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The effect of vegetation cover on ecological stoichiometric ratios of soil carbon,

nitrogen and phosphorus: A case study of the Dunhuang Yangguan wetland

ZHANG Jian, SU Li, WANG Liping, BAO Yalan, LU Jingwen, GAO Xueli, CHEN Tao, CAO Jianjun"
College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China

Abstract: This study provided a basis for the restoration and protection of wetland ecosystems, and the ecological
stoichiometric ratios of soil carbon, nitrogen, and phosphorus widely indicated the ecological dynamic processes of the
community. The ecological stoichiometric ratios of soil carbon, nitrogen, and phosphorus, and their influencing factors were
studied in three cover types using stratified sampling in the Dunhuang Yangguan wetland. The results showed that: (1) The
trends of C/N were high < medium < low cover, whereas the trends of C/P and N/P were low < medium < high cover at
0—20, 20—40, and 40—60 cm soil layers. (2) The soil C/N, C/P, and N/P of high cover increased with increasing soil
depth, similarly to the C/N of medium cover, and the C/P, N/P decreased initially and then increased with soil depth, as
did the C/N, C/P and N/P of low cover. (3) At 0—60 cm soil depths, soil moisture was negatively correlated with C/N
(P<0.01), but was positively correlated with C/P and N/P (P<0.01). Soil salinity was negatively correlated with C/P
and N/P (P<0.01) at 0—60 cm soil depths. Soil pH was positively correlated with C/P and N/P (P<0.05) at 0—60 cm

soil depths. Soil total phosphorus was negatively correlated with C/N (P<0.05) , soil total nitrogen was positively correlated
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with C/P (P<0.01), and soil organic carbon was positively correlated with N/P (P<0.01) at 0—60 cm soil depths.
Multiple linear regressions showed that soil moisture was the key factor affecting ecological stoichiometric ratios of soil

carbon, nitrogen, and phosphorus.

Key Words: Dunhuang Yangguan wetland; vegetation cover; soil carbon, nitrogen, and phosphorus; ecological

stoichiometric ratios; soil moisture
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Table 1 Physical and chemical properties of soil in the study area

+JZ cauy Bk gt X
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Soil ; : O Bulk Organic Total Total

Vegetation Moisture/ Salinity/ pH . .
layer c o (&/ke) density/ carbon/ nitrogen/ phosphorus/
over o

/em ’ (g/em’) (¢/kg) (¢/kg) (¢/kg)
0—20 [oE 3 28.73+1.50a 2.79+0.50¢ 8.16+0.06a 1.24+0.02a 9.75+0.48a 0.46+0.03a 0.50+0.01a

A 22.67+1.61b  9.13x1.73b 7.99+0.10ab  1.17+0.03a 8.93+0.43a 0.40£0.02ab  0.48+0.01a
i58 10.86+1.34c  19.65+2.03a 7.91+0.07b 1.15+0.04a 8.33+0.58a 0.36+0.03b 0.47+0.01a
20—40 R 32.90+1.60a  1.31+0.18¢ 8.25+0.07a 1.34£0.03a  10.35+0.67a 0.48+0.03a 0.51+0.01a
g 26.83+1.96b  3.77+0.79h 8.11+0.10ab  1.32+0.02a 8.79+0.54a 0.38+0.02b 0.50+0.01a
R 13.18+1.75¢  12.64+1.61a 7.96+0.05h 1.29+0.04a 6.45+0.46b 0.29+0.02b 0.48+0.01a
40—60 T 37.46+2.04a  1.11x0.17¢ 8.25+0.06a 1.29+0.02b  11.82+0.94a 0.52+0.04a 0.50+0.01a
g 32.92+1.98b  3.11+0.63b 8.12+¢0.10 ab  1.32+0.02a  10.3620.51a 0.42+0.03b 0.48+0.01a
k5 17.95+2.34c  8.07+0.99a 8.00+0.04b 1.40+0.02a 7.37+0.60b 0.32+0.03¢ 0.49+0.01a
0—60 [E 33.03+1.6la  1.74x0.25¢ 8.22+0.06a 1.24+0.02a  10.6420.63a 0.49+0.03a 0.50+0.01a
thg 27.47+1.79b  5.33+1.00b 8.07£0.10 ab  1.17£0.03a 9.36+0.37a 0.40+0.02b 0.49+0.01ab
Ik 36 B 14.00+1.75¢  13.45+1.41a 7.96+0.05h 1.15£0.04a 7.38+0.47b 0.32+0.02b 0.48+0.01b
BN I AR ER 2 0—60 em 12 H4 5 0—20 ,20—40 em F140—60 em 1 J2E AT , AR FEAR T R — 1 2 A 6] 535 5 18] 22 57
F(P < 0.05)
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0—60 cm 12 C/N I KMZS A M, B A S S E <P S <KEE, &b K3 FfhBEERHA
B (P>0.05) ;060 cm 12 C/P R AhmE«REE<EmEsE BE T EEN s 2R AR E LS
(P<0.05) ;0—60 cm £ )2 N/P A8 S0 v 36 B < (IR 35 <R 3, R s AR S RS vh ARSE R A7 i
FEFEF(P<0.05) (£2),
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Table 2 Vertical distribution characteristics of C/N, C/P and N/P at the different vegetation cover

i % +5 WAL C/N Wew L c/p AL N/P
feecaton La}i?/lcm (i BGEE . i BGEE . i B
B 0—20 22.26+5.20a 12.93—35.70  23.36 19.45+4 91¢ 9.83—25.54 21.57 0.92+0.28a 0.42—1.46 30.76
(n=20) 20—40 22.62+4.98a  14.93—30.40  22.03 20.31+5.18ab  9.86—31.81 25.52 0.94+0.31a 0.42—1.54 33.44
40—60 23.33+6.41a 14.52—42.69  27.49 23.55+7.28a  14.83—46.07 30.91 1.05+£0.32a 0.53—1.80 30.66
0—60 22.73+5.00a 15.20—35.62  21.99 21.08+4.81a  11.59—33.37 22.84 0.97+0.29a 0.48—1.48 29.92
R 0—20 22.92+5.46a  12.59—31.90 23.81 18.54+4.18a  10.24—26.97 22.53 0.82+0.13a 0.50—1.06 16.00
(n=19) 20—40 24.60+8.41a 14.60—52.93  34.18 17.60+4.42a  10.39—26.56 25.11 0.75+0.19a 0.36—1.16 25.77
40—60 26.15+8.07a 14.25—45.50  30.86 21.69+5.02b  15.71—34.60 23.15 0.88+0.25a 0.52—1.40 28.57
0—60 24.27+5.85a 14.79—40.63  24.11 19.23+£3.33a  13.66—27.26 17.31 0.82+0.15b 0.53—1.09 18.80
R 0—20 25.99+11.31a  13.67—59.47  43.52 17.87£4.59a  11.43—24.24 25.71 0.76+0.23a 0.22—1.13 30.72
(n=14) 20—40 25.72+14.94a 13.29—73.71  58.11 13.33+2.95b 7.56—18.86 22.11 0.59+0.16b 0.17—0.82 27.57
40—60 27.43+18.51a 15.21—88.96  67.46 15.26+4.63ab  8.79—23.13 30.34 0.65+0.21ab 0.15—0.95 32.46
0—60 25.94+13.92a 14.24—71.42  53.65 15.44+3.39h 9.32—21.07 21.98 0.66+0.17b 0.18—0.91 25.62
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0.05) . 1 EE C/N ifi A J2 TR BE A 3G fin iy 386 K, 1K 55 B UN%iFFF%“MWHdO—mJW4Q
40—60 cm + 2 C/P WARLREH N ARTEE <P 3 <@ 35, o 0—20 em 5 20—40 em )2 AN [H] 75 B 1]
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B $4;0—20 ,20—40 40—60 cm +J2H N/P (AR IL AR ARG < 36 8 <= 75 1, AN (5] 35 B[R] 1 22 532 3
W (P<0.05) , i N/P B+ 2 UREE ARSI EA , vh 26 B RIGTE B N/P Bl A J2 VR B2 1 388 Jon 522 S el 34
B 2),
2.2 THERR A BEESALETHE RS R R

f i B 0—20 em TJZ HHK3 S C/N 2B E A (P<0.05) %4 1 2Ka5 C/P B R EIEAHX(P<
0.01),5 N/P B B IEA X (P<0.01) , K75 20—40.0—60 em T2 05 /N 2R FAME(P <
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*5 WRELEC/N.C/P.N/PS5ZMERN S TLMER TN
Table 5 Multiple regression of soil C/N, C/P, N/P and influencing factors in the study area

RIS hE R R JebruEfb R AL PR R AL o 2 S
Dependent Coefficient of i Unstandardized Standardized Tk Significant
variable determination Factor coefficients coefficients T st difference
/N 0.190 (W) 69.18 2.98 0.00340
TP -53.23 -0.24 -3.16 0.00191
K5y -0.37 -0.44 -3.95 0.00012
NS -0.53 -0.39 -3.41 0.00082
pH -0.64 -0.02 -0.27 0.78408
Faxi -0.45 -0.01 -0.08 0.93907
c/p 0.496 () 10.85 1.04 0.29933
TN 13.08 0.33 3.42 0.00080
Koy 0.25 0.50 4.26 0.00004
) 0.16 0.19 2.16 0.03226
pH 0.08 0.00 0.07 0.94223
KE -4.15 -0.10 -1.36 0.17668
N/P 0.606 (HH) 1.26 2.89 0.00443
oc 0.02 0.18 2.57 0.01098
Koy 0.02 0.67 6.94 0.00000
) 0.01 0.14 1.71 0.08952
pH -0.04 -0.05 -0.87 0.38571
Fax:iy -0.56 -0.27 -4.48 0.00001
*6 HEEXLIEC/N.C/PNPELEKSHXE
Table 6 Relationship between soil C/N, C/P, N/P and soil moisture in the study area
HEBFITE L el | esE R R B2
Ecological stoichiometric ratios Linear regression Coefficient of determination Significant difference

C/N y==0.204x+20.652 0.590 P<0.01

c/P y=0.294x+11.325 0.352 P<0.01

N/P y=0.016x+0.414 0.439 P<0.01

3 e

3.1 WM HERR A B AESE T AR

WFFE X A3 C/N SEE R/ H S T B VT3] 3R >0 By w2 R 26 R
PRI SR AT DX b 1 5 D FR AR A A 1 A i R Ak B 3B BRG] T - R R TS T M SR T AL
YA oy ff , FECEIE /N 223 BAN A A S E 3 /N R R TR A S
] C AR R MR RER N Z —) ) 5T X o K 3 Al 4 0—60 em )2 C/N 2R A8 E U
B 3 Fh3E B 1 C/N HLEFRE , R C N AR A Y S5 R4 553, FEAE A PR 1 R 3R AR A a8 v EL AT A XGT []
SER AR R PR AR AL i i 1 B — S0k | X 5 0 A 1S A AR AR AR AR R R 3 Rl T 10
C/N BRI R -8, 546, C/N KNS HPUT AR (et B b B OB A3 N 2 B H, C/N (B
KB AN Bl bt I 7E PSR AT AR T N SRR AR T N LR

WFFEIX A3 C/P F N/P SERE R T BT CEH > 35 /R 56 m ZE R ' e N e vk i o | 1 B
e Z AL AE S IR AR ™) 4 P AR IR R A A XA DL R AT M VA8 | Hoh R R S R
HE RN FERED | B 0—20 .20—40 .40—60 cm )2 P & R I e T Ik s B | R (7] 55 B ) 25 521
ANRE UL 43 C/P I N/P (ZE4L E BT OC TN & A 55 BEXT OC TN f32 i i T TP, C/P &

http ; //www.ecologica.cn



8 S % 39 &

fiig i L3 P AR bR 2 — T WFTEIX R C/P B T 110 AT I AR AU, DRI - M98 e 14 5 280 P A o o 2
FIPRARTIT ARG . AR ARAF ) M MR ) 38 v B0 A S8 RIS 258t (EL 138 N/P AT LS R 37 70 T 2 e RV AU ) 4
A% DATHT ) 22 FAUI 70 7 75 43 O L 405 PSP FBR A K122 RS X N/P R 0.83 5K T4 [ N/P
PR 8" A = AR RN 1 0.77 B, U N R AR X BRI S SR e R . BRI 3k
SR TS e ERR A LI 7 s

®7 HEMAXEMTEESHFITELLEHMRBILE

Table 7 Comparison of ecological stoichiometric ratios of soils in other wetlands and Dunhuang Yanguan wetland

bl B BL A T Hh 2 1 1)z T Tt AL
Wetland Geographical position ~ Wetland type  Soil layer/cm C/N C/P N/P
(i panm bins A TR R TR 0—50 11.8 27.7 2.3
AT O 1) T 5 TR LR/ RATS: 0—60 17.1 182.6 11.6
O = A PN A iR ) IWAREAE T IR/ RATS: 0—50 8.7 6.6 0.8
I VS P e g 1 INARBARE T IR/ RATS: 0—10 31.9 — —
10—20 37.1 — —
Hoin =] INARBARET IR/ RiTS: 0—10 — — 0.8
40—50 — — 0.3
ZAtigH " ARG i TBPRIR 0—40 12.5 126.5 9.7
ST 3 L2 BTG 44 S 2 Tl IR/ RATS: 0—10 10.8 24.2 2.1
10—20 10.1 14.8 1.4
TE ) THHARK IR/ TRLTS: 0—40 12.4 18.3 1.5
i RIS RATA: 0—40 8.2 17.9 2.2
TREETH 0—40 10.3 23.5 2.3
FR i FIE R P R THVR I 0—40 11.1 62.3 5.9
SR PR SR (A IFSE ) SN R Cstit VBRI 0—60 24.1 18.9 0.8
[ 430 0—10 14.4 136.0 9.3
10—50 123 74.0 6.1
0—50 13.4 105.0 77

K —" IR SOR Y KAz AR bR

WFFEIX 8 3R C/N Bl 2R BB 38 K, X 5 2B se a5 AR, BB R i 9 X 1K
I IIRIZ I A SRS PR R E R AE 40—60 cm 4L | FTEEHE R I RN A M IS shisin T +3eE MR
M R A DL 9IS B C/N (B 2501, 24 C/N<25 B, B W%t C B oK i X 4
KPS B, R R ERT C TR R R 2 IR 2 K, (K 55 40—60 em )2 I N TR,
9 X AN ] = 2 FOAS (] 55 2 1) £ 18 €/P N/P 35978 — B AR fh ka3, 3B £ 18 OC (TN SR 7R AEY)
B A —BUR A LRRAE ) R C N R R Zok B TA VLY, 0C B FF R KRR L T TN &
B
3.2 i RS AR I R

3K S FIAE WA I AR A 56 ZR 2 A UK SCRI 38K A0 0, U HAE T2 X, 38K 40 R A K i
Hl e R Y 3K o BE R 3Pt S PR SECIR B0 R A e A 23 8] 40 A | M R WAL A AR 2R 1 oA e
TS B L B PR T I VAA | T 2 U R 3 C N FEFRE AR UK X OC B Ak sh A de R i s, R ) &
HHERZ AR B 1 HE K 43 R DR SR e s | B B A TN U T W 04 SRR A, DR T LR R CON
FEAZS RGP IR A RO B 1B R AL AR R, 1 3 P 45 A 22 SRR, Z K 4
MR RS T C NV BFSE X - HEK A R Z mIRZ R X 5 R EB AR AR Z
IKEFIE X K o ke ) =2 =X, i LA TR R B R 2K 22 L5k E

FHEER R T R X R C N P A b R e E R AR, B AR S - C N
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AR, — 7 T/ A2 3 O BAL R B, B0 3 K A RS o AR R BE ), TR £S5 R 0w
) Igesh F g 22 T s S — O, Eh A RERACAR SR W B AR AT AR S i LR R RO A AR s v T R
i+ 49 C N P B S AR R, LA BGE S NP A RAE R I N P BSR40 5 IX £ 43+ 4
B 26 P A1, 100 IH 40 mT LA a5 i Y b 0 190 A RODR O G [ B2 2 i) 8 € NP BB AN

1 pH &R AR S AR RUE YIS S RN R 2 — BB EIE I C N P MRS
FeAL 5 3, RIS 455 2 o0 R WA ROk P A — 2 BORE R, He i vk 3 P A R Y L pH IR BERY
WAL BT TG, pH>8.5 B pH<5.5 #RAAM I By A WU 0 AL Ak &AL 85 R 25 B, AT 5%
w139 C N B E AR ARAE Y ST X 5 pH AL TS R 7.96—8.25, 5 C/N .C/P N/P FUAHSEHEAR
W2 UL FEIX 38 pH AU S TR P sh 2 AN K

B R S S R RN AR KSR B EAR AR RS R HEAK PR B IR G, R+
5, AAE S e H 3 ARk PR B LB K MRl , AB A S it 3 p 25 F R B AT HILIR & e Ik, A
MLITTIE A % LB F KR oK M i 52 m o] DATR) $ st 5 e + 3825 5 A Ao 6 B, H3A AL ] LA
B IR E 81T Y IR K LA EEEERALE, 5 C/N C/P N/P MR E, B FiE—4
RAMSE

+3E C N P RS S S8 4 /N C/P I N/P R B B R 2 | 28467 BF9EIX 3 s i+
HEC NP LY R C>PSN N A FHIE 0.41 o/kg B IR T4 L IEFI(H 1.61 o/kg, BAHIC/N
SEAE VYT R PR A SR S R 2 R R b A KRR Y AT R, 1
OC BN SFCHE N P A RCPER R, Horb C N 22 [ B9k 1 P 2 8 7 76 1A 3 3l i Sl 1 2
581X 0—20,20—40 ,40—60 cm 122 TN 5 C/P 0C 5 N/P ¥ 0 3 EAHDC, B A A Kb R i 0
o3 P BLELL C N 18, SHEEA 20 P MG LA AT 1 ¢ N P i E R R R, B i
AL IEAR — B Sl X SR o6 R FE X B JEUE I S B ST s R a0

4 it

WFFE DR Bl o B 3 R Wl A ST T AT B | W] — )= P C/P FIN/P b —3, %
B B <P 3 B < 52 BE , C/N WIZRBU A S ik 3, s P i B2 /N i 2 TR B8 B i 39 O, IR 2t S8
DNV - S22 R B (R 3 T el 5 3 A BE C/P ORI N/P ZE B A3 SR — B, B RJZ IR 2 A G i i

KT FWIFEIX 5 C/N C/P N/P BSCHEREMA 1~ DR, BH0) R M A 1 39 IR B, 5 R S 2
B8 AR KA , AR 4 2 A DX IOy TFoR M R K BT, R HE 1 /K A, DR i s A 25 K, i Xl A
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