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Abstract 
 

This study is a three-in-one family kitchen waste composting bucket designed for 1) 

household food waste reuse, 2) multi-purpose functions including production of solid 

fertilizer, liquid fertilizer, and planting, and 3) environmentally friendly materials. Based 

on three experimental modules, 100% raw food waste, 50% raw food waste plus 50% 

cook, and 100% cook, whether the composting module of food waste barrel was 

completely decomposed was explored, the optimal module was found out as well as the 

reduced amount of food waste after use. The results showed that the best composting 

effect resulted from the combination of raw food waste and cook. The said compost 

maturity’s pH value was 5.50, EC value was 1.41 dS / m, rate of seed germination was 

97%, and index of seed germination was 160.1%, which all met the conditions of compost 

maturity. The concentrations of nitrogen, phosphor, and potassium in compost were 

increased 8 times in nitrogen by 74 mg / kg, 17.5 times in phosphor by 105 mg / kg, and 

12.5 times in potassium by 199 mg / kg. Fertility and grade were both higher than the data 

of the original soil. The NPK concentration and EC values of the improved soil were 

increased compared to the original soil, respectively, 3 to 5 times in nitrogen, 1.2 to 2.7 

times in phosphor, 3.3 to 5.2 times in potassium, and 1 to 7 times in EC. The use of this 

compost can increase the height when planting shallots by a factor of two. 

With a total of 1.06 million households in Taipei in December of 2019, if each 

household can use the 3-in-1 food waste barrel, and if family food waste is fully reused, 

the amount of food waste can be reduced by about 8,150 tons per month. 

 

 

Keywords: 3-in-1 kitchen waste compost bucket, kitchen waste, compost, maturity,  

soil fertility 
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1.1  

2011 5 (FAO) 

(Global food losses and food waste)

 

( 2011)  

275

180 180

40 250 23

20

550

 ( 2011)  

 2003

275 16.8 (

(2003) )

2003 16.8 2016 57.6

14.8%  

    

17.94%~27.76%

3.36%~5.89%( 2004) 1998

1.24% 2002

11.55% 56.78%

30.79% 0.05% (



doi:10.6342/NTU202000376
 - 2 - 

)  

    

( , 2005)

 (Yun et al.,2000 1999

EU Landfill  Directive

 (Dimambro et al.,2007
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1.2  

 (Zucconi 1987 Diaz 1993 Butler 2001

Mondini 2004 Tsai 2007)
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2.1  

 

   

(

,2006) 

   

( ,2006) Matteson Jenkins(2007)

134MWe

Lai (2007 2009) (2009)

 

   94.7

 

 

2.1.1  

    (food waste)



doi:10.6342/NTU202000376
 - 6 - 

 ( ,2018)

 

(compost)

(composting)

( ,2000)

(Zucconi and Bertoldi, 

1987) 50-60% (Viel et al, 1987)

(Luostarinen, 2007) 

( ,2001)  

2-1  

 
  
  

  
  

( ) 
  
  
  
  
  

 
 

( ) 
  
  

              ,2018 
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2-2  

  (%) 

 
 

45.58% 

 

(1) (
)  

44.79% 

(2) ( ) 
( ) 

3.94% 

  2.06% 
 ( )  3.63% 

                ,2006 

    2017 551,332

0.064

90.37% 2002 ( ,2002)

2-3

 

              2-3   ( ,2002 ,2005) 

   
  

(%) 75.64 70.35 72.99 
(%) 5.48 5.59 5.54 

(%) 18.88 24.06 21.47 
(Kcal/Kg) 1308 1316 1312 
(Kcal/Kg) 798 807 802.5 

pH 6.05 6.43 6.24 
EC(μmho/cm)  39200 38700 38950 
N(%) 0.94 0.92 0.93 
P(%) 0.24 0.23 0.24 
K(%) 0.18 0.19 0.19 
C(%) 11.26  11.92 11.59 
H(%) 1.81 1.82 1.82 
O(%) 9.68 8.75 9.22 
C/N 11.98  12.96 12.47 
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  2.1.2  

2003 4 24

( ,2003) 

2-4  

2-4  

   
 1.  

2.  
3.  

1. 

 
2. 

 
3. 

 
 1.  

2.  
1. 

 
2. 

5 10
1200

 
 1.  

 
2.  

1. 
 

2. 
12 150

24  
 1.  

 
2.  

 

1. 
 

2. 
20
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80%
63%

17%  
 1.  

 1.
 ;2.

;3. ;

 
 1. 

 
2. 

 

1. 

 
2. ( )

 
 1.  

2.  
3.  

1. 97%
 

2. 
 

3. 
 

                                ( ) 

    

( 2019)
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2.2  

2.2.1  

(composting)

/

(

,2018)  

    

( ,2001)

1 100

10 ( )

10 100 (
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)

 

    (2008)

 

2.2.2  

pH ( ,2005)  

1.  

20~80%

(

,2005)  

2.  

(Day and 
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Shaw,2001 ,2011)

 

 

K 25~35 1 C1 C2 N1

N2  

2-5  

    
 

C/N 
% 

% 
% 

% 

 13~17 35 1.8 0.5 1.7 

 8~15 42 3.0 3.0 0.5 

 6~9 18 3.3 1.7 2.4 

 18~22 55 2.4 0.4 1.8 

 4~6 38 7.0 0.6 2.4 

 30~36 42 1.3 0.3 0.5 

 120~500 70 0.3 0.08 0.6 

 45~60 43 0.7 0.1 2.0 

 70~90 35 0.4 0.1 0.6 

 25~40 44 1.1 0.4 0.5 

                         ( ,2005) 

 

3.  

    

(Das et al,1993 ,2007)
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         M Wm Wc Wb  

      (  

     ,2005)  

4.  

          

       

     (  

     ,2005)  

5.  

          

     1 . 2 .  

     3 .  

     ( ,2005)  

      

     ( H 2 S ) ( M a t h u r  e t  a l . , 1 9 8 6 N u g r o h o  a n d  

     Kuwatsuka,1990) Insam (1996)  

      

       

     (Haug,1980 Schaub and Leonard,1996)  

      

     ( ,2005)  

6. pH 

        pH  

     pH  
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     pH (  

     ,2005)  

7.  

    (maturity)

( ,2015) (1) 20 (2)

35% (3) 100 /100

(4) 1.6% (5) 60%

( , ) Tiquia (1998)

 

2.2.3  

 

2-6  

   

 
  

1.5-2.0

 

 
 

 
1.5-2.0

2-3
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3-4

 

 
  1.5-2.0

3-4
 

 
  

( ) 

5-10

3-4

2-3
200-300

 

 
  

 

            , ( ) 

 

  2.2.4  

( )
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2-7

 

           2-7    ( ) 

  
 

   

 (
&

)
 

 
 

2~4+
/  

 

   

 

 

1~2
/  

 

 

 

+

 

: 
300~600

/ +
: 

40~80
/  
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2.3  

(Inber et al.,1993

Iannotti, et al.,1994 ,2011) (2005)

 

2.3.1  

1.  

    

(60˚C ) (50~60˚C) (50˚C ) 

( ,2000 ,2011) (GB7959-87)  

55  3 ( 50 5-7 )

Mickinley Vestal(1985) . 70˚C

50˚C  

 

 

 

 

 

 

 

2-1 (Yu et al..2008) 
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2.  

    

Sugahara (1979)

Y=(0.388C/N)+8.13 (R2=0.749) Y  

Y 11-13  

3.  

    (bio-oxidation)

(Jiménez and Garcia,1989)

Chanyasak (1982)

 

    

( ,2008)  

2.3.2  

1.  

    

( ,2008)

(Mathur et al., 1993)

( 1995 2007 ,2008) (Ait Baddi 

et al., 2004;Dinel et al., 1996a, 1996b)  

2.  

    

(Bernal et al., 1998)
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(Eghball et al., 1997)  

(Kissel et al.,1992)  

10 (Bernal et al., 

1998; Jouraiphyet al., 2005; Aparna et al.,  2007; Ko et al., 2008)  

3.  

    20

(Day and Shaw,2001) (1994)

30

(immobilization) (mineralization)

(Day and Shaw,2001)

15 20 20

10-20 10-25( ,2008)

Epstin(1997) ,

(Jiménez and 

Garcia,1989; Epstin1997)  

4. (pH) 

pH pH

6.5 7.5 (Epstin1997)

pH

(proteolysis) (ammonification) ( )
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(NH4+) (OH -)

pH (Cáceres et al.,2006) (nitrification)

pH (Jiménez and Garcia,1989; Cáceres 

et al.,2006)  

     R-NH2→NH3+H2O<->NH4++OH- 

5.  

    (cation exchange capacity,CEC)

(matrix)

60 meq 100 g-1 ash-free material 

(Harada et al.,1981;Estrada et al.,1987; Jiménez and Garcia,1989;Bernal et 

al.,1998;Saharinen,1998)  

6.  

    Jiménez and Garcia,(1989)

( ) ( >40 ) ,

, (Sánchez-Monedero et 

al.,2001;Cáceres et al.,2006) Bernal (1998)

(NH4
+-N⁄NO3--N) 0.16  

          2NH4
+ +3O2 →2NO2 +4H+ + 2H2O 

          2NO2
- + O2→2NO3

- 

7.  

(humic-like substances)
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(Mondini et al.,2006) Mondini (2006)

(degree of humification)

(humification index)

 

(dissolved organic carbon,DOC)(Zmora-Nahum et al.,2005)  

8.  

Jouraiphy (2005) (Fourrier transform infra-

red spectroscopic,FTIR)

(abundance) (peptide)

FTIR

 

2.3.3  

1.  

    

(Tabatabai,1994)

(microbial mass carbon)

(dehydrogenase)

(Tabatabai,1994)  

    

(Garcia et 

al.,1993;Benitez et al.,1999;Mondini et al.,2004;Goyal et al.,2005;Tiquia,2005;Ros et 

al.,2006)  
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(Benitez et al.,1999;Smith and Hughes.2001;Mondini et al.,2004;Saviozzi et 

al.,2004;Ros et al.,2006)

(Benito et al.,2005a;Tiquia,2005)

(Fang et ai.,1998)

 

2.  

    (self-heating)

(respiration) (Epstein,1997)

(CO2) (H2O)

(O2)

(Epstein,1997;Benito et al.,2005b)  

2.3.4  

    

(lowfatty acids) (phenolic compounds)

,

(Zucconi et al.,1981;Hirai et al.,1986;Zubillaga and Lavado,2006)

(germination test) (Zucconi et 

al.,1981;Chikae et al.,2006; Zubillaga and Lavado,2006)

90%

( ,2001) Chikae (2006)
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(germination index,GI) 50%

 

2.4  

(Soil Fertility)

(

)

(Tom Bruulsema 2016)  

    

2-8  

2-8  

     

  g/kg mg/kg mg/kg 

1  >2.0 >40 >200 

2  1.5~2.0 20~40 150~200 

3  1.0~1.5 10~20 100~150 

4  0.7~1.0 5~10 50~100 

5  0.5~0.7 3~5 30~50 

6  <0.5 <3 <30 

( , 3 ,2011) 
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2-3

(Soil 

Toxonomy) (Red soils)( ) 

2015

2-4

 

 

 

 

    

 

 

 

 

 

 

 

 

 

2-2 ( ) 
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2-3 ( 2015) 

 

2.5  

 

 

1.  

2.  
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3.  

4.  

5.  

6.  
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15cmx15cmx30cm 

      40cmx40cmx10cm 

      40cmx40cmx6cm 

6.5  

      12  

      3  

 

3.1  

 3.1.1  

    0.064

0.256

14 14 3.584

15cm x15cm x30cm ( 8 2cm)

10cm 10cm

10cm

520cm² 40cm x40cm

x6cm

40cm x40cm x46cm

 

3.1.2  

 

 

 

 

 

 

 

 

 

3-1 3D  
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3-2  

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

3-3  
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3.1.3  

 

1. 

 

2.  

       

 

       

3.  

       

4. 30%  

       

5.  

         

       

    

1. 50-60%

 

2. 
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3.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   3-4  
 

3.2  
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3.2  

3.2.1  

45.58%

 

    

3-5  

    2017 11 1 2017 12 15
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3-5  

 
 

 
 

 
 
 
 PH
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3.2.2  

 

3-6 3-7  

 

 

 

 

  

 

 

 

 

3-6  

 

 

 

 

 

 

 

 

 

3-7  



doi:10.6342/NTU202000376
 - 36 - 

  

3-8  3-9 ( ) 

  

3-10 ( ) 3-11  

 

    

 

1.   

  24cm  
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  (cm)  

2.  

  3-6 0.5-1   

   

3. (  

) 100ml  

 100ml  

 

( HOBO®U12

24 ) 

4.  

  20-28  

   

5. 2017 11 1 2017 12 15  

   

    a. ( pH EC  

     ) 

    b. ( ) 

    c. (pH EC  

     ) 

    d. ( ) 

3-1 
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3-1  

   

01 

 
 

 
 

 
100% 

 
1.  
2. (  
   1cm) ( 2cm) 24cm  
   (8 ) 
3.  
4. 5cm  
5.  

 
    ( 2017 11 1 2017  
     12 15 ) 
1. ( ) 
2. ( ) 
3. ( ) 
4. ( ) 
5. ( )  

(2017 12  
    16 ) 
1. 10   
  100  
2. ( )  
  10 100  
3.  
4. 2017 11 28  
5.  

 
 
 
 
 
 
 
 
 
 

02 
 

 
 

 
 

 

( )  
1.  
2.  
3.  
4.  
5.  
6.  
7.  
8.  
9.  

( )  
1.  
2.  
3.  
4.  
5.  
6.  
7.  
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50% 

03 

 
 

 

 
 

100% 

 
 

 

00 

  
1.  

 
    ( 2017 11 1 2017  
     12 15 ) 
1. ( ) 
2. ( ) 

(2017 12  
    16 ) 
1. ( )  
  10 100  
2. 2017 11 28  
3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

( )  
1.  
2.  
3.  
4.  
5.  
6.  
7.  
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3.3  

1. 3-2  

3-2  

   

 

 
1. precisa 310m  
2. 0.001g 
3.  

 

 
1. 801magnetic stirrer  
2. 0-2300rev/min(no ioad)  
3. Ø120mm 
4. 1000ml  

 
 

 

1. Vortex-Genie 2 
2. 600-3200rpm  
3.  

 
 

 1.  suntex ts-1 
2. 0~14.0pH mV -1999~+1999 mV 
3. : ±0.01 pH 
4. : pH 0.01 pH mV 1 mV 
5. :0~100  
6. :  

 
 

 

1. UV/VIS SPECTROPHOTOMETER 
2. 200-1000nm  
3. 4nm 
4. ±2nm 
5. -0.3~3.0Abs,0~200%T,0~9999Conc.  
6. 0.5%T 
7.  
8. ±0.002A/h(500nm) 
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3-2 ( ) 

   

 
 

 1. orbital shaker TS-580 
2. 10-300rpm  
3. 25mm 
4.  
5.  

 

 1.ExStik® :EC500 
2. 0 to 199.9μS/cm 200 to 

1999μS/cm 2.00 to 19.99mS/cm  
3. :±2% F.S  
4. :0.1μS/cm 1μS/cm 0.01mS/cm  

 

 

1. :  
2. :  
           

.  
2.  

 

1. HOBO®U12 U12-012  
2. -20~70 5~95%RH 
3. ±0.35 0~50 );±2.5%RH 

(10~90%RH); ±3.5%RH  
4. 0.03°@ 25°C 
5. 43,000  
6.  
  1sec ~ 18hr  

 
 

 
-40°  100°C  

± 0.2°  0°  50°C  
0.03°  0°  50°C 

3 ( 1 m/s  90%) 
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3-2 ( ) 

   

 
 

 1. Agilent Technologies 5110 icp-oes 
2. 167–785 nm 
3. RF 27 MHz  
4.  8-20 L/min  0.1 L/min  
  ,  12 L/min  
5. <1% RSD/8  
6. Mo 202.032 <7pm 

 

  
1.  
2.  
3.  
4.  
5.  
6.  
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B 

S 12 1.724 100 

4000 0.77 (g) 

3.4  

3.4.1  

    10 mesh 100mesh 

 

(1)  

20g 100˚C

( )( 2006)  

(2) (pH) 

5g 100mesh 1 5 1

(  1999)  

(3) (EC) 

5g 100mesh 1 5 1

(

1999)   

(4)  

10mesh 0.5 g 500mL

10 mL 1 N K2Cr2O7 30 20 mL

30 (

) 200 mL 10 mL85%

30 0.5 NFe(II)  

( - - - ( )) 

 

(%)=10×(1-    ) × 1.0 ×     ×      × 
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C0×L0 

C×L 

10 K2Cr2O7 (mL) S (mL) B

(mL) 1.0 K2Cr2O7 (N) 1.724

( Van Bemmelen factor) 0.77

 

(5) (seed germination, SG) 

200 mL 5 g 100 mL 60

120 rpm 3 2

10 mL  25 25

90%

(  2001)  

(6) (germination index, GI) 

250mL 5 g 100 mL 60

120 rpm 3 2

10 mL 25 

18 MΩ-

cm (Zucooni et al., 1981)  

 

         (%)=          ×100 

 

C  (%)  

L  (cm)  

 C0 (%)  

        L0 (cm) 
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(mg/L) * (ml)/1000 

(Vstd-V ) * 0.00978 * 14 *100%  

 

(7)  

(A) : 

         a. 5g 10mesh 250mL  

           

         b. 100mL 2M KCl  

         c. 100mL 2M KCl  

d. 1  

e.  

f.  

(B) : 

a. 2/3  

 

b. 10 mL -   

 

c. 5 mL (10 

mLNaOH 10 N)  

d.  

e. 5  

f. ( )

(0.010 N HCl)  

g.1mL 0.010 N HCl 0.14008 mg N  

 

      (%)= 
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Wsoil * V  *  

(Vsample-VBK * 0.00978 * 14 *  V  
        (mg/kg)=                               *1000 

 

(8) (Bray P1 method,1945) 

(A)  

        a. 0 1 2 3 4 5 mL 10 mg L-1 50 mL

 

b. 8 mL

0 0.2 0.4 0.6 0.8 1.0 mg L-1  

c. 30 880 nm

 

d. R2  

(B)  

a. 0.5 g 10mesh  

b. 10 mL 0.025 N HCl—0.03 N NH4F

40  

c. ( 5 mL )  

d. 5 mL 50 mL ( 10 )  

e. 8 mL  

30  

f. 882 nm  

g.  

h.  

(mg/kg)= 
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(9) (Mehlich method) 

(A)  

a. 0 5 10 mL 100 ppm K  

3 100mL  

0 5 10 ppm K  

b.  

c.  

 

(B)  

a. 5g 10mesh 50 mL  

b. 20 mL (0.05 N HCl—0.025 N H2SO4)  

e. 5 (  

)  

f.  

g.  

 

(mg/kg)= 

 

 

3.4.2  

    10 mesh 100mesh 

 

(1) (2) (pH) (3) (EC) (4) (5) (6)

(7) 3.4.1  
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3.4.3  

    1. 19  

       

       

       

       

    2.  

      

    3.  

      

    4.  

      

    5. 16  

     : 
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3-
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°C

 
cm

 
 

dS
/m

 
%

 
%

 
m

g/
K

g 
m

g/
kg

 
m

g/
kg

 
 

dS
/m

 
m

g/
K

g 
m

g/
kg

 
m

g/
kg

 
cm
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4.1  

    

 

4.1.1  

1.  

    4-1

26.1±0.8°C 34.1±0.6°C 33.9±0.2°C

35

55°C 3 50°C 5-7

1.

2. 3.  

    4-2 6

13

10±2cm 58% 11.8±1.2cm

50% 6.3±2.7cm 73% 31
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4-1  

 

 

 

 

 

 

 

 

 

 

 

4-2  
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6.24

4.71
5.5

5.07

3.92

0

1

2

3

4

5

6

7

pH

2.  

    ~

 

3. (pH) 

    pH pH

6.5 7.5 (Epstin1997)

( ) ( 5-11)

pH 5.0 9.0 4-3 pH

2002

pH 6.24 pH 4.71±0.52 pH

5.50±0.89 pH 5.07±0.11 6.5 7.5

pH 1. pH

2.  

 

 

 

 

 

  

 

4-3 pH  



doi:10.6342/NTU202000376
 - 53 - 

4. (EC) 

    EC

( ) (

) 1 10 2dS/m

EC 4dS/m ( ,2014)

EC 0.37±0.1dS/m EC

1.41±0.68dS/m EC 1.72±0.81dS/m EC

2dS/m

(Lasaridi et al.,2006 Soumare et al.,2002 ,2014) 

5.  

    90%

( ,2001)

6.71±1.1cm 100%

190.5±32.3% 5.97±0.13cm

97% 165.8±8.7%

5.74±1.54cm 97% 160.1±48.4%

3.80cm 92%

90% 50%
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4-1  

   
 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

(°C) 

 

26.1±0.8 34.1±0.6 33.9±0.2 
55°C 3

50°C
5-7  

(GB7959-87) 

 
1. (cm) 

 2. (%) 

 
10±2 

58 

 
11.8±1.2 

50 

 
6.3±2.7 

73 
  

 

 

pH 

 
 

4.71±0.52 

 
 

5.5±0.89 

 
 

5.07±0.11 

 
6.5~7.5 

 
5.0~9.0 

(Epstin,1997) 

(
)

( 5-
11)  

 

EC 

(dS/m) 0.37±0.1 1.41±0.68 1.72±0.81 

 

2dS/m 

4dS/m 

(
) 

 
 

 
(%) 

100 97 97 90% 
,2001 

 190.5±32.3 165.8±8.7 60.1±48.4 
50% 

 

Chikae
(2006) 

(%)      
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4.1.2  

3.6kg 1.8kg

2:1 24cm

4-4 4-6

4.2  

1.  

    

( ,2003)

4-4 90±40mg/kg

740±520mg/kg 1120±510mg/kg

20mg/kg

< <

1100mg/kg  

 

 

 

 

 

 

 

 

4-4  
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6.08

35.08

105.28

66.96

0

20

40

60

80

100

120

m
g/

kg
2.  

    

( ,2003) 4-5

35.08±10.04mg/kg

105.28±44.83mg/kg 66.96±19.62mg/kg

6.08m/kg

< <

99.20mg/kg

 

 

 

 

 

 

 

 

 

 

4-5  
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3.  

( ,2003) 4-5

148.20±17.23mg/kg

199.75±66.59mg/kg 125.49±23.65mg/kg

15.77m/kg

< <

183.978mg/kg

 

 

 

4-6  

 

15.77

148.20

199.75

125.49

0.000

50.000

100.000

150.000

200.000

250.000

m
g/

kg
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4-2  

 
 

 

 
 

 

  
 

 
 
 

 

 
 

 
 

 

 
 

 

 

 

 
(mg/kg) 

 

 
20 
(1) 

 
90±40 
(4.5) 

 
740±520 

(37) 

 
1120±510 

(56) 

 
   > 2 . 0 

  1 . 5 ~ 2 . 0 
1 . 0 ~ 1 . 5 

  0 . 7 ~ 1 . 0 
0 . 5 ~ 0 . 7 

   < 0 . 5 

 
 

(mg/kg)  

 
6.08 
(1) 

 
35.08±10.04 

(5.7) 

 

105.29±44.83 
(17.3) 

 

66.96±19.62 
(11) 

 

    >40 
    20~40 

  1 0 ~ 2 0 
     5~10 

    3~5 
     <3 

 

 
 

(mg/kg) 

 
15.77 

(1) 

 
148.20±17.23 

(9.4) 

 
199.75±66.59 

(12.6) 

 
125.49±23.65 

(8) 

   >2 00 
  1 5 0 ~ 2 00 

100~150 
   50 ~1 00 

  3 0 ~ 5 0 
    <30 

      

1. , 3 ,2011 

    2.( ) [ / ] 
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3.92
4.55

5.17 5.4

0

1

2

3

4

5

6

PH
4.2  

    

1. (pH) 

    

pH >6.5 5.6-6.4

5.1-5.5 4.5-5.0 <4.5

4-7 pH 3.92

pH 4.55±0.16 pH 5.17±0.40

pH 5.40±0.23 >6.5

pH pH pH

( 45 )

 

 

 

 

 

 

 

 

4-7 pH  
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2. (EC) 

    

( ,2017)

4.3  

    4-8 EC 0.14 dS/m

EC 0.15±0.02dS/m EC

0.73±0.43dS/m EC 1.02±0.10dS/m EC

EC 2 dS/m

pH  

 

4-3  

 

mmhos/cm  

 
 

 
 

 

0~2   

2~4   

4~8   

8~16   

>16   

( ) 

1mmhos/cm=1dS/m 
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0.14 0.15

0.73

1.02

0

0.2

0.4

0.6

0.8

1

1.2
EC

dS
/m

20 60

570

1000

0

200

400

600

800

1000

1200

m
g/

kg
 

 

 

 

  

 

4-8 EC  

3.  

    

4-9

20mg/kg 60±20mg/kg

570±350mg/kg

1000±50mg/kg

< <

980mg/kg  

 

 

 

 

 

 

 

4-9  
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6.08
7.31

13.74

16.57

0

2

4

6

8

10

12

14

16

18

m
g/

kg
4.  

    

4-10 6.08mg/kg

7.31±1.66mg/kg

13.74±9.52mg/kg

16.57±7.38mg/kg

<

<

10.49mg/kg  

 

 

 

 

 

 

 

 

4-10  

5.  

    

4-11 15.77mg/kg
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15.77

52.61

80.79 82.17

0.000

10.000

20.000

30.000

40.000

50.000

60.000

70.000

80.000

90.000

m
g/

kg
52.61±2.22mg/kg

80.79±11.51mg/kg

82.17±6.18mg/kg

<

<

66.40mg/kg  

 

 

 

 

 

 

 

 

4-11  

     

    4-7 4-11 4-4

pH EC

1.2~50
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4-4  

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

pH 3.92 4.55±0.16 5.17±0.40 5.40±0.23 
6.5~7.5 

 
5.0~9.0 

EC 

(dS/m) 
0.139 0.15±0.02 0.73±0.43 1.02±0.1 

2dS/m 

4dS/m 

 

(mg/kg) 

20 

(1) 

60±12 

(3.0) 

570±350 

(28.5) 

1000±50 

(50) 

 
   > 2 . 0 

  1 . 5 ~ 2 . 0 
1 . 0 ~ 1 . 5 

  0 . 7 ~ 1 . 0 
0 . 5 ~ 0 . 7 

   < 0 . 5 

 

(mg/kg) 

6.08 

(1) 

7.31±1.66 

(1.2) 

13.74±9.52 

(2.26) 

16.57±7.38 

(2.73) 

 

    > 4 0 
    2 0 ~ 4 0 

  1 0 ~ 2 0 
     5 ~ 1 0 

    3 ~ 5 
     < 3 

 

 

(mg/kg) 

15.77 

(1) 

52.61±2.22 

(3.34) 

80.79±11.51 

(5.12) 

82.17±6.18 

(5.21) 

   > 2 0 0 
  1 5 0 ~ 2 0 0 

1 0 0 ~ 1 5 0 
   5 0 ~ 1 0 0 

  3 0 ~ 5 0 
    < 3 0 

1. (Epstin,1997) 
             ( )  
             ( 5-11)  
             ( ) 
              
              , 3 ,2011 
    2.( ) [ / ] 
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-5

0

5

10

15

20

25

30

35

CM

Day

4.3  

    (Shallot) (Allium 

ascalonicum L.) 20~30

 15~22 

 8~3  8~2 

 9~11  6 

,  

    20-28 2017 11 1 2017 11

28 4-12

28.0±2.0cm 30.3±1.7cm

29.7±1.3cm

15.3±2.7cm < <

 

 

 

 

 

 

 

 

4-12  
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4.4  

 4.4.1  

    

 

   1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-13  
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=1.8kg 
=1.8kg 

=1.8kg 
:5.4kg 
=1500ml 

=1500ml 

 

:2.70kg 

:50% 

:34.1±0.6°C 

pH: 5.50±0.89 

EC:1.41±0.68dS/m 

: 97% 

:  
165.8±8.7% 

:740±520mg/kg 

: 
105.28±44.83mg/kg 
 

: 
199.75±66.59mg/kg 

30.3±1.7cm

 

pH:5.17±0.40 

EC:0.73±0.43dS/m 

:570±350mg/kg 

:13.74±9.52mg/kg 
 

:80.79±11.51mg/kg 

:485ml 

:32.33% 

=1500ml 

    2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-14  
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=3.6kg 
=1.8kg 
:5.4kg 
=1500ml 

=1500ml 

 

:3.94kg 

:73% 

: 33.9±0.2°C 

pH: 5.07±0.11 

EC: 1.72±0.81dS/m 

:97% 

:  
160.1±48.4% 

:1120±510mg/kg 

:66.96±19.62mg/kg 
 

:125.49±23.65mg/kg 

3cm

 

pH: 5.54±0.23 

EC: 1.02±0.10dS/m 

: 1000±50mg/kg 

: 
16.57±7.38mg/kg 
 

: 
82.17±6.18mg/kg 

:396ml 

:26.40% 

=1500ml 

    3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-15  
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    4-13 4-14 4-15 4-5

0.064

0.256

7.68 2019 12

1060880

8147.56  

4.4.2  

    

 

1.  

2. 1/2 ( )  

3. ( 100ml )  

4. 20ml 40ml

60ml 80ml 100ml

 

5. 1 1

 

6.  

7.  
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. 

5.1  

1.

pH 4.71~5.5 EC

0.37~1.72 dS/m 97~100%

60.1~190.5% 90±40 

~1120±510mg/kg 35.08±10.04 ~105.28±44.83mg/kg

148.20±17.23~199.75±66.59mg/kg

pH 4.55±0.16~5.40±0.23 EC 0.15±0.02~1.02±0.10dS/m

60±20~1000±50mg/kg 7.31±1.66 

~16.57±7.38mg/kg 52.61±2.22~82.17±6.18mg/kg

28.0±2.0cm~30.3±1.7cm

15.3±2.7cm

 

2. pH 5.50 EC 1.41dS/m

97% 160.1%

74mg/kg 8 105mg/kg 17.5

199mg/kg 12.5

EC 3~5

1.2~2.7 3.3~5.2 EC 1~7

2  

3.  

4.
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5.
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5.2  

1.

 

2.  

( )  

3. 30%

 

4.

 

5.

 

6.
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