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Nowadays, an inadequate daily intake of iron and zinc is a widespread problem. This led to
the study of the effect of biofortification by iron or zinc on growth and nutrients content in
hydroponic lettuce. The experiment design was Factorial in Randomized Complete Block Design with
green cos, frillice iceberg, green oak, red oak and butterhead and nutrient solution (control formula,
Fe addition formula and Zn addition formula). The result showed that Fe or Zn fortified lettuce grow
normally without nutrient toxicity or deficiency. Green cos, frillice iceberg and red oak cultivated in Fe
addition formula showed no significant differences in growth when compared with the control
formula. It also increased Fe content 1.3-2.3 times, with frillice iceberg obtain the highest Fe content
(471.93 mg/kg dry weight). The content of P, Ca, Mg, and Mn tended to increase but Zn and Cu
content tended to decrease. When adding Zn addition formula, red oak’s whole fresh weights
increased 58%. Zn content in lettuce increased 4.2-18.9 times, especially in butterhead and red oak
(376.67 and 365.80 mg/kg dry weight, respectively). The addition Zn increased Ca content but P, K, Fe,
Mn, and Cu content tended to decrease, except for red oak which Fe content increase 1.1 times. The
maximum Fe and Zn content in edible part fresh weight of frillice iceberg and butterhead were 3.02
and 2.64 me/kg which did not exceed the daily intake of iron and zinc standard. It could be upgraded

to a functional vegetable in the future.
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Table 1 Comparison of lettuces varieties on lettuces growth

Species Whole fresh Edible part Edible part Dry weight
weight (g) weight (g) dry weight (g) percentage (%)
Green cos 223.6%9a 158.02a 10.26a 6.87
Fillice iceberg 160.48ab 127.85ab 6.92b 5.54
Green oak 140.46b 110.68bc 6.72b 6.01
Red oak 97.69%b 72.67c 4.12c 5.59
Butterhead 146.47ab 112.47bc 5.51bc 4.85
LSD 0.05 73.98 43.05 2.46 -
F-test * * * ns
C.V. (%) 26.45 21.19 11.18 2294

ns=not significant; *significant at 0.05 probability levels, respectively

Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.

Table 2 Effect of lettuces varieties and fertilizer formula on lettuces growth

Species Formula Whole fresh Edible part Edible part Dry weight
weight (g) weight (g  dry weight (g) percentage (%)

Green cos Control 264.70a 177.46ab 9.28b 5.23c-g
Fe addition 270.38a 180.58a 10.28ab 5.69b-f
Zn addition 135.98c-e 116.02d-¢g 11.24ab 9.6%a

Frillice iceberg Control 183.80b 150.82bc 7.12c 4.72fg
Fe addition 153.64b-d 127.29c-e 6.40cd 5.03e-¢
Zn addition 143.99c-e 105.44e-¢ 7.24c 6.87b-f

Green oak Control 167.65bc 138.25cd 9.12b 6.60bc
Fe addition 124.52de 99.54e-¢g 5.27de 5.29c-¢g
Zn addition 129.23de 94.25f-h 5.79c-e 6.14b-e
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Table 2 (Continued)

Species Formula Whole fresh  Edible part Edible part Dry weight
weight (g) weight (g  dry weight (g) percentage (%)
Red oak Control 80.94 f 64.07 i 321f 5.01 e-g
Fe addition 83.69 f 66.45 hi 361f 5.43 c-¢
Zn addition 128.44 de 87.48 g¢-i 553 ce 6.32 b-d
Butterhead Control 155.91 b-d 118.00 d-g 535 de 453 ¢
Fe addition 114.87 ef 95.82 f-h 4.16 ef 4.34 g
Zn addition 168.63 bc 123.59 cf 7.02 cd 5.68 c-f
LSD 0.05 32.56 27.48 1.56 1.03
F-test * * * *
C.V. (%) 14.87 17.28 9.06 12.56

ns=not significant; *significant at 0.05 probability levels, respectively

Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.
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Table 3 Comparison of fertilizer formula on lettuces nutrient contents

Formula Total (dry weight)
N P K Ca Mg Fe Zn Mn Cu
(g/kg)  (g/kg)  (g/kg)  (g/kg)  (g/kg)  (mgrkg)  (mgrkg)  (mgrkg)  (mg/kg)
Control 37.3dab  3.62b  48.4a 9590 2.16b 206.10b 39.05b  32.62b  491a

Fe addition 40.17a 42la 5839 10.72a 237a 373.76a 34.10b 50.58a  4.38a
Zn addition 31.35b 291c  4632b 11.66a 2.17b 152.23c 281.11a 16.76c  2.65b

LSD 0.05 3.42 0.43 10.00  1.02 0.19 35.09 37.72 1.72 1.12

C.V. (%) 14.88 18.79 30.95 15.10 13.72 22.71 30.44 36.58  24.59

ns=not significant; *significant at 0.05 probability levels, respectively

Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.

Table 4 Effect of lettuces varieties and fertilizer formula on macronutrient contents

Species Formula Total (dry weight)
N P K Ca Mg
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
Green cos Control 36.36b-d 3.83a-c 46.23c 10.68bc 2.16c-e
Fe addition 37.07a-d 4.27ab 48.26¢ 8.78cd 1.90ef
Zn addition 29.5%f 2.85cd 40.36¢ 13.73a 2.42a-c
Frillice iceberg Control 27.06f 2.89cd 61.18a-c 10.18bc 2.39a-c
Fe addition 38.58a-d 3.60a-d 72.27ab 11.45b 2.68a
Zn addition 27.40f 2.75d 38.84c 11.05b 2.14c-e
Green oak Control 38.19a-d 3.37b-d 48.17c 10.39bc 2.18c-e
Fe addition 40.95ab 4.39ab 42.21c 11.02b 2.19c-e
Zn addition 33.24d-f 3.49b-d 49.86¢ 11.70b 2.01d-f
Red oak Control 41.36ab 3.89a-c 40.72c 8.82cd 2.33ad
Fe addition 40.66a-c 4.18ab 49.36¢ 10.59bc 2.49a-c
Zn addition 32.40d-f 2.83cd 52.86bc 11.18b 2.32b-d
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Table 4 (Continued)

Species Formula Total (dry weight)
N P K Ca Mg
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg)
Butterhead Control 43.74a 4.11ab 45.73c 7.86d 1.76f
Fe addition 43.59a 4.60a 79.86a 11.77b 2.57ab
Zn addition 34.12c-e 2.65d 49.67c 10.64bc 1.98d-f
LSD 0.05 5.82 0.92 20.15 1.78 0.31
F-test * * * * *
C.V. (%) 11.26 18.11 27.73 11.75 9.80

ns=not significant; *significant at 0.05 probability levels, respectively

Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.
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Table 5 Effect of lettuces species and fertilizer formula on micronutrient contents

Species Formula Total (dry weight)
Fe Zn Mn Cu
(mg/ke) (mg/kg) (mg/kg) (mg/kg)
Green cos Control 252.45e 52.24e 47.74bc 5.74a-c
Fe addition 337.08cd 49.21e 67.82a 4.75b-d
Zn addition 110.57¢ 218.24c 14.68¢ 2.39ef
Frillice iceberg Control 250.01e 43.76e 32.67de 4.86b-d
Fe addition 471.93a 38.5% 57.41ab 3.84c-e
Zn addition 119.69¢ 182.01d 19.27fg 1.62f
Green oak Control 204.08f 51.59% 19.71fg 7.12a
Fe addition 380.30b 21.74e 30.06d-f 6.08ab
Zn addition 124.94¢ 262.81b 13.21¢ 4.84b-d
Red oak Control 193.34f 49.38e 39.44cd 5.01b-d
Fe addition 376.93bc 28.48e 46.19bc 4.70b-d
Zn addition 216.50ef 365.80a 19.34fg 3.10d-f
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Table 5 (Continued)
Species Formula Total (dry weight)
Fe Zn Mn Cu
(mg/kg) (mg/kg) (mg/ke) (mg/kg)
Butterhead Control 130.63g 48.2%e 23.57e-g 1.82f
Fe addition 302.58 d 32.49% 51.4dbc 2.54ef
Zn addition 189.46 f 376.67a 17.30f¢ 1.30f
LSD 0.05 40.99 30.27 11.87 1.68
F-test * * * *
C.V. (%) 11.79 18.00 25.00 29.58

ns=not significant; *significant at 0.05 probability levels, respectively

Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.
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