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The alterations of plant composition and diversity pose a threat to the stability
of the carbon pool in boreal peatland under climate change. We collected the
samples of three plant functional types (deciduous shrubs, evergreen shrubs,
and sedge) in seven permafrost peatlands of the Great Hing'an Mountains,
China, and measured the properties of total carbon (TC), nitrogen (TN), and
phosphorus (TP), their stoichiometric ratios (C:N, C:P, and N:P), and the stable
isotope values (5°C and §'°N) of six tissues (ranging from leaves to roots). For
TC, TN, and TP, the contents had an average of 470.69+1.56, 8.03+0.23, and
1.71+0.61mg-g™, respectively. TC contents of sedge were lower than those
of shrubs for the whole plant. The allocations of N and P to shrub leaves
were higher than to stems and roots. There was a similar trend of TN and TP
contents, and stoichiometric ratios from leaves to roots between deciduous
shrubs and evergreen shrubs. Shrubs and sedge have similar C: N in leaves
and fine roots, while leaves of sedge C:P and N:P ratios were higher than
shrubs, mainly showed that sedge is N and P co-limitation and shrubs are
N limitation. The values of 8C and &8N were significantly higher in leaves
and roots of sedge than those of shrubs, which means shrubs have higher
nutrient acquisition strategies. These results support the shrubs are expanding
in the boreal peatland under climate warming through nutrient competition.
TC contents of all deciduous shrubs and sedge tissues were positively linear
correlated to MAT and the values of §*°C and &N in sedge had significant
relationships with MAT and MAP. Our results imply warming can increase plant
photosynthesis in boreal peatland, and sedge was more sensitive to climate
change. These findings would be helpful to understanding the responses of
different plant tissues to climate changes in permafrost peatland.

KEYWORDS

boreal peatland, ecological stoichiometry, plant functional types, stable carbon
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Introduction

The global peatland area only accounts for 3% of the land area
(Yu et al,, 2010), but with the highest carbon content among all
terrestrial ecosystems (Dise, 2009). It was an important global
carbon sink and played a key role in mitigating climate change
(Gorham, 1991; Beaulne et al., 2021). Plants are an important part
of peatland systems, which fix carbon through photosynthesis
(Bubier et al., 1999). However, peatland plants have been great
changes under climate change (Sun et al., 2010a; Bragazza et al.,
2013). Some studies find that shrubs have been expanded in the
peatland with warming (Meier and Bowman, 2008; Lyons et al.,
2020), while other studies show that graminoids are more sensitive
to climate change (Sun et al, 2010b, 2011). These different
feedbacks are dependent on vegetation types and research scales
(Gao et al., 2006). Nevertheless, more studies focus on
aboveground plant dynamics, few studies investigate the changes
in plants belowground under climate change (Lyons and Lindo,
2020; Malhotra et al., 2020).

Plant functional types (PFTs) in peatland, which are deciduous
shrubs (DS), evergreen shrubs (ES), and sedge, have different
carbon cycle pathways and nutrient acquisition strategies (Aerts
et al., 2009). Plant stoichiometric characteristics can reflect the
utilization of nutrients among different plant species (Liu and Hu,
2020). The higher C: N and C: P ratios can show the higher
utilization efficiency of N and P by plants (Herbert et al., 2003; Xu
etal,, 2022); the lower C: N ratio can characterize that plants have
a shorter life span (especially for roots Yu et al., 2022), higher
growth rate (Gusewell and Koerselman, 2002; Liu and Hu, 2020),
and a fast decomposition rate (Liu et al., 2022); the N:P ratio is
closely related to nutrient availability, and can act as an indicator
of types of nutrient limitation (Gusewell, 2004). However, it is still
few studies that present stoichiometry extent ranging from leaves
to roots in peatland PFTs. It is essential to understand the
relationships between belowground changes and nutrient cycling.

The stable carbon and nitrogen isotopes in plant different
tissues can provide information on plant response to present
environmental conditions (Dawson et al.,, 2002). Climate warming
and environmental change can influence the stable isotope
abundance of plants. More "*C could be consumed with increasing
temperature (Smith et al., 1973; Welker et al., 2003; Rao et al,,
2017) and humidity (Amesbury et al., 2015). On the one hand,
higher temperature increases enzymatic activity in photosynthesis,
thereby affecting carbon isotope fractionation (Farquhar et al.,
1989). On the other hand, the opening of plant stomata in a humid
environment results in increased stomatal conductance (Smith
et al,, 1973), leading to a decreased CO, concentration gradient
between the inside and outside of plants (Su et al., 2000), which
ultimately reduces 8"°C. There was a study found that plant §"°N
values have been negatively correlated with temperature, which
thought that lower temperature enhanced the viscosity of soil
solution, leading to water stress of plants, thus increasing the 8°N
value of plants (Liu et al., 2018). There are some research indicates
that carbon and nitrogen stable isotopes can also reflect limiting
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nutrients for plant growth (Piao et al.,, 2004; Clarkson et al., 2005)
and the sources of nutrient elements to a certain extent (Welker
et al., 2003; Hobbie et al., 2009). However, carbon and nitrogen
isotopes just have been conducted in peatland plant leaves. The
belowground biomass of plants was much higher than
aboveground in boreal peatland (Wang et al., 2016). Therefore, the
relative study of plant roots would be helpful to understand the
responses of plants to climate change.

In this study, we collected samples of different plant tissues
(i.e., leaves and roots of sedge, leaves, green stems, brown stems,
fine roots, medium roots, and coarse roots of shrubs) in five
species falling into three plant functional types, namely deciduous
shrubs, evergreen shrubs, and sedge in seven typical permafrost
peatlands, and analyzed the total carbon (TC), nitrogen (TN), and
phosphorus (TP) contents, 8°C, and "N values. This study
aimed to clarify the different contents of TC, TN, and TP, and
carbon and nitrogen isotopes among three PFTs and tissues
(leaves, stems, and roots), and to explore the relationships between
these plant properties and environmental factors. As mentioned
above, a lower C: N ratio can be used as an indicator of a higher
plant growth rate, so we hypothesized that the C: N ratio would
be significantly negatively correlated with mean annual
temperature (MAT). In addition, we hypothesized that the carbon
and nitrogen isotopes of deciduous plants would be negatively
correlated with MAT and mean annual precipitation (MAP).

Study area, materials, and
methods

Study area and a description of plant
species

The study area of the current study is in northern Great
Hing'an Mountains, Northeast China (50°0702”-53°33'42”N,
121°10°53”"-127°01"21"E) and represents a typical permafrost
peatland. This area has an average altitude, mean annual
temperature, and mean annual precipitation of 573 m, —3°C, and
400 mm, respectively. The study area shows seasonal rainfall, with
over 80% falling between June and August (Sun et al., 2011).
Shrubs constitute the dominant vegetation type in the study area.
Deciduous shrubs mainly include Betula fruticosa, Vaccinium
uliginosum, and Salix myrtilloides. Evergreen shrubs include
Ledum palustre, Chamaedaphne calyculata, and Rhododendron
lapponicum. Sedges include Carex globularis and Eriophorum
and forbs
Polygonatum odoratum. Bryophytes mainly include Sphagnum

vaginatum, include Saussurea amurensis and
palustre and Bryum argenteum. Therefore, the peatland plant
community in the study area consists of a shrub-sedge-moss
structure, with an obvious and simple vertical structure.

Seven typical permafrost peatlands were examined in the
present study (Figure 1; from north to south: Beijicun (BJC),
Tugiang (TQ), Amuer (AME), Pangu (PG), Tahe (TH), Huzhong
(HZ), and Xinlin (XL)). A handheld global positioning system
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FIGURE 1

Seven typical boreal peatland sites in the study area of the present study. MAT, mean annual temperature; MAP, mean annual precipitation; ALT,
altitude. Sites: BJC, Beijicun; TQ, Tugiang; AME, Amuer; PG, Pangu; TH, Tahe; HZ, Huzhong; XL, Xinlin. The same below.

125°E

(GPS) was used to record the longitude, latitude, and altitude of
each site. This study collected samples from common dominant
plant species (i.e., C. globularis, B. fruticosa, V. uliginosum,
L. palustre, and C. calyculata) in these sites.

Sampling and chemical analyses

During the sampling of sedge tissues, leaves and roots samples
were collected, with three replicates of each sample taken from
1x1m plots and 21 plots in total. During the sampling of shrub
tissues, samples of leaves, green stems, brown stems, fine roots
(0-2mm), medium roots (2-5mm), and coarse roots (>5mm)
were collected in triplicate in the above 21 plots. Each final sample
was expressed as the mean of the three replicates + standard error
(SE). Leaf and stem samples were placed into kraft paper bags,
marked, and dried in an oven at 65°C to a constant weight.
Impurities (roots of other plants and peat soil) were removed from
roots samples, after which the samples were placed in bags and
dried. A ball mill was used to fully crush plant samples to be tested.
The present study implemented a dispersed sampling regime to
avoid as far as possible plants affected by pests and diseases.
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Properties of C, N, and P

The total carbon (TC) content of plants was determined by the
combustion method. Here, glucose (400 mg C-g™') was used as the
standard, 15+ 2 mg of each plant to be tested was extracted, and a
total organic carbon analyzer (TOC-Lcph SSM-5000A, Shimadzu,
Japan) was used to determine the TC content.

A continuous flow analyzer (Seal AA3, Seal, Germany)
was used to determine total nitrogen (TN) and total
phosphorus (TP) contents. A 100 mg subsample of each plant
to be analyzed was placed into a 50-mL digestion tube, three
blank controls were set, and a catalyst was added along with
98% concentrated sulfuric acid. After 8 hours, the solution was
boiled until achieving transparency and then allowed to cool
to room temperature. Deionized water was then added to the
sample to a volume of 50 ml to form the sample solution to
be tested. From the sample solution to be tested, 2ml was
extracted and diluted five times using deionized water.
Ammonium sulfate solution was then used as a standard to
determine the sample N content. A sub-sample of the sample
solution to be tested was mixed with 7.2 M sodium hydroxide
at a ratio of 3:1, following which potassium dihydrogen
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phosphate solution was used as the standard to determine the
content of P.

Stable isotopes of **C and **N

A 100 mg subsample of the sample to be tested was extracted
for the measurement of *C: C and **N: N ratios of CO, and N,
using an elemental analyzer gas stable isotope mass spectrometer
(EA-IRMS, Thermo Fisher; Farquhar et al., 1989). Isotope ratios
were converted to “5” unit: 8 (%o) = [(Rumpie / Rytandara) — 1] % 1,000,
where Rympe and Ryuaaa are the PC: C or "N: “N molar
abundance ratios of the sample and standard (PDB or atmospheric;
Farquhar et al., 1982; Spasojevic and Weber, 2021).

Data analysis

One way analysis of variance (ANOVA) was used to test the
differences in plant properties, stoichiometric ratios, and 8"*C and
8N among sites, PFTs, and tissues of plants. Pearson correlation
analysis was used to analyze the correlation between C, N, and P
contents, §"*C and 8'°N, and environmental factors. The MAT and
MAP data for each site were downloaded from the National
Meteorological Science Data Center'. Dataanalysis and mapping
tools used in the present study included ArcGIS 10.2, Excel 2010,
Origin 2022, and SPSS 28.0.

All data at each site were expressed as the mean+ SE when
analyzing the differences among sites, whereas the mean + SE of
all data of each category in each site was used when analyzing the
differences among PFTs or tissues. Leaves and roots of sedge
correspond to leaves and fine roots of shrubs, respectively, when
the results were analyzed.

Results

Stoichiometry, §*C and 8°N among all
sites

The TC of boreal peatland plants in the Great Hingan
Mountains ranged from 381.28 to 547.40 mg-g~', with an average
0f470.69+1.56 mg-g™'; TN ranged from 1.12 to 30.15mg-g™', with
an average of 8.03+0.23mg-g™’; TP ranged from 0.36 to
12.98 mg-g', with an average of 1.71+0.61 mg-g™'; C: N ranged
from 16.49 to 382.57, with an average of 79.41 +1.92; C: P ranged
from 39.37 to 1323.04, with an average of 388.89+9.84; N: P
ranged from 0.56 to 33.82, with an average of 5.89 £ 0.17; the §"°C
value ranged from —31.62 to —25.19%o, with an average of
—29.16 £0.05%o, and the 8"°N value ranged from —7.66 to 2.83%o,
with an average of —4.39 +0.08%o.
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There were differences in plant properties, stoichiometric
ratios, and isotope values among the different permafrost
peatlands (Table 1). The TC and TN contents of plants in XL and
TH sites exceeded those of other sites, whereas plants in XL and
BJC sites had the highest TP content. The highest C:N ratio was
found in TQ, whereas the highest C:P and N:P ratios were found
in plants in PG and TH. The highest §"C value was found in BJC,
whereas the §"°N value in TH was significantly higher than those
of other sites (p <0.05).

Plant properties and stoichiometric ratios
among PFTs

Sedge showed the smallest TC content both in leaves and
roots (p<0.05; Figure 2A), its TN content in leaves was
significantly lower than that of DS (p <0.05), and similar to that of
ES (Figure 2B). The TP content of sedge was significantly lower
than that of shrubs in leaves (p <0.05), but slightly higher than that
of shrubs in roots (Figure 2C). The C:P and N:P ratios of sedge
were significantly higher than that of shrubs in leaves (p <0.05),
but lower in roots (Figures 2E,F).

There was a similar change trend of different functional
shrubs in properties and stoichiometric ratios among leaves,
stems, and roots, but there were differences in quantity (Figure 2).
The TC, TN, and TP contents and N: P ratio decreased from
leaves to roots, except fine roots (Figures 2A-C,F). On the
contrary, the C: N and C: P ratios of shrubs increased from leaves
to roots, but appeared low values at fine roots, obviously
(Figures 2D,E). In addition, the TC content of ES was significantly
higher than that of DS, especially in leaves, except for green stems
and fine roots (p>0.05; Figure 2A). The TN content of DS was
higher than that of ES from the whole plant (p <0.05; Figure 2B).
The C: N ratio of DS was lower than that of ES (p <0.05), and the
difference was larger at the roots (Figure 2D), indicating that
deciduous shrubs had faster root growth. ES had a higher C: P
ratio than DS in medium and coarse roots (p <0.05; Figure 2E),
while had a lower N: P ratio in green stems, brown stems, and fine
roots (p <0.05; Figure 2F).

8C and 8N among PFTs

There were differences in §"°C and §"°N among different PFTs,
especially the values of sedge were significantly higher than those
of shrubs (p <0.05; Figure 3).

The 8"C value of ES was lower than that of DS, except for
coarse roots (Figure 3A). For sedge, the 8"°N values in leaves were
significantly higher than those of roots (p <0.05), while the values
of shrubs gradually increased from leaves to roots, with the
largest value in fine roots (Figure 3B). The 8"°N value of DS was
higher than ES, but it decreased from fine roots to coarse roots,
and the values were lower than that of ES in coarse roots
eventually (Figure 3B).
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TABLE 1 Mean properties, stoichiometric ratios, and isotope values of plants at each site.

Sites TC/mg-g™" TN/mg-g'  TP/mg-g™’ C:N ratio C:P ratio N:P ratio 8C/%0 8°N/%o

BJC 455.14+4.65d  747+055abc  220£020ab  75.58+4.67bc  293.16+21.52¢ 430+0.33¢ —2862+0.152  —4.67 +0.22b
TQ 456.17 + 4.39d 6.62 + 0.48¢ 1.84+0.14bc  9401+552a  360.75+2519bc  4.69+037bc  —2935+0.12c  —4.46+0.17b
AME 457.67+371d  8.04%0.53abc 1.64+0.10c  79.03£6.03bc  365.36+24.29b 563+034b  —2896+0.13ab  —4.50+0.18b
PG 47878 £2.89bc  8.64 % 0.58ab 1.17+£0.08d 7401 +475bc  496.80 +22.83a 8.42+0.65 -2052+0.16c  —4.54+021b
TH 487.77 + 2.67ab 9.25+0.79 1.15+0.43d 69.90 +4.27¢ 488.14 +27.53a 7.77 +0.37a -2039%0.12c  —3.12+024a
HZ 468.79 + 3.87¢ 702+052bc  1.57+0.08cd  8537+476ab  341.13£1698bc  473%036bc  —28.89+0.16ab  —4.75+0.29b
XL 49157 +3.53 9.19+0.77a 232+027a  7436+40lbc  370.23 +29.56b 556+035b  —29.23%0.1lbc  —4.39+0.21b
Mean 470.69 = 1.56 8.03 +0.23 1.71£0.61 79.41 £ 1.92 388.89 +9.84 5.89+0.17 ~29.16  0.05 ~4.39+0.08

Mean, mean value of each site. Different letters indicate significant differences between the same column, p <0.05. Data displayed in the table are mean value + standard error (SE) of all

data (including leaves, stems, and roots) in each site.
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The TC (A), TN (B), and TP (C) content, C:N (D), C: P (E) and N: P (F) ratios among different plant functional types (PFTs) and tissues. Ds, deciduous
shrubs; Es, evergreen shrubs; L, leaves; GS, green stems; BS, brown stems; FR, fine roots (0—2mm); MR, medium roots (2—5mm); CR, coarse roots
(> 5mm). Data shown are the mean value + standard error (SE) of all same tissues within PFTs. The same below.

Relationships between values of
properties, stoichiometric ratios, and
isotopes and environmental factors

The TC contents from the whole plants of DS and sedge were
significantly positively correlated with MAT (p<0.01), but these
contents of leaves, green stems, and coarse roots were significantly
positively  correlated  with ~ MAT ES (p<0.05;
Supplementary Table S1). The TN contents of leaves, fine roots,
and medium roots in DS, brown stems and fine roots in ES, and

in

leaves in sedge were significantly positively correlated with MAT
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(p<0.05). There were negative correlations between TP contents
of fine roots in DS and roots in sedge and MAT (p<0.05). The
MAP has effect the
(Supplementary Table S2), especially the TC content of DS was
significantly positively correlated with MAP (p <0.05).

also an on plant  properties

There were no significant relationships between MAT and
MAP and &"C values of all tissues for DS (p>0.05). The 8"°C
values of leaves, green stems, and fine roots in ES were significantly
more negative with increasing MAT (p<0.05; Figure 4). There
were significant correlations between the 8"°C values in leaves of
sedge and MAT, but not in roots (p <0.05; Figures 4A,C). "N
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values of leaves and roots in sedge, green stems and brown stems
in deciduous shrubs were significantly positively correlated with
MAT (p < 0.05; Figures 5A-D). §"°C values of leaves in sedge and

—=—DS
—e—ES
—A— Sedge

Tissues

FIGURE 3
8%C (A) and 8N (B) values among different plant functional types
(PFTs) and tissues.

10.3389/fevo.2022.1071947

medium roots in evergreen shrubs were significantly negatively
correlated with MAP (p < 0.05; Figures 6A,B). 8N values of
leaves and roots in sedge, green stems and brown stems in
deciduous shrubs were significantly positively correlated with
MAP (p < 0.05; Figures 6C-F).

Discussion

Properties and stoichiometric ratios in
peatland plants

In this study, the TC contents of sedge tissues were lower than
those of shrubs. A similar result was found in the ombrotrophic
peatland of Switzerland (Gavazov et al., 2016). Shrubs have more
lignin, which may result in higher TC content than sedge
(Kastovska et al., 2018; Yu et al., 2022). All tissues of deciduous
shrubs showed higher TN content and lower C: N ratio than
evergreen shrubs, which means that deciduous shrubs have high
resource acquisition strategies and growth rates (Liu and Hu,
2020), especially for the roots. TP content was not changed greatly
for whole plants between deciduous and evergreen shrubs, but the
C:P ratio of evergreen shrubs was significantly higher than that of
deciduous shrubs in the medium and coarse roots. This was also
confirmed that deciduous roots grow faster. In our study, the TN,

FIGURE 4

roots (C), and medium roots (D) and MAT.
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and TP contents decreased from leaves to roots, except for fine
roots. It means that the fine roots have a high metabolic rate,
which needs higher N and P to maintain normal physiological
activities (Yu et al., 2022). Fine roots are the main tissues that
absorb mineral nutrients from soil, so the TN and TP contents are
higher than those of coarse roots (Nadelhoffer, 2000; Xu et al.,
2012; Yu et al., 2022). Fine roots absorb nutrients from soil, then
most nutrients are transported to aboveground tissues and
accumulated in the stems and leaves (Piao et al., 2004; Wang and
Moore, 2014). This causes higher TN and TP contents in leaves.
The plant TN contents of the study area were lower than those
of plants in forest peatlands of the Great Hingan Mountains (Liu
and Hu, 2020), in marsh of Sanjiang Plain (Lou et al., 2012), and
in wetlands of Europe (Gusewell and Koerselman, 2002). Nitrogen
was in general the nutrient limiting the growth of peat plants in
permafrost of the Great Hing'an Mountains (Liu et al., 2022), as
shown by the plant stoichiometric ratios of peatlands in Canada
(Wang and Moore, 2014). It is generally believed that an N: P
ratio < 10 or > 20 represents N or P limitation respectively, whereas
a ratio of between 10 and 20 represents co-limitation of N and P
(Gusewell, 2004). Our study showed a mean N: P ratio for all
plants and tissues was 5.86 (<10), representing a strong N
limitation. Furthermore, the N: P ratio in leaves of sedge
(11.61+1.83) was much higher than that of deciduous and
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evergreen shrubs (8.50+0.74 and 7.36+0.55, respectively),
indicating that the growth of sedge was limited by N and P, while
shrubs were limited by N. Shrubs have been expended in boreal
peatland under climate warming and permafrost degradation by
increasing N availability (Bragazza et al., 2013; Lyons et al., 2020;
McCabe, 2020; Song et al., 2021). Only N limitation of shrubs
could be one of the reasons that climate change promotes shrub
growth, while sedges would continue to be limited by P.

&C And 8N in peatland plants

There was little difference in §"°C values among tissues but
varies greatly among different PFTs in our study. The §"°C values
of leaves and roots were the highest in sedge (p<0.05), which
might be due to the low content of lignin and lipid (Hobbie and
Werner, 2004). The 8"C values of all shrubs tissues were lower
than those of sedge tissues, especially for roots, which indicated
that shrubs had higher internal water use efficiency and lower
stomatal conductance (Brooks et al., 1997). In addition, the high
nutrient contents in plants could also improve the photosynthetic
capacity of plants (Li and Huang, 2009), thus making the §"C
value more negative. Those indicated that the nutrient flow in
shrubs was faster, and could also support that shrubs in peatlands
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have higher nutrient acquisition strategies (Li, 2015). Furthermore,
variations in the carbon isotope composition of CO, available for
photosynthesis may have an impact on this disparity between
species (Galimov, 2000). Some studies have found that differences
in growth morphology among species, such as plant stature and
canopy density of vegetation, will cause changes in 8" C value
(Brooks et al., 1997; Amesbury et al., 2015). We found that C: N
ratios were negatively correlated with 8"°C in deciduous leaves
(p<0.01; Supplementary Table S3), which may be explained by the
hardly decomposable compounds (cellulose, etc.) in shrubs
(Werth and Kuzyakov, 2010). There was also a significant positive
correlation between &”C and TN of deciduous leaves
(Supplementary Table S3), which may be partly related to the
photosynthetic process (Welker et al, 2003; Moore and
Bubier, 2020).

In our study, the 8N values of sedge were significantly
higher than those of shrubs (p <0.05). The sedge has long roots
which could absorb stable organic nitrogen (Makarov et al., 2014;
Feng et al., 2016) or inorganic nitrogen in deep soil (Hobbie and
Hobbie, 2006). This led to higher 8N values for the whole plant
in sedge. Furthermore, it may be that sedges use ammonium salts
in a larger proportion than nitrate, which will also cause a slight
enrichment of plant 8N values (Welker et al., 2003). Shrub in
peatland is the mycorrhizal plant. ”N could be consumed by
mycorrhizal fungi during plant nitrogen transport and depleted
by mycorrhizal fungi, resulting in lower "N in the shrubs
(Michelsen et al., 1998; Asada et al., 2005; Clarkson et al., 2005).
Our results showed that §'°N values of fine roots were higher than
the other tissues for shrubs. Mycelium is surrounded in the tips
of fine roots with rich "N (Michelsen et al., 1998; Welker et al.,
2003), which leads to high 8N values in the roots (especially in
fine roots) of shrubs. In deciduous brown stems, the §"°N was
positively correlated with TN (p <0.01), but negatively correlated
with C: N ratio (p<0.01; Supplementary Table S4). Skrzypek et al.
(2008) showed a similar result, indicating that 8"°N reflects the
isotopic composition of nitrate assimilated from water. Gavazov
et al. (2016) reported that the content of exchangeable nitrogen
in soil can affect 8°N abundance. Future studies should combine
soil properties and PFTs.

In brief, different PFTs and tissues had different ways of
obtaining and using nutrients. For both 8"”C and 8"N values,
there was a clear change in the trend at the coarse roots (Figure 3),
which may be due to root depth (Nadelhoffer et al., 1996; Kohzu
et al., 2003) or other reasons. The belowground studies are still
limited in peatland and relative studies would be helpful to assess
the N cycling and C dynamics in boreal peatlands.

Response to the environment

Our study indicated that all tissues of deciduous shrubs and
sedge showed positive linear correlations between TC contents and
MAT (p<0.01), whereas the TC contents of leaves, green stems, and
coarse roots in evergreen shrubs were significantly positively
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correlated with MAT (p<0.05). This means that warming can
increase plant photosynthesis, thereby promoting plant growth (Wu
etal, 2019; Zhang et al.,, 2019), especially for deciduous plants. In
addition, we found that the TN content and N:P ratios of deciduous
shrubs and sedge were more positively correlated with MAT than
evergreen shrubs. This indicated that deciduous plants might
become the dominant species of the community, fundamentally
altering the peatland ecosystem function (Moore and Bubier, 2020),
and even affecting the carbon pool balance of peatland. There was a
negative correlation between C: N ratio and temperature in a
warming experiment (Liu et al, 2022). But in our study, with the
increase in temperature, the C:N ratio has a downward trend but has
not reached a significant level, which was different from our first
hypothesis. The plant growth in peatlands would be more complex
under climate warming. The TC contents of all tissues in deciduous
plants were also positively correlated with MAP (p<0.01). While
other properties and stoichiometric ratios did not respond as
sensitively to MAP, it means precipitation mainly influenced the
plant C fixation in the peatlands.

The 8§"C of leaves and green stems in evergreen shrubs, and
leaves in sedge showed a negative correlation with MAT in our
study. One direct explanation for this observation was that plants
close their stoma to avoid excessive evaporation due to a
temperature rise, resulting in a decrease in 8°C (Rao et al., 2017).
Another explanation was that temperature indirectly affects §°C
by using N (Welker et al., 2003). Previous studies had shown that
the melting of permafrost would release a large amount of
available nitrogen for plants and increased the nutrient circulation
rate (Keuper et al., 2012). These changes could influence stomatal
density and leaf thickness, thereby reducing "C of plant tissue
(Piao et al., 2004). Rao et al. (2017) showed that more negative
13C values occurred in wetter environments, whereas some
studies believed that there was no correlation between “C and
humidity (Skrzypek et al., 2007; Amesbury et al., 2015). The latter
point was similar to our study, there was no significant correlation
between 8"°C of leaves in shrubs and MAP. It is probably because
the permafrost peatland may have sufficient water conditions and
shrubs have higher absorption capacity. MAP did not significantly
influence the 8"*C of aboveground tissues in shrubs.

Most previous studies focused on the influence of mycorrhizal
types on 8"N values (Michelsen et al., 1998; Clarkson et al., 2005;
Moore and Bubier, 2020), but only a few studies had shown the
relationship between 8N values and environmental factors.
We found that "N of deciduous stems and sedge were significantly
positively correlated with MAT, which was contrary to our second
hypothesis. The activity of nitrifying bacteria increased with warming
(Kang et al,, 2011), and the higher temperature increased the net
nitrification potential of soil or increased the soil nitrogen cycle, and
finally lead to N enrichment in plants (Liu et al., 2007). In our study,
the 8"°N value of leaves and roots in sedge was positively correlated
with MAP. Fewer ammonium ions (NH,") will be created in humid
soil, and more dissolved organic nitrogen will be absorbed by the
action of ectomycorrhiza, promoting N enrichment in plants (Kang
etal, 2011).
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Conclusion

Climate warming has changed plant distribution and community
structure, which will threaten the carbon pool balance of boreal
peatland. We explore the nutrient utilization of different plant
functional types and allocation among different tissues (ranging from
leaves to roots), and reveal the adaptive survival strategies of different
functional plants in boreal peatland to the environment
comprehensively. Compared with sedge, shrubs have higher TC
contents, and shrubs have a large allocation of nutrients to leaves.
Deciduous shrubs have high resource acquisition strategies and
growth rates than evergreen shrubs, especially in roots. The growth
of sedge is limited by N and P whereas shrubs are limited by N. And
shrubs have been proven to have a higher nutrient acquisition strategy
in our study, which also explains the shrub expansion of boreal
peatland. The rising temperature can increase plant photosynthesis in
boreal peatland, and sedge is more responsive to climate change. To
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better understand the effects of climate change on the carbon pool of
boreal peatland, however, future research still needs to incorporate
plant properties with litter, soil, and even surface water research.
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