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Abstract; The soil physicochemical properties and enzyme activities in soil layers of 0-20, 20-40, and
40-60 cm within communities of Zygophyllum xanthoxylum ( Bunge) Maxim., Reaumuria songarica
(Pall.) Maxim., Oxytropis aciphylla Ledeb., and Stipa capillata Linn. in Minqin Liangucheng National
Nature Reserve of Gansu Province were compared, and the relationships between soil physicochemical
indexes and soil enzyme activities were analyzed. The results show that, in general, among the soils of the
four plant communities, the contents of total organic carbon, total nitrogen, available phosphorus, and
available potassium, as well as sucrase activity in soil of R. songarica community are the highest, the
total phosphorus content in soil of S. capillata community is the highest, while the total potassium content
in soil of 0. aciphylla community is the highest; the activities of urease, amylase, cellulase, and alkaline
phosphatase in soil of Z. xanthoxylum community are the strongest. Overall, the soil physicochemical
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indexes of the four plant communities decrease with the increase of soil depth, the activities of urease,

catalase, sucrase, and alkaline phosphatase in soils of the four plant communities, as well as the amylase

activity in soils of Z. xanthoxylum, R. songarica, and S. capillata communities also decrease with the

increase of soil depth. The result of Pearson correlation analysis indicates that there are significant ( P<

0.05) or extremely significant (P<0.01) positive correlations between most soil physicochemical indexes

and soil enzyme activities. The result of redundancy analysis reveals that the first and second axes can

explain 61.01% and 18.63% of the relationships between soil physicochemical properties and soil enzyme
activities of plant communities in Minqgin desert region, respectively. Moreover, the effects of soil total
organic carbon content, available potassium content, pH value, and water content on soil enzyme
activities are relatively great. The result of Monte Carlo test indicates that the contribution rates of effects
of soil ammonium nitrogen content, pH value, total organic carbon content, and water content on soil
enzyme activities are 31.6%, 12.7%, 11.8% , and 11.6% , respectively, and all effects reach significant
level. In summary, the soil physicochemical properties of R. songarica community are the best, and the
soil enzyme activities of Z. xanthoxylum community are the strongest among the four plant communities of
Mingin desert region of Gansu Province. Furthermore, the deeper the soil, the smaller the index value.
Soil total organic carbon content, pH value, and water content have relatively great influence on soil
enzyme activities of the four plant communities in this region.

Key words: soil physicochemical property; soil enzyme activity; plant community ; Minqgin desert region
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Table 1 Main information of eight plots in Minqin desert region of Gansu Province

R g = 7 i TR /m HE/ % FERFNED
Plot No. Longitude Latitude Elevation Coverage Main plant speciesl)
1 E102.983 486° N38.980 663° 1 385 30-35 Zx,Rs,0a,Ns,Nr,Ep
2 E103.445 399° N39.118 971° 1314 25-30 Zx,Rs,0a,Ns,Nr,Cc,Sc
3 E103.083 697° N38.989 209° 1359 25-35 7Zx,Rs,0a,Nr,Sc,Ckl,Ha
4 E102.881 395° N38.996 330° 1442 40-45 7x,Rs,0a,Ep,Sc,Ha,Cm, Af,Ck2
5 E102.685 478° N39.032 283° 1 468 30-40 Zx,Rs,0a,Nr,Sc,Ha,Cp,Kf
6 E102.596 588° N38.992 002° 1 445 45-55 7Zx,Rs,0a,Sc,Ha,Cp,Kf,Pa
7 E102.582 797° N38.999 492° 1 450 20-30 7x,Rs,0a,Sc,Cp
8 E103.215 048° N38.369 250° 1472 40-50 7x,Rs,0a,Ns,Nr,Ep,Cc,Sc,Ha, Af,Cp

D7x: HiT Zygophyllum xanthoxylum (Bunge) Maxim.; Rs; ZLB} Reaumuria songarica (Pall.) Maxim.; Oa; 3833 Oxytropis aciphylla Ledeb.; Ns:
WK Nitraria sphaerocarpa Maxim. ; Nr: ¥ M il Nitraria roborowskii Kom.; Ep: B KEE Ephedra przewalskii Stapf; Ce: B¢ 2UZE Ceratoides
compacta (Losinsk.) C. P. Tsien et C. G. Ma; Sc: £1'3F Stipa capillata Linn.; Ck1. #7 258339 JL Caragana korshinskii Kom.; Ha; #2482 Haloxylon
ammodendron (C. A. Mey.) Bunge; Cm: YP43% Calligonum mongolicum Turcz.; Af: ¥ Artemisia frigida Willd.; Ck2. H i ##%8 JL Caragana
kansuensis Pojark.; Cp: B2Ek4%E Caroxylon passerinum (Bunge) Akhani et Roalson; Kf: £)JIUR Kalidium foliatum (Pall.) Moq.; Pa: 7= Phragmites

australis (Cav.) Trin. ex Steud.
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Table 2 Soil physicochemical properties of each soil layer of different plant communities in Mingin desert region of Gansu Province (X=SD)!

FAEYIREE I LR DUR SR/ (g - kg™

HAPIREE I LR RSB/ (g - kg™!)

+JZ/em Total organic carbon content in soil of each plant community Total nitrogen content in soil of each plant community
Soil layer
7x Rs Oa Sc 7x Rs Oa Sc
0-20 3.27+0.09Ba 4.58+0.29Aa 2.84+0.03Ca 2.27+0.15Ba 0.58+0.01Ba 0.83+0.02Aa 0.50+0.01Ba 0.85+0.02Aa
20-40 2.74+0.12Bb 3.62+0.17Ab 2.00+0.07Bb 1.99+0.01Bb 0.41+0.13Ba 0.77£0.15Aa 0.32+0.09Bb 0.39+0.16Bb
40-60 1.25+0.06Bc 3.05+0.13Ab 1.72+0.03Bb 1.87+0.04Bb 0.35+0.11Aa 0.48+0.04Ab 0.28+0.05Ab 0.42+0.10Ab
B YIRS/ (g - kg™!) AR TR R (g - kg™!)
+2/em Total phosphorus content in soil of each plant community Total potassium content in soil of each plant community
S()ll |ayer
7x Rs Oa Sc 7x Rs Oa Sc
0-20 0.37+0.08Aa 0.20+0.09Ba 0.33+0.05Aa 0.38+0.02Aa 2.84+0.06Ba 4.88+0.02Aa 5.16+0.18Aa 3.14+0.03Ba
20-40 0.24+0.03Aa 0.18+0.05Aa 0.25+0.07Aa 0.29+0.07Aa 1.55+0.05Bb 3.23+0.19Ab 4.21+£0.04Ab 2.35+0.01Ba
40-60 0.20£0.04Aa 0.03+0.01Bb 0.17+0.01Aa 0.27+0.05Aa 1.62+0.08Bb 3.18+0.19Ab 3.99+0.15Ab 1.58+0.06Ba
FRRE I TSRS/ (mg - kg™h) HRPIREE 10 LIRS A S i/ (mg - kg™)
+JZE/em Ammonium nitrogen content in soil of each plant community Nitrate nitrogen content in soil of each plant community
Soil layer
7x Rs Oa Sc 7x Rs Oa Sc
0-20 22.34+9.15Aa 14.58+0.28Ba 17.47+0.31Ba 14.12+0.17Ba 42.45+3.68Ca 54.81+6.53Ba 68.92+16.15Aa  72.53+14.38Aa
20-40 13.38+4.45Bb 13.00+0.37Ba 15.25+1.28Aa 13.37+0.36Ba 25.93+5.52Ab 14.00+3.03Bb 26.84+6.74Ab 25.90+10.47Ab
40-60 8.36+0.38Cc 10.30+0.14Bb 10.27+0.18Bb 12.31+0.29Ab 22.58+6.34Ab 2.41+0.08Ce 14.86+0.08Bc 21.38+9.08Ab
AAEPIREVE 1) AR B 18/ (mg - kg™!) ARSI G &/ (mg - kg™!)
+JZE/em Available phosphorus content in soil of each plant community Available potassium content in soil of each plant community
Soil layer
7x Rs Oa Sc 7x Rs Oa Sc
0-20 10.30+2.68Ca 16.07+3.52Aa 12.25+1.60Ba 9.78+1.33Ca 304.50+109.53Ba  288.40+42.71Bb  340.30+132.94Aa 379.20+127.44Aa
20-40 4.31£0.75Cb 7.00+1.43Ab 5.40+1.39Bb 6.81+1.41Ab 220.55+59.27Bb  310.00+120.38Aa 190.90+47.69Cb  214.67+65.91Bb
40-60 3.87+0.73Db 8.12+1.53Ab 5.01+0.96Ch 6.40+0.43Bb 154.60£14.37Bc  196.30+37.95Ac¢ 172.40+49.28Ab  114.30+31.54Cc




60 T BEIR 5 3 BE cE 533 %
453 2 Table 2 ( Continued)
AAYIRER 9 5 pH {E BHPIRER 0 LK %
+)Z/em pH value of soil of each plant community Water content in soil of each plant community
SO]I ]ayer
Zx Rs Oa Sc Zx Rs Oa Sc

0-20 8.99+2.37Aa 8.98+1.44Aa 8.91+0.53Aa 8.83+1.36Aa 6.28+1.14Ba 13.42+2.45Aa 6.00+1.37Ba 6.00+0.26Ba
20-40 8.54+1.46Aa 8.63+0.27Aa 8.78+1.25Aa 7.86+1.42Bb 2.07+0.26Ab 3.00£0.49Ab 4.00+0.25Ab 2.00+0.43Ab
40-60 8.07+2.67Aa 8.02+1.63Aa 8.65+0.58Aa 7.17+1.39Bb 3.34+0.15Ab 2.00+0.31Ab 2.00+0.48Ac 1.00+0.28Ab

D7x: HiF Zygophyllum xanthoxylum (Bunge) Maxim.; Rs: ZLB} Reaumuria songarica (Pall.) Maxim.; Oa; I3 Oxytropis aciphylla Ledeb. ; Sc:
$2 Stipa capillata Linn. [F47 PSR E FRERIRTER] — L2 A R Y RE % ) 2253 1. 35 (P<0.05) Different uppercases in the same row indicate
the significant differences ( P<0.05) between different plant communities at the same soil layer; [F%1HAS [F)/NG 6L R R 7E R — R BEVE AN R 1+ 2

[6] 22 5 i 3 ( P<0.05) Different lowercases in the same column indicate the significant differences (P<0.05) between different soil layers of the same

plant community.
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Table 3 Soil enzyme activities of different plant communities in Mingin desert region of Gansu Province (X+SD) "

BATYIREE I L EREE M (pg - 471 - 1)

Urease activity in soil of each plant community

+)2/cm

H AR I TIHEMERETE (ng - d71 - g7

Amylase activity in soil of each plant community

Soil layer

7x Rs Oa Sc

7x Rs Oa Sc

0-20 179.29+86.38Aa  119.43+55.45Ba  81.95+38.09Ca
20-40 110.77+44.42Ab  77.36+27.52Bb  59.83+16.90Bb
40-60 114.02+36.05Ab  60.86+34.36Bc ~ 54.35+16.93Bb

86.14+28.35Ca
67.97+19.84Bb
53.31+35.76Bb

699.32+24.77Aa  527.91+132.87Ca  440.20+69.73Da  602.96+154.43Ba
635.99+229.44Aa 451.09+92.20Bb  459.27+61.02Ba  495.36+34.70Bb
434.75+89.75Ab 381.03+91.75Bc  497.40+32.90Aa 419.09+51.94Bb

H MR A LGS S AL S RRE T (pg - d7! - g7h)

FAYREE R TSRS (pg - 47 - g7h)

+)Z/em Catalase activity in soil of each plant community Sucrase activity in soil of each plant community
Soil layer
7x Rs Oa Se 7x Rs Oa Se
0-20 319.77+56.44Aa  328.87+50.13Aa  255.09+93.64Ba  362.78+57.20Aa 5.66+0.38Aa 4.80+1.39Aa 4.18+1.11Aa 4.18+0.49Aa
20-40 266.48+77.99Ab  249.48+38.35Ab  176.06+70.12Bb  176.36+61.58Bb 3.61+0.89Ab 4.72+1.61Aa 4.00+0.34Aa 3.65+0.18Aa
40-60 207.50+20.75Ac  220.40+29.50Ab  157.27+70.26Bb  137.61+33.35Bb 3.47+0.06Ab 3.82+0.53Aa 3.74+0.55Aa 3.63+0.96Aa

AR 00 LIRLT A R BHE I/ (pg - 471 g71)

Cellulase activity in soil of each plant community

+JZ/em

A AR 0 E R P ERE RS/ (g - 471 - g7

Alkaline phosphatase activity in soil of each plant community

Soil layer

7x Rs Oa Se

7x Rs Oa Se

0-20 345.03+28.69A¢  355.31+94.75Ac  189.20+61.16Bc  174.72+41.53Bb
20-40 636.62+100.25Aa 613.76+£36.26Aa  332.11+£78.38Ba  274.94+51.08Ba
72.05+14.91Cc

40-60 484.09+185.72Ab 441.60+57.47Ab  296.38+41.14Bb

349.11+143.58Aa 321.09+31.26Aa  226.38+50.10Ba  150.34+19.30Ca
348.11+111.15Aa 245.86+35.62Bb  95.43+13.49Cb  102.76+28.31Ch
341.44+52.70Aa 77.77+15.32Bc¢ 80.97+16.27Bb  77.64+9.19Bc

V7x: %iE Zygophyllum xanthoxylum (Bunge) Maxim.; Rs: ZLH} Reaumuria songarica (Pall.) Maxim.; Oa: 43k #] Oxytropis aciphylla Ledeb. ; Sc:
3 Stipa capillata Linn. [{4THOR R RS F5ER R TER — 3 2N FAL YIRS ) 22 5 1. 3% (P<0.05) Different uppercases in the same row indicate
the significant differences ( P<0.05) between different plant communities at the same soil layer; [F) %) A G /NG Fh R TR [ — Y s A R 2
Im%%ﬁ%(P<0.05) Different lowercases in the same column indicate the significant differences (P<0.05) between different soil layers of the same

plant community.
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Table 4 Correlation coefficients between soil physicochemical indexes and soil enzyme activities of different plant communities in Minqin desert

region of Gansu Province

Y4 L HERETE PR R ALY

Correlation coefficient with each soil enzyme activity!

LML WARTYE  SEREREHE ALRUCAR  RRRREIE SEEMEEIE  DRPERERS

Soil physicochemical index Urease Amylase Wk Sucrase Cellulase Alkaline phosphatase
activity activity Catalase activity activity activity activity

JEA ML Total organic carbon content 0.457 0.234 0.626 s 0.708 0.285 0.417 =

4% & Total nitrogen content 0.010 0.016 0.632 = 0.280 0.027 0.134

41 & & Total phosphorus content 0.406 = 0.596 == 0.378 = 0.329 = -0.487 = 0.209

4] & Total potassium content -0.203 -0.184 0.193 0.153 -0.099 -0.114

# A A5 Ammonium nitrogen content 0.652 = 0.612 = 0.500 # 0.784 s -0.212 0.322

Tl A5 & & Nitrate nitrogen content 0.377 * 0.424 = 0.692 0.373 * -0.456 * 0.292

H % i Available phosphorus content 0.391 = 0.174 0.650 s 0.631 s -0.308 0.237

B i Available potassium content 0.431 = 0.457 0.847 s 0.640 #* -0.012 0.342 =

pH {ii pH value 0.494 = 0.516 0.676 0.622 #x 0.215 0.440 =

£ /K4t Water content 0.510 5= 0.305 0.706 s 0.611 #= -0.113 0.450 *

D s, P<0.05; #% ; P<0.01.
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Fig. 1 Redundancy analysis of soil physicochemical indexes and soil
enzyme activities of plant communities in Mingin desert region of
Gansu Province
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Table 5 Results of Monte Carlo test of effects of soil physicochemical
indexes on soil enzyme activities of plant communities in Mingin
desert region of Gansu Province

BIHRR/ % Pl pE

Contribution
F value P value

T IEE AR bR

Soil physicochemical index

rate
AR S Ammonium nitrogen content 31.6 43  0.020
pH 1 pH value 12.7 3.6 0.026
BB P F & Total organic carbon content 11.8 2.9 0.038
K Water content 11.6 2.5  0.041
A E & 2 Nitrate nitrogen content 11.5 2.1 0.150
AR BB Available phosphorus content 11.2 1.8 0.168
44 i Total potassium content 8.4 1.7 0.200
2R & & Total nitrogen content 7.7 3.2 0.056
TR S Available potassium content 3.1 0.7 0.562
4T & & Total phosphorus content 1.5 0.6  0.618

3 it fng

30 REREXAEEMEZNLHEBAER
AHISE, BT XA [ R RS 34 B AL
FERRE G A TA L B8 T T 8 A k2 PR A S

X AT HAE R DL | E SR A F L2
SN 22 S e e T, T - T A kR
B IR B K s A ) 2R R, i
BFRAT i AL i) 3 s >

45 pH {2 J7% W) LS MR R o 1k
Yy R E 2 R | SR A R R I TR R
M2t EMAORE A SRR 3 A2 4R pH (A
e B 3 4 L2 R pH (AR, X 1T RE
5 SRIREA R R IRK (R R KB ATIAF] 50 cm, £
FHR) MWEAFEYE A, M FRARE (KA
)20 em) MEHWED R EZAH K, HRESE? L
M,0~60 em 12+ HERYE, H 41 pH {HkE + 1%
TREERE NI K, A Arh X BT P8 75 9
ERIE, BIERAPLRR & A, B R A, OF
H, Mg i i E I Y L | A LR &
ARk (75 2 30 pH B/ T T2 L3, A
WFFELE RAA G A I, 3 A+ )2 H 5 b, H £
9 pH {HREE TR EEE Inmiv, ml UL, R TR A
R B PRI AEE I R 22 5

FLEE 4 RO ETE 0 - SR AL B, 2T RDHE TR 1Y)
S PR A R SO R AR B AR T A
L, RIS R RO H RS SRR,
AEWZ e AR A PR TS FORAET A F - R
Ykt =366 ML o3 R Ak A R 356G B )
AP (HAA RN, LB 0~20 em + 2+
BeoKE B3 (P<0.05) i T HABM Y R IE , X & K
BB X T R D W, 48RP AR F MU, Bk BE
L1
32 REREXRAEEYEZNLIEHEEHE

X RN IX 4 FRE A HETS 1 6 Fh G P
7 L0AE, AR B V8 By i 07 M A i, TRE OB I O M A
55 , P M HE E B B BB WL X 4 R PR £
TR BRI K I, 53 A R R R AL & B
AUy TN o e i N2 ) PR Ay O € e e 2
BEAR ) DR, v 3 e A T 0 e 7
FEP ) ARHFFE R, 4 FIORL 4 R VR G - 5 R TS T
AR 1 5 T I 5 RIS e B DX Y
B 7 2 P A R AT

YA T ERE T e K 4 Al
YIS 398 () £ 4 W TG PR R B M AE 20 ~ 40 em
TR R, HH ERK 20~40 em 12 I 4k K il
TR R, X R AR T X R R, b R AR



Fo

FHEBE, 55 HONRECE DALY RS 3 0 B S RS 1450 B 63

L, RR TIEAE S RE AT, B R LR S
HRA, DR AL g8 TR ik
JZ IR DD | SRR A YR AE 20~ 40 cm
T2 )2 S 2T Ak R R TR B

SRR 4 FREYIRE T B9 LSRG | RERE RS i
SR U T R TR A P ) B A SR o 2 3
RIS Y S X R BE -5 P ) AR AR AR A
H R LM OGN SR AR REVE AT U
Ve BRI 2R T E AR )Z e SRRk
B F2 2 DI, MR AR e AR — S i ) ) B S
XA P RET S8 AL N L SRR EE P e
H BJZ 80l R, A W s ik, 2R R
eV 5 T 2 - w0 S T LA Rt it
A HAL SN, I B0 A 25 R G P SBUTE I I AE
WA LIRSy KA AR R R M
WEZ N, IF H, B LRI, L 5R I
KR SOl 2 T R TR SN R A
BT R, 1SRG I AR BRI
33 REFERAEEMRFELREBEAMERS L5
EgiE MR X &

e RTAEAL A M R A S SOV A R R HEAE 2
ZROURE Y, - EEEE M 1 I T SR
IR SRR Y DU R X A B 235 5
M2 A BILJTT AT S M L B R A,
Ml 5 A P B A B2 0 5 2l T LA i A
PIRR BRI W) A A 48 i S B E W A i i A A= )
S PR HE T W 1S i e, DA T 2y - S
VA s pH RIS - S 45 R TS IR 1 3
WP RS KR RS B IR T A R
TREEMAEM 2RSS, ARBEST, R
ORI A5 B 25 R A S K AR I 2 (P<0.01) IE
FAOG, X AT RES IR B TR IX 3 2 | LI E PR AE
55 FEK D A PR SRR AR L AR A
e A L IR A A R R A A Y,
S rb A B PR A B EUT N pH (H
R RSG5 i A R R AR B 5 2 LA
5, Tt B AT AR fh i3k 26 - 8 P A i ) T L 8 B0 A il
P, BT BB R, e s e b i A
UGG PEARERE BTG 5 2 B MR R 22 B
s R IR, T S B A LR & R 2 A
5K, 5 A RS S A LT S
(AR DG 7 AR — B, X AR AT AR 3 5T X

IR TR, KRB RSB A G, 115
TR B R T S DA LR B RS A SR
BB  pH BRI Bk B IEA DG, H S &K=
A AH G FR 0 K, 1 = 8K 5 £ 728 A Xo) 1S3 a1k
WEIR GG VS e B K

RDA 43 H7 45 5 3% B B 380 3 V5 IX A P B v 1= 3 1
S PR S i pH (E  HUSCER B B R K SR 1
TP AR M52 R 2 R g 45 R R B AR A
i pH (BT ML & 5 R K X A P
M 2, AR R, SRR AR SR
RE K RDA AT EEAf , H AR AR R 2%
3.4 i

FEBN S BEIX 4 ke ) 1 v 1) - 39 A 1 S5 il
TEPEAETE I B 22 57, AR I AR R R £ b
T e, B SR B A AR AR A S P A
TIN5 EAEIs e, I Bl b SRR B B i g/ 5 4
HE R HURR 5 pH BB K 5 e A e
() F L R 1, PRk, AT ) R S 7 1 R R A B B 5
B IX A BRI 7 ) R A 7 B X A AR AR
TR d BN ZT RPN A AR AR, AN 12 X 3,
Tl AR S R

o 248 B ARG AONT 4 FlAE T -1
B PR AN ERAL A B RRAE S OC R AT T i, T 4
TO 4TI sz ke I B8 3 U DX AT A o s S R 1 1 2

SN PR, J5 ST B 255 75 AT REXT - Sl

A R ) 25 R R I A T KRR A (AN B
e myAE) | AR A b 3 AT B 80 5E B X 1 458 i 3 X
IRBE AR AR A e 1,

SE ik

(1] SRR, IR, W35, FEUE AR AN [ AR 4 e il 7% 4
A e B AR AR AR [ ], AR bRl K2 3, 2021, 49
(8): 64-69.

[2] #REFE, T W%, BRI, 5 W22 IR A ik
PR B I 2 ()], ARSI 2R, 2020, 29 (12) .
2346-2354.

[3] 2= Jik, BR/ME, BURSE, 45, SR I+ SRS P o A Sl B
EMFR RG], ASHEER, 2021, 30(8) : 1634-1641.

(4] R o, BRIGHE, PREKEN, 55, AR LLAS] B 2 A0 + S fh i
F BTG TERRIE [ T]. SRRk, 2024, 26(2) : 53-59, 65.

[5] & 95, PN, bk Wi, S5, RO 2 A R A )R o B
SRR P K SR AR AR T ] BT AE SR, 2019, 30(7) -
2267-2274.

(6] FRRME, XTI, AEHE, 25 R /KGN 5 X AU 4
TP IS MRS [ D], TR EVDIE, 2021, 41(4) . 185-194.



64

L7/ A S I R

33 4%

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

M, BR T, ARAAL, . R REBE K E T AR BRAR ELR
WP LR B A K B WS 2 [ 7] AP S R BT 2
R, 2024, 33(3): 27-35, 49.
A, FERIEE, Rk, S R 5 T A I e
SRV RE M 0 AR AL ARAE [T, PER A 4, 2024, 37(1)
163-171.

PG, FHEE, 7 A5, & IR G IR KRBT AR IH
FEYIHETE I SRS M b R AE [T ], ST, 2024,
44(3) ; 470-480.

e, T, X1 W, 5. ORRE B R T R AR B
M R AR [T]. AT, 2019, 28 (11):
2141-2148.

BT A RLVT. BbAR 0 U Hb D0 o 0K SR HE A A 38 5% 4 B A ) T MR
FEWFFE[ D], TRBH . ARALK2, 2011 2.

ARIRAEAC - BT T, RINYT, FEAGAT. MR SR JC T X403
ARG Z RV S 5 IR TR R[], ROl A
22024, 41(7) ; 1583-1594.

T, JFHE, a8, 5 T E TR MR Y A £
FEMES IR TR R [T]. 2 MREF%M (A RBI2%W),
2023, 59(6) : 711-719.

WeAEede, X 38, SR, S5 7 BT IR R SR E AR PR +
SERGTE PE LA A 2R [ D]. RS, 2024, 33(9) !
1-14.

2R T 85 v X MR A ) A T B I A -
YR ERERTAE [ D] 2200, 22 NS RS, 2022, 22.
WAL, FHEE, 255, 5. RETEE XN FAE Y B 3
AP A B AR AT R AR AE [ T]. MRl 5 SR
2, 2024, 39(2) : 190-196.

2 UL BB AR - 4R Gtk A A AL T R
KSR D], 2200, 22 RIscl K2, 2024, 1-2.

BLH. LR AT M]3 AR bRt E R R
1, 2000.

BRI, Je—Bh, PR, S5 R TRIBRES A PR B 4tk - 1
PSSR AT T]. TR K24, 2017, 39(3) .
516-524.

XU, R, s, 55, B AT BROMOR [R) 3 B B Bl
Y5 LR N P MR AE [ ], A, 2010,
34(1); 64-71.

R, £ OB W25, . BOKEAES /B IN T S
J LSS M S HE W R R (1], A AR, 2021, 45
(3) : 309-320.

Wl , WRarid, ZRatom, S5, B b X8 S i Ak - 3 B
PSP F @A T]. MOl RHE K==, 2017,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

37(3): 86-91, 128.
B 8, XA, AEARER, S B L PSR (R B S A
SRALE 5T RO B PERRAE [ T]. WU AR AR K24 22 4k, 2024, 41
(4) . 787-1796.
INICHL, DhAefl, 22 ), S IR AR A A 1
TREWE RGN V€ By B G M B0 S S RRIE [T ). B MR 4R, 2019, 27
(1): 88-96.
TG, AL, ERRIE, AF. KBRS X b [ PG R v S
A AL TR A DU ZE 43 B i ARG PRS2 R [T ). A
HEAS2AR, 2023, 47(6) : 867-881.
T, SUEER, BRBL, S LR R A i e A B 5
HER[I]. SoMAO R, 2023, 51(6) : 112-119.
PR, B R, WBER, . R TERAT AR R
o b3 AU i S E A AR LY ] ARl A i,
2024, 53(2) . 76-83.
BB, XM, X8, S I RN R AR BR A i 1 4
BT A MO 2 BRI [ D] K R AR FRIFSE, 2024, 31
(1) 44-52.
MNIE, BRoRts, TRa, . RIEULLRMRIE I L3 7 5
BERSPERY G AR [T]. K AR FrE R, 2023, 43(5) : 79-86.
BOPh, BBIR, R, S NSRS LD R A M
LEEGYERRTTE[T]. Mok B, 2023, 48(3) : 23-26.
ZUCCARINI P, ASENSIO D, SARDANS J, et al. Effects of
nitrogen deposition on soil enzymatic activity and soil microbial
community in a Mediterranean holm oak forest [ J]. Geoderma,
2023, 430. 116354.
B, BASRE, XIP6R, A VY0 LR (R AR S AL 2 A2
NS A Y i iR [ D], A 75244, 2021, 41
(14) : 5632-5642.
RIFEF, BT B, SKIE e B BRI b i R g i - 9 I 1
IR TARC [ J]. BREERL:, 2015, 36(7) : 2678-2685.
e OWE, B Bk, SukAE. ORI AR TR b S i AR
BOTRZSRFIEL D], W RAMOR 22440, 2019, 36(3) : 581-589.
RPAE, Wik, W, 5. AR WL DO RS w14
ARG N DR 7 AT (], DK R AR 3R 24, 2023, 21
(6):32-42.
XA, ok, Erepk, S VYA TR I A T A R
PR B IR BE AR [ )], AR AR 2AR, 2011, 31(19)
5789-5796.
XIBERL, BOuHE, B, . S HWIRL 5 Fb 132 T i il
WAL )]. TR, 2012, 29(4) : 579-585.
(FRESRE: FE2R)





