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Disease severity estimates are used to assess
resistance
• Quantitative phenotyping is important in plant breeding
to screen accessions for resistance to pathogens
• Many different methodologies used for screening material
for resistance to Phytophthora palmivora
– After 4 days of incubation pods were assessed on an 8-point
scale (Efombagen et al. 2011).
– After 13 days, disease symptoms were scored based on a 5
point scale (Hanada et al. 2009)
– After 7 days, lesions were traced on transparent paper, brown
paper cutouts were trimmed to size, and these were
measured with a leaf area meter (Nyadanu et al. 2012)

Detached pod inoculations with
Phytophthora palmivora
•

Study goal: Examine changes in gene expression in
pods from resistant and susceptible trees

•

Pound 7 x UF 273 (Type I)

•

Paper strips soaked in suspensions of 150,000
zoospores/ mL

•

Inoculation strips removed after 12 hrs

•

Pods sampled after 12 and 36 hrs, or left for 10 days

•

Measured lesion diameters after 10 days and took
photos

•

Calculated lesion area from manual measurements

•

Analyzed disease severity using ASSESS, digital
analysis software

Measuring disease severity
Calculate lesion area

Lesion area and % diseased

Digital image basics
• Color images made up of Red,
Green, and Blue
• Each pixel composed of
particular values of Red, Green,
and Blue to create the perceived
color (RGB)
• Pixel color further determined
by hue, saturation, and
brightness/intensity (HSI)

Digital image analysis
• RGB and HSI components used to separate
healthy and symptomatic areas in photo
(segmentation)
• Segmentation is done by setting ranges of
RGB and HSI are set to differentiate between
healthy and symptomatic tissue
• In ASSESS, threshold values are adjusted
manually by visually comparing the resulting
segmentation of the image
The accuracy of segmentation affects digital analysis results
Threshold values depend on pod color and disease being evaluated
Severity is estimated after ideal segmentation is achieved,
The thresholding process is difficult to automate due to tone and
lighting variations that prevent fixed thresholds to be valid in all
cases.

Lighting and reflectance

•Areas detected as pod and lesion are in red
Tips
–Don’t use flash
–Avoid bright light source
–Use diffuse light (cover with fabric)

Sporulation

Pod markings not caused by P. palmivora

•Mechanical and/or insect damage will be detected as lesion
•Will need to be modified before analysis

Image modifications

•Post-processing speeds up
analysis
•Avoid problems from mechanical
damage, sporulation, or
reflectance

Before

After

Lesion

Lesion

Pod

Pod

Calibrating to measure area (cm2)
•Calibrate based on object of known size
•If tripod used, calibration does not need
to be repeated

Agreement between measures of
disease severity
Lesion area (manual)

Lesion area (digital)

% lesion (digital)

Lesion area (manual) 1.00

0.98 (p<0.0001)

0.77 (p<0.0003)

Lesion area (digital)

0.98 (p<0.0001)

1.00

0.78 (p<0.0002)

% lesion (digital)

0.77 (p<0.0003)

0.78 (p<0.0002)

1.00

•A Spearman correlation (non-parametric)
was run to determine agreement
•Spearman’s correlation calculates Pearson’s
correlation on the ranked values of this data.
Ranking (from low to high) means assigning
a rank of 1 to the lowest value, 2 to the next
lowest and so on.

R value

Strength

0.00-0.19

very weak

0.20-0.39

weak

0.40-0.59

moderate

0.60-0.79

strong

0.80-1.00

Very strong

Adapted from Swinscow and Campbell (2002)

Method of measuring severity may influence conclusions
P-values calculated using different
measures of disease severity

UF-273 vs. 2-67

Lesion area Lesion area % lesion
(manual)
(digital)
(digital)
0.046
0.046
0.046

UF-273 vs. 2-8

0.049

0.049

0.066

2-67 vs. 3-40

0.236

0.076

0.076

2-67 vs.3-39

0.076

0.076

0.076

2-67 vs. 2-8

0.046

0.046

0.046

2-67 vs. 3-16

0.518

0.518

0.518

3-16 vs. 1-40

0.683

0.683

0.683

2-8 vs. 3-39

0.083

0.083

0.560

Genotypes

•Wilcoxon-Mann-Whitney test
used to compare disease
severities between genotypes
•This non-parametric test is
analogous to a t-test for
independent samples
•P-values varied based on type of
measurement used

Conclusions
• Quantitative, continuous variable preferable when
possible
• Lesion measured before covering pod surface
• Lesion area measured manually and digitally were
very strongly correlated (rs = 0.98)
• Method of measuring severity may influence
conclusions
• Permanent documentation allows researchers to go
back and verify measurements or evaluate symptoms
with a different protocol
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