























Table 6.1. Field key for the assessment of disease severity of potato late

blight on the haulm caused by Phytophthora infesrans,
(Zadoks & Schein, 1979}

This key has been designed for easy and rapyd scoring of bhight on the hauim in yieid
tnals and tarmers’ fields. looking at the crop as such (British Mycological Soctety,
1347). Allowance is made for the recording of foci.

Blight (%) Description
0 Not seen on field.
01 Only a few pilants affected here and there. up to 1 or 2 spots in 12
yards' radius.
1 Up to 10 spots per plant, or general light spotting.
5 About 50 spots per plant, or up to 1 leaflet in 10 attacked.

25 Nearly every leaflet with lesions, plants still retaining normal form:
field may smell of blight but looks green, although every plant is
affected.

50 Every plant affected and about 2 of leaf area destroyed by blight:
field looks green tlecked with brown.

75 About ¥ of teat area destroyed by blight: field looks neither predom-

inantly brown nor green. In some varieties the youngest leaves es-
cape infection so that green is more conspicuous than in varieties
like King Edward, which commonly shows severe shoot infection.
95 Only a few leaves left green but stems green.
100 All leaves dead, stems dead or dying.

Note: In the earlier stages of a blight epidemic. parts of the field sometimes show more
dvanced decay than the rest and this is often associated with the primary foci of the
disease. Records may then be made as, sav | + pt' 25, where pf 25 means 257 in the area
ot the primary foci.
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The climatic parameters can easily be quantified and monitored, even in
many cases automatically through meteorological equipment. This is made use
of in detailed studies on epidemiology and population dynamics as well as
in forecasting and advisory systems.

7.2 Meteorological variables and their measurement

The meteorological (weather) variables of interest for pest development
include temperature, moisture (rainfall, relative humidity, leaf wetness,
dew), radiation and wind (table 7.1 and fig. 7.2). Each of these quantities
can have profound individual and interactive influences on the initiation
and progress of epidemics and pest infestation. Although for clarity and
simplicity we consider each meteorological variable separately, their
effects seldom occur separately or independently. Very often one or only
few climatic factors can account for the effects of other factors involved
or compensate them (example: sunshine-rain, humidity-temperature).

7.2.1 Temperature

Temperature is the environmental variable most often correlated with
biological responses. Temperature is one of the fundamental wvariables
governing the rate of reproduction of nematodes such as Meloidogyne spp.,
the maturation of pseudothecia in Venturia inaequalis (apple scab), and the
reproduction of Erwinia amylovora, the causal agent of fire blight.

As far as insect pests are concerned, temperature is of major importance as
it accelerates or slows down their emergence and passing through
developmental stages. This dependency is exploited by means of temperature
sums or day degrees when forecasting pest development (see also chapt. 9).
In the case of fungal diseases, temperature has an effect mainly on
infection, sporulation, incubation time, lesion development and alsoc on
survival. Especially, the temperatures during leaf wetness may be decisive
for initiating fungal development (germination, infection), this in
difference to insect development.

Measurement of temperature:

In crop-weather relations, the temperature of the soil, the plant canopy
and the surrounding air are important. Because of the gradients and
different thermal characteristics of air, soil and plant materials, the
temperature of the air in the plant canopy may differ from that of nearby
leaves or stems or from that of liquid water on a leaf surface. Due to
this, useful temperature data depend on the measurement of a representative
temperature. That means in practice that soil temperature has to be
registered separately from air temperature.

For measuring temperatures in plant protection work principally three types
of thermometers are used, grouped according to their construction:

(1) The liquid-in-glass thermometers are probably the most widely used
temperature sensors (see fig. 7.3), recording maximum and minimum
temperatures;

(2) The deformation thermometers use bimetallic strips which expand
differently according to their different thermal coefficients of expansion;
(3) The electric thermometers (mainly two types of sensors: thermocouples
and thermistors) are well adapted to automatic recording and very useful
for remote or unattended monitoring. They are used nowadays widely in
conjunction with microprocessor-based data loggers.
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Table 7.1 Critical phases in pathogen’s life cycles and weather factors as possible predictors

Critical phases in life fungal cycles

Weather factors affecting

Units of measurement (1)

Infection
(except powdery mildews)

Leaf wetness (dew, rain, fog, RH,
irrigation),

Temperature

Relative humidity (RH)

Hours with leaf wetness per day,
week etc.

- Temp. °C during hours of leaf
wetness, or high RH

- Number of hours with RH > 90X per
day, week, etc.

- Light - Hours with sunshine per dav(s) ot
week; g.cal/m?/min.
Incubation and latency period - Temperature - Sum of daily main temperatures in

°C

Inoculum production and dispersal

Leaf wetness

- Hours of leaf wetness/day, week,

(except powdery mildews) - Temperature etc.
- Light
- Wind - Hours of windspeed ( in ms/see)
4 - Rain beyond a threshold
3 - Intensity (mm/h), number of hours
or day with rain in a given period
of time
Disease progress - Temperature Same predictors as with infection and

lLeaf wetness

incubation

- Rain
Light
Survival - Temperature - Sum of temperature (with or
without basic temp.), number of
hours below minimum or beyond
- Wetness maximum temp.
- Light - Wetness criteria
- g.cal/m’/min. per day etc.
(1) Examples only; other units may be found appropriate



7.2.2 Moisture

Atmospheric and soil moisture can have profound effects on the development
of plant pests, vectors and host plants (growth), and thus on epidemics and
pest infestations. Moisture as an influential variable for pest development
is measured mostly as relative humidity, leaf wetness, rain, dew and soil
moisture. Moisture in form of relative humidity and leaf wetness is more
important for the development of fungal diseases and bacteria, whilst rain
plays an important part in the dispersal and washing-off of smaller insect
pests like aphids.

For the majority of diseases the main factor affecting the very critical
and important phases of infection and sporulation is leaf wetness. Leaf
wetness can be due to rain, dew, high relative humidity or fog, each having
additional specific effects which sometimes have to be considered (e.g. in
some diseases only leaf wetness emanating from rain is conducive to
infection). Rain not only provides for leaf wetness and high relative
humidity but can also be involved in the dispersal of fungal spores and
bacteria.

Measurement of moisture:
1. Relative humidity

Relative humidity (RH) refers to the ratio of actual vapour pressure of the
air/saturation vapour pressure which the air can hold at the given air
temperature and atmospheric pressure. In general, the relative humidity in
the field is low when the temperature is high and vice versa. This happens
because the actual vapour pressure does not change very much but the
saturation vapour pressure drastically changes with air temperature.
Hygrometers are the devices commonly used to measure water vapour content
of the air. Hygrothermographs are instruments which measure and record both
air temperature and relative humidity (fig. 7.4).

In general, there are 5 types of hygrometers: (1) psychrometers which
involve measurement of dry-and wet-bulb temperature; (2) instruments whose
sensors (e.g. human hair) change physical dimensions upon absorption of
moisture such as the hygrograph; (3) instruments involving condensation of
water film: (4) instruments involving change in chemical or electrical
properties of sensor upon absorption of water; and (5) instruments which
depend upon absorption spectra of water vapour such as infrared gas
analyzers.

60





















