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ABSTRACT  
 

Two field experiments were carried out during the two successive winter seasons of 2013/2014 and 
2014/2015 at El-Khattara Experimental Farm, Fac. Agric., Zagazig Univ., Sharkia Governorate, Egypt, to study 
the effect of foliar spray with two cyanobacterial extracts on growth, yield, quality and chemical composition of 
lettuce plants (cv. Dark Green) cultivated in sandy soil using drip irrigation system. The results revealed that the 
addition of different concentrations of two cyanobacterial extracts (Anabaena oryzae SOS13 and Nostoc 
muscorum SOS14) for lettuce plants significantly increased the plant height, number of leaves /plant, head 
weight and total yield of lettuce plants compared with control treatment. Moreover chlorophyll a, total 
chlorophyll and carotenoids were significantly increased at different concentrations of two cyanobacterial 
extracts. Data also indicated that there were significant differences among all treatments in total nitrogen, 
phosphorus, potassium and dry matter contents in lettuce plants in both seasons. The treatment AE750 was 
superior one regarding total, N, P and K contents in lettuce plants. 
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Introduction 
 

 Lettuce (Lactuca sativa L.) considered one of the most important leafy vegetable crops in Egypt and 
many regions of the world especially in the Mediterranean area. Lettuce leaves contain good amounts of 
minerals and vitamins C and K which are highly required for human health. Lettuce is an excellent source of 
fiber, folate and carotenoids (Van Duyn and Pivonka, 2000). It is almost exclusively used as a fresh vegetable in 
salads, but some forms are also cooked (Lebeda et al., 2007). Lettuce is produced commercially in many 
countries worldwide and is also widely grown as a vegetable in home gardens (Rubatzky and Yamaguchi, 
1997). It is especially important as a commercial crop in Asia, North and Central America, and Europe. China, 
U.S., Spain, Italy, India and Japan are among the world’s largest producers (Lebeda et al., 2007 and Mou, 
2008).  

A great attention has been directed to the use of some biostimulants and microorganisms to minimize 
mineral fertilizers, decrease the pollution of the agricultural environment and produce healthy food for human. 
Beneficial effects of cyanobacteria inoculation were reported, not only for rice, but also for other crops such as 
wheat, soybean, oat, tomato, radish, cotton, sugarcane, maize, chili, bean, muskmelon and lettuce (Maqubela et 
al., 2008; Saadatnia and Riahi, 2009). The cyanobacteria are a continually renewable biomass source that can 
release to the environment soluble organic substances as extracellular products also known as secondary 
metabolites, which can be mineralized by the microflora. These substances can be vitamins, enzymes, 
carbohydrates, peptides, amino acids and growth promoters (Zulpa et al., 2003).  

Cyanobacterial extract excretes a great number of substances that influence plant growth and development 
(Ordog, 1999). These microorganisms have been reported to benefit plants by producing growth promoting 
regulators, vitamins, amino acids, polypeptides, antibacterial and antifungal substances that exert phytopathogen 
biocontrol and polymers, especially exopolysaccharides, that improve plant growth and productivity (Zaccaro et 
al., 1999). Ali and Mostafa (2009) examined the effect of foliar spray or soil application methods of potassium-
humate and Spirulina platensis cyanobacterium (individually or combined) as bio-organic fertilizer on sesame 
yield and its attributes. They found that combined foliar application recorded the highest values of plant height, 
number of branches/ plant, seed weight/ plant and 1000 seed weight. While, combined soil applications gave the 
highest values of seed and straw yield. Cyanobacteria can benefit plants by producing growth promoting 
hormones such as gibberellin like, cytokinin like and auxin like compounds. These substances increased seed 
germination, root and shoot growth, weight of grains and their protein contents (Venkataraman, 1993). Ali, 
(2012) reported that the cyanobacterial culture filtrates promoted rice seed germination percentage. Also, 
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Inoculated soil with Anabaena oryzae showed significant increase in all investigated morphological characters 
in wheat cultivars and proved significant effect on grain and straw yield (Boghdady and Ali, 2013).  

In the light of these information’s, this research aimed to study the effect of two cyanobacterial extracts as 
foliar spray on growth, yield, quality and chemical composition of lettuce plants cultivated in sandy soil using 
drip irrigation system. 
 

Materials and Methods 
 

 A field experiment was carried out during the two successive winter seasons of 2013/2014 and 
2014/2015 at El-Khattara Experimental Farm, Fac. Agric., Zagazig Univ., Sharkia Governorate, Egypt, to study 
the effect of foliar spray with two cyanobacterial extracts on growth, yield, quality and chemical composition of 
lettuce plants (cv. Dark Green) cultivated in sandy soil using drip irrigation system. The experimental soil was 
sandy in texture and chemical properties were 7.48 and 7.64 pH, 0.14% and 0.16% organic matter, 2.01 and 
1.97 dS/m for E.C., 0.034% and 0.05%total N, 16.14 and 16.16 ppm available N, 19.20 and 19.83 ppm available 
P and 66.12 and 74.10 ppm available K, in the 1st and 2nd seasons, respectively. Lettuce transplants cv. Dark 
Green was transplanted on 7 and 19 December in the 1st and 2nd seasons, respectively. 

  
Cyanobacterial strains and culture preparation 

Anabaena oryzae SOS13 and Nostoc muscorum SOS14 strains used in the present study were previously 
isolated from rice fields in Sharkia Governorate, Egypt and identified based on morphological and physiological 
characteristics (Salem et al., 2011). These strains were fully identified using sequences of 16S ribosomal RNA 
gene and have been deposited in Gene Bank (Salama et al., 2015). The nitrogen free medium (BG011) used to 
cultivate the pure culture of these strains consisted of (g/l) 0.040 K2HPO4.3H2O, 0.075 MgSO4.7H2O, 0.036 
CaCl2.2H2O, 0.06 of ferric ammonium citrate, 0.4 g of anhydrous sodium carbonate (Waterbury and Stanier, 
1981). Ten ml citric acid stock solution (0.06 g/100 ml), 1 ml EDTA (1 mg/ml) and 1 ml trace metal mix 
adjusted to pH 7.4 were added to the previous mixture and the total volume was made up to one liter. The trace 
metal mix was composed of (g/100 ml) 0.286 H3BO3, 0.181 MnCl2.2H2O, 0.022 ZnSO4.7H2O, 0.039 
Na2MoO4.2H2O, 0.005 Co (NO3)2 .6H2O and 0.008 CuSO4.5H2O. The fresh cyanobacterial cultures was 
prepared by inoculating 250 mL of BG011 medium with 10 ml of 10 days old culture in 500 ml Erlenmeyer 
flasks. Inoculated flasks were incubated at 28 ± 2ºC for 28 days under continuous illumination (600-800 lux) 
using 36W white fluorescent lamp.  

 
Cyanobacterial extracts preparation  

Anabaena oryzae SOS13 and Nostoc muscorum SOS14 strains were grown to the fresh cultures biomass 
using the modified methods of Sarada et al. (1999) and Salama et al. (2015) as follows: Twenty-eight days 
grown cyanobacterial cells were harvested by centrifugation at 6000 rpm for 20 min (Jouan, MR 1822, France) 
at 20°C. Cell pellets were washed with 1M Tris–Cl buffer (pH 8.1). One volume of washed cell mass was re-
suspended in five volumes of the same buffer and treated for the extraction of cells contents physically (freeze-
thaw). In the physical approach, the wet biomass was frozen at-50ºC (for at least 2 hours) then thawed at 25ºC in 
four cycles. Then the extract was filtered through Whatman No.1 filter paper and the culture filtrates were kept 
in refrigerator at 5ºC. 

 
Experimental design and treatments 

In each experiment, nine treatments were conducted as follows: Control (sprayed with water), Anabaena 
cell extracts 250 ml+750 ml water (AE250), Anabaena cell extract 500 ml+500 ml water (AE500), Anabaena 
cell extract 750 ml + 250 ml water (AE750),  Anabaena cell extract 1000 ml only (AE1000), Nostoc cell extract 
250 ml+750 ml water (NE250), Nostoc cell extract 500 ml +500 ml water (NE500), Nostoc cell extract 750 ml 
+250 ml water (NE750) and Nostoc cell extract 1000 ml only (NE1000). These treatments were randomly 
arranged in a randomized complete blocks design with three replicates in the site of the experiment. 

 The area of the experimental unit was 6.75 m2; it contained three lines of each 3m length and 0.75m 
width. The distance between transplants was 25cm on both sides of the drippers. Plants were sprayed with two 
cyanobacterial cells extracts after 30 and 45 days from transplanting. 

All plots received equal amounts of mineral N, P, and K fertilizers which used by lettuce plants in sandy 
soil at 80, 45 and 70 kg/fed, respectively in the form of ammonium sulphate (20.5% N), calcium superphosphate 
(15.5% P2O5) and potassium sulphate (48% K2O), respectively.  Phosphorus was added with   botanical compost 
at the rate of 30m3/fed. during soil preparation. Nitrogen and potassium were added into four portions every 15 
days intervals beginning 15 days from transplanting. 

 The other normal agricultural treatments for growing lettuce plants were practiced. 
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Data Recorded 
   
Plant Growth 

A random sample of four plants from each experimental unit was taken at 75 days after transplanting. 
Plant height (cm), number of leaves/ plant and fresh head weight characters were recorded.  

 
Photosynthetic Pigments:  

Disc samples from the fourth upper leaf were randomly taken from every plot to determine chlorophyll a, b, 
(a+b) and carotenoides in both seasons, according to the method described by Wettestein (1957). 

 
Yield and its components 

Fresh heads of lettuce in each experimental unit were harvested at 100 days after transplanting then 
weighted to determine total yield/feddan according to treatments. 

 
Chemical Analysis  

The dry weight of leaves was finely ground and wet digested with sulfuric acid and perchloric acid (3:1). 
Nitrogen, phosphorus and potassium were determined as dry weight basis according to the methods described 
by Page et al. (1982). 

 
Dry Matter (%):   

Known weight of fresh leaves (200 gm) was taken and dried at 105oC to determine dry matter percentage. 
 

Statistical Analysis 
The recorded data on three replicates for the studied parameters in various treatments were subjected to 

analysis of variance (ANOVA) in accordance with the experimental design according to Snedecor and Cochran 
(1980) using SPSS statistical package to quantify and evaluate the sources of variation. Duncan’s multiple range 
test (DMRT) was applied to compare the mean performances of different treatments for the specific parameters 
under study and the rankings were denoted by superscripts in the relevant Tables. 

 

Results and Discussion 
 
A field experiment was conducted to study the effect of foliar spray with two cyanobacterial extracts on 

growth, yield, quality and chemical composition of lettuce plants (cv. Dark Green) cultivated in sandy soil using 
drip irrigation system. 

Data in Table 1 shows the effect of cyanobacterial extracts on plant height and number of leaves/ plant of 
lettuce during 2013/2014 and 2014/2015 seasons. Foliar spray with different concentrations of the two 
cyanobacterial extracts had significant effect on plant height of lettuce cultivated in sandy soil in each of 
planting seasons.  

 
 Table 1: Effect of cyanobacterial extracts on plant height and number of leaves/ plant of lettuce during the two growing 

seasons under sandy soil conditions 
Treatments Plant height  

(cm) 
Number of leaves/ 

 plant 
2013/2014  

season  
2014/2015  

season  
2013/2014  

season  
2014/2015  

season  
Control  28.46 f 29.20 c 30.10 d 34.56 cd 
AE250 29.76  ef 31.70 a-c 34.80 bc 36.36 bc 
AE500 33.20  ab 33.56 a 35.23 bc 37.36 b 
AE750 33.90  a 32.76 ab 36.96 ab 40.96 a 

  AE1000 33.33  ab 31.46 a-c 38.80 a 41.63 a 
NE250 29.43  f 30.56 bc 37.70 ab 33.43 d 
NE500 30.03  de 30.10 c 32.90 cd 35.30 b-d 
NE750 30.80  cd 30.53  bc 35.03 bc 36.23 bc 

  NE1000 32.03  bc 33.70  a 35.76 a-c 39.80  a 
Control ( sprayed with water) , AE250: Anabaena cell extracts 250 ml +750 ml water, AE500: Anabaena cell extracts 500 ml +500 ml  
water, AE750: Anabaena cell extracts 750 ml +250 ml  water, AE1000: Anabaena cell extracts 1000 ml only, NE250: Nostoc cell extracts 
250 ml+750 ml water, NE500: Nostoc cell extracts 500 ml+500ml water, NE750: Nostoc cell extracts 750 ml+250 ml water and NE1000: 
Nostoc cell extracts 1000 ml only. 

 
In the first season, the plant height of lettuce can be divided statistically into five groups as affected by the tested 
treatments, the first group included AE750, AE1000 and AE250 treatments which had the highest values, 
without significant differences between them, the NE1000 treatment came in the second group, the other 
treatments distributed to  three groups. In the second season, the treatments were divided statistically into three 
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groups, the first group includes NE1000, AE500, AE750, AE250 and AE1000 which had the highest values, 
without significant differences among them, the other treatments were distributed to three groups. In general, the 
plant height of lettuce plant increased after treating by cyanobacterial extracts in each planting season. Adam 
(1999) found that algal filtrate of the cyanobacterium Nostoc muscorum increased significantly germination of 
wheat seeds as well as their growth parameters and nitrogen compounds compared to control. 

The results in Table 1 show the number of leaves of lettuce plants, generally, ranged between 30.10 and 
38.80 leaves/plant. In the first season, the highest number of leaves was obtained by AE1000 treatment. Number 
of leaves per plant of lettuce plants can be divided statistically into four groups as affected by the tested 
treatments. The first group included AE1000, NE 250, AE750 and NE1000 without significant differences 
among them, followed by second group that included AE500, NE750 and AE250 without significant differences 
among them. 

The results obtained from the second season showed similarity with those obtained from the first season; 
the highest number of leaves per plant of lettuce was obtained by AE1000 treatment gives 41.63 leaves/plant.     

The results concluded that the addition of different concentrations of two cyanobacterial extracts for 
lettuce plants increased significantly the plant height and number of leaves /plant compared with control 
treatment. 

The reason might be due to the properties of cyanobacterial extracts which influence the availability of N 
to be taken up by the plants. In accordance with the present results, many workers reported the ability of 
cyanobacteria to liberate high amounts of their nitrogenous substances into the medium. A large proportion of 
the extracellular nitrogenous materials are in the form of polypeptides and only a small fraction is in the form of 
free amino acids (Kannaiyan et al., 1997; Whitton, 2000). Cyanobacteria can benefit plants by producing growth 
promoting hormones such as gibberellin like, cytokinin like and auxin like compounds (Aly et al., 2008). 

Data in Table 2 show that there were significant differences among treatments combined with foliar 
sprayer of Anabaena and Nostoc extracts on head weight of lettuce plants in the two studied seasons. The 
highest values of head weight were obtained by treatment AE750 being, 495.83 and 473.89g/plant of lettuce 
plants in the first and second seasons, respectively. The control treatment had the lowest values of head weight 
being, 317.78 and 308.89g /plant of lettuce plants in the first and second seasons, respectively.   
 

Table 2: Effect of cyanobacterial extracts on head weight and total yield /feddan   of lettuce plants during the two growing 

seasons under sandy soil conditions                                        

Treatments 

Head weight 
(g) 

Total yield 
(ton/fed.) 

Relative increases in total yield (%) 

2013/2014 
season 

2014/2015 
season 

2013/2014 
season 

2014/2015 
season 

2013/2014 
season 

2014/2015 
season 

Control  317.78 g 308.89  f 13.291  g 13.587 f 00.0 00.0 
AE250 378.33  e 403.06 de 16.563  e 17.890  de 24.6 31.7 
AE500 394.44  d 414.72  cd 17.690  d 18.687  c-e 33.1 37.5 
AE750 495.83  a 473.89  a 22.213  a 21.530  a 67.1 58.5 

  AE1000 462.64   b 465.28  ab 20.623  b 20.943  ab 55.2 54.1 
NE250 359.72  f 375.55  e 15.797  f 16.997  e 18.9 25.1 
NE500 379.16  e 398.61 de 16.983  e 17.980  de 27.8 32.3 
NE750 421.11  c 437.64  bc 18.657 c 19.610  b-d 40.4 44.3 

  NE1000 417.78 c 444.44  b 18.403 c 19.910 a-c 38.5 46.5 
Control (sprayed with water), AE250: Anabaena cell extracts 250 ml +750 ml water, AE500: Anabaena cell extracts 500 ml +500 ml  
water, AE750: Anabaena cell extracts 750 ml +250 ml  water, AE1000: Anabaena cell extracts 1000 ml only, NE250: Nostoc cell extracts 
250 ml+750 ml water, NE500: Nostoc cell extracts 500 ml+500ml water, NE750: Nostoc cell extracts 750 ml+250 ml water and NE1000: 
Nostoc cell extracts 1000 ml only. 

 
The total yield of lettuce plants gave values ranged between 13.291 and 22.213 ton/fed. in the first season 

and ranged between 13.578 and 21.530 ton/fed. in the second season. It is clear that foliar application of 
cyanobacterial extracts increased significantly the total yield of lettuce plants as compared with control. The 
best results of relative increases in total yield percentage were obtained by AE750 in first and second seasons 
being, 67.1% and 58.5%, respectively compared with control.  

Obtained results were confirmed by those obtained by Rastogi and Sinha (2009), since they demonstrated 
that some cyanobacterial secondary metabolites may have ecological roles as allelochemicals, and could be 
employed for the commercial development of compounds with applications such as algaecides, herbicides and 
insecticides. Most of the cyanobacterial metabolites are accumulated in the cyanobacterial biomass. Moreover, 
cyanobacteria excrete various organic compounds into their environment. So far, a couple of biologically active 
compounds were identified among these exometabolites; e.g. some antibacterial diterpenoids in Nostoc 
commune, Anabaena oryzae (Jaki et al., 2000 and Sitohy et al., 2015) or antifungal peptides in Tolypotrix 
byssoidea (Jaki et al., 2001). 

These results are in harmony with those reported by Ali (2012). He reported that the application of 
culture filtrate of Nostoc muscorum and Nostoc calcicola strains on rice seedlings gave the highest values of 
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fresh weights of shoots compared with control. On the other hand, cyanobacteria can be produce growth 
promoting hormones, these substances increased seed germination, root and shoot growth and their protein 
contents (Venkataraman, 1993). 

The effect of cyanobacterial extracts on leaf pigments of lettuce plants during the two seasons under 
sandy soil conditions are presented in Table 3. The results showed that the chlorophyll a content in leaves of 
lettuce plants, generally, ranged from 2.88 to 3.75 mg/ g DW in the first season and ranged from 2.86 to 3.62 
mg/ gm DW in the second season. The chlorophyll a content in leaf of lettuce plants grown in sandy soil in both 
seasons significantly increased due to application of foliar sprayer with cyanobacterial extracts. The highest 
chlorophyll a content in leaves of lettuce plants was obtained by the treatment AE750 under both first and 
second seasons; i.e., 3.75 and 3.62 mg/ g DW, respectively. 

The chlorophyll b content in leaves of lettuce plants on both seasons was not significant due to foliar 
application sprayer with cyanobacterial extracts treatments. 
 
Table 3: Effect of cyanobacterial extracts on leaf pigments (mg/ gm DW) of lettuce plants during the two growing seasons 

under sandy soil conditions                                        
Treatments Ch a Ch b Total chls (a+b) Carotenoids 

2013/2014 
season  

2014/2015 
season  

2013/2014 
season  

2014/2015 
season  

2013/2014 
season  

2014/2015 
season  

2013/2014 
season  

2014/2015 
season  

Control  2.88    c 2.86    c 1.57  a 1.46  a 4.45    c 4.32    c 1.16   b 1.10    c 
AE250 3.01   bc 3.17   bc 1.55  a 1.55  a 4.57   bc 4.72   bc 1.17  ab 1.08    c 
AE500 3.56  a 3.57  ab 1.64  a 1.63  a 5.20  a 5.20  a 1.26  ab 1.17  bc 
AE750 3.75  a 3.62  a 1.71  a 1.63  a 5.47  a 5.26  a 1.26  ab 1.17  bc 

  AE1000 3.69  a 3.51  ab 1.60  a 1.54  a 5.29  a 5.06  ab 1.19  ab 1.10    c 
NE250 3.43  ab 3.51  ab 1.61  a 1.52  a 5.05  a-c 5.04  ab 1.27  ab 1.32  ab 
NE500 3.47  ab 3.48  ab 1.68  a 1.50  a 5.16  ab 4.98  ab 1.29  ab 1.42  a 
NE750 3.38  ab 3.41  ab 1.66  a 1.57  a 5.04  a-c 4.98  ab 1.40  a 1.46  a 

  NE1000 3.36  ab 3.35  ab 1.61  a 1.57  a 4.98  a-c 4.93  ab 1.33  ab 1.35  ab 
Control (sprayed with water), AE250: Anabaena cell extracts 250 ml +750 ml water, AE500: Anabaena cell extracts 500 ml +500 ml  
water, AE750: Anabaena cell extracts 750 ml +250 ml  water, AE1000: Anabaena cell extracts 1000 ml only, NE250: Nostoc cell extracts 
250 ml+750 ml water, NE500: Nostoc cell extracts 500 ml+500ml water, NE750: Nostoc cell extracts 750 ml+250 ml water and NE1000: 
Nostoc cell extracts 1000 ml only. 

 
Concerning the total chlorophyll content in leaves of lettuce plants (Table 3), almost similar results were 

obtained as found in chlorophyll a in leaves of lettuce plants. It was found that, the foliar application sprayer 
with cyanobacterial extracts increased the total chlorophyll content of lettuce in both first and second season, as 
compared to the control treatment. The differences among foliar sprayer treatments were significant (p ≤ 0.05).  

In addition, data also showed that the application of foliar sprayer with cyanobacterial extracts impacted on 
carotenoids in leaf of lettuce plants. And the highest carotenoids values were recorded by adding NE 750 in the 
first and second seasons of the study with no significant differences between NE 750 and NE 500 in the second 
one.  

Biologically, active compounds may be liberated from cyanobacteria growing on the surface of moist soils 
and liquid culture. Growth-simulating compounds may be released either actively by living algal cells or 
following cell death and lysis (Rodgers et al., 1979). The compounds can be assimilated by plants and enhance 
their growth. Positive effects on plants from cyanobacterial application to the soil can be observed through the 
secretion of plant growth regulators such as: auxins, gibberellins, and cytokinins that stimulate metabolic 
activities in the roots (Cocking, 2003). 

Results in Table 4 indicate that there were significant differences among all treatments in total nitrogen, 
total phosphorus, total potassium and dry matter contents in lettuce plants in the first and second seasons. The 
treatment AE750 recoded the best results regarding the total N, P and K contents in lettuce plants in both 
seasons.  

The results indicate also that, foliar application with AE 1000 treatment significantly increased the 
contents of dry matter of lettuce leaves in the both seasons of the study without significant differences between 
AE 1000 and AE 750 in the first one. Lozano et al. (1999) stated that the application of an extract from algae to 
soil or foliage increased ash, protein and carbohydrate contents of potatoes. Laboratory studies indicated that 
cyanobacteria excrete indole-3-acetic acid (IAA) and amino acids which can stimulate the growth of microbial 
populations in soil (Karthikeyan et al., 2007). Cyanobacteria have positive effects on plant growth and can 
produce phytohormones such as auxin which could increase hormone levels inside the plant (Long et al., 2003). 

Phytohormones such as auxin could be an important factor contributing in increasing numbers of roots 
(Spaepen et al., 2007). Auxin long-distance signal from shoot to root regulates the inhibition of early root 
development by high rates of NO3

- supply in Arabidopsis seedlings (Forde, 2002). The foliar and soil applied 
liquid cyanobacteria fertilizer recorded higher root surface area compared to composted manure fertilizer on 
sandy soil (Sukor, 2013).  
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In general, these results concluded that the foliar application of cyanobacterial extracts impacted 
significantly on growth parameters, leaf pigments, total yield, mineral and dry matter contents in lettuce plants. 
Use of extracts of indigenous cyanobacteria strains is an important procedure when studding there inherent 
capacity to benefit crop in this case, indigenous strains can perform better than introduced strains in promoting 
the growth of the plants due to their superior adaptability to the environment. 

  
Table 4: Effect of cyanobacterial extracts on mineral contents in leaves and dry matter contents of lettuce plants during the 

two growing seasons under sandy soil conditions                                    
Treatments  N (%) P (%) K (%) DM (%) 

2013/2014 
season  

2014/2015 
season  

2013/2014 
season  

2014/2015 
season  

2013/2014 
season  

2014/2015 
season  

2013/2014 
season  

2014/2015 
season  

 Control  3.05 d 3.42 e 0.78 b 0.59   b 3.01 c 2.59  g 2.70 d 2.83 c 
 AE250 3.24 cd 3.63 de 0.87ab 0.77  a 4.07 ab 3.50  b 3.15b-d 3.05 bc 
 AE500 3.94 ab 4.41 b 0.90 ab 0.80  a 3.58 a-c 3.08 def 3.13b-d 3.20 b 

 AE750 4.42  a 4.65 a 0.97 a 0.86  a 4.40  a 3.68 a 3.44 ab 3.11 b 
   AE1000 3.80 a-c 4.26 bc 0.91 ab 0.81  a 3.60 a-c 3.10 de 3.58 a 3.48 a 
 NE250 3.20 cd 3.58 e 0.95 a 0.85  a 3.62  a-c 2.92 f 2.93 cd 2.87 c 
 NE500 3.43 b-d 3.84 d 0.95 a 0.85  a 3.73 a-c 3.21 cd 3.25a-c 2.86 c 
 NE750 3.65 b-d 4.09 c 0.91 a 0.81  a 3.86  a-c 3.32  c 2.88 cd 2.98 bc 

   NE1000 3.73 bc 4.08  c 0.84 ab 0.75  a 3.39 bc 3.010 ef 2.98b-d 3.20 b 
Control (sprayed with water), AE250: Anabaena cell extracts 250 ml +750 ml water, AE500: Anabaena cell extracts 500 ml +500 ml  
water, AE750: Anabaena cell extracts 750 ml +250 ml  water, AE1000: Anabaena cell extracts 1000 ml only, NE250: Nostoc cell extracts 
250 ml+750 ml water, NE500: Nostoc cell extracts 500 ml+500ml water, NE750: Nostoc cell extracts 750 ml+250 ml water and NE1000: 
Nostoc cell extracts 1000 ml only. 
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