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| dentifying damage inflicted by Halyomorpha halys on kiwifruit crops
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Abstract [Objectives] To clarify the characteristics of damage to kiwifruit caused by Halyomorpha halys Stal, a stink bug
that is an increasingly important pest of kiwifruit crops but which leaves no obvious signs of damage on the surface of
kiwifruit. [Methods] We used exclosures to study the type of damage inflicted by H. halys on kiwifruit at different stages of
growth. [Results] All kiwifruit examined were measured and peeled to check for damage when they were harvested.
Hygrophanous spots were the main kind damage observed, most (94.39%) kiwifruit had green spots, some had both green and
white spots (4.90%) and a few (0.71%) had only white spots. These spots could occur anywhere on the fruit. The incidence of
H. halys damage was 100% in June and July and the intensity of damage was most severe in July (26.00 spot/fruit). There was
no significant difference in the length, width, weight, firmness, sugar content or dry matter content of damaged and undamaged
kiwifruit. Damaged postharvest kiwifruit typically had white spongy spots, which gradually expanded becoming flocculent,

rotting tissue. Intact kiwifruit underwent no obvious change over the same period of time. [Conclusion] H. halys can damage
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kiwifruit anytime between fruit set and harvest. The main growth stage (July) was the most susceptible to damage which

shortens the storage period and shelf-life of harvested kiwifruit.

Key words Halyomorpha halys; kiwifruit; damaged characteristics; damaged level; quality; storage period

Z % Halyomorpha halys Stal {43 F5 = Al 1t
HES, JE# H Hemiptera 5383V H Heteroptera
% S8l Pentatomoidea % £} Pentatomidae i\l
# Pentatominae 4% ¥ J& Halyomorpha, f&4¢
AL AE S R G EE S R (B E3E, 1985),
HAF A RS 300 270, AR, B3, K
HAEYFSOAEY) , JEH WO TR ARk
Bk BLABRGEREAERSE (Leskey et al., 2012;
Leeetal., 2013; Riceetal., 2014; Zhang et al.,
2017 )o ASRMBEIE T | WIGEE IR S HARSE
ARWEZ, H 1996 FERBCRE IR AR RN ED
J& (Hoebeke and Carter, 2003 ), AHZkIE AR

( Wermelinger et al., 2007 ) FlIR§3EW ( Faundez

and Rider, 2017 ), EF IR i XA H0E
Hh, HAbSE (X)) ¥WhH LA (F13E, 1985;
BEEERSS, 2016 ), A3 EEAUN 2F AP 1 L
BN FE AT 2 R S R R E XA
SEREY A AL 4% A% (Hiruki, 1999; Rice etal.,
2014 ), A2 FR AR 2 B IR A M pE BE, )
Al R ST | VRS, NI I TR .
20 tHhad 80 4EAR, ZS@MENAE, FEEREALY
BEPEFNARLGE 50%-80% ) = fE ik . #F 35 [ 25
W E B 25% R AIPEAZ # (Nielsen and
Hamilton, 2009 ), {{7E 2010 4F, ZS#MBELESER
bel BT 3700 1 SEITTHIZBTHIR (Leskey
et al., 2012). BLAbh, ZRMIEE NIRRT ) =
GNP PR, g5 NIRRT R AE
(Inkley, 2012 ),

BEERk ( Actinidia ) Ji ™= F i E (¥ FHIESE,

2020 ), PRUHIRSER & 4EAE R A B R

COKRRZE”, WZIH Y H E% (Bano and
Scrimgeour, 2012 ), HEJ ‘#R{E" MFHHT
HARSIOR, FBusiE . 20, RETH, 5
WAB, MBI SR (RAMH, 2008 ), MK
B E PR L 9] B 22 ) i Rl ot SR 3Rk
Fl, HHET, W2EF dURERBA A ™ T iR B F

Mz —, EHE A X R RRAB R SR S 3 L E K
PO k%, 2018 ). FER A, ZR4H U4 7 FRAE
BER oy EFECRL T EBRRLT Y 30%
( Bernardinelli et al., 2017 ). 7k, ¥ Kk4
fEEER, ZERRINE 60%-70%, & 4FET
1 20%-30% ( XITEFXIERS, 2017), ™HE5Z0
BRAE ke S R R (3RS, 2000 ), ASIHIE
S R R H A ] o R SRR I L AR 2
RS, WRBEEAE . R (Riceetal., 2014; %
A, 2020 ), A5 R FE AR IS G BRGE
BEIRSCHT, A2 F R R LR M T e,
E ) e SR Rz J5 AT L A AN B U] IR 4R A2 3 AT
( Andreadis etal., 2018; Laraetal., 2018 ), It
AN, WFFE e BRI Xk AR ) S R s Bk S S 16
FARRAFEFRE LA 257 (Chenetal., 2020 ),

590 0 7 3R I e 7 i B RN R = B BRBE B
() Sk g IR SR R) AR 4 Rk B B B R
B SR S AE WA B B de 25 5 1 2 A o 2
A S R A A TR 7 S R
B2 3 I 2 15 5 M 5 5 1 O 5T G
U, AR SCHE PR E R, Ak SRR AR, A5
ANV KB B BRI 52 FRHE | 32 F R A2 E R
&, -k — 200 o 22 3 AR S B E RN (E A
WERE . BRI T Y RIS AR S 7 E R
FENCTE ) 32 F AR AR AT T REME . AR
UG 25 G PR P AL AR

1 MRERE

11l RiE

2019 4F 3-4 [, A s R H PG A A oR
SRR SIS B, R R R ] 3R
%=, BETHRAE (hiZEL 60 cmx60 cm x60 cm )
vh, ] M B e 17 £ Phaseolus vulgaris LA E K Zea
mays L., AT A RIS R - (Rl R ( 25+
1) °C, JRFEH 65%+5%, YeJEMI A 16L : 8D,



+ 654 - R B H1 244 Chinese Journal of Applied Entomology 59 %

1.2 RIEHE

A 5T AE PG A6 AR PRBF B ARk 1 56
(N34°07'27", E107°59'31" ) ‘VEiRfE’ 5 Fhp
riEAT, g R A AR AE T =

13 ARAERKREMBREERRLZEKTR
an B F 52

£ UGIRAE” P rh, R —ATRENLIEER 7 BR
B, Rk 70 AR, 1 m K AL 22 IR R T
YENPRIC . FRBRERE AL RIS, 7E AR E AR I A
A S AR (IR 24y 5 A RN 24
SRR ) MRS A —SRIF A4S (100 emx
80 cm, 60 wm ), JfFHIRREEJHSENE P48 EF F1 i A
ZREARAEM AR R (1), AR R 1
ARk CEDER 1 S48 ), AR AT 1R 32155 Ol
S H21H, 6 H6 H, 7H 13 H, 8 A
22 H, 9 H 13 HAI 10 A 19 H (45 H %0 Bk
WAL ETRBME 1 Fin), % 4 3k
(29428 ) YUk 8 h Y 5-15 H b4 ot 2
AMEE 48 h G BRIL AL, W BAT S AR A
B RERIGR . A2 AAXTIR, RS ab B
10 NEE ., ZEBGRIT (10 23 HZE 24 7)), ¥
RS IS0 A, XTSRS0 37 KT B
e . AR FRF (DISO2FT) ¥ irh
o SRR % 7 R S 7 S N | 35 2 7 SUAN
(DL91150 ) P SRz my < (Al £ 4 ) A58
(JHHZEEE ), R5 LR ERLESA
BRI 0, il SRR 2 E S B .
Ff5 )&t ( WEL Electronic Penetrometer Stand )
D E B BRIE AR REBE , IS DI T 1 om fE%RR

B1 MEENPRIMEE
Fig. 1 Branch with fruitswere protected in the cage

x1 REBAHRENEY BXE RIEKRENER
Tablel Thedate of experiment and correspond
growth stages of ‘Hayward’ kiwifruit

1L H 9
(4-A-H)

Experiment date

Bk kR AR

The stages of fruit Post-flowering

d d
(year-month-day) ays (d)
MLy L. /N B
2019-05-21 s A (B Bt B
Rapid growth stage
Pui - [ B
2019-06-06 (BN ’
Rapid growth stage
vl = L
2019-07-13  BHRAEREEL o
Faster growth stage
5 JE, 2 L
2019-08.22  EIRAEKRETE: "
Slow growth stage
4G K
2019-00-13  EIRAERHTE: e
Slow growth stage
2019-10-19  FHREREEL o

Mature stage

W, HrHR, FIHECR ML ( Atago PR32)
D7 AEvm B R, FHHET#L ( ULTRA FD1000 )
THE— B BRERER A 12 h (60 °C) JEilaE Faz
(T4 o i

TYF &R (%) =TH/MEEFE=100,

14 BAEHEHMRINZEFERELRE
L7

TR RS AR RS, RIS 1.3 Jrik Al
1) 1 EE B AR 150 SR 58 (ARUE BV A 120 4>
AL ) HEATEE LR, F7 R S A 4 I 5 PN Jop
A FRSCRAT I P, FEALIEE 60 SRS
YR x i (BN AL ER ), 55 BEDLZEEL 60 1~
SCETA 120 SASMIERCR (YUERALSE 8 h, RP
AT &) oK ) 155 HU5E (kX 60 cmx
60 cmx60 cm ) 1, FFHHUE 48 h J5 B BRGAE
W, BTERN 25 CHTIRm T, 4
RILKERH mEEIYE 5 7 X HB
14 K. 5521 K| 55 28 KA 38 KA, FfbLE
B2 gl R SR B2 SR S0 45 10 A4S, 4l B it
TIPS, R RS R ZE | 2 E BRI
AR, JFRIRIE .
2 A= E AL SR AR L B B < 100% 5

2 E R = B s R 32 AR



3 WRAGLLAE : 2 XA WA S 9 S T T 5 - 655+

15 HESH

PRI R ] Excel #1738, JF I SPSS
240 TG T o SR )T CER M A Y
( Generalized linear model, GLM ) ) —JCiZ 4T
TR SR SE Y 32 38 SR LR PR A
( GLM ) JAFAXTELZeNE 73 B SR 5210 52 TR
IR R 5 22 53 M AN R 35 1 5 T B A pk i
B 22 55 WM, I Tukey WEHEA T2 W HLE 4y
B o A B0 27 /i Origin 2018 221, % 1 Excel
2017 24l

2 GERESH

21 ARAERKZEHBRBRBEHR L ZFHAE
wxR

TR A HLARALE fil 55 B A T80 11 AN IRSE
Wi d%, AHESY v RS 4 AL BRIR ST 295 N F

X REAL B AL 44 A (% 2), D7 4 AL Ab HUR
SCRAZE NN 31224, Hi 94.39% M &k fa ok
BRBE, (A 0.71%H8 FEKIZREE, 4.90%K
SGEeS5HGeRSRARE (£2). 5H. 6 A
7 A B RR S 32 F J5 BRI R 4 (0 52 5 B
R, 8 A LUR A 32 T BE S 20052 F B IR
AFE— AR A, B B kA ) B4
(%£2),

5-10 H, MEARERER L LT, ZFESH
NEREE K 5 H 3ZE S /N R sk ok
BRI S (2. A), 6-8 HRIZE S —3K,
P It o € WA Y PRI A, I 5 v e 2
IR (K 2: B-D), 9-10 A ZFER—5, %
IRy SR e S R, N A v g SR AN RO £ 1
gk, HRARBRAGRIR (B 2: E, F). %
2z RO B (7% o B8 ook SR S B S Bk 2
TCAEAT AW A5

B2 HEAREEKESNERBRERITZZBE D EHFHE
Fig. 2 Thecharacteristics of damaged kiwifruit in different growth stages caused by Halyomorpha halys
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A. Fruit was damaged in May; B. Fruit was damaged in June; C. Fruit was damaged in July; D. Fruit was damaged in August;
E. Fruit was damaged in September; F. Fruit was damaged in October. The red circles show the characteristics of damage.
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Table2 The percentage of damaged kiwifruit on different growth stages caused by Halyomorpha halys

Hm+E B

: : g W
P, Y 7 SECY S s P L
pkgy BB OARZE R iy am ber Wi wp A
TS ST ST LS Number py g (o) Number
i Bt Numb " b ber of Number of Number of Number of damage (%) (%) £
The stages of umber Num er Number ~ Number o fruits with fruits with  of fruit spots from Proportion Proportion  Proportion °
fruit of fruits of fruits of undamaged damaged gteen white Owitl}ll all of green ofsvhite ofpmixed aborted
tested assessed fruits fruits spots only spots only mixed damaged spots only spots only spots o; d'rtop
spots fruits ruits
ZH CK 50 44 44 0 0 0 0 0 0.00 0.00 0.00 6
5H May 50 50 5 45 45 0 263 100.00 0.00 0.00 0
6 H June 50 50 0 50 50 0 0 964 100.00 0.00 0.00 0
7H July 50 49 0 49 49 0 0 1274 100.00 0.00 0.00 1
8 /1 50 48 1 47 30 5 12 531 68.36 2.26 29.38 2
August
9 A 50 48 32 16 16 0 0 40 100.00 0.00 0.00 2
September
10 A 50 50 35 15 14 1 0 50 98.00 2.00 0.00 0
October
30r
a a ab .
100 b - ,E a
~—~~ T @ et 25 I
S 80r Z& b
—~ NS 20 -
R L 7
SE 60 ® 5 15)
I c R AR c
w1g 40T T 1 M 0l
5} W 5
W2 3 d
5 201 # E s
- d ER Z £ e €
0 .\ A .z) ‘.& 1 .& 0 .\ ~\ 5\ \ —T I_:ﬁ
0 &) 0 S
OOQ ?ﬁ\"b % O % o@ o" W “9 %\"’\ 0@ o S
&- “ © A % Q'Q % Qbo 63% (0?’ A ?’ @Q %
S q% S 3 o,% O
b7 S 2
k4 H K Z T M EL Growth stages 3 H KRB BBt Growth stages

B3 FMERRIEAREKMENZEER

Fig. 3 Theincidence of damaged Kiwifruit in

different growth stages
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Table3 The quality of intact and damaged kiwifruit from different development stagestested at postharvest

bt parameters I 5 6 J1 i 8 J1 9J1 10 A
Control May June July August September October
cm ) Length (cm) 6.10+£0.10ab  5.80+0.08ab 5.88+0.13ab  5.69+0. 5.84+0.09ab  5.68+0.11al 37+0.13a
£ (em) h (cm) 6.10+0.10ab 5.80+0.08ab 5.88+0.13ab 69+0.11b 84+0.09ab 68+0.11ab  6.37+0.13

P& (cm) Width (cm)  5.21+0.06b
& (g) Weight (g)

5.19+0.06b  5.24+0.08ab  4.99+0.08b  5.16+0.06b  5.11+0.06b

86.98+3.02ab 80.08+2.22ab 84.73+£3.82ab 75.03+3.28b 80.43+2.95ab 75.85+2.62ab 97.64+3.99a

5.65+0.17a

M EE (kef) 7.40+0.15ab  7.36+0.15ab 8.00+0.14a 7.38+0.14ab  6.99+0.24b  6.78+0.37b 7.36+0.18ab
Firmness of belly (kgf)

WEEE ( Brix ) 5.914£0.07a  6.85+1.14a  5.80+0.09a  6.01+£0.07a 6.68+0.40a  5.89+0.20a  6.08+0.13a
Sugar of flower end

(Brix)

TYFE&EE (%) 16.15+0.15a 15.99+0.37a 16.39+0.16a 16.67+0.17a 16.98+0.58a 17.48+0.60a 17.08+0.61a

Dry content (%)
TR P E bR, RATER SR A /NG FREFROR S HEARTEAN R H 0 2 [0 22 57 2% ( ANOVA, P<0.05 ),

Data in the table are the mean + SE, and followed by the different small letters in the same row indicate significant
differences of parameters between different months (ANOVA, P<0.05).
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E6 RUEBBRHRREIMNZEERKMEFMNEENZEERNTH
Fig. 6 The damaged characteristics and development of postharvest kiwifruit caused by Halyomorpha halys
T-0. TERRBERESZ U RAG A A PRAT RS ( FNEHFARRA ) T-7. TERRBRk 2 E 5 7 KA AL AT R 5 ( e 20K
BE); T-14. TERRBRESZ FHES 14 KA A AL FRAUR ST ( HEOBAZRTE ); T-21. TERRBARSZ H 5 21 KA A b BT RS
(I EUREE ); T-28. TERRIERESZ F 4 28 KA AL PRAUIR L (JERSIR ); T-38. 1ERRAEREZ E 4 38 Kih#r
AREBZLRST (JERSIR )3 C-0. FERRIEBESE & U KA X IRALRSE (BRI ); C-28. TERRMEDESZ H 45 28 K
oA BRZHSR L (T2 HAEIR )3 C-38. TEARMEBESZ 2R 38 KA A X IZH SRS (Tes2 FAEIR )

T-0. The treatment kiwifruit checked at the test day (white spongy spot); T-7. The treatment kiwifruit checked at day 7
(white spongy flocculent spot); T-14. The treatment kiwifruit checked at day 14 (white spongy flocculent spot);
T-21. The treatment kiwifruit checked at day 21 (white spongy flocculent spot); T-28. The treatment kiwifruit
checked at day 28 (rotten spot); T-38. The treatment kiwifruit checked at day 38 (rotten spot); C-0. The control
kiwifruit checked at the test day (no symptom); C-28. The control kiwifruit checked at day 28 (no symptom);
C-38. The control kiwifruit checked at day 38 (no symptom).
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DL Ak B 52 Z UG 0 O 3, 32 AR AR
REZ, AB5E rh bt SR SR I TR A BG 32
BB RS A o T 2% S s o R A 3 RS
(A A 2R S 2 B — g R B AT R 2 2
( Andreadis etal., 2018; Laraetal., 2018 ), X
— 25 ] R SR A5 v 0 R S8 AR A TP TE T P
Barbr, i ST i s i e i 1 R A A
O EE XA RE T 2 HTHRGE I 2 AT 3B
20% ARG BE 7 T D 2 A B e (R B SE
2014 ), MEpkZ s FE S, AR
HAZFIAR RZ SR, FEOCREH, i
PRGN Z Z G TE B IR 5 i Ak SR
WA R X AT 0, BB M ERKFER
sk, X5 Leskey 55 (2012) 7ESFR AWk b
A ARHE I FIE O3 K, Joie g MR
S B I ) S R S R WU SR R
o 5 it e SR S 37 B AR A R
X T ARG ) B R R G B G, B Z2 A
EHISS &, e 5 D ASeEAE 8] = &)
W, B OP I 25 A e 0 A A T A BTG ©
A B 5% 3 I BRL 0 B IE S R I A% B I I B e
Trissolcus japonicus Ashmead Fl H 7S - i /)N i
Anastatus japonicus Ashmead ¥JREM% i 254 fin [
H 2543 (Mietal., 2021), 6-8 H L5 vk
WERk ) R F AR, FLULATOR 25 AR AR A
KA NE (ZBE#RFE, 2020 ), HLELZ IR
AR [, SR HIE B R IE A E N R SR T
8= N E e8| = R L =y € [ A S ke 23 B 5
IG5 0 05 X b B85 ( Short et al., 2017 ). IH4h,
AT DA S I s SR AR R A 1) T P, SR EBURE VL 1) B
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TR D AR E . A R R B AR A s
FREEXT b2 2570 B A Rk ( Leskey et al., 2014 ),
H# 5 %G )= T E =R S H 6 )
(Costietal., 2017 ), FHILRHMAEMAER, 76
75 0 U 3 T B4 37 T O 8 A 3R ( Weber
etal., 2017), SERHHE T EKAREBL
PIFREE, SRR AT RLIH A YR AF HH (1] 45 3 45 1) 5K
i, BRI E R

Bt A PTACARRI R 2 B b S S v e {1t
R
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