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• Six key growth stages
• Emergence

• Date at which 50% of seeds planted within a 10’ span have 
cracked the ground and begun to slough seed coat

• First week of squaring
• Date at which 50% of 10 consecutive plants have a match-head 

square

• First week of flowering
• Date at which 50% of 10 consecutive plants have a flower

• Cutout 
• Date at which 50% of 10 consecutive plants reach NAWF 5

• First week of cracked boll 
• Date at which 50% of 10 consecutive plants have a cracked boll

• 60% open boll
• Date at which rated % open reaches 60%

Data collection







• Daily average, base of 60F selected by Extension 
Cotton Specialist Working Group in 1983

• Prior to selection of base 60F and daily averaging, many 
other approaches and bases were common

• Many Beltwide presentations in early 80s evaluating 
heat unit accumulations

• Since then, several adjustments in guidelines have 
been proposed within states

• Some states have adopted alternative calculations
• Notably, Arizona and the 86/55 HUAP forced sine curve 

approach
• Initially used for estimation of pink boll worm 

emergence

History of DD60 use in cotton



• Plant growth and development is assumed to be 
driven by temperature alone.

• Water stress, nutrient deficiencies, solar radiation. . . 

• Relationship between plant growth and 
temperature is considered linear.

• Response to temperature is likely more curvilinear than 
linear

• The lower threshold temperature is constant 
throughout the season.

• Cold stress early not the same as cold stress late

• An upper threshold is not typically included within 
the calculation. 

• Plant growth and development accelerates at 100F? 
• Growth rate declining near 86F

Issues with the Heat Unit approach



• Use of DD60s decided in 1983
• Consider technological advancements over the past 36 

year
• Consider yield increases over the past 36 years

Time to re-evaluate? 

www.computerhistory.org

https://computerhistory.org/


Possible refinement of DD60 calculation, guidelines
• Are DD60 guidelines changing? 

• Higher yielding cultivars may reach key growth stages 
faster

• Observations at 4-5 NACB

• Is base 60 still appropriate? Is an upper threshold 
appropriate? Should these change through the year?

• Should heat units early have more value than heat 
units late?

Development of a novel approach
• With additional computing power, more complex 

calculations can be completed with ease
• Weather station networks easy to access
• Opportunity to pull other parameters into calculation
• Solar radiation? Cloud cover? 

Opportunities for improvement?





Locations

1. Tennessee (Tyson Raper)
2. Mississippi (Darrin Dodds)
3. Virginia (Hunter Frame)
4. Oklahoma (Seth Byrd)
5. California (Bob Hutmacher)
6. Arizona (Randy Norton)
7. South Carolina (Mike Jones)
8. Louisiana (Dan Fromme)
9. Texas (Murilo Maeda)
10. Texas (James Griffin)
11. Georgia (Jared Whitaker/John Snider)
12. North Carolina (Keith Edmisten)
13. Missouri (Cal Meeks)
14. Alabama (Steve Brown/Tyler Sandlin)



Refining the DD60 Model

B3XF

• Trial Design
• Minimum of two 38” or 

40” rows, 30’ in length
• Four replicates

• Cultivars
• Early- DP 1612 B2XF
• Mid- DP 1646 B2XF
• Late- DP 1851 B3XF



Data collection/initial analysis



Data collection/initial analysis



Data collection/initial analysis



Days After Planting- 2018 Beltwide Data



Refining the DD60 Model, Tian et al. 2020
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