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ABSTRACT

1. The aim of the present study was to investigate the suppressive effects
of the bio-sulfur used by eco-friendly farms on the outbreak of ZElsinoe
faweettii and Diaporthe citri. To evaluate the inhibiting effect of bio—sulfur on
citrus scab hyphal growth, the citrus scab pathogen Elsinoe fawcettii was
cultured in PDB and agar media, and hyphal growth was observed after
bio—sulfur treatment. At both for 40 and 88 h after inoculation, hyphal
formation was inhibited by 0.296, 0.1%, and 0.05% diluted bio—sulfur, and at
dilutions above 0.025%, hyphal formation was observed, although growth was
still inhibited, when compared to untreated cultures. Meanwhile, the
occurrence of FElsinoe fawceettii on spring—flush leaves in the field was at
40.3% 1in control and 5.3, 10.3, 12.3, 153, and 24.0% when treated with
Imibenconazole, 2-4 and 6-6 Lime-Bordeaux mixtures, which are also used
by eco—friendly farms, 0.2%6 diluted bio-sulfur, lime sulfur, and 0.1%6 diluted
bio—sulfur, respectively. The occurrence of FElsinoe fawcettii on citrus fruit
was at 79.3% in control and 4.0, 33.8, 42.0, 43.3, 44.8, and 78.0% when treated
with Imibenconazole, 2-4 Lime-Bordeaux mixture, 6-6 Lime-Bordeaux
mixture, 0.2% diluted bio—sulfur, lime sulfur, and 0.196 diluted bio-sulfur,
respectively. Because Elsinoe fawcettii can infect citrus leaves as early as
May, as the spring flush begins, preventative control should be implemented
by mid- to late-April, thereby increase disease control and labor saving and
farming cost reducing. In an open field experiment with a plot-scale
application of the chemicals: Mancozeb, lime sulfur, lime sulfur + machine oil,
and bio—sulfur, the control plot showed 70.6% disease severity compared with
10.3% for the Mancozeb—treated plot. Among the eco—friendly treatments,

disease severity was the lowest for the group treated with lime sulfur +

= vii -



machine oil (32.2%) and was at 53.9%, 58.8%, and 58.1% following treatment
with lime sulfur, and bio—sulfur diluted 0.2% and 0.1%, respectively. The
proportion of diseased fruit showed similar results, suggesting that bio—sulfur

is an effective alternative to lime sulfur.

2. The effects of bio—sulfur, on the citrus the pest, Panonychus citri, were
investigated. Three days after treatment acaricidal effects on P. citri showed
at 197.6% control survival rate whereas the machine oil, and bio—sulfur
diluted 0.29% and 0.19 treatments showed rates of 2.9%, 5.8%, and 9.0%,
respectively. After three days, the control value for bio—sulfur diluted 0.296
was 73.2% compared with the values for the machine oil (96.4%) and
bio-sulfur diluted 0.2% (94.6%) treatments. Therefore, I suggest that
additional research is needed on the combined application of bio—sulfur and
oils to enhance the additive control effect on citrus melanose and Panonychus

cItri.

3. Bacterial solubilization of phosphorus (P) from the bone meal with
sulfur-oxidizing bacteria (Acidithiobacillus thiooxidans) was carried out in
shake-flasks leaching experiments. The leach suspension’s pH dropped from
pH 522 to pH 1.92 during 30 - 40 days of leaching time and resulted in an
increase in water-soluble P concentration of 23.8 g PsOs L', When bio-sulfur
(5% added) acts as an energy substrate for acidophilic bacteria to leach P
from bone meal during the formulation of biofertilizers, it appears as an

attractive approach to improve the soil fertility in organic farming.

4. Regarding the effect of bone meal liquid fertilizer on growth of ponytail
radish, the group subjected to treatment with 10% concentrated NK-+bone
meal liquid fertilizer showed higher plant height, leaf area, root diameter, and

aboveground shoot fresh weight, but not leaf number and compared to the

- viii =



group subjected to standard application rate. Regarding foliar fertilization,
treatment did not show a significant difference in growth of the ponytail
radish. However, treatment with 10% concentrated NK+bone meal liquid
fertilizer resulted in a higher root length, which significantly influences the
of ponytail radish. In general, a liquid fertilizer is a fast—acting fertilizer with
fertilizing effects reaching 70~100% (compared to chemical fertilizers),
activates beneficial microbes in the soil, and provides the nutrients needed by
plants. Therefore, it is speculated that the bone meal liquid fertilizer using

Bio-Sulfur will be effective for faster cultivation of ponytail radish.
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AF= 7IEd 9AHVIAEH = HElET WA #&e olgsiler

(Tweedy, 1981; Agrios, 2005; Shim, 2014), 1800 = Z & 2o X% 3 7}F
How Qlate] xEF ArbeFo] 80%7HA FHAastHA =9 BUVLFHS WA S

7] 918k 3 AHE37] Al 2HeEd thH(Tabatabai, 1986). L - 184599+ /3
= ol &3 WAIYo] vmow HAuHo] ¥r FoA A7FFH I ool gt
AtA] W A AR FH S Al AFE-5E] A TH(Shim, 2014; Buchanan et al., 1992;
Emmett et al., 1992).

U 1d AT FEA WA= A, FY], Ae T FEE I FIAA
gA A wEHE 2d7E Ay & Edoz 19929 A F o9 Har oF
13,400 M/T(2013 59 7ls=)o] whel R wi =, 22e7] wig el x] Ay
HE 7taE s ds 7haE &3tk (Eom, 2016). ©f #A 5 wi@7FAd
FiE Gt HS)E AASH] g 28 HAo] sty = olw thEke] ul
o] & Z(bio-sulfur, Bio-S)o] FAFZ=Z ALFE th(Lee, 2018). 7]E9] x4 3
AFEQD A3 FEdA FERTS videts2~ H vjds AN B oy
gt pH 12 Hel2 v& 5 A 5ol ofgdA vt vole &2 AR 2~10
m, pH 8 Wel= nlget =3 & 594 o8& 7FA7F Evh(Lee, 2019). Hlo] &
3 AL 15 m/day® Az 5475 m'/year’t AJatE a9t

T A= vlole &5 o] &ste] ZATES He /AR EF At A
u A7 FPER o FPHoRE 1 E s 2 EF #y, o] &
A oA, =YY Ao e A & A7 RuHoy
AAZA &8 AG= vHg AAo]th(Eom, 2016; Lee, 2018; Lee, 2019; Ko,
2019; Kim et al, 2019). < A A @A vlo]lQ & o] &ete] ad H2A
Fug Aol AFS JAAIZ oM (Shin et al, 2019), Hlo] 2 3to] FFo|H
g7 Holy AdARE AeE 4 duheE REa7 tk(Janssen et al., 2009).
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o] tH(Song, 1997). tlwol® FA| 4ol = o gEo] 89~100%°] &
3 ool AT il el 7 A dsE F1u e
=2 93] HHKoh et al., 1996).

87 AR g AikS fste] giold WAlE AIRELY 5 FHAAE
T2 AFE3S YA TH(Timmer and Zitko, 1996; Michaud and Grant, 2003),

gafel el = di sheh ARG WA ofgrh "Hojx
& 7F HAstE wAF] Qo] AREol Aleko] wETH(Hyun et al, 2005). ©]<]
of A+ AE dHATE o8& A 2% Fol IJHKim et al, 2011; Park
et al., 2016h).
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tHBach and wolf, 1928; Fawcett, 1936; f@hd, 1937; 1A, 1991). H¥AE A
e WAL FE F2 7 AVl sow 4 dom "
H] k¥ th(Fawcett, 1911; Fawcett and Lea, 1926).
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ALAFHY FA FHAA Fef}&S 95% ooz 2ALEH S 2w (Koh et

al., 1996), =A &9 85%7F AT Mol dAHe] udFo] He=d A

2 RIHEAJHHyun et al, 2013). 123 2

of AEAFHE AT AFo] JAHE AS
A AES Fa] g2 tHKo et al, 2012; Shin et al., 2019).

&N Panonychus citri McGregor)v -6-°N&(Acarina) #7130 Trombidiformes)
A& (Tetranychidae)oll &3t dFo=2 MAZFo=Z odlx] #HE Td ol
s do7= FL3I =9 stz geA JohMcMurtry, 1985).
Jeppson & (1975) FF3 AAZo] 2 US FFst 24 U9 AlxXgol 4
E4a7t gy Eo] F5pAgo] AstEal Ad Agole o] WMEEwMA 27]HY
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#3o WAl i #7198 5okl 2]
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I 9t (Song et al., 2001).
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Rajan(1983)¥} Chi 5(2006) Acidithiobacillus sp.°l| 2]&] 2o] dl|g|o} Af
A A AAHE Aoz ol QFA A 7FEA Aol Zr ety X s

At AEsH o7 kS A = = Sk (Acidithiobacillus  thiooxidans)-&-

thiooxidans= %7173 &7 dstes SHddvo=z ¢4 3 2 U4 3

& APSIAA Aol Fad olUAE da, AESH R Giks At wi Y

o] pHE 15~257+# $+E=tH(Lee et al., 2006; Han et al, 2009; Ullah et al.,

2013; Saeid et al., 2014). Bhatti®} Yawar(2010)= A. thiooxidans® A.

ferrooxidanss #°] 70% ¥ A& (sulfur-mud) ol HEste] AFA4S §3A

AE wl, QFA e Hu 4t 7h88H8-S 5656 mg P,Os Lld ol ghal B skl
3
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°
©
op
L)
32
kI

(Xiao et al., 2011; Priha et al., 2014; Li et al., 2016), 32 (Chi
et al.(2006)2

H
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ol wpol e 3 F7ldn] Aol o]&H A= U A thiooxidans &% &
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1. 2 tdoly 2 H2AFHy 29 oA &3

1) TAAE
Algol AbgH wlo] @ BH(Bio-S, bio-sulfur)< ol Zulo] Lol A& Hb
117(4{1%4

™, pH 8.05, EC 42.7 dS m™, NO;3 1.32%, Ca 1.16% % 2" (Lee, 2019), +*4]
& vhele. F Azt APEE AL WA Astel s AolE: Fol A

-

&t tH(Table 1).

Table 1. Water—soluble chemical components of the bio—sulfur suspension

used in this experiment

a EC SO, NOs K Ca Mg Na Cl
PRgsmt 0 ) ) (0 (%) (%) (%)

8.05 42.7 2.29 1.32 0.92 1.16 0.76 6.95 1.42

2) IZAE FA&
Hlo] @ 38 o] &3 7 fdo|Hy ATy Iy ox TFAYPLS

A A ATl 2598 TS TA FFLE St e ydey A

el Ad WA AFSHAANE AAEA Felgol AA gEFAT
2(5EAEH FHAASLAEL) AP Gl A A A

3) #E ol #A AF A 2F

(D & volwy 24 vk

FENEAN THAAERASA BEAT LA wHF Yol 16-1
Wl 5 Fries(1978)2] Wy o

e

e
(o]

FZ Potato Dextrose Agar(PDA) ®jA|ef| 14
o] &3] EA F& & % 1 gol 30 mo

=

2 oy #FS Aek Spatulas



Fries medium(Ammonium tartrate 5 g, Ammonium nitrate 1 g, Potassium
phosphate dibasic 1 g, Ammonium sulfate 0.5 g, Calcium chloride 0.1 g,
Sodium chloride 0.1 g, Sucrose 20 g in DW. 1 /¢)°] ¥ ¥ Shaking
incubator(ThermoStableTMIS, t3gt2}3} Korea)Z %7 70 rpmo=Z 27T A
AN ZF wjoksldth. 1 3 A4 E 7] (Avanti® J-E, Beckman Coulter, U.S.A.)
5 o]&3te] 4TolA 10,000 rpme & 90z F<eF Wil stel A A<l Frise

medium= AAstL B 30 mE A AHole: F A WA FdeA dAl
wosto] 4 ds AAsL At 33 AlFsdn. 245 AEA B4

JE=E ZH ydo|y o Hir< 30 md ¥ o] Shaking incubatorel] =7 70 rpm
o2 271CAA 24A1%F &<t 23 vttt wlY = Conical tubedl Double
thickhess of cheese clothE ©]-&3te] TRolW EAE o#ata 3T ¥4
Byate] Ao AR

(2) WA Az L HFE

WZzT+= SF9 100 mlol Potato Dextrose Broth(PDB) 1.2 g3 Agar 15 ¢
S &35ty AP e, A= vlo]e S SHSE 0.2, 0.1, 0.05, 0.025,
0.0125, 0.0063, 0.0031% 3|4 3te] PDBeF Agarg E3ste] aebd st & Petri

dishol £F3ke] ALgetsich. 23 Mg 7@ dgold EAE 100 wE 23
of fEUWUE olgAA =T HFel 40403 8N A% F YA

(DE/Discovery, Zeiss, Germany)< ©|-&3}o XA} AL HolE FHHs o 3

g wrEshgch,

4) ZF toly By oA &
g Tdoly W oA Alge 20174 49 20U %E 79 214744
oul, &ate wway] sk efAlE ATIA ke LALT, A

ol AFg3li= At A9l Imibenconazole F-3FA (A& FWolag) 374 F

i~

bl A AbgsheE A7MAlZ HslHEaxd 2-42] M3rErd 6-62(IC-66D, @
H BT, d8), 3733438, dnfo] )t niole 3 0.1%% 0.2%
= At AAg = s EFVIEEWAE, 20 2) o8& UFF 10 4



AR AE F¥ A Fng HETsdgth APe SAY A YOR 3
Anskel 20179 49 09 7H 159 HA0R 63 Amagih oAl AEz
IMPES 1FY BAGE PP BT B £ 474 BIAH F 1092

20179 69 2090] ZAHAD, JEREL o WGES 2AF 7] B 100

NE des 74 21del ARG HAZFE A=t v(sE383, 2012).

No. of infected
Disease incidence of leaf and fruit (%) = x 100
No. of total survey

(Disease of non-treatment — Disease of treatment)
Control value (%) = x 100
Disease of non-treatment

A, Qur A Fz Agehs AFA wILAR 454 (col Ml -45, 6
A, @), AR FArNA Bol AgsH: M FRIANAG, Avtole, B
=), A8 G AFA ARG FA, vhole F 01%9t 02%% ATt oA
gt FA4 BRAGENA, 20 0OF ol sl hrY 10 ¢ A= FAE F

A =aF dxaqin Ad s dddefmAer 3 AAlste] 20174

)

r

69 16Y%H 159 1t o= 83 HEFS

P EE 159 100709 S FAbete] AFEEFlal(Hyun et al, 2013),
HEDES AlgT AA A4S ez 201793 1149 109 ZAsEe] AH&E3HA
S (EE218%, 2012).
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Table 2. Meteorological factors during the experimental period in 2017

Air terrolperature Number of Sunshine
(C) Precipitation days on )
L duration
' o (mm) precipitation
Mean Maximum Minimum (day) (hr)
NY™ 2017 NY 2017 NY 2017 NY 2017 NY 2017 NY 2017
Apr. 14.8 15.7 185 19.1 11.3 12.7 175 223 105 8.0 191 181
May 18.6 19.2 22.0 22.9 15.3 16.2 206 59 10.7 8.0 199 245
Jun. 21.7 22.1 24.6 25.1 19.2 19.6 277 247 12.9 9.0 144 177
Jul. 25.6 275 28.3 30.0 23.5 25.7 310 52 14.3 8.0 142 183
Aug. 27.1 28.2 30.1 314 24.6 25.7 292 232 14.2 12.0 184 245
Sep. 23.9 24.2 274 274 21.1 21.7 197 103 10.3 11.0 176 155
Oct. 19.3 19.8 23.4 22.9 15.9 17.1 32 231 6.1 8.0 207 172
Nov. 14.1 13.8 18.2 17.3 10.6 10.2 71 7 7.4 5.0 171 187

* Data : KMA, 2018
#% Normal year : The normals from 1981 to 2010

w=x+% Data of the Seogwipo weather station in 2017

_11_



Degree of disease (1xA)+(3xB)+(5xC)+(7xD)+(9xE)

severity on fruits (%)

x 100
(No. of total survey x 9)

* Ay $HWA 1% vvk B; 1~5% ©]3}, C; 6~25%°]3}, D; 26~50%°]3}, E; 51% ©]A+
No. of infected

Disease incidence on fruits (26) = x 100
No. of total survey

6) NA7IZe 713 %
EZANE 717 71ddge MARE 7P V1$ ARE

(KMA, 2018), Table 20 tFeR ATt

m U
ofo
ofr
on
38
lo
)

o) BA &3

M, 232 THEY] st ot AR WAT AFEAANE AAEA
Agol 9T FFATE(EEATY FAAANSA) ADLGoIA] ANE

Hpol o, o ol Fgol Aul EaE wlashs] 9Astel hAS HEsA R

195 kol 9. 8 0.199) 02%% Agstgon, okl F04 ER/(EHA, 20
0)E olgato] A% 230l WAT Yo £ 5
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off

Fol A AR 2594 10096 IE BS NS EAR F 20902 ST 4

0,

&% WAZE AEstol ¥A Ay FE vuSddn(EEI8A, 2012).

Density of after treatment
Surviving rate (%) = x 100
Density of before treatment

(Non-treatment plot 20 leaves '

- Treatment plot 20 leaves )
Control value (%) = x 100

Non-treatment plot 20 leaves !

3. FAtste s} nlole LS o] &7 FIEIH A=

1) &89 Az A5 L FAsT v &

Hu] A zol] AHEE Aue REAFHE, T), vtole 3 g (nto] o
3} @EEol1®  Agricultural corporation totalagro Co., Inc, 3=) % 3AF3bf
(Acidithiobacillus thiooxidans)e AH-&3kAth =9 AA4F 2 20.3%°]H, vt
|9 3 dAeAE I I 50%eF ko] Frlgio] EIFEol dtk(Table 3).

FAAFNA 47 o188 F AEF Aule] Az HP2 By A TR

A. thiooxidans KCTC No. 4515)% = AHF AT AEALAE ANA &
g ko g 50 mle] KCTC Media No. 1053 medium((NH,)-SO, 0.2
g, MgSO4-7H0O 05 g, KoHPO4 3.0 g, FeSO4-7H-O 10.0 mg, CaCly-2H,O 250.0
mg, Sulfur 10 g in D.W. 1 L)oll A. thiooxidans 100 plS HEsFA L, vl
pHE 05 M 34bS o] &3te] pH 3022 ZHste] Abx wjdatdch,

HAE w2 500 me AZtEE A F4 F 10 g8 HUEske] 121Tel A
15% &<t 33 gt dvt AlA Az EE e medium 1053 A 8 A 200

Al
mE AP BlYE A thiooxidans 10 mE & F 25TA 100 rpme=2 20

_13_



Fob Wer wjdkEAt wikH A thiooxidanse v EtE 22~ (Miracloth, Calbiochem
corporation, USA)Z o3} % wAES] "WEE 2333 E74(Optizen POP,
Mecasys, Korea)E& AF&83to] 600 nmoll A 3 =5 =433t} Bioleaching A3

o] A+8¥ A thicoxidans®) L= 6.0 x10° cells ml o] $1t}.

Table 3. Chemical properties of bone meal and bio—sulfur suspension used for

shake—flask leaching experiments

Materials pH OM. T-N POs KO CaO MgO Na T-S NOs3-N
(15 (%) ng kg
Bone meal* - 50.4 3.13 203 032 242 0.94 - - -

Bio—S# 8.05 -

000 111 162 126 655 50 300

* Total elemental contents

w=x Water—soluble elemental contents

2) 323t (A. thiooxidans), ¥FolQ & dAEgd & ZE £

ol FHE Aol FAEE B £

K

thiooxidans® %%, vlol 9 3o] &

!

SE
Mo
i

7}eE& shake-flask &% A
dS &l Tt tH(Table 4).

nNAE JedS e 250 ml Az Egsad dHeg 100 ml, ol &

0!

2%% Yil A thicoxidanss 0%, 5%, 10%, 20%E 27 HFsoich mAE
iAoz AREH = vhole & H7F EIk= 0%, 05%, 1%, 2%, 5%E 747

Yl A thiooxidans 10%5 HEetAth 25T, 120 rpmo = 5U%F v ¢ksio] A

—_—

jus)
==
o2

LA

thiooxidansZ5-E Si3 & &ite] AHE & JEHF sp9on 547

o Azt EEtaAe] FH 10%E H7Este] thA] 45 F<t wieksidh
TRl 7 ngS H@a" 250 m A Febsae] dEds 100 me, A

thiooxidans 10%, ¥lo]Q 3 5%E ¥ 547 AR wjks & & A7)

TS 2%, 4%, 10%=2 =43t 99 &

S7HA T2 ALEsE B R AN E Axs(FR 2 kg

B 150 g, & 10 ¢) 1509 wj<gste] B A5 =&EAqu e 84



S HlaLstStH(An et al, 2014).

Zwdn] dgRe] pHel 84 QAo wE+ Wi 1, 5 6, 10, 20, 30, 40,
504 F1t el A pH meter(Orion Star A211, Thermo, USA)Z pHE
Sk Sof del 3 mE A FH ko] 0.45 millipore filter® o] #3F 3 3] 4 3} o]

Ao
o

o,
(3

o
S BASAY. 844 <Ak ke ol2avtE g (Metrohm 940

professional IC Vario, Switzerland)® PO,S =43t P,Os= 3HAetd ol

i
A

ofn] @eyo] 7] A4 ke Fol (K, Ca, Mg, Na, K, Fe, Mn, Cu, Zn)<
FrAdgtEet=zne333 = A (ICP-OES, Optima, 7300DV, PerkinElmer, USA),
NO,~N2 MgO= ¢7teg]ststo] Kjeldahl A=W, &°]=(Cl, NOs, PO, SO4)-
o] &3 2w E 1232 (940 professional IC Vario, Metrohm, Swiss)® =74 5} t}.

Table 4. Conditions of shake-flasks leaching experiments

Acidithiobacillus Bio—sulfur Deionized
. . . Bone meal
Set thiooxidans suspension water
(w/v, %)
(v/v, %) (v/v, %) (mf)
A 0, 5, 10, 20 2 10 100
B 10 0,05 1, 2 5 10 100
C 10 5 2,4, 10 100

4. ZEYH] An7F et F ASH FF WX e IF

1) IAA=E

FAFEETS @sutol (st “Xn e T E AMEsI o, AlH| e
THEAATARDA, 2019)0] EFAM S 7T o2 AH][SFA tH(Table 5). Al ¥
o AHg3 WlEE 2A@EEEE, N 46%), SAUAN(ETE, P 17%, 1E
12%, &7be] & 40%), Fstze(Gaistst, K 60%), =& (@AFH 5, N 3%, P
17%, +71% 30%), Phosphoric Acid(H;PO,=98.00, &)t A 3k5)9k SJoll A A =3t
T AHE A3 TH(Table 6).
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Table 5. The recommended amount of fertilization used in ponytail radish

cultivation experiment

Basal fertilization Additional Fertilization Total

(kg/10a) (kg/10a) (kg/10a)
2.6 49 75
P 3.0 0 3.0
1.5 1.5 3.0

Table 6. pH of bone meal liquid fertilizer according to the dilution level

Undiluted solution 10%% 1% 0.5%
2.49 3.11 3.55 3.77
2) TRAY g ES L FHAH &7

ANAGre AFSEAAE dAS 242 A9 v7kd Alds)
2020 5¢¥ 264 5Bl 7¥ 1997t FaekaAth 8wk - Q) o)
(A& 15 cm, =°] 20 cm)E X 8FRA L, SHAFS| EFol] dEte] - FAE 3~49H
HEete] BYgo] 2~3% HAS u 159 GA FHol FAG B& 3Y HHow
250 m¢ #HF3F9

O FEAv o] BEFAH] g

HRE 74 & FAgT, FFATe N, KE 702 ARg A g
= dH] 10% A= = 3A4ste] 69 Ao w 159

==

FA @ FAT N, K& 712 AJHEE Al Ttell 22 <in] 10%,
5%t wrbel A BAH R AREEHE A4 0.1%E Bl 4~5% HUS

0
W% (A0E 159 20 mA F 43 AU s
_/r:

02

S2AE 20209 79 1999 3 F 27, 4



Portable Leaf Area Meter, Opti-Sciences, Inc. USA) 5<& FA}&H i, gE=4
Stk (chlorophyll meter SPAD-502, Minolta, Japan)E o]-&3fo] < @ 109+H%
13] Hgto= 103] F4sto] 2AsHA T

dete - Al A EFe] 3482 54& Table 79

Table 7. Chemical properties of the soil at the experimental site

Exchangeable cations

pH Av. P,Os OM (emol. kg™) EC

. -1 -1 -1
(1:5) (mg kg™) (g kg) Ca K Mg (dS m ")
472 132.58 69.50 1.48 0.64 0.47 0.43

pHE E%3 742
Star A211, Thermo, USA)Z =43t EY F71&3 Fa94 gz z+7
Walkley and Black™ ¥ Lancaster method®. = #A13l$ith 284 o] (K, Ca,

Mg % Na)2 IN ammonium acetate(pH 7.0) &Ho 2 &3t F=Adg3Ze

Zupak 333 = A (ICP-OES, Optima 7300DV, PerkinElmer, USA)E o] &3lo] =
A5 o
5. BA&A

EAEAS SAS &I (version 9.0, SAS Institute)S ©]-83F Ducan’s

multiple range testoll ¢& P<0.05 WA FIAS HAAs ST

_17_



V. 23 9 1

i

1. 2 tdoly 2 H2AFHy 29 oA &3

4

1=
Hole & A wrd e Rl wAF AR oA e AE A
23 A3b= Table 8o Yebllth HS 404 7H3} 88
AIZE & gtARE BRol @ 8 0.29%, 0.19%, 0.05% Az F-el A wAF &g o]l oA H A
0.025% olst sXol = wAZE FAEJeY FAe T B
Aol AAE A, AlFke] Aol wket wtALZE wol A ATHFig. 1, 2).

o= vhel o o] wwolAE 4@ Helelw Ao @4 L A oA

r

o
=
jor
°
to
ok

o},

1845 o] % mmeM = F3S o] §dte] E= FdolA AVFEI Sofd
gk At 2 AR AR FHQSHA AFE-E A THShim, 2014; Buchanan et al.,
1992, Emmett et al, 1992). ©](2017)& EfSdAe +3 3ol 2.50%,
1,25%, 0.63%%F 0.31%%1 PDAMiA|o] Zlth2] ¥t RF-2403} RF-2485 T 7
T A AEE AR A3 #% FEol 250% A Ttel A= RF-2403%
RF-248% HZE 79 Folv= A Aol zH7t 87.8%¢ 85.7%= A=l

63% oAM= 47 69.9%F 75.2% %2 Al ATE Ko(2019)= Hlo] Q. 3o
gt BIE A Slo] QolvtAE el FAY] A4S HAaAA BHE AT
, vhol e = ol PA A FALY] AFS AAAA PgHE o

ool ZAe dusts Tt AL oz Az

%]
=

_18_



Table 8. Growth of hyphal on FElsinoe fweettii according to bio-sulfur Iin

concentrations
Treatments 40 hpi 88 hpi
(¢m) (4em)

Non-treatment 88.1+3.53a" 115.4+4.13a

0.2% 0.0+0.00e 0.0+0.00e

0.1% 0.0£0.00e 0.0+0.00e

0.05% 0.0+0.00e 0.0+0.00e

Bio-S  0.025% 47.9+2.28d 66.1+3.45d
0.0125% 52.4%1.83cd 74.7+3.11cd

0.0063% 57.2+2.21c 77.8+3.43¢

0.0031% 66.9+3.19b 97.5+5.29b

* hpi . Hours post inoculation
** Ducan’s multiple range test (P<0.05). Means with the same letter in column are not significantly

different.
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Nn—treatment | Bio-S 0.2% ‘

Bio-S 0.1% Bio-S 0.05%

Bio-S 0.025% Bio-S 0.0125%
4 TR 7- > .\, .

Bio-S 0.0063% ‘ Bio-S 0.0031%

Fig. 1. Observation of hyphal for Elsinoe fiwcettii using optical microscope at 40

hpi.

* hpi: hours post innoculation
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Non-treatment Bio-S 0.2%

Bio-S 0.0063%% Bio-S 0.0031%
Fig. 2. Observation of hyphal for Elsinoe fawcettii using optical microscope at 88
hpi.

* hpi: hours post innoculation



2) g ydoy A gA a7
Woodel dig ol W A AxE ETGAIFE A= Table 99

UERTh A3REEd 2-4437 6642 EF 103%, #lole 3 0.2%A =
12.3%, A 3]F+33dA= 163%%E vl 43S B v vpole 3 0.1%¢
AMe 240%= vlaA =L oW ES Bt FAYT ol¥YPE&ES 40.3%,
Imibenconazole 3}A] oW &2 5.3% % FAE T

WAl @3 3bshs okl Imibenconazole 347 86.8% = 7Hd FL W
a9E Jetllon, A3H2xq 2-423 6-62] 74.4%, viole & 0.2%°l A
69.5%, A3 FFFAE 62.0% Toldem, vrolQ & 01%7F 404% AT F
b A ZARE AT vlol e 3 02%7F A FUll A FE OALRSE f
QA ASFRFARG WAV 75% mokow, HIREEY 2-44,
6-621 Ht}t 49% Al FALEo] & Aol& HolA &t o= Hyun 5(2005)
of FEA7F vidolye 75%°] WAl &¥E HojF A7 A9} vz A
Uetdlth ol e Jaol fdeldel wHol @ Al7l= 549o]w(Song,
1997), 20171 59 A= 59 m=Z Hy 206 mooll H]&| wj$- Aol AAH o=
ol wAo] A& oz AZtErH(Table 2).

e e gk vlole & A s tdeolHe] Wy oA s o
ol® 7] 93t EAoNA ofAlE Axd A= Table 103 2ok FA T WHE

&2 793%H o, 3185kl Imibenconazole F-38H4l WEHELS 40%S K

gom Aslna=Eol 2-424] 33.8%, 6-62 42.0%, HFolL & 0.2%0°l A &= 43.3%,
M3 EghAl 44.8%% Hl=g &3E YERWlen, vk nvlo]e & 0.1%A =
78.0%= WA =& WHE

2,

rr

N

)

&S B2 WA a3 348E ekl Imibenconazole
F3A| 7 B.0%=E 7Y =korn I tggow AM3lHard 2-42] 573%, 6-6
21 47.0%, viol L & 0.2% 45.8%, A 3|+3A 43.5% % oW, viol e & 0.1%7}
1.6% AT 5 7FF @A AR AT vlol 2 & 02%7F HEAE wTtelA FE
AbgEE A FFEARG PATE 23% AR wgon, AR 2-44
11.5%, 6-62 Kt} 1.2% WA ZAE o] & Zfo]& HolA| eFgkoh,

e drv dufjel A wol e WAl ErF v AL AEY duivh 9 E
o s A o] A7) wiitel FdlHow WAl a3t AA yebwva Azbdo 2
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2 e A ajA el A

R

soH(David, 1988; Hyun et al.,

Lt

o2 oy 5o

p=2
[}

3 3

2001; Oh et al., 2005)(Fig. 3.).
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bol 471 Az 3t
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Table 9. Effect of bio—sulfur on FElsinoe fawcettii disease incidence and control

of citrus leaf in open field

Disease incidence of leaf Control value
Treatments
(%) (%)

Non-treatment 40.3+7.0a" _
Imibenconazole 5.310.5¢ 86.8

0.2% 12.3+4.8bc 69.5
Bio-S

0.1%% 24.0£2.5b 40.4

2-4 10.3+3.0bc 74.4
Bordeaux
mixture

6-6 10.3£4.7bc 74.4
Lime sulfur 15.3£5.3bc 62.0

* Ducan’s multiple range test (P<0.05). Means with the same letter in column are not significantly

different.
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Table 10. Effect of bio—sulfur on Elsinoe tawcettis disease incidence and control

of citrus fruit in open field

Disease incidence of fruit Control value
Treatments
(%) (%)

Non-treatment 79.3t9.8a" —
Imibenconazole 4.0£1.7c 95.0

0.2% 43.3+£9.6b 45.8
Bio-S

0.1%% 78.0+£2.5a 1.6

2-4 33.8+8.3b 57.3
Bordeaux
mixture

6-6 42.0+6.5b 47.0
Lime sulfur 44.8+12.4b 435

* Ducan’s multiple range test (P<0.05). Means with the same letter in column are not significantly

different.
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Leaf

Fig. 3. Symptoms of FElsinoe fawcettii disease on the leaves and fruit of citrus.
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A Aol g A2AFHEe] 2 A AEE Ldotnr] fste] A
Agt A= Table 113 2ok Ao W == FAEF 70.6%, THAA B 3

Al AT 10.3%, A3 FFFA + AT FA ATt 32.2%, A3 FFFA A
T 53.9%, vlolQ 3 02% A5+ 58.8%, Hlel ¥ 0.1% el 58.1%= A}
H otk vrole & AT A3 FEsA AR 3 =R ofgh =5k
o BAAHCR o) flrh

HERES FAIT 89.9%, WAAE F3A 0.6%, AEF3A + AR
A 33.0%, 23733 Al 725%, vlol Q. 3 0.2% 78.2%, wlol 2 3 0.1% 80.7%
B ZAMEO] B el Bl=d Adg WS bl A AR T A3
FAet vl Z37 Uehde Ao s AR AT

Park 5(2014)2 28] ASH5FHE WAE A 77159 AA 2394 A E
A FAT olWPES F 23.0%, AIRELEHNL 63%, FFF Ao
EHAF 2 7.0%ekL Basivk Aol ofgh ofs b st Sloju wpad
AL Aol AAEM Aol Artstar e#jd o] HHrta sk tH(Setsuo,
1991; Schutte et al, 1997). F-2lAldl H7ls = A3lo] oA F4ke] FX 5L

ol Wl F3pHWA FHE Fol7] f& FdAdol HAagua B s
(Horsfall and Harrison, 1939). Hyun 5(2005)& A7} AlZ2¥ HZ Ao x ok
7F Bol Astd o) Aol odaE 2] vs) AEVF Aeda

.‘?
A% #AE SEstel HESW Tol vshr} gasAka wasgrk

o

=2

| SO0 QAEFT 2A waABnSd e nAy 27 wi
Aged Av A AFE waARFHA 95 A PN A we PARe

AN I el FE whaA| B sk gheFo] 743 pg/af® 7 BkTRAL
AT HARABFSA] T Fofol]l S ol gEl A Fo BREAE &85
oo Oy$Ael EA Frtdvn B uEduHBruhn et al, 1982; van
Bruggen et al., 1986; Kudsk et al., 1991; Fife and Nokes, 2002). %3] 33t
S ZIAF FAE S X AelgelA 33.0%% Yol MEREo] VAR
FAel ol W-del F7hd Ao ARG, e HAFHEY F A
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Table 11. Effect of bio—sulfur on the occurrence of in Diaporthe citri in

citrus fruits in the open field condition

Degree of disease Disease incidence
Treatments .
severity on fruits (%) on fruit (%)
Non-treatment 70.6£6.8a* 89.9£3.9a
Mancozeb 10.3+0.3d 0.6£0.4d
0.2% 58.8+5.0b 78.2+9.1ab
Bio-S
0.19 58.1+6.8b 80.7+8.0ab
Sulfur lime 1%
32.2+6.4c 33.0+8.2¢
+ Machine oil 0.75%
Sulfur lime 1% 53.9+3.7b 72.5+10.7b

* Ducan's multiple range test (P<0.05). Means with the same letter in column are not

significantly different
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Fruit Leaf

Fig. 4. Typical symptoms of Diaporthe citri on fruits and leaves of citrus field.
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2. 2&° BA &3}

Z&ofol wigh wole &o] M ayE EFAY A= Table 129 2
A& oAl Agl 3¢ & FAT 1976%, 7I1AF A 2.9%, vtele g
0.2%, 5.8%, Htol 2 & 0.1%+= 9.0% A7l ofAl Ag 39 F vtole & 0.1%
v 732%=E 7b wrkew) T AR fAISE vhol Q. & 0.2%+= ZH7t 96.4%, 94.6%

9
2 =S UAE8S Btk Yang(1997)2 449 B<F {38 ¥ A 8=
3]

Wang 5(1996)2 &l AFol 714+ #72 427 A 188 ¥ a3
7b dlvtar Baskgith vhol e gke] heE ooy, A2 FHY, &) WA
e Zdhs vha Aok dlov & AR dxHel] xFtE Ak of 2ol o
g 7142 FARE Aow dddn ojHd Ayt A Hueld, A2k
g, ZEEol Al WAt Agtek Al ZE Eolr] #13 vieo]lo g3 oY

Fol g3 Axol U@ F71 A7t Aasa Az
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Table 12. Effect of bio-sulfur and several treatments on the surviving rate and control value of Panonychus citri in the

experimental field

Mite density on Surviving rate (%) Control value (%)
Treatments day before
treatment” 3 DAT™ 7 DAT 14 DAT 3 DAT 7 DAT 14 DAT

Non-treatment 56 197.6+£3.0p™" 166.4+2.0b 289.3+4.0c - - -
Machine oil 1% 46 2.9%1.3a 12.2+2.6a 12.5+3.8a 96.4 93.7 94.4

0.2% 36 5.8+2.4a 16.4£4.3a 23.2+4.6a 94.6 89.9 92.9
Bio-S

0.1% 52 9.0£3.0a 17.0+4.0a 117.1+£2.0b 73.2 65.8 59.5

* Mite density per leaf before treatment: No. 20 leaf
wx Days after treatment

##% Ducan's multiple range test (P<0.05). Means with the same letter in column are not significantly different
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Fig. 5. Photos of Panonychus citri.
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3. FABTIH whole FE o] EF TEAM A=

1) €94 a4 pH ¥}

Acidithiobacillus thiooxidans= $.7173 7oA Agsts sy ET =M
T G A FsletES ASAA Aol Zad quAE da BE5HH
o2 S AAete] dEgd Y pHE WE=THChi et al, 2006; Rajan, 1983). ]
AE JAEH vlolo & H bkl we ZE91]) dgdel pH ¥stE Fig. 60
e AT Bl
20% % ZH3 ZANAM A thiooxidans TEFNe] pH(pH 1.14) dgFoz A
thiooxidanss HE3HA] &L FAEE ALstay x7] pHE 25204 1.99= W)
AE JTHol BSTE Fdth. A thiooxidanss FE3 A& drE oty
At-soll ofsf wi 59 F pH7F 23914 158 Yotk =#(10%)= H7Hs
F5E pHe 457H4 S7tstdov 509 B3 Fol&= 3.04~351% HAE HE
2ol o3k pH ztol= fUATH A thicoxidansS HE38HA &S Fx8= 509 7F
A& 717F %9 pHYF 6.79~7.00.2 W37t =# &eth(Fig. 6a).

Hlo] @ 2S5 0%, 05%, 1%, 2%, 5%° sL=¥WZ2 A thiooxidanss 10%E #
H W3lE =AM Z23= Fig. 6bel 2t ule] e 3 F-A ol A
pH7} A &4 o2 ZF7lsle] 50d0= pH 8.327FA EHolxlith. vlol e 3+ ]+
M H7bEel S7HE S pHYF #AAskli o, 53] nvieo]l e & 5% F7HA pHE
50l 1.922 78 wskth ol HE W A thiooxidans®] &4k tjAbzbgof 9
3 ko]l AAE A2 AdEv, Han 5(2009)3 Bhatti®} Yawar(2010)2] =
et fFARSE A4S ®HAth Bhatti®t Yawar(2010)2>  sulfur-mudel] A
thiooxidans®t A. ferrooxidans % ¥ pH WslE XAV A3 A frrooxidans
pH 25014 154, A thiooxidanss= pH 1.400.% yrolHvia H a3k v} it} Ak
shitS ol&sto] sttt olA mAEe] & &F AFES FRstdoy 2 A
Tol A AREE mlol e &2 FH(50%)I F7]FE(N, P, K)ol ghf¥o] Slo] A
o] duAder olgd F o] g wAE AFEEA ik FAkskt

o Al BA} 9t Aoz Buwh

to

3 2%l A. thiooxidans®l HEZFES 247t 0%, 5%, 10%,

o

o\
ro
Lo
o
(o)

1
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Fig. 6. pH of leaching suspensions solution during bioleaching of bone meal
by adding A. thiooxidans and bio-sulfur suspension solution by

shaking for 50 day in room temperature.

(a) A. thiooxidans(O, 0%; @, 5%; W, 10%; A, 20% )
(b) bio—sulfur suspension(O, 0%; @, 0.5%; W, 1.0%; A 2.0%; [, 5.0%)
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Ao A &5 7184 A3 &F
A. thiooxidans® HE %3} niolQ 3} M7l w2 ZFEAn|oA &% 7}

3] F7Fstdet vt 208 & H¥ A thiooxidans A& %0 BS4E AL s
o] ¢F 15w =Skou 30¢ o]FHEE wAEo] Fitol AAstd uwE A
thiooxidans® & &l g A x99 Aol ATHFig. 7a). =Y H] ol A
7HgshE 14be] e HTEEE vieol o &6 Ut moldaE FUhekS

Hho]l o 8 HbEe - oAM= nlole 3 AUt vlo]lo &3S A
7hgk Zxdol| Hlsto] wg- wre <lAke]l &3 H vH(Fig. 7h). o]+ pH W 3H(Fig.
6b)ote dA|st= Adolty. 53] ulole 3 5% HIEgE oA wjg 7]zto]
30l 50 = Aojfo] wel =] AE R pH= 367014 1.92% stobxl
© " (Fig. 6b), 14t &S 969 g P,Os L'olA 238 g P,Os L& 159 Z7tst
A THFig. 7b). Han 5(2009)2 wjFol o] 3 Adito] o Fitsiarel A4 o]

WEthal Bagk up Qlo] Gabshatat wjkol Lol Shibol 2ol oF Adw %

AEH &5 HAgGolA FHo e &2 FEo] &5 AESH o=z
awar, 2010). wgbs ZFEA <lAake] 7}

Y
o g3 ge Fo I FHIL Aot

ofo
ot
fol
o
o
Hi
o,
N
i
E
_,d

23 Asbgel e EsE QA §F WEE Fig 8o UEUIY. 3RS
2%, 4%, 10% 247} 611, 123 2 164 g P,O5 L!
om A Eohdth aeu B 2RAue] F84 AN FAL 104 g PO

o
L2 w9 goked, ol o] Z3bg <lak dhko] 7)¢lsleE Ao R Bt

X
&
MN
lo
fr
L
)
>,
o
™
o
ol
rlo
N

(Fig. 8). olel@ A= wo} TR olu] A% 7|3k Ft kel wl$ =il A%
Hof clate] 7HgakEs] AL AN HoZ QA AEH VGBI, F71%
Aol W7t Bad Ao Azwr

Table 132} #o] =(10%), vlol 2 8H(5%), A. thiooxidans(10%)< ©] &3}
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Fig. 7. Changes of phosphorus concentration in leach solutions obtained
during bioleaching of bone meal by adding A. thiooxidans and
bio—sulfur suspension solution by shaking for 50 day in room
temperature.

(a) A. thiooxidans(O, 0%; @, 5%; W, 10%; A, 20%)
(b) bio-sulfur suspension(O, 0%; @, 0.5%; W, 1.0%; A, 2.0%; [J, 5.0%)
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Table 13. pH and water—soluble inorganic components of bioleaching solution by adding bio-sulfur and A. thiooxidans to

bone meal*

pH NH4*N N Og*N 504* S P205 Kzo CaO Mg O Na Fe B Ml’l Zl’l Cu
————— (gLh e e (mg LY -
2.49 0.53 0.51 1.34 16.4 0.16 3.54 0.78 1.29 4.40 1.18 0.05 7.88 0.12

* The pH and inorganic nutrient composition of liquid fertilizer prepared by adding bone meal 10% (w/v), bio-sulfur 5% (v/v), and A. thiooxidans 5%

(v/v).
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4. ZEYH] AR 7L GBS A5 FFo WA= 9T

1) EXAMZE detE 5 ST $Fd HXes 9%

UGEF -5 potoll 55U FeF AwistHAA R Au|e] Eok AW EHE Lol

71 8 FAETF, BT, NK+FE A8, NKeFE9n 10%E 35 A

glate] A8 5AS FAME A= Table 1400 Yep T

2L NKeZEAu] 10% g 7F o2 A2 Bk 483 anz 7 A2

2o NK+Z & A 55 zeol7F itk FA g+ 427 an= 71

#FHIh HaE FEAY TS NK+FE A2 oA Zh2 170709 168702 713
woromw NK+Z&EAR 10% A2 +& 167, FAHg 3+ 13742 A

22 NK+ZE 2879 NK+ZE A4 10% A 77F 22 331.5a et 367.5 e

REAYT>FAET o2 AR dF A= TS

SPADE o]&3le] ZAg Ay} NK+ZFE A7 ZEA oA =gkon,

NK+ZF® A 10% A2, FH2F+ Foldnt. 242 TeA 2T, NK+Zi A

29, NK+Z 291 10% A7 25 FAe e vs] 2ok <4e

i)
il
_Nn_',

gl ol vlE NK+Z&dH] 10% A2 717F 612 m=z 74 #F9o™, NK+Z & A
g et ZTAE T H=skar, FAE A 47 mE 7Y gkskoh AT

NK+#ZF @A 25, NK+Z&dv] 10% A2+, ZFH 77 2H2 5757, 572.3,
539.6 go. 2 ztol7t A om, FA T 4224 gt FAL AEFS NK+Z
Boln] 10% A8 T 263 goZ /Mg FAYoH NK+ZE g F7t 248 g7}
TFEAYT 208 go 2 o7k glow, FAYTF 150 go = 7 s i)
ABHZAL A3 NK+ZE98] 10% A T77F 459 9548 A9 e A
S AxAA =A e e HH] AHlE SR sEHg R 9 70~
100%9] ®BlaE veld7] dol(RDA, 2002) e F AE5S 138 sloz 1
Aot Aol A" FEAHE FEA0%), vFol L 3(5%), A. thiooxidans(10%)
S ol g3te] mldS 3 o= AT ol A4 2 AE o FEo] 3
A (Table 13) LEFEF &Ko) £& Aoz AZAY, T3 duj= 2o de

<3
2 s GRS TR md R Bl §o9 MARS BASAA 14



t}(Kai et al., 1990; Elad and Shtienberg, 1994).

4302 Nt K& BABOR Astn i

SRR Y 202 aHss dAs dAd & 3
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Table 14. Effect of soil fertilization of bone meal liquid fertilizer on growth and yield of ponytail radish in green house

Plant No. of Root Root Fresh Dry
. Leaf area Chlorophyll _ ‘ '
Treatments height leaves ] length diameter  weight/plant  weight/plant
(cm) (SPAD)
(cm) (ea) (cm) (mm) (g) (g)
Ax 42.7+5.0b*%*  13.7£0.8b  254.4%41.4c 32.0+2.0b 14.6+x1.1b 44.7£1.9¢ 422.4£77.9b 15.024.0c
B 47.2+0.6ab 17.0£0.8a  295.1+£26.1bc  35.1%+0.6a 17.3t1.0a 53.1+3.8b 539.6£22.5a 20.8+1.2b
C 44.0+0.8ab 16.842.1a  331.5+20.1ab  36.3+2.5a 189+22a 55.2+4.4b 575.7+81.0a 24.8+4.0ab
D 48.3+2.1a 15.0£0.8b  367.5t61.6a 34.5+1.2ab 1721 7a 61.216.3a 572.3£45.3a 26.3+t4.2a

* A, Non-treatment; B, Standard amount of fertilizer; C, NK + Bone meal; D, NK + Bone meal liquid fertilizer 10%

#* Ducan's multiple range test (P<0.05). Means with the same letter in column are not significantly different
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orebe] ol digh FRAue] EAIN AlE & Al Ege] 534S Table
150 “ERH AT

EY pHe ES A& AFES deted 83 A xolth. FA-F+
pH7} 469, E&A 2+ 437, NK+ZFE A2+ 4.36, NK+Z2A41] 10% A 2]+
4487 A g ol Hl&f ok o= Ar|&Y, ZEdu], AsiriE]l AlH] S
ola pH7F Stolxl Zo = AyZE T

A7 EEE &9 F d3d o9 M7IE ey o9 FH/Hd wet o
229 QA Ho®2 diFsie dHHst HEgd AV EEE NK=& A
T 083 dS m'eg Jbg Eokau, FEA T NK+ZEAR 10% A2 17t
080 dS m!, ¥#AgFE= 060 dS m'ez 7HF vtk {718
MH] 10% AT 734 g ke 7HF Bka, NK+FE A2+ 702 g k!, 5
AT 702 g kg, FAHEF 671 g kg o2 FAFEATH

REQAES B FAE QA opHoR §EAZ AL vt <l

st FA T kA FAAA 42 021, 0.19% = 7HE
Erom NK+ZFEAH 10% A2 79 NK+F& A8 77 2442 0.159 0.14% =

g4 K FS T ol 055 anole kg '2 7HE Egtow, ma AT
051 amole kg!, NK+ZF&-du] 10% AHel7e} NK+=F& A7k 7h2h 0459
0.38 amol, kg'2 At XA Cad ¥Ha 77t 1.11 emol. kg'& 718 ©3
om F&EAT 079 amol. kg, NK+ZFEAH] 10% A2 72k NK+ZE A2
7V Zbzb 0733 058 emole kg '®E Atk A8A Mge Fx2F7F 043 anol
kg'lo® 7b4 weokom NK+Z &AW 10% A8 tok =22 +7F 242 0.329
0.29 amol. kg!, NK+Z & 277} 021 cmole ke 'Z 7Hd AAdh. g4 Nad
2y Tet 324877 242 0563 054 cmole kg 2 Bgtom NK+3 & on)
10% 217k 052 amol. kg, NK+Z % A2 17} 0.48 cmol. kg o] T},
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Table 15. Changes in the content of soil components after soil fertilization treatment

Exchangeable cations

pH EC OM Av. P,Os T-N (emol. kg
Treatments ! ] 4
(1:5) (dS m) (g kg') (mg kg ™) (%)
K Ca Mg Na
A 4.69a%* 0.60b 67.1b 94.96a 0.21a 0.55a 1.11a 0.43a 0.56a
B 4.37b 0.80ab 70.2ab 99.18a 0.19a 0.51ab 0.79ab 0.29ab 0.54a
C 4.36b 0.83a 12.2ab 95.79a 0.14b 0.38¢ 0.58b 0.21b 0.48b
D 4.48b 0.80ab 73.4a 100.03a 0.15b 0.45bc 0.73b 0.32ab 0.52ab

* A, Non-treatment; B, Standard amount of fertilizer; C, NK + Bone meal; D, NK + Bone meal liquid fertilizer 109

++ Ducan's multiple range test (P<0.05). Means with the same letter in column are not significantly different
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2) §EANZE dEE T AST FFd vXe IdF

SERE] Tl oigk =R AN GUAH] GIE dotry] 9 HEE FA ¥
& FAYTF N, KE 7IH&2 AR A o] =98] 10%, 1%, 05% 2 <l
0.1%5 fJHAHIsle] A5 5A4S AFeAtH(Table 16).
2L ZRAH] 1% A 491 ez 7FE A3, A2 01.%, ZEAH] 0.5%,
6.1, 46.0, 46.0 cn= H] st ow, T8 427 cn= 7+ Zokoh
d4e A2t 01% A F7F 1652 Mg wew, FE A 05%, 10%= 7t

162, 160l 2 W23k o, FEAH] 1% 14.8v, Fx 2 1377 o2 A}
FHHe FEAH 1% ATl 3536 are 2 7HF Wden 91k 0.1%, FE
M) 10%, 0.5%, FHe =22 Zolxlth Chlorophyll &2 Z&Hu] 1%, <
A 0.1% A T7E 364, 36.1= 7MY Eokom, FRE AU 10%, 05% A&7k 7t
7} 356, 335% H|Z=atgla, LA Tt 32002 7 ATk 24 A9 FE
H] 10% A 7F 17.7 en2 7B Ao, R 1%, AAF 0.1%, =y
05%, FAe soz gopdch <AL A FEAW] 10% A F7F 747t
605, 59.9 m= 7F¢ #FQom, FEAu 1% 2 05% A T7F 548 m B
o, FAgE 447 mE 7 skt AAT S A 0.1%, =& 1% 2 10%
A7 2hzF 580.0 g, 584.2 ¢ @ 5762 go & Apol7} flloem FA v} 4224
g2 7 7M. A8 S A2 01% ATt 253 go® A AL
i, FEAE 10% A2 T7F 21.8 g, FEAN] 1.0% AGT7F 204 g, FEAH]
0.5% A2 77F 180 go& & zto] 7k ATt

olide] A¥E (2000 EwtE JAZATAE JHAM] & AHF7t thE
el gtol Wl EvtES F AabEFo] Weokom Lee(2019)% 3ol Hiolo g

[

—
=
X
rr
£
L
1NN

go] F7kaE Baeh fAsaT

QA8 4E

AAow el guAuA FRAu] 1% 1% ALelH A%
% FAolA B vhehdot, FReul 10% Ael T detel e FEA @
o Qe it 243 oA W] FEae FEAS oyl AN TR
u] 1098 @AAIsHE Ro] o &abdeletn Yztevt
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Table 16. Effect of foliar spray of bone meal liquid fertilizer on growth and yield of ponytail radish in green house

Plant No. of Root Root Fresh Dry
_ Leaf area  Chlorophyll . .
Treatments height leaves , length diameter weight/plant ~ weight/plant
(c) (SPAD)
(cm) (ea) (cm) (mm) (g) (g)
Ax 42.77£5.0b*xx  13.7+0.8c 254.4+41 .4c 32.0+2.0b 14.6%1.1c 447+1.9b 422.4+77.9b 15.0£4.0c
B 46.0+1.6ab 16.0£1.0ab  300.3+36.0abc  35.6+1.6ab 17.7£1.5a 59.9+5.0a 576.2+65.3a 21.8+7.3ab
C 49.1+2.3a 14.8+0.8bc  353.6+59.9a 36.4+2.6a 17.0£1.5ab  54.8+57ab  584.2+88.0a 20.4+4.4ab
D 46.0+3.2ab 16.2+1.1ab  268.7+57.8bc 33.5+2.2ab 14.8+1.5¢c 54.8+4.5ab  534.9+73.8ab 18.0+6.1ab
E 46.1+3.2ab 16.5+1.3a 350.0£72.9ab 36.1+3.2a 15.1£1.0bc  60.5+14.7a  589.0£107.4a 25.3+7.2a

* A, Non-treatment; B, Bone meal liquid fertilizer 10%, C, Bone meal liquid fertilizer 1%,; D, Bone meal liquid fertilizer 0.5%; E, Phosphoric
Acid(H5P04=98.00) 0.1%

** Ducan's multiple range test (P<0.05). Means with the same letter in column are not significantly different
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dete ol g =Edre] A Al & A EQFe] stehds EASH
A H(Table 17).

EY pHe EE AggddA Tt njs] vA veut d7jdees
T AH] 10%, A4 0.1%, =& A1 1%, =98] 05% 27k 2+2F 0.94, 0.88,

0.87, 0.84 dS m'® X8 060 dS m*' Bt} =4 vepyith o] AL i on]

EY F7)E e ZRAH] 05%, <14F 0.1%, FEAHE) 10% A7 22
kg'o= wokom FFdu] 19% AT 716 g ke, FAHT

g
se 3 nolth fE A4 FFe Aol FAYOR f9

284 K stEFe T tol A 055 cmole kgl® 7 @olow, oy
05% 8 TF7F 048, 14+ 0.1% T+ 043, FE N8 1% A2 041, ZE0n|

10% A2 77F 0.39 amol. kg = o2 HATh Cad FENAH] 05% A2l +7F 1.15
anol. kg'Z 7P wetow Bl <Ak 01% el 47 1113 0.87
cnole kg!, FEAN] 1% FE AR 10% A2 +7F 242 0.70¢F 0.69 cmol. kg
2 Arl. Mg RN 05% Az T+ FA4e 7 22 0449 043 amol.
kg'o= 7b wgton, Q1 0.1% A9k iEAn] 1% A2 ++7F 242 0.302)
0.28 amole kg, ZFE A8 10% A& F7F 0.23 anole kg 'eZ AT} Nae A g
hel EAH o2 F3 Aol gl

olde] Aufo] vpeR nle} o] EoFel xFA Fol o] FA T R}
AE A Fo A vk AL A&o] FL2 AY Ao LR A HA

ool g FRS Bol FHAY] WEoz Yrud
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Table 17. Changes in the chemical properties of soil after fertilization test by foliar application of liquid fertilizer

Exchangeable cations

pH EC OM Av. P,Os (emol. kg™)

Treatments » . i
(1:5) (dS m) (g kg') (mg kg'')

K Ca Mg Na

Ax 4.69a%** 0.60b 67.1b 94.96a 0.55a 1.11ab 0.43a 0.56a

B 4.25b 0.94a 72.7a 96.96a 0.39b 0.69b 0.23b 0.51a

C 4.24b 0.87a 71.6ab 100.65a 0.41b 0.70b 0.28ab 0.50a

D 4.23b 0.84a 73.9a 97.18a 0.48ab 1.15a 0.44a 0.55a

E 4.32b 0.88a 73.6a 95.52a 0.43b 0.87ab 0.30ab 0.54a

* A, Non-treatment; B, Bone meal liquid fertilizer 10%; C, Bone meal liquid fertilizer 1%; D, Bone meal liquid fertilizer 0.5%; E, Phosphoric
Acid(H3P04=98.00) 0.1%

++ Ducan's multiple range test (P<0.05). Means with the same letter in column are not significantly different
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ABRENE L7 A A wet 27 @l fomA Bl o
W7t Ae AR K% AR Bl O AT BwetA o] FoiAm

AHKo, 2008; Park, et al, 2011). #}o]Q 9] 75 d AAM=ZA && 7HsA
2 PESIA FE Udoly, LAY, BN WA EItst FusT vt

, Ew A Y] dEr T A5 sl vA= 9

Hpolo. o] @ dely Al A oA &S Solns] Astel 4@
Helol Wi wiAel A wdskel FAME AT AIN(Table 8), vhole & 0.1%
ofst AelFel A HAh @Aol lAFUT 0.025% ols FHuGT} ol sE
FAbE gAE ot BTl e Yol AR, Azke] Ftgel u
g #AE wol 4%HATHFig. 1, 2). o) vole ol E vidolw A}

B4 2L Aol e v 7 oyl

SE-O.
o = Ry

Lo

>,\1
rA;
i
i,
T
O -
o
to
ot
rlo
o

ol gk oA Aol diete] &I S Ao AztHETh

e Ee Yol dig ool Wy oA gl ik XGAE ZIH(Table
9), FxgF oHALEE 40.3%N o™, 3}3FE2kel Imibenconazole <+3FA] o] ¥
F&o] 53% A WA Fol AHEste MR =R 2-4243 6-64]2 EF
10.3%, HvtolQ 3 0.2%° A= 12.3%, M 3]F33 A 1563%= Hl==gt 43S e

Wtk WA &3 38 kel Imibenconazole 347} 86.8% & 7F £& WA
ZHE YeWow AMslH=zxod 2423 6-624 744%, Hlole B 02%+<
69.5%, A3 F&FAE 62.0%A . ol Hyun 5(2005)2 FelAE o] &3 213
A 2 WAAFAA e Al7E Hiol el 75%e] WAl E3E HoE A

il

i)

e

oA @] o ¥FAIY A3 (Table
10), A g+ HEH LS 793%F o, 31852kl Imibenconazole F3HA] HE
0

&2 40%Av. DD el AbEsts MR == 2-424 33.8%, 6-64



42.0%, vtol 2 & 0.2%°N A &= 43.3%, A3+ FA = 48% = =3 adE o
e}t WA &3 += 3}shs 2FQl Imibenconazole <F3HA|7F 95.0% = 71 =& 4t
A EHRE VEYon, 1 tpeow A3lHard 2-42 57.3% 6-64 47.0%, B}
ol 3 02%% 45.8%, A3 F33Al 435%F o, vlol o & 0.1%7F 1.6% A 2
T T 7P @A ZAMEAT HE d R Aol violW el WA &t ¢
Al b ol g dujr & Bup WA o] A7 W] Ao w W
A ZA7F AA dHebs ok Hdol S A A W Eo] T =

WSRAE A7le] HEY A9 B WA BUE AL 5 do] AdE Aany

ﬂJ

o] WAt oM, Aol oHBFE FE I HErt Alsta FeElAe] ZAR
AL E&ste] A2 A9 8 FAsrt gaEAvkal Basked
2005).

Sofjol that mpol o &e] ] FE AP AI(Table 12), kAl A 3
d F FAYT ASES 197.6%°1H, 7IAF A 2.9%, viel & 0.2% 5.8%,
alo]l & & 0.1% 9.0%= &7 W zskih WAl zbs oAl A g
3} 01%E 732%= 74 wrkom A GAl wele 3 02%= 77t
96.4%, 946% % =< WASS BT Yang 5(1997)S 4d Hob f3S Ay
ato] #FSolE AT $ glon, Wang 5(1996)& FAle EAo] Aol &

& w AR 188 o &3 Yoy Bastgn) webA, g Aed iy
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W, gioly, F3e 5o FA WAL £94E Eol7] A% ulo]le F 2 UF
of 3 x| tigk F7F At Bastrha AzbE

WAL JEFT vtol 3 U] wE = E ] dAErdle] pH W E B
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Abol HX7F 969 g P,Os Lol A 238 g P,Os L2 Z718kith ol o] B
A mAZEe] &Aool F7Fet AFolti(Han et al, 2009). AE3H4 8&F3

oA =2l Firrd &2d FEe faHo] Aeddor AHdE s T

i)

)

rot

My

o

ot

ol\

)

ol
to
oldt
ftlo

it
Y
N
N
ro
BN
Y
=2,
>
ik
M
12
e
r_%
i)
2,

7 aAE F WS A2 Ba0t 9 Aow A
FEA/L v g WE hesE Ao FEE A AuKFig 8), T

2%, 4%, 10% Hl&S FH7Fe =304 242 )I4k w&=7F 611, 123 3 164 g

otebe] 2 potell 559 Bk AuMiswAl ZRolule] ok Au] GIE ol
71 98 B, BEAET, NK+Z2 A7, NK-ZRoju] 10% A&7+
F Aeste] A% SHS 2AME AdH(Table 14), AFEA A3 NK+2 2 o]
10% A= F+7F 79 GFAE AL e AS AxdA =A ded A
u A HE4or ssua wuh oF 70~100%2 M EES UER) Y] oo

_58_



)

=l
iz
el

N
olo

o A}

3
=

o} A

—_—

o® He

w
o
e
Nr
o

of

=1(10%), vrole #(5%), A thiooxidans(10%)< ©]

(RDA, 2002) «ebe]

Aol A (Table 13) <EFHF A &0l

5] ol

<
R:)

z

wK

el

L=,

°l

al
=

H] 10% A2 -7F

Hotr7] 9
Z3H(Table 16), =& A4 10%2t

oA =A e

=

7}

Aol = Hu] 10%, 1%, 0.5%

il

0]
yul

R

ZA}

1

9
i

34

Hl o] e Al v

2ol
78] 2 A]H|
S

ar
=
=
=
3}

1
[e]
j?lr

ksl
pul

S

18979 N, K

e S-ol T

1% Aol A

o

R

K

|

o

A H]

B/
Ba

=
=

e 10%

ol7] AN =3

3T

}

o)
yad

& =vt

3

9 2] el H)
7}

51,0000 @ HAIH]

A

=

R

o

A 77h o
o

il
Arbekol wekom, Lee(2019)+ iL3=of Hjo]

0]
yul

At AlE FHAR

EnlEof ¢

[e)

R

=

71(2005)
Eo 3
+ n}o]

°
pal

2ol A

o g0z ¢ls) = pHrt Hobd = 9

i
e

—

0

¢+

oV

B

ﬁo
aﬁ

_54_



1. vlole 32 7hd gdoly FAFE PDAIX A HF 404172 88417t 7F
Ao A<= vlol 2 & 0.2%, 0.1%, 0.05% =2l AL Aol oA a3t £k
o, 0.025% olstollM= T A FAE A A Zde wdn EAE
A g Fe e diEd fdelwe W oA S FART o¥MAE
40.3%, 3}38ts kel Imibenconazole <3}A] oW P&o] 53%E HJow, F37H
gl AbEshE AFREEN 2-424 3 6-64 BT 10.3%, ol 3 0.2%¢°
M 12.3%, A3 A= 163%% ¥d 43S vedlen, vk biole &
olHPES HAUTE E A g AP A
I FAYTF HEFELS 79.3%9 2™, Imibenconazole <34 HEIE2 4.0%
S HYow, AzH=a5%o 2-424 338%, 6-62 42.0%, vlolL 3 0.2% 43.3%,
A3 T3 A 448% 2 Mg BHE dEEn vhE wlo]e & 0.1%°l A=
780%% HwA =& WEIES B webd fE gdoly e wmol

rlo

0.1%° A= 24.0%= ¥4 =

WA+ A Al 32202 HE Rtk A8
= 77t 53.9%, 588%, SBI%E M5@ WYER 2ASYor, WERE oA
M@ dne zAsol S FgA A A4 bsd Ao Yo,
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