
',"/ FN -AA- 1146
 

SOURCES OF RESISTANCE TO 
SELECTED FUNGAL, BACTERIAL, 
VIRAL AND NEMATODE DISEASES OF SOYBEANS 

0. Tisselli, J. B. Sinclair and T. Hymowitz 
Departments of Agronomy and Plant Pathology 

L,
 

nlern tii all 111
S,,y'i,,n Pro g)ram, 


International Agricultural ?ublications 
INTSOY Series Number 18, December, 1980 

COLLEGE OF AGRICULTURE 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 



TABLE OF CONTENTS
 

Page
 

I. INTRODUCTION ....... ... .. ................................. 1
 
II. FUNGAL DISEASES .... ... ... .. ............................... 5
 

Brown Spot (Septoria glycines) ..................... 7
 
Brown Stem Rot (PhiZaphora gregata) ......... ................... 10
 
Downy Mildew (Peronospora manshurica) ...... .................. .... 13
 
Frogeye Leaf Spot (Cercospora sojina) ...... .................. .... 28
 
Phytophthora Root and Stem Rot (Phytophthora megasperma var. sojae) . . 39
 
Purple Seed Stain (Cercospora kikuchii) ..... ..................... 60
 
Pythium Root Rot (Phythium spp.) .................... 63
 
Soybean Rust (Phakopsora pachyrhizi) ...... ..................... 66
 
Sclerotinia Stem Rot (ScZerotinia sclerotiorum) ... ................. 71
 
Sclerotium Blight (Sclerotium ioZfsii) ...... .................... 74
 
Diaporthe Stem Canker (Diaporthe phaseolorum var. caulivora) ... ...... 77
 

III. BACTERIAL DISEASES ....... .... .................................. 81
 

Bacterial Blight (Psuedomonas glycinea) ..... ..................... 83
 
Bacterial Pustule (Xanthomonas phaseoli var. sojense) .. .......... ... 88
 

IV. VIRAL DISEASES ....... ..... .. ................................ 93
 

Soybean Mosaic (Soybean Mosaic Virus) ...... .................. 95
.... 

Bean Yellow Mosaic (Bean Yellow Mosaic Virus) ....... ............... 101
 
Cowpea Chloratic Mottle (Cowpea Chloratic Mottle Virus) .... ......... 103
 
Peanut Mottle (Peanut Mottle Virus) ......... ................... 105
 

V. NEMATODE DISEASES ....... .... .............................. ... 107
 

Root-Knot Nematode (Meloidogyne spp.) ...... ..................... 109
 
Soybean Cyst Nematode (Heterodera glycines) .... ................... 113
 

VI. INDEX ...... ..... ... ....................................... 119
 

Single copies of this publication may be obtained by writing to:
 

International Soybean Program (INTSOY)
 
113 M,mford Hall
 
College of Agriculture
 
University of Illinois at Urbanbe-Champaign
 
Urbana, IL 61801 "ISA
 

Cable Address: INTSOY
 

Support for the work reported in this publication was provided by the Illinois Agricultural
 
Experiment Station, Ermpresa Brasileira de Pesquisa Agropecugria (EMBRAPA), and the United
 
States Agency for international Development under Contract No. AID/TA-C-1294. The views and
 
interpretations should not be attributed to USAID or to any individual acting on its behalf.
 



I. INTRODUCTION
 



MOAMV ME
 



INTRODUCTION
 

THE CURRENT INFORMATION on sources of re-

sistance to various soybean pathogens is 

scattered and often is contained in progress 

reports or similar publications with a 

limited circulation. Obtaining information 

about disease resistance in soybean acces-

sions may be difficult for soybean breeders, 

plant pathologists, and others-particularly 

in countries where soybeans are a new or 

expanding crop. The purpose of this publi-

cation is to provide a practical reference 

for soybean breeders and plant pathologists 

and other agricultural specialists working 

on crop diseases or engaged in teaching. 

The publication will be of assistance to 

agricultural workers in areas where the soy-

bean is a new crop or one introduced re-

cently. 


The soybean accessions (U.S. cultivars, 

F.C., P.I., or foreign strains) are listed 

alphabetically or numerically by maturity 

group (MG) from 00 to X. The U.S. soybean 

collection is divided into two parts. The 

curator of the northern collection (MG 00 

to IV) is R.L. Bernard, USDA-SEA, Department 

of Agronomy, University of Illinois at 

Urbana-Champaign, Urbana, Illinois 61801, 

USA. The curator of the southern collection 

(MG V to X) is E.E. Hartwig, USDA-SEA, Delta 

Branch Experiment Station, Stoneville, 

Mississippi 38776, USA. 


Over 100 pathogens are known to affect 

soybeans, of which about 35 are of some 

economic importance. This publication con-

siders only 19 diseases caused by 11 fungi,

2 bacteria, 1 viruses and 2 nematodes. 

There is little or no information about the 

other pathogens. A brief description of 


the importance of each pathogen with a de­
scription of symptoms and a photograph of
 
advanced symptoms are provided.
 

Generally, one or more diseases can be
 
found in fields wherever soybeans are
 
grown. A specific pathogen may be very de­
'tructive one season and difficult or im­
,ossible to find the next. Many pathogens
 
require a rather specific environment in
 
order to initiate an epidemic. Further in­
formation about the diseases of soybeans
 
may be found in the Compendium of Soybean
 
Diseases, published by the American
 
Phytopathological Society, 3340 Pilot Knob
 
Road, St. Paul, Minnesota 55121, USA.
 

The literature search was completed by
 
0. Tisselli, Instituto Agronomico Campinas,
 
Brazil, while he was a graduate student in
 
the Department of Agronomy at the University
 
of Illinois. The work was submitted as a
 
portion of his Masters of Science Degree.
 
The draft was edited and typed by Roxanne
 
Cross, Clerk-Typist, Becky Freese, Clerk-

Stenographer, and Vicki Toews, Clerk-Typist
 
in the UIUC Department of Plant Pathology.
 
Publishing ws handled by the Office of Ag­
ricultural Publications, College of Agri­
culture, UIUC, under the dire.ction of
 
editor Robert E. Smith.
 

The authors wish to thank Cecil D.
 
Nickell, Associate Professor of Plant Breed­
ing in the Department of Agronomy and Robert
 
M. Goodman, Associate Professor of Plant
 
Pathology in the Department of Plant
 
Pathology, UIUC for their helpful sugges­
tions and advise in preparing the sections
 
on Phytophthora root and stem rot and viral
 
diseases, respectively.
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BROWN SPOT
 

CAUSAL AGENT: Septor-ia gZycines Hemmi and light-brown form on the trifoliolate
 
leaves (Figure 1). The color of these
 

IMPORTANCE: Brown spot, known also as lesions gradually darkens until they become
 
Septoria brown spot, was first described in chocolate to blackish-brown. When the
 
Japan in 1915. The disease was reported as weather is cool and wet, the fungus pro­
being in the Uaited States in 1922. Brown gresses from the lower to the upper leaves,
 
spot has been reported from the most South- generally being confined to the lower two­
ern and Mid-Atlantic Coast States in addi- thirds of the plant. Late iz,the growing
 
tion to all of the Nor.h-Central States, season, leaves become rusty-brown and drop
 
where it is prevalent. Brown spot also has prematurely.
 
been reported from the cooler, soybean- Brown, lesions with irregular shapes
 
growing areas of Brazil, Canada, China, and indefinite margins form on the main
 
Germany, Italy, Japan, Korea, Taiwan, the stem, branches, petioles, and pods. These
 
USSR, and Yugoslavia. The disease can lesions range in size from small specks to
 
cause premature defoliation and some loss in areas of several square centimeters. Symp­
yield. Brown spot ismost severe when soybeans toms on these organs are not sufficiently
 
are grown continuously in the same field. distinct from those of other diseases to
 

SYMPTOMS: Brown spot is primarily a be diagnostic.
 
leaf spot disease, although seeds, stems, RESISTANCE: Differences in suscepti­
and pods of maturing plants also are in- bility among cultivars and plant introduc­
fected. Irregular, dark-brown spots- tion lines have been recorded, but no com­
varying from minute specks to areas 4 mercial cultivar with a high resistance has
 
millimeters in diameter-appear on both the been developed (Table 1). The evaluation
 
upper and lower surfaces of unifoliolate of cultivars and Plant Introductions for
 
leaves. These leaves quickly become yellow resistance to S. gZycines is not complete.
 
and drop. Adjacent lesions frequently Lines giving a resistance reaction in the
 
coalesce to form irregularly shaped blotch- greenhouse may show a susceptible reaction
 
es. Numerous lesions that are irregular in the field, and vice versa.
 

Figure 1. Septoria brown spot. Variation in leaf lesions by Septoria glycines. (LEFT)
 
scattered, small spots; (RIGHT) larger, coalescing spots causing lesions.
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Table 1. Brown spot (Septoria glycines), reaction of soybean cultivars and of plant intro­
ductions, by maturity group
 

Reac- Ref. Reac- Ref.
 
Strain MGa tionb Testc no.d Strain MGa tionb Test c no. d
 

BLACK EYEBROW II R F 15 P.I. 189923 0 MR A 3
 
LEXINGTON V MR F 15 200595 0 R A 4
 
VIRGINIA NO. 12 V R F 15 90567 I MR A 4
 
LAREDO VI MR F 15 65338 II MR A 4
 
TARHEEL BLACK VII MR F 15 68708 II MR A 4
 
TOKYO VII MR F 15 68708 II R F 3
 
BILOXI VIII MR F 15 79609 II MR A 4
 
BROWN DE MANNINOW ? R F 13 84673 II MR A 4
 
BRUNGESTO RONEST ? R F 3 86031 II MR A 4
 
CHIQUITO ? MR F 15 86069 II MR A 4
 
ISHIKARI-SHIRO I ? R F 13 87628 II MR A 4
 
JAPAN II ? R F 13 90180 II MR A 5
 
MAUTHNER SEDY MNICH ? R F 13 91114 II MR A 4
 
PAVLIKENE ? R F 13 92733 II MR A 4
 
TOKACHI-NAGACHA ? R F 13 96188 II MR A 5
 

205092 II R A 5
 
P.I. 	153252 00 MR A 3 54583 Il1 MR A 5
 

161988 00 MR A 3 79726 Il1 MR A 4
 
180524 00 R A 3 91341 Ill MR A 4
 
180525 00 MR A 3 96322 Ill MR A 5
 
153239 0 MR A 3 157416 Ill R A 5
 
153262 0 MR A 3 91153-1 IV MR A 5
 
153300 0 MR A 3 91346 IV MR A 5
 
179882 0 R A 3 96333 IV R A 5
 
189859 0 MR A 3 171431 IV MR A 5
 

a~aturity group. bR=resistant; MR=moderately resistant. CF=field study; A=artificial in­
oculation. dReference cited, by number.
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BROWN STEM ROT
 

CASUAL AGENT: Phialophora greagata (Al1ing- prominent at the nodes. The more extensive
 
ton and Chamberlain) W. Gams. 	 the discoloration, the greater the yield re­
(Syn.: 	 ductions. As the plants mature, browning
 

becomes continuous throughout the stem in

Cepha~osporium gregatum Al-	 susceptible cultivars. 
This browning can be
 
lington and Chamberlain. 	 confused with that caused by other pathogens
 

under some conditions, and so it should not

IMPORTANCE: Brown stem rot is wide- be considered as diagnostic.


spread in the Midwest and in some of the External symptoms may appear late in

Southeastern States of the United States 
 the growing season. On infected 	stems, the
 
and in Canada. The disease was first re-
 lower part turns a dull brown, followed by

ported in Illinois during 1344. 	 Brown stem 
 a sudden blighting and drying of 	the leaves
 
rot has been recorded only in the United 
 which may drop prematurely. During dry

States, Canada, Mexico, and Egypt, but may weather, about 20 to 30 days before normal
 
occur in other parts of the world. 	 maturity, the leaves may suddenly wilt and
 

Yields are reduced on infected plants. wither. Tissues between the veins turn

The extent depends on environmental condi- brown. A narrow green border may outline

tions, the cultivar used, and the strain or 
 the veins for a few days (Figure 	2B). A

strains of the causal fungus involved. The severely infected group of plants has a
 
greatest losses occur in seasons 	with acool brownish cast in contrast to the yellow­
period when the pods are filling, followed 
 green of soybean field that is maturing nor­
by hot and dry weather. Losses of 	25 percent mally.
 
or more may occur as a result of 	a redu ed RESISTANCE: Cultivars that mature

number of seeds, smaller seed size, and 1odg-
 early tend to escape infection. 	Most of the

ing by infected plants-making harvesting 
 studies on screening germplasm collections

inefficient. 
 for resistance to P. gregata have been done


SYMPTOMS: Plants infected before pod-
 under greenhouse conditions. It is diffi­
set show no external symptoms. Infection cult to make field evaluations because many

becomes apparent about midseason by an ex- other pathogens and saprophytes can cause

amination of longitudinally split stems. discolorations in the pith and stem of soy-

The stems showa dark, reddish-brown disco- beans. H. Tachibana, (personal communica­
loration of the vascular elements and pith, 
 tion, Iowa State University at Ames) reports

extending upward fromthe roots or crown (Fig-
 that two cultivars, BSR 301 and 302, have
 
ure 2A). At first, the browning extends 5 field resistance. The two cultivars are in
 
to 8 centimeters above the soil line, being maturity group III.
 

Figure 2. Longitudinally split soybean stems showing the discoloration
 
of vascular elements and pith (LEFT) and foliar symptoms (RIGHT) caused
 
bi PhiaZophora gregata.
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Table 2. Brown stem rot (PhiZaophora gregata), reaction of 
soybean plant introductions, by maturity group 

Re,11- Ref. 

Strain MGa t .'J Testc no. 

P.I. 	84946-2 IV R F,G 3,5,7,8
 

86150 IV R G 6
 

88820 IV R G 7
 

90138 IV R G 7
 

dMaturity group. R~resistant. 
 F=field study; G=greenhouse.
References cited, by number
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DOWNY MILDEW
 

CAUSAL AGENT: Peronospora rmnshurica of pods and the seed coat of the beans may

(Aoum.) Syd. ex Gaum (Syn.: P. sojae Lehman be encrusted by a whitish mass of mycelium

and Wolf). and oospores. Seeds may be partially or
 

completely covered with the encrustation
 
IMPORTANCE: The disease and its causal (Figure 3d). Oospore-encrusted seeds often
 

agent are worldwide in distribution. Downy look dull white and have cracks in the seed
 
mildew causes some defoliation, lowers seed coat. Such seeds may be smaller or lighter
 
quality, reduces seed size, and may cause in weight than normal seeds, or both.
 
yield losses of up to 8 percent. Planting infected seeds can produce
 

SYMPTOMS: Downy mildew appears on the systemically infected seedlings. The symp­
upper surface of young leaves as spots that toms first appear when plants are about 2
 
are pale green to light yellow. The spots weeks old. Light-green areas appear at the
 
enlarge into pale-to-bright yellow lesions base of primary leaves, spreading along

of indefinite size and shape depending on veins in a serrated or fan-wise manner. All
 
leaf age (Figure 3a). The lesions later trifoliolate leaves do not show symptoms.
 
turn grayish-brown to dark-brown with a Systemically infected plants remain small.
 
yellowish-green margin. On the lower leaf Their stinted leaves curl downward at the
 
surface, particularly in moist weather, the edges rad become a mottled grayish-green.

lesions are covered with tufts of grayish The tnderleaf surface is covered with typical
 
or pale-purple conidiophores. These easily mycelial gro.'h.

distinguish downy mildew from other foliar RFSIST.,, E: There are at least 3: races
 
diseases of soybeans. Severely infected of Pez)nospora manshurica. The race differ­
leaves turn yellow and finally brown, curl entitton was made using 11 soybean differ­
at the edges, and drop prematurely. entials. A large number of cultivars and
 

Pod infections may occur but may not be plant introductions have been evaluated for
 
evident externally. However, the interior resistance to the pathogen (Table 3).
 

."t. 

Figure 3. Downy mildew caused by Peronospora manshurica. (1,EFT) Symptoms on upper (L) and
 
lower (R) leaf surfaces, and (RIGHT) an oospore-encrusted seed.
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TABLE 3. Downy mildew (Peronospora manchurica), reaction of soybean cultivars and plant in­
troductions, by maturity group
 

Reac- Ref. Reac- Ref.
 
Strain MGa tionb Testc 11o.d Strain MGa tionb Testc no.d
 

I MANCHUKOTA II HS F 6
 
MUKDEN II HS F,G 6,10
 

NORCHIEF 0 R G 11 RICHLAND II S F,G 6,10,11
 
MENDOTA I R F,G 4 SENECA II HS F 6
 
PRIDESOY I HS G 11 ADAMS III HS F 6
 
MANCHU 3, WISC. II R G 10 BAVENDER SPECIAL III HS F 6
 
MUKDEN II R G 10 DUNFIELD III S G 10
 
RICHLAND II S G 10,11 GRANGER III S F 6
 
DUNFIELD III R G 10 HARMAN III S F 6
 
ILLINI III HS G 10,11 ILLINI III HS F,G 6,10,11
 
CHIEF IV R G 10 JOGUN III HS F 6
 
MIDWEST IV R F,G 4 KANRICH III R F 6
 
WABASH IV R G 11 KIM III S F 6
 
T-117 IV R G 10 LINCOLN III HS F 6
 
S-100 V S G 11 MANDELL III HS F 6
 
LAREDO VI HS G 11 MINGO III HS F 6
 
OGDEN VI HR G 11 PENNSOY III MS F 6
 
CNS VII S G 11 VIKING III HS F 6
 
F.C. 33123 VII HR G 11 CHIEF IV HS F,G 6,10
 
ROANOKE VII HR G 11 CLARK IV HS F 6
 
ACADIAN VIII HR G 11 FABULIN IV HS F 6
 

GIBSON IV HS F 6
 
RACE 2 KINGWA IV HS F 6
 

MACOUPIN IV HS F 6
 
ACME 00 HS F 6 MIDWEST IV HR F 6
 
FLAMBEAU 00 HS F 6 PATOKA IV S F 6
 
PAGODA 00 HR F 6 PERRY IV HS F 6
 
CAPITAL 0 HS F 6 SCIOTO IV MS F 6
 
EARLY WHITE WABASH IV S F,G 6,11
 

EYEBROW 0 HS F 6 DORMAN V R F 6
 
GOLDSOY 0 HS F 6 S-100 V S F,G 6,11
 
GRANT 0 HS F 6 LAREDO VI HS F,G 6,11
 
KABOTT 0 MS F 6 LEE VI HS F 6
 
MANDARIN (OTTAWA) 0 HS F 6 OGDEN VI HR F,G 6,11
 
MINSOY 0 HS F 6 PINE DELL
 
NORCHIEF 0 HS F,G 6,11 PERFECTION VI HR F 7
 
POLAND YELLOW 0 HS F 6 CNS VII MS F,G 6,11
 
BLACKHAWK I HS F 6 CREOLE VII HR F 6
 
CHIPPEWA I HS F 6 F.C. 33123 VII R G 11
 
EARLYANA I MS F 6 JACKSON VII HR F 6
 
HABARO I HS F 6 PALMETTO VII HR F,G 6,11
 
HARLY I HS F 6 ROANOKE VII HR F,G 6,11
 
KAGON I MS F 6 ACADIAN VIII HR F,G 6,11
 
MANDARIN-507 I S F 6 P.I. 171443 VI HR F 6
 
MENDOTA I HR F 6 201422 VI HR F 6
 
MONROE I HS F 6 183930 VII HR F 6
 
ONTARIO I MS F 6 200451 VII HR F I
 
PRIDESOY I R F,G 6,11 200451 VII HS F 6
 
RENVILLE I HS F 6 200527 VII HR F 6
 
SAC I S F 6
 
HAROSOY II HS F 6 RACE 3
 
HAWKEYE II HS F 6
 
KANRO II HR F 6 MANCHU 3, WISC. II R G 10
 
KOREAN II MS F 6 RICHLAND II S G 10
 
MANCHU 3, WISC. II MS G 10 DUNFIELD III R G 10
 
a~iaturity group. bHR=highly resistant; R=resistant; HS=highly susceptible; MS=moderately
 
susceptible. CF=field; G=greenhouse. dReferences cited, by number.
 

15
 



TABLE 3-CONT'D (1)
 

Reac- Ref. Reac- Ref.
 
Test no.
Strain MGa tionb Testc no.d Strain MGa tionb c d
 

ILLINI III HS G 10 WOODS YELLOW VII MS G 14,15
 
CHIEF IV R G 10 ACADIAN VIII MS G 14,15
 
T-117 IV R G 10
 

RACE 3A
 
ACME 00 HR F 6
 

MUKDEN II R G 15 FLAMBEAU 00 HR F 6
 
RICHLAND II MS G 15 PAGODA 00 S F 6
 
DUNFIELD III R G 15 CAPITAL 0 S F 6
 
ILLINI III HS G 15 EARLY WHITE
 
LINCOLN III HS G 15 EYEBROW 0 HR F 6
 
MANCHU III R G 15 GOLDSOY 0 S F 6
 
CHIEF IV R G 15 GRANT 0 HS F 6
 
PERRY IV MS G 15 KABOTT 0 S G 6
 
WABASH IV MS G 15 MANDARIN (OTTAWA) 0 HR F 6
 
DORMAN V R G 15 MINSOY 0 S F 6
 
S-100 V R G 15 NORCHIEF 0 HR F 6
 
ARKSOY VI R G 15 POLAND YELLOW 0 S F 6
 
ARMREDO VI MS G 15 BLACKHAWK I HR F 6
 
LAREDO VI HS G 15 CHIPPEWA I HR F 6
 
LEE VI MS G 15 EARLYANA I S F 6
 
OGDEN VI S G 15 HABARO I HR F 6
 
RALSOY VI R G 15 HARLY I S F 6
 
ROKUSUN VI HS G 15 KAGON I HR F 6
 
ROSE NON-POP VI R G 15 MANDARIN 507 I HR F 6
 
CNS VII HS G 15 MENDOTA I HR F 6
 
JACKSON VII MS G 15 MONROE I MS F 6
 
MAMMOTH YELLOW VII MS G 15 ONTARIO I S F 6
 
PALMETTO VII MS G 15 PRIDESOY I HR F 6
 
ROANOKE VII S G 15 RENVILLE I S F 6
 
TARHEEL BLACK VII HS G 15 SAC I S F 6
 
TOKYO VII R G 15 BANSEI II HS F 6
 
VOLSTATE VII MS G 15 HAROSOY II HR F 6
 
WOODS YELLOW VII MS G 15 HAWKEYE II HR F 6
 
ACADIAN VIII R G 15 KANRO II R F 6
 
BILOXI VIII MS G 15 KOREAN II MS F 6
 
CHEROKEE VIII HS G 15 MANCHUKOTA II S F 6
 
IMPROVED PELICAN VIII MS G 15 MUKDEN II HR F,G 6,15
 
MAMOTAN 6640 VIII HS G 15 RICHLAND II R F,G 6,15
 
OTOOTAN VIII R G 15 SENECA II R F 6
 

ADAMS III MS F 6
 
RACE 4 BAVENDER SPECIAL III HS 0 6
 

DUNFIELD III R G 15
 
MANCHU 3, WISC. II R F 14 GRANGER III MS F 6
 
MUKDEN II R G 15 HARMAN III S F 6
 
RICHLAND II R G 14,15 ILLINI III S F,G 6,15
 
DUNFIELD III R G 5,14 JOGUN III HS F 6
 
ILLINI III R G 14,15 KANRICH III HR F 6
 
CHIEF IV R G 14,15 KIM III MS F 6
 
DORMAN V R G 14,15 LINCOLN III MS F,G 6,15
 
S-100 V R G 15 MANCHU III R G 15 
LEE VI M G 5,15 MANDELL III S F 6 
OGDEN VI R G 14,15 MINGO III MS G 5 
RALSOY VI R G 14,15 PENNSOY III HR F 6
 
ROKUSUN VI HS G 15 VIKING III HR F 6
 
ROSE NON-POP VI R G 14,15 CHIEF IV HR F,G 6,15
 
CNS VII R G 14,15 CLARK IV S F 6
 
JACKSON VII MS G 15 FABULIN IV S F 6
 
PALMETTO VIl R G 15 GIBSON IV MS F 6
 
ROANOKE VIl HS G 14,15 KINGWA IV S F 6
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TABLE 3-CONT'D (2) 

Strain MGa 
Reac-
tionb Test c 

Ref. 
no.d Strain HGa 

Reac-
tionb Test c 

Ref. 
no. d 

MACOUPIN IV MS F 6 PALMETTO VII MS G 15 
MIDWEST IV MS F 6 ROANOKE VII HS G 15 
PATOKA IV S F 6 TARHEEL BLACK VII MS G 15 
PERRY IV S F,G 6,15 TOKYO VII R G 15 
SCIOTO IV MS F 6 VOLSTATE VII HS G 15 
VIRGINIA IV R G 15 WOODS YELLOW VII R G 15 
WABASH IV R G 15 ACADIAN VIII MS G 15 
WABASH TV MS F 6 BILOXI VIII MS G 15 
DORMAN V HR F,G 6,15 CHEROKEE VIII HS G 15 
S-100 V HS F,G 6,15 IMPROVED PELICAN VIII MS G 15 
ARKSOY VI R G 15 MAMOTAN 6640 VIII MS G 15 
ARMREDO VI MS G 15 OTOOTAN VIII R G 15 
LAREDO VI S F,G 6,15 
LEE VI HS F,G 6,15 RACE 6 
OGDEN VI S F,G 6,15 
RALSOY VI R G 15 MUKDEN II MS G 15 
ROKUSUN VI HS G 15 RICHLAND II R G 15 
ROSE NON-POP VI R G 15 DUNFIELD III R G 15 
CNS VII MS F,G 6,15 ILLINI III HS G 15 
JACKSON VIl HR F 6 LINCOLN III HS G 15 
JACKSON VIl MS G 15 MANCHU III MS G 15 
MAMMOTH YELLOW VII HS G 15 CHIEF IV R G 15 
PALMETTO VII HS F,G 6,15 PERRY IV MS G 15 
ROANOKE VII HS F,G 6,15 VIRGINIA IV R G 15 
TARHEEL BLACK VII HS G 15 WABASH IV HS G 15 
TOKYO VII R G 15 DORMAN V R G 15 
VOLSTATE VII HS G 15 S-100 V MS G 15 
WOODS YELLOW VII MS G 15 ARKSOY VI R G 15 
ACADIAN VIII MS F,G 6,15 ARMREDO VI MS G 15 
BILOXI VIII MS G 16 LAREDO VI HS G 15 
CHEROKEE VIII HS G 15 LEE VI MS G 15 
IMPROVED PELICAN VIII MS G 15 OGDEN VI S G 15 
MAMOTAN 6640 VIII HS G 15 RALSOY VI R G 15 
OTOOTAN VIII R G 15 ROKUSUN VI MS G 15 

ROSE NON-POP VI R G 15 
RACE 5A CNS VII HS G 15 

JACKSON VII MS G 15 
MUKDEN II R G 15 MAMMOTH YELLOW VII HS G 15 
RICHLAND II R G 15 PALMETTO VII MS G 15 
DUNFIELD III R G 15 ROANOKE VII HS G 15 
ILLINI III MS G 15 TARHEEL BLACK VII HS G 15 
LINCOLN III MS G 15 TOKYO VII R G 15 
MANCHU III R G 15 VOLSTATE VII HS G 15 
CHIEF IV R G 15 WOODS YELLOW VII MS G 15 
PERRY IV MS G 15 ACADIAN VIII R G 15 
VIRGINIA IV R G 15 BILOXI VIII MS G 15 
WABASH IV MS G 15 CHEROKEE VIII HS G 15 
DORMAN V R G 15 IMPROVED PELICAN VIII MS G 15 
S-100 V HS G 15 MAMOTAN 6640 VIII HS G 15 
ARKSOY VI R G 15 OTOOTAN VIII R G 15 
ARMREDO VI MS G 15 
LAREDO VI R G 15 RACE 7 
LEE VI MS G 15 
OGDEN VI MS G 15 ACME 00 HR F 6 
RALSOY VI R G 15 FLAMBEAU 00 HR F 6 
ROKUSUN VI HS G 15 PAGODA 00 HS F 6 
ROSE NON-POP VI R G 15 CAPITAL 0 HS F 6 
CNS VII R G 15 EARLY WHITE 
JACKSON VII MS G 15 EYEBROW 0 HR F 6 
MAMMOTH YELLOW VII MS G 15 GOLDSOY 0 HS F 6 
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TABLE 3-CONT'D (3)
 

Reac- Ref. Reac- Ref. 
Strain MGa tionb Test c no.d Strain MGa tionb Testc no.d 

GRANT 
KABOTT 

0 
0 

HS 
HR 

F 
F 

6 
6 

ROANOKE 
WOODS YELLOW 

VII 
VIl 

HR 
S 

F,G 
F,G 

6,11 
6,11 

MANDARIN (OTTAWA) 
MINSOY 

0 
0 

HR 
HS 

F 
F 

6 
6 

ACADIAN VIII HR F,G 6,11 

NORCHIEF 0 HR F,G 6,11 R.'ICE 8 
POLAND YELLOW 0 S D 6 
BLACKHAWK I HR F 6 ACME 00 HR F 6 
CHIPPEWA I HR F 6 FLAMBEAU 00 S F 6 
EARLYANA I S F 6 PAGODA 00 R F 6 
HABARO I HR F 6 CAPITAL 0 HS F 6 
HARLY I S F 6 EARLY WHITE 
KAGON I HR F 6 EYEBROW 0 HS F 6 
MANDARIN 507 I HR F 6 GOLDSOY 0 HS F 6 
MENDOTA I HR F 6 GRANT 0 HS F 6 
MONROE I HR F 6 KABOTT 0 R F 6 
ONTARIO 
PRIDESOY 

I 
I 

S 
HR 

F 
F,G 

6 
6,11 

MANDARIN (OTTAWA) 
MINSOY 

0 
0 

S 
HS 

F 
F 

6 
6 

RENVILLE I S F 6 NORCHIEF 0 HS F,G 6,11 
SAC I HS F 6 POLAND YELLOW 0 S F 6 
BANSEI II HS F 6 BLACKHAWK I HS F 6 
HAROSOY II HR F 6 CHIPPEWA I S F 6 
HAWKEYE II HR F 6 EARLYANA I HS F 6 
KANRO II HR F 6 HABARO I HS F 6 
KOREAN II S F 6 HARLY I HS F 6 
MANCHUKOTA II S F 6 KAGON I HR F 6 
MUKDEN II S F,G 6,11 MANDARIN 507 I R F 6 
RICHLAND II HR F,G 6,11 MENDOTA I HR F 6 
SENECA II HS G 6 MONROE I S F 6 
ADAMS III HS F 6 ONTARIO I S F 6 
BAVENDER SPECIAL III HS F 6 PRIDESOY I HS F,G 6,11 
GRANGER III S F 6 RENVILLE I HS F 6 
HARMAN III HS F 6 SAC I HS F 6 
ILLINI III S F,G 6,11 BANSEI II HS F 6 
JOGUN III HR F 6 HAROSOY II S F 6 
KANRICH III HR F 6 HAWKEYE iI HS F 6 
KIM III HS F 6 KANRO II HR F 6 
LINCOLN III S F 6 KOREAN II S F 6 
MANDELL III HR F 6 MANCHUKOTA II S F 6 
MINGO III S F 6 MUKDEN II S P,G 6,11 
PENNSOY III HR F 6 RICHLAND II HS F,G 6,11 
VIKING III S F 6 SENECA II HS F 6 
CHIEF IV HR F 6 ADAMS III HS F 6 
CLARK IV HS F 6 BAVENDER SPECIAL III HS F 6 
FABULIN IV S F 6 GRANGER III HS F 6 
GIBSON IV S F 6 HARMAN III HS F 6 
KINGWA IV HS F 6 ILLINI III HS F,G 6,11 
MACOUPIN IV S F 6 JOGUN III S F 6 
MIDWEST IV R F 6 KANRICH III HR F 6 
PATOKA IV HR F 6 KIM III HS F 6 
PERRY IV HR F 6 LINCOLN III HS F 6 
SCIOTO IV S F 6 MANDELL III HS F 6 
DORMAN V HR F 6 MINGO III S F 6 
S-100 V S F,G 6,11 PENNSOY III HR F 6 
LAREDO VI HR F,G 6,11 VIKING III S F 6 
LEE VI HS F 6 CHIEF IV S F 6 
OGDEN VI HR F 6,8 CLARK IV MS F 6 
CNS VII S F,G 6,11 FABULIN IV HS F 6 
F.C. 33123 VII MS G 11 GIBSON IV HS F 6 
JACKSON VII HR F 6 KINGWA IV HS F 6 
PALMETTO VII HR F,G 6,11 MACOUPIN IV S F 6 
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TABLE 3-CONT'D (4)
 

Strain Ma 
Reac-
tionb Test c 

Ref. 
no.d Strain MGa 

Reac-
tionb Test c 

Ref. 
no.d 

MIDWEST IV R F 6 RICHLAND II R F,G 6,8 
PATOKA IV HS F 6 SENECA II HS F 6 
PERRY IV HS F 6 ADAMS III S F 6 
SCIOTO IV S F 6 BAVENDER SPECIAL III R F 1 
DORMAN V HR F,G 6,8 BAVENDER SPECIAL III S F 6 
S-100 V HS F,G 6,11 GRANGER III HS F 6 
LAREDO VI HS F,G 6,11 HARMAN III S F 6 
LEE VI HS F 6 ILLINI III R F,G 6,8 
OGDEN VI HR F,G 6,8 JOGUN III S F 6 
PINE DELL KANRICH III HR F 6 
PERFECTION VI HR F 7 KIM III HS F 6 

CNS VII S F,G 6,11 LINCOLN III MS F 6 
CREOLE VII HR F 6 MANDELL III MS F 6 
JACKSON VII HR F 6 MINGO III R F 1 
PALMETTO VII HR F,G 6,11 MINGO III HS F 6 
ROANOKE VII R F,G 6,11 PENNSOY III HR F 6 
WOODS YELLOW VII S F,G 6,11 VIKING III MS F 6 
ACADIAN VIII HR F,G 6,11 CHIEF IV R F 6 
P.i. 68708 II S G 5 CLARK IV MS F 6 

171443 VI HR F 6 FABULIN IV HS F 6 
201422 VI HR F 6 GIBSON IV HS F 6 
183930 VII HR F 6 KINGWA IV HS F 6 
200451 VI R F 6 MACOUPIN IV HS F 6 
200527 VIi HR F 6 MIDWEST IV R F 6 

PATOKA IV MS F 6 
PERRY IV R F 6 
SCIOTO IV MS F 6 

ACME 00 HR F 6 DORMAN V R F,G 6,8 
FLAMBEAU 00 R F 6 S-100 V MS F,G 6,8 
PAGODA 00 MS F 6 LAREDO VI R F 6 
CAPITAL 0 HS F 6 LEE VI MS F 6 
EARLY WHITE OGDEN VI S F,G 6,8 
EYEBROW 0 MS F 6 CNS VIl R F 6 

GOLDSOY 0 HS F 6 CREOLE VII HS F 6 
GRANT 0 HS F 6 JACKSON VII S 6 
KABOTT 0 S F,G 6,8 PALMETTO VII MS F,G 6,8 
MANDARIN (OTTAWA) 0 HR F 6 ROANOKE VIl HS F,G 6,8 
MINSOY 0 S F 6 WOODS YELLOW VIl MS F 6 
NORCHIEF 0 R F,G 6,8 ACADIAN VIII S F 6 
POLAND YELLOW 
BLACKHAWK 

0 
I 

HS 
R 

F 
F 

6 
6 JRCl 

CHIPPEWA I HR F 6 
EARLYANA I HR F 6 ACME 00 HS F 6 
HABARO I R F 6 FLAMBEAU 00 HR F 6 
HARLY I MS F 6 PAGODA 00 HR F 6 
KAGON I HR F 6 PAGODA 00 RH F 6 
MANDARIN 507 I R F 6 CAPITAL 0 S F 6 
MENDOTA I HR F 6 EARLY WHITE 
MONROE I HS F 6 EYEBROW 0 MS F 6 
ONTARIO I HR F 6 GOLDSOY 0 R F 6 
PRIDESOY I R F,G 6,8 GRANT 0 HS F 6 
RENVILLE I HS F 6 KABOTT 0 HR F,G 6,8 
SAC I S F 6 MANDARIN (OTTAWA) 0 HR F 6 
BANSEI II HS F 6 MINSOY 0 R F 6 
HAROSOY II HR F 6 MINSOY 0 HS F 6 
HAWKEYE II R F 6 NORCHIEF 0 HS F,G 6,8 
KANRO II HR F 6 POLAND YELLOW 0 HR F 6 
KOREAN II MS F 6 BLACKHAWK I R F 6 
4ANCHUKOTA II R F 6 CHIPPEWA I R F 6 
4UKDEN II MS F,G 6,8 EARLYANA I MS F 6 
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TABLE 3-CONT'D (5)
 

Reac- Ref. 	 Reac- Ref.
 
c 	 d


Strain MGa tionb Test no.d Strain MGa tionb Testc no.
 

HABARO I R F 6 P.I. 183930 VII HR F 6
 
HARLY 	 I R F 6 200451 VII R F 6
 
KAGON 	 I HR F 6 200527 VII HR F 6
 
MANDARIN 507 I HR F 6
 
MENDOTA I HR F 6 	 RACE I1
 
MONROE I S F 6
 
ONTARIO I HR F 6 ACME 	 00 HR F 6
 
PRIDESOY I HR F,G 6,8 FLAMBEAU 00 R F 6
 
RENVILLE I R F 6 PAGODA 00 MS F 6
 
SAC 	 I S F 6 CAPITAL 0 HIS F 6
 
BANSEI II HS F 6 EARLY WHITE
 
HAROSOY II R F 6 EYEBROW 0 S F 6
 
HAWKEYE II R F 6 GOLDSOY 0 HS F 6
 
KANRO 	 II HR F 6 GRANT 0 HS F 6
 
KOREAN II R F 6 KABOTT 0 MS F 6
 
MANCHUKOTA II R F 6 KABOTT 0 R G 3
 
MUKDEN II HR F,G 6,8 MANDARIN (OTTAWA) 0 R F 6
 
RICHLAND II HR F,G 6,8 MINSOY 0 HR F 1
 
SENECA II S F 6 MINSOY 0 HS F 6
 
ADAMS 	 III MS F 6 NORCHIEF 0 HS F,G 6,8
 
BAVENDER SPECIAL III R F 6 POLAND YELLOW 0 HS F 6
 
GRANGFR III R F 6 BLACKHAWK I R F 6
 
HARMAN III S F 6 CHIPPEWA I R F 6
 
ILLINI III S F,G 6,8 EARLYANA I HS F 6
 
JOGUN 	 III R F 6 HABARO I R F 6
 
KANRICH III HR F 6 HARLY 	 I S F 6
 
KIM 	 III MS F 6 KAGON I R F 6
 
LINCOLN III MS F 6 MANDARIN 507 I R F 6
 
MANDELL III MS F 6 MENDOTA I HR F 6
 
MINGO III R F 1 MONROE I MS F 6
 
MINGO III HS F 6 ONTARIO I R F 6
 
PENNSOY III S F 6 PRIDESOY I R F 6
 
VIKING III S F 6 PRIDESOY I S G 8
 
CHIEF IV HR F 6 RENVILLE I HS F 6
 
CLARK IV MS F 6 SAC I MS F 6
 
FABULIN IV HR F 6 BANSEI II HS F 6
 
GIBSON IV MS F 6 HAROSOY II MS F 6
 
KINGWA IV S F 6 HAWKEYE II MS F 6
 
MACOUPIN IV HS F 6 KANRO II HR F 6
 
MIDWEST IV HR F 6 KOREAN II MS F 6
 
PATOKA IV HR F 6 MANCHUKOTA II R F 6
 
PATOKA IV MS G 8 MUKDEN II MS F,G 6,8
 
PERRY IV MS F 6 SENECA II HS F 6
 
SCIOTO IV R F 6 RICHLAND II HS F,G 6,8
 
DORMAN V HS F,G 6,8 ADAMS III HS F 6
 
S-100 V HS F,G 6,8 BAVENDER SPECIAL III R F 1
 
LAREDO VI MS F 6 BAVENDER SPECIAL III HS F 6
 
OGDEN VI HR F,G 6,8 GRANGER III R F 6
 
PINE DELL HARMAN III HS F 6
 

PERFECTION VI HR F 7 ILLINI III HS F,G 6,8
 
CNS VII R F 6 JOGUN III MS F 6
 
CREOLE VIl HR F 6 KANRICH III HR F 6
 
JACKSON VII HR F 8 KIM III S F 6
 
PALMETTO VII HR F,G 6,8 LINCOLN III S F 6
 
ROANOKE VII HS F,G 6,8 MANDELL III R F 6
 
WOODS YELLOW VII MS F 6 MINGO III HR F 1
 
ACADIAN VIII HR F 6 MINGO III S F 6
 
P.I. 	171443 VI HR F 6 PENNSOY III R F 6
 

201422 VI HR F 6 VIKING III MS F 6
 
166140 VII HR F 6 CHIEF IV R F 6
 

20
 



TABLE 3-CONT'D (6) 

Reac- Ref. Reac- Ref. 
Strain MGa tionb Test c no.d Strain MGa tionb Testc no.d 

CLARK IV HS F 6 ADAMS III S F 6 
FABULIN IV HS F 6 BAVENDER SPECIAL III S F 6 
GIBSON IV HS F 6 GRANGER III R F 6 
KINGWA IV HS F 6 HARMAN III MS F 6 
MACOUPIN IV S F 6 ILLINI III HS F,G 6,8 
MIDWEST IV R F 6 JOGUN III S F 6 
PATOKA IV R F 6 KANRICH III HR F 6 
PERRY IV HS F 6 KIM III HS F 6 
SCIOTO IV R F 6 LINCOLN III HS F 6 
DORMAN V HR F 6 MANDELL III R F 6 
DORMAN V S F 8 MINGO III HS F 6 
S-100 V HS F,G 6,8 PENNSOY III R F 6 
LAREDO VI S F 6 VIKING III HS F 6 
LEE VI MS F 6 CHIEF IV HS F 6 
OGDEN VI HS F,G 6,8 CLARK IV MS F 6 
CNS VII HS F 6 FABULIN IV R F 6 
CREOLE VII HS F 6 GIBSON IV HS F 6 
JACKSON VII HS F 6 KINGWA IV HS F 6 
PALMETTO VII HS F 6 MACOUPIN IV HS F 6 
PALMETTO VII R F 8 MIDWEST IV HR F 6 
ROANOKE VII HS F,G 6,8 PATOKA IV R F 6 
WOODS YELLOW VII HS F 6 PERRY IV S F 6 
ACADIAN VIII HR F 6 SCIOTO IV R F 6 

DORMAN V HS F,G 6,8 
RACE 12 S-100 V MS F,G 6,8 

LAREDO VI MS F 6 
ACME 00 MS F 6 LEE VI S F 6 
FLAMBEAU 00 R F 6 OGDEN VI HR F,G 6,8 
PAGODA 00 HR F 6 PINE DELL 
CAPITAL 0 MS F 6 PERFECTION VI HR F 7 
EARLY WHITE CNS VIl HS F 6 

EYEBROW 0 R F 6 CREOLE VII HR F 6 
GOLDSOY 0 HR F 6 JACKSON VII HR F 6 
GRANT 0 HS F 6 PALMETTO VII HR F,G 6,8 
KABOTT 0 HR F,G 6,8 ROANOKE VII HR F,G 6,8 
MANDARIN (OTTAWA) 0 MS F 6 WOODS YELLOW VII HS F 6 
MINSOY 0 HS F 6 ACADIAN VIII HR F 6 
NORCHIEF 0 HS F,G 6,8 P.I. 171443 VI HR F 6 
POLAND YELLOW 0 HR F 6 201422 VI HR F 6 
BLACKHAWK I MS F 6 166140 VII HR F 6 
CHIPPEWA I HS F 6 183930 VII HR F 6 
EARLYANA I S F 6 200451 VII HR F 6 
HABARO I HS F 6 200527 VIl HR F 6 
HARLY I S F 6 
KAGON I MS F 6 RACE 13 
MANDARIN 507 I MS F 6 
MENDOTA I HR F 6 ACME 00 MS F 6 
MONROE I MS F 6 FLAMBEAU 00 S F 6 
ONTARIO I HS F 6 PAGODA 00 R F 6 
PRIDESOY I HR F,G 6,8 CAPITAL 0 HS F 6 
RENVILLE I S F 6 EARLY WHITE 
SAC I MS F 6 EYEBROW 0 HS F 6 
BANSEI II HS F 6 GOLDSOY 0 HS F 6 
HAROSOY II S F 6 GRANT 0 S F 6 
HAWKEYE II S F 6 KABOTT 0 HR F 6 
KANRO II HR F 6 KABOTT 0 S F 8 
KOREAN II HR F 6 MANDARIN (OTTAWA) 0 S F 6 
MANCHUKOTA II HS F 6 MINSOY 0 S F 6 
MUKDEN II HS F,G 6,8 NORCHIEF 0 HS F,G 6,8 
RICHLAND II HS F,G 6,8 POLAND YELLOW 0 S F 6 
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TABLE 3-CONT'D (7)
 

Reac- Ref. 	 Reac- Ref.
 
Strain MGa tionb Test c no.d Strain NlGa tionb TestC no.d
 

BLACKHAWK I S F 6 P.1. 166140 VII HR F 6 
CHIPPEWA I MS F 6 183930 VII HR F 6 
EARLYANA I MS F 6 200451 VII HR F 1 
HABARO I S F 6 200451 VII HS F 6 
HARLY I S F 6 200527 VII HR F 6 
KAGON I S F 6 
MANDARIN 507 I MS F 6 
MENDOTA I HR F 6 
MONROE I S F 6 ACME 00 MS F 6 
PRIDESOY I HS F,G 6,8 FLAMBEAU 00 MS F 6 
RENVILLE I S F 6 PAGODA 00 MS F 6 
SAC I MS F 6 CAPITAL 0 HS F 6 
BANSEI II HS F 6 EARLY WHITE 
HAROSOY II HS F 6 EYEBROW 0 HS F 6 
HAWKEYE II S F 6 GOLDSOY 0 HS F 6 
KANRO II R F 6 GRANT 0 HS F 6 
KOREAN II S F 6 KABOTT 0 MS F,G 6,8 
MANCHUKOTA II S F 6 MANDARIN (OTTAWA) 0 S F 6 
MUKDEN II HS F,G 6,8 MINSOY 0 S F 6 
RICHLAND II MS F,G 6,8 NORCHIEF 0 HS F,G 6,8 
SENECA II S F 6 POLAND YELLOW 0 HS F 6 
ADAMS 	 III MS F 6 BLACKHAWK I HS F 6
 
BAVENDER SPECIAL III MS F 6 CHIPPEWA I MS F 6
 
GRANGER III S F 6 EARLYANA I S F 6
 
HARMAN III S F 6 HABARO I HS F 6
 
ILLINI III HS F,G 6,8 HARLY I HS F 6
 
JOGUN III MS F 6 KAGON I MS F 6
 
KANRICH III HR F 6 MANDARIN 507 I MS F 6
 
KIM III S F 6 MENDOTA I HR F 6
 
LINCOLN III S F 6 MONROE I MS F 6
 
MANDELL III S F 6 ONTARIO I MS F 6
 
MINGO III S F 6 PRIDESOY I HS F,G 6,8
 
PENNSOY III HR F 6 RENVILLE I HS F 6
 
VIKING III S F 6 SAC I MS F 6
 
CHIEF IV MS F 6 BANSEI II HS F 6
 
CLARK IV S F 6 HAROSOY II HS F 6
 
FABULIN IV HS F 6 HAWKEYE II HS F 6
 
GIBSON IV MS F 6 KANRO II HR F 1
 
KINGWA IV HS F 6 KANRO II HS F 6
 
MACOUPIN IV S F 6 KOREAN II MS F 6
 
MIDWEST IV HR F 6 MANCHUKOTA II HS F 6
 
PATOKA IV S F 6 MUKDEN II HS F,G 6,8
 
PERRY IV S F 6 RICHLAND II HS F 6,8
 
SCIOTO IV S F 6 SENECA II HS F 6
 
DORMAN V MS F 6 ADAMS III HS F 6
 
DORMAN V R F 8 BAVENDER SPECIAL III HS F 6
 
S-100 V HS F,G 6,8 GRANGER III S F 6
 
LAREDO VI HS F 6 HARMAN III HS F 6
 
OGDEN VI HR F,G 6,8 ILLINI III HS F,G 6,8
 
PINE DELL JOGUN III HS F 6
 
PERFECTION VI HR F 7 KANRICH III HR F 6
 

CNS VIl HS F 6 KIM III MS F 6
 
CREOLE VIl HR F 6 LINCOLN III MS F 6
 
JACKSON VII HR F 6 MANDELL III S F 6
 
PALMETTO VII HR F,G 6,8 MINGO III HS F 6
 
ROANOKE VII R F,G 6,8 PENNSOY III MS F 6
 
WOODS YELLOW VII S F 6 VIKING III HS F 6
 
ACADIAN VIII HR F 6 CHIEF IV HS F 6
 
P.I. 	171443 VI HR F 6 CLARK IV MS F 6
 

201422 VI HR F 6 FABULIN IV HS F 6
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TABLE 3-CONT'D (8) 

Strain MGa 
Reac-
tionb Test c 

Ref. 
no.d Strain MGa 

Reac-
tionb Test c 

Ref. 
no. d 

GIBSON IV HS F 6 GRANGER III R F 6 
KINGWA IV HS F b HARMAN III R F 6 
PACOUPIN IV HS F 6 ILLINI III HS F,G 6,8 
MIDWEST IV R F 1 JOGUN III HS F 6 

MIDWEST IV MS F 6 KANRiCH III HR F 6 
PATOKA IV HS F 6 KIM III HS F 6 

PERRY IV HS F 6 LINCOLN III MS F 6 
SCIOTO IV R F 6 MANDELL III R F 6 

DORMAN V MS F,G 6,8 MINGO III R F 6 

S-100 V HS F,G 6,8 PENNSOY III R F 6 

LAREDO VI HS F 6 VIKING III MS F 6 

LEE VI HS F 6 CHIEF IV HR F 6 

OGDEN VI HR F,G 6,11 FABULIN IV HS F 6 

CNS VII HS F 6 GIBSON IV HS F 6 

CREOLE VIl HR F 6 KINGWA IV HS F 6 

JACKSON VII R F 6 MACOUPIN IV HS F 6 
PALMETTO VII HR F,G 6,8 MIDWEST IV HR F 6 

ROANOKE VII HR F,G 6,8 PATOKA IV R F 6 

WOODS YELLOW VII HS F 6 PERRY IV HS F 6 

ACADIAN VIII HR F 6 SCIOTO IV R F 6 
DORMAN V R F,G 6,8 

RACE 15 S-100 V HS F,G 6,8 
LAREDO VI MS F 6 

ACME 00 HR F 6 LEE VI S F 6 

FLAMBEAU 00 R F 6 OGDEN VI HS F,G 6,8 
PAGODA 00 R F 6 CNS VII HS F 6 

CAPITAL 0 MS F 6 CREOLE VII HS F 6 

EARLY WHITE JACKSON VII HS F 6 

EYEBROW 0 MS F 6 PALMETTO VII HS F,G 6,8 
GOLDSOY 0 MS F 6 ROANOKE VII HS F,G 6,8 
GRANT 0 HS F 6 WOODS YELLOW VII HS F 6 

KABOTT 0 R F,G 6,8 ACADIAN VIII HR F 6 
MANDARIN (OTTAWA) 
MINSOY 

0 
0 

R 
5 

F 
F 

6 
6 RC1 

NORCHIEF 0 HS F,G 6,8 
POLAND YELLOW 0 HS F 6 ACME 00 HR F 6 
BLACKHAWK I R F 6 FLAMBEAU 00 HR F 6 

CHIPPEWA I HS F 6 PAGODA 00 MS F 6 

EARLYANA I R F 6 CAPITAL 0 R F 6 

HABARO I MS F 6 EARLY WHITE 
HARLY I MS F 6 EYEBROW 0 R F 6 

KAGON I R F 6 GOLDSOY 0 MS F 6 

MANDARIN 507 I R F 6 GRANT 0 HS F 6 

MENDOTA I HR F 6 KABOTT 0 MS F,G 6,8 
MONROE I R F 6 MANDARIN (OTTAWA) 0 HR F 6 

ONTARIO I HR F 6 MINSOY 0 MS F 6 

PRIDESOY I R F,G 6,8 NORCHIEF 0 HR F,G 6,8 

RENVILLE I MS F 6 POLAND YELLOW 0 HS F 6 

SAC I HS F 6 BLACKHAWK I HR F 6 

BANSEI II HS F 6 CHIPPEWA I MS F 6 

HAROSOY II MS F 6 EARLYANA I S F 6 
HAWKEYE II MS F 6 HABARO I R F 6 

KANRO II HR F 6 HARLY I R F 6 

KOREAN II MS F 6 KAGON I HR F 6 

MANCHUKOTA II R F 6 MANDARIN 507 I HR F 6 
MUKDEN II R F,G 6,8 MENDOTA I HR F 6 

RICHLAND II S F,G 6,8 MONROE I R F 6 

SENECA II HS F 6 ONTARIO I HR F 6 

ADAMS III HS F 6 PRIDESOY I HR FG 6,8 

BAVENDER SPECIAL III HS F 6 RENVILLE I MS F 6 
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TABLE 3-CONT'D (9)
 

Reac- Ref. Reac- Ref. 
Strain MGa tionb '1,stc no.d Strain MGa tionb TestC no.d 

SAC I HS F .6 GOLDSOY 0 HS F 6 
BANSEI II HS F 6 GRANT 0 HS F 6 
HAROSOY II HR F 6 KABOTT 0 R F,G 6,8 
HAWKEYE II HR F 6 MANDARIN (OTTAWA) 0 R F 6 
KANRO II HR F 6 MINSOY 0 S F 6 
KOREAN II R F 6 NORCHIEF 0 HS F,G 6,11 
MANCHUKOTA II HR F 6 POLAND YELLOW 0 S F 6 
MUKDEN II R F,G 6,8 BLACKHAWK I R F 6 
RICHLAND II MS F,G 6,8 CHIPPEWA I S F 6 
SENECA II HS F 6 HABARO I R F 6 
ADAMS III HS F 6 HARLY I S F 6 
BAVENDER SPEICAL III MS F 6 KAGON I HR F 6 
GRANGER III R F 6 MANDARIN 507 I R F 6 
HARMAN III MS F 6 MENDOTA I HR F 6 
ILLINI III MS F,G 6,8 MONROE I R F 6 
JOGUN III MS F 6 ONTARIO I HR F 6 
KANRICH III HR F 6 PRIDESOY I R F 6,8 
KIM III S F 6 RENVILLE I MS F 6 
LINCOLN III R F 6 SAC I S F 6 
MANDELL III HR F 6 BANSEI II HS F 6 
MINGO III HR F 6 HAROSOY II R F 6 
PENNSOY III R F 6 HAWKEYE II R F 6 
VIKING III R F 6 KANRO II HR F 6 
CHIEF IV HR F 6 KOREAN II R F 6 
FABULIN IV R F 6 MANCHUKOTA II R F 6 
GIBSON iV HS F 6 MUKDEN II MS F,G 6,11 
KINGWA IV S F 6 RICHLAND II HS F 6,8 
MACOUPIN IV HS F 6 SENECA II HS F 6 
MIDWEST IV MS F 6 ADAMS III HS F 6 
PATOKA IV HR F 6 BAVENDER SPECIAL III R F 6 
PERRY IV R F 6 GRANGER III R F 6 
SCIOTO IV R F 6 HARMAN III MS F 6 
DORMAN V HR F,G 6,8 ILLINI III HS F,G 6,8 
S-100 V HR F,G 6,8 JOGUN III R F 6 
LAREDO VI MS F 6 KANRICH III HR F 6 
LEE VI S F 6 KIM III HS F 6 
OGDEN VI HS F,G 6,8 LINCOLN III HS F 6 
PINE DELL MANDELL III R F 6 
PERFECTION VI HR F 7 MINGO III R F 6 

CNS VII S F 6 PENNSOY III R F 6 
CREOLE VII HS F 6 VIKING III MS F 6 
JACKSON VII MS F 6 CHIEF IV R F 6 
PALMETTO VII MS F 6,8 FABULIN IV HS F 6 
ROANOKE VII HS F 6,8 GIBSON IV HS F 6 
WOODS YELLOW VII R F 6 KINGWA IV S F 6 
ACADIAN VII HS F 6 MACOUPIN IV S F 6 
P.I. 171433 VI HR F 6 MIDWEST IV R F 6 

201422 VI HR F 6 PATOKA IV HR F 6 
166140 VII R F 6 PERRY IV HS F 6 
183930 VII R F 6 SCIOTO IV R 6 
200451 VIl R F 6 DORMAN V HR F,G 6,8 
200527 VII HR F 6 S-100 V MS F,G 6,8 

LAREDO VI S F 6 
RACE 17 LEE VI S F 6 

ACME 00 HR F 6 
OGDEN 
CNS 

VI 
VII 

HS 
HS 

F 
F 

6,8 
6 

FLAMBEAU 00 R F 6 CREOLE VII HS F 6 
PAGODA 00 MS F 6 JACKSON VII S F 6 
CAPITAL 0 MS F 6 PALMETTO VII S F,G 6,8 
EARLY WHITE ROANOKE VII MS F,G 6,8 

EYEBROW 0 HS F 6 WOODS YELLOW VII S F 6 
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TABLE 3-CONT'D (10)
 

Reac- Ref. Reac- Ref. 
Strain MGa tionb Test c no.d Strain MGa tionb Testc no.d 

ACADIAN VIII MS F 6 VIKING III MS F 6 
P.I. 171443 VI HR F 6 CHIEF IV HR F 6 

201422 VI HR F 6 CLARK IV HS F 6 
166140 VII HR F 6 FABULIN IV HS F 6 
183930 VIl HR F 6 GIBSON IV HS F 6 
200451 VII R F 6 KINGWA IV HS F 6 
200527 VII R F 6 MACOUPIN IV HS F 6 

MIDWEST IV R F 6 
RACE 18 PATOKA IV HS F 5 

PERRY IV HS F 6 
ACME 00 R F 6 SCIOTO IV R F 6 
FLAMBEAU 00 R F 6 DORMAN V HR F,G 6,8 
PAGODA 00 MS F 6 S-100 V HS F,G 6,8 
CAPITAL 0 HS F 6 LAREDO VI MS F 6 
EARLY WHITE LEE VI S F 6 

EYEBROW 0 HS F 6 OGDEN VI HS F 6 
GOLDSOY 0 HS F 6 OGDEN VI R F,G 6,8 
GRANT 0 HS F 6 PINE DELL 
KABOTT 0 R F 6,8 PERFECTION VI HR F 7 
MANDARIN (OTTAWA) 0 MS F 6 CNS VIl S F 6 
MINSOY 0 HS F 6 CREOLE VII HR F 6 
NORCHIEF 0 HS F,G 6,8 JACKSON VII HR F 6 
POLAND YELLOW 0 HS F 6 PALMETTO VIl HR F,G 6,8 
BLACKHAWK I R F 6 ROANOKE VII R F,G 6,8 
CHIPPEWA I HS F 6 WOODS YELLOW VII MS F 6 
EARLYANA I HS F 6 ACAOIAN VIII HR F 6 
HABARO I HS F 6 P.I. 171443 VI HR F 6 
HARLY I HS F 6 201422 VI HR F 6 
KAGON I R F 6 166140 VII HR F 6 
MANDARIN 507 I R F 6 183930 VII HR F 6 
MENDOTA I HR F 6 200451 VII R F 6 
MONROE I R F 6 200527 VII HR F 6 
ONTARIO I HR F 6 
PRIDESOY I S FG 6,8 
RENVILLE I R F 1 
RENVILLE I HS F 6 KABOTT 0 R F,G 8 
SAC I HS F 6 NORCHIEF 0 HS F,G 8 
BANSEI II HS F 6 PRIDESOY I R F,G 8 
HAROSOY II MS F 6 MUKDEN II R F,G 8 
HAWKEYE II S F 6 RICHLAND II R F,G 8 
KANRO II HR F 6 ILLINI III HS F 6,8 
KOREAN II R F 6 DORMAN V R F,G 8 
MANCHUKOTA II MS F 6 S-100 V R F,G 8 
MUKDEN II R F,G 6,8 OGDEN VI S F,G 8 
RICHLAND II HS F,G 6,8 PINE DELL 
SENECA II HS F 6 PERFECTION VI HR F 7 
ADA:S II HS F 6 PALMETTO VII S F,G 8 
BAVENDER SPECIAL III MS F 5 ROANOKE VII S F,G 8 
GRANGER III HS F 6 P.I. 171443 VI HR F 6 
HARMAN III HS F 6 201422 VI HR F 6 
ILLINI III MS F,G 6,8 166140 VII MS F 6 
JOGUN III HS F 6 183930 VII MS F 6 
KANRICH III HR F 6 200527 VII HR F 6 
KIM III HS F 6 
LINCOLN III R F 1 RACE 20 
LINCOLN III S F 6 
MANDELL III HS F 6 KABOTT 0 S F,G 8 
MINGO III R F 1 NORCHIEF 0 S F,G 8 
MINGO III S F . 6 PRIDESOY I R F,G 8 
PENNSOY III HS F 6 MUKDEN II R F,G 8 
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TABLE 3-CONT'D (11)
 

Reac- Ref. 	 Reac- Ref.
 
Strain MGa tionb Test c no.d Strain MGa tionb Test c no. d
 

RICHLAND II R F,G 8 OGDEN VI R G 9
 
ILLINI III R F,G 8 PALMETTO VII R G 9
 
DORMAN V R F,G 8 ROANOKE VII R G 9
 
S-100 V S F,G 8
 
OGDEN VI S F,G 8 RACE 25
 
PALMETTO VII S F,G 8
 
ROANOKE VII S F,G 8 KABOTT 0 R G 9
 

NORCHIEF 0 S G 9
 
RACE 21 PRIDESOY I R G 9
 

MUKDEN II S G 9
 
KABOTT 0 R F,G 8 RICHLAND II S G 9
 
NORCHIEF 0 R F,G 8 ILLINI III S G 9
 
PRIDESOY I R F,G 8 DORMAN V R G 9
 
MUKDEN II R F,G 8 S-100 V S G 9
 
RICHLAND II R F,G 8 OGDEN VI R G 9
 
ILLINI III R F,G 8 PALMETTO VII R G 9
 
DORMAN V S F,G 8 ROANOKE VII R G 9
 
S-100 V S F,G 8
 
OGDEN VI R F,G 8 RACE 26
 
PALMETTO VII R F,G 8
 
ROANOKE VII R F,G 8 KABOTT 0 R G 9,
 

_ 	 NORCHIEF 0 R G 9 
RACE 	 PRIDESOY I R G 9
 

MUKDEN II R G 9
 
KABOTT 0 R F,G 8 RICHLAND II S G 9
 
NORCHIEF 0 S F,G 8 ILLINI III S G 9
 
PRIDESOY I R F,G 8 DORMAN V R G 9
 
MUKDEN II R F,G 8 S-100 V R G 9
 
RICHLAND II S F,G 8 OGDEN VI R G 9
 
ILLINI Ill S F,G 8 PALMETTO VII R G 9
 
DORMAN V R F,G 8 ROANOKE VII R G 9

S-lO0 	 V S F,G 8
 

OGDEN VI S F,G 8 _ 

PALMETTO VII R F,G 8iRACE 27 
ROANOKE VII R F,G 8 KABOTT 0 R G 9
 

RACE 23 NORCHIEF 0 R G 9
 
PRIDESOY I R G 9
 

KABOTT 0 R F,G 8 MUKDEN II R G 9
 
NORCHIEF 0 R F,G 8 RICHLAND II R G 9
 
PRIDESOY I R F,G 8 ILLINI III S G 9
 
MUKDEN II R F,G 8 DORMAN V R G 9
 
RICHLAND II R F,G 8 S-lO V S G 9
 
ILLINI III R F,G 8 OGDEN VI R G 9
 
DORMAN V S F,G 8 PALMETTO VIT R G 9
 
S-100 V R F,G 8 ROANOKE VII R G 9
 
OGDEN VI R F,G 9
 
PALMETTO VII R F,G 8RIE2
 
ROANOKE VII S F,G 8
 

KABOTT 0 R G 9
 
NORCHIEF 0 S G 9
 
PRIDESOY I R G 9
 

KABOTT .0 R G 9 MUKDEN II S G 9
 
NORCHIEF 0 R G 9 RICHLAND II R G 9
 
PRIDESOY I R G 9 ILLINI III S G 9
 
MUKDEN II R G 9 DORMAN V R G 9
 
RICHLAND II S G 9 S-100 V S G 9
 
ILLINI III S G 9 OGDEN VI R G 9
 
DORMAN V R G 9 PALMETTO VII R G 9
 
S-100 V S G 9 ROANOKE VII R G 9
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TABLE 3-CONT'D (12)
 

Reac- Ref. Reac- Ref.
 
Strain MGa tionb Testc no. J Strain MGa tionb Testc no0d
 

KABOTT 0 S G 9 KABOTT 0 R G 9
 
NORCHIEF 0 S G 9 NORCHIEF 0 R G 9
 
PRIDESOY I S G 9 PRIDESOY I R G 9
 
MUKDEN II S G 9 MUKDEN II R G 9
 
RICHLAND II R G 9 RICHLAND II R G 9
 
ILLINI III S G 9 ILLINI III S G 9
 
DORMAN V R G 9 DORMAN V R G 9
 
S-100 V S G 9 S-100 V R G 9
 
OGDEN VI R G 9 OGDEN VI R G 9
 
PALMETTO VII R G 9 PALMETTO VII R G 9
 
ROANOKE VII R G 9 ROANOKE VII R G 9
 

KABOTT 0 S G 9 KABOTT 0 R G 9
 
NORCHIEF 0 R G 9 NORCHIEF 0 S G 9
 
PRIDESOY I R G 9 PRIDESOY I R G 9
 
MUKDEN II R G 9 MUKDEN II S G 9
 
RICHLAND II S G 9 RICHLAND II R G 9
 
ILLINI III S G 9 ILLINI III S G 9
 
DORMAN V R G 9 DORMAN V S G 9
 
S-100 V S G 9 S-100 V S G 9
 
OGDEN VI R G 9 OGDEN VI R G 9
 
PALMETTO VII R G 9 PALMETTO VII R G 9
 
ROANOKE VII R G 9 ROANOKE VII R G 9
 
aMaturity group. bHR=highly resistant; R=resistant; HS=highly susceptible; MS=moderately
 

susceptible. CF=field; G=greenhouse. dReferences cited, by number.
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FROGEYE LEAF S'OT
 

CAUSAL AGENT: Cercospora sojinaHora. (Syn.: Clusters of dark conidiophores develop
 
C. daizu, Miura). in the center of each lesion, mostly on the
 

underside of the leaf. Older spots become
 
IMPORTANCE: Frogeye leaf spot, also very thin, often paper-white, and translu­

known as "Cercospora leaf spot," is world- cent. The lesions are 1 to 5 millimeters
 
wide in distribution. Frogeye leafspot has in diameter and are generally discrete.
 
a wide distribution inthe United States and Several spots may coalesce to form.larger,
 
is most common in the warmer regions of the irregular spots (Figure 4B). When the le­
soybean belt during warm and humid weather. sions are numerous, leaves wither and fall
 

The widespread use of resistant culti- prematurely.
 
vars has reduced the incidence of the dis- Stem infections are less common and
 
ease and precluded major economic losses, conspicuous and appear late in the season.
 
When susceptible cultivars are grown, yields They are 2 to 4 times as long as they are
 
may be reduced as much as 15 percent or wide and may extend up to half the circum­
more. Seed quality is lowered both by dis- ference of the stem. Young lesions are a
 
coloration and by the reduced germination deep red with a narrow, dark brown-to-black
 
of infected seeds. margin. The central area is flattened or
 

SYMPTOMS: Frogeye leafspot is primar- slightly sunken. As a lesion enlarges, the
 
ily a disease of the foliage. However, in- center becomes brown, then a pale, smoky­
fections also occur on stems, pods, and gray. Minute dark stromata, often bearing
 
seeds. clusters of conidiophores and numerous co-

Minute spots that are reddish-brown and nidia, form in older lesions giving them
 
circular to angular first appear on the up- the appearance of being almost black.
 
per leaf surface. As the lesions enlarge Lesions on the pods are circular to
 
and age, the central area becomes an olive- elongate, slightly sunken and reddish-brown.
 
gray or ash-gray and is surrounded by anar- As the lesions enlarge, the centers become
 
row, dark reddish-brown border (Figure 4A). brown to light-gray, usually with a narrow,
 
There is no chlorotic zone surrounding the dark-brown border. The causal fungus fre­
lesions. On the lower leaf surface, the quently grows through the pod wall into
 
spots are a darker brown or gray. maturing seeds.
 

Figure 4. Frogeye leaf spots caused by Cercospora sojina. (A) Leaf lesions on two
 
soybean leaflets. (B) Closeup of the lesions.
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Infected seeds develop conspicuous RESISTANCE: Resistant cultivars play
 
light- to dark-gray or brown areas, varying an important role in the control of frogeye
 
from minute specks to large blotches that leaf spot. Four races have been reported in
 
can cover the entire seed coat. Some le- the United States. Usin' 21 differentials,
 
sions show alternating bands that are light and additional 6 races were described from
 
and dark brown. Occasionally, brown and Brazil. Cultivars vary in their resistance
 
gray lesions diffuse into each other. Usu- to the leaf and pod infection. Some have
 

ally, there is some cracking or flaking of resistance to one or to both types. Much
 
the seed coat. Papillate or elavated, coni- of the work in screening the germplasm col­

cal lesions develop where the infected, mem- lections was done using isolates that had
 

branous inner lining ,ofthe pod is in con- not been identified as to the race repre­
tact with the seeds, sented.
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Table 4. Frogeye leaf spot (Cercospora sojina), reaction of soybean cultivars and plant
 
introductions, by maturity group
 

Reac- Ref. Reac- Ref.
 
Strain MGa tionb Testc no.d Strain MGa tionb Test c no.d
 

Racel PAGODA 00 R G 2
 
CAPITAL 0 S G 2
 

CREST 00 R G 2 COMET 0 S G 2,15 
FLAMBEAU 00 S F 15 MERIT 0 S G 2
 
FLAMBEAU 00 R G 15 MONROE I I F 15
 
FLAMBEAU 00 S G 2 MONROE I S G 2,15
 
CAPITAL 0 R G 2 HAROSOY II S G 4,15
 
COMET 0 R G 15 MADISON II S G 2
 
COMET 0 S G 2 WELLS II R A 4
 
MERIT 0 R G 2 ADAMS III S G 2,15
 
MONROE I I G 15 FORD III S G 2
 
MONROE I R F,G 15 KANRICH III R G 2,4,15
 
MONROE I S G 2 KIM III R G 2,15
 
HAROSOY II R G 2,15 LINCOLN III S G 2,15
 
MADISON II R G 2 ROSS III S G 2
 
ADAMS III R G 2,15 SHELBY III S G 2,15
 
FORD III R G 2 BETHEL IV S G 2
 
ILLINI III R F 13 CLARK IV S G 2,15
 
KANRICH III R G 2,15 CUTLER 71 IV R A 4 
KIM III R G 2,15 KENT IV R G 2,4,15 
LINCOLN III R F,G 1,2,15 KENT IV S G 15 
ROSS III R G 2 PERRY IV R G 2 
SHELBY III R G 2,15 PERRY IV S G 15 
BETHEL IV R G 2 SCOTT IV R G 2 
CHIEF IV S G 1,13 SCOTT IV S G 15 
CLARK IV R G 15 WABASH IV S G 2,15 
KENT IV R G 2,15 HILL V R F,G 15 
PATOKA IV S F,G 1,13 DORMAN V R G 2 
PERRY IV S F,G 2,15 DORMAN V S G 15 
SCOTT IV I G 15 DAVIS VI R G 15 
SCOTT IV R G 15 HOOD VI R G 2,15 
WABASH IV R F,G 1,2,15 LEE VI R G 2,15 
DARE V R G 15 OGDEN VI R F,G 2,15 
HILL V R F,G 15 BRAGG VII R G 15 
DORMAN V R G 2,15 CNS VII R G 2,15 
DAVIS VI R G 15 JACKSON VII R G 2,15 
HOOD VI R G 2,15 ROANOKE VII R F,G 2,15 
LEE VI R G 2,15 TANNER VII S G 15 
OGDEN VI R F,G 2,15 BIENVILLE VIII R G 15 
BRAGG VII R G 15 HAMPTON VIII R G 15 
CNS VII R G 2,15 HARDEE VIII R G 15 
JACKSON VII R G 2,15 STUART VIII S G 15 
ROANOKE VII R F,G 2,15 P.I. 194633 00 R G 2 
TANNER VII S G 15
 

Race 3 1
BIENVILLE VIII S G 15 
HAMPTON VIII R G 15 
HARDEE VIII R G 15 FLAMBEAU 00 R G 15 
STUART VIII S G 15 COMET 0 R G 15 

GIANT 0 R G 15 
Race 2 MONROE I I F,G 15 

MONROE I R F,G 15 
CREST 00 S G 2 HAROSOY II R G 15 
FLAMBEAU 00 S G 2,15 ADAMS III S G 15 

aMaturity group. bR=resistant; S=susceptible; I=intermediate; PR=pod resistance; PLR=rod
 
and leaf resistance; LR=leaf resistance. CF=field; G=greenhousc; I=inoculation. dRefer­
ences cited, by number.
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TABLE 4-CONT'D (1) 

Strain MGa 
Reac-
tionb Testc 

Ref. 
no.d Strain MGa 

Reac-
tionb TestC 

Ref. 
no. d 

KANRICH III I F 15 HILL V PLR G 18 
KANRICH III R F,G 15 DAVIS VI PLR G 18 
KIM III S G 15 HOOD VI PLR G 18 
LINCOLN III R G 15 LEE VI PLR G 18 
SHELBY III R G 15 OGDEN VI PLR G 18 
CLARK IV R F 15 JACKSON VIl PR G 18 
CLARK IV S G 15 ROANOKE VII PLR G 18 
KENT IV R G 15 SEMMES VII PR G 18 
PERRY IV S G 15 TANNER VII PR G 18 
SCOTT IV I G 15 HARDEE VIII PLR G 18 
SCOTT IV S F 15 STUART VIII PLR G 18 
WABASH IV R G 15 
DARE V R G 15 Race 6_ 
DORMAN V S F,G 15 
HILL V S F,G 15 HAROSOY II PLR G 18 
DAVIS VI R F 15 KANRICH III PLR G 18 
HOOD VI I G 15 WABASH IV PLR G 18 
HOOD VI R F,G 15 DARE V PLR G 18 
LEE VI S F,G 15 DORMAN V PLR G 18 
OGDEN VI I F 15 HILL V PLR G 18 
OGDEN VI R F,G 15 DAVIS VI PLR G 18 
BRAGG VII R F 15 HOOD VI PLR G 18 
BRAGG VII S G 15 LEE VI PLR G 18 
CNS VII I G 5 OGDEN VI PLR G 18 
JACKSON VIl S F,G 15 JACKSON VII PR G 18 
ROANOKE VII R F,G 15 ROANOKE VII LR G 18 
SEMMES VII S F 15 SEMMES VII PR G 18 
TANNER VII S G 15 TANNER VII PR G 18 
BIENVILLE VIII S G 15 HARDEE VIII PR G 18 
HAMPTON VIII I F 15 STUART VIII PLR G 18 
HAMPTON VIII S G 15 
HARDEE VIII R F,G 5 Race 7 
STUART VIII S G 15 

HAROSOY II LR G 18 
Race4 KANRICH III PLR G 18 

PATOKA IV LR G 18 
FLAMBEAU 00 S G 15 WABASH IV PR G 18 
COMET 0 S G 15 DARE V PLR G 18 
MONROE I S F,G 15 HILL V PR G 18 
KANRICH III R F,G 15 DORMAN V PR G 18 
KIM III R G 15 DAVIS VI PLR G 18 
KIM III S G 15 HOOD VI PR G 18 
SCOTT IV S G 15 LEE VI PLR G 18 
DARE V S G 15 OGDEN VI PLR G 18 
HILL V S F,G 15 SEMMES VII PR G 18 
DAVIS VI R F 15 TANNER VII LR G 18 
HOOD VI S G 15 HARDEE VIII PR G 18 
LEE VI S G 15 
OGDEN VI I G 15 
OGDEN VI R F,G 15 
JACKSON VII S G 15 HAROSOY II LR G 18 
ROANOKE VII R F 15 KANRICH III PLR G 18 
ROANOKE VII S G 15 GIBSON IV PR G 18 
SEMMES VII S G 15 PATOKA IV LR G 18 

PERRY IV LR G 18 
Race 5 WABASH IV PR G 18 

DARE V PR G 18 
HAROSOY II PLR G 18 DORMAN V PLR G 18 
KANRICH III PLR G 18 HILL V PR G 18 
DARE V PLR G 18 DAVIS VI PLR G 18 
DORMAN V PLR G 18 HOOD VI PR G 18 
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TABLE 4-CONT'D (2) 

Reac- Ref. a Reac- Ref. 
Strain MGa tionb TestC no.d Strain MG tionb Testc no.d 

LEE VI PLR G 18 PLUTO VII R A 10 
OGDEN VI PLR G 18 ROANOKE VII R A 10 
JACKSON VII LR G 18 SEMMES VII R A 10 
TANNER VII PR G 18 TANNER VII R A 10 
HARDEE VIII PR G 18 TOKYO VII R A 10 

VOLSTATE VII R A 10 
Race 9 WOODS YELLOW VII R A 10 

P.I. 132203 00 R A 6 
HAROSOY II LR G 18 132217 00 R A 6 
KANRICH III PLR G 18 151249 00 R A 6 
CHIEF IV LR G 18 152573 00 R A 6 
PATOKA IV LR G 18 153203 00 R A 6 
PERRY IV PLR G 18 153208 00 R A 6 
WABASH IV PR G 18 153210 00 R A 6 
DARE V PR G 18 153211 00 R A 6 
DORMAN V PLR G 18 153212 00 R A 6 
HILL V PR G 18 153218 00 R A 6 
DAVIS VI PLR G 18 153219 00 R A 6 
HOOD VI PR G 18 153221 00 R A 6 
LEE VI PR G 18 153222 00 R A 6 
OGDEN VI PLR G 18 153223 00 R A 6 
TANNER VII PR G 18 153225 00 R A 6 
HARDEE VIII PR G 18 153230 00 R A 6 

153252 00 R A 6 
Race 10 153293 00 R A 6 

153296 00 R A 6 
HAROSOY II LR G 18 153297 00 R A 6 
KANRICH 
CHIEF 
PATOKA 

III 
IV 
IV 

PLR 
LR 
LR 

G 
G 
G 

18 
18 
18 

153301 
154190 
154193 

00 
00 
00 

R 
R
R 

A 
A
A 

6 
66 

PERRY IV LR G 18 154197 00 R A 6 
WABASH IV LR G 18 154198 00 R A 6 
DARE V PLR G 18 154200 00 R A 6 
DORMAN V PLR G 18 161988 00 R A 6 
HILL V PR G 18 180502 00 R A 6 
DAVIS VI PLR G 18 180508 00 R A 6 
HOOD VI PR G 18 180509 00 R A 6 
LEE VI PLR G 18 180516 00 R A 6 
OGDEN VI PLR G 18 180517 00 R A 6 
BRAGG VIl PR G 18 180524 00 R A 6 
TANNER VII PLR G 18 180525 00 R A 6 
HARDEE VIII LR G 18 189867 00 R A 6 

189868 00 R A 6 
No race designation 189869 

189874 
00 
00 

R 
R 

A 
A 

6 
6 

F.C. 31721 V R A 9 189877 00 R A 6 
F.C. 31731 V R A 9 189878 00 R A 6 
F.C. 31934 V R A 9 189880 00 R A 6 
LEE VI R A 10 189901 00 R A 6 
CLEMSON VII R A 10 189940 00 R A 6 
CNS VII R A 10 189952 00 R A 6 
CREOLE VII R A 10 189963 00 R A 6 
F.C. 33123 VII R A 10 194624 00 R A 6 
GATAN VII R A 10 194626 00 R A 6 
GEORGIAN VII R A 10 194633 00 R A 6 
JACKSON VII R A 10 194635 00 R A 6 
MAMMOTH 194640 00 R A 6 
YELLOW Vii R A 10 194641 00 P A 6 

MONETTA VII R A 10 194645 00 R A 6 
PALMETTO VII R A 10 194647 00 R A 6 
POCAHONTAS VII R A 10 194653 00 R A 6 
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TABLE 4-CONT'D (3) 

Reac- Ref. Reac- Ref. 
Strain MGa tionb Testc no.d Strain MGa tionb Testc no.d 

P.I. 194655 00 R A 6 P. 184043 I R A 7 
194656 
196491 

00 
00 

R 
R 

A 
A 

6 
6 

184044 
184045 

I 
I 

R 
R 

A 
A 

6 
6 

196501 00 R A 6 189864 I R A 6 
196504 00 R A 6 189890 I R A 6 
196525 00 R A 6 189896 I R A 6 
196526 00 R A 6 189911 I R A 6 
196527 00 R A 6 189916 I R A 6 
196529 00 R A 6 189924 I R A 6 
196530 00 R A 6 189925 I R A 6 
152361 0 R A 6 189941 I R A 6 
153300 0 R A 6 189947 I R A 6 
153237 0 R A 6 189962 I R A 6 
153239 0 R A 6 189966 I R A 6 
153240 0 R A 6 196159 I R A 6 
153241 0 R A 6 196160 I R A 6 
153242 0 R A 6 54608 II R A 8 
153302 0 R A 6 65354 II R A 7 
153303 0 R A 6 65388 II R A 7 
153306 0 R A 6 68443 II R A 7 
153318 0 R A 6 68461 II R A 7 
153320 0 R A 6 68465-1 II R A 7 
154189 0 R A 6 68475-1 II R A 7 
154191 0 R A 6 68562 II R A 7 
154192 0 R A 6 68600 II R A 7 
154194 0 R A 7 68706 II R A 7 
154196 
180501 

0 
0 

R 
R 

A 
A 

6 
6 

68761 
70021 

II 
II 

R 
R 

A 
A 

7 
7 

181531 0 R A 6 70228 II R A 7 
184047 0 R A 6 70507 II R A 7 
189861 0 R A 6 7959o II R A 7 
189870 0 R A 6 79846 II R A 7 
189883 0 R A 6 80485 II R A 7 
189894 0 R A 6 81763 II R A 7 
189897 0 R A 6 81773 II R A 7 
189898 0 R A 6 84673 II R A 7 
189899 0 R A 6 84992 II R A 7 
189900 
189913 

0 
0 

R 
R 

A 
A 

6 
6 

85012 
85014 

II 
II 

R 
R 

A 
A 

7 
7 

189923 0 R A 6 85492 II R A 7 
189939 0 R A 6 85508 II R A ? 
189960 0 R A 6 85625 II R A 7 
194625 0 R A 6 86022 II R A 7 
63271 I R A 6 86023 II R A 7 
81765 I R A 7 86050 II R A 7 
86021 1 R A 7 86069 II R A 7 
86411 I R A 6 86112 II R A 7 
86737 I R A 6 86113 II R A 7 
91110 I R A 6 86122 II R A 7 
91110-1 I R A 6 86137-1 II R A 7 
92470 I R A 9 86454 II R A 7 
92706 

153229 
I 
I 

R 
R 

A 
A 

6 
6 

86463 
86878-2 

II 
11 

R 
R 

A 
A 

7 
7 

153250 I R A 6 87524 II R A 7 
153263 I R A 6 88296 II R A 8 
153309 I R A 6 88298 II R A 7 
153311 I R A 6 88468 II R A 7 
153313 1 R A 6 88825 II R A 7 
171421 I R A 8 90560 II R A 7 
181536 I R A 7 90180 II R A 8 

34 



TABLE 4-CONT'D (4) 

Strain MGa 
Reac-
tionb Testc 

Ref. 
no.d Strain MGa 

Reac-
tionb Test c 

Ref. 
no.d 

P.I. 91102 II R A 7 P.I. 84908-2 II R A 8 
91107 II R A 7 84976-1 11 R A 7 
91114 II R A 7 84979 I1 R A 8 
91129 II R A 7 84987 Ill R A 8 
91132-2 II R A 7 85009-1 Ill R A 8 
91138-2 II R A 7 85009-2 Ill R A 7 
91141 II R A 7 85630 Ill R A 7 
91150 II R A 7 85272 Ill R A 8 
91156 II R A 7 85878 Ill R A 8 
91167 II R A 7 86024 Il1 R A 7 
91557 II R A 6 86026 Il R A 8 
91725-3 II R A 7 86026-1 Ill R A 8 
92460 II R A 7 86028 Ill R A 7 
92465 II R A 7 86029 Ill R A 7 
92563 I.I R A 8 86032 Ill R A 7 
92573 II R A 7 86053 Il R A 8 
92589 II R A 7 86063 Ill R A 8 
92607 II R A 7 86071 Il R A 8 
92611 II R A 7 86073 Ill R A 7 
92627 II R A 6,8 86075 Ill R A 8 
92630 II R A 7 86081 Ill R A 7 
92639 II R A 7 86111 Ill R A 8 
92660 II R A 7 86116 Il R A 7 
92677 II R A 7 86123 Ill R A 7 
92681 II R A 7 86134-3 Ill R A 8 
92696 II R A 7 86144 Ill R A 7 
92698 II R A 7 86145 Ill R A 7 
92719 II R A 8 86146 Ill R A 8 
92733 II R A 7 86154 Ill R A 8 
92748 II R A 7 86425 Ill R A 8 
93565 II R A 7 86452 Ill R A 8 
96171 II R A 7 86469 Ill R A 8 
96188 II R A 8 86482 I1 R A 7 

135589 II R A 7 87026 Ill R A 8 
153264 II R A 7 87540 Ill R A 8 
153288 II R A 6 87600-1 Ill R A 8 
154195 II R A 7 87631-1 Ill R A 8 
181533 II R A 6 87634 Ill R A 8 
181534 II R A 6 88292 Ill R A 8 
181537 II R A 6 88297 Ill R A 8 
181541 II R A 7 88310 Ill R A 8 
181548 II R A 7 88492 Ill R A 7 
189930 II R A 7 88823 Ill R A 8 
196154 II R A 6 88826 Ill R A 8 
196158 II R A 8 89150 Ill R A 7 
54620 Ill R A 7 89773 Ill R A 8 
65379 Ill R A 8 90392 Ill R A 8 
68423 Ill R A 7 90407 Ill R A 8 
68533-1 Ill R A 7 90573-1 Ill R A 8 
68679 Ill R A 8 90576-1 Il1 R A 7 
79587 Ill R A 8 91083 Ill R A 8 
79645 Ill R A 8 91100 Ill R A 8 
79692 Ill R A 8 91100-3 Ill R A 8 
79726 Ill R A 7 91120-3 Il1 R A 8 
80845-1 Ill R A 8 91127 Ill R A 8 
81031 Ill R A 7 91149 Ill R A 8 
81667 Ill R A 7 91151-A III R A 7 
81785 Ill R A 8 91151-B III R A 7 
82232 Ill R A 8 91154 Ill R A 7 
82302 Ill R A 8 91162 Ill R A 8 
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TABLE 4-CONT'D (5)
 
Reac- Ref. Reac- Ref. 

Strain MGa tionb Test c no.d Strain MGa tionb Thst c no. d 

P.I. 91340 Ill R A 8 P.I. 85420-1 IV R A 8 
91341 Ill R A 7 E5424 IV R A 8 
91349 Ill R A 7 85441 IV R A 8 
91725-4 Ill R A 8 85469 IV R A 8 
91729 Il R A 8 85505 IV R A 8 
92466 Ill R A 7 83519 IV R A 8 
92560 Ill R A 7 85619 IV R A 8 
92594 Ill R A 7 85624 IV R A 8 
92601 IIl R A 8,9 85626 IV R A 8 
92601-1 Ill R A 7 85663 IV R A 8 
92601-2 Ill R A 8 85903 IV R A 8 
92608 Ill R A 7 86007 IV R A 8 
92618 Ill R A 8 86060 IV R A 8 
92619 Il1 R A 7 86062 IV R A 8 
92641 Ill R A 8 86078-1 IV R A 8 
92642 Il R A 8 86109B IV R A 8 
92662 Ill R A 8 86112-1 IV R A 8 
92690 Il1 R A 8 86128 IV R A 8 
92704 Il1 R A 8 86134-1 IV R A 8 
92707 Ill R A 8,9 86134-2 IV R A 8 
92720 Ill R A 8 86134-4 IV R A 8 
96199 Ill R A 8,9 86137 IV R A 8 
96321 Ill R A 8 86138 IV R A 8 
96727 Ill R A 7 86457-1 IV R A 8 
96786-1 Ill R A 8 86490-3 IV R A 8 
96927 Ill R A 8 86740 IV R A 8 

123578 Ill R A 8 86876 IV R A 8 
153309 Ill R A 7 86904-1 IV R A 8 
157421 Ill R A 8 86908 IV R A 8 
167240 Ill R A 8 87011 IV R A 8 
171449 Ill R A 8 87013 IV R A 8 
173994 Ill R A 8 87029 IV R A 8 
181535 Ill R A 7 87047 IV R A 8 
181540 Ill R A 8 87059 IV R A 8 
181553 Ill R A 8 87074 IV R A 8 
187153 Ill R A 8 87457 IV R A 8 
189969 Ill R A 8 87530 IV R A 8 
196149 Ill R A 8 87571 IV R A 8 
196157 IIl R A 7 87606-1 IV R A 8 
196164 Il1 R A 8 87615 IV R A 8 
54608-4 IV R A 8 87620-1 IV R A 8 
54615-2 IV R A 8 87622 IV R A 8 
61947 IV R A 8 87632 IV R A 8 
68011 IV R A 8 88302-1 IV R A 8 
68644 IV R A 7 88490-2 IV R A 8 
70243 IV R A 8 88811 IV R A 8 
70490 IV R A 8 88813 IV R A 8 
80834-2 IV R A 8 88816 IV R A 8 
82210 IV R A 8 88820 IV R A 8 
82509 IV R A 8 89074 IV R A 8 
82534 IV R A 8 89154-2 IV R A 8 
84594 IV R p 8 90138 IV R A 8 
84628 IV R A 8 90208 IV R A 8 
84646-2 IV R A 8 90220 IV R A 8 
84908-1 IV R A 8 90245 IV R A 8 
84912 IV R A 8 90256 IV R A 8 
84939 IV R A 8 90354 IV R A 8 
84985 IV R A 8 90369-1 IV R A 8 
85355 IV R A 8 90401 IV R A 8 
85407 IV R A 8 90406-1 IV R A 8 
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Reac-
TABLE 4-CONT'D (6) 
Ref. Reac- Ref. 

Strain MGa tionb Testc no.d Strain MGa tionb Testc no.d 

P.I. 90479 IV R A 9 P.I. 157459 IV R A 9 
90490 IV R A 8 157460 IV R A 8 
90576-2 IV R A 8 157477 IV R A 8 
90760 IV R A 8 157492 IV R A 8 
90763 IV R A 8 167277 IV R A 8 
91108-2 IV R A 8 171428 IV R A 8 
91121-2 IV R A 8 171429 IV R A 8 
91132-3 IV R A 8 171434 IV R A 8 
91159-4 IV R A 8 ',71454 IV R A 8 
91163-1 IV R A 8 171652 IV R A 8 
91166 IV R A 8 1;P901 IV R A 8 
91178-1 IV R A 8 179826 IV R A 8 
91346 IV R A 8 181539 IV R A 8 
91679 IV R A 8 181551 IV R A 8 
91684 IV R A 9 181555 IV R A 8 
91702 IV R A 9 187150 IV R A 8 
91719 IV R A 8 189926 IV R A 8 
91734 IV R A 8 196155 IV R A 8 
92463 IV R A 8 196171 IV R A 8 
92636 IV R A 9 200536 IV R A 9 
92641-B IV R A 9 55089 V R A 10 
92651 IV R A 8 62203 V R A 9,10 
92689 IV R A 8 79832 V R A 9,10 
92707-2 IV R A 8 81042 V R A 10 
93055 IV R A 8 81774 V R A 9,10 
95769 IV R A 8 82588 V R A 10 
95801 IV R A 8 83874 V R A 9,10 
95887 IV R A 8 84669 V R A 10 
96093 IV R A 8 85089 V R A 10 
96118 IV R A 8 86465 V R A 9,10 
96169-B IV R A 8 87037 V R A 10 
96280 IV R A 8 87542 V R A 8 
96550 IV R A 8 88820 V R A 10 
96783 IV R A 8 89154 V R A 9 
96808 IV R A 8 90243 V R A 9,10 
97038 IV R A 8 90481 V R A 9,10 
97155 IV R A 8 91100 V R A 9 
97220 IV R A 8 91646 V R A 9 
97225 IV R A 8 92743 V R A 10 
97235 IV R A 8 95780 V R A 9,10 
103088 IV R A 8 95959 V R A 8 
103091 IV R A 8 96089 V R A 9 
103415 IV R A 9 96786 V R A 10 
103419-1 IV R A 8 96786 V R A 9 
105579 IV R A 8 96983 V R A 10 
123577 IV R A 8 97081 V R A 8 

153321 iV R A 8 123440 V R A 9 
157395 IV R A 8 123590 V R A 9,10 
157398 IV R A 8 157422 V R A 8 
157414 IV R A 8 157444 V R A 9 
157417 IV R A 8 157469 V R A 9 
157419 IV R A 8 157473 V R A 10 
157424 IV R A 8 157493 V R A 9 
157437 IV R A 8 157751 V R A 10 
157442 IV R A 8 159319 V R A 9 
157446 IV R A 8 171442 V R A 9,10 
157447 IV R A 8 172902 V R A 8 
157453 IV R A 8 179823 V R A 9,10 
157456 IV R A 9 179825 V R A 9,10 
157458 IV R A 9 181543 V R A 9,10 
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TABLE 4-CONT'D (7)
 

a Reacb Ref. Reac- Ref.
 
Strain MG tion Testc no.d Strain MGa tionb Testc no.d
 

P.I. 181544 V R 
 A 9,10 P.I. 84642 VI R A 9
 
181545 V R A 9,10 
 87968 VI R A 9
 
181546 V R A 
 9,10 96169 VI R A 9
 
181547 V 
 R A 9,10 157442 VI R A 9
 
181558 V R A 9,10 157487 VI R A 9
 
196166 V R A 
 9 157488 VI R A 9
 
196177 V R A 9 
 159321 VI R A 9
 
200447 V R A 
 9 159923 VI R A 9
 
200495 V 
 R A 9,10 181562 VI R A 9
 
200503 V R 
 A 9,10 159923 VI R A 9
 
200510 V R A 9,10 
 159096 VII R A 9
 

a b
 
200534 V R A 9,10
 

aMaturity group. 
 R=resistance; S=susceptible; I=intermediate; PR=pod resistance; LR=rod

and leaf resistance; LR=leaf resistance. F=field; G=greenhouse; I=inoculation. Refer­
ences cited, by number.
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PHYTOPHTHORA ROOT AND STEM ROT
 

CAUSAL AGENT: Phytophthora megasperma 

(Drechs.) var. sojae A.A. 

Hildebrand (Syn.: P. sojae 

Kaufmann and Gerdemann). 


IMPORTANCE: Phytophthora rot has been 

reported onlyin the United States and Cana-

da. The pathogen is very destructive in 

susceptible soybean cultivars. It may cause 

severe plant losses. Yields may be reduced 


sevee pantlosss. beredced
iels ma 

more than 50 percent. The extent of loss
 
depends on the soil type, rainfall, tillage 


practices used, and the cultivar involved. 

Phytoph:hora rot is most severe in clay 

soils that are low and poorly drained. The 

disease may appear in lighter soils and on 

higher ground, if the soil remains wet for

higera grnd, fthediseseolreis wt 

rapidly at 25C. 


SYMPTOMS: Phytophthora rotmay be found 

in soybeans at any stage of development. 

Young plants are very susceptible and die 

quickly. Seed rot and preemergence damping-

off result in reduced stands. Postemergence 

root and stem rot cause wilting and death
 
of seedlings, further reducing the number 

of plants. At the primary leaf stage, af-

fected stems look watersoaked, the leaves 

turn yellow and wilt, and aflected seedlings 

die (Figure 5A). 


Older plants are killed more gradually, 

or vigor is reduced throughout the season. 


!A
 

The first symptom on late-infected plants
 
is the yellowing of the lower leaves between
 
the veins and along the margins. The upper
 
leaves soon become chlorotic, followed by
 
complete wilting of the plant. Affected
 
plants usually are killed in a section of
 
the row. After death, the withered leaves
 
commonly remain attached for a week or more.


Infected lateral and branch roots are
 
almost completely destroyed. Infected tap­

roots turn a dark brown. The discoloration
 

often progresses 10 to 20 centimeters or
 
more up the stem and lower branches, occa­
sionally to the fourth or fifth nodes
 
(Figure 5B). Internally, the cortex and
 
vascular tissues are discolored. Except for
 
the root tip, the stem and main root and the
 
small lateral branches usually remain firm.
 

No definite external lesions are formed.
 
After heavy rains, infection may occur
 
through the leaves and stems, resulting in a
 brown rotting along the stem. Some "toler­
ant" lines and cultivars are not easily
 
killed by the fungus, but show a yellowing
 

of the foliage and poor vigor similar to that
 
produced bywet soil and nitrogen deficiency.
 

RESISTANCE: The races of P. meoasperma
 
var. sojae number 16 at the time of this
 
writing. If the differentials were changed
 
or expanded, more might be found. Most of
 
the soybean germplasm collections have been
 

Figure 5. Death of a young soybean plant (A)and development of discoloration on the stem and
 
lower branches of an older soybean plant (B)infected with Phytophthora megasperma var. sojae.
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screened against races 1 through 4. Few 
 may be 	changes in certain ultivar reactions
 
cultivars have been screened against all 16 presented inTable 5and that some of the pre­
races. Unpublished data suggest that there 
 sently 	recognized races may be consolidated.
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Table 5. Phytophthora root and stem rot (Phytophthora megasperma var. sojae), reaction of
 
soybean cultivars and plant introductions, by maturity group
 

Reac- Ref. Reac- Ref, 
Strain MGa tionb Testc no.d Strain MGa tionb Testc no.d 

Race 1 HAHTO (Michigan) IV R G 2 
HURRELBRINK IV R G 23 

ALTONA 00 R G 2,11, KINGWA IV R G 2 
16,19 SANGA IV R G 2,11, 

CREST 00 R G 7 16,19, 
HIDASTA 00 S G 2 23 
PANDO 
BLACKHAWK 

00 
I 

R 
R 

G 
G 

2 
4 

VIRGINIA 
AUSTIN 

IV 
V 

R 
R 

G 
G 

14,22 
14 

CHIPPEWA 64 I R G 2 DARE V S G 24 
HARLY I R G 2,3 DORMAN V R G 4 
MANDARIN 507 I R G 2 ESSEX V S G 24 
MENDOTA I R G 2 FORREST V S G 24 
MONROE I R G 4 F.C. 31719 V R F 13 
OTTAWA I R G 2 31721 V R F 13 
AMSOY II S G 23 31934 V R F 13 
AMSOY 71 II R G 2,23 HOLLYBROOK V R G 2,14 
BEESON 
CORSOY 
GOKU 

II 
II 
II 

R 
S 
R 

G 
G 
G 

2,23 
2,24 
2 

MACK 

NANSEMOND 

V 

V 

R 

R 

G 

G 

2,11, 
16,19 
22,23 

HAKOTE II R G 4 S-100 V R G 14 
HAROSOY II S G 2,11 ARKSOY VI R G 2,22, 
HAROSOY 63 II R G 2,11, 23 

16,19, LEE 68 VI R G 23 
23 RALSOY VI R G 2,29 

HAWKEYE II R G 22,23 TRACY VI R G 11,19 
24 CNS VII R G 14 

LINDARIN 63 II R G 4,23 F.C. 30267 VII R F 13 
MUKDEN II R G 2,23 30282 VII R F 13 
PROTANA II R G 2 30967 VII R F 13 
SENECA II R G 2 31689 VII R F 13 
TOKU II R G 2 31732 VII R F 13 
WELLS II R G 2 31744 VII R F 13 
A.K. (HARROW) III R G 2,4, GATAN VII R G 14 

23 IMPROVED 
CALLAND III R G 2,23 PELICAN VII R G 14 
F.C. 04002-B III R G 2,5 MONETTA VII R G 14 

04002-N III R G 2,5 POCAHONTAS VII R G 14,22 
29333 Ill R G 2,5 SEMMES VII R G 12 
31571 Ill R G 5 TANNER VII R G 14 

FUJI 
31579 IIl 

III 
R 
S 

G 
G 

5 
2 

WOODS YELLOW 
ARISOY 

VII 
VIII 

R 
R 

G 
G 

14,22 
14 

ILLINGTON III R G 2 AVOYELLES VIII R G 14 
ILLINI III R G 2,23 HARDEE VIII R G 14 
WAYNE III S G 2,24 J.E.W. 45 VIII R G 14 
BONUS IV R G 2 LA. GREEN VIII R G 14 
BOONE IV R G 2,23 MAJOS VIII R G 14 
CLARK IV S G 2 MAMOTAN 6640 VIII R G 14 
CLARK 63 IV R G 4 NELA VIII R G 14 
COLUMBUS IV S G 24 YELNANDA VIII R G 14 
CUSTER 
CUTLER 71 

IV 
IV 

R 
R 

G 
G 

2 
2 

WHITE BILOXI 
P.I. 79648 

VIII 
I 

R 
R 

G 
G 

14,22 
2 

F.C. 19976-2 IV R G 2 79694 I R G 2 
31630 IV R G 2 81765 I R G 2 

GREEN AND BLACK IV R G 2 86410 I R G 2,5 

aMaturity group. bR=resistant; S=susceptible. CF=field; G=greenhouse. dReferences cited, 
by number. 
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TABLE 5-CONT'D (1) 

Strain MGa 
Reac-
tionb Test 

Ref 
no. Strain MGa 

Reac-
tionb Testc 

Ref 
no. 

P.I. 91732-2 
131531 
153250 
153253 
153279 
153282 
153308 
181532 
181536 
189946 
196160 
229328 
248397 
248410 
60279 
80488-1 
81035 
81763 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
II 
II 
II 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2 
5 
5 
5 
5 
5 
5 
5 
2,5 
2 
2 
2 
5 
5 
2 
2 
5 
2,5 

P.I. 81031-2 
81041 
81766 
81785 
82232 
82235 
82246-1 
82278 
82302 
84509 
84610 
84619 
84646 
84957-1 
85437 
86006 
86114 
86116 

Ill 
Ill 
Ill 
Il1 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2 
2,5 
5 
5 
2,5 
2,5 
2,5 
5 
2,5 
2,5 
2,5 
2,5 
2,5 
2,5 
2 
5 
2 
2 

81767 
81771 
81773 
82263-2 
82532 
86002 
86022 
86046 
86050 
86122 
86972-1 
88803 
91171 
92595 
92639 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2,5 
5 
2,5 
5 
2,5 
2,5 
5 
2 
5,11 
5 
5 
2,5 
2 
5 
5 

86425 
87619 
87620 
87630 
88780 
88815 
88826 
89061-N 
89134 
89150 
90576-1 
91160 
91162 
91165 
91340 

Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
11 
III 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Il1 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

135589 
135590 
153264 
153288 
181534 
189958 
196151 
196161 
227684 
229322 
232988 
232989 
232990 
232991 
261472 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2,5 
2 
5 
5 
2 
5 
2,5 
5 
2,5 
5 
2 
5 
5 
5 
5 

91725-4 
92601-5 
92602 
92640 
92659 
92690 
92718-2 

103088 
103091 

153309 
157457 
171450 
181549 
181553 

Ill 
Ill 
Ill 
Ill 
Ill 
IIl 
Ill 
Ill 
III 

Ill 
Il 
Il1 
Ill 
Il 

R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 

G 
G 
G 
G 
G 

2 
2 
2 
2 
2 
2 
2 
2 
2,16, 
19 
2 
2 
2 
2 
2 

54615-1 
55089-1 
65379 
68535 

Il1 
Ill 
Ill 
Ill 

R 
R 
R 
R 

G 
G 
G 
G 

2,5 
5 
2,5 
2,5 

181554 
189969 
196148 
196149 

Ill 
Ill 
Ill 
Il1 

R 
R 
R 
R 

G 
G 
G 
G 

2 
2 
2 
2 

70188 
70466-4 
79870-2 
80825 

Il 
Ill 
Ill 
Ill 

R 
R 
R 
R 

G 
G 
G 
G 

2,5 
5 
2,5 
2,5 

196152 
196156 
196157 
200457 

Il 
Ill 
Ill 
Ill 

R 
R 
R 
R 

G 
G 
G 
G 

2 
2 
2 
2 

80841 
80847-1 
81027 
81030-1 

Ill 
Ill 
Il 
Ill 

R 
R 
R 
R 

G 
G 
G 
G 

2,5 
2,5 
2,5 
2,5 

200496 
200499 
205087 
224272 

Ill 
Ill 
Ill 
Ill 

R 
R 
R 
R 

G 
G 
G 
G 

2 
2 
2 
2 
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TABLE 5-CONT'D (2) 

Strain MGa 
Reac-
tionb Test c 

Ref. 
no.d Strain MGa 

Reac-
tionb Testc 

Ref. 
no.d 

P.I. 227560 Ill R G 2 P.I. 90245 IV R G 2 
227563 Ill R G 2 90249 IV R G 2 
227566 
227685 

III 
III 

R 
R 

G 
G 

2 90256 
2 90305 

IV 
IV 

R 
R 

G 
G 

2 
2 

229738 Il1 R G 2 91178 IV R G 2 
238933 Il1 R G 2 91346 IV R G 2 
54600 IV R G 2 91679 IV R G 2 
54606-1 
58955 

IV 
IV 

R 
R 

G 
G 

2 91725-2 
2 91734 

IV 
IV 

R 
R 

G 
G 

2 
2 

59849 IV R G 2 92557 IV R G 2 
62202-2 IV R G 5 94159-B IV R G 2 
64747 IV R G 2 95769 IV R G 2 
70208 
80466-2 

IV 
IV 

R 
R 

G 
G 

2 96808 
2 96978 

IV 
IV 

R 
R 

G 
G 

2 
2 

80473 IV R G 2 97225 IV R G 2 
80488 IV R G 2 103091 IV R G 2 
80498-1 IV R G 2 124871 IV R G 2 
80828-1 
80828-2 

IV 
IV 

R 
R 

G 
G 

2 153321 
2 157401 

IV 
IV 

R 
R 

G 
G 

2 
2 

81037-5 IV R G 2 157404 IV R G 2 
81764 
81777 

IV 
IV 

R 
R 

G 
G 

2 157409 
2 157417 

IV 
IV 

R 
R 

G 
G 

2 
2 

82218 IV R G 2 157424 IV R G 2 
82295 IV R G 2 157428 IV R G 2 
82312-N IV R G 2 157431 IV R G 2 
82527 
82534 

IV 
IV 

R 
R 

G 
G 

2 157435 
2 157439 

IV 
IV 

R 
R 

G 
G 

2 
2 

82544 
83853 

IV 
IV 

R 
R 

G 
G 

2 157441 
2 157447 

IV 
IV 

R 
R 

G 
G 

13 
2 

83892 
84939 

IV 
IV 

R 
R 

G 
G 

2 157448 
2 157453 

IV 
IV 

R 
R 

G 
G 

2 
2 

84946-1 IV R G 2 157459 IV R G 2 
84959 IV R G 2 157462 IV R G 2 
84960 IV R G 2 157472 IV R G 2 
85505 IV R G 2 157492 IV R G 2 
85519 IV R G 2 159923-1 IV R G 2 
85624 IV R G 2 172901 IV R G 2 
85626 IV R G 2 181539 IV R G 2 
86103 IV R G 2 181551 IV R G 2 
86134-4 IV R G 2 200517 IV R G 2 
86136 IV R G 2 200518 IV R G 2 
86150 
86740 

IV 
IV 

R 
R 

G 
G 

2 200541 
2 205088 

IV 
IV 

R 
R 

G 
G 

2 
2 

86876 IV R G 2 205089 IV R G 2 
86972-1 
87005 

IV 
IV 

R 
R 

G 
G 

2 219783 
2 224271 

IV 
IV 

R 
R 

G 
G 

2 
2 

87011 IV R G 2 226591 IV R G 2 
87047 IV R G 2 229312 IV R G 2 
87074 IV R G 2 229313 IV R G 2 
87525 
87561 

IV 
IV 

R 
R 

G 
G 

2 229314 
2 229316 

IV 
IV 

R 
R 

G 
G 

2 
2 

87622 IV R G 2 229317 IV R G 2 
88466-1 IV R G 2 229327 IV R G 2 
88811 IV R G 2 229334 IV R G 2 
88816 
89769 

IV 
IV 

R 
R 

G 
G 

2 229341 
2 229342 

IV 
IV 

R 
R 

G 
G 

2 
2 

90138 IV R G 2 229344 IV R G 2 
90208 IV R G 2 229353 IV R G 2 
90233 
90241 

IV 
IV 

R 
R 

G 
G 

2 229356 
2 229361 

IV 
IV 

R 
R 

G 
G 

2 
2 
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TABLE 5-CONT'D (3)
 

Strain MGa 
Reac-
tionb TestC 

Ref 
no.a Strain MGa 

Reac-
tionb Testc 

Ref 
no.-

P.I. 243514 IV R G 2 P.I. 181547 V R G 13 
243518 IV R G 2 181562 V R G 13 
243520 IV R G 2 187155 V R G 13,22 
243524 IV R G 2 196165 V R G 13 
243525 IV R G 2 196168 V R G 13 
243526 IV R G 2 196175 V R G 13 
243529 IV R G 2 196177 V R G 13 
243530 IV R G 2 200450 V R G 13 
243531 IV R G 2 200468 V R G 13 
243533 IV R G 2 200472 V R G 13 
243535 IV R G 2 200495 V R G 13 
243538 IV R G 2 200503 V R G 13 
243544 IV R G 2 200510 V R G 13 
243549 IV R G 2 200546 V R G 13 
246367 IV R G 2 210179 V R G 13 
246369 IV R G 2 219780 V R G 13 
248511 IV R G 2 219785 V R G 13 
253651-B IV R G 2 221973 V R G 13 
253652-B IV R G 2 227159 V R G 13 
262181 IV R G 2 227555 V R G 13 
266807-D IV R G 2 227557 V R G 13,22 
60273 V R G 13 229315 V R G 13 
62204 V R G 13 229350 V R G 13,22 
65342 V R G 13 238928 V R G 13 
82184-S V R G 13 238929 V R G 13 
82286 V R G 13 238932 V R G 13 
82588 V R G 13 274422 V R G 13 
83836 V R G 13 274508 V R G 13 
83874 V R G 13 339863-A V R G 13 
84669 V R G 13 339864-B V R G 13 
84949 V R G 13 339867 V R G 13 
85089 V R G 13 339982 V R G 13 
85342 V R G 13 339986 V R G 13 
85666-S V R G 13 339989 V R G 13 
86078 V R G 13 339992 V R G 13 
87076 V R G 13 339999 V R G 13 
90481 V R G 13 340000 V R G 13 
91159-S V R G 13 340003 V R G 13 
92743 V R G 13 340008 V R G 13 
96786 V R G 13 340009 V R G 13 
96983 V R G 13 340014 V R G 13 
97066 V R G 13 340022 V R G 13 
97081 V R G 13 340024 V R G 13 
103079 V R G 13 340026 V R G 13 
123587 V R G 13 340028 V R G 13 
157394 V R G 13 340029 V R G 13 
157430 V R G 13 340030 V R G 13 
157432 V R G 13 340031-B V R G 13 
157440 V R G 13 340044 V R G 13 
157478 V R G 13 340045 V R G 13 
157484 V R G 13,22 340051 V R G 13 
157751 V R G 13 342002 V R G 13 
171430 V R G 13 342003 V R G 13 
171442 V R G 2,22,

23,11, 
381674 
381677 

V 
V 

R 
R 

G 
G 

13 
13 

16,19 86109 VI R G 13 
172902 V R G 13 86904 VI R G 13 
181543 V R G 13 87968 VI R G 13 
181544 V R G 13 88816-S VI R G 13 
181545 V R G 13 90768 VI R G 13 
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TABLE 5-CONT'D (4)
 

Strain MGa 
Reac-
tionb Test 

Ref 
no. Strain MCa 

Reac-
tionb Test c 

Ref
no.d 

P.1. 92567 
94159 
95860 
95969 
96035 
96257 
97161 
157469 
157487 
159923 
171437 
171439 
174862 
174863 
175174 
181556 
181559 
187156 
200446 
200449 
200461 
200483 
200502 
200505 
200553 
201421' 
212605 
212606 
219656 
221972 
227214 
230974 
230976 
230978 
230979 
253664 
283327 
284815 
319525 
319529 
319530 
319531 
341264 
346301 
360834 
365426 
366036 
377575 
386037 
386039 
71570 
84642 
85416 
95960 
97094 

145079 
159094 
159096 
165671 
165926 

VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
Vi 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 

R 
R 
R 
R 
P 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
13 
13,22 
13 
13,22 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
22 
13 
13 
13,22 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

P.I. 165989 
166028 
166032 
175183 
175185 
175186 
179935 
180445 
181564 
181565 
181566 
181567 
181568 
181569 
183929 
187154 
192868 
192869 
192870 
192871 
192872 
192873 
192874 
200445 
200452 
200459 
200464 
200465 
200466 
200469 
200474 
200475 
200476 
200477 
200490 
200491 
200492 
200493 
200494 
200500 
200506 
200507 
200509 
200516 
200523 
200524 
200525 
200527 
200528 
200529 
200530 
200532 
200542 
200543 
200544 
205083 
208782 
208783 
219652 
224270 

VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13,22 
13 
13,22 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13,22 
13 
13 
13 
13 
13 
13 
13 
13 
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TABLE 5-CONT;D (5) 

Strain MGa 
Reac-
tion b Test 

Ref 
no. Strain MGa 

Reac-
tionb Test 

Ref 
no. d 

P.I. 224273 
227219 
227221 
228065 
229321 
230970 
230971 
230972 
230973 
230975 
230977 
230980 
230981 
241424 
322690 
324189 
324190 
376069 
376070 
376844 
377573 
377578 
381672 
381682 
133226 
165674 
181696 
181697 
181698 
183900 
200486 
203399 
203403 
203405 
204331 
204332 
204338 
210349 
215755 

VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

PANDO 
HIDASTA 
CHIPPEWA 64 
HARLY 
MANDARIN 507 
MENDOTA 
OTTAWA 
AMSOY 
AMSOY 71 
BEESON 
CORSOY 
GOKU 
HAROSOY 
HAROSOY 63 

HAWKEYE 
HAKOTE 
LINDARIN 63 
MUKDEN 
PROTANA 
SENECA 
TOKU 
WELLS 
A.K. (HARROW) 
CALLAND 
FUJI 
ILLINGTON 
ILLINI 
WAYNE 
F.C. 04002-B 
F.C. 04002-N 
FC 29333 
BONUS 
BOONE 
CLARK 
CUSTER 
CUTLER 71 
GREEN AND BLACK 

00 
0 
I 
I 
I 
I 
I 
II 
II 
II 
II 
II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 
III 
III 
III 
III 
III 
III 
III 
III 
Ill 
IV 
IV 
IV 
IV 
IV 
IV 

S 
S 
R 
R 
S 
S 
R 
S 
R 
R 
S 
S 
S 
R 

S 
S 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
S 
R 
S 
R 
R 
R 
S 
R 
R 
S 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2 
2 
2 
2 
2 
2 
2 
2,23 
2,23 
2,23 
2 
2 
2,11 
2,11, 
16,19, 
23 
22,23 
2 
2,23 
2,23 
2 
2 
2 
2 
2,23 
2,23 
2 
2 
2,23 
2 
2 
2 
2 
2 
2,23 
2 
2 
2 
2 

227687 
259540 
259543 
279088 
283328 
205910 
240670 
281895 
285096 
306702 
306712 
307890 
323278 
341253 
341255 
341259 
341261 

VIII 
VIII 
VIII 
VIII 
VIII 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

HAHTO 
(MICHIGAN) 

HURRELBRINK 
KINGWA 
VIRGINIA 
SANGA 

F.C. 19976-2 
F.C. 31630 
F.C. 31719 
F.C. 31721 
F.C. 31934 
HOLLYBROOK 
MACK 

NANSEMOND 

IV 
IV 
IV 
IV 
IV 

IV 
IV 
V 
V 
V 
V 
V 

V 

R 
R 
R 
R 
S 

R 
R 
R 
R 
R 
R 
R 

S 

G 
G 
G 
G 
G 

G 
G 
G 
G 
G 
G 
G 

G 

2 
23 
2 
14,22 
2,11, 
1G,19, 
23 
2 
2 
13 
13 
13 
2 
2,11, 
16,19 
22,23 

Race 2 123 
ARKSOY VI R G 2,22, 

ALTONA 00 R G 2,11, 
LEE 68 
RALSOY 

VI 
VI 

R 
R 

G 
G 

23 
22 

16,19 TRACY VI R G 11,19 
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TABLE 5-CONT'D (6)
 

Strain MGa 
Reac-
tionb Testc 

Ref 
no.a Strain MGa 

Reac-
tionb Testc 

Rof 
no.a 

POCAHONTAS VII R G 22 P.I. 88780 Ill R G 2 
SEMMES VII R G 2 88815 Ill R G 2 
WOODS-YELLOW VII R G 22 88826 III R G 2 
P.I. 79648 I R G 2 89061-N III R G 2 

79694 I R G 2 89134 Ill R G 2 
81765 I R G 2 89150 Il S G 2 
86410 I R G 2 90576-1 Ill R G 2 
91732-2 I R G 2 91162 Il1 R G 2 

181536 I R G 2 91165 Ill S G 2 
196160 I R G 2 91340 Ill S G 2 
229328 I R G 2 92601-5 III R G 2 
60279 II S G 2 92602 Ill R G 2 
80488-1 II R G 2 92640 Ill R G 2 
81763 II R G 2 92690 Ill R G 2 
81767 II R G 2 92718-2 Ill R G 2 
81771 II R G 2 103088 Ill R G 2 
81773 II R G 2 153309 Ill R G 2 
82532 II R G 2 157457 Ill S G 2 
86002 II R G 2 171450 Ill R G 2 
86046 II R G 2 181553 Il R G 2 
86050 II R G 2 181554 Ill R G 2 
86972-1 II R G 2 189969 Ill S G 2 
88803 II R G 2 196148 Il1 R G 2 
91171 II R G 2 196149 Ill R G 2 

135589 II R G 2 196152 Ill R G 2 
135590 II R G 2 196156 Ill R G 2 
181534 II R G 2 196157 Ill R G 2 
196151 II R G 2 200496 Ill R G 2 
227558 II R G 2 200499 Ill R G 2 
227684 II R G 2 209334 Ill R G 2 
232988 II R G 2 224272 Ill R G 2 
232989 II R G 2 227560 Ill R G 2 
232990 II R G 2 227563 Ill R G 2 
232991 II R G 2 227566 Il1 R G 2 
54615-1 Ill R G 2 227685 Ill R G 2 
65379 Ill R G 2 261467 Ill R G 2 
68535 Ill R G 2 54600 IV S G 2 
70188 Ill R G 2 54606-1 IV R G 2 
79870-2 Ill R G 2 59849 IV R G 2 
80825 Il S G 2 64747 IV R G 2 
80841 Ill R G 2 70208 IV R G 2 
80847-1 Ill R G 2 80473 IV R G 2 
81027 Ill R G 2 80488 IV R G 2 
81030-1 Ill R G 2 80498-1 IV S G 2 
81031-2 Ill R G 2 81777 IV R G 2 
81041 Ill R G 2 82295 IV R G 2 
82232 Ill R G 2 82312-N IV R G 2 
82235 Ill R G 2 82527 IV R G 2 
82246-1 Ill S G 2 82534 IV R G 2 
82302 Ill R G 2 82544 IV R G 2 
84509 Ill R G 2 83853 IV R G 2 
84619 Ill S G 2 83892 IV R G 2 
84646 IIl R G 2 84939 IV S G 2 
84957-1 Ill R G 2 84946-1 IV S G 2 
85437 Ill R G 2 84959 IV R G 2 
86116 III R G 2 85505 IV R G 2 
86425 Ill R G 2 85624 IV R G 2 
87619 IlI R G 2 85626 IV R G 2 
87620 Ill R G 2 86103 IV S G 2 
87630 Ill R G 2 86134-4 IV R G 2 
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TABLE 5-CONT'D (7) 

Reac- Ref Reac- Refa 
Strain MGa tion Testc no. Strain MGa tion Test c no. 

P.I. 86136 IV R G 2 P.I. 229361 IV S G 2 
86150 IV R G 2 243514 IV R G 2 
86740 IV S G 2 243520 IV R G 2 
86876 IV R G 2 243524 IV R G 2 
87005 IV R G 2 243525 IV R G 2 
87047 IV R G 2 243529 IV R G 2 
87074 IV R G 2 243530 IV R G 2 
87525 IV R G 2 243531 IV R G 2 
87561 IV R G 2 243533 IV R G 2 
87571 IV R G 2 243535 IV R G 2 
87622 IV R G 2 243544 IV R G 2 
88466-1 IV R G 2 243549 IV S G 2 
88811 IV R G 2 246367 IV R G 2 
88816 IV R G 2 246369 IV R G 2 
89769 IV R G 2 248511 IV R G 2 
90138 IV R G 2 253651-B IV S G 2 
90208 IV S G 2 253652-B IV R G 2 
90233 IV S G 2 262181 IV R G 2 
90241 IV S G 2 266807-D IV R G 2 
90245 IV S G 2 60273 V R G 13 
90249 IV S G 2 82184-S V R G 13 
90305 IV S G 2 83874 V R G 13 
91178 IV R G 2 84669 V R G 13 
91679 IV R G 2 85089 V R G 13 
91725-2 IV S G 2 85666-S V R G 13 
92557 IV R G 2 85942 V R G 13 
95159-B IV R G 2 92743 V R G 13 
95769 IV R G 2 93055-S V R G 13 
96808 IV R G 2 96983 V R G 13 
96978 IV S G 2 97066 V R G 13 
97225 IV R G 2 97081 V R G 13 

103091 IV R G 2,16, 157394 V R G 13 
19 157430 V R G 13 

153321 IV S G 2 157432 V R G 13 
157401 IV R G 2 157440 V R G 13 
157404 IV R G 2 157478 V R G 13 
157409 IV R G 2 157484 V R G 13,22 
157417 IV S G 2 157751 V R G 13 
157424 IV S G 2 171442 V R G 11,16, 
157431 IV R G 2 19,22 
157439 IV S G 2 172902 V R G 13 
157447 IV S G 2 181543 V R G 13 
157453 IV R G 2 181545 V R G 13 
157462 IV S G 2 181562 V R G 13 
157472 IV S G 2 187155 V R G 22 
157492 IV S G 2 196166 V R G 13 
159923-1 IV S G 2 196175 V R G 13 
172901 IV R G 2 196177 V R G 13 
181539 IV R G 2 200450 V R G 13 
181551 IV S G 2 200472 V R G 13 
200517 IV R G 2 200495 V R G 13 
200518 IV R G 2 200503 V R G 13 
200541 IV S G 2 200510 V R G 13 
205088 IV R G 2 200546 V R G 13 
219783 IV R G 2 210179 V R G 13 
224271 IV S G 2 219780 V R G 13 
226591 IV R G 2 219785 V R G 13 
229313 IV S G 2 221973 V R G 13 
229342 IV R G 2 227555 V R G 13 
229353 IV R G 2 227557 V R G 13,22 
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TABLE 5-CONT'D (8)
 

Strain MGa 
Reac-
tionb Testc 

Ref. 
no.d Strain MGa 

Reac-
tionb Test c 

Ref 
no.d 

P.I. 229315 V R G 13 P.I. 230981 VII R G 13 
229350 V R G 13,22 
238929 V R G 13 
238932 V R G 13 
274508 
339864-B 
340029 
340031-B 
340051 
86109 
87968 

V 
V 
V 
V 
V 
VI 
VI 

R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 

13 
13 
13 
13 
13 
13 
13 

ALTONA 

HIDASTA 
PANDO 
CHIPPEWA 64 
HARLY 
MANDARIN 507 

00 

00 
00 
I 
I 
I 

R 

S 
S 
S 
S 
S 

G 

G 
G 
G 
G 
G 

2,11, 
16,19 
2 
2 
2 
2 
2 

94159 
95860 
96035 
96257 

181556 
186559 
187156 
200446 
200449 
200483 

VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
13,22 
13,22 
13 
13 
13 
13 
13 
13 
13 

MENDOTA 
OTTAWA 
AMSOY 
AMSOY 71 

BEESON 

CORSOY 
F.C. 19976 
GOKU 

I 
I 
II 
II 

II 

II 
II 
II 

S 
S 
S 
S 

S 

S 
R 
S 

G 
G 
G 
G 

G 

G 
G 
G 

2 
2 
23 
2,23, 
24 
2,23, 
24 
23,24 
2 
2 

200502 
200505 
200553 
201421 
219656 
227214 
230974 
230976 
230979 
283327 
319529 
319530 

VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
13 
13 
22 
22 
13 
13 
13 
13 
13 
13 
13 

HAKOTE 
HAROSOY 
HAROSOY 63 

HAWKEYE 
LINDARIN 63 
MUKDEN 
PROTANA 
SENECA 
TOKU 
WELLS 

II 
II 
II 

II 
II 
II 
II 
II 
II 
II 

S 
S 
S 

S 
S 
S 
S 
S 
R 
S 

G 
G 
G 

G 
G 
G 
G 
G 
G 
G 

2 
2,11 
2,11, 
16,19, 
23 
23,24 
2,23 
2,23 
2 
2 
2 
2 

319531 
341264 
145079 
159096 
165671 
200445 
200464 
200469 
200474 

VI 
VI 
VII 
VII 
VII 
VII 
VII 
VII 
VII 

R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
13 
13 
13 
13 
13 
13 
13 
13 

A.K. (HARROW) 
CALLAND 

F.C. 04002-B 
F.C. 04002-N 
F.C. 19972-2 
F.C. 29333 
FUJI 
ILLINGTON 

III 
III 

III 
III 
IIl 
Ill 
III 
III 

S 
S 

S 
R 
R 
S 
S 
S 

G 
G 

G 
G 
G 
G 
G 
G 

2,23 
2,23, 
24 
2 
2 
2 
2 
2 
2 

200475 
200490 
200491 
200492 
200506 
200507 
200509 
200523 
200524 
200528 
200532 

VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

13 
22 
13 
22 
13 
13 
13 
13 
13 
13 
22 

ILLINI 
WAYNE 
BONUS 
BOONE 
CLARK 
COLUMBUS 
CUSTER 
CUTLER 71 
F.C. 19976-2 
F.C. 31630 
GREEN AND BLACK 

III 
III 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

S 
S 
S 
S 
S 
S 
S 
S 
R 
R 
S 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2,23 
23,24 
2,24 
2,23 
2 
24 
2 
2,24 
2 
2 
2 

200543 VII R G 13 HAHTO 
227219 
227221 
228065 

VII 
VII 
VII 

R 
R 
R 

G 
G 
G 

13 
13 
13 

(MICHIGAN) 
HURRELBRINK 
KINGWA 

IV 
IV 
IV 

S 
S 
R 

G 
G 
G 

2 
23 
2 

230970 
230971 
230975 

VII 
VII 
VII 

R 
R 
R 

G 
G 
G 

13 
13 
13 

SANGA IV R G 2,11, 
16,19, 
23 
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TABLE 5-CONT'D (9) 

Strain MGa 
Reac-
tionb Testc 

Ref 
no.- Strain MGa 

Reac-
tionb Testc 

Re: 
no, 

VIRGINIA IV R G 14 P.I. 135590 II S G 2 
DARE V S G 24 153264 II S G 2 
ESSEX V S G 24 153288 II S G 2 
F.C. 31719 V R G 13 181534 II S G 2 
F.C. 31721 
F.C. 31934 
FORREST 

V 
V 
V 

R 
R 
S 

G 
G 
G 

13 
13 
24 

196150 
196151 
227684 

II 
II 
II 

R 
S 
R 

G 
G 
G 

2 
2 
2 

HOLLYBROOK 
MACK 

V 
V 

R 
R 

G 
G 

2 
2,11, 

232988 
232989 

II 
II 

S 
S 

G 
G 

2 
2 

NANSEMOND 
ARKSOY 

V 
VI 

R 
R 

G 
G 

16,19 
23,24 
2,23 

232990 
232991 
261472 

II 
II 
II 

S 
S 
S 

G 
G 
G 

2 
2 
2 

BEDFORD VI G 14 54615-1 Ill R G 2 
CENTENNIAL VI R G 14 55089-1 Ill R G 2 
LEE 68 VI R G 23 62202-2 Il1 R G 2 
TRACY 
BRAGG 

Vi 
VII 

R 
R 

G 
G 

11,19 
14 

65379 
68535 

Il1 
Ill 

S 
R 

G 
G 

2 
2 

P.I. 79648 I S G 2 70188 Ill R G 2 
79694 I S G 2 70466-4 Ill S G 2 
81765 I S G 2 79870-2 Ill R G 2 
86410 I R G 2,5 80825 Il S G 2 
91732-2 

153244 
I 
I 

R 
S 

G 
G 

2 
2 

80841 
80847-1 

Ill 
Il1 

R 
R 

G 
G 

2 
2 

153250 I R G 2 81027 Ill S G 2 
153279 I R G 2 81030-1 Ill S G 2 
153282 I R G 2 81030-2 Ill R G 2 
153308 I R G 2 81041 Il1 S G 2 
181532 I S G 2 82232 Ill R G 2 
181536 I R G 2 82235 Ill R G 2 
189946 I R G 2 82246-1 Ill S G 2 
189947 
189966 

I 
I 

S 
S 

G 
G 

2 
2 

82302 
84509 

Il 
Ill 

R 
R 

G 
G 

2 
2 

196159 I R G 2 84619 Ill R G 2 
196160 
200508 

I 
I 

R 
R 

G 
G 

2 
2 

84646 
84957-1 

Il1 
Ill 

R 
R 

G 
G 

2 
2 

229328 I S G 2 85437 Ill R G 2 
248410 I S G 2 86028 Ill R G 2 
54604 II R G 2 86063 Ill R G 2 
54862 II R G 2 86071 Ill R G 2 
60279 II S G 2 86111 Ill R G 2 
80488-1 
81035 

II 
II 

S 
R 

G 
G 

2 
2 

86116 
86425 

Ill 
Ill 

R 
R 

G 
G 

2 
2 

81763 II S G 2 87617 III R G 2 
81767 II S G 2 87619 Ill R G 2 
81771 II S G 2 87620 Ill S G 2 
81773 II S G 2 87630 Ill R G 2 
82263-2 
82532 

II 
II 

R 
S 

G 
G 

2 
2 

88780 
88815 

III 
III 

S 
R 

G 
G 

2 
2 

86002 II S G 2 88826 III R G 2 
86022 
86046 

II 
II 

S 
S 

G 
G 

2 
2 

89061-N 
89134 

III 
III 

R 
S 

G 
G 

2 
2 

86050 II R G 2,11 89150 Ill R G 2 
86122 II R G 2 90576-1 IIl R G 2 
86878-2 II S G 2 91113 Ill R G 2 
86972-1 II R G 2 91162 Ill R G 2 
88803 II S G 2 91165 Ill R G 2 
91171 
92465 

II 
II 

S 
R 

G 
G 

2 
2 

91340 
92560 

Ill 
III 

R 
R 

G 
G 

2 
2 

92639 II R G 2 92601-2 Ill R G 2 
135589 II S G 2 92601-5 Ill R G 2 
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TABLE 5-CONT'D (10) 

Strain MGa 
Reac-
tionb Test 

Ref 
no.a Strain MGa 

Reac-
tionb Testc 

Refa 
no. 

P.I. 92602 Ill S G 2 P.I. 85624 IV R G 2 
92640 Ill S G 2 85626 IV R G 2 
92690 
92718-2 

Ill 
III 

S 
R 

G 
G 

2 
2 

86078-1 
86103 

IV 
IV 

R 
R 

G 
G 

2 
2 

103088 
153309 

III 
III 

R 
S 

G 
G 

2 
2 

86134-4 
86136 

IV 
IV 

R 
S 

G 
G 

2 
2 

157457 
171450 

III 
III 

S 
R 

G 
G 

2 
2 

86150 
86740 

IV 
IV 

R 
R 

G 
G 

2 
2 

181553 Ill R G 2 8C976 IV R G 2 
181554 III R G 2 86972-2 IV R G 2 
189969 Ill S G 2 87005 IV R G 2 
196148 
196149 

III 
IIl 

S 
S 

G 
G 

2 
2 

87047 
87074 

IV 
IV 

R 
R 

G 
G 

2 
2 

196152 
196156 

III 
Il1 

R 
R 

G 
G 

2 
2 

87525 
87561 

IV 
IV 

S 
S 

G 
G 

2 
2 

196157 
200458 

Ill 
11 

R 
S 

G 
G 

2 
2 

87571 
87622 

IV 
IV 

R 
S 

G 
G 

2 
2 

200496 
200499 

III 
III 

R 
R 

G 
G 

2 
2 

37629 
88456-1 

IV 
IV 

R 
R 

G 
G 

2 
2 

209334 Ill S G 2 88811 IV R G 2 
224272 III R G 2 88816 IV R G 2 
227560 
227563 

Ill 
III 

S 
S 

G 
G 

2 
2 

89769 
90138 

IV 
IV 

R 
R 

G 
G 

2 
2 

227566 III S G 2 90208 IV R G 2 
227685 
229351 
243532 

Ill 
III 
Ill 

R 
S 
R 

G 
G 
G 

2 
2 
2 

90233 
90241 
90245 

IV 
IV 
IV 

R 
R 
S 

G 
G 
G 

2 
2 
2 

261466 
261467 

Ill 
Ill 

R 
R 

G 
G 

2 
2 

90249 
90305 

IV 
IV 

R 
R 

G 
G 

2 
2 

261468 Ill R G 2 91132-3 IV R G 2 
54600 IV R G 2 91178 IV R G 2 
54606-1 IV R G 2 91679 IV R G 2 
58955 IV R G 2 91725-2 IV S G 2 
59849 IV R G 2 92557 IV S G 2 
64747 IV R G 2 92651 IV R G 2 
70208 
80473 

IV 
IV 

R 
S 

G 
G 

2 
2 

94159-B 
95769 

IV 
IV 

R 
R 

g 
G 

2 
2 

80488 IV S G 2 96093 IV R G 2 
80498-1 IV R G 2 96783 IV R G 2 
80828-1 IV R G 2 96808 IV R G 2 
80828-2 IV R G 2 96978 IV R G 2 
81037-5 IV R G 2 97225 IV R G 2 
81777 IV R G 2 103080 IV R G 2 
82210 
82291 

IV 
IV 

R 
R 

G 
G 

2 
2 

103091 IV R G 2,16, 
19 

82295 
82312-N 

IV 
IV 

R 
R 

G 
G 

2 
2 

153321 
157398 

IV 
IV 

S 
S 

G 
G 

2 
2 

82315 
82325 
82527 
82534 
82544 
83853 
83858 
83892 
84939 
84946-1 
84959 
85469 
85505 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

157401 
157402 
157404 
157409 
157410 
157417 
157424 
157431 
157439 
157447 
157453 
157462 
157468 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 

R 
R 
R 
R 
R 
R 
S 
R 
S 
S 
R 
R 
R 

G 
G 
G 
G 
G 
G 
G 
G 
G 
C 
G 
G 
G 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TABLE 5-CONT'D (11) 

Strain MGa 
Reac-
tionb Testc 

Ref 
no.a Strain MGa 

Reap-
tion- Test c 

Refd no. 

P.I. 157472 IV R G 2 P.I. 93055-S V R G 13 
157485 IV R G 2 96983 V R G 13 
157492 IV R G 2 97066 V R G 13 
159923-1 IV S G 2 97081 V R G 13 
172901 IV R G 2 157394 V R G 13 
181539 IV R G 2 157430 V R G 13 
181551 IV R G 2 157432 V R G 13 
196155 IV R G 2 157440 V R G 13 
200460 IV S G 2 157478 V R G 13 
200517 IV R G 2 157484 V R G 1 
200518 IV R G 2 157751 V R G 13 
200522 IV R G 2 171442 V R G 11,16, 
200541 IV R G 2 19 
200545 IV R G 2 172902 V R G 13 
205088 IV R G 2 181543 V R G 13 
219783 IV R G 2 181545 V R G 13 
224271 IV R G 2 181562 V R G 13 
226591 IV R G 2 196166 V R G 13 

229313 IV S G 2 196175 V R G 13 
229342 IV R G 2 196177 V R G 13 
229343 IV R G 2 200450 V R G 13 
229349 IV S G 2 200472 V R G 13 
229352 IV R G 2 200495 V R G 13 
229353 IV R G 2 200503 V R G 13 
229359 IV S G 2 200510 V R G 13 
229360 IV S G 2 200546 V R G 13 
229361 IV S G 2 210179 V R G 13 
229362 IV R G 2 219780 V R G 13 
243514 IV R G 2 219785 V R G 13 
243520 IV R G 2 221973 V R G 13 
243522 IV S G 2 227555 V R G 13 
243523 IV R G 2 229315 v R G 13 
243524 IV R G 2 229350 V R G 13 
243525 IV S G 2 238929 V R G 13 
243529 IV R G 2 238932 V R G 13 
243530 IV R G 2 274508 V R G 13 
243531 IV R G 2 339864-B V R G 13 
243533 IV R G 2 340029 V R G 13 
243535 IV R G 2 340031-B V R G 13 
243541 IV R G 2 340051 V R G 13 
243544 IV R G 2 86109 V R G 13 
243545 IV R G 2 87968 VI R G 13 
243548 IV R G 2 94159 VI R G 13 
243549 IV R G 2 96035 VI R G 13 
246366 IV R G 2 96257 VI R G 13 
246367 IV R G 2 181556 VI R G 13 
246369 IV R G 2 186559 VI R G 13 
248511 IV S G 2 187156 VI R G 13 
253651-B IV R G 2 200446 VI R G 13 
253652-B IV R G 2 200449 VI R G 13 
262181 IV R G 2 200483 VI R G 13 
266807-D IV R G 2 200502 VI R G 13 
60273 V R G 13 200505 VI R G 13 
82184-S V R G 13 200553 VI R G 13 
83874 V R G 13 227214 VI R G 13 
84669 V R G 13 230974 VI R G 13 
85089 V R G 13 230976 /I R G 13 
85942 V R G 13 230979 VI R G 13 
85666-S V R G 13 283327 VI R G 13 
92743 V R G 13 319529 VI R G 13 
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TABLE 5-CONT'D (12) 

Strain MG 
Reac-
tion Test 

eRef 
no. Strain MG 

Reac 
tion Test( 

Refa 
no. 

P.I. 319530 
319531 

VI 
VI 

R 
R 

G 
G 

13 
13 

CALLAND 
FUJI 

III 
III 

S 
S 

G 
G 

2,24 
2 

341264 
145079 

VI 
VII 

R 
R 

G 
G 

13 
13 

ILLINGTON 
ILLINI 

III 
III 

S 
S 

G 
G 

2 
2 

159096 
165671 
200445 

VII 
VII 
VII 

R 
R 
R 

G 
G 
G 

13 
13 
13 

WAYNE 
BONUS 
BOONE 

III 
IV 
IV 

S 
S 
S 

G 
G 
G 

24 
2,24 
2 

200464 
200469 

VII 
VII 

R 
R 

G 
G 

13 
13 

CLARK 
COLUMBUS 

IV 
IV 

S 
S 

G 
G 

2 
24 

200474 
200475 
200491 

VII 
VII 
VII 

R 
R 
R 

G 
G 
G 

13 
13 
13 

CUSTER 
CULTER 71 
F.C. 19976-2 

IV 
IV 
IV 

S 
S 
R 

G 
G 
G 

2 
2,24 
2 

200506 
200507 

VII 
VII 

R 
R 

G 
G 

13 
13 

F.C. 31630 
GREEN AND BLACK 

IV 
IV 

R 
S 

G 
G 

2 
2 

200509 VII R G 13 HAHTO 
200523 
200524 

VII 
VII 

R 
R 

G 
G 

13 
13 

(MICHIGAN) 
KINGWA 

IV 
IV 

S 
R 

G 
G 

2 
2 

200528 
200543 
227219 

VII 
VII 
VII 

R 
R 
R 

G 
G 
G 

13 
13 
13 

SANGA 

VIRGINIA 

IV 

IV 

R 

R 

G 

G 

2,11, 
16,19 
14 

227221 VII R G 13 DARE V S G 24 
228065 VII R G 13 ESSEX V S G 24 
230970 VII R G 13 F.C. 31719 V R G 13 
230971 VII R G 13 F.C. 31721 V R G 13 
230975 
230981 

VII 
VII 

R 
R 

G 
G 

13 
13 

F.C. 31934 
FORREST 

V 
V 

R 
S 

G 
G 

13 
24 

HOLLYBROOK V S G 24 
RACE 4 NANSEMOND V R G 24 

ALTONA 

PANDO 

00 

00 

R 

S 

G 

G 

2,11, 
16,19 
2 

MACK 

ARKSOY 

V 

VI 

S 

S 

G 

G 

2,11, 
16,19 
2,23, 
24 

HIDASTA 
CHIPPEWA 64 
HARLY 
MANDARIN 507 
MENDOTA 

0 
I 
I 
I 
I 

S 
S 
S 
S 
S 

G 
G 
G 
G 
G 

2 
2 
2 
2 
2 

TRACY 
P.I. 79648 

79694 
81765 
86410 

VI 
I 
I 
I 
I 

R 
S 
S 
S 
R 

G 
G 
G 
G 
G 

11,19 
2 
2 
2 
2 

OTTAWA I S G 2 91732-2 I S G 2 
F.C. 19976 
AMSOY 
AMSOY 71 

II 
II 
II 

R 
S 
S 

G 
G 
G 

2 
24 
2,24 

153244 
153250 
153279 

I 
I 
I 

R 
R 
S 

G 
G 
G 

2 
2 
2 

BEESON 
CORSOY 

II 
II 

S 
S 

G 
G 

2,24 
24 

153282 
153308 

I 
I 

R 
R 

G 
G 

2 
2 

F.C. 
F.C. 
F.C. 

04002-B 
04002-N 
19972-2 

III 
III 
Ill 

S 
R 
R 

G 
G 
G 

2 
2 
2 

181532 
181536 
189946 

I 
I 
I 

R 
R 
R 

G 
G 
G 

2 
2 

F.C. 29333 III S G 2 189947 I R G 2 
GOKU II S G 2 189966 I R G 2 
HAKOTE 
HAROSOY 
HAROSOY 63 

II 
II 
II 

S 
S 
S 

G 
G 
G 

2 
2,11 
2,11, 

196159 
196160 
200508 

I 
I 
I 

R 
R 
R 

G 
G 
G 

2 
2 
2 

HAWKEYE 
LINDARIN 63 
MUKDEN 
PROTANA 

II 
II 
II 
II 

S 
S 
S 
S 

G 
G 
G 
G 

16,19 
24 
2 
2 
2 

229328 
248410 
54604 
54862 
60279 

I 
I 
II 
II 
II 

S 
R 
S 
S 
S 

G 
G 
G 
G 
G 

2 
2 
2 
2 
2 

SENECA II S G 2 80488-1 II S G 2 
TOKU 
WELLS 
A.K. (HARROW) 

II 
II 
III 

R 
S 
S 

G 
G 
G 

2 
2 
2 

81035 
81763 
81767 

II 
II 
II 

R 
S 
S 

G 
G 
G 

2 
2 
2 
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TABLE 5-CONT'D (13) 

Reac- Ref Reac- Ref 
Strain MGa tionb Testc no. StraL. MGa tionb Testc no.d 

P.I. 81771 II S G 2 P.I. 87620 Ill S G 2 
81773 II S G 2 87630 Ill R G 2 
82263-2 II R G 2 88780 Ill S G 2 
82532 II S G 2 88815 Ill R G 2 
86002 II R G 2 88826 Ill R G 2 
86022 II R G 2 89061-N III R G 2 
86046 II S G 2 89134 Ill S G 2 
86050 II R G 2,11 89150 Ill R G 2 
86122 II R G 2 90576-1 III R G 2 
86878--2 II R G 2 91113 Ill S G 2 
86972-1 II R G 2 91162 Ill R G 2 
88803 II S G 2 91165 Ill R G 2 
91171 II S G 2 91340 Ill R G 2 
92465 II R G 2 92560 Ill S G 2 
92639 II S G 2 92601-2 Ill S G 2 

135589 II S G 2 92601-5 Ill R G 2 
135590 II S G 2 92602 Ill S G 2 
153264 II R G 2 92640 Ill S G 2 
153288 II R G 2 92690 Ill S G 2 
181534 II S G 2 92718-2 Ill R G 2 
196150 II R G 2 103088 Ill S G 2 
196151 II S G 2 103091 IV R G 2,16 
227558 II R G 2 19 
232988 II S G 2 153309 Ill S G 2 
232989 II S G 2 157457 IIl S G 2 
232990 II S C . 171450 Ill R G 2 
232991 II S G 2 181553 Il R G 2 
261472 II R G 2 181554 Ill R G 2 
54615-1 Ill S G 2 189969 III S G 2 
55089-1 Ill R G 2 196148 Ill S G 2 
62202-2 III R G 2 196149 Ill S G 2 
65379 Ill S G 2 196152 Ill S G 2 
68535 III S G 2 196156 Ill R G 2 
70188 Ill S 2 196157 Ill R G 2 
70466-4 Ill R G 2 200458 Ill R G 2 
79870-2 III R G 2 200496 Ill R G 2 
80825 III R G 2 200499 Ill R G 2 
80841 Il1 S G 2 209334 Il1 S G 2 
80847-1 Ill R G 2 224272 Ill R G 2 
81027 Il1 S G 2 227560 Ill S G 2 
81030-1 III S G 2 227563 Ill S G 2 
81031-2 Ill S G 2 227566 Ill S G 2 
81041 III S G 2 227685 IIl R G 2 
82232 III R G 2 229351 Ill R G 2 
82235 III S G 2 243532 Ill S G 2 
82246-1 Ill S G 2 261466 Ill S G 2 
82302 Ill R G 2 261467 Ill R G 2 
84509 Ill S G 2 2614C8 IIl R G 2 
84619 Ill R G 2 54600 IV R G 2 
84646 Ill S G 2 54606-1 IV R G 2 
84957-1 III R G 2 58955 IV R G 2 
85437 Ill S G 2 59849 IV R G 2 
86028 Ill S G 2 64747 IV R G 2 
86063 III S G 2 70208 IV S G 2 
86071 Ill S G 2 80473 IV S G 2 
86111 III S G 2 80488 IV R G 2 
86116 Ill R G 2 80498 IV R G 2 
86425 III R G 2 80828-1 IV R G 2 
87617 Ill R G 2 80828-2 IV R G 2 
87619 III R G 2 81037-5 IV R G, 2 
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TABLE 5-CONT'D (14)
 

Strain MGa 
Reac-
tionb Test 

Refa 
no.d Strain MGa 

Reac-
tionb Testc 

Refa 
no. 

P.I. 81777 
82210 
82291 
82295 
82312-N 

IV 
IV 
IV 
IV 
IV 

S 
S 
R 
S 
R 

G 
G 
G 
G 
G 

2 
2 
2 
2 
2 

P.I. 103080 
103091 

153321 
157398 

IV 
IV 

IV 
IV 

S 
R 

S 
R 

G 
G 

G 
G 

2 
2,16, 
19 
2 
2 

82315 
82325 

IV 
IV 

S 
R 

G 
G 

2 
2 

157401 
157402 

IV 
IV 

R 
R 

G 
G 

2 
2 

82527 
82534 

IV 
IV 

R 
S 

G 
G 

2 
2 

157404 
157409 

IV 
IV 

S 
R 

G 
G 

2 
2 

82544 
83853 
83858 
83892 

IV 
IV 
IV 
IV 

S 
S 
R 
R 

G 
G 
G 
G 

2 
2 
2 
2 

157410 
157417 
157424 
157431 

IV 
IV 
IV 
IV 

R 
S 
S 
R 

G 
G 
G 
G 

2 
2 
2 
2 

84939 
84946-1 
84959 

IV 
IV 
IV 

R 
R 
R 

G 
G 
G 

2 
2 
2 

157439 
157447 
157453 

IV 
IV 
IV 

S 
S 
R 

G 
G 
G 

2 
2 
2 

85469 
85505 

IV 
IV 

R 
S 

G 
G 

2 
2 

157462 
157468 

IV 
IV 

R 
S 

G 
G 

2 
2 

85624 IV R G 2 157472 IV R G 2 
85626 
86078-1 

IV 
IV 

R 
S 

G 
G 

2 
2 

157485 
157492 

IV 
IV 

S 
R 

G 
G 

2 
2 

86103 
86134-4 

IV 
IV 

R 
R 

G 
G 

2 
2 

159923-1 
172901 

IV 
IV 

S 
R 

G 
G 

2 
2 

86136 
86150 
86740 

IV 
IV 
IV 

S 
R 
R 

G 
G 
G 

2 
2 
2 

181539 
181551 
196155 

IV 
IV 
IV 

R 
R 
R 

G 
G 
G 

2 
2 
2 

86876 
86972-2 
87005 
87047 
87074 

IV 
IV 
IV 
IV 
IV 

R 
S 
R 
R 
R 

G 
G 
G 
G 
G 

2 
2 
2 
2 
2 

200460 
200517 
200518 
200522 
200541 

IV 
IV 
IV 
IV 
IV 

R 
R 
R 
R 
R 

G 
G 
G 
G 
G 

2 
2 
2 
2 
2 

87525 
87561 
87577 
87622 

IV 
IV 
IV 
IV 

S 
R 
R 
S 

G 
G 
G 
G 

2 
2 
2 
2 

200545 
205088 
219783 
224271 

IV 
IV 
IV 
IV 

R 
R 
R 
R 

G 
G 
G 
G 

2 
2 
2 
2 

87629 
88466-1 

iV 
IV 

R 
S 

G 
G 

2 
2 

226591 
229313 

IV 
IV 

R 
S 

G 
G 

2 
2 

88811 
88816 

IV 
IV 

R 
R 

G 
G 

2 
2 

229342 
229343 

IV 
IV 

R 
R 

G 
G 

2 
2 

89769 IV R G 2 229349 IV R G 2 
90138 IV S G 2 229352 IV R G 2 
90208 IV R G 2 229353 IV R G 2 
90233 
90241 
90245 
90249 

IV 
IV 
IV 
IV 

R 
R 
S 
R 

G 
G 
G 
G 

2 
2 
2 
2 

229359 
(29360 
229361 
229362 

IV 
IV 
IV 
IV 

R 
R 
R 
R 

G 
G 
G 
G 

2 
2 
2 
2 

90305 IV R G 2 243514 IV R G 2 
91132-3 
91178 
91679 

IV 
IV 
IV 

R 
R 
S 

G 
G 
G 

2 
2 
2 

243520 
243522 
243523 

IV 
IV 
IV 

R 
R 
R 

G 
G 
G 

2 
2 
2 

91725-2 
92557 
92651 

IV 
IV 
IV 

S 
S 
R 

G 
G 
G 

2 
2 
2 

243524 
243525 
243526 

IV 
IV 
IV 

R 
R 
S 

G 
G 
G 

2 
2 
2 

94159-PED-B 
95769 

IV 
IV 

R 
S 

G 
G 

2 
2 

243529 
243530 

IV 
IV 

R 
R 

G 
G 

2 
2 

96093 IV R G 2 243531 IV R G 2 
96783 
96808 
96978 
97225 

IV 
IV 
IV 
IV 

R 
R 
R 
R 

G 
G 
G 
G 

2 
2 
2 
2 

243533 
243535 
243541 
243544 

IV 
IV 
IV 
IV 

S 
R 
S 
R 

G 
G 
G 
G 

2 
2 
2 
2 
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TABLE 5-CONT'D (15) 

Reac- Ref Reac- Ref 
Strain MGa tionb Testc no.a Strain MGa tionb Testc no.a 

P.I. 243545 IV R G 2 P.I. 87968 VI R G 13 
243548 IV S G 2 94159 VI R G 13 
243549 IV R G 2 96035 VI R G 13 
246366 IV R G 2 96257 VI R G 13 
246367 IV S G 2 181556 VI R G 13 
246369 IV R G 2 186559 VI R G 13 
248511 IV S G 2 187156 VI R G 13 
253651-B IV S G 2 200446 VI R G 13 
253652-B IV R G 2 200449 VI R G 13 
262181 IV R G 2 200483 VI R G 13 
266807-D IV R G 2 200502 VI R G 13 
6G?73 V R G 13 200505 VI R G 13 
82184-S V R G 13 200553 VI R G 13 
83874 V R G 13 227214 VI R G 13 
84669 V R G 13 230974 VI R G 13 
85089 V R G 13 230976 VI R G 13 
85666-S V R G 13 230979 VI R G 13 
85942 V R G 13 283327 VI R G 13 
92743 V R G 13 319529 VI R G 13 
93055-S V R G 13 319530 VI R G 13 
96983 V R G 13 319531 VI R G 13 
97066 V R G 13 341264 VI R G 13 
97081 V R G 13 145079 VII R G 13 

157394 V R G 13 159096 VII R G 13 
157430 V R G 13 165671 VII R G 13 
157432 V R G 13 200445 VII R G 13 
157440 V R G 13 200464 VII R G 13 
157478 V R G 13 200469 VII R G 13 
157484 V R G 13 200474 VII R G 13 
157751 V R G 13 200475 VII R G 13 
171442 V R G i1, 200491 VII R G 13 

16,19 200506 VII R G 13 
172902 V .R G 13 200507 VII R G 13 
181543 V R G 13 200509 VII R G 13 
181545 V R G 13 200523 VII R G 13 
181562 V R G 13 200524 VII R G 13 
196166 V R G 13 200528 VII R G 13 
196175 V R G 13 200543 VII R G 13 
196177 V R G 13 227219 VII R G 13 
200450 V R G 13 227221 VII R G 13 
200472 V R G 13 228065 VII R G 13 
200495 V R G 13 230970 VII R G 13 
200503 V R G 13 230971 VII R G 13 
200510 V R G 13 230975 VII R G 13 
200546 V R G 13 230981 VII R G 13 
210179 V R G 13 
219780 V R G 13 RACES 
219785 V R G 13 
221973 V R G 13 ALTONA 00 S G 11,16, 
227555 V R G 13 19 
229315 V R G 13 HAROSOY II S G 11 
229350 V R G 13 HAROSOY 63 II S G 11,16 
238929 V R G 13 19 
238932 V R G 13 KINGWA IV R G 16 
274508 V R G 13 SANGA IV R G 11,16, 
339864-B V R G 13 19 
340029 V R G 13 MACK V S G 11,16, 
340031-B V R G 13 ARKSOY VI S G 11 
340051 V R G 13 TRACY VI R G 11,19 
86109 VI R G 13 P.I. 171442 V R G 11,16 
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TABLE 5-CONT'D (16)
 

Reac- Ref 
 Reac- Ref
Strain MGa tionb Testc ao.-Strain MGa tionb Testc no.
 

P.I. 86050 1I R G 19 RC 0 
103091 111 R G 11,16, 

19 ALTONA 00 R G 16 
HAROSOY II S G 16 

RACE 6 HAROSOY 63 II R G 16 

ALTONA 00 S G 11,16, 
SANGA 
MACK 

IV 
V 

S 
R 

G 
G 

16 
16 

19 TRACY VI S G 16 
HAROSOY 
HAROSOY 63 

II 
II 

S 
S 

G 
G 

11 
11,16, 

P.I. 103091 
171442 

IV 
V 

R 
S 

G 
G 

16 
16 

19 
KINGWA IV R G 16 RACE 11 
SANGA IV R G 11,16, 

19 ALTONA 00 S G 16 
MACK V R G 11,16, HAROSOY II S G 16 

19 HAROSOY 63 II R G 16 
ARKSOY VI S G 11 SANGA IV S G 16 
TRACY VI R G 11,19 MACK V R G 16 
P.I. 86050 II R G 11 TRACY VI R G 16 

103091 VI S G 16,19 0.I. 103091 IV R G 16 
171442 V S G 11,16,

19 
171442 V R G 16 

RACE7 
RACE 12 

ALTONA 00 R G 16 
ALTONA 00 S G 16,19 HAROSOY II R G 16 
HAROSOY II S G 19 HAROSOY 63 II R G 16 
HAROSOY 63 II S G 16,19 SANGA IV S G 16 
KINGWA IV R G 16 MACK V S G 16 
SANGA IV R G 16,19 TRACY VI S G 16 
MACK V R G 16,19 P.I. 103091 IV S G 16 
TRACY VI R G 19 171442 V S G 16 
P.I. 103091 IV R G 16,19 

171442 V S G 11,16, RACE 13 
19 

ALTONA 00 S G 16 
RACE 8 HAROSOY II S G 16 

HAROSOY 63 II R G 16 
ALTONA 
HAROSOY 

00 
II 

S 
S 

G 
G 

16,19 
19 

SANGA 
MACK 

IV 
V 

p 
R 

G 
G 

16 
16 

HAROSOY 63 II S G 16,19 TRACY VI R G 16 
KINGWA IV R G 16 P.I. 103091 IV R G 16 
SANGA IV R G 16,19 171442 V R G 16 
MACK V R G 16,19 
TRACY VI R G 19 RACE 14 
P.I. 103091 

171442 
IV 
V 

s 
R G 

16,19 
16,19 ALTONA 00 R G 16 

HAROSOY II S G 16 
SHAROSOY 63 II R G 16 

SANGA IV R G 16 
ALTONA 00 S G 16,19 MACK V S G 16 
HAROSOY II S G 19 TRACY VI R G 16 
HAROSOY 63 II S G 16,19 P.I. 103091 IV R G 16 
KINGWA IV R G 16 171442 V R G 16 
SANGA IV R G 16,19 
MACK V R G 16,19 
TRACY VI R G 19 RACE 15 
P.I. 103091 

171442 
IV 
V 

R 
R 

G 
G 

16,19 
16,19 ALTONA 00 R G 16 
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TABLE 5-CONT'D (17)
 

Strain 


HAROSOY 
 II S G 16
 
16
HAROSOY 63 
 II R G 

SANGA 
 IV R G 16
 
MACK 
 V R G 16
 
TRACY 
 VI R G 16
 
P.I. 	103091 
 IV R G 16
 

16
171442 
 V S G 

ALTONA 

HAROSOY 
 II R G 16
 
HAROSOY 63 
 II R G 16
 
SANGA 
 IV S G 16
 

16
 
16
 

MACK 
 V S G 
TRACY 
 VI R G 
P.I. 	103091 
 IV R G 16
 

16
171442 
 V R G 

Reac- Ref.
 
MGa tion Testc no.
 

00 R G 16
 

aMaturity group. bR=resistant; S=suscepti­
ble. CF=field; G=greenhouse. dReferences
 
cited, by number.
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PURPLE SEED STAI'
 

CAUSAL AGENT: Cercosporakikuchii (T.Matsu infection may spread into the stem, produc­
and Tomoyasu) Gardner (Syn.: ing necrotic areas that girdle the stem and
 
CercosporinakikuchiiT. Matsu 

and Tomoyasu). 


IMPORTANCE: The disease also is known 

as purple spot, purple blotch, purple speck, 

or lavender spot and is worldwide in distri-

bution. Purple seed stain may not reduce 

yields significantly; but sometimes, a high 

percentage of the seeds may be stained, 

lowering the quality of a seed lot. Dis-

coloration is not detrimental to seeds for 

processing, because the color disappears 

when the seeds are heated. Infected seeds 

with 50 percent or more discoloration ex-

hibit reduced germination, 


SYMPTOMS: The seeds, pods, stems, and 

leaves of soybeans are affected. Purple seed 

stain is most conspicuous and is easily dis-

tinguished on the seeds. The seed discolor-

ation varies from pink or a pale purple to a 

dark purple (Figure 6). The discolored areas 

range from specks to large, irregular blotches; 

or, they may cover the entire surface of the 

seed coat. Generally, cotyledons are not 

discolored. The purple color isoften accom-

panied by cracks in the outer layers of the 

seed coat. 


Infected seeds reduce the stand or often 

produce diseased seedlings. The infected co-

tyledons are often shriveled, turn a dark pur-

ple, and fall prematurely. Cotyledonary 


kill the young plant. Seedlings that are
 
affected less severely survive, but are
 
stunted. After planting, within a week or
 
two under warm and humid conditions, a
 
velvety grayish-white growth of conidiophores
 
and conidia appears on infected portions
 
of the cotyledons and stems.
 

Infected primary and, secondary leaves,
 
especially late in tl:a season, develop
 
angular, reddish-brown spots that frequent­
ly coalesce to form areas up to 15 milli­
meters in diameter. Such areas have a
 
crusted appearance and are thicke:,ed. Le­
sions are not differentiated into zones,
 
and do not have chlorotic margins. The
 
leaves turn yellow prematurely when the in­
fection is severe.
 

Early infections of stems and petioles
 
on older plants are characterized by slight­
ly sunken areas that are irregular and a
 
reddish-purple. Such areas are 1 to several
 
millimeters long. The lesions coalesce to
 
girdle up stems and petioles.
 

RESISTANCE: A number of cultivars have
 
been reported as resistant to Cercospora
 
kikuchii (Table 6). The data come from a
 
variety of sources, determined by counting
 
the numbcr of lesions on leaves, pods, and
 
seeds under field conditions or after inocu­
lating plants with mycelial suspensions
 
under greenhouse conditions.
 

Figure 6. Seed discoloration (LEFT) caused by infec­
tion with Cercospora kikuchii and other Cercospora
 
spp. Noninfected seeds (RIGHT).
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Table 6. Purple seed stain (Cercospora kikuchii), reaction of soybean cultivars, by ma­
turity group
 

a Reac TsC Ref.d a Reac8 Ref.d 

Strain MG tion Test no. Strain MG tion Test no. 

MANDARIN I R F 2 F-16 VII MR F 2 
MUKUNI I R F 2 F-19 VI! MR F 2 
OKAGARA I R F 4 F-42 VII MR F 2 
OMEJIRO I R F 4 GABEN VII R F 4 
LINCOLN III R F 2 HALE OGDEN VII R F 4 
MANCHU III R F 2 HISHOSHU VII R F 4 
SEIDO-DAIZU IV R F 4 PALMETTO VII R F 2 
SEMINOLE IV R F 2 PINGHING-CHU-TZU-
SHIROPAN KONG IV R F 4 TOO VII R F 2 
SUIGEN NO. 10 IV R F 4 PINTUNG GREEN BEAN VII R F 2 
TPCA NO. 1 
URUSAN DAIZU 

IV 
IV 

MR 
R 

F 
F 

2 
4 

ACADIAN 
AKAGARA 

VIII 
VIII 

R 
R 

F,G 
F 

2,4 
4 

YAGI IV R F 4 AKASAYA KANJOE VIII MR F 2 
WABASH IV R F 2 BILOFIELD VIII R F 2 
WAKAJIMA IV R F 2 BLACKBEAN VIII R F 2 
LAREDO VI MR F 2 CHADAMATE VIII R F 4 
CNS VII R F,G 2 CHANTANG VIII R F 4 
C-30 VII MR F 2 CHICHIBU-
DEKISUKI VII R F 4 MUSHEACHIN VIII R F 2 
DORTCHSOY VII R F 2 IMPROVED PELICAN VIII R F 2 
D-4 VII MR F 2 KANTO NO. 13 VIII R F 2 
E-26 VII MR F 2 KOOHSING NO. 1 VIII R F 2 
E-32 VII MR F 2 KOOHSING NO. 19 VIII R F 2 
F-4 VII MR F 2 KURADAIZU VIII MR F 2 
F-7 VII MR F 2 P.I. 80837 IV R F,G 1,5,9 

laturity group. bR=resistant; NIR=moderately resistant. CF=field; G=greenhouse. dRefer­
ences cited, by number.
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PYTHIUM ROOT ROT
 

CAUSAL AGENT: Pythiwn aphanidermatum Freshly invaded stem tissues are trans­
(Edson) Fitz., P. debaryanwn lucent. Older lesions become brown, and a
 
Hesse, P. irregulare Buis., soft watery rot is produced. Later, if dry
 
P. myriotylum Drechs., P. weather sets in, the plants look dry and
 
uZtimwn Trow. shredded (Figure 7B). The cortical tissues
 

in the larger roots may be badly disinte-

IMPORTANCE: Pythium rot is worldwide grated and may slough-off, exposing the
 

in distribution and can occur on soybean central woody cylinder. Smaller roots may
 
plants at any time from seed germination to be completely decayed or may break away
 
midseason, but the disease is primarily one when plants are pulled from the soil.
 
that affects seedlings. Generally, only Pythiwn debaryanwm-infected seedlings
 
scattered individual plants or small groups develop small lesions that are black, dry,
 
of plants are killed. Although the stand and sunken. The lesions appear on the
 
may be reduced, the disease usually does cotyledons and are more prominent on the
 
not cause economic losses. Several species upper surface. These may coalesce to pro­
of Pythium have been reported to cause a duce larger lesions. Watersoaking does not 
seed decay, preemergence and postemergence occur. Even though the hypocotyl of in­
damping-off (Figures 7A and B), and root fected seedlings may be 2 or 3 times the 
rot: Pythiwn aphanidermatwn, P. debaryanwn, diameter of a normal hypocotyl and may remain 
P. irregulare, P. myriotylum, and P. free of lesions or any discoloration at or
 
ultimum. All five species are cosmopolitan near the soil line, the apical meristem may
 
in soils and attack a wide range of crop be severely stunted. So the hypocotyl
 
plants. swelling may be confused with herbicide in-


SYMPTOMS: Seedlings infected with jury. Two axillary buds may develop at the
 
Pythiwn debaryanum and P. ultimum may ex- cotyledonary node. Stems from these buds
 
press different symptoms. Pythiwn grow slowly, with shorter internodes and
 
ultimum-infected seedlings show "wet rot" much smaller trifoliolate leaves than normal.
 
symptoms; whereas, "baldhead" symptoms are There is little information regarding the 
prominent on seedlings infected with P. symptoms developed by infection with the other 
debaryanum. Both species are capable of Pythiwn species. Pythium aphanidermatwn causes 
causing seed rot and preemergence damping- aroot rot inwarm, moist soils that closely re­
off in cold, wet soils. sembles that incited by other Pythium species. 

Pythiwn utimum-infected seedlings may RESISTANCE: Pythiwn debaryanwn is the
 
fail to emerge. If they emerge, the most frequently isolated species from soy­
hypocotyl is attacked at the "crook" region beans. However, most of the screening of
 
or at the growing root tip. Seedlings cultivars has been with mixed populations.
 
attacked at the crook region generally die. All of the germ plasm collections have not
 
Those attacked at the root tip initiate been evaluated. Maturity Groups II to IV
 
secondary roots and generally survive. have been studied.
 

Figure 7. Soybean seedlings killed in a field, upper right (A), and a closeup showing the
 
wilting and death caused by Pythiwn spp (B). 
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Table 7. Pythium root rot (Pythium spp.), reaction of soybean cultivars and plant intro­
ductions, by maturity group 

Reac- Ref. Reac- Ref. 
Strain MGa tionb Testc No.d Strain MGa tionb Testc No.d 

MANDARIN (OTTAWA) 0 R F 7 P.I. 90566-1 Ill R F 2 
CORSOY II R F 7 90567-1 II R F 2 
KANRO II R F 7 90573 III R F 2 
ADELPHIA III R F 7 91083 III R F 2 
KENT IV R F 7 91089 IIl R F 2 
KINGWA IV R F 7 91113 Il1 R F 2 
PATOKA IV R F 7 70243 IV R F 2 
PERRY IV R F 7 70490 IV R F 2 
SEMMES VII R A 2 71444 IV R F 2 
P.I. 81971 II R F 1 71463 IV R F 2 

82263-3 II R F 1 80834-1 IV R F 2 
229322 II R F 1 81034-1 IV R F 2 
238930 II R F 1 81034-2 IV R F 2 
248398 II R F 1 82295 IV R F 2 
69995 Ill R F 2 82296 IV R F 2 
70470 Ill R F 2 82554 IV R F 2 
70473 IIl R F 2 83881A IV R F 2 
70500 III R F 2 83944 IV R F 2 
70519 Il1 R F 2 83946 IV R F 2 
79628 Ill R F 2 84632 IV R F 2 
82308 Ill R F 2 84639 IV R F 2 
83945-1 Ill R F 2 86078-1 IV R F 2 
84619 IlI R F 2 86457-1 IV R F 2 
84979 Ill R F 2 88300 IV R F 2 
86032 Ill R F 2 88302-2 IV R F 2 
86073 III R F 2 89128 IV R F 2 
86098 Il R F 2 90241 IV R F 2 
86449-2 Il R F 2 90369 IV R F 2 
88312 Il1 R F 2 90479-1 IV R F 2 
88349 IlI R F 2 91073 IV R F 2 
88803-1 III R F 2 91100-4 IV R F 2 
89784 Ill R F 2 91108-2 IV R F 2 

aMaturity group. bR=resistant. cF=field. dReferences cited, by number. 
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SOYBEAN RUST
 

CAUSAL AGENT: Phakopsora pachyrhizi Sydow been reported on soybeans in the Weste:n
 
(Syn.: Aeridium glycines P. Hemisphere in Brazil, Colombia, and Puerto
 
Henn., Phakoposora crotala2ria Rico; however, only in restricted areas.
 
(Dist.) Arth., P. sojae SYMPTOMS: Chlorotic to gray-brown
 
Fujikuro, P.sojae (P.Henn.) spots appear first, primarily on the leaves.
 
Sawada nom. nud., P. vignae Pustules in the spots grow larger and break
 
(Bres.) Arthur, Physopella open to release masses of powdery spores
 
conoors Arthur, P. meibomiae Curedospores) (Figure 8). Pustules may
 
Arthur, P. vig-nae Arthur, appear on the upper and lower leaf surfaces;
 
Uredo concors Arthur, U. also, on petioles and the smaller stem
 
erythrinae Arthur, U. sojae parts (Figure 8). Rust causes premature
 
P. Henn., U. vignae Bres. defoliation as well as a reduction in pod
 
and Uromyces sojae (P.Henn.) formation and the number and weight of
 
Miura non Sydow. seeds.
 

RESISTANCE: Extensive screening of
 
IMPORTANCE: Phakopsora pachyrhizi is soybean accessions has been carried out in
 

wide spread in the tropics and subtropics India, Indonesia, the Philippines, Taiwan,
 
of the world on over 50 wild and cultivated and Thailand where the rust fungus is in­
legumes [10], including the soybean plant. digenous. Results from these studies have
 
The disease is widely distributed on soy- shown that accessions differ in their
 
beans in the tropics of the Eastern Hemi- severity of rust development and in field
 
sphere, where it has been reported from al- tolerance (Table 8). Bromfield [3] found
 
most all countries including Australia and differences in virulence among 4 isolates
 
Russia. The rust is destructive in most of the pathogen from Australia, India,
 
soybean-growing areas of the East. Yield Puerto Rico, and Taiwan on soybeans. All
 
losses of 10 to 40 percent have been re- 4 isolates gave a hypersensitive reaction
 
ported from Thailand on local cultivars, on P.l. 230970 and 230971. Bromfield and
 
with complete losses on some imported Hartwig [2] suggested that resistance to P.
 
cultivars. Losses of 23 to 50 percent have pachyrhizi in the soybean is governed by a
 
been reported from Taiwan. The disease has single, dominant gene.
 

Figure 8. Rust symptoms on upper (LEFT) and lower (RIGHT) leaf surfaces (A); and uredospores 
of Phakopsora pachyrhizi, the soybean rust fungus (B). 
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Table 8. Soybean rust (Phakopsora pachyrhizi), reaction of soybean cultivars and plant in­
troductions, by maturity group
 

Reac- Ref. Reac- Ref.
 
Strain MGa tionb Testc No.d Strain MGa tionb Testc No.d
 

Asian Vegetable Research and Development INDIA (GBPUAT, Pantnagar)
 
Centr, iwanROC
 

AOKI AK? F FF 5 ANKUR5EC-I1695 ?? FTFT FF 414 
BANSEI-KURO-DAIZU ? FT F 5 EC-36956 ? LFT F 14 

HARDEE VIII FT F 5 EC-36956 ? LFT F 14 

HIGO DAIZU ? FT F 5 PK-71-39 ? FT F 4 

HS-1 ? FT F 5 PK-73-84 ? FT F 4 

KAIRYOU SHIROME ? FT F 5 PK-73-94 ? FT F 4 

KS-469 ? FT F 5 TAINUNG3 ? FT F 4 

KS-535 ? FT F 5 TAINUNG 3 ? FT F 4 

R-10 FT F 5 TAINUNG4 ? FT F 4 

SHAKKIU-NASHI 
SHIN-2 
SHIRO-DAIZU 

? 
FT 
FT 
FT 

F 
F 
F 

5 
5 
5 

UPSL-85 
PSL 16 
P.1. 88816 

? 
? 
VI 

FT 
FT 
LFT 

F 
F 
F 

4 
4 
14 

TAINUNG 3 S F 4 181567 VII LFT F 14 

TAINUNG 3 ? FT F 8,11 200455 VII LFT F 14 

TAINUNG 4 ? S F 4 200465 VII FT F 14,15 

TAINUNG 4 ? FT F 7,11 200466 VII FT F 14,15 

UPSL-85 ? LFT F 15 200474 VII LFT F 14 

YAGI-I ? FT F 5 200476 VII LFT F 14 

66-D-20 ? FT F 5 200477 VII FT F 14,15 

66-G-3 
74-853001 
P.I. 60273 

62204 

? 
? 
V 
V 

FT 
FT 
FT 
FT 

F 
F 
F 
F 

5 
4 
19 
19 

224270 
200490 
200492 
200487 

VII 
VII 
VII 
VIII 

LFT 
FT 
FT 
LFT 

F 
F 
F 
F 

14 
14,15 
14,15 
14 

90406 
94159 
159322 
181561 
371609 

VI 
VI 
VI 
VI 
VI 

FT 
FT 
FT 
FT 
FT 

F 
F 
F 
F 
F 

19 
19 
19 
19 
4,19 

224268 
285089 
285089 
24533 f 

245332 

VIII 
IX 
? 
? 

FT 
LFT 
FT 
FT 
R 

F 
F 
F 
F 
F 

14,15 
14 
5 
5 
14 

200451 VII FT F 19 
200465 
20;,466 

VII 
VII 

FT 
FT 

F 
F 

19
19 

200477 VII FT F 19 
200492 VII FT F 9,11, ARISOY VIII FT F 4 

19 BILLOMI-1 FT F 4,16 
200492 VII S F 4 JAGUS ? FT F 16 
230970 VII FT F 4,19 HY2217 ? FT F 4 
230971 VII FT F 4,19 KLUNGKUNG ? FT F 4,16 

LSID 2 ? FT F 4,16 
Australia MATSUURA ? FT F 4,16 

SANKUO ? FT F 4,16 
HY2217 ? FT F 4,11 TAINUNG 3 ? S F 16 
TAINUNG 3 ? FT F 4 NO. 1312 ? FT F 4,16 
TAINUNG 4 ? FT F 4 (PI4S/2) 
P.I. 200492 VII FT F 4 NO. 842 OHITO ? FT F 4,16 

219653 VIII FT F 4,11 OKIDAIZU 
224268 VIII FT F 4,11 NO. 986 ? FT F 4 
2?7687 VIII FT F 4 X74-853001 ? FT F 4 
227587 VIII S F 11 P.I. 368037 VI S F 16 
245321e I S F 11 200451 VII S F 16 

74-854001 ? S F 4 200492 VII S F 16 

aMaturity group. bFT=field tolerant; LFT=low field tolerant; S=susceptible. cF=field study.
 
dReferences cited, by number. eGlycine soja. fGlycine tomenteZZa.
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TABLE 8-CONT'D (1)
 

Reac- Ref.
 
Strain MGu tionb TestC No.d
 

I Philippinesl
 

L-11 ? FT F 4
 
TAINUNG 3 ? FT F 4
 
TAINUNG 4 ? FT F 4
 
TK-5 ? FT F 4
 
TK-5 ?, S F 9
 

aiaturity group. bFT=field tolerant; LFT=
 
low field tolerant; S=susceptible. CF=
 
field study. dReferences cited, by num­
ber. eGlycine soja. fGlycine tomentella.
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SCLEROTINIA (WHETZELINIA) STEM ROT
 

CAUSAL AGENT: Scierotinia sclerotiorum 

(Lib.) d. By. (Syn.: Whet-

zelinia sclerotiorwn (Lib.) 

Dork and Dumont). 


IMPORTANCE: Sclerotinia stem rot is 

worldwide in distribution, infecting a wide 

range of crops and weeds. The disease has 

been reported on soybeans from Brazil, Can-

ada, Hungry, India, and the United States. 

Stem rot is considered to be of minor im-

portance, except for local outbreaks during 

prolunged wet periods during which plants 

may be killed prematurely. 


One of the hazards with stem rot is 

the contamination of soybean seedlots. The 

large, black sclerotia produced by the 

causal fungus are not separated from seeds 

during harvesting operations. Thus, a 

small center of infection with a field may 

contaminate a large volume of seeds. At 

a foreign port of entry, even a few sclero-

tia in a shipment intended for human con-

sumption will cause the entire shipment to 

be rejected. 


SYMPTOMS: This soil-borne fungus may 

cause a preemergence and postemergence 

damping-off of soybean seedlings. The in-

fected seedlings that do emerge develop a 

watery, soft rot of the hypocotyl and coty-

ledons. Reddish-brown lesions develop on 


the seedlings of some cultivars. Older plants
 
may become infected under wet weather conditions. 
The wilting and withering of leaves are of­
ten the first symptoms observed on older
 
plants. Withered leaves remained attached
 
for some time. A "cottony," mycelial growth
 
of the causal fungus is present on the stem
 
surface, usually near the soil line. Occa­
sionally, this mycelial growth may be ob­
served on the stem, side branches, and pods
 
midway up affected plants. Stems girdled by

the fungus die. Side branches may also be
 
infected and killed.
 

Large, black sclerotia of varying size, 
round to irregularly shaped, form on stems
 
partially covered with dense white mycelium.
 
Sclerotia are often formed in the stem pith
 
and are conspicuous only when the stem is
 
opened (Figure 9). Occasionally, sclerotia
 
are found in pods.
 

Seeds may become infected within dis­
eased pods. If infection occurs early, the
 
seeds are flattened, become badly shriveled,
 
and sometimes are replaced by black sclero­
tia. Pods are rarely formed on the lower
 
portion of infected stems.
 

RESISTANCE: Onlya few (Table 9). There
 
has been no evaluation of the germplasm col­
lection. The pathogen is quite variable,
 
and resistance to one isolate may not mean
 
resistance to another.
 

Figure 9. Sclerotia of Sclerotinia
 
Bolerotiorn (LEFT), on the stem 
(CENTER), and in the pith (RIGHT)
of infected soybeans. 

71 



SCLEROTINIA (WHETZELINIA) STEM ROT: REFERENCES
 

1. CHA14BERLAIN, D.W. 1951. Sclerotinia stem rot of soybeans. Plant Dis. Reptr. 35:490­
491.
 

2. 	GRAU, C.R., and BISSONETTE, H.L. 1976. Whetzelinia stem rot of soybean in Minnesota.
 
Plant Dis. Reptr. 58:693-695.
 

3. HILDEBRAND, A.A. 1948. Soybean diseases in Ontario. Soybean Dig. 8:16-17
 

4. 	HYMOWITZ, T., C.A. NEWELL, and S.G. CARMER. 1977. Pedigrees of soybean cultivars re­
leased in the United States and Canada. INTSOY Series No. 13. Col]hge of Agricul­
ture, University of Illinois at Urbana-Champaign. 23 p.
 

5. MOLNAR, B., and J. VOROS. 1963. Soybean stem rot caused by Sclerotinia 8acerotiorum
 
(Lib.) du Bary in Hungary. Novenytermeles 12:51-66. (abstr.) [In Hungarian with an
 
English summary.]
 

6. 	SINCLAIR, J.B., and M.C. SHURTLEFF. 1975. Compendium of soybean diseases. Amer.
 
Phytopathol. Soc., St. Paul, Minnesota. 69 p.
 

7. 	SINCLAIR, J.B., and O.D. DHINGRA. 1975. An annotated bibliography of soybean diseases,
 
1882-1974. INTSOY Series No. 7. College of Agriculture, University of Illinois at
 
Urbana-Champaign. 280 p.
 

72
 



Table 9. Sclerorinia stem rot (ScZerotinia

8cZerotiorwn), reaction of soybean

cultivars, by maturity group
 

Reac- Ref.
 
c
Strain MGa tionb Test no.d
 

ADA 00 R F 2
 
NORMAN 00 R FG 2
 
PORTAGE 00 R G 2
 
CLAY 0 R F,G 2
 
DUNN I R G 2
 
WIRTH I R G 2
 
BEESON II R G 2
 
CORSOY II R F,G 2
 
HAROSOY II R G 2
 

aMaturity group. bR = resistant. CF = field; 
G = greenhouse. dReferences cited, by number 
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SCLEROTIUM (SOUTHERN) BLIGHT
 

CAUSAL AGENT: Sclerotium rolfsii Sacc. 


IMPORTANCE: Sclerotium blight isworld-

wide in distribution and infects over 200 

species of plants. Generally, the disease 

does not cause major economic losses on soy-

beans. Sclerotium blight is more severe in 

sandy soils when the soil and air tempera-

tures are high. The fungus survives in the 

soil as sclerotia. 


SYMPTOMS: The causal fungus produces 

a variety of symptoms on soybeans including 

preemergence and postemergence damping-off, 

basal stem rot, and leaf rot. On seedlings 

and stems, the fungus produces a white, 

"cottony" mycelial growth over the stem sur-

face. Infected seedlings orolder plants 


are often killed prematurely. The fungus
 
produces an abundance of globular sclerotia
 
that are tan to reddish-brown or dark-brown.
 
These are associated with the mycelium on
 
the surface of the plant (Figure 10). Leaf
 
infection is rare. The leaf spots are cir­
cular and are brown to straw-colored, usu­
ally concentiically zonate with a narrow,
 
dark margin. Leaf infection occurs when
 
infested soil particles are carried to the
 
leaves by wind and water.
 

RESISTANCE: All of the screening for
 
resistance to Sclerotium blight was done in
 
India (Table 10). The screening was done
 
under greehhouse conditions. Only 60 ac­
cessions were tested. There were 37 acces­
sions that showed resistance.
 

Figure 10. Symptoms of Sclerotium (South­
ern) blight on soybean stems caused by
 
Sclerotiumrofsii. Note the small sclerotia 
of the fungus associated with the white, 
"cottony" mycelium. 
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Table 10. Southern blight or Sclerotium blight (Sclerotium rolfeii), reaction of soybean 
cultivars and plant introductions, by maturity group 

Strain MGa 
Reac-
tionb Test c 

Ref. 
no.d Strain MGa 

Reac-
tionb Testc 

Ref. 
no.d 

HAROSOY II MR G 3 ABURG ? MR G 1 
SHELBY III MR G 3 AMERICAN ? R G 1 
CLARK 63 IV MR G 3 CES 16-14 ? R G I 
SCOTT IV MR G 3 CES 16-14 PIN ? R G 1 
DARE V MR G 3 CES 16-14 PD ? MR G 1 
DORMAN V MR G 3 CES 16-26 ? MR G 1 
HILL V S G 1 1-346 ? MR G 1 
HILL V MR G 3 IC-216 ? R G 3 
HOOD VI R G 3 KAOSHIUNG NO. 3 ? R G 1 
LEE VI MR G 3 KE-32 ? R G I 
PICKETT VI MR G 3 L-2 ? MR G 1 
JACKSON VII R G 3 L-114 ? R G I 
MONETTA VII R G 3 PB-1 ? R G 3 
PALMETTO VII R G 3 SHIH-SHIH ? MR G 3 
SEMMES VII MR G 3 TAINUNG 3 ? R G 1 
BIENVILLE VIII MR G 3 TAINUNG 4 ? R G 1 
HARDEE VIII MR G 3 TAICHUNG E-32 ? R G 3 
IMPROVED PELICAN VIII R G 3 UPLBSY-2 ? MR G I 

dMaturity group. bR=resistant; MR=moderately resistant, S=susceptible. CG=green-house. 
References cited, by number. 
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DIAPORTHE STEM CANKER
 

CAUSAL AGENT: Diaporthe phaseolorn (Cke. season when dead plants are seen with dried, 
& Ell.) Sacc. var. caulivora attached leaves. Infection usually starts 
Athow and Caldwell. as a small, superficial, reddish-brown
 

lesion on the leaf scar after the petiole
 
IMPORTANCE: Stem canker is a very has fallen. Infection is evident on the
 

destructive disease capable of killing full- lower part of the stem, generally at one or
 
grown plants from midseason to maturity. more of the first eight nodes. The lesion
 
Yield losses of 20 to 50 percent have been rapidly enlarges to form a slightly sunken
 
recorded when infection takes place soon canker that is reddish-brown and up to
 
after the pods begaa to develop. The dis- several centimeters long. The canker
 
ease occurs throutnout the North-Central girdles and the plant kills it (Figure 11).
 
United States anj has been reported from Older lesions become brown to chocolate-

Canada. Stem canker has not been reported colored or black. When plants are killed,
 
from other areas; but the history and dis- green stem tissue above and below the cank­
tribution of the disease are difficult to ered portion distinguishes stem canker from
 
trace because for a long time, it was in- other stem diseases. Invaded stem tissues
 
cluded in a disease complex with pod and are brittle, and plants break easily at the
 
stem blight, canker.
 

SYMPTOMS: The first symptom (usually RESISTANCE: A limited screening of
 
overlooked) is the appearance of small, germplasm collections for resistance to
 
reddish-brown lesions on one or both Diaporthe stem canker has been done (Table
 
cotyledons. The discoloration may extend 11). Accessions in maturity group II have
 
to the stem, causing infected seedlings to been screened under field conditions. Cul­
wither and die. tivars available with resistance are avail-


Generally, the disease is observed able, but the resistance is not considered
 
first during the latter half of the growing to be high.
 

Figure 11. Lesions and cankers on a soy­
bean stem caused by Diaporthe phaseolorum
 
var. caulivora.
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Table 11. Stem canker (Diaporthe phaseotorum var. cauZivora), reaction of soybean cultivars
 
and plant introductions, by maturity group
 

Reac- Ref. Reac- Ref. 
Strain MGa tionb Test c no.d Strain MGa tionb TestC no. d 

FLAMBEAU 
MANDARIN (OTTAWA) 
PRIDESOY 

00 
0 
I 

R 
R 
R 

F,G 
F,G 
F,G 

6 
6 
6 

P.I. 68725-1 
68729 
68732 

II 
II 
II 

R 
R 
R 

F 
F 
F 

4 
4 
4 

HAROSOY 63 
LINDARIN 63 
HARMAN 
LINCOLN 
F.C. 03654N 

II 
II 
III 
III 
III 

R 
R 
MR 
MR 
R 

? 
? 
F 
F 
F 

1,2,3 
1 
7 
7 
4 

68741 
68748 
68761 
68761-3 
68765 

II 
II 
II 
II 
II 

R 
R 
R 
R 
R 

F 
F 
F 
F 
F 

4 
4 
4 
4 
4 

P.I. 70242-4 0 R F 4 
68788 
68815 

II 
II 

R 
R 

F 
F 

4 
4 

70087 
54607 

I 
II 

R 
R 

F 
F 

4 
4 

69992 
70021 

II 
II 

R 
R 

F 
F 

4 
4 

54608 
68410 
68421 

II 
II 
II 

R 
R 
R 

F 
F 
F 

4 
4 
4 

70089 
70091 
70224 

II 
II 
II 

R 
R 
R 

F 
F 
F 

4 
4 
4 

68439 
68484-1 

II 
II 

R 
R 

F 
F 

4 
4 

70228 
70242 

II 
II 

R 
R 

F 
F 

4 
4 

68508 
68521 

II 
II 

R 
R 

F 
F 

4 
4 

70251 
68479 

II 
Ill 

R 
R 

F 
F 

4 
4 

68522-2 
68526 
68530 

II 
II 
II 

R 
R 
R 

F 
F 
F 

4 
4 
4 

68479-1 
68528 
68530-2 

Ill 
Ill 
Ill 

R 
R 
R 

F 
F 
F 

4 
4 
4 

68543 
68551-2 
68551-3 
68622-1 

II 
II 
I 
II 

R 
R 
R 
R 

F 
F 
F 
F 

4 
4 
4 
4 

68533-1 
68535 
68692-2 
68710 

I1 
Ill 
Il 
Ill 

R 
R 
R 
R 

F 
F 
F 
F 

4 
4 
4 
4 

68676 II R F 4 68731 Ill R F 4 
68680 II R F 4 70247-1 11 R F 4 

a~faturity group. bR=resistant; MR=moderately resistant. 
 cF=field; G=greenhouse. dRefer­
ences cited, by number.
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III. BACTERIAL DISEASES
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CAUSAL AGENT: Pseudomonas glycinea Coerper 

('3yn. P. syringae van Hall) 


IMPORTANCE: Bacterial blight occurs 

worldwide and is the most common bacterial 

u:.sease of soybeans, especially during cool 

and wet weather. The disease occurs through-

out the United States, where many cultivars 

are very susceptible. The disease is most 

conspicuous in fields up to midseason. The 

causal bacteria remain active until checked 

by hot, dry weather. 


SYMPTOMS: Lesions are conspicuous on 

the leaves and are frequently found on the 

stems, petioles, and pods. Small, angular 

spots appear on the leaves. The spots are 

translucent and watersoaked, yellow to light 

brown. The centers soon dry out, turn dark 

(reddish-brownto black), and are surrounded 
by a watersoaked margin bordered by a 
yellowish-green halo. Young leaves fre-
quently show stunting and chlorosis. During 
cool, rainy weather, the angular lesion., 
enlarge and merge to produce large, irregu-
lar, dead areas. The centers of older le-
sions frequently drop out or tear away, 
giving the leaves a ragged appearance 

Figure 12. Leaf symptoms 
by Pseudomnonas g~ycinea (P. 

(Figure 12). This is especially true after
 
strong winds and beating rains. Early de­
foliation of the lower leaves may occur.
 

Lesions usually appear first on the
 
cotyledons, generally at the margins. The
 
lesions enlarge and turn a dark brown as the
 
tissue collapses. Young seedlings may be
 
stunted. If the growing point is blighted,
 
the seedling usually dies.
 

Pod lesions are small and watersoaked
 
at first. Later, they enlage and merge to
 
involve a large part of the pod. The le­
sions turn a dark brown to black with age.
 
Seeds become infected and may eventually be
 
covered witi a slimy, bacterial growth.
 
Later, stored seeds may show a variety of
 
symptoms, including shriveling, sunken or
 
raised lesions, and slight discoloration.
 
Stored seeds may also look healthy. Large,
 
black lesions may devclop on the stems and
 
petioles.
 

RESISTANCE: Limited research has been
 
done on the races of the pathogen, and the
 
reaction of various cultivars and germplasm
 
collections to the races (Table 12). We
 
suspect that more races of the pathogens
 
exist than those that have been described.
 

of bacterial blight cause 
syrirgae). 
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Table 12. 
 Brown stem rot (Philaophora gregata), 	reaction of soybean plant introductions,

by maturity group
 

Reac- Ref. 
 Reac- Refa
 

Strain MG tionb Test 	 no 
 Strain MGa tionb Testc 	no.
 

Race 	1I 
 I Race 5 

ACME 00 S F,G,I 	 10,18 ACME 00 R G 
 10
 
19,20 FLAMBEAU 00 R G 10


FLAMBEAU 00 S F,G 	 10,23 MERIT 
 0 S G 10
 
24 NORCHIEF 0 R G 10
 

MERIT 0 R G,I 10,18 CHIPPEWA I R G 10
 
NORCHIEF 0 R G 
 10,19 LINDARIN II R G 10
 
NORCHIEF 
 0 S G 19,20 HAROSOY II S G 10
 
CHIPPEWA I R G,I 10,18
 
HAROSOY 
 II R 20F,G 20,19 IRc 
LINDARIN II R G 10 ACME 00 R G 10
 
P.I. 	132207 0 R F,G 19,20 FLAMBEAU 00 S G 10
 

189968 I R F,G 19,20 MERIT 
 0 R G 10
 
68708 II S F,G 11 NORCHIEF 0 S G 10
 

Race 2 CHIPPEWA I R G 10 
LINDARIN II R G 10 

ACME 00 S F,G 10,19 HAROSOY II R G 10 
20,28


FLAMBEAU 00 S F,G 	 10,23 Race 7
 
24
 

MERIT 0 I G 	 10 
 ACME 00 R G 	 10

MERIT 0 S 
 I 18 FLAMBEAU 00 R G 10
 
NORCHIEF 0 I G 10 MERIT 
 0 R G 10
 
NORCHIEF 0 MR 
 G 19 NORCHIEF 0 R G 10

NORCHIEF 0 S F 19 CHIPPEWA I R G 10
 
CHIPPEWA I R G 10 LINDARIN 
 II R G 10

CHIPPEWA I S I 	 18 
 HAROSOY II S G 10
 
HAROSOY II S F,G 10,19
 

20 No race specification
 
LINDARIN II S G 10 
P.I. 132207 

189968 
0 
I 

S 
R 

F,G 
F,G 

19,20 
19,20 

ELTON 
HABARO 

I 
I 

R 
R 

F 
F 

25 
25 

68708 II S F,G 19,20 CLOUD III R F 25 
r

IRace 3J 
CLARK 63 
EBONY 

IV 
IV 

R 
R 

F 
F 

7 
25 

ACME 
FLAMBEAU 
MERIT 

00 
00 
0 

S 
R 
I 

G 
G 
G,I 

10,18 
10 
10,18 

SCOTT 
VIRGINIA 
HILL 
HOOD 

IV 
IV 
V 
VI 

R 
R 
R 
R 

F 
F 
F 
F 

7 
25 
7 
7 

NORCHIEF 
CHIPPEWA 
CHIPPEWA 
LINDARIN 
HAROSOY 

0 
I 
I 
II 
II 

I 
R 
I 
S 
S 

G 
G 
I 
G 
G 

10 
10 
18 
10 
10 

LEE 
OGDEN 
CNS 
DORTCHSOY 
MAMMOTH YELLOW 

VI 
VI 
VII 
VII 
VII 

R 
R 
R 
R 
R 

F 
F 
F 
F 
F 

7 
1,12 
1,12 
1,12 
25 

Race 4 
PALMETTO 
CHEROKEE 

VII 
VIII 

R 
R 

F 
F 

1 
1 

ACME 
FLAMBEAU 

00 
00 

S 
S 

G 
G 

10 
10 

HAMPTOM 
HARDEE 
LA. GREEN 

VIII 
VIII 
VIII 

R 
R 
R 

F 
F 
F 

7 
7 
1 

MERIT 0 S G 10 BRATISLAVSK 
NORCHIEF 0 S G 10 YELLOW SLI ? R F 17 
CHIPPEWA I I G 10 BRNESKO CHEME-
LINDARIN II S G 10 LAROVA ? R F 17 
HAROSOY II S G 10 EGI ? R F 12 
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TABLE 12--CONT'D (1)
 

Reac- Ref. 
Strain MGa tionb Testc no. 

KHARBINKAYA ? R G 16,24 
KUBANSKOYA ? R F 16,24 
NEPOLEGAYUSCHYA ? R F 16,24 
PLATTSKALARGE 
YELLOW ? R F 17 

P.I. 68708 II R F 11 

aMaturity group. bR=resistant. CF=field 
study; G=greenhouse. dReferences cited, by
 
number.
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BACTERIAL PUSTULE
 

CAUSAL AGENT: 	 Xanthomonas phaseoli (E.F. 

Smith) Dowson var. sojenis 

(Hodges) Starr and Burkholder. 

IMPORTANCE: Bacterial pustule has been 

reported from most of the soybean-growing 

areas in the world where warm temperatures

and frequent showers prevail during the grow-

ing season. Premature defoliation caused by 

the bacterium may bring about yield losses by

reducing the size and number of the seeds. 


SYMPTOMS: Early symptoms are minute, 

pale.-green spots with elevated centers on 

either or both leaf surfaces. Later, a 

small pustule forms in the center-a pustule

that is raised and light-colored. The 

pustule usually forms in lesions on the 

inderleaf surface (Figure 13). The spots 

vary from minute specks to large, irregular, 

nottled-brown areas that arise by the 

:oalescing of smaller lesions. Leaves be-

:ome ragged when dead areas tear away dur-

Lng windy weather. Severe infection often 

results in some defoliation. Leaf spots 


sometimes form 	without developing pustules.
 
Small spots that are reddish-brown and
 
slightly raised may develop on the pods of
 
susceptible cultivars.
 

At times, the symptoms of bacterial
 
pustule may resemble those of bacterial
 
blight. However, pustule lesions are not
 
watersoaked during the early stages of de­
velopment and usually have minute, raised
 
pustules in the centers.
 

RESISTANCE: Studies completed to date
 
have shown that there is little variation
 
among isolates of the bacterium, indicating

that there are no recognized races. Dif­
ferences have been found in the reaction of
 
cultivars, Plant Introductions, and other
 
accessions (Table 13). The cultivar CNS
 
shows no evidence of pustule development
 
and has been widely used as a source of re­
sistance in breeding programs. The germ­
plasm collection of groups 0 to VIII has
 
been screened for reaction to the bacterial
 
pustule bacterium, but no information is
 
given about groups IX or X.
 

Figure 13. Bacterial pustule lesions caused by Xan­
thcmonas phaseoli var. sojensis on the lower (LEFT)

and upper (RIGHT) leaf surfaces of soybeans.
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Table 13. Bacterial pustule (Xanthomonas phaseoli var. sojense), reaction of soybean cul­
tivars and plant introductions, by maturity group
 

Reac- Ref. Reac- Ref. 
Strain MGa tionb Test c no.d Strain MGa tionb Testc no.d 

MANDARIN 
AMSOY 

I 
II 

R 
R 

F 
F,G 

15 
16 

CHEROKEE 
COBB 

VIII 
VIII 

R 
R 

F 
F 

1,21 
10 

AMSOY II HS F 13 COKER 338 VIII R F 10 
HAROSOY-63 II R F,G 16 COKER 488 VIII R F 10 
COLUMBIA III R F 15 DOWLING VIII R F 10 
LINCOLN III R F,G 16, HAMPTOM 266 VIII R F,G 13, 

17 16 
CLARK 63 IV R F,G 13, HARDEE VIII R F,G 13, 

CUSTER IV R F 
16 
13 

16,19 
20 

PERRY IV R F,G 16 HUTTON VIII R F 10 
SCOTT 
BAY 
BEDFORD 
DARE 
ESSEX 

IV 
V 
V 
V 
V 

R 
R 
R 
R 
R 

F 
F 
F 
F 
F 

13 
10 
10 
19 
10 

LA GREEN 
NANKING NO. 417 

(Foreign) 
OTOOTAN 

VIII 
VIII 

VIII 

R 
R 

R 

F 
F,G 

F,G 

1,21 
13, 
16 
16, 
18 

FORREST 
HILL 

V 
V 

R 
R 

F 
F,G 

10 
13, 

STUART 
DORTCHSOY 

VIII 
? 

R 
R 

F,G 
F 

16 
1,21 

16, EC324-1 ? R F 19 
19 EC326-2 ? R F 19 

CENTENNIAL VI R F 10 EC2433 ? R F 19 
DAVIS VI R F 13, EC2519 ? R F 19 

16, EC2542 ? R F 19 
19, EC2581 ? R F 19 
22 EC6103 ? R F 19 

HOOD VI R F,G 13, EC7042 ? R F 19 

LEE VI R F,G 
16 
13, 

EC26738 
EC30201 

? 
? 

R 
R 

F 
F 

19 
19 

16, EC30205 ? R F 19 
20 EC30206 ? R F 19 

OGDEN VI R F 1,18, EC30209 ? R F 19 
21 EC34071 ? R F 19 

OGDEN VI MS G 8 EC37056 ? R F 19 
OLD DOMINION VI R F 15 EC37061 ? R F 19 
PICKETT VI R F,G 16 EC39498 ? R F 19 
PICKETT VI MS F 16 EC39501 ? R F 19 
TRACY VI R F 10 EC39761 ? R F 19 
BOSSIER VII R F,G 16 EC39795 ? R F 19 
BRAGG VII R F,G 10, GLYCINE-16 ? R F,G 16, 

13, 17 
16, 

CNS VII R F 
19 
1,6, 

IC202 
IC217 

? 
? 

R 
R 

F,G 
F,G 

16 
16, 

GASOY 17 
PATMETTO 

VII 
VII 

R 
R 

F 
F 

8,21 
10 
1,18, 

IC574 R F,G 
19 
16, 
17 

PUNJAB-1 (Foreign VII R F 
21 
11 

IC13006 
JS-3 

? 
? 

R 
R 

F,G 
F 

16 
19 

PUNJAB-1 
Variety) 
(Foreign VII HS F 13 

MISS-28 
PLS03 

? 
? 

R 
R 

F,G 
F,G 

16 
16 

RANSOM 
Variety) 

VII R F 10 
PLS06 
PLSO11 

? 
? 

R 
R 

F,G 
F 

16 
16 

SEMMES VII F F,G 16, PLSO17 ? R F 19 
20 PLS026 ? R F 19 

WOODS YELLOW VII R F 18 PLS028 ? R F 19 
AVOYELLES VIII R F,G 16 PLS031 ? R F 19 
aMaturity group. bR=resistant; NIR=moderately resistant; IS=highly susceptible. CF=field;
 
G=greenhouse. dReferences cited, by number.
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TABLE 13-CONT'D (1) 

Reac- Ref. Reac- Ref. 
Strain MGa tionb TestC no.d Strain MGa tionb Testc no.d 

PLS032 ? R F 19 P.I. 92580 II MR F 3 
PLS043 ? R F,G 16, 96549 II MR F 3 

19 135589 II MR F 3 
RUBEL ? R F,G 16 153226 II MR F 3 
SL5 ? R F 14 200552 II MR F 3 
SL6 ? R F,G 14, 68494 Ill MR F 4 

16 80480 Ill MR F 3 
S379 ? R F,G 13, 84957 Ill MR F 3 

16 84979 Ill MR F 4 
UPSM-215 ? R F 19 86449-2 Ill MR F 3 
V-48 ? R F 19 86469 III MR F 4 
V-50 ? R F 19 89006 Ill MR F 4 
V-54 ? R F 19 89012-1 Ill MR F 4 
V-58 ? R F 19 91730-1 Ill MR F 4 
V-59 ? R F 19 96322 Ill MR F 4 
V-60 ? R F 19 96787 Il MR F 3 
V-64 ? R F 19 153309 Il1 MR F 3 
V-67 ? R F 19 209331 11 R F 4 
V-98 ? R F 19 68692 IV MR F 3 
P.I. 153213 0 MR F 2 86091-1 IV MR F 4 

68576 I MR F 3 86103 IV MR F 4 
84964 I MR F 2 88466-1 IV MR F 4 
88443 I MR F 2 88499 IV MR F 4 
92469 I MR F 2 89056-2 IV MR F 4 

153227 I MR F 2 90763 IV MR F 4 
153310 I MR F 2 91073 IV MR F 4 
68439 II MR F 3 96280 IV MR F 4 
68457 II MR F 3 96333 IV MR F 4 
68555 II MR F 3 103091 IV MR F 4 
68709 Il MR F 3 171429 IV MR F 4 
69503 II MR F 3 171432 IV MR F 4 
69512 II MR F 3 171652 IV MR F 4 
70036-1 II MR F 3 209332 IV R F 4 
79756 II MR F 3 80466 V R F 9 
84965 II MR F 3 159322 VI R F 5 
86112 II MR F 3 215693 VI R F 9 
86972-1 II MR F 4 219656 VI R F 9 
87628 II MR F 3 253662 VI R F 9 
88301 II MR F 3 159094 VII R F 5 
88352 II MR F 3 159095 VII MR F 5 
88355 II MR F 3 159096 VII MR F 5 
88358 II MR F 3 159097 VII R F 5 
88442 II MR F 3 165675 VII R F 9 
88495 II MR F 3 165676 VII R F 9 
89064 II MR F 3 165943 VII MR F 5 
89065-2 II MR F 2 171445 VII R F 9 
89153 II MR F 3 171446 VII R F 9 
90570 II MR F 3 189402 VII R F 9 
91117 II MR F 3 200459 VII R F 9 
92109 II MR F 3 224270 VII R F 9 
92561 II MR F 3 205915 VIII MR F 5 
92569 II MR F 3 165524 IX MR F 5 
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SOYBEAN MOSAIC
 

CAUSAL AGENT: Soybean mosaic virus 


IMPORTANCE: Soybean mosaic is world-

wide in distribution. The disease was first 

observed in the United States in the early 

1900's and is believed to have been intro-

duced with the first soybeans brought from 

the Orient. Soybean mosaic is regarded as 

one of the most important diseases in many 

areas of the world. Yields ma) be reduced 

25 percent or more in the field. With ex-

perimentally inoculated plants, a reduction 

in yield of up to 93 percent has been re-

corded. Yieldswerereducedbya lowering 

of seed size and weight and by a decrease 

in the number of seeds produced from virus-

infected plants. Seed quality for process-

ing is reduced because diseased plants pro-

duce seeds with mottled seed coats and a 

reduced ability to germinate, 


SYMPTOMS: Soybean mosaic virus can be 

seed-borne. Infected seeds fail to germi-

nate, or they produce diseased seedlings, 

Seedlings from infected seeds are spindly, 

with unifoliolate leaves that are curled 

longitudinally downward and that are rugose 

(crinkled). These leaves become prematurely 

chlorotic and subsequent trifoliolate leaves 

are more severely stunted, mottled, and show 

rugosity to an even greater extent than the 

unifoliolate leaves (Figure 14). 


Plants infected early in the season are 

stunted, with shortened petioles and inter-

nodes. The leaves are stunted and are 

generally misshapen and puckered-occasion-

ally, with dark-green enations along the 


veins. Affected leaflets usually are asym­
metric and curl downward at the margin. The
 
youngest and most rapidly growing leaves
 
show the most severe symptoms. As maturity
 
approaches, the leaves of infected plants
 
remain greener longer than those of plants
 
that are not infected.
 

Susceptible cultivars show transitory
 
symptoms within 6 to 14 dates after mechanical
 
inoculation. The symptoms appear as a
 
yellowish vein clearing along the small,
 
branching veins of young leaves. Typical
 
rugosity generally appears on the third
 
Irifoliolate leaf formed after inoculation.
 
Increasingly more severe symptoms develop
 
on subsequent leaves, which eventually show
 
dark-green enations along the main veins.
 
The enations may be scattered, or may be
 
aligned on either side of the veins. Leaf­
lets may become chlorotic among enations
 
near the margins. Leaf margins frequently
 
curve downward at the sides. In some
 
cultivars, plants may develop progressive
 
necrosis, ultimately reaching the terminal
 
bud. Leaves on branches become severely
 
stunted, mottled, distorted, and dotted with
 
necrotic spots.
 

Symptom development depends on the
 
temperatures. Rugosity is most severe if
 
infected plants are frown at cool tempera­
tures (around 180 C.). Symptoms are less
 
severe at 240 to 250 C. and are largely
 
masked at temperatures above 300 C. The
 
temperature has alsoaconsiderable effect
 
on the time between inoculation and symptom
 
appearance, ranging from 4 days at 29.50 C.
 
to 14 days at 18.5 C.
 

Figure 14. Soybean foliage showing symptoms of in
 
fection by the common strain of soybean mosaic virus.
 
(RIGHT), healthy leaf (LEFT).
 



The severity of symptoms at any given 

temperature varies from cultivar to culti-

var and according to the viral strain. In-

fected plants of different cultivars at 

200 C. may show symptoms varying from normal-

looking to rugo~e leaves (Figure 14), and 

from severely stunted to normal height. 


Symptoms may appear on pods, particu-

larly in susceptibl. cultivars. The ex-

pression of pod rytoms is a function of 

cultivar susceptibility, time of infection, 

viral straLn, and temperature. Diseased 

pods often are stunted and flattened with 

less pubescence; also, more acutely curved 

than pods on healthy plants. Viable seeds 

produced in diseased pods are usually smaller 

with lower germination compared to seeds 

from healthy plants, and may be mottled 

brown or black. No consistent relationship 

has been found between virus-infected seeds 

and the location of seeds within a pod. 


RESISTANCE: The selection of soybean 

cultivars for resistance to soybean mosaic 

virus has been in symptom-development foli-

age as well as rate of seed transmission, 

Screening for both types of resistance has 


been done on the tropical soybean collection.
 
The variation in reaction by accessions sug­
gests that various isolates differ in the
 
severity of the reaction as we', is in their
 
ability to induce symptoms ari. ou seed-borne.
 

The following accessions were found to
 
be resistant to isolate SMVIl-S: Arisoy,
 
Dorman, Hood, Tokyo, UFV-l; and, P.I.'s
 
209908 and 325779. There was no evidence
 
of seed transmission of SMVII-S in: Cloud,
 
Manchu 2204, Mukden, Virginia; and P.I.'s
 
68680, 70019, 70036, 88303, 91115, 92684,
 
92718-2, and 360835 (5,6). Goodman et al.
 
[4] reported the following to be nontrans­
mitting lines (with maturity group): Merit
 
(0), Mukden (II), Cloud (III), Manchu 2204
 
(III), FC 31678 (11), Virginia (VI) and
 
Arisoy (VIII); also, P.1.' s 60279 (I),
 
68680 (II), 70036 (I), 88303 (II), 91115
 
(II), 92684 (II), 360835 (II), 70019 (III),
 
92718-2 (11), 203406 (VIII)', 325779 (IX),
 
and 240664 (X). Goodman an Oard [7] found
 
that some accessions contai, both tolerance
 
for SMV and a low incidence of seed trans­
mission. The work on seed lransmission and
 
resistance to SMV was revi.wed by Irwin and
 
Goodman [11].
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Table 14. 
 Soybean mosaic (soybean mosaic virus), reaction of soybean cultivars and plant

introductions, by maturity group
 

Reac- Ref. 
 Reac- Ref
Strain MGa tionb 
 Testc no.d Strain c
MGa tion b Test no.d
 

No strain specified RANSOM VII R 
 G 18
 
SEMMES VII M
MUKDEN II R F G 18
6 TOKYO VII 
 R F,G 13,14,
CLOUD III R 
 F 6 
 17,18
MANCHU 2204 III R 
 F 6 F.C. 31689 VII R G 17
VIRGINIA V R F 6 
 P.I. 55089 V R 
 G 17
DAVIS VI R F 
 15 90251 V 
 R G 17
JACKSON VII R 
 G 18 92743 
 V R G 17
ARISOY VIII R F 6 
 96089 V G
R 17
BIENVILLE VIII R F 15 
 96983 V R 
 F,G 13,17
UFVl VIII R F 6 
 170893 V R 
 G 17
F.C. 31678 Il R F 
 6 170899 
 V R G 17
F.C. 31689 VII R 
 F 8 148260 VI R G 17
CAMPOS GERAIS 
 ? R F 15 209908 VI R,M,S G 17
SHIH-SHIH ? 
 R 
 F 19 85416 VII R,M,S G 17
P.I. 60279 II R 
 F 6 200530 VII R G 17
 

68680 II R 
 F 6,8
 
70036 II R F 6
 
88303 II R F 6
 
91115 II R 
 F 6

92684 
 II R F 6 DORMAN V L G 
 17
360835 II R F 6 
 YORK V L 
 G 17
70019 IlI R 
 F 6 HOOD VI L G 17
92718-2 Ill 
 R F 6 OGDEN VI R F 17
96983 
 V R F 8,15 TOKYO VII S 
 F 17
170893 V R F 8 
 F.C. 31689 VII R,S,M G 17
170899 V R 
 F 8 P.I. 50089 V S,L G 17
227555 V R 
 F 8 90251 
 V L G 17
148260 VI R F 8 
 92743 VII M G 
 17
230973 VII R F 8 
 96089 V L 
 G 17
203406 VIII R F 
 5,8 96983 V 
 R G 17
325779 IX R 
 F 6 170893 
 V R G 17
240664 X R F 6 
 170899 V R,M,S G 
 17
 

148260 VI R,M,S G 17
SMV1 209908 VI R G 17
 
85416 VII M G 
 17
 

CAPITAL 0 R G 14 200530 VII M G 17
 
MANDARIN 
 I R G 14
 
DARE V M G 
 18 

DORMAN V R G 
 17 

L V3 
VIRGINIA 
 V R F 14 DORMAN 
 V M G 14
V L G 17
YORK YORK V L,M,S G 17
YORK V R G 
 13,18 HOOD 
 VI R G 17
DAVIS VI R 
 G 13,18 OGDEN 
 VI R F 17
HOOD VI R,L, G 17 F.C. 31689 VII R,S,M G 17
 

M,S TOKYO VII 
 R F 17
LEE VI M 
 G 18 P.I. 55089 
 V M G 17
LEE VI 
 S F 13 90251 V M G
OGDEN 
 VI R F,G 13,17, 92743 V M 
17
 

G 17
 
18 96089 
 V M G 17
BRAGG VII M 
 G 18 96983 
 V R G 17
RANSOM VII M G 17 
 170893 V R G 
 17
 

aMaturity group. bR~symptomless; L=necrotic local lesions or inoculated plants; 
M=mosaic
 
mottle; N=necrosis; B=blister-like sym toms. CF~field; G=greenhouse. 
References cited,
by number. eIsolated by Ross, 1969. VIsolated by Goodman, 1975. 
 gIsolated by Goodman,
 
1976.
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TABLE 14-CONT'D (1) 

Strain MGa 
Reac b 
tion Test 

Ref a 
no. Strain MG-

Reac-
tion Test 

Refa 
no 

P.I. 148,.J0 VI R G 17 P.I. 170893 V R G 17 
209908 VI R G 17 170899 V R G 17 
85416 VII L,S,M G 17 148260 VI R G 17 

200530 VII M G 17 209908 VI R G 17 

LSMV4 

DORMAN V S,L G 14 DORMAN V R G 14 
YORK 
HOOD 

V 
Vi 

L 
L 

G 
G 

17 
17 

YORK 
HOOD 

V 
VI 

L 
L 

G 
G 

17 
17 

OGDEN VI R F 17 OGDEN VI R F 17 
TOKYO 
F.C. 31689 

VII 
VII 

R 
R 

F 
G 

17 
17 

TOKYO 
F.C. 31689 

VII 
VII 

R 
R 

F 
G 

17 
17 

P.I. 55089 V L G 17 P.I. 55089 V R G 17 
90251 V L G 17 90251 V R G 17 
92743 V L G 17 92743 V R G 17 
96089 V L G 17 96089 V R G 17 
96983 

170893 
V 
V 

R 
R 

G 
G 

17 
17 

96983 
170893 

V 
V 

K, 

RI 
G 
G 

17 
17 

170899 V R G 17 170899 V R G 17 
148260 
209903 

VI 
VI 

R 
R,M,S 

G 
G 

17 
17 

148260 
209908 

VI 
VI 

R 
R 

G 
G 

17 
17 

85416 VII M G 17 85416 VII L G 17 
200530 VII M G 17 200530 VII L G 17 

DORMAN V R G 17 YORK V R G 1 
YORK V L G 17 DAVIS VI R G 1 
HOOD VI L G 17 OGDEN VI NB G 18 
OGDEN VI R F 17 TOKYO VII R F 6 
TOKYO VII R F 17 BUFFALO VIII R F 1,6 
F.C. 31689 VII R G 17 KWANGGYO ? R G 1 
P.I. 55089 V R G 17 P.I. 96983 V R F 6 

90251 V R G 17 324068 VIII R F 6 
92743 V S,L,M G 17 341242 IX R F 6 
96089 V R G 17 374193 X R F 6 
96983 V R G 17 
170893 V R G 17 
170899 V R G 17 
148260 VI R G 17 MARSHALL ? L,N F 1 
209908 VI R G 17 
85416 VII L,R,S G 17 

200530 VII L G 17 

OGDEN 
MARSHALL 

VI 
? 

L,N 
L,N 

F 
F 

1 
1 

DORMAP V L G 14 
YORK V L G 17 
HOOD VI L,M,S G 17 YORK V LAN F 1 
OGDEN 
TOKYO 

VI 
VII 

R 
S 

F 
F 

17 
17 

DAVIS 
OGDEN 

VI 
VI 

L,M,N 
L,N 

F 
F 

1 
1 

F.C. 
P.I. 

31689 
55089 

VII 
V 

R 
L 

G 
G 

17 
17 

OADEN 
MARSHALL 

? L,N 
L,N 

F 
F 

1 
1 

90251 V R G 17 
92743 V L G 17 
96089 V L G 17 
96983 V R G 17 YORK V M F 1 
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TABLE 14-CONT'D (2)
 

Reac- Refa 
 Reac- Ref
Strain d
MGa tionb 
Tejtc no. Strain 
 MGa tionb Testc no.d
 
DAVIS VI M F 
 1 KWANGGYO ? N F 1
KWANGGYO ? N F 1 
 MARSHALL ? N F 1
11 F 6P.1. 96983 V S 


YORK V M 
 F 1

DAVIS VI M 
 F I YORK V R G 
 17
KWANGGYO ? N 
 F 1 DAVIS VI R G 18
MARSHALL ? N 
 F 1 TOKYO VII N,B G 
 18
 

HOOD 

VI 
 S


YORK V 6
M F 1 BUFFALO VIII R 
F 

F,G 6,16
DAVIS VI M F 
 1 P.I. 324068 VIII R F,G 6,16
OGDEN VI N F 1 
 341242 IX 
 R F,G 6,16
TOKYO VII S F 6 
 374193 X 
 R F,G 6,16
BUFFALO VIII N F 6 
 HERNON 147 ? R F 6
 

aFIaturity group. bR=symptomless; L-necrotic local lesions or inoculated p'ints; M-mosaic
 
mottle; N=necrosis; B=blister-like symptoms. cF=field; G=greenhouse. References cited,
by number. ejsolated by Ross, 1969. rIsolated by Goodman, 1975. gIsolated by Goodman,
 
1976.
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BEAN YELLOW MOSAIC
 

CAUSAL AGENT: Bean yellow mosaic virus areas are scattered or occur in indefinite
 
bands 	along the major veins. Rusty, necro-


IMPORTANCE: Yellow mosaic iscaused by tic spots appear in the yellow Freas as the
 
the bean yellow mosaic virus (BYMV). Mixed leaf matures. Some strains of BYMV produce
 
infections of BYMV and soybean mosaic virus are a severe mottling and crinkling of leaves
 
not uncommon on soybeans, and are referred (Figure 15). The symptoms appear in 12 days
 
toas"soybean mosaic." The effects of yel- after inoculation at 180 C., 7 days at
 
lowmcsaicontheagronomic performance of 240 C., and 5 days at 290 C. However, the
 
soybeans have not been investigated, symptoms are more severe at lower tempera-


SYMPTOMS: The initial symptoms are tures. Inoculation of resistant cultivar
 
essentially the same as those produced by gives local lesions.
 
the soybean mosaic virus at later stages. RESISTANCE: Resistance has been re-

A conspicuous yellow mottling of the leaves ported in 4 cultivars and 1 Plant Introduc­
is characteristic (Figure 15). The yellow tion (Table 15).
 

,,7. 


Figure 15. Bean yellow mosaic symptoms on soybean
 
(LEFT), healthy leaf (RIGHT).
 

BEAN YELLOW MOSAIC: REFERENCES
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Table 15. 	 Bean yellow mosaic (bean yellow

mosaic virus), reactions of soy­
bean cultivars and plant intro­
ductions, by maturity group
 

Reac- Ref

Strain 	 MGa tionb Testc no.a
 

SWIFT 	 0 
 R F,G 3
 
CORSOY 	 II 
 R F,G 2
 
WILLIAMS III 
 R F,G 3

CUTLER 
 IV R F,G 2

P.I. 171443 
 VI R F,G 3,4
 

aMaturity group. bR=resistant; S=suscepti­
ble. CF=field; G=greenhouse. dReferences
 
cited, by number.
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COWPEA CHLOROTIC MOTTLE
 

CAUSAL AGENT: Cowpea Chlorotic mottle 	 SYMPTOMS: Leaves formed after inocula­
virus 	(soybeai strain) tion are mottled and slightly crinkled, and
 

tend to be more upright than normal leaves
 
IMPORTANCE: Cowpea ("J-or'tic mottle (Figure 16). The intensity of mottling in­

virus (CCMV), which communly occurs on cow- creases on young leaves. Plants are stunt­
peas, was first identified on soybeans in ed and produce fewer seeds. Local necrotic
 
1967. A distinct strain of the vi.rus, des- lesions are proauced on resistant cultivars.
 
ignated as CCMV-S, infects soybeans. Most Veinal necrosis occurs on types with an in­
soybean cultivars are resistant to CCMV-S, termediate resistance to the disease. The
 
in that they produce only local necrotic CCMV-S strain causes systemic infection in
 
lesions when inoculated. The disease is certain soybean cultivars, and can be dis­
of minor importance. In systemically in- tinguished from CCMVby its low infectivity.
 
fected cultivars, yield losses range be- RESISTANCE: A number of soybean culti­
tween 20 and 30 percent when plants are in- vars are resistant to the cowpea chlorotic
 
fected early. mottle virus (Table 16).
 

Figure 16. Mottled leaves of soybeans infected with
 
cowpea chlorotic mottle virus-S.
 

COWPEA CHLOROTIC MOTTLE: REFERENCES
 

1. 	HARRIS, H.B., and C.W. KUHN. 1971. Influence of cowpea chlorotic mottle virus (5oy­
bean strain) on agronomic performance of soybeans. Crop Sci. 11:71-72.
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University of Illinois at Urbana-Champaign. 23 p.
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4. 	SINCLAIR, J.B., and O.D. DHINGRA 1975. An annotated bibliography of soybean diseases,
 
1882-1974. INTSOY Series No. 7. College of Agriculture, University of Illinois at
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Table 16. Cowpea chloratic mottle) (cowpea

chloratic mottle virus), reac­
tions of soybean cultivars, by
 
maturity group
 

Reac- Ref.
 
Strain MGa tionb Testc no.d
 

DARE V R F 1
 
DYER V R F 1
 
HILL V R F 1
 
LEE VI R F 1
 
PICKETT VI R F I
 
BRAGG VII R F 1
 
CNS VII R F 1
 
BIENVILLE VIII R F 1
 
HARDEE VIII R F 1
 
STUART VIII R F 1
 

aMaturity group. DR=resistant, necrotic le­
sions. F=field. dReferences cited, by
 
number.
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PEANUT MOTTLE
 

CAUSAL AGENT: Peanut mottle virus 	 produced on young leaves (Figure 17). Leaves
 
developing after inoculation show general,
 

SYMPTOMS: Mild and severe strains have mosaic-type symptoms.
 
been reported as infecting soybeans. The RESISTANCE: Eleven soybean cultivars
 
first symptoms appear as small, enlarging, have been reported as having resistance to
 
chlorotic areas. Dark-green islands are the peanut mottle virus (Table 17).
 

Figure 17. Peanut mottle symptoms on soybeans.
 

PEANUT MOTTLE: REFERENCES
 

1. 	DEMSKI, J.W., and C.W. KUHN. 1975. Resistant and susceptible reaction of soybeans to
 
peanut mottle virus. Phytopathology 65:95-99.
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Table 17. Peanut mottle (peanut mottie virus), reactions of
 
soybean cultivars, by maturity group
 

Reac- Ref.
 
Strain MGa tionb Testc no.d
 

PEKING IV R F,G 1
 
DORMAN V R F,G 1
 
VIRGINIA V R F,G 1
 
ARKSOY VI R F,G 1
 
CURTIS VI R F,G 1
 
DAVIS VI R F,G I
 
HABERLANDT VI R FG 1
 
PINE DELL PERFECTION VI R F,G 1
 
RALSOY VI R F,G 1
 
CNS VII R F,G 1
 
HARDEE VIII R F,G 1
 

aMaturity group. bR resistant. CF = field; G = greenhouse.
 
dReferences cited, by number.
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V. NEMATODE DISEASES
 

107
 



MOM PIMR
 



ROOT-KNOT NEMATODE
 

CAUSAL AGENTS: 	 Meloidogyne spp. including M. infected plants. Nematode larvae infecting
 
arenaria (Neal) Chitwood, M. the roots near the root tips cause an ca­
hapZa Chitwood, M. incognita largement by initiating hypertrophy and hy­
(Koifoid &White), M. incognita perplasia of infected and adjacent tissues.
 
acrita Chitwood, M. incognita Typically, galls that are either spindle­
wartellei (Golden and Birch- shaped or almost spherical and rough to ir­
field), M. javanica (Treub.) regular are scattered on the main and branch
 
Chitwood and M. naasi Frank- roots (Figure 18). The individiial gall var­
1in. ies from about the size ofa pinhead on small
 

roots to 20 milline' rs on large roots. The
 
IMPORTANCE: The disease has been re- size of the gall depends on the root-knot
 

ported from most soybean-growing areas of the nematode species involved, the level of nem­
world. Maximum damage occurs in warm climates atode infection, and the susceptibility of
 
and more on the sandy, light-textured soils the cultivar.
 
than on heavy soils. Yield losses among sus- The vascular elements of infected tis­
ceptible cultivars ranging from 30 to 90 per- sues are disrupted, thus inhibiting the flow
 
cent have been reported from Florida. A high of water and nutrients from the roots to the
 
incidence of root-knot nematode infection top of the plant. Excessive lateral branch
 
brings about a drastic reduction in top growth, root formation is initiated with M. hapla.
 
a decreased formation of Rhizobium nodules, The dry weight of the root increases signifi­
and an increased susceptibility to vascular cantly, while the weight of the shoot decreases.
 
pathogens. RESISTANCE: A complete study, or screen-


SYMPTOMS: Infected plants may show ing for the resistanceofcultivars and acces­
varying degrees of stunting and yellowing; sions to the various Meloidogyne spp. or vari­
also, a tendencyof wilt under moisture stress ations within a species has not been done.
 
during hot, dry weather. The disease can be We report on observations about selected cul­
identified by the presence of knots or galls tivars and Plant Introductions for resistance
 
of varying sizes and shapes on the roots of to Meloidogyne spp. (Table 18).
 

Figure 18. Galls produced on soybean roots by the
 
root-knot nematode Meloidogyne spp.
 

PREVIOUS PAGE BLANK
 

1 o
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Table 18. Root-knot Nematode (MeZoidogyne spp.), reaction of soybean cultivars, by maturity
 
group 

Strain MGa 
Reac-
tionh Testc 

Ref. 
no.d Strain HGa 

Reac-
tionb Testc 

Ref. 
no .d 

M. arenria MUKDEN II S G 1 
RICHLAND II S G 4 

HAROSOY II S G 4 ADAMS III S G 4 
HAWKEYE II S F 13 BETHEL IV HR G 1 
RICHLAND II S G 4 DELMAR IV R G 1 
ILSOY III S F 13 DORMAN V S G 4 
DELMAR IV S F 13 FORREST V R F,G lIll 
PEKING IV S F 13 HILL V LR G 1 
DYER V S F 13 LAREDO VI HR G 1 
FORREST V R F 8 LEE VI FT F 9 
HILL V S F 13 LEE VI S G 4 
F.C. 03659 
LAREDO 

VI 
VI 

R 
S 

F 
F 

7 
13 

BRAGG 
F.C. 30967 

VII 
VII 

R 
LR 

F,G 
G 

1,9,11 
1 

LEE VI MR G 4 JACKSON VII R G 4 
CREOLE VII R F 7 PALMETTO VII R F 7 
F.C. 30967 VII R F 7 PALMETTO VII S G 1 
JACKSON VII R F 7 SEMINOLE VIII S G 4 
JACKSON VII S F 4,13 HARDEE VIII S F 11 
TANNER VII R F 7 HUTTON VIII R F 8,11 
HAMPTON VIII S F 13 IMPROVED PELICAN VIII S G 4 
HARDEE VIII S F 13 
BRAXTON VII HR F 13 M. incognita acrita 
GOVAN VII R F 13 
P.I. 157406 V R F 7 BLACKHAWK I HR F 3 

171436 VI R F 7 HABARO I R F 3 
171437 VI R F 7 MANDARIN 507 I R F 3 
171444 VI R F 7 MENDOTA I R F 3 
200449 VI R F 7 MONROE I HR F 3 
221972 VI R F 7 HAROSOY II S G 4 
229320 VI R F 7 HAWKEYE II S F 10 
360834 VI R F 7 MUKDEN II HR F 3 
360851 VI R F 7 RICHLAND II S G 4 
377577 VI R F 7 ANDERSON IV HR F 3 
381679 VI R " 7 DELMAR IV R L 15 
165947 VII R F 7 PEKING 1V R F 3 
200523 VII R F 7 DORMAN V S G 4 
200549 VII R F 7 VIRGINIA V R L 15 
319526 VII R F 7 HABERLANDT VI R F 3 

LAREDO VI HR F 3 
[LEE VI S G 4 

JACKSON VII R G 4 
BLACKHAWK I S F 3 ROANOKE VII S G 4 
MONROE I S F 3 IMPROVED PELICAN VIII S G 4 
HAROSOY II R G 4 SEMINOLE VIII S G 4 
MUKDEN II S F 3 
RICHLAND II S G 4 M. incognita wartelZe 
ADAMS III S G 4 
ANDERSON IV S F 3 KAHALA IV R F 5 

KAIKOO IV R F 5 
M. incognita KAILUA IV R F 5 

MAKAPE SUMMER IV R F 5 
CAPITAL 0 S G 4 FORREST V MR G 14 
BLACKHAWK I S G I HILL V R F,G 18 
HABARO 
MANDARIN 507 
MENDOTA 
MONROF 

I 
I 
I 
I 

S 
S 
S 
S 

G 
G 
G 
G 

1 
1 
1 
1 

LAREDO 
PICKETI 71 
BRAGG 
PALMETTO 

VI 
VI 
VII 
VII 

R 
S 
S 
R 

F,G 
F,G 
F,G 
F,G 

18 
14,18 
18 
18 

Ill 



TABLE 18-CONT'D (1)
 

Reac- Ref.
 
Strain MGa tionb Testc no.d
 

IM. javanicaI 

FORREST V R F 11 
PICKETT 71 VI S F 11 
CRAGG VII R F 11 
HARDEE VIII S F 10 
HUTTON VIII R 

M.naa7 
F 4 

LAREDO VI S F 3
 
BRAGG 1.II R F 13
 

aMaturity group. DM1 = highly resistant; MR = 

moderately resistant; R = resistant; LR = low
 
resistance; S = susceptible; FT = field tol­
erant. CF = field; G = greenhouse. dRefer­
ences cited, by number.
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SOYBEAN CYST NEMATODE
 

CAUSAL AGENT: Heterodera glycines Ichinohe 	 and nutrients to the top of the plant. In­
fected plants may defoliate prematurely.


IMPORTANCE: The soybean cyst nematode Yield losses caused by the nematode vary

is a serious pest in China, lapan, Korea, 	 from slight to 90 percent, depending on the
 
and the United States, where it is considered 	 degree of infestation, soil fertility, cul­
a major threat to soybean production. The 	 tivar susceptibility, environmental condi­
disease caused by the nematode was first 	 tions, and the race of the nematode involved.
 
observed in Japan and was named "yellow 	 The disease is more severe if root-knot ne­
dwarf," because of the conspicuous symptoms matode and/or pathogenic soil-borne fungi
 
produced on heavily infected plants. The or bacteria also infect the roots with the
 
disease was reported in the United Statts cyst nematode.
 
in 1954 and now occurs in parts of midwest Light to moderate infections of the
 
and Southeast States. cyst nematode stimulate an overproduction
 

SYMPTOMS: The above-ground symptoms of lateral roots. The root systems of heavi­
are not diagnostic, since similar symptoms ly infected plants are drastically reduced,
 
may be produced by other pathogens. Symp- necrotic, and practically devoid of Rhizobium
 
toms of the soybean cyst nematode disease do nodules. A careful removal and examination
 
not appear if the number of nematodes is of the root system shows the minute, white­
low. Where nematode populations are high to-yellow females and brown cysts, somewhat
 
and environmental conditions are ideal, in- smaller than the head of a pin, which can
 
fected plants become severely stunted and be seen clinging to the roots (Figure 19).

chlorotic; hence, the name "yellow dwarf." RESISTANCE: The use of resistant culti-

Chlorosis is mainly due to a deficiency of vars has been highly successful in minimiz­
nitrogen, resulting from the inhibition of ing crop losses. The screening of all germ-

Rhizobium nodule formation. Syncytia formed plasm collections has not been done, but the
 
in the vascular cylinder in response to the studies reported show that there may be many

nematode severely disrupt the flow of water isolates or races of the nematode (Table 19).
 

Figure 19. Cysts of the soybean cust ne.atode, Heter­
odera glycines, on soybean roots.
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Table 19. 	 Soybean cyst namatode (Heterodera glycine8), reaction of soybean cultivars and
 
plant introductions, by maturity group
 

Reac- Ref. 
 Reac- Ref.
Strain MGa tionb 	Testc 
 no.d Strain MGa tionb Testc 
n o .d
 

Race 1 IRaeaR 
PEKING 
 IV R L 5 CLOUD III R G 4
PICKETT 
 VI R L,F 5,28 COLUMBIA III R G 4
P.I. 	 88788 Ill S 
 L,F 5,28 PEKING 	 IV 
 R F 15
90763 IV R L,F 	 5,7, 
 P.I. 	 79693 III R F 
 15
 

28 	 87631-1 Ill R F 4,15
 
88788 Ill 
 S F 15
 

Rac 84751 IV R G 4

89772 IV R G 	 4
PEKING 	 IV S L 
 5 	 90763 IV R F 15
PICKETT 
 VI S L,F 5,28 91684 IV S F


P.I. 	 88788 Ill S L,F 5,28 
15 

90763 IV R L,F 5,7, Race Va-4
 
28
 

PEKING IV R F 15

Race 3 
 P.I. 	 79693 Ill R 
 F 15
 

84611 Ill F
MR 15
PEKING 
 IV R L 5 	 87631-1 Il R F 15
BEDFORD V 
 R F 9 	 88788 Il1 R F 15
FORREST V R F 
 9 	 90763 IV R F 15

CENTENNIAL VI R 
 F 9 91684 	 IV 
 S F 15

PICKETT VI 
 R L,F 5,28

P.I. 	 88788 Ill R L,F 5,28 Race NC-I 

90763 	 IV R L,F 5,7,
 
28 PEKING IV R 
 F 	 15
 

I I 
 P.I. 	 79693 III 
 R F 15
Race 4 
 87631-1 Il1 F
S 15
 
88788 Ill 
 R F 15
PEKING 	 IV 
 S G,L 5,27 90763 IV R F 15
BEDFORD V R 
 F 9 91684 IV S F 15
 

FORREST V S F 9
 
PICKETT VI S 
 L,F 5,28 Race -i
 
P.!. 88788 Ill R G 4,27


88788 
 Il! S L,F 5,28 PEKING IV R F 15
90763 
 IV MR F 28 P.i. 87631-1 Il1 S F 15
90763 IV S 
 L,F 5,28 88788 	 Ill 
 R F 15
 
90763 IV F
R 15 

Race Va-l 91684 IV S F 15 

PEKING 	 IV R F 15 
 Race Ark-i 
PINE DELL VI R F 15 
PERFECTION 
 PEKING IV 
 R F 15
P.I. 	 87631-1 Ill R F 15 PINE DELL VI S 
 F 	 15


88788 III R 
 F 15 PERFECTION
 
90763 IV F
R 15 P.I. 87631-1 Ill R F 
 15
91684 IV S F 	 15 
 88788 Ill F
R 15
 

90763 IV 
 P F 15
Race Va-2 
 91684 IV S F 	 15
 

PEKING 	 IV S F 15 
 Race Tenn-I
 
P.I. 	 88788 Ill R F 15
 

90763 
 IV R F 4,15 PEKING IV R F 15
91684 IV R 
 F 15 P.I. 79693 	 Ill 
 S F 15
 

aMaturity group. 
 bR=resistant. MR=moderately resistant; S=susceptible. 'F=f'ield;

G=greenhouse; L=laboratory. AReferences cited, by number.
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TABLE 19-CONT'D (1)
 

Reac- Ref. Reac- Ref 
Strain MGa tionb Testc no.d Strain MGa tionb Testc no.a 

P.I. 88788 Il1 R F 15 P.I. 87631-1 Il1 R F 15 
90763 IV R F 15 88788 Ill R F 15 
91684 IV R F 15 90763 IV R F 15 

[Ra ce I ll- I 91684 IV S F 15 

R Ky-i
R F 15
PEKING IV 

P.I. 79693 Ill R F 15 PEKING IV R F 15
 

88788 Ill R F 15 P.I. 88788 Ill R F 15
 
90763 IV R F 15 90763 IV S F 15
 
91684 IV R F 
 15 91684 IV R F 15
 

Race Miss. 1 1 No specific race 

PEKING IV R F 15 
 CAICHI-HIENUKI ? R F- 11
 
P.I. 79693 Ill R F 15 NAGUN-TAKEDAK ? R F 11
 

aMaturity group. bR=resistant; MR=moderately resistant; S=susceptible. CF=field;
 
G=greenhouse; L=laboratory. dReferences cited, by number.
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MUM A@N 



PREVIOUS PAGE BLANK
 
PART 1: 

Ada ... ....... 73 

Adams ... ......111 

Aburg ... ......76 

Acadian .. . ....15-25,62 

Acme ....... ... 15-25,86 
Adams...... 15-25,31


Adam. .. .
.IS-2,31Bonus 


Adephia . . 

4eridiwn 
gycine . . 66 

kkagara .......62 
\.K.CHarrow) 42,47,50,54 

kasaya Kanjoe 62 


kltona .. ..... 42,47,50,54, 
7-9Braxton 

. . 5Bmerican76ll . . 
kmercan
. .. 76Brnesko
 

wmsoy ... ......42,47,50,54, 

91 


kmsoy 71 . . . . 42,47,50,54 

knderson . . . 111 

nkur ... ......69 


koki ... ......69 


krisoy .. ..... 42,69,96,98 

wrksoy........ 16,17,42,47,
 

51,54,57,58,106 

51,54,7,51,16 


uti........ 


voyelles . . . . 42,91 
acterial 
blight .... 83 

bligt

acterial
pustule ... 88 


ansei ....... 16,18-25 


ansei-kuro-

daizu .......69 


avender 
special . . . . 15,16,18-22 
ay...........91 

ean yellow

mosaic ... 


edford .. ..... 51,91,116 


eeson .. ..... 42,47,50,54, 

73D-4 

ethel. .. ..... 31,111 

ienville . . . . 31,32,76,98, 
104 

Illomi-I . . . . 69 

STRAINS OTHER THAN PLANT INTRODUCTIONS 

Bilofield . . . . 62 Chantang . . . . 62 

Biloxi ....... 9,16,17 Cherokee . . . 16,17,86,91 

Blackbean .... 62 Chichibu-
Musheachin .. 62 

Black eyebrow 9 C usefa.h.n.. . 6 2 

Blackhawk . ... 15,16,18-25, 
42,111 Chippewa . . 15,16,18-25 

. .. . .. 42,47,50,54 
Bon ...... 42,47,50,54 Chippewa 64 . 42,47,50,54, 

Boone .. .. .... 42,47,50,54 86 
Bossier .. ..... 91 Chiquito . . 9 
Bragg ... ......31-33,51,91, Clark ....... 15,16,18-22, 

98,104,111,112 25,31,32,42,47,50,54 
Bratislavsk 

yellow sII . . 86 Clar 6 . . . . 476 
. . .. 11l Clay......... 73 

Clemsan . . .. 33 

chemelarova . . 86 Cloud .. ..... 86,96,98,116 
Brown de CNS ........ 15-25,31-33, 

Manninow . . . 9 42,62,86,91, 

Brown spot . 7 104,106 

Brown stem 

spot ....... 10 Cobb ........ 91 

Brungesto Coker 448 . . . 91 

Buffalo .. ..... 99,100 
 Columbia . . . . 91,116
C-30 ........ 62 Columbus 
. . . . 42,50,54 
Caichi- Comet .....
.. 31,32
2Hienuki . . . 117 Corsoy .. ..... 42,47,50,54,
 
Calland .. ..... 42,47,50,54 65,73,102
 

Campos Gerais . . 98 Cowpea 
.. . 83chlorotic 

Capital .. ..... 15-25,31,98,111 	 mottle . . 0mtl . 103 
pustl 
 9 .Creole 
 .. ..... 15,19-25,33,
 
Carosoy-63 111
 
Centennial . . . 51,91,116 Crest..... 31,42
 
Cephalosporiwn Curtis .... 106
 

gregatum . . . 10 Curtis . . . . 106 
Cercospora Custer91.....42,47,50,54,

..... 28 	 11daizu
diu....2
 

Cercospora Cutler .... 102 
kikuchii . . . 60 Cutler 71 . . . 31,42,47,50,
 

Cercoapora 
sojina . . . . 28 Cyst 

CES 61-14 . . . . 76 nematode 113 
...... 62 

CES 16-14 PD . 76 	 Da.........62
 

CES 16-14 Pin 76 Dare......S-33,42,51, 
CES 16-26 . . . . 76 104 

Chadamate . . . . 62 Davis .......	 31-33,91,98, 
99,100,106 
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Dekisuki .......62 F-7 ............ 62 Grant ....... .15,16,18-25
 
Delmar .......111 F-16 ... ......62 Green and
 

Dlaporthe F-19 ... ......62 black .......42,47,50,54
 
phaseoZorum var. Habaro 15,16,18-25,
cautivora 77 F-42......... 62 Hbr......1,68-5


S. 
 86,111
 
Diaporthe stem Fabulin .......15,16,18-25 Haberlandt 106,111
canker .......77 F.C. 03654N .
 . Hahto
 

Dorman ......... 15-27,31-33, F.C. 03659 
 11! (Michigan) . 42,47,50,57 
42,76,96,98, F.C. 04002-B . 42,47,50,54 Hakote ...... .42,47,50,54
 
99,106,111
 

Dortchsoy . . . 62,86,91 F.C. 04002-N 42,47,50,54 Hale Ogden . . . 62
 

Downy mildew . . . 13 F.C. 19972-2 50,54 Hampton .......31,32,86,111
 

Dowling ....... 91 F.C. 19976 . . . 50,54 Hampton 266 . . . 91
 

Dunfield ........15-17 F.C. 19976-2 . . 42,47,50,54 Hardee ...... .31-33,42,69,
 

Dunn.73 F.C. 29333 . . . 42,47,50,54 76,86,91,
 
. . . . . . .
 104,106,111,
 

Dyer ... ......111,104 F.C. 30267 . . . 42 112
 

E-26 ... ....... 62 F.C. 30282 . . . 42 Harley ....... 15,16,18-25,
 

E-32 ... ....... 62 F.C. 30967 . . . 42,111 42,47,50,54
 

Earlyana.15,16,18-23, F.C. 31571 42 Harman ......... 15,16,18-25,
 
.. .4 25lyn . . .
.17 5,61-2,7 C . .79
 

25 P.C. 31579 . . . 42 Harosoy .......15,16,18-25,
 
Early white F.C. 31630 . . . 42,47,50,54 31-33,42,47,
eyebrow . . . . 15-25 
 F.C. 31678 . 96,98 50,54,57-59,
 

F.C. 31689 . . . 12,98,99 73,76,86 1
EC324-1 ..... 91 Harosoy 63 . . . 42,47,50,54,
 
EC326-2. .. .. 91 F.C. 31719 . . . 42,47,51,54 -7-59,79
 
EC326-2........ 91
 

F.C. 31721 . . . 33,42,47,51, Hawkeye .......15,16,18-25,

EC2433 ......... 91 
 54 42,47,50,54,
 
EC2519 ......... 91 F.C. 31731 . . . 33 111
 

EC2542 ......... 91 F.C. 31732 . . . 42 Hernon 147 100
 

EC2581 ......... 91 F.C. 31744 . . . 42 Heterodera
glycines . . 113
 
EC6103 ......... 91 F.C. 31934 . . . 33,42,47,51, Hidasta 42,47,50,54
 

. . .
54 . .

EC7042 ... ...... 91 


EC11695 .........69 F.C. 33123 . . . 15,18,33 Higo Daizu . . . 69
 
Hill......... 31-33,76,86,
 

...91 . . 15-25,31,32, 
91,104,111 

EC26738 . . ... Flambeau . . 1 ,0 ,11 
79,86


EC30201 ..... 91 
 Ford ... ......31 Hishoshu .... 62
 
EC30205 ....... 91 Forrest .......42,51,54,91, Hollybrook . . . 42,47,51,54
 
EC30206 ....... 91 111,112,116 Hood ........ 31-33,76,86,
 

EC30209 ....... 91 Frogeye leaf 91,96,98,99,
 
spot ......... 28 100
EC34071 ......... 91 


......42,47,50,54 Hs-l .......... 69
EC-36956 ........ 69 Fuji ... 


........91 Gaben ......... 62 Hurrelbrink . . . 42,47,50
EC37056 

EC37061 .........91 Gasoy 17 . . . . 91 Hutton..... 91,111,112 

........ 91 Gatan ......... 33,42 Hy 2217 ........ 69
 

........ 91 Georgian . . . . 33 1-346 ......... 76
 
EC39498 


EC39501 


EC39761 .......91 
 Giant ......... 31 IC202 .......... 91
 

EC39795 ........
 91 Gibson ........ 15,16,18-25, IC216 .......... 76
 

EC-SO0081........69
 32 IC217 ......... 91
 
Glycine-16 
 . . . 91 
 IC574 .........91
Egi.........86 Goku ... ......42,47,50,54 
 IC13006 .......91
 

Elton .... ... 86 Goldsoy .......15-25 Illington . . . 42,47,50,54
 
Essex ... ......42,51,54,91 Govan ....... Illini
111 ...... .15-27,31,42,
 
F-4 ........ .. 62 Granger .......15,16,18-25 47,50,54
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Ilsoy .. ..... 111 Lee ............ 15-25,31-33, Merit ...... .31,86,96
 
Improved 
 76,86,91,98, Midwest . 15,17,18-25
 
Pelican .... 16,17,42,62, 104,111
 

76,111 Lee 68 ....... 42,47,51 Mingo ...... .15,16,18-25
 

Ishikari- Lexington .... 9 Minsoy .......15,16,18-25
 

Shiro I .... 9 Lincoln .......15-25,31,32, Miss-28 .... 91
 
Jackson ....... 15-25,31-33, 62,79,91. Monetta .... 33,42,76
 

76,98,111 Lindarin .... 42,47,50,54, Monroe .......15,16,18-25,
 
Jagus ... ...... 69 86 
 31,32,42,111
 

Japan II ..... 9 . . . 79 Mosaic .......95
....	 Lindarin 63 


J.E.W. 45 .... 	 42 
 LS1 D2 . . . . . .. . . 69 Mukden .......15-27,42,47,
 

Jogun ....... .15,16,18-25 Mack ....... .42,47,51,54, 50,54,96,98,
 

57,58,59 
 111
 
JS-3 ........... 91 


Mukuni ........62
Kabott ......... 15,16,18-27 Macoupin .... 15,17-25 


Nagun­Kagon.15,16,18-25 	 Madison ........31 

.. .. . . 1Takedak 
 . . 117
 

Kahala ....... 111 Majos ......... 42 Nanking
 

Kaikoo .......ill Makape No. 417 . . . 91
Summer ... 111
 
Kailua ........ 111 Nansemond . . . 42,47,51,54
 

Mammoth
 
Kairyou Yellow . . . . 16,17,33,86 Nela ......... 42
 
Shirome . . . . 69 Mamotan 6640 
 . . 16,17,42 Nepolegayuschya. 87
 

Kanrich .. ..... 15,16,18-25, Manchu..... 16,17,62 Norchief . .
 .	 . 15,16,18-27, 
31-33 
 86
 

Kanro ... ...... 15,16,18-25, 
 Manchu 2204 . . . 96,98 Norman .......73
 
65 Manchu 3, Wisc. . 15,16 No. 1312
 

Kanto No. 13 . . . 62 Manchukota . . . 15,16,18-25 (PI 4S/2) . . 69
 

Kaoshiung Mandarin . . . . 62,91,98 No. 842 Ohito
 
No. 3 ........ 76 Mandarin 507 . 15,16,18-25, Okidaizu . . . 69
 

KE-32 ... ......76 42,47,50,54, No. 986 . . .. 69
 

Kent ... ....... 31,32,65 111 
 Ogden..... 15-27,31-33,
 

Kharbinkaya . . . 87 Mandarin 86,91,98,99,
 
(Ottawa) . . . 15,16,18-25, 100
 

Kim ........ ... 15,16,18-25, 
 65,79
 
31,32 Mandell.1516,18-25 Okagara . . . 62
 

Kingwa ......... 	15,16,18-25, Old Dominion . . 91
 
42,47,50,54, arshaOmejiro 
 .	 . . . 62
 
57,58,65 
 Matsuura . . . . 69 Ontario . . . . 15,16,18-25 

Klungkung . . . . 69 Mauthner Sedy 

Koohsing No. 1 	. . 62 Mnich .......9 Otootan . . . . 16,17,91
 
Koohsing 	 MeZoidogyne . . 104 Ottawa. ..... 42,47,50,54 
No. 19 .......62 Meloidogyne Pagoda ....... 15-25,31 

Korean ......... 	15,16,18-25 hapla . . . . 104 Palmetto . . . . 15-27,33,62,
 
76,86,91,111
Ks-469 ......... 69 Meloidogyne

incognita' . . 109 Pando ..... 42,47,50,54
MeZoidogyne 	 Patoka 
.......15,17-25,31-

Kubanskoya . . . . 87 incognita 33,65
 
Kuradaizu . . . . 62 	 aorita . . . 109 
 Pavilkene 9
 
Kwanggyo ..... 99,100 MeZoidogyne PB-l ...... 76


inco,,nita 
L-2 ........ .. 76 warteiLi . . 109 Peanut
 

L-11 ... ....... 70 MeZoidogyne Mottle . . . 106
 

L-114 ... ......76 javanica . . 109 Peking . . . . 106,111,116,
 
117


LA. Green . . . . 42,86,91 Metoidogyne 
naasi . . . . 109 Pennsoy . . . . 15,16,1'8-25

111,112 Mendota .......15,16,18-25, Peronospora 
42,47,50,54, manshurica . .	 13
 

1i2
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Peronospora Portage .. ..... 73 ScZerotium 
eoJae ..... .. 13 Pridesoy . . . . 15,16,18-27, rolfsii . . . 74 

Perry .... ..... 15-25,31-33, 79 Scott ...... .31,32,76,86, 

Phakopaora 
65,91 Protana .. ..... 42,47,50,54 

Siodiu 
91 
6 

pachyrhizi . 66 Pseudomonas 
gZycinea . . . 83 

Se•do-daizu 
Seminole . . 

62 

62,111 

hrotalaria . 66 Peeudomonas Semmes ..... 32,33,42,48, 
Phakopsora syringae . . . 83 65,76,91,98 

sojae ........ 66 Punjab-1 . . .. 91 Seneca .. ..... 15,16,18-25, 

Phakopora Purple seed 42,47,50,54 

Vignae .......66 stain .. ..... 60 Septoria 

Phatophora Pythium spp. . . 63 glycines . 7 

gregata . ... 10 Pythium aphani- Shakkiu-

PhysopeZ a deyriatum . . . 63 nashi . ... 69 

eoncors . ... 66 Pythium Shelby .. ..... 31,32,76 

Physopella debaryanwn . 63 Shih-Shih . . . 76,98 
meibomiae . . . 66 Pythium Shin-2 .. ..... 69 

PhysopeZZa irregulare . 63 Shiro-daizu . 69 
Vignae .. ..... 66 Pythi urn 

Phytophthora myriotylu . . 62Shiropan 
megasperma 
var. sojae . . . 39 

Pythium root 
rot ... ......63 66-D-20 . ... 69 

Phytophthora root Pythizwn 66-G-3 ..... ... 69 
and stem rot . . 39 ultimum . . . . 63 74-853001 . . . 69 

Phytophthora R-10. ....... . 69 SL5. ........ 92 
sojae Ralsoy ....... 16,17,42,47 SL6 ....... .92 

Pickett ....... 76,91,104,
116

,1 Ransom ....... 
106 
91,98 

Soybean cyst 
nematode . 113 

Picket cu71 1Renville . . .. 15,16,18-25 Soybean 

tzu-too .... 62 Rhizobuim . . . 113 mosaic . . . . 95 

Pine Dell 

Perfection . . . 15,19-25, 

Richland . . . . 15-27,111 

Roanoke ........ 15-27,31-33,111' 
Soybean mosaic

virus . . ..S erus . . 9566 
106,116 Rokusun..... 16,17 Soybean rust . . 66 

Pintung GreenBean......... 62 Root-knot Stem canker 77 
nematode . 109 Stnart .. ..... 31,32,91,104 

PK-71-39 .. ..... 69 Rose Non-pop . 16,17 Suigen 
PK-73-84 ..... 69 RosNo. 	 10 .... 62
PK-7384........69Ross......... 31 
PK-73-94 ..... 69 Swift . . . . ]02PK-7394........69Rubel.........92 
Plattskalarge T-117 ...... .15,16 
yellow .......87 Rust ...... 66Taichung 

PLS03 ...... ... 91 S-100 ......... 	 15-27,42 E-32 .. ..... 76 

PLS06 ...... ... 91 5379 ........ 92 Tainung 3 . . . 69,70,76
 

PLSO11 ...... ... 91 Sac ... ....... 15,16,18-25 Tainung 4 . . . 69,70,76
 

PLSO17 ... ......91 Sanga ... ...... 	 42,47,50,54, Tanner .. ..... 31-31,42,111 
57-59

PLS026 ... ......91 Tarhael 
Sankuo ....... 69 Black . . . 9,16,17Scioto ....... 15,17-25 TK-5 ... ......70
 

PLS31...... 91 Scerotinia 
 Tokachi-

PLS032 ... ......92 sclerotiorum . 71 Nagacha . . . 9 
PLS043 ... ......92 Sclerotinia 	 Toku ... ......42,47,50,54
 

Pluto ... ......33 	 stem rot . . . 71
ScicrtiunTokyo.........9,16,17,33,
 
Pochahontas 33,42,48 Sclerotium
•""blight . . .. 7P4No1 	 .. 696,98-100 
Poland Yellow . . 15,16,18-25 	 TPCA No. 1 . . . 62 
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Tracy ....... .42,47,51,54, 

57-59,91 


UFV-1 ..........96,98 

UPLBSY-2 ..... 76

UPSL-85 .......69 


UPSL-18........69 


UPSM-215 .......92 


U2Viking 


Uredo 
erythrinae . . . 66 

Uredo sojae . 66 

Uredo vignae . . 66 

Uromycei sojae . 66 

Urusan daizu . 62 

V-48 .........
.. 92 

V-50 .........
.. 92 


V-54 ..........92 


V-58 ....... .92 

V-59 ... ...... 92 


V-60 ....... .92 

Vstem 

V-64...... 92 

V-987.... .. .92 

Viking ..... 

..... 1,16,18-25 

Virginia . . . . 17,42,47,51, 

54,86,96,98, 
106,111 

Virginia 

No. 12 . . . 9 

Volstate . . . . 16,17,33 

Wabash ..... .. 15-17,31-33,
62
 

Wakajima . . .. 62 

Wayne......... 42,47,50,54
 
Wells .........31,42,47,50,
 

54
 

Whetzelinia
 
sclerotiorum . 71
 

Whetzelinia
 
rot . . . 71
 

White Biloxi . . 42 

Williams . . . 102 

Wirth ...... .73 

Woods Yellow . . 16-25,33,42, 

48,91 

Xanthomonas 
phaseoZi var. 

8ojensis . . . 88 

X74-853001 . . . 69 

Yagi .........62 

Yagi-1 ..... 69 

Yelnanda . . . . 42 

York .........98-100 

125
 



MUM P @N 



PREVIOUS -PAGE BLANK
 
PART II: PLANT INTRODUCTIONS 

PI 54583 9 PI 68479 79 PI 69503 92 PI 79832 37 
54600 44,48, 

52, 55 
68479-1 
68484-1 

79 
79 

69512 
69992 

92 
79 

79846 
79870-2 

34 
43,48, 

54604 51,54 68494 92 69995 65 51;55 
54606-1 44,48 80466 92 

54607 
52,55 
79 

68508 
68521 

79 
79 

70019 
70021 

96,98 
34,79 80466-2 44 

54608 34,79 68522-2 79 70036 96,98 80473 44,48, 

54608-4 36 68526 79 70036- 9 80480 92 
54615-1 43,48 68528 79 70087 34 

51,55 68530 79 70089 7980488 44,48, 
54615-2 36 68530-2 79 70091 79 52,55 
54620 35 68533-1 35,79 70188 43,48, 80488-1 48,51,54 
54862 51,54 68535 43,48,51, 51,55 80498-1 44,48, 
55089 37,98,99 55,79 70208 44,48, 52,55 
55089-1 43,51,55 58543 79 52,55 80825 43,48, 

58955 44,52,55 68551-2 79 70224 79 51,55 

59849 44,48, 
52,55 

68551-3 
68555 

79 
92 

70228 
70242 

34,79 
79 

80828-1 

80828-2 

44,52,55 

44,52,55 
60273 45,49,53 

57,69 
68562 
68576 

34 
92 

70243 
70242-4 

36,65 
79 

80834-1 
80834-2 

65 
36 

60279 43,48,51,
54,96,98 68600

6 6 03 34 70247-1 79 80837 62 
61947 

62202-2 

36 

44,51,55 
68622-1 

68644 
79 

36 
70251 
70466-4 

79 
43,51,55 

80841 43,48, 
51,55 

62203 . 537 68676 79 70476 65 80845-1 35 
62204 45,69 68679 

62206880 45,9 
35 
5 

70473 
7090 

65 
3,6551,55 

80847-1 43,48, 

63271 34 68680 79,96,98 70490 36,65 81030-1 43,48, 

64747 44,48, 68692 92 70500 65 51,55 
52,55 68692-2 79 70507 34 81027 43,48, 

65338 9 68706 34 70519 65 51,55 

65342 45 68708 9,19, 71444 65 81030-2 51 

65354 34 86,87 71463 65 81031 35 

65379 35,43,48, 68709 92 71570 46 81031-2 43,48,55 

51,55 68710 79 79587 35 81034-1 65 
653F8 34 68725-1 79 79596 34 81034-2 65 
68011 35 68729 79 79609 9 81035 43,51,54 
68410 79 68731 79 79628 65 81037-5 44,52,55 
68421 79 68732 79 79645 35 81041 43,48, 
68423 35 68741 79 79648 43,48, 81042 371,55 

68439 79,92 68748 79 51,54 

68443 34 68761 34,79 79692 35 81667 35 

68457 92 68761-3 79 79693 
799 

116,117 
4,8 

81763 34,43,48,
51,54 

68461 34 68765 79 79694 42,48,51,54 81764874 .. 444 
68465-1 34 68788 79 79726 9,35 81765 34,42,48, 
68475-1 34 68815 7579 

79756 92 
51,54 
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PI 81766 43 PI 83874 37,45,49, P1 85012 34 PI 86046 43,48, 
81767 43,48, 53,57 85014 34 51,55 

51,54 83881-A 65 85089 37,45,49, 86032 35,65 
81771 43,48, 

51,55 
83892 44,48, 

52,56 85272 
53,57 
35 

86050 34,43, 
48,51, 

81773 34,43,48, 83944 65 85342 4555,58 

81774 .. 
51,55
37 

83945-1 65 85355 36 86053 
86060 

35 
36 

83946 65 85407 36 86060 36 
81777 44,48, 

52,56 
84509 43,48 

51,55 85416 46,98,99 
86062 
86063 

36 
35,51, 

81785 35,43 84594 36 85420-1 36 55 
81971 65 84610 43 85424 36 86069 9,34 
82184-S 45,49, 84611 116 85437 43,48, 86071 35,51, 

53,57 51,55 55 
82210 

82218 

36,52,56 

44 

84619 

84628 

43,48,51,
55,65 
36 

85441 

85469 

36 

36,52,56 

86073 

86075 

35,65 

35 
82232 

82235 

82246-1 

35,43,48, 
51,55 
, 

81255 
51,55 
43,48, 

84632 
862 
84639 

84642 
84642 
84646 

65 
6 
65 

38,46 
43,38, 

85492 

85505 

85508 
85519 

34 

36,44,48, 
52,56 
34 
36,44 

86078 

86078-1 

86081 
86098 

45 

36,52, 
56,65 

35 
65 

51,55 51,55 
82263-2 43,51,55 84646-2 36 85619 36 86103 44,48, 
82263-3 65 84669 37,45,49, 85624 36,44,48, 52,56 

8227882285 43 84673 
53,57
9 85625 

52,56 
34 

86109 45,50, 
53,57 

82286 45 84763 34 85626 36,44,48, 86109-B 36 
52,56 86111 35,51, 

82291 52,56 84751 116 85630 35 55 
82295 44,48,52, 84908-1 36 85663 36 86112 34 

56,65 84908-2 35 86091-1 92 86112-1 36 
82296 65 84912 36 86103 92 86113 34 
82302 35,43,48, 84939 36,44,48, 86114 43 

51,55 52,56 86112 9 86116 35,43, 
82308 65 84946-1 44,48, 85666- 5, 48,51, 

82312-N 44,48, 
52,56 84946-2 

52,56 
12 8587886122 

53,57 55 
34,43, 

82315 52,56 84949 45 85903 36 51,55 
82325 52,56 84957 92 85942 49,53,57 86123 35 
82509 36 84957-1 43,48, 86002 43,38, 86128 36 
82527 44,48, 51,55 51,55 86134-1 36 

52,56 84959 44,48, 86006 86134-2 36 
82532 43,48, 

51,55 84960 
52,56 
44 

86007 
86021 

36 
3486134-4 

86134-3 35 
36,44, 

82z34 36,44,48, 
52,56 

84964 
84965 

92 
92 

86022 34,43, 
51,55 

48,52, 
56 

82544 44,48,52 ,56 84976-1
8 9 6 13 35 86023 34 86136 44,49, 

82554 65 84979 35,65,92 86024 35 52,56 
825 6 84985 36 86026 35 86137 36 
83836 45 84987 35 86026-1 35 18137-1 34 
83853 44,48, 84992 34 86028 35,51,55 86138 36 

52,56 85009-1 35 86029 35 86144 35 
83858 52,56 85009-2 35 86031 9 86145 5 
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PI 86146 
 35 PI 87542 37 PI 88780 43,48, PI 90249 44,49,
 
86150 12,44,49, 87561 44,49, 51,55 52,56
 

52,56 
 52,56 88788 116,117 90251 98,99 
86154 35 87571 36,49,52 88803 43,48, 90256 36,44
 
86410 42,48, 87577 56 
 51,55 90305 4.i,49,


51,54 87600-1 35 88803-1 
 65 52,56
 
86411 34 87606-1 36 88811
8760613652,56	 36,44,49, 90354 36 
86425 	 35,43,48, 87615 36 
 8816 90369 36,65 

51,55 88813 36
 
51,55 43,48, 90392 35
86449-2 	 65,92 87617 88815 


86452 	 35 87619 43,48, 51,55 90401 36
 
86454 	 34 
 88816 	 36,44,49,


87620 	 43,48, 52,56,69 90406-1 36
 

86457-1 	 36,65 51,55 88816-S 
 45 90407 35
 
86463 34 87620-1 36 88820 12,36,37 90479 37 
86465 37 87622 36,44,49, 88823 35 90479-1 65 
86469 35,92 52,56 88825 34 90481 65 

86482 	 35 87628 9,92 88825 34 90481 37,45 
86490-3 	 36 87629 52,56 
 51,5, 90560 34 

86737 	 34 87630 43,48, 89006 92905651,55 
 90566-1 	 6S
86740 	 36,44,49, 87631-1 35,116, 89012-1 92 90567 9
52,56 117 89056-2 92 

86876 	 87632 36 89061-N 43,48, 90570 92 
86878-2 	 345,55 87634 35 51,55
 
86876 36 87968 38,45,50, 89064 92 
 90573 	 65
 
86904 45 53,57 89065-2 92 90573-1 35 
86904 45 88292 3S 89074 36 90576-1 35,43,
 
86904-1 36 88296 34 89128 65 48,51,
55
 
86908 36 35
88297 89134 43,48, 90576-2 37 
86972 88298 34 51,55 90760 37 
86972-1 44,48,51, 88300 89150 35,43,48, 90763 37,92, 

55,92 88301 92 51,5, 116,117 
86972-2 	 52,56 92 9288301 89153 90768 45 
87005 44,49, 88302-1 36 89154 37073 65 

52,56 88302-2 65 89154-2 36 91073 65,92 

87011 	 36,44 88303 96,98 89769 44,49, 91083 35,65
 
87013 	 36 88310 
 35 52,56 91089 65
 
87026 35 88312 
 65 89772 116 91100 35,37
 
87029 36 
 88349 65 89773 35 91100-3 35
 
87037 
 37 88352 92 89784 65 91100-4 V5
 
87047 36,44,49, 88355 92 90138 12,36,44, 91102 34
 

52,56 88358 
 92 49,52,56 91107 34
 
87059 36 88442 
 92 90180 9,35 91108-2 37,65 
87074 36,44,49, 88443 92 90208 36,44,49, 91110 34


52,56 88466-5 44,49,52, 52,56 91110-1 34
 
87076 86 56,92 
 90220 36 91113 51,55,
 
87457 36 88468 34 90233 44,49, 65
 

36 	 5 688490-2 91114 9,35
87524 	 44,49, 90241 
 44,49,52,


52,56 88492 35 	 56,65 91115 9',Y8 

87530 36 88495 92 90243 37 91117 92
 

87540 35 88499 92 90245 36,44,49, 91120-3 35
 
52,56 91121-2 37
 

129 



PI 91127 35 PI 92463 
 37 PI 92698 35 PI 96786 
 37,45
 
91129 35 
 92465 35,51,55 92704 
 36 96786-1 36
 
91132-2 35 92466 36 92706 34 96787 
 92
 
91132-3 37,52,56 92469 
 29 92707 36 
 96808 37,44, 
91138-2 35 92473 34 92707-2 37 dG.52, 
91141 35 
 92557 44,49, 92718-2 43,48,52, 

56
 

91149 35 52,56 55,96,98 96927 36
 

91150 35 92560 36,51,55 92719 35 96978 44,49,
52,56
 
91151-A 35 92561 92 92720 36 
 96983 37,45,
 
91151-B 35 92563 35 92733 9,35 
 49,53,
 
91153-1 9 92567 46 92743 37,45,49, 57,98­91153 9 92569 
 92 53,57,98, 100
 
91154 35 
 99 7038 37
 
91156 35 92573 
 92748 
 35 97066 44,49,
 
91159-4 37 92580 92 93055 37 53,57
 
91159-S 45 92589 
 3S 93055-S 49,53,57 97081 37,45,
 

91160 43 92594 36 92594 93565 35 3649,53,
 
57
 

91162 48,51,55 92595 
 94159 50,53, 97094 46
 
91163-1 37 
 926CI 36 
 57,69 97155 37
 
91165 43,48, V2601-1 36 
 94159-B 44,46,49, 97161 46
 

51,55 92601-2 36,51,55 52,56
 
91166 
 37 92601-5 43,48, 95769 37,44,4 97220 37
 
91167 35 51,55 52,56 97225 37,44,


916
595780 
 37 49,52,
91171 43,48, 91602 43,48, 
 56
 
51,55 52,55 95801 37 
 97235 37
 

91178 44,49, 92607 35 
 95860 46,50 103079 45

52,56 92608 36 
 95887 37103080 52,56
 

91178-1 37 9261]. 
 103088 37,43,
 
91340 36,43,48, 92618 36 
 95960 46 
 48,52,


51,55 92619 36 95969 
 46 55
 
91341 9,36 92627 35 
 96035 46,50, 103091 37,43,
 

91346 9,37,44 92630 35 35 53,57 44,49,
52,55,

91349 36 
 92636 37 
 96089 37,98,99 56,58,
 
91557 35 92639 35,43, 96093 37,52,56 59,92
 
91646 37 
 51,55 96118 
 37 103415 37
 
91679 37,44,49, 92640 43,48,
. 96169 38 103419-1 37
 

52,56 52,55 96169-B 37 105579 37
 
91684 • 37,116,117 92641 36 
 96171 35 
 123440 37
 
91702 . 37 92641-B 
 37 96188 9,35 123577 37
 

91719 37 
 92642 36 
 96199 36 123578 36
 
91725-2 . . 44,49, 92651 
 37,52,56 
 123587 45
 

52,56 96257 
 46,50,
92659 43 
 53,57 123590 37
 

91725-4 36 35
92660 96280 37,92 124871 4492662 36 
 96321 36 131531 43
 

91729 36 
 92677 35 
 96322 
 9,92 132203 33
 
91730-1 92 
 92681 35 
 96333 9,92 132207
91732-2 43,48, 92684 96,98 96549 
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92 132217 33
 

51,54
 
91734 37,44 92689 37 
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92109 . 92 92690 . 36,42,48, 96727 36 135589 35,43,
52,55 96783 37,52,56 48,51,
92460 35 92696 
 35 
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PI 135!90 43,48, PI 153308 34,43, PI 157439 49 PI 165524 92 
51,55 51,54 157440 45,49, 165671 46,50, 

145079 46,50, 153309 36,43,48, 53,57 54,57 
54,57 52,55,92 157437 37 165674 47 

148260 98,99 153310 92 157439 44,52,56 165675 92 

151249 33 153311 157441 44 165676 92 

152361 34 153313 157442 37,38 165926 46 

152573 33 153321 37,44, 157444 37 165943 92 

153203 33 49,56 165947 111 
153208 33153318 154443 

153318 
 157447 	 37,44,49, 165989 
 46 
153210 33 153320 52,56 166028 46 

153211 33 153321 49,52 157448 166032 46 
153212 33 154189 34 157453 37,44,49, 166140 20,21, 

153213 92 154190 33 52,56 22,24, 

153218 33 154191 34 157456 37 25 

153219 33 154192 34 157457 47,48, 167240 36 

33 52,55 167277 37153221 33 154193 

153222 33 154194 35 157458 170893 98,99 

34 	 157459 37,44 170899 98,99 

157460 37 
153223 	 154196 

153225 33 	 154197 1493317142133 34 
154198 33 157462 44,49, 171428 37153226 92 52,56 

153227 92 154200 157468 52,56 171429 37,92 

153229 34 157394 45,49, 157469 37,46 171430 4515322913445357 

153230 33157395 37 157472 44,49, 171431 9 

1S3237 34 53,56 171432 92153237 157398 37,52,56 157473 37 171434 37 
153239 9,34 157401 44,49, 157477 37 171436 111 

153240 34 52,56 

13241 34 157402 52,56 157478 45,49, 171437 46,111 
4 3 53,S7 171439 46 

153242 34 157404 157484 171442 37,45, 

153244 51,54 52,56 53,57 44,5,
157406 Ill11 49,53,
 

153250 34,43, 157485 53,56 57,58,
 
51,54 157409 44,49, 157487 38,46 59
 

153252 93343 	 52,56 157488 38 171443 15,19­

153262 9 	 157410 52,56 22,24, 
17137157492 37,44,49, 25,102 

153263 34 157414 9 53,56 171444 111 

153264 	 35,43, 157416 157493 74437
51,55 	 157417 37,44,49, 15713,S4, 171445 92 

153279 43,51,54 52,56 13,45 	 171446 92
 
157419 37 171449 36 

153282 43,51,54 159094 46,92 

153288 .. 35,43, 157421 36 159095 .. 92525 171450 43,48, 

51,55 157422 3719096 38,46,50,52,55 

153293 33 157424 37,44,49, 54,57,92 171454 37 

153296 33 52,56 159097 92 171652 37,92 

153297 33 157428 44 159319 37 172901 37,44, 

15740 	 4549,49,53,
153300 9,34 	 157430 5, 159321 38 5653,5 7 

153301 33 157431 44,49, 159322 69,92 172902 37,45, 
153302 34 52,56 159923 38,46 49,53,

57
 
153303 34 157432 45,49, 159923-1 44,49, 173994 36
 

153306 34 53,57 53,56 " "
 
157435 44 161988 9,33 174862 46
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PI 174863 
 46 PI 181559 46,50 PI 189901 33 Pl 196152 43,48,
 
175174 46 181561 . 6 189911 34 52,55
 

175183 46 181562 38,45,49, 189913 34 196154 35
 
175185 46 53,55 189916 34 196155 37,53,
 

56
175186 46 181564 46 189923 9,34

18556196156 .. 43,48, 

179826 37 181565 46 189924 34 52,55
 
179823 37 189925 34 196157 36,43,
 
179825 37 181567 46,69 189926 37 48,52,
 

55
189930 35 


179935 46 181569 46 189939 34 196158 35
 
179882 9 181568 46 


1866 .. 34,51,
7196159 

180445 
 46 181696 189940 33 54
 
180501 34 181697 189941 34 196160 34,43,
 
180502 33 181698 47 189946 43,51,54 48,51,
 

183900 47 189947 34,51,54 19616154
180508 33 


183929 46 189952 33196164 43
180509 33 


180S16 33 183930 9,19- 196164 36
22,24, 189958 
 196166 38,45,
 
180517 33 25 189960 34 49,53,
 

180524 9,33 184043 34 189962 34 55
 

180525 9,33 184044 34 189963 33 196168 45
 

181531 34 184045 34 189966 34,51,54 196171 37
 

181532 43,51,54 184047 34 189968 86 196175 45,49,
 

181533 35 186559 53,57 189969 36,43,48, 53,57
 

5,5196177 38,45,
181534 35,43,48, 187150 37 
 52,554953
 
F1,55 187153 36 192868 46 57
 

181535 36 187154 
 46 192869 46 196491 34
 
181536 34,43,48, 187155 45,49 192870 46 196501 34
 

51,54
181537 . 5 
 187156 46,50, 
 192871 
 46 196504 34
 
53,57 192872 46 196525 34
53,56 189402 92 192873 
 46 196527 34
 

181540 36 189859 9 192874 46 196529 34
 

181541 35 189861 34 194624 33 196530 34
 

181543 37,45,49, 189864 34 194625 34 200445 46,50,
 
53,57 189867 33 194626 33 54,57
 

181544 38,45 189868 33 194633 31,33 200446 46,50,
 
53,57


189869 33 194635 3320 4453
181545 38,45,49, 

53,57 189870 34 194640 33 200447 6.538
 

181546 
 38 189874 33 194641 33 200449 .. 46,50,
53,57,
 
181547 38,45 189877 33 194645 33 111
 
181548 35 189878 33 194647 33 200450 45,49,
 

181549 43189880 33 194653 24 53,57
 
1855 3,4,4,200451 .. 15,19­181551 37,44,49, 189883 34 194655 34 22,24,


53,56
 

181553 36,43,48, 189890 34 194656 34 25,69
 

52,55 189894 34 196148 13,48, 200452 46
 

181554 43,48, 189896 34 52,55 200455 69
 
52,55 189897 34 196149 36,43,48, 200457 43
 

181555 37 
 52,55 200458 52,55
189898 19620050 .51,555
 

181556 46,50, 189899 196150 
 351,4 200459 46
 
53,57 189900 196151 43,48,
 

181558 38 189900 34 51,55 200460 53,56
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PI 200461 46 PI 200523 46,50,54, PI 209908 
 98,99 PI 229313 44,49,

200464 46,50, 
 57,111 210179 45,49, 
 53,56
 

54,57 200524 46,50, 
 53,57 229314 44200465 46,69 
 54,57 210349 47 
 229315 45,50,

200466 46,69 200525 
 46 212605 46 
 53,57
 
200468 45 
• 200527 15,19-22, 212606 46~~24,25,46 22064 229316 44 
200469 46,50, 200528 46,50, 215693 92 229317 44
 

54,57 
 54,57 215755 47 229320 111200472 45,49, 
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53,57200529 46 219652 46 
200474 46,50,54, 200530 46,98,99 219653 69 229322 43,65 

57,69 200532 46,50 219656 64,50,92 229327 44
 
200475 46,50, 200534 38 
 219780 45,49, 229328 43,48,
 

54,57 200536 37 53,57 51,54
 
200476 46,69 200541 44,49, 219783 44,49, 
 229334 44
 
200477 46,69 
 53,56 
 53,56 229341 44
 
200483 46,50, 200542 
 46 219785 45,49, 229342 44,49,
53,57 53,5653,57 200543 46,50, 2 7,12 53,56 
200486 47 54,57 221972 46,111 229343 53,56
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200490 46,50,69 200545 53,56 
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200491 46,50, 200546 
 222745,49, 699 229350 45,50,
 

54,57 53,57 224270 46,69,92 53,S7
 
200492 46,50,69 200549 
 . 224271 44,49, 229351 
 52,55

200493 . 200552 92 5546 299352 53,56
224272 43,48, 229353 44,49,
200494 46 
 200553 46,50, 
 52,55 
 53,56 
200495 38,45,49, 53,57 224273 547 53,56
 

53,57 200595 9,92 226591 229356 44
 
200496 43,48, 201421 46,50 
 53,56 229359 53,56
52,55 201422 15,19-22, 227159 45 
 229360 53,56

200499 43,48, 
 24,25 227214 46,50, 229361 44,49,
52,55 203399 47 
 53,37 
 53,56
 
200500 
 46 203403 47 
 227219 47,50, 229362 53,56
200502 46,50, 
 20340553,5720 4 54• 47 54,57 229738 44 .


53,57 203406 96,98 
 227221 47,50,
200503 38,45,49, 230970 47,50,54,57 
 54,57,
53,57 204331 
 47 227555 45,49,53, 
 69
200505 46,50, 204332 
 47 
 57,98 230971 47,50,
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 227557 45,49 
 54,57,
200506 46,50, 205083 46 227558 
 48,55 230972 47 
54,572392 
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 43 227560 44,48, 
4
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54,57 205088 44,49, 
 52,55 230974 46,50,200508 51,54 
 53,56 227563 44,48, 
 53,57


200509 46,50, 
 205089 44 
 52230975 47,50,54,57 205092 9 227566 44,48, 
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200510 38,45,49, 205910 
 47 2276853,57 25192227684 230976 46,50,••43,48,51 2593 
 .4,507 
200516 20595 9253,57
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209146 227685 44,48, 230977 47208782 46 52,55 230978 46 
53,56 208783 46 227687 
 47,69 230979 46,50, 
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 53,57 
53,56 209332 92 54,57 2057 

200522 53,56 209334 48,52,55 229312 44 230980 47 
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54,57 245332 69 
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51,55 246367 45,49, 	 32779 96 
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 99,100 371609 69
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 339P67 45 377575 46
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284815 46 
 340531 45,50,
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 99,100
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53,56 306712 47341259 47
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