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Soil nutrient stoichiometric ratios and their influencing factors
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Abstract: Studying the soil stoichiometric ratios and the influencing factors of different altitude
gradients in mountain ecosystems in arid zones is significant in revealing the soil nutrient status and
maintaining the sustainable development of mountain ecosystems. In this paper, 13 sample plots were
established along the elevation gradient in the mountains of the southern Ili River Valley, and soil in the
depth of 0-20 cm was studied to investigate nutrient stoichiometric ratios and their influencing factors.
The results showed that: (1) Soil acidity gradually increased with elevation. Organic carbon and total
nitrogen contents are significantly higher in the middle and high mountain belts than in the low
mountain belts, while total phosphorus and total potassium contents are opposite. (2) Due to altitudinal

differences, the carbon-to-nitrogen ratio is significantly higher in the mid-alpine belt than in the low and
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alpine belts; carbon and phosphorus ratios are significantly higher in the middle and high mountain
belts than in the middle and low mountain belts; carbon and potassium ratios are significantly higher in
the middle and high mountain belts than in the low mountain belts; nitrogen-phosphorus ratios are
higher in the alpine zone, but there is no major difference between the transition zone and the low
mountain zone; nitrogen-potassium ratios are much higher in the alpine zone, whereas there is no
significant difference between the mid-alpine zone and the transition zone; the differences of
phosphorus/potassium ratios between altitudinal gradients are ignorable. (3) The dominant factors
affecting the stoichiometric ratios of soil physicochemical indicators are soil organic carbon (62.4%),
total phosphorus (15.9%), and total carbon (13.7%); while the major environmental factors are mean
annual soil temperature (27.1%), vegetation index (11.2%), elevation (12.3%), and mean annual atmo-
spheric temperature (3.4%). The study showed that the physicochemical indicators have an important
influence on the soil stoichiometric ratio, further verified that the altitude is still the dominant factor
affecting the stoichiometric ratio, and revealed that the influence of microenvironmental factors on the

soil stoichiometric ratio should not be neglected, which provides a scientific basis for the in-depth study

of the nutrient status of soils in mountainous areas of the Ili River Valley.
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Table 1 Basic information on sample plots

TR AY TR K& Jes i /m g/ ()
o LR ) E LA 82°51'48. 356" 43°0122. 869" 2672 16.2
BBk 82°51'36. 445" 43°02'08. 015" 2541 17.2
FrtpR 82°51'44. 908" 43°03'33. 659" 2381 33.7
Bripk 82°51'38. 464" 43°04'13. 464" 2161 28.9
Bripk rh e A 82°53'52. 288" 43°08'23. 873" 1 896 14.6
ANV 82°53'48. 290" 43°08'32. 792" 1 804 28.7
AN 82°53'44. 272" 43°08'44. 590" 1717 14.9
FRmtpk 82°53'15. 542" 43°09'02. 534" 1641 12.2
B R se R i P 82°53'05. 815" 43°09'19. 629" 1567 29.2
SR [N 82°52'22. 052" 43°10'26. 183" 1482 21.5
FE IR AR . 82°53'00. 338" 43°11'29. 951" 1358 30. 4
ARG VAN il 82°54'52. 894" 43°14'36. 885" 1248 35.4
78 I [ i 82°51'04. 139" 43°14'54. 715" 1283 15.0

X (FC, flat curvature) . &1 fll 2 (SC, sectional
curvature) ., HIJE K (TR, topographic relief) £l
b FEHURE (SR, surface roughness )4 4~ F6 5 .
FH 9% 75 0 (NDVI, normalized difference vegetation
index ) > 5 T b 3 25 [A] £ 48 = (http : //www. gscloud.
cn/), ZE[AIHER A 30 m, 5 RS R A
A 4473 7 124~ NDVI, 383 QGIS 10.2 $2HLH X
N () NDVIEHE I B KA A BUE AR HUAS E
F4AENDVIHE, LR Webif 5% XA 9 28 55 X0 - 498 b=y
FHERRIE IR o >R Excel X AE s B0 E EA 7 T Ak
P, ffiFH SPSS 26.0 X SR FRAR AT RN R 7
# 43t (one-way ANOVA ) FlI X[ #5 7% (Duncan ) 46 5
25 8 # M (a=0.05), Pearson A543 #7, Origin
2021 X HAE R 2 &, FIHH Canoco 5.0 X +-1E3LAH
fe4gbr . HEEH 75 EA AR I Z RO R
PEATIUA M (RDA) FH2 i K15

3 R 550
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B AR R AR LA (58.45+11.47 glkg) . i JE A
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2) o 4 TN & Bl AR T R AR AR L A (5.66+
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fe Ll TN 7 i i 35 B e (P<0.05) . HHE TP &l
FFIR T MR AR LA (1.11£0.15 g/kg) 3 I
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Fr LA (0.75£0.14 g/kg) , i PEA . RILAF . PR
Ll 58 TP % £ il 25 T LU (P<0.05) . -1
TK 7 2t Bl 3 T+ S AR R R B I 1L 47 (18.90+1.47
g/kg) . A WA (17.13£1.30 gkg) . T oE Ay
(14.91+3.30 g/kg) . i LA (14.02+1.37 g/kg) . H:
tr, SOC I TN F I rhsy Ly & i 3 v TRl
W, 1 TP AN TK RN 5 2 M .
3.2 ARE#EFIEFRSUFITELR

Bl IR P RRAC R L . TRy . R
I L v 42 3 CoN P 24 0 51 o 10.67 . 16.44
1593, 10.60(£2) . s i 5 4 Z | C:N
TR FEER(P>0.05), HEFEETHELAW ., AL
(P<0.05), C:PHHESRIH172.56. 16037, 89.47.
5234, Hr, mial S by 2 ) CiP 2 Rk
A3 (P>0.05), {H 3% C:P W3 m Tad s DL
% 111 (P<0.05) . C:K ¥J{E 2> 54 8.99, 11.73.
6.55. 3.09, FH Nhm LA 5 el o P ]
ZRMARE(P>0.05), HEEHFIRLA . N:P
YA R 1652, 9.60, 5.74, 5.05, Hr, &l
NP R Ay L U AR Al (P<
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A NGK B 2 m P iay . oA L IRy
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Fig. 2 Physical and chemical indicators of soils in different vegetation zones

(P>0.05) . P:K ¥J1{H 45 %] b 0.05. 0.07. 0.07.
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(P>0.05)(F2).
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AL FE BR 5 Ak T A AH S A BT
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0.01), [ C:P, N:P, N:K 2 [u] 35 5 Bl o %
A & (P<0.001) . SOC 5 C:N, C:P, C:K,
N:P, N:K., P:KZ[a]#5 2 B 3 3 EAH DG &R (P<
0.001); TN C:P., C:K, N:P, N:K, P:K#¥ 2
W 3 TE A G 6 £ (P<0.001) ; TP 5 P:K Z [AIfEAE
Bl 2 IEAH G &R (P<0.001), 15 C:P, N:PZ[H]
AR 3 UM 656 R (P<0.001) 5 TK 5 A b2z
THE b =z ] 38 52 AN 2 67 A DG OC & (P<0.001) .
Hrr, SOCFI TN 5 £ e fb 2% it o bb i AH PR3

%, pHAITK 5+ Ak 2m it i L R DGR .

i it RDA Xt 4 e fb 2z 312 o 5+ e Ak 46 A
Z PR AT AHIAT L, fb2 11 [ 7E RDAL,
RDA2 HEJ7 Hll 1) i B 12t 43 31 0 67.9% 1 18.2%, H.
RDA1 HI RDA2 1) 5 B i B 13k 86.1% (&1 4) . [F]
F, A4 500 T Ak R AR R AR G
AR R FUR B SE] 100%, DiI45 R AR . AR
B e i K/ R, R34t R S SoC,
TNRIEL; 5 TP, TK. pHEZ I, Hisoc,
TP, TNXF T HIEfFiti LA R i T . S
7% (Monte Carlo) K 3645 FeF— 25 W [R] #L Ak
okt A2 e AT — e R (R 3),
SOC. TP, TN, TK. pH Ay ZHAK R A%, fi#
B h 62.4% ., 15.9% . 13.7%. 1.8%. 0.6%.
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Table 2 Soil stoichiometric ratios in different vegetation zones
bt il pe e F-HME PN TR/ ME TRl 22 5 R AU

TR LAl 10. 67° 13. 43 9.13 1. 69 15.9

R L 16. 44° 27.31 9.31 4.12 25.1

o o P 15. 93" 21.9 10. 4 4.72 29.6
R 10. 60° 17.15 8.72 1.76 16. 6

i 172. 56° 280. 83 124. 07 62. 86 36. 4

A 160. 37° 398. 86 31.28 78.22 48.8

“r URY ijis 89.47° 111.35 48.94 24.13 27.0
R 52,34 64. 84 43.79 5.99 11.4

i 8. 99 12.96 6.22 2.58 28.7

A 11.73° 35.97 1.55 7.90 67.4

or EURliijie 6. 55 8. 11 3.15 2.07 31.7
Il 3.09° 4.09 2.34 0. 56 18.2

Ry LAY 16. 52° 26.79 10. 43 6. 48 39.3

s LAy 9. 60° 19.5 2.87 3.37 35.0

e o P 5.74° 7. 34 4.17 1.35 23.5
it 5.05° 6.63 2.73 0. 89 17.7

e LI 0. 85° 1.24 0. 65 0.24 28. 4

HR A 0. 69" 1.76 0. 14 0. 40 57.2

e ot P 0. 41% 0.57 0.3 0.10 25.2
ikl 0. 30° 0.42 0.16 0.07 23.5

LAl 0. 05° 0.07 0. 04 0.01 19.0

rh e L 0.07° 0. 14 0.03 0.03 40.5

P 1 JET 0.07° 0.08 0. 06 0.01 10.2
rh e A 0. 06° 0.07 0.05 0.01 11.7

D) FEEBARNG FEE,

3.4 UFEHERERBEERTFHXER

ST, C:N 5 SMAT 745 i 3 7k 6 56
£(P<0.05), 5 NDVIZ[AIfF7EM 3% A5 6 R
(P<0.001); C:P 5 ALT 777 #% 2 & 1E A E 56 &
(P<0.001), 5 LON, LAT. AMAT, SMAT, ND-
VIZ A B AR i 3 AR G OC & (P<0.001) ;5 C:K
5 ALT f£7E & 3% 1E M ¢ X & (P<0.05), 5 LAT
(P<0.05) . NDVI(P<0.01) Z [ {775 i 3 A 56 %
%, 5 AMAT . SMAT [u] f7 76 ) 2 3% T A G 6 &R
(P<0.001); N:P5 ALT Z [B] A7 76 % 8 35 1EAH G 56
% (P<0.001), 5 SMAM [AIf77E B & Ml %6 &
(P<0.05), 5 LON. LAT. AMAT. SMAT [i] 5
FEAE R 2 3 17 AH G ¢ & (P<0.001) 3 N:K 5 ALT
(P<0.05) . FC(P<0.01) [ {77 W& IEF KK R,

PR AR 0] 22 51 2% (P<0. 05) ¢

5SG. SR. TRIEIFFTE it & ARG IC R (P<0.05),
5 LAT f#7E 1 25 T AH E C & (P<0.01), 5 AMAT,
SMAT [HJ A AERK b 3 A GG R (P<0.001) ; PK 5
SMAM . FC[HfF#E B EIEMHCK R (P<0.01), 5
ALT (P<0.05) . SG (P<0.01) [f] £ 1£ & 2 1 4 5%

Xof - ek i S PR IR T 22 ) ) 56 & E
1T RDA 73 #r#, RDAI1 F1 RDA2 %} T + 4k 2
T Hb Y i B i 40 ) R 64.01% F123%, H RDAT1
FIRDA2 1) 21T R iR 5 87.01%. RIS, Hij 4 Fl
X T A AR AT L IR B 2 A 0GR ) R R
B AR IR 5 99.85%, ULHIHEF A R AT 5. HEl 6
LA, bR S ALT, FC R IEAE G,
5 LON., LAT. SG. AMAT, SMAT. SMAM,
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Fig. 3 Correlation analysis of soil stoichiometric ratios with soil physical and chemical indicators
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Fig. 4 Soil stoichiometric ratios and RDA ranking results

of soil physical and chemical indicators

NDVI £ AR B ARG, 5 SR, TR A A5 1)
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HE A FSH T . Monte Carlo 56 45 F- i3k — 4
YRR IR R X - bt i A
—EMZES . X R AR e Y
HEE [N F 4145 SMAT, NDVI, ALT. SG. AMAT,

#3 LIERERAR AT R
Table 3 Ranking the importance of soil physical and

chemical indicators on stoichiometric ratios

o - o
SOC 62. 4 104 0. 002
TP 15.9 45.4 0. 002
TN 13.7 105 0. 002
TK 1.8 17 0. 002
pH 0.6 6.4 0. 002

SMAM, SC. FC, TR, LAT, LON, Hf#B4&
I 271%. 112%. 12.3%. 3.9%. 3.4%.
2.2%. 0.8%. 0.7%. 0.3%. 0.8%. 0.4%(F4),
4 Vo
4.1 AREEHTEEBENER

P BT 2 L) b A B B A — 0 B IE L AR R
(JAPEAREE 2011), 7 ST I8 1 00 B2 1A 4 53
AR L (P8 i R AR ) L T (BT R TR AS AR |
rhsy L CEEIEAR) B 1l (e Ll R ) o Vg 48
T R T K IS e A A ST R] 2 5 e 1L M - SR
3534 (Bangroo et al., 2017; Zhangetal., 2021),
AW IR, WE A TR T A R 1 1 i 3 0
HpHY5 SOC 2 B E AR, X 5T
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Fig. 5 Correlation analysis of soil stoichiometric ratios with environmental factors

Fd4 BT xR R SR

" Table 4 Ranking of the importance of environmental
factors on stoichiometric ratios
BT i B BEMEWP)
iR/ %
?Nﬂ\,; SMAT 27.1 21.6 0. 002
i NDVI 11.2 10.3 0. 002
2 ALT 12.3 13.9 0. 002
SG 3.9 4.8 0. 006
ALT AMAT 3.4 4.4 0. 024
~1.0 SMAM 2.2 2.9 0. 052
=10 RDAI(64.01%) 1.0 SC 0.8 11 0.314
6 LML RCHITRBLI T RDA 545 e o7 09 0. 406
Fig. 6  Soil stoichiometric ratios and RDA ranking results TR 0.3 0.4 0. 686
for environmental factors LAT 0.8 1 0.304
LON 0.4 0.6 0. 602
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