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Coupling Pests in Crop Models
Present Limitations

« Most models predict yield as limited by weather,
soll water supply, genetics, & cultural practices.

* Most models do not account for effects of biotic
pests. Most do not include chemical application
efficacy or crop genetic resistance.

« On-farm trials (or in developing countries) have
serious pest limitations (defoliators, nematodes,
leaf and soil-borne diseases) that decrease yield
below potential yield.
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Coupling Pests in Crop Models
How to account for Pests in Crop Models?

« Mechanistic simulation of pest dynamics, with
concurrent coupling to the crop model?

* Generic approach — where “scouting data” on
pest damage are input into the crop model.

« Goal: To describe how pests affect crop
processes of carbon (N) flow, by which C (N) Is
fixed, moved, and converted to seed yield...
whether at the level of input parameter, state
variable, or rate process.
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Coupling Pests in Crop Models
Pests Couple to Crops at Several Levels

1. Reduce Inputs (primarily light, water, and
nutrients stolen by weeds)

« 2. Affect State Variables (mass or numbers of
organs, leaf, stem, root, shell, seed)

« 3. Affect Process Rates directly (C input from
photosynthesis and C losses to respiration,
senescence, abscission)
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Coupling Pests in Crop Models
Categories of Pest Damage

Assimilate sapper **Pasts can be in
Tissue consumer multiple categories
Stand reducer

_eaf (assimilation) rate reducer

_eaf senescence enhancer

_ight stealer

Water and nutrient stealer

8. Turgor reducer
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Boote et al. 1983. Coupling pests to crop growth simulators to predict
yield reductions. Phytopathology 73:1581-1587.
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Coupling Pests in Crop Models
Assimilate Sapper

Examples: Aphids, nematodes, diseases

Effect: Lose soluble assimilate from any tissue

Need: Timing and amount removed

Modules: C & N balance, partitioning
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Coupling Pests in Crop Models
Tissue Consumer

Examples: Insects, pathogens

« Effect: Consume tissue mass such as leaf or
root mass. Decreases these state variables.

 Need: When, amount, and distribution of mass
removed

Modules: C balance, N balance, light
Interception.
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Coupling Pests in Crop Models

 Examples:

Effect:

« Need:

Modules:

Stand Reducer

Lesser cornstalk borer
Lose plant mass (state var.)

Timing, number, and distribution
of plants removed

C & N balance, light interception,
branching / tillering

Advancing Pest and Disease Modeling UF UNIVERSITY Of

Gainesville, FL (23-25 Feb 2015)

FLORIDA



Coupling Pests in Crop Models

Examples:

Effect:

« Need:

Modules:

Leaf Rate Reducer____
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Decrease electron transport of
photosynthesis (rate process)

Quantified pest levels at different
canopy layers

Light interception and
photosynthesis
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Coupling Pests in Crop Models
Leaf Senescence Enhancer -

Examples: Leafspot disease

« Effect: Accelerate leaf abscission
(rate process)

 Need: Leaf senescence rate for canopy
layers, as a function of pest infection.

Modules: Light interception and
photosynthesis
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Coupling Pests in Crop Models
Light (water?) Stealer

« Examples: Weeds, pathogens

Effect: Decrease PPFD to crop (input)

Need: Vertical distribution of weed and crop
leaf area.

 Modules: Light interception and
photosynthesis, water balance
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Coupling Pests in Crop Models
Turgor Reducer

« Examples: Nematodes, root diseases

« Effect: Decrease conductivity to water flow
(rate process)

Need: Root length density and conductivity

Modules: Water balance, nutrient balance
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Coupling Pests in Crop Models

Rootknot nematode — Hypothesizing Damage

1. Competition for plant assimilate
2. Reduction in root length density
3. Reduction in root conductivity to water flow.

Field experiments and model simulations
(Stanton) support use of plant assimilate as
primary effect for this nematode. Other
nematodes may have greater effects on root
length density and water flow.
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Coupling Pests in Crop Models
Generic Pest Coupling in DSSAT

 INPUT: Scouting data on pest numbers or
damage.
« COUPLING SUBROUTINE: Need to know

coupling points and relationships of pest damage
to crop processes and state variables.

« CROP MODEL: Simulate growth and yield, with
or without the pest damage, to evaluate yield loss.

Pest Damage Introduced into DSSAT in 1993:
Batchelor et al. 1993. Extending the use of crop models to study pest damage.

Trans. ASAE 36:551-558.
Boote et al. 1993. Pest damage relations at the field level. pp. 277-296. In:

Systems Approaches for Agricultural Development. Kluwer Academic Publishers.




Coupling Pests in Crop Models
Pest Damage File (File T) in DSSAT

For Defoliating Pests, need date of damage, plus
Percent defoliation, or

_eaf mass removed (g/m?), or

_eaf area removed (m4/m?), or

Numbers of insects (of each instar) per m?
land area.

= W=

Pest parameter file: Defines coupling points or
feeding rates
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Coupling Pests in Crop Models
Coupling Subroutine in DSSAT

* Interface to crop model, and interpolate from
damage files and pest parameter files, to create

daily damage to the crop
« Convert damage to appropriate units

 Allows “switch” in model to run with, and without,
pest, to predict yield loss
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Coupling Pests in Crop Models
Some types of insect pests in DSSAT

« CEW CEW #/row-m Corn Earworm

« VBC5 VBC5 #/row-m 5th instar velvetbean caterpillar
« VBC6 VBCG6 #/row-m 6th instar velvetbean caterpillar
e SL SL #/row-m Soybean looper

« SGSB SGSB #/row-m Southern green stinkbug

- FAW FAW #/row-m Fall armyworm

« These require values in XXGRO045.PST or MZCERO045.PST
files to define feeding rate per insect, amount of leaf area per
day per instar.
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Coupling Pests in Crop Models

Some types of pest damage in DSSAT

« PCLA
- PDLA

- DLA
- DLA%
« DLAI
 DLFM
« DSTM
- DSDM

% Cum Leaf Cumulative Percent Leaf Area abscised
% Dis. Leaf Cumulative % Necrosis from Disease

DIS. LAl cm2/m2 Daily diseased |leaf area increase
DIS. LAI %/d Daily % diseased leaf area increase
LAl m2/m2/d Daily leaf area consumed

LEAF g/m2/d Daily leaf mass consumed

STEM g/m2/d Daily stem mass consumed

SEED g/m2/d Daily seed mass consumed

« XXGROO045.PST defines coupling points and
conversions. PCLA and PDLA are used for leafspot
disease. PDLA has a virtual lesion effect, meaning that
It affects 4 times as much leaf area as actual necrosis.

Gainesville, FL (23-25 Feb 2015)

Advancing Pest and Disease Modeling UF UNIVERSITY of

FLORIDA! A<



Pest Damage in CROPGRO Models

Currently defined for all grain legumes:

— Soybean, peanut, chickpea, drybean, faba bean, etc.
— Tomato, bell pepper, cabbage

— Bahia grass, Brachiaria

Pest levels or damage entered in FileT

Each crop has a XXGROO045.PST file that
contains the definitions of damage or converts
from pest level to damage level.

Grazing animals are handled as pests (DLFM or
DSTM = dalily leaf or stem mass removed per
day).

For hay harvest, use MOW, to set (enter)
residual shoot mass remaining.



Fil= Edit Format Wiew Help

¥*PEANUT PEST COEFFICIENTS: CRGRO040 MODEL

CEWG
VBCS
VBCHO
5L4
5L5
5L6

Corn Earworm

5 Instar Velwvetbean
6 Instar velvetbean
Soybean Looper
Soybean Looper
Soybean Looper

Fall Armyworm

rootworm

Obs.% defoliation
Obs.% Stem damage
Diseased Leafl Area
Reduction in Photo
daily LAT dest.
daily Leaf Mass
whole Plants

All Seed Dest.

o o o o

% All Shell Dest.

% All Pod Dest.
% Root mass_dest.
Top weight left.

L i Ll Ll L o PN I b b b et i b [t

Lt Lt Ll

LAD
LAD
LAD
LAD
LAD
LAD
LMD
RLY
LAD
SMD
PDLA
ASM
LAD
LMD
WPD
SDNL
SDNS
SDNM
SHNL
SHNS
SHNM
PPDN

Pk et ek ok ek frd ek ke ek ek ek [ ek ek ek T O D D D

. 00505000
. 00081000
.00144000
.00044000
.00071000
.00124000
. 00000000
. 00000000
.00000000
. 00000000
. 00000000
. 00000000
. 00000000
. 00000000
. 00000000
-00000000
. 00000000
- 00000000
. 00000000
.00000000
. 00000000
. 00000000
. 00000000
TOPWT 1.

00000000
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.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 0000

m2/larva/d
m2/larva/d
m2/larva/d
m2/larva/d
m2/larva/d
m2/larva/d
agflarvajd
cm/cm2/1ar/d
%

%

%/day
%/day
%/day
%/day
%/day
%/day
%/day
%/day
%/day
%/day
%/day
%/day
%/day

Szmedra et al., 1988
Reid, 1975
Reid, 1975
Reid and Green, 1975
Reid and Green, 197%
Reid and Green, 1975
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated
estimated

kg/ha top weight left
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Example of Pest Damage for Peanut
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File “ariable Selection Options Help

Time series.

Statistic

Print

Export to
text file

Export to
, , Excel

=1 go
Days after Planting

== LA (V6 FLORUMMER JRR+ L= DEF) LAl (UFGAYE0Z PRT) TRT 1
== LAl (76 FLORUMNER, IRRD + LAl (UFGATEDZ PMT) TRT 2
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File “ariable Selection Options Help

Time series.

Statistic

Print

Export to
text file

Export to
, Excel

g0
Days after Planting

== Leaf wi kaha (76 FLORUNMER IRR+ LS DEF) B Leaf wt koha (UFGATE0Z PRT) TRT 1
== Leaf wi kaha (76 FLORURMER, IRRD #+ Leaf wt kaha (UFGATEOZ PNT)TRT 2




File “ariable Selection Options Help

Time series.

Statistic

Print

Export to
text file

Export to
Excel

=] a0
Days after Planting

= OIS LAl m2in2 (V6 FLORUNMNER IRR+ LS DEF)
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File Wariable Selection ©Options Help

Time series.

Statistic

Print

Export to
text file

Export to
Excel

Days after Planting

== Pod wit katha (76 FLORUMMER: [RR+ LS DEF) B Pod wit kaha (UFGATEDZ PMNT) TRT 1
== Pod wi kaha (76 FLORUNMER, IRRI) + Podwi kgha (UFGATEDZ PNT) TRT 2




Pest Damage in CERES Models

« Currently defined for the following grain
cereals:
— Maize, sorghum and millet.

* Pest levels or damage entered in FileT

* Each crop has a XXCERO45.PST file that
contains the definitions of damage or
converts from pest level to damage level.
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Pest Damage in the CERES Models

« Damage types currently available in CERES
— Leaf weight
— Leaf area (absolute and percent)
— Stem weight (absolute and percent)
— Root weight (absolute and percent)

— Seed weight (absolute and percent, also reduces
seed no.)

— Whole Plants (absolute and percent)
— Reduction in daily assimilate produced (percent)

Advancing Pest and Disease Modeling UF UNIVERSITY of
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Application of DSSAT Models for
Simulating Pest Damage

Examples — Leafspot Disease in Florida & Ghana
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T 3 4 5 6 7 8 50 Define cultivar sensitivity (Beta) of
Florida 1-10 scale leaf assimilation (Asat) vs. percent

necrosis (Singh

et al., 2011).

Equations to translate: % defoliation
and % necrosis as function of Florida
1-10 leafspot disease scale (Singh et
al., 2013). Use as inputs to model.



Simulated and observed:
(A) crop and pod mass &
(B) mid-day canopy
assimilation of Florunner
peanut with, and without
fungicide application
using disease function
(Bourgeois et al., 1991,

Crop or Pod Mass, kg/ha

A) Crop & Pod Mass, 1987, Florunner Peanut

= Crop - Fungicide
=—Pod - Fungicide
«=<Crop - No Fung
===-Pod - No Fung
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B) Mid-Day Canopy Assimilation, 1987, Florunner Peanut

—Crop - Fungicide
===Crop - No Fung
® Crop-F -Obs

@ Crop - NF - Obs




a) Chinese, 1997 season

D1, DEF (Sim.)
D3, DEF (Sim.)
D1 (Sim.)
D3 (Sim.)

o D1 (Obs.)

e D3 (Obs.)

N
o
o

GHT, kg/ha
o

b) F-Mix, 1997 season




a) Chinese, 1997 season

b) F-Mix, 1997 season

D1, DEF (Sim.)
D3, DEF (Sim.),
D1 (Sim.)
D3 (Sim.)

o D1(Obs.)
D3 (Obs.)




a) Chinese, 1997 season

[m]

b) F-Mix, 1997 season

D1, DEF (Sim.)
D3, DEF (Sim.)
D1 (Sim.)
D3 (Sim.)

o  D1(Obs))

e D3 (Obs.)




Simulating Yield Loss from Leafspot in
Ghana Peanut CRSP project

Simulation analyses (1997 & 1998) suggested
yield losses of 50 to 70% from leafspot disease
In Ghana (based on input of defol. & necrosis).

This suggested a need for experiments to verify
yield increase possible with fungicide.

J. B. Naab & F. K Tsigbey conducted split-plot
fungicide trials (1999, 2000, 2001). Fungicide
treatment reduced defoliation & disease, and
Increased pod yield 75% In on-station trials.

On-farm trials (4 seasons) confirm this response.



Simulated and
observed leaf
mass for Chinese
and F-mix peanut,
with and without
fungicide.

With fungicide, leaf
does not abscise.

Naab, unpublished
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Simulated and
observed crop mass
for Chinese and F-
mix peanut, with and
without fungicide.

With fungicide, crop
mass continues to
Increase to maturity

Naab, unpublished
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Simulated and
observed pod mass
for Chinese and F-
mix peanut, with and
without fungicide.

With fungicide, pod
yield is higher.

Difference is yield
loss

Naab, unpublished

Podédryweight (ke hil)

Chinese

i_
Nyankpala: 1999 & Fungicide
@ No Fungicide

Yield loss

200 225 250
Day of the year




What Disease, Weather, and Crop
Data to Record?

* Disease rating (Peanut example):
— ICRISAT scale (1-10) — Need to “translate”
— Percent defoliation
— Percent necrosis of remaining tissue

— Disease records taken are useful as scouting inputs
In current method, AND useful as data to test future

mechanistic simulators of disease.

* Crop information: Prior crops for past 2-3
years, residue incorporation, fungicide type,
amounts & timing, insect vector control.

« Weather data (max & min temperature, rainfall,
solar radiation, relative humidity, dew duration,

Irrigation record. UF UNIVERSITY of
FLORIDA ~<%



Summary: Past, Present, & Future

« Past: Leafspot disease simulator of Bourgeois was
linked to PNUTGRO, pre-DSSAT V3.5. Code
predicted infection, latent period, lesion expansion,
and sporulation (polycyclic epidemic) on leaf cohorts.
No longer functioning.

 Present: Entry of pest damage (as scouting data) in
DSSAT allows after-the-fact evaluation of yield losses
to pests in research experiments.

 Future: Create simple simulators of disease damage
as a function of temperature, humidity, rainfall, crop
stage, genetics, and fungicide efficacy. Couple with
the crop model to predict disease effects on the crop
without need for input of disease damage.

UF FLORIDA. ~o'



Leaf spot Disease on a Single Leaf Cohort

t=0 t+1 t+1+lat
A-vacant A-vac A-vac A-vac A-vac
A-latent A-lat A-lat A-lat
A-pre A-pre A-pre
Daily: new infections if
favorable, plus progress of
latent period on existing Y Y
sites, lesion expansion takes A-spor A-spor
Area (A) from A-vacant,
progress from latent to
sporulate, from 15t to last .
A-post

sporulate. Leaf area
senescence from all causes
can empty cohort.

(t+1+lat+1sY) (t+1+lat+1st+sptim)

Favorable?

Progress

Lesion expands,
and time to spore

Spores to crop

Time to last spore

Leaf aging and senescence (all causes)




