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olders of Restricted M

aterial Application Certificates in California are 
required to obtain a certain am

ount of continuing education credits prior 
to certificate renew

al. O
ver tw

o hundred courses are available to the 
grow

ers, and m
any courses prom

ote Integrated Pest M
anagem

ent (IPM
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m
odels to guide pest and disease m

anagem
ent. These courses are 

potentially an im
portant tool in optim

izing pesticide applications by 
grow

ers in response to a disease outbreak. H
ow

ever, little is know
n about 

the effect of such courses on grow
er behavior in practice.  

 This paper explores the effect of an online training course on grow
er 

pesticide application behavior and the resulting environm
ental effects. W

e 
com

bine data on grow
ers w

ho took the online course titled “G
rape 

Pow
dery M

ildew
 Control in California Vineyards” betw

een 2004 and 2011 
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ith Pesticide U
se Reports (PU

R), Pow
dery M

ildew
 Index (PM

I) data, and 
Pesticide U

se Risk Evaluation (PU
RE) indicators to assess the im

pact of the 
course on grape grow

ers’ pesticide applications and their environm
ental 

risk score.  
 The goal of our analysis is to determ

ine w
hether (and how

) grow
ers change 

their pesticide application strategies in response to the specific guidelines 
covered by the online course and to evaluate the environm

ental im
pact of 

these changes. 
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Control sam
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s baseline differences in PM
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ent strategies betw
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ifference-in-difference, linear response function 
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Year, region and plot-level fixed effects 

M
O
D
EL0A

N
D
0ID

EN
TIFICA

TIO
N
0STR

A
TEG

Y0

W
H

AT TO
 SPRAY? 

R
ESU

LTS0

EN
V
IR
O
N
M
EN

TA
L0IM

PA
CT0

The Pesticide U
se Risk Evaluation system

 (PU
RE) w

as developed at the 
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ent of Land, Air and W

ater Resources at U
C D

avis. It com
bines 

inform
ation on pesticide properties (toxicity) w

ith environm
ental 

conditions to evaluate the risk from
 pesticide use on a specific field w

ith 
respect to five dim

ensions of the environm
ent: groundw

ater, surface 
w

ater, soil, air and bees (Zhan and Zhang, 2012)  
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G
row

ers adjust their pesticide applications according to the guidelines, 
but w

ith significant heterogeneity am
ong the different production 

regions. 
 G

row
ers tend to spray at longer intervals after the com

pletion of the 
course, but they frequently increase the dosage for synthetic fungicides 
and contact m

aterials. In addition, grow
ers are m

ore likely to spray 
synthetics post-class, especially during high disease pressure. The 
increase in dosage along w

ith the increase in the num
ber of chem

ical 
categories used is likely a response to the guidelines on resistance 
m

anagem
ent, w

hich is a significant part of the course. Finally, our 
analysis suggests that the com

pletion of the course has a negative 
aggregate effect on groundw

ater and soil, and, in som
e regions – on air 

and bees as w
ell.  

  O
nline PM

 m
anagem

ent course has an effect on grow
er behavior that is 

generally consistent w
ith the course recom

m
endations, but the content 

of the course and targeting of the audience are critical in achieving a 
specific behavioral response.  
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• 
Cubic response function 

• 
Results presented graphically 

• 
Analysis of private benefits to grow

ers from
 com

pletion of online course 
along three dim

ensions of adjustm
ent: 

• 
Application Tim

ing 
• 

Choice of Chem
ical 

• 
Chem

ical D
osage 
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