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Abstract: [Objective] With the features of the nutrient and enzyme activity of the soil aggregates in the rocky
desertification area carefully investigated, this study is aimed to provide a theoretical basis for the soil
improvement and vegetation recovery. [Method] With four kinds of soils with different degrees of rocky

desertification (potential, mild, moderate and severe rocky desertification) in the Central Yunnan Plateau as the
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research objects, an analysis was conducted of the distribution characteristics of 3 aggregates (the particle sizes
were < (.25, 0.25-2.00, >2.00 mm respectively), the activity of 4 hydrolytic enzymes (amylase, urease, -
glucoside, acid phosphatase) and the content characteristics of 3 nutrients (organic carbon, total nitrogen, total
phosphorus) in the aggregates. [Result] (1) The proportion of aggregates in soil with different degrees of rocky
desertification increased with the increase of particle size, from high to low: particle size was > 2.00 mm
(51.31%), particle size 0.25—2.00 mm (36.53%), particle size <<0.25 mm (12.04%). (2) The geometric mean of
soil urease, B-glucoside enzyme, acid phosphatase, soil enzyme activity and organic carbon and total nitrogen
content of aggregates with different particle sizes all decreased with the increase of aggregate size. The
contribution rate of different particle size aggregates to organic carbon, total nitrogen, total phosphorus and
enzyme activity is the highest when particle size was >2.00 mm, which was followed by the particle size of
0.25-2.00 mm and the particle size of <<0.25 mm in a successive pattern. (3) The mean amylase activity of
aggregates with different degrees of stony desertification was 5.70 mg+g '*h™', and the change trend for stony
desertification soil was potential > mild > severe > moderate whereas the change trend of organic carbon,
total nitrogen, urease and B-glucosidase activity for stony desertification soil was severe > mild > potential >
moderate. The particle size of aggregates and the degree of rocky desertification had significant effects on soil
organic carbon, total nitrogen and enzyme activity (P<<0.05), but the interaction of particle size and degree of
rocky desertification had no significant effect on soil nutrient and enzyme activity (P>0.05). [Conclusion] In
karst rocky desertification areas, soil aggregates with larger particle sizes are dominant in soil composition and
have a relatively higher contribution rate to soil nutrient and enzyme activity, while soil aggregates with smaller
particle sizes are more conducive to the accumulation of soil nutrients and enzyme activity, with higher
corresponding contents as well. [Ch, 2 fig. 6 tab. 45 ref.]
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1.1 #HREEFHR

W XA T = 8 B A AR E (24°38'~24°58'N, 103°11'~103°29'E), #E4K 1 500~1 900 m, Ja& 7k
AR m I L ZE XA, TR R, AR 16.0 °C, FEXREKE 946.0 mm, ZEPTE
5—10 Ao Z B AL 2 b E A 20%, LR E, HRCOhRE . AR, SENh
VLA B LU A oy, 0 pH O 4.5~6.5, FEAHERAUNLIEE . RO RUKAE L, DARAL
SO, 29 85.2%, A1 PORLLEE G O A, WiEE 2, APLEE AR, 2016 FE A AR BARL R
WA R TR AMAEAEAR L HRRZ 2.9 7 m?, GHERE 1.1 7 m’, P 1.3 )7 hm® fEE
0.5 J7 hm™, 58 XAE YA IR LA fh Se e Al IR EIE A &, 24K TIRER A A ISR, G
W RITE AR, BRI, AR [F]— 1l X 1) S Bty o S ) I AR A U AR MRE AR, AR 35 R 3
BAK . LR 2 = m¥S Pinus yunnanensis . ¥2K Alnus cremastogyne . ¥AK Cupressus funebris . 1§
B Pistacia weinmannifolia . 7P &% Michelia yunnanensis . W IEEL Arthraxon prionodes . VY%l Osyris
wightiana . M 1 #8 Ficus tikoua. 3 X R Leptodermis oblonga. VWK 4x % Eulalia quadrinervis. %k {{
Myrsine afiicana ., WINHL Ageratina adenophora 55 .
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2018 4F 4 J1, EHER EIRBILAAAN , Wik . BB . Ve SEART, A R R R RPN
OB BTE. B A ) NS, ABERE R 02 B EFEP k.
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KA <0.25 mm, KifE 0.25~2.00 mm, K74 >2.00 mm P IR A T-I0 5 - 498 A1 3R (A B A ik o X G 4
TR RARA 23 BT - R R S B L R 0F AL/ (BAR 0.25 mm, 2.00 mm) B4, JHFHED)
i, B _EA AR RO, AR R o2 >2.00 mm , KiAE 0.25~2.00 mm , Hi4£<<0.25 mm
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Table 1 Basic information of the plot
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iz 1] Excel 2010, SPSS 21.0 X cHa #4740 Hrdb 3, SR HI P 32 05 22 73 M1 (one-way ANOVA) 46 o AH
[FIRAR AR A B RR 2 22 5, R I R S AH R A BEAL R R R AR Z I 22 575 SRR R 5 2547
BT (two-way ANOVA) Ky okifs . A BALFE R K L AE B % RIS AR AR . . B SO - SR 1 1Y
. WE AR 0.05,
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[ ol A R P AN [ AR A2 - 398 P SR (A 4 491 Bty A2 g 388 R B A . S ) A A A 1 398 P SR A I
HAT BN R B ME R N RAE >2.00 mm. B4R 0.25~2.00 mm., 742 <0.25 mm, FifR>2.00 mm FURIE
0.25~2.00 mm [ & 205000 2 i A2 <<0.25 mm 18 4.26 1 3.03 175, A )7 TEAL R 58 P SR AR 4 i 24 LA
KiAE >2.00 mm Ky 3=, HorfE B A AL - M A R AA A R IS 58.47%, W = TP A AL g
(P<<0.05); A AL HERIAR 0.25~2.00 mm P 2R 44 T & 53 8500 25 AR F A A BfL AR B (P<<0.05); A
) A AL AR I AT R RT- 2 i EAR (Dyw) NKEVIMKUCH TR | e, B, T, B RRE
A AR Dyw 257 A E (P>0.05)(5 2).
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A LR T B 53 B RAR <<0.25 mm BT R AR, ol 17.40~40.34 g-kg ™', ERI4E 0.25~2.00 mm 1Y
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Table 2 Composition characteristics of soil aggregates at different levels of rocky desertification

x 100% . 2

" A R R T = B0 %
AR Dypy/mm
42 <<0.25 mm $i4£0.25~2.00 mm A2 >2.00 mm
brzdn 12.000.04 aC 35.60:£0.06 abB 52.20+0.09 abA 2.25+0.26 ab
BEE 11.60+0.04 aC 39.20+0.08 aB 49.07+0.11 abA 2.17£0.31 ab
R 14.50+0.07 aB 39.86+0.08 aA 45.50+0.10 bA 2.05+0.28 b
o 10.070.04 aC 31.47+0.08 bB 58.47+0.11 aA 2414031 a

Ui BE A PR s s [RIFA RN RN AR [ RLAR AN [ 47 AL R L L e R IR B it 43 028 57 3 (P <0.05) 5 [AIATANIR]
KRG FRTRAR R A7 AR LA PR TR (A Bt 3 5025 57 1k 3 (P<<0.05)
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B, hy 15453575 g-kg™', TERIFR>2.00 mm (I B, K 13.65~29.94 g-kg ', ki + A
AR WL T A3 BB R AR (R B I FRAIG,  FLAE/INRLAR A R A p A BB B o B i o A RLRLAR R[]
BALRE B e, VAR RN P R A AL A LR B B R TR R A B (E 1A)
(P<0.05), # 3 KW KARMABALEEEX + A ML 3 (P<0.05), (HRARFIA BRI A H
VEHDR 38 HLBRFZ A 1223 (P>0.05).

+ A B B R AR <025 mm I, N 1.17~3.27 g-kg ', TERIFR 0.25~2.00 mm B, &y 1.00~
2.68 g-kg!', TERIFE>2.00 mm BF, 4 0.90~2.39 g-kg ', i1 3 P B IR 4 U B 40 B R AR il 8 R
AR (] 1B). AH VRS A SRR [l A AL AR BE - s, WA A B2 Ak 1 4 4 U o o 45 k(IR T
FE . RBIFAEATEE (P<0.05), HARZ <025 mm F1>2.00 mm )£ AL 34 AT 4 BUN K 2]

AMRUCHTERE | BRE . WE . PR K3 R KRR A B BN AU I B (P<<0.05), {HkL
A AR FE 158 BARE X A A 8.3 (P> 0.05),

45 A W R B RLAR <<0.25 mm IF, R 0.98~2.52 g-kg !, TERIAR 0.25~2.00 mm f, A 0.96~
2.55 g-kg!, FERIAE>2.00 mm I, 4 0.97~2.67 g-kg', HAALH RIK BT /3802 A RE (K 10)
(P>0.05), %3 EKW]: ABEALEEX L2 E (P<0.05), (BRAR, RARMA BRI MASHARE
FXT B2 AN 2 (P>0.05),
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Loemside, I el M. rpReaisedl; V. mREAEAL, AE/NG S REFROR AR RS AN R A AL e
RIAR R IR TR 2250 35 (P<<0.05); ARIKS FRER AR A7 AR A RDRLAR AT SR 1A 1 e 5% 0 22 5+ .35 (P<<0.05)
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Figure 1 Change of soil aggregates C, N, P contents under different rocky desertification degrees
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Table 3 Two-factor variance analysis of soil organic carbon, total nitrogen, total phosphorus and soil enzyme activity

P
A SR ‘ - :
PR 2R X TEN K Tt B- AT Al TR PER R
kiiz 0.000* 0.000* 0.939 0.000* 0.000* 0.000* 0.002*
A AR 0.000* 0.000%* 0.000* 0.000%* 0.000%* 0.000%* 0.000%*
BifR < AR 0.266 0.322 0.999 0.000%* 0.298 0.098 0.737

Ui *FR 255 13 (P<0.05)

23 AERELNREE T EFRBEEEERE

231 A ANFERR A RS N 2.91~10.51 mg- g '-h', & A AL R SRS
PR BN IR A . 8 . ERE . PR (K 2A), Rife <<0.25 mm JRife 0.25~2.00 mm 1 A B 1A + 3
B PERS R, PE IR 599, 6.75 mg-g '*h™'; HifE>2.00 mm A9 RIK +IEEHEERAR (4.64 mg- g '+ h7h),
P <<0.25 mm MR SRR, WTE. BESWE | HE AR E L SEE B 22 5 B3 (P<0.05);
Kt 0.25~2.00 mm YRR, & B B R IERRE M 25 55 W3 (P<<0.05); RifE>2.00 mm F ARk
R AL R EE R T I T L R R AWML Wi TP A TR R RLAR £
SRR 22 R B, RE . B A EE R AR RIS 2R AR . WA R T K . R
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1o A BEATR FE KORAR LA A AR BE 1 58 T AR 34060 G #3 iS A 0 35 52 ) (P<<0.05)(3K 3).

232 WREREM  N[EPRAR R SR A PN 2.20~6.51 pgeg tht, A TRAR TR BE R PR R E/N
W R, BB WAE . T I 2B AT AS[RDRLAR AT SR A4 A M JOR s M B R A 3 RO R I .
ZEFE T RiAE <025 mm MYETRIK T, WiHE . B AL SR AL RS 2
3 (P<<0.05), A BACFEEERIAR <0.25 mm (1 A1 R T I G 1 2 25 = TR 0.25~2.00 mm ., Rifs >
2.00 mm PP RIRERG M. H138 3 nl . Rife . A B Re X 3R BTG PR ) 2 3% (P<<0.05).

233 B-# HMEFEEME  ORFEDRAR SRR L B AT G PE Y 0.81~2.12 pg- g h, A AR
B IR N KRBV IMKIR O E B . BB WAE . T I 2C T AN [RDRLAR P SR AR S M Bl A A2
HERTFEAR . RiAE <<0.25 mm FTRIAR 0.25~2.00 mm (1) I R, Fp Ry 4k + e 6 1 i 28 (1A
REE . EEAEEA RS R (P<0.05). B 3 AT KR, A BALRREE T 4 B A G MR
B2 (P<<0.05), WIARFIA BALRR BE (928 B AR PG B~ 48 0 11 il 6 M52 i AS 2 2 (P> 0.05).

234 BRMEBRERREEEME AN [EDRLAR A RA A IR PR W R B TS RN 1.39~1.45 pg-g'-h', MEH S 1.42
pgrg 'h' (B 2D). IR AL TR B FAS [RURLAR A SR A A S 1k ol T G 006 1 2 S 30/ o R AR LA Ak
TR B8 1A 50 TR PPl R TR 945 P B ) 3 (P<<0.05), (BB AR A AL AR 1 22 AR P HOG B 35 5 ) (P>
0.05)(%% 3).
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Figure 2 Enzymatic change of soil aggregates in different degrees of rocky desertification
24 FAEAENEETEARKASSEEESS TN
241 FERRKEEEWIU-FHE NFRATH: WA B PRI A Ak 9 A R R
JUAEX80 91 R : 12.33~17.67. 13.40~17.68. 9.25~11.91. 13.68~18.17 ug-g '~h'. H A Btk + 3 A
RIRERAR BTG M U505 B 2 TWAE . BB . SR AT (P<0.05), MiVEE. R, A A5
o A KA A R BEE M LS 8022 3 A 35 (P>0.05) M HSEHIRIAORE , L3R M LAy~ 2
Bk A SR AR AR A3 KN/, D/ NF SRR R+ SRS PR A R R
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x4 TEBEEEMSILMAFEHEY
Table 4 Ceometric averages of soil enzymes activities

. JUT 3550 (ng- g '+ 0
AR Eou
Hi12<<0.25 mm $i4£0.25~2.00 mm Hif%>2.00 mm

TTE 17.67+1.09 aA 16.86£0.58 aAB 12.331.06 aC 15.18+0.04 aB
R 17.68+0.73 aA 16.27+1.35 aB 13.40+0.81 aC 15.37+0.78 aB
iz 11.91£1.21 bA 10.40+1.12 bB 9.25+0.95 bB 11.78+1.05 bA
HY 18.17+1.23 aA 16.75+3.39 aA 13.68+1.96 aB 16.53+1.21 aA

YAl B P EbRE 2 s RIS )/ INE B3 s AR )RR AN [ 7 A R B b S P 2R IR T LA 2 8os 5+ .35 (P <<0.05) 5 [lFT
AN RS B BT [ A7 B AT BE AN [ AR P 2R AR L SRR At T L P 188802 e 136 (P << 0.05)

242 BEAIEARKH. R, 5B EROTHE ARAGEMARET, HHEHE. K. -1
PRETT RS M A AL . AR B TTHUCR B RLAE 0.25~2.00 mm. R >2.00 mm Y AR AR 2
TR <025 mm(FR 5, 3 6)(P<0.05). FRMH:ME R B 6 1 FE R0 A% > 2.00 mm 4 A1 R A& sa kR B 3
FHiAE<0.25 mm, Fifd 0.25~2.00 mm [ R 4 UM AW 70 AR [) 40 A0 A B AN [ 428 P 2R 1Ak v 45
PoTMRR2E R W E (P<0.05). HEA AL GEEREE . IREG . BRI ERIETE . AR, 2R . 2
B TTHRCR 2 55 1 3 (P<0.05). ARBFFERI . Kife>2.00 mm B A RIKTE LR 0& P A R,
{AAES A AR B PR 5 T RS, e ) sk d i -

x5 AERAREUEELEARKRSTEHE
Table 5 Nutrient contribution rates of soil aggregates at different rocky desertification degrees

+3EF AR
Fife<<0.25 mm $i4£0.25~2.00 mm Fife>2.00 mm
WTE 15.80+0.01 aC 39.69+0.02 aB 55.49+0.01 aA
BREE 14.520.02 abB 43.02+0.04 aA 49.38+0.06 aA
HHLEx
g 18.54+0.03 aB 45.03£0.05 aA 45.2120.05 aA
Giliy 11.15+0.03 bC 29.64+0.06 bB 48.82+0.09 aA
WAE 15.27+0.01 abC 37.30+0.02 abB 48.48+0.00 aA
pon RRE 13.47+0.02 abC 40.41£0.02 aB 44.68+0.05 abA
i 16.1240.02 aB 38.09+0.04 abA 38.70£0.02 bA
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YA B P EARE S s RIS Rl INE B s AR ) RAR AN [ 47 A R B b S P R IR 43 BTk 22 5 I35 (P<<0.05); [AlAT A
() R R A ] £ B TR R AN [ R A28 P SR AR MR 77 53 TUHIR R 22 7 .35 (P < 0.05)

3 3tib
31 AEARENHIEABKARRIET

8 P IR (O 2L A 1) B 5 VP 0 4 1 TR BB R 1 B SR A T LA/ - 49 ] (2
TCHETE AR 728 - SR A AT S5 0 R 9 R I OB AR << 0.25 mm (OB 30K, A 0L
DRBESR AR K AR S PR R M SRR, 25 FEWRI I R I e 4 4 AR
T HEHIY WA > 025 mm (9K B RIKED, I P 1Y LGRS I MR 7 G AL R L e R e e . BF
5 IR [7) 77 T A TR 3 - BRI A SR A2 R 91 B 72 O RTS8, FLREAR > 0.25 mm 3R A o 404
Bk 87.84%, BEWIIZBEST K e SRR . A BOMERRES . X G EOKIBELT | B A B 5T
SRR B RN FEE 0 P B VRS R R 1 3 A SR AP 350 R R AR U T
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Table 6 Contribution rates of soil aggregates enzyme activities in different degrees of rocky desertification
N o iR P Tk R %
et AR
Hi12<<0.25 mm $i4£0.25~2.00 mm A2 >2.00 mm
I 15.53+0.01 aC 55.00+0.03 aA 41.62+0.00 aB
‘ ) BEE 12.77+0.01 bB 46.53+0.07 abA 48.22+0.11 aA
TEN
W 17.13+0.01 aB 41.48+0.05 bcA 36.91£0.05 aA
HE 9.0240.02 ¢C 33.58+0.10 cB 48.95+0.09 aA
B 14.68+0.01 aB 29.66+0.01 aA 39.3620.06 aA
- R 13.74+0.01 aB 37.73+0.05 aA 38.82+40.03 aA
K
RIS 18.20+0.02 aB 37.41+0.03 aA 41.59+0.06 aA
EE 13.78+0.05 aC 32.90+0.14 aB 45.02+0.07 aA
e 15.08+0.00 aB 39.44+0.07 abA 38.73£0.03 aA
I BEE 16.04+0.04 aB 44.98+0.17 aA 37.3140.06 aA
B- I A W Il
W 10.04+0.02 bB 25.01+0.04 bA 23.13+0.02 bA
Gilis 11.82+0.03 abB 32.19+0.12 abA 41.23+0.06 aA
B 12.56+0.01 abB 12.52+0.01 abB 52.9940.01 abA
. R 12.00+0.01 abB 11.89+0.01 abB 49.59+0.04 bA
TR PERR IR
RIS 14.86+0.02 aB 14.82+0.02 aB 45.73+0.02 bA
GilEs 10.2240.03 bB 10.06+0.03 bB 58.75+0.09 aA

VAT: RO PEI bR 22 RPN G R 3 M DR AN ) R - M 3 PRI P STk R 22 5 1 (P<0.05); AT
RT3 M ) S R AR TR 2 P SR K - MG A ek %9 5 1 2P <<0.05)

BELOWAE. B P, HEAB L EARETH R TR, TR TIZX RR A AR
. AHRUE ERAL, (A A S REAAEYIRZ . AV AR 3 P IR AR e M A MR,
TETE AL AN B Ak PR 7 S R RN R L2, BB RV P 1 K ELIRVE W 0 R i 3 s
Hoh A AR AR AR Y, A5 S A HLTR AR B TE T R IOR AR P B AR T 4, o A Ak
M THEHOE 35 R8N, ZEM A TIE L, B9 17X R 2 BRI R IR BIR .

3.2 AENEENTIEARGE. R BT ST RN

- 498 A SR AR AR X S 1 o A A EE LR, ST X S A R ARG LA . IR . B ANE T
it | TR M T T T A R B R AR 8 R /)N, D R S M AE A% << 0.25 mm FITRLAR 0.25~2.00 mm (1) A1 5
R, FERIAE>2.00 mm M BRIR TP RAL, X S5WEH =55 R SR8 REIECT Ui
AN SRR RIS R R R S 1 i P R AR AR (RN R A, L HRIAR 0.25 mm P SR AR A T
fim o NIE SPV 5 RBT: REAIRAEAR T H e sty B8 Ak, EEgIRE SR, /iR
PRSI, PR S S A KA R AR B /LA A R AR LA RRUE A ML I . i AL .

ARG BN . AR AR B A 1 A SRR LR S 4 205 22 43 0030 by 1 AR B A 0 3 o T
AR EEAAEAL, K <<0.25 mm FIRIKRIA PR . 2R TR 50 B2 5 TRAE 0.25~2.00 mm FLkifs >
2.00 mm YT SRR 332 R R I SR AR XS 55 43 1 e T e ) 5 b R IR TE L, FE BT AR R A DL T
LA /NG I R AR, SRR Y, R, A WL AR A SR AT i) f T U B B b 3] 1) FH B 2
WL BT LB /N 2 A SR A v A AL 1 TSR AR AR T R ARPY . g i S50 WF 98 R« R4 <<0.25 mm
B A R A A B S R, AT REE B TR SR A oA A T ARSI B e ol 2, TR AT R AR
BRI EZ LIS o0 . RS A AU 320 L, N RIR P ML WL R, i R AR
TIEEAPERE . Bk, FECRA PR S AL, Kifg<0.25 mm MBI RELSA R, FEZEH
A B it DA S/ INVRE G AT SR AR X B AR 25 (NHy) WM 7 i s B0, R [l AR B e i 5 f 7
BRI BRI A ), X 5 SRR R g R —2 . WTREE R N e SR LR S TR,
M B A 4 AR o
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ARWFFE X B A A R R AR SR 4 . BE R EE, X SREZEIR G RA AR, v B H
FixX BAR ARG R, HHRK T SEEMNSEURH IR, SasREAR T KRN FEARRY,
HERMR R, HABAREM™E, ARAWRHREENK, 2B 0aumgL, 5o, AR D
IR AR R T IR C R IR AE— 0, R R B IEAHOGE, PR e R R 1Y e AR
WA IR Tl . IR e A BN A R P R A AR, X SRR SRR BRI A R —
o PEABMAX EEAREAEIG ., SRS RDENTEE. BE ., EEAREML, EHi. K. p-
IR TSP G, MRPERE RIS M R IR I R . RIS SIS T A A
Mo AV oR . RREAEACEE HCA PR . SRS TN . IRER . B-A AR B T
FIEME, SIRYEBERREEME 2 GG, AR Xt b 8 A LAk K 4 B2 18] 1A 5 A 3
HEAEH . AR AL A 0 R R RS PR = Y R X B A AL A A T
BAK, SRR TIZXE TR, R s R, MEyER s, FI RS SRR, ik
FEAT AL S B A AL XA B 35 R A A i, A —E IIRVE Y RS R e e £ IR 2, SEURYIY
I, SETE SRR PRI SR Y BRVERE AR I TS YN R A AR B R A R AR 22 RN L, R O R
TR it 35 e R ) S A R E N T, T R A 2 R LR B IR S A, 1
R SR, R . RO ZIESE R R T G R R, IR S A A A AL X+
SRR YE, DLOCSeEm HEAUR S R, UE TRIE B SRR R AT X R S A R i
3.3 AENEZEFAREN LESSHREKE

WG AN GRS A% AT B AR 1) 2 18 L 181 5 P SR Ay 38R A T2 B 5 0, AT A4 T S B A5 R4 AT 3R Ak £
SR TTIR . AR R ARG AT £, RifR >2.00 mm FIRLAE 0.25~2.00 mm (1) A1 R {4k
JE IR FEOR R, RiA2<0.25 mm BT RS TR . AU, B SRS T TRk R k. AR
BN . 2R . SRR . PTG R E 0 R S T AR AR >2.00 mm Y [ R AR
{H R F A RAR >2.00 mm R LE R L Bl e e, T LAKREAR > 2.00 mm 9 AT SR (AT 1 49855 43 19 BTk
RA B R X — 2 WA )7 2 P SR At 4 B8 3 R il 6 A1) B ik R 5 P SR A 1 R A v I
B, BRFTMHAECT TR L. FIRIR S B G R B RIRTE S STk R AR E B

4 4

TEA TR XA R AL AR RS AR AR R BORIAR (14 T SRR A TSR B b 03, X £ 0
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MFEIRZ —, JiZ i IX 3k R AR B S SR (IR S MBI A A . AE AR A BRI 3k, Je i
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O MBS PR R, X A TR XA T — s AR A
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