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Abstract

Background and Objective: The form of nitrogen in the nutrient solution affects the nutrients concentration and yield
of the plant by influencing the uptake of cations and anions. This research was conducted to investigate the effect of
different urea to nitrate ratios in the nutrient solution on the shoot and root nutrients concentration and yield of red French
lettuce (Lactuca sativa L. cv. Lolla Rossa).

Methods: A soilless culture experiment using completely randomized design was carried out with seven urea to nitrate
ratios in the nutrient solution and four replications in the research greenhouse of Shahrekord University. The urea to
nitrate ratios in the nutrient solution were 0:100, 10:90, 20:80, 30:70, 40:60, 50:50, and 60:40. After harvest, dry weights
of shoot and root and their nutrients concentration were measured.

Results: The results indicated that shoot nitrogen concentration (except for plants fed with a urea to nitrate ratio of 50:50)
was not significantly affected by increasing the urea to nitrate ratio in the nutrient solution. Increasing urea to nitrate ratio
in the nutrient solution led to a significant increase in the concentrations of Fe and Zn in the shoot and the concentrations
of P and Ca in the roots of lettuce. But, the concentrations of P, K and Na in the lettuce shoot decreased. The results
showed that the root and shoot dry weights were not affected by urea to nitrate ratio in the nutrient solution.

Conclusion: Considering the lower price of urea compared to nitrate-containing fertilizers and the useful effect of
combined application of urea and nitrate in the nutrient solution for optimal lettuce growth without yield reduction, the
application of a 50:50 ratio of urea to nitrate in the nutrient solution is recommended for red French lettuce production in
soilless culture under the conditions of this research.
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Table 1. Some chemical properties of the water used for preparation of nutrient solution
I T S S e T St A bl
Cr HCO5 N-NOs Mg?*  Ca® K* Na* pH EC
(mmol L) (dS m™)
1.0 1.5 0.31 0.5 1.0 0.013  0.043 7.6 0.25
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Table 2. Nutrient concentrations in the different ratios of urea to nitrate in the nutrient solution

355 e S —_ Aed SR 0isa sl 03 SR e el S
S Mg Ca K P N- NOs N- Urea Urea to nitrate ratio
G 53 Jpe k)
(mmol L)
1.4 1.4 3.5 6.2 0.7 10.5 0 0:100
1.9 1.4 3.5 6.2 0.7 9.45 1.05 10:90
2.5 1.4 3.5 6.2 0.7 8.4 2.1 20:80
3.0 1.4 3.5 6.2 0.7 7.35 3.15 30:70
3.5 1.4 3.5 6.2 0.7 6.3 42 40:60
4.0 1.4 3.5 6.2 0.7 5.25 5.25 50:50
4.6 1.4 3.5 6.2 0.7 4.2 6.3 60:40
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Table 3. Variance analysis (mean square) for the effect of urea to nitrate ratio in the nutrient solution on the shoot
nutrients concentration of lettuce
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Table 4. Variance analysis (mean square) for the effect of urea to nitrate ratio in the nutrient solution on the root nutrients
concentration of lettuce
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Table 5. Mean comparisons of the effect of urea to nitrate ratio in the nutrient solution on the shoot nutrients concentration of lettuce

T TSI O ol R eeelS ey A 058 Sl 4ol S
Na Cu Zn Mn Fe Mg Ca K P N Urea to nitrate ratio
(6 SAS Sk ¢SHS e S)
(mg kg™ (gkgh)

4.81* 323  76.6° 304 235b 3.18  10.1* 91.6*°  3.58® 44.1* 0:100
4.12%  453*  81.5% 20.7° 241° 2.94¢  10.5*  87.1%®  337%c 4102 10:90

420>  3.50° 8594  26.4° 243b 3.30°  10.1*°  88.4%®  3,63% 44.6* 20:80
418> 3.75* 87.0¢ 25.7° 253b 3.21F 10.1*  82.9b  3.21b° 40.6* 30:70
4.17°%  4.40* 957>  26.8° 285 3.39°  104®  82.0bc  329%c 435 40:60

3.63¢ 415 91.1%*  43.6° 276° 2,76 11.0°  76.1¢¢  3.01° 34.9° 50:50
3.77¢ 545 105.3*  50.5° 3682 294 103* 7239 357 43.20 60:40
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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. Mean comparisons of the effect of urea to nitrate ratio in the nutrient solution on the root nutrients concentration of lettuce
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Na Cu Zn Mn Fe Mg Ca K P Urea to Nitrate ratio
(pS5hS 2 oS k) (¢SS 265
(mg kg (g kg
2.35* 115 126*  20.8° 2992 1.53*  4.47° 41.92 1.96° 0:100
3.022  12.8¢ 134> 21.8 2992 0.69°  6.20% 44 42 1.82° 10:90
2.53* 121 1422 21.8° 308 1.838  5.43b 44.02 1.97° 20:80
3.032  12.4*  125*  20.0° 2942 1.17*8  6.08%® 40.22 1.72° 30:70
3222 11.8* 138  21.72 3350 1.28*  6.46% 4422 2.24% 40:60
3.40° 125 136* 22.6° 2358 0.67° 6.83? 41.22 2.26% 50:50
3.35*  14.6*  185*  25.6* 2832 1.952  5.733c 48.52 2.842 60:40
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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 7. Mean comparisons of the effect of urea to nitrate ratio in the nutrient solution on the shoot and root dry weights of lettuce

gy SUF 05 ool Ll S 035 Sl 4oyl S
Root dry weigh Shoot dry weigh Urea to nitrate ratio
LS e
(g plant’")
0.692 6.54? 0:100
0.76* 6.92° 10:90
0.732 6.67° 20:80
0.712 6.86° 30:70
0.722 7.112 40:60
0.632 7.312 50:50
0.672 6.87° 60:40

A Lo 5 0 cls.w):LSD ofj)'mw,ﬂ\p)l;wqwlwﬁ wlie G, L Oyt o 53 b, Sl

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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