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ABSTRACT 
 

There is an urgent need to use alternative water sources for irrigation in order to conserve fresh water. 
Using seawater in crop irrigation is one of the alternatives but it may increase soil salinity and expose plants to 
root rot disease. Two pot experiments were carried out in the orchard of the Horticulture Research Institute, 
ARC during 2010 and 2011seasons to study the effect of Spirulina platensis and fungicide (Rizolex T50) on 
controlling peach seedlings root rot caused by Rhizoctonia solani and Macrophomina phaseolina under the 
irrigation with three dilutions (0, 25 and 50%) of artificial sea water medium (ASWM). The influences of the 
treatments and their interactions were studied in terms of the incidence of peach seedlings root rot, some soil 
enzyme activities and plant vegetative growth and leaves content of chlorophyll, carbohydrates, nitrogen, 
phosphorus, potassium, sodium and calcium. Results revealed that applying Spirulina platensis suspension 
protected peach seedlings from the root rot disease even under irrigation with sea water and this was comparable 
to applying the fungicide in both seasons. The highest concentration of artificial seawater (50%) inhibited soil 
enzyme activities (dehydrogenase and nitrogenase) and the highest values for both enzymes were recorded in 
the presence of S. platensis whether alone or with Rhizoctonia solani under irrigation with zero and 25% 
ASWM. S. platensis caused the highest records of shoot length, shoot diameter, lateral shoots number, leaves 
number, leaf dry weight and leaves contents of chlorophyll and carbohydrates of peach seedlings under the 
irrigation with 25% ASWM and the two fungus of root rot disease. Irrigation with saline water, especially 50% 
ASWM, had negative effects on the vegetative growth parameters positive effects on shoot length and leaf 
contents of K, Ca and Na. Generally, S. platensis whether alone or combined with the two pathogenic fungus 
Rhizoctonia solani and Macrophomina phaseolin could ameliorate the harmful effect of salinity on peach 
seedlings under the irrigation with 25% ASWM. 
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Introduction 
 

 Water shortage and poor water quality are critical issues in many areas of the world. Nearly every 
country in the world has suffered from regular short-term in water supply, while more than 80 countries now 
suffer from serious water shortage (Jin et al., 2007). Due to the rapid increase in population, industry 
development and expansion of agriculture, water supply continues to be a critical issue in Egypt. There is an 
urgent to use alternative water sources for irrigation of urban landscapes in order to conserve fresh water. 
However, the elevated seawater salinity may cause foliage damage of sensitive plant species and thus affect the 
aesthetic appearance ((Valdez-Aguilar et al., 2011, El-Shanhorey et al., 2014 & 2015). The presence of salinity 
adds a new level of complexity to the mineral nutrition of crops. Moreover, Egypt is one of the countries facing 
great challenges due to its limited water resources represented mainly by its fixed share of Nile water and its 
aridity as general characteristics (Egyptian National Committee on Irrigation and Drainage, ENCID; 1999). 
Salinity and drought are considered to be the major predisposing factors of plant to disease. Salinity has been 
found to affect pathogens, host or microbial activity in soil (Triky-Dotano et al. 2005).  

In several studies, salt stress was found to increase susceptibility of crops against root pathogens (Swiecki 
and MacDonald, 1991). Root colonization of Macrophomina phaseolina was found to increase the high salinity 
level (Goudarzi et al., 2011).Waller (1986) found that defense mechanism of plant is impaired as salt stress 
predisposes the plant to M. phaseolina. Salt stress is one of the important factors for increased incidence of M. 
phaseolina rot in melon (Nischwitz et al., 2002) and Sunflower (El Mahjoub et al., 1979) and make crop more 
susceptible against pathogenic invasion. Disease development of M. phaseolina has been studied at 1400mg/kg 



Middle East J. Appl. Sci., 5(4): 1098-1114, 2015 
ISSN 2077-4613 

 

1099 

(24 mM NaCl) to 2800mg/kg (48mM) NaCl (Goudarzi et al., 2011) and at 40mM NaCl (You et al., 2011) while 
F .oxysporum has been studied at 3.2 dS m-1 (35mM NaCl) to 4.6 dS m-1 (50mM NaCl) NaCl (Triky-Dotano et 
al., 2005). NaCl affects plant cell growth and survival and increases the susceptibility of plant to pathogen’s 
invasion (Munns and Tester, 2008). Some of the soil-borne pathogenic fungi are considered to be difficult to 
control by traditional methods such as using resistant cultivars and fungicides (Weller et al., 2002). Root rot 
diseases caused by Rhizoctonia solani and Macrophomina phaseolina because these pathogens can survive for 
many years as sclerotia in soil or as mycelium in organic matter under many environmental conditions and have 
extremely wide range of hosts (Grosh et al., 2006). Use of fungicides on the other hand, in addition of being 
expensive and involved environmental pollution, is not totally effective and may lead to appearance of new 
fungicide resistant strains of pathogens. The micro blue green alga Spirulina platensis represents an alternative 
source of proteins because of its high contents of amino acids (up to 70% by dry weight) (Cohen,1997), 
vitamins (Becker,1981), polyunsaturated fatty acids (Mahajan and Kamat, 1995), pigments, and antioxidants 
(Pulz and Scheibenbogen, 1998). In addition, its ability to grow on alkaline and high-salt media, containing 
mineral sources of carbon (bicarbonate and carbonate), phosphorus, and nitrogen (usually nitrate), reduces the 
risks of contamination by other microorganisms (Walach et al.,1987). Spirulina platensis had antifungal activity 
towards pathogenic fungi (Hussien et al., 2009; Shaltout et al., 2013), it excretes variable quantities of products 
from its metabolism such as organic acids, vitamins, fatty acids and phytohormones like gibberellins, auxin, 
cytokinin, ethylene and abscisic acid (Aly et al., 2008) in additional to antioxidant compounds (Shanab et al., 
2012) which lead to mitigate the effect of sea water salinity stress on wheat plant metabolic pathway(Abd El 
Baky et al., 2014).  

Peach (Prunus presica L.) fruit is one of the favorite fruits of temperate zone and considered as one of the 
most important deciduous fruit trees growing rapid in the world. The area of peach orchards were increased and 
attained about 59374 feddans with a production of about 281119 tons (statistics of 2013, Ministry of 
Agriculture, Egypt). Root rot of peach is one of the important diseases that usually result in losses in its yield. 
Peach root rot disease is mainly caused by Rhizoctonia solani, Fusarium sp. and Macrophomina phaseolina. 
The pathogens invade the roots of peach and affect the water transport system badly (Olsen, 1999).  

The aim of the present study is to evaluate the fertilization value of Spirulina platensis as plant 
biostimulator and as biofungicide for controlling peach root rot disease under the irrigation with sea water.  
 

Materials and Methods 
 
Alga strain source and growth conditions: 
 Cyanobacterial strain Spirulina platensis was obtained from the Microbiology Department; Soils, Water 
and Environment Research Institute (SWERI), Agricultural Research, Center (ARC). The alga was grown on 
Zarrouk medium (Zarrouk, 1966) and was incubated in growth chamber under continuous illumination (2000 
lux) at 35˚C± 2˚C for 30 days.  
 
Seawater cultivation medium: 
 Artificial sea water medium (ASWM) was prepared as described by Becker (1994) and consist of the 
following: (g l-1) NaCl, 27.0; Mg SO4 .7H2O, 6.6; Mg Cl2 .6H2O, 5.6; CaCl2 .2H2O, 1.5 and KNO3, 1.0. Trace 
elements (mg l-1) KH2PO4, 70.0; Na HCO3, 40.0; Tris CHI (1 µ mol, pH 7.6), 20.0 ml l-1; Fe + EDTA (10%) 
solution, 1.0 ml l-1 and Microelements, 1.0 ml l-1. Composition of microelements stock: (mg l-1) ZnCl2, 4.0; 
H3BO3, 6.0 and MnCl2. 4H2O, 40.0. The medium was diluted with tap water to give several dilutions of 0, 25 
and 50%. 
 
Pathogenic fungal strains: 
 Pathogenic fungal isolates of Macrophomina phaseolina and Rhizoctonia solani were kindly obtained 
from Mycology Research& Plant Disease Survey Dept, Plant Pathology Research Institute, Agricultural 
Research Center (ARC). These isolates proved to be aggressive in previous study (Shaltout et al., 2013).  
 
Pot experiments:  
 Pot experiments were carried out in the orchard of the Horticulture Research Institute, ARC in two seasons 
2010 and 2011 to study the effect of Spirulina platensis culture suspension and fungicide Rizolex T50 on 
controlling peach (Prunus persica L.) seedlings c.v. Florida prince/Nemaguard root rots disease caused by M. 
phaseolina and R. solani under the irrigation with ASWM. The pathogenic fungi were grown on sand-corn 
medium (1:1 w: w and 40 % water) for 15 days at 25± 2o C.  Pots (30-cm-diameter) containing sterilized mixture 
of sand: clay and peat moss (1: 1: 1) were artificially infested with prepared fungal inoculum at the rate 3% of soil 
weight. The inoculum was mixed thoroughly with the upper layer of the soil then irrigated every other day and 
left for 7 days to ensure distribution of the inoculum. The fungicide Rizolex T50 was applied at the rate 3g/L 
water. Three replicates were used for each treatment (each replicate consisted of 3 pots containing one seedling 
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for each) and nine ones were left without infestation to serve as control. Spirulina platensis culture suspension 
was inoculated at the rate of 30ml/pot. The irrigation with artificial sea water (200 ml/pot) was added two times 
a week using three dilutions (0, 25 and 50%). Every three ASWM irrigations, the plants were received one fresh 
water irrigation to prevent the excessive accumulation of salt in the root zone. Plants were weekly fertilized with 
Kristalon (17:17:17) at the rate of g/bag. The experiment extended for 6 months. Pots were arranged in the greenhouse 
in a completely randomized design with three replicates.  
 
Disease incidence, soil enzyme activities and plant analyses:  
 Disease incidence was recorded as percentage of root rot after 90 days from sowing. Soil samples of the root 
zone were tested for dehydrogenase (Casida et al., 1964) and nitrogenase (Hardy et al., 1973) enzymes activity 
at the end of the experiment. Shoot height, shoot diameter, number of lateral shoots, number of leaves and dry 
weight of leaves were determined at the end of each season. Leaf area and leaf chlorophyll content were estimated on 
Aug. 20th  in 15 fully – expanded leaves per treatment. Leaves were sampled from the middle of shoots.  Leaf area 
was recorded using a C1203 Area Meter (CID, Inc., USA).  While, chlorophyll concentration was determined as the 
optical density 502 using portable SPAD chlorophyll meter (Minolta Camera Corporation, Ramsey, N.J., USA). 
Chemical analysis was made on leaf samples to determine mineral content. Samples were taken from an intermediate 
position on scion shoots in August. Leaves were first washed several times with tap water followed by distilled water 
then dried at 70 ◦C to a constant weight and finely ground. Samples, 0.5 g each, were digested using H2SO4-H2O2 as 
described by Cottenie (1980). Then, extracts were prepared for chemical analysis as described by Jackson (1973). N% 
was determined according to the modified kieldahl method as described by A.O.A.C (1975).  P % content according 
to Trough and Meyer (1939), K% and Na% content according to Brown and Lilleland (1946), Ca% according to 
Jackson (1973) and total carbohydrates were determined according to Miller (1959). 
 
Statistical analysis: 
 The obtained data were subjected to analysis of variance (ANOVA) with split plot design according to 
Snedecor and Cochran (1982).The test of L.S.D. was used to compare the treatments at 5% level.  
 

Results 
 
Incidence of peach seedlings root rot: 
 Data in Table (1) illustrated the effect of Spirulina platensis comparing with the fungicide (Rizolex T50) 
on the incidence of peach seedlings root rot caused by M. phaseolina and R. solani under different 
concentrations of ASWM irrigation. Data in Table (1) clearly indicated that disease incidence was significantly 
affected by irrigation with artificial sea water (ASW) especially in high concentration (50%) compared to 
control treatment (the pathogens alone) and that was shown in both seasons. S. platensis inoculation protected 
peach seedlings from the root rot disease even under irrigation with sea water and that was close to the results 
given by applying the fungucide. Data revealed that peach seedlings were affected by R. solani more than M. 
phaseolina especially in high sea water concentration in both seasons. The interaction between treatments and 
salinity levels showed that the highest value of disease incidence was shown in case of infection with R. solani 
under 50% ASW (88.8 %). 
 
Enzyme activities of rhizosphere soils: 
 S. platensis inoculation significantly enhanced nitrogenase activity and ameliorated peach seedling salinity 
tolerance during the two seasons (Table, 2). The highest mean values of N-ase activity were achieved by S. 
platensis individual inoculation (1787.69 and 1797.14 µmole C2H2.day-1.g-1 dry soil, respectively) followed by  
its combination with R. solani (581.23 and 545.47 µmole C2H2.day-1.g-1 dry soil, respectively) in both seasons. 
Increasing salinity concentration resulted in a significant reduction of N-ase activity. In abcense of ASWM N-
ase activity reached the highest values of 3482.00 and 3481.60 µmole C2H2.day-1.g-1 dry soil by S. platensis 
alone followed by its combination with R. solani (1295.69 and 1210.19 µmole C2H2.day-1.g-1 dry soil, 
respectively) in both seasons. 
 Data presented in Table (2) showed that dehydrogenase activity (DHA) is widely varied among the studied 
treatments.  Higher records of DHA were observed in treatments inoculated with S. platensis than other 
treatments and control. 
 The lowers records of DHA were observed in plants infected with the two pathogenic fungi alone followed 
by the control. While, the highest records were observed with  S. platensis inoculation either alone as shown in 
the second season (30.43 μg TPFg-1 dry soil  Day-1) or in presence of Rhizoctonia solani during the two seasons. 
Regarding the effect of salinity on DHA, data revealed that DHA significantly influenced by salinity and 
decreased by increasing salinity concentration during the two seasons. The highest records of DHA in the first 
season were achieved by R. solani + S. platensis with 0% and 25% ASWM (38.44 and 37.03 μg TPFg-1 dry soil 
Day-1, respectively). While, in the second season M. phaseolina + Rizolex T50  with  25%  ASWM recorded the  
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Table 1: Effect of Spirulina platensis inoculation on controlling root rot disease of peach seedlings under different concentrations of sea 
water irrigation. 

Treatments 
(A) 

(B) 
Salinity (%) 

Root rot disease incidence % 
Season 1 Season 2 

Rhizoctonia solani 
0 55.50 55.50 
25 66.60 66.60 
50 88.80 77.70 

Ave. (A) 70.30 66.60 

R. solani + S. platensis 
0 22.20 33.30 
25 44.40 33.30 
50 55.50 55.50 

Ave. (A) 40.70 40.70 

R. solani +Rizolex T50 
0 11.10 22.20 
25 22.20 33.30 
50 55.50 44.40 

Ave. (A) 29.60 33.30 

Macrophomina phaseolina 
0 44.40 44.40 
25 55.50 44.40 
50 77.70 66.60 

Ave. (A) 59.20 51.80 

M. phaseolina + S. platensis 
0 22.20 11.10 
25 33.30 22.20 
50 44.40 44.40 

Ave. (A) 33.30 25.90 

M. phaseolina + Rizolex T50 
0 22.20 11.10 
25 22.20 22.20 
50 33.30 44.40 

Ave. (A) 25.90 25.90 

Ave. (B) 
0 33.30 33.31 
25 40.71 35.15 
50 55.52 53.66 

L.S.D at 5% 
A 18.03 19.98 
B 12.75 14.13 

AxB 31.22 34.61 

 
Table 2: Effect of Spirulina platensis inoculation on enzymes activity of peach seedlings rhizosphere under root rot fungi and different 
   concentrations of sea water irrigation. 

(B) 
Salinity (%) 

Treatments 
(A) 

Nitrogenase activity 
(µmole C2H2.day-1.g-1 dry soil) 

Dehydrogenase activity (μg TPFg-1 dry soil  
Day-1) 

Season 1 Season 2 Season 1 Season 2 

Control 
0 125.71 109.52 30.61 23.56 
25 45.71 36.64 19.68 15.66 
50 41.46 32.87 11.36 11.91 

Ave. 70.96 59.68 20.55 17.05 

S. platensis 
0 3482.0 3481.60 35.03 37.61 
25 1001.73 1100.61 28.93 28.89 
50 879.73 809.20 16.75 24.78 

Ave. 1787.69 1797.14 26.90 30.43 

Rhizoctonia solani 
0 57.12 65.78 22.22 15.93 
25 92.48 92.48 14.53 12.04 
50 55.96 57.46 13.36 8.35 

Ave. 68.52 71.90 16.71 12.11 

R. solani + 
S. platensis 

0 1295.69 1210.19 38.44 36.71 
25 387.68 360.93 37.03 26.79 
50 60.33 65.28 14.89 24.36 

Ave. 581.23 545.47 30.12 29.28 

R. solani + Rizolex T50 
0 51.01 42.45 31.04 29.38 
25 7.43 5.87 23.76 24.82 
50 2.03 1.86 17.05 13.12 

Ave. 20.16 16.73 23.95 22.44 

M. phaseolina 
0 8.39 11.69 10.43 9.31 
25 2.81 6.98 8.22 18.14 
50 3.37 2.00 9.55 17.64 

Ave. 4.86 6.89 9.40 15.03 

M. phaseolina + S. platensis 
0 222.06 222.06 27.25 30.11 
25 92.48 92.48 28.22 27.45 
50 15.77 35.55 14.52 15.12 

Ave. 110.10 116.69 23.33 24.23 

M. phaseolina + 
Rizolex T50 

0 53.02 78.82 16.43 23.76 
25 47.42 47.25 16.11 42.44 
50 12.21 13.45 6.12 8.74 

Ave. 37.55 46.51 12.89 24.98 

Ave. (B) 
0 661.8 652.8 26.38 25.8 
25 209.7 217.9 22.06 24.53 
50 133.8 127.2 12.95 15.5 

L.S.D at 5% 
A 8.90 8.769 1.528 1.512 
B 1.98 1.972 0.6215 0.646 

AxB 5.59 5.577 1.758 1.828 
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highest DHA value of 42.44 μg TPFg-1 dry soil  Day-1 followed by S. platensis alone (37.61 μg TPFg-1 dry soil  
Day-1) and R. solani + S. platensis (36.71 μg TPFg-1 dry soil  Day-1) with 0% ASWM.  
 
Vegetative growth parameters: 
Lateral shoots number: 
 Data in Table (3) indicated that lateral shoot numbers differed among treatments. All treatments increased 
lateral shoots number compared to control in both seasons. The highest significant lateral shoots number values 
were recorded by Spirulina platensis + M. phaseolina at 0, 25 and 50% ASWM (2.89 and 3.3, respectively) 
while, the lowest values were observed in control during both seasons (1.67 and 1.55, respectively). Concerning 
salinity, 25% ASWM had no effect on lateral shoot numbers (2.12 and 2.89) compared to the control (2.42 and 
2.98) while it significantly decreased with 50% ASWM (1.67 and 1.50) in both seasons respectively. S. 
plalensis + M. phaseolina at 25% ASWM recorded the highest values of lateral shoot numbers in both seasons 
(3.33 and 4.5, respectively) while, peach seedling irrigated with 50% ASWM recorded the lowest values of 
lateral shoot numbers (1.33 and 0.33) in both seasons, respectively. 
 
Table 3: Vegetative growth parameters of peach seedlings as affected by Spirulina platensis, root rot fungi and fungicide under different 

concentrations of sea water irrigation.  
Leaves dry 

weight/plant (g) 
Leaf area 

(cm2) 
Leaf number 

/seedling 
Shoot diameter 

(cm) 
Shoot length (cm) 

Lateral Shoots 
number 

(B) 
Salinity 

(%) 

Treatments 
(A) Season 

2  
Season 

1  
Season 

2  
Season 

1  
Season 

2  
Season 

1  
Season 

2  
Season 

1  
Season 

2  
Season 

1  
Season 

2 
Season 

1  
3.22 3.30 31.72 28.50 24.00 22.00 0.63 0.50 5.33 9.17 2.33 2.00 0 

Control 2.47 2.40 26.66 25.28 12.00 14.00 0.30 0.30 8.33 9.67 2.00 1.67 25 
1.77 1.70 16.55 23.42 7.00 10.00 0.17 0.13 12.07 17.00 0.33 1.33 50 
2.49 2.47 24.98 25.73 14.33 15.33 0.37 0.31 8.58 11.95 1.55 1.67 Ave.(A) 
4.01 4.05 26.89 25.28 29.67 34.33 0.53 0.47 11.00 11.33 3.67 3.67 0 

S. platensis 3.26 3.31 23.90 21.15 29.33 17.33 0.47 0.43 9.33 10.33 2.33 2.66 25 
1.96 1.75 15.17 20.00 11.00 12.33 0.23 0.17 38.00 31.00 1.00 1.67 50 
3.08 3.04 21.99 22.14 23.33 21.33 0.41 0.36 19.44 17.55 2.33 2.67 Ave.(A) 
3.53 3.50 26.20 24.36 30.00 29.67 0.70 0.53 12.50 11.00 2.67 2.67 0 

R. solani 
 

2.86 2.50 24.36 17.47 16.00 16.00 0.57 0.50 8.17 11.84 2.33 2.00 25 
2.36 2.04f 8.73 9.65 10.00 8.00 0.40 0.13 20.33 20.33 1.33 1.67 50 
2.92 2.68 19.76 17.16 18.67 17.89 0.56 0.39 13.67 14.39 2.11 2.11 Ave.(A) 
3.92 3.80 26.66 25.74 34.33 36.00 0.80 0.47 8.83 13.17 3.00 2.33 0 R. solani 

+ 
S. platensis 

3.51 2.98 22.06 25.28 19.67 29.33 0.47 0.33 20.33 24.50 2.33 2.00 25 
2.54 2.78 16.09 19.77 8.00 10.67 0.43 0.27 35.67 47.33 2.00 1.67 50 
3.32 3.19 21.60 23.60 20.67 25.33 0.57 0.36 21.61 28.33 2.44 2.00 Ave.(A) 
3.38 3.35 23.44 20.00 30.00 39.00 1.10 0.63 12.50 38.17 5.01 2.33 0 R. solani 

+ 
Rizolex 

T50 

3.10 2.85 28.17 28.04 12.00 30.00 1.07 0.37 10.67 32.34 5.00 2.00 25 

2.45 2.40 30.34 28.50 6.00 6.00 0.17 0.30 6.67 9.33 0.67 0.67 50 

2.98 2.78 27.32 25.51 16.00 25.00 0.78 0.43 9.95 26.61 3.56 1.67 Ave.(A) 
3.81 3.70 32.64 28.96 39.67 24.67 0.97 0.53 29.67 25.50 2.33 2.00 0 

M. 
phaseolina 

2.61 2.70 25.74 26.20 35.33 23.67 0.43 0.40 12.37 24.99 2.33 2.00 25 
2.41 2.60 23.44 22.90 20.33 9.00 0.47 0.47 10.60 12.33 1.33 1.67 50 
2.94 3.00 27.27 26.02 31.78 19.11 0.62 0.47 17.55 20.94 2.00 1.89 Ave.(A) 
4.02 3.95 22.98 20.22 43.00 42.00 0.70 0.53 11.17 27.50 2.50 2.33 0 M. 

phaseolina 
+ 

S. platensis 

3.70 3.34 25.75 22.06 29.00 29.33 0.40 0.40 11.50 12.67 4.50 3.33 25 

3.06 2.88 28.96 24.36 24.00 26.67 0.20 0.17 12.07 17.83 3.00 3.00 50 

3.59 3.39 25.90 22.21 32.00 32.67 0.43 0.37 11.58 19.33 3.33 2.89 Ave.(A) 
3.98 3.90 28.96 24.36 39.67 25.00 0.17 0.20 10.67 9.67 2.33 2.00 0 M. 

phaseolina 
+ 

Rizolex 
T50 

3.50 3.49 24.82 24.28 18.67 19.33 0.53 0.33 10.67 21.67 2.33 1.28 25 

2.97 2.79 18.39 19.31 12.33 10.67 0.37 0.20 5.17 10.67 2.33 1.67 50  

3.48 3.39 24.06 22.65 23.56 18.33 0.36 0.24 8.84 14.00 2.33 1.65 Ave.(A) 
3.73 3.69 27.44 24.68 33.79 31.58 0.70 0.48 11.98 17.46 2.98 2.42 0 

Ave. (B) 3.13 2.91 25.18 23.72 21.50 22.37 0.53 0.38 11.42 15.62 2.89 2.12 25 
2.44 2.37 19.71 20.99 12.33 11.67 0.31 0.23 18.30 24.33 1.50 1.67 50 
0.62 0.35 2.05 2.72 1.35 1.21 0.02 0.06 0.96 0.69 0.62 0.50 A 

L.S.D 
at 5%  

0.29 0.21 1.37 1.18 0.49 0.45 0.05 0.04 0.57 0.66 0.28 0.37 B 
0.82 0.60 3.88 3.33 1.39 1.26 0.13 0.11 1.60 1.88 0.79 1.05 AxB 

 
Shoot length:  
 Data in Table (3) show that all treatments increased shoot length of peach seedlings compared to control in 
both seasons. The highest significant values were observed with S. plalensis + R. solani at 0.0, 25 and 50% 
ASWM (28.33 cm and 21.61cm) in both seasons. While, the lowest values of shoot length were recorded by the 
control treatment (11.95cm and 8.58cm). The high concentration of 50% ASWM recorded the highest shoot 
length of peach seedlings in both seasons (24.33 and 18.30 cm, respectively). While, peach seedlings irrigated 
with 25% ASWM decreased shoot length compared to control in both seasons. The effect of S. plalensis and 
50%ASWM resulted in the highest records of shoot length either combined with R. solani (47.33cm, first 
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season) or alone (38.00 cm, second season). While, the lowest shoot length records of 9.17 and 5.33cm were 
observed with control at 0.0% ASWM (tap water) in both seasons, respectively.  
 

Shoot diameter: 
 Shoot diameter of peach seedlings was affected significantly by some treatments (Table 3).  Data cleared 
that at the first season, the highest shoot diameter records were recorded by both of Macrophomina phaseolina 
and R. solani+ Rizolex T50 (0.47 and 0.43 cm, respectively). While, R. solani+ Rizolex T50 recorded the 
highest significant shoot diameter value (0.78 cm) followed by Macrophomina phaseolina (0.62 cm) at the 
second season. At the same time, the lowest shoot diameter values were observed with M. phaseolina + Rizolex 
T50 at the two seasons. The harmful effect of the pathogenic fungus on shoot diameter was less when irrigated 
with 0% ASWM (fresh water) in both seasons. The highest shoot diameter values at the first season were found 
with 0% ASWM in response to R. solani + Rizolex T50R, Rhizoctonia solani and M. phaseolina + S. platensis 
(0.63, 0.53 and 0.53 cm, respectively). On the other hand, 0% and 25 % ASWM with R. solani + Rizolex T50 as 
well as 0% ASWM with Macrophomina phaseolina gave the same statistically shoot diameter records of 1.10, 
1.07 and 0.97 cm, respectively at the second season. Regarding the effect of salinity on shoot diameter, it was 
noticed that the high concentration of salinity at 50% ASWM had negatively affected the shoot diameter of 
peach seedlings followed by 25% ASWM compared to control in both seasons. 
 
Leaves number/seedling: 
 Table (3) illustrated that all the applied treatments increased the number of leaves per seedling compared 
to the control during both seasons. M. phaseolina + S. platensis recorded the highest records of 32.67 and 32.0 
in both seasons respectively. Additionally, M. phaseolina alone recorded the same statistically highest number 
of leaves per seedling (31.78) at the second season. M. phaseolina + S. platensis irrigated with 0% ASWM 
(fresh water) gave the highest number of leaves per seedling in both seasons (42.0 and 43.0, respectively). 
While, 50% ASWM with R. solani + Rizolex T50 gave the lowest values of 6.0 and 6.0 in both seasons. 
Increasing seawater salinity concentration led to a decrease in leaves number/seedling in the following order 
50>25>0%ASWM. 
 
Leaf area: 
 Data in Table (4) cleared that some treatments affected significantly on leaf area of peach seedlings in both 
seasons. It was noticed that Macrophomina phaseolina, R. solani + Rizolex T50, R. solani + S. platensis and 
control gave the same statistically highest leaf area of 26.02, 25.51, 23.60 and 25.73 cm2, respectively at the first 
season. While, the highest leaf area values of 27.32, 27.27and 25.90 cm2 were recorded by R. solani + Rizolex 
T50, Macrophomina phaseolina and M. phaseolina + S. platensis, respectively in the second season. The lowest 
values of leaf area 17.16 and 19.76 cm2 were achieved by Rhizoctonia solani in both seasons, respectively.  
 Regarding salinity concentration, data showed that leaf area significantly influenced by salinity and 
decreased by increasing salinity level during the two seasons. Irrigation with 0.0% ASWM (Tap water) resulted 
in the highest records of leaf area in response to M. phaseolina, and control treatments (28.96 and 28.50 cm2, 
respectively) at in first season while, M. phaseolina alone recorded the highest value  of 32.64 cm2 at the second 
season. However, 50% ASWM gave the highest statically record of leaf area in response to R. solani + Rizolex 
T50 of 28.50 cm2 at the first season. While, the lowest values (9.6 and 8.7 cm2, respectively) were observed in 
seedlings infected with R. solani at 50% ASWM in both seasons.  
 
Leaves dry weight: 
 Table (3) illustrated that all treatments had positive effects on leaves dry weight compared to control. The 
highest significant values were recorded by M. phaseolina with S. platensis and Rizolex T50 treatments in both 
seasons. While, in both seasons the lowest values were recorded by control treatments. Leaves dry weights 
significantly influenced by salinity and decreased by increasing salinity concentration during the two seasons. 
The highest values were observed with S. platensis at 0.0% ASWM either alone (4.05 or 4.01 g) at the two 
seasons or combined with M. phaseolina (4.02 g) at the second season. Same statistically highest leaves dry 
weight of 3.98 g was achieved by M. phaseolina + Rizolex T50 at the second season.  50% ASWM gave the 
lowest recedes for control at in both seasons (1.70 and 1.77g). 
 
Leaf contents of chlorophyll and carbohydrates: 
Chlorophyll (SPAD)  
 Data in Table (4) show that the highest value of chlorophyll content in leaves was found with S. platensis 
and R. solani (44.66 SPAD) while, the control recorded the lowest value (33.82 SPAD) at the first season. 
However, at the second season, all the treatments gave the same statistically effect on the leaves content of 
chlorophyll that was higher than the control treatment. In both seasons data revealed that chlorophyll content in 
leaves decreased by increasing the concentration of salinity. Controlling M. phaseolina with S. plalensis 
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inoculation at 0.0% ASWM gave the highest values of chlorophyll content of 49.13 and 49.10 SPAD while, the 
lowest values of 26.33 and 27.33 SPAD were recorded for control seedlings irrigated with 50% AWS in both 
seasons. 
 
Table 4: Effect of Spirulina platensis, root rot fungi and fungicide on chlorophyll and carbohydrates contents of peach seedlings leaves 

under different concentrations of sea water irrigation. 
Carbohydrates (gm/100gm) Chlorophyll (SPAD) (B) 

Salinity 
(%) 

Treatments 
(A) Season 2 Season 1 Season 2 Season 1  

13.50 19.81 43.93 48.13 0 
Control 10.00 15.39 26.45 27.00 25 

9.00 13.59 27.33 26.33 50 
10.83 16.26 32.57 33.82 Ave.(A) 
17.93 26.07 48.17 48.90 0 

Spirulina platensis 14.00 22.92 37.00 36.20 25 
13.50 14.59 36.00 35.10 50 
15.14 21.19 40.39 40.07 Ave.(A) 
10.53 15.26 45.40 45.13 0 

Rhizoctonia solani 9.48 11.57 44.10 44.70 25 
8.14 11..05 42.37 32.40 50 
9.38 13.42 43.96 40.76 Ave.(A) 

11.48 23.04 45.43 48.23 0 
R. solani 

+ S. platensis 
10.72 18.14 43.77 44.30 25 
9.14 15.74 40.73 41.43 50 

10.45 18.97 43.31 44.66 Ave.(A) 
13.75 19.72 46.13 46.77 0 

R. solani 
+ Rizolex T50 

11.13 17.02 43.53 43.90 25 
10.38 14.09 41.03 40.53 50 
11.75 16.94 43.57 43.73 Ave.(A) 
12.74 17.98 48.00 47.00 0 

Macrophomina phaseolina 8.82 13.56 38.20 36.20 25 
17.86 11.83 37.60 35.20 50 
13.14 14.46 41.27 39.47 Ave.(A) 
21.80 27.22 49.10 49.13 0 

M. phaseolina 
+ S. platensis 

13.49 20.55 46.90 45.43 25 
12.27 17.50 35.60 36.60 50 
15.85 21.76 43.87 43.72 Ave.(A) 
14.37 19.50 47.73 48.33 0 

M. phaseolina 
+ Rizolex T50 

12.68 17.36 45.03 40.43 25 
11.60 14.88 31.23 37.50 50 
12.88 17.25 41.33 42.09 Ave.(A) 
14.51 21.07 46.74 47.70 0 

Ave.(B) 11.29 17.06 40.62 39.78 25 
11.48 14.16 36.49 35.64 50 
1.14 1.47 3.62 2.14 A 

L.S.D 
at 5%  

0.97 1.10 1.42 1.32 B 
2.73 3.11 4.03 3.72 AxB 

 
Carbohydrates (g/100g): 
 Carbohydrates contents in leaves widely varied between the treatments (Table 4). The highest records in 
both seasons were achieved by S. platensis either alone (21.19 and 15.14 g/100g, respectively) or combined with 
M. phaseolina (21.76 and 15.85 g/100g, respectively). While, the lowest values of 13.42 and 9.38 g/100g were 
recorded by and R. solani in both seasons, respectively. Carbohydrates contents of leaves decreased significantly 
by increasing salinity concentration during the two seasons. The highest carbohydrates contents were recorded 
due to controlling M. phaseolina with S. platensis at 0.0 % ASWM in both seasons (27.22 and 21.80 g/100g, 
respectively) and the lowest records of 11.05 and 8.14 g/100mg were found in seedlings infected with R. solani 
at 50% ASWM in both seasons. 
 
Leaf ion contents 
Nitrogen. 
 Data in Table (5) illustrated that all treatments had insignificant effects on leaf content of N in the first 
season but affected significantly in the second season. The highest contents were recorded by S. plalensis with 
both of R. solani and M. phaseolina (2.00 and 2.01%, respectively). Although, salinity had insignificant effect 
on leaf content of N in both seasons, leaf content of N was enhanced due to S. platensis inoculation either alone 
(2.17 and 2.07%, respectively in both seasons) or combined with R. solani and M. phaseolina (2.05 and 2.06%, 
respectively in the second season) at 0.0 % ASWM comparing with other treatments. 
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Table 5: N, P, K, Na and Ca concentrations (%) of peach seedlings leaves as affected by Spirulina platensis, root rot fungi, fungicide and 

sea water irrigation. 

(A) 
Treatments 

(B) 
Salinity 

(%) 

N % P% K% Ca% Na% K+/Na+ Ca2+/Na+ 
Season 

1 
Season   

2 
Season 

1 
Season   

2 
Season 

1 
Season   

2 
Season 

1 
Season   

2 
Season 

1 
Season   

2 
Season  

1 
Season   

2 
Season 

1 
Season   

2 

Control 

0 1.77 1.66 0.168 0.163 1.868 1.696 1.65 1.692 0.912 0.756 2.05 2.24 1.81 2.24 

25 1.55 1.57 0.14 0.138 1.495 1.328 1.881 1.992 1.315 1.668 1.14 0.80 1.43 1.19 

50 1.44 1.5 0.121 0.119 0.127 1.282 1.954 2.24 1.402 1.751 0.09 0.73 1.39 1.28 

Ave.(A) 1.587 1.577 0.143 0.14 1.164 1.435 1.828 1.975 1.21 1.392 0.96 1.03 1.51 1.42 

S. platensis 

0 2.17 2.07 0.195 0.2 2.155 2.15 1.768 1.881 0.438 0.393 4.92 5.47 4.04 4.79 

25 2.1 1.94 0.15 0.148 2.069 2.07 2.27 2.2 1.108 1.13 1.87 1.83 2.05 1.95 

50 1.95 1.84 0.133 0.13 1.801 1.78 2.39 2.41 1.13 1.44 1.59 1.24 2.12 1.67 

Ave.(A) 2.073 1.95 0.159 0.159 2.008 2 2.143 2.164 0.892 0.987 2.25 2.03 2.40 2.19 

R. solani 

0 1.95 1.937 0.12 0.118 1.61 1.496 1.184 1.5 0.859 0.822 1.87 1.82 1.38 1.82 

25 1.84 1.73 0.193 0.191 1.007 1.035 1.57 1.75 1.44 1.85 0.70 0.56 1.09 0.95 

50 1.73 1.7 0 0.032 0.364 0.401 1.88 2.206 2.337 1.971 0.16 0.20 0.80 1.12 

Ave.(A) 1.84 1.789 0.104 0.113 0.993 0.977 1.545 1.819 1.545 1.548 0.64 0.63 1.00 1.18 

R. solani + 
S. platensis 

0 2.09 2.05 0.204 0.2 1.969 1.98 1.741 2.1 0.533 0.599 3.69 3.31 3.27 3.51 

25 2.01 1.99 0.11 0.116 1.68 1.6 2.113 2.253 1.054 1.133 1.59 1.41 2.00 1.99 

50 1.95 1.95 0.109 0.107 1.531 1.501 2.12 2.653 1.13 1.44 1.35 1.04 1.88 1.84 

Ave.(A) 2.017 1.997 0.141 0.141 1.727 1.694 1.991 2.335 0.905 1.057 1.91 1.60 2.20 2.21 

R. solani + 
Rizolex T50 

0 2 1.99 0.149 0.121 1.696 1.66 1.51 1.5 1.23 1.25 1.38 1.33 1.23 1.20 

25 1.9 1.93 0.126 0.116 1.56 1.581 1.65 1.673 1.33 1.9 1.17 0.83 1.24 0.88 

50 1.84 1.87 0.099 0.09 1.351 1.236 1.844 2.16 1.54 1.95 0.88 0.63 1.20 1.11 

Ave.(A) 1.913 1.93 0.124 0.109 1.536 1.492 1.668 1.778 1.367 1.7 1.12 0.88 1.22 1.05 

M. 
phaseolina 

0 1.97 2 0.127 0.117 1.63 1.6 1.65 1.66 0.783 1.373 2.08 1.17 2.11 1.21 

25 1.84 1.87 0.109 0.107 1.064 1.202 1.789 1.789 1.474 1.586 0.72 0.76 1.21 1.13 

50 1.9 1.92 0.101 0.1 1.093 0.949 1.931 2.22 1.71 1.72 0.64 0.55 1.13 1.29 

Ave.(A) 1.903 1.93 0.112 0.108 1.262 1.25 1.79 1.89 1.322 1.56 0.95 0.80 1.35 1.21 

M. 
phaseolina + 
S. platensis 

0 2.15 2.06 0.192 0.19 2.035 2.007 1.882 1.882 0.73 0.59 2.79 3.40 2.58 3.19 

25 1.89 2.03 0.137 0.134 1.75 1.7 2.008 1.989 1.069 0.99 1.64 1.72 1.88 2.01 

50 1.87 1.95 0.124 0.109 1.63 1.63 2.36 2.489 1.18 1.32 1.38 1.23 2.00 1.89 

Ave.(A) 1.97 2.013 0.151 0.144 1.805 1.779 2.083 2.12 0.993 0.966 1.82 1.84 2.10 2.19 

M. 
phaseolina 
+Rizolex 

T50 

0 1.95 2.03 0.117 0.11 1.892 1.902 1.954 1.955 0.761 0.77 2.49 2.47 2.57 2.54 

25 1.9 1.95 0.091 0.09 1.4 1.38 1.972 1.974 1.22 0.98 1.15 1.41 1.62 2.01 

50 1.66 1.813 0.084 0.096 1.289 1.289 2.431 2.438 1.27 1.403 1.01 0.92 1.91 1.74 

Ave.(A) 1.837 1.931 0.097 0.098 1.527 1.524 2.119 2.122 1.084 1.051 1.41 1.45 1.95 2.02 

Ave.(B) 

0 2.006 1.975 0.159 0.152 1.857 1.811 1.667 1.771 0.78 0.819 2.38 2.21 2.14 2.16 

25 1.879 1.876 0.132 0.13 1.503 1.487 1.907 1.953 1.251 1.405 1.20 1.06 1.52 1.39 

50 1.793 1.818 0.096 0.097 1.148 1.258 2.113 2.352 1.462 1.624 0.79 0.77 1.45 1.45 

L.S.D at 5% 

A 0.522 0.333 0.001 0.031 0.386 0.159 0.275 0.308 0.191 0.291 2.02 0.55 1.44 1.06 

B 0.21 0.135 0.018 0.018 0.14 0.081 0.121 0.183 0.188 0.13 0.74 0.62 0.64 1.41 

AxB 0.595 0.382 0.052 0.052 0.397 0.229 0.344 0.518 0.533 0.368 0.74 0.62 0.65 1.41 

 
Phosphorus . 
 Phosphorus content widely varied between the studied treatments (Table 5). The highest P contents were 
recorded by S. platensis at 0.0, 25 and 50% ASWM in both seasons (0.16 and 0.16%, respectively). While, the 
lowest contents were found in seedlings infected with M. phaseolina  and controlling by Rizolex T50 (0.097 and 
0.098)  in both seasons. P content significantly influenced by salinity and decreased by increasing salinity 
concentration during both seasons. S. platensis recorded the highest P record of 0.20% in the second season. 
Additionally, the highest P contents at both seasons were recorded by controlling R. solani with S. platensis at 
0.0% ASWM (0.2 and 0.2%, respectively). On the other hand, the lowest P contents were observed in 
controlling M. phaseolina with Rizolex T50 at 50% in both seasons (0.08 and 0.09%, respectively). 
 
Potassium . 
 Potassium contents in leaves were influenced significantly by the treatments and salinity levels during both 
seasons (Table 5). Regardless salinity levels, the highest potassium concentrations of leaves were due to S. 
platensis alone (2.01 and 2.00%, respectively) in both seasons. On the other hand, the lowest contents were 
found in seedlings infected with R. solani in both seasons (0.99 and 0.98, respectively). Potassium contents in 
leaves were adversely affected by increasing salinity level during two seasons. The highest contents were 
recorded by S. platensis at 0.0% ASWM in both seasons (2.16 and 2.15, respectively) and at 25% ASWM in the 
second season (2.07%). While, the lowest contents of 0.36 and 0.40% were recorded by seedlings infected with 
R. solani at 50% ASWM in both seasons, respectively.  
 
Calcium. 
 Table (5) clarified the effects of treatments and salinity levels on calcium contents in leaves. S. platensis 
either alone or for controlling R. solani gave the highest Ca2+ content of 2.143 and 2.335% at the first and 
second seasons respectively. On the other hand, the lowest contents of Ca2+ were observed in seedlings infected 
with R. solani either alone or when treated with Rizolex T50 of 1.545 and 1.778% at the first and second 
seasons respectively.  Increasing salinity level negatively influenced Ca2+ content in leaves during the two 
seasons. The highest Ca2+ contents of 2.438% and 2.503% were recorded by M. phaseolina and S. platensis + R. 
solani at 50% at the first and second seasons respectively.  While, the lowest contents of 1.184 and 1.50 % were 
found in seedlings infected with R. solani at 0.0% ASWM at the first and second seasons respectively. 
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Sodium.  

Sodium concentration in leaves showed an opposite trend in response to treatments and salinity level 
comparing to N, P, K and Ca contents in both seasons. Na concentration in leaves was significantly superior 
over all treatments by seedlings infected with R. solani (1.545%) while, the lowest Na concentrations were 
recorded by seedlings treated with S. platensis at the first season. However, control, R. solani, M. phaseolina 
and R. solani treated with Rizolex T50 exhibited severe leaf damage by maximum accumulation of sodium in 
the second season. A steady increase in leaf Na+ was noticed by increasing salinity of irrigation in both seasons. 
The highest Na contents were observed in seedlings infected with R. solani at 50% ASWM of 2.337 and 1.971% 
in both seasons respectively. Also, controlling R. solani with Rizolex T50 at 25 and 50% ASWM led to the 
highest accumulation of Na+ in leaves at the second season.  
 
K+/Na+ and Ca2+/Na+.  

Results in Table (5) illustrated the influence of K+/Na+ and Ca2+/Na+ in leaves of peach seedlings as 
affecting by treatments and salinity levels. K+/Na+ and Ca2+/Na+ were significantly higher in seedlings 
inoculated with S. platensis than control and other treatments in both seasons. While, seedlings infected with R. 
solani and M. phaseolina recorded significantly lowered K+/Na+ and Ca2+/Na+ than control in both seasons. 
K+/Na+ and Ca2+/Na+ showed significant decrease by increasing levels of salinity. Seedlings treated with S. 
platensis at 0.0, 25 and 50% ASWM induced significant increases in K+/Na+ and Ca2+/Na+ comparing with 
control and other treatments at the corresponding salinity level.  
 

Discussion 
 

Salinity is one of the important predisposing factors making plants more susceptible against disease 
and affect plant growth in different ways like ion toxicity, nutritional disorder and water deficit (Munns et al., 
2006). Under saline condition plant undergoes different changes until maturity and number of studies has been 
carried showing the effect of salinity more on seedling stage as compare to germination (Wilson et al., 2000; 
Del-Amor et al., 2001; Botia et al., 2005). 

In this trial, two pot experiments were carried out to compare the effect of Spirulina platensis with 
chemical fungicide (Rizolex T50) on controlling peach seedlings root rot caused by Rhizoctonia solani and 
Macrophomina phaseolina under the irrigation with three dilutions (0, 25 and 50%) of artificial sea water 
medium (ASWM). As salinity predisposes the host plant to the infections by soil pathogens and enhance the 
root rot severity (Swiecki and MacDonald, 1991).Therefore increased salinity increase the incidence of root rot 
pathogens like M. phaseolina, R.solani as found in the present study (Table 1) since the highest root rot 
percentage was found at 50% ASWM. It was observed that Spirulina platensis culture suspension protected 
peach seedlings from the root rot disease even under irrigation with sea water and this was comparable to the 
effect of the chemical fungicide Rizolex T50. Sekina (2011) found that in vitro experiment Spirulina platensis 
was superior in controlling Fusarium oxysporum and Rhizoctonia solani comparing with Nostoc muscorum, 
Spirulina platensis and Anabaena flos-aquae. Same findings were observed by Shaltout et al. (2013). The 
antifungal activity has been due to the presence of plant bioactive compounds, i.e total phenolic compounds, 
total saponins and alkaloids in the algal culture filtrates, employed as natural defense mechanisms against 
pathogenic bacteria, fungi, viruses and pests besides other bioactive compounds, including indole acetic acid.  
On the other hand, heptadecane and tetradecane from Spirulina platensis (Ozdemir, et al., 2004) have been 
reported to possess antimicrobial activity. A further advantage of the cyanobacteria  is that they are known to 
produce a wide range of plant growth regulators such as abscisic acid, ethylene, jasmonic acid, auxin, and 
cytokinin-like substances as well as the cytokinin isopentenyl adenine (Strik et al., 1999) and these substances 
can also influence fungal growth (Zulpa et al., 2003).  

As salinity predisposes the host plant to the infections by soil pathogens and enhance the root rot severity 
(Swiecki, and MacDonald 1991). Therefore increasing salinity level led to  increase the incidence of root rot 
pathogens like M. phaseolina, R. solani as found in the present study since the highest root rot percentage was 
found in case of 50% sea water concentration . Increased salinity level resulted in effect on one or more 
component of biotic factor. It may be pathogen, host or microbial antagonist. Salinity also affects the physio-
chemical properties of soil which in turn affect biotic component. Increased salinity cause different effect on 
plant physiology, morphology, and anatomy and plant metabolism. Certain changes like phytohormones 
balance, cell growth, division (Schoeneweiss, 1981) salt accumulation, enzymatic activity, water relation 
(Hasegawa et al. 2000), cuticle thickness, stomatal number and size, lipid metabolism (Bernstein and Kafkafi, 
2002, Campbell and Pitman, 1971) are takes place when exposed to high saline conditions and these changes 
make host plant more susceptible against plant pathogen for invasion (Rasmussen and Stanghellini 1988). 
Salinity also lead to decrease in mineral nutrient especially potassium inside the tissue. Potassium (K+) is one of 
the important nutrient help host plant to survive under biotic as well as abiotic stress. 
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Soil enzymatic activities of peach seedlings rhizosphere were affected negatively by increasing salinity 
levels of ASWM irrigation and the infection of root rot pathogenic fungi (Table 2). This inhibition of soil 
enzymatic activities was significantly reduced in seedlings treated with Spirulina platensis inoculation. 
Karthikeyan et al. (2007) clearly indicated that Spirulina platensis excrete IAA, amino acids and other growth 
promoting compounds into their immediate environment, which in turn can stimulate the growth of microbial 
populations in soil. Application of algal biofertilizers is also useful for the reclamation of marginal soils such as 
saline-alkali and calcareous soils (Hedge et al., 1999). Cyanobacteria can be incorporated into soil as organic 
matter and also as a source of enzymes as they produce acid and alkaline extracellular phosphatases that are 
active in solution or located in the periplasmatic space of the cell wall. Both biomass and exopolysaccharides 
incorporated into soil induce a growth promotion of other microorganisms and increased the activity of soil 
enzymes that participate in the liberation of nutrients required by plants (Caire et al., 2000).  

In the present study, it was observed that vegetative growth parameters of peach seedlings were inhibited 
by seawater irrigation and this harmful effect, particularly at 50% ASWM, was higher in control treatment and 
seedlings infected with the two root-rot pathogenic fungi than seedlings inoculated with Spirulina platensis at 
the corresponding salinity levels (Table 3). Although, the fungicide was more effective in controlling root rot 
disease than S. platensis, the alga besides controlling the disease had a stimulant effect on the vegetative growth 
of the peach seedlings.  

Farouk (2000) found that increasing salinity levels up to 9000 ml/l decreased significantly plant growth of 
canola. This reduction might be attributed to the decrease in both leaf number, leaf area and/or a decrease in CO2 
uptake in leaves (Fedina and Popova, 1996) mainly because NaCl treatment decrease stomatal conductance and 
consequently less CO2 is available for carboxylation reaction in the photosynthesis apparatus (Yadav et al., 1996) 
which lead to reduction of photosynthetic capacity resulting in less net assimilation and relative growth rate; decrease 
the concentration of cytokinin in leaves and xylem exudates or due to phosphorus deficiency (Farouk, 2000). Salt 
stress causes multifarious adverse effects in plants (Ashraf, 2009). of them, production of reactive oxygen species 
(ROS) is a common phenomenon. Under pathogens, drought and salinity stress condition; ROS are generated through 
pathways such as photorespiration, mitochondrial respiration and from the photosynthetic apparatus (Pei et al., 2000). 
These ROS are highly reactive because they can react with a number of cellular molecules and metabolites thereby 
leading to a number of destructive processes causing cellular damage. Salt stress affects all the major physiological 
process in plants such as growth, photosynthsis, protein synthesis and energy as well as, lipids metabolism (Parida and 
Das, 2005). In addition, Hatung (2004) suggested that the bad effects stability of salinity on plant height and root 
length may be due to the bad effects of salinity on meristimatic cell division and elongation as well as root 
penetration. Furthermore, Roy et al., (1995) revealed that salinity stress caused an increase in endogenous ethylene 
concentrations in tissues, which inhibits shoot elongation as a result of reduced cell elongation. Moreover, the 
decrease in growth due to salinity may be attributed to an increase in respiration rate resulting from higher energy 
requirements (Sakr et al., 2013). Yang et al. (1990) reported that there are two ways that salinity could retard growth 
(a) by damaging growth cells so that they cannot perform their functions or (b) by limiting their supply of essential 
metabolites, in addition high reduction in plant growth under salinity was possibly due to the accumulation of Cl+ in 
plant tissues with toxic amounts and affect stomatal closure, causing water loss and leaf injury symptoms.  

The stimulatory effect of S. platensis on plant growth under salinity stress and root rot pathogenic infection 
may be attributed to the variable quantities excretion of products from its metabolism such as organic acids, vitamins, 
fatty acids and phytohormones like gibberellins, auxin, cytokinin, ethylene and abscisic acid (Aly et al., 2008) in 
additional to antioxidant compounds (Shanab et al., 2012). Also, Abd El Baky et al. (2014) reported that application 
of S. platensis and Scenedesmus obliquus extracts reduced sea water salinity stress of wheat plants by restored the 
photosynthetic pigments and increased the antioxidant defense abilities included non-enzymatic and enzymatic 
antioxidant systems, which led to reduce the oxidative damage of functional molecules and maintenance of many 
physiological processes of plants such as photosynthetic activity and productivity. Exogenous protectant such as 
osmoprotectants (proline, glycinebetaine, trehalose, etc.), plant hormone (gibberellic acids, jasmonic acids, 
brassinosterioids, salicylic acid, etc.), antioxidants (ascorbic acid, glutathione, tocopherol, etc.), signaling molecules 
(nitric oxide, hydrogen peroxide, etc.), polyamines (spermidine, spermine, putrescine), trace elements (selenium, 
silicon, etc.) have been found to be effective in mitigating the salt induced damage in plant (Hasanuzzaman et al., 
2013). 

Phytohormones from Spirulina platensis isolated by Amin et al., (2009) using high performance liquid 
chromatography (HPLC) technique were including indole acetic acid (IAA), gibberellic acid (GA), benzyladonine 
(BA), absisic acid (BA), jasmonic acid (JA) and methyl jasmonic acid (MJA) were found in relatively high volumes. 
The properties of theses hormones control the growth balance of plant hormones wherein the ABA can inhibit plant 
growth and make them resistant to stress conditions. Farouk (2011) reported that application of osmoregulators or 
plant growth substances led to accumulation of non-toxic solutes as proline, soluble sugars, potassium in both seedling 
and whole plant. Such accumulation provide the turgor necessary for cell division and expansion resulting in 
increasing both length of seedling, shoot, leaves area per plant as well as fresh and dry weight. 
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Cyanobacteria are generally considered tolerant to salt stress, as they are found to naturally colonize salt-
affected soils. Their colonization helps plants to promote growth in stressed soil conditions by releasing a diverse 
array of biologically active metabolites in the rhizosphere soil, which can induce systemic responses in plants to fight 
against stress. The increase in growth parameters like germination rate, shoot length, root length and biomass had 
been shown to be positively correlated with an increase in various phytochemical constituent of the plant (Singh, 
2014).  

Our results revealed that controlling Rhizoctonia solani and Macrophomina phaseolina via S. platensis 
significantly increased leaves number/seedling, leaf area and leaves dry weight/plant.  

Generally, the chlorophyll and total carotenoid contents of leaves decrease by increasing salt stress 
(Parida and Das, 2005). 

In this study, chlorophyll degradation was dependent on irrigation salinity level (Table 4). Application of 
S. platensis inoculum to peach seedlings irrigated with ASWM and/or infected with Rhizoctonia solani and 
Macrophomina phaseolina led to significant increase in the concentrations of total chlorophyll in leaves 
comparing with its values in S. platensis non inoculated seedlings under the same conditions. 

These findings agreed with the results reported by Dejampour et al. (2012) who mentioned that 
significant decreases in total chlorophyll and chlorophyll (b) contents were found at the high salinity levels but 
no significant change in chlorophyll (a) was evident  in leaves of almond seedling rootstocks (Prunus dulcis, L. 
Batsch). This reduction may be due to chlorophyll degradation, reduced chlorophyll synthesis and stability of 
thylakoid membrane. In addition, it may be associated with the increased activity of chlorophyll degrading 
enzyme, chlorophyllase (Gunes et al., 2007 and El-Shanhory et al., 2014). Salt stress caused a disturbance in 
chloroplast structure, number and size which affected chlorophyll content (Arafa et al., 2009) and/or caused 
disruption of chloroplasts (Rahman et al., 2000). It also decreased mineral absorption needed for chlorophyll 
biosynthesis such as iron (Fe) and manganese (Mn), and stability of chlorophyll or pigment-protein complex, 
which leads to oxidation of chlorophyll and decreases its concentration (El-Gabas,2006). Also, at relatively high 
concentrations of leaf chloride, photosynthetic reduction may largely due to increase stomatal resistance which 
has been reported by Walker et al (1981). In stomata closure, osmotic stress leads to leak in CO2 availability for 
photosynthetic carbon assimilation, thereby causing high accumulation of superoxide in chloroplast which can 
cause photo inhibition and photo-oxidation damages (Ashraf et al., 2008). Under pathogens, drought and 
salinity stress condition; ROS are generated through pathways such as photorespiration, mitochondrial 
respiration and from the photosynthetic apparatus (Pei et al., 2000). The decrease in photosynthetic activity 
commonly observed under salt stress may be due to limitations in photosynthetic electron transport and partial 
stomatal closure (Stepien and Johnson, 2009). According to our results, S. platensis reduced the harmful effect 
of salinity on leaf chlorophyll content and these findings are supported by Abd El-Baky et al. (2014) who found 
that application of S. platensis extract to wheat plants irrigated sea water (SW) led to significant increase in the 
concentrations of total chlorophyll, Chlorophyll-a and Chlorophyll-b as compared with the values of plants 
irrigated only with SW. Treated plants with algae extract contained high amounts of antioxidant constituents 
was positive correlated with increasing of photosynthetic pigments restored in plants irrigated SW. Similar 
results were reported by Abd El-Baky et al. (2010) who mentioned that chlorophylls in photosynthetic 
membranes could be protected the photosynthetic apparatus from excessive ROS by quenching of singlet 
oxygen and other radicals. Application of algal extracts increased the levels of phenolic compounds, ascorbic 
acid and α-tocopherol, in plants irrigated sea water to protect the membrane by preventing or reducing oxidative 
damage by ROS. However, it is hypothesized a cycle where H2O2 scavenged by phenolic compounds to produce 
phenoxyl radicals, this radical reduces the ascorbic acid into mono (OH)- dehydroascorbate (Abd El-Baky et al., 
2008; Mostafa et al., 2013). 

Data of carbohydrates (Table, 4) revealed that salinity stress with different concentrations caused gradual 
significant decrease in total carbohydrates of control and seedlings infected with root rot pathogenic fungi 
during the two seasons. This decrease was attributed to the reduction in number of leaves, leaf area and 
chlorophyll content under salinity stress which could cause reduction in photosynthetic process and 
consequently reduction in carbohydrate content. The accumulation of carbohydrates might play an important 
role in increasing the internal osmotic pressure, which is widely regarded as response to salinity stress condition. 
These results agreed with those reported by Shahin et al (1994) on apricot and nemaguard seedlings and El-
Shanhory et al., (2015) on Choriosa speciosa plants. S. platensis during the two seasons recorded the highest 
carbohydrates concentrations of leaf alone or when controlling Macrophomina phaseolina regardless salinity 
level. Under salt stress, cyanobacteria exports large amounts of extracellular polymeric substances which 
improves salt tolerance and carbohydrate metabolism (Chen et al., 2004). However, it has been observed that 
polysaccharides produced by algae can elicit defense responses and protection against pathogens in plants, 
thereby providing an inexpensive source of biologically active molecules. These exopolysaccharides have been 
reported to play a significant role in providing protection to the cell as a boundary layer (Pereira et al., 2009). In 
addition, cyanobacterial polysaccharides significantly increased seed germination rate, ion uptake, 
photosynthetic activity and carbohydrate content. They also caused a decrease in oxidative damage by 



Middle East J. Appl. Sci., 5(4): 1098-1114, 2015 
ISSN 2077-4613 

 

1109 

producing superoxide dismutase, responsible for eliminating reactive oxygen species generation in organisms 
during stress (Singh, 2014). 

Results obtained in Table (5) indicated that increasing salinity level of seawater irrigation had significant 
negative effects on N, P and K concentrations in return for increasing the concentrations of Ca2+ and Na+ leaves 
peach seedlings in both seasons. Ion uptake depends on species or genotype, salinity level and the chemical 
composition of soil solution (Niu and Rodriguez, 2008). Same results were reported by Mohy (2011) leaf 
nitrogen and phosphorus content significantly decreased with decreasing the level of water irrigation in almond. 
Under salt stress conditions, the uptake of N by plants is generally affected. A number of studies have shown 
that salinity can reduce N accumulation in plants (Silveira et al., 2001 and Khafagy et al. 2013).  

Salinity stress caused a considerable increase in sodium content, paralleled to decrease in nitrogen, 
phosphorous and potassium contents of two sunflower cultivars under all salinity levels (Rady et al., 2011). In 
this connection, Zhao et al. (2007), Eissa et al., (2007) and Kiarostami et al. (2010) suggested that increased 
accumulation of Na+ and Cl- ions in the tissues inhibits biochemical processes related to photosynthesis through 
direct toxicity and led to low water potential. The promotion of Na+ uptake by salinity was accompanied by a 
corresponding decline in K+ concentration, showing an apparent antagonism between K+ and Na+ (Cuin et al., 
2009). An increase in Cl- uptake and accumulation has been observed to be accompanied by a decrease in shoot 
NO3

- concentration as in eggplant (Savvas and Lenz, 1996) and sultana vines (Fisarakis et al., 2001). Various 
authors have attributed this reduction to Cl- antagonism of NO3

- (Bar et al., 1997) while others attributed the 
response to salinity’s effect on reduced water uptake (Lea-Cox and Syvertsen, 1993). The nitrate influx rate or 
the interaction between NO3

- and Cl- has been reported to be related to the salt tolerance of the species under 
investigation. Kafkafi et al. (1992) found that the more salt-tolerant tomato and melon cultivars had higher NO3

- 

flux rates than the more sensitive cultivars. 
In this trial, treatments had insignificant effects on leaf content of N in the first season these findings 

agreed with those by Sepaskhah and Maftoun (1982) who reported that increasing salinity on pistachio seedlings 
had no definite effect on nitrogen leaf content. Reduction in dry weights may be resulted from reducing of P 
content in plant tissues which is implicated in carbohydrates metabolism, regulates the partitioning of carbon 
and utilization of photo assimilates (Younis et al., 1987). Our results indicated that increasing seawater salinity 
level irrigation decreased phosphorous concentration in leaves seedling of peach. The reduction in P content 
under saline conditions should be explained on the fact that Na salts raised the PH of the soil, which in turn 
reduced the availability of P to the plant (Sonneveld and Voogt, 1983). However, chloride may have suppressed 
P uptake and accumulation in tomato shoot. In other cases, reduction in plant P content may results from 
reduced activity of phosphorous in the soil solution due to the high ionic strength of the media (Awad et al., 
1990). Furthermore phosphate availability in soil solution is lightly controlled by absorption process and by low 
solubility of calcium – phosphorous mineral (Grattan and Grieve, 1994). 

The increase in Na concentration in plants with the salinity may be result of the ability of plants to use Na 
to maintain and adequate osmotic potential gradient between the plant tissues and the external solution (Glenn, 
1987). Sodium is frequently accumulated in the vacuoles where in can replace potassium both quantitatively and 
qualitatively (Storey et al., 1983). Therefore, the uptake and transport of K+ was inhibited (Lynch and 
Lauchi,1984) the decrease in K concentration with increasing in Na concentration in irrigation seawater may be 
due to a possible antagonism between K+ and sodium (Rashid et al., 2004) this antagonism could be due to the 
direct competition between K and Na at the site of ion uptake at plasma Lemma (Epstein and Rains, 1987) and 
Na was to replace K in the activation of few enzymes which depend on a univalent action (Jeffrey,1987). In this 
respect Flowers et al. (1997) pointed out that osmotic adjustment is essential for a plant to survive in saline 
environments.  

Data in Table (5) showed the response of K+/Na+ and Ca+/Na+ ratios in leaves of peach seedlings as 
subjected to different treatments and salinity levels. The significant accumulation of sodium increased in leaves 
with increasing salinity level and this accumulation accompanied with significant decrease in K+ and Ca+ 
contents led to decreasing K+/Na+ and Ca2+/Na+ ratios of control and seedlings infected with R. solani and M. 
phaseolina. In the meantime, seedlings treated with S. platensis showed higher significant values of K+/Na+ and 
Ca2+/Na+ ratios as compared with control and root rot infected seedlings as well as seedlings treated with 
Rizolex T50. The stimulatory effect of 25% and 50% ASWM on shoot height may be resulted from increasing 
calcium uptake, which plays acritical role in improving plant growth under saline conditions (Cramer et al., 
1987) and/or may be due to reducing permeability of Na+ through the plasma membrane and prevents loss of 
K+/Na+ ratio (He and Cramer, 1992) and/or defined as "free cytosplic calcium" which participates in regulation 
of metabolism and growth of plants. Moreover, Ca2+ is taken up by plants passively and only by root tips 
constituent of the middle lamella of cell walls where it helps to bind adjacent cells together and strengthen 
overall construction, (Marschner, 1995) and influences membrane structure and function, stabilizing membranes 
and influencing permeability by binding phosphate and carboxylate groups of membrane phospholipids and 
protein (Davies and Monktalbot,1990) and Ca2+ serves  as an important second messenger in the perception and 
transduction of environmental and stress signals (Roos, 2000).  
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Exopolysaccharide production by the cyanobacteria increased when exposed to higher concentration of 
salt which seems to play a role in metal biosorption and the enrichment of saline soils with cyanobacteria 
improved the soil quality by decreasing pH, exchangeable sodium, Na/Ca, conserve organic C, organic N, and 
organic P as well as moisture and converts Na+ to Ca2+.  Organic matter and Nitrogen added by cyanobacteria 
bind the soil particles, and thus improve soil permeability and aeration. They are capable of solubilizing 
microbial nutrients and dissolving insoluble carbonate nodules through the secretion of oxalic acid. 
Cyanobacterial exopolysaccharides improve the soil aggregation by lowering the pH and electrical conductivity 
and increasing the hydraulic conductivity of saline and alkali soil (Anand et al., 2015). In this respect Han and 
Lee (2005) showed that some cyanobacteria produce polysaccharide products, binding Na+ in the root zone and 
hence alleviating the stress of salt on plant and microbial growth and activities. Cyanobacteria stimulate plant 
growth directly, by providing nutrients to plants, or by facilitating the uptake of the nutrients mineral N, P, K 
and microelements from the environment. It can also promote plant growth indirectly, by suppressing the 
growth of pathogens (Zaccaro, 2000). However, there is some controversy regarding the mechanisms that PGPR 
employs in the uptake of minerals. Many investigators suggested that phytohormones promote uptake of 
minerals by roots due to a general increase in the volume of root system, thickness and length (Biswas et al, 
2000).  

This study clearly revealed the agronomic potential of Spirulina platensis to ameliorate the growth of 
peach seedlings under root rot pathogenic fungi and seawater irrigation because of this strain providing the 
support as ideal candidates for development of inoculants. The stimulation of spirulina solution could be 
attributed to its contents of nutrients which easily absorbed by plant leaves during the plant growth compared to 
the other treatment which were add as soil fertilizer (Karthikeyan et al., 2007). 
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