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Abstract; [Objective| This study was aimed to investigate the effects of the typical ecological management
model of “upward retreat and downward push” on soil-microbial C, N and P and their ecological
stoichiometric ratios in loess hilly areas. [ Methods] Typical land use types (artificial forest land, terrace, and
Chuanland) in the loess hilly area of Ningxia were selected to study the response of soil-microbial C, N and P
contents to land use changes and to analyze the ecological stoichiometric ratios, microbial entropy (qMBC,
gMBN, and ¢qMBP), and stoichiometric imbalances (C : Ny,. C ¢ Py, and N : P,,,) among the
Relationship. [Results] (1) Under the three typical land use types, SOC, C : P, and N : P in artificial forest
land were higher than those in terraced and Chuanland, while TP content in agricultural land (terraced and

Chuanland) was higher than that in artificial forest land. (2) The contents of soil microbial biomass C, N,
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and P ranged from 51.56 to 133.19, 7.97 to 21.98, and 4.63 to 12.81 mg/kg, respectively. Among them, soil
microbial biomass C, N, and P were in the order of artificial forest land > terrace land > Chuanland. The
ratio of microbial biomass C, N, P, C : N,.,» C* Puws and N ¢ P, had certain characteristics of internal
stability and had no significant difference among different land use types. (3) The three typical land use types
had significant effects on microbial entropy, with the qMBC ranking as terraced land > artificial forest land
> Chuanland, while the ¢qMBN and gMBP ranking as artificial forest land > terrace land > Chuanland.
Combined with RDA analysis, it was concluded that microbial biomass C : P (R*=0.75, »p<(0.01) and C :
Py (R*=0.74, p<C0.01) were the key factors affecting the change of qMB. [ Conclusion] In summary, the
typical ecological management mode of “upward retreat and downward push” caused significant changes in

soil C, P and microbial C, N and P contents, and the soil-microbial C, N and P and their stoichiometric

ratios were mainly influenced by phosphorus under the typical land-use types.

Keywords: land use type; soil microbial biomass; microbial entropy; ecostoichiometric ratio
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Fig. 1  Schematic diagram of the research area
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Table 1 Description of plot characteristics in the study area
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Fig. 2 Soil C, N, P and stoichiometric characteristics
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Table 2 Soil microbial biomass C, N, P and their stoichiometric characteristics
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Table 3  Soil microbial entropy and soil— microbial biomass stoichiometric imbalance
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Fig. 3  Correlation between soil—microbial biomass C, N, P and their stoichiometry
25 ITEMEYBSLIE-REVRUZTELRTE TOAR T HET (B A) A e e - 438 — 3 A= i i Ak
EHEZTRIW vt i LS R W AR A DG ST L X 9 A

TOA BT (L 4) R B, + 3 — AR ) 2 b2
tt(ﬁ?%ﬁr")'ﬁfﬁit%kﬁ(ﬂﬂfjﬁr")lﬁﬂffﬁ‘ﬁ*ﬁi
PR 1.2 o SRR QMB 284k 42.1%,28.07 % - i
] 4 58 — Uk W i Al 0 o LU R AT AR B gMB 1y AR
fh, 45 B B 7R, gMBC #1 gMBN 5 MBC : MBN,
MBC : MBP.MBN : MBP Pl } TN : TP 2 E4 %, 5
SOC: TN.C : N, f1 C = P, A X, gMBP 5
SOC : TP.TN : TP.C ¢ P, Ml N ¢ Py, [H 2 IEF K, 5
MBC : MBP.MBN : MBP & i 4%,

L0 i

aMBP  gocitp
N:P,

i SOC:TN CNuw

=4
W
T

R R A

RDA2(28.07%)
o]

o
W
T

qMBC - C:MBP£ MBN:MBP
1.0 1 . 1 )
-1.0 -0.5 0 0.5

RDA1(42.1%)
2 20 Sk s ) VA O WA 00 Sk Ron IR R AR
Sy R 5 Sk 1] e A O A G RR
FETHFABRBE T LEMEDHE T
MR A BUFITEZTTRIW

Redundancy analyses of soil microbial entropy and

=)

S

ik KA

4 BE-RAE
Fig. 4
soil-microbial stoichiometric for carbon, nitrogen

and phosphorus under different land use types

fift BEAD 18 EAT SRR RIS B R 58 (R ) ] 1, MBC ¢
MBP(*=0.75,p=0.002) J2 C ¢ Py, &> =0.74,p =
0.001) X G A= My 435 19 52 Wil d5e K o

R4 SHFBELARAR

Table 4 Sequence of Monte Carlo permutation tests

i RDA1 RDAZ2 r P HeF
SOC: TN  0.40 0.92 0.33  0.060 7
SOC: TP —0.47 0.88 0.46  0.016 5
TN: TP —0.94 0.33 0.40  0.027 6

MBC : MBN —0.99 —0.12 0.03  0.813 9

MBC : MBP  0.02 —1.00 0.75  0.002 1

MBN : MBP  0.22 —0.98 0.58  0.003 3
C* Nimp 0.54 0.84 0.46  0.011 1
C: Py 0 1.00 0.74  0.001 2
N: P, —0.32 0.95 0.27  0.096 8

3 it g

31 TP AXBWNTIER R BERELENERE

TR CONP BHEYEKET 47 M
K. WREGE LR EEES., C.NP LHAL
THi A2 ) 2 80 R 52 m G046 A SR A58 R 3 CRUfe
- BN S Hb I b A AR 2SR A B ER T (-
Hb ) FH 2 R | P ) A B it R B A KOO B
RS S AN T AR SOC & & . s A

P HLHY = »

http: // stbexb.alljournal.com.cn



6 7K PR A

5 38 4

T 4> ) R 137.4%,43.5% . 5 % i MRAED Y F 5 45
SARRL. HeAh AR A b R 2R X SOC 198 4k 3
% M AL AT T 25 5%, A HUSE SRy e L BRI
FEAF LR B A2, A AR
Ah A AL BT i A v BE I L SOC % 1t 77 AR 3K
S N TR R A T R e AR R AR 2
B KRB ME Y A 358, o0 + RO 5 0
FE T . T A 1 AR A A R L LR AR AR
BN — AR A T3, 22 45
B BIAE NG 3 it AT A S R A L &
A LT E R AR, DT A AR R A Bk A
5. TP WA A BEF s O T8 s RS D &5 F AT
AR 5 R/ AR AR A 7= IR B A 6.

TIHEC: NFC: PHARITM LIE NP AR
P, — M C: N.C: P @K, HHEAM NP &,
RZ IR FEAR S . C + N AT C = P B AR IR 43
Bh 3.0~5.8,9.9~19.9, i T Fk [{ + 5 F ¥ K
(12.01,25.77), 7£ 3 P8 - b F| 2 A ,C ¢+ N
FEH R AR < T AR <138 b, UL BB HH 3o
N Fi s, ST TS R s AR, T
1 DX A B 0T i 2 A5 AR S T N RN it FH v LA
BORRSEIEEMNE S, LA, 80 BB
Jiti T B0RH b B2 00 908 M AT L e e 1) 40 A R 3R
ik, 4 C s NACF A TARM A EH, 17 C: P
TEN MR Sy S5 vmr s U6 I A6 AR i 3 vp P oY R R
R SOC AL, nTRERZ P BRI, N.P 2R A& RS
PR SRR bR, B N s PR UH TR R
YRR T, N PARIE A 2.2~3.7, DL T AL
. R FIERCR BT S, Z POt R
A AL 265 B i 455K
32 1A ARBENUMEVEVER A BRELL

BRI Zm

HEHC: N PAeEIM R M AR
Fr 0 W B R 2 T R AE A Ry S - HEAE RN 3R 4y
B 1) 50 A5 R R P R AR . FEARBIFSE . N AR
Hb = MBC.MBN MBP & & &5 T & 8k H e 1] 58 i
o FH M) 500 BT 20 R T D F oY 4 R — 2K
PRAF AR Z B A T, KRB LR E, A
LT RIZL b . BE Ak, F oK R AR R AF R |
HFE S L T A S R AT AR VE B R A R, F 8
R RETRIE = . AT bR R BUA ROBE 1R 15 it 4k 15
— FE DA L E R R A B M R A
P A

AWE5E T, 11 MBC : MBN,MBC : MBP {1748
AR 6.46~7.60,12.45~17.46 , F HL B 76 4% 1 #b

FI SR ] TG 35 25 5, AT RE S R i A S AR
TERA N, BEA MR R, AR N4 T %
] B A B A A i B OC &R 1 MIBC 1 i i) [+
B b 5 70 AR Y S R O 15 L 1 B TR 1 T b2
T, PR 5N 5T B+ B X AE ] 3 3 MBC
MBN.MBP 14 &5 464 11 & F7 A & 3, 1-3% MBC :
MBN 5 MBC : MBP i HAE 5308 6.9~7.8,14.7~
17.6,, 0 @ AR R . —MAE 6T, MBC : MBN
5 MBC : MBP M {E K, 38 BB 4 9 68 2=
Ll bl k. R, 22 5 n] g2 T 3R AR
YRR S L S 8. AFR kK B, MBN ¢
MBP LB K F 42 BR P 7 K S (6.9, H AR 1E Ky
1.72~3.23 U B H AT ix X 3 2 3] — & B E R P R
il o M DA e A i A K TR A S A AT
7~ MBN : MBP 5 MBC : MBP 2 B & FMH X, 5
MBC : MBN 2 & 3 fitH 56, 580 5538 05 W iF 5%
S5 R — AR EUR R 1 3R G (0 52 2598,
A - S fCAE Wy o A 27 i R A X AS [ A 45 1 i) i
NG
3.3 T FIAREN TIEMEMEMN T E-—REY

UFITERFEHENT G

T IECE YR BTz T AL e AT A
7 B LR R 35 43 Sh A o b sl fil A 4k
BESR Y BE T A A0 M S W A e R R i A
FEAWFFE .+ HiF] 28 Rk £ 398 0 A8 W 0 1) 5 i A
K, qMBC, gMBN Fl ¢MBP #4728 i 43 51 5 0.87~ 2.
36%,0.78~1.40%,0.93~3.01% , W& T~ 5y A2 #F
AR 1.0%~5.3%,2.0%~7.8%,2.6%~5.9%,
Horp, qMBC B0 86 TH > AT bk s > 1] 38 H . 7T g
5BV it 5 0 I A AR O . R A 42
. gMBC XF B A 15 it 14 ma 1 e MBC B 3k R i, 7]
HE— AR AW SR A5 R . MAHES T AR B . AN AR
Hurf qMBN F1 qMBP 143 i 8 . A s B,
T NP R R R S 1 A L B R R )
fif i FEAR DG . S AR EG N AR v =2 8 (A 4 %
P - A AL 0T o A o B g U R AT, W R
S/ I O (17 e e 3 S [N <0 o 2 T
MOOSHAMMER %5/ 8 48 1, + 58 — B Y fh 2
I AN S A 1) g I L P I E J R O A GRS
TEABFFEH,C # Ny C 2 Py AN = Py, 75 45 1 i F)
RN T 25 22 5, B& — @ N R AR FRE . AH
KWW, C+ Ny, 5 MBC,C ¢ P, 5 MBP,
MBC : MBP fl MBN : MBP } N : P,.,, 5 MBC :
MBP . MBN : MBP % f£ 75 1 3 5 i) 1 35 1F A OC.,
FEE B X SR OB S OO A W i O

http: // stbexb.alljournal.com.cn



CHER:]

BT R A5 I DX S Yt ) T 2 Y e B — A e R AR S A A T R AR 7

T ER C: N P HA, 25540 X Roe L2z i i
AN AR A L A 22 BB S N PR B AR A PR AR Y
KR AE A

34 TE-REYER. I BUFTELS TERE
) 68 B % T
T AW R T R 2 R IR

Wi, CABRR R MEYR S 3 CONLP |

1B B FLAR 2 1 i RS A S5 A O W — R

fiff g T GRS ) A2 4k . RDA 43 #r 45  , gMBC

il qMBN 5 MBC : MBP MBN : MBP & 1E A6, 1fi

gMBP 5 SOC : TP, TN : TP.C : P, Ml N = P, [f]

BIEMX., 255 Rig &R 5E4 0, MBC : MBP

(R*=0.75,p<<0.01)F1 C t Py, (R*=0.74, p<0.01)

FE S - 855 43 By L) A A% 3 1 A8 A o R rh i B G

AR B0 - SRk B A LS M 4H 4 (MBC AT MBP)

AL T RERE I B AR R R G AR, i

FEABEGEH , MBC = MBP 76 A\ T M Ab 5 A%, 6 WA

TARHE P - SR R 2R 0 [ AR AR 1 S

BEL LK . 5 5 el AR A ISR A SR AN — B

AR R C s N P R i A W0 5T % R 1)

SR TR RS CONLP PERA — &0,

() BN A3 — 20 E S AS F 57 4% b A HT 2R AR 90

AR B A2 BT R 52

4 it
(1) LAY IE FEASE X AR R 4k BT % A 9 = b )

FERINT 43 — A CONLP B H(E B 52 R A7 7E 22

St Hor, 1 3E M 37 it AR RN B VR $E G %) 52 £+ 4

TP Al C : N HGIE R &, AN Tk B A 55 1) + 4

SOC.C: PN : P fil MBC,MBN #l MBP 43 1ji , % 1

TE 12 Hh X S i 1R B 38 MR8 A8 52 TR Xk A2+ S B

A IR B B L,

(2) TR AW (qMB) 52 -+ Hiu 1| B 28 R () 5
K. Hi, NTAMHEA B 51 qMBN . gMBP 431
i H qMBC 43 fi e . Sl TUR BT e
W ERRA H,C P, A MBC @ MBP 23K 3 qMB
RAENEDAN R BB E, WA, Z i X A —
FERY P TR ML BRG], 0 DL TR b e o A
5 %3 H:

[1] ZHANGJH,LIMX, XUL, etal. C: N: P stoichi-
ometry in terrestrial ecosystems in Chinal[ J].Science of
the Total Environment,2021,795 : e148849.

[2] ZHANG J Y, A1 Z M, LIANG C T, et al. How mi-
crobes cope with short-term N addition in a Pinus tabul-

iformis forest — ecological stoichiometry[ ]J]. Geoderma,

2019,337 * 630-640.

(3]

[4]

(5]

L6]

7]

[8]

[9]

(10]

[11]

LIY, WUJS, LIUSL, etal. Isthe C: N: P stoi-
chiometry in soil and soil microbial biomass related to
the landscape and land use in southern subtropical Chi-
na? [J].Global Biogeochemical Cycles, 2012, 26 (4) :
e4002.

JOSHI R K, GARKOTI S C, GUPTA R, et al. Recov-
ery of soil microbial biomass, stoichiometry, and herb-
layer diversity with chronosequence of farmland land a-
bandonment in the central Himalayas, India[ J].Resto-
ration Ecology.2023,31(4) : ¢13782.

ZHANG G H, YANG W J, HU J J, et al. Effects of
tea planting age on soil microbial biomass C: N : P
stoichiometry and microbial quotient[ J ].Plant, Soil and
Environment,2023,69(5) : 221-229.
R, TR E R FE K R R E R
17 A K 3o 5K ()] 4R &5 %41 . 2019, 39(20) = 7398-7409.
LI1ZS, YANG L, WANG G L, et al. The management
of soil and water conservation in the Loess Plateau of
China : Present situations, problems, and counter-so-
lutions[ J . Acta Ecologica Sinica,2019,39(20) : 7398-
74009.

SRR X A RN L T AR TR LXK 3 Fh
e MR TS AL B & SR o3 I s AR AR R AR LT DK L AR
2F4R,2022,36(6) + 250-259.

HAN X S, LIU G Q. XU H. et al. Temporal and spa-
tial variation characteristics of soil moisture under three
land use types in the semi-arid loess region of southern
Ningxial J ]. Journal of Soil and Water Conservation,
2022,36(6) = 250-259.

FEURA, B L B 458 b R B XOR A - iR 5 =G
X S A W e U I 2 e [T ] K L BRFRSE R L 2013,
33(6) : 62-68.

JIANG Y L. ZHAO T, YAN H. et al. Effect of differ-
ent land uses on soil microbial biomass carbon, nitrogen
and phosphorus in three vegetation zones on loess hilly
areal ] ]. Bulletin of Soil and Water Conservation, 2013,
33(6) : 62-68.

I =D ROR] L S5 HE e B IXORE B 2 A X 4 e
A e B AR W B R W [ ). AR 4B A 4. 2013, 33 (18) ¢
5615-5622.

ZHAO T, YAN H. JIANG Y L, et al. Effects of vege-
tation types on soil microbial biomass C, N, P on the
Loess Hilly Area[J]. Acta Ecologica Sinica, 2013, 33
(18) : 5615-5622.

L ol 5 W w7 s I R v O Sl E P VA R
2000,

BAO S D. Soil agrochemical analysis[ M ].3rd. Beijing:
China Agricuture Press, 2000.

JOERGENSEN R G, MUELLER T. The fumigation-

extraction method to estimate soil microbial biomass :

http: // stbexb.alljournal.com.cn



7K PR A

5 38 4

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Calibration of the kEN value[]]. Soil Biology and Bio-
chemistry,1996.28(1) :33-37.

WA, F R, 5y 5E BN R 25 4E IR 0 — U Wk
Wy i B BB AL %A T SRR AR LT L8 AR 542 R, 2023, 34
(4) 2 969-976.

ZHANG G H, NIU J, YI L. et al. Ecological stoichi-
ometry of soil and microbial biomass carbon, nitrogen
and phosphorus in tea plantations with different ages
[J].Chinese Journal of Applied Ecology,2023,34(4) *
969-976.

A T L AN 35 I e A N L /s NI o i
B CONLP AR AL A i B AR AR LT T 0 H Az 2524 4. 2023,
34(4) + 962-968.

XUT Z. YE C H, ZHANG G, et al. Soil C, N and P
stoichiometry in different forest stand types in the middle
and lower reaches of the Beijiang River, Chinal J].Chinese
Journal of Applied Ecology,2023,34(4) : 962-968.
B2 HAL BB AL SRR 30 4R I BB KA TR 4
BRI DR e e 3 e A R R R (R (AN
HE,2016,48(4) + 726-733.

LUO Y L, LI Q Q, WANG C Q, et al. Last 30a chan-
ges of C, N and P ecological stoichiometry of different
land use types in hilly area of mid-sichuan basin, south-
west China[J].Soils,2016,48(4) = 726-733.
BRI Y - AT IR 8 - N e o <
A ) 7 3T A LB B 53 AR AR [T DL K O 2
#%,2017,31(3) : 224-230,238.

LIX Y, XIAJ G, YAN G K, et al. Distribution of or-
ganic carbon under different soil types and utilization
patterns in Mingshan River watershed[ J ].Journal of Soil
and Water Conservation,2017,31(3) : 224-230,238.
FET T BRAT M, K% B SR TR X R A 52Uk
bR A e i e [T 5 DXl BF 5. 2017, 35
(5) = 73-78.

DU N N, QIU L P, ZHANG X C, et al. Effect of land
use on mineralization of soil carbon and nitrogen in
semi-arid grasslands [ J ]. Agricultural Research in the
Arid Areas,2017,35(5) = 73-78.

PR K, Lk, B W, 45 [ bk A% 5 F N AR 2 —
B — A A A s i KRS YRR [T ] A S
F4i5,2022,41(5) = 887-894.

CHENG H T, KONG T, LU G, et al. The soil-needle-
microbe ecological stoichiometry and homeostasis in Pi-
nus sylvestris var. mongolica plantations with different
stand ages [ ] ]. Chinese Journal of Ecology, 2022, 41
(5) = 887-894.

BRI L 2L 026 R AP S L SR AR IR AR AR
[7]) Bi B  ME-f A  A  w R HAb E AR AE L) .
AR, 2021,41(12) = 4900-4912.

[19]

(20]

(21]

[22]

(23]

[24]

[2

]

HU Z D, LIU SR, LIU X L, et al. Soil and soil micro-
bial biomass contents and C : N : P stoichiometry at
different succession stages of natural secondary forest in
sub-alpine area of western Sichuan,ChinalJ]. Acta Eco-
logica Sinica,2021,41(12) : 4900-4912.

CLEVELAND C C, LIPTZIND. C: N: P stoichiometry
Is there a “Redfield ratio” for the microbial bio-
mass? []].Biogeochemistry,2007,85(3) : 235-252.
TR, By 58, Ih T, S W I RE 4 R 0 — 1
A W) — LA AL A T AR A 52 e (T T AR S AR AR
2022,33(7) = 1791-1800.

ZHANG G H, YI L, SUN B Y, et al. Effects of moss

in soil :

biocrusts on soil-microbe-ectoenzyme stoichiometric
characteristics in a subtropical area[ ] ].Chinese Journal
of Applied Ecology,2022,33(7) ¢+ 1791-1800.
BHATTACHARYYA S S, ROS G H, FURTAK K, et
al. Soil carbon sequestration-An interplay between soil
microbial community and soil organic matter dynamics
[J]. Science of the Total Environment, 2022, 815 :
e152928.

2Rk, B2 L L S P e X A R AR X
o 7 2 o 1z [T, rp bl B R 24 23R, 2015, 35
(4) = 72-77,88.

LI B, GU X, FANG X, et al. Responses of soil micro-
bial indicators to land-use types in hilly area, central
Hunan province[ ] |.Journal of Central South University
of Forestry and Technology,2015,35(4) : 72-77,88.
T E X T T8 R, 55T TR R b AR ) A )
A A: Wy X U 355 A A o 7 LT 1. 07 2R 25 2% 41, 2019530
(8) : 2691-2698.

WU X Z, LIU BR, YAN X, et al. Response of soil mi-
crobial biomass and microbial entropy to desertification
in desert grassland[J].Chinese Journal of Applied Ecolo-
gy»,2019,30(8) = 2691-2698.

DL R | T e o T RO 7 L s B 7
A YR AR T SRR AR AR L) ] AR A
2019,39(15) : 5527-553
DENG J, ZHANG D, ZHANG W, et al. Carbon, ni-

al

trogen, and phosphorus stoichiometry and homeostasis
characteristics of leaves, soil, and microbial biomass of
Robinia pseudoacacia forests in the Loess Hilly Region
of Chinal[ J].Acta Ecologica Sinica,2019,39(15) * 5527-
5535.

MOOSHAMMER M, WANEK W, ZECHMEISTER-
BOLTENSTERN S, et al. Stoichiometric imbalances
between terrestrial decomposer communities and their
resources : Mechanisms and implications of microbial
adaptations to their resources[ ] ].Frontiers in Microbiol-

ogy,2014,5 ¢ e22.

http: // stbexb.alljournal.com.cn



