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Table 1. Diseases incidence on leaves, stems and pods of soybean in farmers’ fields

No. of fields No. of plants % of fields with diseases
Year? . aated ined?

investigat examinel Ps.© Mo. Dm. Ph Bp.
1979 105 2855 21.7 23.3 24.3 48.1 -9
1980 100 4300 52.9 24.2 46.8 61.9 21.0
1981 79 2335 13.9 21.5 36.7 44.3 25.3
1982 73 1730 19.2 24.7 28.8 61.6 20.5
1983 28 700 11.1 7.1 17.9 21.4 10.7

% of diseased plants

Year

Ps. Mo. Dm. Ph. Bp.
1979 12.6 2.2 9.5 33.6 S
1980 36.1 7.3 24.8 30.7 6.1
1981 3.9 5.6 13.6 23.3 9.7
1982 4.2 9.5 13.5 51.3 6.0
1983 3.6 6.3 14.1 5.1 3.4

a) The same fields were investigated three times from beginning of Jul. to beginning of Nov. in 1979. Table showed the results at last
examinations. Fields were investigated once at beginning to middle of Sep. in the other years.

b) Twenty five to 50 plants were examined in each field.

c) Incidence of each disease was determined by microscopic observation of conidia of causal pathoges on some sampling lesions
(Ps.: Purple stain of soybean, Mo.: Mosaic, Dm. Downy mildew, Ph.: Disease caused by pkomopsis spp, Bp.: Bacterial pustule).

d) Examinations were not carried out.
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Table 2. Diseases incidence on seeds of soybean in farmers’ fields

Year? No. of fields No. of plants No. of pods No. of seeds
investigated examined? examined examined®
1979 105 668 54633 103558
1980 100 676 39496 74923
1981 82 599 40529 70183
1982 76 651 37782 68452
1983 32 191 10658 18599
% of fields with diseases % of diseased seeds
Year .
Ps.? Mo. Dm. Ps. Mo. Dm.
1979 93.3 20.0 49.5 8.2 0.8 0.7
1980 82.0 20.0 80.0 8.7 0.6 4.4
1981 61.0 11.0 64.6 3.2 1.2 1.1
1982 43.3 9.9 65.8 0.4 0.1 1.1
1983 50.0 3.1 62.5 1.2 0.0 1.3

a) Plants were harvested from beginning of Oct. to beginning of Nov. in every year.

b) Five to 10 plants were examined in each field.

¢) Disease incidence on seeds was examined after drying up plants in glass house. Only
mature seeds were examined.

d) Ps.: Purple stain of soybean, Mo.: Mosaic, Dm.: Downy mildew.
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Table 3. Disease incidence on leaves, petioles, branches and pods of soybean under cultivation sown diseased (purple stained)

and symptomless seeds

No. of lesions

Observation frequencies of causal pathogens (%)

Seeds sown examined
Ps.® An Ph. My. Bp. Bb. Unidentified
Diseased 2,000 88.7 6.5 0.8 0.3 1.0 0.2 2.5
Symptomless 500 6.4 20.8 4.0 3.8 1.8 1.2 62.0

a) Ps.. Purple stain of soybean, An.: Anthracnose, Ph.: Disease cause by phomopsis spp, My.: Disease caused by mycosphaerella sojae,

Bp.: Bacterial pustule, Bb.: Bacterial blight.
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Table 4. Disease incidence on seeds caused by purple stain of soybean in farmers’ fields cultivated under different
environments

Cultivation environments No. of fields 9% of fields with No. of seeds 9% of diseased
examined diseased seeds examined per field seeds
Sowing date
Before June 30 33 90.9 1036.2 11.7a®
After July 1 30 66.7 1002.2 3.4b
Location of the field
Near mountain 33 93.9 915.0 11.2a
Mid in plain 32 96.9 1108.8 5.5b
Occurrence of disease on
leaves in early July
Present 23 100 1042.3 11.1a
Absent 82 47.6 1057.0 3.1b
Chemical spray
Not sprayed 70 95.7 1038.7 8.3a
Sprayed 13 76.9 968.7 2.4b
Harvesting date
Before Oct. 20 21 81.0 1362.8 5.8a
Oct. 21 to 31 37 100 946.2 8.5ab
After Nov. 1 47 100 936.8 10.5b
Field condition
Converted paddy field 45 95.6 995.6 9.1a
Ubpland field 17 94.1 1049.9 5.6b
Cultivating region
Southern part of Pref. 13 100 1018.0 9.8a
Middle part of Pref. 33 97.0 1014.0 8.6a
Northern part of Pref. 24 91.7 1082.7 7.3a
Variety
Chutetsupou 7 100 1081.6 4.8a
Akishirome 51 78.4 1452.4 3.5a
Shirotae 12 75.0 1582.8 5.3a

a) Numbers followed by the same letter in each environment are not significantly different at P=0.05 according to Student’ t-test.
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Fig.3. Progress of purple stain development on soybean during cultivation
(—: cotyledon, —@ : primary leaf, — A : 1st to 5th leaf,
-=-A : 1st to 5th leaf’s petiole, —M : 6th to 10th leaf,
---[] : 6th to 10th leaf's petiole, —@ : 11th to 13th leaf,
- 1 11th to 13th leaf’s petiole, —W¥ : pod).
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Fig.4. Progress of purple stain development on soybean during cultivation
(—@ : primary leaf, — A : 1st to 5th leaf,
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Fig.9. Incidence of infected and diseased seeds caused by purple stain of soybean during seed development stages.
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Fig.10. Over-wintering of pathogen, Cercospora kikuchii, on diseased plant residues (petioles) of soybean.
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Fig.12. Distribution of plants with diseased leaves infected by purple stain of soybean in field
( @ : infection source, * : infected plants, o:healthy plants).
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Fig.13. Upper-most nodes on soybean stem with diseased leaves infected by purple stain of
soybean ( [] : average of all the infected plants in field, B : average of infected plants
growing within 1m from an infection source).
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Fig.14. Distribution of plants with diseased pods infected by purple stain of soybean in field
( @ :infection source, * :infected plants, o: healthy plants).

Table 5. Disease incidence on seeds of respective soybean plants growing at different distance from an infection source

Distance from an No. of plants No. of pods No. of seeds 9% of diseased Disease severity
infection source examined examined? examined seeds on seeds”
Less than Im 104 5,200 10, 866 14.82° 0.243a
Between 1 and 2m 218 10,900 23,711 12.6a 0.212a
More than 2m 141 7,050 14,474 12.7a 0.226a

a) Fifty pods were harvested from each plant. b) Following criteria of Suzuki®®. ¢) Numbers followed by the same letter are not
significantly different at 5% level according to Duncan’s multiple range test.
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Table 6. Disease incidence on seeds of respective soybean plants whose leaves were first diseased at each indicated periods

Date of first occurrence No. of plants No. of pods No. of seeds 9% of diseased Disease severity
of disease on leaves examined examined? examined seeds on seeds”
Jul. 5toJul. 25 141 7,050 14,892 14.0a° 0.236a
Jul. 26 to Aug. 22 90 4,500 9,243 13.6a 0.234a
Aug. 23 to Sep. 19 199 9,950 21,160 13.0a 0.220a
Sep. 20 to Oct. 11 33 1,650 3,756 10.4a 0.175a

a) Fifty pods were harvested from each plan_t. b) Following criteria of Suzuki®®. c¢) Numbers followed by the same letter are not
significantly different at 5% level according to Duncan’s multiple range test.
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Table 7. Disease incidence on seeds of respective soybean plants which matured at each indicated periods

Mature date No. of plants No. of pods No. of seeds 9% of diseased Disease severity
of plants examined examined® examined seeds on seeds?
Before Oct. 20 112 5,600 12,556 13.0a° 0.220a
Oct. 21 to 25 278 13,900 28,347 12.9a 0.244a
After Oct. 26 73 3,650 8,038 12.0a 0.196a

a) Fifty pods were harvested from each plant. b) Following criteria of Suzuki®. c¢) Numbers followed by the same letter are not
significantly different at 5% level according to Duncan’s multiple range test.
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Table 8. Defoliation of soybean leaves per plant during cultivation of var. Enrei in sanitation field

Defoliated leaves Defoliation period No. of defoliated leaves?
Cotyledon Jun. 24 to Jul. 11 2.0
Primary leaves Jul. 4toJul 23 2.0
1st to 3rd leaves Jul. 14to Sep.29 11.5
4th to 6th leaves Jul. 25t0Oct. 4 8.0
7th to 9th leaves Aug. 7toOct. 6 7.6
10th to 12th leaves Aug. 17 to Oct. 7 7.2
13th to 15th leaves Aug. 23 to Oct. 11 2.2

a) Seventy five plants were examined.

Table 9. Defoliation of soybean leaves per plant during cultivation of var. Akishirome in sanitation field

Defoliated leaves Defoliation period No. of defoliated leaves®
Cotyledon Jun. 24 to Jul. 12 2.0
Primary leaves Jul. 7toAug. 3 2.0
1st to 3rd leaves Jul. 14toOct. 4 19.5
41th to 6th leaves Jul. 27toOct. 9 15.8
7th to 9th leaves Aug. 8toOct. 11 13.4
10th to 12th leaves Aug.20toOct. 15 9.9
13th to 15th leaves Aug. 27to Oct. 18 4.3
16th to 18th leaves Aug. 30 to Nov. 18 0.4

a) Seventy five plants were examined.
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Fig.15. Incidence of purple stain of soybean on defoliated leaves.
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Table 10. Number of lesions formed on diseased defoliated leaves caused by purple stain of soybean in sanitation and control fields?

No. of lesions per leaf of Enrei

No. of lesions per leaf of Akishirome

Date of
investigation Sanitation Control Sanitation Control
field field field field
Aug. 16th 2.5 8.2 1.1 5.8
Sep. 12th 3.7 12.4 1.7 7.2
Oct. 11th 7.8 27.6 2.6 20.1

a) One hundred diseased defoliated leaves of each variety in respective fields were examined in each date.
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Fig.16. Progress of purple stain development on soybean leaves during cultivation.
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Fig.17. Progress of purple stain development on soybean leaves during cultivation.
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Table 11. Incidence of infected seeds and diseased pods caused by purple stain of soybean during seed development stages

of var. Enrei
Sanitation field
Date of Days after
N flowering Seed de- . 9 of dis- 9% of infect- Infection sever-
velopment? eased pods? ed seeds? ity on seeds?
Aug. 9 14 0.3 0 0 0
15 20 0.7 0 0 0
23 28 5.8 0 0 0
26 31 11.6 0 0 0
30 35 25.8 0 0.5 0.01
Sep. 3 39 40.1 0 0.5 0.01
9 45 63.0 0 1.4 0.01
13 49 76.4 0 1.2 0.01
17 53 82.0 0 2.9 0.03
24 60 92.3 9 12.8 0.17
30 66 100 33 26.7 0.52
Oct. 3 69 100 34 26.3 0.54
7 73 100 37 24.7 0.57
Control field
Date of Days after -
T T flowering Seed de- 9% of dis- 9% of infect- Infection sever-
g velopment eased pods ed seeds ity on seeds
Aug. 9 14 0.4 0 0 0
15 20 0.9 0 0 0
23 28 8.3 0 0 0
26 31 15.5 0 0 0
30 35 29.5 0 0.5 0.01
Sep. 3 39 16.1 0 1.6 0.02
9 45 64.7 2 4.1 0.05
13 49 77.3 3 6.2 0.06
17 53 86.1 15 14.3 0.17
24 60 100 26 22.2 0.44
30 66 100 62 17.4 1.36
Oct. 3 69 100 61 42.6 1.41
7 73 100 67 48.8 1.49

a) Percentage of dry seed weight to mature seeds at harvest maturity. b) One hundred pods were examined in each date. ¢) Two hundred
to 250 seeds were examined in each date. d) Following criteria of Suzuki®®,
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Table 12. Incidence of infected seeds and diseased pods caused by purple stain of soybean during seed development stages

of var. Akishirome

Sanitation field
Date of Days after
examination flowering Seed de- 9% of dis- % of infect- Infection sever-
velopment?® eased pods? ed seeds® ity on seeds?

Aug. 23 21 0.5 0 0 0
Sep.. 9 38 22.7 0 0 0

12 41 26.3 0 0.5 0.01

17 46 43.0 0 0 0

24 53 47.1 0 1.4 0.01

29 58 67.4 0 1.8 0.02
Oct. 3 62 84.4 3 2.1 0.04

11 70 100 6 1.5 0.02

14 73 100 6 2.4 0.04

17 76 100 9 6.8 0.10

25 84 100 19 6.5 0.08

29 88 100 18 9.4 0.14
Nov. 4 94 100 22 7.8 0.11

Control field
Date of Days after :
examination flowering Seed de- 9% of dis- 9% of infect- Infection sever-
velopment eased pods ed seeds ity on seeds

Aug. 23 21 0.5 0 0 0
Sep. 9 38 18.0 0 0 0

12 41 30.0 0 0.5 0.01

17 46 41.4 0 1.9 0.02

24 53 65.6 6 1.8 0.02

29 58 78.1 5 1.9 0.02
Oct. 3 62 83.4 6 3.8 0.04

11 70 100 33 6.2 0.09

14 73 100 37 7.1 0.10

17 76 100 48 21.1 0.31

25 84 100 63 21.6 0.35

29 88 100 72 24.3 0.36
Nov. 4 94 100 76 22.4 0.35

a) Percentage of dry seed weight to mature seeds at harvest maturity. b) One hundred pods were examined ineach date. c¢) Two hundred
to 250 seeds were examined in each date. d) Following criteria of Suzuki®.
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Table 13. Infection potential of Cercospora kikuchii over-wintered on the diseased plant debris

Plowed debris in previous autumn Plowed debris in this summer

seed treatment No. of plants 9 of infected No. of plants 9% of infected
examined plants examined plants
Thiram-benomyl® 300 0a° 300 0.3a
Captan® 300 0a 300 0.7a
Not treated 300 0a 300 2.0b

a) Thiram 209, Benomyl 20% wettable powder (treated with 0.3% of dry seeds weight).
b) Captan 80% wettable powder (treated with 0.3% of dry seeds weight).
¢) Numbers followed by the same letter are not significantly different at 5% level according to Duncans’ multiple-range test.
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Fig.18. Precipitation and average temperature during soybean cultivation in 1984 (.- <O : Precipitation,
---: Precipitation in average year, — (: average temperature, —: average temperature in
average year).
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Fig.19. Precipitation and average temperature during soybean cultivation in 1983 (- < : Precipitation,
-=+: Precipitation in average year, — O : average temperature, —: average temperature in
average year).
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Fig.20. Effect of chemicals for control of seed disease caused by purple stain of soybean (TWP: thiophanate-
methyl WP, TD: thiophanate-methyl D, TPN: chlorothalonil D, Box: bordeaux mixture, Cu: copper
sulfate basic D, TB: seed disinfection with thiram benomyl WP, Non: chemical free).

Table 14. Effect of chemicals for contro! of seed disease caused by purple stain of soybean

Chemicals 9 of diseased . 9% of diseased Disease severity Yield of seeds

(WP) leaves® seeds? on seeds®® per plant (g)?
Polyoxin AL 1.7a% 9.5bc 0.146b 72.8a
Bitertanol 2.0a 3.1ab 0.039a 66.6a
Isoprothiolane 1.0a 12.4cd 0.176bc 66.7a
Thiophanate-methyl 0.7a 0.ba 0.005a 64.3a
Chemical free 2.7a 17.5d 0.276¢ 52.6a

a) Three hundred leaves per treatment were examined at Sep. 21, 16 days after application of chemicals.
b) Disease incidence on seeds and yield was examined at the harvest maturity.
¢) Following criteria of Suzuki®®.

d) Numbers followed by the same letter in each column are not significantly different at 5% level acording to Duncan’s multiple range
test.
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M: Chemical free
[J: Applied 25 days after flowering
30 %/: Applied 35 days after flowering
B: Applied 45 days after flowering
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Fig.21. Effect of thiophanate~-methyl (D) applied at different time of soybean growth stages for control of
seed disease caused by purple stain of soybean in early planting.
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15k l: Chemical free
(J: Applied 15 days after flowering
%/ Applied 25 days after flowering
%%: Applied 35 days after flowering
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Fig.22. Effect of thiophanate-methyl (D) applied at different time of soybean growth stages for control of
seed disease caused by purple stain of soybean in late planting.
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5 EBHESMITR DT,

2. BEFOBRMICH T 2RFBMICLBRELUV

FRORELE

Fig24 @R L7z & 5 W EBARIC B T 2 BREEFO
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Fig.23. Effect of thiophanate-methyl (wp) applied at different time of soybean
growth stages for suppressing of conidial formation of Cercospora kikuchii
on diseased defoliated petioles ( [ : applied at flowering, & : applied 30
days after flowering, % : applied 50 days after flowering).
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—}—:Chemical free
—A—:Applied at flowering

15k —(O—:Applied 30 days after flowering
—O—:Applied 50 days after flowering
—%—:Applied 70 days after flowering
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Fig.24. Disease incidence on seeds caused by purple stain of soybean during seed development after
applying thiophanate-methyl [ O, A, O, <{:, ¥ :infected seeds without symptoms, ll, A, @,
& , ¥ : diseased seeds (seeds with purple discolorations), O---, -+, ¥¢-: infected seeds without

symptoms before application].
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9 B T4, 9 [EEAX TR0 A EEERC AR

DEENEER DDz, Tablels KRLE LS,
10A20B DRETI, FWHAXB LU 1~ 4 HHEAAXT
iX, TCRIRERENI0%ICEL, REE (BI5AE,
V16) ¥ TEIRSERLE, —F, 6EB LTI HE
TR DRREEIISOBEECBE T, EAEADELED
EFREFNEI~10FE (V10.2) BIUEE~THE

(V7.8) Th-ole,

B B 1 T ORKIMEGR 2B 2 »iho
BAFX b EbDTEERT, 1~ 9 HEAFROMOHFE
FEPIEMATFBECHEESRD Shaholz,

9 EIEAFX QIR IFEBAAX B L U 1 EEm R
oD icEPolz, L, 3~ 6 HEEAROINEIZHE
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Table 15. Effect of frequency of thiophanate-methyl (WP) application for control of disease caused by purple stain of

soybean
Upper most
No. of plants 9 of diseased No. of seeds 9% of diseased
No. of applications nodes with
examined ? plants ? examined ¥ seeds?
diseased leaves ¥
9 60 56.7a% 7.8a 667 0.9a
6 60 51.7a 10.2b 693 0.1a
4 60 100b 16.0c 718 0.4a
3 60 100b 16.0c 713 0.6a
1 60 100b 16.0c 723 2.1a
0 60 100b 16.0c 766 26.1b
Diease severity No. of plants Yield of seeds Weihgt of
No. of applications
on seeds ? examined P per plant (g)? 100 seeds (g) ®

9 0.011a 27 86.0a 33.0a

6 0.001a 27 81.5ab 31.2b

4 0.004a 27 80.9ab 31.0b

3 0.010a 27 80.6ab 31.9ab

1 0.028a 27 75.3b 28.6¢

0 0.463b 27 73.0b 28.0c

a) Examinations were carried out at Oct. 20, about 10 days before harvest maturity. The expression of upper most nodes with diseased

leaves was followed by the criteria of Fehr et al®.

b) Examinations were carried out at harvest maturity. The expression of diseased severity on seeds was followed by the criteria of

Suzuki®.

¢) Numbers followed by the same letter in each column are not significantly different at 5% level according to Duncan’s multiple range

test.



47

SES5E FA 7 7 R— b AFIIAOEEL & ERIMEEOHR

INETORENS, FA7 73— b AFAHIRS 1
AETF ORI LEN:BREIRER T I Ltbdo
7eo LtnL, EHZS 1 XSO L OFEYORIRE
X amEEBERTADICLIELVIEERASRTH S,
AF T 2 EHARMEFEOHRBBEC > TWL
B3N UJzdSo T, 54 XEBR OB &K %
AT 3%l TREEOHBROMER 2 ER L 21
gk oBw, £2T, ¥4 7 72— XFVEOBAMA
EE A EOHE I RIZTEREHS 2T H 7
DRBEERHL o,

e L UHE

¥4 ARPEADI9854E10A31H i, HIEOBRRIZHD
FEX (1 KL47- D 15~20DBRER) » 5 EH/RIC
R L-50DERZIRE LT, 1 FBREND» > 1IRHE2
MIEAEY, 1RE»5 1Bk, SOBERY7 D508
BeaERic L ) Bla 7oL /18, 19865F 2 ~ 3 Hicimt
HERECHR L. BRERF T 772 - A F VAR
0, 1.4, 2.8, 5.5, 11.0, 22.0, 44.0, 88.0, 175.0,
350.03 & U 700.0ppm OWE W B B L S CHEML 7z

PSA sz MR R BIR L, 25°CT10~15HMs®
BEE S DEBOEEI L > TiTod, kB, #4177
A2 — b AFNARFROYEFERE TDH S 700ppm ZHML
T ECEE T A EREMER t e Lz, MEE3
RETEML 1 BHEERF CHEFT LBk HE 1
EL,

s R

Table 16 RRL7zLIi12, FF77F—bAF MK
FI#l D 467ppm #E (102 25 130~2501 BAfG) EHIEDOHR
BEHEEA 9 [\ B Vi 6 [EIEE L7 574 XERORHE D
SHEELT-EBRDS B, ThThldEk (28%) 8L U
2B (4 %) PEH D 700ppm 2EINL 285 ETE
Bl —H, BIEDFI 7 72— b X FVARF OB
AEES 4 EL T ORED 598 L T OEK,
AR ZHEMU B ECTEF L kdbofz, LedoT,
FAT7 7 A= b RAFNVEDY 4 REFH BT S 6 EEL
LML, FFCHTLHEELHEEES Z L
STt (BRRIV),

Table 16. Effect of frequency of thiophanate-methyl (WP) application on development of resistant strains of Cercospora

kikuchii

Amount of thiophanate-methyl

No. of No. of

(ppm) added to PSA 9% of

applications isolates

2.8

resistant strains
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(EEMBEFEDI.IUHK) %, 198656 H12HIZ 5 A
ARIEHIEE OREFBF O IR ICHBL 1, TR
kBRI, FIECF A7 72— b AFVKFIFEE 9 EH
B LT 51 AR EREHFTTREL, TOHEIHIT X
5 TEmER (B2, EMB X UL ) 2HERAL TITo 72,
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Table 18 CIRERFH BT 254 ABFORKREY
wLlz, BHEZEEL ISR, FEBHCLY
BETORRHEL  Fl s nEE L RS/ o iz,
—7%, MEEZEELZZH TR, BHBMAX & EH6R
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BRI 54 XZEE L 514 ABFORBRE» S, i
HEIZ X 2RWCH L TRFA 7 7 32— b A FOVKRIH
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Table 17. Efficacy of thiophanate-methyl (WP) disease control on leaves infected by resistant strains of Cercospora kikuchii

Plants inoculated with Plants inoculated with
resistant strains sensitive strains
Date of Number of
examination leaves examined % of diseased leaves 9% of diseased leaves
Chemical treatment ~ Chemical free Chemical treatment  Cheimnical free
Sep. 9 720 1.7a% 5.0b 7.9a 11.3b
16 720 3.2a 5.0b 5.4a 11.7b
22 720 5.8b 3.8a 20.4a 40.8b
29 720 5.4b 3.8a 71.3a 100b
Oct. 8 720 9.6a 7.9a 100a 100a
13 720 5.8a 12.5b 100a 100a
22 720 10.8a 10.8a 100a 100a

a) Numbers followed by the same letter between chemical treated and not at each date of respective strains are not significantly different

at 5% level according to Duncan’s multiple range test.
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Table 18. Efficacy of thiophanate-methyl (WP) disease control on seed infected by resistant strains of Cercospora kikuchii

Total number of seeds and percentage of diseased seeds

Date of Plant inoculated with Plant inoculated with
examination resistant strains sensitive strains
Chemical treatment Chemical free Chemical treatment Chemical free
Nov. 18 659 4.9%a® 692 4.7%a 737 15%a 693 23.7%b

a) Numbers followed by the same letter between chemical treated and not of respective strains are not significantly different at 5% level
according to Duncans’ multiple range test.
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Table 19. Development of thiophanate-methyl-resistant strains of Cercospora kikuchiiin the field

e No. of fields 9% of fields with No. of isolates 94 of resistant
examined resistant strains examined strains
Takada county 3 0 30 0
Mitsugi county 5 60.0 50 6.0
Kamo county 6 66.7 60 10.0
Higashihiroshima city 5 20.0 50 2.0
Mihara city 2 0 20 0
Hiroshima city 2 0 20 0
Takehara city 4 50.0 40 5.0

Total 27 40.7 270 44
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Ecology and Chemical Control of Purple Stain Caused by
Cercospora kikuchii on Soybean Seed

Yasufumi Sakai

Summary

Since soybean (Glycine max Merr.) cultivation in the converted paddy fieldes was recommended, its cultivation
area remarkably increased from the late of 1970s. Along with the increase of cultivation area, diseases occurrence
became the serious problem for soybean production. The occurrence of mosaic, bacterial pustule (Xanthomonas
campestris pv. glycinea (Nakano) Dye), purple stain of seed (Cercospora kikuchii Matsumoto et Tomoyasu) and downy
mildew (Peronospora manshurica (Naumov) Sydow ex Gédumann) was observed everywhere in Hiroshima Prefecture.
Among these diseases, purple stain of seed caused the severest damage to soybean in Hiroshima Prefecture.
Although the disease affects every organ on soybean, the most serious damage is to discolored seed coat purple and
objectionable in market. The disease symptoms, except for the characteristic ones on seeds, were not easily
distinguished by naked eye from those of other spot disease. To clarify the progress of purple stain of soybean from
the germination stage to harvest stage, conidial formation of causal pathogen in the sampled lesions was observed
under the microscope in this studies.

these studies were carried out to develop the effective control methods for the disease on seeds, purple stain of
‘soybean, based on cultural and chemical control measures.

1. Ecology of purple seed stain of soybean

1) Disease incidence on soybean seeds in farmers’ fields under different culture environments
The disease incidence on seeds in early sowing fields (sown before July) was severer than that in late sowing
ones (sown after July). The diseased seeds were more in fields situated near mountainous area than those in plain
fields. The occurrence of disease on leaves in early July significantly promoted the spread of seed infection. The
diseased seeds, however, was remarkably depressed in chemical sprayed fields. There was little difference of the
disease incidence on seeds among harvesting dates and between converted paddy fields and upland fields. No

significant differences in the level of disease incidence on seeds was found among cultivating regions and varieties.

2) Progress of disease on soybean plants during cultivation

(1) When the diseased seeds were sown in field, the disease initially occurred on cotyledons and then gradually
disseminated to the newly-developed soybean organs with the lapse of time. The constant exposure of the newly-
developed organs to dispersed conidia from already infected organs allowed infection to continue.

(2) Although the manner of disease dissemination was the same in both early and late-sowings, the degree of
infection on each organ was severer in the early-sowing. The results of our field experiment study as well as those
of the farmers’ fields’ survey strongly indicate that the late-sowing of soybean could be a promising cultural practice
for the control of purple stain of soybean.

(3) When the diseased seeds were sown in field, the incidence of infected seeds was first observed at about 40
days after flowering (seed development 40 to 609%). The number gradually increased thereafter to reach the
maximum at 70 to 75 days after flowering (10 to 15 das before the harvest stage, seed development 1009).

(4) The diseased seeds, i. e., the purple discolored seeds were first observed at about 70 days after flowering
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(about 20.days before the harvest stage, seed development 10094). They rapidly increased within 10 days. From these
facts, it is apparent that the symptom on infected seeds, purple discoloration on seeds, does not appear with the
passage of latent period of disease but rather appear within few days after the time when seeds develop into almost
full sized green beans and their water content decreases physiologically, irrespective of the infection time.

(5) The incidence of infected and diseased seeds was influenced by seed development stages. It seems,
therefore, that the progress of infection and disease on seeds in relation to their development stages, as well as to the

number of days after flowering is necessary.

3) The pathogen overwintered as stromata on the lesions of diseased plant debris left on field. Plenty of
conidia were produced on some of these debris even in the next spring. However, the diseased plant debris were
plowed under just after the harvest of previous soybean, most of them decomposed until the next spring and the
pathogen on them survived extremely little.

2. Control of seed disease caused by purple stain of soybean

1) Cultural control of purple stain of soybean

(1) The disease spread from a diseased plant (a single infection source) to the healthy plants

In the cultivation that the disease free seeds contaminated with a diseased seed (an infection source) were sown
in field, the disease dissemination delayed and the disease incidence at the early epidemic stages was slight
compared to that in sowing the diseased seeds.. However, the disease spread from an infection source to healthy
plants, the diseased plants gradually increased around an infection source. At the beginning of pod and seed
development stages, many plants were infected and had many diseased leaves. Because these leaves became the
infection sources for pods and seeds, they were infected severely at the harvest stage like the case sown disaesed
seeds.

It is apparent from this result that sowing the disease free seeds is an important cultural control measure for
purple stain of soybean.

(2) Infection from diseased defoliated leaves, infection sources, during cultivation

In soybean cultivation where diseased defoliated leaves were removed from field, the disease incidence on
growing leaves, pods and seeds was remarkably suppressed comparing to ordinary cultivation where diseased
defoliated leaves were left in the field. Since the removal of defoliated leaves from field is not practical, covering
them with soil during weeding and intertillage is considered to be a viable cultural control measure for purple stain
of soybean. This practice would prevent the dispersion of conidia from diseased defoliated leaves, thus, reducing the
inoculum potential in field.

(3) Pathogenicity of the pathogen overwintering on diseased plant debris

As already stated, the pathogen overwintered as stromata on the lesions of diseased plant debris left on field.
The pathogen overwintered on these debris kept pathogenicity until the next soybean cultivation season unless these
debris decomposed. However, diseased plant debris were plowed under just after the harvest of previous soybean,
most of them decomposed until the next spring and the pathogen on them lost pathogenicity.

It is apparent from this result that plowing diseased plant debris under just after the harvest of previous soybean

is an important cultural control measure for purple stain of soybean.

2) Chemical control of purple stain on soybean seed

(1) Thiophanate-methyl protected seeds from infection by the pathogen of purple stain of soybean. It also had
a curative effect by killing the internally borne pathogen in the infected seeds or by suppressing its growth below the
level necessary to develop the purple discolorations and controlled the disease on seeds through harvest stage. The
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results of infection time and rate of seeds, residual effect and mode of action of thiophanate-methyl indicated that a
one-time application between 15 and 50 days after flowering significantly suppressed disease incidence on seeds
through harvest stage. As already stated, the incidence of infected and diseased seeds was closely relates to seed
development stages. Therefore, it is necessary to express the optimum timing of chemical application according to
‘the seed development stages along with the days after flowering.

(2) More than six applications of thiophanate-methyl during the soybean growing period stimulated the
development of resistant strains. The disease on leaves and seeds infected with the resistant strains was not
suppressed by thiophanate-methyl. Therefore, the application of thiophanate-methyl needs to be restricted to one
properly timed application in a cultivation season to avoid the development of resistant strains.

(3) Isolation frequencies of thiophanate-methyl-resistant strains of Cercospora kikuchii in farmers’ fields of
each location ranged from 0 to 109 with an average of 4.4% of the total sampled isolates. However, the resistant

strains were distributed over a fairly wide area in Hiroshima Prefecture.

Cultural control measures, such as sowing disease free seeds, plowing under diseased plant debris immediately
after harvest and covering the diseased defoliated leaves with soil during weeding and intertillage, are effective to
suppress the disease incidence on seeds, purple stain of soybean. Late-sowing of soybean is also a promising cultural
practice for the control of purple stain of soybean. The effect of thiophanate-methyl seems to be enhanced in

combination with these cultural control measures.
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