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Effects of Fermented Soybean Extracts and Rain-shelter System on

Growth and Disease Occurrence of ‘Niitaka Pear

Lim, Kyeong-Ho - Kim, Byeong-Sam - Kim, Deok-Hyeon - Son, Jang-Hwan -

Park, Shin - Cho, Dong-Ho - Jung, Seok-Kyu - Choi, Hyun-Sug

Growth of 6-year old ‘Niitaka’ pear (Pyrus pyrifolia Nakai) trees and control of
insect and disease occurrences were compared between fermented soybean extracts
and rain-shelter system for two years. Foliar application of fermented soybean
extracts was applied at 6 times as a pre-experiment in the open-field in 2013, with
a rain-shelter system in 2014. Fermented soybean extract treatment increased foliar
concentrations of approximately 0.46% T-N, 0.17% K, 0.19% Ca, and 0.06% Mg
in 2013 compared to the control, with similar macro-nutrients between the control
and soybean extract treatment observed in 2014. Rain-shelter system increased
foliar concentrations of T-N, Ca, and Mg compared to the open-field. There were
no significantly different between the control and soybean extract treatment for
number of leaves per fruit, leaf dry weight, phytotoxicity, and completed shoot
growth on August during the two years. Rain-shelter system increased leaf dry
weight and did not affect phytotoxicity in the leaves. Fruit quality parameters were
mostly similar to control and soybean extract treatment for two years, with higher
fruit firmness observed for soybean extract treatment. Rain-shelter system advanced
4 days of harvest dates, and increased approximately 7.0 ton fruit yield per ha, 20
g mean fruit weight, and fruit soluble solid contents compared to open-field in
2014. Soybean extract treatment little suppressed occurrence of disease and insect
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on the leaves and fruits in both years. Rain-shelter system increased occurrence of
Venturia nashicola on the leaves and to 63.8% of Gymnosporangium asiaticum on
the fruits in 2014. Strong winds and storms in May elevated relative humidity in
the rain-shelter system and caused high infection of the disease occurrence,
requiring for an additional green control method. Soybean extract treatment little
affected tree growth and would have initiated for a long-term study to evaluate
tree physiological characteristics. Rain-shelter system improved fruit productivity
and advanced harvest dates, which could have been more effective facility at a
Thanks Giving Day between middle and end of September.

Key words : disease, fruit, pear, rain-shelter, soybean extract
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et al, 2015). o83 HAH= 4&FS G si=2
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o] A JIVIIIYE AFAHIT U I (Katagiri and Shimizu, 1989), ©]ol A& W2
GABA %S 78S A7V 5 ol Fo $ith(Park, 2008). 3tA 7t GABAE 22319 o

o
2
=
i)
i
filo
e
R
0
~
o
ot
ol
i_:“
N
il
Eh)
Kl
pos
£
Z
8

ir
(2
il
k)
>
i—";
2

Rl
¥

e e

Mo
>

i
=
an
_1-[0

2
T o =]
=
N
e
P

)
ol
off
A~
i
=

Ho
N

2
N4
EIS

o 1r

Fl? oE

(S

3

x



WE F FEEN Y ARl A wikRe] A% WalF B vAE 9% 559

FANETE B P okl A R sl oud G mAE Aok BA AFE
ulg Agolul mzkY AM el Ale EgETe] the AE7) we B3 Jejolch

B Age Awuure] G UAE 9T 47154 B Askel T P2
b ARS B T AP WalE PA anE et

o
Y
o
il
2
o>
(i
(@)Y
r v
o
>
Kl
=
v
4
i
o
°E?
15
s
o
b
(e
=
'L
2
_1
o%
kﬂ
g
=
v
)

o] MxHE yAEo| RES EAL /\}QEE Hlﬂzﬂ ﬁﬂ—rﬂ' L&A
HAE7} e Eoko|t) A °7]l=b§2§ i‘rﬁ]ﬂ o g 315t
_%_
,g_

b
o

E ° 2 fl°
i

‘131'6}11 B 1‘41* %ﬂ@tﬂ Holl Al 385 = f71AAE o) &
%ﬂ%l Ao} A4 2 BFS 77t
T 20 AEE wid A&t 7]
59 23T, A9 vzt Al Aol A
2y 182H91 9 72 AESE T ‘6]]% 71 S 2 had <F 1,0007] H =<
QA ERL AR 15 m ANHY FAo AA3AT A FHo BE HAYs=
LS A7 233 A% dxEAA, dxE FS A FAR A FE55tY Bl f
2 IAJAFEE 319t FDe B pHE 7.3, F71583F 28.2g kg'!, Q4 305mg
, Z-5 1.30 cmol kg, Z4 7.4 cmol kg, vFIUlF 3.2 cmol kg' o2 EAFHA T, o=
HHUr £ A=t dolx A3 B setgow A EHITHRDA, 2011).

BEF JEN Ao g duzARZ 201330 BHFEANM HE G 6F(n=6) A7
sto] Aol o] 83t Th 20140 9] E AIF-L =X oF vZH AME B/ 2 A
Hell Aot HaF A=Y A& sub-experimentE 3 AT 657 (n=6)F A FH IS
2 39 g A2 ABRES 6 mm 79 T Zejogd 2202 3¢9 31Y
HE 7¢ 40‘77}74 AEQO;‘W o|Foll & Aol Eetay HES oA FFgo] A
7} HE Z3HAh A 2 S AlVlE wAE 49 5€ola BIZb Al o= 4€ 4
2* , T 9 =X} B7F-eA 247 49 1097 49 8Y oAU
%}i%’— AESNE A5 AFAY gut 7oA Az & PHS ol &3tk F 7.0

Z S & FE 40C7HA
el

=8t ol F Erld 8710 ARNT BlEe Il ¥ FE A B2 Ue

o o

Y
 f

0.9%, 1.2%, 1.1% EE}WEM A Ofﬂ 2~3
Z}Zﬁb Z1A A, A3 33 A,

_m, ﬂﬁo rlr
L Lﬂ’é’ z
4o 2
g‘ﬂ
&
e

W
(4)°]
filo
ol
e
ol
=
L
QL
£
o
_).,‘
~
o
0%
e
o
k1
A
rlo
e
ftl
N
>
ﬂg
o
krl
g“):l



560 QA Y- AU £ 255 AN HAA

BA7|2 A &7]e Hol 35CE FAAZIHEA 3¢3F Bsiint ad I3 4k &
S £ol] go] Yol ofio] Z MAEE 100C oA 458 3to] o], 2aF A=Y
of Ztulolw] - 4Harabinoxylan, 7 -aminobutyric acid(GABA)]S =39t HaF &9
AL FEE 447%, A4 0.62%, ZF 2.15%, 24 0.05%, vF1HlES 0.25%2 LERGT
AEA g 2500 Y 02 5|Aste] 4 23U RE 15Y 02 T3 63 Pu AEIATH

ot

AEA Ul 2R olFel 7bg AL sk F 1008ATL Syl F P 3070e) A
of & B 194 EAX FelolA FAE AHste] AW ol A AH 3t
AR Qe AzId 65T AFZ 197 AZA F ATFES SHHAL, o) F

3)

o}

F7188E 52T HAA AAG A=A EAH(RDA, 2000)0l oAt A3t 84
& =

&

Z

(

SEQe) Mok kel &) D AEYF HA BT FLOE AT o)
FY 1000 Ag FAAZ APte] 2SR, A2YF
A

o o

ol
X
o
rlo

8 6ol Ay

S A25E HUsl ofF HAl ARFE rolx MELR Raidth
ZeAlo BE UG F8e] Feold AAALE BIAFS FYSAL £

FaE olF Wal ol Gt AW FAL T 1098 TA9Z MYt R =

oA B 9 AN SHSAKT. AT Hade) hale] I FYwsle] M

eFAl AABE probe7t A2E(® mm 273, 11.1
Alfonsine, Italy)2 F2 A =S #&sgct =49
=49 EA|(Refractrometer, Atago Co., Tokyo, Japan)Z= Ao 718413 afc}fj/k(soluble
solids contents, SSC; °Bx)2 =43t 10 mLe] 25FH 35S 2 0.3 M NaOH=Z pH 8.17}
2 273t} malic acid2 FHitale] o) g ettt 3342 Hunter value L, a',
b %S T8+ A xFA | (Minolta CR-300, Tokyo, Japan)Z 2o A2 3¢
Fom o] A ZAE S YelSlaL a'9b b'gko] Eow 747 A io]'&io] 5

sHAl A A S-S S| stitt
o] HafF L& T 10079 A&
= o

F3 20345 AdAst] BYES

i

ﬁ%"
o
_O|L
£
0
l_*
;g
°

AR sl Stoem zAbsHYl L, A
FAFsF ST

2013l |UHIZ} Bls=g A% FAE ARTE AdAst A 20149 =0 = o] &3k
ANEE A A evbE(67) 02 AT A AR FoA8 E4S At &
AR 0 Z SAS ZZ T3(SAS version 8/2, Cary, USA, 2001)2.2 95% =4 Duncan’s



HE F FEEF W7 Aol Alar wju-o) A3 WEE dAed miAe I 561

new range test= 3§ = AT}

%o} FoFe HF271 4URE 6AAAE YAT BFUFT} T

FTEE 7AZE o5k 50 mm WeolE A2 S B THTable 1). ¥F
Hol| BI7H &S AASIAY 7€ 3¢ o] %2 7-8¥2 5-Y % o] B2 Bk

Lo
O~
o of

o AR A
A o wh)
7137} $-24 ) A eh(Lim

)
B
i)
32
rlr
f
kl
A
v
o2
ot
i
o\
1o
=
2
>
ry
il
i)
9
>
o
o
=
%
EL o

et al., 2015).

Table 1. Monthly climate in Naju in 2014

Max. instantaneous wind speed
. Days with > Total precipi.
Period 0.1 mm precipi. (mm) m s (date) Duration of
precipi. (h)
Winter

(January — March) 21 1465 ) )

April 7 64.0 10.7 (28 Apr) 5.0

May 7 64.5 15.9 (11 May) 7.3

June 8 30.0 12.4 (02 June) 4.8

Growing

July 16 419.5 14.4 (25 July) 9.7

August 19 338.5 18.4 (02 Aug) 7.2

September 6 116.5 - -

Total 84 1,179.5 - -
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oA RG] MmE Fe] ISR ARE ol He Ao FHHUL,
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Fig. 1. Relative humidity (RH) in the open-field and rain-sheltered ‘Niitatka’ pear trees in
an orchard on 11-12 May, 2014.
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Fig. 2. Relative humidity (RH) in the open-field and rain-sheltered ‘Niitatka’ pear trees in
an orchard on 1 September, 2014,
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Table 2. Foliar concentrations of macro-nutrients of ‘Niitaka" pear trees as affected by
fermented soybean extracts (FSE) in July 2013 or grown under a rain-shelter
system in 2014

Foliar nutrient concentration [% (w/w)]
Treatment
T-N P K Ca Mg
2013
Control 1.74 0.46 1.25 0.82 0.40
Open-field
FSE 2.20 0.36 1.42 1.01 0.46
Signiﬁcance kkkZ skokok skokok skokok skokok
2014
Control 1.89" 0.34° 1.48° 0.80° 0.37°
Open-field
FSE 1.88° 0.37° 1.80° 0.79° 0.31°
Control 2.10* 0.34* 1.26° 0.85% 0.40*
Rain-shelter
FSE 2.05% 0.33% 1.22° 0.82% 0.37%

“**+* Significantly different mean values (n=6) within each column separated by Duncan’s new multiple range
test, P=<0.001.
Y Mean values (n=6) within each column separated by Duncan’s new multiple range test, P<0.05.

FEEY 27 AFRF, Yo AEFT P ofs) 1 AP HA
F o] T E A THTable 3). 20143 0l= AFF4+= Al 7holl ZFol7F i
HI7 ol =1 Hit 0.1 g A= O =heH, ol T5 H7H A4

o
Aol A= 1= ATHAn et al., 2012; Meng et al., 2013; Shrestha et al., 2000). ¢F3ll= Bl
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7H Aol A AR k=T, WalE WAE I s AA Y] ATt AlE 35Tt v
7Hd Aol EAET 1Ak ¥ A7) W o2 AZE AT umm A A 715
A ANE3F7E H AJY ol fE= 20122013 HI7HE dlulAIPoA F 72 AEXEE B

s ol A FAst 20143 AP = o] & &-837] wEo]thLim et al, 2014, 2015). ©]
o= HIZEE AEE Ao m FA "olAe AL Aste sty WalsiE B3
NZHTAL 33 o EF lipocalin 52 W3 @ o] A F o] FA7F 1AE HFHE
27} A}al A THADN et al., 2012; Mathiason et al., 2009). ©]ol B]7}&E Al U Auj=E+=
HjiurE 4738 o] AtE ] ofsfoll = FEE WS AWE ZoE FHEIUT 2014
W 8ol ARG A2 A &S HIZH AlAE W9 EHZ%LE Al £)skal 100% = H#Ee
Atk BIZFE AE S AR HAE (KA 07 FUHILES st AxgAo] dFE &<l

HA=H ololl gk A7IE AFE 2ATE F7H o2 AE O ol & ZoR AdE T

Table 3. Leaf dry weight and completion of current-year shoot growth of ‘Niitaka’ pear
trees as affected by fermented soybean extracts (FSE) in August 2013 or grown
under a rain-shelter system in 2014

Leaf Completed shoot
Treatment s rowth on 7
No. of leaf per Phytotoxicity g
fruit Dry wt. (g) (%) August (%)
2013
Control 4.20 0.47 6.3 95.8
Open-field
FSE 4.35 0.48 6.7 91.7
Significance ns” ns ns ns
2014
Control 4.18% 0.44° 6.9 100.0*
Open-field
FSE 4.16" 0.45° 5.6° 100.0°
Control 436 0.54° 0.0° 85.9°
Rain-shelter
FSE 4.24° 0.56 0.0° 100.0°

“Mean values (n=6) within each column separated by Duncan’s new multiple range test, P<0.05. ns, not
significantly different.
¥ Mean values (n=6) within each column separated by Duncan’s new multiple range test, P<0.05.

2013130l BAFe T HAFHAL 2ok Ta T HSH AP ol B3
Fo] B2 UKTable 4). 20140 58 A7]= v71E AN AL} A& i
UFAHA EAEG 4485 dA AP AT FEFFE vI7HE AN had 255 A=7F
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al., 1999; Lim et al., 2014, 2015; Rom, 1994). ¥ A& oA = n]7}g 2 R oy
Bz FSF =7} Eo A viZtdoe] Ejvete] 2 85 38R ofyg}

a’ R
F9oh 22 Fhfol EHAA Ad AL E AAEAT A A TE F AEAES A
Re

= 2T RY 334 EE 9F 1.5 N =903 Hi7FEo A= 29 N AE S71E 0
-3

Hj 2} = gubd o E Zgoly HelgEs) #Ho] 2 6|(Zhang et al., 2007), ¥ Al
o] A 2013 LEF AR Ao AFFErt FUEIAAN ASAHEE tE2Tof HTE
zhol7F LA, 20140l = o] ZEE =7l 2o)7F SIAAITE ASA 5= HEaFTH U=+
7o) Apol7t e oo AT A= FFE A= GABA & XTI 4T
A N farE Hele] I EE AL dAskeEd 94 FE 719 YS ZoE AT

oo thegt A4 W = £A 59 Aol 875 ATH(Narayan and Nair, 1990; Zhang et
al., 2007). FAAZ U Fu]o] 2o X Ttoll foA A= Zolrt fIAUY €A AE
A7 BEE A Skt

Table 4. Fruit yield and quality of ‘Niitaka' pear trees as affected by fermented soybean
extracts (FSE) in 2013 or grown under a rain-shelter system in 2014

Frui M TA Skin color co-ordinates
Harvest |  TUit M pirmness|  SSC | (% malic (CIE)
Treatment yield FW S .
date (ton ha")| (e) N) (°Brix) acid
& equivalent)| L* a* b*
2013
Control - - 493 29.0 12.4 0.10 62.4 3.01 384
Open-field
FSE - - 496 29.5 12.4 0.10 63.3 2.67 384
Significance - - ns” ns ns ns ns ns ns
2014
Control | 9.30 17.3% | 639° | 26.0° | 11.4° 0.11° | 61.6° | 5.89° | 36.6"
Open-field
FSE | 9.30 17.0° | 644° | 275%| 11.3° 0.10° | 60.4° | 6.16° | 35.0°
Control | 9.26 24.9* 668* 26.1° 11.8% 0.10* 61.8° | 5.94* | 35.8°
Rain-shelter
FSE | 926 | 248 | 664° | 29.0° | 11.4° 0.09° | 60.8* | 557" | 35.5%

“Mean values (n=6) within each column separated by Duncan’s new multiple range test, P<0.05. ns, not
significantly different.

¥ Mean values (n=6) within each column separated by Duncan’s new multiple range test, P<0.05.



566 AAZ . Ay g

3. HallF v

of

2013~2014d°) L& F JAEY Aol ozt 3 HA A L= |

HEtAY d#4d e AArt BEEA JobA WaF AN adTt v Fe A
ATH(Tables 5 and 6). 2014\l =2| e} HI7}F 3he] vjuF- <l o] Waf & H]
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Table 5. Incidence of leaf disease or insect damage of ‘Niitaka’ pear trees as affected by
fermented soybean extracts (FSE) in 2013 or grown under a rain-shelter system

in 2014
Leaf area with lesions (%) Insect-damaged leaves (%)
Scab Rust Kuwana. pear Pear sucker TV\.zo-spott.ed Green chafer
Treatment aphid spider mite

14 16 15 14 16 15 14 16 15 14 16 14 16 1 15
May | June | July | May | June | July | May | June | July | May | June | May | June | July | July

2013
Open- | Control | 112 | 112/| 17.2'| 36.9 | 21.2 | 234 0.0" 0.0 7.8 18.1
field | FSE | 90| 7.0 | 96383 167|160 0.0 1.1 2.8 49
Significance ns’| ns | ns | ns | ns | ns ns * ns ns
2014

Open- | Control | 0.4 | 2.8” | 29°| 6.1 | 9.0° | 64* | 85 | 0.0° | 0.0° | 0.0° | 0.0° | 0.0° | 0.0° | 48| 85°

field | FSE | 0.2°| 3.6°| 24°| 8.0° | 84% | 7.6° | 76" | 0.0° | 1.6* | 0.0° | 0.0° | 0.0° | 0.0° | 56*| 88

Rain- | Control | 2.7* | 13.7°| 11.8" | 1.7° | 1.9" | 1.8° | 60* | 0.0° | 2.7* | 0.0° | 0.0° | 0.0° | 0.0° | 50° | 69

shelter | FSE | 1.7%( 19.4* | 14.7*| 23° | 3.2° | 5.1°| 79* | 0.0° | 6.4* | 0.0° | 0.0° | 0.0° | 0.0° | 46*| 59°

“Kuwana pear aphid, pear sucker, two-spotted spider mite, and green chafer were investigated in 22 July 2013.

Y * Significantly different mean values (n=6) within each column separated by Duncan’s new multiple range test,
P=0.05. ns, not significantly different.

*Mean values (n=6) within each column separated by Duncan’s new multiple range test, P=<0.05.
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Table 6. Incidence of fruit disease or insect damage of ‘Niitaka' pear trees as affected by
fermented soybean extracts (FSE) in September 2013 or grown under a rain-
shelter system in 2014

Fruit with lesions (%) Insect-damaged fruit (%)
Treatment
Scab Rust Comstock Stinkbug
mealybug
2013
Control 47 0.0 2.2 0.0
Open-field
FSE 41 0.0 33 0.0
Significance ns” ns ns ns
2014
Control 39% 6.9 6.2° 0.0°
Open-field
FSE 34 6.9° 0.0° 0.0°
Control 50° 55.3° 2.0 0.0"
Rain-shelter
FSE 30° 72.2% 6.7 0.0

“Mean values (n=6) within each column separated by Duncan’s new multiple range test, P<0.05. ns, not
significantly different.

¥ Mean values (n=6) within each column separated by Duncan’s new multiple range test, P<0.05.

oe] Ads FEl & W BE F A& A wivF A5l ¥uE IdFe vA
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A7 2o Aoz ARFHUG w7k AL B e A WA=
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