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 Short communication

ways (Möglich et al., 2010). In plants there are at least three 
distinct classes of photoreceptors: phytochromes, crypto-
chromes and phototropins. Phytochromes mediate the effect 
of red and far-red light on developmental processes such 
as germination, growth and flowering (Bauer et al., 2004). 
Phytochromes additionally regulate root hair formation and 
lateral root elongation in Arabidopsis thaliana (Costigan 
et al., 2011; De Simone et al., 2000; Salisbury et al., 2007). 
Cryptochromes mediate the effects of blue and UV light on 
flowering and hypocotyl elongation (Giliberto et al., 2005).  
They also play a role in the regulation of root elongation 
(Canamero et al., 2006). The function of phototropins in re-
gard to root development is largely unknown. 

In this study we tested the hypothesis of Svenson and 
Davies (1990). Moreover, we tested whether light quality 
also has an effect on root development of Euphorbia pulcher-
rima. The latter aspect was included because any effect of 
light quality that is independent of light quantity provides 
a strong indication that root development is regulated by 
photoreceptors. Therefore, the aim of this paper is two-fold, 
(1) to test the hypothesis that the growth promoting effect 
of light supplement is restricted to the period of time after  
primordial roots have developed, and (2) to test whether 
photoreceptors affect root development in Euphorbia pul-
cherrima cuttings.

Materials and methods
All experiments were conducted in a glass cabin which is 

integrated into a glass greenhouse located on the campus of 
the University of Applied Sciences Weihenstephan-Triesdorf 
(48°24’6”N, 11°43’53”E). The period of cultivation was Sep-
tember and October 2014. Euphorbia pulcherrima ‘Christ-
mas Feeling’ cuttings were obtained from Selecta Klemm 
(Stuttgart, Germany). The cuttings were cultured in Easypots 
(Hawita, Vechta, Germany) at 20°C and a relative humidi-
ty of 80%. Supplementary lighting consisted of LEDs from 
Valoya Oy (Helsinki, Finland), Osram Opto Semiconductors 
(Regensburg, Germany), DHLicht (Wülfrat, Germany) and a 
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 Summary
The development of primordial roots of Euphor-

bia pulcherrima cuttings coincides with a significant 
increase in photosynthesis. Therefore, Svenson and 
Davies (1990) suggested that supplementary light-
ing has no effect on root development of Euphorbia 
pulcherrima cuttings before primordial roots devel-
op. In this study this hypothesis was experimentally 
challenged. Cuttings were cultivated with supplemen-
tary lighting from the day of sticking and compared 
to cuttings that were exposed to the same lighting af-
ter primordial root development. Our data show that 
both sets of cuttings developed equally well and both 
did better than cuttings that were cultivated without 
supplementary light. Moreover, the data show that 
light quality had a major impact on root number, 
length and weight. Therefore, this study confirms the 
hypothesis of Svenson and Davies (1990) and shows 
that the positive effect of supplementary lighting is 
partially mediated by photoreceptors.
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Significance of this study
What is already known on this subject?
• Lighting promotes root development of Poinsettia 

cuttings.

What are the new findings?
• Light quality has a major effect on root development.

What is the expected impact on horticulture?
• Optimized spectra can be used to improve root 

development.

Introduction
Euphorbia pulcherrima (Poinsettia) is a commercially im-

portant ornamental crop which is widely used in the north-
ern hemisphere as a floral winter decoration. Commercial 
varieties of Euphorbia pulcherrima are propagated vegeta-
tively by leafy stem cuttings. The development of roots is the 
first crucial step in the cultivation procedure. A delay in root 
development can severely reduce the yield. 

Previous studies had shown that carbohydrate storage 
had little effect on root development of Euphorbia pulcher-
rima cuttings as long as sufficient light is provided during 
propagation (Zerche and Druegge, 2009). This data suggest 
that Euphorbia pulcherrima cuttings synthesise the neces-
sary carbohydrates for root development through photosyn-
thesis. In contrast, Svenson et al. (1995) reported that the 
rate of photosynthesis of Euphorbia pulcherrima cuttings 
decreased dramatically after excision and remained low un-
til the first primordial roots appeared 10 days after sticking. 
Based on this observation, Svenson and Davies (1990) postu-
lated that supplementary lighting has no effect on root devel-
opment before primordial roots have developed. However, to 
the best of our knowledge, this hypothesis has never been 
experimentally tested. 

In addition to its role as energy source for photosyn-
thesis, light also promotes photoreceptor mediated path-



V o l u m e  8 1  |  I s s u e  3  |  J u n e  2 0 1 6 149

Schwend et al.  |  Light regime in root development of Euphorbia pulcherrima leafy stem cuttings

high pressure sodium lamp (HPS) (Philips, Eindhoven, The 
Netherlands). LEDs and HPS were adjusted in height, so that 
the light intensity was 60 µmol m-2 s-1. Cuttings were exposed 
to supplementary lighting for 23 h day-1. The spectra of the 
LEDs used in this study are summarised in Table 1. Control 
cuttings were cultured without supplementary light. Pho-
tosynthetically active radiation (PAR) was measured with a 
quantum sensor (LI-190SA, LI-COR Bioscience, Lincoln, NE, 
USA). Spectra were recorded with a Jaz spectrometer (Ocean 
Optics, Dunedin, USA). 

After 21 days of cultivation, roots of cuttings were 
cleaned from remaining substrate. The number or roots was 
counted and root length and weight were recorded. Rate of 
photosynthesis was measured on 5 consecutive days with an 
LCpro gas exchange analyser (ADC Bioscientific, Hoddeston, 
UK). Each daily measurement consists of 3 individual mea-
surements. 

To test the hypothesis postulated by Svenson and Da-
vies (1990), that supplementary lighting has no effect on 
root development before primordial roots have developed, 
a light source swopping experiment was conducted. Cuttings 
were cultured with light, provided by LEDs with the spec-
trum AP673 (lighting), and without (no lighting). After 10 
days, half of the cuttings that were initially cultured with 
light were swopped with cuttings that were initially cultured 
without light (lighting → no lighting) (Figure 1). As a result 
we had 4 variants, one that was cultured with supplemen-
tary light for 21 days, one without supplementary light, one 
that was cultured with supplementary light during the initial 
10 days (lighting → no lighting) and one that was cultured 
with supplementary light during for the last 10 days (no 
lighting → lighting). 

Statistical analysis
Normality of data was tested with histograms and the 

Kolmogorov-Smirnov test. Kruskal-Wallis test and ANOVA 
were calculated after logarithmic transformation. Mean and 
SD were calculated from logarithmic data after re-transfor-
mation (indicated by */ instead of +/-, see Limpert [2001] for 
a detailed description of the statistics). All tests were calcu-
lated with Minitab (Version 16, Minitab, London, UK).

Results
During the months of September and October 2014 the 

solar radiation at the location Weihenstephan was 68 ± 25 
W m-2 and 47 ± 25 W m-2, respectively. In the greenhouse cab-
in the solar radiation was less than a third of the outdoor light 
intensity. Without supplementary lighting, 7 out of 18 cut-
tings of Euphorbia pulcherrima developed roots. With sup-
plementary lighting the number of rooted cuttings increased 
to 15–18 out of 18 cuttings (Table 2). Histogram analysis of 
root number, weight and length showed that these data are 
not normal, but log-normal distributed (data not shown). 
Therefore, data were converted to their logarithmic values. 
ANOVA analysis of transformed data showed that after 21 
days of cultivation there are significant differences in num-
ber of roots, root length and weight between light regimes 
(Table 2). Cuttings grown without supplementary light and 
cuttings grown under blue LEDs had the lowest number of 
roots and the lowest root weight. Culture under a combina-
tion of red and blue and far-red light significantly increased 
number, weight and length of roots. Similarly, cuttings that 
were cultivated with the spectra G2 and AP673 showed a sig-
nificantly higher root length and weight. 

Table 1.  Light quality of the different LEDs that were used in 
this study. Light colours correspond to the wavelengths 400–
500 nm, blue; 600–700 nm, red; 700–750 nm, far-red and 
500–600 nm, green.

Light regime Blue 
(%)

Red 
(%)

Far-red 
(%)

Green 
(%)

Blue 100
Red 100
Blue + Red   50   50
Red + Blue + Far-red   15   75 10
AP673   12   61   8 19
G2     8   65 25   2
HPS   13   31   5 48
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FIGURE 1.  Schematic presentation of the swop experiment. White bar, supplementary lighting with the spectrum 
AP673, grey bar, no supplementary lighting (control).  
 
 
  

Figure 1.  Schematic presentation of the swop experiment. 
White bar, supplementary lighting with the spectrum AP673, 
black bar, no supplementary lighting (control). 

Table 2.  The effect of different light regimes on root development. Cuttings were exposed to treatments for 21 days. ANOVA 
of logarithmic data showed significant differences in the number of roots (p = 0.001), the root weight (p < 0.001) and root 
length (p = 0.001). Differences in values labelled with the same letter are statistically not significant (Tukey’s test, n = 18, 
α = 0.05).

Light regime Rooted cuttings Number of roots Root weight (g) Root length (cm)
Control   7 3.6 ·/ 2.3   b 0.1 ·/ 3.0 c 1.2 ·/ 1.2 b
HPS 15 7.5 ·/ 2.3   ab 0.3 ·/ 2.1 abc 2.2 ·/ 1.3 a
Blue 15 4.7 ·/ 2.8   b 0.2 ·/ 1.9 bc 1.7 ·/ 1.3 ab
Red 17 5.9 ·/ 3.0   ab 0.4 ·/ 2.4 ab 2.2 ·/ 1.5 a
Red + Blue 15 11.7 ·/ 1.5 a 0.5 ·/ 1.7 a 2.0 ·/ 1.3 a
Red + Blue + Far-red 15 10.9 ·/ 2.4 ab 0.4 ·/ 2.5 ab 1.8 ·/ 1.4 ab
G2 15 8.2 ·/ 1.8   ab 0.4 ·/ 1.9 ab 2.1 ·/ 1.4 a
AP673 18 12.4 ·/ 1.6 a 0.6 ·/ 1.7 a 2.1 ·/ 1.4 a
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Consistent with the first experiment, cuttings cultured 
for the light swopping experiment with supplementary light 
had longer roots compared to cuttings cultured without sup-
plementary light. Cuttings swopped from no lighting → light-
ing developed more and longer roots compared to cuttings 
that were swopped from lighting → no lighting (Table 3). To 
test whether the differences in root length have an effect on 
the further development, cuttings were potted and grown 
without supplementary lighting in the greenhouse. As shown 
in Figure 2, one month after potting, cuttings grown under 
supplementary lighting had developed new leaves and start-
ed growing (Figure 2, AP673). The development of cuttings 
grown without light was delayed (control). The development 

of cuttings which were swopped from no lighting → lighting 
was equal to cuttings that were exposed to supplementary 
lighting for the entire period of root development. On the 
contrary, development of cuttings which were swopped from 
lighting → no lighting was delayed and was comparable to 
cuttings that were not exposed to supplementary lighting. 

The hypothesis of Svenson and Davies (1990) is based 
on the observation that rate of photosynthesis of Euphorbia 
pulcherrima cuttings increased significantly after primordial 
roots had developed. Therefore, rate of photosynthesis and 
transpiration was monitored starting from day 10 after stick-
ing on a daily base. Cuttings grown under LEDs (spectra G2, 
AP673 and blue light) had a tendency to show higher rates 
of photosynthesis compared to plants grown without sup-
plementary lighting (Table 4). However, statistical analysis 

Table 3.  Means and standard deviation of number and 
length of roots of cuttings grown with different light regimes. 
Differences in number and length of roots are statistically 
significant (Kruskal-Wallis test, p = 0.49 and p = 0.01, respec-
tively). However, Tukey’s test shows significant differences 
for length of root, only (means labelled with different letters 
differ significantly).

Light regime Number of roots Length of roots
Control 3.9 ∙∕ 2.2 a 1.8 ∙∕ 1.4 b
AP673 5.5 ∙∕ 2.5 a 3.0 ∙∕ 1.2 a
Lighting → no lighting 3.9 ∙∕ 1.9 a 1.9 ∙∕ 1.4 ab
No lighting → lighting 4.7 ∙∕ 2.1 a 2.3 ∙∕ 1.6 ab

8 

 

 
Figure 2.  Effect of light regime swopping on plant development. Comparison of cuttings grown under supplemen-
tary light (AP673) and without (control) (A), cuttings swopped from no lighting → lighting (control to AP673) after 
10 days with cuttings exposed to AP673 during the entire period of growth (B), cuttings swopped from lighting → 
no lighting (AP673 to control) after 10 days and control cuttings (C), and cuttings swopped from lighting → no 
lighting with cuttings swopped from no lighting → lighting (D). 
 
 
 

Figure 2.  Effect of light regime swopping on plant development. Comparison of cuttings grown under supplementary light 
(AP673) and without (control) (A), cuttings swopped from no lighting → lighting (control to AP673) after 10 days with cut-
tings exposed to AP673 during the entire period of growth (B), cuttings swopped from lighting → no lighting (AP673 to con-
trol) after 10 days and control cuttings (C), and cuttings swopped from lighting → no lighting with cuttings swopped from no 
lighting → lighting (D).

Table 4.  Medians of the rate of photosynthesis (A) and tran-
spiration (E) (interquartile range) of Euphorbia pulcherrima 
cuttings under different light regimes (n = 15).

Light regime A (µmol m-2 s-1) E (mmol m-2 s-1)
Control 0.8 (0.5 – 1.2) 0.2 (0.1 – 0.3)
Blue 1.1 (0.7 – 1.6) 0.2 (0.1 – 0.2)
G2 1.3 (0.8 – 2.3) 0.2 (0.1 – 0.2)
AP673 1.0 (0.2 – 1.8) 0.1 (0.1 – 0.2)
Lighting → no lighting 0.6 (0.4 – 1.0) 0.2 (0.1 – 0.3)
No lighting → lighting 0.7 (0.2 – 1.6) 0.1 (0.1 – 0.2)
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showed that differences were not significant (Kruskal-Wallis 
test, n = 15, p > 0.5). Cuttings that were swopped showed no 
difference in rate of photosynthesis. Similarly, rate of transpi-
ration was equal.

Discussion
The data provided in this paper demonstrate that sup-

plementary lighting improves root development of Euphor-
bia pulcherrima cuttings (Table 2). Moreover, data from a 
light regime swopping experiment confirmed the hypothesis 
postulated by Svenson and Davies (1990) that the beneficial 
effect of supplementary lighting is restricted to the period 
of time after primordial roots have developed (Table 3). In 
contrast to the hypothesis of Svenson and Davies (1990),  
however, there was no difference in rate of photosynthesis 
between cuttings grown with blue light compared to cuttings 
grown with LEDs emitting the spectra AP673. Likewise, de-
spite a clear difference in root development, there was no 
difference in rate of photosynthesis of cuttings after the light 
regime was swopped. Cuttings grown with the spectra G2, 
which is rich in blue, red and far-red had the highest rate of 
photosynthesis but not the highest number of roots or the 
highest root weight and length. Therefore, our data do not 
support to the hypothesis that the promoting effect of light 
on root development of Euphorbia pulcherrima cuttings can 
be attributed to photosynthesis alone.

The data showed that the effect of light on root develop-
ment depended significantly on the quality of the spectrum 
(Table 2). Despite emitting the same PAR, supplementary 
blue and red lights were significantly less efficient in pro-
moting root development than a mixture of red, blue and 
far-red light. Since the rate of photosynthesis showed little 
correlation with root development, this data indicate that 
root development of cuttings is additionally regulated by 
photoreceptors. For growers of Euphorbia pulcherrima these 
data show that supplementary lighting improves root devel-
opment starting from week two after sticking. Moreover, our 
data show that the right choice of the spectrum is of impor-
tance.
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