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ABSTRACT 
 

Production of lettuce (Lactuca sativa L.) requires satisfactory levels of nitrogen (N), to provide standards 
that established by the European Commission Legislation. Therefore these experiments were carried out in a 
greenhouse at the National Research Centre, Egypt during two successive growing seasons (2010 and 20011) to 
study the effect of nitrogen sources (NO3

- and NH4
+) on the yield and leaf nitrate content of two lettuce cultivars 

grown in NFT system. Crisphead (Sonette cvs.) and loose-leaf (Paris cvs.) lettuces were grown in NFT system. 
Two treatments of different nitrogen sources were applied as (S1) solution containing 200 ppm NO3

--N and (S2) 
solution containing 150 ppm NO3

--N and 50 ppm NH4
+-N. The responses of cultivar to treatments were 

different in growth, yield and leaf nitrate content. The greatest growth was observed in Sonette cv. and was 
associated with the highest nitrate content in the leaves. Both cultivars accumulated high nitrate content when 
supplied with S1 compared to S2. The interaction effect showed that cv. Sonette supplied with S1 gave the 
highest growth, water use and nitrate content and the lowest effect recorded in Paris cv. supplied with S2. It 
could be concluded that tuning nitrogen fertilization may contribute to a more human-healthy lettuce 
production. 
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Introduction 
 

Lettuce is the most popular vegetable according to the highest consumption rate and economic importance 
throughout the world (Coelho et al., 2005).The quality of head lettuce is as important as yield. Despite a short 
cultivation cycle, lettuce is considered one of the leafy vegetables that provide the highest intake of nitrate, 
since it demands high doses of nitrogen. Leafy vegetables particularly may accumulate nitrate when the supply 
of N is high (Reinink, 1991; Prasad and Chetty, 2008). However, Excessive accumulation of nitrates in green 
leaves of plants is reported to be hazardous on human health. Excess of nitrate has been associated to 
respiratory problems –“blue baby” syndrome– and to the formation of the carcinogenic compound in human 
digestive track (Taiz and Zeiger, 1998). According to European Union Scientific Committee for Food in 1995, 
the acceptable daily intake for nitrate is 3.7 mg nitrate kg-1 body weight day-1.  

Thus, great efforts for reducing the nitrate foliar content in lettuce have been devoted (Knight and Mitchell, 
1983; Van der Boon et al., 1986, 1990; Carrasco and Stanley, 1992 and 1993; Urrestarazu et al., 1998; 
McCallum and Willumsen, 1999; Salomez et al., 1999; Burns et al., 2004) to meet E.C. Legislation. Nitrate and 
ammonium are the major sources of inorganic nitrogen taken up by the roots of higher plants. The response of 
plant growth to N source-nitrate, NO3

- or NH4
+ depends on many factors including plant specie (Kirby, 1967, 

1981; Kafkafi, 1990; Gamiely et al., 1991). The highest growth rates and plant yields are obtained by 
combining supply of both (Marschner, 1995). However, in plant nutrition, the main difference between nitrate 
(NO3

-) and ammonium (NH4
+) is that high rates of ammonium are highly toxic to plants since free ammonium 

irreversibly disrupts the structure of the thylakoid membrane (Wakiuchi et al., 1971; Simonne et al., 2001). 
Nitrate accumulation in plants has been related to genetic characteristics and management factors, such as 
nitrogen fertilization. Some vegetable crops such as beet (Beta vulgaris L.), celery (Apium graveolens), lettuce 
(Lactuca sativa L.), spinach (Spinacea oleraceae) and radish (Raphanus sativum L.) store nitrate in the leaves at 
levels, frequently exceeding 1000 mg kg-1 FW (Carrasco, 1998). Nitrate content in plant tissue depends on the 
N source, quantity and the enzymatic reduction processes of nitrate in the plant (Buczek, 1985). So, those 
agricultural management factors may reflect on human health through affecting nitrate concentration in plant 
tissues. 



2051 
J. Appl. Sci. Res., 8(4): 2050-2059, 2012 

 

Therefore, the purpose of this work is to study the growth, yield and leaf nitrate content  responses of two 
cultivars of lettuce (Lactuca sativa L.) to different forms of nitrogen (NO3

- and NH4
+). 

 
Materials And Methods 

 
The experiment was carried out in a plastic greenhouse in the experimental filed of Solar Energy 

department in the National Research Centre, Egypt during two winter successive growth seasons (2010 and 
2011) to evaluate the effect of nitrogen forms and cultivars on the growth and nitrate contents in lettuce plants 
(Lactuca Sativa L.) grown in solar powered NFT system. Paris cultivar (loose leaf type) and Sonette (Crisphead 
type) were grown during the winter season (first week of February to the end of March) in an unheated plastic 
house with mean minimum and maximum temperature 13ºC and 33ºC, respectively. The plants were established 
in NFT system. Seedlings were transplanted carefully with the surrounding soil to specially bottom opened pot 
No. 5 (filled with a mixture of sterilized expanded perlite and vermiculite (1:1 v:v pre hydrated mix) and left 
until new hair roots started to grow out of the pot. The pots were transferred to the Nutrient Film Technique 
(NFT) gullies when 4th to 5th true leaves were formulated and cultivated at destiny of 25 plants/m2. The plants 
were supplied with nutrient solution at the rate of 30 l/min. The nutrient solution contained all necessary 
elements that are required for plant growth.  

The experiment was arranged in in split plot design with four replicates for each treatment. The two 
different N sources were in ppm concentrations: solution 1 (S1):200 NO3

--N; solution 2 (S2): 150 NO3
--N and 

50 NH4
+-N. The base solution contained (mg L-1): 219 potassium, 100 calcium, 54 phosphorus, 64 sulfur, 49 

magnesium, 5 iron, 0.5 boron, 0.5 manganese, 0.05 zinc, 0.02 copper, 0.01 molybdenum. EC and pH, were 
measured and adjusted daily at 2.5 dS/m and 6.0 respectively. From the 3rd week after transplanting, the 
nutrient solutions were renewed weekly. The plants were harvested 50 days after transplanting. 

Water consumption:- The volume of nutrient solution taken up by plants was replaced daily with fresh 
water and cumulative consumption was calculated through out the season.  

Vegetative growth characters:- head fresh and dry weights and equatorial diameter were determined at 
harvest in the maturity stage. Measurements were taken by selecting five plants randomly from each plot as a 
representative sample at 50 days after transplanting. Total yield was calculated as Kg/m2.  

Chemical constituents:- The head leaves were washed in tap water containing a small amount of detergent. 
After excess water was allowed to drain away, they were placed in paper towels to remove additional moisture 
and oven dried at 70°C for three cycles each of 12 hours. The dry samples of leaves were grounded and then 0.2 
g of each was digested and then used for N determination. Total nitrogen was determined as percentage using 
the micro-Kjeldahl method (Black, 1965). 

Nitrate content in fully mature leaves was determined per treatment. Due to the limited number of plants, 
nitrate content on blades and midribs were determined in one composite sample obtained by mixing 
homogeneously each tissue per treatment. Nitrate concentration was determined by a first-derivative 
spectrophotometric method (UNICAM UV 2 Spectrophotometer, Cambridge, UK) based on nitrosalicylic acid 
spectral signals obtained to 388 and 440 nm in basic solution (Lastra et.al., 2003). 

The experimental design was split plot design with four replicates. Data of the experiment were subjected to 
statistical analysis of variance (ANOVA) according to (Gomez and Gomez 1984) and significant differences 
were determined at the level P≥0.05 

 
Results: 

 
Daily air temperature patterns inside and outside the greenhouse are shown in figure (1). Air temperature 

inside the greenhouse started to increase and was higher than that outside the greenhouse in the early afternoon. 
 Solution temperatures in the tank and in the end of the growing channel are shown in figure (2). Solution 

temperature in the tank was 15% higher than the temperature of the returning solution in the end of the channel. 
Daily water use was higher for the two varieties when grown in NO3

--N solution compared to NH4
+-N 

solution by 27% and 18% for Sonette and Paris varieties respectively (figure 3). Sonette variety was higher than 
Paris in daily water use by 12% and 3.6% when supplied with NO3

--N Solution (S1) and NH4
+-N Solution (S2) 

respectively (figure 4).    
The previous results of daily water use were reflected more obviously in cumulative water use (fig. 5). 

Cumulative water use was higher for the two varieties supplied with NO3
--N solution compared to that supplied 

with NH4
+-N solution (Fig. 6). When supplied with the same nutrient solution, Sonette variety was always 

higher than Paris variety in cumulative water use. 
Plant fresh weight as presented in Table (1) showed an increase in cv. Sonette compared to cv. Paris under 

both solutions with superiority effect for NO3
--N solution than NH4

+-N solution. This result is a reflection for 
water consumption which was presented earlier.   
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Fig. 1: Daily air temperature patterns inside (T-in) and outside (T-out) the greenhouse 

 

 
 
Fig. 2: Solution temperatures in the tank and in the return end of the growing channel. 
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Fig. 3: Daily water use by lettuce plants grown in different nutrient solutions. 
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Fig. 4: Daily water use by lettuce plants (l/plant). 
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Fig. 5: Cumulative water use by two cultivars of lettuce plants grown in different growing solutions. 

 
Table 1: Fresh, dry weights and nitrate content of lettuce leaves. 

    F.W D.W  Nitrate content 
Varieties    g/head g/head in leaves 
        (mg kg-1 FW) 
Paris  360.6 48.7 789.3 
Sonette   452.4 47.6 842.4 
LSD at 5%   15.5 0.2 8.9 
     
    F.W D.W  Nitrate content 
Solution   g/head g/head in leaves 
        (mg kg-1 FW) 
S1  411.7 50.7 871.2 
S2  401.3 45.5 760.5 
LSD at 5%   1.2 0.5 10.6 
     
    F.W D.W  Nitrate content 
Varieties  Solution  g/head g/head in leaves 
        (mg kg-1 FW) 
Paris S1 361.4 50.6 819.0 
  S2 359.8 46.8 759.6 
Sonette S1 462.1 50.8 923.4 
  S2 442.7 44.3 761.4 
LSD at 5% 1.7 0.7 15.0 
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Dry weight was higher in cv. Paris compared to cv. Sonette under both solutions (Table 1). The NO3
--N 

solution (S1) showed also higher effect on dry weight of plants compared to NH4
+-N solution.  

The results of water consumptions and dry weight production of plants mentined above resulted in higher 
water use effeciencies by lettuce plants supplied with NO3

--N solution (S1) compared to those supplied with 
NH4

+-N solution (S2). Also genotype of plants resulted in higher water use effeceincy in Sonette cultivar 
compared to Paris cultivar (figure 6). 

Nitrate contents in the leaves showed variation depending on the genotype and supplied nutrient solution. 
Paris cultivar showed lower nitrate content compared to Sonette cultivar (Table 1 ). Also, plants supplied with 
NH4

--N solution (S2) recoreded lower nitrate content in the leaves copmared to those supplied with NO3
--N 

solution (S1). The interaction showed that cultivar Sonette supplied with NO3
--N solution has the highest 

significant content of nitrate followed by Paris cultivar supplied with the same type of solution. Meanwhile the 
two cultivars had no significat difference in nitrate content when supplied with NH4

--N solution.  
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Fig. 6: Water use efficiency of two lettuce cultivars grown in two different nutrient solutions. 

 
Discussion: 

 
Human health concerns are driving the producers of vegetable crops to focus more on quality of produce 

rather than quantity in particular in nutrition aspects. Therefore, recent researches are concerned with the effect 
of agricultural management on one of the most important factors that has direct impact on human health and that 
is nitrate content in lettuce (McCallum and Willumsen, 1999; Salomez et al., 1999; Burns et al., 2004). In this 
research both genotype and the supplied form of nitrogen showed an effect on lettuce growth and nitrate 
content. Reinink and Eenink, (1988) has studied the genetic of nitrate content in this specie with the same 
purpose, finding a large genotypical variation. Our results confirmed these findings where cultivar Sonette had 
higher nitrate content compared to cultivar Paris. Nitrate content in plant tissue depends on the methods of N 
fertilization and the enzymatic reduction processes of nitrate in the plant (Buczek, 1985). The lettuce fertilized 
with ammonium sulfate was marked by the lowest mean nitrate content in the leaves before harvest (Chohura 
and Kołota 2009) and this has also been found in this study. N-form affected growth and yield of many 
vegetables (Gamiely et al., 1991). In contrary to the findings of Bozkurt et al., (2009) on lettuce yield, this study 
found that growth of lettuce was affected by N-form as well as genotype. As reported by Lastra et.al., (2009) 
higher growth was associated with higher nitrate content in the leaves. Although this high content may be higher 
than actual plant requirements of nitrogen, it can be classified as a “luxury” plant consumption of such nutrient. 
It follows when looking in plant growth that cultivar Sonette recorded higher fresh weight compared to cultivar 
Paris. The higher fresh weight is a product of dry weight and water consumption and both were higher in plants 
supplied with NO3

--N solution (S1). This led to higher water use efficiency in plants supplied with S1 compared 
to those supplied with S2.  

It could be concluded that although plants supplied with 100% of its nitrogen requirements in the form of 
nitrate give higher growth and water use efficiency, health safety concerns may lead producers to shift towards 
mixed forms of nitrogen application. 
 
 



2055 
J. Appl. Sci. Res., 8(4): 2050-2059, 2012 

 

Acknowledgment 
 
This work was financially supported by the National Research Center in-house project No. 9050402. 
      

References 
 

Black, C.A.. 1965. Methods of soil analysis. Part2 American Society of Agronomy, INC., Publisher, Madison, 
Wisconsin, USA. 

Bozkurt, S., G.S. Mansuro, M. Kara and S. Önder. 2009. Responses of lettuce to irrigation levels and nitrogen 
forms. African Journal of Agricultural Research. 4(11): 1171-1177. 

Buczek, J., 1985. Regulation of nitrate and nitrite reductase activities in whole cucumber plants by endogenous 
level of nitrate supply. Acta Physiol. Plant. 7: 21-30. 

Burns, I.G., A. Lee and A.J. Escobar-Gutiérrez, 2004. Nitrate accumulation in protected lettuce. Acta Hort, 633: 
271-278. 

Carrasco, G., 1998. Acumulación de nitratos en hortalizas de hoja en cultivo protegido y alternativas de control. 
In Seminario Internacional Avances Tecnológicos en Producción Forzada y Cultivos Hidropónicos, Talca, 
Chile, Octubre 30, 1998; Carrasco, G., Rebolledo, G., Urrestarazu, M., Guzmán, M., Eds.; Universidad de 
Talca, 87-104. 

Carrasco, G. and B. Stanley, 1992. Diurnal fluctuations and nitrate accumulation and reductase activity in 
lettuce  )Lactuca sativa L.) grown using nutrient film technique. Acta Hort, 323: 51-59. 

Carrasco, G. and B. Stanley, 1993. Diurnal fluctuations in nitrate uptake and nitrate accumulation in lettuce 
(Lactuca sativa L.). Acta Hort., 339: 137-147. 

Chohura, P., E. Kołota, 2009. Effect of nitrogen fertilization on the yield and quality of field-grown leaf lettuce 
for spring harvest. Vegetable Crops Research Bulletin., 71: 41-49 

Coelho AFS, E.P. Gomes, A.P. Sousa, M.B.A. Gloria, 2005. Effect of irrigation level on yield and bioactive 
amine content of American lettuce. J. Sci. Food. Agric., 85: 1026-1032. 

EUROPEAN UNION SCIENTIFIC FOR FOOD, 1995. Opinion on nitrate and nitrite (expressed on 22 
September 1995), Annex 4 to document III/56/95, CS/CNTM/NO3/2O- FINAL, European Commission 
D:G III, Brussels. 

Gamiely, S., W.M. Randle, H.A. Mills and D.A. Smittle, 1991. Onion plant growth bulb quality and water 
uptake following ammonium and nitrate nutrition. HortScience., 26: 1061-1063.  

Gomaz, K.A. and A.A. Gomaz, 1984. Statistical Procedures for Agriculture Research. Second Ed. Wiely 
Interscience Publ. John Wiley &Sons, New York, USA. 

Kafkafi, U., 1990. Root temperature, concentration and the ratio NO3-/ NH4+ effect on plant development. J. 
Plant Nutr., 13: 1291-1306.  

Kirby, E.A., 1967. A note on the utilization of nitrate, urea and ammonium nitrogen by Chenopodium album. Z. 
Pflanzenernähr. Bodenkd., 117: 204-209. 

Kirby, E.A., 1981. Plant growth in relation to nitrogen supply. In Terrestrial Nitrogen Cycles, Processes, 
Ecosystem Strategies and Management Impacts, eds. F. E. Clarke and T- Roswall, 249-267. Ecol. Bull., 
Stockholm. 

Knight, S. and C. Mitchell, 1983. Enhancement of lettuce yield by manipulation of light and nitrogen nutrition. 
J. Amer. Soc. Hort. Sci., 108: 750-754. 

Lastra, O., M.L. Tapia, B. Razeto, M. Rojas, 2009. Response of hydroponic lettuce cultivars to different 
treatments of nitrogen:growth and foliar nitrate content. IDESIA (Chile) Enero, 27(1): 83-89. 

 Marschner, H., 1995. Mineral Nutrition of Higher Plants. 2nd Ed.; Academic Press Limited: London, Great 
Britain, pp: 889. 

McCALL, D. and J. Willumsen, 1999. Effects of nitrogen availability and supplementary light on the nitrate 
content of soil-grown lettuce. J. Hort. Sci. Biotech, 74: 458-463. 

Prasad, S. and A.A. Chetty, 2008. Nitrate-N determination in leafy vegetables: Study of the effects of cooking 
and freezing. Food Chem., 106: 772-780. 

Reinink, K., 1991. Genotype Environmental Interaction for nitrate concentration in lettuce. Plant Breeding, 107: 
39-49. 

Reinink, K. and A.H. Eenink, 1988. Genotypical differences in nitrate accumulation in shoots and roots of 
lettuce. Sci. Hortic. Amsterdam., 37: 13-24. 

Salomez, J., G. Hofman, van M. Meriervenne ,van O. Cleemput, P. Bleyaert and A. Calus, 1999. Evaluation of 
the current Belgian N fertilization advice system for butterhead lettuce grown under glass. International 
workshop on ecological aspects on ecological aspects of vegetable fertilization in integrated crop 
production. Acta Hort., 506: 93-98. 

Simonne, E., A. Simonne, L. Wells, 2001. Nitrogen source affects crunchiness, but not lettuce yield. J. Plant. 
Nutr., 24(4&5): 743-751. 



2056 
J. Appl. Sci. Res., 8(4): 2050-2059, 2012 

 

Taiz, L., and E. Zeiger, 1998. Plant Physiology. 2nd Ed.; Sinauer Associates, Inc., Publishers: 323-328. 
Sunderland, MA, USA. 

Urrestarazu, M., A. Postigo, M. Salas, A. Sánchez and G. Carrasco, 1998. Nitrate accumulation reduction using 
chloride in the nutrient solution on lettuce growing by NFT in semiarid climate conditions. J. Plant Nutr., 
21: 1705-1714.  

Van Der Boon, J., J. Steenhuizen and G. Steingröver, 1986. Nitrate in lettuce on recirculating nutrient solution. 
Acta Hort., 72: 167-178. 

Van Der Boon, J., J. Steenhuizen and G. Steingröver, 1990. Growth and nitrate concentration of lettuce as 
affected by total nitrogen and chloride concentration, NH4/NO3 ratio and temperature of recirculating 
nutrient solution. J. Hort. Sci., 65: 309-321. 

Wakiuchi, N., H. Matsumoto, E. Takahashi, 1971. Changes of some enzyme activities of cucumber during 
ammonium toxicity. Physiol. Plant., 24: 248-253. 


