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Effect of aeration and humic acid on growth and yield of kale in
hydroponic system
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ABSTRACT: The study the effect of aeration and humic acid on growth and yield of kale in hydroponic system. The
experimental design was 2 x 4 Factorial in CRD for 4 replications. Factor A were non-aeration and aeration, factor B
was humic acid (HA) concentrations of 0, 50, 100, and 150 milligrams per liter (mg/L) with electrical conductivity: EC
2.4 mS/cm. The results showed that aeration effected to increase of plant height, stem diameter, number of leaves,
leaf width, leaf length, fresh weight, and root length of kale. Humic acid concentration increased the vegetative
growth, but is not affected to root length, number of leaves, leaf width, leaf length and FV/FM, however humic acid
enhanced a leaf greenness index, increased the fresh weight in part of leaf, stem and total weight. There was
interaction between aeration and humic acid concentrations in plant height, stem diameter and root length, aeration
combination with humic acid concentration of 100 and 150 mg/L increased the plant height, stem diameter and
root length. Moreover, the aeration with humic acid concentration of 100 meg/L had the highest leaf, stem and total
weights. The non-aeration treatment with 0 mg/L humic acid had the least weight.
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Figure 1 Effect of aeration (a), humic acid concentrations (b), and interaction between aeration and humic acid

concentrations (c) on plant height of kale under hydroponic conditions.
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Figure 2 Effect of aeration (a), humic acid concentrations (b), and interaction between aeration and humic acid

concentrations (c) on stem diameter of kale under hydroponic conditions.
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Figure 3 Effect of aeration (a), humic acid concentrations (b), and interaction between aeration and humic acid

concentrations (c) on canopy width of kale under hydroponic conditions.
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Figure 4 Effect of aeration (a), humic acid concentrations (b), and interaction between aeration and humic acid

concentrations (c) on root length of kale under hydroponic conditions.
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Table 1 Effect of aeration, humic acid concentrations and interaction between aeration and humic acid
concentrations on number of leaves, leaf width, leaf length, leaf greenness index and chlorophyll

fluorescence of kale under hydroponic conditions

Number  Leaf width Leaf length Leaf greenness Chlorophyll

Treatments of leaves (cm) (cm) index fluorescence
(SPAD unit) (FV/FM)
Non-aeration 8.17b 12.32 14.31b 41.15b 0.81
Aeration 8.53a 12.61 14.81a 44.93a 0.80
HA 0 meg/L 8.09 12.29 14.29 40.92b 0.80
HA 50 mg/L 8.44 12.31 14.37 44.11a 0.81
HA 100 mg/L 8.50 12.48 14.75 43.27ab 0.80
HA 150 meg/L 8.38 12.76 14.81 43.86a 0.81
Non-aeration + HA 0 mg/L 7.75 12.19 14.15 40.91 0.80
Non-aeration + HA 50 mg/L 8.38 12.21 14.24 42.70 0.81
Non-aeration + HA 100 mg/L 8.31 12.41 14.37 42.66 0.81
Non-aeration + HA 150 mg/L 8.25 12.46 14.46 41.44 0.81
Aeration + HA 0 mg/L 8.44 12.40 14.44 40.93 0.80
Aeration + HA 50 mg/L 8.50 12.42 14.50 45.53 0.81
Aeration + HA 100 mg/L 8.69 12.56 15.13 43.88 0.80
Aeration + HA 150 mg/L 8.50 13.06 15.16 46.27 0.80
A (Non-aeration/Aeration) * ns * ** ns
B (HA) ns ns ns * ns
AxB ns ns ns ns ns

ns = non-significant, *, ** significant at P<0.05 and P<0.01, respectively. Mean with the same letter(s) in the same

column of each part are significantly different at P<0.05, as determined by DMRT.
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Table 2 Effect of aeration, humic acid concentrations and interaction between aeration and humic acid

concentrations on fresh weight and dry weight of kale under hydroponic conditions

Fresh weight (gram) Dry weight (gram)

Treatments

Leaf Stem Root Total Leaf Stem Root Total
Non-aeration 62.61b 28.50b 13.68 104.79b 4.64 1.59 1.19 7.43
Aeration 76.68a 33.55a 13.86 124.0%9a 5.01 1.77 1.21 7.99
HA 0 mg/L 62.59b 28.02b 12.44 103.05b 4.46 1.57 1.10 7.14
HA 50 mg/L 71.28a 29.11ab 13.74 114.13ab 4.89 1.59 1.18 7.67
HA 100 mg/L 72.64a 33.67a 14.88 121.19a 5.10 1.84 1.29 8.23
HA 150 me/L 72.06a 33.31a 14.03 119.39a 4.86 1.71 1.23 7.80
Non-aeration + HA 0 mg/L 58.41c 25.65b 11.93 95.99c 4.45 1.54 1.04 7.04
Non-aeration + HA 50 mg/L 62.67c 25.79b 13.28 101.75c 4.73 1.47 1.15 7.36
Non-aeration + HA 100 mg/L 63.02¢ 31.12ab 15.07 109.21bc 4.71 1.74 1.29 7.73
Non-aeration + HA 150 mg/L 66.34bc 31.44ab 14.44 112.22bc 4.68 1.63 1.28 7.59
Aeration + HA 0 mg/L 66.77bc 30.38ab 12.96 110.11bc 447 1.61 1.16 7.24
Aeration + HA 50 mg/L 79.89a 32.42ab 14.19 126.50ab 5.05 1.72 1.21 7.97
Aeration + HA 100 mg/L 82.27a 36.22a 14.68 133.17a 5.49 1.95 1.29 8.73
Aeration + HA 150 mg/L 77.77ab 35.17a 13.62 126.56ab 5.03 1.80 1.19 8.02
A (Non-aeration/Aeration) ** ** ns ** ns ns ns ns
B (HA) * * ns * ns ns ns ns
AxB * * ns * ns ns ns ns

ns = non-significant, *, ** significant at P<0.05 and P<0.01, respectively. Mean with the same letter(s) in the same

column of each part are significantly different at P<0.05, as determined by DMRT.
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