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A Simple Generic Infection

Model for Foliar Fungal Plant Pathogens
AlM:
The model predicts infection period by fungal plant pathogen.
It estimates W(T) the wetness duration (in hours) required to critical disease
threshold: 20% disease incidence or 5% disease severity

Tmax — Topt| | TcC

f(T): Tmax —T T —Tmin (Topt — Tmin)/(Tmax — Topt)
Topt — Tmin

f(T)=temperature function

T= mean temperature (°C) during wetness period
Tmin= minimun temperature for infection (°C)
Tmax= maximum temperature for infection (°C)
Topt= optimum temperature for infection (°C)



TABLE 2. Infection model parameters and statistical comparison between model predictions and observations based on published studies relating fungal infaction
o iemperature and welness duration

Hef.
Pathogen Hust= Reft  To= Tood Tos Tf Wor Wb Obe ri RMSE  SRMS!
Albupo occidentalis Spinach il & 28 16 3 12 12 087 18 0e
Alternaria Frasvicae Ohilseed rape ki & 16 35 1 & B a .96 40 0.7
Alternaria cucamering Muskmelon 3l 12 5 19 ] M ] 098 L& 0.z
Alternaria mali Apple 12 1 35 n 5 4 (3 088 52 1.0
Alternaria porri Omion B0 1 35 n 8 M 5 1.00 o7 0.l
. Alternaria sp. Mineola tangelo 18 04 35 5 ] 16 5 0.90 1.3 0.z
W(T) —_ Wm N / f (T) < Wm ax Ascochyta rabisi Chick pea B 1 E 8 o0l 197 18
—_ Bipolaris aryzae Rice 50 25 3 35 75 10 M & 078 50 03
Botryosphaeria dothides Apple fiait 58 B 35 28 B 19 & 095 L& 0z
Botryosphaeria oblise Apple firait ) | 15 26 5 40 7 0497 32 0.4
Batrylis cinerea Cirape 56 57 10 35 i 4 10 11 094 08 0.z
Botrytis cinerea Strawberry flower 15 5 15 25 ] 18 7 [INE] 50 0.4
Botrytis cinerea Grape flower 56 57 1 i 15 1 12 [ 0.00 0.4 0.4
Botrylis squamosa Omion 52 1 2 18 15 M ] 050 47 03
. Bremia laciucae Letiuce a7 | 25 15 4 10 & .08 08 0.z
W(T) — | e af Wetn ess d u I’atl on Cercospons arschidicols Peanut 03 & 33 3 M M 48 5 07! B9 04
Cercospong carmiae Carrot ol 11 i M 25 ] 5 (.98 165 0.4
Cercosporidiam personliom Peanut 17 6 ] 35 2 16 13 & 031 6.0 04
f H f t h Cocconyces hismalis Pruus sp. 8 20 4 30 1% 5 k'l 1 .06 15 La
O r I n eC I O n Colletotrichum gcutatum Strawberry firuit oz 7 15 5 6 k] [ 091 44 0.7
Colletatrichum orbicalare Watermelon 53 7 30 M 1 16 7 68 b1 18
Didymella arachidicala Peanat 70 & 133 35 185 | 210 5 0 555 23
Diplocarpon earfianmm Strawberry of 51 10 35 5 12 18 5 051 1z 03
Guignardia hicheilii Girape 76 . 7 35 ) fi M 10 074 5.1 na
T — H H {iymacsponaagiam
Wm IN= Minimum Val ue Of the juniperi-virpiniaaze Apple 'R 1 32 27 0M B 0®m Ll 05
Leptasphaeria maculans Ohilseed rape 12 6 16 35 18.5 7 18 5 081 48 0.7
. H Melampsong medusae Poplar 50 12 2 205 5 12 10 096 0.7 0.1
Wetn ess d u rat| on req uireme nt Monilinia fructicola Prunus fruit 3 oM W I’ W [T 5 0% 09 0l
Mycosphaerella pinodes Pea 6l f 14 35 . i f T [ 1.0 210 LN
. . Phakepsans packyrhizi Soybean 48 6 10 2 n 8§ 2 & 086 13 0.z
fo ri nfe Ct| on ( h ) Phytophthora cactorum Apple fruit 6 1 EL 2 5 & 097 04 02
Phytophthens cactorum Strawberry firuit 37 & 15 5 1 3 H] 085 06 0.6
Phytophthora infestany Potalo 61 19 1 2 15 6 2 & 053 32 0.3
Plasmopara vilicola Girape 43 1 30 i 2 14 & 0.90 0.4 03
Preadoperonaspora cubensis  Cucumber n 1 1 2 i 2 2 [ (.98 o7 04
. Puccinia arachidiz Peanat & [ 5 35 25 5 5 5 082 52 Lo
Wm ax= Op‘“mum Value Of the Puccinia menthae Peppermint 7 5 B’ 15 & 2 5 08T 16 03
Purcinia pridii Encalyptus /3 52 1 30 215 A M 5 098 38 0.6
. . Purcinia recondita Wheat 85 & 16 30 25 5 16 & 61 54 11
Wetn eSS d u ratl O n req u I re m e nt Puccinia striformis Wheat M fi 16 18 85 5 & & 0.9 0.z 0.o
Pyreaopeziza brassicae Ohlseed rape 3 & 16 | 16 A M 7 0.80 36 0.6
. . Pyrenaphora leres Harley 11 & 16 35 n 3 & 4 .95 0.4 0.1
fo ri nfe Ctl on ( h ) Pyrenophara teres Barley 7 & % 3\ I8 5 4 4 10 118 24
Riryachasporium secalis Harley a4 fi 16 30 5 12 48 4 098 42 0.4
Rivyachasporinm secalis Harley 65 & 16 30 5 & 19 & 094 23 0.4
Sclerplinia sclerolionim Bean al | 30 25 48 144 5 0.EE 240 0.3
Septoria piycines Soybean T fi 10 335 25 & 18 4 083 42 0.7
Venturia inaequalis Apple TR 1 35 i A 405 T 065 17 03
Veaturia piring Pear i 1 35 »n 10 pul 7 .08 13 0.l
Venturia piring Pear L1) | 35 N 10 L] 1 .00 L5 0.l
Wilsonomyces carpophilus Almond 71 5 35 15 12 48 0492 6.6 0.4

® Folizpe unless otherwise noted.

b Reference to lemperature-wetness combination study.

= Reference for estimation of T, from crop development.

4T i = mimimum temperature for infection ("C).

£ T o = Maximem temperature for infection ("C).

F T = optimum temperature for infection (°C).

£ Wi = minimum value of the wetness duration requirement for infection (h).
& W, = optimum value of the wetness duration requirement (h).

! Number of temperstare/wetness combinations included as observations.
i r=Pearsen’s comelation coefficient (54).

k BMS = root mean square error (73).

| RDMIR = cinndardizad mmat moon conam W



EXAMPLE: VENTURIA INAEQUALIS
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SENSITIVITY TO DRY INTERRUPTIONS
OF FUNGAL FOLIAR PATHOGEN

Classification of fungal foliar pathogens based on their ability to withstand interruptions
to wetting during infection based on published studies relating infection to temperature
and wetness duration

Sensitivity o

dry internuption D Species Reference

Sensitive I-2h Paccinia recondita 85
Paccinig strilfonmis 85
Pyrenophera ritici-repealis b

Moderate 4-20h  Altermaria brassicas 55
Alfernana lnicala B8
Alfernana porr g0
Ascochyia rabiei 84
Bipolans oryzae 50
Batryosphaeria obtusg &
Botrytis sguamesd 3
Cercospora kikschii L]
Coccamyces hiemalis 28
Staponespora nodorum 41
U romyces phaseoli Q
Veaturia piriag 86

Insensitive 224 h Cercosporg canalae 21
Mycosphaerella praminicala 13
Stempinlism bot ryosum 9
Veaturia inoegqualis 10,86

= [y is defined as the duration of 2 dry period at relative humidities of <95%

that will result in a 50% reduction in infection compared with a continuous
wetness period.
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Generic Infection Model
By Roger Magarey

The Generic infection model calewlates predicted infection
sevetity values for a given wetniess duration and

=W/ Wan = W/ Wae

o=

tesponge fonction, and o me = the minimom and

wheta, wetnieee duration h, fimy = temperature

mazdtnn walue of the wetness duration regquitement.
The temperature moisture response function is based
AT, Teaine Topes Treaxl]

TaalT=Teal i T € T T

L] i T Tpin OF T > Tonun

-

Model Outputs

Infection model output

Accumulated infection output

Infection output (Precip days only)

Accumulated infection oputput (precip days anly)
Infection events

R I

Inputs

fnput weather data rmust be pasted into daily
Awerage termperature

Leaf wetness h/day

Precipitation

Parameters

(6)

on Ywang and Engel 1993, This was shown to be very close to the temperatu!e function .!Jf Yin, used in th

In warksheet daily
F1 = (a b- c)/d
FZ = Wmin/F1

Wang and Engel 1998 Eqn B
Magarey et al 2005 Egn 1

Comments

This variable calculates infection from YWmin and YWmax and F2

Accurmulation of above

This infection wariable incorporates the splash requirement

Accurmulation of above

Major infection events, initated by rain and continue from previous day or with additional rain.

Parameter valles must be entered into Parameters work sheot

Trrin

Trrax

Topt

Wrmin
Wmax
Precipitation
Continuation

Mininimurm temperature for infection
Maximum temperature for infection
Optimum temperature for infection
Minimum wetness duration requirement
Maximum wetness duration requirment
Precipitation threshald for infection
Interruption value



Using Growing Degree Days For Pest Management

The effect of temperature on insect developing rate is often
described by using a thermal time concept.

The growing degree-days (GDD) is a commonly used
thermal time method.

It relates development rate linearly to temperatures above
the lower threshold (often referred to as the base
temperature below which the development stops).

In some applications of the GDD procedure, the upper
temperature threshold is introduced, above which the
development rate stops.




Calculation of Growing Degree Days

The traditional method is based on accumulation of daily mean
temperature between lower and upper thresholds.

GDD 1o7=2 (GDD Daily)

if Tmed < Tinf GDD 4,y =0

if Tmed > Tsup GDD gy = Tsup - Tinf
if Tinf <Tmed <Tsup  GDD g, = Tmed - Tinf
where

Tmed is daily mean temperature;

Tinf lower threshold;
Tsup upper threshold.



___________________________
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AVERAGE METHOD

Degree days can be calculated using a simple formula for the average daily
temperature, calculated from the daily maximum and minimum temperatures,
minus the baseline (lower developmental threshold):

[(daily maximum temperature + daily minimum temperature)/2] — baseline temperature.

This calculation method is the simplest and least precise.

SINE WAVE METHOD

It is based on the assumption that temperatures of a 24-hour day follow a sine wave
curve. The number of degree days is then calculated as the area under this curve
within the lower and upper temperature thresholds



SINE WAVE METHOD

The area in black under the curve represents the number of degree days that fall
between a lower and upper threshold, for each 24-hour period

Horizontal Cutoff

Upper
Threshold max

TEMPERATURE




partial list of insect pests that occur in Utah for which we have temperature thresholds and degree day models.
an asterisk have been validated for Utah.

Target Insect Lower Upper
Developmental Developmental | Availability of

m Threshold (F) Threshold (F) Model
evil Hypera postica S0 a8/ yes
n Pseudaletia unipuncta 20 84 Yes
vorm Agrotis ipsilon 50 86 yes
: maggot Delia radicum 40 86 yes
1woth* Cydia pomonella 20 88 yes
vorm* Helicoverpa zea 35 92 yes
pine shoot moth Rhyacionia bouliana 28 —- yes
red mite Panonychus ulmi a1 -- Yes
eachtree borer Synanthedon exitiosa S0 87 no
oorer* Podosesia syringae 350 —- yes
anded leafroller* Choristoneurd rosacedand 43 85 Yes
g borer* Anarsia lineatella S0 88 yes
p Cacopsylla pyricola 4] - no
cale® Quadraspidiotus perniciosus Sl 20 yes
y root weevil Otiorhynchus ovatus 40 103 yes
:d cutworm Peridroma saucia 45 80 yes
Isk fly* Rhagoletis completa 4] 130 yes
herry fruit fiy* Rhagoletis indifferens 4] 130 yes

del has been validated for Utah
ind model information from: UC-Davis IPM Web site: hitp

J wwwipm.ucdavis.edu/MODELS /index.htmi



