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Abstract: In order to elucidate the adaptation mechanisms of the stoichiometric characteristics of
Abies georgei var. smithii in southeastern Tibet to different habitats, the spatial and temporal dynamics
of the nutrient contents and stoichiometric ratios among the leaf, branch, stem, and root organs
were analyzed on Sejila Mountain in southeastern Tibet at different elevations (3500 m, 3900 m,
and 4300 m). The results show that (1) the C and K contents of the fir organs did not change
significantly with increasing elevation in the same season, while the N and P contents showed an
overall increasing trend with increasing elevation, with the C and N contents being the highest in the
leaves. The distribution order was leaves > branches > roots > stem; the P and K content order in
each organ was branches > leaves > roots > stem. (2) At the same elevation and in different seasons,
the Abies georgei var. smithii organs showed a similar convergence in terms of nutrient storage and
utilization strategies, and more nutrients were optimally allocated between the assimilated and
stored organs in the alpine habitats, which represents a “trade-off” strategy. (3) Compared to the
findings of the global-scale studies, this study area has low N, P, and K contents, and its growth
is limited by both N and P. Due to physiological and nutrient balance constraints, the content of
the N-limited elements in the plants is relatively stable, which is in line with the “limiting element
stability hypothesis”. (4) Principal component analysis showed that the influence of environmental
factors on the stoichiometric characteristics of the different organs of Abies georgei var. smithii had a
spatial scale effect, and that Abies georgei var. smithii demonstrated increased accumulation of N and P
contents when subjected to environmental stress, which promoted the domestication and adaptation
of the plant, enabling it to show good nutrient accumulation capacity and good adaptation strategies
even at high elevation; thus, it has become a pioneer tree species at high elevations. This research
work shows that the resilient adaptation of Abies georgei var. smithiir to environmental change has led
to differences in the nutrient uptake and use efficiency and the adaptation patterns of the organs at
different altitudinal gradients, with each organ adapting to habitat changes by adjusting its nutrient
storage strategy between habitats.

Keywords: Abies georgei var. smithii; organs; elevation; seasonal variation; ecological stoichiometry

1. Introduction

Ecological chemometrics is a discipline that explores the relationship between energy
and multiple chemical elemental balances at different levels of ecosystem interactions;
ecological studies at different scales can be unified at the elemental level through ecological
chemometrics [1,2]. These studies mainly focus on dynamic equilibrium and growth rate
theories. Dynamic equilibrium theory suggests that organisms can control their own
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characteristics so that their internal environment does not change drastically in response to
changes in the external environment, keeping their nutrient supply within a relatively stable
range. Growth rate theory suggests that the organism can adjust its C:N:P:K ratio to adapt
to changes in its growth rate and thus respond to changes in the external environment [3].
Carbon (C), nitrogen (N), phosphorus (P), and potassium (K) are essential nutrients for plant
growth. C is the skeleton element and structural substance of life [4]; as the assimilation
product of photosynthesis, it is the material basis and energy source of physiological and
biochemical processes in plants. Meanwhile, N, P, and K are important constituents of
organic matter, such as amino acids, proteins, and nucleic acids, in plants undergoing plant
growth and development and metabolic processes; they are equally important elements for
determining the type of vegetation limitation [5–7]. C:N, C:P, and C:K indicators can reflect
the efficiency of a plant’s use of nutrients, control many physiological and biochemical
processes in plants, and determine the C, N, and P use, storage, and transfer in ecosystems.
The thresholds of N:P, N:K, and K:P act as factors by which to judge the environment and
determine the key indicators of the adaptation of plant growth to nutrient supply [8,9].
Nutrient uptake and use, as well as metabolism, are not uniformly distributed among
plant elements at different stages of growth and development. It is therefore necessary
to explore the response and adaptation of plant nutrients to environmental changes. The
current studies on ecological chemometric characteristics have mostly focused on different
communities [10,11], different forest stands [12,13], different successional stages [14,15], and
different elevations [16,17]. However, most of these studies have focused on the variation
in the stoichiometric characteristics of plant leaf organs. Plant growth, metabolism, and
phenological development all require specific and optimal nutrients, and there is some
variation in the nutrient status of each plant organ in response to various environmental
factors in nutrient allocation, while the stoichiometric characteristics of different parts of
the branch, root, and stem organs are often overlooked.

Abies georgei var. smithii is a dominant species in the alpine dark conifer forests of
southeast Tibet; it is mainly distributed in the alpine zone of southeast Tibet, northwest
Yunnan, and south Sichuan at an elevation of 2500–4400 m. It is of great ecological value in
terms of water conservation, soil and water conservation, and maintenance of the ecological
balance [18]. In recent years, the population of this community has been declining; it is
difficult to renew and has been listed as a Grade II protected plant [19]. In view of this,
this study selected Abies georgei var. smithii at different elevations and during different
seasons on Sejila Mountain as the research object. By analyzing the spatiotemporal dynamic
characteristics of the C, N, P, and K nutrient contents and their stoichiometric ratios in
different parts of Abies georgei var. smithii leaves, branches, roots, and stems, we aimed to
gain a deeper understanding of the distribution of nutrients in plants and their adaptation
strategies to environmental changes. The following three questions need to be answered:
do nutrient partitioning conditions differ between the organs at different altitudinal gra-
dients? How do plants regulate elemental stoichiometry to adapt to the heterogeneity of
environmental changes? Are nutrient contents and stoichiometric ratios in plants affected
by different seasons?

2. Materials and Methods
2.1. Study Area

Located in the territory of Linzhi City in southeastern Tibet (94◦12′~35′ E, 29◦15′~50′ N),
Sejila Mountain belongs to the intersection of the eastern section of the Nyainqêntanglha
Shanmai and Himalayan mountain systems, with the highest elevation at around 5300 m.
It is in the central transition zone of the humid and semi-humid mountains of southeastern
Tibet and is in the boundary zone between eastern and central-western Linzhi County; it is
the watershed between the Nyang River Basin and the Parlung Zangbo. The region has a
humid subalpine cold-temperate climate zone with distinct wet and dry seasons. At the
same time, the climate zone and vegetation zone types are very rich. The terrain is high
and steep, and the vertical height difference is nearly 3000 m. It has a typical mountain
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range system, which has a clear vertical spectrum band along the elevation rise [20]. Sejila
Mountain has become a typical core area for ecological research in southeastern Tibet,
where vegetation nutrients vary in a clear vertical band with increasing elevation, making
it a “natural laboratory” for studying vegetation nutrients and their response to climate
(see Figure 1).
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2.2. Sample Site Survey

In order to monitor nutrient changes in the growth dynamics of Abies georgei var.
smithii on Sejila, a 30 m by 30 m fixed monitoring forest sample plot was set up at 400 m
elevation intervals in the Sejila Abies georgei var. smithii forest at 3500 m, 3900 m, and 4300
m elevations, respectively (Table 1).

Table 1. Basic characteristics of plant growth states.

Tree Species Elevation (m) Slope (◦) CD (%) TH (m) DBH (cm) MAT (°C) Type

Abies georgei
var. smithii

3510 22 70 21.5 ± 1.2 187.6 ± 6.3 5.78
ENA3900 26 85 21.4 ± 1.4 177.4 ± 7.2 4.40

4300 20 75 13.2 ± 0.6 134.3 ± 4.3 1.23

Note: CD: canopy density; TH: tree height; DBH: diameter at breast height; ENA: evergreen-needleleaf-arbor;
AM: Analytical methods.

The main climate indicators at an elevation of 3500 m (94◦43′–34′ E, 29◦41′–56′ N) are
as follows: the annual average temperature is 5.78 ◦C, and the warmest monthly average
temperature is 12–16 ◦C. This section contains a cool, moist, and dark coniferous forest
in the mountainous temperate zone, with Abies georgei var. smithii, Picea likiangensis var.
linzhiensis, Betula utilis, etc., as the superior tree species. The shrub layer mainly includes
Fargesia spathacea, etc. The soil type is mostly mountainous acid brown soil.

At an elevation of 3900 m (94◦42′~54′ E, 29◦39′~1′ N), the main climatic indicators are
as follows: the average annual temperature is 4.40 ◦C, and the average temperature of the
warmest month is 6~10 ◦C. This section contains a cold, wet, and dark coniferous forest in
the subalpine cold temperate zone. The shrub layer mainly includes Spiraea schneideriana,
Sorbus rehderiana, etc. The soil type is mostly mountain leached ash soil.

The upper and lower sections at an elevation of 4300 m (94◦41′–45′ E, 29◦36′–51′ N)
are, respectively, ice desert areas and tundra areas. The main climate indicator is as follows:
the annual average temperature is 1.23 ◦C, which means that these sections belong to the
alpine cold zone and contains alpine cold wet shrub meadow. Most of the vegetation is
shrub vegetation, such as Rhododendron pingianum, Salix lindleyana, Rhodiola fastigiata, etc.
The soil type is mainly alpine meadow soil.

2.3. Sample Collection and Analysis

In order to ensure uniformity in the phenological stages of the Abies georgei var. smithii
at different elevations, samples were collected at different elevations in August (growing
period) and November (dormant period) of the same year, and five standard trees of the
same size and relatively complete and similar height were selected for each sample site.

Leaf and branch sampling: High pruning shears were used to collect new branches
(1–2 years old) and leaves (1–3 years old) of the sample plants in order to represent the
whole plant. In order to make the samples more representative, the branches and leaves
were collected in four different directions, east, west, south, and north, and then mixed in
proportion to each other as samples of leaves and branches of a single plant.

Stem sampling: Five cores were drilled to the pith at 1.3 m from the tree diameter
at breast height using a 5 mm inner diameter growth cone and then mixed in the same
proportions for the individual trunk samples. To avoid pathogens attacking the sample
plants, the holes left in the sampling area were finally filled with butter.

Root sampling: Root samples were obtained at a depth of 0–30 cm in the soil layer by
digging, washing, and screening for fine roots of less than 2 mm.

The well-labelled samples were sealed and placed in a portable freezer and brought
back to the laboratory on the same day to be split and cleaned for pre-treatment; then, the
samples were quickly killed in the oven at 105 ◦C (15 min) and then dried at 80 ◦C to a
constant weight, crushed and sieved to 1 mm, placed in a self-sealing bag, and stored in a
box with a desiccant for backup.
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The samples were mainly analyzed to determine the C, N, P, and K elemental contents.
The elemental analyzer method (vario EL cube CHNOS Elemental Analyzer, Elementar
Analysensysteme GmbH, Hanau Hessian, Germany) was used to determine the C and
N contents of the different organs of the plants. HNO3-H2O2 ablation—using the ICP-
OES method (iCAP 6300 ICP-OES Spectrometer, Thermo Fisher, Waltham, MA USA)—
was used to determine the P and K contents of the different organs of the plants. The
meteorological data were mainly derived from the long-term observations of three sample
sites at different elevations: mountain temperate mixed coniferous forest—3500 m; sub-
boreal dark coniferous forest—3900 m; and alpine boreal mixed forest—4300 m. The
data were selected from January to December 2021. The meteorological instrument rack
was set up in the forest. The system automatically calculated and stored the observed
meteorological data at intervals of 10 min. The meteorological data were downloaded
every other month. The data collector was the HOBO H21-USB, which is produced by the
American Onset Company (Table 2).

Table 2. Overview of meteorological monitoring equipment.

Item Sensor Model Range Accuracy Resolution Manufacturer

Air temperature HOBO U23-001 −40–70 ◦C ±0.18 ◦C 0.02 ◦C USA Onset
Air humidity HOBO U23-001 0–100% ±2.50% 0.03% USA Onset

Soil temperature HOBO
S-TMB-M006 −40–100 ◦C ±0.20 ◦C 0.03 ◦C USA Onset

Soil moisture HOBO
S-SMD-M005 0–570 m3/m3 ±3.30% 0.08% USA Onset

2.4. Data Analysis

The raw data obtained from Sejila Abies georgei var. smithii were initially collated using
Microsoft Excel 2021, and the data were statistically analyzed using SPSS 25.0 software at
the level of significance (α = 0.05). Multi-factor analysis of variance (ANOVA) and Duncan’s
test were used for multiple comparisons to analyze the seasonal differences in nutrient
content between the organs at different elevation gradients, and the data results were
expressed as means and plotted in Origin 2021. The coefficient of variation (CV) = standard
deviation/mean × 100%. In order to better characterize the elements, the “psych” package
in R 4.0.3 was used to map and analyze the environmental factors separately from the C,
N, P, and K contents of Abies georgei var. smithii plant organs. Their stoichiometric ratios
for principal component analysis (PCA) were determined in order to screen the correlation
between the highest loading elements and their stoichiometric ratios on the main axis of
the PCA.

3. Results
3.1. Characteristics of Variation in C, N, P, and K Contents of Different Organs and Their
Stoichiometric Ratios

The degree of influence of the elevation, organs, seasons, and their interactions on
plant nutrient content and stoichiometry varied. As can be seen from Tables 3 and 4,
the changes in the C, N, P, and K contents and their stoichiometric ratios were mainly
influenced to the greatest extent by the organs, all at highly significant levels (p < 0.001),
with climate being the least influential. However, in the interaction between elevation and
the other three factors, except for the effect on the C:K and N:K ratios that did not reach
a significant level, all the factors showed a significant level (p < 0.05). In contrast, season
was insignificant at any level in the analysis of variance (p > 0.05). With the exception
of the C content and K:P ratio, the C:N and C:K ratios were affected to the same extent,
in the following order: organ; organ and elevation; elevation, organ, and season and the
interaction of the three; season; and the interaction of elevation and season.
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Table 3. Analysis of the sources of variation in the C, N, P and K content of Abies georgei var. smithii.

Parameter Item
Sources of Variation

Organ (O) Elevation (A) Season (S) O × A O × S A × S O × A × S

C

Type IIISS 22,224.81 293.31 187.80 1189.99 181.15 24.78 341.40
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 7741.60 146.65 187.80 198.33 60.38 12.39 56.90
F 228.87 4.34 5.55 5.86 1.79 0.37 1.68
P 0.00 0.02 0.02 0.00 0.16 0.69 0.13

N

Type IIISS 2096.92 29.49 1.13 7.76 20.73 1.29 4.63
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 698.97 14.75 1.13 1.29 6.91 0.65 0.77
F 1044.43 22.03 1.69 1.93 10.32 0.97 1.15
P 0.00 0.00 0.20 0.08 0.00 0.38 0.34

P

Type IIISS 26.86 1.20 0.04 2.54 0.61 0.01 0.54
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 8.95 0.60 0.04 0.42 0.21 0.00 0.09
F 142.43 9.56 0.63 6.74 3.26 0.07 1.44
P 0.00 0.00 0.43 0.00 0.03 0.94 0.21

K

Type IIISS 361.21 5.59 2.72 5.62 5.61 3.59 3.10
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 120.40 2.79 2.72 0.94 1.87 1.79 0.52
F 144.54 3.35 3.26 1.13 2.24 2.15 0.62
P 0.00 0.04 0.07 0.35 0.09 0.12 0.71

Note: Type IIISS is the sum of squares of deviations, and the greater the value, the stronger the factor’s influence is.

The analysis of the coefficient of variation reflects the magnitude of the differences
in nutrient content between the elevations, seasons, and organs. The four organs of Abies
georgei var. smithii differed in the variability of their C, N, P, and K contents and their
stoichiometric ratios throughout the growing period (Table 5). During the growing period,
the variability of C in all four organs was minimal and weak, with the highest coefficients
of variation in the N content (21.6%, 34.2%) being moderate in the branches at 3500 m and
in the stem at 4300 m; high in the roots and stem at 3900 m and 4300 m (47.3%, 55.0%); and
high in the stem and root organs at 3900 m. The highest coefficients of variation (36.5%,
39.5%, 66.8%) were found for the K content in the stem and root organs at 3900 m and
the stem organs at 4300 m. The C:N ratio showed the highest coefficient of variation for
the branch and stem organs at 3500 m and 4300 m and displayed moderate variation; the
C:P ratio showed the lowest coefficient of variation for the leaf organs at 3500–3900 m
(8.17%, 8.96%) and displayed weak variation; the C:K ratio showed the lowest coefficient
of variation for the stem and branch organs at 3500 m and 4300 m and displayed weak
variation; and the N:P ratio showed the highest coefficient of variation for branch organs
at 4300 m and displayed high variation. The highest coefficient of variation in the N:P
ratio was height variation; the smallest coefficient of variation in the N:K ratio was in the
branch organs at all elevations; the coefficient of variation in the K:P ratio was moderate
except for the branch and stem at 3900 m and the stem organ at 4300 m; and the coefficient
of variation varied between weak and moderate variation during the dormant period. In
addition, in terms of overall performance, the mean coefficient of variation within the
different elevations and organs was greater for the growing period than for the dormant
period (CV ≤ 15% was defined as weak variation; 15% < CV ≤ 35% as moderate variation;
35% < CV ≤ 100% as high variation; and CV ≥ 100% as strong variation [21,22]).
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Table 4. Analysis of the sources of variation in the ecological stoichiometry ratios of Abies georgei var.
smithii.

Parameter Item
Sources of Variation

Organ(O) Elevation(A) Season(S) O*A O*S A*S O*A*S

C:N

Type IIISS 2,261,028.42 42,450.98 91.44 60,853.10 5078.12 2261.94 3684.84
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 753,676.14 21,225.49 91.44 10,142.18 1692.71 1130.97 614.14
F 443.75 12.50 0.05 5.97 1.00 0.67 0.36
P 0.00 0.00 0.82 0.00 0.40 0.52 0.90

C:P

Type IIISS 130,859,648.50 2,634,612.57 251,620.63 5,792,439.78 1,492,363.42 68,765.44 377,139.26
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 43,619,882.83 1,317,306.28 251,620.63 965,406.63 497,454.47 34,382.72 62,856.54
F 250.14 7.55 1.44 5.54 2.85 0.20 0.36
P 0.00 0.00 0.23 0.00 0.04 0.82 0.90

C:K

Type IIISS 2,470,446.82 17,731.69 2689.39 16,212.26 10,178.25 2749.83 4697.21
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 823,482.27 8865.85 2689.39 2702.04 3392.75 1374.91 782.87
F 168.95 1.82 0.55 0.55 0.70 0.28 0.16
P 0.00 0.17 0.46 0.77 0.56 0.76 0.99

N:P

Type IIISS 411.46 89.98 5.43 82.45 27.04 5.48 10.06
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 137.15 44.99 5.43 13.74 9.01 2.74 1.68
F 41.09 13.48 1.63 4.12 2.70 0.82 0.50
P 0.00 0.00 0.21 0.00 0.05 0.44 0.81

N:K

Type IIISS 55.31 0.46 0.00 0.93 2.79 0.40 0.36
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 18.44 0.23 0.00 0.16 0.93 0.20 0.06
F 126.77 1.59 0.00 1.07 6.40 1.37 0.41
P 0.00 0.21 0.95 0.39 0.00 0.26 0.87

K:P

Type IIISS 134.81 26.78 6.92 39.14 7.52 1.05 4.18
DF 3.00 2.00 1.00 6.00 3.00 2.00 6.00
MS 44.94 13.39 6.92 6.52 2.51 0.52 0.70
F 48.74 14.52 7.51 7.08 2.72 0.57 0.76
P 0.00 0.00 0.01 0.00 0.05 0.57 0.61

Note: Type IIISS is the sum of squares of deviations, and the greater the value, the stronger the factor’s influence is.

3.2. Effect of Different Seasons at the Same Elevation on the C, N, P, and K Contents of Various
Organs of Abies georgei var. smithii

As can be seen from Figure 2, the C, N, P, and K contents of the plants and their
stoichiometric ratios at different seasons at the same elevation do not follow the same
pattern of variation throughout the growing period. From the different organs, the C
content of the leaves showed the highest values in seasonal variation at 3500 m above
sea level with 514.62 g·kg−1 and 518.33 g·kg−1, respectively, with a significant difference
(p > 0.05) in the stem organs as the minimum value. The N content of the leaves showed
a decreasing trend between seasons at the same elevation, with the maximum values
occurring in the growing period at 12.12, 13.18, and 13.91 g·kg−1, respectively; the N
content of the branches and trunks showed an increasing trend in seasonal changes, except
for the stem organs, which showed a decreasing trend at 4300 m above sea level in the
growing period, with a greater value for the growing period than for the dormant period,
and the differences were insignificant (p < 0.05). The seasonal variation of the roots showed
a decreasing trend, with maximum values occurring during the growing period at 4.21,
4.26, and 5.29 g·kg−1, respectively. The P content of the leaves, branches, and stems showed
a decreasing trend at 3500 m, while the roots showed an increasing seasonal variation. The
P content of the branches at an elevation of 3900 m was the highest, at 1.27 and 1.18 g·kg−1,
respectively, and the P content of the leaves, branches, and roots showed a decreasing
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seasonal trend, while the stem showed increasing seasonal variation. The K content of
the branches was the maximum at the same elevation between seasons, 5.05, 6.95, and
6.27 g·kg−1, respectively; its level in the stem was the minimum, and the difference was
significant (p > 0.05).

Table 5. Coefficient of variation between different elevations and organs (%).

Time Elevation Organ C N P K C:N C:P C:K N:P N:K K:P

Growing
period

3500 m

L 0.76 8.74 8.50 19.52 8.40 8.17 20.25 4.65 14.50 18.70
B 1.78 21.65 29.77 26.54 27.93 51.56 35.04 19.80 14.15 15.96
T 0.84 13.04 16.98 11.63 12.21 16.57 11.38 25.86 16.84 23.71
R 1.15 8.30 36.43 19.31 7.72 30.23 19.20 29.42 23.21 20.54

3900 m

L 0.83 7.37 8.15 23.85 7.57 8.96 35.11 3.18 26.93 19.33
B 1.33 12.75 17.61 20.99 15.02 22.66 30.04 9.38 13.64 8.21
T 0.25 10.25 33.55 36.50 9.16 24.71 33.44 17.64 26.81 14.31
R 1.48 6.71 47.32 39.55 7.10 31.11 37.09 30.63 34.82 25.50

4300 m

L 0.65 7.05 31.87 18.21 7.36 50.23 20.19 46.45 17.98 26.72
B 1.52 10.68 21.15 8.55 11.26 17.83 9.49 10.26 10.54 18.77
T 0.72 34.22 55.05 66.85 25.31 35.79 37.12 17.77 26.43 13.96
R 0.50 13.03 15.24 28.93 12.27 15.76 25.27 20.58 26.28 20.43

Dormant
period

3500 m

L 0.76 2.28 8.55 15.11 2.34 7.68 13.38 7.36 11.70 11.07
B 1.38 8.05 15.29 14.03 6.50 13.31 13.03 13.47 12.17 4.21
T 0.38 17.73 18.73 12.83 19.46 21.15 14.11 7.06 11.69 9.16
R 1.35 10.84 23.78 15.07 13.06 24.63 16.03 16.08 20.54 19.33

3900 m

L 0.73 6.09 7.58 15.01 6.47 7.94 17.64 5.20 13.29 11.62
B 1.39 13.01 12.44 17.28 13.41 14.11 19.37 4.54 11.03 7.84
T 0.87 26.92 31.57 34.00 28.54 27.66 29.77 8.42 14.22 10.60
R 1.10 8.89 10.31 17.85 9.85 10.16 18.43 13.08 26.65 22.09

4300 m

L 0.54 6.80 10.64 6.47 7.37 11.40 6.97 4.13 7.44 10.09
B 1.42 10.81 24.20 15.78 10.89 20.06 15.99 12.53 11.03 17.37
T 0.49 15.63 21.65 19.92 13.40 19.86 20.03 9.23 12.76 12.71
R 1.07 14.12 16.57 13.13 14.64 17.96 11.97 11.88 14.12 26.71

Note: L: Leaf; B: branches; T: stem; R: roots.

The results of the multi-factor ANOVA showed (Table 6) that the nutrient content
of the various organs of Abies georgei var. smithii varied in different patterns across the
elevation gradients in different seasons. As the plants developed between the growing
period and dormant period, the C:N ratios of the leaves at an elevation of 3500 m were
42.77 and 47.60, respectively, which were higher than those of the leaves at an elevation
of 3900 m and 4300 m. However, the C:N ratio of the leaves was the smallest among the
organs, showing the following order: stem > root > branch > leaf. The C:P ratios differed
consistently among the organs of the same life type, showing that the levels in the stem
organs were significantly higher than those in the leaves, branches, and roots and that
there was a significantly greater value for the growing period than for the dormant period
(p < 0.05). The C:K ratio of the leaves tended to decrease in different seasons at the same
elevation, while that of the root organ tended to increase in the opposite direction. The
leaf to stem N:P ratio showed a decreasing trend in seasonal variation, ranging from 10.00
to 13.43 and 7.77 to 8.51, respectively, with its maximum values all in the growing period.
The N:K ratio of the leaves was higher in the growing period (3.20) than in the dormant
period (2.44), except at 3500 m above sea level. The other organs showed greater values for
the growing period than for the dormant period at the same elevation in different seasons,
with significant differences. The variation in the K:P ratio from the branches to the stem
at the same elevation under different seasons showed a decreasing trend with significant
differences (p < 0.05).
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3.2. Effect of Different Seasons at the Same Elevation on the C, N, P, and K Contents of Various 
Organs of Abies georgei var. smithii 

As can be seen from Figure 2, the C, N, P, and K contents of the plants and their 
stoichiometric ratios at different seasons at the same elevation do not follow the same pat-
tern of variation throughout the growing period. From the different organs, the C content 
of the leaves showed the highest values in seasonal variation at 3500 m above sea level 
with 514.62 g·kg−1 and 518.33 g·kg−1, respectively, with a significant difference (p > 0.05) in 
the stem organs as the minimum value. The N content of the leaves showed a decreasing 
trend between seasons at the same elevation, with the maximum values occurring in the 
growing period at 12.12, 13.18, and 13.91 g·kg−1, respectively; the N content of the branches 
and trunks showed an increasing trend in seasonal changes, except for the stem organs, 
which showed a decreasing trend at 4300 m above sea level in the growing period, with a 
greater value for the growing period than for the dormant period, and the differences 
were insignificant (p < 0.05). The seasonal variation of the roots showed a decreasing trend, 
with maximum values occurring during the growing period at 4.21, 4.26, and 5.29 g·kg−1, 
respectively. The P content of the leaves, branches, and stems showed a decreasing trend 
at 3500 m, while the roots showed an increasing seasonal variation. The P content of the 
branches at an elevation of 3900 m was the highest, at 1.27 and 1.18 g·kg−1, respectively, 
and the P content of the leaves, branches, and roots showed a decreasing seasonal trend, 
while the stem showed increasing seasonal variation. The K content of the branches was 
the maximum at the same elevation between seasons, 5.05, 6.95, and 6.27 g·kg−1, respec-
tively; its level in the stem was the minimum, and the difference was significant (p > 0.05). 
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Figure 2. Characteristics of nutrient content of various organs of Abies georgei var. smithii at the
same elevation in different seasons. L: leaf; B: branches; T: stem; R: roots, (a–l) Representing the
characteristics of changes in the nutrient content of each organ in different seasons at the same
elevation in terms of C, N, P and K. Different lowercase letters represent significant differences among
different organs at the same elevation (p < 0.05).
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Table 6. Characterization of inter-organ stoichiometric ratios under different climatic zones
(Mean ± standard deviation).

Season Elevation (m) Organ C:N C:P C:K N:P N:K K:P

Growing period

3500

L 42.77 ± 3.59 Ba 427.03 ± 34.88 Aa 137.47 ± 27.84 Aa 10.00 ± 0.47 Ac 3.20 ± 0.46 Aa 3.21 ± 0.60 Aab
B 83.49 ± 23.32 Bab 526.34 ± 271.37 Aa 109.13 ± 38.24 Aa 6.01 ± 1.19 ABb 1.30 ± 0.18 Ab 4.67 ± 0.74 ABb
T 466.29 ± 56.95 Bc 3527.29 ± 584.63 Ab 474.30 ± 53.95 Ab 7.77 ± 2.01 Ab 1.03 ± 0.17 Ab 7.57 ± 1.79 Ac
R 115.15 ± 8.89 Bb 383.73 ± 116.01 Aa 149.34 ± 28.68 Aa 3.35 ± 0.98 Aa 1.31 ± 0.30 Ab 2.54 ± 0.52 Aa

3900

L 39.19 ± 2.97 ABa 444.23 ± 39.82 Aa 120.18 ± 42.20 Aa 11.33 ± 0.36 Ab 3.02 ± 0.81 Ab 3.95 ± 0.76 Aa
B 62.71 ± 9.42 ABa 411.54 ± 93.26 Aa 77.21 ± 23.19 Aa 6.51 ± 0.61 Ba 1.21 ± 0.16 Aa 5.42 ± 0.45 Bab
T 411.09 ± 37.65 Bc 3551.93 ± 877.82 Ab 464.07 ± 155.20 Ab 8.51 ± 1.50 Aa 1.11 ± 0.30 Aa 7.90 ± 1.13 c
R 114.37 ± 8.12 Bb 945.23 ± 294.04 Ba 169.26 ± 62.77 Aa 8.21 ± 2.51 Ba 1.47 ± 0.51 Aa 5.81 ± 1.48 Bb

4300

L 36.92 ± 2.72 Aa 501.81 ± 252.08 Aa 120.47 ± 24.32 Aa 13.43 ± 6.24 Ab 3.26 ± 0.59 Ab 3.97 ± 1.06 Aab
B 57.53 ± 6.48 Aa 291.76 ± 52.02 Aa 79.23 ± 7.52 Aa 5.04 ± 0.52 Aa 1.39 ± 0.15 Aa 3.70 ± 0.69 Aa
T 302.03 ± 76.44 Ab 2322.86 ± 831.35 Ab 397.42 ± 147.54 Ab 7.46 ± 1.33 Aa 1.27 ± 0.34 Aa 6.03 ± 0.84 Ac
R 92.85 ± 11.40 Aa 595.52 ± 93.83 Aa 116.53 ± 29.45 Aa 6.52 ± 1.34 Ba 1.27 ± 0.33 Aa 5.33 ± 1.09 Bbc

F 0.67 0.55 0.31 1.55 0.06 2.67
P 0.52 0.58 0.74 0.22 0.94 0.08

Dormant period

3500

L 47.60 ± 1.11 Ba 399.01 ± 30.64 Aa 116.37 ± 15.57 Aab 8.38 ± 0.62 Ad 2.44 ± 0.29 Ac 3.47 ± 0.38 Aa
B 62.49 ± 4.06 Ba 351.48 ± 46.78 ABa 93.08 ± 12.13 Aa 5.64 ± 0.76 Ab 1.49 ± 0.18 Ab 3.78 ± 0.16 Aa
T 436.14 ± 84.89 Ac 3071.08 ± 649.63 Ab 480.83 ± 67.83 Ac 7.04 ± 0.50 Ac 1.12 ± 0.13 Aa 6.34 ± 0.58 Bb
R 134.79 ± 17.60 Ab 590.70 ± 145.51 Aa 170.06 ± 27.26 Ab 4.35 ± 0.70 Aa 1.28 ± 0.26 Aab 3.48 ± 0.67 Aa

3900

L 41.57 ± 2.69 Aa 453.68 ± 36.04 Aa 119.33 ± 21.05 Aab 10.92 ± 0.57 Cc 2.86 ± 0.38 Ac 3.87 ± 0.45 Aa
B 61.46 ± 8.24 Ba 433.89 ± 61.24 Ba 91.47 ± 17.72 Aa 7.06 ± 0.32 Ba 1.48 ± 0.16 Aab 4.80 ± 0.38 Bab
T 371.05 ± 105.88 Ab 2834.81 ± 784.12 Ac 445.44 ± 132.62 Ac 7.64 ± 0.64 Aa 1.20 ± 0.17 Aa 6.45 ± 0.68 Bc
R 117.18 ± 11.54 Aa 1084.65 ± 110.20 Bb 214.15 ± 39.46 Ab 9.33 ± 1.22 Cb 1.87 ± 0.50 Bb 5.25 ± 1.16 Bb

4300

L 41.90 ± 3.09 Aa 422.28 ± 48.13 Aab 108.68 ± 7.58 Aab 10.05 ± 0.41 Bc 2.60 ± 0.19 Ab 3.89 ± 0.39 Aab
B 50.72 ± 5.53 Aa 288.74 ± 57.93 Aa 83.37 ± 13.33 Aa 5.64 ± 0.71 Aa 1.64 ± 0.18 Aa 3.48 ± 0.60 Aa
T 319.19 ± 42.76 Ac 2151.11 ± 427.14 Ac 438.52 ± 87.86 Ac 6.69 ± 0.62 Ab 1.37 ± 0.17 Aa 4.94 ± 0.63 Ab
R 119.36 ± 17.47 Ab 748.86 ± 134.51 Ab 166.93 ± 19.98 Ab 6.28 ± 0.75 Bab 1.42 ± 0.20 ABa 4.58 ± 1.22 ABab

F 0.34 0.42 0.08 9.46 0.97 3.42
P 0.71 0.66 0.93 0.00 0.39 0.04

Note: At the same elevation, different organs showed significant differences in lowercase letters, while at different
elevations, the same organ showed significant differences in uppercase letters (p < 0.05).

3.3. Effect of Different Elevations on Ecological Stoichiometric Ratios of Various Organs of Abies
georgei var. smithii in the Same Season

During the growing period (Figure 3a–d), the C contents of the leaves and roots
varied from 510.94 to 514.61 g·kg−1 and from 471.58 to 475.40 g·kg−1 at different altitudinal
gradients, respectively, with the highest C contents in the leaves at 3500 m above sea
level, with insignificant difference (p > 0.05). The C content of the branches and roots
showed an increasing–decreasing trend with increasing elevation, with the highest values
of 503.07 g·kg−1 and 485.41 g·kg−1 at 3900 m above sea level, respectively, with insignificant
differences (p > 0.05). The N content of the Abies georgei var. smithii organs at different
elevation gradients showed the same trend; they all showed an increasing trend, and the
nutrient content of its stem was the smallest, showing a significant difference (p < 0.05) with
the following order: leaf > branches > roots > stem. The P content of the Abies georgei var.
smithii leaves, branches, and roots showed a decreasing–increasing trend with increasing
elevation, while that of the stem organs showed an increasing trend, with a maximum
value of 0.25 g·kg−1 at 4300 m. The K content of the leaves and branches showed an
increasing–decreasing trend with an increasing elevation, with the maximum values of
4.66 and 6.95 g·kg−1 at 3900 m, respectively, while that of the roots showed a decreasing–
increasing trend, with the maximum values of 4.66 and 6.95 g·kg−1 at 4300 m. The roots
showed an opposite decreasing–increasing trend, with a maximum value of 4.46 g·kg−1

at 4300 m above sea level and insignificant differences (p > 0.05). During the dormant
period (Figure 3e–h), the C content of the Abies georgei var. smithii leaves and branches
showed a decreasing trend with increasing elevation, with the maximum values of 518.33
and 507.63 g·kg−1 at 3500 m, respectively, and the difference was significant (p < 0.05). The
N content of all of the organs, except for the leaf organs, showed an increasing trend with
increasing elevation, while the P content of all of the organs, except for the stem organs,
showed a decreasing–rising trend with increasing elevation. The K content of the leaves
and roots showed a decreasing–increasing trend with elevation, while the K content of
the branches showed an increasing trend with elevation, and the maximum values for
the leaves, branches, and roots were 4.70, 6.01, and 3.00 g·kg−1 at 4300 m above sea level,
respectively, with insignificant differences (p > 0.05). At the same time, all of the organs at
different elevations showed the following trend: branch > leaf > root > stem.
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Figure 3. Characteristics of the nutrient contents of the four organs at different elevations in the same
season. L: leaves; B: branches; T: stem; R: roots; (a–h) represent the characteristics of changes in the
nutrient content of various organs at different elevations in the same season in terms of C, N, P, and
K. Different lowercase letters indicate significant differences between organs in different seasons at
the same elevation (p < 0.05).

The C:N ratios of all of the organs showed a decreasing trend with increasing elevation
during the growing period, with the highest values being 42.77, 83.49, 466.29, and 115.15 at
an elevation of 3500 m, respectively, with significant differences (p < 0.05). The C:K ratios of
the leaves and stem showed a decreasing trend with increasing elevation, with the highest
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values being 137.47 and 474.30 at 3500 m, respectively; these values were insignificantly
different (p > 0.05). The N:K ratios of all of the organs except for the root organ showed
an increasing trend with increasing elevation. At the different elevation gradients, all the
organs showed an increasing–decreasing trend with increasing elevation, except for the K:P
ratio of the leaves, and the difference was significant (p < 0.05). During the dormant period,
the C:N, C:P, and C:K ratios showed the same trend with increasing elevation in all of the
organs except for the C:P ratio of the branches, and the C:N ratio showed the following
order: stem > root > branch > leaf; the C:P and C:K ratios showed the order stem > root >
leaf > branch. In contrast, there was no obvious pattern in the N:P and N:K ratios, but they
uniformly presented the maximum value for the leaf organ ratio, and the difference was
significant (p < 0.05).

3.4. Principal Component Analysis of Environmental Factors on Plant C, N, P, K, and
Stoichiometric Ratios

To understand the correlation between the C, N, P, and K contents of Abies georgei
var. smithii and its ecological stoichiometric ratios and environmental factors, a principal
component analysis (PCA) of the C, N, P, and K contents of Abies georgei var. smithii leaves,
branches, roots, and stem organs and the environmental factors is presented in Figure 4.
In Figure 4, the length of the arrow indicates the size of the indicator (importance), and
the size of the angle between two indicators and between the indicator and the main axis
indicates the correlation between the indicators; the smaller the angle, the greater the
correlation. From Figure 4a, it can be seen that the contributions of the PC1 axis and PC2
axis during the growing period were 44.8% and 23.4%, respectively, and the cumulative
contribution was 68.2%. AT and AH were positively correlated with the C, N, and P
contents and negatively correlated with the C:N, C:P, and C:K ratios, and AT and AH
were the main factors affecting the stoichiometry of the different organs at the 3500 m
elevation. In addition, the 4300 m elevation was the main factor affecting the stoichiometry
of the different organs. The main factor affecting the stoichiometry was ST. Meanwhile,
the contributions of the PC1 and PC2 axes during the dormant period (Figure 4b) were
44.8% and 23.4%, respectively, with a cumulative contribution of 68.2%. They showed a
similar convergence in the growing period, with AT positively correlated with the C, N,
and P contents and negatively correlated with the CN, CP, and CK ratios. At the 3500 m
elevation, AT was the main factor affecting the stoichiometry of the different organs, and at
the 4300 m elevation, the main factor affecting the stoichiometry of the different organs was
ST. The PC1 factor loadings indicated that the nutrient contents and stoichiometry ratios
were clearly separated along the two ends of the PC1 axis, meaning that the N, P, and K
contents varied in opposite trends to the C:N, C:P, and C:K ratios.
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4. Discussion
4.1. Spatial and Temporal Dynamics of Inter-Organ Nutrient Content of Abies georgei var. Smithii

Different plant organs have different structural materials and functional properties.
The inhibitory effects of environmental changes on the C, N, P, and K contents in the
different organs of the same tree species vary. Different growth rhythms also exhibit
significant differences [23]. In this study, the C contents of the Abies georgei var. smithii
leaves were 513.12 g·kg−1 and 512.68 g·kg−1 during the seasonal changes, respectively, and
were higher than the global average C content of leaves (464.00 g·kg−1) [24]. The C content
of the leaves and branches showed an upward–downward trend from the growing period
to the dormant period (Figure 2), which is similar to the results of Zhao [25] et al. This may
be due to the fact that plants are in a rapid growth state during the growing period, with
strong photosynthesis and an accelerated rate of carbon fixation, while the growth of the
leaves weakens and withers during the dormant period, resulting in a decrease in leaf C
content [26]. From Figures 2 and 3a,e, it can be seen that the C content of both the stem
and the root organs tends to increase with the elevation gradient in the seasonal dynamics,
showing a greater value for the growing period than for the dormant period, and the
difference is insignificant (p > 0.05). This may be because roots and stems, as organs that
absorb and transport nutrients, have the most vigorous metabolic and productive activities
during the growing period, and the accumulation of carbohydrate substances is effective,
resulting in a rapid increase in biomass, which dilutes the C content of the roots and
stems [27]. When it comes to the dormant period, the growth rate of woody plants slows
down, and the biomass tends to stabilize. The C element content of the roots and stems
accumulates and increases, resulting in the C content of the dormant period being higher
than that of the growing period. In addition, compared with other related studies [28,29],
the overall variation in C content in this study was relatively small, which is consistent
with the results of Liu [30] et al., indicating that C content, as the main structural material
for plant growth and development, has a relatively small seasonal variation compared to
the contents of N, P, and K, which serve as functional elements. Overall, the C content of
each organ at an elevation of 3500 m was higher than that at an elevation of 4300 m, which
reflects the fact that Abies georgei var. smithii at lower elevations has a higher capacity for C
accumulation.
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Overall, the nitrogen (N) content of Abies georgei var. smithii varied from 6.68 to
6.48 g·kg−1 during the seasonal changes, which was significantly lower than the results
of different regions, such as those of the national average [31] (20.20 g·kg−1) and the
Hulunbuir saline land [32] (19.68 g·kg−1). The nutrient changes of each organ in response
to elevation were consistent; they all showed an increasing trend with the increase in
elevation, with the distribution sequence being leaves > branches > roots > stem. The N
content of both the leaves and the roots of the Abies georgei var. smithii was higher during
the growing period than during the dormant period. This could be due to the leaves being
the main organs for plant assimilation and metabolism and the fact that plants transport a
large amount of nutrients to the leaf organs during the growth stage. As the roots connect
the aboveground and underground nutrient cycling parts and play an important role in
nutrient absorption to meet the needs of plant growth, the N content is transported to the
branches and stems for storage before the dormant period, resulting in a decrease in N
content in the leaves during the dormant period. In other words, in a limited-resource
environment, plants optimize resource allocation between functional traits; this is a “trade-
off” strategy [33,34]. On the other hand, as the elevation increases and the temperature
drops, the leaf organs produce carboxylation reactions to resist the inhibitory effects of low
temperature on enzymes, and the enhancement of the carboxylation capacity leads to an
increase in the N content [35]. At this time, various functions of the plant itself begin to
gradually decline during the dormant period: enzyme activity decreases, and physiological
effects such as photosynthesis and transpiration begin to weaken. The ability to absorb
and assimilate nutrients is relatively low, which is also the reason for the N content of the
leaf and root organs becoming higher during the growing period than during the dormant
period. This is similar to the results of Li et al.’s research [36]. Except for that of the root
organ, the phosphorus (P) content showed a pattern of being lower during the growing
period than during the dormant period, which may be because the root growth is slow,
and it showed a relatively stable state during the seasonal changes; these results are similar
to those of Yang Xiuyun’s research [37]. The potassium (K) content showed the opposite
pattern to the P content, with a higher content during the growing period than during
the dormant period, except for the leaf organs. The sequence of distribution from large
to small was branches > leaves > roots > stem. The P and K contents of the leaves during
the growing period and dormant period were 1.19 g·kg−1 and 1.22 g·kg−1 and 4.32 g·kg−1

and 4.55 g·kg−1, respectively, both of which were lower than the national [31] average
(1.46 g·kg−1, 15.09 g·kg−1). In addition, both showed significant seasonal effects in the leaf
and branch organs, indicating that the P and K nutrient elements are volatile in the leaves
and branches as the season changes. This is similar to the research results of Xie et al. [38]
on the artificial forest of Pinus tabulaeformis in northern China. As the elevation increases
and the temperature drops sharply, Abies georgei var. smithii adopts a defensive life strategy
under long-term environmental stress, indicating that the utilization of plant nutrients
in different growth stages and the distribution differences of organ nutrients are jointly
affected by the limited supply of environmental nutrients and their own physiological
characteristics. In addition, Abies georgei var. smithii is a common evergreen tree species in
the area.

4.2. Spatial and Temporal Dynamics of Inter-Organ Stoichiometric Ratios in Abies georgei
var. smithii

The ecological stoichiometry ratios can be used to reveal the nutritional status of
plants and the nutrient supply capacity of regional habitats [39]. The variations of the C:N,
C:P, and C:K ratios throughout the seasons can reflect the balance between competition
and life defense strategies. When the C content is higher, the ratios of C:N, C:P, and
C:K are also higher, indicating that the plant adopts a life defense strategy with a lower
photosynthetic rate [40]. In this study, under the spatiotemporal dynamic distribution, the
C:N, C:P, and C:K ratios of all the organs were higher than the global [24] average level
(22.50, 232.00, 30.73) and decreased with increasing elevation. This is the opposite result
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to the seasonal changes in the N, P, and K contents, showing that the efficient utilization
of elements by Abies georgei var. smithii in the environment with relatively poor nutrient
supply was displayed both in and out of the growing period, with a higher efficiency
during the growing period than the dormant period. These findings are similar to those of
Niu et al. [41]. This may be due to the fact that the vegetation and temperature reached a
higher equilibrium state during this period, causing the utilization rate of N, P, and K to be
relatively higher. Furthermore, there were differentiated features in the stoichiometric ratios
of C, N, P, and K in the different growth rhythms of Abies georgei var. smithii, indicating
that the plant has different resource allocation strategies for C, N, P, and K under different
environmental conditions (such as substrate nutrient status, elevation, temperature, and
water supply).

Tilman pointed out in the competition ratio model that plants with lower nutrient
content are more likely to survive in nutrient-poor environments for a long time [42]. In
this study, the N:P ratios of Abies georgei var. smithii tree leaves, branches, roots, and trunks
were all less than 14, indicating that their growth was mainly limited by N [43,44] (Table 6).
In addition, the N content remained stable within a certain range under temporal and
spatial dynamics (Figure 2). We speculate that this may be a strategy for Abies georgei
var. smithii trees to maintain their metabolic ability in low-temperature environments,
selectively adjusting their nutrient composition to reduce fluctuations in important and
limited nutrient content, which is consistent with the “Stability of Limiting Elements
Hypothesis” [45]. In terms of seasonal dynamics, the N:P ratio of the leaves showed a
significant decreasing trend as the growth season progressed, indicating that the dilution
effect of N caused by cell elongation and expansion in Abies georgei var. smithii tree leaf
organs was stronger than that of P, which may be related to the specific absorption of N
and P contents at different elevation gradients. The N:P ratio of the branches showed
a decreasing and then increasing trend, while that of the roots and trunks showed the
opposite trend, indicating that the growth of Abies georgei var. smithii trees was alleviated by
N limitation as the season changed. This result is inconsistent with the results of Fan [46]
et al. on the N:P ratio of wetland plants in Jiaozhou Bay, which may be related to differences
in habitat, species, and environmental factors. Venterink [47,48] found that when N:K > 2.1
and K:P < 3.4, K was the main limiting factor. In this study, except for the N:K ratio of Abies
georgei var. smithii tree leaves (3.16) being greater than 2.1, the N:K ratios of the branches,
trunks, and roots were all less than 2.1 along the coastal elevation gradient in different
seasons, while the K:P ratio thresholds (5.01, 4.53) were all greater than 3.4 among the
different organs, indicating that the Abies georgei var. smithii trees in this study area were
not limited by K, which may be related to their resistance and tolerance to drought and
barrenness. In summary, plants with lower N and P contents tend to become dominant
species in environments limited by N and P contents [42]. In addition, plant–apoptotic
matter–soil is a complete nutrient cycle system; this study only performed a systematic
analysis for plant nutrients, and did not study the characteristics of apoptotic matter and
soil nutrients; so, the C, N, P, and K in the nutrient cycle system cannot be better reflected.
Future research should pay attention to the integrity of nutrient cycle system research.

4.3. Relationship between Stoichiometric Ratios and Seasonal Variation in Various Organs of Abies
georgei var. smithii

In plant growth, plants that have strong adaptability to stressful environments have
stronger nutrient storage capabilities than plants grown in a well-supplied environment [49].
They can respond to stress by adjusting or changing their own nutrient storage strategies.
The PCA analysis results showed that, whether during the growing period or the dormant
period, AT was positively correlated with the C, N, and P contents and negatively correlated
with the C:N, C:P, and C:K ratios. This suggests that the stoichiometry of the nutrient
reserves and utilization strategies in different organs (leaves, branches, roots, and stems) of
Abies georgei var. smithii show similar trends with regard to spatiotemporal dynamics. This
is similar to the results of Randrianalijaona et al. [50]. In addition, Abies georgei var. smithii
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showed a significant response to elevation gradient, with AT being the main factor affecting
the stoichiometry of different organs at an elevation of 3500 m and ST being the main factor
at an elevation of 4300 m. Therefore, we conclude that the differences in nutrient absorption
and allocation during Abies georgei var. smithii growth are affected by elevation gradients.
The N, P, and K contents were negatively correlated with the C:N, C:P, and C:K ratios on
the PC1 axis. As expected, we found that the N:P ratio of the different organs of Abies
georgei var. smithii decreased with the increasing N and P contents at higher elevations.
When the plant has a low N:P ratio, this indicates that its growth rate is higher and that
the plant will allocate more P to ribosomal RNA for rapid protein synthesis to maintain
fast growth. This conclusion not only reflects the good adaptation strategy of Abies georgei
var. smithii in high-elevation environments but also relates to the production of anti-stress
mechanisms in plants under stressful environments. This mechanism requires plants to
have higher nutritional investments in order to have a strong impact on the N:P ratio [51].
Therefore, the increase in the N and P contents in plants is a physiological and ecological
characteristic of the resistance to environmental stress. The principal component analysis
results in this study were consistent with the previous research results.

5. Conclusions

Compared with the global-scale studies, this study area has lower N, P, and K contents,
and growth is limited by the combination of N and P. In addition, various organs of Abies
georgei var. smithii exhibited similar convergence in their nutrient storage and utilization
strategies at different seasonal scales. Under low temperature environmental stress, more
nutrients are allocated to the assimilation organs and reproductive organs for resource
optimization allocation; this is a “trade-off” strategy. The C:N, C:P, and C:K ratios of each
organ under the spatial and temporal dynamic distribution were opposite to the N, P, and
K contents, which showed a higher N, P, and K utilization efficiency to a certain extent, in
accordance with the “Growth Rate Hypothesis”. The effect of environmental factors on
the stoichiometry of the different organs of Abies georgei var. smithii was spatially scaled,
i.e., at 4300 m ST was the indicator affecting the stoichiometry of most of the organs, while
at 3500 m AT was the indicator affecting the stoichiometry of all of the organs. At the
spatial scale, AT significantly affected the contents of C, N, and P (positive correlation);
it significantly increased the N and P contents and reduced the N:P ratio, promoting
plant domestication and adaptation. The results demonstrate that Sejila Abies georgei var.
smithii has a good elevation gradient adaptation strategy and is a pioneer species at high
elevations.
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