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As a highly valued and multiple function tree species,  Cyclocarya paliurus is
planted and managed for timber production and medical use. Responses of
growth, photosynthesis and phytochemical accumulation to light environment
are useful informations to determine suitable habitat conditions for the culti-
vation of C. paliurus. A split-plot design with five light quality and three light
intensity levels was adopted to compare the variations in plant growth, photo-
synthesis and water-soluble polysaccharide yield in  C. paliurus leaves. Both
light intensity and quality treatments significantly affected total biomass, pho-
tosynthetic rate and water-soluble polysaccharide yield in C. paliurus leaves.
Treatments under red light and blue light with 1000 μmol m-2 s-1 achieved the
highest values of biomass growth, photosynthetic rate, specific dry leaf mass
per area and accumulation of water-soluble polysaccharide. These results indi-
cate that red light and blue light with higher light intensity level were effec-
tive for increasing plant growth, photosynthesis and production of water-solu-
ble polysaccharide in C. paliurus leaves. Manipulating light conditions might be
an  effective  means  to  improve  biomass  and  achieve  higher  water-soluble
polysaccharide yield in C. paliurus plantations.
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Introduction
Cyclocarya  paliurus (Batal)  Iljinskaja  be-

longs  to  the  Juglandaceae  family  and  is
widely distributed in mountainous regions
of  sub-tropical  China  (Fang  et  al.  2006).
Leaves of this plant are traditionally used in
China as a medicine or nutraceutical tea be-
cause of its unique taste (Birari & Bhutani
2007,  Fang et al. 2011). Many studies have
demonstrated that C. paliurus has a variety
of bioactivities, including hypoglycemic ac-
tivity (Kurihara et  al.  2003),  antihyperten-
sive  activity  (Xie  et  al.  2006),  anti-HIV-1
(Zhang et al. 2010), antioxidant activity (Xie
et al. 2010), and anticancer (Xie et al. 2013).
However, most studies on C. paliurus were
focused  on  plant  compounds  (including
triterpenoids,  flavonoids,  steroids  and  sa-
ponins) and the extract activities whereas
less attention was paid to the silvics of the
species (Deng et al. 2012, 2015).

Light intensity and quality are important
environmental  factors  for  plant  growth
and development (Yu et al. 2016). Specifi-
cally,  changes  in  light  quality  strongly
affect  plant  morphological,  physiological,
and  biochemical  parameters  due  to  the
spectral properties of tissue pigments (Fan
et  al.  2013).  However,  the  responses  of
plants to light  quality  are species specific
(Cope & Bugbee 2013).  For  example,  Ou-
yang et al. (2003) reported that  Cistanche
deserticola  cultured  under  blue  light
achieved higher biomass than those under
red light.  Yan et  al.  (2004) demonstrated
that red light improved salidroside produc-
tion and root  growth  of Rhodiola  sachali-
nensis.  However,  Johkan  et  al.  (2012) re-
ported  that  green  light  was  effective  in
promoting  photosynthesis  and  plant
growth of  Lactuca sativa. Thus, it is neces-
sary to determine the optimum light condi-

tions for better growth of C. paliurus.
Polysaccharides are very common natural

polymers  in  plants,  animals  and  micro-
organisms (Xiao et al. 2011, Cui et al. 2013).
Recently, polysaccharides from plants have
attracted more and more attention due to
their extensive biological activities, such as
hypoglycemic  activity  (Wang  et  al.  2001),
free-radical-scavenging  activity  (Cui  et  al.
2013),  anticancer  activity  (Xie et  al.  2013),
and  improvement  of  immunomodulation
activity (Huang & Ning 2010). Due to its bio-
logical  activities,  polysaccharide  from  C.
paliurus leaves have become a focal point
for research and development.  The struc-
ture and antioxidant activities of  polysac-
charide as well as sulfated polysaccharides
from  C.  paliurus  leaves  had  been  investi-
gated by  Xie  et  al.  (2010,  2015).  Fu  et  al.
(2015) also  reported  the  seasonal  and
genotypic variation of  leaf  polysaccharide
accumulation in C. paliurus, whereas knowl-
edge of  the environmental  effects on po-
lysaccharide accumulation in  C.  paliurus  is
limited.

The aims of  this  study were to quantify
and compare the influences of varying light
quality  with  different  light  intensities  on
plant growth, photosynthetic capacity, and
water-soluble polysaccharide accumulation
in  C.  paliurus leaves.  Findings  from  the
study are needed to better understand the
responses of C. paliurus growth to differen-
tial light environment, and to provide a the-
oretical  basis  for  standardized  cultivation
of C. paliurus plants.
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Materials and methods

Plant material and growth conditions
Seeds of  C. paliurus were collected from

Tonggu (30° 73′ N, 116° 47′ E), Jiangxi prov-
ince, China in late October 2014 and were
subjected to chemical scarification, exoge-
nous gibberellin A3 (GA3) treatments, and
stratification  treatments  in  early  January
2015,  according  to  the  method  proposed
by Fang et al. (2006). After a 3 month strat-
ification treatment,  the germinated seeds
were transplanted into plastic pots (8.5 cm
inner-diameter, 10 cm height, with holes in
the  bottom,  one  seedling  per  pot)  filled
with  a  substrate  mixture  of  perlite:  fowl
manure: peat: soil  (2:  2:  4: 2,  v/v/v/v).  The
substrate was a loam with pH 6.44, organic
matter content of 73.3 g kg-1, total N con-
tent of 72.35 g kg-1, total P content of 2.19 g
kg-1, and total K content of 9.55 g kg -1. Eight
weeks  later,  plants  were  moved  into  cli-
mate  chamber  and  then  exposed  to  LED
lamps  (Guangdong  Philips  Lamp  Co.,  Chi-
na).

A split-plot randomized design was used
to establish three light intensity levels and
five  light  quality  treatments.  Three  light
intensity  treatments  were  subjected  to
three intensity regimes: L1 (500 ± 30  μmol
m-2 s-1),  L2 (750 ± 30  μmol m-2 s-1),  and L3
(1000 ± 30  μmol m-2  s-1),  respectively.  The
light intensity of LED lamps in each treat-
ment  was  measured  by  LI-6400® system

(Li-Cor, Lincoln, NE, USA). Five light quality
treatments were WL (white light), BL (blue
light),  RL (red light),  GL (green light) and
PL (purple light), respectively. Spectral fea-
tures of the LED lamps were recorded by
means  of  a  NIR-VIS  spectrometer  (Ocean
Optics,  USA)  and reported in  Fig.  1.  Each
treatment  contains  5  replications  and  8
plants  per  replication  (plastic  pot).  All
treatments were kept at 25 ± 2 °C and 60%
relative humidity (RH) during the day, 22 ±
2  °C  and  70%  RH  at  night  with  a  12  h
dark/light  photoperiod.  The  plants  were
kept  well  watered  once  every  two  days
until the end of the experiment.

Growth and biomass assessment
After  the  growth  of  5  months  in  the

chamber,  growth  and  biomass  assess-
ments  of  the  plants  were  conducted  on
October  20,  2015.  Intact  C.  paliurus seed-
lings in each treatment (5 seedlings) were
harvested and separated into shoots  and
roots for biomass and water-soluble poly-
saccharide  analysis.  The  leaf  area  (LA)
(cm2)  of  the  third  and  fourth  fully-ex-
panded leaves from the top of the shoots
was  measured  at  the  same time with  an
area meter (Li-Cor Model  3100®).  Biomass
samples  were dried  (70 °C,  48  h)  to con-
stant  weight  and  weighed.  The  total  dry
mass of each was calculated as the sum of
leaf, stem, and root dry weights. The spe-
cific  leaf  mass  (SLM)  was  calculated  by

dividing dry leaf weight by corresponding
leaf area (LA – Tang et al. 2015).

Measurement of photosynthetic 
parameters

Fully  developed  leaves  from  the  top  of
the shoots were randomly selected for gas
exchange measurements, using a LI-6400®

portable photosynthesis system (LiCor Inc.,
USA) with a standard leaf chamber equip-
ped with a 6400-02B LED light source (LI-
6400).  Measurements  were conducted at
an  air  concentration  of  21%  O2,  380 µmol
mol-1 CO2, 1000 μmol m-2 s-1 photosyntheti-
cally  active  radiation  (PAR),  50%  relative
humidity  and a temperature of  25 ± 2  °C.
Photosynthetic rate (Pn) and stomatal con-
ductance (gs) were recorded.

Extraction and measurement of water-
soluble polysaccharide

Extraction of polysaccharide in C. paliurus
leaves was carried out as described previ-
ously by  Fu et al. (2015) with slight modifi-
cations. Each sample (0.5 g) of leaves was
extracted with 30 ml of 70% ethanol at 70
°C  for  60 min  to  remove most  pigments,
small molecular sugars and impurities. The
insoluble  residues  were  separated,  dried
and then extracted twice with  20 ml dis-
tilled water  at  100 °C for 75 min.  The ex-
tracts  were  filtered  and  the  filtrate  was
centrifuged at 5000 ×g for 15 min. Finally,
the  supernatant  was  combined  for  mea-
surement.

Water-soluble  polysaccharide  content
was measured using the  phenol-sulphuric
acid  colorimetric  method  (Dubois  et  al.
1956), using glucose as a standard, with ab-
sorbance measured at 490 nm. Concentra-
tion  of  water-soluble  polysaccharide  was
quantitatively  determined  by  the  calibra-
tion  curve.  Water-soluble  polysaccharide
yield per plant was calculated by multiply-
ing  the water-soluble  polysaccharide  con-
tent by the leaves biomass per plant.

Statistical analysis
Data are reported as the mean ± standard

deviation  (SD),  and  all  tests  were  per-
formed using the SPSS® 16.0 statistical soft-
ware package (SPSS, Chicago, IL,  USA). A
two-way  ANOVA model  with  light  quality
and light intensity as the main fixed factors
plus a light quality × light intensity interac-
tion  term,  followed  by  Tukey’s  multiple-
range test, was performed for biomass ac-
cumulation,  photosynthesis  parameters,
and leaf characteristics as well as the wa-
ter-soluble polysaccharide yields. The data
were  tested  for  normality  (Shapiro-Wilk
normality test) before analysis of variance.
All statistical analyses were performed at a
95 % confidence level.

Results

Variation in growth and biomass 
production

Two-way ANOVA showed that both light
quality  and  light  intensity  treatments,  as
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Fig. 1 - Relative spectral
irradiance of the LED

lamps used. (WL): white
light; (BL): blue light;

(RL): red light; (GL):
green light; (PL): purple

light.

Tab. 1 - Summary of significance levels (Two-way ANOVA) for the effects of light qual -
ity, light intensity and their interaction on biomass production, water-soluble polysac-
charide content and water-soluble polysaccharide yield in Cyclocarya paliurus leaves.

Source
Biomass (g) Polisaccharide

Root Stem Leaf Total Content
(mg g-1)

Yield
(mg plant-1)

Light
quality 
(A)

df 4 4 4 4 4 4
MS 30.887 64.049 135.883 69.486 34.464 72.059
Prob < 0.001 < 0.001 < 0.001 < 0.001 0.001 < 0.001

Light 
intensity 
(B)

df 2 2 2 2 2 2
MS 98.818 204.066 177.098 224.107 41.079 323.053
Prob 0.001 < 0.001 <0.001 0.001 <0.001 < 0.001

Interaction 
(A×B)

df 8 8 8 8 8 8
MS 5.474 5.123 5.160 6.899 12.170 9.818
Prob < 0.001 < 0.001 < 0.001 < 0.001 <0.001 < 0.001
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Growth, photosynthesis and phytochemical accumulation in Cyclocarya paliurus

well as the interaction between them sig-
nificantly affected the biomass production
and  allocation  of  C.  paliurus (Tab.  1).  The
total  biomass  per  seedling  varied  among
light intensity treatments with the follow-
ing order L3 > L2 > L1. This trend persisted
across  the  growth  of  leaves,  stem,  and
root (Tab. 2).

Across  three  light  intensity  levels,  the
highest value of total biomass was achiev-
ed at BL, RL and WL treatments (Tab. 2).
However, the highest value of leaf biomass
was achieved at WL treatment. Compared
to WL treatment,  leaf  biomass of  RL,  GL,
BL,  and  PL  decreased  by  40.1%,  60.8%,
24.5%, and 54.7%, respectively. Also, the five
light quality treatments produced different
biomass  allocation  among  the  seedlings
parts.  The  highest  ratios  of  leaf  to  total
biomass  were observed in  treatments  PL
(48.7%) and WL (41.6%), whereas the great-
est ratios of root and stem were achieved
in treatment RL (76.2%), GL (75.9%) and BL
(70.9%), respectively (Tab. 2).

Variation in photosynthesis and leaf 
characteristics

The seedlings grown under blue light and
red  light  treatments  had  significantly

higher photosynthetic rate (Pn) and stom-
atal  conductance  (gs)  values  than  other
light quality treatments (Fig. 2A, Fig. 2B). In
the  15  treatments,  the  highest  Pn  value
was detected in treatments R3 (7.09 μmol
m-2 s-1) and B3 (6.89 μmol m-2 s-1), whereas
the  lowest  value  was  observed  in  treat-
ment P1 (0.79 μmol m-2 s-1). Two-way ANO-
VA showed that both light quality and light

intensity treatments, as well as the interac-
tion  between  them  significantly  affected
the Pn and gs of C. paliurus (Tab. 3). Mean-
while,  there was a significant decrease in
Pn and gs under all light qualities over the
range of  light intensities from 1000 μmol
m-2 s-1 (L3) to 500 μmol m-2 s-1 (L1  – Fig. 2A,
Fig. 2B).

Leaf characteristics such as leaf area (LA)
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Tab. 2 - Tukey’s multiple-range test of biomass, water-soluble polysaccharide content
and water-soluble polysaccharide yield of Cyclocarya paliurus after a Two-way ANOVA.
L1, L2, and L3 represent three irradiance levels of 500 ± 30 umol m -2 s-1, 750 ± 30 umol
m-2 s-1, and 1000 ± 30 umol m-2  s-1, respectively. (WL): white light; (BL): blue light; (RL):
red light;  (GL): green light; (PL): purple light.

Treatment Level
Biomass (g) Polysaccharide

Root Stem Leaf Total Content
(mg g-1)

Yield
(mg plant-1)

Light 
quality

RL 2.65 a 1.42 a 1.27 c 5.34 a 34.27 ab 44.52 c

GL 1.73 b 0.89 c 0.83 d 3.45 b 36.75 a 29.29 d

BL 2.67 a 1.24 ab 1.60 b 5.51 a 34.86 ab 57.55 a

PL 0.50 c 0.51 d 0.96 d 1.97 c 32.78 b 32.01 d

WL 1.78 b 1.20 b 2.12 a 5.10 a 23.51 c 49.49 b

Light 
intensity

L1 0.76 c 0.59 c 0.83 b 2.18 c 27.98 c 23.22 c

L2 1.64 b 0.98 b 1.58 a 4.21 b 32.11 b 50.73 b

L3 3.19 a 1.58 a 1.66 a 6.43 a 37.81 a 62.76 a

Fig. 2 - Variation in photosyn-
thetic rate (Pn) (A), stomatal

conductance (gs) (B), leaf
area (LA) (C), and specific

leaf mass per area (SLM) (D)
of Cyclocarea paliurus under

different light quality and
intensity treatments (mean
± SD). Different lower case
letters indicate significant

differences between various
treatments within a compo-
nent after Tukey’s test (p <

0.05). (WL): white light;
(BL): blue light; (RL): red

light; (GL): green light; (PL):
purple light. L1, L2, and L3
represent three irradiance

levels of 500 ± 30 umol m-2 s-

1, 750 ± 30 umol m-2 s-1, and
1000 ± 30 umol m-2 s-1,

respectively.
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and specific dry leaf mass per area (SLM)
of C. paliurus were found to be significantly
different  under  various  light  quality  and
intensity  treatments  (Fig.  2C,  Fig.  2D).
Moreover, a significant interaction of light
quality  and  intensity  was  observed  in  LA
and SLM of C. paliurus (Tab. 3). Light inten-
sity of 500 μmol m-2 s-1 (L1) resulted in the
highest LA, and LA was significantly higher
in  PL  treatment  than  that  in  other  light
quality treatments (Fig. 2C). Variation trend
in SLM of  C.  paliurus was consistent with
that of Pn in leaves. In the 15 treatments,
the highest  SLM values  were detected in
treatments B3 (35.69 g m-2) and R3 (34.51 g
m-2), whereas the lowest was observed in
treatment P1 (3.53 g m-2 – Fig. 2D).
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Tab. 3 - Summary of significance levels (Two-way ANOVA) for the effects of light qual-
ity, light intensity and their interaction on photosynthetic rate (Pn), stomatal conduc-
tance (gs), leaf area (LA), and specific leaf mass per area (SLM) in Cyclocarya paliurus.
(df): degrees of freedom; (MS): mean squares.

Source
Pn

(μmol m-2 s-1)
gs

(mmol m-2 s-1)
LA

(cm2)
SLM

(g m-2)

Light quality
(A)

df 4 4 4 4

MS 1505.678 913.713 291.358 130.176

Prob < 0.001 < 0.001 < 0.001 < 0.001

Light intensity 
(B)

df 2 2 2 2

MS 4680.091 2838.874 234.919 546.538

Prob <0.001 < 0.001 <0.001 <0.001

Interaction
(A×B)

df 8 8 8 8

MS 156.876 95.179 12.882 19.190

Prob < 0.001 < 0.001 < 0.001 < 0.001

Fig. 3 - Variation in water-soluble polysac-
charide content in Cyclocarea paliurus 
leaves under different light quality and 
intensity treatments (mean ± SD). Differ-
ent lower case letters indicate significant 
differences between various treatments 
within a component after Tukey’s test 
(p<0.05). (WL): white light; (BL): blue 
light; (RL): red light; (GL): green light; (PL):
purple light. L1, L2, and L3 represent three 
irradiance levels of 500 ± 30 μmol m-2 s-1, 
750 ± 30 μmol m-2 s-1, and 1000 ± 30 μmol 
m-2 s-1, respectively.

Fig. 4 - Variation in water-soluble polysac-
charide yield of Cyclocarya paliurus leaves 
in different light quality and intensity 
treatments (mean ± SD). Different lower 
case letters indicate significant differences
between various treatments within a com-
ponent (p < 0.05 by Tukey’s test). (WL): 
white light; (BL): blue light; (RL): red light; 
(GL): green light; (PL): purple light. Num-
ber 1, 2, and 3 represent three irradiance 
levels of 500 ± 30 μmol m-2 s-1, 750 ± 30 
μmol m-2 s-1, and 1000 ± 30 μmol m-2 s-1, 
respectively.
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Variation in water-soluble polysaccha-
ride content and yield per plant

The highest water-soluble polysaccharide
contents  were  observed in  P3  (44.58  mg
g-1)  and  R3  (43.69  mg  g-1)  treatments,
whereas  the lowest  contents  were found
in P1 (23.31 mg g-1)  and W1 (19.09 mg g -1)
treatments  (Fig.  3).  Two-way  ANOVA
showed  that  both  light  quality  and  light
intensity treatments, as well as the interac-
tion  between  them  significantly  affected
water-soluble polysaccharide content of C.
paliurus leaves (Tab. 1).  The water-soluble
polysaccharide  content  in  leaves  varied
among light intensity treatments with the
following order L3 > L2 > L1 (Tab. 2).

Based on the leaf biomass and water-sol-
uble  polysaccharide  content,  the  inte-
grated  effect  of  light  quality  and  light
intensity on the accumulation of water-sol-
uble polysaccharide in leaves per plant was
significant (p < 0.05 – Fig. 4). The greatest
accumulation of water-soluble polysaccha-
ride in the leaves per plant was achieved in
treatment B3 (77.86 mg plant-1),  followed
by treatment R3 (70.95 mg plant -1), where-
as  the lowest  was  found in  treatment P1
(11.18 mg plant-1).  Compared to treatment
B3,  water-soluble  polysaccharide  accumu-
lation in  other  treatments  was  decreased
by 8.9-85.6 %. Moreover, a two-way ANOVA
showed that light intensity and light quality
treatments as well as their interactions sig-
nificantly  affected  water-soluble  polysac-
charide accumulation of C. paliurus (Tab. 1).

Discussion

Variation in plant growth and 
photosynthesis

It is generally recognized that light inten-
sity and light quality play an important role
in  plant  growth,  photosynthetic  capacity,
as  well  as  various  aspects  of  physiology
(Müller et al. 2013, Liu et al. 2015). Typically,
optimal  light  irradiance  is  central  to  the
productivity of plants, as excessive high or
low light intensity often impacts photosyn-
thesis, and then severely limit plant growth
(Ma et al. 2015). The present study demon-
strated that biomass production of C. paliu-
rus was much lower at light intensity levels
of L1 (500 μmol m-2 s-1)  and L2 (750 μmol
m-2 s-1) than at L3 (1000 μmol m-2 s-1 – Tab.
2),  indicating  that C.  paliurus is  a  helio-
phyte. The observed growth response of C.
paliurus to  light  intensity  was  similar  to
that  of  many  tree  species,  such  as  Rau-
volfia species and Camptotheca acuminata,
which  were  reported  to  grown  better
under  higher  light  irradiance  (Cai  et  al.
2009, Ma et al. 2015).

In higher plants, the regulation and per-
ception of the light changes are controlled
by a  system  of  photoreceptors,  including
cryptochromes (blue/UV-A light receptors,
340-520  nm),  phytochromes  (red/far-red
receptors,  >520  nm)  and  phototropins
(phot1 and phot2 –  Liu et al.  2015).  Thus,
varying  light  wavelength  produces  differ-
ent  growth responses  in  plants.  The  per-

centage absorption of red or blue light by
plant leaves is about 90% (Terashima et al.
2009), consequently plant development is
strongly  influenced  by  red  or  blue  light
(McNellis  &  Deng  1995).  This  was  sup-
ported by data in our study, i.e., there were
significantly higher values of total biomass
under BL and RL treatments. Similar results
were  observed  in  studies  of  other  trees
such as  C. deserticola (Ouyang et al. 2003)
and C. acuminata (Liu et al. 2015).

Photosynthesis,  one of  the most  impor-
tant chemical processes in higher plants, is
directly  linked to production of plant bio-
mass, however, photosynthesis of plants is
very sensitive to light conditions (Ma et al.
2015).  In  this  study,  variation  in  biomass
accumulation  in  C.  paliurus grown  under
different  light  quality  and  intensity  treat-
ments were closely linked with photosyn-
thetic rate (Pn). Red light and blue light of
1000  μmol  m-2 s-1 achieved  significantly
higher Pn and gs values (Fig. 2), suggesting
the  photosynthetic  rate  of  C.  paliurus
plants increased under red and blue light,
which  was  consistent  with  previous  re-
ports in other plants such as  C. acuminata
and cucumber (Liu et al. 2015, Hernández &
Kubota 2016). It has been reported that red
light is related with a highly effective light
absorption through chlorophyll  accumula-
tion for photosynthesis (Evans 1987), while
blue light may promote leaf stomatal open-
ing by activating phototropin (Inoue et al.
2010).  However,  chlorophyll  contents and
stomatal opening of  C. paliurus  leaves un-
der varying light qualities need to be fur-
ther studied, as we did not measure them
in this study.

The  plasticity  in  leaf  morphological  and
physiological characteristics may be crucial
to the success of plant to establish itself in
a  new  environment.  Low  light  intensity
may lead to increase in leaf area and seed-
ling height.  These changes may maximize
the capture of available light to meet the
demand for leaf  photosynthesis  (Steinger
et  al.  2003).  This  was  supported  by  the
changes of LA in different light quality and
intensity  treatments,  as  we observed the
highest  LA values  achieved at  light  inten-
sity  of  500  μmol  m-2 s-1,  especially  under
white light and purple light (Fig. 2C). Mean-
while, the higher SLM of plant is often con-
sidered as an index related to higher leaf
photosynthetic  capacity  and  chemical  de-
fense (Pearcy  & Sims 1994).  Similarly,  we
suggest that the higher SLM may protect
C.  paliurus  leaves  against  photoinhibition
under blue and red light treatments.

Variation in water-soluble 
polysaccharide accumulation

The  content  of  phytochemicals  is  often
induced  by  environmental  factors,  includ-
ing light quality and intensity. For example,
leaf camptothecin concentrations in C. acu-
minata  display  a  significantly  increase un-
der blue light and 50% shading treatments
(Liu et al. 2015, Hu et al. 2016). Visible light
had  been  reported  to  induce  proantho-

cyanidin biosynthesis and affect their com-
position,  whereas  UV  light  specifically  in-
duced  biosynthesis  of  flavonols  (Koyama
et  al.  2012).  In  our  previous  studies,  fla-
vonoids  production  in  C.  paliurus planta-
tions  had  been  demonstrated  to  signifi-
cantly positively correlate with total  solar
radiation  (Liu  et  al.  2015).  In  the  present
study,  water-soluble  polysaccharide  con-
tent in  C. paliurus  leaves also followed the
order L3 (1000 μmol m-2 s-1) > L2 (750 μmol
m-2 s-1) > L1 (500 μmol m-2 s-1 – Tab. 2). These
results  support  the  carbon/nutrient  bal-
ance theory, i.e., if light becomes limiting,
the  decline  in  photosynthesis  may  limit
plant growth and accumulation of carbon-
based phytochemicals (Deng et al. 2012).

The effects of light quality on phytochem-
ical  accumulation  are  more  complex  and
often  reported  with  mixed  results  (Gilib-
erto et al. 2005, Ohashi-Kaneko et al. 2007).
In  the  present  study,  the  highest  water-
soluble polysaccharide contents  were ob-
served at RL and BL treatments across the
three light intensity levels, which may due
to the higher percentage absorption of red
or  blue light  by  leaves  of  C.  paliurus and
higher photosynthetic rate (Fig. 2A) related
with  carbohydrate  accumulation  (Evans
1987). The goal of silvicultral practices is to
obtain higher water-soluble polysaccharide
yield  (equal  to  water-soluble  polysaccha-
ride content multiplied by leaf biomass). In
the present study, treatment under RL and
BL at 1000 μmol m-2 s-1 were the most effec-
tive way to induce the accumulation of wa-
ter-soluble  polysaccharide  because  it  re-
sulted in the highest leaf biomass with the
passage of time (Tab. 2,  Fig. 4). Overall, in
order to achieve the highest water-soluble
polysaccharide yield per area in  C. paliurus
plantations,  it  is  important  to  manipulate
growing conditions such as light  intensity
and light quality. However, high-yield pro-
duction of water-soluble polysaccharide in
C. paliurus through manipulating light con-
ditions needs to be further confirmed with
better designed large-scale field tests.

In conclusion, blue light and red light at
1000 μmol m-2 s-1 achieved the highest total
biomass,  photosynthetic  rate and specific
leaf dry mass per area in C. paliurus. Mean-
while, treatments under blue light and red
light at 1000 μmol m-2 s-1 achieved the high-
est water-soluble polysaccharide yield per
plant,  due  to  the  higher  polysaccharide
content  and  leaf  biomass.  These  results
indicate  that  manipulating  light  intensity
and quality might be an effective means to
obtain  higher  biomass  and  water-soluble
polysaccharide  yield  in  C.  paliurus planta-
tions.
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