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Abstract ;. Herbicides have been widely used in Eucalyptus plantations, but little is known about the effects of herbicides on
understory plant and soil microbial communities in Eucalyptus plantations. This study compared and analyzed the effects of
herbicide application at different dosages and frequencies on understory plant and soil microbial communities through
application experiments with low-dose high-frequency ( LHF), medium-dose medium-frequency ( MMF ), and high-dose

low-frequency ( HLF) herbicides and comparison with manual tending ( MT) in Eucalyptus plantations. The results showed

E&TH . HEARFAELTH (31860171,31560201) ;) P4 5 A & 15125 H (2018 AB40007 ) 5 H [ i+ J5 Bl2# 3£ 435 H (2019M663409 )
rFE B #9:2019-09-16; ™ 4 H ki B #5:2021-06- 11
# WIHAER Corresponding author. E-mail ; wenyg@ 263.net

http ://www.ecologica.cn



6750 JAE = 41 4

that herbicide application resulted in significant changes in understory plant species and functional group composition in
FEucalyptus plantations. However, herbicides did not significantly reduce the species richness or diversity of understory plant
communities, but decreasing the herbicide application frequency and increasing the recovery time led the species richness
and diversity index to show a trend of recovery. Herbicide application also results in a decrease in soil nutrient contents.
With the increase of herbicide concentration and the decrease of herbicide frequency, the soil pH and total potassium
concentration showed a trend of increasing, the soil water content, available phosphorus and available potassium
concentrations showed a trend of decreasing, but the concentrations of soil organic matter, total nitrogen and available
nitrogen showed a trend of decreasing first and then increasing. Herbicides indirectly affected soil microbial communities
through their negative effects on understory plant communities and soil nutrients. LHF significantly reduced the importance
value of the vine functional group while significantly increased that of the fern functional group, thus significantly reduced
the phospholipid fatty acid ( PLFA) content of the microbial community, fungi, and actinomycetes. MMF significantly
decreased the importance value of the woody and vine functional groups but significantly increased the Gramineae plant
functional group, leading to a significant decrease in the PLFA content of the microbial community and actinomycetes. HLF
did not significantly affect the understory plant or soil microbial communities but significantly reduced both the soil total
phosphorus concentration and the soil available phosphorus content. Meanwhile, herbicide significantly reduced the soil
microbial biomass carbon and nitrogen content. Therefore, the application of herbicides should be decreased to reduce the

negative effects on understory plant and soil microbial communities.

Key Words: herbicide; Eucalyptus plantations; plant functional groups; soil microorganism; soil enzyme activity
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1 #MRERFE

1.1 WF5E XIS

WFFE XA T PEERN T 8K EE X R B Ik 48 (M Abdb 45 210497, 4K 48 108°38") , b Hi S, Bg4RIL iR, &
LIRS 2T IR W A X 2 — 1M X AR 21.7—22.8°C B A (IR -2.0—1.9C
Wit B e U 34.0—41.0°C , 24F = 10°C (AR R, 7220—7812°C ; P 4E V- Y[ i 1 2104.2 mm , B T-ZR XUk,
FERN /A ANE, TR 0 B BHAE 4—9 F O 2% R4, (5 AR R 1Y 80% ;10 H AR 3 A b T2,
RN, 5 20% , 28 S, AR BIAHCHR EE IS 80% , HHERRINFELTHE, JEA B JLICERAT , 20 40 90 4F:
R EFE D REIMETAK, 1997 4EFF4R K 1w BLUE 1 R T A,
1.2 RIS AR R 5 g

2014 4% 10 H 3RS M T AN T, 2015 4F 4 H 58 OB MoE 18 . AeRhE AR ARITEE M 1.25 mx4 m,
A 2000 BE/hm® o SEARHET, BERRAZ A E SEAL 550 ¢, 3 MG AT 2 4F, B4F 28 H A T AR 250 o/ #k .
2015 4F 5 H R FHBEHLIX AL 250 T, AR H 37 2% 1 PR ARk 4 A L ) B 2 DX BRI 1% 4 PR T A
B E 70, WSS 3 4R N TER LT (Manual tending, MT) (325 3 AR5 & SR AL A ER L (Low-dose
high-frequency , LHF) | #:2% 2 4F 5l 5 o 2840 22 BR L P F ( Medium-dose medium-frequency, MMF) & A 24
AR AR ITUCRAL 24 BR L F ( High-dose low-frequency, HLF) ,BRAbEE 3 (R EE L% E 12 4~ 30 mx20 m OF
FRETT . AR Z [BIPA A 10 m DL LR s .

BRI BRER Ry 419% 5 H B (R RER /KGR |3 Bl LA BR R LS A AE R, 98 1200 mL/667m?, I
e A0 A P A VR BB 200 mL/667m>( B4 667m? % JH 200 mL 419% 55 H B se.4tik 15 kg $EATHEE) | 45
ARG 2 YK, ELEMT 3 4F (2015—2017 4F) ; i Az = v (i B R vk B B 8 A R B R 300 mL/667m’
(BPEE 667 m?2k H 300 mL 41% HH B 54K 15 kg SEATMEHE) , BRAEBT 2 ¥k, LWt 2 4F (2015—2016
) R RAIEAS A BRI AE M A K B — 38,2017 AR AR HEAT LHF AR 3G [RIRT, B 667 m* Wit 15 kg 217K ; & 5
AR AR B A 600 mL/667m*( BIEE 667 m”* K H 600 mL 41% & H B 5t 4tk 15 kg #EATm8E ) , 76K 50
1 42015 4F) Wit 2 WK, A ARIIEAS b PRI SO AT b A /K B —%K,2016 2017 4E7E#E4T LHF 2B [E 5, 45 667
m Wt 15 kg 2K, BRAFYIRA 16 BITF X MESE A & 0.7 mm Wt R SEATHEZE , — 48 2 YR it A9 15 ) A
4—5 A1 8—9 A . AN TIRHHCHE A AL BT 8] 18 2015—2017 4E4R4E 4—5 J 1 8—9 &Rk 1 k., & 1
RIS SE I AT (2018 4F 7 H) BB S5H4
1.3 FHYIBEE VA D RERE 4y

T 2018 47 HFERE 30 mx20 m BIRETT N, 050 F b o R4S 1 A 5 mx5 m IEEARIRARETT i
SRR WITA ARASHLPI I FR 2 A RE i BE RN 36 B 5 [RIE ZEERFE 7 NI 1 A4S 2 mx2 m R, i s HEAAH
YR Fh45 AMAREC R E NS, O EVEAR R AT AR T 72 4, SR Miller £51) (7 vE  HE AR T AR R
T RARARFEYI N EERE (Woody plant functional group, WFG) | EEAAH Y LIRERF ( Vine functional group, VFG) kIS
FEYI DI BERE (Fern functional group, FeFG) R EAAY) DI BEHRFE ( Gramineae functional group,GFG) \FERAFE} FLA
(Z=50) A DI RERFE (Forb functional group, FoFG) FIAAZAEY U HERE (Invasive plant functional group,IFG) , Li#E
AN AN [ R 490 ) B R e 3 0 51) %) i) 3 A5 3
1.4 FEESRES P

T 2018 4F 7 A TR 30 mx20 m AYEE T FRuC LA SR B AR5 ol 9—10 m &b, AR 450158 B — A RAE N,
o ANSRRE A NN 8.5 em MIAEEAN L45RE 0—10 em HEM HFE, EEREWR 2 XA 8, RUSIRES
FEJG I 2 mm FLARGG BARE S 2rh 3 0, — 0y KT Tl A B, — (0 R VR T 3 i
Y& WERE AR iR ( Phospholipids fatty acid, PLFA) Z3#T, 75—~ A4F T 4 °C VKA T L3RS PE Sy
B B B AS  IEAS A BIE
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1 RIRHAEM (T 201847 A)

Fig.1 Stand structure of the experimental plantations ( Photos were taken in July 2018)

A BRALE A J7 2 WL R SERAR T 13 pH BRI pH T ( pHS-25 AL JE HU10 g
WA AR5 LB TK(LoK=1:2.5,W/V) FE/MRA) fF SR MES 5, BCERE pH {6 R30K & i
(Soil moisture content, SMC) K FH 520 52 ; 139 4% (Total nitrogen, TN) 1 R FHIELE IR I 4TI ( AA3,
Bran and Luebbe, Norderstedt,Germany) % ; 133 48 ( Total phosphorus, TP) >R H & & AL 4Nk Ja 40 E6 Pt Lo
A5 5 38 48 (Total potassium, TK) >R FH & & Ak 48 08004 - K N 6 BE 132 00 72 5 + 38 s 2087 (Available
potassium , AK) F LR EGIR HE- K I HCRE TR RE § 133 %W ( Available phosphorus, AP ) FXUiR 17 $2-50 B BT
Fb 850 5E ;5 - 33EA HLJTT (Soil organic matter, SOM) R FH 51 8% PR 4 Ab- A N0 o 5 T 398 A 0 A ) st Tk
( Microbial biomass carbon, MBC) % ( Microbial biomass nitrogen, MBN) il %& >R FH G4/ BE 282 $ 15 FRE 10 g
4, 2 mol/LKC WM U T4 A sh L i sh 0 A e RIS A S A& &, LIEAMA
(Available nitrogen, AN) &8 HESRA SR GTEHZM,

ZHR Frostegird 257 {7 I A2 + 39604 W EVE PLFA &8, SR BRF 2K nmol/g T 3R,
FHRETRR A EERET 19 = 0 BRNAR B9 BEORIHSY . ABE5T 1, H PLFA i14:0,a15:0.i15:0,i16:0,al7:0,
i17 :0F5 78 85 % [CFHA B ( Gram-positive bacteria, GP) ,16:1w7¢ ,cy17:0 18 1w5¢ . 18:107¢ .cy19.:0 FH/RHE 2 [K
B4 & ( Gram-negative bacteria, GN), 10Mel6: 0, 10Mel7: 0, 10Mel8: 0 45 7 il £k & ( Actinomycetes, Act ) ,
18:1w9¢ 18 :2wbc $8 7R EL i, 16 : 1oSc 15 78 AR B #R EL 1 ( Arbuscular mycorrhizal fungi, AMF) 2B
PLFA %8 GP 5 GN ) PLFA &2 il

A R A A SR (o S AL Wl I AT ) BRI (- 1, 4-7 20 B Y T AL N- 2 - B -2 5k
FERETYEG JUREG BERR ) (TG MR R E T RE Y . L AL ( Peroxidase , PER ) 1 4 AL i
(Phenol oxidase , PHE ) I ¥ 2% JH 76 i€ £ EL e ( L-DOPA) MY HEAT I E 2 B- 1, 4- 3 29 W17 i ( B- 1, 4-
glucosidase , BG) Fll N-Z 1B -2 F 1] %5 # 11 1 ( N-acetyl-B-glucosaminidase , NAG ) i PR FH X il 2 2K 2, Pk 3
IR AT AR DB TIPS IR (Urease , URE) 15 MR VR SRR AN -2 By 40 LU (750 12 ; R ME i BRI
(Acid phosphatase , ACP) T A R P X T e TR 5 A JEE 2 28

http ; //www.ecologica.cn



17 34 JRIGER A5 BRERDS AR N AR T AR S SR A WA 2 ) 6753

1.5 BdEgeitortr
MCF AE 4 2 ( Importance value, IV ) THEAFR .
TV = (X 25 B2+ X 25 88 + A X A58 ) /3
o FHXT 5 BE (% ) = 1005 5P B 55 B/ Bir A Fl i) G s )32
FHRTEE (%) = 100xHET7 N AP RRE T A R i B 2K
FHXTAREE (% ) = 100xHE 7 AR 30 A UK e A b o 3004 S B
VIR & R EL. S =HETT N H B P FR AL
Shannon-Wiener EFE‘@Z(H) (291 .

H== 2 pilnp,
K, p, =n/NARGRE § DTN MAE n, o5 BRI SE N, 1 H
Simpson F8%(( D) on
D=1~ 7
Pielou Y51 EEH8 %50 ( ) Y .
H
T s
FH, H A Shannon-Wiener $5 %4, S AL T PN H BRI P FIER
K FHER R 2R 5 22 7341 (One-way ANOVA ) K S A [Rl A BEAR N A Z AR PEFE 4 D e B L 2E | 1R
i RIEREE T R ERUE Y IIEETE PLEA SR 25 5 H] S-N-K AT i & PEAS 56 5 SR T Pearson ARG 4T 7
TR AR AR D RER E S SR I TR ) SRS PEEA T AR OG0B 5 LA 20 B a8 SPSS19.0(SPSS, Ine,
Chicago, IL) /52 R, . MK % P<0.05, 7 R3.5.1 H R piecewiseSEM F J7-4u, %) A4 2 [ 50 5] 5 i) +
SRy M AR I | S M S T SR WA Ve i A5 A O AR AR v 3 R 00 AL SOMLTN (TP |
TK AN AP AK & & M0 —3h (PC1) B98O RAE MRS Y RER T AL & 2 FE T8 8 Dh e i 2
TR TR — Rl (PC1) BB R AL, B P ASBE ST T AT 6 R P4 320 o0 o0 A 2 — b (PC1) A BE %
fiE, FHERUE e A ThREHE PLFA & MBC \MBN 5300756 — 4l (PCL) FBHERAE . FRL5r 0 Hrk
F vegan FEJF 1T SR Sigmaplot 11.0 i BHZ: &

2 HREHS

2.1 FEYFPSORT)RERELLAL

ARSI W I 3 A4 R 55 R, 0@ 32 B 48 JE s o RAKE Y 25 Bl EEAHE D) 18 Fh BRISHEY) 4
Pl REAEY) 3 Fp 2R 2 b AR 3 FP (L 1), R 1 AT LAE it FH PR 5050 3 B0 N TR N 4
RN RERFLH N A T &8k, N TEREC(MT) I, #KF L WFG \VFG \FeFG GFG S 3EALH | i 2H 735l
K 29.17% 25.99% 22.50% 21.87% (&l 2) . A% w5 49 206 J1 [ B2 5 ( LHF ) 5 458 25 1 FeFG 19 H B (Y
(IV=53.87%) , BEFK T VFG RYEZAE(IV=9.79%) , MM T WFG GFG HEHA FrF&(%, IFG B Z (A Fr
ETF, A A R AR (MMF) S8 3548 T GFG Y B, He B (N 39.13%, VFG  \WFG 5 2K
W 2 TR, 50508 13.24% F1 12.77% ., = 59 5 AR 22 it FH 5% 257 (HLEF) B, ARCR DL WFG 2 {H fe iy, °
32.35% , HK & FeFG Fl VEG, 735K 24.52% 1 23.37% ,GFG F% N 17.62% . TEFTA AL FE b | 254 4 A
N AEP I RERE 0 Ll i, S 0—4.29% Z 8] (K] 2) .

A 3 AT LAE 5 0 T BR B L it FH I 5 700 4 A ) 2 B 1 R AIK T 40 3= & B | Simpson #6548, Shannon-
Wiener 850 Y5 5] BE 78 80, Horb ) BR TR 2 55 490 5 i FH o 0 50 I 38 A T K R A 9 Y Simpson F§ % ( P<
0.05) 4, HoAx 22 A B3 (P>0.05) , {7 B 5 50700t FH v 32 1) 335 T RIS REAIG, P R = 188 s Z R e 8K
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NEBLEHHE B (K 3) .

R1 FELERMA IR TEDOH EFARREEE
Table 1 Species composition and importance value of understory plants and functional groups in FEucalyptus plantations with

different treatments

Yy IIfERE FEZE Important value/%

Plant species Functional groups MT LHF MMF HLF
AKRZFET Litsea cubeba WFG 7.03 0.82 0.19 3.49
F5Hd Mallotus paniculatus WFG 4.66 0.58 2.58 5.66
W4 S} Melastoma candidum WFG 3.68 3.87 0.61 5.16
KH Clerodendrum cyrtophyllum WFG 3.39 — 0.73 0.32
KEE 88 Schefflera octophylla WFG 3.19 1.7 3.9 1.43
L14T 58 Abutilon striatum WFG 3.15 — 0.27 0.23
Y8R Aralia chinensis WFG 0.97 0.63 0.17 0.16
KB Pavetta arenosa WFG 0.67 — — —
WFHE Toxicodendron succedaneum WFG 0.41 — 0.92 0.29
FREAEM Zanthoxylum avicennae WFG 0.41 — 0.24 0.2
=X FEvodia lepta WFG 0.29 0.67 0.19 0.35
BBH ST Melastoma normale WFG 0.24 1.43 — 1.22
IEREAZE T Litsea glutinosa WFG 0.23 — — 1.83
{5 I Desmos chinensis WFG 0.2 — — —
B A Cratoxylon ligustrinum WFG 0.19 — — 0.1
L Breynia fruticosa WFG 0.15 — 0.08 0.19
SRR Symplocos botryantha WFG — 1.34 0.12 —
HIIMER Trema cannabina var. dielsiana WFG — 0.48 — 7.61
ERRA Rhus chinensis WFG — — — 1.32
EMER Eurya ciliata WFG — 1.44 0.46 2.57
FAHFA Ficus hirta WFG — — — —
FURKE Ficus pyriformis WFG — 0.15 0.08 —
W44 Sapium discolor WFG — — — 0.22
YeF Gardenia jasminoides WFG — 0.5 — —
FBEAR Rhaphiolepis indica WFG — 0.22 — —
MRS T Rubus cochinchinensis VFG 6.27 0.81 5.7 14.65
W4T Lygodium japonicum VFG 5.8 1.13 1.09 4.26
] AR %G Ampelopsis cantoniensis VFG 3.87 — — —
A1 Hedyotis hedyotidea VFG 3.55 4.43 5.27 2.39
EMt 44 Mussaenda pubescens VFG 2.95 1.41 0.35 1.35
B R Morinda parvifolia VFG 1.51 — — —
HAEFRTET Embelia ribes VFG 0.67 — — 0.62
BT Rubus corchorifolius VFG 0.5 0.7 — —
I HHE Hedyotis caudatifolia VFG 0.34 8.04 2.15 0.9
$ZH Smilax china VFG 0.32 — — —
B354 Cayratia japonica VFG 0.29 — — —
F A Strophanthus divaricatus VFG 0.27 — — —
Wil B Gelsemium elegans VFG — — 0.24 —
L1 Rourea minor VFG — — — 0.1
%A1 Trachelospermum jasminoides VFG — 0.58 — —
BB Pericampylus glaucus VFG — 0.48 — —
+1K% Smilax glabra VFG — 0.24 0.23 —
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Wy Fg e FHEE Important value/%

Plant species Functional groups MT LHF MMF HLF
T-H 6 Senecio scandens VFG — — 0.36 —
KI5 BBPR Blechnum orientale FeFG 10.72 10.25 5.76 22.32
1B SE R Microlepia hancei FeFG 10.38 34.49 14.78 2.19
BRASHE Dicranopteris linearis FeFG 1.4 5.24 6.38 —
i Preris semipinnata FeFG — 3.88 5.18 —
118 % Dianella ensifolia FoFG — — 0.3 0.67
B ERSE Scleria elata FoFG — — _ 0.41
INETEFERE Ottochloa nodosa var. micrantha GFG 12.39 5.23 20.16 7.4
FHATEE Miscanthus floridulus GFG 9.48 3.46 18.12 9.98
JLEL Arthraxon hispidus GFG — 1.49 0.85 0.23
YLETH Bidens pilosa IFG 0.47 0.75 2.45 —
HWiBkAE Urena lobata IFG — — — 0.17
WM FAEE Borreria latifolia IFG — 3.53 — —

MT; A T.B%# Manual tending; LHF ; ff31 2 5 AR B B W5 Low-dose high-frequency herbicide application ; MMF ; #3712 r 45 R 4 0 301 155 it
Medium-dose medium-frequency herbicide application ; HLF . &5 5% S A AR 3 Bk K7 WL High-dose low-frequency herbicide application; WFG : AZAH )
HIfERE Woody plant functional group; VFG : BEA I I RERE Vine functional group; FeFG : B AERE Fern functional group; GFG : RECHIYI LA
## Gramineae functional group; FoFG ;JERARL FA (445 H P DI HERE Forb functional group; IFG : AMZAEYI T HERE Invasive plant functional group

2.2 TIERAEY Y R RO RERE A L

MT .LHF MMF #1 HLF &b B () + e A 9 A= )
WAy R (375.72+17.97) mg/kg. (290.94+12.88)
mg/kg . (127.24+7.00) mg/kg . (279.63+23.52) mg/kg,
TIEM AW EY ERN S E 25 (49.71+1.86)
mg/kg . (25.90+1.41) mg/kg. (22.87+0.55) mg/kg.
(23.89+1.27) mg/kg( Kl 4) , HIEBAED LYK A
I TR B 5, MMF A%, 7 220 et SR 3
B, it FH B 51 Sl 2 AR T S E A i e R A
MMF ) 1 A ) A W o e B8 3% (IR LHF fl HLF (P <
0.05) , M =FHZ A A AEY = A ERARE (P>
0.05) (K&l 4),

L5 8, HLF ((9.19+0.12) nmol/g) A1 MT
((8.89+0.33) nmol/g) i T3 5 PLFA 25 A W% (P>
0.05) (HPIE Y B &5 T MMF((8.19+0.18) nmol/g)
M LHF((7.74+0.13) nmol/g) ) -4 & PLFA (P <
0.05), i & ZEMZERBAEE (P >0.05), 5 MT
FIL , LHF 53355 T 5 PLFA | ELTE FIZR 1Y PLFA
i MMF 35 AR T R A AL, PLFA (P <0.05) , 1
HLF M40 PE | LA | AR AR L DL XS PLFA 5 MT

ow ALK = R R
70 - TEFIE RS 552 R R ARSR
60 +
S s0t
2
o £
=2
=
i
: : aaa
VFG FeFG  GFG FoFG  IFG
HHA I RERE Plant functional groups
B2 AELGEZHMAIHRRTENIEEERE
Fig.2 Importance value of different plant functional groups in

understory of Eucalyptus plantations with different treatments
WFG : KA I BERE Woody plant functional group; VFG; FEA Y
Y3 e B Vine functional group; FeFG: Bk 25 4 ¥ ) € #f Fern
functional group; GFG : R HEAHY) I iEHF Gramineae functional group;
FoFG: JERABI A (J2 7)) #H Y Ui fie #f Forb functional group;
IFG : AMZAEYI TN BRERE Invasive plant functional group ; A[Rl/INE FFHF
F7R Al — DI REREA [RI 4k B 8] 22 5 2 3% ( P<0.05)

PR 25 (P >0.05) (R R A PLEA & W 5 . 55 MT A EL, B B3k 0 750 v JE2 194 8 Jon AR 0t 24 g
i, A BUEYIZERER PLRFA & e FIE RN (&1 5) .

2.3 LHSROERIE

A MT A LG, B T HLF 2B 0 25 A% 1 4 (TP ) i & R Ah AN [F] Ak B R) 3855 7 8 R 1 TG 1 35 22 5+
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R2 ATREZMATHTEFSHFHE

Table 2 Soil nutrient properties in Eucalyptus plantations with different treatments

AR Variables MT LHF MMF HLF
pH 3.87+0.20a 3.57+£0.02a 3.88+0.29a 4.02+0.19a
j—?‘,/‘\ N=N
ii&aﬂ(i 31.83x1.71a 32.39+1.99a 30.31+4.05a 29.20+1.91a
Soil moisture content/%
Ere PN =N
il%;ﬁjfﬂﬁﬁ Hi 32.88+1.99a 31.64+1.66a 30.12+1.83a 30.50+2.26a
Soil organic matter/ ( g/kg)
TR
1.01+0.1 .76+0. .715+0.06:¢ .89+0.04:
Total nitrogen/( &/kg) 01+0.17a 0.76+0.07a 0.75+0.06a 0.89+0.04a
A E R
LR 0.40+0.02a 0.36+0.01a 0.35+£0.00a 0.31+0.01b
Total phosphorus/ (g/kg)
T
1.87+0.1 1.53+0.14 1.73+0.12¢ 1.79+0.
Total potassium/ ( &/kg) 87+0.15a 53+0.14a 73+0.12a 79+0.07a
s A ol e AL
i%ﬁ)&ﬂ R 96.71+4.35a 96.86+1.61a 91.36+1.52a 99.64+4.86a
Available nitrogen/ ( g/kg)
U i R
7.66+0.61 .02+1.02 7.54+1.2 .90+0.1
Available phosphorus/ ( mg/kg) 66£0.61a 8.0221.02a 54x1.26a 6.9020.18a
ER: Sup gl s

48.64+2.02: 47.98+1.03: 46.60+1.48: 46.26+0.69:
Available potassium/ ( mg/kg) + a + a . A . .

ARG EhE 7R AN R A HRR) 22 57 8 3 (P<0.05)

®3 TEALIBRRR A THkE T EEEE T

Table 3 Soil enzyme activities in Eucalyptus plantations with different treatments

754 Variables MT LHF MMF HLF
-1, 4- T A
B-1, ﬁﬂ@ﬁﬁﬁi& R 16.71+0.62a 13.51+1.14a 13.42+1.02a 14.79+1.48a
B-1,4-glucosidase/ (nmol g™" h™")
N-Z.[t-B- 2 A7 :
k-2 ﬂﬂ%*}%ﬁﬁ@ S 11.44+1.02a 8.10+0.70a 9.63+1.08a 9.37+1.04a
N-acetyl-B-glucosaminidase/ ( nmol g~ h™")
AR
. diin T 878.99+23.85a 623.64+17.40b 546.94+16.86b 600.90+18.25b
Acid phosphatase/ ( pmol g~ h™")
AL
il mﬁ_ I 1.51+0.18a 1.07+0.07a 1.05+0.13a 1.28+0.07a
Phenol oxidase/(pumol g™ h™")
ik S ALYyl
Li{ d T 54.80+2.29a 45.68+1.92b 40.20+2.09b 48.29+1.83ab
Peroxidase/ (pumol g~ h™")
i it
51.94+0.96b 50.66+2.02b 51.13+£2.37b 59.67+0.71a

Urease/ ( wmol g™' h™")

2.5 MRS T A M R T 0GR

PRI T 45 SRR MR AR Y DI RE R 5 1A ) 5 PLFA TR PLFA 5% [GBAME R PLFA &
PER AR B EFIEMHXKR(F4), BAEYD IR S 24 28 5 PLFA 415 B A B 4 22 G
PE L FRBIMER PLFA \BG NAG \PHE & PER 51 &2 B8 o B8 i IEMI EE R . MBRISHE Y DI RefE 5 &
BB PLFA 2N B B 22 [ICPHPERS PLFA NAG PHE JE 152 B8k B fAH e LR, R
YITRERE S A A MBC R B EMAHEKER M GP : GN EBEEAEER, I aeri 54
B DRBAG P 2 3 T IR R,

SEFY T FERRY I B T SRR MIRETE 68% MR S5 0] Fh BR FLFINT - 857 0 AR T AEP RIS | - RS MY
SR R (B 6) . BEHUERCE B4 A 45 M . Fisher's C=1.627,P=0.443, [ i df=2, BREEH0% 35
TR IR TR (0 BTS2 A JE R B35 (B =—0.004, P=0.991), I & 32 %530 of B AR AR T AW BEVE 2 REME (B =
-0.655, P=0.020) \ 35253 (B=-0.342, P=0.276) a4z 52 M 38 A= D iEvE . eAh, B s 0 A S i v 1
HISZ AN 3 (B=0.431, P=0.395) ,{H + EEGIEPE Wl 2 5 e - SR W E % (B=0.573, P=0.041)
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Table 4 Correlation analyses of importance value of understory plant functional groups and soil properties, microbe and enzyme activities
AF i Variables WFG VFG FeFG GFG FoFG IFG
3 Soil properties
pH 0.288 -0.023 -0.426 0.360 -0.007 -0.206
SMC -0.019 0.267 0.034 -0.297 -0.113 0.357
SOM -0.255 0.274 0.157 -0.250 0.053 0.313
TN 0.375 0.861 " -0.463 -0.297 0.069 -0.208
TP -0.183 0.070 0.023 0.066 -0.692" 0.215
TK 0.316 0.685" -0.719"" 0.142 -0.054 0.086
AN 0.115 0.429 0.180 -0.669 " 0.500 0.028
AP -0.098 0.033 0.102 -0.183 -0.182 0.510
AK 0.051 0.242 0.050 -0.180 -0.169 -0.374
FIEREY) Soil microbe
MBC 0.506 0.399 -0.046 -0.609 " -0.060 -0.223
MBN 0.253 0.507 -0.339 -0.076 -0.356 -0.210
Total PLFA 0.589" 0.807 ** -0.779 " -0.006 0.254 -0.393
Bacterial PLFA 0.576 0.794 " -0.718 " -0.075 0.177 -0.327
Fungal PLFA 0.275 0.698 " -0.768 " 0.311 0.170 -0.287
Actinomycetes PLFA 0.664" 0.695 " -0.676 " -0.122 0.350 -0.426
AMF PLFA 0.215 0.423 -0.505 0.252 0.203 -0.420
GP PLFA 0.391 0.593" -0.708 0.192 0.335 -0.267
GN PLFA 0.620" 0.793 ** -0.522 -0.359 -0.055 -0.301
F:B 0.016 0.460 -0.639" 0.521 0.131 -0.194
GP : GN -0.464 -0.447 0.074 0.579" 0.286 0.142
SR T
Soil enzyme activities
BG 0.478 0.691" -0.520 -0.134 -0.152 -0.405
NAG 0.210 0.749 " -0.594 " 0.124 -0.126 -0.282
URE 0.564 0.373 -0.317 -0.284 0.690 " -0.429
ACP 0.423 0.115 -0.265 -0.143 0.452 0.028
PHE 0.502 0.845"" -0.616" -0.212 -0.053 -0.142
PER 0.691" 0.591 " -0.448 -0.376 -0.069 -0.287

SMC : Soil moisture content 37K 435

# ; SOM : Soil organic matter 134 HL

;TN ; Total nitrogen 13 4>%(; TP : Total phosphorus -3 47 ; TK .
Total potassium 344 ; AN: Available nitrogen 1 HEF5 4% ; AP : Available phosphorus + 3% 50 ; AK: Available potassium 1 3

241 MBC:

Microbial biomass carbon +3E{H4= ¥4 ¥y % ; MBN ; Microbial biomass nitrogen 3343 4= ) 4= 4t % ; Total PLFA ; . PLFA ; Bacterial PLFA . 4[5
PLFA ; Fungal PLFA ; JL1# PLFA ; Actinomycetes PLFA ; it 2% 8 PLFA ; AMF PLFA ; Arbuscular mycorrhizal fungi PLFA M HR ELH# PLFA ;GP PLFA .
Gram-positive bacteria PLFA # % [ fH4: 7 PLFA; GN PLFA : Gram-negative bacteria PLFA # % [G [ PE & PLFA;F @ B: Ratio of fungal to bacterial
PLFA B0 L ;GP : GN: Ratio of Gram-positive to Gram-negative bacteria PLFA; BG; B- 1, 4-glucosidase B- 1, 4% %5 M 15 i ; NAG ; N-acetyl-B-
glucosaminidase N-Z.Mt-B-Z HEH Al ; URE ; Urease IRfilF ; ACP ; Acid phosphatase R YE B B2l ; PHE ; Phenol oxidase % fL i ; PER ; Peroxidase
i AAL IR ; = 18U P<0.05; # = 10 P<0.01

3 g
3.1 BREAIRALY R AR S ERE B R R

mi=]

ZHATON TR REAR T P Fh SR B DR R I, B B0 R YR SRR R, H2
SFERPLLRUR AU R B B R ) Bl A 4 e SR U ) R R T R R A e 2 R [
(AN TRER Y *E%H@ﬁﬂ?ﬁﬁﬂ’]ﬁh}—jj S 47T B — I 500 2470 22 Rl 53k e 1) 9 AL 00 o S A 5 A B
N0 Zhou S5 IS K I ek e EE e A% Ak R S SR A AR R R T 2 R R SR AR A 1
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