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During the winter, the citrus nursery production cycle is 
considerably slowed.

In November, December and January, citrus nurseries 
typically reduce budding of new trees due to low 
temperature and short day.

Objective Material and
Methods Conclusion

Our project was aimed to characterize the factors associated 
with the slowing of nursery production in winter, and to 
identify ways to improve winter nursery production.
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CCNB Project Objectives – over 3 winter seasons

Objective 1. Evaluate budbreak and growth effects from 
supplemental heat, extended daylength, and night interruption.

Objective 2. Evaluate budbreak and growth effects from light and 
temperature preconditioning.

Objective 3. Evaluate influence of spectral quality and intensity 
on budbreak and growth effects.

Objective 4.  Evaluate influence of BA application on budbreak 
and growth effects.





Heliospectra Elixia LED Variable Spectrum Light:  
Independent control of Red, Blue, White, and Infrared spectra

Blue (450 nm)
Red (660 nm)
Far-red (735 nm)
White (5700K)

Spectra Intensity

0 to 1000



Apogee SQ-500-SS full-spectrum 
quantum sensor and datalogger PG100N Spectrometer

Temperature sensor 
and datalogger 

MX2203



Project Objectives – Year 1

Objective 1. Evaluate budbreak and growth effects from 
supplemental heat, extended daylength, and night interruption.

Objective 2. Evaluate budbreak and growth effects from light and 
temperature preconditioning.

Objective 3. Evaluate influence of spectral quality and intensity 
on budbreak and growth effects.

Objective 4.  Evaluate influence of BA application on budbreak 
and growth effects.
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Conclusions – year 1
• Day-length extension to 16 hours increased the scion 

growth, but only when supplemental heating was 
provided.

• Night interruption did not affect scion budbreak or growth 
under any of the tested conditions.

• Preconditioning enhanced scion growth slightly in some 
instances.

• Growth effects from light were stronger when the Navel 
scion was grafted on Carrizo compared to Rubidoux.



Year 2 
Objective:

Evaluate budbreak and growth effects from 
light spectral quality and intensity in the 
winter citrus nursery.



Year 2 of the study used a complex experimental design to evaluate 
different light spectra (wavelengths) and light intensity.





(Part 1)



Introduction Objective Material and
Methods Conclusion

Source p-value Effect

Model < 0.0001 significant

A-Red 0.0027 ** -5.10

B-Blue 0.0271 * +4.06

C-White 0.0361 * +3.57

D-Far-red 0.8681 NS +0.2745

AD 0.0020 ** +5.42

B² 0.0237 * +8.00

Lack of Fit 0.3386 NS

Percentage of budbreak



Introduction Objective Material and
Methods Results

Conclusions – year 2
Different light spectra and intensity significantly affect budbreak and bud 
growth on citrus young plants.

Blue and white spectra 
combined increases budbreak

Red and far-red spectra 
combined reduces budbreak

Shoot growth:

Budbreak:

Blue, red and white spectra combined 
increases shoot growth



Project Objectives – Year 3

Objective 1. Evaluate budbreak and growth effects from 
supplemental heat, extended daylength, and night interruption.

Objective 2. Evaluate budbreak and growth effects from light and 
temperature preconditioning.

Objective 3. Evaluate influence of spectral quality and intensity 
on budbreak and growth effects.

Objective 4.  Evaluate influence of BA application on budbreak 
and growth effects.



Effects on budbreak





Effects on scion growth



Table 3. Horticultural assessments of ‘Washington’ navel orange nursery plants grafted on Carrizo and Rubidoux 
rootstocks cultivated under different supplemental LED lighting treatments and 6-benzyladenine (6-BA) 12 weeks 
after budding (wab) in a greenhouse. 



Conclusions – All 3 years

• Day-length extension to 16 hours increased the scion growth and budbreak, 
but only when supplemental heating was provided.

• Night interruption did not affect scion budbreak or growth in our study.
• Light-preconditioning enhanced scion growth slightly in some instances.
• Combined blue and white light increased budbreak; Combined red and far-red 

light decreased budbreak.  Broad spectrum light was most effective at 
increasing shoot growth.

• Higher intensity light had more positive effects on budbreak and growth than 
lower intensity light.

• Growth effects from light were stronger when the scion was grafted on 
Carrizo compared to Rubidoux.

• Application of BA to the grafted bud enhanced budbreak.
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