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ABSTRACT 
 

This work was carried out during the two successive winter seasons of 2012/2013 and 2013/2014 at El-
Khattara Experimental Farm, Faculty of Agricultural, Zagazig University, Sharkia Governorate, Egypt to study 
the effect of mineral and bio nitrogen fertilizers on the growth, chemical composition and yield of lettuce plants 
(Lactuca sativa L.) Cv. Dark Green, under the conditions of sandy soil using drip irrigation system. The 
treatments were randomly arranged in a randomized complete block design system with three replicates. The 
results revealed that different doses of mineral nitrogen or bio-fertilizers increased the growth parameters of 
lettuce plant; i.e., plant height, number of leaves per plant, head fresh weight and dry weight of plant, as well as 
chemical constituents such as N, P and K uptake as compared to untreated plants. Treating plants by bio-
fertilizers was the most effective in this concern, followed by nitrobein and then biogein. The interaction 
treatment of ammonium sulphate at 190.48 kg N ha-1 + nitrobein gave the best result in this concern with 
significant differences as compared to the control and the other treatments under study in two investigated 
seasons. The obtained results showed that both mineral and bio nitrogen fertilizers treatments caused a marked 
effect on nitrate content in lettuce head plants in the two seasons of study. It is quite clear from such data that 
increasing the application rate of nitrogen fertilizer up to 190.48 kg N per hectare and lettuce plants treated with 
biogein or nitrobein significantly increased nitrate content in the tissues of lettuce leaves as compared with the 
other treatments. These results were hold true in both seasons of study. On the contrary, the lowest nitrate 
content were more pronounced by treated lettuce plants by biogein only (bio nitrogen fertilizer) followed by 
application the lowest rate of nitrogen fertilizer (47.62 kg N per hectare) and treated with biogein in the first one 
and using of nitrobein bio fertilizer only in the second season of study. 
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Introduction 
 

Lettuce (Lactuca sativa L.) one of the important leafy vegetable crops growing in Egypt and many 
countries around the world during winter season. Lettuce belongs to family compositae and considered a main 
salad crop, which contain a good amounts of minerals, vitamins (A, E and K) and rich in water. On other hand, 
nitrogen considered one of the macronutrients, which essential for plant growth and yield. It is an important 
factor for higher yield and average head weight of lettuce (Hosseny and Ahmed, 2009) and enter in the content 
of many important components in plant like amino acids, enzymes, nuclear acids (DNA and RNA) and 
chlorophyll, but the increasing of use mineral nitrogen fertilizers caused harmful effects on agricultural 
environment also on human and animal health. In addition, these fertilizers have the major cost in plant 
production. Moreover, increasing N fertilizer led to increase the nitrate content of the plant tissues without 
significant increase in yield (Custic et al., 1994). Hence, 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. Both bioand organic fertilizer may be the solution of pollution decrease and high cost of 
chemical fertilizer to increase in our exporter. Many investigations presented the effect of untraditional 
fertilizers on grown lettuce such as Hosseny and Ahmed (2009) who showed that compost manure at high rate 
of nitrogen was associated with low nitrate concentration in lettuce. Ahmed et al. (2000) found that lettuce 
plants treating with Azotobacter chroococcumand Azospirillium lipoferum as a biofertilizer resulted in 
significant increases in shoot height, number of leaves and fresh weight. While, there were significant decreases 
when treated with Azotobacter chroococcum, Azospirillium lipoferum and Bacillus megaterium. A significant 
decrease in nitrate accumulation was noticed when the plants treated with bio-fertilizers. The benefits of bio-
fertilizer on grown lettuce plants were presented by many searches such as Chabot et al. (1996) and Noel et al. 
(1996). For these reasons, there was great attention to reduce the high amounts of mineral nitrogen fertilizers by 
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using the bio-fertilizers in the production of vegetable crops. Microbiological fertilizers are important to 
environmental friendly stainable agricultural practices (Bloemberg et al., 2000). Using bio-fertilizers is very 
important for the production through the role of Azotobacter genus for nitrogen fixation unsymbiolic and 
exudation of some compounds like auxins, gibberllins, cytokinins and antibiotic for fungus, bacteria that can 
improve soil fertility, growth and production of agricultural crops Forlin et al. (1995) and Sarhan, (2008). 

Therefore, the objective of this work was to study the effects of different levels of mineral nitrogen (as 
ammonium sulphate) with two types of nitrogen bio-fertilizers on growth, yield and chemical composition of 
lettuce plants grown under sandy soil conditions.  
 
Materials and Methods 

 
This work was carried out during the two successive winter seasons of 2012/2013 and 2013/2014 at El-

Khattara Experimental Farm, Faculty of Agricultural, Zagazig University, Sharkia Governorate, Egypt, to study 
the effect of mineral and bio nitrogen fertilizers on the growth, chemical composition and yield of lettuce plants 
(Lactuca sativa, L.) Cv. Dark Green, under the conditions of sandy soil using drip irrigation system. The 
physical and chemical properties of the experimental soil are shown in Table 1, which determined according to 
the methods by USDA (1954), Van Reeuvijk (2002) and Jackson (1967). 

 
Table 1: Physical and chemical characteristics of the experimental soil site 

 Property Studied Soil 
- Texture class Sand 
- Organic matter [g kg-1] 6.30 
- EC and pH   

 EC (mScm-1) [soil extract 1:2.5] 0.45 
 pH [suspension 1:2.5] 7.98 

- Soluble ions (mmolc l-1)  
 Na+ 1.12 
 K+ 0.27 
 Ca2+ 1.17 
 Mg2+ 0.54 
 Cl- 0.89 
 HCO3

- 1.01 
 SO4

= 1.20 

 
The treatments were  
1- Control (190.48 kg N ha-1) 
2- Biogein only 
3- Biogein + 47.62 kg N ha-1 
4- Biogein + 95.24 kg N ha-1 
5- Biogein + 142.86 kg N ha-1 
6- Biogein + 190.48 kg N ha-1 
7- Nitrobein   only 
8- Nitrobein + 47.62 kg N ha-1 
9- Nitrobein + 95.24 kg N ha-1 
10- Nitrobein + 142.86 kg N ha-1 
11- Nitrobein + 190.48 kg N ha-1 

 
The treatments were randomly arranged in a randomized complete block design system with three 

replicates. The area of the experimental units was 6.75 m2 and it contained three lines each of 3 m length and 75 
cm width. Lettuce transplants were planted at 25 cm a part on both sides of the drippers in December 10 and 7 in 
2012 and 2013 seasons, respectively. 

All plots received equal amount of botanical compost at a rate of 71.43 m3 ha-1.In addition, calcium 
superphosphate (15.5% P2O5) was used as a source of phosphorus at a rate of 107.15 kg P2O5 ha-1, and added 
during soil preparation. On the other hand, ammonium sulphate (20.5% N) were used as a source of nitrogen 
fertilizer and divided into five equal portions, which added weekly started after 15 days from transplanting. In 
addition, all plots received equal amount of mineral potassium fertilizer in potassium sulfate form (48% K2O) at 
a rate of 166.67 kg K ha-1 at the same time of application nitrogen fertilizer. 

Moreover, nitrobein, which contains Azospirillium spp. and Azotobacter spp., and biogein, which contains 
Azotobacter spp. were used as N bio-fertilizers at the rate 9.524 kg ha-1 (6.42 g/plot area). Dose of nitrobein or 
biogein mixed with the sand and then added to the soil at two weeks after transplanting in the morning with 
irrigation. The source of Nitrobein and biogein was General Organization for Agricultural Equalization 
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Foundation (GOAEF).The other normal agriculture processes for growing lettuce plants were practiced as 
commonly. 
 
Data recorded 
 
1) Plant growth measurements: 

 
At 75 days from transplanting a random sample of five plants were taken from each experimental units for 

measuring plant height, number of leaves per plant, as well as fresh head weight characters. Dry matter was 
determined by allowing 200g fresh leaves to dry in a hot air oven at 105º C until constant weight and dry matter-
% was determined. 

 
2) Chemical analysis: 
 
A. N, P and K uptake: 

 
Total nitrogen, phosphorus and potassium in leaves were determined at 75 days from transplanting in the 

dry matter of lettuce plants leaves according to the methods as described by Bremner and Mulvaney (1982), 
Olsen and Sommers (1982), respectively. 

 
B. Total Carbohydrate  content: 

 
Total carbohydrate percentage was determined in leaves  according to Herbert  et al.  (1971). 
 

C. Nitrate content: 
 
Nitrate content in lettuce leaves was determined at 75 days from transplanting by using Brucine method as 

described by Holty and Potworowski, (1972). 
 

3) Yield and its components: 
 
At harvest time (100 days after transplanting) the fresh heads of lettuce of each plot were harvested, then 

weighted to determine average head weight and total yield per hectare. 
The obtained data were statistically analyzed using the SAS program and LSD test at the 5% level of 

probability was used to compare the treatments means according to Gomez and Gomez (1984). 
 

Results and Discussion 
 
1) Plant growth characters: 

 
Data presented in Table 2 clearly showed the effect of different levels of mineral and bio-nitrogen 

fertilizers on the growth characters of lettuce plants, expressed as plant height, number of leaves per plant, the 
freshweight per head and dry matter of 200g / leaves in the first and second seasons of the study., 

The obtained results showed that, all used treatments in this study (mineral nitrogen fertilizer combined 
with bio nitrogen fertilizers, i.e. nitrobein  and biogein) exerted a marked effect and increased significantly the 
growth rate of lettuce plants, as compared with the control treatment (application of the recommended rate of 
mineral nitrogen fertilizer only, i.e. 190.48 kg N ha-1). 

Moreover, it’s quite clear from such data in Table 2 that, the maximum values of all growth characters of 
lettuce plants (as described above) were more achieved via application the relatively high level of mineral 
nitrogen fertilizer (190.48 kg N ha-1) combined with treated the plants by bio nitrogen fertilizers, i.e. nitrobein, 
which contain Azospirillum spp. and Azotobacter spp.. In addition, this treatment came in the first rank, while 
application of mineral nitrogen fertilizer at the rate of 142.86 kg N ha-1 combined with nitrobein came in the 
second rank in this respect. These results were hold true in both seasons of study. Moreover, the obtained results 
are agreement with those reported by Eissa (2004), Paramaguru and Natarajon (1995), Abd  El-Salam (2007) 
and Amin (1997). 

From the above mentioned results, it could be suggested that, the superiority of mineral nitrogen fertilizer 
on promoting and increasing the growth rate of lettuce plants is directly owing to its important role in the plant. 
In this connection, Mengel and Kirkby (1978), Bidwell (1979),Edmond et al., (1981), Marschner (1995) and 
Durner, (2013) concluded that nitrogen is an indispensable elementary constituent of numerous organic 
compounds of general importance (Amino acids, protein and nucleic acids) and it is needed chlorophyll in 
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formation of protoplasm and new cells, as well as its encourage elongation. In addition, nitrogen deficiency is 
characterized by a poor growth rate and the leaves remain small. 

 
Table 2: Effect of different treatments on plant growth measurements of lettuce plants (Lactuca sativa) during 2012/2013 

and 2013/2014 seasons.    

Treatments 

Plant Height 
(cm) 

Leaves  
No. 

Head fresh weight 
(g) 

Dry matter /200 g 
leaves 

(g) 

1st season 2nd season 1st season 
2nd 

season 
1st season 

2nd 
season 

1st 

season 
2nd 

season 
Control 30.17 31.68 34.67 35.67 439.83 461.83 10.73 10.43 
Biogein 31.92 33.51 37.33 38.67 528.33 554.75 11.22 11.08 
Biogein + 47.62 kg N ha-1 33.83 35.53 38.00 40.00 587.83 617.23 11.62 11.40 
Biogein + 95.24 kg N ha-1 35.33 37.10 39.00 41.00 653.58 686.26 11.90 11.58 
Biogein + 142.86 kg N ha-1 36.00 37.80 39.67 41.67 720.17 756.18 11.95 11.72 
Biogein + 190.48 kg N ha-1 36.25 38.06 41.00 43.00 768.83 807.28 12.03 11.87 
Nitrobein 36.83 38.68 41.33 43.33 791.17 830.73 12.30 12.03 
Nitrobein + 47.62 kg N ha-1 37.58 39.46 42.33 44.33 811.00 851.55 12.83 12.23 
Nitrobein + 95.24 kg N ha-1 38.33 40.25 43.33 45.33 836.75 878.59 13.62 12.62 
Nitrobein + 142.86 kg N ha-1 39.50 41.48 44.67 46.67 888.50 932.93 14.15 12.88 
Nitrobein + 190.48 kg N ha-1 41.75 43.84 49.00 51.00 940.58 987.61 16.30 13.75 
LSD0.05 0.63 0.66 2.16 2.17 17.34 18.21 0.51 0.21 

 
On the other hand, increasing the growth rate of lettuce plants due to nitrobein and biogein application 

could be attributed to the role of microorganisms by supplying lettuce roots with either nitrogen and 
consequently improving the vegetative growth. In addition, Azotobacter is a free-living nitrogen fixing 
rhizobacterium, which does not   from symbiotic relationships with plants.  

With respect to Azospirillium, it produces growth promotive hormones such as Auxin, gibberellins and 
cytokinins affecting plant growth (Mariola et al., 2008). Moreover, Azospirillium improves plant macro and 
micronutrients absorption. 

From the above mentioned results and discussion, it could be suggested that both mineral and bio nitrogen 
fertilizers exerted a marked effect on the growth rate of lettuce leaves in the two growing seasons. 

 
2) Chemical composition of lettuce plants: 
 
A) Nitrogen, phosphorus and potassium uptake: 

 
Data representing the effect of mineral and bio nitrogen fertilizers on the percentage of N, P and K as well 

as their total uptake in the tissues of lettuce plants are shown in Table 3. 
The results in such table reveal generally that, all treatments of mineral and bio nitrogen fertilizers 

significantly increased the concentration and total uptake of N, P and K uptake as compared with the control 
treatment (the recommendation dose of nitrogen fertilizer only). In addition, the maximum values with this 
respect were more via application the relatively high rate of mineral nitrogen fertilizer (190.48 kg N ha-1) and 
treated lettuce plants with nitrobein, which being the first one, followed by application of mineral nitrogen 
fertilizer at a rate of 142.86 kg N ha-1 combined with nitrobein. The obtained results are in agreement with those 
reported by Eissa (2004), Paramaguru and Natarajon (1995), Abd  El-Salam (2007), Amin (1997), Abd  El-Latif  
et  al.,  (2002) and Said-Al  Ahl  (2005). 

 
B) Total carbohydrates content: 

 
With regard to the content of total carbohydrates, data in Table 3 showed that the maximum values of total 

carbohydrates were recoded by treated lettuce plants with bio nitrogen fertilizer only, i.e. nitrobein, which being 
the most favorable and effective treatment. While, application of mineral nitrogen fertilizer at a rate of 142.86 
kg N ha-1 and treated lettuce plants with nitrobein   came in the second rank in this respect. The obtained results 
are in agreement with those reported by Abd El-Latif et al., (2002) and Said-Al Ahl (2005). 

The favorable effect of application mineral and bio nitrogen fertilizer on building and accumulation of 
carbohydrates might be due to increasing the activity of carbohydrates hydrolyzing enzymes.   

 
C) Nitrate content: 

 
The obtained results in Table 3 showed that both mineral and bio nitrogen fertilizers caused a marked 

effect on nitrate content in lettuce head plants in the two seasons of study.  
It is quite clear from such data that increasing the application rate of nitrogen fertilizer up to 190.48 kg N 

per hectare and treatedlettuce plants with biogein or nitrobein significantly increased nitrate content in the 
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tissues of lettuce plants, as compared with the other treatments. These results were hold true in both seasons of 
study. On the contrary the lowest nitrate content were more pronounced by treated lettuce plants by biogein only  
Table 3: Effect of different treatments on N, P and K uptake by lettuce plants (Lactuca sativa) during 2012/2013 and 

2013/2014 seasons.  

Treatments 

N uptake 
(mg/plant) 

P uptake 
(mg/plant) 

K uptake 
(mg/plant) 

NO3 (mg/kg) 
Carbohydrates 

(%) 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
Control 208.97 203.46 29.32 35.46 200.61 195.32 1003.00 999.67 52.32 52.05 
Biogein 242.30 243.85 43.40 46.94 232.61 234.10 719.00 708.00 51.31 51.16 
Biogein + 47.62 kg N ha-1 273.06 272.50 58.87 56.25 262.13 261.60 720.67 791.67 52.06 52.09 
Biogein + 95.24 kg N ha-1 297.50 290.36 61.88 60.24 285.60 278.74 829.67 853.00 51.29 51.55 
Biogein + 142.86 kg N ha-1 298.37 294.49 62.14 64.84 286.43 282.71 883.67 900.33 51.67 51.77 
Biogein + 190.48 kg N ha-1 309.26 309.32 69.00 68.04 296.89 296.95 927.33 935.00 51.89 51.56 
Nitrobein 242.74 241.48 44.33 43.32 233.03 231.82 853.33 712.67 55.63 55.69 
Nitrobein + 47.62 kg N ha-1 302.90 292.80 55.24 50.98 290.79 281.09 792.67 851.33 54.36 53.73 
Nitrobein + 95.24 kg N ha-1 334.59 312.48 69.04 62.67 321.20 299.98 853.33 819.67 52.25 52.15 
Nitrobein + 142.86 kg N ha-1 362.75 335.81 77.88 70.01 348.24 322.38 905.00 887.33 53.44 53.37 
Nitrobein + 190.48 kg N ha-1 423.53 361.67 89.82 77.46 406.59 347.20 941.00 924.33 51.52 51.38 
LSD0.05 15.43 5.84 6.68 3.09 14.82 5.61 6.50 5.28 0.14 0.91 

 

(bio-nitrogen fertilizer) followed by application the lowest rate of nitrogen fertilizer (47.62 kg N per hectare) 
and treated with biogein in the first one and using of nitrobein bio fertilizer only in the second season of study. 

In this connections it could be suggested that several plant species accumulate nitrate (NO3) as a result of 
an excess of N uptake. Similar results were recorded by Ahmed et al., (2000) and Shahein et al., (2013) who 
found significant decrease in nitrate accumulation when lettuce plants treated with bio fertilizer. In addition, 
Shahien et al., (2014) came to similar conclusion in lettuce plants.  

 
3) Yield and its component: 

 
It is evident from the presented data in Table 4 that all treatments of mineral and bio nitrogen fertilizers 

exerted a marked effect and significantly increased the yield and it components of lettuce plants as compared 
with application the recommended dose of mineral nitrogen fertilizer only (i.e. the control treatment). Whereas, 
the maximum values of average head weight (kg) and total yield per unit area were more achieved via 
application the highest level of mineral nitrogen fertilizer (190.48 kg N ha-1) and treated lettuce plants by 
nitrobein (bio-fertilizer). In addition, this treatment came in the first rank followed by application of mineral 
nitrogen fertilizer at a rate of 142.86 kg N ha-1 and treated lettuce plants by nitrobein, which came in the second 
rank in this respect. 
 

Table 4: Effect of different treatments on yield (ton ha-1) and average of head weight (kg) of lettuce plants (Lactuca sativa) 
during 2012/2013 and 2013/2014 seasons. 

Treatments 
Yield, ton ha-1 Average of head weight, kg 

1st season 2nd season 1st season 2nd season 
Control 32.43 33.41 0.91 0.94 
Biogein 41.55 42.81 1.17 1.20 
Biogein + 47.62 kg N ha-1 51.17 52.72 1.44 1.48 
Biogein + 95.24 kg N ha-1 56.14 57.83 1.58 1.63 
Biogein + 142.86 kg N ha-1 59.86 61.64 1.68 1.73 
Biogein + 190.48 kg N ha-1 62.05 63.91 1.74 1.80 
Nitrobein 66.79 68.79 1.88 1.93 
Nitrobein + 47.62 kg N ha-1 70.43 72.55 1.98 2.04 
Nitrobein + 95.24 kg N ha-1 73.38 75.57 2.06 2.13 
Nitrobein + 142.86 kg N ha-1 76.10 78.38 2.14 2.20 
Nitrobein + 190.48 kg N ha-1 79.05 81.41 2.22 2.29 
LSD0.05 3.79 3.90 0.11 0.11 

 
Moreover, application of mineral nitrogen fertilizer at rate of 190.48 kg N ha-1 and treated lettuce plants by 

nitrobein   (bio fertilizer) increased the total yield of lettuce by 243 and 79%, respectively (average the two 
seasons of study) over the control treatment. 

As general conclusion, yield response increasing the application rate of mineral and bio nitrogen fertilizer 
(190.48 kg N ha-1 + nitrobein) could be attributed to the response of all tested feature as of lettuce plants 
previously discussed i.e. growth rate especially average head weight, nutrients uptake, total protein and total 
carbohydrates content. 

On the other hand, the superiority of treated lettuce plants with bio-fertilizers (nitrobein   and biogein) on 
increasing the total lettuce yield is due to that Azotobacter is a free living fixing rhizobacterium, which does not 
from symbiotic relationship with plants (Masarirambi et al., 2012). Azotobacter is the commonly bio-fertilizer 
for some plant species, such as lettuce and spinach. In addition, Azospirillum produce growth promotive 
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hormones, such auxins, gibberelline and cytokinin affecting plant growth (Mariola et al., 2008), as well as 
improved plant macro and micronutrients absorption. 

On the other hand, it is quite clear from the obtained results in Table 4 that treated lettuce plants with 
nitrobein   only (without application of mineral nitrogen fertilizer) were more effective as compared with treated 
lettuce plants with biogein only. In this connection, nitrobein increase the total yield of lettuce plants by 
205.96%, while biogein increase the total yield by 128.12% over the control treatment (average the two 
investigated seasons). This results directly owing to that nitrobein contain to species of bacteria i.e., 
Azospirillium and Azotobacter, while biogein contain one species only of bacteria i.e. Azotobacter. 

Finally, from the above mentioned results and discussion it could be concluded that the growth rate, 
mineral content and yield behavior of lettuce plants varied according to the application rate of mineral nitrogen 
fertilizer and the species of bio fertilizer. Whereas, such effect was more distinct via application the relatively 
high level of mineral nitrogen fertilizer (190.48 kg N ha-1) 
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