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Abstract [Aim] To assess the effects of burning vegetation and land reclamation practices on the soil collembola
community composition and diversity in a Karst district, and thereby assess the degree of ecological degradation of this
community resulting from such disturbance. [Methods] A burned area (representing fire disturbance), farmland (representing
agricultural activity), a post-fire commercial forest (representing post-fire reclamation) and a Pinus massoniana plantation
(control) were chosen as study sites in southern Guizhou province. The soil collembola communities of each site were
investigated using the Tullgren method in October 2016 and in January and April 2017. [Results] A total of 1 836 individual
soil collembola were collected. The dominant families were the Isotomidae and Onychiuridae which comprised 79.63% of the
total. Principal component analysis (PCA) indicates that soil collembolan community composition in the P. massoniana

plantation differed significantly from that in the disturbed sites. The richness and Shannon-Wiener index (H') of soil
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collembola in the P. massoniana plantation were significantly higher than in the burned area, farmland or post-fire commercial

forest (P<0.05). The Shannon-Wiener index (H') of the P. massoniana plantation was significantly greater in autumn and

winter than in spring (P<0.05). Richness, density and Shannon-Wiener index (/') were significantly and positively correlated

with TK (P<0.05), and there was also a significant positive correlation between the density of soil collembola and AK

(P<0.05). Redundancy analysis (RDA) indicated that AK significantly affected the distribution of the soil collembolan

community. [Conclusion] Burning, agriculture and post-fire reclamation decreased the richness and diversity of soil

collembola in southern Guizhou.
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KEE, 20145 WFERFIFREY, 2017) o M) E 5
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EHE Cibotium barometz M= Dicranopteris
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MBS 7E 500 m DL b BEFEHBEEPLR E S A
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Tablel Basic characteristics of the plots

N =V ja N
Post-fire economic Pinus massoniana
Factors Burned area Farmland .
forest plantation

B 106°32'43"-106°32'44"E, 106°32'44"-106°32'52"E, 106°32'45"-106°32'47"E, 106°32'8"-106°32'10"E,
Longitude and 26°1'37"-26°1' 51"N 26°1'21"-26°1"' 56"N 26°1'3"-26°1"' 43"N 26°1'43"-26°1' 46"N
latitude
Wik (m) 1 061-1 094 1 003-1 077 1 060-1 091 1012-1 026
Elevation (m)
BEJE Slope 20°-50° 0°-10° 50.15° 30°-40°
A s 1 Yellow soil 1 Yellow soil ¥ Yellow soil W Yellow soil
Soil type
FEAEYE LKA Pinus massoniana, £ K Maize M55 5% FEMMEAZLM Juglans HJEHN Pinus
Dominz}nt B Castanea seguinii F1 - Lettuce/ [13¢ Cabbage regia FIBk Prunus persica, massoniana, A%
\S/;eg:it:;mn L35 Dicranopteris A BT A5 28T B Camellia oleifera, 75X

dichotoma %

TNEEHYFE Digitaria
MR
Setaria viridis 15 &
Gnaphalium affine

sanguinalis,

#k Cyclobalanopsis
glauca FIT5H

Dicranopteris dichotoma
Par
£
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FEAPU; PG E J ke 2% Bk Gk
WRE 2t 5 KA EE R E 281 5 FeSO4-Zn

B FROR I R A AR R L (i
TE AT B 5 KM ST 6 B VR D A A (-
2000) .

123 HIEHSHAE KA Shannon-Wiener £

FEPEISC Y = -3 P in P AT SRk EE
i=1

P i BB A T L

BAEHEAT log (x+1) Fedfe BRARAE E SR S5 {0
H &2 I & 7 2 5 M1 ( Repeated measures
ANOVA ) K55 T ISR FNHURE Z2 5 ) Hxg HAE
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Hey, BHIABSAH PCA KA FTHixT +
SRR RE R AR, {8 RDA FISERR %
G 301 A . 55 R W) M TR 7 45 R Y BRI A
¥, HEFF R BR AL B 1 W 2ERE (L, 20205
PR, 2022) o

KRR RN bR . BB N R Y
10% L EoIPEIERE, 208 A A 1%-10%
ZIE AR WAERE, S BN 1%L
Wil 2R (XMEWHSE, 2011) o

] SPSS16.0 Xt &dla b7 4eit A, Ml
Origin 2016 HI/EFIEE, 7F R IBF A Vegan

3 ( Oksanen et al., 2020 ) i#47T PCA 1 RDA 43
Mr, {1 ggplot2 £ ( Wickham, 2016 ) ¥HEF
gE T4k

2 HRESHMH

21 LTIEBRRBEAR

P AT kR 1 836 3k, B 7R
(R 2). HEHAETEEL (Isotomidae )
HEEARL ( Onychiuridae ), (5 EFEM 79.63%:;
W LSRN K A B ( Entomobryidae ), PEBkEH
( Neanuridae ). Bk kRl ( Hypogastruridae ) Fl
A BEFH Sminthuridae )4 28, &7 S8 BEAY 20.32%;
Fii 5 B BEBEARL ( Tomoceridae ), 4 B2 /Y
0.05%,
T (PCA) R, KBl . &
T KObe fa 22 UE AR ek B VR A 5 5
AN T AR R AR, H 52 2= 28 46 19 5% i
(& 1),

x2 AEFHAXTLEBRARN
Table2 Compositions of soil collembolan under different disturbances

DSV SES RN RN N T AR

I A I . , e
L Burned area Farmland Post-fire economic  Pinus massoniana Average
Kt Taxa forest plantation
W (k/m) W (k/m?) W (%K/m) W (%K/m?) W (k/m)
Density (ind./m?)  Density (ind./m?)  Density (ind./m*)  Density (ind./m?)  Density (ind./m?)

AT kR 675.56 2417.78 2 835.56 1 662.22 1897.78
Isotomidae (34.23) (47.64) (75.24) (30.21) (46.51)
PR 773.33 1 280.00 657.78 2 693.33 1351.11
Onychiuridae (39.19) (25.22) (17.45) (48.95) (33.12)
KA Epk 35.56 888.89 62.22 497.78 371.11
Entomobryidae (1.80) (17.51) (1.65) (9.05) (9.10)
PR 382.22 115.56 142.22 595.56 308.89
Neanuridae (19.37) (2.28) (3.77) (10.82) (7.57)
KA BRH 80.00 240.00 17.78 84.44
Hypogastruridae (4.05) (4.73) (0.47) (2.07)
[ Bk R 26.67 133.33 44.44 53.33 64.44
Sminthuridae (1.35) (2.63) (1.18) (0.97) (1.58)
i kAR 8.89 2.22
Tomoceridae (0.24) (0.05)
ESEEEL 6 6 7 5 7
Richness
AL 222 571 424 619 1836

Individual number

5 B BE M ZEBEE 40 b o The value in parentheses is percentage of taxa.
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Fig. 1 Principal component analysis (PCA) of soil collembolan community composition
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Al (P<0.05), M ELIDREINA T
T bl Hh | A B R KRR R 4T AR

(P<0.05), ek i 2w T kb
5 ALKOBE S 2 BF AR (P<0.05), 3 R &
T DL AN N T ARAIA T 25 T Kb i

(P<0.05), HARTWEARIM.

ARSI (3 4) WoR, 3Rk 2B
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TEDEIEAX, BES A& B IE
FHOG (P<0.05), HARTC W AHCHE
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g ~ | E2 4% Winter Z=47 Season: F=2.28, P>0.05
& 0g | %% Spring ZZHAEH Interaction: F=0.24, P>0.05
g 0.
é 0.6 L %% % Density:
n H:1% Habitat; F=2.66, P>0.05
& 04| 247 Season: F=1.42, P>0.05
-sPﬁ& L HAER] Interaction: F=0.22, P>0.05
== 0.2 |
8 ZREVEFESL Shannon-wiener (H'):
® o A3 Habitat: F=6.27, P<0.05
E Z=45 Season: F=6.47, P<0.05
¥ Qggx Z HAEH Interaction: F=0.89, P>0.05
A% Y- 00(9
QJC)
«°
&
QO
H:3% Habitat

2 ITEBEBNETESSHUEER
Fig. 2 Differencesin density and diversity of soil collembolan communites

A, EREEG B, W Co ZREMEIREL
A. Richness; B. Density; C. Diversity index.
HEARF/NG FREFRR A 0] 22 5% B3 (P<0.05, LSD %), KRG FRERFZRRME 252 % (P<0.05, LSD K% ).
Different lowercase letters above bars indicate significant difference between disturbance types at P<0.05 level by LSD’s test,
different uppercase letters indicate significant difference between seasons at P<0.05 level by LSD’s test.

P<0.05) eS¢ ik KO . AR RIEKIE: 2018; Vilardo er al., 2018) , fAjHLAYHE B 27
R, FIEBRR A EEZ TR SRR SRIUESE RN, IR s, TR
5 (P<0.01 ), BEVEAA (FREASE, 2006; HKilfi%, 2020) .

36 KT RBIRAE LS5, FEARA VR o B 1 2
3 W FEPE, PR R 7K o O R, 35 T

FR TG 0 MR S ey e AT RIS A AT (R T AR, 2021),
TG RBY) (IR, 2017; X4kss 26T AR 23 P G XoF Bk HURE v i PR S A A AR
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Table3 Spatial variation of main soil chemical properties

KRG R AN N T AR

WiH K IpE i b, 12 H . . .
Post-fire economic  Pinus massoniana F P
Item Burned area Farmland .
forest plantation

pH 4.22+0.03 b 5.31+£0.54 a 4.47+£0.04 b 4.28+0.03 b 4.13 <0.05
SOM (g/kg) 65.99+12.89 36.44+9.23 23.91+£0.40 35.02+8.29 4.02 NS
TN (g/kg) 1.83+0.45 1.54+0.29 1.02+0.12 1.68+0.17 1.75 NS
TP (g/kg) 0.39+0.08 b 1.03+£0.28 a 0.40+0.06 b 0.87+0.14 ab 4.40 <0.05
TK (g/kg) 2.344+0.19d 7.04+0.88 a 3.96+0.57 ¢ 20.77+£1.72 b 70.92 <0.01
AN (mg/kg) 133.44+25.36 116.23+18.84 72.94+5.27 124.57+26.79 2.24 NS
AP (mg/kg) 1.40+0.31 b 21.1149.17 a 3.48+2.25b 0.54+0.02 b 6.89 <0.05
AK (mg/kg) 38.00+£3.77 a 120.83+49.10 b 72.67+£10.14 ab 100.83+10.92 b 4.58 <0.05

SOM: HHEAHLE; TN: &% AN: BF%; TP: 2iF; AP: AR TK. 28 AK: A%, K 3 [F.
AR ARF/ING FAER R 2 F B E (P<0.05, LSD K ), NS RRILHELT .

SOM: Soil organic matter; TN: Total nitrogen; AN: Available nitrogen; TP: Total phosphorus; AP: Available phosphorus;
TK: Total potassium; AK: Available potassium. The same for Fig. 3. Data followed by the different lowercase letters indicate
significant difference at 0. 05 level by LSD’s test, NS denotes no significant difference.

R4 IEBEAEXES

Table4 Pearson correlation analysis on the relationships between soil collembolan and environmental factors

WH Item pH SOM TN TP TK AP AN AK
JSFHEL Richness - 038 -0.12 040 049  0.82** 038 -0.16 0.38
W Density -0.18 -045 -0.04 036  0.59* 0.02 0.09  0.58%
ZFEMETE %L Shannon-Wiener (H') - 049  0.00 0.45 0.35  0.76** 042 -0.31 0.19

*HKon B E AL (P<0.05,Pearson AT ), ** FRn i B 2 HH5%( P<0.01, Pearson A 434 ). * indicates significant
correlation at 0.05 level by Pearson correlation analysis, ** indicates significant correlation at 0.01 level by Pearson

correlation analysis.

| BFIgkRH Sminthuridae
AN
L N
0.5 TN .
RS Vs j
\ V .
E A _ =
@ Isotomldae = R 6B Hypogastruridae
g O L 7/ LTS S=s e e EEEELLELLLELELELL e
> Entomobryida
a PO IN BN Onychiuridae
= sgas Voo R
< / Neanuridae AN, \ /W KBE&H Burned area
a 05t ¢ Ysom o @ RIHHE Farmland
‘ ' / Q@ KIEFZETH
: R Post-fire economic forest
e A BRIMATH
1.0 [ "P<001 -t Pinus massoniana plantation
-0.5 0 0.5 1.0

RDA 1 (63.41%)
B3 TEMARSTERTFH RDA Z4HFE

Fig. 3 Two-dimensional diagram of RDA between soil collembolan and soil factors
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—EVL N, 2R TT R AR X 2 R
( Sterzyfiska and Sktodowski, 2018 ) . KkGeiliith
23t 6.5 AP, CAEK RSN, Pk
BN, SR — s, H IRk A2k
PR ZHE B E T S RMA T, X5
KAEF (2019 ) XFARA 11 Bl W oT 45 5%
AT, Bk AR TR 4 58755 B Sh % e ) AS [e] ]
REAR ™ A 25 S0 SR A o K - 38 I sh i g 4™
FRURE T REA AUEEAS R SE R, KBTS o REd
BEA R b B, ORIk
B (RS, 2006; Coyle et al., 2017 ) o
Keil b 5 By AN TR HE—2L, ¥oh 5%
R BECRLAERR L, RSB ik
BERIE BB X I TP A i 32 B 7 35 oAt 25
EEREK R TR, B =S D REMA
TMARKRZE, X KT X + 58k B
PEASERER R e B R A, -3k U
FE— I,

H SR bR b A B X + 8 sh W T R T
( Menezes-Oliveira et al., 2021) , JEBIMERK
VA B B A TR B 25 A0 4 T T B, BREE 7R
PEREAR , S SO0 PR A SRR R 9% 3 R G
BN, R H S Z R E AR
M EZREH (FRRARSE, 20065 AN, 2007;
BIASE, 2019 ) o A, Lok BHF = S AP R
B0 Rk ) B IR A A S A
HHHEAER] (Heisler and Kaiser, 1995; XPBE{4
45, 2003; FRBTEREE, 2020) , B IE/D
— PRIk AR T R ARGl AR Y, B
VG Bl PR AR e PR AT, A% B RS iy vy o —
WIFAR TR Z YR (THRARSE, 2003) .
5O N TMAR L, A 455 SRR A kR
e 3T, R ek R AR R A A, 1
AN 37 2% 45 47 BRE R A R A

XFT KB IE BRI, KT X Hi 3R
TEWIE BRUIWT T Bk BB SRR, i B A AR
XoF - S A A D0 i — 2D Al T gk A A
VBRI . BARTE KRR G B OE TR A
FHFEC Shannon-Wiener 540 ( H') W FE A%,

B 2R 5 B — 1 KB 5 b RN A TH 7 A B I B R
A o X5 B A B8 A N SGE T 05— T4k
XF 4 € B Yy B VR B O 3R ( Wikars and
Schimmel, 2001 ; Battigelli et al., 2004 ) 5 A~ [A],
TR AT RS r= AR 22 0 IR o KBE e 4
TEMRAEAEZR B B v BIE 3, (R BLUS 2= 50T
KIERR, 100 LA B A X E e ARG ER
P, SRR BRI AN O RT3 A BB A
FIHGE AL 2, FIRHB R T ek A IR
(#E R4, 2006; Jiang ef al., 2018) , W] —
FE PR 59 K b B A X T TS R A £ T
S, AR 5 B — 1 e sl 1 2h T = )
- Bk HREIE 0 25 0 KObe e R CAE T AR
A, oA T ek BRI LIS AL N, K
B )5 G VML IASRE S5 BB RUBREE R, 55
FRANNTHA —E 2257, F 1ML A 5 S
AN TMA RIGEESR T, kRS fb kA
T, L ST BRARR T b Ja 26 5 PRI EE D fE
5 T REERL

Bk H A A S AR G, 02 E) +
LR R 2 (Setdld er al., 1995; {EFH
4, 2022) o WG KB IR SRR %
JERZAEPERR B EA G, 52EW4 (2019)
PIRFRAE R —3 AR 5% IEMAX, 5V
B (2022) MIBFFREERISEL; RDA FrHrdsiR
W 7R, 3 SO 5 M) - S RS O3 A 1)
HER R, APk R R R o P o
(F 3). M2, 80T Hesk d i 2 16 4
SRR, B 2 RhEGR R B T, B S
Z: 5 4 M T A RGP AH DG il 3% M 9 1
I (Z2%%, 2007 ) , REHEmE CO, R,
RRIESEA T I A% B i (R34,
2019 ), ARER Bip0 B - EAR 7 2 A R IR 25 52 T A
PrxrREBE TR W, BREFEYAE Y AR R, )
Fz 52 W) HEBk b A BB R A (R
45020095 XISCHESE, 20105 HFI%, 2013; #%
SR, 2022) o FETHAYEM T, TS
SN[ B R ARG, 0 - S Bk R A 30 ) A T
W (E3, £4), PR HEE TR
FEEREZ — o XU TP AT LU i ol il
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Bl s 3k R, o T DASE A e - S BT
SN A= HE Bk H A 8] S A B PR

RS L KGRIV A R R S,
YR BA W A (ZRIAE, 2013 {d]
PR, 2018; Jiang et al. , 2018 ; # HFEE, 2020 ),
Apgirh, TR T, BRHRCEHEE . ®WE
A1 Shannon-Wiener #8%% ( H') JFARFR I L
M2 s, Xl Re S MIE A G, MY
i e TR AR IR BE UK 43, S - 5850
PR RO R I A A BRI N B 2= AR fk
JIrats R (RS2 o KR A — a2 1 I R Y5 WA
TE, MK Be 5 22 B AR H R F A BT 2 Ry 1%
B T E Y, a7 2R AR ORI R K
e Ia e U MR BE - S Bk R B B AN
Shannon-Wiener 848 ( H') F5ZMm, 4% H B A2 9L
S, TP, H R HAROR IR T 2
TRE, X ATRERA HEER G , 2GRN
FEMRTE (RAMESE, 2005; 2006) . DREMA
THEEDEE, Bk R R % ER
Shannon-Wiener #8481 ( H') Z=H7 28 4b I AR R I H
—Z:, Shannon-Wiener #5848 ( H') {545 BH . 1)
P, HEA,

ARG B ALK FE BB T R
gk s 22, B S ) Sk R A R
TEhAS, PR - Rk R A . AR
M - Sk 2R M) 28 I - BFSE S5 R R
i — 2D TR B R 2R S R G aR AL ] 2 LR} 2
WA

T Y AR e EEE A 5 ALY
FEAE A LRSS (BUZLIES, 2015) , {UR
SEAF AT Ak HOR B A TP 9 AR RV IR AN
A, JUHORTEFREE o B S W SRR IR
DATES Ja it oE v, AN ) 38 A6 - Sk e
AR5 &, A E IR, ATRRR IR AR T
LIRS S e A A IR AR AL Y G5
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