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•  Insect have different stages of development. 
•  Insects are cold blooded. 
•  Insect development is dependent on 

temperature. 
•  Temperature accumulation measured in (DD). 
•  Insects have developmental thresholds (T). 

 Lower T at which they don’t develop. 
 Upper T at which they don’t develop. 

•  Different stages take different times to 
develop. 

•  Different insecticides work best on different 
insect life stages. 

•  Biofix times are used to start most models. 
•  Insecticides are expensive – so target them. 



Life Stages 
Incomplete vs. Complete Metamorphosis 

Codling moth & other ‘worms’ 

Leafhoppers, plant bugs, stink bugs 



As T0 decreases development slows; As T0 
increases growth rate speeds up, to a point. 



Cold blooded insects develop faster at higher T0 

until a maximum T0 is reached 



There are minimum and maximum developmental 
T0 thresholds. 



Codling Moth: 
 Max – 880F 

 Min -  500F 
 
 
 
 
 
 

For example T0 for the 2 major internal worms 
in apples & peaches - 

Oriental Fruit Moth: 
 Max – 450F 

 Min – 900F 

 



Degree Days Are Calculated Using 
Minimum & Maximum Developmental 

Temperatures 

Development happens 
between these 2 

temperature points. 



Calculating Degree Days (DD) 
Old & simple but not too accurate 

Example: When Tmin=50 & Tmax=88, and min temp 
day 1=45, max=80, day 2 min=51, max=90  

Day 1: (80+50)/2=65.0-50=15.0DD 
Day 2: (88+51)/2=69.5-50=19.5DD 
Total       34.5.DD 



Common accurate model calculations use a Sine Wave 
curve for T0 and record every hour (or more).  



Repeated Sine calculations become: 
Example: When Tmin=50 & Tmax=88, and min temp 
day 1=45, max=80, day 2 min=51, max=90  

Day 1: (80+50 45)/2=65.0 62.5-50=15.0  12.5DD 
Day 2: (88+51)/2=69.5-50=    19.5DD 
Total       34.5.DD   32.0DD 



Jones & Brunner, 1993 



Different stages may take different times to develop 

As T0 increases, it takes 
less degree hours for eggs 
to to develop until 310C 
(880F). 

As T0 increases, it takes 
less degree hours for 
larvae and pupae to to 
develop until 310C (880F), 
but a longer time than 
eggs to develop. 



DD Needed for Oviposition and Hatch 

Knight, 2007 Env.Ent 

Cumulative degree days after biofix 
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Codling Stages & Developmental Times 

1st  1st  gen. spray 

(250) 

1st  2nd gen. spray 

(1250) 



Different insecticides work best on different life stages 

What insecticides do you use for what life stage? 



IRAC 
Class 

Chemical Class Common Name Trade Name Target Stage 1st Gen. DD 
Timing 

1A Carbamates carbaryl, methomyl Sevin, Lannate Larvae, 
Adults 

Biofix+250 

1B Organo-
phosphates 

phosmet, diazinon, 
malathion, chlorpyrifos 

Imidan, Diazinon, 
Malathion, 
Lorsban 

Larvae, 
Adults 

Biofix+250 

3A Pyrethroids lambda-cyhalothrin, beta-
cyfluthrin, esfenvalerate, 
fenpropathrin, deltamethrin  

Warrior, 
Baythroid, Asana, 
Danitol, Decis 

Larvae, 
Adults 

Biofix+250 

4A Neonicotinoids acetamiprid, thiacloprid, 
clothianidin 

Assail, Calypso, 
Belay 

Larvae, Eggs 
(covered) 

Biofix+ 200-250 

5 Spinosyns spinetoram Delegate Young larvae Biofix+250 

6 Avermectins amamectin-benzoate Proclaim Young larvae 
 

Biofix+ 200-250 

15 Benzoylureas novaluron, diflubenzuron 
(IGR)s 

Rimon, 
Dimilin(pear) 

Eggs (under), 
young larvae 

Biofix=100-150 

22A Oxadiazines indoxacarb Avaunt Larvae, 
Adults 

Biofix+250 
 

28 Diamides Rynaxypyr, flubendiamide Altacor, Belt Eggs, larvae Biofix=150 
 





Keep Track of These Biofix Dates 







•  Plan…you insecticide program. 
•  Trap and record the biofix date. 
•  Enter  the date in NEWA. 
•  Plan your DD target for the insecticide 

(class) you intend to use. 
•  Execute as close to recommended time 

as possible. 




