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Plant and soil C:N:P stoichiometry reflects the element content and energy
flow, which are important for biogeochemical cycling in ecosystems. Although
plantation age has been verified to affect leaf C:N:P stoichiometry in alfalfa
plants, its effect on plant and soil C:N:P stoichiometry in grass remains poorly
documented. A 10-year field experiment of Kentucky bluegrass (Poa pratensis)
was used to test how plantation age affect plant and soil C:N:P stoichiometry ina
perennial rhizomatous grass pasture. This study demonstrated that leaf C:N, C:P,
and N:P ratios exhibited a rapid increasing trend from 2 to 6 years of age, whereas
leaf C:N showed a slight decreasing trend, and leaf C:P and N:P maintained
stability from 6 to 9 years of age. Stem C:N and N:P were not different among
plantation ages, while stem C:P increased from 2 to 4 years of plantation age and
then maintained stability from 4 to 9 years of plantation age. Root N:P showed an
increasing trend from 2 to 6 years of plantation age and relative stability from 6 to
9 years of plantation age, whereas root C:N and C:P showed decreasing trends
from 2 to 9 years of plantation age. Although soil C:P did not differ among nine
plantation ages, soil C:N and N:P remained relatively stable from 2 to 6 years
of plantation age. However, soil C:N showed a decreasing trend, while soil N:P
showed an increasing trend after 6 years of plantation age. The results from an
ecological stoichiometric homeostasis analysis further showed that N in the leaf,
stem, and root and P in the stem had strict homeostasis, whereas P in the leaf and
root showed plastic and weakly homeostatic status, respectively. These results
present a pattern concerning the plantation age in relation to plant and soil C:N:P
stoichiometry in a perennial grass and provide useful information for N and P
management in Kentucky bluegrass pastures.
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1 Introduction

Carbon (C), nitrogen (N), and phosphorus (P) are three vital elements for plants,
regulating plant growth and development (Zhang et al., 2021). Soil C:N:P stoichiometry
is considered to provide insight into the potential contribution of plant organics to soil
fertility, as well as soil nitrogen and phosphorus availability (Pang et al., 2021). The C:N:P
stoichiometries between plants and soil are suggested as a major indicator to understand
their ecological functions and processes (Cao and Chen, 2017), in which plant productivity
is one of the main functions of pastures (Lindsey et al., 2020).
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Most previous studies have focused on the spatial variability of
C:N:P stoichiometry in terrestrial ecosystems (Dijkstra et al., 2012;
He and Dijkstra, 2015; Hu et al., 2019) or the responses of plant
and soil C:N:P stoichiometry to biotic and abiotic disturbances
(Pathak et al., 2017; Kleyer et al., 2019). Only a few studies have
addressed the temporal variability of leaf C:N:P stoichiometry in
shrubs (Zhang et al, 2016; Zeng et al, 2017; Yu et al., 2021)
and legumes (Wang et al., 2015) to examine the relationship
between leaf C:N:P stoichiometries and plantation ages, and the
previous studies found that leaf N:P in Haloxylon ammodendron
shows a rapid increase from 2 to 5 years of plantation age, but
leaf C:N exhibits a decline, and they are stable after the 5-year
plantation age (Zhang et al., 2016). Leaf C:N, C:P, and N:P ratios
in Caragana korshinskii decreased with an increase in plantation
ages from 10 to 30 years (Zeng et al., 2017); those ratios in
Zanthoxylum planispinum showed no significant difference in 5-
, 10- , and 20-year plantation ages, respectively (Yu et al., 2021);
and those ratios in alfalfa proved to be the highest at the 8-
year plantation age (Wang et al., 2015). However, how plantation
age simultaneously affects the temporal variability of the plant
(leaf, stem, and root), and soil C:N:P stoichiometry receives less
attention. Therefore, examining the effects of plantation ages on
plant and soil C:N:P stoichiometry is one of the most important
approaches to understanding the effect of plantation ages on the
ecological functions and processes of pastures.

In agricultural practices, perennial grasses are promising
candidates for the establishment of artificial pastures with good
quality and higher productivity for grazing livestock (Jones et al.,
2015) or for the regeneration of vegetation populations in degraded
grasslands with their high reproductivity. Many previous studies
have found that the aboveground biomass of perennial grass
pastures often differs during different plantation ages (Folck et al.,
2023), and this difference is related to soil nitrogen availability
and supplies because grass is nitrophile (Mazzucato et al., 1996).
Kentucky bluegrass (Poa pratensis), a perennial rhizomatous grass
with high tolerance to environments, has become increasingly
important (Pi et al., 2015; Wu et al., 2023) because of its ability
to be productive in cool temperatures and high soil moisture
conditions (DeKeyser et al., 2015; Zhu et al., 2023). This grass
has been widely grown in Eurasia (Cui et al., 2020), Asia (Wang
C. et al, 2023), and North America (Folck et al., 2023; Toledo
et al., 2023) due to its unique ecological advantage: the relatively
longer time intervals between tilling, which reduce the risk of
soil erosion compared to annual grass pastures (Lindsey et al,
2020).

Kentucky bluegrass is recognized as the most preferred choice
for the establishment of pastures or the management of degraded
grassland in the Qinghai-Tibetan plateau (Pi et al., 2015). At
present, pasture areas of Kentucky bluegrass cover over 4.33
million ha in the Qinghai-Tibetan plateau. Previous studies were
focused on the growth features of Kentucky bluegrass in relation
to seeding time (Jing et al., 2018), the role of Kentucky bluegrass
in vegetation rebuilding of “black soil type” in degraded grassland
(Wen et al., 2006), the responses of reproductive phenology and
vegetative growth of Kentucky bluegrass to climate change (Wei
etal., 2022), and high-yield and high-quality cultivation techniques
for Kentucky bluegrass (Jing et al., 2019). Whether the plantation
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ages affect plant and soil C:N:P stoichiometry in Kentucky bluegrass
pasture remains poorly documented.

This study uses Kentucky bluegrass as a focal grass to
investigate the effect of plantation ages on plant and soil C:N:P
stoichiometry in a perennial rhizomatous grass pasture through
an 8-year field experiment. The hypotheses are that (1) C:N,
C:P, and N:P in the leaf, stem, and root of Kentucky bluegrass
increase and then decrease as plantation age increases; (2) C:N,
N:P, and C:P in the soil decrease with the increase in plantation
ages, which can present a general pattern concerning the effect
of plantation ages on plant and soil C:N:P stoichiometry in a
crop and provide a reference for the nitrogen and phosphorus
management of Kentucky bluegrass pastures in the Qinghai-
Tibetan plateau.

2 Materials and methods

2.1 Experimental site description

The experiment site is located at the Haibei experiment
station (36°59.36 N, 100°52.848'E, elevation 3,156 m) of Qinghai
University in Qinghai Province, China. This station is on the
eastern edge of the Qinghai-Tibetan plateau. This experiment
site experiences a cold plateau continental climate without an
absolute frost-free period. The average annual precipitation at this
experiment station is 369.1 mm, most of which occurs from June to
August of each year, corresponding with the growing season, while
the mean annual evaporation is ~1,400 mm. The average annual
temperature at this experiment station is 0.5°C, with a maximum
in August (19°C) and a minimum in January (—4°C; Figure 1). The
soil at the experiment site is chestnut soil (Wang Y. et al., 2023),
similar to Entisol in FAO classification, and this soil is the major
type for crop production in this area. The soil chemical properties
measured at the 0-40 cm layer are as follows: pH (8.43), soil organic
carbon (6.95g kg_l), total N (0.6886 g kg_l), total P (0.52¢g kg_l),
and total K (9.84 gkg™!).

2.2 Establish pastures of Kentucky
bluegrass

Three field plots were established in 2014 to monitor the
relationships between plant productivity and plantation ages.
The plot size was 30m x 30m. The distance between the
two plots was 200 m, which ensured that precipitation and air
temperature were the same among the three plots, avoiding
the biases introduced by precipitation and air temperature on
plant productivity.

To quantify the relationship between aboveground biomass
and stoichiometry, phosphorus is not applied to the experiment
plots because a high amount could promote the rapid growth of
Kentucky bluegrass roots. Therefore, 75 kg ha™! of urea (N 46%)
was applied to each experiment plot in 2014. Kentucky bluegrass
seeds with an 88% germination rate were broadcasted in each
plot on 5 April 2014. The seeding density was 3 g m™2. During
the experimental period of 2015-2022, the Kentucky bluegrass
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FIGURE 1
Means of annual temperature (°C), annual sunshine hours (h), annual precipitation (mm), and annual evaporation (mm) at Haibei Station during
2015-2022.

pastures were generally rainfed without external irrigation or
further fertilizer application. The plots were fenced during the
experiment period.

2.3 Plant and soil samplings

In the process of plant and soil sampling, three plots
were considered replicates. Sampling was conducted at the
flowering stages of Kentucky bluegrass in July from 2015 to
2022 (Supplementary Table S1). In each plot, five subplots with a
size of 0.5m x 0.5m were randomly selected to sample plants
(leaves, stems, and roots) and soils, and these samples were
completely mixed as a composite sample to measure C, N, and
P concentrations. First, at each subplot, shoots were harvested by
shear and then divided into leaves and stems, in which flowers
were classified as stems. Second, the root auger with a 10-cm inner
diameter was used to collect a soil column with a 20-cm layer at
this subplot, and this soil column was screened out of garbage and
stones and then divided into root samples and soil samples using a
2-mm sieve (Duan et al,, 2024). The leaves, stems, and roots were
placed into envelopes, and the soil samples were collected in fabric
sample bags and carried back to the laboratory. These composite
samples of leaves, stems, and roots were used to measure total C,
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total N, and total P concentrations, and soil composite samples
were used to measure organic C, total N, and total P concentrations.

2.4 Measurement of C, N, and P

All composite samples of leaves, stems, and roots were dried
at 65°C until no further mass loss could be found. Soil composite
samples were air-dried. The total C and total N in leaves, stems,
and roots and the total N in soils were analyzed with the
Dumas dry combustion method using a Flash-II EA112 Elemental
Analyzer (Thermo Fisher Scientific, Waltham, MA, USA). The
total P in leaves, stems, roots, and soils was determined using
the molybdenum blue colorimetric method. Soil organic C was
determined using dichromate heating and oxidation method.

2.5 Estimation of ecological stoichiometric
homeostasis

C:N, C:P, and N:P refer to the ratio between the total
concentrations of C, N, and P in Kentucky bluegrass or in soil
organics, respectively.

A regulation index (1/H) proposed by Hood and Sterner (2010)
was used to quantify the degree of stoichiometric homeostasis
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Stoichiometric characteristics of leaf C, N, and P of Kentucky bluegrass at plantation age sequences (mean + SE; different letters denote significant
differences at the « = 0.05 level). (A) Leaf C, (B) Leaf N, (C) Leaf P, (D) Leaf C:N, (E) Leaf C:P, and (F) Leaf N:P. The error bars represent the standard
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FIGURE 3

Stoichiometric characteristics of stem C, N, and P of Kentucky bluegrass at plantation age sequences (mean + SE; different letters denote significant
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in an organism. This index was calculated by the following
equation: In(y) = Inc + 1/H x In(x), where x represents the
soil nutrient stoichiometry (e.g., N or P) and y represents the
nutrient stoichiometry of leaf, stem, and root. Regressions were
used to estimate the relationship between soil and plant (leaf
stem and root). The regression coeflicient was used to produce
new datasets, and these new datasets were used to calculate the
regulation index (1/H). Based on a previous study (Persson et al,
2010), the regulation index was interpreted as follows: 0 < 1/H <
0.25, “homeostatic”; 0.25 < 1/H < 0.5, “weakly homeostatic”; 0.5 <
1/H < 0.75, “weakly plastic”; 1/H > 0.75, “plastic”; and 1/H > 1,
“not homeostatic.”

2.6 Data analysis

The data were transformed when necessary to meet normality
and homogeneity. Repeated measures analysis of variance
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(ANOVA) using least significant difference (LSD) was used to
determine whether the plantation age affected the total C, total N,
and total P of the plant, the total N, total P, and organic C of the
soil, and the plant and soil C:N:P stoichiometry. A linear model
(LM) was used to examine the regression between soil and plant
(leaf, stem and root) in 95% confidence intervals. All analyses were
carried out in R 4.3.2, R Foundation for Statistical Computing,
Vienna, Austria.

3 Results

3.1 Effect of plantation ages on leaf C:N,
C:P, and N:P

Total C concentration in leaves increased and then decreased
as the plantation age increased, reaching its peak when plantation
ages ranged from 4 to 6 years (Figure 2A), whereas total N and
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P concentrations in leaves first decreased and then maintained
a relatively stable level with the increase in plantation ages, and
there were no significant differences observed when plantation ages
increased from 5 to 9 years (Figures 2B, C).

Leaf C:N, C:P, and N:P exhibited various patterns as the
plantation age increased (Figures 2D-F). Leaf C:N increased from 2
to 4 years of plantation age, maintained a relatively stable level from
5 to 6 years of plantation age, and then decreased from 7 to 9 years
of plantation age. Leaf C:P increased from 2 to 6 years of plantation
age, decreased from 6 to 7 years of plantation age, and maintained
a stable level from 7 to 9 years of plantation age. Leaf N:P increased
from 2 to 5 years of plantation age and then maintained stability
from 6 to 9 years of plantation age.

3.2 Effect of plantation ages on stem C:N,
C:P, and N:P

Total C and N concentrations in stems were not different
among different plantation ages (Figures 3A, B), whereas total P
concentration in stems showed a decreasing trend with the increase
in plantation age (Figure 3C).

Stem C:N and N:P were not different among plantation ages,
and their averages were 51.91 & 2.33 and 15.78 =+ 0.95, respectively
(Figures 3D, E), whereas stem C:P increased from 2 to 4 years of
plantation age and then maintained a stable level from 4 to 9 years
of plantation age (Figure 3F).

3.3 Effect of plantation ages on root C:N,
C:P, and N:P

With the increase in plantation age, total C, N, and P
concentrations in roots exhibited a similar unimodal distribution,
approximately peaking from 4 to 5 years of plantation age.

Root C:N exhibited a reduction from 2 to 3 years of plantation
age, an increase from 3 to 6 years of plantation age, and relative
stability from 6 to 9 years of plantation age, whereas root C:P
showed a decreasing trend but with a stable phase. Root N:P showed
a reduction from 2 to 3 years of plantation age, an increasing trend
from 3 to 6 years of plantation age, and relative stability from 7 to 9
years of plantation age (Figure 4).

3.4 Effect of plantation ages on soil C:N,
C:P, and N:P

Soil organic C, total N, and total P initially showed increasing
trends from 2 to 5 years of plantation age, and then, they were
relatively stable after 6 or 7 years of plantation age.

Soil C:P was not different among the nine plantation ages.
In the increasing process of plantation age, soil C:N showed a
slight decreasing trend and then maintained a relatively stable
level, whereas soil N:P showed a slight increasing trend and then
maintained a relatively stable level, in which the 7-year plantation
age of Kentucky bluegrass was the inflection point for soil C:N and
N:P (Figure 5).
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3.5 Ecological stoichiometric homeostasis

N concentration and P concentration in plants and soil
were found to differ in ecological stoichiometric homeostasis. No
significant correlation was found between plant N (leaf, stem, and
root) and soil N. The 1/H values of leaf, stem, and root N were
0.114, 0.001, and 0.106, respectively, indicating that N in the leaf,
stem, and root had strict homeostasis (Figure 6).

The leaf, stem, and root P showed different stoichiometric
homeostasis (Figure 7). The stem P exhibited homeostasis with a
1/H value of 0.208, the leaf P showed plastic status with 1/H of
0.790, whereas the root P exhibited weak homeostasis with a 1/H
value of 0.401.

4 Discussion

Pastures with a single crop are verified to be usually degraded
as the plantation age increases (Wang et al., 2015; Zhang et al,
2016). Previous studies have examined the relationship between leaf
C:N:P stoichiometry (in alfalfa of legumes or in H. ammodendron
of Chenopodiaceae) and plantation ages or stand ages. This study
uses Kentucky bluegrass as a focal crop to examine the effects of
plantation ages on C:N:P stoichiometry in leaves, stems, roots, and
soils in perennial rhizomatous grass pastures, which can present a
pattern of pasture degradation with the increase in plantation age
from a N or P limitation perspective.

This study indicates that the C:N ratio in leaves increases from
2 to 6 years of plantation age and decreases from 6 to 9 years of
plantation age; the C:N ratio in roots decreases from 2 to 5 years
of plantation age, increases from 5 to 7 years of plantation age, and
decreases after 7 years of plantation age; whereas the C:N ratio in
stems does not differ in plantation ages. These aspects contradict
the first hypothesis in this study.

The C:N ratio in leaves in the increasing process of plantation
ages is dependent on the changes in leaf C and N concentration
from 2 to 9 years of plantation age. The change in C concentrations
in leaves may be ascribed to the photosynthetic capacity of
Kentucky bluegrass among different plantation ages (Wang C. et al.,
2023). The higher plant density in the early stages of plantation
often limits the spatial distribution of light (Aerts, 1996; Xu et al,
2023), wherein lower-height plants may not receive sufficient
light for photosynthesis and carbon sequestration (Poorter et al.,
2012), resulting in the lower leaf C in 2-3 years of plantation
age. When the plantation age ranges from 4 to 6 years, plant
density often decreases because of self-thinning (Walter et al,
2023), which enables plants to receive more light, resulting in
higher photosynthesis with a high C concentration in leaves. When
plantation ages are over 6 years, biological processes may decline
for perennial plants (Constable and Bange, 2015), leading to a
weakened growth potential for Kentucky bluegrass (Yang et al.,
2019), negatively contributing to leaf C concentration. In addition,
Kentucky bluegrass uptakes soil nitrogen to supply plant growth,
and the soil nitrogen can be gradually consumed with the increase
in plantation age (Han et al., 2019). The decrease in soil nitrogen
concentration is insufficient to meet plant requirements, leading to
a decrease in leaf nitrogen concentration (Shi et al., 2015; Wang
C. et al,, 2023) when plantation age is below 6 years. However,
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when the plantation age is over 6 years, the accumulation of plant
residues gradually increases soil nitrogen, and this added nitrogen
can be released into the soil again (Hu et al., 2019; Zhang et al,,
2021), which can provide relatively sufficient soil nitrogen for plant
uptake, leading to an increase in leaf N when plantation age ranges
from 6 to 9 years. With a simultaneous change in leaf C and leaf N
in the increasing process of plantation age, leaf C:N increases from
2 to 6 years of plantation age and decreases from 6 to 9 years of
plantation age. However, root C:N decreases from 4 to 9 years of
plantation age, and this is because N is stored in roots during the
period of well-developed roots (Yan et al., 2016) because perennial
grass can develop well-rooted over a long plantation age (Robinson
etal, 20105 Liu et al., 2018). In general, root C:N is considered an
important indicator of the plant growth rate, in which a higher
C:N ratio leads to a lower growth rate of perennial plants (Xiao
etal, 2021; Wu et al., 2023). Therefore, these results indicated that
leaves contribute to more N accumulation for Kentucky bluegrass
plants during 2 to 3 years of plantation age, while roots contribute
to more N accumulation for Kentucky bluegrass from 4 to 9 years
of plantation age. A lower C:N ratio after 4 years of plantation
age indicates that litter decomposition and nutrient return become
fast (Ning et al., 2021; Wang C. et al., 2023), and this would be
conducive to greater nutrient transfer to the soil from 4 to 9 years
of plantation age.

Leaf and root C:P show different changeable trends with
the increase in plantation age, in which leaf C:P increases
and root C:P decreases as plantation age increases, and these
are mainly regulated by C and P concentrations in leaf
and root. The C concentration in leaves and roots was
discussed in the earlier paragraph. The leaf P showed a
gradually decreasing trend with the increase in plantation ages,
which was mainly caused by soil phosphorus consumption and
plant nutrient allocation (Zhang et al, 2021). In the early
plantation stages, perennial plants may prioritize the allocation
of nutrients to leaves to enhance photosynthesis (Robinson et al.,
2010; Poorter et al, 2012), resulting in a higher phosphorus
concentration in leaves. In contrast to early plantation stages,
Kentucky bluegrass with long-term plantation ages may allocate
more nutrients for roots and rhizomes (Jing et al, 2018),
resulting in a further decrease in leaf P and an increase in
root P.

Leaf N:P ranges from 14.873 to 15.032 between 2 and
3 vyears of plantation age and exceeds 16 from 4 to 9
years of plantation age, indicating that Kentucky bluegrass
is co-limited by nitrogen and phosphorus (Wu et al, 2023)
in 2-3 years of plantation age and becomes limited by
phosphorus from 4 to 9 vyears of plantation age. These
aspects imply that P is very important to the management of
Kentucky bluegrass pasture when the plantation age is considered
in practice.

This study also finds that soil C:N increases as the plantation
age of Kentucky bluegrass increases. Kentucky bluegrass can
sequester CO, from the atmosphere, and then, the fixed C can
be stored in soil by plant litter (Cotrufo et al., 2013; Jackson
et al, 2017) because plant tissues are the principal sources of
soil C in terrestrial ecosystems (Yuan et al, 2021). In this
case, soil carbon (C) content demonstrates a positive correlation
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with the age of Kentucky bluegrass plantations, attributed to
increased plant biomass. Especially, a significant increase in soil C
concentration is observed at the 4-year plantation age, explained
by variations in litter quantity and quality (De Deyn et al., 2008;
Cotrufo et al,, 2013). Reduced litter quantity between 2 and 3
years of plantation age corresponds to diminished organic matter
input, thereby decreasing soil organic carbon levels. Moreover,
poorer quality litter, characterized by higher C:N ratios during
the 2- and 3-year plantation age periods, tends to retard organic
matter decomposition (Yuan et al, 2021), in contrast to later
plantation stages (from 4 to 9 years of plantation age), fostering a
low organic matter content with accelerated decomposition rates
during early plantation phases. However, leaf C:N is lower at 2—
3 years of plantation age than that during 4-9 years of plantation
age, and this contradicts evidence for lower quality plant litter
alleviating the decomposition rate of organic matter. In fact, plant
roots generate a greater contribution to soil C formation than
aboveground litter because roots can immediately interact with
the surrounding soil minerals, microbes, and aggregates, which
usually form soil C (Sokol and Bradford, 2019; Sokol et al,
2019). Soil N increases greatly from 6 to 9 years of plantation
age and the increase in soil nitrogen caused by plant litter can
compensate for the soil nitrogen loss due to plant uptake. Although
Kentucky bluegrass litter can replenish soil N pools, it can absorb
more N from soils because Kentucky bluegrass is nitrophile,
and this process often delays soil N accumulation. Thus, soil N
storage by plants shows a hysteresis effect compared to soil C
accumulation. In this study, soil C and N concentrations exhibit
an increase from 2 to 6 years of plantation age, which leads
soil C:N to maintain relative stability. When the plantation age
is over 7 years, the soil N concentration shows a great increase
and soil C concentration shows relative stability, which causes
soil C:N to show a great decrease when the plantation age is
over 7 years.

Soil N:P increases with the increase in plantation ages. An
increase in soil N:P can be explained by the gradual increase in
soil N because soil total P is not changeable among nine plantation
ages (Figure 4). However, soil N:P is <10 among nine plantation
ages, indicating that the growth of Kentucky bluegrass may be
limited more by N than by P (Bui and Henderson, 2013). However,
soil N:P becomes higher when the plantation age is over 7 years,
suggesting that soil N limitation for plant growth may be alleviated
due to higher soil N and its availability with lower soil C:N
(Bengtsson et al., 2003). These results demonstrate that Kentucky
bluegrass pasture can improve the C sequestration potential and
provide a good habitat for plant growth when the plantation age is
over 7 years.

This study further finds that N in the leaf, stem, and root
and P in the stem show a “homeostatic” status, and P in
the root shows a “weakly homeostatic” status, whereas P in
the leaf shows a “plastic” status, demonstrating that Kentucky
bluegrass may maintain leaf P nutrient stability by modulating
the P nutrient in the stems (Xiao et al, 2021). These results
imply that soil P is more important in regulating the health
growth of Kentucky bluegrass than soil N, which provides precise
information for N and P management in perennial rhizomatous
grass pastures.
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5 Conclusion

This study used Kentucky bluegrass as a focal crop to
investigate the plant (root, stem, and leaf) and soil C:N:P
stoichiometry to understand the stoichiometric homeostasis as
plantation age increases. This study found that plantation age had
significant effects on plant (root, stem, and leaf) and soil C:N:P
stoichiometry. Leaf C:N, C:P, and N:P increased from 2 to 6 years
of plantation age, whereas leaf C:N decreased and leaf C:P and N:P
maintained stability from 6 to 9 years of plantation age. Stem C:P
increased and then maintained stability. Root N:P increased from
2 to 6 years of plantation age and maintained stability from 6 to
9 years of plantation age, whereas root C:N and C:P decreased
from 2 to 9 years of plantation age. Soil C:N and N:P were found
to maintain stability from 2 to 6 years of plantation age, and soil
C:N was found to decrease and soil N:P was found to increase
after 6 years of plantation age. The N in the leaf, stem, and root
and the P in the stem had the “homeostatic” status, and P in the
root had the “weakly homeostatic” status, whereas the P in the leaf
had the “plastic” status. These results present a pattern concerning
the effect of plantation age on plant (leaf, stem, and root) and soil
C:N:P stoichiometry in a crop and suggest that Kentucky bluegrass
pastures with plantation age over 6 years can improve soil quality
and nutrient availability for plant growth.
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