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My first experience in Pest  Risk 
Analysis was the development of 
this map, where the risk of the 
potential distribution of Diaphorina
citri was evaluated.

I presented this map to citrus 
producers of Veracruz and one of 
them took the microphone and 
said:
…. It is a very nice map but what is 
it for? , what we really need is to 
know when and what we should 
apply to control the vector 
populations

IPRRG. Anual Meeting (2017)
Ottawa, Canada
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Why no study this and 
implement an strategy of 
Sequential Sampling in citrus 
and talk later with that farmer ?

Besides that I have the complete database of the 
national monitoring campaign 2016 with more or 
less 7  million of records  used in risk map )

Some classical paper review



Should I spray pesticide or not? 

NO YES

Necessity of tools or methods to support a decision
Sequential
Sampling

(SS)
Traditional 
Sampling(TS) 



Why sequential sampling and non-traditional sampling 

• The sample size is minimized
• Save time and money
• Computers are often required 

• Three possibilities are tested: 
• 1. The null hypothesis is not rejected; 
• 2. Rejection of the null hypothesis; and
• 3. Uncertainty (the decision is to take 

another sample)
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• The sample size is set in advance
• Depends on the money available
• Maybe more expensive
• The decision is made at the end of the 

sampling

• Two possibilities are tested:
• 1. The null hypothesis is not rejected;

• 2. Rejection of the null hypothesis



In the world context, Mexico is 
the leading producer

95,609  hectares planted
3,131,000 millions of dollars 

(Value of Production)

Why Persian Lime ?
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The annual income of a large number of families depends on the money 
they receive for harvesting this crop.

(Citrus latifolia Tanaka)



Why Diaphorina citri ?
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• It is an important pest of citrus in several countries
as it is a vector of a serious citrus disease called
greening disease or Huanglongbing

• In Mexico, Persian Lime production has decreased 
by 30%

• Vector control is essential to prevent  this disease



• It is a strategic component of the 
Integrated Pest Management.

• It has been shown to be:
• an important, 
• necessary and 
• effective strategy 
• for controlling pests and diseases

Why Area Wide Control  (AWC) ?



Database:  

Are records of the number of 
Psyllids  capture per Trap per 
Tree per Week  (PCTTW),  at 
each of the 1150 sticky 
yellow traps, strategically 
located in  persian lime 
plantations in Veracruz, State, 
Mexico. 

Yi=PCTTW



PCTTW

Visual representation of how does 
de records was obtained

One trap – one tree -one week

Counting
the psyllids
captured
weekly

(Yi)
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Presence of psyllids arises 
from May to October, due to 
incidence of rain and a 
strong tree sprouting

Variable Global Week(5-14)
Low Incidence

Week (25-49)
High Incidence

Mean .3714 .2162 .5991

Sd 2.36 .99 3.28

Max 326 74 326

N (number of 
records)

166,220 22,748 56,401

Results

Economic treshold =.20

spray

But exactly when ?

not to spray

PCTTW

Low
Incidence

High 
incidence



To implement a SS, it is necessary to define:

• the statistical distribution that fits data,

• the type of spatial distribution, 

• the possibility of using a common k (kc) 

• and setting values decision thresholds. 
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The statistical distribution that fits data

Resampling 1000 times for differents samples sizes (10,20,200,500,1000) and the results were identical, so 
we concluded that the psyllids population follows a negative binomial distribution with an error of 1 %

The maximun likelihood method present a better fit than the moment method.



β> 1

R2

α

Resampled= 1,000 timesSpatial distribution

According to Taylor Power Law: If slope β>1 the dispersion pattern is
aggregated



Evaluating the 
possibility of using 
a common k (kc) 

Parameter Week 5-14 week 25-49

kc 0.07676573 0.05226572

kc inf 0.06699 0.04947

kc_sup 0.0849 0.05539

F_Slope (1/k) 5.209 ** 18.43**

F_Intercept 0.00085 NS 2.5382 NS

F_cal= To justify the use of a common k the value of F of slope 1/k must be 
significant and that the intercept should be no significative)

According to Bliss y Owen (1950)



Economic threshold
Fit the Error 

probability
Type (I,II)

Common K

d1=( .0576*n)-2.5111
d2=( .0576*n)+2.5111

n=Traps number
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Sequential Sampling Plan for Area Wide Management 

Apply Control 

Do Not Apply Control
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Sequential Sampling Plan for Area Wide Management 

(Week 25 to 43)

A critical threshold corresponds to find 3 Psyllids 
in 10 traps 
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The maximum number of 
traps to make a decision is 
50, a critical threshold 
corresponds to find 3 
Psyllids in 10 traps 

the probability of 
making a wrong 
decision is 5%. 

Sequential Sampling Plan for Area Wide Management 

(Week 5 to 15)
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Apply Control 

Do Not Apply Control



• It has a great effect in reducing the incidence (90%) 
and rate of progress (75%) of the HLB;

• The incidence starts later and is slower,
• Reduces the population of local psyllids (from 76 to 

97%), even in abandoned orchards
• It allows the use of a less intensive program of local 

vector control. 

Some advances in results in the Regional Control Areas (ARCO)

Mora (2018),Robles(2016), López(2018)



Thank you Engineer, I am convinced about 
Sequential Sampling, but I have two question 
for you :

how are we going to get organized for regional 
control because we are too many?

1) How you're going to convince SENASICA 
to include their model in the official 
protocol ?

.
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The big challenge:
How to implement the strategy with small citrus producers (60%)

ARCOS= 500 -1000 ha

The average size of a 
citrus orchard is 1.5-2 ha

(SENASICA)The 
National Service for 
Agri-Food Health, 
Safety and Quality



Thank you for your attention !!!!!

Dr Gabriel Díaz Padilla
INIFAP

Agrometeorology and Modeling
diaz.gabriel@inifap.gob.mx



Thank you everbody for your attention !!!!!

Dr Gabriel Díaz Padilla
INIFAP

Agrometeorology and Modeling

diaz.gabriel@inifap.gob.mx

I hope you see you at the group dinner !!! 
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