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Abstract : Two pot experiments were conducted during 2013/2014 and 2014/2015 seasons at 

the green house of National Research Centre, Egypt to study the role of magnetic treatments (0, 

2 and 4g/L) on growth, productivity, RWC % and fruit quality of Physalis pubescens cv. 

Balady under irrigated with saline water (fresh water, 2000, 4000 and 6000 ppm). Results 

showed that, low salinity level S1 caused marked increases on vegetative growth, yield, and 

RWCpercentage of husk tomato plant. Increasing salinity level in irrigation water above this 

level caused significant reduction on previously mentioned characters means as well as Vit C 

content, which showed progressive decrease in its content with increasing salinity level as 

compared with the control. Reveres trend was observed for total soluble solids (TSS)%, 

acidity%, phenolic compounds and carotenoids content of husk tomato fruit as compared with 

control plants. The analysis of the collected data during the study proved also that, there were 

statistically significant increases in plant growth, crop yield, Vitamin C, acidity, and 

carotenoids contents of husk tomato fruit due to magnetic treatment. Especially under the 

highest magnetic dose which caused insignificant increase in RWCpercentage and marked 

reduction in total soluble solids (TSS) percentage and phenolic compounds contents of husk 

tomato fruit. 

Keywords: Salinity, Magnetic treatment, Physalis pubescens cv. Balady, Growth characters, 

Crop yield, Fruit quality. 
 

Introduction 

Salinity is the most serious water quality problem in agriculture. Water salinity is an environmental 

stress factor that inhibits growth and yield of different crops in many regions of the world. The impact of 

salinity on crops production is becoming increasingly important worldwide problem creating a pressing need 

for improved salt tolerant plants. Inhibitory effect of salinity on seed germination, plant growth, nutrient uptake 

and metabolism was mentioned by a number of scientists all over the world (Tanji
1
; Flowers and Yeo

2
; 

Gaballah and Gomaa
3
and Ali et al.

4
). Crops vary in their resistance to salinity, this induces the necessity to do 

investigations to lest the ability of different plants to tolerate salinity and follow the changes that might take 

place in their physiological activities under saline irrigation.  

The genus Physalis has high economic importance not only as food supplier, but also for its important 

chemical compounds. Two major groups of chemical compounds are responsible for the various medicinal 

properties, the tropane alkaloids (mainly tropine and tigoidine) and the physalins (steroid compounds). 

Tropanes are responsible for an anti-muscarinic activity; they block the activity of neurotransmitter 

acetylcholine by binding to muscarinic receptors of the parasympathetic nervous system. These chemical 
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compounds are important in treatment of gastrointestinal and muscular spasms and Parkinson’s disease (Choi et 

al.
5
). Physalins are under attention because of the anti-tumour and cytotoxic activity (Zaki et al.

6
, and Chiang et 

al.
7
). Physalis has biological activities such as antibacterial, antiseptic, abortifacient, molluscicidal, 

antiprotozoal, anticancer, cytotoxic and immune modulatory activities (Bastos et al.
8
 and Vessal and 

Kooshesh
9
). Physalis pubescens cv. Balady is used for their various medicinal properties, the leaf juice is used 

for worm infection and bowel complaints, and the plant has diuretic properties (Agarwal
10

). 

Improving salinity tolerance of crop plants using magnetite (magnetic iron) is one of the most useful 

factors affecting plant growth; magnetite has a black or brownish-red color, magnetite is a natural row rock that 

has very high iron content, its hardness of about 6 on the Mohs hardness scale. It is one of two natural row 

rocks in the world that is naturally magnetic (Mansour
11

).It has been reviewed that the positive effect of 

magnetic treatment may be attributed to paramagnetic properties of some atoms in plant cells and some 

pigments such as chloroplasts (Aladjadjiyan
12

). Magnetic properties of molecules determine their ability to 

attract and then change the energy of a magnetic field in other types of energy and to transfer this energy to 

other structures in plant cells, thus activating them (Aladjadjiyan
12

). Magnetic field play an important role in 

cation uptake capacity and have a positive effect on immobile plant nutrient uptake, such as Ca and Mg (Esitken 

and Turan
13

).Thus, the present study was conducted to evaluate the response of Physalis pubescens cv. Balady 

to magnetic treatments under salt stress. 

Materials and Methods 

Plant material and growth conditions 

Two pot experiments were established at the greenhouse of the National Research Centre, Dokki, 

Egypt, during the two successive seasons of 2013/2014 and 2014/2015.On the 25
th
 July Physalis pubescens cv. 

Balady seeds were sown in nursery on foam trays and seedlings were transplanted at 1
st
of September. Seedlings 

were sown as five plants/plastic pot of 40 cm diameter filled with 10 kg of sandy soil in both seasons. Plants 

were thinned to one plant/pot. The mechanical and chemical analyses of the soil were determined according to 

the standard method described by Klute
14

and shown in Table (1). All pots received recommended doses of NPK 

fertilizers, 2 g calcium superphosphate (15.5% P2O5) which was added before sowing. 1.5g potassium sulphate 

(48% K2O) which was added immediately after thinning, 2.5 g ammonium nitrate (33.5% N) which was 

divided into three equal portions the first immediately after sowing, the second after thinning and the third after 

two weeks from the second, according to the recommendations of Agriculture Ministry. 

Table (1): Mechanical and chemical analyses of the soil used during the experiment 

Physical properties Chemical properties 

Sand 

Silt 

Clay 

Texture 

FC 

EC 

89.68% 

4.22% 

6.10% 

sandy 

16 

2.3dsm
-1

 

Organic matter (%) 

pH 

Available N (ppm) 

Available P (ppm) 

Available K (ppm) 

0.32 

8.3 

55 

20 

88 

 

Salt and Magnetic Treatments 

Seedlings were subjected to three salinity levels of sea salt + control (“fresh water”, 2000,4000and 

6000 ppm). The irrigation whether with fresh water or saline water must reach the level of 65% of total Water 

Holding Capacity (WHC) of the soil by weighing each pot daily and the needed amount of water was added. 

Treatment with saline water started after two weeks from transplanting. The general principal stated by Boutraa 

and Sanders 
15 

was used for the water treatment application. Moreover, three magnetic treatments were added to 

the soil twice during plant’s life once after transplanting and the other four weeks later which were (0 "control" 

2and 4g/pot). The used magnetite contained 3.72 % SiO2, 14.90% TiO2, 1.23% Al2O3, 76.56% Fe2O3, 0.35% 

MnO, 1.21% MgO, 0.45% CaO, 0.42% Na2O, 0.05% K2O, 0.07% P2O5, 0.09% Cl, 0.05% SO3 and 0.60% 

L.O.I., as reported by The Egyptian Geological Survey and Mining Authority. 
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Experimental design 

This experiment included 12 treatments which were the combination between three salinity levels plus 

control(fresh water, 2000,4000 and 6000 ppm)and three magnetic treatments (0 "control", 2 and 4g/pot), 

treatments were arranged in a randomized complete blocks design with five replicates. The different salinity 

treatments were assigned at random in the main plots. while sub-plots were devoted to the different magnetite 

treatments. 

Data collection and analysis 

 A random plant samples of three plants were taken at age of 120 days to estimate plant height (cm), 

number of branches/plant, number of leaves/plant, root length, leaf area, fresh and dry weights of whole plant. 

The relative water content percent was measured also on fresh leaves according to Barrs and Weatherly 
16

.  

Mature fruits were continuously harvesting when reaching suitable maturity stages and the following 

data were recorded: Plant height, number of fruits/plant, fruit diameter, fruit weight and fruits weight/plant. 

Total soluble solids (TSS %) was determined by hand Refractometer according to A.O.A.C. 
17

.  

Acidity percentage was analyzed by potentiometric titration with 0.1 M NaOH to pH 8.1 using 15 ml of juice. 

Total carotenoids (mg/100 g FW) were determined using spectrophotometer according to A.O.A.C 
17

.   

Vitamin C (mg/100 g FW) was determined by titration with 2,6- dichlorophenolindophenol according to 

A.O.A.C 
17

. 

Total polyphenolic substances (as tannic acid) (mg/100 g FW) calorimetrically at 640 nm were measured 

Total phenol content was determined in juice according to A.O.A.C. 
17

. 

Statistical analyses 

The collected data were subjected to statistical analysis of variance using the normal (F) test and the 

means were compared using Least Significant Difference (LSD) at 5% level according to Snedecor and 

Cochran 
18

. 

Results and Discussions 

Vegetative growth: 

Overall, high salinity level S3 badly affected studied growth characters of Physalis pubescens plant during the 

two growing seasons (Table 2). It was clear also that low salinity levels of S1 markedly increased plant height, 

no of branches/plant, no of leaves/plant, root length, leaf area as well as fresh and dry weights of whole plant 

compared with control ones. Stem and root elongation, leaf expansion, total biomass and dry matter 

accumulation in Physalis pubescens plant were significantly decreased with further increase in salinity level, 

until reached their minimum records under S3 treatment and with significant differences as compared with 

control. It seems that Physalis pubescens plant exhibited a moderate tolerance to salinity, as the plants were able 

to tolerate up to 2000 ppm of irrigation water. The obtained results were matched with those obtained by 

Achilea
19

; Agong et al.
20

 and Zaki et al.
6
.Furthermore, Naidoo et al.

21
recorded that the stimulatory effect of 

moderate salinity on growth of some plants may be due to improve shoot osmotic status as a result of increasing 

ions uptake. Similar results were reported by Ashraf and Sharif
22

.The reduction in plant growth may be 

attributed to the reduction in water content and water potential of plant tissues, which resulted in internal water 

deficit to plants as recorded by (Hishida et al.
23

). In addition, Patel et al.
24

 reported that the reduction in plant 

growth by NaCl might be attributed to the inhibitory effects of toxic ions mainly Na+ and Cl
-
. Furthermore, 

Díaz-López, et al.
25

illustrated that the negative effect of salinity were mainly due to Cl− and/or Na+ toxicity 

and to a nutritional imbalance caused by an increase in the Na+/K+ ratio. The decrease in leaves number as 

salinity increased might be due to tolerance of plant to the toxic effects of Cl− and/or Na+, by their  
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Table 2: Growth parameters and relative water content % of Physalis pubescens as affected by salt stress 

condition and different magnetic doses during the two growing seasons (combined analysis of the two 

seasons). 

Characters 

 

      Treatments 

Plant 

height 

(cm) 

No of 

branches 

/plant 

No of 

leaves/plant 

Root 

length 

(cm) 

Leaf 

area 

Cm
2
 

FW of 

whole 

plant (g) 

DW of 

whole 

plant (g) 

RWC 

% 

Effect of different salinity levels 

S0 

S1 

S2 

S3 

93.33 

96.33 

77.00 

54.33 

10.00 

12.00 

7.67 

5.33 

35.00 

51.33 

25.00 

19.00 

29.67 

30.00 

24.00 

21.67 

32.02 

33.94 

23.98 

23.11 

125.33 

129.67 

85.67 

69.33 

47.33 

54.67 

26.00 

26.33 

77.33 

78.63 

72.07 

67.15 

LSD0.05 3.21 1.46 5.22 2.22 3.51 4.75 2.65 3.12 

Effect of Magnetic treatment 

M0 

M1 

M2 

62.00 

86.50 

92.25 

7.00 

9.00 

10.25 

24.00 

33.50 

40.25 

24.75 

26.75 

27.50 

25.04 

29.10 

30.64 

82.50 

106.75 

118.25 

34.75 

38.75 

42.25 

73.35 

74.03 

74.01 

LSD0.05 4.51 1.04 4.87 1.98 2.87 3.64 3.08 2.13 

Effect of interaction between salinity and magnetic treatments 

S0 M0 

M1 

M2 

65 

105 

110 

8 

10 

12 

20 

40 

45 

29 

30 

30 

28.16 

33.68 

34.21 

99 

133 

144 

39 

48 

55 

79.54 

76.36 

76.11 

S1 M0 

M1 

M2 

72 

106 

111 

10 

12 

14 

45 

50 

59 

28 

30 

32 

29.72 

34.30 

37.79 

100 

138 

151 

47 

57 

60 

79.36 

78.05 

78.47 

S2 M0 

M1 

M2 

60 

80 

91 

6 

8 

9 

15 

25 

35 

22 

25 

25 

21.40 

24.40 

26.13 

79 

84 

94 

22 

27 

29 

68.36 

73.95 

73.91 

S3 M0 

M1 

M2 

51 

55 

57 

4 

6 

6 

16 

19 

22 

20 

22 

23 

20.86 

24.01 

24.45 

52 

72 

84 

31 

23 

25 

66.13 

67.74 

67.56 

LSD0.05 6.24 2.42 7.65 2.94 3.33 6.45 5.64 3.59 

S0= fresh water S1=2000ppm   S2=4000 ppm  S3=6000pm 

M0= zero magnetite M1=2g/L    M2=4g/L. 

accumulation in the older leaves. Then they were avoiding by leaf shedding thereafter (Cuartero and 

FernaÂndez-Muñóz
28

), as was noticed during the study. Salinity also reduced leaf area /plant by accelerating 

leaf death as indicated by the development of leaf tip burning symptoms and leaf loss. This is in accordance 

with Munns 
26

who mentioned that salinity frequently accelerates leaf senescence reflected a decrease of fresh 

and dry mass. Decrease in dry weight seems to be due to reduction in the number of leaves and to a reduction in 

leaf area under salinity condition (Van Ieperen
27

). 

The results of this study revealed also that magnetic treatments positively affected the vegetative 

growth of Physalis pubescens plants. Plants, which were magnetically treated, had significantly higher plant 

height, no of branches/plant, no of leaves/plant, root length, leaf area as well as fresh and dry weights of whole 

plant compared with non-magnetically treated plants as shown in Tables 2. Moreover, all previously mentioned 

characters were progressively and significantly improved with increasing the dose of magnetite, where the 

maximum significant increases in growth parameters observed under the highest magnetite dose (4 g/pot) M2 

treatment as compared to non-magnetically treated plants. Magnetic treatments may affect phyto-hormone 

production causing increase in plant growth and cell activity (Maheshwari
29

). The present results were 

conflicted with those obtained by Sudhakar et al.
30

, Abd El-Al
31

, Esitken and Turan
13

, Taha et al.
32

 and Yusuf 

and Ogunlela
33

. Also to that obtained by De Souza et al.
34

 who recorded that magnetic treatments led to a 

remarkable increase in plant root and stem height as well as fresh and dry weights during the nursery period of 

tomato plant. Magnetic field may play an important role in cation uptake capacity and has a positive effect on 

immobile nutrient uptake by plant, for example with Ca and Mg (Esitken and Turan
13

).Belyavskaya
35

 concluded 

that magnetic treatment significantly induces cell metabolism and mitosis meristematic cells of lentil, pea and 
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flax. Furthermore, the formation of new protein bands in plants treated with magnetite may be responsible for 

the stimulation of all growth, and promoters in treated plants. In this respect, Çelik et al.
36

mentioned that the 

increase in the percentage of plant growth was due to the effect of magnetic field on cell division and protein 

synthesis in paulownia node cultures.  

Our results also revealed that the interaction between different salinity levels and different magnetic 

doses had promoted effect on plant growth and its development, due to the magnetic treatments under different 

salinity levels. Especially, the S1XM2 treatment which revealed the highest significant means in all studied 

growth parameters compared with control treatment, and with significant differences. Oppositely, the lowest 

ones were obtained by the higher salinity level under nonmagnetic treatment (control) in both seasons 

(S3XM0). The stimulatory effect of magnetic treatment on growth parameters under different salinity levels 

reported in this study; may be attributed to the improved in capacity for nutrient and water uptake. Providing 

greater physical support to the developing shoot, better root growth and development in young seedlings might 

lead to better root systems throughout the lifetime of a plant (Taha et al.
32

). Similar findings mentioned by 

Machado et al.
37

and Ibrahim and Kazım
38

and Taha et al.
32 

Relative water content (RWC %): 

The obtained results pointed out in both growing seasons that under low salinity levels of S1 the 

relative water content revealed an increase in its percent as compared with control and with the other saline 

irrigation treatments, followed by progressive decrease in their content with further increase in salinity stress up 

to 6000 ppm and with significant difference. Where the highest values for relative water content percent was 

observed in S1 treatment, and the lowest values obtained under the highest salinity level S3. The present results 

agreed with those obtained by Hajer et al.
39

, Salter et al.
40

, Long et al.
41

, Ekmekçi and Karaman
42

and Khalil et 

al.
43

. The reduction in relative water content because of salinity stress may be due to that increasing salinity in 

irrigation water reduced the absorption of water leading to a drop in water content of tested plants (Ekmekçi and 

Karaman
42

). 

The application of both magnetic doses revealed insignificant increase in RWC% compared with 

control treatments. The highest record for RWC% was 74.03 at M1 treatment compared with the control. 

Followed by M2 treatment where the difference between the two treatments was insignificant. These results 

were confirmed by Maheshwari and Grewal
44

, Al-Khazan et al.
45

and Hozayn and Abdul Qados
46

 who indicated 

that treatment with magnetic water had insignificant effect on the water content as compared with the control. 

Magnetic treatment has been reported to change some of the physical and chemical properties of water, mainly 

hydrogen bonding, polarity, surface tension, conductivity, pH and solubility of salts, these changes in water 

properties may be capable of affecting the RWC%(Amiri and Dadkhah
47

 and Otsuka and Ozeki 
48

). 

Examination of the illustrated results in Table 2 pointed out also that using different magnetic doses 

under salinity stress was proved to be more effective in increasing the RWC% under high salinity levels (S2 and 

S3), especially under M1treatment.While, using different magnetic doses under fresh water and low salinity 

levels (S0 and S1) was not so effective in increasing the RWC% in leaves of husk tomato plant, but may cause 

reduction in RWC% values under these water treatments. The data revealed also that the difference between M1 

and M2 was insignificant. 

Crop yield 

Data in Table 3 showed that there were mostly significant increases in plant height, number of 

fruit/plant, fruit diameter, fruit weight and fruits weight/plant under low salinity level (S1) while further 

increase in salinity level up to 6000 ppm (S3) revealed significant reduction in all yield parameters in both 

growing seasons compared with control plants. Where the highest absolute means in all yield parameters were 

observed under S1 treatment, the percentages of increments reached to 4.060% for plant height, 16.12% for 

number of fruits/plant, 17.39 % for fruit weight, 37.78% for fruits weight/plant and 43.3% for fruit diameter 

compared with control. While, the lowest significant means were obtained under S3 treatment compared with 

control ones. The percentages of reduction under this treatment reached to29.27% for plant height, 54.84% for 

number of fruits/plant, 45.41% for fruit weight, 74.27% for fruits weights/plant and by 21.12%for fruit diameter 

compared with control (Tab. 3). The obtained results were matched with those reported by Maggio et al.
49

, Al-

Harbi et al.
50

, Al-Omran et al.
51

 and Al-Harbi et al 
52

.Such stimulatory effect of low salinity levels on yield and 

its components were mentioned by several authors such as, Babu and Thirumurugan
53

who noted that yield 
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components increased under low salinity level, further increase in salinity decreased yield parameters. Similar 

findings were recorded by Ozoris and Robishy 
54

on wheat and Francois 
55

on canola. 

Table 3: Yield parameters of Physalis pubescens as affected by salt stress condition and different 

magnetic doses during the two growing seasons (combined analysis of the two seasons).  

Characters Plant height 

(cm) 

No of 

fruits/plant 

Fruit diameter 

(mm) 

Fruit 

weight (g) 

Fruits weight 

/plant (g) 

Effect of Effect of different salinity levels 

S0 

S1 

S2 

S3 

115.00 

119.67 

93.67 

81.33 

31.00 

36.00 

24.67 

14.33 

42.41 

44.25 

40.59 

33.45 

2.07 

2.43 

1.70 

1.13 

65.03 

89.60 

43.60 

16.73 

LSD0.05 5.21 3.54 2.31 0.23 5.32 

Effect of Magnetic treatments 

M0 

M1 

M2 

96.50 

104.25 

106.50 

17.75 

29.75 

32.00 

36.93 

40.45 

43.14 

1.58 

1.85 

2.08 

30.40 

59.73 

71.10 

LSD0.05 3.89 4.22 1.88 0.11 4.21 

Effect of interactionbetween salinity and magnetic treatments 

S0 M0 

M1 

M2 

110 

116 

119 

20 

36 

37 

40.24 

42.33 

44.65 

1.90 

2.00 

2.30 

38.0 

72.0 

85.1 

S1 M0 

M1 

M2 

113 

122 

124 

27 

40 

41 

41.21 

44.24 

47.29 

2.00 

2.50 

2.80 

54.0 

100.0 

114.8 

S2 M0 

M1 

M2 

92 

94 

95 

14 

28 

32 

34.74 

41.78 

45.26 

1.40 

1.80 

1.90 

19.6 

50.4 

60.8 

S3 M0 

M1 

M2 

71 

85 

88 

10 

15 

18 

31.52 

33.45 

35.37 

1.00 

1.10 

1.30 

10.0 

16.5 

23.7 

LSD0.05 6.35 6.21 4.31 0.41 5.32 

S0= fresh water S1=2000ppm   S2=4000 ppm  S3=6000pm 

M0= zero magnetite M1=2g/L    M2=4g/L.  

The increase in yield parameters under S1 treatment may be due to the good growth under this salinity 

level. The negative effect of high salinity levels on yield losses may be attributed to fact that plants grown under 

saline environments were directly exposed to osmotic stress resulting from low external water potential induced 

by high salt concentration in the soil (Khalil 
56

). She also revealed that the suppressive effect of high salinity 

was a consequence of several physiological responses including modification of ion balance, water status, 

stomatal behavior, photosynthetic efficiency, carbon allocation and utilization and yield. Salinity also reduces 

xylem development; reduction in xylem development would explain the reduction in fruit weight under saline 

conditions (Cuartero and FernaÂndez-Muñóz
28

). The suppressive effect of salinity on yield was also 

consequence of marked inhibition in photosynthesis (Taha et al.
32

).Salinity mainly affected also leaf elongation 

which decreases the development of photosynthetic surface area. Moreover, Ehret and Ho 
57

also indicated that 

the reduction of fruit yield by salinity was proportional to the reduction of plant vegetative growth. 

As for the effect of magnetic treatments, the data tabulated in Table 3 illustrated that there were 

significant effect of all magnetic treatments on yield parameters of Physalis pubescens plant in both growing 

seasons. Where, M2 treatment exhibited the maximum significant increases in plant height, number of 

fruits/plant, fruit diameter, fruit weight and weight of fruits/plant compared with the other magnetic treatment 

and control one. The percentages of increases reached to 10.36% for plant height, 80.28% for number of 

fruits/plant, 16.82% for fruit diameter and 31.64% for fruit weight. Similar effect had been recorded by De 

Souza et al.
34,58

, Huang and Wang
59

, Eskov and Rodionov
60

, Grewal and Maheshwari
61

and Ahmed et al.
62

. The 

positive effect of magnetic treatment on yield and its components may be due to the bioenergetics structure 
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excitement. Causing cell pumping and enzymatic stimulation, which affect the regulation of crucial ions 

mechanisms such as ATP hydrogen pump, and the possibly configuration of pivotal proteins (De Souza et al.
58

).  

It was also clear from data of interactions that the highest significant records for yield and its 

components appeared under the effect of dual-interaction of the moderate salinity level S1and the highest 

magnetic dose (S1XM2) and with significant differences compared with the other treatments in both growing 

seasons. Several workers recorded similar results such as, Taha et al.
32

and Ahmed et al.
62

. The promoted effect 

of magnetic treatments under salinity stress on yield parameters may be due to that magnetic treatment assisting 

to reduce the Na toxicity at cell level by detoxification of Na, either by restricting the entry of Na at membrane 

level or by reduced absorption of Na by plant roots (Maheshwari
63

). 

Fruit Quality: 

Total soluble solids (TSS) and acidity: 

There were significant differences in the TSS % and acidity values of husk tomato fruit with different 

levels of saline irrigation. Increasing saline concentration in the irrigation water from 2000 to 6000 ppm 

significantly increased the TSS% and acidity of husk tomato fruit, in comparison to irrigation with non-saline 

water in both growing seasons (Table 4). However, the highest significant increment in TSS% and acidity 

values were obtained under S3 treatment and with significant difference compared to control treatment. The 

increased in TSS under salinity stress might be attributed to osmotic adjustment of husk tomato plant to 

maintain its turgidity and to overcome the increasing resistance of water uptake by the roots (Taha et al. 
32

). 

Moreover decreasing water content and turgidity of the plant under saline irrigation increased TSS and acidity 

of the fruit (Saied et al.
64

). Our results also exhibit higher values for TSS and acidity in the juice of fruits from 

salinized plants, this finding means that the quality of the products is better than control. The increase in TSS of 

husk tomato under salinity were in line with that recorded by  Shakhov
65

 who mentioned that salt ions 

especially the cation of sodium increased the hydrophilous properties of plasma colloids that played a very 

important role to protect the bio colloids and plasma from the effect of higher salinity. These observations were 

in agreement with those obtained by Medhat
66

; Fathy et al.
67

, Khalil
56

, and Taha et al.
32

. While, the increase in 

acidity as a result of salinity treatments were reported for other fruits including sweet pepper (Janse,
68

), 

cucumber (Chartzoulakis,
69

), tomato (Adams,
70

;Yungfu and Dashu,
71

 Krauss et al.,
72

 , and Al-Harbi et al.
52

). 

Pots treated with magnetic treatments showed significant decrease in TSS of husk tomato fruit with 

increasing magnetite doses as compared to control, in both growing seasons. Moreover, the minimum 

significant means in TSS were appeared under the highest magnetite dose (M2). While, opposite trend was 

observed for acidity, which showed gradual increase in their values by increasing the magnetite dose. Where the 

highest significant values were obtained under M2 treatment compared with the other magnetic treatments. The 

above statements further suggest that the magnetic treatment probably makes the water more functional within 

plant system and therefore probably influences cell level (Maheshwari and Grewal
44

). 

Regarding the interaction effect between different salinity levels and different  magnetite doses on 

abovementioned parameters of husk tomato fruit, data in Table (4) illustrated that the highest significant values 

of TSS were obtained under the highest salinity level combined with control treatment (without magnetic 

treatments) S3XM0.These effect may be due to that magnetic interacts with ionic current induces changes in 

both ionic concentrations and osmotic pressure on both sides of the membrane (Yaycili and Alikamanoglu
73

). 

Oppositely, the highest significant means of fruit acidity were observed under the highest salinity level under 

the highest magnetic dose (S3XM2) in both seasons. 

Vitamin C 

In current study, our results in Table 4 illustrated that different salinity levels had significant effect on 

Vitamin C content of husk tomato fruit in both growing seasons. Salinity stress led to gradual significant 

reduction in vitamin C content of husk tomato fruit compared to control treatment. The maximum records of 

vitamin C content were observed in control pots (S0 treatment) and with significant difference compared with 

other three treatments in both seasons. While the minimum significant means were obtained under, the highest 

salinity level (S3 treatment).Where the percentage of reduction reached to 18.71% compared with control. 

Similar results were obtained by Smirnoff 
74

, Zhang et al
75

, Zan et al.
76

 and Moghbeli, et al.
77
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It can be obviously noticed also from the data in the same Table that both magnetic doses led to marked 

increases in vitamin C content as compared to control. Where, the maximum significant increment in its content 

appeared with the greatest dose of magnate (M2 treatment).Positive effect of magnetic treatments on vitamin C 

were in agreement with those obtained by Huang and Wang
78

 on bean, Eskov and Rodionov
60

on tomato and 

Grewal and Maheshwari
61

 on chickpea. The increase in vitamin C due to magnetic treatments may be attributed 

to the increase in number of harvested fruits /plant and average fruit weight induced by magnetic treatments 

(Ahmed et al.
62

). 

Regarding the data of interaction between different salinity levels and different magnetic treatments, the 

data on hand showed that S0XM2 revealed the highest significant means of vitamin C compared with the other 

treatments. Followed by S1XM2 treatment where, the difference between the two treatments was insignificant. 

Table 4: fruit quality of Physalis pubescens as affected by salt stress condition and different magnetic 

doses during the two growing seasons (combined analysis of the two seasons).  

Characters  TSS% Acidity % Vit c Phenols Carotenoids 

Effect of Effect of different salinity levels 

S0 

S1 

S2 

S3 

10.00 

11.77 

12.67 

13.83 

1.17 

1.44 

1.66 

1.85 

20.26 

19.51 

17.94 

16.47 

71.50 

73.32 

75.84 

80.01 

69.96 

74.80 

78.67 

85.21 

LSD0.05 0.22 0.08 1.36 2.33 3.01 

Effect of Magnetic treatment 

M0 

M1 

M2 

12.38 

12.00 

11.83 

1.45 

1.51 

1.63 

17.56 

18.85 

19.24 

75.74 

75.18 

74.58 

75.16 

78.32 

78.00 

LSD0.05 0.14 0.10 1.54 1.88 2.87 

Effect of interaction salinity and Magnetic treatments 

S0 M0 

M1 

M2 

10 

10 

10 

1.03 

1.15 

1.32 

19.18 

20.62 

20.98 

71.00 

71.50 

71.99 

69.21 

70.11 

70.56 

S1 M0 

M1 

M2 

12 

12 

11 

1.41 

1.43 

1.48 

18.06 

20.19 

20.29 

74.01 

73.21 

72.74 

74.21 

75.18 

75.00 

S2 M0 

M1 

M2 

13 

12.5 

12.5 

1.56 

1.63 

1.79 

17.00 

18.14 

18.69 

76.69 

75.93 

74.89 

77.08 

79.93 

79.00 

S3 M0 

M1 

M2 

14.5 

13.5 

13.5 

1.80 

1.83 

1.91 

16.00 

16.43 

16.99 

81.26 

80.07 

78.69 

80.15 

88.06 

87.43 

LSD0.05 0.31 0.21 1.01 3.01 3.77 

S0= fresh water S1=2000ppm   S2=4000 ppm  S3=6000pm 

M0= zero magnetite M1=2g/L    M2=4g/L  

Total phenolic content: 

The average total phenolic content found in fruits of husk tomato were presented also in Table 4. The 

statistical analysis showed that increasing salinity levels revealed progressive significant increase in total 

phenolic content of husk tomato fruits compared to control. Where the highest salinity level S3 had a 

significantly higher average total phenolic content compared with the other irrigation treatments and control. 

Similar findings were reported by Hanan et al.
79

, Agastain et al.
80

, Muthukumarasamy et al.
81

 and Yuan et al.
82.

 

Azimian and Roshandel
83

. The increase in the accumulation of phenolic compounds in fruit of husk tomato 

under saline conditions may be supporting the theory that, leaf polyphenols protect the plant against the 

oxidative stress generated by salinity and secondary metabolites play a role in salinity tolerance (Yuan et al.
82

). 

Phenolic compounds act as antioxidants as their extensive conjugated p-electron systems, allow ready donation 

of electrons or hydrogen atoms from their hydroxyl moieties to free radicals. A highly positive relationship 
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between total phenols and antioxidant activity has been recorded in many researches.  Phenolic acids and 

flavonoids are known as typical phenolics that possess antioxidant activity. Increase in polyphenol 

concentration under salinity (Azimian and Roshandel
83

). 

Treated husk tomato plants with different magnetic doses caused insignificant decrease in total phenolic 

content of husk tomato fruits as compared to control plants. Where the lowest insignificant means were detected 

under the highest magnetite dose M2 (4g/pot) as compared to untreated plants. 

In addition, there was an increasing trend of reduction in phenolic content due to magnetic treatment 

under different salinity levels compared to their control; the reduction was more pronounced under the M2 

treatments under different salinity level. Radhakrishnan et al.
84

 reported that pulsed magnetic field treatment of 

soybean seeds can be effective in alleviating the harmful effect of salinity by improving the suitable level of 

primary and secondary metabolites under salt stress conditions. Thomas et al.
85

 reported the activity of total 

amylase, protease and dehydrogenase increased by magneto-priming under both non-saline and saline 

conditions. They further showed that magneto-priming of dry seeds of chickpea can ameliorate the harmful 

effects of salt stress. 

Carotenoids content: 

Data presented in Table 4 showed that irrigation with saline water significantly influenced carotenoids 

content of husk tomato fruit. The given data indicated that there was a gradual increase in the concentration of 

carotenoids content as salt concentration of irrigation water increased up to 6000 ppm as compared to the 

control. The highest concentration for carotenoids content was 85.21 at 6000 ppm (S3) treatment and the 

percentage of increase was 21.79% compared with the control, this result was true for both growing seasons. A 

similar response was recorded also by Petersen et al.
.86

, Khan et al.
87

, and Khosravinejad and Farboondia
88

who 

found an increasing effect of salinity levels up to 4 dSm
-1

 in the root zone of tomato plant on total carotenoid 

and lycopene contents. Petersen et al.
86

 attributed the enhancing contents of total soluble solids and carotenoids 

content in husk tomato fruit with increased salinity to concentration effect originating from reduced fruit water 

content due to the effect of salinity. In addition, Carotenoids were known to act as efficient quenchers of free 

radical caused by ROS (Khosravinejad and Farboondia
88

). 

The obtained results in Table 4 also illustrated that both magnetic treatments caused gradual increase in 

carotenoids concentration of husk tomato fruit as compared to control treatment. The highest concentration of 

carotenoids content was detected under the moderate magnetic treatment M1 as compared with control plants, 

followed by M2 treatment where the difference between the two treatments was insignificant. Furthermore, 

Karimi et al.
89

reported that magnetic field treatment enhances stress tolerance of plant by increasing water 

absorption, increasing WUE, and inducing proline accumulation and carotenoids content in plants leaves. 

For the interaction effect between factors under study on the carotenoids content, results showed  that 

the highest significant values of carotenoids content were obtained under highest salinity level combined with 

the moderate magnetic dose (S3XM1)compared with the other interactions in both seasons, followed with 

S3XM2 treatment where the difference between them was insignificant. On the other hand, the lowest ones 

were recorded when plants were irrigated by the lowest water salinity under nonmagnetic treatment in the two 

seasons S0XM0.  

References 

1. Tanji, KK,1990. Agricultural salinity assessment and management. NY. USA. Irrigation and Drainage 

Division. American Society of Civil Engineers. 

2. Flowers, TJ and Yeo AR, 1995. Breeding for salinity resistance in crop plants: where next. Australian J. 

Plant Physiol., 22: 875-884. 

3. Gaballah, MS and Gomaa AM, 2004. Performance of faba bean grown under salinity stress and 

biofertilzer with yeast. Journal of Applied Sciences, 4 (1): 93-99. 

4. Ali, T B, Khalil SE  and Khalil AM, 2011. Magnetic treatments of Capsicum Annuum L. grown under 

saline Irrigation conditions. Journal of Applied Sciences Research, 7(11): 1558-1568. 



Soha Khalil and Bedour  Abou Leila /International Journal of ChemTech Research, 2016,9(12): 246-258. 255 

 

 
5. Choi, K, Murillo G, Su B, Pezzuto J, Kinghorn A, Mehta R, 2006.Ixocarpalactone  isolated from the 

Maxican tomatillo shows potent anti-proliferative and apoptotic activity in colon cancer cells. FEBS 

Journal, 273: 5714-5723.  

6. Zaki, Y, El- Alfy T, Gohary E, 1987. Study of withanolides, physalins, antitumor and antimicrobial 

activity of Physalis peruviana L. Egyptian Journal of Pharmacological Science, 28: 235-245.  

7. Chiang, C, Jaw S, Chen P, 1992. Inhibitory effects of physalin B and physalin F on various human 

leukemia cells in vitro. Anticancer Research,12: 1155-1162.  

8. Bastos, G, Santos A, Ferreira V, Costa A, Bispo C, Silveira A, Nascimento J, 2005. Antinociceptive 

effect of the aqueous extract obtained from roots of Physalis angulata L. on mice. Journal of 

Ethnopharmacology, 103: 241-245.  

9. Vessal, M and Kooshesh  R, 1996.  Modulation of pituitary and basomedial hypothalamic lysyl-

aminopeptidase activities by β-estradiol and/ or an aqueous extract of Physalis alkekengi fruits. 

Comparative Biochemical Physiology, 115(2): 267-271. 

10. Agarwal, S, 1997. Drug plants of India vol. II. New Delhi; Kalyani Publishers: 1997.  

11. Mansour, ER, 2007. Effect of some culture practices on cauliflower tolerance to salinity under Ras 

Suder conditions. Msr Thesis. Fac. of Agric., Horticulture Dept. Ain Shams Univ. 

12. Aladjadjiyan, A, 2010. Influence of stationary magnetic field on lentil seeds. Int. Agrophysics,24:321-

324. 

13. Esitken, A, and Turan M, 2004. Alternating magnetic field effects on yield and plant nutrient element 

composition of Strawberry (Fragaria ananassa cv. Camarosa). Soil and Plant Sci., 54:135-139. 

14. Klute, A, 1986. "Method of solid Analysis", 2nd Part 1. Physical and Mineralogical Methods. Part 2. 

Chemical and Microbiological methods. Properties. Modifon, Wiscon fin. U.S.A. 

15. Boutraa, A and Sanders FE, 2001. Influence of water stress on grain yield and vegetative growth of two 

cultivars of bean (Phaseolus vulgaris L.). Journal of Agronomy and Crop Science, 186: 229-237. 

16. Barrs, HD and Weatherly PE, 1962. A re-examination of the relative turgidity techniques for estimating 

water deficits in leaves. Aus. J. Biol. Sci.15: 413-428. 

17. A.O.A.C., 2005. Association of Official Agricultural Chemists Official Methods of Analysis. 18
th
 Ed. 

Washington, D.C. USA. 

18. Snedecor, GW and Cochran WG, 1980. "Statistical Methods" 7th ed. Iowa State Univ., Iowa, USA.  

19. Achilea, O, 2002. Alleviation of salinity induced stress in cash crops by Multi K (Potassium Nitrate), 

five cases typifying the underlying pattern. Acta Hort., 573: 43-48. 

20. Agong, SG; Yoshida Y, Yazawa S and Masuda M. 2004. Tomato response to salt stress.Acta. Hort., 

637:93-97. 

21. Naidoo, Y, Jahnke, J and Von Willert, DJ, 1995.Gas exchange responses of the C4 grass Sporobolus 

virginicus (Poaceae) to salinity stress. In Khan, AM and Ungar, I.A. (Eds), Biology of salt tolerant 

plants, Pf. 121-130 Karachi, University of Karachi. 

22. Ashraf, M and Sharif R, 1998. Does salt tolerance vary in a potential oil seed crop Brassica carinata at 

different growth stages. Journal of Agronomy and crop science, 181 ( 2):103-115. 

23. Hishida,S,  Ascencio-Valle F,  Fujiyama H,  Orduño-Cruz A, Endo T, Larrinaga-Mayoral JA, 2013. 

Differential responses of Jatropha Species on growth and physiological parameters to salinity stress at 

seedlings plant stage, Communications in Soil Science and Plant Analysis. Tandfonline.com/doi/pdf, on 

line, August 2013. 

24. Patel, AD, Jadeja HR , Pandey AN, 2010. Effect of soil salinity on growth, water status and nutrient 

accumulation in seedlings of Acacia auriculiformis (Fabaceae). Journal of Plant Nutrition, 33: 914-

932.  

25. Díaz-López, L, GimenoV, Lidón V, Simón I, Martínez V, and García-Sánchez F, 2013. The tolerance 

of Jatropha curcas seedlings to NaCl: An ecophysiological analysis. http://opus.ub.uni-Hohenheim. 

De/volltexte/ on line August, 2013   

26. Munns, R, 2002. Comparative physiology of salt and water stress. Plant Cell Environ., 25: 239-250. 

27. Van Ieperen, W, 1996. Effects of different day and night salinity levels on vegetative growth, yield and 

quality of tomato. J. Horti. Sci., 71: 99-111. 

28. Cuartero, J and FernaÂndez-Muñóz R, 1999. Tomato and salinity, Sci. Hortic., 78: 83–125. 

29. Maheshwari, LB, 2009. Magnetic treatment of irrigation water: evaluation of its effects on vegetable 

crop yield and water productivity. Ph.D Thesis. University of Western Sydney, School of Environ. And 

Agriculture 



Soha Khalil and Bedour  Abou Leila /International Journal of ChemTech Research, 2016,9(12): 246-258. 256 

 

 
30. Sudhakar, PC, Chandel RS and Kalyan S, 2002. Effect of sulphar, iron and silicon on the growth and 

yield of irrigated mustard. Annals of Agricultural Research, 23(3): 483-485. 

31. Abd El-Al, FS, 2003. Different nitrogen sources and magnetic iron addition as affected the productivity 

of eggplant (Solanum melogena L.) plant. J. Agric. Sci. Mansoura Univ., 28(4): 2903-2916. 

32. Taha, BA, Khalil SE and Khalil AM, 2011. Magnetic treatments of Capsicum Annuum L. grown under 

saline irrigation conditions. Journal of Applied Sciences Research, 7(11): 1558-1568. 

33. Yusuf, KO and Ogunlela, AO, 2015. Impact of magnetic treatment of irrigation water on the growth 

and yield of tomato.Not Sci Biol, 7(3):345-348. 

34. De Souza, A, Garcia D, Sueiro L, Licea L and orras E, 2005. Re-sowing magnetic treatment of tomato 

seeds: Effects on growth and yield of plants cultivated late in the season. Sanish J. Agric, Res.,3:113-

122. 

35. Belyavskaya, NA, 2001. Ultrastructure and calcium balance in meristem cells of pea roots exposed to 

extremely low magnetic field. Adv. Space Res., 28 (4): 645-650. 

36. Çelik, Ö. Atak, ÇA and Rzakulieva, A, 2008. Stimulationof rapid regeneration by a magnetic field in 

paulownia node cultures. J. of Central Europ. Agric. 9 (2): 297 – 303. 

37. Machado, NNB, Saturnino SM, Bomfim DC and Custodio CC, 2004. Water stress induced by Mannitol 

and Sodium chloride in Soybean cultivars. Brazilian Archieves of Biology and Technology, 47(4): 521-

529. 

38. Ibrahim, D and  Kazım M, 2008. Effect of salt and osmotic stresses on the germination of pepper seeds 

of different maturation stages. 51(5): 897-902 ISSN 1516-8913 Printed in Brazil. 

39. Hajer, AS, Malibari AA, Al-Zahrani HS , Almaghrabi OA, 2006. Responses of three tomato cultivars to 

sea water salinity 1. Effect of salinity on the seedling growth. Afr. J. Biotechnol., 5: 855-861. 

40. Salter, J, Morris K, Bailey PCE, Boon PI, 2007. Interactive effects of salinity and water depth on the 

growth of Melaleuca ericifolia Sm. (Swamp paperbark) seedlings. Aquat. Bot., 86: 213-222. 

41. Long, XH, Mehta SK, Liu ZP, 2008. Effect of NO-3-N enrichment on seawater stress tolerance of 

Jerusalem artichoke (Helianthus tuberosus). Pedosphere, 19: 113-123. 

42. Ekmekçi, BA and Karaman M, 2012. Exogenous ascorbic acid increases resistance to salt of Silybum 

marianum (L.). African Journal of Biotechnology, 11(42): 9932-9940. 

43. Khalil, AM, Khalil SE and Ali TB, 2012.Effect of water stress, antioxidants and humic acid on 

Capsicum annuum gowth, yield and active ingredient under sandy soil conditions. Egypt . J. of Appl. 

Sci., 27 (1):35-56.   

44. Maheshwari, BL and Grewal HS, 1996. Magnetic treatment of irrigation water: Its effects on vegetable 

crop yield and water productivity. Agricultural Water Management, 96:1229 -1236. 

45. Al-Khazan, M, Abdullatif BM and Al-Assaf N,2011. Effects of magnetically treated water on water 

status, chlorophyll pigments and some elements content of Jojoba (Simmondsiachinensis L.) at different 

growth stages. African Journal of Environmental Science and Technology, 5(9):722-731. 

46. Hozayn, M and Abdul Qados AMS, 2010. Irrigation with magnetized water enhances growth, chemical 

constituent and yield of chickpea (Cicer arietinum L.). Agriculture and Biology Journal of North 

America, 1(4):671-676. 

47. Amiri MC and Dadkhah AA, 2006. On reduction in the surface tension of water due to magnetic 

treatment. Colloids Surf A Physicochem Eng. Aspects., 278:252–255. 

48. Otsuka, I and Ozeki S, 2006. Does magnetic treatment of water change its properties?. J. Phys. Chem., 

110:1509-1512. 

49. Maggio, A, Raimondi G, Martino A and Pascal SD, 2007. Salt stress response in tomato beyond the 

salinity tolerance threshold. Environ. Exp. Bot., 59: 276-282. 

50. Al-Harbi AR, Wahb-Allah MA and Al-Omran AM, 2009. Effects of salinity and irrigation management 

on growth and yield of tomato grown under greenhouse conditions. Acta Hort., 807:201-206. 

51. Al-Omran, AM,  Al-Harbi AR, Wahb-Allah MA, Nadeem M and Eleter A, 2010. Impact of irrigation 

water quality, irrigation systems, irrigation rates and soil amendments on tomato production in sandy 

calcareous soil. Turk. J. Agric. For., 34:59-73. 

52. Al-Harbi, AR, Al-Omran AM, Alenazi1 MM and Wahb-Allah MA, 2015. Salinity and deficit irrigation 

influence tomato growth, yield and water use efficiency at different developmental stages. International 

Journal of Agriculture and Biology, 17: 241-250. 

53. Babu, S and Thirumurugan, T, 2001. Effect of NaCl primary for increased salt tolerance in sesame 

(Sesamum indicum). Journal of Ecobiology, 13 (4): 309-311. 



Soha Khalil and Bedour  Abou Leila /International Journal of ChemTech Research, 2016,9(12): 246-258. 257 

 

 
54. Ozoris, MA and Robishy AE, 1984. Interactive effect of salinity and fertility on growth, yield and 

mineral content of wheat plant. Fac. of Agric. Suez Canal and Desert Institute, Egypt.  

55. Francois, LE, 1994. Growth, seed yield, and oil content of canola grown under saline conditions. 

Agrono. J., 86(2): 233-237. 

56. Khalil, SE, 2006. Physiological study on sesame plants grown under saline water irrigation condition. 

Ph. D. Thesis. Fac. Sci., Cairo University, Egypt. 

57. Ehret, DL and Ho LC,1986. The effects of salinity on dry matter partitioning and fruit growth in 

tomatoes grown in nutrient filmculture, J. Hortic. Sci., 61: 361-367. 

58. De Souza, A, Garci D, Sueiro L, Licea L and Porras E,2006. Pre- sowing magnetic treatment of tomato 

seeds increase the growth and yield of plants. Bioelectromagnetiscs, 2:247-257. 

59. Huang, HH, and Wang, SR,2008. Effect of inverter magnetic fields on early seed germination of mung 

beans. Bioelectromagnetics, 29: 649-6577. 

60. Eskov, EK and Rodionov YA, 2010. Intial growth processes in seeds in magnetic field, strengthened or 

weakened in relation to the geomagnetic field. Biol. Bull.,37;49-55. 

61. Grewal, HS and Maheshwari, 2011. Magnetic treatment of irrigation water and snow pea and chickpea 

seeds enhances early growth and nutrient contents of seedlings. Bioelectromagnetiscs, 32;58-65. 

62. Ahmed, MEM, Elzaawel AA and Bayoumi YA, 2013. Effect of magnetic field on seeds germination, 

growth and yield of sweet peper ( capsicum annum L.).Asian Journal of Science, 5(3)286-294. 

63. Maheshwari, LB, 2009. Magnetic treatment of irrigation water: evaluation of its effects on vegetable 

crop yield and water productivity. Ph.D Thesis. University of Western Sydney, School of Environ. and 

Agriculture. 

64. Saied, AS, Keutgen AJ and Noga G, 2005. The influence of NaCl salinity on growth, yield and fruit 

quality of strawberry cvs. ‘Elsanta’and ‘Korona’. Scientia Horticulturae, 103: 289–303. 

65. Shakhov, AA, 1956. Salt tolerance of plants. Izd. Akad. Of Sciences Nauk, USSR, Moscow,204. 

66. Medhat, MT, 2002. Comparative study on growth, yield and nutritive value for some forage plants 

grown under different levels of salinity. Ph.D. Thesis. Faculty of science, Botany Department, Cairo 

University, Egypt. 

67. Fathy, ESL, Khedr ZMA and Abd El-Rahim AMM, 2005. Salt Tolerance in Tomatos (III): Fruit yield 

and quality. The 6
th 

Arabian Conference For Horticulture, Ismailia, Egypt. 

68. Janse, J, 1989. Effects of humidity, temperature and concentration of the nutrient solution on firmness, 

shelf-life and flavour of sweet pepper fruits (Capsicum annuum L.). Acta Hort., 244, 123–132. 

69. Chartzoulakis, KS, 1992. Effects of NaCl salinity on germination, growth and yield of greenhouse 

cucumber. J. Hort. Sci., 67: 115–119. 

70. Adams, P, 1991. Effect of increasing the salinity of the nutrient solution with major nutrients or sodium 

chloride on yield, quality and composition of tomatoes grown in rockwool. J. Hort. Sci., 66: 201–207. 

71. Yungfu, Y and L Dashu, 2002. Fruit yield, quality and plant growth of tomato as affected by salinity of 

nutrient solutions. J. of the Chiness Society for Hort. Sci., 48: 25- 32.  

72. Krauss, S, Schnitzler WH, Grassmann J and Woitke M, 2006. The influence of different electrical 

conductivity values in a simplified recirculating soilless system on inner and outer fruit quality 

characteristics of tomato. J. of Agric. and Food Chemistry., 54(2): 441-448. 

73. Yaycili, O and Alikamanoglu U, 2005. The effect of magnetic field on Paulownia tissue cultures. Plant 

Cell Tissue Organ Culture, 83: 109-114. 

74. Smirnoff, N, 2000. Ascorbic acid: metabolism and functions of amulti-facetted molecule.Curr.  Opin. 

Plant Biol., 3:229–235. 

75. Zhang, Z, MaoHuizhen B, Zhou LW,  Takeuchi Y and Yoneyama K, 2005. Effect of salinity on 

physiological characteristics, yield and quality of microtubers invitro in potato.Process Biochem., 27( 

4A):481489. 

76. Zan, MJ, Chang HW, Zhao PL, and Wei JG, 2007. Physiological and ecological characters studies on 

Aloe vera under soil salinity and seawater irrigation. Process Biochem., 42: 710-714. 

77. Moghbeli, M,  Fathollahi S, Salari H, Ahmadi G, Saliqehdar F, Safari A, Sadat M, and Grouh H, 2012. 

Effects of salinity stress on growth and yield of Aloe vera L.  Journal of Medicinal Plants Research, 

6(16): 3272-3277. 

78. Huang, HH, and Wang, SR, 2008. Effect of inverter magnetic fields on early seed germination of mung 

beans. Bioelectromagnetics, 29: 649-6577. 

79. Hanen, F, Ksouri R, Megdiche W, Trabelsi N, Boulaaba M and Abdelly C, 2008. Effect of salinity on 

growth, Leaf pnenolic content and antioxidant scavenging activity in Cynara cardunuculus L. In: 



Soha Khalil and Bedour  Abou Leila /International Journal of ChemTech Research, 2016,9(12): 246-258. 258 

 

 
Biosalin agriculture and high salinity tolerance, Abdelli, C, Ozturk, M, Ashraf M, and Grignon,(Eds.). 

Birkhauser Verlag, Switzerland,335-343. 

80. Agastian,P, Kingsley SJ,and Vivekanandan A, 2000. Effect of salinity on photothynthesis and 

biochemical charactersistics in mulberry genotypes. Photosynthetica, 38:287-290. 

81. Muthukumarasamy,M, Gupta SD and Pannerselvam R, 2000. Enhancement of peroxidase, polyphenol 

oxidase and superoxide dismutase activities by triadimefon in NaCl stressd Raphanus sativus L. Biol. 

Plant., 43: 317-320. 

82. Yuan, G and Wang X, Guo R and Wang Q, 2010. Effect of salt stress on phenolic compounds, 

glucosinolates, myrosinase and antioxidant activity in radish sprouts. Food Chem., 121:1014-1019. 

83. Azimian F and Roshandel P,2015. Magnetic field effects on total phenolic content and antioxidant 

activity in Artemisia sieberi under salinity. Ind J Plant Physiol., 20(3):264–270. 

84. Radhakrishnan, R, Leelapriya T and Kumari BD, 2012. Effects of pulsed magnetic field treatment of 

soybean seeds on calli growth,cell damage and biochemical changes under salt stress. Bioelec-

tromagnetics, 33(8) 670–681. 

85. Thomas,S, Anand, A, Chinnusamy, V, Dahuja, A and Basu S, 2013. Magnetopriming circumvents the 

effect of salinity stress on germination in chickpea seeds.Acta Physiologiae Plantarum, 35(12):3401–

3411. 

86. Petersen, KK, Willumsen J and Kaack K, 1998. Composition and taste of tomatoes as affected by 

increased salinity and different salinity sources. J. Hort. Sci., 73:205-215. 

87. Khan, MA, Ahmed MZ and Hameed A, 2006. Effect of sea salt and L-ascorbic acid on the seed 

germination of halophytes. J. Aird Environ., 67: 535-540.  

88. Khosravinejad, HFR and Farboondia T, 2008. Effect of salinity on photosynthetic pigments, respiration 

and water content in barley varieties. Pak. J. Biol. Sci., 11: 2438-2442. 

89. Karimi, S, Hojati S, Eshghi S, Nazary Moghaddam R, Jandoust S, 2012. Magnetic exposure improves 

tolerance of fig ‘Sabz’ explants to drought stress induced in vitro. Sci. Hort., 137:95-99. 

 

***** 


