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Ecological stoichiometry characteristics of soil and leaves during the recovery

process of typical vegetation on the Loess Plateau
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Abstract; This study aimed to reveal the dynamics and interactions between plant leaves and soil carbon (C), nitrogen
(N), and phosphorus (P) in the restoration of typical artificial vegetation on the Loess Plateau, through analysis of the
contents and stoichiometric characteristics of C, N, and P in the leaves and soil of Robinia pseudoacacia and Caragana
korshinskii, and the associated grassland growing for 20a and 40a in the Miaozuigou catchment area. An area of cropland was

selected as the control. The results showed that, from 20a to 40a, the leaf C in the three restored vegetation types and leaf P
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in the grassland were significantly increased. However, the leaf N and P contents in both R. pseudoacacia and C. korshinskii
were significantly deceased. The content of C, N, and P in the soil significantly increased with time since afforestation.
Compared with the farmland, the content of C, N, and P in the soil increased by 70—349%, 27—202% , and 13—62%
(P < 0.05) respectively, particularly, in Robinia pseudoacacia. Regarding the growth rates of C and N in the topsoil of R.
pseudoacacia and C. korshinskii, they were higher in the first 20a (0—20a) than during the late subsequent (20—40a) ,
but in the grassland the opposite trend was observed. From 20 to 40a, both C :N and C :P in R. pseudoacacia and C.
korshinskii were significantly increased, while C :P and N : 1P in the grassland were significantly decreased. During the
recovery process, soil C :P in Robinia pseudoacacia and Caragana korshinskii significantly increased, whereas significant
increases in soil N : 1P were only observed in the grassland and soil C :N did not change significantly. The correlation
analysis showed that the leaf C was positively and significantly correlated with the C, N, and P in soil; leaf N and P were
positively and significantly correlated with soil N; leaf N :1P was positively and significantly correlated with soil N :1P; and
the P and C :P in leaves were positively and significantly correlated with the C and N in soil. These results suggest that leaf
P reflects the growth rates of C and N in soil and that the N : 1P ratio can link plants and soil. During recovery, both
contents and growth rates of C, N, and P in soil and leaf changed greatly and differently in R. pseudoacacia, C. korshinskii,
and grassland. In addition, the content of P can indicate the change in the growth rate and the N :1P ratio in leaf can link

soil and leaf.

Key Words: Loess plateau; ecological stoichiometry; vegetation restoration; soil; folia; carbon, nitrogen, phosphorus
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WFE X ASE T AL B+ 55 i 4 22 Ji PHL Y /N B (107°38'—108°32'E, 36°33'—37°24' N, ik 5 & 1233—
1809 m) , ZIXAF ISR 7.8°C , TR 96—146 d, AF VIR 54 478.3 mm, H 64% Lk & 7E 7—9 H
0y, JE A )T R T R, IZAFGE KR TR A, R B R A 4 R R R AL X
AR R IR I T T RIHZEAIREE, R 1999 4ETF 4R SRR BHA AR TR g & A TRk JEA
o, T ARV ( Robinia pseudoacacia) 73 FEARVIFE % ( Caragana korshinskii) i 3, Frie ke il B A5 B
UL 1,

R1 FHEXREFR

Table 1 The basic status of sampling sites

- A P
5 S N . v /K
Bl s g e wmw o F L sk R
Sites Aspect Slope/ (°) Altitude/m Location cerstory P density/ 1owate
herbs 3 content/ %
(g/em’)
109°21" E AT B+ K I
JRE 20a dbR 7R 10° 26 1247 36°40" N Artemisia sacrorum+ 8.36 1.17 22.30
Stipa bungeana Trin
109°21" E B A
JIAE 40a dbm 7R 35° 23 1265 36°40" N Artemisia leucophylla + 8.32 1.12 20.14
Humulus scandens
109°20" E BT v + BT R ZR A e A
F#4% 20a Jefw AR 10° 20 1193 030’ N Artemisia sacrorum + 8.42 1.19 17.62
Heteropappus altaicus
. . 109°21" E KA
¥ 4% 40a b fw Ve 24° 18° 1258 , %ﬁ'j 8.39 1.16 16.20
36°39" N Artemisia sacrorum
090a1 | B EBIECT Bk
FLith 20a et P 20° 20 1239 36°40' N Lespedeza dahurica+ 8.48 1.21 12.82
Artemisia sacrorum
109°21" E A BRFTE
L 40a dbm 7R 32° 24 1273 36°39' N Artemisia leucophylla + 8.45 1.19 14.89

Artemisia sacrorum

o 109°21' B /pk
AR H et %R 30 22 1261 36°39' N Seraria isalica 8.51 1.23 10.53
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HEH R BEOR AOREH . BRI REHBERE 3 4> 20 mx20 m ARIEREE/NX ZERERE X N IR S RIAE 15 12 N4
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AN B E Y (2 77wl = 1wt = O 1 2 70w T TN R B A e w = E 20 QD G i i< 7/ L W PP SO o =
FE DX N BEAILBERE A RR , SEASKE I R /R P 52 AU A b L 3R 04 R DU ok A AR A Ak BE PR
Bl B3 AT ] T BRI R BEREIXCRAE 8—10 g M 26 A4S A Al SE 6 28
1.3 MM ES e

RAER) R IS % [ SR AP AR b s PR AR A Y5 3t 2 mm 0, 26483077 . SREERHE
P F 105°C A5 5 B T 60°C AT, 20 5 3 0.25 mm TR 48 B0 77, A A BB R T J 4% R A
SAALAMINBREINE s i A AR TR R IR — o S ML I &, R A 43 i) VR B R — Ak 7, MR A IR —
EARRIEA B RMR SO B R 2R e,
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TN o ANRE R R AF R A -4 it R C NP Rk it i b 25 55 0 38 Mok B 22 5 25 438 HTF Duncan
TR, W E MK P<0.05., 13 C N P 428 fE 2 (SCGR, SNGR, SPGR) [ 0—20a ,20—40a fJ4F
SRR TS R, R AR R 7 A T = AN R B B 25 SR . DL RO B S i A
Excel 2010 55 SPSS 20.0 #4471 , /E IR Origin 2016 #XE5EM, RIS, I Canoco 5.0 X 5 i+ 3t
FFICARATHT (RDA) |, S3 B % R HER 23 B2 )

2 HREH

2.1 FEHIKRE SEM A C N P & LA A AR LR E

W 2 s, BE TR PN 1P RS2 AR BRI 52 ma o0, i C N P 3 i B Ak 2 T a1 A2 A e 2 8
FUPRIES 5200, 7E 20—40a BYMREE A rh  RIRE by 2% it e C S o0 B3 17 11% 9% 6% (K
1) {HAIBRHF N AP SN B ETRET 8% 10% 47 550 N Fl P & R 11% ; Bt N &
WAREAEFEEN P FREE G 24%, AR C NP & EAHMEZ 0 FEO TR LR
AR EA, M 20a 2 40a PR SEFE A FIRE AT 250 B CoNLC P 23l 2350 T 21% 22% , it | N
1P A BED, EWE SR R 5 C N REA WEAL B C:P AN P 535 FFET 15%F1 13%
(P<0.05) .

&2 MH CN.PUFEITERE GLM 2347
Table 2 GLM analysis of leaf C,N,P stoichiometry

A 7 [RI AR P P [R5 & P p

Variable Dependent variable Dependent variable

e LC 20.256 0.000 LCN 181.507 0.000

Vegetation types LN 368.144 0.000 LCP 66.276 0.000
LP 115.240 0.000 LNP 41.842 0.000

i Stand age LC 49.138 0.000 LCN 17.146 0.001
LN 10.275 0.008 LCP 10.314 0.007
LP 0.779 0.000 LNP 1.695 0.217

LC M F B & 1 Leaf carbon content; LN :1 M (75 & Leaf nitrogen content; LP ;" /i % i Leaf phosphorus content; LCN :1 ' Bk & b Leaf
carbon to nitrogen ratio; LCP ;I F B Lt Leaf carbon to phosphorus ratio ,LNP ;M - & #§ LL Leaf nitrogen to phosphorus ratio

2.2 MRS I ¢ NP & K AL E R AR AR

FE RS TR + 2 52 m 3E C N P & R R (FR X 48 C o N AT S 3 s T MR (SO0
3N FIC NG BERW (£ 3), 3 FREEAFRE SR C N P & AHE RS B T B8, H b
BRI m (& 2) . £2 C NP FREESTHEATZE, RAHHEBYRZEEMN, H
FRMEAR 3 SR)Z C N P SR AR 2 3G N T 285% 173% 46% WS 3 R fe b, 3 FhAE#E SOC &+
TERIRR K (P<0.05) , R HHL A7 4% SOC S0 124%—201% . YK 20a I 43 TN & 878 H P /N (P
<0.05) , MHIKE 745 T4 TN B8 52%—57% WK 55 40a RH7ERIRE 5K (P<0.05) |, Jg &5 FilAy 4% + 38 TN
BRI 109%—128% ., -3 TP e 3 R4 [a] (1 A/ NIF 1 4338 TN AH[R ( P<0.05) . 7E 20—40a R &
AT R R L 2 IR R A RRIE . 3 AME SR 48 C N AEPRE B P A W i AR Ak R
£ 9.80—11.57 , JIBE Frsf HEHL -4 C P WX B 238 (& 2) . £58 N 1P ER i il 14.54 5 E RN
12.66 , TERIME F7 25k 52 3o A b s A7 B S AR 1k
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Fig.1 The content of C NP in leaf and its stoichiometric characteristics under different revegetation types and forest age

CH: M R. pseudoacacia;NT :¥7:2% C. korshinskii; CD : #3h grassland ; o K5 PRI [FAE P AT F F8HRTE P<0.05 /K- L 2R B

®3 18 CN.PUFITERHE GLM 247
Table 3 GLM analysis of soil C,N,P stoichiometry

7 [R5 v P P75 . P

Variable Dependent variable Dependent variable

LTS sc 5.897 0.005 SCN 0.167 0.847

Vegetation types SN 10.130 0.000 scp 3.383 0.042
Ssp 9.424 0.000 SNP 25.293 0.000
SCGR 5.897 0.005 SNGR 10.130 0.000
SPGR 9.424 0.000

i Stand age sC 4.745 0.034 SCN 8.006 0.007
SN 15.560 0.000 scp 0.372 0.545
SP 0.636 0.429 SNP 0.241 0.626
SCGR 4.745 0.034 SNGR 15.560 0.000
SPGR 0.636 0.429

+J2 Soil layer sC 795.444 0.000 SCN 19.487 0.000
SN 145.609 0.000 scP 174.878 0.000
SP 59.546 0.000 SNP 40.159 0.000
SCGR 429.087 0.000 SNGR 155.494 0.000
SPGR 53.612 0.000

SC : T 1ERR & i Soil carbon content ;SN 1 + % & & Soil nitrogen content ; SP; 1 3 & & Soil phosphorus content; SCN =1 + 8RR A b Soil
carbon to nitrogen ratio; SCP ; 135 8% Lt Soil carbon to phosphorus ratio; SNP ; 1= 3 % #% [¥ Soil nitrogen to phosphorus ratio, SCGR; 1 3 $
Growth rate of soil carbon;SNGR: L-3E& I Growth rate of soil nitrogen; SPGR : - 3E#§H45# Growth rate of soil phosphorus

23 +HHEC NP SR LERE

MBS+ Z AR X 3 C N P SRS b s R B L (B 3) , R TRIK AR B B, 3 ik e 4 b
C NP WAL R A7 1 i 22 5, HLRE )2 iR A FEAR TR (& 3) . MR (0—20a) £ 191 (20—40a) Y
PR R AR AT 5522 18 C 3 B T I T 42% .57% N ¥E A 5 R R T 60% .54% ., i+
Hi A4 C N BERE I BE TS T 47% 303% , BT RIRE e ach 2 4 N R RSN, 4% C RN B S
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Fig.2 The content of C N.P in Soil and its Stoichiometric characteristics of different revegetation types and forest ages
FL:#f# Farmland ; AR RS TR ] — 1 )2 A R A E] (1925 5 025 (P<0.05) , A [Al/ING TR [R]— A 7] )2 [\ 22 5 . 35 (P<
0.05)

JEINGEMT R, 35 C B A RN R IR S 7 25>, 398 N S8 s 52 RT3 s SRR P ek, a0 R A
45 HUHh N Y 119% 536% ; PR JG WAy 4% 13302 C s fe/N, o - B8R 2 N MG B K, 430k ol
MLy 2% L HERZ N HEEE A 191% 196% , 3 PR RIS i 2 18 P 3l efy — Bk %y bl - 2284k
KR,
24 EHESU R C NP &S EEER

XN AR A 2o 7 3 A b2 T AR S 1 7 754 T RDA 4387 (B 4) 45 R8BI 0k R ¢ Al H8 C |
N P 20 EADC, 5 N P A58 N B IEASC, i P AT N P 3 0 28 I E A OG Tt C:P A
4 C N AR B E A E, R RT3 NP R R EIEMSE, ZREMESKE p H AT XY A+
B C NP &t S A LA B 5 . SRR R € N P N 1P RIEARDG, 3% p H A E A
R C RS, MR TR oTiRHE T R B, i B g Anxd IR AR R K/ R C>P>N>C:P>C:N>N 1P,
Hr ¢ N P ikE] K,
3 iFig
3.1 AREEEIRE SR 5 88 C N P & RRIE R HA B OCR

MR E A, ik R R SR S R R AR T B AR (I 2 B 3) , RS AR BN IR Fr SRR E
AR A NP SRR E N MR N P SRR EWIN, X5 Yang Cao 8 NTEAY W TR 45
—5 A AR AR S 5 R WK R B e JEAE A AR K R E AR 0 R Y KA BB i A AR B
HR R TG Z I, NI S B 3250 & wbd /b . ARRFSE o R HEE/KE M 5 C N P & i 2 B 3 IR A G,
IE EHLAIRE Fr 4 398K ek B 5 A 20 | i 5 3t 397K A3 AR UK 2 0 I i ( 3¢ 1), HOBR R AT RE R MR Fy
25 HUH = AL K o R R SRS BT IX 3] JIBR e SRR AR IR S A 5 0 R RDK SR A K 3t S 30K 43
AR it 5 0 A K A2 BK AR BRI DR A R B NP B 22 02 T R K D AR 2 0 A
AR, IS N P bz 3N, fEVRE AR it R € Fl 4 C N P Rk — 3, W g, 2
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Fig.3 Growth rate in different revegetation types and forest ages
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(RPRLD A K RS AR, T (45 = AL B 101 3ok
RS TS C N P B kA, T
LR 4 MR S 17K 43 B Bk /-t 2 AU B 2 3
PR T B0 75 R AR RS, e o B
YR L, SRR R L, R R 10
SIS SR T o5 P, TR B BLAR 4 ol A % 1o RDAI (66.03%) M
JEE T RV, I FLK S AT T2 C N g
FERIBE I K. RDA 4347 7R 458 C N P 33 Fi i
B PLC P B, FWT L HE C N R P HEHZ 0 P
(9 R, T P IR BE M R RNA 9 J0RL, S B0 KA S DD 2 Rt 5 P A i
I P AU, TR A K BRI A P 3 o V5 B g A T 35 R 9 0
SIS R TR R A, ARG N ORI N PSS IE G F N XIS
K, 3% 5 BB AR 2 9 AR R ARG

RDA2 (18.04%)

SBD

B4 TS5 RDA 53#7
Fig.4 RDA analysis of soil and plant
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4 #Hie
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