronet covers and companion 

cropping on reducing whitefly infestation and improving yield of 
open field-grown tomatoes. Agronomy, 6(42): 1-14. 

36. Nangare, D. D.; Singh, J.; Meena, V. S.; Bhushan, B. and 
Bhatnagar, P. R. (2015). Effect of green shade nets on yield and 

quality of tomato (Lycopersicon esculentum Mill) in semi-arid 

region of Punjab. Asian Journal of Advances in Basic and Applied 
Science, 1(1): 1-8. 

37. Naz F, Haq IU, Asghar S, Shah AS, Rahman A. (2011). Studies 
on growth, yield and nutritional composition of different tomato 

cultivars in Battal Valley of District Mansehra, Khyber 

Pakhtunkhwa, Pakistan. Sarhad Journal of Agriculture. 27(4): 
569-571. 

38. Ngelenzi, M. J.; Mwanarusi1, S. and Otieno, O. J. (2017). Effect 
of coloured agro-net covers on insect pest control and yield of 

tomato (Solanum lycopersicon Mill). Journal of Agricultural 

Science, 9(12): 283-293. 

39.  Ngelenzi, M. J.; Otieno, O. J. and Mwanarusi, S. (2019). 

Improving water use efficiency and insect pest exclusion on 
French bean (Phaseolus vulgaris L.) using different coloured 

agronet covers. Journal of Agricultural Science, 11(3): 159-171. 

40. Nievola, C., Carvalho, C., Carvalho, V., and Rodrigues, E. (2017). 

Rapid responses of plants to temperature changes. Temperature 4, 
371–405. doi: 10.1080/23328940.2017.1377812 

41. Petran, A., E. Hoover, L. Hayes, and S. Poppe. 2017. Yield and 

quality characteristics of day-neutral strawberry in the united 
states upper midwest using organic practices. Biol. Agr. Hort 

33(2):73–88. doi: 10.1080/01448765.2016.1188152. 

42. Pregl, E. (1945). Quantitative Organic Micro Analysis. 4th Ed. J. 
1945, Chundril, London. 

43. Rab A, Ihsanulhaq. (2012). Foliar application of calcium chloride 

and borax influences plant growth, yield, and quality of tomato 

(Lycopersicon esculentum L.) fruit. Turk J. Agric., 36, 695- 
701.http://dx.doi:10.3906/tar-1112-7. 

44. Rowley, D., B.L. Black, and D. Drost. (2011). Late-season 
strawberry production using day-neutral cultivars in high- 

elevation high tunnels. HortScience 46(11):1480–1485. 

45. Rowley, D., B.L. Black, D. Drost, and D. Feuz. (2010). Early- 
season extension using June-bearing ‘Chandler’ strawberry in 

high-elevation high tunnels. HortScience 45(10):1464–1469. 

46. Rowley, D., B.L. Black, D. Drost, and D. Feuz. (2011). Late- 
season strawberry production using day-neutral cultivars in high- 

elevation high tunnels. HortScience 46(11):1480–1485. doi: 

10.21273/HORTSCI.46.11.1480. 

47. Ruelland, E., M.N. Vaultier, A. Zachowski, V. Hurry, J.C. Kader 

and M. Delseny (2009). Cold signalling and cold acclimation in 

plants. Adv. Bot. Res., 49:35–150. 

48. Sadek, I.I. and M.A. Youssef. (2019). Influence of Colored Net 

Covering for Low Tunnels on Microclimate, Soil Properties, 
Growth, Yield and Quality of Common Bean Plants (Phaseolus 

vulgaris L.). Scientific Journal of Recent Agricultural Science, 

2(1):1-28 (2019). 

49. Setiawati, W.; Hasyim, A.; Hudayya, A. and Shepard, B. M. 
(2014). Evaluation of shade nets and nuclear polyhedrosis virus 

(SENPV) to control Spodoptera exigua (Lepidoptera: Noctuidae) 

on Shallot in Indonesia. AAB Bioflux, 6(1): 88-97. 

50. Sheha, A.M.; El-Mehy, A.A.; Mohamed, A.A.; Saleh, S.A. 
(2022). Different wheat intercropping systems with tomato to 

alleviate chilling stress, increase yield and profitability. Annals 

of Agricultural Sciences 67(1): 136-145.  

51. Shi, D., Wei, X., and Chen, G. (2016). Effects of low temperature 

on photosynthetic characteristics in the super-high-yield hybrid 
rice ’Liangyoupeijiu’ at the seedling stage. Genet. Mol. Res. 15, 

4–18. doi: 10.4238/gmr15049021 

52. Singh, A., A. Syndor, B.C. Deka, R.K. Singh, and R.K. Patel. 

2012. The effect of microclimate inside low tunnels on off-season 
production of strawberry (Fragaria x ananassa duch.). Sci. Hort. 

144:36–41. doi: 10.1016/j.scienta.2012.06.025. 

53. Snedecor, W. and W.G. Cochran (1972). Statistical Method. 6th 
Edition. The Iowa State College Press. Iowa, U.S.A. 

54. Sorial, Mervat E., S.M. El Gamal and A.A. Gendy (2010). 

Response of sweet basil to jasmonic acid application in relation to 

different water supplies. Bio. sci. Res., 7 (1):39–47. 

55. Suliman, A.A.; S.A. Saleh (2022). Effect of chloromequate 

chloride and indole-3-butric acid as chemical growth regulators 
on tomato productivity and its chemical composition. Egypt. J. 

Chem., 65(9): 617-623. DOI: 

https://ejchem.journals.ekb.eg/article_229339.html 

56. Suzuki, N., S. Koussevitzky, R. Mittler and G. Miller (2012). 

ROS and redox signaling in the response of plants to abiotic stress. 

Plant Cell Environ., 35: 259–270. 

57. Tafoya, F. A.; Juárez, M. G. Y.; Orona, C. A. L.; López, R. M.; 

Alcaraz, T. de J. V. and Valdés, T. D. (2018). Sunlight transmitted 

by colored shade nets on photosynthesis and yield of cucumber. 
Ciência Rural, Santa Maria, 48(9): 1-9. 

58. Tanny, J., Shabtai, C., & Meir, T. (2003). Screenhouse 
Microclimate and Ventilation: an Experimental Study, Institute of 

Soil, Water and Environmental Sciences, Agricultural Research 
Organization, UK. p. 129. 

59. Venema, J.H., Linger, P., Van Heusden, A.W., Van Hasselt, P.R. 

and Brüggemann, W. (2005) The inheritance of chilling tolerance 

in tomato (Lycopersicon spp.). Plant Biol., 7 (02), 118-130. 

60. Wein, H.C. 2009. Microenvironmental variations within the high 

tunnel. Hort-Science 44:235–238. 

61. Weiss, J. and Egea-Cortines, M. (2009) Transcriptomic analysis 
of cold response in tomato fruits identifies dehydrin as a marker 

of cold stress. J. Appl.Genet., 50 (4), 311-319. 

62. Wettstein, D. (1957). Chlorophyll – letale und der 

submikroskopische Formwechsel der Plastiden. Exp. Cell Res., 

12: 427–487. 

63. Xiao, C.L., C.K. Chandler, J.F. Price, J.R. Duval, J.C. Mertely, 
and D.E. Legard. (2001). Comparison of epidemics of botrytis 

fruit rot and powdery mildew of strawberry in large plastic tunnel 

and field production systems. Plant Dis. 85(8):901–909. doi: 
10.1094/PDIS.2001.85.8.901. 

64. Yildiztugay, E., C. Ozfidan-Konakci and M. Kucukoduk (2017). 
Improvement of cold stress resistance via free radical scavenging 

ability and promoted water status and photosynthetic capacity of 

https://ejchem.journals.ekb.eg/article_229339.html


1841 Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 3 ¦ 2022  

gallic acid in soybean leaves. Journal of Soil Science and Plant 

Nutrition, 17: 366-384. 

65. Yonggan Zhao, Huancheng Pang, Jing Wang, Long Huo, Yuyi 

Li. (2014). Effects of straw mulch and buried straw on soil 
moisture and salinity in relation to sunflower growth and yield. 

Field Crops Research. 161, 16–25. 

66. Zhao, X., and E.E. Carey. (2009). Summer production of 
lettuce, and microclimate in high tunnel and open field plots in 

Kansas. Hort. Technol. 19(1):113–119.doi: 

10.21273/HORTSCI.19.1.113



Journal of Pharmaceutical Negative Results ¦ Volume 13 ¦ Special Issue 3 ¦ 2022 1842  

 


