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Abstract ; The homeostasis characteristics of plants and microbes during vegetation restoration are important indicators of the
ability of organisms to adapt to environmental changes and also provide insights into ecosystem nutrient cycling. The aim of
the present study was to investigate the C, N, and P contents and ecological stoichiometric ratios (leaves, soil, and soil
microbial biomass) of five Robinia pseudoacacia forests in the Loess Hilly Region of China, selected based on their

restoration ages (i.e., 5, 10, 20, 30, and 45 years). The homeostasis characteristics of leaves and soil microbial biomass
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along with stand ages were emphatically revealed. Each of the forest included three replicate lands. Each replicate land
included three sample plots (20 m X 20 m) , and soil samples were collected from five points in each plot by using a soil
auger (4 cm diameter) , before being homogenized and analyzed. Leaves samples were collected from 10 individual trees in
each sample plot. Vegetation surveys included five randomly selected plots (1 m X 1 m) at each site. The results showed
that; (1) The C and N contents of the leaves, soil, and soil microbial hiomass all increased with recovery duration ( P<
0.01), and the P contents increased, although not significantly. (2) The C :N ratios of the leaves, soil, and microbial
biomass were 17.03—26.03, 9.55—16.94, and 5.57—10.76, respectively, whereas the C :P ratios were 465.04—634.48 ,
19.89—65.81, and 39.64—110.53, and the N :P ratios were 17.89—37.03, 1.24—4.68, and 7.15—10.26, respectively.
All stoichiometric characteristic ratios showed mostly increase trends with the increase of the recovery age, except for the
leaf C:N was decreased (P<0.01). (3) The relationships between C, N, and P contents and their ratios in the leaves and
microbial biomass with corresponding soil parameters can be adequately simulated using an internal homeostasis model (P<
0.01). Only leaf N :P and microbe C and N contents were sensitive to changes in the soil nutrient contents. These results
indicate that plants and microbes reach homeostasis by self-regulation, regardless of soil nutrient changes, thereby
suggesting that R. pseudoacacia forests in the Loess Hilly Region are well adapted to environmental change. However,
compared to plants, soil microbes were more sensitive to environmental changes, indicating that soil microbial biomass

nutrient content can be used as an indicator of soil restoration status in R. pseudoacacia forests.

Key Words: microorganism; ecological chemometrics; internal homeostasis; vegetation restoration; Robinia pseudoacacia
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UNBE 2 R A BRI i -3 C PRI R  EA T RE S BUE Y52 N 3 P JT E BRI S5 R o TS [
WA AR B BE AR S R G TR AR R 22 5 1% 8 i+ 8 SR R A AR ) — 3 —T3
W) R G TR GG R MR E HL v AN B A, )RR ( Robinia pseudoacacia) FE 0 R X R LA
AR TR AN [F] B BASRAR B AR AR 3 B R K LR RE I R A S ss . PRI AP e B 4
B T AR IXARAR 5 4F (10 4F 20 4F 30 4EH 45 AR N R X4, 7070 A il AR AR I i — L i Wy ik
THE SRR AR b | 1 AN RS AR BRI R A W Bl e 5% 40728 A 1) N RS S R IR, BIF S8 AT B 1 B R
TG 55 A5 5% i DR A R Ge 95 I A AR A R e e VML, by 4 oo RO Bl Wk 2 R 875 45 PR (AL R}
U

1 #EFFEE

1.1 P XA

IR DX A T B P 45 A2 22 T 22 2 DX MLV AT (109°19'—109°22" E,36°51'—36°52" N) , 4k 1010—
1400 m, J& T AN B 4 e 1 AR, 3 o - B UE BRI B4 - iR PhAE ) 22, K 1 i 2 7 5 X
A g W bl e g A K AR 535 mm, FoK 2R TE 6—9 A 4FF Rl 8.8°C, LAR ] 159
do &k A 20 22 70 AEARTF AT N AR TR TS RIS AR BR 0 N TSR . 522 A 1 AR T A7
JME K725 (Caragana korshinskii) 117 (Armeniaca sibirica) 55 , 3 5 H AN YA AT 8 (Artemisia gmelinii ) |
AR (Melilotus officinalis) A4 ( Stipa bungeana) B /R Z& M EEAL ( Heteropappus altaicus (Willd) Novopokr) Ji
B 5 ( Setaria viridis ) % .
1.2 IR AIERAE

I T 2016 4F 8 A JbE i B e BOZ AR PEA L TURR BEALAR 0 IR AL 5 4F (10 4F 20 4F 30 4F
145 AF ALK (465 A RPS \RP10,RP20 RP30 Fl RP45 bRl 3 i 4 iy Aol 355 171 s i sf e D 4 7
FE ) EATHIFGR (R 1) , &4 PRI R AR TE 38 AR AT 24 S Bk b, B RIEAVEY A 43§ (Setaria italica) \JBE+ ( Panicum
miliaceum) 55 . BFAFEFRFIBEARZERE 3 Hesr M 25 AR B S R Ml B MR B N B2 K/ R 20 mx20 m (R
WERETDT , B R TDT N BEALEESE 5> 1 mx 1 m B/NFEDT PR A FEACHE B . B0 20 mx20 m BYRE DT N A AL R AR
PRk USSR A, K BR R T AL K W R A AR IS T R ( AR 4 em) SRAEFE B T80 em LASMRO—

Fx1 HHMEXER
Table 1 Basic information of the sample lands
FEHL Sample land RPO5 RP10 RP20 RP30 RP45
A Location 36°52'05"N 36°52'00"N 36°52'08"N 36°51'36"N 36°52'16"N
109°20'41"E 109°21'38"F, 109°21'06"E, 109°21'06"E 109°20'54"E

33K Elevation /m 1239.12 1332.31 1245.2 1283.6 1121.34
BB Slope/(°) 35 37 30 35 28
BT Aspect/ () EN30 £S38 ES20 EN16 ES10
WA Slope position et 202 e A st 2 Ly st 202
%455 Bulk density /(g/cm®) 1.04 1.09 1.29 1.05 0.98
FMRAR A BE Canopy density/ % 30 48 55 64 60
HIMLEE B Stand density/ (#£/hm?) 1660 1540 1535 1350 1240
MR FAR T B Herb Cover Degree/% 56.07 46.83 59.13 83.87 73.40
b= 5 Species richness index 18 13 24 21 23

H R HE EREA T B BRATE
MR FZAEY) Setaria viridis Geranium pratense . Artemisia gmelinii . FFE Artemisia gmelinii |
Mainly vegetation type KR Bz A ik 5 BEAR Artemisia gmelinii BT

Stipa bungeana

Potentilla discolor

Lespedeza davurica

Rubus corchorifolius

RP, HIBR, Robinia pseudoacacia; $UF-F2/RMIE Figure indicates the stand age; EN, Z:fidl, East to north; ES, ZfhiFg, East to south
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10 em 48 K4 —FETTIN 5 AFE S0 ERRRSE P, — it 2 mm 1055 7E 4°C B AR T
AR A R S s — AE B TR T 00 3555 . A 20 mx20 m AORE DT N BEALIERE 10 #4 H
BRAE R SRAERT , 43 5IAE YA T7 1] (A SEEAS ()58 67 SR A, 8 IR — A T o8 4 ik R YR 6 J P I 2 BB 026 A
A J AR Y T S 2 K e 2k 2, 3R X5 B 60°C BT, TR BB B 0 52 I A 3240
1.3 HES T

- HERFE Y R HLK 2R S R — A A B I R s R I R A R A R R R B
PR — e MR A IR —H, 0, TH 205 14 F sh Bl IR E A (KDY—9830) Wi , 22 iR TH 28 5 HI SRR 24 L

BB 7B (TOC, B A 8y 3t) P5E , iAW N SR S 05 25 —K, SO IR 32 5 42 A shll I AN E
e A Yt PR ST BB 28 —NaHCO, R AR 5 AR BT B kil e >
1.4 B EMGE 0

N 455 ( Homeostasis index, H) XA FARBFTIHED!,

B log (x)
lg(y) =lg(c) + T

Kb H N NRRSHRE HAE S y it R B4 &E C N P S eS0T, A28 & x XA 3% C N,
P &R E L, o WA HE R, T2 Persson SEAYSFIE T REING WA ¥ H>4 2<H<4 1.33<H<2 H<
13350 SRR S9ARAS B MU AMBURRAS s (H Y 5 A AN B AU B4 xS

YR & IR E(R) = S, S B R B Y |

A AT TR R FE R 5 SR T B R R 7 25 79 AT ( One-way ANOVA ) K6 56 25 48 A A [F] b B[] 71 2 5
H Duncan L1728 H, W& KR P<0.05, SR Pearson AHCHE M HT 3SR o5 bn S50t A B E YA
Prik C N P Abafit a2 a bl A G . Bi e AN T3 R AT Microsoft Excel 2010, ff FH SAS 9.0 #1474t 11
M, 4 Origin 2016 7E

2 #HR

2.1 ARFEMEBR LA F—E—fUEY) C N P & AR RRE

Y C N P B i SRR A Bl 52 A7 B A3 hn S35 s s/ iy a3, HISFEYR S 30 4k 3 i
(P<0.05) (F2) ,Hd ¢ N.P SR MIIKE 5 45 28.99% 96.59% 1 7.66% ; {H 30 4E3] 45 4E[H] C N P &
OB TR T 9.80% .10.33% 1 20.95% ( P<0.05) , 4 C N & ¥R H B &2 A BR & 3 hn i & #45 (P<
0.05,5%2) , WIKSE 5 4E5] 45 4 C N 43I T 260.57%H1 302.41% ; T3 P & H780A B3 (P>0.05) . +
A Y C N FI P F g BB 2 AT R 9 34 i i 2 i ( P<0.05, 3% 2) , P A ¢ IR 5 4231 30
AEHEINT 355.68% ,{H M\ 30 4F-3] 45 4F R T 6.00% ; fd/EY N A1 P YK 5 4F51) 45 4543503 T 175.24%
1 249.40% .,
2.2 A[FEAERRFRAR A 3 A AE Y C N P TR LR REE

ANRWR A AR I | 3 B A C N 435008 17.03—26.03 .9.55—16.94 .5.57—10.76, Bk 8
Fit R CiN> T CNSTHAEYAEY R C:N(EN 1) o Hhit g C:N YR AEBR A3 i SeReAR 5 e, R 30
ARG, LUIREE 5 AE R RE T 34.58%, + 31 C o N FEVK & AR BRI i S B IS 35 00, YK 5 4F 31 20 4R FEAR T
43.61% , \YK3Z 20 4E2] 45 3G N T 47.81%, WA AY & C:N IWIKE 5 45 30 45 Z [\ 8 E 58 7
84.01% (P<0.05) , 7t 30 4EF| 45 4AEZ[A] FF& T 15.84% ( P<0.05) . A[AIAEBR C N 28 55 R BRI A= 9 4
VI (24.90% ) > 138 (21.36% ) >MH F (16.29% )

ANFEWR S AR | 33 SE YR C P 20 3R 465.04—634.48 (19.89—65.81 Fi1 39.64—110.53 , 4%
WA ARIRIIR I i CP>RUEY A Wi C P> C:P (181 1) o iERRILSE C P REIR A BRI hin i
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B, WKL 5 4E5) 45 450 BRI T 36.43% F1 230.84% ( P<0.05) , /LM E Y C P BEYK A 4F FR Y38
SR, WK 10 4E51] 30 B W6 H1( P<0.05) {HEf G PRI, ARIERR C:P 2R 25N+
HE(49.30% ) > AW (33.01%) >/ (11.51%)

x2

FEREEERM F—TE—REYW C.NPSE

Table 2 C, N and P contents of leaves—soil—microbe in different restoration years

FEfh Samples

FEHb Sample land

Bk 18 C content

Z & N content

W= P content

MF Leaf /(g/kg)

13 Soil /(g/ke)

A
Microbes / ( mg/kg)

RPO5
RP10
RP20
RP30
RP45
RPO5
RP10
RP20
RP30
RP45
RPO5
RP10
RP20
RP30
RP45

362.28+7.46¢
380.81+12.89¢
439.85+13.32b
467.31+8.51a
421.53+12.06b
4.00+0.05¢
4.65+0.27¢
4.97+0.09¢
8.26+0.71b
14.41+0.91a
98.54+2.63d
102.36+9.42d
216.97+10.35¢
449.02+9.41b
422.06+13.67a

16.29+1.00e
22.38+0.94d
25.05+0.54¢
32.02+0.75a
28.71+0.8b
0.30+0.09d
0.50+0.03¢
0.61+0.05¢
0.87+0.07b
1.20+0.13a
19.75+1.67d
21.48+2.16d
29.09+1.24¢
48.78+2.83b
54.36+1.61a

2.02+0.14a
2.07+0.06a
2.15+0.04a
2.17+0.11a
1.72+0.06b
0.52+0.04a
0.55+0.07a
0.49+0.04a
0.60+0.04a
0.57+0.03a
4.28+0.09d
6.70+0.57cd
8.41+0.87bc
10.56+0.89b
14.95+2.26a

(R BHE e EA AN R 7 RE R AN ) 4 BRACHE 18] 22 57 .35 (P<0.05) 5 Brdii it KON PRI (E AR i 12

ANER B AR -3 SHE AR Y NP 439k 17.89—37.03 ,1.24—4.68 F1 7.15—10.26, Mk 5
Hit R NeP>TUZE AR NP >HEENP(E 1), M NoP ORI 48 N P S4B S A BR IS I mi 3 fm, A
WA 5 AER 45 AE43 BIH AN T 106.92% F 275.98% (P<0.05) , fEW R yH N P Bl 5K 2 4F BR A 389 i 42 30
Wesh7e Ak, WK SR 10 4E3) 30 4R B E N T 43.43% (P<0.05) fHFE G P FFE, ANRIAEMR N :P 28 5 R 83k

oA+ (41.27%) >M F (24.41% ) ST A=Y (14.61%)
2.3 HESRASM R BEYAEYE C NP b2t e R

+HE C N P HEANTREFAFES R AP C NP AL R R S R AT 45 SR (£ 3) 1
N, HHEC N EFESREAY NP AMY AT 2R IR B B MR (P<0.05) R 5MH R C:N 2
TSR, 5 HAMARAR A M IEA G OE R 14 P 5t R G C NP IFEFRHIEA AR B, +
B CNALSM - C:N IEASE, S HAFE R SR AR +1E C:P N:P 5FRHEUZEY C:P Fl NP Jhpy H A+
PR R HHOE(P<0.05)

£3 TEFHSEHRE MEVEYE C:NPUFHERHENXER

Table 3 The relationship between the C :N :P stoichiometry properties of leaf and microbe and soil nutrients

kR M F Leaf WA Microbe
Indicator CiNyyr CiPy NPy CNyicrobe CP icerobe NP icerobe
Cui -0.672"" 0.902** 0.899 ** 0.559 0.404 0.008
Nl -0.832"" 0.895** 0.960 ** 0.692 ** 0.526" 0.017
P.i -0.472 0.255 0.425 0.245 0.353 0.299
C N 0.556 " 0.004 -0.220 -0.264 -0.127 0.225
C:P -0.637" 0.904** 0.877** 0.545" 0.353 -0.062
NP -0.813** 0.902** 0.942 ** 0.693 ** 0.474 -0.081

# P<0.05; = * P<0.01
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Fig.1 C:N:P stoichiometry of leaf, soil and microbe in different restoration years

AR B/ INE TR AR S AR BR 2 [ 22 57 88 3% (P<0.05)

2.4 AR AR i 1 R A AR A AR S AT

PR it R AR Y AE i C NP R Rk 2= T i LU 338 A0 %) N AR SRR 2 A 4 SR R W
(F4),M 7 P.C:N FMBUEDAYE P C:N NP F RS AR ZE AN B 2 8 T4 % Fa s iy ; HoAth
Btn, i C NARRASHEECH 9.001(>4) )8 TRAEAME R ; iR C:P Al N WRRSHEEEUR, )8 T 99 fa S Al4s
b, 1 N P NRRSTR BB AR (1.949) |, J& TS5 U5 hn , eEY A C(0.835) Fl N(1.317) NERAESTE 5L
HB/NTF 1.33, )8 TRUSTSS bR UEYAE YR C P RASTEIRECN 2.585, 8 THfa S 288, 286k A, A1
FEor AR PR RS TR & T RUED)

x4 MAMHMEMENERSITELNRSEY

Table 4 Stoichiometry homeostasis ratios of leaf and microorganism nutrients and stoichiometry ratio

A5 Variable

251 Type H R? P 4% Grade
x ¥
Ci Cear 9.001 0.295 <0.100 R
L\ Niear 2.329 0.849 <0.100 EEVSES
A Leaf P Pleat 8.123 0.019 0.622 AR
C:N; C N yur 3.542 0.180 0.115 AR
C:Py CiPy 3.920 0.839 <0.100 EEYSUS
N:P_, NP 1.949 0.880 <0.100 S HUR
Cooit Cicrobe 0.835 0.742 <0.100 U
N Noicrobe 1.317 0.838 <0.100 TR
A A P P icrobe 0.796 0.100 0.252 EUROY RN
Microbe biomass C:N_y C N ierobe 3.975 0.051 0.417 xS
C:P, CP b 2.585 0.234 <0.100 EEF RN
N:P_, NP iobe 17.241 0.020 0.618 iR

H, NEaZ5458%0, Homeostasis index

3 e

31 MRS R R R — IR E YR i AR S AT R AR
Y — B RS h C N P BRI LR Rl A= 35 R GEC R AE IR 1 B il FUZ O R 1512 A
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PR 23 s 3 A AL A | BOAE - R AL BRI R AR R e IR AR 0T AR SE P R C N R R
AP C NP A R I 2 SR A2 4 BR A 18 i v B 5 5 B g R — Y U R R AR AR
T HEFE BRI (A3 P S WA kA B EAME B A R 4 A 1 AR A
Pyt o C N P & SRR S 2 R AR S | 45 RN RIAEBR BRI H C N P & I 2 51
414.36 g/kg.24.89 g/kg il 2.03 g/kg, Horfiit i C & R T R BRIG A ALY M 02 3 5 464 o/kg'™! 81k
A BB AT BRI 0 3 05 R, 1X 5 AT A A & B 85 5 RO B MR R AR S 18] C 35 e A P i AR >
LA S DS MR B A — 5 BTG AR PR E & C MY R RSH C F8 L
FEO L BRE BB RN SRS TR EAY T A N A (18.60 g/kg) P AIEE i FURIAE I
XN o (21.61 g/kg) LM AP SRR B R T ARk A P i (2.00 g/kg) YRS 4 5 EORI R
FEE P 3 (2.09 g/kg) ™ BIARBUA RS = E R, MBI =, o H R A K 30 45 LU B &, x5
BE T ARDCRF 78 45 3 — 30

HEY) 3 SRS C N P R SRR RS B G b s R R AR A 2R G 0 9 43 BR RS AR A S
TR R SRR A R SR A3 0 S R IR AR ST 4 €N BEVR AR R BN e R S B, T
AR A TS0 SRR 2R T 2RO o - 40 R0 3% B R sl o, o 00 v W e n 5 | e A LB R e AT C P A
N :P PGP R AFBRANWIE i, 2R i T 4 C N ARFLE i P %A WAL S8 AR
it C:NLC:P RN P REE K AR FR A 3G N 22 0 s Ak, 32202 o AR S o Rt v S e Tl F &
SEF AR PEAT C NP RS A A C N P R AR AR L BB % S WA 1A M - 3 v AR
FRor MRS RE ), AR ZE R T - C N P32 20,11, B 8 88 b & SRR I B € oN P 3KOF
(16.27) 7 (B FABRITH C:N FIME (22.5) 7, C N BlEK A BR3E fn i AS W R, 6B i v NG I
WO R AR BT C, IR C 2P RN <P YBEE A A BR A B Iimi 35 0, 28 AR AR AR Kt B X P oo &R
B MRS RICR AN TN 5 PR A2 45 AEFBIRETE - C =P RN =P 43501k 634.48 Fi1 37.03 , BA fk i T 2Bk FC <P
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