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Abstract:

Plant growth elements, particularly nitrogen (N) and phosphorus (P) g vital for their growth and
development, particularly for understory vegetation and their excess limits the net productivity of
terrestrial ecosystems. This study focuses on the understory vegetation responds and adaptation to
key essential nutrients under changing climate scenarios in subtropical evergreen broad-leaved
forests, still needs research attention. this, we set up an experiment taking four treatments in a 50-
year-old Castanopsis sclerophylla secondary forest under (a) control (CK), (b) N, (c) P, and (d)
combined N and P addition, applied to natural forest regeneration seedlings of C. sdemphy&

attained similar growth parameters . In addition, carbon, N,
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P, and non-structural carbohydrates (NSC) were determined

in different parts of seedlings. Results show that the combined N+P application enhanced
the N and P by 14.48%—140.55% in the seedlings in both dry and wet seasons, respectively.
However, during wet season, the content of NSC in % plant leaves significantly exceeded under
P addition. Remarkably, CK showed increased P in the growing season but lower during the dry
season. Furthermore, the root starch content of seedlings showed a significant increase under the
application of N and P compared to combined N+P, ranging between 45.60% and 58.70%. Overall,
the plant growth is attributed to N and P intake. The nutrient addition and seasonal variations have
a coupled effect on seedling growth as proved in the in the natural open forest experiment. The
study outcomes emphasize that the alterations in NSC allocation in the roots and leaves of C.
sclerophylla seedlings under N+P addition could enhance their adaptation to future global climate

changes, drought conditions, and high N concentrations.

Keywords: Castanopsis sclerophylla; Non-structural carbohydrates; Subtropical broad leaved;

Secondary forest; Seedling

1. Introduction
Plant essential elements nitrogen (N) and phosphorus (P) are indispensable for their gro and

development, playing pivotal roles in sustaining the terrestrial ecosystem's net primary
productivity (Dickman et al., 2015; Zheng et al., 2016; Feng & Zhu, 2021). However, theiﬁatural
distribution is highly uneven, limiting ecosystem productivity in regions with deficient N and P
(Giisewell, 2004; Elser et al., 2007). With the advent of industrialization, N deposition has
escalated, leading to a progressive saturation of forest ecosystems with N (IPCC, 2018). On the
contrary, P deposition has exhibited relatively low levels compared to N, thereby exacerbating the
limitation imposed by phosphorus in ecological contexts (Verhoeven et al., 1996). Particularly in
tropical, subtropical, and geologically stable areas, P loss over time due to soil weathering has led
to exceediggly low soil P levels, profoundly influencing ecosystem structure and productivity
(Dickman et al., 2015; Zheng et al., 2016; Feng & Zhu, 2021; Li et al., 2024b).

Typically, plant photosynthesis and growth are hampered by drought, thereby impacting biomass
allocation and growth rateﬁlowever, studies about the intricate interplay among N, P, and water
on biomass are still rare (O'Brien et al., 2014; Mo et al., 2021). Photosynthesis is the primary

avenue for plants to synthesize carbon elements for biomass accumulation. Studies elucidate that
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a significant portion of leaf N is directed towards diverse photosynthetic mechanisms (Guan &
Wen, 2011; Liu et al., 2019), influencing carboxylation capacity and electron transfer rates (Guan
& Wen,2011). In the short term, N deposition can elevate leaf nitrogen content, foster the synthesis
of photosynthetic pigments, enhance nutrient accHnulation, and stimulate plant growth, thereby
augmenting biomass accumulation (Feng & Zhu, 2021; Liet al., 2021). Zak et al. (2000) studied
the impact of varying N levels for tree biomass, and outcomes revealed a notable enhancement in
tree biomass concomitant with increased N concentration, marking a remarkable 200% increase
compared to low N conditions. Moreover, the augmentation of above-ground growth paralleled
the increase in N application. Furthermore, it also underscores the pivotal role of N in bolstering
plant growth and biomass accumulation, offering valuable insights into optimizing nitrogen
management strategies to enhance vegetation productivity.

Nonstructural carbohydrates (NSC) regulﬁ physiological stress and serve as substrates for plant
growth and metabolic processes (Ouyang etal.,2016; Liu et al, 2018a; Liu et al., 2018b). The NSC
flow and distribution among plant organs reflect the delicate balance between carbon uptake and
consumption (Aubrey & Teskey, 2018). Research has demoarated that adding N and P can
influence the NSC and its distribution in entire plant organs (Xiao et al., 2017; Li et al., 2021).
During NSC synthesis, leaves serve as the primary organs. Following synthesis, NSC initially
gfills the requirements of the leaf before being gradually transported downwards and ultimately
stored in the plant root. N and P addition enhances leaﬁapacity to produce NSC, resulting in a
typical NSC content order of leaves > roots > stems (Li et al., 2016; Mo et al., 2020). Soluble
sugars, acting as signaling molecules, enable cells to adapt to environmental fluctuations and
participate in cellular osmoregulation. The soluble SEI’ content reproduces the plant's capability
to adapt to its environment {Q some extent (Ouyang et al., 2016; Mo et al., 2020. However, there
are discrepancies regarding Ee influence of N and P application on plant NSC accumulation and
distribution. For instance, Hanfa et al. (2000) reported decreased soluble sugar content with
increasing N addition. Zhang et al. (2000) observed variable leaf-soluble sugar content responses
to N addition across different plant species. Similarly, the impact of P addition on plant nutrient
partitioning exhibits varying results; Li et al. (2016) observed an increase in leaf NSC content with
P addition, whereas Wu et al. (2022a) reported a decrease. Consequently, the precise impact of N
and P on N accumulation and distribution remains inconclusive, necessitating further

investigation (Han et al., 2005; Wu et al., 2022a).
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Earlier studies have predominantly focused on assessing the effects of N and P supplementation
on plant leaf nutrient content, photosynthetic activityﬁnd hydraulic characteristics, often
overlooking the significance of other vital plant parts (Han etal., 2005; Wu et al., 2022). However,
it is crucial to recognize that responses observed at the leaf level might not accurately mirrgg the
reactions occurring across the entire plant on a broader spatial and sequential scale (Wu et al.,
2022; Li et al., 2023). This limitation underscores the necessity for investigations that encompass
a more comprehensive perspective. The present study was conducted within a subtropical broad-
leaved evergreen forest to address knowledge gap. Over nine consecutive years, the study
evaluated the responses of naturally regenerated juvenile trees, particularly for the dominant
Castanopsis sclerophylla species within the stand. Increased N deposition was hypothesized to
significantly boost plant biomass accumulation through heightened leaf N content and enhanced
photosynthetic pigment synthesis, leading to increase abo&ground growth. Moreover, studied
mentioned limited understanding of the combined effects of nitrogen (N), phosphorus (P), and
water on plant biomass allocation and growth, as mo:@tudies have focused on individual nutrients
or environmental factors (Wu et al., (2021).Unclear mechanisms of how N and P additions affect
the distribution of non-structural carbohydrates (NSC) across plant organs, particularly how
soluble sugar content varies among species. A need for long-term studies that encompass the whole
plant response to nutrient additions, as previous reseﬁh often focused only on leaf-level
responses, overlooking the broader plant dynamics (Zhou et al., 2021). We hypothesize that N and
P addition will significantly enhance plant biomass accumulation by increasing leat N content and
photosynthetic pigment synthesis, particularly in dominant species like Castanopsis sclerophylla.
P addition is expected to alter the distribution of non-structural carbohydrates (NSC) across plant

ans, leading to variations in NSC content between leaves, roots, and stems. Additionally, the
gects of N and P on nutrient allocation and NSC distribution will vary among species, reflecting

changes in soluble sugar content and nutrient cycling dynamics in subtropical ecosystems. These

hypotheses aimed to investigated long-term impacts on forest ecosystem dynamics by studying
the responses of dominant tree species, providing insights into nutrient cycling and predicting
future vegetation evolution in the subtropical forest. Ultimately, these findings are helpful to serve
as a foundational reference for predicting the trajectory of vegetation success and anticipating the
potential alterations in forest characteristics within future habitats.

2. Materials and Methods
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2.1. Study area

The experimental site was situated within the Rending Mountain Forest Farm, Shitai County,
Chizhou City, Anhui Province, %ina (117° 26' 24" N, 30° 15' 37" W), at an elevation of 120 m.
This region experiences a north subtropical monsoon climate, characterized by high temperatures
during summer, an annual mean temperature of 16.1°C, peaked at 38.8 °C recorded in recent years.
The County receives mean yearly precipitation of 1,626 mm, accompanied by 1,704 4 annual hours
of sunshine and a frost-free period lasting 234 days, on average. The soil was predominantly sandy-
yellow-red loam. The vegetation comprised a broad-leaved evergreen forest, with dominant
species including C. sclerophylla, Quercus acutissima, and Castanopsis eyrei. The area primarily
consisted of secondary forests of C. sclerophylla covering approximately 500 acres, largely
regenerated naturally following logging activities in the 1960s and subsequent forest management

practices over the past five decades.

2.2. Plot design

In August 2011, we established 12 plots (15 m x 15 m) based on four treatments and three
replicates within a 50-year-old C. sclerophylla secondary forest. To prevent nutrient infiltration
interference from runoff between plots, buffer zone of about 10 m was maintained between them,
delineated by signs and pull ropes. A randomized block design was used for the experiment in 12
plots, applying four treatment under different levels subjected 3 plots designated for each treatment
(Zheng et al., 2016). The detail of different nutrient addition included N+P, N, P, and CK is given
in Table 1. N and P were administered via ammonium nitrate (NH4NO3), and c%ium was traced
in superphosphate [Ca(H2PO4)2], respectively. We dissolved these fertilizers in 20 L of water and
sprayed throughout the forest using artificial sprayer, while CK plots received equal water spray

only.

Table 1. Nutrition addition design and implementation plan

Single additions (kg) Equivalent inputs (kg ha™' year™)
Treatments Mean DBH (cm)
NH4NO_‘. CEI(H}PO4)3 N P
(N+P) addition 1.61 5.184 100 50 2143 £047
N addition 1.61 0 100 0 21.26 £0.46
P addition 0 5.184 0 50 2098 £0.72
CK (control) 0 0 0 0 18.93 +£0.50

2.3. Plant growth measurement, sample collection, and processing
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In August 2020, ten seedling of C. sclerophylla of one year age that are naturally regenerated
show comparable vigor were carefully selected within natural secondary forest. Before harvesting,
precise measurements of height (m) and diameter (D) were taken and recorded for these young
seedlings using ordinary tap and caliper (Li et al., 2024a), focusing on the area near thﬁ)il's
surface. These selected samples were carefully dried under controlled temperature of 70°C until a
constant weight was achieved, and their biomas (dry weight) were precisely determined. Then,
samples were accurately sieved, to enable the determination of their C, N, and P contents using
standard methods (Li et al., 2023). Specifically, the Walley-Black's wet digestion method was
employed for C analysis, the Kjeldahl method was utilized for N determination, and the

molybdenum-blue colorimetric method was used for P quantification (Li et al., 2024b). An

assessment of soluble sugars and starch contents was also conductedMitchel et al. (2013), using
ethanol to extract soluble and subsequently quagied through the anthrone colorimetric approach
(Kejla, 2023). The nonstructural carbohydrate (NSC) content was calculated as the accumulative

total of each sample's soluble sugars and starch contents (Zhang et al., 2024).

2.4. Measurement of gas exchange parameters

In August 2020 and January 2021, selection of ten seedlings of C. sclerophylla that exhibited
similar growth characteristics. This selection was made under each treatment condition (CK, N, P,
and &P) during sunny weather, particularly in the morningéom 9:00 to 11:00 am. To determine
key physiological traits such as the stomatal conductance (mol m-2 s-1), leaf net photosynthetic
rate (umol m-2 s-1), and transpiration rate, 3-5 mature healthy, leaves were
chosen from selected seedlings. We sued precise portable photosynthesis meters (model Li-6400
XT, LI-COR) for measuring these factors (Wu et al., 2022a; Wu et al., 2022b). Before taking the
measurements, the experimental condi%ns were predetermined. Specifically, light intenw
was fixed at 1500 pmol mol m? s'! the leaf chamber temperature was maintained at 28°C, and the
CO2 concentration was kept constant at 400 umol mol-1. All measurements were conducted on
the same day to ensure consistency and accuracy. Before recording any data, the collected plant
leaves were stabilized within the leaf chamber for 5-10 minutes, ensuring that each gas exchange
parameter reached a stable state.

2.5, Statistical analysis
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In this comprehensive study, we applied multi-way ANOVA to evaluate the effects of different
factors. Additionally, the t-test identifies si&ificant differences in these parameters between N and
P alteration treatments compared to CK, with a significance standard level set at o = 0.05, was
applied. To gain further insight into plant NSC characteristics and identify the key factors that
shape them, redundancy analysis (RDA) and Monte Carlo tests were performed using Canoco 5
software. Statistical software like SPSS 20.0 were used for data analysis to visualize variations
among the treatments, while GraphPad Prism 8 software and Microsoft Excel 2010 were used for
graphical representations. In addition, we tested the datg applying Pearson's correlation coefficient
to show statistical relations among elemental contents of C, N, and P, and their ratios (C:N, C:P,

N:P), starch, soluble sugars, soluble sugars, NSC contents, and starch ratio.

3. Results

3.1. Effects of N and P on nutrient stoichiometry in C. sclerophylla seedlings

[n the analysis, multifactorial ANOVA showed that elemental contents (C, N, and P) significantly
(p < 0.01) atfected seedling organs and their associated seasonal relationship (Figure 1, Table 2).
During wet season, root absorbed N showed a significant higher intake under CK (p <0.05) than
combined N+4P addition. However, stem N content was notably higher under N treatment
compared to CK, P, and combined N+P treatments. While, N content in the branch content was
significant (p < 0.05) under the P addition and N addition. During the dry season, the foliar P
content under combined N+P treatment was found to be notabl;ﬂgher (21.66%) and 34.34% more
in the CK.. Comparatively, the wet season, the N significantly (p < 0.05) under the same treatment
of N+P in tﬁ dry season. However, the branch's P content under N+P and P addition notably
higher than in the dry season (p < 0.05). In contrast, N addition contributed to the P content of
branches, whichs significantly higher tEn combined N+P, P applications, and CK in the wet
season, ranging from 58.02% to 128.27% (p < 0.05).
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Figure 1.C, N, and P content in different organs of Castanopsis sclerophy@seedlings to N and P addition
during the wet and dry seasonl; Leat C.NP (a..i), branch C,N,P (b.f,j), stem C,N.P (c.g.k), Root C,N,P
(d.h.i), Asterisks indicate significant differences between the same treatments across seasons.

Different treatmﬁs, seasons, organs, and their exchanges significantly (p < 0.05) affected the
elemental ratio (C:N, C:P,énd N:P) of C. sclerophylla seedlings (Table 2). Applying N, P, and
N+P, co&qiderably higher (p < 0.05) CK was found in the wet season (Figure 2). The C:P ratio of
roots in the dry and wet seasons had the same&nd; specifically, the N-added and CK were more
significant (p < 0.05) than other treatments. The leaf N:P ratio under the N addition in the dry
season was significant compared to CK and P addigion, and the CK and P addition showed a higher
ratio under N+P addition. In tI&wet season, the leaf N:P ratio under the N addition was
significantly higher than tIEZK (p < 0.05). The stem N:P ratio was substantially higher 'whe dry
and wet seasons under the N addition (p < 0.05). Under the N addition and CK, the root N:P ratio
was significantly higher (p < 0.05) than the N+P and P additions in the dry and wet seasons.
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Figure 2. C:N, C:P, and N:P ratios in differfJorgans of Castanopsis sclerophylla seedlings to N and P
addit) during the wet and dry season; Leaf C:N, C:P.N:P ratioEiJe.), branch C:N, C:PN:P ratio (b.fj),
stem C:N, C:P.N:P ratio (e.g.k), root C:N, C:P.N:P ratio (d h.i), Asterisks indicate significant differences
between same treatments across seasons.

Table 2 Probability values of three-way ANOVAs for treatments (T) effects, seasons (S), and organs (O)
on each of the physiological traits.

Parapyaters T 5 O TxS Tx0O 5x0 Tx5x0
@t 0.642 0.000  0.000 0.708 0.112 0.000 0.686
N 0.001 0.000  0.000 0.941 0.002 0.000 0.998
] 0.000 0.653 0.000 0.966 0.008 0.970 1.000
C:N ratio 0.000 0.000  0.000 0972 0.000 0.369 0.994
C:P ratio 0.000 0.493 0.000 0.859 0.002 0.846 0.996
N:P ratio 0.000 0.018 0.015 0.980 0.000 0.189 0916
Soluble sugars 0.023 0.185 0.000 0.603 0.001 0.716 0.905
Starch 0.002 0.003 0.000 0.963 0.000 0.414 0.971
NSC 0.001 0.003 0.000 0.902 0.000 0.682 0.974
guble sugars: Starch 0.886 0.000 0.000 0.584 0.010 0.000 0.693

3.2. Effects of N and P additions on NSC characteristics in C. sclerophylia seedlings
In the analysis, C. sclerophylla organ content and treatment-organ interaction showed significant

(p < 0.01) affect on plant soluble sugars, starch, and NSC substances (Table 2). The seedlings

branches soluble sugar content under N+P addition in the wet season was significantly higher (p
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< (0.05) than that of N, P, and control (CK) treatrﬁlts in the dry season (Figure 3). Overall, in both
dry and wet seasons, root soluble sugar content showed a significant increase (p < 0.05) in the P-
added and CK treatments thapin the N (23.49%) and N+P additions (34.17%). Leaf starch content
under N, P-added addition was significantly higher (p < 0.05) compared to the only P-added
addition and CK in the wet season. Root starch content was highest under the N+P addition in both

seasons and was higher (p < 0.05) compared to the CK, ranging from 45.60% to 58.70%.
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Figure 3. Effects of N, P addition on soluble sugars and starch content in different organ of Castanopsis
scleroph)f) seedlings during the wet and dry season, Leaf soluble sugar, starch (a.e), branch soluble sugar,
starch (b.f), stem soluble sugar, starch (e.g), root soluble sugar, starch (dh), Asterisks indicate significant
differences between same treatments across seasons.

Under the N+P and N additions, The leaf NSC content of was significantly higher in the wet

season and found lower in the dry season under LE P-added addition and CK (Figure 4). The NSC
content was significantly higher (p < 0.05) than the N, P, and N+P additions in the wet season in
the. Soluble sugars to starch ratio in foliar under the N+P, P addition, and CK was considerably
higher (p < 0.05) than in the dry season. The starch content of branches under the N addition &s
significantly low (p < 0.05) in different seasons, and the stem soluble sugars to starch ratio was
signiﬁmtly higher (p < 0.05) in the dry season. Significantly, the stem soluble sugars to the starch

ratio in the dry season were higher than in the wet season (p < 0.05).
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Figure 4. Effects of N, P addition on NSC concentrations and soluble sugars:starch ratio in different organ
of Castanopsis sclerophylla seedlings during the dry and wet season, leaf NERJ, SS:st ratio (a.e), branch
NSC, SS:st ratio (b.f), stem NSC., SS:st ratio (e.,g). root NSC, SS:st ratio (d h), Asterisks indicate significant
differences between same treatments across seasons.

3.3. Effects of N and P additions on photosynthetic parameters in C. sclerophylla seedlings

Emspiration rate and stomatal conductance of the C. sclerophylla seedlings in different treatments
varied significantly (p < 0.05) in seasons (Table 3). Tl'ﬁphotosynthesis rate under the N, P-added
addition, N-added addition, and CK were significant in tﬁ dry season (p < 0.05). At the same
time, it was more important than the P-added addition (p < 0.05ﬁ'n the wet season. Overall,
seasonal differences affect the photosynthesis rate, which increased in the wet season compared to
the dry season (p < 0.05) (Figure 5).

Eﬁ: transpiration rate to the photosynthesis rate in wet and dry seasons maintained similar trends.
There was no significant difference (p > 0.05) concerning stomatal conductance under different
additions in tl‘ﬁ wet season. However, the seasonal difference in stomatal conductance under all

additions was higher in the wet season (p < 0.05).
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Figure 5. Effects of N, P addition on photosynthetic rate, transpiration rate, and stomatal
conductance in different organs of Castanopsis sclerophylla seedlings during the wet and dry
season, photsysthesis rate (a), transpiration rate (b), stomatal conductance (c), Asterisks indicate
significant differences between the same treatments across seasons.

73
Table 3 Pmbabi]ity%ues of three-way ANOV As for the effects of treatments (T) and seasons (S) on each
of the physiological traits.

Parameters T S TxS
Photosynthetic rate 0.182 0.048 0.385
Transpiration rate 0.000 0.000 0.747

Stomatal conductance 0012 0.000 0.789

34. Correlation analysis between C, N, and P stoichiometry and NSC characteristics of C.
sclerophylla seedlings

The leaf Cin C. sdempﬁl!a seedlings exhibited a statistically significant positive correlation with
soluble sugars and to the ratio of soluble sugars to starch (p < 0.05). Conversely, there is a
significant negative correlation with starch content (p < 0.05) (Figure 6). Similarly, leaf N content
displayed a significant positive and negative correlation. Leaf P content correlated positively with
soluble sugar content (p < 0.05 Hhe leaf C:P ratio demonstrated significant negative association
with soluble sugar ﬁ)ntent and the N:P ratio. At the same time, there was a negative correlation

with NSC content (p < 0.05).
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Statistically, this study determined the significance of plant C, N, and P trait factors on NSC traits
under environmental factors. The magnitude of importance followed the order of C > C:P>
C:N > N:P > N, with C and P content exerting a significant influence on NSC traits (p <0.05).
During the wet season, the eigenvalues of sorting axes | and 2 were 0.8118 and 0.1129,
respectively. Similarly, as shown in Figure 7, Monte Carlo showed the essential role of plant
carbon, njtrogenﬂld phosphorus trait factors in NSC size traits. Results revealed that the order of
importance was C >N > N:P > C:P> C:N > P, with C and N content exerting a highly significant
influence on NSC traits (p < 0.05).
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4, Discussion

4.1.N and P effects on photosynthesis and plant growth

The forest regeneration growth stage of trees represents the most delicate and responsive phase in
the lifecycle of forest trees. The effect of applying N and P on trees, particularly about tree age,
remains focus of resecent research. Nevertheless, some studies have suggested a stimulatory effect,
indicating positive influence on tree growth and development (Zheng et al., 2016; IPCC, 2018;
Feng and Zhu, 2021). While&her studies have shown an inhibitory effect, the response of young
trees after nutrient addition is related to the tree species and the availability of light, water, and

other site resources (Guan and Wen, 2011; Liu et al., 2019), promote chlorophyll synthesis and
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enhance leaf. However, in this study, photosynthesis did not respond to nutrient addition. This may
be due to the high degree of canopy closure (> 0.8) in the C. sclerophylla stand, resulting in the
understory young trees bﬁg limited by light availability (Guan and Wen,2011; Liuetal., 2018a).
Our results showed that addition N and P had no significant effect on the growth of one-year-old
C. sclerophylla seedlings. In other words, the seedlings did not have enough light energy to drive
CO: assimilation in the understory forest. However, an increase in NSC content showed slight
effect of young trees to the different nutrients abggrbed, which may stimulate their growth potential

in the future under better stand conditions (Zak et al., 2000).

42. Effects of N and P on stoichiometric traits of seedlings

Leaf N content significantly influences the photosynthetic rate of plants. N deficiency can increase
inhibitors, delaying the photosynthetic process and efficiency (Wu et al., 2022a; Wu et al., 2022b).
Decreased N content can reduce chlorophyll and enzyme activity, decrease photosynthetic rate,
and cause metabolic disorders (W wn etal., 2000), P is the second most crucial element affecting
photosynthesis and plant growth, plays a pivotal role in the structure of photosynthetic enzymes.
Changes in leaf P content can notably impact the photosynthetic capacity of plants (Thomas et al.,
2006). Elser's (2007) study found a negative relationship between plant leaf N and P content with
global mean temperature. The findings indicated that, regardless of the wet or dry season, the mean
N content in the CK group of C. sclerophylla seedlings exceeded the national scale value of 20.24
mg ¢! and the global vegetation level of 20.10 mg g''. Similarly, the mean leaf P content was
higher than the standard global value but lower than that reported by 42 plant species in
southeastern China (2.24 mg g''), with a comparison to the leaf P conta of the north-south sample
zone of eastern China being 1.77 and 1.28 mg g', respectively (Wu et al., 2012; Wang & Zheng,
2021; Wuet al., 2022a).

Plant leaf N:P ratios are critical for understanding nutrient limitations, vegetation composition,
and ecosystem functioning in changing environmental conditions. Giisewell (2004) emphasized
that Foliar ratio of N:P exceeding 16 often signifies P-limited plant growth. Our study revealed
that C. sclerophylla seedlings in the CK exhibited leaf N:P ratios well above 16 during the wet
season, whereas the ratios were below 16 in the dry season. Nowy, in the wet season, leaf N
content saw significantly higher leaf N content tha, leaf N content was significantly higher than in

the dry season under CK conditions. In contrast, leaf P content remained relatively stable between
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the two seasons. This suggests that variations in leaf N:P ratios may be influenced by differences
in leaf N content, indicating a more significant effect of N addition on C. sclerophylla seedlings
during the wet season, confirmed in the previous study %u et al., 2022a). This observation aligns
with the seedlings' growth patterns. However, adding P and N+P significantly reduced leaf N:P
ratios in the wet and dry seasons compared to those under N addition. This alleviated the nutrient
imbalanc%aused by prolonged N deposition. Subtropical forests are typically P-limited, and
extended N deposition exacerbates P limitation in the soil (Wang et al., 2023). Plants may respond
by increasing their uptake of external P to meet their growth needs, thus mitigating the long-term
P-limiting pressure and alleviating nutrient imbalances (Zheng et al., 2016). This finding also
implies that P inputs can be beneficial in mitigating the adverse effects of prolonged N

sedimentation on plants (Wu et al., 2022a).

4.3. Effects of N and P on NSC content distribution in seedlings

The soluble sugar content within plants is intricately linked to their resilience against adverse
environmental conditions (Wu et al., 2012). Storing C in harsh environments serves a survival
function rather than supEting growth (Xing et al., 2023). Fluctuations in leaf NSC levels reflect
the combined influence of soluble sugars an&tarch. The NSC content augmentation observed in
C. sclerophylla leaves is primarily attributed to significant rises in soluble sugar and starch content.
This NSC content increases and balances cellular osmotic pressure (Smith & Stitt, 2007), allowing
the plant to adapt to environmental stresses. Stored C will be utilized during a C deficit until
reserves are depleted (Poorter & Kitajima, 2007). However, starch accumulation is attributed to
immobility, whereas soluble sugars can be redirected towards various physiological and metabolic
plant activities. Consequently, leaves and root systems exhibit the highest soluble sugar content
(Chantuma et al., 2009). Photosynthesis, a highly active physiological process, is plants' primary
starch source, explaining the lower starch content observed in C. sclerophylla leaves.

The NSC content within plant organs significantly impacts the plant's ability to respond to
environmental stresses, indicating carbon supply, buffering capacity, plant growth, and adaptive
strategies (Zhang et al., 2024). In wet-season C. sclerophylla seedlings, NSC levels were notably
higher under N+P and N addition compared to P addition and CK. T& observation aligns with
previous findings from subtropical forest studies examining the effects of N and P supplementation

(Blumstein et al., 2022; Zhang et al., 2024). As a direct product of photosynthesis, NSC exhibits a
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strong positive correlation with plant photosynthetic capacity. A heightened photosynthetic rate
facilitates NSC accumulation. However, in the wet season, with phosphorus addition, leaf
photosynthesis of C. sclerophylla seedlings may beﬁable to sustain the higher respiration and
rapid growth demands. Consequently, leaf starch is converted into soluble sugars to support the
plant's needs. This accounts for the decreased starch content under phosphorus addition during the
wet season. Furthermore, N and N+P addition elevated the soluble sugar content in C. sclerophylla
seedling leaves, potentially related to the plant's response to drought stress caused by Warming.
Additionally, NSC content in the root system increased under N and N+P addition, potentially

enhancing the seedlings' drought resistance in dryer environments.
Limitations

While this study provides valuable insights into the effects of N and P additions on nutrient
stoichiometry, NSC content, and photosynthetic parameters in C. sclerophylla seedlings, several
limitations this study considered. First, this research focused on a relatively short time frame, and
the long-term effects of nutrient additions on seedling development remain unclear. Additionally,
the experimental design did not account for potential interactions between nutrient availability and
other environmental factors, such as soil moisture or microbial activity, which could influence
nutrient uptake and metabolism. Lastly, the study was conducted in an open forest environment,

and field conditions may present different responses due to varying environmental stresses.

5. Conclusions

The addition of N, P, and combined N+P significantly increased the N and P content in the stem,
leaf, root, and branches of C. sclerophylla seedlings. The plants actively absorbed these nutrients
and utilized them for growth and development. Moreover, the interaction between nutrient
additions and seasonal variations produced a coupling effect, stimulating a strong plant response.
The NSC content of seedlings' root system increased under N+P additions and N additions alone.
Results further suggest that the foliar eleme% N, C,and P contents in regulating the soluble sugars
and starch metabolism in C seedlings. The negative correlation between the ratio of C:P and NSC
contents indicates that maintaining a balanced nutrient status is essential for optimal carbohydrate
metabolism in these plants. These findings are critical for establishing a foundational reference for

forecasting the path of vegetation development in the region under alterations in forest
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characteristics in the near fﬁlre. Further this suggest that targeted nutrient management strategies,
particularly the balanced addition of N and P, could enhance the growth and resilience of C.
sclerophylla regrowth in response to environmental changes. Furthermore, understanding the role
of nutrient stoichiometry in carbohydrate metabolism may aid in predicting how forest ecosystems

will adapt to climate-driven shifts in nutrient availability and seasonal dynamics.
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