
Cryptogamie, Bryologie, 2014, 35 (2): 165-172
© 2014 Adac. Tous droits réservés

doi/10.7872/cryb.v35.iss2.2014.165

Responses of non-structural carbohydrate levels of
Polytrichastrum formosum and the co-occurring

understory fern Parathelypteris nipponica to different gap
creations by thinning in a dense spruce plantation

Zhe WANGa, b, c, Weikai BAOa*, Xiaoli YANa, Honghui LINb

aKey Laboratory of Mountain Ecological Restoration and Bioresource Utilization,
Chengdu Institute of Biology, Chinese Academy of Sciences,

Chengdu 610041, China

bMinistry of Education Key Laboratory for Bio-Resource and Eco-environment,
College of Life Science, Sichuan University, Chengdu 610064, China

cUniversity of Chinese Academy of Sciences, Beijing 100049, China

Abstract – Effect of the forest gap on the physiology of forest-floor plants remains poorly
understood. The present work explored the responses of a moss, Polytrichastrum formosum
(PF), and a co-occurring fern, Parathelypteris nipponica (PN), to four treatments (control
and three gap creations with size at 74 m2, 109 m2 and 196 m2 three replicates each
treatment) in a 30-year-old spruce (Picea asperata) plantation forest according to the levels
and components of non-structural carbohydrates (NSC). Our study revealed that PF
significantly presented higher NSC levels at gaps than at the control. But the concentrations
of starch and NSC for PN were lower at those gaps than at the control. The result confirmed
the shade-tolerant moss PF can benefit from the varied environmental conditions after gap
creation. In contrast, the disturbance might inhibit the photosynthesis of PN or increase its
NSC translocation rate from source to sink organs. In summary, PF and PN had distinct
responses of NSC levels to the gap formation for their different eco-physiological
characteristics.
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INTRODUCTION

The growth, development and survival of bryophytes and ferns are
closely related to the circumstances (Vanderpoorten & Goffinet, 2009; Walker &
Sharpe, 2010). Compared with seed plants, they are highly sensitive to varied
environmental factors because of the lack of protective cuticles, low growth rate,
poor control of water loss and the water-dependent life cycle (Page, 2002; Glime,
2007). Extreme irradiance, temperature and water stress may lead to cell structure
damage, enzyme denaturation, pigment destruction, and negative photosynthetic
gain (Glime, 2007). Researches in laboratories have revealed that both moss and
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fern plants can adjust their metabolic process rapidly to relieve the impact of
environmental change (Vanderpoorten & Goffinet, 2009; Walker & Sharpe,
2010). However, previous studies only focused on controlled experiments of
single- or two- environmental factors and few investigations examined the
physiological responses of these plants to the habitat disturbance under natural
conditions.

Gap creation in dense forests is an important method of forest
management which can alter the ambient conditions such as light intensity, air
temperature, vapor pressure deficit and diurnal patterns (Rambo & North, 2009).
Hence, it has great impact on the growth performance of understory plants
(Kariuki et al., 2006). Thomas (1998) indicated that forest gap formation allows
the understory plants to escape the severe shading environment and promotes
their development. Furthermore, Dalling et al. (2004) found that the maximum
net photosynthetic rates of either shade-tolerant or pioneer tree species were
significantly correlated with gap size. Nevertheless, relevant studies on either
bryophyte or fern were rare and mostly focused on biodiversity, community
abundance and structure (Rambo & Muir, 1998; Fenton & Frego, 2005; Nelson &
Halpern, 2005; Shields et al., 2007). The effects of gap creation on the
physiological status of these plants are still open questions.

The present study aimed to reveal and compare the responses of moss
and fern to gap thinning according to its non-structural carbohydrate (NSC) level.
NSC is the greatest fraction of the mobile carbon pool of plants which indicates
the carbon ‘fuelling’ status and reflects the balance between carbon uptake
(source) and investment (sink) (Hoch et al., 2003; Körner, 2003; Würth et al.,
2004). The authors selected two forest-floor plants as investigated subjects, the
moss Polytrichastrum formosum (Hedw.) G.L. Smith (PF) and a co-occurring fern
Parathelypteris nipponica (Franch. et Sav.) Ching (PN). We deduced the limiting
factor for understory plants in the dense plantation would be irradiance (light
intensity and photoperiod). Previous studies reported that the 95% light
saturation values of relative electron transfer rate (RETR) are approximate to full
sunlight for the Polytrichaceae species (Marschall & Proctor, 2004) but only about
2% to 30% for shade-adapted ferns (Proctor, 2012). Therefore, we presumed that
gap creation could improve the net photosynthetic rate of PF and thus increase
its NSC level. In addition, the highest NSC level might appear at the small or
intermediate gap because the extreme light intensity, air temperature and
evaporation rate under a large gap would become stress factors for the moss
(Glime, 2007). In contrast, we speculated that the NSC levels of PN would be
lower in the gap sites than in the control. Consequently, we hypothesized that the
two species might have distinct responses of NSC level to gap creation.

MATERIALS AND METHODS

Focal species

Specimens of studied species were deposited in the herbarium at the
Chengdu Institute of Biology, CAS. The nomenclature followed Flora of China
and Flora Bryophytorum Sinicorum. PF is a typical acrocarpous turf moss with
3-8 cm height. It is a widespread species in the northern hemisphere, commonly
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forming loose tufts in shade and wet soil on forest ground. PN is a fern with long
creeping rhizomes, 40-60 cm in height and leaves about 30-40 cm long and 7-10 cm
wide. It mainly grows under the forest in hilly areas at elevations from 400 to
2500 m.

Experimental layout and sample collection

The study in the field was conducted in the thinning experiment sites of
the 30-year-old Picea asperata plantation forest near the Maoxian Mountain
Ecosystem Research Station of Chinese Academy of Sciences at Fengyi Township
of Maoxian County, Sichuan, China (103˚54E, 31˚42N, Alt. 1826 m). The
region belongs to the typical temperate climate with annual sunshine time of
1373.8 hours, annual mean temperature 9.3°C, annual precipitation 825.2 mm and
annual evaporation 968.7 mm (Wu & Liu, 2007). The thinning experiment
was designed to create four treatments with size at 0, 74, 109 and 196 m2,
respectively (hereafter called as control, small gap, intermediate gap and large
gap) with three replicates on four similar blocks [12 sites (nine gaps and three
controls) to collect plant samples]. The operation was implemented in winter 2008
(Jiang et al., 2011).

We synchronously measured fundamental microclimate parameters at
those sites before sampling (measurements were conducted at noon of 3, 7, 12 and
17 September 2010, all sunny days). Photosynthetically active radiation (PAR)
was measured by Skye Instruments type SKR1800 dual channel radiometers
(Skye Instruments, Llandrindod, Powys, UK) at several spots in the center of each
site. Temperature and moisture at the soil surface on each site were measured by
temperature/humidity data logger (DS1923 iButton, Maxim Integrated Products).
The PAR and the temperature of the soil surface in daytime were significant
higher in gap sites than that in control and both parameters increased with gap
size (Table 1). Additionally, community investigation was done before sample
collection (Yan & Bao, unpublished data). The total cover of bryophytes at the
intermediate and large gaps was significantly lower than in the controls. However,
PF had similar cover among the four treatments. In contrast, PN had higher cover
at intermediate gaps than at the control sites.

Table 1. Photosynthetically active radiation (PAR), soil temperature and moisture at soil surface
in the four thinning treatments in a spruce plantation forest at Maoxian County, southwestern
China. The data were synchronously measured at noon of 3, 7, 12 and 17 September 2010.
All data were analyzed by one-way ANOVA using LSD to test the significant differences
(p ≤ 0.05). Values are expressed as mean ± SE

Sites PAR (µmol m–2 s–1) Temperature (°C) Moisture (v %)

Controls 59.47 ± 6.74d 15.28 ± 0.11b 30.73 ± 1.16ab

Small gaps 234.94 ± 19.16c 16.44 ± 0.32a 30.80 ± 1.58ab

Intermediate gaps 595.62 ± 39.25b 16.67 ± 0.27a 28.78 ± 1.38b

Large gaps 786.06 ± 44.29a 18.20 ± 0.36a 33.07 ± 0.83a
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We collected the samples from three sampling points in the central zone
of each site (about 2.0 g for each) on 18 September 2010, a sunny day. Only
complete leaves at the top layer of PN and the PF population without cover from
other plants and litter were collected. The samplings were stored in an ice box
(about 4°C) and brought to the station laboratory immediately. Only green tissues
for PF and the 10-20th pinna from the leaf apexes for PN were selected as final
samples. All samples were swiftly washed with deionized water and then put into
oven at 115°C for 10 minutes to stop the physiological activities. After that, the
samples were oven-dried at 65°C for 48 hours. Dried samples were ground and
stored at –4°C for chemical analysis.

Chemical analysis

All samples were pretreated following the method of Baninasab &
Rahemi (2006). HPLC with evaporative light-scattering detector was used to
measure the concentrations of simple sugars: glucose, fructose and sucrose (Sun
et al., 2004). Starch content was determined by anthrone colorimetric protocol
following Li et al. (2008). All the results were described on a dry weight basis
(mg g–1 d.w.).

Statistical analysis

NSC for each sample was counted by summing up starch and soluble
sugars (SS). The SS concentration was calculated as the sum of glucose, fructose
and sucrose. Data of all components (NSC, starch, SS, glucose, fructose and
sucrose) were checked for normality and homoscedasticity prior to statistical
analyses. The LSD multiple comparison test was used to compare the differences
of all data among the four treatments of each species. Games-Howell post hoc test
was used when the data did not meet the ANOVA assumption of homogeneity
variance. All statistical analyses were performed using SPSS (version 16.0) and
Origin (version 8.6). All values were considered significant when P ≤ 0.05.

RESULTS

Starch was the most prominent non-structural carbohydrate component
in the two species and the concentrations of glucose were higher than those of
fructose and sucrose. The two understory species presented various levels of NSC
and its components among the four treatments (Fig. 1). For PF, the concentrations
of NSC were significant higher in thinning gaps than in the control and reached
the peak point at the intermediate gaps. While the NSC levels of PN were lower
at small and intermediate gaps than at control (Fig. 1A). Much higher starch levels
in PF were observed at the thinning treatments than the control, contrary to those
of PN (Fig. 1B). For components of SS, much higher concentration levels of
glucose and sucrose and thus SS were observed at the gap treatments than at the
control for PF, whereas for PN only the fructose level showed a significant
difference between the control and the small gap (Figs 1 C, D, E and F).
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DISCUSSION

Previous studies have revealed that starch, glucose, fructose and sucrose
were the major fraction of plant carbohydrate components (Hoch et al., 2003).
Our study confirmed the starch was the predominant component of NSC for the
two species, and their concentrations of glucose were higher than those of fructose

Fig. 1. The effects of gap creation on concentrations of the non-structural carbohydrates (NSC)
and its components (mg g–1 d.w.) for the two understory plant species under a spruce plantation
at Maoxian county, Southwestern China. Polytrichastrum formosum —O with capital letters and
Parathelypteris nipponica —● with lowercase letters to indicated significant differences among
the four treatments respectively (P ≤ 0.05). The dot and solid lines display the general trends
across treatments for these two species, respectively.
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and sucrose. However, the results deviated from previous studies of bryophytes
which suggested that sucrose was the principal NSC component especially for its
important role in carbon transportation (Riitten & Santarius, 1992; Robinson
et al., 2000; Forsum et al., 2006; Wasley et al., 2006; Lenné et al., 2010). The
relatively lower sucrose levels but higher glucose levels of our species can be
attributed to the following reasons: 1). the proportions of various NSC
components depend on plant species, e.g. the main photosynthetic product of
garlic and onion are glucose and fructose (Pan, 2004); 2). Translocation of hexoses
is an important carbohydrate transfer mode by the phloem equivalent to that of
sucrose for many plants (van Bel & Hess, 2008); and 3). The proportions of NSC
components also vary a lot at different living conditions or growth stages
(Baninasab & Rahemi, 2006; Palacio et al., 2008).

The present study also revealed that PF possessed higher NSC levels in
gap sites compared with those in controls. Generally, the understory mosses are
thought to be shady and humid plants (Waite & Sack, 2010). Nevertheless, studies
on boreal feather mosses indicated the limited light condition under the dense
forest could restrict their normal growth (Natalia et al., 2008). Shields et al. (2007)
also suggested that appropriate openings were beneficial to disturbance-adapted
moss species. We believe the higher NSC levels of PF in gaps can be ascribed to its
specific morphological and physiological features as well as the comparatively
greater acclimation capacity to disturbance. Firstly, Polytrichaceae species have
relatively high chlorophyll content and light saturation points of RETR (Marschall
& Proctor, 2004). And secondly, relatively higher leaf area index and the lamella
system of PF provides additional CO2 uptake area to make better use of higher
irradiance (Proctor, 2005). In addition, when suffering environmental stress like
extremely high illumination, heat or drought, Polytrichaceae plants can curl against
the stem and wrap their lamina rapidly to decrease the exposed area and hide the
adaxial surface (Vanderpoorten & Goffinet, 2009). Therefore, we confirmed that
although PF was a shade-tolerant moss species, it could benefit from the forest gap
creation. Our research also showed that the NSC level of PF at the large gap was
lower than at the intermediate gap (Fig. 1). It was possibly because some of the
environmental factors such as light intensity, ambient temperature and evaporation
rate in the large gaps had exceeded the optimal ranges for PF and had become
the limiting factors. In contrast, we found the gap treatments restricted the
accumulation of starch of PN and thus led to lower NSC levels. Reduction of NSC
levels indicates either the low activity of source and sink or the carbon demand
exceeds current supply (Körner, 2003). The disturbance might affect the net
photosynthetic rates of PN because the fern was more inclined to the shady and humid
environment in the understory rather than gaps for its low growth rate and poor
water loss control, as well as the intolerance of varied environmental factors (Page,
2002). And another possibility is the carbon demands of PN in gap sites were
higher, so the NSC was translocated to the sink organs (rhizomes) at a faster rate.
Relevant studies on gas exchange and carbon isotope should be done to determine
which one is the cause for the reduction of NSC levels in gap sites for PN.

CONCLUSION

The present study investigated the effects of gap thinning on levels of
NSC and its components of PF and the co-occurring fern PN in the dense spruce
plantation. The results supported our assumption that the two species had distinct
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responses of NSC levels to the gap creation. PF possesses higher NSC levels in gap
sites than in the understory. However, the result was reversed for PN. Our study
indicated that the shade-tolerant moss PF could benefit from gap formation. On
the contrary, gap creation might inhibit the net photosynthesis of PN or accelerate
its translocation rate of NSC from leaves to sink organs. More physiological
measurements such as gas exchange and carbon isotope are needed to more
deeply understand the responses of the forest floor plants to gap creation. Wider
researches focus on plants within different growth or life forms are also required
to extend our knowledge on the eco-physiological impact of gap formation to the
understory plants.
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