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Abstract: [Objective ] Botryosphaeria dothidea is widely distributed in most apple growing regions in Chi-
na, causing ring rot disease of apple. For many years, use of chemical fungicides has been effective for
controlling the disease in the areas of apple production. However, the effectiveness of these fungicides has
been threatened by the emergence of resistant pathogens in the field. Thiophanate—methyl, captan and me-
tiram have been widely used for controlling the disease in China for many years. So far there has been no
report on the sensitivity of B. dothidea to these fungicides in China. The objective of this study was to de-
tect the sensitivity level of B. dothidea to thiophanate—methyl, captan and metiram using 106 field isolates
collected from Shandong, Hebei, Henan, Liaoning, Shanxi and Shaanxi, respectively. [ Methods] The sen-
sitivity of B. dothidea to fungicides was assessed based on inhibition of mycelial growth by PDA contain-

ing serial concentrations of fungicides. Technical grade thiophanate— methyl (a.i. 95.0% ), captan (a.i.
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95.0%), and metiram (a.i. 87.0%) were dissolved in 100% acetone, respectively, being adjusted to a con-
centration of 10 000 mg- ™" stock solution. The stock solution was diluted with 0.1% (w) polysorbate 80 in
water to eight concentrations: 5.0, 10.0, 20.0, 40.0, 80.0, 160.0, 320.0 and 640.0 mg - "', then added to
the PDA medium to produce eight standard concentrations: 0, 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0 and 64.0
mg of each fungicide per liter of the medium. A 7-mm-diameter agar disk taken from the margin of a 4-
day—old B. dothidea colony were placed at the center surface of a series of petri dishes (9 ¢cm diameter)
containing PDA amended with various concentrations of fungicides. Four replicate plates were used for
each concentration. Mycelial growth was quantified after 4 days of incubation at 26 °C in darkness by mea-
suring two perpendicular diameters of the growth ring in each plate, and taking the average (the diameter
of the original plug subtracted). The effective concentration ECs (concentration which reduced mycelial
growth by 50%) was calculated by regressing the radial growth values (100% control) against the log10 val-
ues of the fungicide concentrations using SPSS 16.0 software. The cumulative frequency distribution of
ECs, value was produced and calculated by using SPSS 16.0 software. The bin width of the histogram was
calculated by Scott’s rule and the normal distribution of the ECs, values of the 106 isolates was analyzed
using the Shapiro—wilk test. Cross—resistance patterns were analyzed by lgECs, values using the Spearman
rank correlation and a line regression analysis. The differences of the sensitivities among B. dothidea iso-
lates collected from different provinces were statistically analyzed using a one—way analysis of the vari-
ance (ANOVA) with the SPSS 16.0 software, and means were separated using the Student Newman Keuls
(SNK) test. [Results] The ECs, values of 106 B. dothidea field isolates collected from different provinces of
China to thiophanate—methyl varied from 0.814 5 to 10.700 8 mg- L', with an average of (3.357 9+0.160 7)
mg - ", The frequency distribution of ECs, values of 106 isolates to thiophanate—methyl was continuous,
unimodal and positively skewed according to the Shapiro—wilk test results. The sensitivities of B. dothidea
field isolates to thiophanate—methyl were still in high levels. The ECs, values to captan were from 1.672 2
to 38.487 3 mg- L', with discontinuous frequency distribution curve. Isolate XY7 (Henan province) had
the highest ECs, values to captan (38.487 3 mg- L") among the 106 isolates. However, the frequency distri-
bution of ECs, values of the other 105 isolates to captan was continuous, unimodal and positively skewed
according to the Shapiro—wilk test results. The mean ECs values of the other 105 isolates were (10.268 1+
0.460 0) mg- L', which could be used as the sensitivity baselines of B. dothidea to captan. The ECs, val-
ues of 106 B. dothidea field isolates to metiram were from 1.276 3 to 32.132 4 mg- L', with an average of
(15.511 9£0.710 7) mg - L. The frequency distribution of ECs, values of the 106 isolates to metiram was
continuous, unimodal and positively skewed according to the Shapiro—wilk test results. Therefore , the sen-
sitivity baseline of B. dothidea to metiram could be established in this study. Spearman rank correlation
analysis by IgECs, values indicated that there were positively significant correlations between sensitivities
of B. dothidea isolates to thiophanate—methyl and captan (r=0.281 3, P=0.003 5), but there were no signifi-
cant correlations between sensitivities of B. dothidea isolates to thiophanate—methyl and metiram (r=0.179 7,
P=0.065 3), captan and metiram (r=0.081 1, P=0.408 6), respectively. There were no significant differenc-
es among the sensitivities of 106 B. dothidea field isolates to each fungicide using the SNK test at P=0.05
level (P> 0.05).[ Conclusion]The 106 B. dothidea field isolates showed a relatively high sensitive level to
thiophanate—methyl, captan, and metiram, respectively. The sensitivity baselines of B. dothidea to captan
and metiram could be established according to this study.
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Table 1 Places and distribution of Botryosphaeria dothidea isolates from different provinces in China

Tk A (AH0 Hos Tk B (EO HuA
Isolates Provinces (Number) Location Isolates Provinces(Number) Location
BD1 W Ak6(20) JLPRE Baoding, Hebei HM27 114 2 K Huimin, Shandong
BDI5 Hebei (20) ML E Baoding, Hebei HM3 114 # & Huimin, Shandong
BD2 TR Baoding, Hebei HM4 114 # K Huimin, Shandong
BD3 TTALPRE Baoding, Hebei HM5 1145 B & Huimin, Shandong
CL12 1L E & Changli, Hebei HM6 114 # K Huimin, Shandong
CL14 MEIA=F 4 Changli, Hebei HM7 1125 E X Huimin, Shandong
CL16 L E & Changli, Hebei HMS8 1175 2 K¢ Huimin, Shandong
CL17 ElA=F 4 Changli, Hebei HM9 AR Huimin,Shandong
CL18 ML E % Changli, Hebei LK1 11 %< £ 11 Longkou, Shandong
CL19 Wk E 2 Changli, Hebei LK2 [ yAN| Longkou, Shandong
FN2 YL T Funingi, Hebei LK3 11 Z<£ 1 Longkou, Shandong
FN3 AT Funingi, Hebei LK4 iy AN Longkou, Shandong
FN4 HLAET Funingi, Hebei LK41 1145 £ 1 Longkou, Shandong
FN8 VA ALPE T Funingi, Hebei LK42 1175 JE 1T Longkou, Shandong
QLI19 AL I Qinglong, Hebei LK5 11 4J¢ 17 Longkou, Shandong
QL20 LT e Qinglong, Hebei LK51 11 Z<JE T Longkou, Shandong
QL21 AL I8 Qinglong, Hebei LK52 11408 17 Longkou, Shandong
QL24 b JE Qinglong, Hebei LK6 11 Z5JE T Longkou, Shandong
QL28 AL ¥ Qinglong, Hebei LK61 11 4J8 17 Longkou, Shandong
QL32 bR I Qinglong, Hebei LK7 1175 £ 11 Longkou, Shandong
MC W (T) S FE3M Mianchi, Henan LK9 1 }'FJE I Longkou, Shandong
NGl . . LK10 1175 £ 11 Longkou, Shandong
MC10 Henan (7) TRt Mianchi, Henan N
- At i : ; LK11 11 4J¢ 17 Longkou, Shandong
MC6 [ FFWEE Mianchi, Henan N
N et . LK12 114 J¢ 11 Longkou, Shandong
103XY7 MR {EPH Xinyang, Henan N
¥ oe . LK13 11 Z<JE 1 Longkou, Shandong
YX3 WF{E A Xinyang, Henan N
N o . LK14 114 4% 11 Longkou, Shandong
YX5 {5 PH Xinyang, Henan LKI5 %45 [T Longkou. Shand
YX7 115 P Xinyang, Henan e ongrou, Snancong
? MY5 IIZR5¢ A Mengyin, Shandong
HLD10 (1) 1T F#Hi  Huludao, Liaoning MY7 A 52 Mengyin, Shandong
HLD11 Liaoning (11) i1 7581 &% Huludao, Liaoning MY8 IIZR5¢ A Mengyin, Shandong
HLD14 i FH#i ™ % Huludao, Liaoning MY9 A 52RA Mengyin, Shandong
HLD17 iLT#M 5 Huludao, Liaoning PL3 IR Penglai, Shandong
HLD18 i F#i % Huludao, Liaoning PL4 IR EEE Penglai, Shandong
S73 1L 742 Suizhong, Liaoning PL5 111 7:3% 3 Penglai, Shandong
SZ5 e Suizhong, Liaoning 210PY1 1 453 Pingyin, Shandong
XC21 1L T 2% Xingcheng, Liaoning 210PY2 11 Z:FF Pingyin, Shandong
XC22 1Tk Xingcheng, Liaoning 212PY5 1 453 Pingyin, Shandong
XC27 1T 2488 Xingcheng, Liaoning PY1 11 Z:FF Pingyin, Shandong
XC49 10Tk Xingcheng, Liaoning QX11 IE R Qixia, Shandong
1DE2 114:(59) 114 =B Dongk, Shandong QX12 i ;ijiﬂjié Q%x%a, %handong
QX13 I Z-MES Qixia, Shandong
IDE6 Shandong (59) INZRARBT DongF, Shandong " TR
N . TS1s 11 7:Z&11] Taishan, Shandong
2DE1 AR A< ] DongE, Shandong . = !
TS16 11722111 Taishan, Shandong
DE INZRZRFT DongF, Shandong TSk 1175 4211] Taishan, Shandong
DE2 11 Z< =B DongE, Shandong g ?
DE21 LAY DongE, Shandong SXDLI8 L (5) LIPS Daliang, Shanxi
DE3 I Z< 5B DongE, Shandong X . .
SXDL4 Shanxi (5) [ipers Daliang, Shanxi
DE6 11 Z: 2R BT DongE, Shandong o .
L2 SXWRRT15 1IP577 %€ Wanrong, Shanxi
HM1 1145 B Huimin, Shandong o~ .
. SXWRRT25 HIVEPIE S Wanrong, Shanxi
HM18 LA F Huimin, Shandong SXWRRT31 U175 774 Wanrong, Shanxi
HM2 1145 B K Huimin, Shandong - &
HM22 LIZK #{ R Huimin, Shandong SSXDL25 PPt (4) PP K7 Dali, Shaanxi
HM24 114 B K Huimin, Shandong SSXDIL4 Shaanxi (4) e 7G K35 Dali, Shaanxi
HM25 17X 2R Huimin, Shandong YNI1 BRPYAER Yannan, Shaanxi
HM26 1145 B K Huimin, Shandong YN32 BEPGLAER Yannan, Shaanxi
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Table 2 The sensitivity level of B. dothidea isolated from different provinces in
China to thiophanate—methyl, captan and metiram

AR A Fungicides B (BUH ) Provinces(numbers)  ECs i [l Range of EC5/(mg-1.™") ECsy P J{H PR Mean+SE BRRE CV
P BERR I R 11175 Shandong(59) 0.814 5~10.700 8 3.480 5+0.250 6 a 0.5529
Thiophanate—methyl 4t Hebei(20) 1.056 4~5.774 1 3.127 4+£0.2459 a 0.3516
LT Liaoning(11) 1.658 5~4.402 4 3.131 1£0.239 6 a 0.253 8
71 Henan(7) 1.271 1~8.128 0 3.591 1£0.842 7 a 0.620 8
11175 Shanxi(5) 1.5143~4.773 7 3.305 6+0.627 3 a 0.424 3
7Y Shaanxi(4) 1.763 4~3.681 8 2.983 1£0.427 4 a 0.286 6
23 Total (106) 0.814 5~10.700 8 3.357 9+0.160 7 0.492 7
SLIE S 11175 Shandong(59) 2.865 4~27.009 5 10.320 5+0.632 6 a 0.470 8
Captan [t Hebei(20) 1.672 2~18.454 9 11.103 9£1.059 0 a 0.426 5
117 Liaoning(11) 3.101 3~15.173 6 8.2603+1.157 7 a 0.464 8
71 Henan(7) 6.457 4~38.487 3 14.921 3+4.340 2 a 0.769 6
11175 Shanxi(5) 3.4112~15.726 1 9.947 0£2.057 1 a 0.462 4
P4 Shaanxi(4) 4764 1~17.015 1 10.150 3+2.544 8 a 0.501 4
23T Total (106) 1.6722~38.487 3 10.534 3+0.527 7 05188
FRARIK 11175 Shandong(59) 1.276 3~32.132 4 15.090 1£0.938 7 a 0.477 8
Metiram Tt Hebei(20) 3.290 5~23.259 8 14.673 4+1.491 4 a 0.454 5
LT Liaoning(11) 1.327 7~31.248 8 17.042 6+2.596 1 a 0.505 2
TR Henan(7) 2.396 3~23.477 3 13.926 9+3.139 0 a 0.596 3
11175 Shanxi(5) 4.024 7~27.408 7 17.667 6+4.032 8 a 05104
P74 Shaanxi(4) 17.730 8~25.519 6 21.795 9+1.602 9 a 0.147 1
S5 Total (106) 1.276 3~32.132 4 15.5119£0.710 7 0.4717
T [RAEE 5 /NS FREFOR T SNK KRGS 16 P=0.05 7K 1125 5 1k
Note: The small letters within a row indicate a difference at at P=0.05 level using the Student Newman Keuls (SNK) test.
_ IH Mean=10.268 1
w0 . BJ{ Mean=3.357 9 35 ﬁgf;ng L1 3
— [\ otd. Dev.=4.
FRUENRZE Std. Dev.=1.646 8 30t %.m;k;"; -
e h umber=
z 40 r L BEFREC Number=106 = 25
g B ’ =
=30 ¢ . 20 , X
=50 | . =I5 h N
z:i' J . ;‘:%i 0F ’ k
10 - N, ) | .
. . 5 -

0.00 1.22 2.44 3.66 4.88 6.10 7.32 8.54 9.76 10.98
ECs/(mg-L™)
FETERE (1.22) 245 18 Scott AR .
The bin width of 1.22 was calculated by Scott’s rule.
B 1 ERBLUREXPEGERGRERNNES S
Fig. 1 The frequency distribution of sensitivity of 106 B.
dothidea isolates to thiophanate—methyl by EC;, values

0.00 3.49 6.98 10.47 13.96 17.45 20.94 24.43 27.92
ECs/(mg-L™")
FETELE (3.49) 245 ] Scott FYAZITITIRTS .
The bin width of 3.49 was calculated by Scott’s rule.
B2 FREGREXEEAHRERIES
Fig. 2 The frequency distribution of sensitivity of 105 B.
dothidea isolates to captan by ECs, values
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W TE SRR S0 45 R R W, 2 10 7K 95% B
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Sk FE ] S 2R %8 800 B A 22 A K AR AR B 1 ARk
FLk

4l Mean=15.5119
FRUEM 2% Std. Dev.=7.282 0
FREL Number=106

a0 ¢
35 f
= 30 ¢ '
=
g 5t
g
E 20
st
10 *
5 _|
0
0.00 540 10.80 1620 21.60 27.00 32.40

ECS\}/(mg . T:I)
FETEIE (5.40)J2F% I8 Scott AU AR .
The bin width of 5.40 was calculated by Scott’s rule.
B3 FERBLRBERHREBEERNRES T
Fig. 3 The frequency distribution of sensitivity of 106 B.
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