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Abstract: The high-altitude gradients of the Kunlun Mountains create distinct vertical zonation in climate and vegetation
types, making this region a critical area for studying soil nutrients and ecological stoichiometry in mountain ecosystems.
However, research on soil nutrients and ecological stoichiometry across different altitude gradients at the whole-scale of the

Kunlun Mountains, as well as their driving factors, remains insufficient. This study collected soil samples from different
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altitude gradients (1916 m to 4335 m) in the Kunlun Mountains and analyzed the content of soil organic carbon (SOC),
total nitrogen (TN) , and total phosphorus ( TP) in the 0—50 cm soil layer, as well as their ecological stoichiometric
characteristics, the main objective was to explore how the contents of SOC, TN, TP, and their ecological stoichiometric
characteristics varied with the altitude gradient in the Kunlun Mountains, aiming to reveal the underlying patterns of these
changes across different elevations. Additionally, this study analyzed the relationships between total soil salinity content,
pH, aspect, slope, plant community coverage, community height, and climate factors with SOC, TN, TP contents and
ecological stoichiometric characteristics to investigate the driving factors for the formation of SOC, TN, TP contents and
ecological stoichiometric characteristics in the Kunlun Mountains. The results showed that; (1) In the Kunlun Mountains
region, SOC, TN, and TP contents significantly increased with altitude, although the change in TP content with altitude
was relatively small, showing a slow increase. The soil C :N ratio remained stable with altitude, while the C :P and N :P
ratios significantly increased as altitude rose. (2) In the Kunlun Mountains region, SOC and TN contents were primarily
influenced by the maximum temperature in the hottest month, the precipitation of driest quarter, the seasonal temperature
variation coefficient, and plant community coverage, while TP content was mainly affected by total soil salinity content,
slope, the mean temperature of wettest quarter and the maximum temperature in the hottest month. (3) In the Kunlun
Mountains region, The soil C :N ratio was mainly affected by plant community height and the precipitation of driest quarter,
while the C:P and N :P ratios were primarily influenced by the seasonal temperature variation coefficient, the precipitation
of driest quarter and plant community coverage. The findings establish an important scientific foundation for understanding
carbon-nitrogen-phosphorus cycling processes in high-altitude environments and contribute to better predicting how these

fragile mountain ecosystems might respond to ongoing climate change.

Key Words:; Kunlun Mountains; soil nutrients; altitude gradient; ecological stoichiometry
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Fig.1 Map of soil sampling points in Kunlun Mountain
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Table 1 Sampling points and community types under different elevation gradients in the Kunlun Mountains

Feihd's R EH 2 HifE K G/ ST i S o
Plot number ~ Community type Longitude Latitude Aliitude/m MAP/mm AMT/C

1 Z1H0 ( Reaumuria soongarica) Fie 1% 85.7157° 37.6558° 1916.8 44 8.04

2 218 ( Reaumuria soongarica) Fic ik 78.0257° 37.2711° 1978.9 22 10.10

3 SERIKHIEL (Myricaria bracteata ) A 76.0334°  38.5019° 2192.2 57 7.13

4 ?iiﬁﬁff’j;:{i;’;”l ’;;k;’ j;_:gg’“’”id“) HNSEAE 85.7592°  37.5129° 2292.7 50 6.03

5 521ty 52385 (Artemisia xerophytica) S5t 85.7605° 37.4662° 2486.3 55 4.80

6 43 B ( Sympegma regelii ) FiE it 77.1352° 37.1781° 2537.4 29 7.30

7 iiﬁﬁﬁ b( ;;’:f:’)’glg gracilescens) + KLEFTF 85.7504°  37.4359° 2662.8 57 4.11

8 L2455 ( Seriphidium gracilescens ) ¥ i 77.0930° 37.1478° 2664.9 28 5.96

9 A% (Stipa roborowskyi) B i 81.1004° 36.1493° 2741.9 29 5.18

10 LT U2 ( Seriphidium gracilescens ) iR 77.0960° 37.0998° 2857.8 28 4.58

11 43 (Stipa roborowskyi ) BETE 85.7479° 37.4095° 2867 61 2.86

12 PG 1L 2E5 ( Festuca olgae) HLJR 81.0874° 36.1184° 2918.3 31 4.97

13 FALLZE2 ( Festuca olgae) HJR 77.1074° 37.0882° 2950.5 32 3.83

14 S AEER 3 (Stipa breviflora) KR 77.1174° 37.0896° 3017.1 32 3.40

15 %;i:;ji ’i tgz;;zz:gg‘; +EPAIA 85.7488°  37.4061° 3020.7 66 1.85

16 A THT i ( Juniperus centrasiatica ) bk 77.1171° 37.0900° 3044.9 32 3.40
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'S R % i K EREKE AR
Plot number ~ Community type Longitude Latitude Aliitude/m  MAP/mm  AMT/C
17 B H2 ( Picea schrenkiana) Hk 77.1276° 37.0875° 3080.8 32 3.12
18 PEILISESE (Festuca olgae) B 81.0810° 36.0949° 3114.8 31 3.83
19 FEA 5 ( Festuca kryloviana ) %R 77.1195° 37.0912° 3121 32 3.40
20 PHLLZEE ( Festuca olgae) HLJR 85.7471° 37.3964° 3145.2 69 1.28
. ﬁi{% ( Achrjztherum splendens ) +£1 41288 ( Seriphidium 85, 7484° 37.4007° 12197 66 185
gracilescens) %5
22 B3k B (Sympegma regelii ) T 5 74.4463° 37.8716° 3247 130 -4.38
23 P4 1L 25255 ( Festuca olgae) HJF 75.9841° 38.2155° 3304.2 60 1.10
24 ﬁ(ﬁ%%ﬁ‘%ﬁf”pa caucasica subsp. desertorum) +2H75 74.9685° 38.6674° 3320 30 1.30
(Seriphidium ) 55
25 3k W ( Sympegma regelii) i 5 75.0204°  38.0682° 3373 66 2.09
2% %Eéﬂz% i Krascheninnikovia ceratoides ) +4 K B ( Sympegma 25 4484° 37 8716° 3401 61 L6s
regelii) T U6
27 YE G838 ( Krascheninnikovia ceratoides ) Tt 74.9784° 38.1304° 3562 68 0.70
28 YEERAE ( Krascheninnikovia ceratoides) Fii i 75.4678° 37.2740° 3711 64 0.54
2 %Eéﬂzﬁ L Ifigscheninnikovia ceratoides ) +45 3k 5 ( Sympegma 74.9348° 38.1834° 3719 - 033
regelii) T
30 T4 2 (Stipa caucasica subsp. desertorum ) 5L )5 74.9258° 38.2959° 3748 76 -1.05
31 R EF 3 (Stipa orientalis ) B 75.4740° 37.2846° 3770 63 0.47
32 REFHXE L ( Caragana jubata) HEM 75.9783° 38.2027° 3776.4 63 0.12
33 = LB ( Seriphidium rhodanthum ) )5 75.4813° 37.2885° 3819 65 0.01
34 ﬁ‘iﬁ‘%%ﬁ%(&ipa caucaﬁca subsp. desertorum) +1= LLI 25 % 75.4898° 37.2909° 3863 69 Z0.85
(Seriphidium rhodanthum) #iJ&
35 P4 L1255 ( Festuca olgae) i 75.4902° 37.2906° 3872 69 -0.85
36 TR T4 (Stipa caucasica subsp. desertorum) )5 75.9169° 38.2385° 3881 69 -0.14
37 LB ( Seriphidium rhodanthum) Fe 1% 74.9163° 38.2384° 3897 79 -1.46
38 JEAEAT 3 (Stipa subsessiliflora) %R 75.49195°  37.2931° 3925 69 -1.25
39 HKFELSE (Stipa orientalis) B )5 75.4918° 37.2931° 3973.5 69 -1.25
40 PG 1L 2E3F ( Festuca olgae) %) 75.5062° 37.2940° 4057 75 -1.72
41 FF (Festuca ovina) FJi 75.5234° 37.2954° 4287 85 -3.09
42 S A W ( Kobresia humilis ) ¥ Ji 75.5253° 37.2936° 4335 92 -4.03

MAP . 4ER# 7K Mean annual precipitation ; AMT ; 4E447 Annual mean temperature
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Fig.2 Effect of elevation on soil nutrient content
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Table 2 Best impact factor combination for soil nutrient and measurement ratios

i ERem AR e gy KRR
Ttem Soil layer The best AlCe R Significance  odel of multiple linear
combination regression equation
T LR 0—10 MAT+CC 318.9184 0.4912 P<0.01 Y=-1.23X,+0.34X,+27.09
Soil organic carbon 10—20 MAT+CC 318.9184 0.4912 P<0.01 Y=-0.84X,+0.21X,+19.84
20—30 TSI+CC 194.1681 0.7276 P<0.01 Y=-0.03X,+0.20X,+30.68
30—50 PDQ+CC 174.9266 0.7784 P<0.01 Y=2.13X,+0.28X,-4.20
£ 0—10 MAT+CC 110.1645 0.4951 P<0.01 Y=-0.11X,+0.03X,+2.54
Total nitrogen 10—20 MAT+CC 60.2266 0.6017 P<0.01 Y=-0.08X,+0.02X,+1.92
20—30 TSI+CC 54.0412 0.5183 P<0.01 Y=-0.01X,+0.01X,+5.58
30—50 PDQ+CC 42.5907 0.7381 P<0.01 Y=0.22X,+0.23X,+1.99
X 0—10 TSC+CC -83.5200 0.2401 P<0.01 Y=-0.01X,+0.02X,-0.28
Total phosphorus 10—20 MAT -51.63281 0.2138 P<0.01 Y=-0.02X,+1.02
20—30 MAT -42.2031 0.1499 P<0.05  Y=-0.02X,+0.93
30—50 MET+S -51.6387 0.5507 P<0.01 Y=-0.02X,+0.003X,+0.81
WAL 0—10 PDQ+CH 172.1713 0.2874 P<0.01 Y=0.30X,+0.33X,+9.31
Carbon to nitrogen 10—20 CH 149.8075 0.0986 P<0.05  Y=0.18X,+10.34
ratio 20—30 CH 177.2891 0.1358 P<0.05  Y=0.40X,+9.40
30—50 CH 120.7638 0.4107 P<0.01 Y= 0.53X,+10.20
Tl L 0—10 TSI+CC 363.6997 0.4239 P<0.01 Y=-0.13X,+0.49X,+132.99
Carbon to phosphorus ~ 10—20 TSI+CC 363.6997 0.4239 P<0.01 Y=-0.13X,+0.49X,+132.99
ratio 20—30 TSI+CC 245.8945 0.5936 P<0.01 Y=-0.05X,+0.29X,+55.95
30—50 PDQ+CC 195.5668 0.7351 P<0.01 Y=2.49X,+0.38X,-3.72
AWELL 0—10 TSI+CC 151.8342 0.4311 P<0.01 Y=-0.01X,+0.04X,+11.10
Nitrogen to 10—20 TSI+CC 104.5089 0.5082 P<0.01 Y=-0.01X,+0.03X,+7.29
phosphorus ratio 20—30 TSI+CC 105.5530 0.3808 P<0.01 Y=-0.01X,+0.02X,+10.80
30—50 PDQ+CC 59.7228 0.7021 P<0.01 Y=0.26X,+0.03X,-0.16

TSI. KR ZET AR5 25K Temperature seasonality indcx;MAT;'HE'iﬂEH 0y B i T E Max temperature of warmest month ;MET:%?@?E&?@ Mean
temperature of wettest quarter; PDQ;EE'Q' [~ 25 B f K Precipitation of driest qual‘tcr;TSC:%ﬁ% Total soil salinity; CH. Bfy% = Community height;

CC. B E Community cover; S I JF Slope
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