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Abstract: The biological soil crusts play the important roles in soil nutrients and microbial metabolism. To
further clarify the constraining nutrients and influencing factors of microbes during the development of bio-
logical soil crust. Bare soil (CK), light-colored algal crust (LA), dark algal crust (DA), alga-moss mixed
crust (AM) and mossy crust (M) were selected as the research samples, we analyzed the status of carbon
(C), nitrogen (N), phosphorus (P) and extracellular enzyme activities of different types of biological soil
crusts, and quantified the metabolic limitation of microbes by extracellular enzymatic stoichiometry. The
results showed that the contents of C, N, P and the sizes of microbial biomass C, N, P of LA, DA, AM and
M were significantly higher than those of CK (p<C0.05), and the contents of SOC, TN, TP and the sizes of
microbial biomass C, N, P increased gradually in the order; CK<TLA<DA<AM<C M; the sizes of microbial
biomass C, N and P in the moss crust were 18.3, 27.6 and 14.1 times of those in CK, respectively. The
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development of biological soil crusts significantly increased the activities of C, N and P cyclic enzymes, and

the redundancy analysis showed that nutrients of the cruts were closely related to the enzyme activities. In

addition, the results from enzymatic vector model showed that the development of biological soil crusts could

lead to the increase of relative C limitation to microbes and decrease of relative P limitation to microbes,

respectively, and microbes were affected by the contents of available nutrients. The results of partial least

squares path model also indicated that the type of biological soil crust indirectly affected the microbial metab-

olism limitation. In general, changes in the types of biological soil crusts will improve nutrient status and

microbial biomass of biological soil crusts, and the supply of nutrient resources will cause changes in microbi-

al nutrient metabolism in biological soil crust.
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TERIBE MRS It R v, A ) b 4G R ol T AR
5l DX LR L B AR BB R T R R X
e bt X 55 A 285 I 5555 DX Al R ) E B R L B
TR AT H R R e SRR I Oy AR
PG B A5y T B OCHEBMIEMY . ) I
55 P A TR B 2 R b AR 2 M BE S5 I T
B PR E AR R T AR BR AR B B,
ML e R B B HRLE . B A s B R, A
BRGE P HEE AUS A TE R AR ARG A AN R 1) K B
BB BER ) EL AT AN TR) A0 2 25 0 (L AE - 3R BE L ok
F3 KSR DL R [ s (C) L &L OND RLRE 45 7 T L A 4%
REM A R kB 2R A R B A
FR AR S T A AR A AR Al Bl DA Ry s ) - B SR
SEARR IR A E R RZ " H AW
S5 R SRR Y AR B O

e LB (PO AR 2 - A ) I AR 5
T O HE IR A T a2 45 2R A Y DG B B Bl
TN WSS AR R & B B BT IR AR L S A2
S IR A T A T AN A B B A 2
ZRIBREN AW IR, B e R TR R B B BT A
2 By b % o3 B ) L B Bkl an o] A2 Ak g AN BB . 1A=
AEH2ETT AT A T A Y 9% 5 W R 0 4 R4y
PR 22 8] A R 4 s DA L O R AR 2R 1 AL
AR B A R AR L SO R R T B R
B BERE L AR K i AR 8 i o g b, R AR F
FELEPE BT 1 BB X 2 B W I b BT R B A [R] 2 A A
WL RN G KR LR E LSBT RS S5 ES
it A2 R L I — 2 BB TR A 25 ek B A
B W B BR A 35 4 5 R i R R IR A )
Bz 10 A 25 I RE DA BB A A AR bR 200 B 4 B A A

1 BRIk
1.1 #RXHER

RS M 5 A7 2 v 4 22 28 EL i 4K 55 98 (109°15'E,
36°44'N) . HZ ¥ (109°16'E, 36°50" N) I % 1) (109°

18'E,36°51'ND3 ANHLIX , 122 Hi X B 14 35 + B g 1) A%
X, PR 1200 m A2 47, ZIXAEIR 8.8°C AR Hy %
JKE 300~650 mm,4F H FREHELZY 2 400 h, 8 TR IR
T REXAME, FHERA LIRS+ L AR
A BB W (Hippophae rhamnoides)
T (Stipa bungeana) JT& PR (Artemisia capillar-
ies) WKL T (Lespedeza bicolor) 5§,
1.2 #HERE

AHEIE T 2020 4F 8 H XJ A= ¥ I 25 je v o AT
KA, TEARYTIE D S E AR S 1L 3 A M X 3B IR
— B AW R B SR T L BERE D SRR ST E R
FEHL TS, AR b 1 3 B HE I 907, FE SR HL
iz HEAE 0 25 Y R4 4 FP ISR A A 45 0 TR 0 B
G K (LA R A B 45 2 (DA | B IR 4 45 2 (AMD
FEELE He (M) (BE 75 B2 43 51 0,00 ~3020,30% ~
70% F1 709 ~100%) . H ¥R EE 4 5 2,76,
4.03,5.70,7.58 mm, B RFEBEH 0 A W 25 K
BI5) v A HABEEBE B AE 2 m DL 1. ERAHE
b e, 42 BB BIL R AR L 22 ASOTR A 04 D ) SR 4 g i S R
(0 45 B 2 R R A ) &6 e oy 5~ T R R &
RAMER— D RE . BN RAEE T A A
45 W % B AR AT BBAL B (CKD . BANEEAR S N
BT REAS . — (0 BE A S7 B BCAE 4°C vk AR AR A7, PR
JE P9 43 A O P AN L LA R A XTI
T AL T 4T
1.3 #HFmillE

FHHBET 3500 52 8 & K 25 pH L7 2% OK £
Feoh 2.5 = DIE 5 R 8 TR #0— S i #4020 e 1
HEA WL (SOC) 19 & o5 UL IR 8 /2 H 32 R
(TN) & # (KjeltecTM2399, Hij #) ; 7] ¥ M H HL oK
(DOC) AR A HLA (DOND # BUS #1 Multi C/N
3100 MI5E . 437 FH e B R — i SR A1 0.5 mol/L 1
T R 040 Ak B 8, TR B P 58 A0 o 6 B I
AW (TP) Al &% B (Olsen-P) % # ( Hitachi
UV2300), SR H S 05 58 78 1k W 2 o 26 ) A 9



511 B i NG 2 L - P (X T R TR S R 2 B AR ) S R 54 S R W 3 4 BRI AE 53
(MBC, MBN,MBP) , ¥ oA B2 7% Fl 5 28 £ i 8] 1) 22 57 mirk, x HBGH+CBH)/(BG+CBH+AP),v N

YE R 14k By . MBC . MBN #il MBP 1% 1k 2 8043 5
H0.45,0.54,0.40, FRAFAE 4°C TP AYRE S DRI E 2 5
o R 0 S 100 7 A T L A B, 4 2 T T
(BG) ,3-D-£F 4k —Hli /K fif il (CBHD » 3-1,4-N- 2, i 2 JL A
HPHEHE(NAG) , L-58 2 W2 2 IR (LAP) | Bl Pk 9 1R 1t
(AP, 5 PGS P35 R T AL AR 2 e i A7 I e
BT B P A nmol/ (g SOM h) k7%
1.4 tEFE
JH A i 3 1 A 2R

A,=FV/(eVitm)

F=(f—f)/q—f,

e=f,/(c,Vy)

q=Cfo—fD/f,
A, HEES N M [ nmol/(g T+ 3 F &8
IEJGRE ¢ G AE s VI B i A SR B e S G R
TR BV R LA A L H A YRR B TR A
Bl R B SRIE IR s S - RERY &5 f 2 W AR T
FEHURE dh B SOGAE s £, M A X BRFL 2 e ql s g
KRB f R BT R B2 YAt s £, B % s
WAL DA 50, JE B H b FLIG R ; V., B A
SHEREDIRT £, RV KR AL 258 1E

Rt 6 A 2 B AE R S i B K R S A ROk
AL TUE P 3R 3 BRI R AE A ST
Length= SQRT(x*+xy*)
Angle(®) =Degrees [ Atan2 (x, y) ]

3 : Length o ) i K B (8 8 K 6% 1 A 0 AR X6
C BRI 8K ; Angle 2678 ) i M B, M /N T 45° %R
A2 B e N BRI, Rz 32 #1418 P BRI
A=) N BRI BE AR U /N T 3G, PRR i B A R B

(BG+CBH)/(BG+CBH+LAP+NAG),
1.5 HiEHH

KB %75 225311 (One-way ANOVA) I Tukey
test Z2 5 LA B0 A AbBRIE] 1) 25 Sk . SRS SCER PR
RURHA E SR YA XS C BRI FIARXS PRR 1Rl 195G &
FIH R 8% 19 Vegan” 8 #E 47 TU A 43 BT (RDA) , F| ]
“plspm”™ 71 1 “innerplot” B B AT e /> — T i A5 1
AU (PLS-PMD 43 M 45 iz 28 7, - B8P o A il A= 0 1 X6 6
AW 53 B 1 T B RN R RN . T A 43 A R 1R 4y
SIFERAE R(v.3.6.3) FIEKAF Origin 2021 HifAT,

2 #R505hr

2.1 AERBI A+ 8 RS

NG E SRS 2 VI g ==
(£ 1), 4 Fhgh IR (LA DALAM F1 M) By 58 52
EER IR N =W 2 NI G S IR SN R R S AW
THESKES B FEE T CK AR (»p<<0.05).CK #Y
B o (1.29 + 0.08 mg/kg) TEEU(E /N T4
GRS pH TR AL FITE] 1 22 57 1 W 3 L fBL7E
Bl CK iy pH &5 (8.13+0.10), T DOC #1 pH
S EESE B2 i) SOC, TN, TP, DON, Olsen-P H1 15 7K 1
h e (p=<<0.05) , 435l 4 (9.78 £ 0.41) g/kg, (0.87+
0.02) g/kg, (0.51 20.01) g/kg, (118 =6.09) mg/kg,
(4.32£0.52) mg/kg,19.3% +0.75% , 3 HAER/NIF
MK M>AM>DA>LA, DOC 5 H Al A [, DA
AR 5 (p<<0.05), (304 48.07) mg/kg, A HHUL,
A S R A R AR R T A R 3R A i D B K
RGN, IF HBE G A B PR Ah R R B A R
BETR G 4 F RN S5 2 1 NI 326 4 15

R1 FERBEY LTS FELEREE

_ He W) 4 e e
EiERy -
CK LA DA AM M

SOC/(g+ kg™ 3.1340.28d 4.9040.41c 5.1440.10bc 6.7040.49b 9.7840.41a
TN/(g+ kg™ 0.2840.01d 0.4340.02¢ 0.444-0.01c 0.5440.01b 0.8740.02a
TP/(g kg ") 0.460.01b 0.4870.01ab 0.48+0.01ab 0.5070.01a 0.51740.01a
DOC/(mg « kg™ ") 159.00410.3¢ 299.00£2.07ab  304.00+£8.07a 271.00£4.47b 275.00£7.20ab
DON/(mg - kg ") 21.5+4.54d 30.240.35¢cd 51.81.04bc 72.5+8.24b 118.00£6.09a
Olsen-P/(mg * kg ') 1.29+0.08b 1.47-0.04b 1.480.05b 2.2440.08b 4.3240.52a
H 1K/ Y 1.7040.19d 1.9940.16d 6.42+0.22¢ 9.17+0.47b 19.340.75a
pH 8.1340.10a 7.830.06a 7.8440.14a 7.87+0.11a 7.8340.05a

- SOC F/n H 547 MLk ; TN 2 &% TP #R 28 ; DOC Fon 1] A ALK ; DON FRR W A HLA: Olsen-P Fm s . $0F N B £ 45

DR (n=23) . ANF/NG FEFRREY S R R 28 22 57 135 (p<<0.05)

K1 AR ZE B4, Je i U E WD RRAE . CK R
Pyt ik A B B AR (p<<0.05) 43l J& (127 £4.32)
mg/kg,(6.84+1.21) mg/kg,(2.02£0.71) mg/kg.
5 PR TR BTG 45 R 2R L, BEAE R B0 U Y B R

(p<<0.05) , Hofd A= W ik L &L Wi 40 ) 02 CK ALY
18.3,27.6,14.1 i, £ Ab 3R Wy i A B0 [ ¥ 3R
P M>AM>DA>LA>CK, 0 0L, A= Y45 iy
KRB R T AW B R



54 | N S £ %29 &

3000 250

= e a o a

5 a o o 30 [
2000 [ b o =y hees
g g 150 F g [
=2 be o =4 b =20 F losetety
& K #®
ot 100 F [ e
st m[nﬂ] ide! ] b Jiesesesd
™ 1000 b e b
Bagec . " ilelele Fras, ilelele
= B & 10
# oo #H 50 b foosd] R # s e R iesetets
3 oo g O R R 3 s s R iesetets
0 s o Lo BEE B 0 ol ksl [oesy
CK LA DA AM M CK LA AM M AM M

F S RS BRA
VE:CK R Bt LA %R vk (45 B s DA F0R R 3545 15 5 AM R WEBEIRL 2 45 B0 5 M R BESH B2 . TR [/ 5 52 36 % O [ 28 TR iy 7 9 245 0 =
i) 22 5 .3 (p<<0.05) ., FEIME,
B 1 RERB YRR MBS

2.2 AEZEB AT IEE KRGS ST CBH %3 & T AM,DA 1 LA &b3, 43 5 2 H 1.83,

A= W 45 R AR A 18 A A G M L 3 R 2.14,2.19 £, LAP W KEHBLE AM 4hF (p <<
(R 2, BT HIEMRIIEEES R ES THRLE 0.05), K (1 8524125) nmol/(g SOM h), DA Ab¥ ¥
<0.05), BG,CBH Hl NAG Hy % P £ o0 bl 5 AP & PR K, R (7 3874251) nmol/ (g SOM « h) ,{H
LA.DAAM Fl M [ 2 8 38 o v, MAR SIS R mE A B EE R

K2 FEXBE LY L REEYE
+3ERFNE Y/ (nmol + g SOM « h™ 1)

HERE BG CBH NAG LAP AP
CK 16124-216b 197421.7¢ 376+26.0b 670+40.4c 3377+376b
LA 4558+376a 578+43.5b 514+23.8a 1448+77.5b 5701+594a
DA 4718+£190a 593433.5b 536+19.9a 1586465.9ab 7387+251a
AM 4809+ 325a 692+41.3b 589+22.9a 18524-125a 6413+321a
M 51004514a 1268459.9a 626+ 34.1a 1668+41.9ab 6021+ 356a

VE BT AR (= 3) . R[22 0 5 B 1 B 2 5 0 (5 <<0.05) . BG 2R B-1.4- A BT #F W s CBH 5% pD-4F 4 —
WK s NAG R B-1.4-N-Z BV B I BB B LAP %R L2 R 2 K ; AP 2 7% T 1 il 1R il
2.3 REEBSHHEYREFE PR C0.89 £ 0.03) 5w AR M AH X P Rl (55.1 £
I D Rl e ) R B AR 3 B ORS [) 28 R 4 R A 1) 1.29), HAth 3 FhISHILE Bz (A X C Fn P BRIl Ak T —
SRR B R AL U W R AR XS C BRI S A X P B H2ERRNRE, WM RIS T K
PRI 2A F12B) . 255 & 3, CK b 38 3R 3 ok f A% V5 1) R OC R B, T AR A B B R G
FAEXT C BRI (0.7240.03) 5% & B AHXT P BR XRMFE 20, HPIH A y=—0.0220 + 1.98
(61.041.19), 1M M &b ¥R AH Jz , R BN s B AR X C (R*=0.61,p<20.001).

A a B C
L . o~ a —
0.9 T g b y=-0.02x+1.98
] g a L 7
et et 60 FET 0.9 R’=0.61 p<<0.001
etetele? e e i etetelet il ab oo ab
B B B B B s b
08 b B2 B By B oo o X
RSty ¥y | e foootosq Loty RSty ¥y | foootosq
Ketatatets Ettatety Ketatatets Ktstatets Ketstetets I v v Ketatatets n
grsieced I et [N vioetesd [ et Bl FER By
igrccried I isiteiod I vioedesod [ Gniceced el ] Bl Bl by
e focoacs Reeee e e focoacs Reeee e ok
Etatatyt I c¥etototed I iitotetet I Vet tit oostocd ooeos] Pl i Josemsed
vvvvv KSR K] KSR KSR KSR K] KSR KSR KR =
ER B B o s fecsy Buss] pesi Ros Ry 0.8
0.7 k] B B B e b Booed B Besd  Fissd
= o I e I e B e et = b peed R R R 4
iz I oo I i N o st 50 e g Rl g kG
[0 [ LG R [ [ LG R [ R
betateted 25055054 atatety 25055054 25055054 25055054 atatety 25055054 25055054 25055054
JoCoGec [oCoSICH JoC oG JCOSKICH [oCoSICH [oCoSICH JoC oG JCOSKICH [oCoSICH JCOSKICH
fomeel ol e el R e I s I s s I e
tetotord I tettored I crettine) IR iFtotstet R Vb 008 oostocd ooeos] ool i Jeseseed]
0.6 Fpacs] piody pulyl ks pRi Fooeed iyl Besd Bl B
Jococd [osocoq JoC oG o5oseq [osocod [osocoq JoC oG o5oseq [osocod o5oseq
o] o] 05500 o] e o] 05500 o] e o] 0 7 -
focaacy e focoacs Reeee e e focoacs Reeee e Reeee .
tetotord I tettored I crettine) IR iFtotstet R Vb 008 oostocd ooeos] ool i Jeseseed]
tetatats? I etatete? I c¥etotetsl I 1Eottotet I Eitetotst Eotatetet I i¥ettetel I voutatutst N ittotots? I Voutetotsst
betateted 25055054 atatety 25055054 25055054 Rttt atatety Rttt 25055054 25055054
Forsteraty NN 1%y %iy BN Forsoetety NN 1%y, 0.y B KetGeecty ool ko] k] Roekss] R
0 5 Droxxd Poxeex Doxo] Poxeex Poxeex 4 0 Poxeex Doxo] Poxeex Poxeex Poxeex 1 1 J

G KA g 3 li-asﬁﬁm/(")
B2 ARXBEYTBEEENABKESZABERE-EXER
24 MERFNEVTIELEEBEERMEYSS MEso 2R, Hd i 1 55 2 098205 H
PR 1 Y 5% My 56.1% 1 3.10% ., fAEY C FREUE 5 + 5 5% 4 (SOC,
FIFH RDA 307 749 345 i PR LR S5+ TN, TP Ak #)4 (MBC, MBN, MBP) #£ 78 IF A/ 56, P
5 C.NLP BRI C R (B ), RIEVEFTRE S M BEmETG ARIGEEAE S, N BRI S pH [ AFZE B0 TE A G



5 i M8 45 - B DX T B BE SR T AN [ 28 BY AR W) B 3R EE B2 R 0 5 A W 9 BR Al e AR

(2]
(2]

1M
0.3
C MBC
0 PIRELEE <« Rime

- TP
< g
S NEKHR 85 MBP
- TN
p~t soc
@-03 1 MBN
a
~

-0.6 pH

-1.0 -0.5 0 0.5 1.0 1.5

RDAI1(56.1%)
T8 C AR IEE 4% 3-1. 4-4 4 0% 1F B (BG) A B-D-2F 4 — K K fift B
(CBH) . N IR A €L 15 B-1.4-N-Z Bt 20 4 0 4 0 11 B (NAGO 1 L-52
R A KA (LAP) , P AR A 6 1 5 FR i (AP)
B3 TEERSTEEFERN RDA ST
3 3 o /N 3 s A% A A (PLS-PMD) i 22 4%
R A C, P RR i A 4% F0 ] 45 800 (& 4A
AB) , A WGS B SR R W SR O i VIR A
KA BRI X A W AR X CL P ORR i AR R
SRR (40.75) 3753 & & (+0.43) AR ) &
(+0.60) XA AR X C BRI SZ M 5 K (B 40) X
AT P RR S e R Y SR 45 B2 2R A (—0.71D) Fl 57
Iy E R (—0.72) (K 4D)

R=0.88
0.94™ 0.18
A > HEE
0.42
R*=0.97
0.54" 0.60
G pe 2 By HRHCRE 1 |
. H R*=0.60
1 4-0.07
]
:
[ S, k&
0.44 A 4R BE=0.77
R*=0.19
R*=0.88
0.94™ -0.70
B —>| FRAER [
0.42°
R=0.97 v
g e }—»""55 o ]--2-‘-’-'-99- A8 PR )
1 R*=0.56
] 1.0.07
] 1
:
e
0.44 & £ FE=0.76
R*=0.19
— <0.5 — >0.5"" p<<0.001" p<<0.01° p=<<0.05

3 b
3.1 EYTELRENMER

AW IS K R B EGE T R IR IRDL. T
AL R, 4 PR LI 4E B AU (LA, DA, AM F
D B BILBG 22 . 2 L nT V1 BILA L T A L
FUR A S i s TR GR D 5 DA IS
ZERIAL, Elbert 5550 WF 58 2 A4 th A W 45 Je o C
W2y 2 3.9 Pgy AH 24 T ili A B 4 0 28 7 T 1Y
700, R AR WA B W EE G N TR )2 LA PR
O RS R RO R 1 1 E R # VR Russ-
ow S M ISR IE A WA B MR R A VIR S R, K
KA 84 % LA AR AT LIaE i A= 1 25 le A7 1 R 5 1 A
W45 B v i i ORI A M A, BB RS A Y N, [
FE R AT R R R R L N T R )2 3 N
BST BEA B S B 5 R A W B O
e T TS AER SR, I B R IE T AR A vk
SRS K E . R A B W kW U B e
RN R, — 7 T A= W45 B 53 1 1) A LR BE 8 145 ik
PR ER RO ; 5 — T, A= ) 448 B ol o 4 v 25 1 )2 +
ST ol T Nl ) 3 MR A ML B L RIS 4 pHLL
Mide e T ek KA . REEARR P&
AEFRTE A pH A B 25 5 (B R A5 45 L R pH
PUNT# A XS BaRgs RE—8.

0.8 | c
i
0.6 ///////
» 4 /
E3 7
0'2 I Oty I Sty N ey
[ //////////é (A
0 G G G
| S |
-0.2
SEERE FoEE EARE mER
0.2
D
0 | T
-0.2 I~ s, L
‘lﬁ s, L
#-0.4 ey
el N
-0.8
-1.0
HRERA FHEE BAKE AR

TE « S22k A HE 22 73 031 6 7 TE ) AR ) 2R (p <<0.05) L i Sk 107 M BUF SRR i MEAL B 22 R B RPN AR RMBEN T 2., L. Ro& B .

DOC,DON Al Olsen-P; i 2k ¥ #8435 : MBC, MBN 1 MBP,

B4 EMTELEFER ERMMENESTMENTS R EEEERE

SRR LE L 4 Fh I 0 A M 45 B AR 3 0

TR R R A (p<<0.05, 18 1), X 5AMF



56 | N S £

%29 %

5 IR RN K R AR R — B I
35453 5 K43 54 F o o] RO i 9 9 AR KR A )
(R 2R O B /N — 3 % A0 A AR 248 SR Al B O HY 3R 4
TR A R A B E (B 4, bR,
A= 1 AR R A AT DU R A i B R ORI K A Y R
FRUU WSS — S Y IR K S &
B2 B (I R AR AR 5 h R SR Ay LK A
A e B BEAR v O B Ah K TR G R AR
B 4h i RNEE 25 Ry 0 0 120 9 14 0 . B e M A g
KE LB BT R ek .
32 EYTESERNEEEMBEYFT IR

25 C,N I P 1§ 25 00 R G il 15 1 1 26 80 A 45 iz
BB TS PE B R TR+ (p<<0.05, % 2) , X FRM A
YITE S e by C NG P AR I R, 5549
I RAXT R, AN DUAE Y F 5E SR L L RS
PEAZ B SR R R K I HER S EZ
S s A 0 AT LA 4 B i 3 R 8% ok 3Rk BT W W SR
AyE . ARBIEGE H L RDA 25 3% W 4 HE 0 3% R
(SOC, TN F1 TP) 55 i P A7 78 B0k 19 A G kL JF 2
FE A% fif TR Bl 0% 1 R0 40 728 5 (I 3D PR I AS ) 45
B 2 RUNA] 1 37 43 22 7 23 52 W 3] A S e 9 76 1

it 1 Y O f A5 A 25 SR SRR 45 AN AT R
Y42 FIFXF C BRI AAE X P BRI IF B e oM
X C,P BRI A FE W 25 A DG OC & (B 2), Horp g
B AR C BR IR T 45 45 Bz A0 B8 i AH X PR i
T&LE AR 2A F12B), XA REEH T LA
BH P ILRE NBEZ COREEW MY A KR IR
HMBR % & BIR i 4 B IR OS2 J s sf TR &
g5 R R, - A B IR B R (p >
0.05), P ICE YRR il th 23 52 m 2 33k A P 6k HoAth 352 53 1)
WSO E AR . O T R P R A i A
G35 P AR SC A i I 23 THFE P — a2 1 C s B ML
S 2B P A E MR RS R A By W £
1) C REUEG K A ML R 2/ A 5 P YRR ), ax 2k i
RS E WA X C BRE A8 ., o, R
+ % B BN R A R A R R
[ X6F 8 R 114 5 4 A 2 2 s AE X C B A % o gl

ER LIRSS B Rk BN RE A B i s B b, A A X
C PRI 7E £ 2 A0 ] 22 A8 g 3 (HR B0 - R Bk ok
AR I B A A, DA AL BEAYFE T C BRHl Fe %, H:
ALV R A PURR & e LA R R A (R 1), Sin-
sabaugh % 8 H s R0FR 20 X il A ) A R R R
i B SRSy IR R — o R R I RE A8 % AR S I 3R
Sy BREITS AR B S5 R A o RO o A il P RR
il A%, 5 B e — 30 . I B e/ T B AR
U2 Al J s th SR 40 & s AT CL P BRI
BRG], 55 Ak, 1 HEAK A3 FEAR KT B %) A= AR g

W2 Z B0 A8 R L SE B K F W K gy
AR, GlC2E W0 XA HILA) T ) o ik A 1 Al 2 i R
o B R . 45 D/ IR BRAS B R SRR R
AWy 45 B S 22 LA R I B 9 b i 3R iR B0 L oK
3 AR A e A TR ) 2 W Bl A AR R . A
SO B TS A S R R T (AR W A
DUHEAT HI W 3BT L 7 )5 2 TAR h & Z 45 5 e
TR L S 2 5 ik 28 Wi 116 26 19 D) g 2 DR e AR 2R A
B4 T DL R R BR T

4 i

(1) MWH B AW T 245 e & R B BB 45 12 57
O3 K RV Y R AR YA e kR E
I T A S T R B B AE

(2) 25 C,N Ml P 1F 5 5 FH 5 Bl 355 24 34 s 2
et ol AR W e A ) - RS R B LN P AR
P I H 32 B TR) 25 Bz R 8] 55 43 25 F 1052

(3) AW+ HELE 2 1 % B 3 R A B AR R ik PR
il B4 358 K 5 R Xl IR A /N L A2 1 3% 43 ] R Y
SR, 5y Ah AR A A R ) SR 2y R ) 3 o
8 27 43 R 7K 43 A A 0 e 1 7 T 22 52 i 2 A 0 194
AR BR 1
CEDa

(1] A P WIHE, 20,558 1 Fbe KGR Bk A= P45 ke 3
AR LT T AR 2524k . 2006, 17(8) : 1429-1434.

(2] EREMG. & .25 e, 53 1 v 7K ok XU 52 4 X A=
Wy 45 K 1) b 2 ML B Re AR K LS i R R [T AR A g
M:,2019,38(10):3050-3056.

(3] SkocWl, B, £, 5. R BRI o R V0 4R W 45 %
4 7 A R AE LT, M B 224 . 2005.60(1) : 53-60.

(4] REXR G TR EY LS5 K040 A e [ 1 K
FCUEM [T AR 2428, 2008,22(3) : 38-42.

[5] Neher D A, Lewins S A, Weicht T R, et al. Microarthro-
pod communities associated with biological soil crusts in the
Colorado Plateau and Chihuahuan deserts[ J]. Journal of Ar-
id Environments, 2009,73(6/7) :672-677.

[6] Chilton A M, Neilan B A, Eldridge D J. Biocrust mor-
phology is linked to marked differences in microbial
community composition[ J]. Plant and Soil, 2017, 429
(1/2) :65-75.

(7] skoTWl, 555 30 I 0t 38 A W - 38 25 2 T2 A5 % e
AEMEAR LT 25241 . 2010,30(16) : 4484-4492

(8] WIFH, WA XA E. T 5 XU A Wy 25 e h e 28 0F
FERI BT ], A AR BE A . 2003.13(8) :9-13

[9] Eldridge D J, Tozer M E. Distribution and floristics of
bryophytes in soil crusts in semi-arid and arid eastern
Australia [J]. Aust J Bot, 1996,44(2) :223-247.

[10] W mufi B8 Fobk VR IIAE , 45 A W) e 3 405 N 3R X 3



5013

5 i M8 45 - B DX T B BE SR T AN [ 28 BY AR W) B 3R EE B2 R 0 5 A W 9 BR Al e AR 57

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

(19]

(20]

(21]

[22]

(23]

RS E TR AR A S A [ ] A A 2441 2018, 38(2)
678-688.

R 8 MR AR, S5 AR T HL B VR VD TR AR W 2
PR BBt ). 55 4% , 2019, 27(3) . 531-538.
Exbrayat J F, Pitman A J, Zhang Q. et al. Examining
soil carbon uncertainty in a global model: response of
microbial decomposition to temperature, moisture and
nutrient limitation [J]. Biogeosciences, 2013,10(11):
7095-7108.

Sokol N W, Bradford M A. Microbial formation of sta-
ble soil carbon is more efficient from belowground than
aboveground input [ J]. Nature Geoscience, 2019, 12
(1):46-53.

Sinsabaugh R L, Hill B H, Shah J J F. Ecoenzymatic stoi-
chiometry of microbial organic nutrient acquisition in soil
and sediment[J]. Nature, 2009,462(7274) :795-798.
Ty o W R N ST e ol el - S N L =R R o
SEMCT M AR AL R AR LT ] 0 A A A A
2019,30(8):2699-2706.

Sinsabaugh R L, Shah J J F. Ecoenzymatic Stoichiom-
etry and Ecological Theory[J]. Annual Review of Ecol-
ogy. Evolution, and Systematics, 2012,43:313-343.
Sterner R W, Elser J J. Ecological Stoichiometry: the
Biology of elements from molecules to the biosphere
[J]. Princeton university press, 2002,2002:225-226.
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, 2020,147:107814.

BT X Fu Ak, E— B b e R IXOAS (W) 2 B AR ) 4
BT SR W o AR AR L) ] 7 b e AR B KA A
e AR, 2017,45(6) : 105-114.

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.

Cui Y., Fang L, Deng L, et al. Patterns of soil micro-
bial nutrient limitations and their roles in the variation
of soil organic carbon across a precipitation gradient in
an arid and semi-arid region [J]. Sci Total Environ,
2019,658:1440-1451.

Saiya-Cork K R, Sinsabaugh R L, Zak D R. The
effects of long term nitrogen deposition on extracellular
enzyme activity in an Acer saccharum forest soil[]J].
Soil Biology & Biochemistrys 2002,34(9):1309-1315.
Moorhead D L, Rinkes Z L, Sinsabaugh R L, et al.
Dynamic relationships between microbial biomass, res-
piration, inorganic nutrients and enzyme activities: in-

forming enzyme-based decomposition models[ J]. Fron-

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

tiers in Microbiology, 2013,4:223.

Elbert W, Weber B, Burrows S, et al. Contribution of
cryptogamic covers to the global cycles of carbon and
nitrogen [J]. Nature Geoscience, 2012,5(7):459-462.
2 SRR TR R E T R XA ST
SR v I Sk 60 A B BEMFOY I LR AR [T ] E Y
5,2016,36(2) :247-264.

Russow R, Veste M, Littmann T. Using the natural
N-15 abundance to assess the main nitrogen inputs into
the sand dune area of the North-Western Negev Desert
(IsraeD[]J]. Isot. Environ. Health. Stud, 2004,40(1):
57-67.

Belnap J. Nitrogen fixation in biological soil crusts
from southeast Utah, USA []J]. Biology and Fertility
of Soils, 2002,35(2):128-135.

e X S A% 1R B 45 B B B XA [R) R K ks A
Wras e 3t LR R W wm L) A R SRR,
2013,19(1):102-110.

K E B s 1 BIRE L S R R AR S e+
S F A AP T TR O M s L) A R
5247 . 2012, 18(3) :621-628.

RSO, EMUE E —F AR T A LR 1wk
Tl B Iy g2 ) ], 432 4% 1998, 35(4) :493-500.

Wu N, Pan H X, Qiu D, et al. Feasibility of EPS-pro-
ducing bacterial inoculation to speed up the sand aggre-
gation in the Gurbantunggut Desert, Northwestern
China [J]. J. Basic Microbiol, 2014, 54 (12): 1378~

1386.

Kivlin S N, Treseder K K. Soil extracellular enzyme
activities correspond with abiotic factors more than
fungal community composition [J]. Biogeochemistry,
2014,117(1) .23-37.

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.

Elser ] J, Acharya K, Kyle M, et al. Growth rate-stoi-
chiometry couplings in diverse biota [ J]. Ecology Let-
ters, 2003,6(10):936-943.

Marklein A R, Houlton B Z. Nitrogen inputs accelerate
phosphorus cycling rates across a wide variety of ter-
restrial ecosystems [J]. New Phytologist, 2012, 193
(3):696-704.

RuJ, Zhou Y. Hui D, et al. Shifts of growing-season
precipitation peaks decrease soil respiration in a semi-

arid grassland [J]. Global Change Biology, 2018, 24
(3):1001-1011.

Borken W, Savage K, Davidson E A, et al. Effects of
experimental drought on soil respiration and radiocar-
bon efflux from a temperate forest soil [J]. Global

Change Biology, 2006,12(2):177-193.





