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Abstract; To further clarify the influence of mossy crust on nutrients and the characteristics of microbial utili-
zation of nutrients in soil substratum, the mossy crust and its soil substratum (0—2 cm, 2—5 c¢cm, 10—20
cm) developed on the typical abandoned cropland in the loess hilly region were selected as the research sam-
ples, the status of carbon (C), nitrogen (N), phosphorus (P), extracellular enzyme activities and microbial
CUE characteristics were analyzed. The results showed that the moss crust significantly improved the nutri-
ent status of surface soil, and the contents of SOC, TN, TP, DOC, DON and Olsen-P in the crust layer
were 2.58, 2.34, 1.13, 2.30, 4.30 and 7.36 times of those in 10—20 cm soil layer, respectively. Consisting
with the characteristics of nutrient contents, the microbial biomass decreased gradually with the increase of
soil depth. In the whole soil profile, the microbial community had a relatively stable element homeostasis to
maintain its C, N, P equilibrium. The extracellular enzyme activities involved in C, N, and P cycles were
significantly different in different soil depths. -1, 4-glucosidase (BG) decreased with increase of soil depth,
while B-1, 4-N-acetylglucosaminosidase (NAG) and alkaline phosphatase (AP) showed a trend of decreasing
first and increasing afterwards. The higher activities of NAG and AP in the soil substratum reflected the defi-
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ciency of N and P. Microbial CUE decreased at first and increased afterwars along the soil profile, with an av-

erage level of 0.25, reflecting that the habitat was more conducive to C sequestration in surface and deep soil.

In addition, the results of variance decomposition (VPA) and linear model indicated that nutrient status and

soil enzymes were the key factors affecting microbial CUE. In general, in different soil depths, mossy crusts

have a positive effect on the nutrients and microbial metabolism of the topsoil, and the soil substratum main-

tains a high microbial C utilization efficiency despite the insufficiency of nutrients.

Keywords: mossy crusts; profile; nutrient; extracellular enzyme activities; microbial carbon utilization efficiency

Ay A B R A YR A RO W AR A
B A - R Y A W 5 M UKL E S 2R R
SERITE B R B et . A R IRE R
ABAS 0[5 4 3 L o 4 R PR Ak L B
i 7K 43 T 43 T AR A 0 R T T A R 2 R
L BEELS RPN R Y LSS R E WS
B TR R BB R R R GE L  UE
Py A A B A T R AR A

S T R A W RE 8 e A AR N A R i — AP
HEA it 52 2% 09 A BIL W o, R i AT R Rl 2R ) 4 B
C.NLP F2400 H A 0N S J2 2R 9 30 SR 43 1
MR IES G R Y TG 5 Ok 5
VE . - S A4 3% R AIE B 08 1 S 9 A0 L 88 1 5% 20
ARBE LA B B A o B 96 AR B A s AR . A C
AR (CUR) $0E CO H S pUE Y A KR S A
HLBT I S 3 Y LA L 0.1~0.61 . 3l
BT BA " CUE B3R W) RE V5 7T LA 00K C
PRBE B A= & b, Wi R CUE W@ R E C A i
SRHN RBELE B o 0 46 R SR 4y R B BURAE L
XF R JZE A Y L S PR C R TR B R T
2. I AR TS e B s IR R AR A A
G5 K e T 7 SO B SR G i i R 5T T RUEE R Y
Fr o3RO0 | 58 W S M RN ) CUE ik, ik — 20
Bl 5 B 45 B X R T2 TR 23 1Y 52 W) B R R SR
SRS O IR T A4S S 5 R AR W) Bk
A2 A B4 B AR S R0 4R I B AT
1 RS Tk
L1 #HFREHR

B FE b 507 T B P 45 22 2 5 (109°19'E, 36°51'N) .,
MBI O HL TR Py 8 B P PIEEACAE 1 200 m Zidy
AR 8.8°C AR i 300~650 mm, 4F: H IR I
2 2 400 h,JBm TR T RERT R, LA
B O AT AT PERE B T2 AT AT (Les pede-
za bicolor) . ¥ 5 (Artemisia stechmanniana ) 15 B

(Stipa bungeana) VPP (Hippophae rhamnoides) . P Bk

B (Artemisia capillaries)% ,

1.2 H@mEE

AW T 2020 4F 8 H XHBESh E A7 R 4R L 78 4 2
B BRI R — 30 N RS> BB s ik
BRI B AR R SRR . R RE 4 AR HL (R
D AERFE R E S5 45 K DL R T 2 0—2 om,
2—5 cm 1020 em W1, 7ERHEH P, #72 1]
Bl B R A 0 22 S50 TR A 118 D USRS o 45 S TR B T
M IR 5~7 SUORMIF R AR AN — DA, B
Py FE S 2 mm G I 25 B A Sk RV 90 14 45 2% L o
NFEAR G R PIA FHREA , — A BEA KT 5 T BAL
JE 5 55— A FEA ST B CTE 4°C KA AR AE . PR
DAL T 2 R 2 0 o 43T

F1 HHEAEER

FEdL R /m Y TH BB TR 45 )% B /mm
1 1262 ] HEHS AFH2 6.61+0.05
2 1218 fH HEE R 8.4540.15
3 1207 FH S PR 6.97+0.33
4 1222 ] HES &FH 2 7.5440.60

1.3 #HFmillE

S (e AL A A ) A = R O S - g B AR
. FEAIEOK LR 2.5« DIE pH ME; LA
K i FHHE 3505 5 SR FH 4% R 40— A i # ke il a2 +-
B LK (SOC) 1Y 7 82 584 1 CTND & 2 ff FH 3L
I8 A W 5E (Kjeltec TM2399 , i #1) 5 0] %5 1 A #L
A (DON) 1 A] ¥ % A HL ik (DOC) Fl H MultiC/
N3100 % 5 3 51 W B R — i &R Fl 0.5 mol/L 1y
T R 0 Ak #1 , FHAR BRI 52 A0 40 o6 B 3
B (TP) Al &% B (Olsen-P) % & ( Hitachi
Uv2300),

KA 2R DRI E + A Py i e (MBO) Ll
A=y A/ (MBND Fl i A 9 42 s (MBP) 9 2 5%, 0.5
mol/L ¥ iy K, SO, 12 #& C Ml N, 0.5 mol/L ¥ i i)

A Wy, Horh MBC, MBN Fl MBP (14 %% 16 22 5043 3
4 0.45,0.54,0.40 . I V£ 38 2R B fCAL AR 28 6 1k i AT
Wt H R 2 5 e R I B 0 K S T O3 )
B-1,4- i &I WETFHE (BG) \B-1, 4-N- 2, Tk %2 KL 7 25 0 17
fiff (NAG) Bl P R B (AP .



108 KB BE 5T %29 %
1.4 HEAFE 1.5 HESH

Hw A1 i PR TS A 2T KT O 22 43 BT (One-way ANOVA) il

A, =FV/(eVitm) (D Tukey test 25 5 L %8 K % A [A] % B 1) %) B0 4k M 5 fak

F=(f—f,/q—f, (2) AW S MUY CUE 22 R0, R X

e=f,/(c V) (3) AN E 7 o0 T H B 5 A B T R R SC R A

q=Cfo—fD/f, 4 WrotRNERA. FIH R A Vegan” L By “varpart”

KA, RS I M [ nmol/(g T4 « b s F B
EJERE RSO E s V O B M i i S AR R s e S SOL B
TR BV A SR A A L o AR R B e A
e BT ] sm ST R AERY BT 5 £ O BEAR AT
BEHURE B B OGAE s =S A X IRFL 96 MH s g N
PR B O BAL 2L (E £ A S F b
HESL I DEIEE 3¢, N 2 HARMESL AW s Vo 9 BT din A
SHERUEY IR £, O B K AR EAL DL IE .

M) CUE TR A= Pyt R Al 2 A A

CUE = CUE,,, X {(Sc.x X Sc.p)/[(K¢.x +

SCzN)X(KC:p_'_S(‘,:p)]}O'S (5)
S(2=N:B(‘=I\/L(‘=I\'XI/EEA(‘=N (6)
S(‘=P:Bc=P/LC=P><1/EEAC=P YD)

X . EEAc.x N BG/NAG, EEAc., ¥ BG/AP,
Keon M Ke.p 23 T 2 CoNLP B CUE 2E A
W B IE) Keox M Keop N 0.5, CUE.. N
0.6, Beox Ml Be.p 3l A AEY# C: NAIC = P,
ST AEAER Lo nFl L.y,

PR B HEAT 5 2250 43 BT (VPA) , ffi H “relaimpo” £
) 2 P R Y A S A 8 X B A= W) CUE (9 A X 52
Wi o A 3 B A2 T 0 O AR B PE R (v.3.6.3) FER A
Origin 2021 W4T,

2 R0

BHEREETE T EEAERST

ANTR] - A9 BE A o E ) Th RUJE L R B B 2
(£ 2), HHEFRA O Y PR 5 VR T (R N % i A
BESE I RS S i W = T AL R (p<T 0.05), #E
45 1 SOC, TN, TP, DOC, DON F1 Olsen-P £ & 43
& 1020 em + 3740 2.58,2.34,1.13,2.30, 4,30,
7.364% . LS K2 SN [RI R BE 4 98 (R] () 5 7K B A R
MR, #ELE )R A pH (E(7.784+0.07) i FH KT
HApth+ 2 (p<< 0.05), R4 FE 0—2 cm,2—5 em Al 10—
20 em Z SN E  HAELE LRI E -
JE R BE R 3G 3 m . wT L e R L 3R
BENAERIZ, HERZE pH EEAL,

2.1

x2 BHEFRTEIEBAEREE

W 72 48 b Lt 2 0—2 cm 2—5 cm 10—20 cm
SOC/(g kg ") 11.340.44a 6.77+0.34b 5.20£0.91bc 4.39740.40c
TN/(g+ kg 0.92740.03a 0.55+0.03b 0.4720.04be 0.39740.03¢
TP/(g+ kg™ 0.5470.01a 0.4970.01b 0.484-0.01b 0.484-0.01b
DOC/(mg *» kg™») 312+25.8a 201+2.37b 159+18.7b 136+10.2b
DON/(mg * kg ") 66.6+8.17a 25.3+1.54b 17.841.93b 15.541.68b
Olsen-P/(mg * kg™ ) 3.9840.70a 1.5740.21b 0.864-0.09b 0.54£0.10b
ToKE/ % 13.6+1.48a 12.3£1.09a 12.7£1.18a 13.940.36a
pH fH 7.7840.07b 8.314:0.03a 8.42+0.03a 8.4674-0.05a

TE:SOC 7R LA HLIK s TN R 22 & TP #7820 : DOC 7R vl VA HLIK s DON R Al YA HLA Olsen-P 7R BUBE . BT 2 (H £ s

W o= 1) o R[N S 465 AR ) BB 4] 2 57 8 (p << 0.05).
22 BEHERERTEIEMAVESNESHEE
3 RN T EELS R HIE R E T RN M AEY
Wt s Ak, 5 3EFE o AT REAE AL A W A P i
B VL W B AR B LS K R e (p << 0.05), 4r il R
(2 981+£223) mg/kg, (270+£24.7) mg/kg, (21.3+
2.43) mg/kg. BE W8Nk — 2B REAL, 25 5 2
(1A W 2 W e L B 43 2 1020 em H Y
15.9,32.3,9.94 5. it — b ISR 514
A A W 22 TR G FR L DR A R T AR P AR Y Ak A T
WREBRE(E D, LR C: N,C: PRIN: P, +

SRR I3 5 ) A W e 2 T 3R A T D A O
(p=0.05), 3% W T3yl A5 A B i T R
5 o S R v AT AR AR SR B R NS

®3 BHLRRTRIHMENEDE

mg/kg
WERIr B4R 0—2 cm 2—5 cm 10—20 cm
MBC 2 981+223a 625+£68.5b  363+39.2b  187+47.1b
MBN  270424.7a  66.9£5.68b  39.424.40bc  8.40%2.80c
MBP  21.3%+2.43a  6.83£0.28b  3.37£0.51b  2.14£0.45b

1 MBC 2678 42 B 4 W) 8 5% s MBN 3875 B4 0 28 W) & & MBP %
RBEY R, B NE SRR EIR (=1, AFNEFREE
TR RN R BE £ eI 25 5 B35 (p<< 0.05)



%2 ol MG A5 - E AR A B R 2 R0 AN B S 1 S A ) CUE $R1E 109
4.0 55 4
A B o ° c
3.5+ o0 50k ¢ 3 o
. o
. o
5 ~0.427 R*=0.046 A - 5
X o s | % o o) .8
&) o (ORI e z i
2,50 0 e p=0.223 R*=0.104 £ °
' T 9o 40 4 L p=0.086 R=0.196 o
%00 <
20 0 o
1 1 1 3.5 1 1 1 ] 1 1 1 1
1.2 1.6 2.0 2.4 3 4 5 6 7 2.0 2.5 3.0 3.5 4.0
InC:N, InC:P, InN:P,

WA R RS HERS T ERZEN R, HRE~1 HEFOG<0.0) X RBEBEHEAEE. A HAME<I BRAEE (p>

0.05) FnfbA it RS,
A1

23 BHERRTELERIMEEMERE

S 0 A I P AE A [R] R IR TR A A
25 (I 2) . Bl )2 BB B3, BG & i B AR i
NAG FI AP W3 3L A 56 AR 5 3 i) #a % . BG Al

TEMEDTRRESNT

263) nmol/(g » SOM « h) Fl1 (413 £+ 84.2) nmol/
(g + SOM - h), AP iyfe i fE N BAE 1020 em )2
TRAE 3G M R (61966 £572) nmol/(g « SOM « h),
NAG fil AP G PEAE 0—2 cm Ml 2—5 cm 1Y + 2

NAG e (E IR 45 B2 J2 (p <<0.05) . 2 (3 684 + [ A P& 25 (p=> 0.05),
_— a
o 4000 | *T‘ A 500 B 7 8000 |- C a
= 400
o 3000 | b § § 6000 |
723 I »n R b
- . . 300 - ab . -
=0 2000 - ¢ o0 o0 4000 [ [EEX]
. I < Potetelek
* 200 | R * pessney c
E I S © 1B g e o o T
= & et I ettt I ltetetet 2 o] k] ke
€ o 2 0 ] B e 2 0 oo I oot T st
mog § 8 = w8 8§ 8 m B E B
107 3 s 1 01 37 s 1 7 37
® 4 4] ® 4 | S |
. S - = _ =
AEERE AEBE A R E
T BG £R% -1, 4-% % Wi 15 i [nmol/(g « SOM « h) T3 NAG /R B-1,4-N-2 Bk 28 5 4 49 85 15 B Lnmol/ (g « SOM « h) ;3 AP 2 /R fifi P i iR 1l

[nmol/(g + SOM « h) ], AR/NG FEE:FRIRA R RE +HER 2 5 8 (p<< 0.05),

& 2
HERETH CUE THAFMERFMmMEE
WEY C FHBCR (CUR)TEA R - 2 W T 17
i EZES, HPEWE N 0.25(p << 0.05, [ 3),
CUE B 4 )2 % BE in o8 522 B0 506 B K 38 Jn i e 3, o
KAEHBAE 10—20 em(0.36+0.05) , e /M H BLAE
0—2 em(0.13£0.01) . G HEZHMH(VPA I T
M 3% 4y A 4 HE G T CUE 28 4k i f# B2 72 )% (&
AA) o - 5 5% 4 AT A R 6300, 1 M AT iR R
83% , —H LR BT 4y 7 49% . B A M
R 3 Hr 45748 % CUE A8 4k 1) A X 225 (] 4B) ,
55 VPA — 3, + HEW 09 A X5 w5 ok,
BG.NAG 1 AP (14555200 43 51k 14.0 %, 30.9 % il
23.4% , £ HEFRS R TP AT R fe K, 8.87 %0

3 W

HELE AL TR T RE LN TR
BAEY e R AT 2 BRI PLER AR

2.4

524
W

1=A
5w

FIERE b+ BEiE ST

S AT VAR AL T PR A L R AR A A Y
2w T HAB R A 3 (3R 2) X 5 LUAE B IF 5T 45
R, Li RIS B e RS R R
T TS s B IR A5 0 9 A A W e R R
TR B PR S R TR TS AR 4 R A 2 Y
S S A S B S TN R R A S
3.27~5.87 mg/kg, AWEE L L E SR L EKES
HE— 2N KB RIRELS B fe i . TTASHIEGE B PR REZY
B gt 4. th T RIZ MK R S8 T )2 4 500
(22 AR, HAN, W4 e e B ok B L BE A RS
JBCA LR A 2 -+ 3 v s AT LA I 1 e LA
JEAR B TR A 1 R )E I pH RN
P, BT 250 e 35 0y 538 B AR AR 4 fil
SERZMMEY R B ER T TR HEGE D, A A
5% S S0 T RUBE 19 S 2 ) o R DR R 5 e e 1k
St RS (B D L SR mT LA 5 i 1Y) A5 i S o
AR H 5 CNLP i,

B
7



110 i ol T S

%29 %

3os | B2
o b J_

02 | b
0.1 | 1
1 1 1 1
ZRE 0—2cm 2—5cm 10—20 cm
ANREE

VE R[N o R R A IR ] 2% 5 B3 (p<<0.05).,
B3 HERE LM E R AR
Z: 5 C, N, P & P50 40 G B T P78 & i RO 3R
BB 22 5 . BG.NAG il AP 3X 3 F il 35 78 25
V2 2B A TS T (IR 2) T 45 2 I B A W
SRR X TS R RE P HAEY S S CONLP AR

TR e 1
A

0.34

H fh=0.03

T4 B AR, B W N TG 3R 40 1 SR
BB EY e, B A 2R R I, 5 2 B
N [FFRBE A {2 NAG #1 AP 7E 10—20 cm i
FEI R S PE (& 2B f 2C), X ATRE SR T
BE )2 B MR, N F P T ER 1Y% AN RE T R UE Y
(055 2R, FE X R 3R 43 5 Bl 0 A% 0 Bk i o o W N
AP R G i 20 P8 58 O T AR AR L 1 R4 . DAAE
MBI ST A= 4 e BAT [ RURn I i 0 1
PRl 55 1 J RO Oy A ) i R I O R Oy
N2 . WA, 45 25 DOC,DON Fl Olsen-P £ #8431
J& 10—20 em W HHERY 2.30,4.29,7.36 £i5 (3£ 2) , ik
—H UL T NLP TR 2 8145 2 2 AR 5 4h7e, DL &2
TR Pyt BERETIORE S L A ik V6 Ak 75 43 . B n] L,
R SRR S5 B ARG R

B
30 +
X
#
i 20 -
Z 10
]
[xxxd
[T wzzis [l iatetety —
oon] oo et et Mimmnn
0 ittt W S i Besmind] s
Q 4 =8 Q Z Ay Q
8 B = Q Qo & m
[a] [m] 2
2
o

V7 2241 CAD 5 e BB (1) 4107 - S 4 LSRG XE CUE 0 fif BRI 15 1R 5K .
B4 AESBELURESH CUE B NEEE 5 HE 3 5TH

AWFSE KA Y CUE 763 | K FigF1y
fHR 0.25(& 3), 5L R M., Giorgio %% 48
HAERAYE Y KN 026, i AE S R G M A C
F AR 25 0.305527 A5 ) R b ik
W) CUE Rifi ¥ B 1) 384 fin 52 80 2 B3I 5 185 7 e 35 (&
3). VPA SRS R LM 558 0 5 1Y
X} CUE A8 b 2B R W R B (I8 4) . 25 0% )2 78 2
(] A 3R 4 S5 0F A B T i AR S AR, DL
PR S 5 A B W AR E AR AN, R
RO A2 R B RUE W CUENY . 45 )2 &% 3
by S G0 A ) R T ) RN R R A WA ) R e R B
S T A S35 R A BLE JE A AR AT i
HR (1 3% 50 RE 0% DA A 4 A e 1 T 5Bk T A+
. 2 B R4 L Y B W B R B 36N A 4 CUE
BRI . H 10—20 cm + )2 E R4S CUE 1
K. XAJHEZE M TIRZ T IEBARA AL i, {0
FOM TR BARTRIZ. AT NP LEM
BERAE I T A % NAG F1 AP B4 W, 1l il 19
T2 T AR A T B B 4 CUO L B 2R A SR R S R 1R
B CUE, LT L3R iy C & 5 RE W 2 A

Py oK 3k 5 BG B 1 B T8 2 32 W A A1 1o 285 2R 2
—HH(E 2A),

4 58

(D) Beesi e gRe TRZ LEN RS T
EMAHEY AR, ER R E L, 3RS 8 i
Wy A Wy R 14 T 32 ARG

(2) TAEW R RPN AR € Ak =i R
A . BG R EE IS M BE R B3 i 2 T AR, NAG R
AP YR E M SRS T, SO T 10—20 em YR B
NP =,

(3) FEH R BE L, A ¥ CUE B ¥R BE (14 38 i
IR R I KRB 5IKE IR A BT
EY X C A, o + 5835 4y 5+ HERG R 52
CUE M RHHE.

CEbd

[1] Eldridge D J, Greene R S B. Microbiotic soil crusts: A
review of their roles in soil and ecological processes in
the range lands of Australia [J]. Aust. J. Soil Res.,

1994.,32(3) :389-415.



%23

K 1 M 45 . BE A K N T )2 R N A BE I M S A ) CUE R4k 111

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]
(13]

[14]

Bowker M A, Belnap J, Bala Chaudhary V, et al. Revisi-
ting classic water erosion models in drylands: The strong
impact of biological soil crusts [ J]. Soil Biology and Bio-
chemistry, 2008,40(9):2309-2316.
SRR . b S0, g AL 2 AR ) 4 B 6 A K 4
ABR M) TR2XH5E.2011,28(5) :808-812.
Zhou H, Gao Y, Jia X, et al. Network analysis reveals
the strengthening of microbial interaction in biological
soil crust development in the Mu Us Sandy Land,
northwestern China[ J]. Soil Biology and Biochemistry,
2020,144. DOT: 10.1016/j.s0ilbi0.2020.107782.
BT L B AR X AR CE . T B XG0 A W 45 B v 3 S
FERHBERELT ], A SRR o7 €, 2003, 13(8) :9-13.
Waring B G, Weintraub S R, Sinsabaugh R L. Ecoenzy-
matic stoichiometry of microbial nutrient acquisition in
tropical soils[J]. Biogeochemistry, 2014,117(1):101-
113.
Sinsabaugh R L, Lauber C L, Weintraub M N, et al.
Stoichiometry of soil enzyme activity at global scale[ J].
Ecology Letters, 2008,11(11):1252-1264.
Nannipieri P, Trasar-Cepeda C, Dick R P. Soil enzyme
activity:a brief history and biochemistry as a basis for
appropriate interpretations and meta-analysis[ J]. Biolo-
gy and Fertility of Soils, 2018,54(1) :11-19.
Geyer K M, Kyker-Snowman E, Grandy A S, et al.
Microbial carbon use efficiency: Accounting for popula-
tion, community, and ecosystem-scale controls over the
fate of metabolized organic matter[]J]. Biogeochemistry,
2016,127(2/3):173-188.
Manzoni S, Taylor P, Richter A, et al. Environmental
and stoichiometric controls on microbial carbon-use ef-
ficiency in soils [J]. New Phytologist, 2012,196(1);
79-91.
Cui Y, Wang X, Zhang X, et al. Soil moisture medi-
ates microbial carbon and phosphorus metabolism dur-
ing vegetation succession in a semiarid region[]J]. Soil
Biology and Biochemistry, 2020,147. DOI: 10.1016/j.
s0ilbi0.2020.107814.
i -+ B A A 4B LML AL 5« i [ R0l S i, 2008,
Brookes P C, Landman A, Pruden G, et al. Chloro-
form fumigation and the release of soil-nitrogen-a rapid
direct extraction method to measure microbial biomass
nitrogen in soil [J]. Soil Biology &. Biochemistry,
1985,17(6) :837-842.
Saiya-Cork K R, Sinsabaugh R L., Zak D R. The

effects of long term nitrogen deposition on extracellular

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

enzyme activity in an Acer saccharum forest soil []J].
Soil Biology & Biochemistry, 2002,34(9):1309-1315.

R e DL L) R 3 A A g AR 1V 4R 43 A R AR
[D].Be U7 %  PU AL R ARALF R 2, 2020,

Sinsabaugh R L., Shah J ] F. Ecoenzymatic stoichiom-
etry and ecological theory[ J]. Annual Review of Ecology,
Evolution, and Systematics, 2012,43:313-343.

Li Y G, Zhou X B, Zhang Y M. Moss patch size and
microhabitats influence stoichiometry of moss crusts in
a temperate desert, Central Asial J]. Plant and Soil,
2019,443(1/2) :55-72.

s X A% R T L B P B IXOAS TR) R 7K & AR
W ah Bt LR R W2 L] A9 8 5 5 AR 4
2013,19(1):102-110.

K TR A VR L SR R X A W A e R
SR TR AT RO R A TR O M Y S [ ) A R
5 8k 24,2012, 18(3) :621-628.

Li B, Gao J, Wang X, et al. Effects of biological soil
crusts on water infiltration and evaporation Yanchi
Ningxia, Maowusu Desert, China [ ]J]. International
Journal of Sediment Research, 2016,31(4):311-323.
RSOl ARl — -, S5 AR A AL L R R
TS Fy 2 iR )], - e 41, 1998, 35(4) :493-500.
Sinsabaugh R L, Hill B H, Shah J J F. Ecoenzymatic stoi-
chiometry of microbial organic nutrient acquisition in soil
and sediment[ ] ]. Nature, 2009,462(7274):795-798.

Bell C, Carrillo Y, Boot C M, et al. Rhizosphere stoi-
chiometry: Are C: N: P ratios of plants, soils, and
enzymes conserved at the plant species-level[J]. New
Phytologist, 2014,201(2) :505-517.

DR HEAR 2R o KT, S A ) 2 B AR ) - T 4 B R
TR B o B 5 PR B e 7 F 9 [T, b 3k R 2 g
2011,26(3):332-338.

del Giorgio P A, Cole J ]J. Bacterial growth efficiency in
natural aquatic systems[J]. Annual Review of Ecology
and Systematics, 1998,29:503-541.

Manzoni S, Porporato A. Soil carbon and nitrogen
mineralization: Theory and models across scales[ ] ].
Soil Biology & Biochemistry, 2009,41(7):1355-1379.
Manzoni S, Trofymow ] A, Jackson R B, et al. Stoi-
chiometric controls on carbon, nitrogen, and phos-
phorus dynamics in decomposing litter[ J]. Ecological
Monographs, 2010,80(1) :89-106.

Kuzyakov Y, Friedel ] K, Stahr K. Review of mecha-
nisms and quantification of priming effects [J]. Soil

Biology & Biochemistry, 2000,32(11/12):1485-1498.



