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Abstract
Lettuce plants (Lactuca sativa L. cv. ‘Paris Island’) were grown in an unheated plastic greenhouse to determine the effects of solution 
nitrogen concentration and growth regulators (gibberellin and kinetin) on growth (fresh and dry head weight) and tissue nitrate content 
(TNC). The plants were grown in plastic containers with perlite and supplied with a basic nutrient solution supplemented with nitrogen 
(N) corresponding to 50, 100, 150, and 200 ppm NO3-N. Growth regulators; gibberellin (GA3) and kinetin were applied at different 
doses independently and in combination. Fresh, dry weight and TNC were responsive to N application level. However, fresh and dry 
weights were similar at 150 and 200 ppm and TNC at 100 and 150 ppm nitrogen supply. Gibberellin (GA3) and gibberellin and kinetin 
in combination (GA3+kinetin) enhanced fresh and dry weight and TNC compared to the control. There were few differences in response 
to application rates. Therefore, where lettuce plants are grown in similar conditions and low NO3 accumulation is desirable, together 
with high yield and good size, the best N application level is 150 ppm NO3-N and growth regulators application may enhance yield. 
However their use in reducing the nitrate content is not recommended.
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Introduction
The presence of nitrates in vegetables (Peck et al., 1971), as in 
water and generally in other food products is a serious threat to 
man health (WHO, 1985). Not so much due to its toxicity, which 
is low, but for giving rise to the dangerous compounds in the 
organism (e.g. methaemoglobin, nitrosamines) (Van Der Boon et 
al., 1986, 1990; Boink and Speijers, 2001).Vegetables constitute 
the major source of nitrate providing 72-74% of the average 
daily human dietary intakes (Santamaria, 1997). Generally 
leafy vegetables tend to accumulate nitrates and the European 
Commission has issued the Commission Regulation (EC) No. 
563/2002 setting maximum acceptable nitrate concentration in 
lettuce and spinach. For winter grown lettuce the value is 4500 
mg kg-1 fresh weight and for summer-grown lettuce 2500 mg 
kg-1 fresh weight.

To fi nd ways to reduce nitrate accumulation in lettuce, many 
experiments were conducted by controlling some factors 
like the nitrogen form and concentration, light intensity, CO2 
concentration, genetic variation and cultivation techniques. 
(Blom-Zandstra and Lampe, 1985; Reinink and Groenwold, 
1987; Reinink et al., 1987; Kaiser and Brendle-Behnisch, 1991; 
Economakis, 1992; Jaervau, 1994, Pasda et al., 2001; Premuzic 
et al., 2002, 2003). 

There are reports focusing on nitrate content in lettuce and 
other leafy vegetables known as nitrate accumulators by growth 
regulators (Rozek et al., 1989; Rozek and Wojciechowska, 1990; 
Myczkowski et al., 1990, 1991; Sady et al., 1995). Encouraged 
by these observations, EU recommendations to lower nitrate 
content of vegetables and the growing interest in soilless culture, 
our research was focused on the infl uence of solution nitrogen 
concentration and two plant growth regulators (gibberellin and 

kinetin) on growth and tissue nitrate content (TNC) in lettuce 
grown in soilless culture under eastern Mediterranean climatic 
conditions (Cyprus).

Materials and methods
Plant material and culture: The experiment was conducted at 
the Agricultural Research Institute of Cyprus (32°24´ E, 35°09´ 
N) in a plastic greenhouse under natural daylight conditions and 
temperature. Lettuce seedlings at four true leaves stage (cv. ‘Paris 
Island’, a romaine type) were transplanted into plastic containers 
filled with 2 kg of horticultural perlite. The N treatments 
corresponded to nutrient solutions nitrogen concentration of 50, 
100, 150, and 200 ppm NO3-N and electrical conductivity values 
1.5, 2.0, 2.6 and 2.8 mS cm-1. It does appear that although lettuce 
plants can be grown over a wide range of solution conductivities, 
EC levels within 2.0-3.0 mS cm-1 give more satisfactory results 
(Economakis, 1991). The pH of the nutrient solutions was 
adjusted around 6.5 (Bres, 1992). Treatments were arranged in 
a randomized complete block design. Each nitrogen treatment 
corresponded to a block with 32 plants and replicated three times. 
Each block consisted of four rows with four plastic containers 
in each row and two plants per container. Within every block the 
growth regulators (GA3, kinetin, GA3+kinetin) were applied.

In-line drip irrigation, providing 2 L h-1, was placed at the top of 
the containers. Small holes were cut on the bottom of the plastic 
containers to allow excess nutrient solution to fl ow out and the 
plastic containers were laid on a catchment plate to gather the 
excess nutrient solution. The nutrient solution applied and the 
number of trickling turns per day was adjusted depending on the 
amount of over drained solution. The plants were fertigated with 
a basic nutrient solution (Table 1) supplemented with the nitrogen 
concentration corresponding to the treatment. 
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The air temperature and relative humidity (R.H.) inside the 
greenhouse are given in Table 2. The greenhouse was ventilated 
when the temperature exceeded 25oC. Global solar radiation 
fluctuated from 19.3 to 20.4 MJ m-2 and sunshine duration 
from 7.9 to 9.8 h day-1 over the whole experiment. There were 
no disease problems during the growth cycle. The plants were 
sprayed once, at an early stage of growth, with the systematic 
insecticide Mospilan (Acetamiprid) to prevent any pest problems. 
On the 29th day the plants were sprayed with 40 mL per plant 
solution of gibberellic acid (GA3) or kinetin (Kinetin®, Sigma) 
independently (20, 100 and 200 ppm) or in combination (100 + 
100, 20 + 200 and 200 + 20 ppm). Plants were harvested after a 
growing period of 40 days with a good market size and a relatively 
well-formed head (romaine type). At harvest, the lettuce heads 
were weighed, damaged leaves were removed, and the marketable 
weight was determined. The dry weight and tissue nitrate content 
were recorded.

for analysis of variance. Means were compared using Duncan’s 
multiple range test at the 5% level of signifi cance.

Results and discussion
Effect of solution nitrogen concentrations: The effect of 
nitrogen concentrations on fresh and dry weight per head and 
TNC of lettuce plants are shown in Table 3. Average head weight 
(fresh weight) was very responsive to N application level (Pearson 
correlation coeffi cient r = 0.917*). Kunsch et al. (1993) reported 
that lettuce heads can be determined as commercial when the fresh 
weight of the lettuce head is above 250 g. According to this, the 
lettuce heads of the treatment 50 ppm NO3-N were not as per 
commercial standards whereas the lettuce heads of the treatments 
150 and 200 ppm NO3-N had more marketable heads. The dry 
matter weight per head increased signifi cantly related to the 
amount of N applied (Pearson correlation coeffi cient r = 0.882*) 
but differences were not signifi cant between application levels 
of 150 and 200 ppm NO3-N (Table 3). This could be expected 
based on fresh weight results. Increasing the N application 
level increased the TNC (Table 3) with a signifi cant correlation 
coeffi cient (r = 0.798*). The maximum value was observed at 200 
ppm NO3-N whereas; at 100 and 150 ppm NO3-N TNC remained 
at signifi cant lower values (Table 3). The lowest signifi cant value 
was at 50 ppm NO3-N but growth was consistently depressed in 
contrary with results of Koleilat (1993) suggesting that lettuce 
can be grown at low nitrogen level (50 ppm) without reduction 
in yield. Finally, it could be stressed that TNC in lettuce heads 
was below the recommended limit by the European Commission 
at all nitrogen concentrations levels.

Effect of GA3, kinetin and GA3+kinetin: The effect of growth 
regulators, GA3, kinetin and GA3+kinetin on fresh and dry weight 
per head and TNC of lettuce plants are shown in Table 3. GA3 
and GA3+kinetin treatments had the highest averages of fresh, 
dry weight and TNC. Control gave signifi cant lower values and 
kinetin had non signifi cant differences (Table 3). The interaction 
between N application level and growth regulators was not 
signifi cant (Table 3).

There were few differences in response to application rates. 
GA3 at different application rates had a non signifi cant infl uence 
on fresh and dry weight. However, increased supply of GA3 

Table 1. Nutrient solution basic composition

Nutrient Concentration (mg L-1)
P 30
K 150
Mg 25
Ca 50
Hoagland solution* 50 mL m-3

*Micro-nutrients were supplied from the micro-nutrient Hoagland stock 
solution (MnSO4.H2O=34 g L-1, CuSO4.5H2O=1 g L-1, ZnSO4.7H2O=2.2 
g L-1, (NH4)6Mo7O24.4H2O=1 g L-1).

Table 2. Mean minimum and maximum air temperature (oC) and 
relative humidity (%) inside the greenhouse during the growing period
Growing 
period (days)

Air temperature (oC) RH(%)
Maximum Minimum Maximum Minimum

1-8 37.8 5.0 95.1 32.1
9-16 40.6 5.7 85.0 20.0
17-24 36.1 4.9 95.0 22.1
25-32 38.9 6.1 89.5 18.9
33-40 40.7 7.7 94.2 27.1

Table 3. Effect of nutrient solution nitrogen concentration (NC) and 
growth regulators (GR): gibberellin (GA3), kinetin and GA3+kinetin, on 
fresh head weight (F.H.W.), dry head weight (D.H.W.) and tissue nitrate 
content (TNC) of lettuce

Nitrogen 
concentration

F.H.W. 
(g)

D.H.W. 
(g)

TNC 
[mgNO3 (kg F.W.)-1] 

N-50 ppm NO3-N 212c 10.9c 381c
N-100 ppm NO3-N 325b 12.2b 1173b
N-150 ppm NO3-N 553a 19.0a 1204b
N-200 ppm NO3-N 590a 19.7a 1371a
GR
Control 380b 14.3b 893c
Kinetin 416ab 15.2ab 1002bc
GA3 + Kinetin 430a 16.1a 1073ab
GA3 454a 16.3a 1161a
NS × GR NS NS NS
NS: non-signifi cant at P≤0.05.
Mean values followed by the same letter in the same column are not 
signifi cantly different at P≤0.05.

Sample preparation: Lettuce heads were cut in four pieces 
put in paper bags and placed in an oven at 65oC temperature 
and air circulation to dry until reaching a constant weight. The 
dried material was recorded, fi nely mixed, ground and closed 
hermitically in glass vessels.

Determination of nitrates in plant tissue: For the determination 
of TNC a method reported by Paul and Carlson (1968), modifi ed 
by Baker and Smith (1969) and Hadjidemetriou (1982) was 
used. An amount of 0.25 g of dried ground head was added to 
25 mL extracting solution (0.02 N copper sulphates containing 
the amount of silver sulphate needed for the precipitation of 
chlorides), homogenized by shaking for 15 min and fi ltered 
through Watman (No.2) fi lter paper. The samples potential (me) 
was measured with a nitrate combination ion selective electrode 
(924-300, Jenway, UK) connected with the pH and conductivity 
meter apparatus measuring in millivolt (mv) with the help of a 
standard solution of known concentrations of nitrate. To avoid 
interference by chloride ion, silver sulphate was added in the 
extractant for precipitation of chlorides (Hadjidemitriou, 1982) 
because chlorides are possibly the most serious interfering ion 
(Baker and Smith, 1969). 

Statistical analysis: The yield data and nitrate content in plant 
tissue were subjected to ANOVA in SAS (SAS Inc., Cary, NC) 
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enhanced the accumulation of nitrates (Table 4). The TNC was 
highest at 200 ppm and lowest at 20 ppm GA3 application. The 
GA3 at 100 ppm gave non signifi cant differences. The effects of 
kinetin application rates on fresh and dry weight and TNC of 
lettuce plants were not signifi cant as shown in Table 4. Similarly, 
the effects of GA3+kinetin at different application rates on fresh 
and dry weight were not signifi cant. However, the exposure of 
plants at application rate of 100+100 ppm resulted in signifi cantly 
higher TNC (Table 4). 

Gibberellin and GA3+kinetin enhanced fresh and dry weight per 
head and similar results were reported by Rozek et al. (1989) and 
Neocleous et al. (2007), who found that growth regulators GA3, 
kinetin and GA3+kinetin combination stimulated fresh weight 
growth in lettuce heads, being the most intensive in plants sprayed 
with the combination of the two regulators. In addition, GA3 
and GA3+kinetin enhanced TNC. These results are in agreement 
with those found by Neocleous et al. (2007) but in confl ict with 
those found by Rozek and Wojciechowska (1990), Myczkowski et 
al. (1990) and Sady et al. (1995) who reported that lettuce plants 
sprayed with GA3 and kinetin had the greatest reduction in nitrate 
content. Attributed to different weather conditions (light intensity, 
sunshine duration and temperature) and reports from the literature 
(Roorda-Van-Eysinger, 1984; Blom-Zandstra and Lampe, 1985; 
Kaiser and Forster, 1989; Van der Boon et al., 1990; Talon et al., 
1991; Lacertosa et al., 1997; Neocleous et al., 2007) showing that 
there is an interaction between the amount of light or time of the 
year in which crop is grown and the nitrate content, it can be argued 
that under east Mediterranean (Cyprus) climatic conditions, where 
light intensity and temperature are high even in winters, the role of 
growth regulators in lowering the tissue nitrate content might be 
less important. Similarly, Behr and Wiebe (1992) reported a close 
negative correlation between photosynthesis and nitrate content in 
lettuce cultivars and this explaination may be suitable in present 
study also. Tissue nitrate content was between 381 and 1371 mg 
NO3 (kg fresh weight)-1 all over the experiment which is lower than 
European standards and comparable with biologically produced 
lettuce (Leuzzi et al., 1997).

In conclusion, in lettuce plants low NO3 accumulation is desirable 
together with high fresh and dry head weight for which the best 
N-application level is 150 ppm NO3-N. Also the use of growth 
regulators, GA3 and GA3+kinetin, may enhance yield. However, 
their use for reducing the nitrate content is not recommended.
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