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SOYBEAN CYST NEMATODE RESISTANCE- HOW IT ALL COMES
TOGETHER IN THE MIDWESTERN UNITED STATES

TYLKAGL,GEBHART G D, MARETT C C & MULLANEY M P

Department of Plant Pathology and Microbiology, lowa State University, Ames, lowa, USA
E-mail: gltylka@iastate.edu

Soybean varieties that are resistant to the soybean cyst nematode (SCN) allow less than 10%
nematode reproduction relative to what occurs on a standard susceptible soybean variety.
There are several different breeding lines that can be used as sources of SCN resistance genes
to develop resistant soybean varieties. Almost all SCN-resistant soybean varieties in the U.S.
have SCN resistance genes from the Pl 88788 source of resistance. The prolonged, repeated
use of soybean varieties with the Pl 88788 source of resistance in the U.S. has resulted in
selection of SCN populations with increased reproduction on P1 88788. But the relationship
among increased SCN reproduction, soybean yield, and season-long nematode control with
SCNe-resistant soybean varieties is not well characterized.

The yield and SCN control provided by hundreds of SCN-resistant soybean varieties are
evaluated each year in replicated 4-row plots at nine experiments in lowa. Soil samples are
collected from individual plots at planting and again at harvest to determine SCN egg
population densities. Commonly grown susceptible varieties are included in each experiment
as comparison (control) treatments. A HG type test, which replaced the SCN race test system
in 2002, was conducted in the greenhouse on the SCN population at each experimental
location to determine how well the nematode population reproduces on P1 88788, Peking, and
the other sources of SCN resistance.

SCN-resistant varieties with Pl 88788 resistance usually yield significantly more than
varieties with other sources of SCN resistance — even when the SCN populations have 35 to
50 % reproduction on Pl 88788 and very low (<2%) reproduction on the other resistance
sources. Overall, most SCN-resistant varieties keep SCN egg population densities from
increasing during the season, but changes in SCN population densities vary significantly
among varieties with P1 88788 SCN resistance, with some supporting high SCN reproduction
in a single experiment and some allowing high SCN reproduction at multiple locations.
Yields of resistant varieties allowing high SCN reproduction are among the lowest in some
experiments, but not always.

In summary, soybean varieties with P 88788 SCN resistance do not necessarily produce low
yields or yields lower than varieties with other sources of resistance in fields infested with
SCN populations that have greater than 10 % reproduction on Pl 88788. The challenge is to
identify for farmers the specific conditions (SCN egg population density, rainfall, edaphic
factors, etc.) under which soybean varieties with P1 88788 SCN resistance yield well in fields
with SCN populations with elevated reproduction on Pl 88788.
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Soybean Cyst Nematode (SCN)
Heterodera glycines




Known Distribution of SCN in the U.S. and
Canada - 2008
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SCN Management Options

® grow nonhost crops
® grow SCN-resistant soybean varieties
¢ seed treatments



SCN-resistant Soybean Varieties
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Yield and SCN Control
SCN-resistant vs Susceptible Soybean Varieties

East Central lowa - 2011
(1,310 eggs/100 cm?3 at planting)
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SCN-resistant vs Susceptible Soybean Varieties

bushels per acre
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Yield and SCN Control

East Central lowa - 2011
(1,310 eggs/100 cm?3 at planting)
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Sources of SCN Resistance Used to Develop
Resistant Varieties

Peking Pl 209332
Pl 88788 Pl 89772
P1 90763 Pl 548316
Pl 437654

® each source of resistance possesses several genes
for SCN resistance

® each source of resistance allows a low level of SCN
reproduction

the scientific definition of SCN resistance is
supporting no more than 10% reproduction




Number of
SCN-resistant Soybean Varieties Available for lowa
1991 - 2012
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HG Type Test Determines The Amount of SCN
Reproduction on SCN Resistance Sources

e Peking

e P| 88788

e P190763

o P1437654

e Pl 209332

e P1 89772

e P1548316 (Cloud)

uses 10% reproduction as a critical value in

characterizing SCN population on the various
@i@'@ sources of resistance




University of lllinois
2006 SCN Race/HG Type Survey

— SCN populations from 260 randomly selected fields
from throughout lllinois

® 65% of SCN populations had >10% reproduction on
Pl 88788

- 31% increase from 1990
Niblack et al., Plant Health Progress 2008
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University of Missouri
2005 SCN Race/HG Type Survey

— SCN populations from 45 randomly selected fields
from throughout Missouri

® 78% of SCN populations had >10% reproduction on
Pl 88788

- 20% increase from 1998

@% Mitchum et al., Plant Disease 2007




Many (? most ?) SCN populations in the U.S. have
>10% reproduction on Pl 88788 resistance.

How does increased SCN
reproduction on P| 88788
resistance affect
soybean yields?

SCN females on roots of a
resistant soybean variety with
Pl 88788.




ISU SCN-resistant Soybean
Variety Trial Program

® 4-row, 5.2-meter-long plots replicated 4 times
per location (center 4.3 meters harvested)

www.isuscntrials.into




U.S. Soybean Production - 2011
by County
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ISU SCN-resistant Soybean Variety Trial Program
2012 locations




lowa State University SCN-resistant
Soybean Variety Trial Program

A supplement % lowa Farmer Today.

Evaluation of Soybean Varieties Resistant to
Soybean Cyst Nematode in Iowa—2012

View of he west central lows location.

Gregory L. Tylka, Gregory D. Gebhart,
Christopher C. Marett, and Mark P. Mullaney
Department of Plant Pathology and Microbiology
Towa State University

This report is available online at www.isuscntrials.info.
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lowa State University SCN-resistant
Soybean Variety Trial Program
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lowa State University SCN-resistant
Soybean Variety Trial Program
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RF = end-of-season SCN number
+ beginning-of-season SCN

number.

An RF > 1.0 means SCN numbers
T during the growing season,

RF < 1.0 means SCN numbers <.

Figure 2. Vincent (NC lowa) Glyphosate-resistant

Schillinger Seed 228 RC
Kruger K-22

ORR/SCNLINO

NC+2V2IRR

Asgrow AG2403

Asgrow AG2106

length of blue
bar = SCN RF

P

- initial SCN egg population density
- HG type (% reproduction on sources of resistance)

[ vield (busncre) B 5O Reproduction (RF) gi.eZIdbLs/aDc(o.OS):

- Average initial SON population density 4,001 cggs per 100 ¢ soil

HG Type 2.5.7 (13.5% on P 88788, 1 89
- RF 1.0 = no change in SCN popalation density over growing season




lowa State University SCN-resistant
Soybean Variety Trial Program

In SOME fields with SCN
populations with >10%
reproduction on Pl 88788 and
<1% reproduction on Peking:

Peking

N

Peking

® varieties with Peking

resistance yield the best, S BN
and varieties with Pl 88788

SCN resistance

Pl 88788 SCN resistance
yield significantly less

® SCN numbers do not
increase on either source
of resistance

funded by
yield LSD (0.05):
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lowa State University SCN-resistant
Soybean Variety Trial Program

In MOST fields with SCN
populations with >10%
reproduction on Pl 88788 and
<1% reproduction on Peking:

® varieties with Pl 88788
resistance yield better than
varieties with Peking SCN

resistance

» even when reproduction on
Pl 88788 >35%-50% or more

® SCN numbers increase 2X
to 4X on Pl 88788, but not

Peking

i
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EXPANDING OPPORTUNITIES. DELIVERING RESULTS.
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Many (? most ?) SCN populations in the U.S. have
>10% reproduction on Pl 88788 resistance.

How does increased SCN
reproduction on P| 88788
resistance affect
soybean yields?

SCN females on roots of a
N ot resistant soybean variety with

P1 88788.

HG type test results (or % reproduction)
do not correlate well with yield of SCN-

ﬁ resistant soybean varieties.




Soybean Cyst Nematode in 2012

U.S. Drought Monitor ~ °°x:2.2"

lowa

Drought Conditions [Percent Arsa)
Mone | D0-D4 | 01-D4

Currant 0.0 1000010000 (100,00 75.31 [ 252

Last Waak
(100202012 mag] 0.00 1000010000 (100.00) 75.31 | 2.52

3 Months Ago =
(071012 mag) 000 00A0) BE40 | 1270 | 0.00 | 0.00

Stari of
Calendar Year B0.9%9 139010 | 3033 | 2415 | 0.00 0.0
[12727/2011 map)

Star of

Walar ¥ear 000 OO0 H00.00(10000]| 67T | 252
[J25/2012 map)

One Yaar Ago , o
it |AEEN S CAR (0N | 22 AT (RO

Intansiiy:

[ aknammally Dry Il 0 Drought - Extreme
[ Oroaghd - Modierate - 04 Oronght - Excephonal

D2 Orowught - Sevars

The Drought Monitor focuses on broad-scals condifions. USDA _\T-\j
Local conditions may vary. Sae accompanying lext summary ool i i
for forecast slatements. SRR uﬁﬂlﬁm;:v-_pimcm.f

. . Released Thursday, October 11, 2012
http://droughtmonitor.unl.edu Matthew Rosencrans, NOAA/NWS/NCEP/CPC




ISU SCN-resistant Soybean Variety Trial Results - - - 2011 versus 2012

variety trial
location

2011

mean yield (bu/A)

Resistant  Susceptible

mean SCN RF

Resistant Susceptible

mean yield (bu/A)

Resistant  Susceptible

2012

mean SCN RF

Resistant Susceptible

NW
NC
NE

district
mean

EC

mean

SE

district
mean

overall
mean

Approximately 50% of SCN-resistant
varieties tested in 2012 were tested
in 2011 as well




ISU SCN-resistant Soybean Variety Trial Results - - - 2011 versus 2012

2011 2012
variety trial mean yield (bu/A) mean SCN RF mean yield (bu/A) mean SCN RF
location | pesistant  Susceptible | Resistant  Susceptible | Resistant Susceptible | Resistant  Susceptible
NW 56.8 48.5 44.4 44.3
NC 49.0 46.2 56.2 46.3
NE 52.7 45.1 56.8 51.6
d/;sgggt 52.8 46.6 52.5 47.4
. wc | 362 338 | | 625 566 |
C 45.0 43.4 51.0 51.2
EC 51.2 48.2 57.6 38.2
district 44.1 41.8 57.0 48.7
- sw | | — 441 393 | ]
SC 52.6 44.6 46.4 37.6
SE 45.3 36.2 61.0 50.6
d,ggggt 49.0 40.4 50.5 42.5
bk ‘3,’7” 48.6  43.2 53.3  46.2




ISU SCN-resistant Soybean Variety Trial Results - - - 2011 versus 2012

2011 2012
variety trial mean yield (kg/ha) mean SCN RF mean yield (kg/ha) mean SCN RF
location | pasistant Susceptible | Resistant  Susceptible | Resistant Susceptible | Resistant  Susceptible
NW 3,787 3,233 2,960 2,953
NC 3,267 3,080 3,747 3,087
NE 3,513 3,007 3,787 3,440
d,’,fég’ﬁt 3,520 3,107 3,500 3,160
- wc | 2413 2253 | | 4167 3,773 | |
C 3,000 2,893 3,400 3,413
EC 3,413 3,213 3,840 2,547
dggggt 2,940 2,787 3,800 3,247
- osw | — | — 2,940 2620 | |
SC 3,507 2,973 3,093 2,507
SE 3,020 2,413 4,067 3,373
d/{,'fé;";f 3,267 2,693 3,367 2,833
overall | 3240 2,880 3,553 3,080




ISU SCN-resistant Soybean Variety Trial Results - - - 2011 versus 2012

2011 | 2012
variety mean SCN RF
trial
location Resistant  Susceptible Resistant  Susceptible
NW 0.4 1.9
NC |5 37 RF = end-of-season SCN number +
' ' beginning-of-season SCN number.
NE 1.7 7.3
—— An RF > 1.0 means SCN numbers T
| mean | | RF < 1.0 means SCN numbers . |
WC 0.5 1.1
C 12.4 48.3
EC 2.4 12.7
district | |
mean . . q
----- T =T = The C lowa experiment in 2011 was in | --
o ~ | afield with a very unusual HG type or
SC 0.6 3.8 race of SCN that had very high rate of
SE 0.8 4.8 reproduction on resistant and
o ' ' susceptible soybeans. All other 2011
o data are representative of what
"""""""""""""""""""""""""""" commonly occurs in lowa.
70f8 6 of 8
<2.5 <7.5




ISU SCN-resistant Soybean Variety Trial Results - - - 2011 versus 2012

2011 2012
variety | mean SCN RF | mean SCN RF
trial
location Resistant Susceptible Resistant Susceptible
NW 0.4 1.9 15.1 43.1
NC 1.5 3.1 8.1 22.7
NE 1.7 7.3 4.0 11.6
district
mean
WC 0.5 1.1 2.1 8.9
C 12.4 48.3 14.7 14.9
EC 2.4 12.7 7.1 41.1
district
mean
SW -—— ——- 16.6 35.6
SC 0.6 3.8 13.8 15.6
SE 0.8 4.8 6.8 27.3
district
mean
70f8 6 of 8 80f9>4.0 70f9
<2.5 <7.5 40f9>13.0 >14.9




ISU SCN-resistant Soybean Variety Trial Results - - - 2011 versus 2012

EClowa - 2011 |

~58 bu/Ac or 3,867 kg/ha ¥

Willcross RY2383N
Syngenta S34-N3 Brand
Stine 37TRCE2
Willeross RY2393N
Lewis 351R2
ASGROW AG3432
Kruger K2-3402
Prairie Brand PB-3878R2
ASGROW AG3231
NuTech - (32 7342
Mavrick 0355RR.
Syngenta 835-T9 Brand il
Pioneer 93Y13
MERSCHMAN KENNEDY 1036RR2Y
Willcross 2350N8
Stine 33RA02
Dairyland Seed DSR-3736/R2Y
Pioneer 93M61
Federal Hybrids F312NRR2Y
Prairie Brand PB-3342R2
LATHAM L3385R2
MuTech - G2 7332
MERSCHMAN WASHINGTON 1238RR
Pioneer 93740
Stine 35224
Pioneer 93Y60
FS HiSOY® IS5 34A12
Kruger K2-3701
FS HiSOY® HS 3TA02
Myeogen Seeds SN342R2
Syngenta S31-L7 Brand
FS HiSOY® HS 36A12
Jacobsen JE19NR2
Federal Hybrids F2Z8INRR2Y
ASGROW AG3731
Prairie Brand PB-3188R2
Lewis 392R2
ASGROW AG3431
Syngenta 539-U2 Brand
Jacobsen J914NR2
Dairyland Seed DSR-3232/R2Y
Myeogen Seeds SN37T1R2
Lewis 302R2
Mavrick 6343RR
NuTech - (32 7290
Champion 29R32N
Kruger K2-3202
Champion 282NR.
LATHAM L3268R2

LATHAM L2711R2X 1 L 1
Susceptible Check Varieties

Syngenta S36-B6 Brand
Pioneer 93M11
ASGROW AG3240V

T T T T T T T T T
0 I 2 3 4 5 6 40 45 50 55

[ vield (bwacre) I s Reproduction (RF)

- Average initial SCN population density 1,849 eggs per 100 ce soil.
- HG Type 2 (13.5% on PI 88788, 2.7% on Peking).

- RF 1.0 = no change in SCN population density over growing season.

60

EClowa - 2012

~52 bu/Ac or 3,467 kg/ha ¥

Sting 33RDO2
NK §36-M8 Brund
Fontanelle Brand 76N12
Stine 3SRA02
MorSey R2 36X21N
NK 534-N3 Brand
Asgrow AGI832
HISOY HS 34422
Kruger K2-3104
G2 Genetics 7373
Federal Hybrids F343NRR2Y
Asgrow AGI231
Stine 3TRCE2
K $35-T9 Brund
Kruger K2-3803
Dairyland Seed DSR-3232/R2Y
Lewis 333R2
Fontanclle Brand 77NG1
Prairie Brand PB-3342R2
LATHAM L30S8R2
Pioneer 93Y60
HISOY HS 33402
NK §37-B1 Brand
Kruger K2-3203
Federal Hybrids F312NRR2Y
NK §39-U2 Brand
Champion 32INR
Willeross RY2343N
MERSCHMAN WASHINGTON 1336RR2Y
Pioneer 93Y22
LATHAM L33§5R2
Champion 30R2IN
G2 Genetics 7334
Jacohsen J82TNR2
Pioneer 93Y40
Asgrow AG3432
Dairyland Seed DSR-3019/R2Y
HISOY HS 29412
LATHAM L3238R2
Lewis 351R2
MERSCHMAN COOLIDGE 1234RR2Y
Prairic Brand PB-3455R2
Prairie Brand PB-3096R2
Renze B2992RR2¢n
Pioneer 92Y75
G2 Genetics 7323
Jacehsen J819NR2
Asgrow AGI333
G2 Genetics 7288
Pioncer 93Y15
Pioneer 92Y53 *

Pionzer 93M11
WK 828-U7 Brand
NK 528-K1 Brand

Susceptible Check Varicties

= -
- -

T T T T T
10 20 30 40 50 60

[ vield (buiacre) I sCN Reproduction (RF)

- Average initial SCN population density 683 egps per 100 ce soil.
- HG Type 2.5.7 (11.0% on P1 88788, 5.1% on Peking).

- RF 1.0 = no chunge in SCN population density over growing seasen.
- Indicates variety yield reduced by shattering.




Soybean Cyst Nematode in 2012

® Yields of SCN-susceptible and SCN-resistant
soybean varieties were much, much better than
expected in SCN-infested fields during a drought.

® Reproduction of SCN on susceptible and SCN-
resistant soybean varieties was EXTREMELY high -
much more than observed ever before in field
experiments in lowa.

® The extremely high SCN reproduction did not occur
in SCN-resistant soybean varieties with the Peking
source of SCN resistance.




Summary

Many (most) SCN populations in the U.S. have >10%
reproduction on Pl 88788.

Increased SCN reproduction (>10%) on resistant
varieties with Pl 88788 does not result in serious
vield losses.

SCN reproduction on susceptible and resistant
soybean varieties in drought year 2012 in lowa was
extreme.

Research is being initiated to determine the effects
of drought on SCN reproduction.
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