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Chapter 5: Observation Techniques and
Sampling Methods

5.1 Methods for Observing and Sampling Pest Populations

Sampling is the process of collecting data from a small portion of a field to make estimates about
the pest population in the entire field. Because we cannot count every insect, we use statistics to
ensure our estimate is accurate.Sampling involves collecting data from a small area to estimate
the pest population in the entire field. Since counting every insect is impossible, statistics are
used to ensure accurate estimation.

5.1.1 Statistical Foundations

To conduct a proper sample, you must define two things:

1. Sampling Universe: The entire area you are managing (e.g., 10 hectares soybean field or a
single greenhouse).

2. Sampling Unit: The specific area or object you count (e.g., one leaf, one plant, or 10
sweeps of a net). The choice of unit affects your data's precision.

NOTE:
The choice of
unit affects your
data’s precision.

Spatial Distribution: How Pests Arrange Themselves

Pests are rarely spread evenly across a field. Understanding their distribution is critical for
choosing a sampling pattern:
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Uniform Distribution: Pests are spaced evenly. This is rare in nature, usually occurring
only when pests fight for territory.

Random Distribution: The presence of one pest doesn't affect another. This typically
happens only when populations are very low.

Clumped (Aggregated) Distribution: The most common pattern in agriculture. Pests
gather in "hot spots" due to mating behavior, hatching egg masses, or favorable
microclimates. Because of this, a random sample might hit a "zero" even if a hot spot exists
nearby. This high variance means you often need a larger sample size to get an accurate
count.

UNIFORM DISTRIBUTION RANDOM DISTRIBUTION CLUMPED (AGGREGATED)
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Sampling Designs

Random Sampling: Every spot in the field has an equal chance of being chosen. It is
unbiased but can be time-consuming.

Stratified Sampling: You divide the field into distinct zones (strata), such as "field edge"
vs. "field center" and sample them separately. This is excellent for pests that migrate in from
the borders, like stink bugs.

Sequential Sampling: A highly efficient method used to save time. Instead of collecting a
fixed number of samples (e.g., "count 50 leaves"), you plot the data as you go. If the count
is very low or very high, you stop early. You only continue sampling if the population is
close to the threshold. This can reduce work by 40—60%.



M. Kourta m.kourta@centre-univ-mila.dz

5.1.2 Practical Sampling Techniques
We categorize techniques into Absolute (density per area) and Relative (catch per unit of effort).
1. Direct Observation (In Situ)

e Visual Counts: The most common method. You examine the plant and count individuals
(e.g., "5 aphids per leaf™).

e Presence/Absence (Binomial) Sampling: instead of counting every mite, you just record
whether a leaf is "infested" or "not infested." If 60% of leaves are infested, statistical models
can estimate the total population. This is much faster than counting individual bugs.

VISUAL COUNTS ] | PRESENCE/ABSENCE (BINOMIAL) SAMPLING ]

Estimate
©/ Population:
© 60% Infested

Aphids:
™ (5)per leaf

Record “infested” or “not infested” only.
Faster statistical estimate.

2. Knock-Down Methods
Used for insects that drop when disturbed:

e Beat Tray (Tap Sampling): Hold a white tray under a tree branch and strike the branch
with a padded stick. Useful for pears and apples (weevils).

e Shake Cloth: In row crops like soybeans, place a cloth between rows and shake the plants
over it to dislodge caterpillars and stink bugs.
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3. Netting

Beat Tray (Tap Sampling) Shake Cloth

Sweep Net: A relative method used in dense crops like wheat.
You swing a net through the canopy while walking. Counts are g‘
recorded as "insects per 10 sweeps." Note that weather affects M
this, insects may move lower in the canopy on hot/windy days,
reducing your catch.

4. Trapping

Traps are generally used for detection (is the pest here?) and timing (when did they arrive?),
rather than estimating total population size.

Pheromone Traps: Use synthetic sex pheromones to attract males. Crucial for determining
the Biofix (the date the first moths fly), which starts the clock for prediction models.

Visual Traps: Sticky cards that use color to attract pests.
o Yellow: Aphids, whiteflies, fungus gnats.
o Blue: Thrips.

Automated Smart Traps: New loT devices use cameras and Al to count insects entering
the trap and send the data to your phone, eliminating the need to check traps manually every
week.
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Method / Action Type Technique

Direct counting Absolute [ Visual Counts

Infested / Not infested Relative Presence/Absence

Knocking down insects | Absolute | Beat Tray

Shaking plants Absolute | Shake Cloth

Net sweeps Relative Sweep Net

Pest emergence time Detection | Pheromone Traps
Color attraction Detection | Sticky cards

5.2 Methods for Observing Fungi and Bacteria

Unlike insects, you usually cannot count pathogen individuals. Instead, we observe Disease
Incidence (% of plants sick) or Severity (% of tissue area infected)

5.2.1 Diagnosing the Problem: Symptoms vs. Signs
This is the most important distinction in plant pathology:

e Symptoms: The plant's reaction to disease. Examples: Wilting, yellowing (chlorosis), leaf
spots, or stunting. Symptoms can be confusing because drought, nutrient deficiency, and
root rot can all cause the same wilting symptom.

e Signs: The actual physical presence of the pathogen. Examples: The white powder of
Powdery Mildew, black sclerotia (survival structures), bacterial ooze, or rust spores. Signs
are definitive proof of the disease.
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SYMPTOMS VS. SIGNS

SYMPTOMS SIGNS

(The plant's reaction to disease) (The actual physical presence of the pathogen)

2078 A

Confusing: Drought?
Deficiency? Root Rot?

efinitive
Proof

—Lh Powdery Mildew Sclerotia
(White Powder) (Black Survival Structures)

; -~

Bacterial Ooze Rust Spores

Examples: Wilting, yellowing, leaf spots, Examples: Powdery mildew, sclerotia,
stunting. bacterial ooze, rust spores.

5.2.2 Field Diagnostic Tests

When you see a symptom but no sign, you can use these field tests:

1.

Bacterial Streaming Test: Used to distinguish Bacterial Wilt from Fungal Wilt. Cut a stem
and suspend it in a glass of water. If bacteria are clogging the vascular system, they will
stream out in a milky white thread within minutes.

. Moist Chamber: If you suspect a fungal disease but see no spores, place the leaf in a sealed

container with a wet paper towel for 24 hours. The high humidity forces the fungus to
sporulate (produce spores), which you can then identify with a hand lens or microscope.

% BACTERIAL STREAMING TEST MOIST CHAMBER

Positive Result:
Bacterial Wilt
(Bacteria clogging
vascular system)

Wet Identify spores
paper towel with hand lens
O Microscope.

s DIAGNOSTIC
¢ TESTS FOR
N PLANT
g DISEASES

T Wet with Paper Fungal Spore

‘ 4 & b Paper Towel (sporulation)
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5.2.3 Advanced Detection

Lateral Flow Devices (LFDs): These look like home pregnancy tests. You mash up a leaf
sample in a buffer solution and drop it onto the strip. If the specific pathogen (like
Phytophthora) is present, a colored line appears. This allows for lab-quality diagnosis in the
field.

Spore Traps: Machines that suck in air and stick spores onto a tape. By analyzing the tape
(visually or with DNA tests), we can detect airborne pathogens like Late Blight or Downy
Mildew days before they infect the crop.

5.3 Risk Thresholds and Forecasting Models

Once we have data from sampling, we need to decide: Do we treat?

5.3.1 Economic Thresholds

IPM is based on "Bioeconomics", balancing biology and money.

Economic Injury Level (EIL): The "Break-Even Point." It is the pest density where the
cost of control equals the money you save by preventing yield loss.

o Formula: EIL =C/(V *1* D * K)

o Where C = Cost of management, V = Market Value of the crop, I = Injury per pest, D =
Damage per injury, and K = Effectiveness of control.

Economic Threshold (ET): The "Action Point." We set this number /ower than the EIL. It
is the density at which you must spray to stop the population from growing and hitting the
EIL.

5.3.2 Forecasting Models

Diseases are driven by weather (The Disease Triangle). Forecasting models predict infection risk

based on environmental data.

Mills Table (Apple Scab): A classic model. It tells you that if the temperature is 20°C,
apple leaves only need to be wet for 9 hours to get infected. If you know this, you can spray
a "curative" fungicide immediately after the rain.

BLITECAST (Potato Late Blight): This model tracks temperature and "high humidity
hours" (RH > 90%). It accumulates "Severity Values." When the values hit a certain
number, the grower is warned to spray.
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e Degree-Day Models (Insects): Insects are cold-blooded, they grow based on heat, not
calendar days. By tracking the daily temperature accumulation (Growing Degree Days) after
the Biofix, we can predict exactly when eggs will hatch (e.g., Codling Moth egg hatch
occurs at approx. 250 Degree Days).

MILLS TABLE BLITECAST DEGREE-DAY MODELS

(Apple Scab: Weather-Driven Infection) (Potato Late Blight: Humidity & Temperature) (Insects: Heat-Driven Growth)
m SEVERITY VALUES:
/ ACCUMULATING

; (7) RH > 90% ﬁ
¢ (HIGH HUMIDITY HOURS)

THRESHOLD REACHED: . WE”

SPRAY WARNING! J —0O Oo—>
BIOFIX EGG HATCH

JJ;Li-DAILY HEAT
e T (GDD)

(e.g., First Moth Fly) (e.q., ~250 DEGREE DAYS)

INFECTION
WETNESS s
@,

"~ CURATIVE gl o
FUNGICIDE — K
Spray immediately after & @ Insects grow by heat, not calendar
rain if criteria are met. Values hit the limit. days. Predict life stages accurately.

5.3.3 Digital Tools

Modern IPM uses smartphone apps (like Agrio or Farmonaut) that use Al to identify diseases
from photos. These apps often integrate weather data to give customized alerts (e.g., "High risk
of Downy Mildew in your area today").
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