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Structure of the lesson




SIGNIFICANCE OF PLANM

o growers: increased price of
e times cause direct and severe
umans and animals that eat diseased
oy the environment by damaging plants and
control the diseases, people release tons of toxic
pollute the water and the environment;

the kinds of plant that can grow in a large geographic
; may also determine the kinds of agricultural industries and
ne level of employment in an area by affecting the amount and
kind of yield available for local consumption or process;

reduce the quantity and quality of plant production;
may make plants dangerous to humans and animals (mycotoxins);

may cause financial losses;

o O

the cost of controlling plant disease is also direct loss to disease.
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1960-1970

current

pest [ diseas

B weed

affected regions: tropics
and developing countries

Causes:
Lack of technologies
Crop successions
High temperatures

Possibility to have more than
one cycle per year

e

Area Crop losses (%)
Europe 25
Oceania 28
North and 29
central America
URSS e China 30
South America 33
Africa 42
Asia 43
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oplication of models,
gement of crop protection,

of resistance,

ation of protection methods and other experiment.

Generally plant disease must be estimated by human activity,
unless some equipment can ensure good measurements with
different degree of precision and accuracy.



Introduction

ods should be easy and
onditions, but also adequately
urate and precise. Generally this is

easurements two different components have to

assessment (incidence and severity)
pling techniques



Disease inc

1sed plants or plant parts in the
2spective of their severity.

early stages of the epidemic.

vy o disease which affects entire plants (virus,
or spots on fruit) if one lesion makes the latter unfit

an be easily assessed by simple counting diseased plants vs
ealthy sampling unit. It is less affected by errors then disease
severity.

v Sampling unit must be defined diseased only if the severity is
beyond a certain level (physiological damage threshold).



of the relevant host tissues or organs
of the disease. This is the results of the
humber and size of the lesions.

iate for rust, downy and powdery mildew, leaf spots.

ential to distinguish between symptom area directly
ed by pathogen and the other indirect symptoms (chlorosis,
ecrosis, leaf shedding, etc.).

v Also the accelerated senescence must be taken into account.

v These differences between direct and indirect damages are
important for epidemiological studies, but they are not important
for crop loss assessment.



d they are not applied.



Sources of error

e evaluator characteristics.
ability to distinguish by visual acuity the
of plant surface.

on based on experience or knowledge.

onal optimism or pessimism.

eristics of the sample:

Size, colour and shape of the lesions

~ light condition and leaf wetness

- Three dimensional samples are particularly difficult to be estimate
(the entire plant instead of the single leaf increase the
overestimation)

- The precision of disease assessment increased by choosing the
smallest possible sampling unit

© Error increases also in samples with more numerous lesions and with
darker shades of colour



om, systematic, stratified,
can be applied to choose the
organs.

affected by the spatial distribution of
the crop (random, clustered, regular or
matic) according to the soil, wind or vector-borne
ature of the disease.

v Pilot studies can be performed to identify the spatial
distribution characteristics of disease and their
variability during the season.



ce with the objective
ling dates.

ed by single organs, by the
mber of plants.

destructive measurements can be
to assess the weight of diseased plants or



sures the desirable level of

, personnel and technology have to be
ell as the characteristics of disease and the

methods have been proposed to allow a precise

luation of sample size, both for disease incidence or
everity evaluations.

v Generally the detection of very low disease incidence
requires bigger sample size.



d time span of the disease

points can be considered enough to
ble curve at least.

ay be done at equidistant time intervals or
ed growth stages of the host.

d loss assessment methods may require only one
assessment in a particular growth stage of the host
(generally when ripening is ended).



suring plant

intensity expresses the size of

ir increase describes the dynamics of
as a reflection of past events.

e composition of lesions (i.e. infectious and no
ctious lesions) is important to assess the possible

future dynamics of an epbidemic
] I “,"u'll'vu A | WAl vrl“v'lllv.

v Usually D.I. is computed as arithmetic means with O
severity of healthy sampled included.



Actual measurement:

infen

d/or measurements of their size
esearch projects.

s regular, lesions per organs can be
eir diameter measured and the total

of lesions calculated. Then lesion surface is
d to the total surface and expressed in
2ercentage terms.

If lesions differ in size, they can be assigned to
different classes and computed accordingly. Field
record forms can be provided with columns for these
classes of size.



Use of keys, standc

ase symptoms for a range of severities,
otal area, and they may also show the
ribution of the leaf area.

agrams are a very useful tool for the calibration of
ators and for training.

alistic range of severity values should be adopted.

Coloured standard diagrams specific for a given disease would be
useful particularly if the age of lesion indicates their sporulation
Intensity.

v Standard diagrams may be used for scaling disease intensity.
Their values may be chosen as lower and upper limits of classes.



10%

N X \\
~
~ N
N ~

5% .
N
~ \\\\ A
L)
~ ~
\ \ N \
- X |y
\ \\\\ \\\\ E
— S~
\N\\\ \~‘\ \
— B e R
\~\~~~
— ~
\‘——._

Figure 1. Example of a standard area diagram, with four leaf sizes and equivalent
diseased areas (after Ref. 23).



50 7,

Figure 2. Example of a standard area diagram for compound leaves.



ses should be higher at

ve work, a maximum of seven
n fo zero class seems to be optimum.

experienced estimators indicate that
ity to assign the correct values is not great:

e 1B 7°% +n +he nraner rlace
IO A&7 70 1TV M1 VO rll UHO' wCiIAJDJI

- the 23.2% to the lower class
- the 61.1% to the higher class



activity and they
nd simple.

.'Table 3.1 Field k'_'_ey for potatd late blight ( P_hytbphrhora infestans j*

Percentage descriptic‘m
0 - No disease observed. | -
0.1 Only a few scattered plants affected not more than 1 or 2 spots in 12-yd. radius.
1 Up to 10 spots per plant, or general, slight spotting.
5 ‘About 50 spots per plant; up to 1 in 10 leaflets in 10 infected.
25 Nearly every leaflet with lesions, plants still retaining normal form; plants may
o smell of blight, field looks green although every plant is affected.
50 Every plant affected and about 50% of leaf area destroyed; ﬁeld appears green-
| flecked with brown. |
75 About 75% of leaf area destroyed by bhght field looks nelther predominantly
o ~brown nor green.
95 Only a few leaves left green, but stems are green.
100

- All leaves dead, stem dead or dymg,

2 Anon Trans Brit Mycologrcal Soc 1947



Automatic measurement

5 can be done using image
, spectral radiometer or

and non destructive measurements can be

ge areas, remote techniques can be applied by
raft or satellite.

The resolution of these techniques is higher at the
medium or higher level of disease intensity, but it is
inferior to visual assessment at the lower levels of
intensity, which are more frequently encountered.



Remote sensing - identification of
on crop canopies using multispec
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Assessment of several dise

the same pl

eliable diagnosis.

s to be assessed at each
ermine their effect and their

al conditions, such as leaf wetness or light,
ge the appearance of the different symptoms,
ing difficult the correct estimation of D.I. for

>ach disease.



n the experimental plot which,
prooted and examined.

ensity of root disease according to
ve ground plant parts. There relationship
rimentally determined.



PROCEDURES -FOR-DISEASE -ASSESSMENTY
‘EPIDEMIOL OGICAL FORMS 4]
CE.5.LAN
STUDY CENTER FOR-DOMPUTER-SCIENCE IN-AGRICULTUREY
GECRGOFILI ACCADEMYT
FLOBRENCE - TTALYY
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PLOT

1

number DM leaf PM leaf PM cluster DM leaf
1 5 60 60
2 5 70 75
3 10 75 30
4 0 80 50
5 0 90 65
6 5 85 65
7 5 80 70
8 5 90 60
9 5 95 65
10 5 80 30
11 5 30 80
12 5 60 85
13 5 55 90
14 0 70 5
15 0 85 5
16 30 80 30
17 35 75 40
18 35 60 55
19 10 65 60
20 15 30 65

2

50
30
25
10

5
40
45
20
25
10

4
45
60
45
35
50
50
25
15

5

PM leaf

50
60
80
90
80
60
80
70
70
80
80
50
50
55
50
40
55
30
50
35

PM cluster

5
10
20
50
45
30
25

5
10
15

5
30
45
60
50
65

5
10
40
30



Leaves

N*V

Disease
severity

15

100

400

425

50

2(N*V) =

Y 990

GDA=

Y/X 9.9




Table 3 - Simulation errors of downy mildew severity
during the period 1958-2003

Year EMSE MAPE

15498 146 112
1999 3.89 080
2000 5.55 0.98
2001 373 0.76
2002 3.70 0.22
2003 074 0.24
MG 318 0.69

RMSE = root mean square error; MAPE = mean absolute percentage
error; AVG =average.

Teble 4 — Simulation errors of downy mildew class of
risk during the period 1998-2003

Year Class obs Class sim

15498
1599
2000
2001
2002
2003

[ R =
oo M OO

Obs = observed in field; sim = simulated by PLASMO.
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enerally require specific

s, volumetric spore trap, small
1shing method, efc. After pathogen
ollected, they can be counted under a

.

2 method are not applied to filed studies, but
articularly during experimental tests.

They can be useful for a pre-season analysis of the
risk in soil and seed borne disease.

v Also they allow to evaluate the dynamics of disease
spatial variability inside a region.






Hirst-type samp/
(VPPS2000, Lanzoni







on decisions, from the farmer
. The measure of the population
he most important point.

ent is also important to understand the
the life-cycle stages, the distribution and
tion, the effect of pesticide, to apply integrated
protection method based on economical threshold, to
apply simulation models, etc.

v The following principles can be also applied o mites,
rodents and birds.



, cheap and simple, and clearly
/ey manual

the method, the number, the size of
e time in the pest life-cycle and crop cycle
1ld be explained

A key to identify the pest and the crop growth stage is
Important



ups: those which can be based on
of ground or weight of crop, or

o such a unit from the number of leaves,
a or yield of crop.

er of well-known methods:

open fruits, seeds, etc.

ckdown with insecticide to remove the population onto a sheet
Sweep into a net

- Washing off pests

-~ Brushing

© X-rays

© Crushing



population can be obtained,
e conditions of the trapping

using fruit or fruit extracts, fish meal, crop
(they are selective and simple to be used)

olour (yellow during the day, red for fruit pest)
)s, with chemical of colour attractant

Suction traps

- Sampling soil or debris

- Pitfall traps (soil level containers)

© Mark, release and recapture methods



Structure of the lesson




is repeatable in one that incorporates
onment is called physiological time. It
me component of plant growth.

al is degree day, in which the effect of
e, usually greater than some minimum values, is
tlated over time.

ner unit can be considered, such as solar radiation time, etc.

Therefore observation on disease development can be made
during a particular physiological time, rather then a chronological
Time.

v Also the development of pathogens can be described as
physiological time.



Common name
Witch-hazel

Latin name

Hamamelis spp.

Red maple

Forsythia
Sugar maple

Degr'ee days Norway maple
accumulation [

Crabapple

Common Broom

Corn (maize)

Dry beans

Sugar Beet

Barley

Wheat (Hard Red)

QOats

European Corn Borer

Acer rubrum
Forsythia spp.
Acer saccharum

Acer platanoides
Fraxinus americana
Malus spp.

Cytissus scoparius

Zea mays

Phaseolus vulgaris

Beta vulgaris

Hordeum vulgare

Triticum aestivum

Avena sativa

Number of growing degree
days baseline 10 °C

begins flowering at <1 GDD
begins flowering at 1-27 GDD
begin flowering at 1-27 GDD
begin flowering at 1-27 GDD
begins flowering at 30-50
GDD

begins flowering at 30-50
GDD

begins flowering at 50-80
GDD

begins flowering at 50-80
GDD

2700 GDD to crop maturity
1100-1300 GDD to maturity
depending on cultivar and soil
conditions

130 GDD to emergence and
1400-1500 6DD to maturity
125-162 GDD to emergence
and 1290-1540 GDD to
maturity

143-178 GDD to emergence
and 1550-1680 GDD to
maturity

1500-1750 DD to maturity
207 - Emergence of first
spring moths



scribe crop growth.
bhenological development of plants
any crops.

an estimate of the amount and type of
gans which can be important for disease
opment.

so the timing of organs appearance can be described,
related to senescence or susceptibility.

v The time of beginning and full phenological time can be
recorded.



Phenological keys

Gemma d’inverno Gemma gonfia Bottoni visibili Bottoni bianchi
soglia critica —20 °C —5 = —f 2 —3 °C
F0% di danrni —8,.3 °C —06,06 °C —3,.3 °C
0% i danni —ia, ! °C —F3,9 =C —5.6 °C

Inizio fioritura Piena fioritura Caduta petali
soglia critica —2.8 °C —2 °C —I.5 °C
1026 di danni —2.8 °C 2.2 °C —2,1 °C
Q0% di danni —5 °C —35 °C —5 °C

Allegagione Scamiciatura Ingrossamento frutti

soglia critica —f = —0,5 °C
T O i danni
90 oif darnni






enerally considered:
nt (tfotal weight)
e assimilatory system (total leaf area)

dex (LAT) can be also considered.

can be fresh or dry, partitioned into different
nts of plant (leaves, stems, roots, fruits, etc.),
ioned into susceptible and non-susceptible components.

eaf area can be easily measured using a leaf area digitiser, or
traditional methods such as planimeter, length-width ratio,
photographic techniques.

v Different analysis can be made using growth measures, including:
growth rate, relative growth rate, net assimilation rate, leaf area
ratio.



Leaf area meter







Exercises 1

d severity of downy mildew
ew (leaves and clusters).

jraphical format the average trend,
andard deviation divided by square
of observation), of the incidence and
both diseases.

g the relationship between incidence and



assessments performed on
owdery mildew during the

. B0 leaves and clusters were observed
sampling date. 8 plots were used to
rimental variability.

rage disease severity (DS) and incidence (DI)
d be determined per each plot. Then the average
alue of all the plots should be determined and this
represents DS and DI of this day.

v Then the seasonal trend can be plotted using the
calculated values.



