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Abstract: [ Objective ] The nutrient content and ecological stoichiometric characteristics of plants across
various altitudinal gradients in fragile forest ecosystems in arid regions were analysed in order to provide
scientific support for their nutrient management. [ Methods] This study focused on the dominant plant
species at five distinct altitudinal intervals, i.e. 1 730, 1 799, 2 025, 2 487, and 2 544 m in the Helan
Mountains National Nature Reserve. The variations and correlations of carbon (C), nitrogen (N), and
phosphorus (P) contents and stoichiometric features in leaves, fine roots, and soil along these gradients were

analysed. [Results] @ Soil organic carbon (SOC) displayed a unimodal pattern with altitude, peaking at 2 487 m
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(42.92 g/kg). Soil total nitrogen (TN) levels at the three highest altitude sites (2 025, 2 487, 2 544 m) were
significantly greater than those at the two lowest altitudes (1 730, 1 799 m), whereas total phosphorus (TP)
remained relatively stable. The C ¢ P and N : P initially increased and then decreased with increasing altitude.
@ There was no significant change in leaf and fine root C across altitudes, but the P content increased with
altitude. Fine root N content progressively declined with altitude, whereas leal N exhibited a fluctuating
trend. At high altitudes, the N : P ratio in the leaves and fine roots was less than 14; however, at low
altitudes, the ratio exceeded 16. @ Nutrient concentrations in the leaves were significantly higher than those
in the fine roots. @ Correlation analyses revealed that C content in leaf positively correlated with SOC, TN,
C: P and N ¢ P in soil. In contrast, N content in leaf and fine root significantly decreased as SOC, TN, C : P and N
: P in soil increased, and the relationship between leaf and fine root P and soil TP was not significant. [ Conclusion ]
Plant growth at high and low altitudes is mainly limited by N and P, respectively. Leaves of dominant plant
species at different altitudes exhibit higher nutrient contents than their fine roots, and variations in soil nutrient
supply due to altitude influence the N, P and stoichiometric characteristics of plants in the Helan Mountains.

Keywords: plants nutrients; composition characteristics; stoichiometric ratio; elevation gradient; Helan Mountains
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Changes of C, N, P and stoichiometric ratios in leaves and roots of plants at different altitudes in Helan Mountains
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Table 3 Correlation coefficients of leaf, fine root C, N, P and stoichiometric ratios with soil nutrients
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Fig.2 Linear relationship between C content in leaf and soil nutrients
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I B 95 0 43 A7 4 IR - S R A, 1 7 AR AER 40 A ik
A WO 1) R T B 0D A K 1 [
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3.2 BWEL#EYME.ERCN,PESERLEIT

bb 3+t 35 4R #9 M iz

BEAR RGBT R CNLP &A1k
5 B 43 ) M 446.36~503.45,8.76~22.94,0.82~1.85
g/kg MR C, N, P & &t 28 b i [ 43 5 o 441,18 ~
A77.66,5.22~13.77,0.40~0.84 g/kg, AWBF55hnt
SR C fatmsm T b E U 2By CF
{8, UL HIIZ X HE 9 &5 A6 5 22 B9 DL - 5Bk BE 1 40
DAL Sk 7 2% Ly b Ak 75 b P Bl o P b b DXV 4R K B 4R
Sl BRI ZE K PR & LA E R A R T
A BT R SR T AR B I G L B TR I R
RS540 P E KT 2 BRIE Y, Han Wenxuan
SEI IS IN N R A3 b X P R R AR
XARE R FECTEEY S E PR T 2K W
SR, R A RS B T — B R R WE Y
BT A R B A8 A F B S IR )i 3 45 1 £ 48 NL P
SR E R 1.14~2.59 g/kg,0.49~0.76 g/kg,
WE A T 4 6 - 5832 N.P(1.86 Fil 0.78 g/kg) &
U RO R L L, T RE S BUE P X 3R 4 1)
WSO sl 2> o 3 JSE W A N 3R D . AT
WRBE R R A AR C: N,C = Py T E L
SERAEY) C: N,C: PAMEEIKE (R O, BL B 22
LU ) 7 31l 135 43 1) FH SR s 55 T LA P g

AT FE 4 F W 0 R 5 AR C 1 i Bl Bk G
EARA T REE I A RCR MR ERE F T A

1 XA FE ALY C % 52 BE S R 5 T, T

Ll

Fr 5 AR P R R OB A T A i, D
1o EF A DX O L G BURL A R IR
RS AR OF 46 6L, 5% 70 1) T 3l AR 90 ) 8 3 1) R i
ERE R 7/ o SRR SN U SN S U SER A A A I 2
Y PR il AW A5 IR BT K 5 R IGE E E S Y
WRoeas R — 2, W E— WA SR BA Y, R &
S R ) R P R B G RINAL 1149 366 o DT 56 AR A 42 1R
R, g, MY sl R s AN NS P E R L
FRHUAR I X A R A AR . ARWESE T, AR
N 5 f5 B SR J3E 04 b T o o AR L A A AR T
MR N B AR A B aT B8 Y LD A B 5T IX A
B, AT — S AR I H A AR A v A W
2,00 Reich 55 B WF 58 2 56 T2 B0 BB A6
UABIE S R XA M 7 N s P<T14 (3£ 4).,
R A AT 1) T 52 N BR ) o ARG VA 95 DR Bl FR ) Ot 3%
T R P AR FIR A G 2R 7 AR ) A P B A AR X A E
FEXT R E 14 0 L4502 RE S TR AR XA N 2 P>
16 (5% 4) , UL W] izl DX AR ¥ 4 IXAB ) 2B I fii 1) T 32 P
B4 .

YR NP & i b 35 & T AR TR I 4K 2%
PR MRS AR C 5 d 1) 0 0 3 22 5 R B R R B
AR S A R B A B RE B DDA G, i
VE R HE 6 AT BILJT Y 3 8 B A A Bl i ol T
BRI 37 BT AR AR R A v WO 98 R 0 RO 4
R UL BRGS0, R, M AR Z B NL P
AL SR AR A 35 Y — Rl IO SR

x4 TEBHHBEEYCN,PUEHEFMESHMARBHILER

Table 4 Comparison of stoichiometric characteristics of C, N and P plants at different altitude gradients with other studies

g3/ c/ N/

P/

m H AL LYIEL A (g ke) (g+kg) (g-kg ) C: N C: P N:P B R R
. it 464.89 15.57 0.82 29.77 562.12 18.88
30
Iii] 496.79 13.77 0.40 61.29 1153.93 34.18
nt 446.36 22.94 1.20 61.97 372.29 19.13
1799
i) 441.18 10.95 0.84 41.68 524.83 13.04
. i 86 503.45 10.81 0.91 16.58 556.41 11.95 ABET
7 Uiis 177.66 6.14 0.48 77.77 995.17 12.78
5 187 nt: 484.92 8.76 0.88 54.76 550.03 9.93
lit] 466.16 5.22 0.61 84.72 773.53 8.61
- n 488.10 15.56 1.85 28.66 264.27 8.41
Uii! 444.04 5.31 0.70 67.43 636.78 7.61
nt — 459.10 18.00 2.3 22.50 300.92 16.30 SCHik[24]
o E A -
i) — 473.90 9.16 0.95 59.15 522.10 14.27 CHkL31]
it 1280 464.00 20.10 1.80 23.80 300.90 13.80 SCHkL4]
EERAEDY) X
ikl — — 9.90~11.20 0.55~0.85 41.41 — 10.82 XHkL32]
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At Myt A C 5 5 SOC, TN, C : P,
N: PREMXEER., BN EIRE MY A K EE
TR A UR, Forb i g A LR S BRI LT 43T Ay 1
FELAN W b S A 4 A= B Bk 3R A AR I S A
WIAE TR 4y 1k I 5 75 5K 18] 31k 2] 8h 25 7 i DL 4EFE o R
Fet T R SR A X AR C AR IR L
Ji PH AT RE A R A I R 5 AR 1 3R 4 R R AN TR R C
& Faim ke £, B M RRE R A N 540
N BE% 1+ SOC,TN,C: P,N: P ST S E
FRLEAY TR SR N SR FEEETHS
MEAVE AN S 3 B 7E 5 b X R K 40
FHARSCR I R B v] LR & i 2 i s S KL R B
[, T R R R e .k AR P
TP MR B %, RAHY P & =iFdEm 5 TP
ELHUE O 3 P OoC R A R R A 2
PR P # CoN JCE S B . Y% + 45
I 5T WO — A L 2 i B, SR A2 457
O3 IR IR A7 A e SR O A RO N P L
EY RIS pH HAF Z R A 7Ry 3L FH 29, K
Wb 30 T 0 — 25 BR AR 5% B 2% 1Ly b DX 4 R i+ g 5
Sy HIHLER S 5 &

T3 C: PN : P 5 4t C,N,P fb2xit it
L2 VAR DG, BB I R AIAR 5 3 TE] 1Y) 3% 0 16 36 2
AR R AR TR AR AR 5 R A e R R
FEINBE N AL 3 7E — a8 B s e T AR A A e R K
AN PUR L AN E TN O N T e 7/ RN N 0 N =S
TEFR 5 o3 Be o 72 e B B R vk, A W Ae e AR K AR LA
FRBE

4 4w

B O R R A A Py it 5 AR C B i 3k
JC W ARk P Fr i B I AR 0 T G . A R, 4
RN Bt BT AR b TR W R A T e N B A
fetas, RN RBE FEY A 4R C s N,
C:P¥mThELE2SERMEY C: N,C: PHMF
VoKV 48 75 26 B8 22 LR W 7 [ B 0 57 0 ) o 4
T B R AR L A P R A L
L NLP & &8 & . YR 58 R0 LS
R TR 2 ISR X (2 025,2 487,2 544 m)HE
YA % N BRG] AR X (1 730 m 11 799 m)HE
WaKZ PRRGl. Wi, 78RR R EEH S,
T I v VAR XA ) N 2RI I R DX TR 5
) PR AORI T AR 5] R Y 1 3 R o 1 R Y 22

SR T B 22 LA R S AR A B A T
fiE SEFHAE Y 7 A AR 5 A8 1) 9 3R 0 70 26 BLA 8K
SR Y SR
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