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I, BREEE S, BNES 2, BRERE 12, RREEE 14, BRO3E 125, &R, X R
LA ERFE B PR AR, o R A ) SR n RE SR H s =, =
OB 666303; 2R EEIFEEE K, JEET 100049; 3. KE KRR, B 650504;
4. RN KRR, =/ W 665000; 5. ERER YR, T ERE
BWAESRGHEMIKE SEEE SSLGE, M 5106500

OB NI A BUE R RS RS TR R N AR TR R ek R I 68, Z0F
AP XA A A5 Jis Ak ok P 885 B 1 B OB 0 5, JE e XS EUAR AT A 358, AT 1 R K
TS 2 50 - 38 A1 SR A e 1 A IR R A% [ B A COR A1 5R A4 = >2 mm; /A1 544 : 2~0.25 mm;
AR <025 mm) FROEEMNFETEM. SREW. (1) 25 TmH R Rk )
SRR 131.1%:; 1717 R 2% 51T A K [ A4 LU A9 PR 19.6% 1 26.2%, /INAT R A LL A1
BN 27.1 % 42.6%. FWNZHEIOHE TS 358 — e B LK T IR AR, (2)
FNEE S BR T SRR B R AR B8 K 8 AR R & 5, TOUS RN 38 35 7 24 B i 43 1)
N 37.7%F1 18.0%- 16.3%F1 18.9% K 35.4%F1 37.1%. & B RAKH o G AR S BEEH)
BEETWE, HSENEMRES. (3) BRELLH T SRARREASE, 28me
BRI E B, TOE RN S 30 XA 8 23 38 15.3% 81 13.8% 13.5%11 12.9% % 9.5%F1 8.9%;
EXHARAE AN, SEENSmEEEES TWE. (4 MERRMERAATREN, mEEa
MUk & 2 PRI =18 163.4%, (B 208 & SR Sk 125.3%. 25 BIAh, B B E5
FRE AR 338 A SR A A v PR R L3R40 J0 3R (M s i 52 B HURE A B 5 2= (R 3L R R 4%, FLIN 25 % o
PRS2 2 9T 25 T IR N R ARAZ MR A 1 L A 35 T e g or AN g8 ] Hp A5 PR AR A i
5%,
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Abstract: To explore the improvement effect of fungus-growing termites as "ecosystem
engineers" on soil quality in tropical plantations, this study compared termite mound soils (top and
base positions) with adjacent surrounding soils from a mature rubber plantation in Xishuangbanna,
Southwest China. Seasonal variations in soil aggregate stability and nutrient distribution across
aggregate fractions (megaaggregate >2 mm, macroaggregate 2—0.25 mm, and microaggregate
<0.25 mm) were analyzed. The results were as follows: (1) The mass percentage of
microaggregates at mound tops increased significantly by 131.1% during the dry season. During
the rainy season, the mass percentage of megaaggregates at mound tops and bases decreased
significantly by 19.6% and 26.2%, respectively, while macroaggregates increased by 27.1% and
42.6%. Compared to surrounding soils, mound soils exhibited reduced aggregate stability in both
seasons to a certain extent. (2) Mound soils significantly reduced moisture content, total
phosphorus, and available phosphorus in each aggregate in both seasons, with average reductions
of 37.7% and 18.0%, 16.3% and 18.9%, and 35.4% and 37.1% at the tops and bases,
respectively. The content of dissolved organic carbon was higher in the dry season than in the wet
season, whereas ammonium nitrogen exhibited the opposite trend. (3) Mound soils generally
enriched total aluminum, total iron, and total potassium in each aggregate in both seasons, with
average increases of 15.3% and 13.8%, 13.5% and 12.9%, and 9.5% and 8.9% at the tops and
bases, respectively. Dry-season aggregates displayed significantly higher total copper, zinc, and
sulfur than rainy-season counterparts. (4) As aggregate size decreased, the reduction in dissolved
organic carbon content reached as high as 163.4%, whereas the increase in available phosphorus
content was as high as 125.3%. In summary, the impact of fungus-growing termites' nesting on
soil aggregate stability and nutrient elements in rubber plantations is governed by mound sampling
location and seasonal variation, demonstrating strong spatiotemporal heterogeneity. This study can
advance the understanding of termite-mediated ecological processes and support sustainable soil
management strategies of rubber plantations in the tropics.

Key words: fungus-growing termite, aggregate stability, seasonal dynamics, available phosphorus,

mineral element

VR g4 BT - TE AT AR AR 28 RGN DGR DI RE R, L DRI & e ) 8 v A=
BARG TR AFRIAF WO EZ) 3 000 P, 734 78 55 2/3 1) Fii th [ F1 ( Asheon et al., 2019;
Liu etal,, 2022); FRECH 4 F} 44 J& 479 B, Hh Zm L 125 P Al (BRAREE,
2014; MRANEREE, 2017). 1XZK R RAGE B ok T A s 0 Ak, T IS EAT
NEEYRES SRS (3214, 2024). WRAEEMESHETNNESTIRES L, BRI
P BORT 4 RS B A ICRTE - 8 (Jouquet et al., 2005, 2016a). 15 B A E Ei@EL S5
Termitomyces J&IL L S EEEMI AR A 4EZ (Jouquet et al., 2022, 2023). Hi AR,
5 B WG G e AR e R TSR LU R I B E £ 5 4L (Jouquet et al., 20185 Van
Thuyne et al., 2021; Loépez-Hernandez, 2023). Bb4h, /UK EIFESIE I SUB fR bk 135K
g5~ pH IR SRR ) S o P, R VA R AN AR ) R B TR 25 40 S AR S ThRe (R RR
45, 2003; Z=:E5R%E, 2015; Van Thuyne et al., 2021; Thant et al., 2025).

IR A AR R A L IR 2 A B s VE ) SGRFR AR , FORIAR A B RS I AR AR A 38 R G057



Iy EAE KA IE R K iR i B 114542 A5 Th g (Deng et al., 2023; Lin et al., 2024) .Fall %(2004)
Al Jouquet %5 (2016a) WFFLFR T, [ WCH SR AT DL o i i i S (0 RS & ORI E B
B A S AR DO T I R A A M A SR AR . SR, RS XS [ SR AA AR E At 1) s e
AAEZES: SRt Fe ey, I RBIERE (52 mm) FoE AU 30 2K T B A
5% (Jouquet et al., 2016b, 2016¢), MifHIERMA (<0.25 mm) FAPL-TEHLREE VIR R FaE
W5 (Fall etal., 2004). 5 —SSBF 78 0 I, 35 R 1 MSCDR G  BERA%0 108 1 T PRI 41 B Ak A
E M (Garnier-Sillam et al., 1995; Contour-Ansel et al., 2000, JiPL/NFi1E AR (b i S 2
(Jouquet et al., 2016b, 2016¢, 2023). iX k7= 7 0] fg 5 AR IR FURAE (A LR &5
KRR B Gl B/HL R ) A 5L UR B B B 5 A 9% (Davies et al., 2020; Jouquet et al., 2022).
JAE E IO ARAR L S5 BEAL R T R 20 A B2 3R, (R T AR RAS A R AR KF T 7540 215
AR — 25T .

VXL RGN VE R E KRG 7= X, W (Hevea brasiliensis) FRIETHIAR ik 42.4 75
hm?, {HE— R O 2 E0™ 5 1 L8 i SR AW 2 FEM S E £ AR @ (Liu et al,,
2019, 2023; MI7ESE, 2024). [, FRIAK A AT FICE T G RE RS 100 4> « hm?),
HULEE A BN A REZEHE (Chen et al., 2018; Thant et al., 2025), H K 53 F Bk 451
T R B 280 ] A7 5 D) R A ML R AR I AR bR L33 TR T (2255855, 2015; Van Thuyne et al.,
2021; Wuetal., 2025). 2RI, ZXIHGH AR (R23F vs. i) AR40 T B anfy sz £
B SR AR AR 1 5 7R A TR FR T e H HT A BB o ASHIE 7T DL TS XU AN AZ I bk P 1 SR 7Ot
TR, K BIRAR D RN T, 1@ RSN TER  HE 805 058 L e 11 (41 B AR AR 1t S
FROPZENAS, USRS LR I8 (1) [ SR SR Qo] s o R0 TR Rt 358 (A1 SR A4 (10 28 ol % e 1k 5

(2) FWER S T IR T IR R SRR TR e Rm B R SR K.

1

1.1 B

W50 XA T 2= i U Ui 4 i B4 Y (101°05'-101°50" E, 21°09'-22°23' N; #E4k 600~
880 m), Hikb ZRFE AL L, IIETT KRR . ZX @ T FRAME, RREYEE,
TIRFELZHWHE, FHRE21.9°C, FWFEKE 1480 mm, 2] 81.0%KAETENTE (5—10
HDOo RXEE (2019 4F 1—12 A), ZXE2 7P ERT 23, £ 22.8°C, &
5 AR N 28.0°C, K 12 HSiRE N 16.3°C, FH[E/KEHN 833 mm, H 77% K AEEN
ZFo RHERM DI E N E .
1.2 AR RE

IS SO T B 1994 G E MR AR, PSRN 2.5 m x 8 m. IR T34
& 17.5my Ji4E 22.6 cm, KA WU ER iR . B0 BUS AR T RS B E 0 (Macrotermes
annandalei) B7CONTFF G 0T 2019 £ 22 (4 H) FWZE (9 H), FEHLIEESNLAE
BRI E T 8 A (EFEZ) 200 m; ~F34) &1 FE AT BLAZ 20 514 40 cm 63 cm), Z i Chen %5(2018)
Al Tuma 55 (2022) (75T EERFE . T EAR 5 om 4, 700 WA L XTIER AN
TR B PE. AEDUAN AR 0~ 20 em R LRE. BEJE KA 2 NI 8 7R R — A7
B (e FEmBAEN VAESR, 4 HHEEE; FRCRES B R UEE 5 m
B IR RRAR R 7R A E X IR . EREAE R BR AR VRS RS, Ais i 250 =
HEAT B SR AR 53 25 W 58 5 SRAR R B A AR
1.3 RETHE

Z & Bach Ml Hofmockel (2014) ) - AT 3% BIERA 73 2. FREX 1 000 g %
t, I F B AR S5 R R S R AR A AT A (XY-100, JB AR FHA AR A A R
AFE, A6ED 12 mm A 0.25 mm &, PL 60 K « min'! FIFREHETG 10 min 5, 7> E55)



REEA G2 mm). DR (2~0.25mm) FREZEAE (<025 mm). A5, ¥ ERFER
A JE AT LR AR B AR AR AN 5T G 2 IE o R, AR 2 R4 A SR AR 1) ot = v A5 0T
A (M) 1) E 8 H 4% (mean weight diameter, MWD). JU{a[ -1 EL1% (geometric mean
diameter, GMD) N LI3ERMER T (Ep, HARTETESEE /NS (2024):

= —x100%

Kb MoNS i MR RERFREE D (%), m NS DRGEARERRE (2, M,
NEELFE (2.
AR MWD (mm) 1 GMD (mm) it&E AR T

= exp( “In / )
=1 =1

X x; N BB RE T ER (mm), wioN i ZBIEEES (%),

b5, M4 GMD A& L v i MR+ Ep:

E==7954X{00017+OO494Xexp[—(lSXG§£2%Qil£2§)1}
4 0.698 6

TIEEKER AT IEN . pH KA pH it (FE28-Standard, Mettler-Toledo, H'[E)
MWE OKEFEE 2.5 1. EMEZ R IR M (Vario MAX CN, Elementar, f&[E)
M5E o AT A HLBR A A LA & 2K B R S A UK 73 11X (Vario TOC cube; Elementar,
DI E o B SRS EL 1 mol-L! KCL 2425 SR 20 /- HT1X (Auto Analyzer 3,
SEAL Analytical GmbH, #8[E) . HAHEZ 0.03 mol-L' NH4F F1 0.025 mol-L-' HCI $2H
i, AR IO E . 28 LA FUTE (. 2%, 28, 2. 2. &
B 2 LA 404 HCIO4-HF-HNOs JHf#J5, {4 ICP-AES (iCAP6300, Thermo Fisher
Scientific, F[E) J5E .
1.4 g

KH RIET (version 4.2.2) BAFSATHEAE B 5 0 Hr o @i = K3 05 2 o ik 46 (41 5%
WRAE . KA E OIS AR vs. IAEE L3 FFFT (B vs. WE) W L3EEbE
PR ;s SR A # A Z ANOVA 1 Duncan 2 H AL (a=0.05) X [ — B3R IKF- AN [F AL
BRI EA bR T 2 RS KA Spearman A OGR4l T IR B R AR 2 S5
MBI THIR R . EIRPHEE P ERHER, n=4(Origin 2024 &,
2 RS9
2.1 BTN 3 R ke e MR e

BEHIGARAE (<0.25 mm) HAHI 2 RAEALE IFZI (P<0.05), TIMZEEITTK (32
mm) F/NAZER (2~0.25 mm) OB S2RAEA B 1 W2 20 (P<0.05, & D, SHE 1%
FHEG, B HLTHA G ] SR A LA 2 25 G 0, 38R 131.1%; /9 2% 558 7003 FH B 38 /)8 [ 3R
ML A 32 S 2 10, B B = T IA 42.6%, 11 K SR A4 LA 3 2 2 B AR, BRI =i I8 26.2% 6
WAL, MR T IS 458, BN R WL R L3 BAR AN B B AR — e R R AR,
B 73930 9 9.9%~19.2% 1 8.6%~14.0%; AT 7 A Frdfn, 3415 5.5%~6.7% (&
Do



® 1 ANERDRARFRELHETEN

Table 1 The dynamic changes in soil aggregate stability of termite mounds

s PNEIE LS GNEIR 243 [DEEES ; o
I RAFEALE ) JURPFEIEAR P EE AR AR R
Megaaggregate Macroaggregate Microaggregate
Season Location GMD (mm) MWD (mm) Ey
(%) %) %)

512 Dry season Tii# Top 44.45+1.83 32.66+5.23 22.89+4.31a 1.3540.11 2.04+0.08 0.031 1£0.001 6
$L¥ Base 55.69+9.80 31.62+7.57 12.70+2.34b 1.35+0.06 2.03+0.05 0.030 8+0.000 8

¥ 8 Surrounding 47.72+2.07 42.40£1.85 9.88+0.59b 1.67+0.34 2.36+0.25 0.029 2+0.003 9

FYZE Wet season Tii# Top 47.6242.81b 37.06+2.04a 15.32+0.94 1.41£0.08 2.10+£0.07 0.030 1£0.001 1
$L¥ Base 43.70+3.96b 41.5842.65a 14.72+1.56 1.45+0.17 2.12+0.17 0.030 1+0.002 0

¥ 8 Surrounding 59.22+3.42a 29.15+2.31b 11.63+3.57 1.61£0.19 2.32+0.13 0.028 2+0.001 7

T B P EEARER, n=4. BIRAREEPOHEIr RS I P ER. P EE RN kR
To NRVNGFRFRORFE —BIRE S LI [ ZEFEE (P<0.05), LT EHMCHRRERAEE.
Note: Data are mean = SE, n = 4. Mean weight diameter (MWD), geometric mean diameter (GMD), and
erodibility factor (£y) are used to evaluate aggregate stability of mound soils. Different lowercase letters indicate
significant difference between treatments at the same aggregate size at 0.05 level. No letter marking indicates no
significant difference.
2.2 HIETON HEEERAK S pH KEREBEA 7 IR

FHSCR I3 S K BT EAT HUBR CBREUCFENZ B4 ) AN R4 52 HUER AR 2, A B
RV R (P<0.001); 4Bk, £RMEMZAENTELR (P<0.0D), TSR
RETRRZFL (P<0.001, £ 2 ). SHEHEAH, 28I R 2 PR T
KPR AR 2 & B TR AT IR AR B K&, FRIEDN 31.0%A1 50.2%~62.0% (& 1:
av e)o FUZFHLININAR G2 FAR 1K NSRRI S /KR, 12 0 U 2 2 B AR 17 % BT SR AR 1Y
AR R, FRIE ST HIN 25.9%~27.8%F1 48.1%~53.9%.

Ak, 5 SRR [ AR B AT A U S R TR, TR 3 A K B A
G R = 20 )N 163.4%A0 109.8%,  HBE R AKAZ )N, SEIRIZATFEIE (B 1: . #%
SRGEEMEY, TSI = 25 205.4% CMAEZRYED F1116.9% CRHEIER
O (B 1 h)o BEAE BIRMKAR BN, FIVETEA DL & R IZHT AR, 5235 BRI B e
B IE 265.7%, 1A S BNZHE I, R EE 125.3%.

® 2 ARGHS. RENE, FHR=FXEERAMENRERBH RN

Table 2 Effects of aggregate size , sampling location , season and their interactions on the basic physicochemical

properties of mound soils

R T ‘ A R

S TKE E3 Eoe i ] AR AR
pH AP A Available
Factor Moisture ~ Total C  Total N Total P Ammonium N Nitrate N
Dissolved organic C  Dissolved organic N P

H1%R 1k Aggregate (A)  1.27  14.88™ 0.55 0.25 0.95 81.31° 1.59 0.64 0.19 522"
{7 Location (L) 1.14  16.69"" 6.63" 5.07" 10.717 0.19 1.45 0.04 0.32 6.43"
Z&7 Season (S) 3.17  164.19" 3.39 0.00 0.14 85.59""" 2.55 32.53" 1.75 31.01"
A*L 0.05 0.36 0.08 0.02 0.86 1.08 1.19 0.20 0.62 0.15
A*S 0.01 0.17 0.10 0.05 1.42 19.89"" 0.17 1.21 0.14 0.89
L*S 0.11 0.41 0.73 0.93 0.26 0.75 0.02 0.94 0.69 2.89
A*L*S 0.14 0.10 0.02 0.08 1.13 0.06 0.97 0.10 0.14 0.27

e *RIRP<0.05; #*KIRP<0.01; ***FL/RP<0.01. F[HE,
Note: * indicates P<0.05; ** indicates P<0.01; *** indicates P<0.001. The same below.



AFNG FREFROR R — BRI AL B 2 AE R B (P<0.05) , TFEHRCHERRERAREE. TH.
Different lowercase letters indicate significant differences between treatments at the same aggregate size (P <
0.05); no letter marking indicates no significant difference. The same below.
B 1 BEARTREARGSKE. pH REREBA D HETEN
Fig. 1 The dynamic changes in moisture, pH, as well as carbon, nitrogen, and phosphorus fractions of termite

mound soils within different aggregate sizes



2.3 BRI TR E R BT R KR

I A0 S R BN =1 (B35 52 (P<0.05) , Tiadk. 445, 44, 4.
PN Z R E LW (P<0.05, & 3) . SEEEAHLL, 507 AT
AR — e REER I 7245, 2B AEMEE (B2 av by g o IAF, FBUERX
FHRURER AW 8 (BRRKERESN) MaemsERFRE s TWE, THsE 5N
26.7%-~ 29.0%-+ 167.3% (B 2: e. f. h) .

® 3 FIRGERSR. REMUE. FHREZEXEERAMERTRYT RuRHRME
Table 3 Effects of aggregate size , sampling location, season and their interactions on soil mineral elements of

mound soils

A e ESXTS ] i ] A il e
Factor Total Al  Total Fe  TotalCa  TotalMn Total Cu  Total Zn  Total K Total S
154 Aggregate (A) 0.83 1.15 1.23 0.41 0.04 0.70 0.37 0.16
fi7 & Location (L) 3.84" 2.87 0.15 0.49 0.13 0.18 1.65 0.29
ZE7 Season (S) 4.27" 6.89" 6.13" 4.33" 52.61"" 22.80"" 0.00 745.36™"
A*L 0.03 0.05 0.04 0.02 0.20 0.54 0.07 0.10
A*S 0.03 0.05 1.12 0.37 0.41 0.62 0.04 0.47
L*S 0.15 0.09 0.14 0.08 0.32 0.18 0.14 0.11
A*L*S 0.03 0.04 0.04 0.01 0.06 0.23 0.03 0.14

2.4 BPURINIIRBIRAER E S EAREKHERR R

PN PR SHCS AR R AR 22 7, RIE IR FTE R 108
PR BIESHh B FIRIEM R (6 1) MR (54, MRZRERIEMRK (54 M
TR (5D (B3 WEEMORE, BREHREESEKE. BER. AR (R
Riksh) BREFIEMS, SHVEEANR. 28, 2. 22 EE TR (P<0.05, &l 3:
a). FEHETUNARMKULG 5 MM R ERETMR, S, 25, 2FNMef 2 e
ARG (P<0.05, K 3: b)o MR AN 8 A4 2 835 . BIEA LT
HAMTPYEEERY S2MERE EMAKL. ML, WEEIVNMIRERS 2K 2.
A IR S SR R R F TR, RBIRAS 228 EHX (P<0.05, K 3:
o). MFHEBHAEE/KE. 2%, EEAIE A EmE 2R E X,

3 TR

3.1 EBSRRREK T BRI AR AT

H ISR LT B AR ) A SR AR B 5 AR bR IR I 358 B 25 AN R A e e, HLH S5 MR A B
HIUR B B 20 sS4 (Fall et al., 2004; Jouquet et al., 2016a). AR T, FZ=E T
FOARA T MG g I 3 I 1 i A SR A R L Ag), ELRY R R N T S BN A SR A L],
X5 EAEREPE R, AH-EHUREVAR R & pH EFSG 5. T ZR 5L A1
KPRAR LG B ZEBEK, 5 Jouquet &5 (2016¢) TR —E, EERZNHEARIMNEE K H]
RARGEFETERZE, 5 2GRN PR R 20 (Harit et al.,, 2017). th4h, F
W ZE I — R R T A SR AR e, B0 1 S0 a] il U, X 5 15 TR A 0 B
SRR AR b P R AR R e MR A LSS B — 2 (Jouquet et al., 2016b) . #RTM,
Davies 5 (20200 Al Fall 5§ (2001) A3 T 06 b 25 0 ] R AR RS e 1t To e
T A A BA R AR FE R B, S 3050 SR AR AR e 1 FEAIG . bR 3o foe MR M I 3 22
2 1 mm Fifs B FI TS (Lin et al., 2024), ixie2 2 3 3yE+ HHOLF R (f
FURA I & 8D FERFEAIE (Hb b/t R e Rtk .



B2 BERTRARGY R R SENETER

Fig. 2 The dynamic changes in mineral element contents of termite mound soils within different aggregate sizes



TC. % TN. &% TP. & DOC. AIETEAHLE DON. FIEMEA L NH-N. 5% NOs-N.
AR AP. HXWE: TAL 4%; TFe. 4%k TCa. 245 TMn. £4i: TCu. £4; TZn. £%; TK.
440, TS, 4:Hi; megaaggregate. >2 mm K[43 {4 ; macroaggregate. 2~0.25 mm /)4 % 4K; microaggregate.
<0.25 mm R GMD. JUFPIERE; MWD, PHEEER; En AHERT.
TC. Total carbon; TN. Total nitrogen; TP. Total phosphorus; DOC. Dissolved organic carbon; DON. Dissolved
organic nitrogen; NH4"-N. Ammonium nitrogen; NO3™-N. Nitrate nitrogen; AP. Available phosphorus; TAl. Total
aluminum; TFe. Total iron; TCa. Total calcium; TMn. Total manganese; TCu. Total copper; TZn. Total zinc;
TK. Total potassium ; TS. Total sulphur ; megaaggregate. >2 mm;  macroaggregate. 2—-0.25 mm ;
microaggregate. <0.25 mm; GMD. Geometric mean diameter; MWD. Mean weight diameter; E. Erodibility
factor.

E3 EZEF () « BEF (b) MAFE (o) BNENRTRARGREESEASEREX Y
Fig. 3 Correlation between soil aggregate stability and physicochemical properties of termite mounds in the whole

(a), dry season ( b ) and wet season ( ¢ )

3.2 EIU BN AR FBObR 33 B SR AR B AL AR 4 B R AR

LR “ AR TR 8ORE0] ARk L 33 BR A Rp 1 BAT 2 3 VR4 /E A (Van Thuyne et al.,
2021; Jouquet et al., 2022) AHFFLRK I, HICF R =& RLAR A S AR HF K e 7 355 3 P,
X5 FL 30 AP RE 5 Y AR SE LB TE 2 I AH ¢ (Chen et al, 2019), {H Grube % (1999) #1k
P2 51T I I 9D 7K o 75 R R NG UK I fn R B i B K . Ak, R R TG
TR 30 K I SR A 1) 2 B0 S Y 38 O R %, X T2 B R g 35 B 1 SR Bl e W08 R 2 AR AT AL
it (B RE AR R FIAR R A HLIRIHIAD (Chen et al.,, 2018); [FAIRF I pH # T #14k
IR RSO YR TR PERT B 7 (K Ca2tFl Mg?*) #5550 R B IR 6 5 4k 1 R 11
PrAER (Cailleau et al., 2011; Mujinya et al., 2011). AHFFEIE LI, WA IR E
FIRSEAR G, vTRES AR G 0, Il 1 e E A HLEIR H (Erens et al.,
2015); 1fi 133 pH<6.0 — & FEE FEEfE T AAL/ER, (R EASEUE N (Chen et al., 2019),
FAR R Z A B W m RE RN . 5 Abe 25 (2011) WFFEEE R —3, MZHE /Y
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W45 9% (Liu et al., 2023),
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HMAEE RGN BRI HIBY Fc R oM 2B AZET 2% (Ackerman et al.,
2007; Mills etal., 2018). AWFFLEIM, TRFFEREWFRIN, FHICR S EASITH
RARRCEE 2R, XEZHKET: (1) SRR ES HREAR; (2) 7 FoE ST
T RE UK (3) FBIHEE AT MR IEN T o R 7E 41 JRAK (8] 3 54k 73 A (Van Thuyne et al., 2021;
Lopez-Hernandez et al., 20230, HAKIMIF,  HL7CT00EE AL 50 358 B SR A0 0. g4
WH—TCEE, X5 EE R —3 (Ackerman et al., 2007; Sileshi et al., 2010; Erens et al.,
2015), EME T AR “HBRA A A ThREE (Sarcinelli et al., 2009; Jouquet et
al.,, 2023). AREFFIEKI, SHREEE, MRS EREFEERERTWE, X558
MBI K IRD AR (Chenetal., 2019). AL, &R S &5 5 2=t Gk 106 208
T EAEAR G, T H M AR 7K W — e AR FE B RIS T A A 3 2 R4
4 ik

PG PR 1 IS ART B0 - 338 [ SR Ak &5 4 B L 3% 43 G 2 0 A 11 5 i 52 24 R0 ORE o7 L 1 3 [
W, ST R, BRI E G AT R AR (<0.25 mm) o), T RT RN
THF AN FE I BEACOR A 2R AR (52 mm) EUfsl, FRfERE/NBIERAER (2~0.25 mm) JEHG I
SN RS e YA P B R, 59 2= 8L T A AR 2 3 B0 R AR IR A SR AR RRK
EAE N E, pH R, AR S ek, H—E R B EESR. A, it
FRAR R A MUK A8 SRR S R EE S TWE, 520 2MH kEH
KL AR T EHBUE AR S RG LRI %O D Re S A TAERLS . BRI,
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