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ABSTRACT 
 

Two field experiments were carried out during the two seasons of 2010 and 2011 at the experimental station 
of  National Research Centre, Beheira Governorate (North of Egypt) to investigate the effect of bio and 
chemical fertilizer (NPK) at different rates for influence plant growth, total yield and chemical properties of 
spinach plants. The important results are as following: 
1- Addition of high rate of bio fertilizer piogen (2 kg/fed.) resulted in a significant increase in most growth 
characters, i.e. number of leaves/plant, fresh and dry weight of whole plant, leaf area/plant and total chlorophyll 
contents as well as total yield of leaves (ton/fed.). Also gave the highest percentage of protein, N, P, K and No3 
content ppm.  
2- Addition of 70 % of recommended rate (RR) of chemical fertilizer resulted the tallest and the heaviest fresh 
and dry weight of spinach plants and its different organs, as well as the heaviest total leaves yield (ton/fed.) and 
its nutritional values, i.e. protein, N, P, K and No3 content in leaves tissues.  
3- The interaction treatments showed that using high rate of bio fertilizer (2 kg/fed.) with the 70% of (RR) of 
chemical fertilizer resulted the superiority in plant growth characters as well as the best total yield (ton/fed.) and 
its content of protein, P, K and No3.   
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Introduction 
 

Spinach (Spinacia oleracea L.) is one of the most popular leafy vegetable crops grown in Egypt. It is used 
fresh or canned or frozen product. It is low in calories and a good source of vitamin C, vitamin A and minerals 
especially iron (Toledo et al.,., 2003). Spinach is a vegetable with a high biological value, extremely rich in 
antioxidants especially when fresh, steamed, or quickly boiled (Cho et al.,. 2008). It is a good source of vitamin 
A, C, E, K, B2, B6, B9, folic acid, minerals (Mn, Mg, Fe, K, Ca, Se), and dietary fiber.  

Biological fertilization of plants by N2 fixing bacteria gained importance in the last years. The significant 
effect of bio-fertilizers may be due to the effect of different strain groups such as nitrogen fixer, nutrient 
mobilization microorganisms which help in increasing the availability of minerals and their forms in the 
composted materials and increase levels of extractable of macro or micronutrients (El-Karamany et al.,., 2000). 

Biogein has high amounts of symbiotic and non symbiotic bacteria responsible for atmospheric nitrogen 
fixation. Application of Biogein reduced the required mineral nitrogen by 25%, increased the availability of 
various nutrients, enhances the resistance of plants to root disease and reduces the environmental pollution from 
chemical fertilizer application (Fatma Rizk and Shafeek, 2000). It is encouraged plant growth and productivity 
of spinach plants was studied by some investigators (Gawish, 1997, Shingo et al., 1999, AbdEl-Fattah et al., 
2003, El-Assiouty and Abo-Sedera 2005, and Alderfasi et al., 2010,). 

The farmers use chemical fertilizers as a supplemental source of nutrients but they do not apply in balanced 
proportion. Moreover, neither chemical fertilizer nor bio fertilizer alone can help achieve sustainable crop 
production. However, fertilizer management practices of the Nobaria area is very poor where most of the 
farmers use only urea as a fertilizer which is sometimes above recommended dose. They are not sufficiently 
aware of management practices and use of other fertilizers and bio fertilizer. Possibly these are the main causes 
of poor yield and soil health deterioration. Also, increase in N fertilizer led to increase in nitrate content of the 
crop tissues without significant increase in yield (Custic et al.,., 1994). Increasing the use of chemical fertilizer 
led to high cost in vegetable production and creates pollution of their agricultural environment as well as affects 
the soil fertility; therefore it has become essential to use untraditional fertilizers as supplements or substitutes for 
chemical nitrogen fertilizer. In the same respect, Ahmadi et al., (2010) reported that, total yield, number of 
leaves/plant and nitrate content in leaves were increased by increasing chemical fertilizer NPK, while different 
fertilizer levels had no significant effect on petiole length. Both bio-fertilization and organic fertilizer may be 
the solution of decreased pollution and high cost of chemical fertilizer to increases in our exporter. Hence, there 
is an immediate need to reduce the usage of chemical fertilizers. Many investigations presented the effect of 
traditional fertilizers on grown spinach (Raikova 2000, Anjana, et al., 2006, Gairola et al., 2009 Popat et al., 
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2009, Ahmadi et al., 2010, Islam et al., 2011 and Vignesh et al., 2012). The yield data of both sites showed that 
the alone application of bio-fertilizer can not fulfill the plant nutrients requirement. The integration of bio-
fertilizer with chemical fertilizer gave the similar yield as obtained by the application of recommended dose of 
chemical fertilizer. The integration of bio fertilizer (piogen) and fertilizer is environment friendly and reduce the 
cost of production for vegetables. 

The present study was undertaken to develop a suitable fertilizer package in combination with bio and 
chemical fertilizer for sustainable homestead gardening in the spinach cropping pattern. 
 
Materials And Methods 

 
This study was carried out at the experimental station of the National Research Centre, Beheira Governorate 
(North of Egypt), during the two winter season of 2010 and 2011 to investigate the effect of bio and 

chemical fertilizer (NPK) at different rates for influence plant growth, total yield and chemical properties of 
spinach plants 

cv. Balady. The experimental trails were conducted in sandy soil using drip irrigation system. Chemical 
analysis and physical properties of the experimental soil are shown in Table (1). 
 
Table 1: The physical and chemical properties of the experimental soil. 

Physical properties 
sand clay Silt texture f.c.% w.p.% 
90.08 9.26 0.66 sandy 16.57 5.25 
Chemical analysis 
       E.c. 
M/m 

pH Meq/L 
Ca Mg Na K Hco3 

1.7 8.2 7.020 0.527 0.982 0.31 1.30 

 
Pest control and other agriculture practices were applied as commonly recommended for commercial 

spinach production by Ministry of Agriculture. The experimental design was split plot with three replicates, 
where the three levels of bio fertilizer piogen (0, 1 kg/fed. and 2 kg/fed.) were arranged within the main plots, 
but the 3 levels of chemical fertilizer (30%, 50% and 70% of recommended rates of NPK) were distributed in 
the sub-plots. Each experiment included 9 treatments with 3 replicates. Each experimental plot area was 10.5 m2 
consisted of 5 ridges; each was 0.7 m width and 3 m length. Seeds of spinach were sown in hills 10cm apart on 
one side of the hill, 50 cm apart on the second week of October in both seasons. Two levels of bio fertilizer 
(piogen) were applied to the soil during preparing it for planting. But, the chemical fertilizer NPK used at 3 
rates, i.e. 30%, 50% and 70% of recommended rate. All recommended rate content of phosphorus as calcium 
super-phosphate (15% P2O5) which added during soil preparation at rate of 32 units /fed., whereas, potassium 
sulphate (48% K2O) was added at rate of 48 units/fed. At one month after seeding as recommended by the 
Egyptian Ministry of Agriculture. Whereas nitrogen forms was applied at rate of 60 units N/ fed. and added in 2 
equal portions (during soil preparing, and one month after seeding as side dressing).  

Spinach plants with stems up to 20 cm in length, grown from seeding were harvested after 50 days and the 
fresh weight of plants were recorded as tons/fed. for first cut and after two weeks was harvested the second cut 
as tons /fed.. In addition twenty spinach plants from each experimental plot were randomly taken for 
measurement of vegetative growth characters (plant length, leaves number, fresh and dry weights of leave as 
well as total leave chlorophyll was measured using Minolta Chlo. Meter (SPHD)-50. Leaf area was determined 
using the leaf area-leaf weight relationship formula, leaf disks were obtained using a cork borer according to the 
method described by Wallace and Munger (1965). The chemical composition of dry leaves tissue such as NO3 
and total nitrogen were determined according to methods of Chapman and Pratt (1978). In addition, protein 
percentages were calculated by multiplying nitrogen content by 6.25. However, total phosphorus and/ or total 
potassium were determined according to John (1970) and Richard (1954), respectively. All the obtained data 
were statistically analyzed and mean separation was done using the least significant differences (LSD) test at 
5% level of probability according to Gomez and Gomez (1984).  
 
Results And Discussion 
 
Plant growth and yield: 
 
1-Effect of bio fertilizer levels: 

 
The data regarding the growth parameters is presented in Table (2). The data indicated that the application 

of two levels of bio fertilizer (piogen) has significant effect on the growth parameters expressed as Number of 
leaves /plant (two seasons), plant height, fresh weight of whole plant, Leaf area cm2 /plant and Total chlorophyll  
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(1st season only) as well as dry weight of whole plant and total yield (ton/fed.) in (2nd season only) of the spinach 
crop  compared to without application (control).The maximum plant growth i.e. leaf length, Number of leaves 
/plant,  fresh and dry weight of whole plant,  Leaf area cm2 /plant and Total chlorophyll  were recorded in 
adding bio fertilizer at level of (2 kg/fed.) followed by bio fertilizer 1 kg/fed. and without added. The trend was 
2 kg/fed. bio fertilizer (piogen)  > 1 kg/fed. bio fertilizer > control. However, adding the highest level of bio 
fertilizer (2 kg/fed.) significantly increased total yield (ton/fed.) compared to low level and control. These 
results were true in both seasons. Total leaf of spinach yield as (ton/fed.) recorded its heaviest values (4.64 and 
4.13 ton/fed. for 1st and 2nd seasons respectively with addition of bio fertilizer piogen at rate of 2 kg/fed (Table 
2). It could be concluded that the heaviest leaf yield and its best values of growth characters which resulted may 
be attributed to increasing the availability of various nutrients by plant and increasing the resistance of plant to 
root diseases and reducing the environment pollution by the application of chemical fertilizers (Subbo-Ro 1988). 
The obtained results the effect of bio fertilization on growth and yield of spinach plants were in agreement with 
that obtained by (AbdEl-Fattah et al., 2003, El-Assiouty and Abo-Sedera 2005, and Alderfasi et al., 2010). 
 
2-Effect of chemical fertilizer levels: 

 
The data of Table (2) shows the response of spinach plant growth parameters and total yield (ton/fed.) to the 

application rate of chemical fertilizer (NPK) in two experiments of 2010 and 2011. Addition of 70 % of 
recommendation rate (RR) for spinach plants resulted in the highest values of number of leaves/plant, fresh and 
dry weight of whole plant, as well as leaf area /plant and total chlorophyll content. These findings were true in 
both experimental seasons and plant height in the first season only. With other words, that plants which supplied 
the 70% the recommended rate (RR) gave superiority in all plant growth characters over than the 50% (RR) and 
or 30% of (RR). However, addition of 70 % of the recommended rate (RR) as chemical fertilizer for spinach 
plants had the highest total yield of leaves (4.36 and 3.94 ton/fed. for 1st and 2nd seasons respectively). 
Generally, the obtained data clearly showed that, the spinach plant recorded a good response to the application 
of chemical fertilizer (NPK) and its growth might be recording better values if the application rate were 
increased over than the 70 % of recommended rate. In spite the response of spinach plant to the addition of 
chemical fertilizer many investigators recorded other data supported that data written in this study (Ali et al., 
2001, Shafeek et al., 2003, Popat et al., 2009, Ahmadi et al., 2010, Islam et al., 2011 Vignesh et al., 2012). 
 
3-Effect the interaction:  

 
The interaction within bio fertilizer levels and the rates of chemical fertilizer NPK affected the spinach 

plant growth characters and total leaves yield (ton/fed.) as shown in Table (2) for seasons of 2010 and 2011. 
However, this effect was more clearly in 1st season. Where the statistical analysis of the obtained data reveals 
that, the differences within different interaction treatments were significant for Fresh weight of whole plant (two 
seasons) and dry weight of whole plant, plant length and total chlorophyll content in (1st season only). 
Moreover, in spite of the un significant by the interaction treatment in number of leaves /plant, Leaf area cm2 
/plant and Total yield ton/fed. (two seasons) and plant height, dry weight of whole plant and total chlorophyll 
(2nd season only). But the registries data (Table 2) showed clearly that, the biggest leaves number, fresh and dry 
weight and its varies organs all of these characters recorded with that plants received high rates of bio fertilizer 
piogen (2 kg/fed.) and fertilizer the 70% of recommended rate of NPK.  
 
Chemical composition: 
 
1-Effect of bio fertilizer levels: 

 
The data reported in Table (3) show the response of some chemical consistent viz, protein, N, P, K and NO3 

contents of spinach leaves to the application of piogen bio fertilizer during the experimental seasons of 2010 and 
2011. Whereas, the plants which treated with piogen at high rates (2 kg/fed.) resulted in the highest percentages 
of protein (22.09 and 21.22), Nitrogen (3.53 and 3.40), Phosphorus (0.72 and 0.69) and potassium (2.59 and 
2.53) in the two seasons respectively compared to the low level (1 kg/fed.) and the untreated treatment (control). 
However, the two levels of piogen bio fertilizer application significantly increased the percentage of protein, N 
and K content in dry leaves tissues compared untreated control. These results were true in both seasons. On the 
other hand, the increased rates of bio fertilizer piogen at (2 kg/fed.) resulted the heaviest leaves content of nitrate 
(NO3) compared the low levels (1 kg/fed.) and untreated control (2nd season only). In the same respect, the two 
levels of piogen bio fertilizer significantly increased spinach leaves content of nitrate ppm (NO3) compared to 
control treatment these true in the second season only. These results were in harmony with those reported by 
(Gawish, 1997, Shingo et al., 1999, AbdEl-Fattah et al., 2003, El-Assiouty and Abo-Sedera 2005, and Alderfasi 



19 
Middle East j. Agric. Res., 2(1): 16-20, 2013 

 

 

et al., 2010). They reported that there were considerable increases in nitrogen potassium and phosphorus 
contents of spinach leaves which inoculation with bio fertilizers N fixing. 
 
2-Effect of chemical fertilizer levels: 

 
Addition of 70 % of the recommended rate (RR) of chemical fertilizer (NPK) for spinach plants had the 

highest percentage of nitrogen, phosphorus and potassium (two seasons) and protein % and nitrate contents ppm 
(2nd season only) in leaves tissue compared to medium rate (50% of RR) and the low rate (30% of RR) as shown 
in Table (3). The statistical analysis of the obtained data reveals that, both medium concentration (50% of RR) 
and the high levels of chemical fertilizer (70% of RR) significantly increased the percentage of nitrogen, 
phosphorus and potassium in leaves tissue compared to the low level (30% of RR) these were true in both 
seasons. However, the protein % and nitrate content ppm of leaves tissue un significant in 1st season. Many 
investigators had a similar trend of results which support that data written here (Ali et al., 2001, Shafeek et al., 
2003, Popat et al., 2009, Ahmadi et al., 2010, Islam et al., 2011 Vignesh et al., 2012).         
 
3-Effect the interaction: 

 
The interaction treatments between using the different of bio and chemical fertilizer levels on some 

chemical contents of spinach leaves tissue are shown in Table (3). The recorded data shows that, the interaction 
effect between the application of levels of bio fertilizer piogen and the application levels of chemical fertilizer 
(NPK). It is clear that the interaction was significant on the percentage of protein, nitrogen and potassium 
contents on leaves tissues by adding the high level of bio fertilizer piogen (2 kg/fed.) with application of 70% of 
(RR) of chemical fertilizer (NPK). These results were true in the second season only. On the other hand, the 
interaction was un significant in its effect on the percentage of phosphorus and NO3 content in dry leaves tissue. 
These results were true in the two seasons. 
 
Table 2: effect of bio and chemical fertilizer levels on growth characters of spinach plants during 2010 and 2011 winter seasons. 

Bio 
fertilizer  

Chemical  
Fertilizer  
R.R  

Plant height (cm) Number of leaves 
/plant 

Whole plant (g) Leaf area 
 cm2 /plant 

Total chlorophyll Total yield  
Ton/fed. Fresh weight Dry weight 

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 
0 30%  19.13 19.78 7.67 7.33 34.00 32.63 5.50 5.52 12.50 12.90 34.73 31.83 3.40 2.91

50% 21.87 20.84 8.67 8.33 35.00 33.73 5.90 5.63 13.54 15.02 36.84 32.90 3.70 3.23 
70% 23.67 21.77 9.33 9.33 35.87 34.86 6.77 5.97 14.58 15.74 37.60 35.65 4.05 3.60 

mean 21.56 20.80 8.56 8.33 34.96 33.74 6.06 5.71 13.54 14.55 36.39 33.46 3.72 3.25
1  
kg/fed  

30%  25.73 23.17 8.67 8.67 37.00 33.65 5.68 6.73 13.54 14.27 35.04 33.43 3.75 3.41 
50% 26.91 24.06 10.33 9.67 38.33 35.28 6.17 7.08 14.90 15.33 38.57 35.84 3.90 3.59 
70% 28.67 26.13 10.67 11.33 38.00 35.69 7.13 7.18 15.96 16.28 39.71 36.92 4.17 3.84 

mean 27.10  24.45 9.89   9.89   37.78  34.87 6.33 6.99  14.80  15.29 37.77  35.40 3.94 3.61  
2 
 kg/fed  

30%  31.63 35.20 10.00 10.67 40.00 36.17 6.27 7.41 15.21 16.95 40.89 28.53 4.37 3.81 
50% 35.07 36.95 11.00 11.67 43.00 38.09 7.47 7.60 15.54 17.43 41.97 36.08 4.68 4.18 
70% 41.20 39.10 12.00 12.67 45.00 42.82 7.74 9.06 16.46 18.30 42.28 37.42 4.87 4.39

mean 35.97  37.09 11.00  11.67  42.67   39.03  7.16 8.02  15.74  17.56  41.71  34.01 4.64  4.13  
Average  30%  25.50 26.05 8.78 8.89 37 34.15 5.82 6.55 13.75 14.71 36.88 31.27 3.84 3.37 

50% 27.95  27.28 10.00  9.89   38.78 35.70 6.51 6.77 14.66 15.93 39.12  34.94  4.09  3.67 
70% 31.18  29.00 10.67  11.11   39.62  37.79  7.21  7.40    15.67  16.77  39.86  36.66  4.36  3.94  

LSD at 
5% level 

Bio  1.50 NS 0.78 0.47 2.00 1.66 0.12 0.70 0.92 0.93 0.97 NS 0.29 0.15 
Chemical  0.60 NS 0.40 0.28 0.40 0.81 0.16 0.30 0.47 0.32 0.40 1.36 0.07 0.13 
interaction 1.04 NS NS NS 0.69 1.39 0.27 NS NS NS 0.69 NS NS NS

R.R = recommended rate.  
 
Table 3: effect of bio and chemical fertilizer levels on chemical characters of spinach plants during 2010 and 2011 winter seasons. 

Bio 
fertilizer  

Chemical  
Fertilizer  
R.R  

% ppm 
Protein  N P K No3 
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 

0 30%  12.50 10.73 2.00 1.73 0.47 0.41 2.12 1.83 1266.67 1221.67 
50% 13.54 11.83 2.17 1.89 0.51 0.47 2.25 2.15 1282.00 1256.33 
70% 14.58 13.77 2.33 2.20 0.52 0.52 2.30 2.28 1299.67 1263.67 

mean 13.54 12.11 2.17 1.94 0.50 0.47 2.22 2.09 1282.78 1247.22 
1  
kg/fed  

30%  13.54 14.25 2.17 2.28 0.50 0.44 2.33 2.02 889.67 1240.00 
50% 14.90 14.79 2.38 2.37 0.55 0.49 2.43 2.32 1360.00 1270.33 
70% 15.96 15.27 2.55 2.44 0.60 0.56 2.48 2.36 1390.00 1305.00 

mean 14.80  14.77 2.37 2.36 0.55 0.49 2.41 2.23 1213.22 1271.78 
2 
 kg/fed  

30%  21.46 20.67 3.43 3.31 0.68 0.63 2.54 2.45 1414.00 1376.67 
50% 22.09 21.29 3.53 3.41 0.72 0.67 2.60 2.54 1063.00 1450.00 
70% 22.71 21.71 3.63 3.47 0.76 0.76 2.63 2.61 1572.33 1477.67 

mean 22.09  21.22 3.53 3.40 0.72 0.69 2.59 2.53 1349.78 1434.78 
Average  30%  15.84 15.22 2.53 2.44 0.55 0.49 2.33 2.10 1190.11 1279.44 

50% 16.84 15.97 2.69 2.56 0.59 0.54 2.43 2.33 123500 1325.56 
70% 17.75 16.92 2.84 2.71 0.63 0.61 2.47 2.42 1420.67 1348.78 

LSD at 
5% level 

Bio  0.51 0.52 0.08 0.08 0.06 0.03 0.07 0.02 NS 12.52 
Chemical  NS 0.28 0.04 0.04 0.02 0.01 0.03 0.05 NS 13.09 
interaction NS 0.49 NS 0.08 NS NS NS 0.08 NS NS 

R.R = recommended rate.  
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