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Abstract - This study was undertaken to elucidate the effects of virus and viroid infections on the growth of trees and the
attributes of fruit quality in ‘Hongro’ apples. Trials were initiated using virus-infected, viroid-infected, combined
virus/viroid-infected, and uninfected apple trees in an experimental apple orchard at the National Institute of Horticultural
and Herbal Science in 2019. The growth of each tree was measured annually and compared between virus-free and
virus/viroid-infected trees. Fruits were harvested from all apple trees, and selected attributes of fruit quality, including yield,
weight, firmness, titratable acidity, and anthocyanin content, were determined in September 2021-2022. The results
revealed significant differences among virus-free trees and those infected with either virus, viroid, or a combination of virus
and viroid. Infection with viral and viroid diseases led to reductions in tree height (14.0%), trunk area (23.1%), fruit yield
(65.0%), fruit weight (34.4%), and anthocyanin content (39.8%), while increasing fruit firmness (33.2%) and titratable
acidity (39.8%), respectively. We anticipate that our research findings will also be beneficial for apple virus and viroid
disease control, as well as apple cultivation management.
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Table 1. Effects of virus and viroid infections on tree height and width.

Tree height (cm)

Tree width (cm)

Test group

2019 2020 2021 2019 2020 2021
VF 244+9.6" ¥ 359+74 a 4024164 a 150+22.3 a  188+14.8 a 198484 a
ASGV 2244249 abc 312£239 b 381+£21.3 ab  143£323 ab 164+20.7 b 184+114 a
ASPV+ASGV 227421.4 abc 326+40.8 ab 388+21.7 a 144+15.2 ab 152+17.9 bc 182+179 a
ACLSV+ASPV+ASGV 234+152 ab 333£19.9 ab 384+20.7 ab 135+18.7 ab 164+11.4 b 188+16.4 a
ASSVd 2104£23.7 be 3104£34.6 b 366+48.8 ab  121£143 b 136+16.7 cd 154+182 b
ASSVd+ ASPV+ASGV 207+15.7 bec 311£28.8 b 366+20.7 ab  120+122 b  14249.1 cd 15884 b
ASSVAd+ACLSV+ASPV+ASGV 2214223 ¢ 318+33.7 b 376285 b 117497 b 130+£10.0 d 144+114 b

“Results are presented as the mean =+ standard deviation for 5 trees in each group.
*Values with different alphabet letters (a-d) indicate significantly differences at p<0.05 according to Duncan’s multiple

range test.
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Fig. 1. Effect of apple virus and viroid infection on trunk as annual averages for 2019~2923. Each means represents the average of
5 replicates. Means sharing the same superscripts within a column are not significantly different at 5% probability level. VF:
virus-free, ACLSV (Apple chlorotic leaf spot virus), ASPV (Apple stem pitting virus), ASGV (Apple stem grooving virus), ASSVd

(Apple scar skin viroid).
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Fig. 2. Effect of apple virus and viroid on fruit of virus-free, virus and viroid-infected apple ‘Hongro’(A). Comparison of virus-free
(left) and 3 viruses (B), viroid (C), and 3 viruses and viroid infected (right) apples. VF: virus-free, ASGV (Apple stem grooving
virus), ASPV (Apple stem pitting virus), ACLSV (Apple chlorotic leaf spot virus), ASSVd (Apple scar skin viroid).
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Fig. 3. Effect of apple virus and viroid on fruit load and yield of “Hongro’ apple tree. Error bars represent the standard deviations from

triplicate experiments. Means with different letters are significantly different (p<0.05) according to Duncan’s multiple range tests.
VT: virus-free, ASGV (Apple stem grooving virus), ASPV (Apple stem pitting virus), ACLSV (Apple chlorotic leaf spot virus),

ASSVd (Apple scar skin viroid).

Table 2. Comparison of fruit weight, firmness, soluble sugar content, and acidity of fresh apples from trees infected and non-infected

with apple virus and viroid.

Test group Year 9f Fruit weight Firmness Soluble sugar Acidity
harvesting (2) (N/& 8 mm)  content (°Brix) (%)
VF 310.3428.32% ¥ 4254291 c¢d  14.6£0.36 ¢ 0.22+0.01 cd
ASGV 199.6£26.33 d  46.1+2.77 ¢ 17.3¢1.77 a 0.23+0.01 ¢
ASPV+ASGV 285.5+¢1892 b  39.6+3.34 d 15.5+0.81 b 0.21£0.01 cd
ACLSV+ASPV+ASGV 2021 213.8+18.45 ¢ 42.5+3.69 ¢d  15.7+1.02 b 0.23+0.02 ¢
ASSVd 170.7+£19.02 e~ 63.0+3.43 a 14.3+0.23 ¢ 0.36+0.02 a
ASSVd+ ASPV+ASGV 179.6+17.85 ¢ 58.0+6.47 b 13.840.40 ¢ 0.30+0.02 b
ASSVd+ACLSV+ASPV+ASGV 149.1+£16.96 f  62.6+3.77 a 14.140.49 ¢ 0.3240.02 b
VF 405.7433.14 a  38.7£3.40 b 16.7240.35 a  0.30+0.10 cd
ASGV 299.2420.83 b 38.5+4.53 b 16.65+0.55 a  0.29+0.08 cd
ASPV+ASGV 253.8+21.56 ¢ 38.0+2.88 b 16.45+0.83 a  0.21+0.07 d
ACLSV+ASPV+ASGV 2022 313.0£38.61 b 39.1+4.12 b 16.02+0.41 a  0.26+0.06 cd
ASSVd 188.2+17.72 d  63.6+2.44 a 14.35+0.80 ¢ 0.41+0.12 a
ASSVd+ ASPV+ASGV 184.2+17.23 d  60.5+3.11 a 15.03£0.39 b 0.40+0.05 ab
ASSVA+ACLSV+ASPV+ASGV 184.0+16.04 d  64.8+4.89 a 15.2540.53 b 0.40+0.02 ab

“Results are presented as the mean + standard deviation for 30 apples in each group.

YValues with different alphabet letters (a-d) indicate significantly differences at p<0.05 according to Duncan’s multiple

range test.

s} 31, wloleiet vlol 2ol AR 4% BIE 12,0~
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WA 0 2 LR Hakrh e o] a1 AL A
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ﬁz—— Zkefol| A= 7] 9] ZJo)7} §loLk(71.87H, 68.27H) 4-aFL.
W35} H 22,3 kg, 14.6 kgO &2 z;og [O] Z=r} 7hA] 2o
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ol Hfo|@ AL Alzhra}o| FHto| 8 A (ApMV) o]t} ApMV 7+
& Ho|2| 28] Al FFol wt 2o 30%0] o s Yo
7] 31 ZHEnto| | A(ACLSV, ASPV, ASGV)$} 317 4%:2] vio]g
27453 A Lol A= 2o 23.4 tons/ha® TH
AE 3OI5F9tHChamberlain et al,
Johnson, 1974; Schmidt, 1972; Wood, 1974), & ¢l Lol A=
ApMV 74 H= SR 62| 25l A NE e HLo| 2] 491 ACLSV,
ASPV, ASGV 7+ 0 2 ‘T &’ Alako] 2o 359%4 & 7kAg)
= ZRlsielet 359 AHEHbolg A7} A Urol ApMvZE
F7H o] 4F oo HiolH ATt B4 A E A, Hiol=
o] Zh¢lofl oJ3t Fakt ARt g ATt ol

)

1971, Sampson and

sloje] Ao} Hjo| 2ol = Zrglof| ofgh = ARt 3k
o =324
wHnelujolz) - o] o|= kIR TH4le] £
om 9J5to] ket BAIO) W A, iz, AbE, T obe
ol B 2eislck 2021 244 2 Shde) Wk
& FHE7E310.3 g, Hiol2]2 3% 44}0] 218.8 g, Ho|2| 2 -
Hlo] 20]= 4% B3} 74 149,1 g0 2 Lekyrh(Table 2), u}e}
A By 3bA o) 7he ) Al o) mheo) Zhzh 31.1%, 51.9%
z—“ﬂ sk, Aol Akt Fryme}utoles 2]
L 2 ZJo)7} QAN Hlo|Ro)E thE 1l B3} 7hed
i S| 2T 38.9% F7D. 0] A=
%HQ} Hpoj2| A ZHu.] AL 39,6~

m
mlo
> E

A

)
n—YE
é

r>~_s_,ﬂ1

o 5 ol st 43 el )31 A %
61,2 NO2 T chu] 2t 48,29 2715kt Hule] %
2 M A E SAck= MAA SA 3 (Hunter value 8)2 5
HQ} Ho|# A 744 74410 18,0~19,6 0.8 AJF L7} GO b=

(Table 3). 12U} Hjo] 20|t the] Wl H3} 7kol g 1}A]
«1 a%k% et 08302 R H B Ho|2|2 7h¢ wHAlvt sheigt

~

Table 3. Comparison of hunter value and anthocyanin content of fresh apples from trees infected and non-infected with apple virus

and viroid.

Test groups Year gf Hunter value Anthocyaniny

harvesting L a b content ((g/cr)

VF 47.343.23* ¢ 18.0£2.50 a 18.2+1.75 ¢ 21.7+4.19 ¢
ASGV 5524443 b 19.6+4.81 a 20.942.13 b 18.1£1.75 d
ASPV+ASGV 46.243.61 ¢ 19.3£3.69 a 17.941.99 c¢d  25.6+3.46 b
ACLSV+ASPV+ASGV 2021 45.7+4.46 d 18.5+3.96 a 17.4+2.40 d 29.1+£5.29 a
ASSVd 56.842.59 a 1.1+4.00 b 24.3+1.61 a 4.0+0.73 e
ASSVd+ ASPV+ASGV 55.842.58 ab 1.2+4.02 b 24.2+1.63 a 4.6£1.20 ¢
ASSVA+ACLSV+ASPV+ASGV 56.442.02 ab  0.243.28 ¢ 24.4+1.38 a 4.6+1.14 ¢
VF 449+£291 d 25.5£2.74 a 15.5¢1.46 d 21.742.79 b
ASGV 46.7+2.39 ¢ 2394232 a 16.5+1.36 ¢ 18.243.96 ¢
ASPV+ASGV 44.443.03 d 25.3+3.30 a 15.2+1.50 d 25.9+0.35 a
ACLSV+ASPV+ASGV 2022 44.6+2.92 d 25.742.78 a 14.941.20 d 14.6+1.20 d
ASSVd 56.443.11 a -13+£5.74 ¢ 23.542.22 a 3.240.76 ¢
ASSVd+ ASPV+ASGV 54.942.66 b 1.6+4.76 b 22.4£1.66 b 4.7+£0.90 e
ASSVd+ACLSV+ASPV+ASGV 5454235 b 1.5£3.66 b 21.9+1.51 b 3.6+0.70 ¢

“Results are presented as the mean =+ standard deviation for 30 apples in each group.

*Values with different alphabet letters (a-d) indicate significantly differences at p<0.05 according to Duncan’s multiple

range test.
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o)A 7 THA Al el A= frelgt Akl 7t gl aL(E
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- 408 -

a}u}om ehel o] e 5 A e 2
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(Perrone et al,, 2017; Vega et al,, 2011) H]-O]Eié o=
o] Qjoj7kz Al7]ol B At EAloRd ARhd
2 9 Az} vhaEfo] 7hasta 9 o) % T 01z} YojlA] 23]

0

o] b 2hale] Qe Aol 48 oo 32}
T} E3F § T AE ERLO] 20| =(Hot stunt viroid)7} 7
2lo] ] 24| 2k, Tl ulmsto] 150001742 1%
Tedo] Wabrh QAL AETEe, AE-TFATARE, 0%
AR ek o) ARHY TRl S0 e 71

A 2ol b /R EETH) 2] Aade gelskeltt
(Xu et al., 2020), 2 AL M = 7+ T Aba}
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of M =, A, A, G, ARE, FEAJOR FHFS 54
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