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Effect of Fertilizer Application Method and Cultivation Season on Yield and
Quality of Solution-cultured Japanese Hornwort (Cryptotaenia japonica Hassk.)
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* 3 Graduate School of Agriculture and Biological Science, Osaka Prefecture University,
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In order to reduce excessive nitrate ion concentrations in vegetables, which may be one of the
causes of high blood levels of methemoglobin, the effect of organic fertilizer on yield in hydroponics
and the nitrate ion concentration in Japanese hornwort cultivated using the deep-flow technique was
evaluated. To Investigate seasonal variability, one series of experiments was conducted in three
seasons, namely, spring, summer, and autumn. The nitrate ion concentration in Japanese hornwort
decreased with the increasing proportion of organic fertilizer to total fertilizer applied; Japanese
hornwort plants grown in culture medium containing both organic and chemical fertilizers were able
to reduce the nitrate concentration compared with those grown in culture medium containing only
chemical fertilizer. In spring and autumn, the nitrate concentration of Japanese hornwort grown in
culture medium containing only organic fertilizer was the lowest, although plant height was the lowest.
Additionally, when using hydroponics with Japanese hornwort cultured in medium containing only
organic fertilizer, it was necessary to lower the temperature of the hydroponic solution to below25C.
These results suggest that a reduction in nitrate ion concentration, whilst maintaining the yield of
hydroponically grown plants, is possible in Japanese hornwort when chemical fertilizer is used together
with organic fertilizer.
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Fig.1 Changes in plant height of Japanese hornwort
() and temperature of the hydroponic solution (II) in
spring

I1: O ! Organic fertilizer (100% ) ; @ : Hybrid (additional
organic fertilizer 100% ) ; & [ Hybrid (additional organic
fertilizer [50%] and chemical fertilizer [50%]) ; & ! Chemical
fertilizer (100%) ; (] : Chemical fertilizer (100%, conventional
method)

Table 1 Effect of the fertilizer application method on yield and quality of Japanese hornwort in spring
Fertili Leaf and leafstalk Root
er.uz'er Plant height Root length
application (um) (mm) Fresh weight Dry weight Water content Dry weight SPAD
method (g) (g) (%) (g)

0 203.4 c* 244.5 a 19.2 ¢ 1.3 b 93.3 a 0.76 a 29.2 d
H100 287.5 a 175.0 ab 33.0 ab 2.2 a 93.4 a 0.72 a 34.8 be
H50 291.1 a 190.7 ab 33.5 a 2.3 a 93.3 a 0.63 ab 34.6 bc

C 267.3 b 149.8 ¢ 30.9 ab 2.3 a 92.7 a 0.44 b 35.9 ab
CC 274.2 b 162.1 be 29.4 b 2.0 a 92.9 a 0.43 b 36.6 a

z : Different letters indicate significant difference between the means at a5 % level (Fisher's least significant difference {LSD]

test).
O : Organic fertilizer (100%)
H100 : Hybrid (additional organic fertilizer {100%1])

H50 : Hybrid (additional organic fertilizer [50%] and chemical fertilizer [50%])

C : Chemical fertilizer (100%)
CC : Chemical fertilizer (100%, conventional method)
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Fig.2 Changes in nitrate (I), nitrite (II) and ammonium
(III) ion concentrations of the hydroponic solution in
spring

O:0;@:H100; 4 :H50;4:C;J:CC (shown in Table1)
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Fig. 4 Changes in plant height of Japanese hornwort
(I) and temperature of the hydroponic solution (II) in
summer

11O : Organic fertilizer (100%) ; @ . Hybrid (additional
organic fertilizer [100%1) ; & : Hybrid (additional organic
fertilizer [50%] and chemical fertilizer [50%]) ; & : Hybrid
(additional organic fertilizer [10% ] and chemical fertilizer
[90%]) ; [ : Hybrid (additional chemical fertilizer [100%]) ;
B : Chemical fertilizer (100%)
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Fig.5 Changes in nitrate (I), nitrite (I) and ammonium
(III) ion concentrations of the hydroponic solution in
summer

O ! Organic fertilizer100% ; @ : H100 ; & : H50 ; & : H10;
[J:HO ;B :C (shown in Table2)

Table 2 Effect of the fertilizer application method on yield and quality of Japanese hornwort in summer

Fertilizer ) Leaf and leafstalk Root
. Plant height Root length
application (mm) (um) Fresh weight Dry weight Water content Dry weight SPAD
method (g) (g) (%) (g)

H100 285.5 a* 126.0 b 25.4 a 2.1 b 91.9 a 0.49 a 37.1 b
H50 240.5 b 132.5 b 23.8 ab 2.6 ab 89.2 ¢ 0.36 b 38.4 b
H10 251.5 b 163.0 a 26.3 a 2.5 ab 90.6 b 0.36 b 40.6 a
HO 225.0 ¢ 126.0 b 19.8 b 2.3 ab 88.2 ¢ 0.46 a 36.6 b

C 206.0 d 124.5 b 24.4 ab 2.8 a 88.6 ¢ 0.47 a 38.5 b

z | Different letters indicate significant difference between the means at
test).
H100 : Hybrid (additional organic fertilizer [100%])

a5 % level (Fisher’'s least significant difference [LSD]

H50 : Hybrid (additional organic fertilizer [50%] and chemical fertilizer [50%])
H10 : Hybrid (additional organic fertilizer [10%] and chemical fertilizer [90%])

HO : Hybrid (additional chemical fertilizer [100%])
C : Chemical fertilizer (100%)
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Fig. 7 Changes in plant height of Japanese hornwort
(I) and temperature of the hydroponic solution (II) in
autumn

1: O : Organic fertilizer (100% ) ; @ : Hybrid (additional
organic fertilizer [100%]1) ; & ! Hybrid (additional organic
fertilizer [50%1 and chemical fertilizer [50%1) ; & : Hybrid
(additional organic fertilizer [10% ] and chemical fertilizer
[90%]) ; [J : Hybrid (additional chemical fertilizer [100%]) ;
B : Chemical fertilizer (100%)
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Table3 Effect of the fertilizer application method on yield and quality of Japanese hornwort in autumn

Fertili Leaf and leafstalk Root
CUIZET plant height  Root length

application (um) (mm) Fresh weight Dry weight Water content Dry weight SPAD
method (g) (g) (%) (g)

0 239.0 dz 161.0 b 17.1 b 0.6 b 96.3 a 0.15 a 31.7 b
H100 276.0 ab 108.0 ¢ 18.4 ab 0.8 ab 95.9 ab 0.11 ab 35.2 a
H50 276.0 ab 173.5 b 20.2 ab 0.8 ab 96.0 a 0.09 be 34.8 a
H10 282.0 a 201.5 a 21.5 a 0.9 a 95.9 ab 0.10 be 35.0 a
HO 266.0 bc 172.5 b 19.8 ab 0.8 ab 96.0 a 0.05 cd 35.1 a

C 252.5 cd 199.5 a 17.6 ab 0.8 ab 95.4 b 0.03 d 36.2 a

z ; Different letters indicate significant difference between the means at a5 % level (Fisher’s least significant difference

test).
O : Organic fertilizer (100%)
H100 : Hybrid (additional organic fertilizer [100%])

[LsD]

H50 : Hybrid (additional organic fertilizer [50%) and chemical fertilizer [50%])
H10 : Hybrid (additional organic fertilizer [10%] and chemical fertilizer [90%])

HO : Hybrid (additional chemical fertilizer [100%])
C ! Chemical fertilizer (100%)
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Fig.8 Changes in nitrate (I), nitrite (II) and ammonium

(III) ion concentrations of the hydroponic solution in
autumn
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in Table3)
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Fig. 9 Effect of the fertilizer application method on
nitrate ion concentration in Japanese hornwort in
autumn

Values are the means of three replicates and bars represent
the S.E. The horizontal represents the
application method shown in Table3.
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