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Abstract; Soil nutrients and their stoichiometric characteristics are effective ways to evaluate the effect of vegetation
restoration in small watersheds on the Loess Plateau. The study aims to analyze different soil depths(0-20 cm,20-40
cm 40-60 cm) of Stipa bungeana community, Leymus secalinus community, Medicago sativa community, Caragana
korshinskii community, and Armeniaca sibirica community in three restoration types (natural grass, natural restoration,
manual restoration). The vertical variation characteristics of soil organic carbon (SOC), total nitrogen (TN), total
phosphorus (TP) , total potassium (TK) contents. Their ecological stoichiometry was analyzed utilizing variance analysis
and linear regression, and the coupling relationship among each index was discussed. The results were as follows:; (1)
Soil SOC, TN, TP contents were affected by different communities, and soil depth affected soil SOC, TN, TP and TK
contents, but only TN content was affected by their interaction. In the 0-20 cm soil layer, soil SOC and TN contents in
Caragana korshinskii shrub were significantly higher than those in other communities ( P<0.05). (2) In the vertical soil
profile, except for C : N, the soil stoichiometric ratios decreased gradually with soil depth deepening. In the soil layers
of 0-20 cm and 20-40 c¢m, except for the soil C : N which was the highest in Leymus secalinus community ( P<0.05) ,
the soil C: P, N : P and N : K were all the highest in Caragana korshinskii community; In the 40-60 c¢m soil layer,
the soil C : K of the Armeniaca sibirica community was significantly lower than other communities ( P<0.05). (3) Soil
SOC, TN, TP and TK contents were positively correlated under different communities. Among them, SOC and TN
contents, TN and TP contents, SOC and TP contents, TN and TK contents reached significant levels in the five
communities (P<0.05). In different communities, there was a significant positive correlation between soil C : P and
C:K,C:KandN:K,N:PandN: K (P<0.05), while there was a negative correlation between C : Nand N : P,
C:Nand N: K,P:Kand C: P, P: Kand N : P. To sum up, soil SOC, TN, TP and TK contents in different
communities gradually decrease with the soil depth deepening. The comprehensive ecological stoichiometry characteristics
of the Caragana korshinskii community are more substantial, more conducive to improving the local soil quality.

Key words: loess watershed, vegetation restoration, soil nutrient, vertical distribution, ecological stoichiometry
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Table 1  Basic information of sampling sites
B FEARRC  RAEAFRR MR Werz e TIRAE Bhoki Fki [
Communit Sample Restoration Altitude Slope Aspect Bulk density Clay Silt Sank
T numberage (a) (m) ) ) (g cm?) (%) (%) (%)
KR 9 — 2049+8 203 24736 1.13+0.01 5.07+0.11  72.13+2.88  19.28+0.84
Stipa bungeana
L 9 ~15 2098+24 12+3 224433 1.18+0.02 4.85+£0.20 74.34+0.62  19.83+0.85
Leymus secalinus
H A 6 >15 2027+19 14x4  183+58 1.19+0.02 5.34x0.15  74.38+1.27 20.27+1.31
Medicago sativa
S 4 >15 2088+17 2943 80+4 1.13+£0.02 5.04+0.06  75.49+1.13  19.47+1.09
Caragana korshinskii
LA 3 >15 2073+44 21x3 23642 1.24+0.02 4.93+0.07  72.64:0.32  22.43+0.27

Armeniaca sibirica

T = 3w T AR I LAEAE 5 1 S A, S5 MU &1 77 1) 34k

Note: The measurement standard of aspect is clockwise with due north as the starting point.

® 2 WEETFITEEEITTERHERME RDA 247
Table 2 RDA analysis of the influence of topographic

factors on soil stoichiometric characteristics

MY BETE 1 HE SOC )TN TP .\ TK & & Mk 2=t & 1t
PR, B Ge it oA X AE B 2 53 A4 SPSS
17.0 5% 14 SigmaPlot 10.0 ™ #E47, Ai 1] & £

Environmental Explanation F value Jifferences 5.0 ‘:Pj&ﬁjﬁo
factor rate (%) (P)
4K Altitude 7.6 2.4 0.092 yan N
¥ Slope 25 0.8 0.458 2 % % E A 7]:)?
BV Position 2.1 0.7 0.538 _ . . =
BEIA] Aspect 1.7 0.5 0.700 2.1 REIEM R % LI SOCIN. TP TK E & E
HO T
W 2T 2 B Al AR, Al — 2 2 i A
1.4 HIES FEVE X+ 1€ SOC, TN TP & & H I F W (P<

L TUAR A A I F 9T O PR - X - 3 AR A 4k
At AR R (3R 2) , R TR AR
R, A3 ATHT R AT £ #67% (forward selection)
E—HACBRAS & (proxy variable) #EAT434T, [A] A 2R
F Monte-Carlo Kz B4R & 5 + 398 4= B fb =i &
FROEE S A7 AE S 35 R DG HE R O 4 93 2R 5k 2
THERHEAR R T, 225 08 4 2 8 A Y R
XFEIESR o K AR A 2R T i L B AR R
K H AR R 5 2250 BT (one-way ANOVA ) XA ] A
YIRETS 145 )21 SOC TN TP [ TK & & KAk 23t
SRR T 0BT AR R I Jy 22 SE PR 25 5 22 5%,
KB E A% 2215 (Duncan ) 17 2 8 LA 5 T EA
5%, UK A Tamhane’ s T2 T2 E L, [FRfR
FHRUR 2 T 22 53T (two-way ANOVA) XA Y BV
A ZEEXS SOC, TN TP | TK & & KAkt a ke
TERY S0 64T 43 Ao Ak 2 Ve [l U J7 4 B AN [

0.05) , M %} 38 TK & & 70 W 2 50 (P>0.05) . [F]
— RV , 12X 3 SOC TN | TP | TK &
Y H W (P<0.05) , Y+ ZRE S YR
ZHAEHE, X8 TN &R N (P<
0.05) (#3), 73R EHmE -, SOC TN TP\ TK
Bt YBE L 2 R M W AR, H 0~20 em 1)Z
SOC TN TP TK & & ¥ B m T HAWA L2,

H &1 AT A [E) A ) B 9% SOC TN TP | TK
GHALSLIZBAFEZESR, £0~20 cm )2,
S R b R T A O B SOC i W KT A
FWIREYS T AE 20 ~40 cm #1140~ 60 cm 2 >+ 2
H,SOC & it 7EAN [RIHE V& [H] TG I 3 25 5% (P>0.05)
TN &H#A1E 0~20 cm F120~40 cm 2 N HJZHHF
PR Ay SRR I 0 3 v T A VR AR 40 ~ 60 cm
TER KB ELEINSELEEER (P>
0.05) . WIRE =k E , N TR E #EVE L HER)Z
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SOC. TN &&= ¥ & T HARKE R V%, £ TP . TK
SN E T3 AN ER SR
HXEF(P>0.05),

R3 EMBHENLIRREN L
SOC.TN.TP.TK & EHIF M
Table 3  Effects of plant communities and soil depths
on soil SOC, TN, TP and TK contents

L B it B
F1H Significant
Independent Dependent . .
. . F value differences
variable variable
(P)
REVE soc 3.925 0.006
Community TN 22.239 0.000
TP 4.108 0.005
TK 1.458 0.223
TIRUREE SoC 57.182 0.000
Soil depth TN 156.307 0.000
TP 51.932 0.000
TK 32.874 0.000
R x 2 B soc 1.095 0.376
Community X
Soil depth TN 5.569 0.000
TP 0.186 0.992
TK 0.216 0.987

22 AEEYEHE L EAFITELNERES T

Ffl—tZ YRR -8 C: N C: P,
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JZ IR HG 0, FoAth + ek 4 i L BB )2
WML, Hp, 23 C: NP KE3 4L
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BC:KN:P N: KHBERH,

Y L2 AN R TR AR A o b 2 i i LU A7
XS, E0~20 cm F120~40 em 2 Lt
7 C o N B I A AR N B 35 B IR, 7 40 ~ 60
em TEP K MY BEE C:N LR EZEER (P>
0.05), HEC: PE3INLERERFEFH(P<
0.05) , AT 2 UE A > 1A ARo> 15 B w0 il >
T RS R, ANREREE £ C KZE0~20

cm f1 20~40 cm +Z2H TG 25 (P>0.05) ,7F
40~60 em FZEH ILEHEE C - K B KT HA
BEv%, THEN: P N : K7E0~20 cm F120~40 cm
TR R by SRR W T H AR TR 7R
40~60 cm TR A N P N: KR FH
Z5(P>0.05), 3MHZET P K EAF B
R FH 25 (P>0.05) , WIkE FRkE, A
SRR BEVE 0~20 cm A1 20~40 em )2 C: N &
FE TR 5 N TRE B (P<0.05) , R
T HAE% 0~20em HJZC: P C: K N: P N:K
PIEmTARKERE., L P K EARWE
KR 3 NLZT TR EER(P>0.05),

23 AEEWBEETE SOC, IN.TP.TK 8 E XK
FitE AR

i & 3 AT, AS TR A 4 B 7 TR), £ 4 SOC (TN,
TP . TK & E ML m R IEAH G R, Horr, L1
SOC #H5 TN & & TN &5 TP & & .S0C &
HH5 TP &8 TN &85 TK &H A ¥ik3 §EEIE
R (P<0.05) o BR N TR by 25 7% A1, oAt ¥
%4 SOC F S TK & Bk 3 B3 E A
(P<0.05) . Kr-FIREHK MR AF V& 4 TP & i
5 TK &8 H B3 EAMH X (P<0.05) , i 78 A T9%
BHAXT, B FFAMILA TR L% TP .
TK & AR A E| 2 IEAH G (P>0.05)

A G 2R [ 9 43 M & PR, AN ) A A 9+
ABETH R A S R R AT (K 4) . %
BETEC NSN:PC:NEN:KP: K5
C:P.P:KEN:PHWEAMLLRE, HPK
TEMHELEC: NS N: P C: N5 N: K[
LMERRIRBIREAKF, HHEC:PEN: P C:
PS5N:K.C:N5C:P C:K5P:KMHIFE
PG ZR o K s BORE YR R0 B 7 L A5
+THEC:PHN:P.C:P5HN:KEMLMEXER
KRB EK, SHFELEC: PS5 C:K.C: K
H5N:KN:P5N:KIJE¥HEZEFMHELR
(P<0.05), T3 C:P N:P N:KI¥FE+C:
K385 o S 2R M ik

3 it
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b i) 0p- Al
AWFZEH ,0~20 em )2 A 133 SOC TN [ TP,



928 U0 MW 43 %
KR R [EEE X Fré& i TGN
Stipa bungeana grassland  Leymus secalinus grassland Medicago sativa grassland Caragana korshinskii shrab Armeniaca sibirica forest
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The data in the figure is x+s; Different capital letters indicate significant differences between different communities in the same soil layer(P<0.05) ;

Different lowercase letters indicate significant differences between different soil layers in the same community(P<0.05). The same below.
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Fig. 1
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Vertical distribution characteristics of soil SOC, TN, TP and TK contents in different plant communities
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x4 HEHYBENIERENTELZTERNZN
Table 4 Effects of plant communities and soil

depths on stoichiometry ratios

M

F Az & 2

Independent  Dependent i Significant
variable variable (P
e C:N 8.530 0.049
Community c:p 4.730 0.002
C:K 2.972 0.024
N:P 22.642 0.000
N: K 15.298 0.000
P:K 1.779 0.141
TR C:N 1.495 0.920
Soil depth C:P 16.156 0.000
C:K 23.860 0.000
N:P 57.816 0.000
N:K 71.769 0.000
P:K 0.284 0.753
g >+ R C:N 1.885 0.920
Community X C:Pp 1.168 0.329
Soil depth C:K 1.178 0.323
N:P 5.670 0.000
N:K 3.396 0.002
P:K 0.197 0.990

Yy)ZHG)E [l i AR 2R e 6% ok 1 R B
P2 R IR i, B o 4 T bl ot e K £ R
R HEMA R T2 BUR AR A SR A
B B, 3R o0 W AR RS, B R A K B
& T2 ARG TR RS R R IR R
ST ff o /> R )2 SOC ik, 7F 0~20 cm
F120~40 cm HJZ 9 FPABETE TN S = 0 &5
T HAAE Y RES (P<0.05) , X 5 F Rk % (2017)
Xof v i SRR ) B R A AR AR oY A5 R —
., X5 S FE A N A Y RE 8 [ A 2
MRA D, J1— A & s W N TIRE Y Fh £
RS, IE R R B AR, BEE B2
WEZF5y, WA, W58 BT 25 4R & nl 40 A B
% 16 A AR B A eV M R A 1 A LR, 4 v
TR R DT B 3t 4 18 3% 43 o (i R
BHF,2006) , MWEEIASKE R, N TIRE B 1 A4k,
WA REVE HIER R SOC TN SR m T A RIKE
TR, X AT BB SR TN T B K R b A
5 B A R G i, A ML SRR R R, %

Hery e B0 B (FEAEARSE 2021) , AN, R
SOC.TN & HA AR, ERtEm, X5+
2 SOC TN & 2 35 Bk U5 T 8 V% W 10 43 ff AW
R 43 W K 32 W) 0% 8l 48 A O (Deng et al.,
2016) , =3E TP | TK % & 76 A [5] 4 90 1 V% Ak &2
T 2, I KO 2 A W AN
807 B /N, B EOR IR T A A R S s R
A0 WA T ZE K I E] 78 0~ 60 em £ )2 KUfk
FREE 22 5 AR K, R 7 3 35 HL 2 1 AR A e /N AR Sk
55 (2 A, 2017)
32 EYEEN T EAFITELRERESHTHEM
14 SOC TN | TP | TK fb.24 Rk 2 S ik +
HEFR 4y o 0 L ZEAE AR (Liu et al., 2017), £+
e E R b A ARV T C 0 N B2
M, HESLERN LY ELS, 2R AEH
1 SRR AT BE SR (1) A AL T T i 28— o Bl
(8 N FR G Ath 75 % 5 4355 L AF X IOE ) AR X [ 2 L o3
B C (Sterner & Elser, 2002) ;(2)SOC . TN JtZ/E
g+ HELEFIME TG R | A VR IEAS A ] | 2 A 40 VK AN
W 7 g R RS WAL C s N
Ak B g PR FF A XS FR A€ ( Cleveland & Liptzin,
2007) , 3 C N RS ML o il B R
Fe LA T AR FR (Li et al., 2015) . N THKE
Fr 2T £ 1E C o N IRAIG, AR S 8 B B o 3
C = N fen, ULBHIZ I 5 IX N F7 45 A HIL T 20 i i 3
X R B A TR AR, 0~20 cm L2
BAEYBEE L C s P RIS S>K RS
B>SEE>HE XA EHEN C: P 5P M
ARCERT e, BB S 5 ¢ R (B
4 2016)  Fr R BEVEAE 5 R W BE 75 %2 SOC
SRR I, R C P ROK, BIEC: PR
R W Ak - A ML I W A ] R R
R0 — 4845 (B85 ,2020) , [A] At 3R B A
SRR SRRV L3 P B A MR, RO
K, AN, 7E0~20 em F120~40 cm 12 N : K
TN N TR G Ay 4% 35w 1 Al o 4 %, T
FE40~60 em 2R A LA LHEC: K B
FNTHAB Y BETE (P<0.05) , H E R H K
TN, SOC & 5t 76 £ P HE 7 W) 22 S 00K, i TK &
N GRREAEX R E , R BOL N - K C: K 9L E
P32 SOC TN & #1952 W, #7 55 7E 0~ 20 cm Fl
20~40 cm 1JZH TN & E, BN - K f 5,
MU AR N TR AR, T2 B Sl 3 e i K i



E 2

AEEMEELTREURZTELREES BRI

AT | 43 %
KRR R R i 7 i 3/ N I 7N
Stipa bungeana grassland  Leymus secalinus grassland Medicago sativa grassland Caragana korshinskii shrub Armeniaca sibirica forest
20 20 20 20 20
Aa
Aa
16 N 16 s 16 16 N 16
74 iy Aa Aa Aa Aa
512 12 Aa 12 12 12 -
Ba Ba
Ba
8 8 8 8 Ba 8
4 4
0~20 20~4040~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
+ 2% ¥ Soil depth (cm)
25 25 25 25 25
20 . 20 20 20 Aa 20
Aa Aa Aa
15 15 15 N
@) b
10 10 10
Cb
5 5 5
0 0
0~20 20~4040~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
1 2% Soil depth (cm)
0.6 0.6 0.6 0.6 0.6
Aa Aa Aa
0.4 04 aa o4 M 0.4 = . 04
a
M AV 6 Ab Ab
@]
0.2 0.2 0.2 0.2 0.2
Bb
0 0 0
0~20 20~4040~60 0~20 20~4040~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
1 2 Soil depth (cm)
3.5 3.5 3.51 3.5 3.5
3.0 3.0 3.0f 3.0 3.0
Aa s
. 2.5 . 2.5 2.51 2.5 2.5
_ B
Z 2.0 N 2.0 200 2.0 2.0 :
1.5 Ab 1.5 Da 1.5¢ . 1.5
Bb s = Ac = Ab Bb Ab
1.0 1.0 1.0f 1.0 1.0
0.5 0.5 0.5 0.5 0.5
0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
+ 2 J# Soil depth (cm)
0.12 0.12 0.12 0.12 0.12
008t 0.08 0.08 0.08f 0.08
Ab
Ba
Ba
0.04 0.04 0.04 0.04
Ac Bb
Ab
0 0
0~20 20~4040~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
L2 ¥R JE Soil depth (cm)
0.06 0.06 0.06 0.06 0.06
Aa
0.04 0.04 0.04 0.04 K
A2 aa . Aa A A1 A2 Aa i
0.02 . ' 0.02 0.02 i ' 0.02 I ‘
0 0 0
0~20 20~4040~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60 0~20 20~40 40~60
+ 2 JE Soil depth (cm)

Fig. 2 Vertical distribution characteristics of soil stoichiometry ratio in different plant communities
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Fig. 4 Correlations of soil stoichiometry ratio in different plant communities
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