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Effect of Mineral Nutrient Contents and Growth on
the Damages of Organic Apple Trees

Choi, Hyun-Sug - Jung, Seok-Kyu

Correlations of soil and leaf nutrients and growth of young ‘Enterprise’ apple (Malus
X domestica Borkh.) trees were analyzed with tree damage, such as Japanese
beetle (JB; Popillia japonica Newman)-damaged leaves, vole damage to trunk, tree
mortality, and weed density in a certified organic orchard in warm and humid
environment of Southern USA. Interaction treatments of four mulch and three
fertilizers were applied around trees as follows: mow-and-blow (MB), shredded
paper (SP), wood chips (WC), and green compost (GC) as a mulch, with no
fertilizer (NF), poultry litter (PL), and commercial organic fertilizer (CF) as a
fertilizer applied in April. Vole damage to trunk and weed density were little
correlated with mineral nutrients and tree growth. JB-damaged leaves were highly
stimulated to 26.5% in GC-treated plots while tree mortality were increased by
MB treatments. Biomass production per tree was approximately 3,700 g on the
WC- and GC-treated plots, which was two times higher than those values observed
on the other two mulch plots. JB-damaged leaves tended to get worse when
nutrients in soil and leaf increased through the correlation analysis, with a strong
positive relationship (> =0.585) observed between JB-damaged leaves and trunk
cross sectional area, a vegetative indicator. Tree mortality was more negatively
associated with nutrient contents and growth of trees than those of soil nutrients.
Wood chips was considered for a local organic mulch materials to increase organic
matter contents and to produce healthy young trees in Southern USA, with control
insect, such as beetle, and vole density in an orchard habitat.
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19904t Fu ol F BeulES} Hok QPG OE AT AANHAY FAR WS
7] 915te] 7 QAoh o}, 1ga Hu]e} Aol AR T} Bol A Arkh H4%¢S
AR AT F71%5G S Y] B3] ArHLotter, 2003). §7121F FAHE] Tt

4 melE gt S AEA nEelehs Aate] Aelaol AARD, ol A WA}

$AHE bRl TR Al Ql2o] SAH WA f7] B4R AL v 20% o ¥ %

Fehe FA1E Bol Stk SHAT 20009 FEW OlFE §7] BAE FF F7b GE
1

7vAstetst 7| EWste §43% Frkske dlE 2 JAx, 181 €57 el wE fAA
A AsE SO ZEAR AJE FHE] fA% Z1EsEe] a7 Q)

7] B FEAYE gt g f71d "o &85 = 01% BailE 2
Fzx BA, EFAEAY 2 RE, ESEYA A, 28 FEITH Toll ot 9%
S 71A]7]) o] HLEAR 9 A& H s A9 AAdedy AN E AAsE A
o] & 838}t Chalker-Scott, 2007). H= AH WollA A4tE= AdH 7|25 ol B2

H
A2 o]&ote AdAEE Ado] FAEI JAAT o]HF AR} s Folvt FHx e
715Hste} FukE F3) dAo] e g e AARE FY HA Fokx AEH HFo)
L7 Yok HAANZ Hol o] &H= FEF oY Fe Fx Ao EY FREE 85
5 A FIARTE Ayt 7E3] 4S5O Sth(Chalker-Scott, 2007; Hogue and Neilsen,
1987). StATF H &8 BAAANZ Bo] o] &HI U&= Folo HH o7 v&EH F
7] FhA B = FAAEE, S8, 2 5ol tE A7 v ]KL Aot} 53]
718 8 Adde BdAdeE gE2A BEY Ul b A= a4 ofe} &35
2 947) BEgHoR Agstnr AT FUIAEE Tl IE —ri]v‘ﬂﬁﬁ Zteol 38}
A HFo] st
o) F-F o] (Japanese beetle; Popillia japonica Newman)= V= AHE A9 & o] A
THol daglel o, #, A4 5& ThEleteE AT oE A RIETL 7P 2 ZoE
ATHPotter and Held, 2002). ¢jFFdo] WAE A thFet BE2 Wi
T A {7] FHS St TEL T7tlA A8 FAE THelste @A < 3]
FOo g2 BHuHEHI ot fFFdolY AEEd /5 NETeE A3} BEY FEH fU1=
3 S7FetH X" YA st Allsopp et al.,, 1992; Potter and Held, 2002; Szendrei et
al, 2005). ololl F7|18 &% FAE e efFFTol A& HHHS AASHE,
FA49 FdolF WA= F&3 BRIt 2 Aow A4 =3 HT FHI|
3k A o] A&H o] X Fe; Fafol e FA AR Faf AbE7F BaE I QlofA
gk giFo] AlF3] ST 3 AT Byers, 1984; Merwin et al., 1999). FH7] A2
a3l Halie FAY AR FEH DHT dHo] e AR dHA JAITHChoi et
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al., 2002; Kim et al., 2015; Lloyd and Firth, 1990; Park, 2002), 7] oA BEH w7}
Aol gle AR OE, olof] 8RIzte] AHLE A4St AFAHS AASH f713TY &
24 BUE AV N2AEE B8 & 9 Aoz AzA,

2 Age B dRAte] 7] A 78l 2| ueE sk J)ze] A B4R
I} AP ASE RS Z(Choi et al., 2011; McAfee and Rom, 2009) 9f&-Fdo| <} A
Foae 2 wAE, 12T TR TART AVWAS BN} AWT FANRE A
47 BIAR B2 +ALHE AAH, olo] BE AP WAARE s 9
sto] 3= AT

(
=

P
= I Aes @/\16‘}311:}.
pH7} 552 ¢fAHEE UE o] 2= nA S %%}oﬂl haQ 58243 900 kg& &35
E‘* Al S5 342 918ke] had PHEEH] 900 kg (B4 0.7%)2 Al&3stiTh A4 d &
A= K31 Sd 279 B £33 st EYEgA HAAE 93 SHIAEE o] &3}
Aok 20061 Foll <A Zeto] = /M.26 *}T}D}T(Malusxdomestica Borkh.)E 2x4 m A 43¢

AR O% PP ACHE YU FYE WYL FAFY0R UBYS AT W
M) 1S m} I 4 mE AR Fol AMSIA MFA)s AF FHL Esed H715H

I's o
© 2 #e]3}¥ I (National Organic Program) 7105 & 20080l AP S 33ttt
2. A9l g 8 A g

718 BA 4579 ¥Ed 357Y T 127HA 9 BRdAEE E%ﬂ‘iﬁi}(ﬁg 1). 71
AL 2AMB; B4 34.5%, A4 1.7%, B2 E 20.3), TI(SP; B4 35.5%, E4 0.2%,
B & 177.5), SEH(WC; B4 28.7%, A& 0.7%, B2 & 41.0), 254 FB(GC; &4 17.0
%, A 12%, G2 S 142) AAE o] &3tth Al ol o] &H Fol= gt o A
& FTolAE A FERskal, FEHF AESAEHRIE AR A HelA FEE Faiol
Al&stdth =32 ZAA ZAZ(<10 cm) e U SRE FAEHJAL, AEY FHele



590 H@A A4t

2 R&AA BECI ASENE oI, SEH, 4
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Fig. 1. Photo of organic ‘Enterprise’/M.26 apple trees grown under mulch and fertilizer.

MB: mow-and-blow, SP: shredded paper, WC: wood chips, and GC: green compost. The mulch
treatments were then split-plot for fertilizer treatments appled as no fertilizer, composted poultry litter,
and a formulated, certified organic pelletized fertilizer.

FHE g Fo GARA 99 A Fo BFEE AL HlEYS FHZ(NF), 7l
E(PL; B2 27.8%, A2 1.2%, 82§ 232), 48 728 E(CF, Nature Safe®, USA; B
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AR o g FFdol &, *W‘Fr 9)3]-&, FA TAELS McAfee9} Rom (2009)
o] A5 W3t AASAL, FE2UE+E Choi 5(2011)9] AE HYPst AAISHA T
AR F A &3 A TAFE-S 20093 28 ZAFE AL, UM A] &8 20080l AL
Atk ZF ARG el 335 AR, 178 9B 2 st AF G 8-S FATITG
F)x6RFEx12%] 2]=2165"]. A& S (data tree)= SFol A UF- EH Fo =t Q1A
AT TS HAssHAn

NFFo] H &L Fdo] FETFol /M ISIAT 2008 8 Fol AEF
30~50 cm 2] Z7IAE 107] FAE AAQste] dfFFdold o o] IA&rt 27
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olgt: THEEHA I &2 INHFIAAY FEREE(%)= HAE7 e AZE 25
(SigmaScan Pro, Systat Software Inc., USA)< ©]&3t] ZA =Fo] FristH FxdEr}
ozl Ao #2315t AHE o] 83 A ThRichardson et al., 2001). 2009'd 19 26~28Y ]
WA 2 Z(ice storm, -1C A F)o] A3 H L, AX|F @AY o] &AstA F7ste] 29 F<wol
T EE FE SUAo R gRlste] x| Foll o 3t el &S A A, ool e
TA AAEE ZASHATH

FA Ao} FHaA A4S AT EYSIEAY ol F f71=8 % pH 2 EC (electrical
conductivity)= EY 0~10 cm$} 10~30 cm ZoJollA] A FH 3 EFABE
A, A4 Z4E, ZE, vtdls 242 0~30 cm ZHoldlA AT EYE o]
AE e BEYGFEAHGAE EY 30 cm Aol it 6~897HA] =H
o At Al dAAEFe AT s dEA FYFS Aste daaA &

2

of o] XU} FUAA EAjol o] §H Ao FrIEEL AL, A, Z2FE, 2, vk

<
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B A EA FrAES olgkA sty B4 A E|(University of Arkansas Cooperative
Extension Service)oll & &3t E435tHth E pHeF A7 HEEEC)E 1A R): (FF7FT
Ho g ZAHAL 71E T AT FYH e E S48 tH(Schulte and Hopkins, 1996).
b " A= H]A(SKALAR Ltd., Norcross, USA)S. 2 A &3t a1, Q14FS Lancaster®, X
A Fol 22 1 N ammonium acetatel 522 &3 & ICP (Inductively Coupled Plasma
Spectrometry) 7]7]& ©]-83t] #4135} TH(Mehlich, 1984). ¢ %A A+ micro-Kjeldahl
MO Z LECO FP 428 Nitrogen Analyzer (LECO Corp., St. Joseph, USA)Z #2415} a1, 14k
W ZE, 2, adES ICPE E43HT

Zt N 372 TAEYY, 175 1HHE0.2 3o AE] & 6HE-S T A[17H35)x6
HEEx122 El=216F] By} EUAE ST AR 42 SAS ZZTH(SAS version

8/2, USA, 2001) ©]&3te] 95% Al Duncan’s New Multiple Range TestZ w3t &
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oA AZE 3T A A4S PROC REG (SAS)E o] &3le] AE 379} 22 3] &
L8 95% oA I8 AFS SIATh

KN
F718 83 AR e AAFek el dadd A= vrstels & 23

ol A A3t

1. %A slaish uho] i 2

T vlo] Quj 2 A4k A EA B B+ 8] S(GCNF) 9} - =3+A](WCPL) B3t 27+
oA 4,000 g o2 7Pg Egkom, 9 EF+7H| E(WCNF), 2E4 E 8]+ 2(GCPL),

1+7-71 4 B S(WCCF), 2 &4 E1]+/7] 28] 5(GCCF) A % 3,000 g ©]/do] A4ks]of
< BEAThFig. 2). Hioluj2 ALHFS B Al wet AFolsiglen, =3
(WC)JJr FHEAHGO) A 2AMB)H Fol(SP) B ET of 2uf ol EA JEEt
(Fig. 3A). M159 Aol & nfo]uj2 g FAHORE Fo4 e Aol7f #F
HA 4THFig. 3B).
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Fig. 2. Annual biomass production per apple tree in an organic orchard as affected by

mulch and fertilizer.
MB: mow-and-blow, SP: shredded paper, WC: wood chips, and GC: green compost. NF: no fertilizer,

PL: poultry litter, and CF: commercial fertilizer. Different letters on top of the columns indicate

significant difference as determined by Duncan’s multiple range test at P<0.001.
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Fig. 3. Annual biomass production per apple tree in an organic orchard as affected by

mulch (Panel A) and fertilizer (Panel B).

MB: mow-and-blow, SP: shredded paper, WC: wood chips, and GC: green compost. NF: no fertilizer,
PL: poultry litter, and CF: commercial fertilizer. Different letters on top of the columns indicate
significant difference as determined by Duncan’s multiple range test at P<0.001.

sjFaolo] ot ¢ I &L 2 EA EH+7-7] A1 5(28.6%)>2 &3 B ¥]+A] (26.9%)
> EQEH+TR 5(24.1%) =22 FA UYESA, Fol+F-H H5(SPNF), F°]+A(SPPL),
Fol+fr71 AR E(SPCF) A E]F+= 1% o]3t= T3] &o] vu|3tH Th(Table 1). o] whe}
dAA S e JFede] FPELS TAFCRE FAA Jve Aolrb #EHAI(P<
0.001), ZAEATFANA 6.7%<] vl Fe FES BAEd ole o] Mo A% HA&
o] EY W efFFHol 5o LT FAZAQ dFE 7H7] WE o2 AZEHASG
(Szendrei et al., 2005). A7l o3 3t &2 A v 5 EF AHFoNAe &
AAS=Z FoA A= Zol7t JEE A S THTable 1). ZAE AT = AXF 3 &
o] 22%= 7 EteHl, ol 1EEe Fx WAHEA T )0l HAFAA AAA
g xﬂ%‘c‘i}@l MA G F7 el dlo] HAS AR FAEHUT weps] 2D TolA 2
A F Ao a7t A dx3eE s8la €% Mo 2& Xt HAF
&S TN A & A2 ATFETHMerwin et al., 1999). X Fell &3 F311]3)
£ A E Y5 S 73S AR AokE, 2AAHA TN A 352%2] =& TAME
o] FAEYTKTable 1). FZ WEE ZA+TF-H] 5(MBNF)>ZA+4 2(MBPL), 2A8+7712
H|Z(MBCF) 2.2 =74 YETHTable 1).
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Table 1. Japanese beetle (JB)-damaged leaves, vole damage to trunk, tree mortality, and
weed density in an organic apple orchard as affected by mulch and fertilizer

Tree damage (%)

Treatment
JB damage Vole damage Mortality Weed density
Mulchxfertilizer
MBNF 38 b 1.3 333 44.1 a
SPNF 00 b 0.0 5.6 9.6 d
WCNF 6.1 b 0.2 5.6 16.9 bed
GCNF 24.1 a 1.7 0.0 19.2 bed
MBPL 45Db 2.8 38.9 30.3 abc
SPPL 0.5 b 1.3 27.8 17.4 bed
WCPL 510 0.8 5.6 22.9 bed
GCPL 269 a 0.8 0.0 19.6 bed
MBCF 44 b 2.5 333 325 ab
SPCF 13 b 0.8 16.7 9.8 d
WCCF 9.1 b 0.0 0.0 18.5 bed
GCCF 28.6 a 1.5 11.1 139 cd
P value <0.001 ns ns <0.001
Mulch
MB 4.2 be 22 a 352 a 356 a
SP 0.6 ¢ 0.7 b 16.7 b 122 b
WwC 6.7 b 03 b 37 b 195 b
GC 6.5 a 1.3 ab 37 b 175 b
P value <0.001 <0.05 <0.01 <0.001
Fertilizer
NF 8.5 0.8 11.1 22.6
PL 9.2 1.5 18.1 22.5
CF 10.9 1.2 15.3 18.7
P value ns ns ns ns

The data was modified from result of McAfee and Rom (2009). Means comparisons among treatments within a

column by Duncan’s new multiple range test; means followed by different letters are significantly different, 5%

level. ns: not significantly different. MB: mow-and-blow, SP: shredded paper, WC: wood chips, and GC: green

compost. NF: no fertilizer, PL: poultry litter, and CF: commercial fertilizer.
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2. FN 8T SAY A wE AN A

Aed spel st ANFE 4718 DAY 2AOR FBE Fo| ARA
#els UART B Uehd A4aart AR NS A4l Fad Axetn O

X THByers, 1984; Merwin et al., 1999). oJol] B3 ztA|e] FFu I & Zlo] T oA A

AFol gruEe] Boh B TS /A Ao YAAAL, T 4EH

N
2
o
o
2
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o] AEEo] Zokd & vkl A THAllsopp et al.,, 1992; Potter and Held, 2002; Szendrei
et al, 2005). SiF-FFolol o3 S Haj & FYUH AHDLHF7I=FH)H ol et 7t
HEGF U f7E 2 TR E 59 Ao AT BEE A Table 2). 53] A&
FUF B Bk ECoF fgFolel o3 o FeH & /b 242} 09249 0.839F LEREA,
Eofo] HISaAH fFFTo] THES A W F7HE AoE AFHIIT shAIRE
Ed Ay g FFdo] IAELS HOE FBAVE BEEA A ET(P=0.067), ©

Table 2. Correlations of soil nutrient concentrations with Japanese beetle (JB)-damaged
leaves and tree mortality in an organic apple orchard as affected by mulch and

fertilizer
JB damage (%) Mortality (%)
Variables
P r Type P r Type
Input T-N (g) Hokk 0.924 +L * 0.452 L
Organic matter | 0~10 cm * 0.330 +L ns 0.035 -
(%) 10~30 cm ns 0.001 - ns 0.143 -
Electrical 0~10 cm ok 0.839 +L ns 0.225 -
conductivity

ds m™ 10~30 cm Rk 0.793 +L ns 0.172 -
Soil water tension (kPa) ns 0.067 - ns 0.160 -
NO; (%) ook 0.924 +L ns 0.114 -
P (%) ook 0.799 +L ns 0.068 -
K (%) Hokk 0.899 +L * 0.414 -L
Ca (%) Hokk 0.677 +Q ns 0.164 -
Mg (%) ok 0.753 +L * 0.432 -L

" Significantly different means among treatments at P<0.05 and 0.001, respectively. ns, not significantly
different. +L and +Q indicated positive linear and quadratic regression, respectively. -L indicated negative

linear regression.
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© FARC] GAT oA FEFTIE ST FABATE M E Aoz HAHA
FA W Fr1dEe]l AW FeRAAEd FA wAREo] st
(Lloyd and Firth, 1990; Choi et al., 2002; Park, 2002; Kim et al., 2015),
Ada®g, ES W ZFF vtvls $55 At doE JaaAr7E s
TH(Table 2). °l= AR 2HS EY 1 m ol 4714 Z4A FAHEZ By
7148 & 2 2S5 #EAe] Zad Ao YFe F ALE AAEATHChoi et
al., 2011; Mamgain et al., 1998; Neilsen and Edwards, 1982).

AFEGolo] 3t o) M ee Ao TN B} FF, T3 A AAL G
Pl R G| AL BRE UK Table 3). B T4 RelA BRE nlsh ol
FA el TRl TR Al dFERole AAdt EFo] st o) dg
7F AR Aoz AgHEAS. FA aAbES <
o] FuAAE B (Table 3), 7719 FHgol
FA 5t Fafo] ek WAS =R Ao

= EE
A Fel glo] 7] 9y HH| £A ) TRl BaE 3

Table 3. Correlations of concentrations and contents of foliar nutrient and shoot N con-
tents with Japanese beetle (JB)-damaged leaves and tree mortality in an
organic apple orchard as affected by mulch and fertilizer

JB damage (%) Mortality (%)
Variables

P ? Type P r Type

N (%) ns 0.195 - ns 0.055 -

P (%) ok 0.843 -L ns 0.204 -

K (%) * 0.413 -L ns 0.021 -

Ca (%) * 0.646 +L ns 0.285 -

Mg (%) ok 0.778 +L ns 0.071 -
N (g) * 0.396 +L * 0.404 -L

P (g) * 0.506 +L ns 0.011 -
K (g) * 0.542 +L * 0.462 -L
Ca (g) ok 0.545 +L * 0.460 -L
Mg (g) HoHE 0.718 +L * 0.380 -L
Shoot N (g) * 0.557 -Q * 0.423 -L

ERE

Significantly different means among treatments at P<0.05, 0.01, and 0.001, respectively. ns, not signi-
ficantly different. +L indicated positive linear regression. -L and -Q indicated negative linear and

quadratic regression, respectively.
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ol 53] A BAFZA JEgFS 71X il A THLloyd and Firth, 1990; Choi et al., 2002;
Park, 2002; Kim et al., 2015).

o) kAl Pk A Fo= AEAo] mlr|d Ho|EQl St HF g F 2 v
HS(SLA)Z fFFrdolel 23k <] ,qoﬂgo]u} 1/‘}%74 &BAA 7 v )8k TH(Table
4). YIS del= 7EF ARS P72l FZFw o] v
dedes A Ho FREAE BAL

>o;5
_g
o

Table 4. Correlations of tree growth with Japanese beetle (JB)-damaged leaves and tree
mortality in an organic apple orchard as affected by mulch and fertilizer

JB damage (%) Mortality (%)
Variables
P r Type P r Type

Tree height (cm) ns 0.119 - ns 0.074 -
Biomass production (g) * 0.415 +L K 0.561 -L
Avg. leaf area (cm?) ns 0.001 - ns 0.046 -
Specific leaf area (g/cm?) ns 0.021 - ns 0.312 -
Total leaf no. * 0.622 +Q * 0.431 -L
Total leaf area (cm?) K 0.662 +L * 0.458 -L
Total leaf dry weight (g) * 0.360 +L * 0.415 -L
Flower no. * 0.519 +L * 0.422 -L
Total shoot length (cm) * 0.627 +Q * 0.414 -L

" Significantly different means among treatments at P<0.05 and 0.01, respectively. ns, not significantly
different. +L and +Q indicated positive linear and quadratic regression, respectively. -L indicated negative
linear regression.

QH;’E%]OM] olgt o] & EEO0~10 cm)2| pH 7.2 HAFo|A 10% ©]3}te] o
Fo] FAHAL, AE10~30 cm)ol A= EoHE A AA 7 FEE A ZEATHFig. 4A and

B). zA}gt HES pH 72 AF, AE pH 6.9 AFA 5% o]3e] e £35S BHY
AEA pH7Z} 6.5 ol3t2 W 7PAY 7.1 ooz ey TAREo] oF 30% owii
ZF7F= ATh(Fig. 4C and D). o= AHdolu &L EYdoA s 559 Sl &7t
31 QIAtelu kol 9] o] 87 ZHAx(Faust, 1989)H B& FH7ol| FFL0R2 A F45%
FA e B F718 80 FHo] FHoR Hol Ao it o] molbHes Ao=
=
5

AE AT 53] A dEZ QA A Eel F3F BHH Z(TCSA; Westwood, 1993)°] 7}

St 2 FE ol wWE ¥l8]&o] EATH=0.585) BAE FABE 7} o] Rl A AL
&8 74" Ao g2 AU THFig. 5; '=0.503). AAZ FAFA o] o]FoFH =3 A
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2T T3] BAET IAEC] 10% olstE sAl AREAEH, ol FUd 2
A ) Aol 7] Fol FFYel 5 LB IFE FAUY Aoz 74E, 2
2 AA S0 wE ST Aldel FrHH R dasilth

50 50
A 1’ =0.894 ®xx B r* =0.001 ns
40 A b 40
<

< 30 30 =
[5) [} w
= L4 a
[ 0
g 5
o 20 A 20 ¢3
m o
=] —
X
S

10 ® 10

° o © o®
0 a®a 0
C P =0.602 * D r =0.516*
40 A b 40
<

S 30 30 £
2 =1
£ =N
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5 20 A 20ﬁ
= E

10 10

0

@ —@ L T 0
6

7.0 72 7.4 7.6 6.4 6. 6.8 7.0 72

pH 0-10 cm pH 10-30 cm

Fig. 4. Correlations of depths of soil pH 0~10 cm (Panels A and C) and 10~30 cm
(Panels B and D) with Japanese beetle (JB)-damaged leaves and tree mortality
in an organic apple orchard as affected by mulch and fertilizer.

" Significantly different means among treatments at P<0.05 and <0001, respectively. ns, not signifi-

cantly different.

HGre AR B ARG 2717 231 K710l dof B2 ARt kEe] de
shH, Al - 42 203 FAlol wE W P fHxprh 27] "ol 23 =Fo] oy
Aoz Yehal gl ofoll F 7kA] 2]l 3t FABAE =&t AES} ot AL
& F27F JARE ol mE BEFSe E4sHE F71AM A 2Eo N2 JRE
33l € Ao AA4EY. & AFolM 7| A o] sk HF IR ol=
Y AARE AR sk o]l BEHA olHd F A HEE EFHF S
AT = A= BAAAY Aol a7 EHUT. Aoz SA(Saet Aa)Hvt v

e ol
B

Ir

HU
l:ll-l‘ 2, ofN
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35
A r'=0.585 % GC.
30 - - ~
/ * N
[ H|
25 1 \\ L] ."’II
\\m //

JB damage (%)

Mortality (%)

IOIOO 15IOO EOIOO 2500 ) 3000
TCSA (mm”)
Fig. 5. Correlations of TCSA (trunk cross sectional area) with Japanese beetle (JB)-
damaged leaves (Panel A) and tree mortality (Panel B) in an organic apple

orchard as affected by mulch and fertilizer.
MB: mow-and-blow, SP: shredded paper, WC: wood chips, and GC: green compost.

"Significantly different means among treatments at P<0.05.
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