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Introduction

Urea is one of the nitrogen chemical fertilizers for vegetable production in soil. But it is seldom
used in soilless cultures. Leafy vegetables such as Lettuce (Lactuca sativa L.) contain high levels
of nitrate and attempts have been made to reduce the nitrate concentration imthis crop for human
consumption. Using reduced forms of nitrogen, i.e. urea, is one of the applied strategies for
reducing nitrate accumulation in lettuce. Little information is available concerning trea as a source
of nitrogen for production of leafy vegetables such as lettuce in soilless culturésThisexperiment
was conducted to investigate the effect of different ratios of urea to nitrate in nutrith solution on
the growth indices, yield and nitrate accumulation of red French lettuce (bactuca sativa L. cv.
Lolla Rossa) in soilless culture.

Materials and Methods N\

A hydroponic experiment using completely randomized| design was carried out with seven
ratios of urea to nitrate in nutrient solution and four replicationsvinsthe research greenhouse of
Shahrekord University. Urea to nitrate ratios in nutrient solution'were:'0:100, 10:90, 20:80, 30:70,
40:60, 50:50 and 60:40. Lettuce seedlings.were growndin 2 L plastic pots (one plant per pot)
containing mixture of cocopeat + perlite at the ratio of2:1 (v/v) and were manually fertigated with
nutrient solutions on a daily basis. Four weeks after trangplanting, lettuce plants were harvested
and fresh weights of shoot and root were determined. Plant growth indices including of plant
height, plant diameter, leaf length, leaf width, leaf number, leaf greenness index and leaf brix level
were measured. After measuring the growth indices;the leaves were grouped separately according
to leaf numbers 1-10=outer leawes, >11= inner leavesaThe samples were dried in an oven at 60 °C
and were ground. Nitrate concentrations in\samples were determined calorimetrically using a
spectrophotometer atawavelength of 410 nm~Analysis of variance was performed using SAS
software version9.4.Meansycomparison was conducted using least significant difference test at
0.05 probability level.

Results and Discussion N

The resultssindicated that @plication of different ratios of urea to nitrate in nutrient solution
had not significant effect on the lettuce growth indices including of plant diameter, leaf length,
leaf width, leaffaumberleaf greenness index and leaf brix level in comparison with 0:100 of urea
to nitrate ratio. Alse, root and shoot fresh weights were not affected by urea to nitrate ratio in
nutrient solution. The'greatest quantity of shoot fresh weight (141 g plant*) was obtained in 50:50
urea to nitrate ratio; of ¢ourse, it had no significant difference with shoot fresh weight (125 g plant’
1y when urea was not supplied in the nutrient solution. Shoot nitrogen concentration (except for
plants nourished with*a’50:50 urea to nitrate ratio) was not affected by increasing the urea to nitrate
ratio in the nutrient solution. The results revealed that application of urea in nutrient solution
effectively provided the nitrogen requirement of lettuce. This indicates that lettuce plants can
efficiently hydrolyze urea and use it efficiently as a nitrogen source. Application of urea in the
nutrient solution led to significant decrease in the nitrate concentration of lettuce root (P< 0.05).
Also, increasing urea to nitrate ratio in nutrient solution resulted to significant decrease in the
nitrate concentration of outer leaves, inner leaves and all leaves of lettuce (P< 0.01). The highest
and lowest nitrate concentration in inner, outer and all leaves of lettuce were obtained in plants



nourished with 0:100 and 50:50 urea to nitrate ratio in nutrient solution, respectively. Application
of urea to nitrate ratio of 50:50 led to the meaningful decrease of nitrate concentration in root
(43%), outer leaves (41%), inner leaves (44%) and all leaves (43%) of lettuce in comparison with
0:100 of urea to nitrate ratio. Urea has a repressive effect on nitrate influx and decreases its uptake
by plants. Also, after urea uptake by plant root, it is first degraded by cytosolic ureases and then
ammonium is incorporated via the GS-GOGAT (Glutamine Synthetase- Glutamine -
OxoGlutarate Amino Transferaze) cycle. Therefore, application of urea in nutrient solution can
lead to the reduction of nitrate accumulation in plants.
Conclusions

Based on the shoot fresh weight and nitrate concentration in lettuce leaves, replacing 50% of
nitrate in nutrient solution with urea is recommended for red French lettuce“production in
hydroponic culture under the conditions of the present study. Compared ‘te. other. nitrogen
fertilizers, urea has a lower price and its application in nutrient solution is usefl{in reducing
production costs.
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EC pH Na* K* Ca** Mg? N-NO3 HCOs CI
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0.25 76 0.043 0.013 1.0 0.5 0.31 1.5 1.0
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Table 2- Variance analysis (mean square) for the effect of urea towitrate ratio in nutrient solution on height and diameter
of the plantylength and width of the leaf.and leaf number of lettuce
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Table 3- Mean comparisons of the effect of urea to nitrate ratio in nutrient solution on height and'diameter of the plant,
length and width of the leaf and leaf number of lettuce
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Table 4- Variance analysis (mean square) for the effect of urea to nitrate ratio in nutrient solution,on leaf greenness
index, leaf brix level, root and shoot fresh weights of lettuce
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Table 5- Mean comparisons ofithe effect of urea to nitrate,ratio in nutrient solution on leaf greenness index,
leaf brix level, root and shoot friesh weights of lettuce
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Data in each column with the same letter are not statistically different at 0.05 probability level based on LSD Test.
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Table 6- Variance analysis (mean square) for the effect of urea to'nitraté ratio in nutrient solution on shoot nitrogen
concentration and nitrate concentration in root, outer leaves, inner leaves and all leaves of lettuce
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Table 7- Mean comparisons of the effect of urea to nitrate ratie, in nufrient solution on shoot nitrogen concentration (g kg"
! dry weight) and nitrate concentration (mg kg! fresh weight) in 1"1&, outerlleavesyginner leaves and all leaves of lettuce
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Data in each colummwith tl\same letter are not statistically different at 0.05 probability level based on LSD Test.
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