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Effects of Warming and Grazing on Soil Physicochemical Properties and
Enzyme Activities in Salinized Grassland in Hexi Corridor
SUN Jiaxing, XU Guorong, CHENG Xindong, WANG Yuyuan, WU Jiangqi
(College of Forestry, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: [ Objective ] To explore the effects of grazing on soil enzyme activities in salinized grasslands during the
freezing period under the background of global warming. [Methods] Taking salinized grasslands in the Hexi
Corridor as the research objects, four treatments were set up, including control (CK), grazing (FCK), warming
(W), and warming + grazing (FW), in order to explore the variation law and spatial distribution characteristics
of soil enzyme activities under different treatments. [Results] Compared with CK, the FCK treatment
significantly increased soil water content and total nitrogen content, and decreased soil organic carbon content. The
W treatment reduced soil water content and increased soil organic carbon content and total nitrogen content by
97.61% and 16.89%, respectively. The FW treatment significantly increased soil water content, organic carbon
content and total nitrogen content, while total phosphorus content of the FW treatment was significantly
(40.81%) lower than that of CK. The FCK treatment significantly increased the activities of B-glucosidase,
amylase, urease and phosphatase; the W treatment significantly increased the activities of amylase, urease and
nitrite reductase, while the FW treatment increased the activities of B-glucosidase, amylase, urease and nitrate

reductase. Compared with other treatments, the stoichiometric ratios of soil enzymes in W and FW treatments
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were significantly increased. Through vector analysis, it was found that the study area was significantly limited by

nitrogen. [ Conclusion ] Warming and grazing treatments directly or indirectly affect soil enzyme activities through

soil physicochemical properties, of which SOC is one of the key factors affecting soil enzyme activities in salinized

grasslands in Hexi Corridor.

Keywords: warming; grazing; enzyme activity; stoichiometric ratio

Received: 2024-10-14 Revised: 2024-11-19

Hh ] 1 151G BT A2 3.69 < 107 hm™ !,
Horpdh 451 600 75 hm®, 5% + 24 87 J7 hm”, HoAth 4% 2%
£ Ak 398 19 T AU =5 35 1 800 3 hm, 5 5¢ 1k % M
T AR 2 R B Y 1044 97 hm? L 4Rk, 2 A K
PR 28 RN 42 BR A A8 Ak B2 i R 9 Ak R T R Rk
O™ E M AR RGN TR B . A
Gl 45 A Iz e TR NS A A R R
AR AT B R, A B UM R SRR T &
T2 (IPCO) A CRAE AR AR 2022 2 52 M) 38 W, Fl e 55
PEYH S AR L A R e AN BT R 2 1) BE TR
AR S B2 BR AR YT 2R RRE &
Fe Tk Ak 2 i 5 1.1 °C, I Fi 46 2040 4E T &
15 °CH, AW R IR E IR i AR R R Gk
7R AR N R 2 — I R R R
YA, 0 3 A ALk TR B IR R G A el
A B AR S FR G SR 0 0 BRORIAR B U Sl DA T g AR R
MG ) e R A2 RO A A R e . R H TG TR
Tt b AR S R G0 VR 45 0 S I M T 39 O 1 ) i
I 15 RURR o R T A

R N R AR S RS — R
2, R PR UEFE P RS ™ B B AL OC B BB AT 0
) R B U R K Sy AR R
B I 55l A A SR A B R K R
Ty R OGS AR R, RO R B
AT O TR oA A0 R R - AR 4 O S A R RN 2%
i i A B 7S b R Ay, DT X B b A A R G A R
Mgt RN, 26 T OO B b AR 25 2R G R ) 1) B 5
ATH A7 T8 0 R 4 W, i AR A5 S BIR 9 6 B A B L
i (] #2230 - AL B RE (KGR L
R A R AU fh R i R o At W R
TEs ok 0 SCAEIWE 5Y 3R B R B T A e B
Uk, B UK R W Fh 2 RERE R [ W Rl A R T
L N (e w0 D I VA a4 ) &3
HOol ME AR RGN RN Fa e . RS WA H)E
AT A7 78 038t BRI, % RN A A8 2 BR R B TR
A M ERRELEAMBERZRBERZRBMN LR R
G BARIEFE W mRA R AAEN L. H

Accepted: 2024-11-28

Online(www.cnki.net):; 2025-02-24

R, 5 T 0 4 a8t BA R0 R e T R b - 8 R 5 0 S
PEAR A B BIF S8 /0 o DRIk, T fi S AR 1 8t R
Xof 5 45 30 - S O P 9 5 6 T PEA £ A R
T ER RO B A R

- HER R e AR | Sh W RN A T Bl
W, S5 A S DT S AR A —
FEFEPE LAl AR i A SR BE AR AL o B T 0 42
i A DA 4 8 g AL TEHILE 3R A 5 A R B
fiff TR 32, AT B 0 4 4 b B 3R o0 R A AR
R 2R 43 6 ) i 3% 4 1 BLAR v J5R L 4R i b g
B M I R SRR S R R, REH T £
e BN 4 5B IR T R A RUK Y R B+ HE SR Ay
AE T (R 55 o 3R R R AR S R G S 1 1 5
Wi A7 7E 50K 25 5, 252 T L 7 190 i 18 b 1) A 9 6 P
8 L R v R R R R O T 5 O I AR R
LBy BT R W 2GR R AR TS . 5 TR
B 0 HA0OF - 8 it 3% 2 5 W 1) 2 TR R AE B B AF A
P B 2 U RE B AR O PR eSS AR O . SR A
AR SR B ECBOCA B T R e R R Y £
T/ 208 35 A5 5 DA A JCBORT TR il 5 e IR
2, A RE BRI B R A AR OE R . R, R
T B A% R T M O S [ A S A B 1
AR N L T I S T <1 B WG e = 3T ¢ SR 0
F A TR BB — SR T AE A KA AL
BN R A O A S R G0 W AT A
FE—EAS Mo B, AR 98 38 2 36 I i Ak B 1
ek B A 1 32 B AR O R T L LR )
T R A A W8 A I HAORT TT 7 S JAR R T Ak A b - B il
T Pk A2 vt i L B s2 e, A B T B R RO
P Y07 P A JRR 95 Ak b - 9 TS Pk AR AR K R A B
il B, S YT P S JAR K A R Tk B A B R AN mT
Frel & R AR AR AR
1 MRlEF*®
1.1 #HRERER

WG RE M A T H A A8 5K 48T I 75 B 22 M R 2
Hi Al 32 56 35 (39°15' N, 100°02" E) |, His &b H 45 7]
PG 5E AR TP SR K R v BUE B AE R ST TR X T

i

;

http. // stbexb.alljournal.com.cn



o5 2 1

PV B A I IR I ORI T A R 39 S A  JR I R B R 311

1390 mo iZHh X @ # AL 5o RO Bl M 2R XS
B U ZE Ay B B B TR AT B BRI e
RN L RIEBRHERK, AR T.16 °C,
EHTRM LI 176 do 4FBUR 3 540 °C, 4R H R A] %
3047.5ho A FHREKE 121.5 mm, 24 E B
WA R L YN 2 337.6 mm. i HLIX Y 4
T Sy R Wt Ak ) 1T B AL 30.2 mg/kg, AR BE
21.5 mg/kg, i 5 4P 126.6 mg/kg, + 3 Eh 4> 3.6 g/
100 g 1 1o Ak 28 70 Sy iR ) 6 357 Ak | A bk
HEV& 3R = 28 TR (Kalidium foliatum) R
AR (Poa annua) (77 75 (Phragmites australis) F i 5L
(Leymus secalinus) %"
1.2 Rt

T 2021 4E 7 H, LT 74 5 G s 1 2L L Y £ 35t 1k
B A BIF ST B, R T A4 R 5 0 O kL DL A R
A KN IXCCCKD S % BR3¢ 3 Fh AR 38 . 3 iR 4k 2R
(W b 2 CFCKO i e+ 15l (CFWO AR 3
BN IATEL 120G/ . BANX
A 5 m X5 m, # M 2Z (8] 352 5 m By 2% ik U .
14 1R 1% £ K HE International Tundra Experiment ff %
F 09 JF T 4 (Open-top chamber, OTC) 34 i J7
K AT BB R . B DL Bk E N
(20045 kg 2 4 8 3k SRy ik 56 X 52 1 3 J3E i 4 A B
TERAE 6 A aHras 9 A A4 o), 241 90 do 7E
M 3 22 4F B A X (200 m X 300 mO WY, BL4E 10 d
AL 7 RO
13 TEHERRE

F 20244 17 i H 5 cm H B AR FER
FE B A /N X R 4 0~40 em (0~10, 10~20., 20~
40 em) £ )2 FE 5, R 45 B 1Y 1 584 AR [ RE b AR [A] £
JE SR A B2 03, THCE A8 A VKA RIRAE s [al
Fge Y 2 mm G PR A O S L 10

AR 4 CUKAE I, T 0058 & B 48 b R4
JHCEE T B v Rk J AR T T E T R A
14 TEEAERONZE
T A BB (SOC) 2R 55 IR 81 A1 i #4 k )
B 4 A CTND R 0BG 0 e 5 2 (TP
K BB B 0 Lb kI g 8K 4 R B 4 B
(SWO) R F M 3200 2 5 - R B it (BD) SR
WL BEAT O E
1.5 TEESmEERAFITELHNEFE
- 98 B 2 W I (R-G OO I P R Al JE B L @
PN S 5 TE A CAMYDTE MR A 3, 5- Rl 3K
MR Eb 3k 20 5 5 IR CURED 305 P R FH A 19 4k - vk &
T2 0 E 03500 A i TR 3 I (TR AT I i 7R 36 Ji
fitg (NTRO i M 2R FH 8 Jie Lb £ 32510 000 5 5 i 2 0 1% il
CALP) &R B IR 7% 80 b vkl g o B fL2#
T S BORRCE S AR
TR A :EEA = In(GC + AMY )/
In(URE + NR + NIR) (1)
TR L EEA . = In(GC + AMY )/
In(ALP) (2)
G A B I . EEA» = In(URE + NR +
NIR )/In(ALP) (3)
Kb GC 2l B-H A B 17 1, pg/(g-h) s AMY N JE #
i, pg/ (g 24 h) ;URE KM REE , pg/(g+ 24 h) ; NR A fifi
2 i J5 B, pug/(g+24 h) 3 NIR J W A R 68 5 i
pg/(g-24 h) s ALP A s PEwE R , ng/(g-24 h)
AT B MR A T, TR i K (vector
length, VL)% & £ & (vector angle, VA LA K
W E R H R R . Hoh, VL KRRl 2
e BR 1) 8 L 1T VA iy B <ZA5°RR A W 22 A PRl
A5 RN A Y Z W BRI o o< B A B RN S i AR
AR,

_— n(GC+AMY) | [In(GC+amY)| o
In(URE + NR + NIR) In(ALP)
VA—Degrees| ATANZ[Bscoam |, [ ee ey 1) (5)

1.6 #EAE

¥ 48 2% F Microsoft Excel 2019 &k 4 # 17 88 i1,
1E SPSS 22.0 42 i1 4K 11 # 47 J7 22 43 BT CANOV A) Al
PR B, ds FH B IR R T 25 43 B AS [ b B ) A
il 7% T A 4 4 B AR PR R (SWC L TP L TN . SOC) Z [
i) 2 5% (Duncan, p=0.05) . ] Canoco5 # 4 # 17
JUAY 53 I (redundancy analysis, RDA) , #1 + E [H
TR M R R Z B e & . SR A Origin
Pro2022 1 F 2 KE .

2 GBRESW
2.1 BEIE HUA A IR 3T A IR K M R 0 B

5 CKAM I ,0~40 cm £ )2 F FCK fl FW 4b B
SWC 2 S48 %5 0.04% F10.14 % (£ 1), W 4b F B ik
SWC 0.02%; FCK 4t B SOC #1 C/N 43 54 F F%
23.35% M1 76.07% ; W . FW 4b 38 SOC 43 5] 54 1111 6.76
4.78 g/kg, W b ¥ C/N A # T CK 3§ in 25.38% , i
FW &b #RI R (% 22.34 % . #5403 TN .C/P FIN/P
YR T CKALFE, TP ¥ & 2 /N T CK AL FE (p<<0.05)

http. // stbexb.alljournal.com.cn



312

PSRV R 3

%039 %

W .FCK.FW il + 2% K 2 5 AE H X 13 SOC .

TN.C/N.N/P #

IS4
57

W A5 5 22 5 (p=<<0.05, F 2)

WF5E W, O B g e K o PR AR o, T e
P e A BLA T R

F1 BB ERRACED T EEA SR
Fig. 1 The effects of warming and grazing on soil physicochemical properties of saline alkali grassland in Hexi
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Fig.1 The effects of warming and grazing treatments on soil enzyme activity at different soil depths, chemometric carrier

characteristics of soil enzymes
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Table 4 Two factor ANOVA of enzyme stoichiometric ratio

and chemometric carrier characteristics with

treatment and soil depth
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Table 5 Explanation ratio of environmental factors on

soil enzyme activity and stoichiometry based on

redundancy analysis
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Fig.4 Redundancy analysis of soil physicochemical properties,

soil enzyme activity, and stoichiometric ratio
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