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

Citrus nurseries stop or reduce budding of new trees due to:

Low temperature Short-day

Reduction of budbreak and bud growthCause:

Introduction
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• Previous studies reported that timed additions

Light Heat

• Little information is available about the optimum combination 
of light and temperature in the citrus nursery.

Budbreak

Bud growth

Introduction



Quality

Quantity

• Spectrum

• Intensity 
• Duration of exposure

Several physiological and developmental events in plants are controlled by light.
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Plants respond to 
two aspects of light





Objective: Evaluate the effect of supplemental LED light and 
    heat on the budbreak and bud growth during the       
    winter short days.

How much hours of light is needed?

Light
• 16 hours daylength

• Night Interruption

Temperature

• Is light preconditioning needed?

How much supplemental heat is needed?

1st Year



W. Navel
(Citrus sinensis) 

Carrizo
(C. sinensis × P. trifoliata)

Rubidoux
(P. trifoliata) 

Scion

Rootstock



Light treatments:

110 cm

No supplemental light Daylength extension to 16 h

110 cm

Night interruption

Preconditioning No Preconditioning

Light treatment 6 weeks 
before budding

Light treatment 
on the bud day



5 Light treatments:

110 cm

110 cm

No supplemental light

Daylength extension to 16 h

Daylength extension to 16 h

110 cm

110 cm

Night interruption

Night interruption

Preconditioning

No Preconditioning



26 – 32 °C ≤ 22 °C

27 – 35 °C 22 – 30 °C 16 – 30 °C

Set: 21 – 27 °C

Light treatments

Temperature treatments

Temperature (Min – Max):



• Light at full intensity
• Light spectrum and intensity
• Daily light integral (DLI)
• Air temperature

Photosynthetic Photon Flux Density(PPFD):364.4 µmol.m-2.s-1

 Photon Flux Density-Blue (PFD): 68.0 µmol.m-2.s-1

 PFD-Red: 232.8 µmol.m-2.s-1

 PFD-Far Red: 31.2 µmol.m-2.s-1

Heliospectra LED Light PG100N Spectrometer SQ-500-SS MX2203



• Budbreak
• Scion shoot length
Assessment: 4, 6, 8, 10 and 12 Weeks After 
Budding (WAB)
• Scion diameter

Plants were scored periodically for:• 5 Light treatments
• 3 Temperature treatments
• 4 Replications
• 24 plants per replication

1440 W. Navel on Carrizo rootstock
1440 W. Navel on Rubidoux rootstock
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Fig 1. Daily light integral (DLI) from no supplemental light, night interruption and day 
length extension to 16 hours from Pre-conditioning to 12 weeks after budding (WAB).
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Fig 2. Daily temperature from budding to 12 weeks after budding.   



Results

The supplemental LED light at full spectrum did not 
affect the percentage of budbreak significantly.
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27 – 35 °C 22 – 30 °C

Washington Navel on Carrizo and Rubidoux rootstock under 
daylength extension to 16 hours



Conclusions
In this study the supplemental LED light at full intensity does not affect 
budbreak.

Daylength extension to 16 hours and temperature combined increase scion 
bud growth.

Supplemental LED light does not affect bud growth in low temperatures.

Daylength extension to 16 hours increase scion bud growth on Carrizo and 
Rubidoux.

Night interruption did not affect bud growth.

Preconditioning light treatment has a positive effect on the bud growth.



Further considerations

How much light timing is needed?

Light
• 16 hours daylength

• Night Interruption

Temperature

• Is light preconditioning needed?

How much supplemental heat is needed?

1st Year

22 – 30 °C21 – 27 °CSet: Average:



Objective: Evaluate budbreak and growth effects from spectral 
 quality and intensity in the winter citrus nursery

Light

• What is the best Light Spectrum?

Temperature

• What is the best Light Intensity?

2nd Year

Blue (450 nm)

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

Different intensities 

• Set temperature at 21 – 27 °C  

Combinations:



Run Build Type
Factor 1 Factor 2 Factor 3 Factor 4

Color PPFD
PFD
Blue

PFD
Green

PFD
Red

PFD
Far-RedA:Red B:Blue C:White D:FR

1 Replicate 0 1000 1000 1000 B:W:FR 281.8 120 106 58 41

2 Model 500 250 250 250 R:B:W:FR 236.3 33 31 172 15

3 Model 1000 0 0 1000 R:FR 321.2 2 2 317 43

4 Model 0 500 0 1000 B:FR 45.89 40 1 5 41

5 Lack of Fit 250 750 250 500 R:B:W:FR 206.6 71 33 103 32

6 Replicate 0 500 1000 0 B:W 271.2 99 114 60 7

7 Lack of Fit 500 250 750 750 R:B:W:FR 375.2 66 91 220 41

8 Replicate 1000 0 1000 0 R:W 569.8 62 118 392 11

9 Replicate 1000 0 0 1000 R:FR 301.6 40 1 5 41

10 Model 1000 0 1000 0 R:W 565.9 61 118 389 12

11 Replicate 1000 1000 500 1000 R:B:W:FR 531 104 65 363 50

12 Model 0 0 0 0 No Light 0 0 0 0 0

13 Model 1000 500 1000 1000 R:B:W:FR 598.5 99 115 386 52

14 Model 1000 500 0 0 R:B 355.9 40 4 312 6

15 Model 1000 1000 500 1000 R:B:W:FR 537.9 105 65 369 51

16 Model 0 0 1000 1000 W:FR 238.5 60 115 65 49

17 Model 1000 1000 0 500 R:B:FR 408.4 75 4 329 35

18 Model 0 1000 0 0 B 75.64 73 1 1 2

19 Lack of Fit 500 750 750 250 R:B:W:FR 389.2 98 87 206 19

20 Lack of Fit 1000 1000 0 0 R:B 406.9 74 4 329 6

21 Lack of Fit 750 500 250 750 R:B:W:FR 357.1 57 35 266 39

22 Model 500 1000 0 1000 R:B:FR 245.7 72 3 171 44

23 Model 1000 1000 1000 0 R:B:W 593.4 123 109 362 12

24 Model 0 1000 1000 1000 B:W:FR 286.7 122 107 59 42

25 Model 0 500 1000 0 B:W 277.0 101 117 61 8

26 1000 1000 1000 1000 R:B:W:FR 602.7 125 111 368 48

27 250 250 0 250 R:B:FR 102.7 19 1 83 13

28 250 250 0 0 R:B 95.67 18 1 77 1

29 250 250 250 0 R:B:W 157.3 33 31 94 2

30 0 0 0 0 No Light 0 0 0 0 0

Table 1. Led Light treatments on the second year.
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