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Corn Rootworms (Genus Diabrotica) Are A
Major Insect Pest Of Maize
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Non-transgenic Corn Rootworm Resistance
Includes Three Mechanisms

@ Non-preference

» A lack of attractiveness as an oviposition or
feeding site

® Antibiosis

* Increased mortality or impeded feeding and
growth of larvae

® Tolerance

* Ablility to withstand a level of feeding without
compromising yield or quality

(Painter, 1951)
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Tolerance is the Main Resistance Mechanism
to Larval Feeding Screened for in Maize

Large, densely branched root systems

Improved root re-growth

may negatively impact yield when adequate
moisture Is present
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Maize Phenology Affects Corn Rootworm
Establishment, Damage and Development
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Larvae increase in size as they develop and Hibbard 2008’
their feeding preference changes as they grow. Hammack 2003
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Corn Rootworm Larvae Develop Through
Three Larval Feeding Stages

A. Cropland 344 isoline .
p B.Croplan 344 Bt Lst instar

—@— 2nd instar :
—v— 3rd instar Each instar lasts

—4A— Adult .
approximately seven

to ten days for an

individual insect.
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We Selected Synthetic Maize Populations
Previously Evaluated in 2006

BS29-11-1 lowa State University susceptible in MO,
derivative of BS29

BS29-07-1 lowa State University susceptible in MO,

derivative of BS29

CRWS-3 USDA ARS, Columbia, MO high resistance in MO,
derived from BS19/20

CRW3(C6); USDA ARS, Columbia, MO high resistance derived
from Hibbard et al 1999

Resistance / susceptibility assessed in MO trials using root damage ratings.

NDS USDA c8°° Phenetype Screening
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We Used “Soft-tissue” X-ray Imaging to Study
Root Development

Seedling with
Roots

Substrate for
providing
support and
proper air/
moisture/

X-ray nutrients
Camera

H
Source

Container for substrate and seedling.
Allows for plant storage and transport.

) NDS USDA
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The Four Selected Maize Varieties Were Grown
at PSC Using Their Plant Growth System
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Soft-tissue X-ray Imaging Allows For Non-
Destructive Root Characterization
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Our analysis was conducted on the
plants imaged during these weeks.
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Manually Characterizing the Root System
Architecture of Mature Plants Is Tiresome

4: NDS USDA g? Phenetype Screening
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Automated Methods Were Developed to
Characterize the RSA From X-ray Images

Bin;ry image of roots Binary image of roots
from 1.5mm to 10mm from 0.4mm to 2.5mm
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These Automated Methods Were Applied to Our
Maize Varieties

Global Traits

S (i) FL

Projected Root Area,
== S Total-Root-Length,
Total-Root-Length Density,
Traits at Specific Depths
Root location,
Root diameter,

, = Root cross-sectional area
— (~mass),

Root Count Density

QSDA 2% Phenetype Screening
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Automated Analysis: Spatial Traits Were
Determined at Predefined Transects

We used the center of
the corn kernel as our
reference point in our
transect analysis.
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For Phenology Study Purposes We Analyzed All
Images By Root Size Class

Five root diameter size classes were

Investigated.
Size Class Five  “Fine”  181u-616u |
Size Class Four 362u - 1,232u
Size Class Three “Medium”  725u - 2,465U
Slze Class Two 1,450u - 4,930u

Three of the classes were non- overlapplng and
were used Iin the following global traits
characterization.

ACIRIT

30 agricutue wopict
hean o ot b i
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Root System Architecture Was Analyzed by
Size Classes
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2,900u - 9,860u 725U - 2,465u 181u - 616u

NDSU US]);Aa3 Pheno‘rype Screenlng
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Total-Root-Length Of Non-overlapping Root
Diameter Classes (Intra-Variety Differences)

Comparison of Total-Root-Length of Root Diameter Classes
for Six Replicates of Maize Variety CRW83 at Week Seven

=
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Diameter Class: 725u - 2,465u (Medium)
Diameter Class: 181u - 616u (Fine)
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Total-root-length Of The Four Varieties As A
Function Of Time w/ Standard Error

Total-Root-Length of Four Maize Varieties As A
Function of Time (Error bars represent £ one
standard error from the mean)
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Total-root-length Of The Four Varieties As A

Function Of Time w/ Standard Error

Total-Root-Length (m)
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Total-Root-Length of Four Maize Varieties As A
Function of Time (Error bars represent £ one
standard error from the mean)
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During
periods of
larval feeding
the overall
size of the
root system is
not a
discriminator
of resistance.
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Projected Area Of The Four Varieties As A
Function Of Time w/ Standard Error

Mean Projected Area of Four Maize Varieties As A
Function of Time (Error bars represent + one standard
error of the mean)
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Projected Area Of The Four Varieties As A

Function Of Time w/ Standard Error

Mean Projected Area (px)

Mean Projected Area of Four Maize Varieties As A
Function of Time (Error bars represent + one standard
error of the mean)
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Again, during
periods of
larval feeding
the overall
size of the
root system is
not a
discriminator
of resistance.
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Mean Projected Area by Imaging Date as a

Function of Root Size Class
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Mean Projected Area by Imaging Date as a

Function of Root Size Class

Coarse Medium
Roots Roots

Week
Four
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Week
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Week
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Mean Projected Area by Week as a
Function of Root Size Class
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Mean Projected Area by Week as a
Function of Root Size Class

Mean (Projected Area)
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Mean Projected Area by Week as a
Function of Root Size Class

Mean (Projected Area)
Imaging Date 11_11
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Mean Projected Area by Week as a
Function of Root Size Class

Mean (Projected Area)
Imaging Date 11_11
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b

Mean Projected Area by Week as a
Function of Root Size Class

Mean (Projected Area)
Imaging Date 11_11

1,800,000

1,600,000 SizeClass3 SizeClass4
; 1,400,000
re 2 T 1200000 — = i There appear to
*M patEE e &~ B g 711 be more medium
“‘(‘5 yifm o T I (N . J L | tofine roots
— — 600,000
400,000 — —— @ —— I — 1 — — - — during the fourth
200000~ — — — —— — — — — and fifth weeks in
0 the susceptible
varieties.
tl : £o Susceptible Varieties Resistant Varieties

T A ' (725u — 2,465U) (362u - 1,232u) 4=



http://www.ciat.cgiar.org/tsbf_institute/index_tsbf.htm

Mean Count Density by Week as a Function of
Root Size Class
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Mean Count Density by Week as a Function of
Root Size Class
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Mean Projected Area by Imaging Date as a
Function of Root Size Class
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Mean Count Density by Week as a Function of
Root Size Class
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Mean Root Width of Size Classes At
Shallow Depths

Depth Below the Soil Line
100 mm 125 mm

Size Class 2
1,459u - 4,930u

Size Class 3
725u — 2,465u

Size Class 4

362u—1,232u

Size Class 5
181u—-616u

Size Class 6
145u — 493u
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Mean Root Width of Size Classes At
Shallow Depths

Depth Below the Soil Line
100 mm 125 mm

Size Class 2
1,459u - 4,930u

Size Class 3
725u — 2,465u

Size Class 4

362u—1,232u

Size Class 5
181u—-616u

Size Class 6
145u — 493u



http://www.ciat.cgiar.org/tsbf_institute/index_tsbf.htm

Mean Root Width of Size Classes At
Shallow Depths

Depth Below the Soil Line
100 mm 125 mm

Size Class 2
1,459u - 4,930u

Size Class 3
725u — 2,465u

Size Class 4

362u—1,232u

Size Class 5
181u—-616u

Size Class 6
145u — 493u
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Maize Root System Architecture Differences
Exist During Periods of Potential Larval Feeding

® Resistant and susceptible maize varieties
showed statistically significant differences
In traits which exist for finite time periods
and which occur only for roots of certain
sizes at certain depths.

@ This suggests that new screening methods
may be developed based upon phenology
considerations.

@ Additional research is required with larger
population sizes to validate and expand
upon these results.
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