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1.1 HREX#HER

AIFGE XA F PN 58 vt A T 4 =, b Ak v [ b
J7 AW H T AR B AR R R0 VD Hb Y b (42°55 " —
42°57'N.120°41'—120°45"E, #§ 4k 340—370 m)
2 X TR KRl AU AR K & 350
—500 mm, HH7E 6—8 A, 4E 2 K 7 1 500—2 500
mm, AT 4—7 °C, LEFEZ AR L KX Hb
AR M S A5 1 5 AN [ A 7 7 X i i A2V
Ib VoM R A T 2R A S R G IAE M -
AR GUK IR B AR AL I B, 2 v AR O

SR )

BT man memare = el W

AR L SN
R LR

AR I i Sy SRS ) DR AT DX SO 348 K LA/
55 %9 JL ( Caragana microphylla) FIFTM ( Periploca
sepium) K, Yo HE K LLEL % (Artemisia halo-
dendron) } F , PLHFLAHE W) LK B B ( Cleisto-
genes squarrosa) . )i %5 (Phragmites australis) . 1

¥ ( Pennisetum centrasiaticum )} F .
1.2 iKE@igit

20194F 9 A A i T ERp 22 B 4s 2 v
ARG 3 3 L A L PN, A AR B8 R A F O TC
R (E 1) . OTC HIENHIE R & 450, K1
2.0 m, TFE E AR 1.8 m, 5 0.5 m, #RA F AN 42
AR B K7 SR EL & UV 2835 1035 B 9 )
PR SRR, BRSO LT, 0—10 em I A4E -2
1.3 °Co oA A A 535 OTC —HE 1Y 18
B HFNARGE B7d 20 A 53 Ah—FP OTC, JTEHE IR AR,
J&T ASRIREERE L . A AR D8 B A 4% 2
F AR D8 RN e . a0 R R 28 4 PR 7 B AL
XHET. LG 8 A HE, 48 M EFE )y, Ak
T Ml J K /D XTI AR R 2.5 mx2.5 m, REHB ]S 2 m,
T B b A 1 S G TR S E TE RS OTC, OTC
Je 2 m’ 1Y XIS B SE X IR A PR T
O A BRI T I BEK 0 CREIE, T,xW,) I B K
20% (TxW,,) U 20 [ K 40% (T xW,,) I 20> [ 7K
60% (T,xW,) s @37 551 T WD B 7K 0 (TxW,, XiF
B 080 B K 20% (TxW,,) ik 2D B 7K 40% (T
W,,) B/ FEIK 60% (TxW,) o T2t 56 FE M 7 [ 4 1
R TOR Y, AR 1k BCROER .

Fig.1 The experimental apparatus to simulate climate change

1.3 HmRESERUE

2020 4F- 8 H A 1A b 1 4 7R e ) 2 0 - 98 i
MURABURE. HEAE2.8 em 45T 0—10 cm Al 10—
20 em 43 AR E A FE  BEARETT T8, iR A e
B AV A T, 2 WL s g T . Herh 3

Sy RES AR SR R J5 BT 0—4 °CukFE v, HF
TRk (MBC) (2B 9 it A (MBN) 5
(G5 B2 ZE B FR A2 495 1 0.5 mol- L™ K.SO,IF iz
$EOKEHR2:1) 5 5 —Mare S AT G, S fL
72 mm Gt FBR 4% 0T, 00 5 g 30 7 o R
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WM A4S - AL 2 A (ISSCAS T+ iiii i) L pH
(Multiline P4 pH S ) . 3R (S-UE ) 1 14 (fiff
FH B B W5 0 L @ 3 5E |, Solarbio BC0120) |, + 1
212 R B (S-CL) 3 M (il 3,5- il 3L K 4% R ol it
L 6 3510 72 |, Solarbio BCO150) i1 -+ 378 5 11 # 1 1l
(S-ALPT) {4 (fiff FAR AR ol i Eb 27500 % |, Solar-

bio BC0880)

1.4 HiEALIE

2 I8 B 28 5 Excel 2013 4b )5 , % H SPSS
25.0 A AT G 0T, T 22 0T S AR i 2
BB S HEAT T IEASYER S, o A B £7 & IE S
A 5 8 FH AR R 2493 H1 (one-way ANOVA ) 43 51 6
45 838 i B 7O A 3o 7 R b - 3B TR 4 M R 0 B

Table 1 Effects of short-term warming and precipitation reduction on soil physical and

*x1

chemical properties in sandy grassland

5 1 R RN 7K 9/ DA B A B0 1 58 MBC \MBN J% fif§
TEER L E M2, 25 BE MK a=0.05, L
K& 5 2250 H1 (two-way ANOVA)BIF5T 8 R -5 B 7K Ui,
DRI ()2 A AEAEXT 13 MBC \MBN A fiff 7 14 1)
LHAEH, 225 B E K8 a=0.05; {1 H] Pearson
AHE R B A LI E W A i S S R 2 (R A A
Jet: ;s B Jr fdF SigmaPlot 14.0 FEA T2 E50#T .

2 HEREHM

2.1 TIENZER I pH

UL K DR B RS EAE TR BT )

v LI LA S (R D) .

. 1B TIEHUAL % o
/em 2—1 mm 1—0.5 mm 0.5—025mm 0.25—0.1 mm 0.1—0.05 mm <0.05 mm
T,xW, 0—10 0.21 £0.14 0.34+0.11 28.47+1.22 55.68+2.85 10.14+1.69° 4.78+1 38" 8.04=0.25°
10—20 0.190.04° 0.36£0.07* 28.44+1.16" 55.92+3.58 10.32+2.90 4.50=1.06" 7.78+0.22
TXW,  0—I10 0.21 £0.06 0.38+0.92 27.30£0.91 56.58+0.93 12.3141.39° 3.26+0.87° 7.74+0.27°
10—20 0.060.01° 0.25+0.05" 26.86+0.63°  57.59+2.33 12.0942.19 3.15£0.61° 8.060.44
TW,,  0—10 0.19£0.03 0.37£0.11 27.29+1.49 57.28+1.68 10.511.00% 4.25£0.65™  7.840.15"
10—20 0.07+0.03" 0.31+0.07 27.68+0.75™  57.53£1.67 11.21%0.73 3.33+0.39" 8.13+0.34
TxW,,  0—10 0.20+0.05 0.42+0.10 27.83+1.63 56214125  10.58+1.11" 4.85+1.02% 7.69+0.11%
10—20 0.05=0.02° 0.310.09* 28.61£1.47°  56.29+1.82 10.071.45 4.95+0.76° 8.08+0.25
T<W, 0—10 0.23+0.04° 0.40+0.08" 28.7742.14° 54.60+2.25 11.26+0.30° 4.38+0.29" 7.90+0.19
10—20 0.6620.03 0.29+0.07 29.06+1.45° 55.77£1.59 10.770.90 3.92+0.14° 8.21+0.29
T>W,, 0—10 0.39+0.08* 0.33£0.09* 26.83£3.21%  54.69+2.43 13.20£1.07* 4.2141.13° 7.95+0.26
10—20 0.18=0.05 0.32+0.08 26.6142.44%  56.15+1.48 12.78+1.99 3.78+0.71° 8.19+0.33
T>W,, 0—10 0.47+0.24" 0.25+0.51" 24.50+0.38" 54.55+4.09 11.80+2.27" 8.28+2.06 7.98+0.36
10—20 0.12+0.07 0.30+0.06 26.63£1.55°  54.78+2.86 12.65+2.54 5.12+0.64" 8.20+0.32
T>W,, 0—10 0.3420.06" 0.31+0.04" 26.59£1.77"  54.5242.06 14.11+3.08™ 3.94+0.51° 8.010.30
10—20 0.17+0.04 0.25+0.03 26.46£1.91"  356.38+1.16 13.122.09 3.28+0.31° 8.16:£0.40

T, 32278 FARIRIE s T 7R s W, W, W FIW 433 2R B KR 0, 20% , 40% T 60%. 1) 811N [ 7= £ 2 7 A 1] - 2 7S [ 42k 348 i i 22
SR E K (P<0.05)
TE FHIRIRIE T | B DX 0 5 o b T SR A 25
A R, 2 AU R A — 2,
Qb T v NS R S A R A DD B 52 ELAE TR 0—
10 cm T SEANED & B 1A W5 520 (E0 [ 2 AR 400 A
RRPRLIEMFA 2 27K % 10—20 em HIEAGHIAD |

D AR AR 5 5 A

SO, FOMRERL S Y
SRR 0 2P IFAERR KB 40% IR S i
Fr A AR O 1 A B S5 L 7E F AR IR
T L FEK D FEAR T 0—10 em + 3 pH, 21340 1T
10—20 cm 1) pH, H [ 7K Ik 2> 20% Bif 1 35 pH 7.
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FART X IR B IR RN K ek B A8 HAE A AR 0—
10 cm +3E pH A . 10—20 cm F&A% , {H 2 T A ik 33
T )E L3 pH 2 F YRR B K,

22 TEFAEYERRNTHEE

s U1 34 3L RN [ K sk /D X+ 1 MBC L MBN Al
MBC/MBN 7= A= 5200 (32 2) o B4 0 2558 e 1 b
Joi B b+ 3 MBC (P<0.05) \MBN (P<0.05) il MBC/
MBN(P<0.01) ; Bk I/ i E 5200 1 443 MBN(P<
0.01) Fil MBC/MBN ( P<0.05 ) ; 384 I Al B K Ja /b i 52

HAE M W2 #5158 MBC F1 MBN (P<
0.01). 7EHRIRE T, VDA + 3% MBC il MBN
XoF et I YR/ s B g e 1 — B0, % R R AR Ak
R 7K IRk /1> 40%> [ 7K i /b 20%> 4 K i 2> 60% , 55 %t
WEAH L, B4 08 3 1)K 5] 87.9% F198.8%., 133 MBC .,
MBN Fl MBC/MBN X 34 7l Fl 5 7K 9k 20 22 BAE (1)
M 17 AN — 350, o B T 52 i 3 B AR ) VK 118 MBC
FTMBN &5 i i I, Ho + 38 MBC & 3K T X ]
R R 15 25.67%, 3% MBN i Z X T 8 )% T 5
i, 22 SRR A 48.16% (K12) .

K2 EHAEERAREOR DX RE M T ERE WA M ERR MBC A £ ¥WE R MBN 1 MBC/MBN B30

Table 2 The effects of short-term warming and precipitation reduction on soil MBC,
MBN and MBC/MBN in sandy grassland

MBC/(mg-kg™") MBN/(mg-kg™) MBC/MBN
pis df
F P F P F P
T 1 9.040 0.008 5.033 0.039 16.713 0.001
W 3 1.597 0.229 6.398 0.005 4.576 0.017
TxW 3 13.521 <0.001 14.336 <0.001 0.627 0.068
TP ML BT FIR P <0.055 T FIW 43 B3R 38 1L AN B K Ab B
500 100 10
Ti* mw, Ti* mw, Ti* W,
W:ns EW,, W:* W, W:* mw,,
4004 TxW:** 8w, 80 A TXWI**A 8w, 84 TxW:ns 8w,
_ EWe | _ — . OW,, W,
£ 3001 Ab__ s 2 60 B 7 6-
o on
§ dab ab S/ 2 g be g %
2 2001 a iy Z 4091 a ab g, 2 41
s a a =
100 20 1 24
0- 0- 0-
TD T To T To T

P2 S SO TR N K A0 X v I el - SRR A 0 i AR S ) (T, 37 SRR E 5 T ROR 3G 1 s W, W, W, W, 535
FORBEIRIND 0.20% . 40% .60%.. AR 7 HE R AR R K 08 A 2 1 3Gl A B2 ] 9 22 5 W 2%
NG FRER R AR R B 25 1 B K s D b B2 [ F) 22 5 . 3, P<0.05 5%, AL BRALV 8. %5, P<0.05;
ok AN ERRION M B3, P<0.01;ns , AbERAKN AR B2
Fig.2 Effects of short-term warming and precipitation reduction on soil MBC, MBN and MBC/MBN in sandy grassland
(TU, natural temperature; T, warming; W,, W,,, W, and W, precipitation decreased by 0, 20%, 40% and 60%,
Different capital letters indicate a significant difference between temperature treatments at the same
precipitation conditions, and small letters show a significant differencebetween precipitation

reduction treatments at the same temperature conditions, P<0.05)

0T 538 I B m AL, 50T BROAH B DRI Gk
32.8%; 4N T S-UE 1& ¥, 3 76 52 8 + 5 W ae i He
(B3R Fe e o U RN R 7K D80 B A8 AR T4 T S-
UE & & , 1M H AR 2> B, 38 0 35 2] 20.42% ; X S-
ALPT 15V A 52 0 A 58 38 7K, 76 v B 52 i et
ikt T R T X R (R 3)

2.3 TIEEEMHNTISME

AR B EHL R T S-UE . S-CL Ml S-ALPT I
PE(P<0.01) o B KIS/ H i 35 W52 ) T S-UE il S-
ALPT i M (P<0.01,33) . 4R AR K 98 1 28 B
VIR B 520 T S-ALPT 3 14 (P<0.01) . 7EH
SRIRBE S oKl b A8 AR T S-ALPT 3% 1, T 7E
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Table 3 The effects of short-term warming and precipitation reduction on S-UE, S-CL and S-ALPT in sandy grassland

S-UE/(U-g™) S-CL/(U-g™) S-ALPT/(U-g™)
YOSl df
F P F P F P
T 1 13.981 0.001 7.539 0.001 8.205 0.007
w 3 9.972 <0.001 0.701 0.558 13.309 <0.001
TxW 3 1.962 0.139 1.231 0.315 16.432 <0.001
T AW 53 A3 Tl e 7 el 2 b 2
24 TEpH MEYVERESEHIEENEXE <0.05). 3% MBC FI MBN 5 - 32l 56 P 4 A S 1

R —3, BERS S-CL A%, 5 S-UE Ml S-ALPT
EAESE, Hir MBN 5 S-ALPT B9 AH 6435 i 357K
(ﬁ 'I%IIAIE*H%( %‘:2 4) H —%j:i% MBC\MBN %ﬂ MBC/ (P<0-05)o :ti% MBC/MBN Lﬁj:i% MBC %E%J__E

MBN ARG, I H 5 MBC FUAH IS BE K (P AHIE(P<0.05) , S HAZ IR A C R

+ 3 pH 5 3 Ff + 3 (S-CL . S-UE 1 S-ALPT)

2.0 5 0.6

T:* W, Tk W, T* W,
W mw,, W:ns mw,, W mw,,
TxW:ns 8w, 41 TxW:ns 8w, TXW: ** 8w,
1.5 OOw,, A B|:|W60 =041 i A AbiB W,
G =, aaaa adaa b b b a apre @
; bo 3 =
2 1.0 g =
— Ay
5 Q 21 =
e 2 & 021
0.5 1
1 E
0.0- 0- 0.0-
T0 T To T To T

P 3 e ST I AR KXo > o e SR RS M 1) SR (T, 7 FARIRUEE s TR s W W W W 01
FORFEIRID 0.20% . 40% .60% . ANRIRE FHE 3 AR K g A> 2% T 3l A B 2 ] 19 22 57 B 3%
NG AR R LS A WK b B2 ] 14 2 5 . 355, P<0.05 5 % , A B0 1 25, P<0.05 5
APV B, P<0.01 5ns, AbFRSKON AN B 3 )

Fig.3 Effects of short-term warming and precipitation reduction on soil enzyme activities in sandy grassland (T,, natural
temperature; T, warming; W, W,,, W, and W, precipitation decreased by 0, 20%, 40% and 60%, Different
capital letters indicate a significant difference between temperature treatments at the same precipitation
conditions, and small letters show a significant differencebetween precipitation reduction

treatments at the same temperature conditions, P<0.05)

x4 TEREVEVSTEFTEZ BHEXRE

Table 4 Correlation coefficients between soil microbial biomass and soil enzyme activity

T H pH MBC MBN S-UE S-CL S-ALPT
MBC -0.436"
MBN -0.194 0.155
S-UE 0.252 0.099 0.146
S-CL 0.226 -0.067 -0.066 -0.098
S-ALPT 0.143 0.065 0.383" 0.182 -0.230
MBC/MBN -0.174 0.414" -0.522" -0.344 -0.003 -0.194

pH #E7n 13 pH {H ; MBC 7R -3 W it s MBN 327m R 3E0A= W) i A ; S-UE 7R -3 IR 3 S-CL #/n 3827 2 7 ; S-ALPT %R
B AR 1 5 * R A (P<0.05) 3 ** M ik A6 (P<0.01) .
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3 1Tt

3.1 EHIZEMEEKE DN L EREMEREN

A1)

T ERUEY R AR — B R LR R+
e E R R PRI S RUE M TR AR
- T IR R R AR Y o AR S R, YD R
HE MBC = %237 48 1 DL K 36 T8RN [ A sk 20 1) 22 AR

S 5 3 B K e FEAE HAE R X 4 48 MBN
HRAT R0 5 1 MBC/MBN %557 118 B Fl & 7k
WD AR SR T AR R B 4 BRAR
ERE =T, LHEMBC £ EZ R AR, 155
MBN = %2 32 ¥ 4k FAE ¥ B K i (W 25 G s ), 31
MBC/MBN X 34 38 1[5 7K A5 Ak 114 i [0 #54R B 4o
FE SRR, BEAK IE D X V0 i B b+ 5 MBC Al
MBN {15 i) e 5 — 35, 3594 vf B SR haa i, JHAE
KB, R OR T LAY . TR AT RE S S
A Ak R K 5 22 AH 5 1) ) RE R AR ) U 2
S BB e N R e R K 2 R R A A Ak
BURYI A RE S - 7R AR KARBE LIl Ak K

S20 13 MBC FIMBN™' 7345 DA K 38 15 &
J& T 5 W36 28 HE A 4 38 MBC #il MBN & 14y
BE B A i o 3R 4 38 2 RS [R] 26 A + e f A
Y1/ AR AR, AT 2 = 58 MBC #il MBN %
TP TR LR IR (1 A I Y G SR R B R K
Vol /0 38 et 9 Y B K A3 RN R A AT Rk, AT o
AR SR E Y R WA R E T
540 38URT b 2 4R v O B 1 8 b + 3% MBC.MBN
7J(\/[8]O

3.2 EHAEIR AR KR D 3 + R ERTE M A ST

- G ORI T R W Bh A AR
RTINS Y SR AR i FE . ARG,
VX S-UE . S-CL I S-ALPT {if £ ¥4 4 b 35 50 5 [
JKI /> B S-UE F1 S-ALPT i PR B 35 540 5 B4R
FBE 7K I /0 1 28 BAE AN S-ALPT 1 A 5 255
M o 398 3hed 3 2o o A - A B 4 43 RN v A HILAR
3 fiFR R R R T - MR S 1 T R K A A S el AR U
53 M A AR R () BB SRR R R G
B RAE K AL B T Sl 1, 2R - K i il
TG 1 A i - 9 B 0 38 i T I R
SV T A RGP Ao R O S R R A

FHOCREE L™ o ISR | ek s b S HAZ HAE
XF Vb B S-CL ¥ 1R JL-F- 35047 %W, % S-UE 16
SN/ o X AT REE DR O R PR SR il AR R
L7/ N0 AN SR 7 g w21 Y | N g D R S N
DA A SR T35 A 1) 28 AN DK, 7 B e i g R i)
ARG AR IR RS AT . 1R AR
TR, Bk 2 BRI S-ALPT i 1, 7E 83 T 5
0 3 ) A, W 249 1/3 0 3 36 B R K /D ek AR
T LSRR , TR T S-ALPT K f#RE 1

3.3 TEpH MEMERRSEEEHEXME

A SR I T v o b, SR Y A )
HEAEE N EZERN T ART, 2 pH 5+
# MBC . MBN F1 MBC/MBN f7i #H 5¢ , I H 5 + 4%
MBC & 35 A 56 , Ul B 4398 pH X i A 4 ik LA 48
REYFZ0 - Bl - 58 pH 34 0, B0 1Y Lo 1)
B 2 T R - MBC e, L
pH 5 S-CL . S-UE FiI S-ALPT i P IEAH 56 . X i B
U I R b+ 1 pH X I AL T REAE B K. R
AT Ry, 48 pH i AR - G 2S [RIA 4
HE TR e B B BR B8 5 e L M. L HE MBC
MBN 5 S-UE, S-ALPT & I #1 ¢ , H:# MBN 5 S-
ALPT [ AH M IR B K. XS VFHR AR R EAR
BRI A R S DXOR DL n R A 3 R 0F 5 4
—3, 150 S-UE M1 S-ALPT 3 P 2 525 ] L ok e
- BT ot T 22 BE IR A o ) 3 A A, 1 - g
MBC FIMBN fJFH 2, S-ALPT 38 i 50 + 4 HLG
1) 3 ik, R T 52 1) SR P B A2 R A+

4 ZHig

49 Vb B BE M+ 138 MBC .MBN . MBC/MBN
FIG I MR A e L KR X VD BT R M -
% MBN .MBC/MBN . S-UE F1 S-ALPT i& 14 # i &
SZR o 38R RN R KR A B 28 AR FH Y o M
1 MBC .MBN HI S-ALPT 1 M4 . & 5400

H SRR BE T, B K Uk 2D 40% B+ 1 MBC Al
MBN & it fie i o B 7Kk 20 60% B S-ALPT 31 4 5
o TEXGIRSE1ES  BEAK I D 40% 1) 1- 1€ MBC il
MBN % & ik, S-UE & i -

+ 32 pH 5 13 MBC .MBN 1 MBC/MBN % {71
A3, 3 pH 5 S-CL . S-UE F1S-ALPT i P 52 1EAH
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Effects of short-term warming and precipitation reduction on soil
microbial biomass carbon, nitrogen and enzyme activity
in sandy grassland

Wang Huaihai'?, Huang Wenda', He Yuanzheng'?, Niu Yayi'?, Zhu Yuanzhong'?’
(1.Naiman Desertification Research Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of

Sciences, Lanzhou 730000, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, we simulated climate change to explore the effects of short-term warming and precipita-
tion reduction on soil microbial biomass carbon, nitrogen and enzyme activities in sandy grassland plant commu-
nities, and further revealed the response rules of soil microbial biomass carbon, nitrogen and enzyme activities
in sandy grassland to short-term climate change. The results showed that: (1) Short-term warming and precipita-
tion reduction had significant effects on soil microbial biomass carbon, nitrogen and enzyme activities. (2) Un-
der natural temperature, soil MBC and MBN contents in precipitation decreased by 40% increased by 87.9% and
98.8%, respectively. S-ALPT activity was the lowest in precipitation decreased by 60%, which decreased by
32.8%. (3) Under the warming condition, soil MBC and MBN contents were the lowest when precipitation de-
creased by 40%, with a decrease of 25.67% and 48.16%, respectively. S-UE content was the highest, and the in-
crease range was 20.42%. (4) Soil pH was positively correlated with the activities of three soil enzymes, nega-
tively correlated with soil microbial biomass carbon and nitrogen. Soil microbial biomass carbon and nitrogen
were negatively correlated with S-CL, and positively correlated with S-UE and S-ALPT.

Key words: warming; precipitation reduction; sandy grassland; microbial biomass carbon and nitrogen; soil

enzyme activity



