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Fertigation

Masahito Yamanaka?® :?, Tanjuro Goto?, Kinoe Ogawab> , Akira Uda”
and Toyomichi Iwai®
(Course of Applied Plant Science)

Effects of nutrient solution concentration on cut flower yield, quality and characteristics of seasonal
nutrient absorption of spray carnation ‘Barbara’ grown by cultivation in drip fertigation were investi-
gated. ‘Barbara’ was grown with a nutrient solution (N:15%, P:6.5%, K:12.5%, Ca: 3.6 %,
Mg : 0.9 %), at three concentration levels which were high concentration (1,000 times), middle concen-
tration (1,500 times) and low concentration (3,000 times). The daily amount of nutrient solution was
ranged from 0.0mm to 13.9mm. The total cut flower yield of middle concentration and high concentra-
tion were bigger than that of low concentration. The weight of the second cut flower of low concentra-
tion was decreased as compared to that of middle concentration and high concentration. Nitrogen (N)
and potassium (K) in the plant nutrient ratio were decreased as the increase of dry matter and phos-
phorus (P) was increased at autumn and spring. With a reduction in the soil nutrient contents,
Nitrogen and potassium in the plant nutrient ratio of low concentration were decreased. Nitrogen and
phosphorus in the soil nutrient contents of high concentration were increased at the end of cultivation.
In the total nutrient absorbed amount of middle concentration, 2,807.9 mg nitrogen, 493.5 mg phos-
phorus, 3,667.4 mg potassium, 1,615.8 mg calcium (Ca) and 320.9 mg magnesium (Mg) were absorbed
per plant. In spring, the ratio of nitrogen absorbed amount to nutrients absorbed amount was increased
1.3 times. Phosphorus ratio and phosphorus absorbed amount in spray carnation were fewer than that
of standard carnation. There were no differences in total nitrogen, potassium, calcium and magnesium
absorption between spray carnation and standard carnation.
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Effects of Nutrient Solution Concentration on Cut Flower Yield, Quality and Characteristics
of Seasonal Nutrient Absorption of Spray Carnation Grown by Cultivation in Drip
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Table 1
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Effect of nutrient solution concentration on number of cut flowers of spray carnation ‘Barbara’ grown by fertigation

Number of cut flowers (per plant)

Nutrient solution

Concentration 1073

10/31 11/28 12/26

1/23 2/20 3/20 4/17 5/15

-10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11 Total
Low 0.0 a 1.2 a 1.3 a 0.8 a 0.4 a 0.1 a 0.5 a 1.2 a 1.8 a 7.3 b
Middle 0.0 a 1.5 a 1.4 a 0.5 a 0.5 a 0.2 a 1.0 a 1.5 a 2.0 a 8.6 a
High 0.1 a 1.5 a 1.3 a 0.9 a 0.2 a 0.2 a 1.1 a 1.5 a 2.1 a 8.8 a

Different letters within columns indicate significant difference at P < 0.05 by Tukey's test.

Table 2 Effect of nutrient solution concentration on quality of spray carnation ‘Barbara’ grown by fertigation
- . . . b)
Cut flower stage” Nutrient solgtlon Length Weight Stem diameter’ bend index
concentration (cm) (g) (mm)

Low 61.9 a 28.7 a 3.2 a 1.4 a

First Middle 62.6 a 28.7 a 3.3 a 1.7 a

high 62.5 a 29.0 a 3.5 a 1.6 a

Low 76.5 a 57.8 b 4.5 a 1.1 a

Second Middle 80.2 a 68.4 a 4.9 a 1.4 a

high 79.3 a 60.6 a 4.7 a 1.3 a

“The first cut flowers were harvested from a stem grown after pinch. The second cut flowers were harvested from a stem grown after

harvesting the first
"The longest diameter in the center of the upper fifth internodes

“Index of angle between flower and the fulcrum which keep on leveling the stem of 45 cm from the top of cut flower (—10° : 1, 10°

—20° . 2)

Different letters within columns indicate significant difference at P < 0.05 by Tukey's test

Table 3

Changes in dry matter increase of Spray-carnation ‘Barbara’ grown by fertigation

Dry matter increase (g - plant ')

Nutrient solution

7/11 3/8 9/5 10/3 10/31

11/28

Concentration 12/26 1/23  2/20 320 417 515
-8/7 -9/ -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 —6/11

Low 30 42 50 110 57 06 1.2 193 52 23.8 30.3 2.3 121.4
Middle 28 39 43 145 37 1.0 139 174 102 6.0 13.2 89  99.9
High 21 44 36 141 43 100 27 130 97 85 7.7 59 8.1
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Table 4 Changes in rate of plant nutrient of Spray-carnation ‘Barbara’ grown by fertigation

N (%)
Nutrient solution
Concentration  //11 8/8 9/5 10/3 10/31 11/28 12/26 1/23 2/20 3/20 4/17 5/15
-8/7 -9/4  -10/2  -10/30 -11/27 -12/25 -1/22  -2/19  -3/19 -4/16 -5/14  -6/11
Low 3.84 3.45 3.26 3.00 2.88 2.73 2.20 1.50 1.83 1.82 1.80 1.77
Middle 3.68 3.45 3.30 3.18 3.21 3.20 2.95 2.83 2.54 2.55 2.37 2.09
High 3.65 3.33 3.55 3.45 3.28 3.48 3.36 2.96 2.87 2.62 2.21 2.24
P (%)
Nutrient solution
Concentration  //11 8/8 9/5 10/3 10/31 11/28 12/26 1/23 2/20 3/20 4/17 5/15
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25  -1/22  -2/19  -3/19 -4/16  -5/14  -6/11
Low 0.58 0.50 0.44 0.43 0.41 0.44 0.42 0.37 0.36 0.37 0.39 0.41
Middle 0.56 0.50 0.45 0.42 0.46 0.48 0.57 0.56 0.38 0.52 0.47 0.53
High 0.59 0.50 0.43 0.41 0.46 0.49 0.62 0.64 0.59 0.54 0.49 0.50
K (%)
Nutrient solution
Concentration /11 8/8 9/5 10/3 10/31 11/28 12/26 1/23 2/20 3/20 4/17 5/15
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25  -1/22  -2/19 -3/19 -4/16 -5/14  -6/11
Low 3.63 3.90 4.33 3.25 3.03 3.38 3.18 2.63 2.80 2.65 3.28 2.75
Middle 3.78 4.23 4.33 3.98 3.18 3.45 3.58 3.25 4.38 3.43 3.38 3.55
High 4.20 4.48 4.80 3.45 3.40 3.63 3.75 3.70 3.13 3.73 3.55 4.05
Ca (%)
Nutrient solution
Concentration  7/11 8/8 9/5 10/3 10/31 11/28 12/26 1/23 2/20 3/20 4/17 5/15
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22  -2/19  -3/19 -4/16  -5/14  -6/11
Low 1.91 1.95 1.70 1.66 1.56 1.45 1.46 1.16 1.31 1.71 1.48 1.55
Middle 1.97 1.86 1.70 1.92 1.50 1.67 1.61 1.38 1.54 1.53 1.52 1.68
High 1.93 1.95 1.70 1.48 1.29 1.28 1.58 1.49 1.44 1.64 1.44 1.76
Mg (%)
Nutrient solution
Concentration  //11 8/8 9/5 10/3 10/31 11/28 12/26 1/23 2/20 3/20 4/17 5/15
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22  -2/19  -3/19  -4/16 -5/14  -6/11
Low 0.44 0.42 0.35 0.33 0.31 0.29 0.28 0.22 0.24 0.30 0.28 0.31
Middle 0.47 0.42 0.36 0.36 0.30 0.32 0.31 0.27 0.31 0.30 0.31 0.32
High 0.46 0.43 0.35 0.29 0.27 0.26 0.30 0.29 0.26 0.28 0.26 0.32
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Table 5
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Changes in nutrient absorbed amount of Spray-carnation ‘Barbara’ grown fertigation

N (mg - plant })

Nutrient solution

concentration 7/11 8/8 9/5

1073 10/31

11/28

12/26  1/23 2/20 3/20 4/17 5/15

-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11 Total
Low 117.0 145.5 161.9 330.0 165.1 17.3  246.4  290.0 95.5 433.2 539.1 40.1 2581.0
Middle 104.7 133.4 143.0 461.6 118.2 31.5 409.6 492.4 259.9 154.3 311.7 186.7 2807.0
High 77.4 147.1 127.2 488.8 142.1 348.6 89.0 384.8 278.9 223.1 169.8 131.8 2608.6
P (mg - plant )
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10731  11/28 12/26  1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11
Low 17.7 21.1 21.9 47.3 23.5 2.8 47.0 71.5 18.8 88.1 116.8 9.3 485.7
Middle 15.9 19.3 19.5 61.0 16.9 4.7 79.1 97.4 38.9 31.5 61.9 47.3  493.5
High 12.5 22.1 15.4 53.1 19.9 49.1 16.4 83.2 57.3 46.0 37.6 29.4  447.1
K (mg - plant™})
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10/31 11728 12/26 1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4 -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11
Low 110.6 164.5 215.1 357.5 173.7 21.4 356.2 508.5 146.1 630.7 982.4 62.3 3728.8
Middle 107.5 163.6 187.6 577.8 117.1 33.9 497.0 565.5 448.2 207.5 444.5 317.1 3667.4
High 89.1 197.9 172.0 483.8 147.3 363.6 99.4 481.0 304.1 317.7 272.8 238.3 3171.9
Ca (mg - plant™!)
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10731  11/28 12/26 1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4 -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11
Low 58.2 82.2 84.4 182.6 89.4 9.2 163.5 224.3 68.3 407.0 443.3 35.1 1847.6
Middle 56.0 71.9 73.7 278.7 55.3 16.4 223.5 240.1 157.6 92.6 199.9 150.1 1615.8
High 41.0 86.1 60.9  209.7 55.9 128.2 41.9 193.7 139.9 139.7 110.6 103.5 1311.1
Mg (mg - plant ")
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10731  11/28 12/26 1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11
Low 13.4 17.7 17.4 36.3 17.8 1.8 31.4 42.5 12.5 71.4 83.9 7.0 353.1
Middle 13.4 16.2 15.6 52.3 11.1 3.1 43.0 47.0 31.7 18.1 40.8 28.6  320.9
High 9.8 19.0 12.5 41.1 11.7 26.0 8.0 37.7 25.3 23.8 20.0 18.8  253.7
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Table 6 Changes in nutrient formulation® of Spray-carnation ‘Barbara’ grown by fertigation
P
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10/31  11/28 12/26 1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11
Low 15 14 13 14 14 16 19 25 20 20 22 23 19
Middle 15 14 14 13 14 15 19 20 15 20 20 25 18
High 16 15 12 12 14 14 18 22 21 21 22 22 17
K
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10731  11/28 12/26  1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11
Low 95 113 133 108 105 124 145 175 153 146 182 155 144
Middle 103 123 131 125 99 108 121 115 172 135 143 170 131
High 115 135 135 100 104 104 112 125 109 142 161 181 122
Ca
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10731  11/28 12/26 1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4 -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11 ot
Low 50 57 52 55 54 53 66 77 72 94 82 88 72
Middle 54 54 52 60 47 52 55 49 61 60 64 80 58
High 53 59 43 43 39 37 47 50 50 63 65 79 50
Mg
Nutrient solution
concentration 7/11 8/8 9/5 10/3 10/31  11/28 12/26 1/23 2/20 3/20 4/17 5/15 Total
-8/7 -9/4  -10/2 -10/30 -11/27 -12/25 -1/22 -2/19 -3/19 -4/16 -5/14 -6/11
Low 11 12 11 11 11 11 13 15 13 16 16 18 14
Middle 13 12 11 11 9 10 11 10 12 12 13 15 11
High 13 13 10 8 8 7 9 10 9 11 12 14 10
?Other nutrient absorbed amount / Nitrogen absorbed amount X 100.
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Table 7 Changes in soil nutrient content of Spray-carnation ‘Barbara’ grown by fertigation
Nutrient solution NOs;N (mg - 100g ")
concentration Start 8/7 9/4 10/2 10730 11/27 12/25 1/22 2/19 3/19 4/16 5/14 End
Low 3.0 10.1 13.7 11.0 6.1 2.1 0.7 0.8 0.2 0.4 0.3 2.1 2.2
Middle 4.4 12.5 12.3 15.3 10.4 7.4 5.3 4.9 3.4 0.5 2.8 3.8 10.1
High 3.6 8.8 12.9 14.7 17 .4 9.0 11.4 13.1 8.4 18.9 19.7 29.8 46.8
Nutrient solution P (mg - 100g ")
concentration Start  8/7 9/4 102 10730 11/27 12/25 1/22  2/19  3/19  4/16  5/14  End
Low 188.3 205.8 221.9 217.5 226.8 263.8 250.3 244.6 228.5 250.3 255.3 248.5 259.5
Middle 203.0 217.5 226.0 244.6 263.8 276.5 292.7 261.4 291.0 283.9 279.9 286.5 292.5
High 212.3  196.8 238.0 244.9 292.3 291.7 293.3 294.7 290.6 273.2 273.2 297.4 324.5
Nutrient solution K (mg - 100g ")
concentration Start 8/7 9/4 10/2 10730 11/27 12/25 1/22 2/19 3/19 4/16 5/14 End
Low 28.4 19.6 18.6 18.0 16.6 12.0 10.9 11.3 3.8 6.6 7.1 8.2 7.4
Middle 23.5 20.9 26.9 21.5 21.5 18.1 15.4 18.0 15.7 8.5 8.9 6.5 9.2
High 29.5 35.9 33.7 34.8 36.4 32.9 27.8 22.8 21.4 28.0 34.6 30.6 22.2
Nutrient solution Ca (mg - 100g ")
concentration Start  8/7 9/4 102 10730 11/27 12/25 1/22  2/19  3/19  4/16 5/14  End
Low 315.3  329.2 327.1 347.2 397.8 375.9 349.1 359.8 361.3 345.0 374.9 331.0 315.0
Middle 346.5 380.9 386.8 398.5 379.1 459.7 435.1 358.8 346.4 421.2 424.2 410.9 347.1
High 355.2  403.1 393.9 399.4 407.0 379.0 383.5 406.6 380.6 354.1 298.8 391.2 396.2
Nutrient solution Mg (mg - 100g™")
concentration Start 8/7 9/4 10/2 10730 11/27 12/25 1/22 2/19 3/19 4/16 5/14 End
Low 31.7 32.8 35.4 35.9 39.7 34.5 33.2 34.5 34.9 33.0 36.4 29.3 29.5
Middle 39.4 42.9 40.7 45.3 39.1 438.3 46.3 39.3 33.8 47.0 39.5 40.6 35.1
High 36.7 42.3 41.8 42.2 43.1 37.1 39.5 43.0 39.7 38.7 35.3 36.4 44 4
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