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Abstract: Ecological stoichiometry is an effective method to study the element balance and energy flow of ecosystem.
Defining the stoichiometry characteristics of plants and soil under different vegetation types is of great significance to reveal
the nutrient cycling of ecosystem in the process of vegetation restoration on the Loess Plateau. It can provide a feasible basis

for the selection of vegetation restoration types on the Loess Plateau. In this study, five vegetation types ( Stipa bungeana
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grassland, Leymus secalinus grassland, Medicago sativa grassland, Caragana korshinskii shrub, and Armeniaca sibirica
forest) under three vegetation restoration methods ( natural grassland, natural restoration and artificial restoration) in the
semi-arid loess small watershed were selected as research objects. The carbon ( C), nitrogen (N), phosphorus (P)
concentrations and ecological stoichiometry characteristics of leaves, stems, roots and soil under different vegetation types
were analyzed. The results showed that; 1) plant organs and vegetation types had significant effects on plant ecological
stoichiometry characteristics. The concentrations of C, N and P in five vegetation types were leaf > stem > root. The
concentrations of C, N and N :P in all organs of the artificial restoration vegetation were significantly higher than those in
the natural grassland. There was no significant difference between the artificial restoration vegetation and the natural
restoration vegetation. Among them, C concentration in all organs of A. sibirica and N concentration in all organs of C.
korshinskii were the highest in artificial restoration vegetation. The C :N of natural restoration vegetation was significantly
higher than that of artificial restoration vegetation and natural grassland. The concentration of P and C :P had no significant
difference among different vegetation types. 2) There were some differences in soil ecological stoichiometry characteristics
under different vegetation types. The concentrations of C, N, P, C:P, and N :P in artificial restoration vegetation soil were
the highest, significantly higher than those in natural restoration vegetation soil. The C, N concentrations and C :P, N :P of
C. korshinskii soil in artificial restoration vegetation were significantly higher than those of other vegetation soils. There was
no significant difference in soil P concentration and C :N between five vegetation types. 3) The correlation of C, N and P
concentrations between plant leaves and soil was different under different vegetation types, which indicated that plant growth
characteristics affected the transformation and transfer of nutrients between plant and soil. In conclusion, the ecological
stoichiometry characteristics of leaves, stems and roots of vegetation showed a significantly positive correlation with each
other. Between plant and soil, there was a significantly positive correlation between plant N concentration and soil C, N, P
concentrations, and a significantly positive correlation between plant N : P and soil N :P, indicating that the changes of
ecological stoichiometry characteristics of plant and soil in the Loess small watershed ecosystem were restricted and

influenced each other.
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PRI e 5 LA RS A AT R R SC R AT T Bk =, DI, AR5 LA SR B /e 3
MR J7 AT (RARTERE L HARIRAE N TR ) B9 5 RIS (R B Bl 5 B 7 R A 5%
HEDN (LA BR) I ST X G, 3 e o FL LS4 A 0 1) I 28 R % i A Sl A R AR AR HEAT 5, P
W AN RAE R B R AEYIA 48 E C NP &3 KA A R AR A A ol 22 57 5 188 C N P 5 i e it
SRR R A AR K S 2R T (R (AN ] 5 i 8 /N s ) 5 H 4 C N P &t R A S A T R R A 7R B A
MIRHEOCR . Bt A S R G S L HERISR IR BE— 28 T, O B i SR U S R T e 4% K
Hms AL PR A

1 HESF®

1.1 RS XARDE S b e

P DAL T - g P S P T A (104°27'—104°32" E,35°43'—35°46" N) , jZ LR B 4 Fr B 14 4%
X, @ B TR AP BIRE N 6.8°C AT YR /K i o 386 mm, K/ FER KL 7 A5 9 A2,
ARHFFEIX R E T ARIE Sy W L A R A Y T F A UK 1 EE (Stipa
bungeana) i ¥ ( Leymus secalinus) . E 1& ( Medicago sativa) . ¥y 5% ( Caragana korshinskii ) | 11 7 ( Armeniaca
sibirica ) %5 A F W ZFPHIHE
1.2 FEHEE N B bk A

MRHEART MR i D] FEAI 5% DX PN 28 B o B bl b, o R A SR A R LA AR 5 il
AU RSN 31 DMREHLHEATHIEGY . Hoh KPS REREHIA 90 AR YA, R & FPiE BE AR 25 A TR T
By, BIOR SR 7 50 1 5 651 0 0 b Ay A MRS 1 SRR S At A3 LSRR S A % 5 s b vy SR A R 1L A bR
NN THI SR RN TR, AT WA T IR JE A, TR AR ZBEALICE 4 1> 10 mx 10 m IUFEDT
O AP R Mo e iR AR S HERJZBEALIE 4 1 5 mx5 m HEJ7, D SRS RE T N TER P2 A
BOEER MR EESN T FEARZHEALLE 4 1 mx 1 m BT A AR MR IR T, M
JEARFIENLZR 1,

R1 FHEXREFR

Table 1 Basic information of sampling sites

- s . S THEAE
LI e PRI BREEE gy ERIPER EHpH Sl bk
Restoration . Sample Species Major associated . .

Vegetation type . . Coverage/ % . Soil pH density/
methods size richness species 3
(g/em”)
HAR Poa annua
sy o
R fftﬁﬁ . 9 10 045  RBEESE 9.00£0.09 1.13£0.03
Natural grassland Stipa bungeana grassland ) .
Potentilla acaulis
BRI 45 =N=1 ;. o, e .
ASRIKE ' Ll ' 9 7 0.75 ﬁz?ﬁ" Amm“'m scoparia 9.02+0.10 1.18+0.05
Natural restoration  Leymus secalinus grassland ¥ Stipa capillata
i Stipa capillata
T BB o
}\. VYE e v 4 6 5 0.92 LTI 8.97+0.08 1.1920.06
Artificial restoration ~ Medicago sativa grassland . .
Roegneria pendulina
Fr 4 B Thymus mongolicus
4 12 0.47 B . . 8.92+0.10 1.13+0.04
Caragana korshinskii shrub EIHETE Medicago sativa * *
#* FFE Artemisia sac
etk 3 b 050 PRFPE Amenisia sacrorum g g0 6 13 242004
Armeniaca sibirica forest liE2 Stipa capillata
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TP 25 AR LSRR R T 2017 4F 8 FIRAE  TETTHEARKE L TP BENLZE£E 5 MR R A /N IEAR —
B ILFHAFR LRI 7 ZERER IR A EIAE . ToARMRAE SRR Z DL 5 MCRAEAR AL Tty
7768 e 7 L P B AL B — > 0—60 em Y Auts, SR FH 0P PR AR TS ARAE it | FEAHRAE R FH U 43 22— B R 47 B
FE, DFRHERR ISR A AL 2420 0.5 m, 76 B3R T 0—60 em (1 d0ts , £ bR ARAARFE S, 76 B ACHE Hrp
BEALIEEE 3 4~ 0.5 mx0.5 m /IMETT  TE/NETT N BEDLIIL G 10 BRI ZEAE N B2 F BRAE T I b
AR S P AR AT R 23 R ST H AR AR AR SR TS 8 em BUARSL, T IEIRRE
S5 R BURE AR, SR B AEXT LR T I 0—60 em )2 LA 20 em M [AIBGE 4> = )2 HURE, B DL L RE
i ZEME T WHE G0 A AL PR PR LA TR E . I AR Y C N (P & 0] SR A B R B0 A B DL IR 8
Rk SRERPL I E
1.4 Bt

K HIFR A 2R 7 22 7041 (one-way ANOVA) XA [AIFE#ZR AL T i 25 ARDA K T3 C N P & & b2zt
FEOESEAT 00T TERG S0 7 22 P PRI 25 07 26 5%, ISR FH e/ 1 35 22 5 05 (LSD) AT 22 8 LU s 47 7 228 5%, R
H Tamhane's T2 3317 2 8 Heds . [RIASR A AUR 28 75 2270 Bk (two-way ANOVA ) Xif A2 2R B FNAS [] 28 B %)
) C N P & i A A HE R IE RS A T o0 i . Bl Se it o S AE I 43 BI7E SPSS 17.0 5 SigmaPlot 10.0
kAT, o 13 C NP & i S E i BB O 3 A R ME, I R 3.5.1 BAEXAEY) S SR
o fr i AT TR RRIEELT Pearson AT,

2 HREH

2.1 ARG MEYASE C NP &5 kbt e

K 2 A, Al — 88 BN PR B AEY) C NP &5 b fbsy i i H B B 2SR (P<0.05) 5 [F]— gk
R ARG E Y C NP & b fb oy it i et =] 25200 (P<0.05) o ARAEBEER T 448 C NP &
PRI M >ZESR, Bt 25 R C N P &g R fba i R i Ae 5 Mt il g R—aE 25 (1) . 4%
i E C A AN R R B B R B LA o e, e e fIG, NS i I O 2% 2 3 i T A B ( P<0.05) L T P
FERTES BN I R E 2257 (P>0.05) . AFHPESERT i 25 AR C N KRB 0255 T HAb 4 ek
(P<0.05) , 1 25 ARAY C :P 7EASAR B RPN FY 55 35 fe K (P<0.05) (B HE R E AR Sl 45 1) G 2
HZES(P>0.05) N P RPN FY AR E A5 035 T HARMEY (P<0.05) . MEMIKETT s 0ORE (£ 3) AT
PREZHERAS 2R E C N il NP # B & T RARTEH M (P<0.05) , P &Y C:P fEARAEHKE R 1]
MTE 2255 (P>0.05) , HARREMBPAAE C:N B2 5 T AN TIPS RIRTEHH(P<0.05) ,

F2 HEEHEXRBHHFEN C NP FERUFITELNEN

Table 2 Effects of vegetation types and organs on C, N, P concentrations and stoichiometric ratio

72 HAE & P P HAE & P p

Variable Dependent variable Dependent variable

k&S] C&at 12.693 0.000 C:N 38.526 0.000

Vegelation types N &t 60.007 0.000 C:p 13.599 0.000
P& 4.082 0.005 N:P 66.448 0.000

wE C&a 60.705 0.000 C:N 8.197 0.001

Plant organs N &ht 79.827 0.000 C:p 3.903 0.024
P 59.626 0.000 N:P 5.024 0.009
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Fig.1 Concentrations of C, N, P and stoichiometric ratio in plant organs under different vegetation types
P&l B R TS b 2 5 AN [ K S TR ER R — 38 B S [ Bl 25 ) 25 57 B 3 ( P<0.05)
3 IMKEFXTHEYESREE C.N.PEERLFITELL
Table 3 Concentrations of C, N, P and stoichiometric ratio in plant organs under three restoration types
wE o WEER C & i/ (g/kg) N &/ (g/kg) P &/ (g/kg) CN cip NP
Organs  Restoration type C concentration N concentration P concentration ’ ' '
it PR/S[ES: 1) 415.84+35.70 b 17.39+3.28 b 1.05£0.12 a 24.67£5.19 b 410.50+41.05 a 15.74£2.46 b
Leaf FISRIKE Hi vk 421.54+32.04 ab 14.7623.39 b 1.03£0.12 a 31.57+8.84 a 421.82+35.97 a 14.37£3.28 b
N TR & A 445.39+29.23 a 26.18+10.49 a 0.96+0.22 a 15.76+4.75 ¢ 403.18+50.70 a 26.708.30 a
¥IfE 431.25+33.67 20.83+9.10 1.00+0.18 22.34:8.79 410.72+41.05 20.83+8.54
ES RIRT b 336.26+57.07 b 13.06+2.50 b 0.82+0.15 a 25.97+3.29 b 458.14£55.21 a 16.34£3.52 b
Stem FI ORI A 393.78+34.96 ab 10.94+3.13 b 0.91£0.06 a 39.05£12.30 a 461.24+25.67 a 12.49+3.75 b
N TGN 412.43+21.26 a 19.62+7.16 a 0.800.11 a 23.05+8.81 b 450.79+52.50 a 24.07+6.98 a
B 384.90+49.37 15.19+6.33 0.83+0.12 28.54+11.06 455.78+46.49 18.66+7.23
i PR/SEX LT 203.03+73.75 b 7.662.02 b 0.570.13 a 26.27+5.30 b 469.54+48.40 a 13.5422.01 b
Root FI AR S A 280.87+74.20 ab 8.04£1.26 b 0.67£0.17 a 34.93£7.60 a 486.4389.01 a 12.6123.63 b
NTIRE A 309.97+86.90 a 13.54+4.94 a 0.5540.16 a 24.87£10.83 b 492.17+51.65 a 25.8049.80 a
HfE 270.47+89.51 10.24+4.41 0.59+0.16 28.20+9.45 483.93+62.44 18.41£9.16

A/ NG F AR ] BN IR AR 5 7 2] 22 57 1825 (P<0.05)
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22 AREMBZEA T 3 C N P & K b2 piHE R

4 C N P & i At i RR e AE 5 BRI B A AR 22 5 (R 2) . 48 C N & i fE A Rl B S 8 ]
FIN 45 b 2 v T HAD 4 FhAE#E (P<0.05) , 31055 b I T oAt 4 AP B (P<0.05) . HHEP S it7E 5 At
RN R TC B 25 5% (P>0.05) . 3 C:N FEAS A B A R R BN ¢ LA S 7 25> B 18 > > K1 i (H%
BEHTE e 3 22 5 (P>0.05) , 13 C:P NP 7E45 M (B R BUA 4% 0 28 8 Tl B ( P<0.05) , {HAT A i
KR A RIS TR E2ZS (P>0.05) . M3 FRE =Mk E (£ 4), ARRE W IE C NP F
K C:P NP BB ERT N TIRE R (P<0.05) , 13 C:N WZEARRIKE =8 T & 25 (P>0.05) ,
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Fig.2 Soil C, N, P concentrations and stoichiometric ratio under different vegetation types

I . KT Stipa bungeana; I :#5 Leymus secalinus; W ; %8 Medicago sativa; N :¥74% Caragana korshinskii; V : L7 Armeniaca sibirica. /N[
KB F-RAR A A A S B 6] 22 57 1 3 ( P<0.05)

2.3 AFEAESSER Y-S 1 C N P & AL R R YA R R
XA FIE AR IR T A 5 3 C NP & 55 Pearson AHOC MM & 8, it Jr C NP &5 i 55 - 4
C NP S AM S S PR 2R, W3R S PR, KESEI C &5 13 ¢ i 2 B &
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K(P<0.05) , fiHIH C FES 1 C N FEYE B EAHIC(P<0.05), ENTEE T, BEHH N
FES T C FERERFEIEMHK(P<0.05) , INATA N F&5 1 P & B3 fUAHE(P<0.05) , Fr 2kt
A C NP &&Y5 15 C NP ERYICEEMLIE(P>0.05) S THEB AN S, A N S#S5 % CN
FrR R B IEASE(P<0.05) A P it 5 13 N i L 3 UG (P<0.05)

*4 IWMEEAXTLECNP FERLEITELR

Table 4 Soil C, N, P concentrations and stoichiometric ratio under three restoration types

, C&h N F it P i
Z:ift%n type C concjltitinn/ N conceitition/ p cnnceilition/ C:N C:pP N:P
(g'keg) (g'kg) (g'kg)
NS 6.90+1.39 a 0.77+0.21 a 0.65+0.06 a 7.77+1.10 a 10.62+2.67 ab 1.17£0.38 ab
SRR AR 5.23+0.62 b 0.58+0.06 b 0.59+0.05 b 8.74+0.80 a 8.58+0.94 b 0.94+0.06 b
NTIREAE: 7.10£1.56 a 0.78+0.21 a 0.64+0.07 a 9.69+2.71 a 11.73£2.34 a 1.23+0.35 a
¥l 6.52£1.51 0.73+0.20 0.63+0.06 8.94+2.08 10.60+2.48 1.16+0.34

ARG FRAK ] — & B A R R 2 77 =) 22

5 (P<0.05)

FRIEIZI G X MY A4 B 5 A A A R R AE A R AH S E X C NP i Ak AT
HEASGIE— AT, A 3,4 B MBI E N, C N P S C:N C:P N :P 2 5I7E 25 AR ja) & 2
IEAHG(P<0.05) , 7EAEY) S R3], 158 C NP SR SHEY&SE N &L EMC(P<0.05), 11
C:PHMYLE C:P 2B FEAHK(P<0.05), 13 NP SHYLEE C:N 25 E MK (P<0.05), 5
YIS E NP 2B IEAE(P<0.05), A, 7PN C N P & pf b al B g 3 IEA 56 (P<0.05)

x5 TREHREXBETENHFSLEC NP SEMNEXN

Table 5 Correlation between plant leaves and soil C, N, P concentrations under different vegetation types

U WEN FERZEA! e C N P
Restoration types Vegetation types Index
RERTEH IS C -0.669 * -0.536 0.023
Stipa bungeana N -0.348 0.081 0.651
p -0.227 -0.563 -0.056
H AR T C -0.674" -0.843" 0.621
Leymus secalinus N 0.076 -0.245 -0.120
p -0.147 -0.277 0.476
NTIRE HfE C 0.515 -0.174 -0.210
Medicago sativa N 0.739 -0.062 0.210
P 0.584 -0.987 0.256
Fra& C -0.334 0.307 0.285
Caragana korshinskii N 0.092 -0.523 -0.206
p -0.679 -0.938 -0.003
JITE C -0.302 0.530 0.536
Armeniaca sibirica N 0.939 0.501 -0.899 "
P -0.016 -0.500 -0.641
UNER /3R L3N N C -0.125 -0.197 0.026
N 0.552* 0.479* -0.054
p -0.328 -0.560* -0.136

#* P <0.05;*% % P<0.01

3 e

3.1 AR RXHE YRR A A
ABFFERS 5 PR C N P & AT I EOR B, C N P & R 7EA R R B A e —E 2 (K 1),
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Fig.3 Correlation between plant and soil C, N and P concentrations
LC,LN,LP . C &4k, it N i, i P & ht; SC,SN,SP.25 C & i ZEN &, ZE P 95 RC,RN,RP MR C &k RN & i R P & TC,
TN,TP: 3 C &, £HEN &, £ P &R (* P<0.05, # * P<0.0l, * * % P<0.001)

X5 Yang %5 X AT UM RE B Zeng 25 X6 85 A 15 JEUAR [R) M Bl B 9 | 2% 2 40200 b5 W AN [ A b 1) A0F
FAERMVIG . XWX 5 FEP R C N P &5 50k 431.25 ¢/kg 20.83 g/kg Fl1 1.0 g/kg BEAE T
HOMUEE A X v AR o S BT A R, X — I I K RO T RA R, S — S
Ji b DX s, - S A AR, A R NP TR R RE SRS A G, AW R R B, N TAEBE Y 5
B E N B 3 T HALA A (P<0.05) | 3% 02 B TA7 4 AF P AR K 1 SR HE T 3 3o AR R T4 [
KRAFMAE . FEARRZE R SRS R o (1) 2= ARG A R i R RE A R K
BT L REA R AR R EZ P A TIMEE IR KRS T 25 R C N P @0 AfrfE 2%
S H C NP & At R 7R 452 B ] L I A0 G (P<0.05, 18] 3,4) , Al S AN [R) AR % vl 3 i 75 B
BRI 5 4353 B R W R 3 N PAEE (R AR AR A G AR TP AR 25 AR (] %) 3% 40 A8 Ak SCEA P ) — B
FEYIE €N L C P {ER B A K A B B354R8, C oN L C P {EE W 5K NP e R #3790 F 3%
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