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Abstact

The growing number of beverage stores in Taiwan over the past few years
has contributed to the rising amount of food waste from used tea leaves, fruits,
and vegetables used in drink making, and such food waste is usually treated
improperly. These tea leaves and fruit and vegetable waste can be processed into
organic fertilizer for use in artificial base in cities to establish small-scale
farming areas. This provides environmental protection research with insights
into the recycling resources for reuse and urban farming.

This study used food waste-based fertilizer on Bok Choy (Brassica
rapa subsp. Chinensis) for a pot-cultivation experiment. In the experiment, the
crop was divided into four groups according to the fertilizer used: homemade
fertilizer based on fruit and vegetable waste, homemade fertilizer based on tea
leaves, commercial organic fertilizer (Jinyu fertilizer manufactured by Sanyi),
and no fertilizer (control group). The experiment was conducted on an outdoor
artificial base in the aquaponic farming experimental site at Chaoyang
University of Technology. The experiment lasted 21 days from July 10 to July
30 in 2019; the authors recorded the crop height, crop diseases, and pest
damages on the 1st, 5th, 10th, 15th, and 21th day after transplanting and the
daily weather during the experiment. The crop was fertilized on the 7th day after
transplanting, and the amount of fertilizer used was determined according to the
amount of nitrogen needed. The crop was harvested and weighed on the 21th
day. Finally, the fertilizer and potting soil were sampled and sent to the
Kaohsiung District Agricultural Research and Extensive Station for testing, such
as nitrogen, phosphorus, potassium, organic matter, pH, and electrical
conductivity for subsequent analysis and discussion of the experimental results.

According to the experimental results, the fertilizers differed in their effects



on the growth of Bok Choy (Brassica rapa subsp. Chinensis). Specifically, the
group applied with homemade fertilizer based on fruit and vegetable waste
exhibited the optimal growth (average crop height = 11.18 cm; average weight =
6.98 g), followed by commercial organic fertilizer (average crop height = 10.93
cm; average weight = 5.77 g), homemade fertilizer based on tea leaves (average
crop height = 9.80 cm; average weight = 3.78 g), and no fertilizer (average crop
height = 8.60 cm; average weight = 3.23 g). During the experiment, the growth
of Bok Choy (Brassica rapa subsp. Chinensis) was affected by the high
temperature in summer, crop disease, and pest damages. The group applied with
homemade fruit-and-vegetable-waste-based fertilizer was least affected by these
factors and showed the optimal growth among all experimental groups. The
research findings’ support on homemade food waste-based fertilizer’s positive
effect on the crop’s growth may serve as a reference for future discussions of
environmental protection and recycling. According to the literature, the content
of potassium is associated with crops’ resistance to the external environment,
plant diseases, and pests. The present study revealed that applying homemade
fruit-and-vegetable-waste-based fertilizer in an amount determined according to
the amount of nitrogen needed provided evenly-distributed and adequate
nitrogen and potassium to fast-growing leafy vegetables. By contrast, the tea-
leaf-based fertilizer, despite its high content of nitrogen, easily led to a lack of

potassium in the crop’s growth.

Keywords: organic fertilizer, potted cultivation, used tea leaves, fruit and

vegetable waste
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(® < ¢4 : Tea waste fertilizer - 5L # : TF)

S5

TF01
TF02
TF03
TF04
TFO05
TF06
TF07
TF08
TF09
TF10
TF11
TF12
TF13
TF14
TF15
TF16
TF17
TF18
TF19
TF20
TF21
TF22
TF23
TF24
TF25
TF26
TF27
TF28

¥

A% (cm)/ P ¥

B

[a—y

[\ TR NG TR NG TR NG TN NG TR NG N NG T NG T NG T NG T NG T N T N T e e g g e T e S N e S e S Wy S uy WY

20190710 20190714 20190719 20190724 20190730

7.8
9.4
7.8
7.7
8.2
7.3
6.2
7.2
7.7
8.5
8.8
8.0
8.8
8.5
8.3
8.8
9.0
9.2
7.4
7.8
8.2
8.8
10.3
8.4
9.0
8.6
8.5
8.2

8.2
9.5
8.0
9.8
10.5
7.8
8.5
8.4
8.2
10.5
8.9
8.4
10.3
8.5
9.6
9.1
9.0
9.5
8.1
8.5
8.5
8.9
10.3
8.8
9.3
8.6
9.0
8.2

7.5
9.2
7.5
11.9
11.6
9.2
11.7
7.4
10.6
10.5
9.5
12.5
11.9
12.5
11.6
10.9
9.5
11.6
11.0
10.5
11.3
11.6
13.0
12.5
10.5
8.9
10.9
8.0
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8.5
10.2
i
13.0
11.6
10.3
11.7
10.2
11.3
13.5
10.5
12.5
12.0
12.5
11.6
9.9
9.5
9.6
10.6
9.6
10.5
11.6
12.5
12.5
10.0
9.5
9.8
8.2

8.5
10.4
8.0
10.4
12.0
8.5
10.7
10.5
12.3
12.5
10.5
12.6
10.0
11.5
10.5
10.1
9.5
10.8
11.5
8.0
6.5
12.0
8.2
8.3
10.0
8.5
10.5
8.2

=

(9]
0.7

2.2
2.1
4.3
3.7
1.7
3.9
3.3
52
5.5
4.6
7.0
59
5.2
6.6
3.9
2.1
54
4.5
4.0
4.3
5.2
4.8
4.5
2.9
1.4
4.4
1.3

®R

*
4
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% k& (cm)/ P ¥ EE | @R
o B 20190710 20190714 20190719 20190724 20190730 ()  Hiw
TF29 2 7.4 7.5 7.6 55 55 1.5 4
TF30 2 9.2 10.0 10.0 8.9 75 1.3 4
T3y 8.3 8.95 10.43 10.50 9.8 3.78 -
.

Pl BraRy Tl
(¥ ~ ¢4 - Fruit and vegetable waste fertilizer » 5 ] it FF)

% A% (cm)/ P # Z2E | R
ks ¥ 20190710 20190714 20190719 20190724 20190730 (g) @ # %
FF01 | 8.0 9.0 10.7 11.5 11.5 6.0 1
FF02 1 9.1 10.1 11.2 12.2 12.2 6.1 1
FF03 1 9.1 10.5 11.8 10.0 12.5 6.5 3
FF04 | 7.8 10.5 12.7 11.4 10.2 8.4 1
FF05 1 9.8 10.2 12.8 12.9 12.3 8.6 1
FF06 1 9.5 9.5 13.0 10.4 10.2 6.0 3
FF07 1 7.7 8.0 7.2 6.2 7.0 0.6 4
FF08 | 6.9 7.3 8.2 7.8 6.2 0.9 4
FF09 1 6.4 7.1 6.7 5.6 55 0.6 4
FF10 1| 8.5 9.0 11.7 11.7 12.0 5.0 1
FF11 1 8.0 10.2 11.5 12.1 12.5 7.9 1
FF12 1 8.5 10.5 11.0 11.1 12.0 6.0 1
FF13 1 8.2 8.2 10.8 10.8 11.0 6.9 1
FF14 1 8.5 8.6 11.2 12.4 12.4 6.1 1
FF15 1 8.3 9.4 11.3 12.4 12.5 8.1 1
FF16 2 8.5 8.5 12.4 12.0 11.5 8.6 1
FF17 @2 8.8 9.4 12.5 12.5 13.5 10.8 1
FF18 2 8.9 9.4 10.6 13.4 11.5 9.1 1
FF19 2 8.2 10.0 12.3 11.5 12.4 11.5 1
FF20 2 8.3 8.5 10.5 12.5 11.2 9.2 1
FF21 2 8.4 9.2 10.5 11.5 11.5 7.8 1
FF22 2 10.9 11.0 13.5 13.5 12.0 10.8 1
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¥ th® (cm)/ B ¥ EE R
¥ ¥ 20190710 20190714 20190719 20190724 20190730 (g) @ M=
FF23 | 2 93 9.5 11.5 11.8 10.0 7.0 2
FF24 2 8.4 9.0 12.4 12.4 10.5 7.3 1
FF25 @2 8.3 8.5 9.8 10.0 10.9 6.3 1
FF26 2 9.2 9.2 11.0 11.4 11.0 6.4 1
FF27 2 9.8 10.2 11.5 11.5 12.4 6.9 1
FF28 | 2 10.0 10.0 11.8 12.0 12.8 93 1
FF29 2 7.8 9.0 12.5 12.1 11.8 6.7 1
FF30 | 2 9.0 94 11.7 11.5 12.3 8.1 2
Iia - 8.60 9.30 11.21 11.27 11.18 6.98 -

L=

R 1=ikE ~2=/F “3=FEET 4R T S=
LR Y LEERT]

(® % %4 : Market sales fertilizer » L #= : MF)

¥ tk$ (cm)/ P ¥ 2L B
¥ ¥ 20190710 20190714 20190719 20190724 20190730  (g) AR
MFO01 @ 1 8.0 10.1 10.6 13.4 14.1 11.2 1
MF02 1 7.8 10.2 11.9 12.9 12.5 10.3 1
MFO03 1 7.1 8.5 10.0 11.6 12.3 8.6 1
MF04 1 8.2 9.4 10.4 12.7 12.7 8.9 1
MFO05 @ 1 9.0 9.6 12.1 10.6 12.3 8.7 3
MF06 1 8.5 8.9 12.7 13.2 13.5 9.6 1
MF07 1 7.8 7.9 7.9 7.9 8.2 1.4 4
MF08 1 8.0 8.2 8.5 7.5 8.5 1.3 4
MF09 1 10.0 10.7 10.1 11.5 10.2 1.9 4
MF10 @ 1 7.8 8.1 9.6 11.0 11.1 3.1 1
MF11 1 8.8 10.2 8.6 10.2 11.0 2.8 1
MF12 1 8.3 8.7 11.2 11.2 10.5 4.1 1
MF13 1 8.8 9.5 10.2 9.5 10.0 2.5 4
MF14 1 8.8 8.8 9.1 9.1 9.5 1.5 4
MF15 | 1 8.0 8.8 8.8 8.8 8.3 1.4 4
MF16 | 2 8.8 9.0 9.2 11.2 11.2 7.9 |
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B

MF17
MF18
MF19
MEF20
MF21
MF22
MF23
MF24
MEF?25
MF26
MEF27
MF28
MF29

MF30
T35

s

S

DR N N[N0 oo o &

A% (cm)/ P ¥

20190710 20190714 | 20190719 20190724 20190730

7.7
8.4
8.8
7.2
9.0
7.8
10.3
8.0
8.0
9.0
9.2
7.5
9.1
8.2
8.40

738 e ($HRR e
(% < ¢4 : Nofertilizer » 5L £  NF)

Yo%l

NF01
NF02
NFO03
NF04
NF05
NF06
NF07
NF08
NF09
NF10

W
¥

f—

[UREE G i U I GG I GG GG (UG G —

8.5
9.0
9.5
7.5
9.5
8.0
10.5
10.0
8.8
10.0
9.0
8.0
9.6
8.5
9.1

10.0
12.5
14.5
11.0
11.4
9.1
11.2
12.1
11.1
12.0
12.0
8.7
12.3
10.0
10.63

% (cm)/ p ¥

10.6
9.5
14.5
12.3
11.4
9.6
11.2
12.1
11.4
12.4
12.5
9.5
11.5
10.2
11.03

11.3
9.5
11.5
11.5
12.5
9.2
12.0
11.5
10.4
11.4
12.5
9.5
9.5
9.7
10.93

20190710 20190714 20190719 20190724 20190730

7.3
8.5
8.8
7.4
7.0
7.4
8.2
9.0
7.8
8.4

93
8.9
9.0
8.3
9.9
8.1
8.2
9.2
9.0
9.0

11.2
11.1
10.4
10.6
10.3
9.6

94

10.4
7.2

12.4

80

12.5
11.1
13.5
8.4

12.6
10.4
9.1

10.4
8.4

11.6

10.5
10.5
11.2
9.0
12.0
9.8
9.3
10.4
8.5
8.5

i

()
6.2
6.2
8.4
6.3
8.5
2.8
4.7
6.0
7.5
10.5
8.6
2.7
6.3
3.2
5.77

(®
3.5

3.8
5.6
4.0
6.6
4.4
2.7
33
1.2
53
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B

NF11
NF12
NF13
NF14
NF15
NF16
NF17
NF18
NF19
NF20
NF21
NF22
NF23
NF24
NF25
NF26
NF27
NF28
NF29

NF30
I35 -

A% (cm)/ P ¥

20190710 20190714 20190719 20190724 20190730

9.1
7.8
7.8
9.5
8.1
8.8
8.8
9.2
9.0
9.3
7.5
8.1
8.2
7.3
8.0
8.8
8.3
8.6
94
9.1
8.35

10.5
9.5
10.0
9.9
9.8
9.5
93
8.0
92
9.5
8.5
8.5
8.5
8.5
8.4
8.8
9.0
9.0
94
93

9.07

11.4
12.3
10.9
10.5
11.2
12.3
10.5
9.0
8.9
9.6
9.1
8.5
8.4
7.8
11.0
10.0
11.5
11.7
13.0
13.5
10.46

81

13.5
11.7
11.8
11.6
11.6
11.5
9.0
6.1
94
8.9
7.2
7.1
7.4
6.5
11.0
12.0
10.4
8.5
10.5
11.0

10.16

13.5
11.2
5.0
11.5
0.0
9.0
7.5
7.3
9.5
9.5
9.0
5.6
7.0
6.8
10.0
7.5
9.5
5.0
7.0
7.0
8.9

34

2.7

4.2

0.0

2.0

2.5
3.23
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THIRRERE CHEE L EURFHEDBARDIRE

BPoH kil Mg w0 293
LM - MR 14
EHa8 108126 E3E 1 0975-296581 ~ 07-6434782

w3 2 g | sy 45 5% i F wm | # s

|

B8 (%) (%) | (%) ppm ppm ppm ppm ppm | ppm | ppm
=12 554 032 | 085 | 10880 | 2310 | 1046 | 1892 | 21.70 | 3025 | 690
AT 3.02 0.29 2.12 6459 2142 255.8 156.4 11,73 25.32 1190
AT 2.79 1.41 1.62 87446 7919 297.3 242.5 47.37 317.7 2}2 B

HEABRLESEREARMZIADKAER  AHRAREE  FRAFERDRRIMERARS  FRRABAERL REKE

Ry HT-

EaEHBELEATAA  BANTRERGIE EAERMAHIE > Emeht © hup © /www.kdais.gov.w
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i
BN | AHK | AR | Aaki | Ao | Amk | K ’ % | M 5% 5q EEE

| o s # 8% | (1)
(1:1 (%) ppm ppm ppm ppm Ppm [ ppm ppm ppm ppm_ (mS.em)

|'7.84 | 0.99 | 2374 7778 | 10173 | 1917 115 i 114 2.0 38 372 2.33
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