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Abstract
Yang Z.Q., Li Y.X, Zhang J.B., Zhang J., Zhu J., Gu L.L., Zhang B., 2013. Eﬀects of the red:far-red light ratio on
photosynthetic characteristics of greenhouse cut Chrysanthemum – Short communication. Hort. Sci. (Prague),
40: 40–43.
For the use of LED as a light source to regulate the photosynthesis of chrysanthemum leaves under greenhouse conditions, the eﬀects of diﬀerent red (660 ± 30 nm) to far-red (730 ± 30 nm) radiation ratios (R:FR) on the photosynthetic
characteristics and chlorophyll ﬂuorescence parameters of chrysanthemum leaves were studied. Red and far-red LED
light sources were combined in diﬀerent proportions to produce four R:FR ratio treatments: 0.5, 2.5, 4.5 and 6.5. The
chlorophyll a content, SPAD value, net photosynthetic rate, light-saturated maximum photosynthetic rate, CO2-saturated
carboxylation rate, apparent quantum eﬃciency and carboxylation eﬃciency were all the highest under the R:FR ratio
of 2.5, followed by the R:FR ratio of 4.5. Potential photochemical eﬃciency of photosystem II, photochemical quenching
and electron transport rate for the R:FR ratios of 2.5 and 4.5 were markedly higher than those for 0.5 and 6.5, however,
those parameters did not diﬀer signiﬁcantly between the R:FR ratios of 2.5 and 4.5.
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Studies on the use of light quality to regulate
crop growth and development in greenhouses
have attracted extensive attention. Phytochrome
is most sensitive to red (R) and far-red (FR) light
(Batschauer 1998). Li and Kubot (2009) demonstrated that the anthocyanin, carotenoid and
chlorophyll contents in lettuce decreased with an
increase of the FR component in light. Heraut et
al. (1999) showed that red light could promote the
chlorophyll content in plants. Yamazaki (2010)

considered that FR light signiﬁcantly lowered the
chlorophyll content and the ratio of chlorophyll a
to chlorophyll b. It was conﬁrmed that an increase
of the R:FR ratio could promote the photosynthetic
rate of leaves (Robin et al. 1994; Ni et al. 2009).
Chrysanthemum is one of the four most popular cut ﬂowers worldwide. Many studies were conducted on the eﬀects of light quality on the photosynthetic characteristics of chrysanthemum leaves
(Kim et al. 2004), but few of these studies use LEDs
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Fig. 1. Eﬀects of R:FR ratios on the chlorophyll contents of chrysanthemum leaves

as the light sources to yield accurate R:FR ratio
gradients. Leuchner et al. (2007) found that the
photosynthetic rate showed a non-linear increase
with R:FR ratios. Thus, it is necessary to study the
eﬀects of a wide range of R:FR ratios on the photosynthetic characteristics of chrysanthemum leaves.
The present study may provide a scientiﬁc basis for
the use of LED as a light source to regulate the photosynthesis of chrysanthemum leaves under greenhouse conditions.

MATERIAL AND METHODS
The experimental chrysanthemum (Chrysanthemum × grandiﬂorum Tzvelv cv. Jingba) was
planted in four cultivation pools (3.0 × 1.0 m) on
October 6, 2010 with a spacing of 20 × 20 cm. A
vermiculite and perlite mixture with a volume ratio of 2:1 was pasteurized and used as the culture
substrate. All plants were irrigated with nutrient solution that had a conductivity of 1.5 ms/cm
(200 ppm N; 80 ppm P; 170 ppm K). When the plant

height reached 50 cm, the natural light was shaded
using the black plastic ﬁlm and LED light sources
with diﬀerent R:FR ratios were used to produce
short-day treatments (08:00–17:00). The R to FR
energy ratios of the four experimental treatments
were 0.5, 2.5, 4.5 and 6.5. Plants irradiated with
natural light (R:FR = 1.02) served as the control.
The photosynthetically active radiation (PAR) in
all of the treatments was regulated to be 500 μmol/
m2/s at the top of the canopy. Each treatment comprised 30 chrysanthemum plants. Three plants in
each treatment were selected and the 4th–5th function leaves from the top of plants were measured to
determine the chlorophyll content, photosynthetic
and chlorophyll ﬂuorescence parameters.
To determine the SPAD value, ten plants in each
treatment were selected and the 4th–5th function
leaves from the top of plants were measured using
a chlorophyll meter (SPAD502, Konica Minolta,
Tokyo, Japan). The chlorophyll a (Chl a) and chlorophyll b (Chl b) contents were determined using the colorimetric method. The light-response
curve, CO2-response curve, net photosynthetic rate

Table 1. The light-response and CO2-response parameters for diﬀerent R:FR ratio treatments
Development stages

Squaring stage

Flowering stage

R:FR

Pmax (μmol/m2/s)

Aq

Amax (μmol/m2/s)

Ce

0.5
2.5

19.185 ± 0.523b*
22.128 ± 0.716a

0.042 ± 0.003c
0.091 ± 0.006a

23.524 ± 1.145b
26.188 ± 1.367a

0.040 ± 0.003c
0.078 ± 0.005a

4.5
6.5

20.925 ± 0.587b
17.859 ± 0.507c

0.061 ± 0.005b
0.030 ± 0.003c

22.280 ± 1.213b
22.835 ± 1.278b

0.064 ± 0.004b
0.034 ± 0.002c

0.5
2.5

18.164 ± 0.367b
21.375 ± 0.647a

0.024 ± 0.002c
0.062 ± 0.004a

24.096 ± 1.306c
33.129 ± 1.423a

0.044 ± 0.003c
0.070 ± 0.004a

4.5
6.5

20.147 ± 0.618a
18.853 ± 0.476b

0.048 ± 0.003b
0.036 ± 0.003b

29.295 ± 1.461b
27.947 ± 1.365b

0.057 ± 0.003b
0.050 ± 0.003c

*different letters (P < 0.05) indicate significant differences within each column according to the Duncan’s Multiple Range
test; Pmax – light-saturated maximum phorate; Amax – CO2-saturated maximum asrate; Aq – apparent quantum efficiency;
Ce – carboxylation efficiency
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Fig. 2. Eﬀects of R:FR ratios on the net photosynthetic rate and stomatal
conductance of chrysanthemum leaves
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and stomatal conductance were measured using
LI-6400 photosynthesis system (LI-COR Inc, Lincoln, USA). The light-response and CO2-response
curves were ﬁtted using the rectangular hyperbolic
model to obtain the light-saturated maximum photosynthetic rate (Pmax), CO2-saturated maximum assimilation rate (Amax), apparent quantum eﬃciency
(Aq) and carboxylation eﬃciency (Ce). Curve ﬁtting
was performed using the SPSS 15.0 (SPSS Science
Inc., Chicago, USA). The maximum quantum efﬁciency (Fv/Fm) of PSII, photochemical quenching
(qP) and electron transfer eﬃciency (ETR) were
measured using 6400-40 Fluorescent Leaf Chamber
(LI-COR Inc, Lincoln, USA).

RESULTS AND DISCUSSION
The Chl a contents and SPAD values of chrysanthemum leaves under four R:FR ratio treatments

were, from high to low, 2.5, 4.5, 0.5 and 6.5, whereas the order was 0.5, 4.5, 2.5, 6.5 from high to low
for the Chl b content (Fig. 1). Heraut et al. (1999)
reported that red light could promote the chlorophyll content, whereas Bach and Krol (2001)
found that red light reduced the chlorophyll content; Yamazaki (2010) found that the chlorophyll
content and Chl a/b of rice was reduced under
FR light. Our research indicated that the optimal
R:FR ratio for the development of chloroplasts was
2.5 and an excessively high R:FR ratio (6.5) reduced
the Chl a content and Chl a/b value.
Ni et al. (2009) recognised that an increase in the
red light component could promote crop photosynthetic, stomatal conductance and transpiration
rates. Leuchner et al. (2007) further conﬁrmed
that the changing trend of the photosynthetic rate
over the R:FR ratio was nonlinear. The present study
showed that, the Pmax, Aq, Amax and Ce of the chrysanthemum leaves under the R:FR ratio of 2.5 was

Table 2. The chlorophyll ﬂuorescence parameters of chrysanthemum leaves under diﬀerent R:FR ratio treatments
Chlorophyll ﬂuorescence
parameters

Fv/Fm

qP

ETR

R:FR

Treatment days
15

30

45

60

0.5
2.5

b

0.786 ± 0.008
0.814 ± 0.005a

b

0.804 ± 0.007
0.827 ± 0.006a

b

0.797 ± 0.011
0.834 ± 0.008a

0.782 ± 0.006c
0.832 ± 0.005a

4.5
6.5

0.808 ± 0.007a
0.777 ± 0.005b

0.825 ± 0.008a
0.781 ± 0.003b

0.828 ± 0.003a
0.788 ± 0.008b

0.812 ± 0.007b
0.783 ± 0.004c

0.5
2.5

0.647 ± 0.009b
0.756 ± 0.005a

0.657 ± 0.007b
0.773 ± 0.004a

0.654 ± 0.007b
0.781 ± 0.006a

0.649 ± 0.010b
0.753 ± 0.006a

4.5
6.5

0.749 ± 0.007a
0.627 ± 0.005b

0.754 ± 0.008a
0.628 ± 0.005b

0.762 ± 0.009a
0.634 ± 0.005b

0.743 ± 0.008a
0.632 ± 0.005b

0.5
2.5

59.3 ± 1.21b
68.4 ± 1.35a

65.5 ± 1.44b
74.1 ± 1.93a

64.7 ± 1.19b
80.5 ± 1.28a

61.4 ± 2.12b
77.1 ± 1.57a

4.5
6.5

67.8 ± 1.17a
57.3 ± 1.53b

75.4 ± 1.65a
56.4 ± 1.16c

77.8 ± 1.30a
63.5 ± 1.02b

74.9 ± 1.15a
58.1 ± 1.07b

Fv/Fm – maximum quantum of PSII; qP – photochemical quenching; ETR – electron transfer efficiency
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the highest during both the squaring and ﬂowering
stages, followed by the R:FR ratio of 4.5 (Table 1).
During the entire treatment period, the net photosynthetic rate for the R:FR ratio of 2.5 was always
higher than those of the other treatments and was
followed by the 4.5 R:FR ratio (Fig. 2). The stomatal
conductance for the R:FR ratio of 4.5 was higher
than those for the other treatments over the entire
experimental period; the R:FR ratio of 2.5 resulted
in the next highest values, and the R:FR ratio of
6.5 consistently produced the lowest values. Wang
et al. (2009) found that light quality aﬀected photosynthesis by aﬀecting the activity of the photosynthetic apparatus and the expression and activity of
the enzymes in the Calvin-Benson cycle. In the present study, the chlorophyll content was the highest
at an R:FR ratio of 2.5, which was consistent with
the photosynthetic rate. Thus, it can be inferred
that the R:FR ratio aﬀects photosynthesis in chrysanthemum leaves mainly through the regulation
of non-stomatal factors.
Fv/Fm, qP and ETR values of the chrysanthemum
leaves did not diﬀer signiﬁcantly between the R:FR
ratios of 2.5 and 4.5, with the exception of Fv/Fm
on day 60, and the values for the R:FR ratios of 2.5
and 4.5 were markedly higher than those for 0.5
and 6.5 (Table 2). Yamazaki (2010) found that
FR light caused a lag of Fv/Fm in rice. We found
that the chlorophyll ﬂuorescence parameters of the
chrysanthemum leaves were not linearly correlated
with the R:FR ratios. The eﬀects of R:FR ratios on
the ﬂuorescence parameters may be related to the
balance between PSI and PSII (Sood et al. 2004).
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