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ABSTRACT

This study is to analyze the yield after cultivation, plants and soil after cultivation of corn and
cabbage from 2018 to 2020 by mixing them in the soil at levels of 0, 100, 200, 300 kg/10a, and
cultivating them using conventional farming methods. Through this, the utilization rate of nutrients
was investigated and analyzed. When cultivating cabbage for continuous application of biochar, there
was no difference in the yield of each treatment during the first crop, but the difference in yield
between treatments from the second crop. There was no significant difference in the ratio of
component content in the plant according to the level of biochar treatment, but the nutrients used by
the whole plant showed a positive correlation with the amount of treatment. During Chinese cabbage
cultivation, there was no significant difference in the change of soil chemistry according to the level
of biochar treatment, but the residual amount of nutrients in the soil was high during the treatment
of biochar, indicating that there was little leaching or volatilization of nutrients. The higher the level
of biochar treatment was, the slower the spread of root lump disease was. It was more effective for
growth to be treated after mixing compost and bio—tea, rather than for single use of compost or to
separate compost and biochar,

As a result of examining the live weight by treatment with organic acid in the seedling period,
when acetic acid and citric acid were treated compared to untreated, the amount of N, P, and K
used in the plant was higher in ascorbic acid, acetic acid and citric acid. The result of comparing the
amount of hydrogen peroxide produced and the result of comparing the MDA content was not
proportional to each other.

The water retention capacity of bio—tea was easier to manage moisture due to its higher moisture
retention than general biochar produced by the power generation biochar produced at high
temperature and the longer water retention period. When Chinese cabbage was seeded by mixing

20-30% of biochar, the fresh weight and number of leaves increased by 20%. There was no

280 »> 2020z AEHTEDM



significant difference in the yield of cabbages according to the bio—tea treatment, but the amount of
nutrients was lost due to rainfall over a long period of time during the growing period, but the
residual amount of nutrients in the bio—tea treatment was higher than that of the untreated group,
indicating that there was an effect of improving the bore capacity.

Study on soil improvement of the field crop cultivating in continuous cropping area

1) Farmhouse Survey

This study investigated the actual conditions of farmers who grew potatoes and chinese cabbages
in Seomyeon in Chuncheon city. This region was not only low in organic matter(OM) content, but
also lacks exchangeable calcium(Ca) and magnesium(Mg), and was very high in available phosphate
(Avail. P,Os). Therefore, it was thought that measures were needed to maintain adequate soil

nutrients.

2) Reduction of fertilizer use

There was no change in yield according to the fertilization method of Sumi potato varieties, and
the yield of Seolbong varieties showed a tendency to decrease when test fertilization, but there was
no significance. The yield of chinese cabbage decreased significantly in the first year when test
fertilization, but was not significant in the second year. Therefore, it is suggested that the soil

chemistry will be improved through test fertilization.

3) Soil improvement experiment according to biochar treatment

In the first year, there was no obvious change in the content of soil chemical properties due to the
biochar treatment, but in the second year, the EC and exchangeable potassium(K) were changed
according to the biochar treatment. Potatoes showed a maximum yield of 2,577kg/10a when biochar
treatment was 189.3kg/10a, and chinese cabbage showed a maximum yield of 6,417 kg/10a when
biohar treatment was 233.5kg/10a.
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ole. o] AL AT Tt vhol o} ASEI} PFOE Ao RO FHL ST Tt )
A 71eE Ashn, Bkl BEEE ORI Qi WA R AR EFBAL ANT BA
oz sy
ol d
Mz 9 uy

(HIMIR 2 ZH=20|8&E BM7|E L)

(AI® 1) Hlo] 22}+(Bio char) Ao W& FEO|EAE A

2 A= 2018~2020G 7 4] EHA] a2 A Qx| A S0k i 2 E g = Auf A Blo]
9245 0, 100, 200, 300 ke/10a $E 0.2 Eoko] EstHeleta e FHOR Aot 5 Ao 5 5
gaFah AEA| EFEAS B9 GO ol§8S b BASTh AW/ B9 AEAHaE
= 13} 2},

H 1. HF, S5 MUl 43
R ol ey 259 HA(LHE)Y sk
] B 4. 25 6. 21
LES -

2018 2433 9. 3 11. 9.
L2 uje) 25 4. 27(&%}) 7. 21.
" Ul 4. 24. 6. 14.

H =
2019 2433 8. 21. 11. 4.
DA ol 2% 4. 24.(2=h 7. 23.

A 4. 22. LEES R

EliE=
2020 ¢ 28A 8. 25. 11. 9.
S gl 2% 5. 6.(&H) 7. 17.

Eg Hhol e xko] Aee] w2 aItE dotry] 9]s) 2019~20209 2|7 who] @ 2ot EjH|E
7tzF Ak Axk A vlolextel EHE 1:4 v]ER 4ol Y A= Aae AS At
Eok AEA, Bes Y A T 2AHEA712(2010)00 whet AR BASEA

Ad 2) s FEoldae SHEY
&

A8A dhAplA AraEpe) @

o
- o
st RS SRR SRS BT FAYFOR ANHGO, FH £ fOlE 12
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M= &8 AdAstL 44 dEdS A5y S F2 o Hds] dhAstal FHste] g AE
gl auk-e-& B8 AR 5, 2008). H,O,= ROS HIE =0l A *ﬂ:ﬁ‘ﬂﬂ Ho|u mEet

Z4 5 hAHAUZ Bolste Aol HaHm, Ao
B, 435 0 5 O Adgel 2 1Al 3

) , O = H
ZE AL olof f714bE 7o AEste] St ARG O R FRO| &S FUIAA RTIMES
SN LA} SRt Aot EutEE g4 e R (742 Ascorbic acid, Acetic acid, Malic acid,

Oxalic acid, Citric acid, Salicylic acid, Fumaric acid, Succinic acid 5 8%= 0.1%= ZA|sto] F-H7]°|
79 Ao R 33 JuAE Aestelal, IAEskeEA(hydrogen peroxide, HyO,) &, malondialdehyde
(MDA, A ;‘Ur*}QXHELJ AxEd) FF & 2ABIAH, st Fe AlEAE HAART O
Y31 (0.1% trichloroacetic acid (TCA) 5 mL 29¢] mhafjgt 2 20,000 g2 £=2 1587 YA E2] 514
BN e = AN 0.5 mLol 10mM A &58H(pH 7.0) 0.5 mLeF 5SM KI 0.2 mLE 92
390 nmolA SFEE AL, KI7F ¢l vH5-8 9% blank=® 3ttt (Alexieva et al.,, 2001)

* pH 7.0: K;HPO/KH,PO4=0.631

MDA #=F2 Buege and Aust(1978)9] thiobarbituric acid (TBA)# 2= )
ARkl Wi 20% trichloroacetic acid (TCA)®ll 0.5% TBAZ} HobQle £9& 5 mL Yo nhast &
20,000 g &E2 1587 daEgste] AL FstaLl o] AL 100TollA 2587 &<l of
ice bath°ﬂ dol Yk 7l 3 thA] 20,000 g =2 1587 AR npAgte = 42 4
FREAR S 24 Aed FE WAL 532 nmollA FHEE AL, 600 nmel 419
TME Fros BAstch MDA AT 156 mM ™' cm™'9 B&FAFE AHEshe] A&ttt

(A]E 3) v}o] 22} (Bio char) A=

ASAFe7] A YA E7t 2 2717 il eate] EAE HEEA Wi o g BAsglon(sE
ATH 1997), SRR} 2 &771S SR T

of HioleAE SHAE Egste] wjF=E wEotal AW ES} vlusta, 23 AE=
PR WS HAE Ho] s kAP g Ad AR Hof vpo]eaE =
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Sola, A A - 5o EOFslsMA T Suk S0 ZANRAMRA 7]%,
Akt A=A AEN = E 29 Zrh
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(M2MIS2tA|: LEhE AXX| EL7HM AR)

(Ad 1) s7HdE A

—r—‘

2 AT FEE EHA AY AR wEE) ARA 2557 e R AE AH, B e
ZAFATHE 1), B 38h] B4 52234 EGeshRA R (NAAS, 201009 w2t pHE &
F FFTY HlES 115 (w/w)E 345k Aget 2 pH meter (Orion 3 Star, Thermo Scientific)
2 A9, 4718 dF2 Tyurin®, A A4S Lancasterd, XA Fol22 1.0 N NH,OAc
(pH 7.0)2 &3t ICP (Integra Dual, GBC)= #4391t} &%‘*‘ HI R ARG A 421 WP (&
ATH 2019)0] AEW EokslsAy AW o et g].@ X} HAMOE y|zog HE XA priy|
& Fotth Aste A REE SELATHAEH@AEFE, 2005), Standard Method(APAH, 1992),
THET EEA o] B AF(EENZA, 2006) %3}"1 AT T-N% T-P= As&24715
o]-g-2t V—‘l‘ﬂ °k°1 T 68 A= oHgt & ICP-AES(Inductively Plasma—Atomic Emission
s BAS AAY Alore® AAHHNO)E o83t AA

I8 1, ESANE MEF 571 22

(A1 2,3) A} -l A2 W 2ARE 2 AF B vlo]ea} Aol uhE EY7iA AId

B AL AR BN AW A - W3 QR 57k BYel A AASHATHE 3). ARA
TS 7183 AT Catt Mg AW vIFSIAT, HEALT ATH K A4 WS 2
3sho] AZet R BFYS o2 UNUTHE 4. NBZH EHS AFEe FANE A
DUTHE 5). AFEFS] FFHE As YR FUE B Mk £ Bol9on 53] NO-N&
NzRT BUOY FFES AEEA YYTHE 6)
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H 3. AZ =57 B3
=359 A 3 AL A2l (cm) XHE|W&
AAHE=]) 2019, 3026, 2019. 6. 27 190 x g0 ABAIHl 22 A2, 100, 200, 400ke/102)
ZAHEE)  2020. 3,23, 2020. 7. 16. SR (12-7-6 4.3%/10a)
1=(38)  2019. 8. 19 2019. 10. 29. 90 X 40 #Agaju|(ulo] ©.3} FA]2], 100, 200, 400kg/10a)
Hja=(5=4)  2020. 8. 20.  2020. 11. 2. 70 X 40 7R (2T (12-6-8  4.33/10a)
H 4 AW ELOl et E BEH(2019. 2)
2= Atz EC 212 S50 X &g dol2(cmolc/kg)
- (pH) (dS/m)  (g/kg) (mg/kg) K Ca Mg
A e zA 5.8 0.8 13 1,378 0.95 32 0.7
A" WA 55~62 <2 20~30  250~350  0.50~0.60  4.5~55  1.5~2.0
24 wix 6.0~65 <2 25~35  350~450  0.65~0.80 5.0~60  1.5~2.0
B 5. A|SZEto] EA(2019. 2.)
U=EM ATt (%)
T g E N
=T ol A} M E
¥ E 73.7 22.4 3.9 AR
A E 73.8 22.4 3.8 FHALE
E 6. U At 21
T = H 5C o NoeN e S0/~ T-N T-P Ca K
ey p (dS/m) 3 4
AN E3 6.1 0.52 33.4 50.0 452 3536 001 7280 243
BF4D* 68 0.31 542 1836 2203 176 002 3511  3.02
BFTD* 68 0.29 5.55 1674 2091 6.95 0.03 3439  7.06
7% 6.0-8.5 - 20 < 250 - - - - -
2 2 Mg Na Cd As Hg Pb Al Fe Mn
AN@=Zgd 1729 1557 ND ND 0.000 ND ND 0.38 0.01
BAED* 741 9.61  0.000 0.1 0.000  0.02 0.17 0.25 0.01
FAF7Y* 7112 10.09  0.0001 002  0.000 0.0 0.05 0.15 0.01
7|15 - - < 001 <005 ND < 0.1 - - -
U= 20 A G 5, /5, AR 10, 20199). A ERLS 0¥z B4 Aul]
3. SdsYHTL « 285



2 % 0%

(MIMR oA 220|828 StHilE HE)
(A3 1) "ol 22HBio char) A E|o] whE FEol&EE Al

Bl A A vlol oA S EQES AT e ARA8S 24T AT 187)0 4L Al
Gapo] apol7h LrEhhA) ghgrot 227] 5 430 ZjolE MYTHE 7). ol& A F 2 ol
olo3fo] Qbgstel Alzko] Wagh Aoz ArHch 247]6] 4% 200ke®t 300keH 2 FAA FEol
2.1ke FHT 9 100ks M2l 1.7keo] Blste] §o1A 0.2 Supo] W, 34710145 300keH €]
7} 15ke 02 THE AT lke emeh fepo] Wokth 487 o] ol 200keH el Fel A 7H 4
spo] fokch AIRAM 717 F e Ee] HHSISHA WA whet AR Aol s3] ofelg]
ENFEECREE S

i)

# 7. HO|RXt X2|4-F0l| HE HiF +F

XHHH AL 7] X 2|2 (kg/10a) A= T&(9) = 1(cm) 7= (cm)
2018 1,220 32 14
100 2019 897 25 12
2020 - - -
2018 1,150 33 14
200 2019 1,194 24 12
= 2020 - - -
2018 1,262 31 14
300 2019 1,581 26 13
2020 - - -
2018 1,244 33 14
e 2019 1,040 25 11
2020 - - -
2018 1,676 42 18
100 2019 2,635 36 18
2020 1,504 35 21
2018 2,104 44 18
200 2019 3,879 35 20
e 2020 1,816 29 17
2018 2,110 44 19
300 2019 3,735 36 20
2020 1,568 29 18
2018 1,699 44 18
e 2019 2,230 33 17
2020 1,562 29 18
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drol el Aelef wE Foldaas Slshy] fla) A sE ASA W A, /L 2 42
e vlagt dah wE2 2 o7k glalo, AA A=A ol eet FE2 whol oAt At of
o HHAE el Hlol oAt ARt AedSed Eas e AoR YaHH(aE 2)

T-N P20s K20
I8 2. Ho|2R M2|+EE i S2018E
Wi A lo] @3} A E Egslstdl: 2 Aol gldout vlolext Ag Al B U
% £ - 3400 He AL & S Ao, ot MRYRY 8Y 5ol

U.:]‘ Tl = el
(¥ 3)

AR oz W A A FUT FRI HEASH A F =] Poboli FRE BAT A4S
MR o] gElx] ok FATE FHage] Aol uol o 4E Aot ) el ol §a Lol FAHIE
& 4 ol

¥ GEEAY = ABOIGY + EPURE + S
.% ) S/ \
g ) \
o N N\ /
— ~
J2 3. HiF AEXHH] Al EQ ECHE}
dpo] @ 2p A E|io] wE wiS S EH| T8 E= EH|9f Ho] QA 77 A g AR g
qelatis Aol Ago] FS| 4ot ATHE §). ol Hhol 23ke}
=
S

a5 9 JoE AZE,

2 8. MZ|dol TE i #2

A= XMelTE T&(g) T2 (cm) = (cm)
uko] 9 2} 2,971 38 18
2019 Hio] @2} EJH]* 3,418 35 19
o3y 2,540 36 18

w
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AESE 2|2 T73(9) =22 (cm) 7= (cm)

ujo] ¢ 2} 1,544 29 15
2020 Hjo] @ 2} EJu|* 2,435 33 17
3y 1,523 30 18

* JhEE Eulol uloloAlE 41 ulgR B3

2019495 E MelFro] MAIsigl ot oo R et 222 ululstelont 20204 BHl% A
Aol A whgow 23kl ol ek, Lt vlol 2. Hel4z WE ReHy A FEole X
o7} AL, Hel o] Wel B Mol wt BHe PRt el UehdrhE 9), oled Aug 2
%ﬂ:ag o] A& AAEE ZA AL ol WASIHAE £ A7 Holg ol HE £F 4
AR ARHT AAR 20199 £33 WFHE Meloli Hol WAITY O AR St

E’—Xﬂﬂ §L ATt

# 9. HIO[QX XMa|+ZE & HiF HIlsd dHHEE

SN

o 5. 14 5. 20. 6. 11
I L
100kg/10a 0 9 9
200kg/10a 0 5 9
300kg/10a 0 3 9
A2 0 9 9

*0:Ed ) 1:1% o)}, 3:1~10%, 5:10%34~20%, 7:20%3~50%, 9:50% 1+

Z et

R

flo

S 2018~2020 39ZE Ajul A vpol e AHE EFES; A & a2 ST +TF
A3 A2l FAAQ 2pel7h e Al oF kTt

dro] o2} A2l S AUl Ak, QA 2o dFE AR AR S A
e vled AAAEA Y FoldFe Al e AuUAE HerdA ¥k 6),
S A A5 Aleed EgSedE 794 Aole fIeu(E 1), AF7F FA =
Hlsf e & AR FEFS w‘% A2 YEPETH (™ 7). ol 9¢2 FAFel A2 A& He

4
Yt AOR vloloxst Eope] i HREHS ¥ 4 Ak A olgE 4 UeS A

sEE22888
|

o
’ !
1 #
|
a8 -

vt

okg 20019 ookg 300kg okg ¥ s

a8 4 HZLEE 244 Y208
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s ] T100kg/10a —200kg/10a 300 ko/10a 0 ko/10a

EC, dS/m

V%

18, Mar. 18, Juy 19, Mar. 19, luy 20, Mar. 20. Aug.

O3 5 244 HAAK|HY A| EY ECHE}

58S THAZ 5 U= T8 E5A1717] S6l %5’-71011 T4 A stoe] A

e SA 2] Tto]l HI3) acetic acid®} citric acidE A 3RS Wl EAHLH, AEA U9

o] 8% N, P, K& %2 ascorbic acid, acetic acid®} citric acid7} Btew (¥ 6), E3] &2 0|
o},

ok} Acetic acid$} citric acid® 87} &1t4 9 Aoz AohE ) Ab29l EntEo| A9 mAlEleA9)
Shef vl Ayket MDA &5 vl Z 3= A2 vl olA] = AR Hof §7]4HH FpAsta=AT) A

=4 WolA Agshe o] t2u, e Fo mef PTE e AR AAdn(ad 7, 8).

500 25
400 4 2.0 4
(=1
= 200 - TR
ﬂi 300 r
Ko =
= = 104
= 20 1 =
T
100 4 05 4
0 0o 4
. Ascorbc Acetic Malic Owalc Ciric Saliylic Fumaric Succinic @32
W Ascorbic acid W Acetic acid = Malic acid acid acid acid acid acid acid acid acid
m Ohealic acid w Clitric acid w Salicylic acid
m Fumaric acid m Succinic acid [ = L] aT-N mK20 =P205
= Al=0O| MHI= [S1g=1 o
a8 6. &Fof dMSat N, P, K ol et R714 M2l g1t
020 200
0.15 150
2 2
E_ 0.10 2 10.0 5
g 3
-4 =
0.05 50 4
0.00 - oo A
¥ Ascorbe acd W Acetic aid ™ Malic acid ® AscorbT acid ® Acstic ad " Malic acid
= Owalic acid w Citric acd = Salicylic acid = Oxzlc acd m Cinric acd = Salicylic acid
» Fumaric acd ® Succinic acid =T m Fumaric acid = Suerinic acid n 252

a8 7. 4F Ao npitstpAQ MDA B0 st |714 X2 at

fol

w
rlok
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08
0.7 4
06

05

MOA, niolg
8
5

03 -

H3 03, nmolg

0.2

01 4

0.0 -

m Ascorbic acid w Acetic acid Malic acid W Ascorbic acid B Acetic acid Malic acid

m Oucalic acid m Citric acid Salicylic acid m Onalic acid u Citric acid Salicylic acid

B Fumaric acid B Sucrinic acid nEHE u Fumaric acid m Suerinic arid nEHE
O 8. EOrEQ| IpitateA et MDA 20| et R7|4 X2 st

(A 3) vfo] 22} (Biochar) AF

4

A 19 23E wigoz vl oA e BET U Al H2 5] 9 B 2ot Absat 2741
uho] ©.2ko] ojaleba EAS BAE A3t 1,000C shgl Hhol@.xke] SHS pHIF 9.0019)
ou] 249 gheFo] 72 me/kg 02 Uk ALO|H AT vho] ©.319] 6,29} 0.3 me/kgiTh Ul L
AR Uehtn(E 12), A7) 5 AAlE Aozt Yerh2d 9).

o
0>~
)
T2
rm

H 12, HIO|QXt EM

o pH EC Ca0 K>0 P20s T-N 2™ac

e (1:5) (dS/m) (mg/kg) (%) (Mg/m)
AGELL) 9.0 2.2 7.2 0.53 0.87 0.52 0.30
B(42) 6.2 0.5 0.3 0.18 0.05 0.41 0.24

A(D2)

Hpol 0310 F0 B4 o shutel EBAAS L AT DLo|4 AL vl exje] S8
fepo] WOLor] FEEG JBE Aol S Aop 4R B F 4 Ue A0 A%

=Hoh(ad 10).
HjZ &5 A] Hpo] QA5 A 2|sle] 4R g 1194 Hi upol o] =
3 5%0] el o vpol oA} gEfo] WE4E @ AEE AL B £ Qo] 12| §H B

urh GaAY Aow AzE

)
K
kol
i)
il
=
=
=
i)
=
rIr
]
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n —
60 —

540
Zy
0
10

01 23 45 6 7 8 9 1011 1213 1415 16 17
Days

O3 10. HO|2Xe| 2 E 73 H[W

HZ 21 A "ol @2}7} Aol nA= oJFFe dolry] 93 Hio| o= E3bA | sle] Azt
FE SHI AT 20~30% =5te] WSS SH St wf YRR} vlwste] A F 47t
20% F7FSFAAL(E 13), R E Ted] Hio| AE Tt AR oA = Hl&Eo] HojA tha 5ol
A ZBFATHLH 12).

H 13. HIO|2Xt 2EHIE0 TE HiFs2

-+ & g =+ MHZ(g) -+ & g =+ MHZ(g)

UHHAE 6.9 3.8 Htol e 3@ 10% 6.7 2.9
HRo] @ &+ 20%* 7.5 4.7 Hho] e 2k@ 20% 6.5 2.4
vfo] @ 2} 309%* 8.0 4.6 Hlo] 23 @ 30% 6.6 2.4

*upoleal B3t & AR AR @ SRR Hojeal Ejt

HIO| 2R} 20%ME HIO| X} 30%NE YE+HIO|2X} 10%
I3 12, HO|AF 2 YENMO| HiF 2F

BeAl Gabdo] A gt nfA] v ASAFANE A 1914 9] Aot nprpA R A sfof
ol @A A 2lof whE g ol oA ¢l Zpol7t giglen, 20209 571 A7l AR Fe-=

w
rlot
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oz

flo

QU3 o] fAFo] WAL} whol 2.k He] Al FH Lol s Eo o) i wEepol B

el mule AMETIE Qs AR UETHE 14),

H 14, U= X M - & EYESHA

B pH EC oM Ca K Mg P20s
= (1:5)  (dS/m)  (g/kg) (ng/kg)
e 6.6 0.6 36.7 4.2 1.68 1.33 257
) A2 6.3 0.4 414 47 1.42 1.35 357
A 5
e 5.8 0.3 41.6 3.3 0.86 0.83 209

AAETLE A Al ol 93} o] uf2 sakoli o1l Fol7h T (TH
Eo¥siatA o) Walow 2 AolE wolAL ghetort Ahol ZEe) Ro] £ A YTHGE 15),

6,000 5
5,000 o
4,000

3,000 A

+ Sig/T)

2,000 A

1,000 -

dho| 2K}t 2Hg|

21 13, HIO|RXF M2 Al EOIE 22

H 15, EOIE XU ™ - & EU5tetM Ha}

e pH EC oM Ca K Mg P,0s
. (1:5) (dS/m)  (g/kg) (mg/kg)
~ A 6.4 0.4 28.2 8.0 0.67 2.16 557
Hho] 9} -
> 6.4 1.3 28.1 8.8 1.52 2.05 590
B A 6.8 0.7 14.0 49 0.87 1.36 447
222 -
<> 5.9 1.3 17.3 6.0 0.67 1.32 516

(M2M[S2tH|: L2 AZRX| EAIHM AT
CERNE L E

HA AW g ARHelA et s AR EFS Su), A,
olgich. WAk 441 39 209~49 19, 58 69 @ 3
228 18 102 A oldnh g4 B3 A 9 S5 5 WA A8E B
3

160 Lreh whe}

ol

o,
T

I

s
Fl[‘
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E 6. A OIS M Y 48 3 HR(R) MRS EYsistyER #st
=ols ME EC F718 w=ou x| 2t 0|2(cmolc/kg) MI|QTE
°" (pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na (kg/10a)
1 =1 53 2.00 16 1,771 1.23 43 1.1 010 398

A2 5.2 1.11 18 1,991 0.93 43 1.0 007 398
o 3 5.7 0.67 18 1,676 0.94 4.6 1.0 005 265
2 AR 58 1.50 16 1,361 0.93 43 09 010 265
AR 4.7 0.45 16 1,467 0.48 1.1 03 007 398
i 6.1 0.26 16 1,561 1.04 42 0.7  0.06 133
3 A 5.7 1.55 19 669 1.28 4.0 1.0 021 265
A 5.2 0.88 14 673 0.56 2.1 0.5 008 398
i 5.2 1.74 20 694 0.94 5.1 1.0 0.13 398
4 A 6.1 2.53 22 1,177 1.26 5.4 14 0.14 135
EdpY) 5.8 0.64 20 1,339 0.49 3.0 0.7 0.6 133
B 5.8 0.53 19 1,178 0.89 4.7 1.0 008 265
5 #H 5.7 2.36 26 551 1.96 4.9 14 020 265
A2 5.2 3.78 27 723 0.94 43 12 024 398
i 6.0 0.98 20 660 1.14 5.9 1.1 016 133
6 #AH 5.9 2.48 23 1,662 1.79 6.2 1.8 0.19 133
A2 5.7 1.70 20 1,804 0.87 3.6 1.1 006 133
s 6.3 0.36 19 1,582 1.41 6.0 14 0.06 133
7 AR 5.1 2.16 17 1,560 1.15 4.0 09 0.1 398
AR 5.0 0.66 16 1,581 0.54 2.2 0.5 007 398
i 5.0 1.08 16 1,483 0.78 3.8 0.8 0.0 398
8 #AH 6.0 2.41 21 1,620 1.50 58 1.8 019 265
A 5.7 0.47 19 1,654 0.63 2.3 0.7 004 265
i 6.0 0.32 20 1,512 1.02 3.3 0.8 0.0 398
9 #H 5.0 1.52 20 1,596 0.98 1.8 0.6 016 398
EieV) 4.4 0.42 19 2,059 0.46 0.7 0.2 004 398
i 4.8 0.25 16 1,733 0.58 1.3 0.5 004 398
10 =H 6.1 2.24 23 1,549 1.44 7.9 1.6 0.11 133
AR 6.4 0.49 24 1,862 0.81 5.0 1.0 0.05 133
o3 6.6 0.33 25 1,300 1.15 7.6 12 0.05 0
11 =1 5.2 1.51 19 1,776 0.85 2.8 0.6 0.1 398
A2 5.0 0.26 16 2,144 0.42 1.3 0.2  0.03 398
L 4.7 1.39 21 1,694 0.84 2.6 0.5 0.05 398
12 71 5.2 2.14 25 1,513 1.05 3.2 07 012 398
AR 4.9 0.54 23 1,845 0.49 1.6 04 007 398
i 4.7 1.45 24 1,551 0.66 2.3 04  0.05 398
13 1 6.4 2.19 19 1,125 1.11 6.2 14 015 133
Edpy) 6.3 1.14 14 1,213 0.4 3.3 0.7 007 133
v 7.2 0.66 21 819 0.85 6.0 1.2 0.08 0
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cows  HE EC ®IIE2 fsUM x|zt g0l 2(cmole/kg) MaleTE
°" (pH)  (dS/m) (g/kg) (mg/kg) K Ca Mg Na (kg/10a)
14 7= 5.7 1.80 15 1,088 1.08 3.1 0.8 0.1 265
w22 4.8 2.37 15 1,406 0.63 2.8 0.7 0.13 398
Hjj 5= 5.9 0.29 16 1,034 0.82 3.6 1.0 0.05 265
15 A 5.6 2.22 15 1,359 1.23 4.1 0.9  0.09 265
Edely) 5.4 2.17 14 1,601 0.69 3.0 0.6  0.06 265
Hlj = 5.7 0.34 15 1,409 0.81 3.2 0.5 0.04 265
16 A 5.0 1.88 19 1,136 0.97 3.2 0.6  0.09 398
Edly) 5.0 0.77 19 1,288 0.56 1.8 0.3 0.06 398
il 5.1 0.53 17 1,215 0.62 2.3 03 0.04 398
17 ##H1 5.5 1.84 20 1,325 1.12 43 0.8  0.09 265
"2 5.1 0.80 18 1,570 0.79 2.4 0.5  0.06 398
il 4.9 1.82 17 1,260 0.79 3.4 0.7  0.05 398
18 K 5.7 2.12 25 1,441 1.30 34 0.9 0.8 265
w22 5.1 0.79 24 1,777 0.78 1.9 0.5 0.06 398
il 6.0 0.22 22 1,322 0.96 4.0 1.0 012 133
19 = 5.4 1.84 23 1,249 0.98 2.8 0.7  0.06 265
Edely) 4.7 0.37 23 1,446 0.42 1.3 0.3 0.03 398
il 5.1 0.81 23 1,229 1.09 3.3 0.9 0.07 398
20 A 5.1 1.40 21 1,671 0.97 3.0 0.6  0.09 398
A2 5.1 0.25 12 2,236 0.49 1.4 04  0.07 398
= 5.0 0.57 16 1.643 0.65 2.7 04 0.04 398
21 A1 5.1 1.34 14 1,592 0.84 3.2 0.7 0.07 398
A2 5.0 0.18 13 2,103 0.60 1.6 0.4  0.06 398
il 4.5 0.83 12 1,705 0.65 1.9 03 0.04 398
22 A 6.2 0.54 10 655 0.38 3.6 0.8  0.09 133
w22 6.1 0.52 12 595 0.29 2.5 0.7  0.06 133
5 6.3 0.13 6 333 0.22 2.9 0.5 0.05 133
23 K 6.1 1.80 24 1,260 1.58 5.3 1.8 013 133
Edly) 6.4 0.59 25 1,448 0.91 3.3 12 0.07 133
5 6.1 0.50 24 1,346 1.15 4.6 1.7 0.08 133
24 AR 5.8 1.45 21 1,291 1.43 4.6 12 0.16 265
T2 5.9 0.34 24 1,501 0.75 2.4 0.6  0.08 265
il 5.8 0.48 17 1,243 1.01 3.7 1.0 0.11 133
25 A 5.5 2.16 16 1,240 1.62 3.2 1.0 0.11 265
A2 5.1 0.66 16 1,436 0.87 1.6 0.5 0.05 398
il 5.0 2.42 17 1,310 1.27 3.1 1.8 012 398
B AR 5.6 1.88 20 1,329 1.20 4.2 1.0 013 170
Edely) 5.3 0.89 18 1,550 0.63 2.4 0.6 0.07 318
il 5.6 0.76 18 1,300 0.89 3.8 0.9 0.07 271
g A 55~62 20018} 20~30  250~350 0.50~0.60 4.5~5.5 1.5~2.0
%%ﬁj w3 6.0~6.5 2.00]8F 25~35 350~450 0.65~0.80 5.0~6.0 1.5~2.0
2 6.0~65 2003 20~30 350~450 0.60~0.70 5.0~6.0 1.5~2.0
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Yoon et al. (2020)°] A UE WEF] BB WEE 771202 storsty] Siste] 2017 =
ARk = BRG] Fietet e pH 6.4, §718 32 g/kg, FRUAL 742 me/kgol 9, AEA %
F, 2% 2L obdee 242 12, 76, 20 cmol/kg®, pH, EC, $71% B#e HHusiel ddont
FEAT AT K, A4 Ca AAWNES 23 SHAT AW g gloich T o]
Uel g B ofulet AR Codt Mge &S fauE e 4
=]

il

A A9 §718E
33 wol AAEG F&E FAE At 2A7F & dash Aoz A4 19 17, 18, 19« 4%
Stako] tist R E 5719 B]S2 YEFHTE Yoon et al.. (2020)9] ALY 9J5tH Y E WEFO]
AU ¥&2 pH 36%, 7718 27%, Fa A4 18%, x]wm% 23%, 2% 18%, Ut 1vl% 22%°]
3 Hohgk %719 HlE-& pH 32%, 9718 49%, SR 62%, ATA ZF 62%, AE 57%, vhLY|
& 41%e) o, ojHo RARSE AL FaJAT AT K A9 BE FrloA 4 HY Hot
E=qtom, Xlw* Cadt A2 Mg HE3E 571 vl&o] &ttt
1o 16
»0 16 :
Lo
80 "R
oty &8 - ::
20 E1 ]
0 .
pH EC FE FEAUL XEYk X EYce XEdMmg

O 14, ZXt ZHHH S7te] sihsteE MM etk et otEE dH|2(IE M)
oo - e
80 Fo -
% 5 e
16 » LI
21 i “ w8
20 36
ol
pH EC 718 FEY4 NEGx XEdc AEgmg

T 15, 2R Meh S7t) AR B st e HRE BB+ )

. nl 12
%
®0 3 :
& s
- s “ B 3
=1 e £
n 1 16
]

M . gI18 sEd ABYc KB XE4Yme
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H 17, 4% 28 2 HiF A ©® & R0 O E EAEE H3H2018)
F4d3t 57H20) S5 Ml g S7H5)
232 2%t ES _ Az R o SEA
455 M83 CO°  4m3 ggs oo
A (pH) 53 5.6 03 53 5.7 04  60~65
EC(dS/m) 0.97 077 020 059 070 0.1 <2
5712 (g/ke) 18 17 -1 21 2 1 25~35
%821 4Hmg/kg) 1517 1293 224 1685 1326 350 350~450
K 0.66 090 024 052 087 035  0.65~0.80
SERDRES
Ca 2.4 3.8 14 2.4 41 17 50~60
(cmol./kg)
Mg 0.6 0.9 03 0.5 0.8 03  15~20

H 18, &At & 2 44 M 7700 T2 EAYE H2H2020)

Jixteo A EC {718 QEUM A &-8ol=(cmole/kg)
(pH) (dS/m)  (g/kg)  (mg/kg) K Ca Mg
S At 3t 5.4 0.26 12.4 1,313 0.95 2.78 0.57
FAT 2 5.1 0.38 11.1 1,360 0.61 2.45 0.56
e GYSTED e B0 B LIS e 19
E 17 AR 2 F ol E A4 A A el e EYAER WaE UEr it 24 ZSZW
T SAMONAM HA 2 5 ouE A A S AE SFATHO, 10, 12, 13, 199 23). & 18=
A w2 g A o] g EGARE WS Utk §8T XEY s AHfst
HES MY 2zt S-S & 4 Aok (A T 200008 ARAAANLA 24 EFA STt
A BIE AP Aol st & o] ARE Abols K &l e dRdwdEd g4
A UEbg L, S Aol mhE EF AlGadte ol A% 37dA A4 A= 30x30cmo A K
£ 28%, Ca®" & 36.6%, Mg”=30.6% & {astded], o|4F 23U4 Hot 37d#A o A aztrt
A5 Aty stAT) Sul Txo] Ao 233 w3 HAA 71x 50Y AL 7])7to] oy Au
59 49 302 Ak "ot JeBR pujEFo] S Ao 7t Aldade] 7 gA7; sl
A ztE

£ 19, 202 TAA AAAE A ABHF 2 SR T WSS AR Rolth AHA
B G Aol 7h we Aol ulshe] EoF shsbalte] AMEE Ao Btk ECE LE HelTolA
A AT BEOU 308 F 2AHE A W9R 3
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H 19, Algids EQO| SlstHE &fgf H3H2019)
e At EC 212 S50 x|t 0l2(cmole/kg)
- (pH) (ds/m)  (g/kg)  (mg/kg) K Ca Mg
AEA 5.8 0.80 13 1,378 0.95 3.2 0.7
22 AR 4.9 4.34 15 1,396 1.23 48 0.8
T2 ey 4.9 4.86 14 1,490 1.49 4.7 1.0
W= AR 6.0 0.63 14 1,236 0.77 3.4 0.7
T2 T pgAe 5.6 0.50 14 1,324 0.80 2.7 0.6
A} 5.5~6.2 _ 20~30  250~350 0.50~0.60 4.5~5.5
AW o H : : ols : : . . ~
Rk ujj 5= 6.0~6.5 2.001sf 25~35  350~450 0.65~0.80  5.0~6.0 1.5~2.0
E 20, NSNS EYO| sistHE sk HSH2020)
- A EC 2712  S&0IA x| gt 2fol2(cmolc/kg)
- (pH) (dS/m)  (g/kg)  (mg/kg) K Ca Mg
A (2019) 5.8 0.80 13 1,378 0.95 3.2 0.7
a2 AN 5.9 2.66 17 1,392 1.44 3.7 0.9
T 5 A 58 2.28 17 1,402 1.20 3.3 0.6
= ARAME 5.9 0.34 14 1,360 0.74 3.7 0.8
T2 T e 58 0.30 14 1372 0.62 36 0.8
A 5.5~6.2 _ 20~30  250~350 0.50~0.60 4.5~5.5
Z Ao ols ~
S ufj 6.0~65 Y FBF )5.35  350~450 065080 5.0~60 >~20
212 NYPAE Bof A WelE Yyetd oz A 7t Iy Au) Ato] B A
W3t A9
F 229} 238 A iR AuHo] W2 HSEA 9 £ el Auc 4R o) 25
2 A "o W2 EF WSyl 9, Y EEE HAAN A $EF0] EojEE AL HIo
U goA4L ik wigs AR A £5Fo] 1AdEoE G994 A FolEUoU 23 d o=
T4 ldeng AAFANR ¢ g4 glo] EFEetAo] E spsAlo] AJAET
H 21 AdE EQQ 2[4y HEt
= = Y42y 8N z3s8 o &%)
- (%) (Mg/m®) (%) nP; O A 7|4
zE 8.13 1.26 52.6 474 10.1 42.5
2019.7. A8
g A& 8.78 1.42 46.5 53.5 12.4 34.1
P . zE 9.48 1.23 53.5 46.5 11.5 42.0
AE 10.67 1.36 48.7 51.3 14.7 34.0
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2= SY+2AY 8HY:  I3E o &%)
= (%) (Mg/m*) (%) A OH A 7|
T 8.98 131 50.4 496 118 387
HAAH|
202Ho._ 1. NE 9.40 1.32 50.2 498 124 356
LES
coue T 9.42 1.32 50.0 500 124 376
o NE 115 132 50.2 98 151 351
TE 1.30
49
HE *
* AJOFE (155 . 9FE (150, A9FE( 1.40
B 22, Ald] @ol 012 ZXie] MSEH U 4
S 2% 2 #4 e
(EZ) (cm) (cm) (71) (kg/10a)
2019 A% 46.3 31.1 2.2 3,572a
() Ty 4538 31.8 2.6 3.535a
2020 4% - - - 2.234a
(4%) o9 . - - 2,749
B 23, Ald| W0l 2 uiRo] MSEH U 4
=EA 758 =i} -1 22
MHIE = AJH| e TS B/A
e IEl (0) (g) (cn) (cm) / kq/10a
A% 3,050a 1.876a 35 16 0.615 5212
2019
e 3,710b 2.345b 34 17 0.632 6,514b
A3 24372 1,597a 30 17 0.655 5.703a
2020
73y 2.863a 1,750a 29 17 0.611 6.249

o3} Ao W2 =53 EoF PSR Fhef Hsh= Ho|x| gfo 23 Eof= Hlo] 2.3} 2 2o
et EC, A®d K& ¥3ks Bk w3 $8 3 vpojeat A shA] ¢b2 XoflA: A A Ht
Agd Kol MAE o= A a7 tjeo= Az
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H 24, HO|QA X2 M5 EQ SEIME 3 #5(20191)

EIES ME EC R712  |EUM x| g8 Y0ol2(cmole/kg)
(kg/10a) (pH)  (dS/m)  (g/kg)  (mg/kg) K Ca Mg

NEE] 58 080 13.1 1,378 0.95 3.2 0.65

0 49 434 15.1 1,396 1.23 48 0.82

2 100 5.1 4.58 15.8 1,441 1.37 5.5 0.87
T & 200 52 490 15.1 1,410 1.43 5.9 0.97
400 5.1 4.58 14.4 1,407 1.29 5.4 0.88

0 60 063 14.1 1,236 0.77 3.4 0.70

2 100 59 061 134 1,206 0.77 3.6 0.69
T 5 200 6.0 0.59 14.2 1,241 0.68 3.6 0.65
400 58 077 14.1 1,309 0.62 35 0.55

A 55~6.2
o 6.0~6.5

N 20~30 250~350  0.50~0.60 4.5~5.5
O3] ~
20013 25~35 350~450 0.65~0.80 5.0~6.0 1.5~20

)
ox
ot
4o

H 25 HIO|QA M2l ME EQ BIEAE B2 H3H20201)

SEE; ME EC 872 st  XBEY0IE(cmol/kg)
(kg/10a) (pH)  (dS/m)  (g/kg)  (mg/kg) K Ca Mg

A A (2019) 58 0.80 13 1,378 0.95 3.2 0.65

0 59 2.66 17 1,392 1.44 3.7 0.95

12 100 5.6 2.62 15 1,431 1.30 3.7 0.95
T 200 5.9 1.92 16 1,430 1.22 3.5 0.82
400 5.9 1.92 17 1,428 1.25 33 0.81

0 59 0.34 14 1,360 0.74 3.7 0.75

o 100 56 0.51 14 1,416 0.57 34 0.74
T ¥ 200 5.6 0.53 15 1,323 0.66 3.7 0.70
400 5.7 0.43 13 1,320 0.62 36 0.79

£ 263 272 ol ot Helo] w2 Eof Be4 WaE AR Zuolth 1A=L vro] 0}
Aol e FHI EOF BeY SR Hold| Qolth 2AFEAE vlol 9.3} Hejo] uhet AHEAI EoF
Awe] Wshe YT AT By Wsks golth 4 FQOINE 244 AKFAT BB
AHS 913 vho] 0.3 A GET AFelH vhol 3k Hel A $HWES vhobx B Bely AM &
W7} QIekE S, 7 FQ16)E HESE A £ $HUEL vto] @ 3he] Al GFo] PobdSF

3.
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SeobAlts Aol Gk SOt ol AFANAL vl 97} Helof w2 FHUE W3}
Toolgl B AGEY] AYER EF BN HY 22 Ao/ qRoR 42E

SEE; o BEYSEEY gNuz 3Z38 o d%)
(kg/10a) T (%) (Mg/ ) (%) TAL HAE 7|A
0 RE 8.13 1.26 52.6 474 10.1 42.5
AE 8.78 1.42 46.5 53.5 124 341
100 xE 8.00 1.23 53.6 46.4 9.8 4377
ME 8.69 1.43 459 54.1 12.5 334
A
200 RE 8.13 1.22 54.1 459 9.9 443
A& 9.28 1.43 46.1 53.9 13.2 329
400 2E 8.26 1.29 514 48.6 10.6 40.8
ME 9.35 1.47 44.5 55.5 13.7 30.8
RE 1.30
49
/‘\:]'E * 3k k

*AFE (155, ¥E <150, AYEC 1.40,
** VR 15%01lA o] dEd 5F, 10% mTtellA Ata F%

H 27. HO|2Xt Mz|o IE EY S2|d(HfF 2 = 2020.11)
- B a R 2 AH(%) AE A
I-IE'%F _—'_,__E_ &!.EA:! _/'\__E_%EI_—I__C.}: 'g'&! ElaE OOEFE 7c:>‘E
(kg/10a) (%) (Mg/m’) (%) ;A oA 7 (A (mm)
0 ¥ E 0 8.98 1.31 50.4 495 11.8 387 8.4
AE 9.40 1.32 50.2 499 122 379 12
xE 8.76 1.34 49.6 504 118 378 8.4
100 30
A& 9.63 1.39 475 526 135 359 12
AXAH|
qxE 8.08 1.37 48.2 51.8 11.1 371 74
200 —— 31
AE 8.31 1.39 474 524 116 340 12
¥ E 9.25 1.32 50.1 499 122 379 6.4
400 —— 31
AE 9.90 1.35 49.0 51.0 134 376 12
xE 1.30
A2 9
/E!E * 3k k <2O

FAFE 155, ¥E 150, AYEC1]
* E 15%0V o)A Mele gkt TF, 10% vlekollA Akas B

I
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H 28, HIO|RX} AM2lof WE ZXte d= £

TS (HZAIH])

2l 2% A% Ae 2
(kg/10a) (cm) (cm) (7H) (kg/10a)
0 46.3 31.1 2.2 3,572 a
2019 100 478 32.5 2.3 3,409 a
Sall 200 46.6 32.6 2.2 3,267 a
400 46.1 30.9 2.3 3,532 a
0 - - - 2,234 a
2020 100 - - - 2,167 a
(%) 200 - - - 2,044 a
400 - - - 2,415 a
H 29, HIO|2Xt Xz|of ME HiFel Mz E4 2 (AP AH])
HIO|2 X X 2| FBA T&5B T T= B/A =
(kg/10a) (9) (9) (cm) (cm) (kg/10a)
0 3050 ¢ 1876 b 35 16 0.615 5212 b
201 100 3,177 be 2,109 ab 35 16 0.664 5,659 ab
200 3,609 ab 2417 a 36 17 0.670 6,714 a
400 2,966 ¢ 2,008 b 35 17 0.678 5578 b
0 2,437a 1,597a 30 17 0.655 5,703 b
2020 100 2.917a 1,917a 31 18 0.657 6,446 a
200 2,291a 1,588a 28 17 0.693 6,146 a
400 2,856a 1,911a 30 18 0.669 6,249 a
3F 28, 29¢= vpo]oak Aol w2 ZApel wj o] S Vet Sltt A} 1WA =] F35-2 Hlo)
o Ao w2 s HEr glodch 29 At A% FE2 vho] 4 400kg/ 102014 Stk AFS

HAou fo/4e gigith viFE 2Watol= 100kg/10a A 2ol A $aFo] wWekar 2008 400kg/10a°]
Fodel gldleh o] 520149 F71s A 9 w5 QS 913 vpo] QAAIE A Tto] HFE o]
ofst Aol A= vhol el AfA] A&a} peFol Zol7h A HAA el = &I
of £33 o5 et et Aiets 25 & 2A4E Aok 22y & 52017)0] A &7
A wpoloxp Aejzh v AEE S7 A Fthe At 3] 5(2018)9] Hio]l@AF LA o] o]
S FAS FHAE 5 Atk Atoks 22 AAE Aot o] 5(2014) 9] Aol A i
o Al vpo] @A} A ejA] &I o] Zpol7h I o] f= vho] oAt A2 Aurt FA] el o
o7l WEor AZEE=H, & AR wol A AAM 122 Hio] eAE APshal, wiE HAH
o Ho] S AEstgly] WEo R Azt "t wiFs 1dA= Hho] @&} 200kg/10a A 2] ol A]
egol wokth Ab= Hhol a4k A 189.3kg/10a ¥ W 2,577kg/10a 22 Hof %S VYERHSL,

T o=
o2& vho] 92} A2 233.5kg/10a Lol 6,417 kg/10a22 o) +3S Yetydch(ad 17).
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FE7| 714k AP sto] BAFS RARE
Aot o FAGSH, AEA U o]&%E N, P, K9 %k% ascorbic acid, acetic acid2}
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IArstA o] AARF Bl Aakel MDA &% vl Zdit= A2 Bl sk 4o
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ol 2A40] S A REAN MR WAL ol A7k ALelA Aaiah o vl
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e AMESE Q) A dhol 3 Folo] T2 Sl foHel Mol ot A A F =
ForaLA o] Mol E 2 AfolE molxi ghgront Aast AEY Aol & Aol

(H2MSDHH: LatE AZX] EUWM H)

A3 1) F7He A

7h BN AR A R AR Tke) ARl mAbE A0RA o] oL §71% Fero] W Wyt
obeh B4 Cadl Mg HE31T SEAAE FFe AT ol A4 BoF ¥R §45 93

A7 Had

(¥ 2) A - w3 ARA) WS g A%
o FES Au o] HE S dsht 9o, A% BFE AN A Sl Zol
e mgot fo4e g,
A A A Serol 1AM EGE G004 A FolE9ou 2 RdE fo4 99
2 43 e glo] Eetaryol | Hsyol A

7 2

i

o )
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