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Responses of Lactuca Sativa (Lettuce) to Fertilization Rates at Various Soil
Moisture Conditions at Protected Cultivation

Kang-Ho Jung, Yeon-kyu Sonn*, Kyoung-hwa Han, and Yong-seon Zhang

Soil and Fertilizer Division, National Academy of Agricultural Science, Wanju, Rep. of Korea
(Received: November 18 2014, Revised: February 16 2015, Accepted: February 17 2015)

This research was performed to test the hypothesis that the optimal fertilization rate for lettuce is various with
soil moisture conditions. The experiment was conducted under a rainfall-intercepted facility in Suwon, South
Korea from 2002 to 2003. Soil was imrigated at 30, 50, or 80 kPa of soil moisture tension at 15 cm soil depth
in 2002 spring and fall and 20, 30, 50, or 80 kPa in 2003 spring. Fertilization was performed with four levels
in spring for both years: none, 0.5, 1.0, and 1.5 times of the recommended N, P, and K fertilization rate. The
irmgation amount increased with decreased irrigation starting point as soil moisture tension. The maximum
yield was found at the lowest soil moisture tension in spring while irrigation at 50 kPa resulted in the greatest
yield in fall. The yield responses of lettuce to fertilization rates were various with soil moisture condition. In
spring, maximum yield was found at 1.0 or 1.5 times of the recommended fertilization rate at 20, 30, and 50
kPa irrigation while 0.5 or 1.0 times of fertilization rate resulted in the maximum yield in fall. Especially for
80 kPa imigation in 2003 spring, yield was decreased by fertilization. It suggested that the optimum
fertilization rate for lettuce is affected by soil moisture condition and that lower fertilization rate should be
suggested when soil is managed in drier condition.
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Yield responses of lettuce to the ratio of a fertilization rate to the recommended fertilization rate at different soil moisture
conditions.
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Table 1. Physicochemical properties of studied soil.
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Materials and Methods
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Fig. 1. Changes in soil moisture tension with irrigation methods in Suwon in 2002 spring (a), 2002 fall (b) and in 2003 spring (c).
Water was added when soil moisture tension reached at proposed values of soil moisture tension.
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Table 2. Iirigation amount and water use efficiency of lettuce with inmigation methods in Suwon in 2002 and 2003. Nutrient was
supplied with the recommended fertilization rate.

Season 'Soil moisture tension Irrigation amount Yield® Dry weight “Yield . Biomass .
Water use efficiency ~ Water use efficiency

kPa mm Mg ha” Mg ha” g kg'1 g kg'1

2002 spring 30 120a 46.5a 2.9a 38.9a 2.5a
50 116a 44.3a 2.4b 38.2ab 2.7a

80 95b 34.8b 2.2b 36.7b 1.8b

2002 fall 30 110a 60.3b 3.8a 54.8¢ 2.0a
50 93.5b 69.2a 3.8a 74.0b 2.1a

80 67.3¢c 59.1b 3.7a 87.8a 2.0a

2003 spring 20 118a 30.0a l.4a 25.4a 1.9b
30 109b 26.3b 1.5a 24.2a 2.1ab

50 95¢ 18.2¢ 1.2ab 19.2b 2.3ab

80 45d 7.7d 0.8b 17.3b 2.4a

'Irrigation was applied at proposed soil moisture tension.

*Plant density was 11,111 ha'".
***Yield water use efficiency and biomass water use efficiency mean water use efficiency based on fresh yield and dry weight
of lettuce, respectively. Lowercase letters indicate statistical differences.
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Fig. 2. Yield responses of lettuce to imigation amount (a) and soil water deficit (b). A is a ratio of actual evapotranspiration to
maximum evapotranspiration and B is a ratio of actual yield to maximum yield.
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Fig. 3. Yield of lettuce responding to fertilization rate at different soil moisture condition in 2002 spring (a), 2002 fall (b), and 2003
(b). Soil moisture condition was controlled to irrigate at the proposed soil moisture tension and fertilization was performed with 0,
0.5, 1, and 1.5 times of the recommended fertilization rate based on soil testing data.

Table 3. Nitrogen (N), phosphor (P), and potassium (K) concentration of lettuce responding to fertilization rate and inigation in

Suwon in 2002 and 2003.
N P K
Year Season  Irrigation 'Fertilization treatment Fertilization treatment Fertilization treatment
0 0.5 1 1.5 0 0.5 1 1.5 0 0.5 1 1.5
kPa = e g kg g kg'1 g kg‘1
2002  Spring 30 149¢c 189b 193b 26.2a 0.44a 0.44a 0.4la 0.32b 1.83b 1.79b 1.80b 2.84a

50 18.3b 20.l1ab 21.6a 21.8a
80 159¢ 22.1b 25.9ab 27.2a

0.42a 0.42a 0.43a 0.4la 2.19b 2.45b 2.86a 2.75a

0.34a 0.36a 0.35a 0.32a 2.09 1.8lc 1.86c 2.49a

2002 Fall 30 28.6b 29.3b 28.7b 33.6a
50 32.7a 243b 32.1a 30.1a
80 27.1b 30.1a 30.3a 31.9a

0.77b 0.91a 0.64b 0.69b 231b 2.77a 2.21b 2.2%
0.77b 1.15a 1.09a 1.02a 2.86a 2.89a 2.67a 2.84a
0.88ab 0.98a 0.79b 0.72b 2.14b 243a 2.01b 2.32a

2003  Spring 20 152b 16.2ab 17.0a 17.2a
30 159a 14.8a 15.5a 14.7a
50 14.6ab 14.9ab 16.7a 13.2b
80 15.6ab 14.5b 14.8b 16.7a

0.56b 0.71a 0.52b 0.53b 440a 4.44a 3.78b 2.10c

0.53a 0.52a 0.50a 0.55a 3.43a 3.09ab 2.87b 3.2la
0.35b 0.51a 0.47a 0.41lab 3.00a 3.15a 3.3la 3.37a
0.48a 0.45a 0.46a 0.48a 3.59a 3.32ab 3.06b 3.41ab

'Fertilization treatment indicates the ratio of the fertilization rate in each treatment to the recommended fertilization rate of the

studied site. Lowercase letters indicate statistical differences.
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