Drought Tolerance Traits for Improving
Soybean Yield Under Stress

Pengyin Chen
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Research Contributions
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Research Goals

® Understanding drought tolerance

@ Breeding for sustainable yield under
drought stress




Research Approach

o Multidisciplinary:
Physiologic
Genetic
Molecular
Agronomic
Breeding
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Traits of Interest

Slow wilting
N, fixation
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Slow Wilting in Arkansas

Slow wilting

Fast wilting
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Slow Wilting Discovery

N. Carolina > 5 Asian
Minnesota - 6 Asian types
Nebraska —> 10 Asian types
Arkansas —> 2 US types




Slow Wilting > A Stable Trait
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Wilting vs Radiation Use
Efficiency (RUE)
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Ries, Purcell, Carter, Edwards, and King. 2012. Crop Sci. 52:272-281.
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QTL Mapping & Yield Effect

- Benning x Pl 416937

5 environments:

AR (2007, 2009)
NC (2009, 2010)
KS (2010)

« Hutcheson x P1471938

14 environments (2000, 2001)

9 irrigated & 5 non-irrigated




Wilting QTL Slide from Li & Boerma
(Benning x Pl 416937)

Gm02(D1b) GmO017(D2) GmO04(C1) Gm14(B2) Gm19(L) Gm12(H)

~ ~ . fa (- Satt495 ~ Satt666
Sat_096 Sat_296 Satt396 | Satt577 —\ Sat_214

| I Sat_337 [ Sat_177 Satt635
Sct_192 — Sat_071 Satt353 ™~ Satt572
[ Sat_140 Satt388 I~ Satt568 | Satt454

— Satt135 — Satt398 — Satt192 *t Satt471

N Satt300
- Satt372 - Satt646 Satt467 - satt313

|\ Satt139
—~ Al856415 — Satt154 - Satt294 I Satt416

| &
Sat_092 |~ Satt399

I~ Sat_254 - N

Bgw - Satt397 sat_083
Satt296 - Satt713

GmO05(A1)
(- Satt684
/ Sat_368

— Sat_227 — Satt276

- Sat_351
- Satt095

qSW_Gm17
HEH
qSW_Gmo05
T

| sat_118 L
_ Sati279 Sat_356
Satt676

- Satt545
/ Satt302 a
| Sat_175 I~ Satt599

=9 ga:ﬁ; z ~ Satt225
| a |

Satt229 - Sat_180 Sat_271
- Satt513 Satt434

~ Satt373

 Satt462
I~ Satt076

- Sat_099

SW _Gmo02

- Satt601
—{ Satt070
| sat_189

™~ Satt066

- Sct_064

qSW_Gm19

qSW_Gm12
HEEH

— Satt266 — Satt389 —Sct 191

qSW_Gm14
HETH

Sutt537 - Satt301
| Sa T Sat_354 s B
Sat_089 - Satt186 Satt338 Satt560
— Sat_326 — Satt164
 satt041 — Satt413
 Sat_086

I sat_069 — Sat_220
~ Satt172

Gm02 63.5

- Staga002 Gm04 36.9
GmO05 8
Gml1l2 56.8

—sat_415

Gmid 742 5.2
Abdel-Haleem et al, 2012 Gml7 202 7.8 13
TAG 125:837-46 Gm19 557 32 8




Wilting QTL Effect on Yield

( P I 4 1_69 3 7) Slide from Li & Boerma

2011 Athens Yield (Bu/a) m2012 Athens Yield (Bu/a) = Wilting Score (5 Env) = Wilting Score (KS, 2012)

----------- Wilting ===========-
43.6 .4
32.7
29.1
Fast Wilting Group Slow Wilting Group Fast Wilting Group Slow Wilting Group

27 RILs from Benning x PI416937 based on canopy wilting
No yield difference between the two groups in 2011

3.3 bu/a yield advantage in slow wilting group in 2012




Wilting & Yield QTL ™™ ™

(Hutcheson x Pl 471938)
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Wilting QTL Effect on Yield

(P I 47 1 938) Slide from Li & Boerma

® 0 Fav allele

M2 Fav alleles ™1 Fav allele

39.3 39.9

38.6

1.5 bu advantage

30.4 30.1

GA location NC and AR location

7 environments 5 environments
(Irrigated) (Non-irrigated)




Yield of Slow-wilting Types in the

Average Yield of 2 Slow Wilting Types as

USDA Uniform Test (2004-06)

Deviation from Site mean (bu/ac)
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New Slow-wilting Line
in USDA Regional Trials

High-yield Low-yield
Environment | Environment | Characteristics:

> 99 < 99 + 38% Pl

(bu/ac) (bu/ac)
13% 416937
N05-7432 59 45 25% 471938

N8001 59 41 « Slow wilting

(Best check) Sustained
. - Sustaine
Yield Adv. 0 Ca) N, fixation

# Locations 5 20

Slide from Carter
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Nitrogen vs Yield Under Drought
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Purcell & King, 1996. J. Plant Nutr. 19:969-993.




Genotypic Difference in N,
Fixation Under Drought

mmmm Jackson
KS4895 ||
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Purcell et al, 1997. Plant and Soil 196:101-113.



Nitrogen Accumulation
(Jackson x KS 4895)
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Sinclair et al, 2007. Field Crops Res. 101:68-71.




N, Fixation QTL Under Drought
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Slow Wilting QTL in the Same
N, Fixation Population
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Two Sources of Prolonged N,
Fixation Under Drought

Jackson \/

Normalized Acetylene
Reduction Activity
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Yield Advantage with N, Fixation
Under Drought
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Yield Advantage with N, Fixation

Under Drought
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Sinclair, Purcell, King, Sneller, Chen, and Vadez. 2007. Field Crops Res. 101:68-71.




Soybean Root Characteristics

Using Available Water

Gaining access to more water through
improved root architecture




Root Characteristics

Fast rooting

Deep rooting / penetration

Fibrous rooting




Slide from Fritschi

Conducting a “Root Race”

Field trenches
1.2 m deep x 30 m long

Drip irrigation line in each
trench

Injection of herbicide

Rating of shoot symptoms




Slide from Fritschi
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Slide from Fritschi

Deep Rooting - Slanted Tubes

Depth, elongation rate, and complexity

=




Slide from Fritschi

GH Confirmation for Rooting Depth
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Root Depth (cm)
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QTL for Fibrous Root

Slide from Li & Boerma

Benning x Pl 416937
- Hill plots

- 2 locations

- Plots inverted at RS using
a peanut inverter

- Roots visually rated on
the scale 1 (course roots)
to 8 (high fibrous roots)
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Pyramiding Slow Wilting and Fibrous
Root QTL from Pl 471938 and Pl 416937

Hutcheson x Benning x
! !

Slow wilting population Fibrous root population

|
\{

\
Bogss-RR x(N98-7288 Bogss-RR x.GO0OB/P175

Boggs-RR x F, Boggs-RR x F,

Boggs-RR x BC,F, Boggs-RR x BC,F,

Boggs-RR x BC,F,

Slide from Li & Boerma




Backcross Slow Wilting & Fibrous Root
QTL from Pl 416937 into Elite Lines

« Elite Lines
G00-3213
G00-3880
NE3001

e QTL
6 slow wilting QTL
4 fibrous root QTL




Summary of QTL Discoveries

TRAIT SOURCE CHROMOSOME

6| 7|8|9|10{11|13

Slow wilting Pl 416937 X
Slow wilting Pl 471938
Slow wilting Jackson x KS4895
Fibrous rooting Pl 416937
Drought yield Pl 471938
N, Fix - Ureide Jackson x KS4895
N, Fix - Shoot N  |Jackson x KS4895

Slide from Carter




Unexpected Benefits of Drought
Stress Research

Traits Pl 416937 Pl1471938
Slow wilting

N, fixation
Fibrous rooting




Ongoing Research &
Future Directions

Drip irrigation

Canopy screening

Drought-yield index
Flooding




Nebraska
Slide from Graef
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Drought-yield Selection

Drought-yield index
Early selection - progeny rows
Selection under stress - predict yield




Drought vs Flood

Not enough water ?
Too much water ?
Related mechanisms ?




Field Flood Tests
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Flood Tolerant Lines

UA 4805
Ozark
Osage
Anand

Manokin

RA-452, Pi 471231, Pl1 471938

Also Drought Tolerant!




Drought Tolerance

A complex trait
A long pursuit
Some promising
results

More work ahead!




New USB Project
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