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Abstract ; In this study, the mixed second-generation Eucalyptus urophylla and Dalbergia odorifera plantation (MP) was
taken as our object, and the adjacent pure second-generation E. urophylla plantation (PP) was taken as the control
(CK). We used phospholipid fatty acids (PLFAs) as biomarkers to assess soil microbial community composition and
measured soil enzyme activity as an indicator of soil microbial function. We focused on the effects of mixing N-fixing
species with E. urophylla on soil microbial community composition and function in subtropical China. The results were as
follows: (1) Soil organic carbon (SOC), total nitrogen (TN), ammonium nitrogen ( NH,"-N), nitrate nitrogen
(NO,"-N) and pH in MP were significantly or extremely significantly increased by 61.92% (P<0.05), 60.12% (P<
0.05), 72.87% (P<0.01), 488.49% (P<0.01) and 15.97% (P<0.05) compared with that in PP, respectively. (2)
The ratios of fungal-to-bacterial biomass (F/B) were significantly lower in MP than that in PP. However, there were no
significant differences between the PP and the MP in total PLFAs and the ratios of gram-negative bacteria to gram-
positive bacteria (G™/G"). (3) The soil microbial community structure was significantly differed between MP and PP,
and we found that the soil microbial community structure is strongly influenced by the variations of pH, NH,"-N and
ratios of organic carbon to total nitrogen in litter (C/Ny,..). (4) The activities of B-glucosidase (BG) and N-acetyl-
glucosidase (NAG) involved in soil carbon and nitrogen transformation were significantly higher, but the activities of
peroxidase (PER) were lower in MP than that in PP. Nevertheless, the differences in phenoloxidase (PO) and acid
phosphatase ( ACP ) activities were not significant between MP and PP. The results indicate that interplanting of
nitrogen-fixing species in Fucalyptus plantations may be an effective management measure to improve soil quality in
subtropical region.

Key words: FEucalyptus plantation, N-fixing species, soil nutrient, soil microbial community structure, soil enzyme
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X A 2 E U N TR 4 7 0 1 34 0 72 1Y
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1 R 1) B E 4115 ( Waldrop et al.,2000; You et al.,
2014) , B2 5 254 PSR o> ff , 845 5 L 0%
FEor 0906 M0 i A A A R G D e Y B EE 2K B
EM L ER TR 512" (Xu et al., 2015;
Maillard et al.,2019) , H3EH R BELLA ISR
e 3 A RERAE W) B 4 W ORI b 70 28 1 5
AW Ak R SORT I B DR AE B 35 4, A R )
WMSC R 43 1) < A B AEA [R) 1) - S A W i
ZH (A0 TR R LT ) S - 38 57 3 1Y B AL A 2K
PEo R0 - EmG b oA W) 0 W 7™ A T — 8
FREE b R AR 43 3 A W T g K/ B 248 A
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TR B Bk 78 K 2 1 52 ) B AR ) FR 4 1 AR
( Sinsabaugh et al.,2008 ; Wang et al.,2019) ,

R ASAIE 58 B AR 4R TSR N ARG T A
PAME A B AR S, 380 1 R S R A At
FR TR A, T RE Bk T O v ) B A B A DA K A
PRAGPE T, B X 1 HE Bl A W e s 45 Al R 2 RE 7 AR
WP L S 2 L OCSHE A B B R 2 AT 22 JF WA b
BT 53T SR AL Z R C &R R
1) T A A8 T A AR N bR o e LR )
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1.1 B X FAEE LR

ABIEGE S T P AT R R AR AE S R 5
G 8 AT W DU 52 3 DX 388 PN 1 v ROl B 2% BF 5 B
PipROlL S8 L ) T FAR 3% (106°50°E 22°10°N)
ST BT A ARR Y 21 C AR
PIRETEN 1400 mm, FEZW HHERAUN I XA
WACTE B 21338, 1L 3 B B oy 2 2 4 ( Huang et
al.,2014) .

A5k B B R % ( Eucalyptus
urophylla ) 55 K& AR M (MP) M WFFE X 42,
FELLRR #2155 AR E R A gl Ak (PP) AE Sy X R
(CK) ., MP & PP F 2008 45| AR 518 1R A2 Ff
M RSB 12 1) JFIE ALY, 1 MP F1 PP ()56
“RE R H— R E B AAE 2008 4B
R 5 FHT A 2F N, 2015 4E JEH RSB T
FIHLIE 2R ARG 258 T, 76 PP A1 MP w1433 3%
BT 38400 m*(20 m x 20 m) Ph7 BOBFIERE M
IEXIHE ML AT PR A (AREREVR R A7k ) o 72 PP
B e 1Y %5 B M 42 R v 43 0l A 1 096 B -
hm?  (12.64+1.03) cm F1(17.64+0.83) m; £ MP
W, BRI AR AR 4 R 1032 Hk -
hm?  (12.5120.76) cm F1(17.51+£0.74) m, [ 7 &%
MY % B M AR R 4 O 964 Bk - hm?
(4.54+0.36) cm F(5.61+0.53) m,

1.2 LWHEFERRE
1.2.1 2EHBRE FT20I154FE2 H(TRZE)MS
HBAZ) | 5% PP A1 MP ()3 )2 3 TR

B YRR AE 1A R R, T BRI ZE L
T2 AR, R LM RN 1 2 A HuR
Huls 5 m, 7E 0°,45° ,90°  135° ,180° ,225° ,270° Fil
315°77 ) LA 15 8 ARAE A, BEASRAE S L4 (N
%5 em) B;—455 0~10 ecm + )2+ #E, BEHEEHD 8
ASSREE R L IEFT RSN 1A HERE S

B T IERE S AT 20 Pk 2 4 T (AN B s i AR
AMAPEE) i LI (2 mm) 7R AP — 1
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A AR BRI 3 BT U 5 05— CE B N A R
W IS W O 3 - HE i (0.149 mm ) , BfF AT+
A AL AR AR 19 43 BT E
1.22 MM H Rt TSP RENLA B 6 1
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M J5 ik 2 MR i) 4T (84 B,
2000) , FREGH i 1+ HE7E 105 C P EfH &, )
s Lo el AT TR AR A I SR R 14
pH (EHRH pH I E [ m(+) : V(K)=1:2.5];
A HLRR (SOC) K K, Cr,0,-H,S0, E AL 4T
DZE ; TR (TN) R IR E REH#FATIE . FR
WA T 10 ¢ T & 0y & + 24 50 mL B KCl
(2 mol « L) W IRH )5 , 76 it 30 23 b {3 bl e
NH,"-N F1 NO,-N & &, H U & (AN) & & A
NH,"-N #1 NO,”-N & Z fl, (You et al.,2014) ,
TR (TP ) SR R RR TH &, SH BT L VA A
H R (AP ) K NaHCO,(0.5 mol - L) 242, 4H
BRPL L AT E (B4 B ,2000)
1.32 23 mAmBEZLEHMN T HKIE Bossio et
al. (1998) ik ity 7 i Fnadk 72 , 2R FH W i g 1 R v
(PLFAs) il 2 -+ 3 13 A= W Bk v &5 40 5 3 b % 1R R
IR AR IC W (3 E BT 19 = 0 By PN AR ok B 5303k
15, 2Z Je % g Bl B A i R #E A7 05 28 0F 4R R
AR ) (A D2 (A T | L T IR T 5 ) , I
KIS You et al.(2014)
1.3.3 2B E MmN E FRE1.25 g B+ A
125 mL % 50 mmol - L™ R 41 2% v i (pH =5.0)
BRI R A R A RO, SR G RCT
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MR 2 7K fige Wl 0% M I A2 K R 365 ~ 450 nm
( Saiya-Cork et al.,2002) ; >R H Eb 835 I 22 A fL il
T SE KN 460 nm (Li et al.,2010) . FFA
I E B e B bR AR HEAT BRI E 8 A
E,(ﬁ@ﬁfﬁéﬁ—jﬂ pmol - h' - g'1 dry soil, £
i+ SR A DD RE RS BIEILE 1,
1.4 RS

TEGETH 53 BT i 44 SPSS 19.0 (IBM, Chicago, 1L,
USA) b, R ST FEAR ¢ K256 (Independent Sample

¢t tests) K56 PP I MP Z [A]JA 7 WP | -3 34k 1tk
JT A A W AR i R A S 0 25 SRR
MK BN P<0.05, R F B 4 i
(principal component analysis, PCA) ;% MP F1 PP
TR RIS S R Y o3 e AR TR A TR 23
HT (redundancy analysis, RDA ) X 520 38504 Wy i
Vo L AL) MR AR S BRE TR AT R O o A A
A H e G HE I KB [T (P<0.05) . PCA Al
RDA /7 H1EH A CANOCO 4.5 12T,

®1 BEVELRER

Table 1  Details of enzyme substrate
fiE i ES ke JEY (WRE )
Enzymes Name Function Enzyme substrate ( concentration)
7K 1% i BG R i 21 2 R 4-MUB-B-D-glucoside
Hydrolytic enzyme Cellulose degradation (200 pmol - L)
NAG R LT BT 4-MUB-N-acetyl-B-D-glucosaminide
Chitin degradation (200 pmol + L)
ACP P DL T o 2 4-MUB-phosphate
Mineralizes organic P into phosphate (100 wmol - L)
AL PO HEAL S AL L-DOPA
Oxidation enzyme Catalyzes oxidation reactions (25 mmol - L")
PER A S AL S i L-DOPA
Catalyzes oxidation reactions (25 mmol - L)

. BG. BT EE ; NAG. N-Z -2 Bl ; ACP. MRPERERRAG ; PO. B LA ; PER. 3T A LAY,
Note: BG. B-Glucosidase; NAG. N-acetyl-glucosaminidase; ACP. Acid phosphatase; PO. Phenoloxidase; PER. Peroxidase.

2 HERH A

21 —_REER4MHsINBEEREXZMHEI L
TR 1Y M R AT R i

H &1 Al A A T PP, MP RGP AL 4R
br, G55 A HLEK (SOC) B A (TN) 8% & A
(NH,-N) S Z (NO,-N) #l pH {H 5 5] B & s
BEWANT 61.92% (P<0.05) .60.12% ( P<0.05) .
72.87% (P<0.01) ,488.49% ( P<0.01) F1 15.97%
(P<0.05) ,iX Al g 5 R A B L] A2 M E Bk
MG, B 5 &Y BCE (LF) F1 i (IR
C/Nier ) » VA SRR 28 B 5 (31 80 TR ) A 82 [
RAT K MP 1Y - HE S8 (TP ) FIA Rk (AP) & &
¥R F2Z(P>0.05) (K 1),{H SOC/TP Fl
TN/TP H H 3 B & B0 (P<0.05) (% 2)
22 _REERgMHSINBREEEEZMHE L
EREMEMEELEHNIN

WX AT PP ORI MP 8 38 8 W 0 A

P M SR AR, E TR T (2 A) Ml
PP MP (% 1 5 S8 G AR D7 R (R AL S A
i) TP TR L 5 =2 DG P 4 TR R AR TR AR
ELIE A TC &80 (P>0.05) |, 240 B FE
F A= W) i 3 39 8 S I T 22.68% 1 56.62% (P <
0.05), H E B A4 2 0 /> T 23.52% (P<
0.05) (Kl 2:A) ; 7EIR AT (8 H ), 5 PP ALK, MP
{14y - SFE AT TR RN 4 > F B A0 T 0 A ) )
BT 14.10%F1 72.14% ( P<0.05) , T ELE 49
R EMAR T 19.38% (P<0.05) , M LY A= Yy it
ST ST (2% LG PH A A0 B 2k T R R AR
HF) ARSI %24 (P>0.05) (Bl 2:B),
PP 5| AT E MR MG , 038 U8 T B /40
W (F/B) AEX 2% [C B4 i/ FHYE AN B (G /G™)
TC R (& 3)

Wt X PP A1 MP 38 /Y 23 ok g B I 2 AH
X 43 b (GRAE A W v 40 ) 64T 32 L3 3
(PCA) 45 WoR  fE TV 215, PCAL1 Fl PCA2 4
R T L IEME YRR AR S 72.1% 1 16.1%,
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K1 MP AYREY)A S BARRS T PP YRR AR
Fig. 1
mixed plantations of Eucalyptus urophylla and

Change rate of plant and soil properties in

Dalbergia odorifera (MP) compared to pure
Eucalyptus urophylla plantations (PP)

PCA1 BEJE PP Al MP &+ 3804 A W 8% 0 B (X 4
T (B 4:A) ;R ZETT, PCAL Fl PCA2 43 51 i
BT LAY R R 48.2% 1 27.9%,
PCA1 F1 PCA2 #JHEW] 4 PP A0 MP 1 - HE 2R
PREE X 0 IF (K 4:B) , IXSELREH] PP 5| A
A AR s AL S, BE B e A )
FEIE 254

JUARSTHT(RDA) 25 5 R B 55 — R s —
F Al 53 0 e A R - R E I RE TR S IR IR 2 (]
K RAF LN 84.6% F1 9.4% , FT kY 9 NI B5 [H
F(C/N,,.. .C/N_, .LF NH,-N ,SOC TN .FR .NO,-N
M pH {8 ) BE i B 1+ 8 G0 A= 4 B 7% 41 %28 55 1
90% , 15 1Y 3 1o HF 7 e 20 7 Ho i 9 pH B \NH,-N
FIC/N o 2 SR BT MR T 20 W72 S5 0 e 2 T
F(P<0.05) (K 5) , et L5 AL e vE A 57
1) it B 5331 63% 8% 1 6%
23 _REERAMKINBEEERESMHEN T
EEE MR

ETERZET, 5 PP ML, MP B9 BG Fll NAG 43
BB R T 25.38% 1 41.04% (P<0.05) , {0
PER &ML T 23.42% (K 6. A) s TEIR I,
MP () BG 1 NAG 153 il i 25 #2551 28.94% Fll
27.15% (P <0.05), {3 PER 0 % B & (R A% T

31.49% (P<0.01) (& 6:B) ;1fii PP il MP Y ACP
MPOETREFTHBMAET Y LR EZER (P>
0.05) (Kl 6),

+ B A W R VR RN A M W TS M 09 R R BR
(Pearson) MHOCHE A B &5 R W3R 3, 3R 3 WA,
YA G5 PER 2 B EF MW RAHCKE R, M G
5 ACP 2B FEMIEKAR; HW S PER 2 B FIE
MHRKR LR S BC W B FIEMLRR,H
A AR EL TR ( AMF ) 55 0 - 38 1 3% M 1) A ¢
P E

3 Wi 540

IR Dy 2 2R AN A SC B A LA 1 Y Sk
AR NTTER , FE AR A A I 1Y) f5 o 22 BR 1 P 1
Z—  HEERE LB RG W S BB IRy £
FEPEMIAE S RS TRE . I8 AU PR 22 5 81 U
B 2R 1 HTREAEAR 4 M % 47 [ 80 T 19 [ &CRE ), I
Epd e IR T B LA, AR AR K],
Bt ANMEEEES RERBKIERZL T a )5,
AE 25 4 v L L R A SO A R S R ) o
BN EEE T SOC/TP  TN/TP AN/TN % X 5
VLTS5 A8l ( Rothe & Binkley 2001 ; Kelty,
2006 ; Huang et al.,2014; Huang et al.,2017) ,

TEAWEFE b, FATH SRS T e s S —
RE R A B 5 H R A Wy e & v
SN RE RS A S OGBSk B I 3R . R
Bt B R I B v R T R SR AR W 1 R
LB 2 H A %A 58— aiie, — k5 kK 3
T EAE B AR S A AT A YRy B A K
( Waldrop et al., 2004 ; Zeglin et al.,2007) , {H4L44
—SEAIF S e G 9 R A IR s ) R A
AW B BAE A K, A I X B S e A T H
(DeForest et al.,2004; Treseder,2008) , iX t8 7F —
FERRE BB T ARHESE TR MP Y IR A W
O ABA BRI, H AT 5K 8 SR
RETE SRRy SC R A= Wy AN AR AR W Y 7 19 A IR IE
FAE KA & 1 ( Brockett et al.,2012; You et
al.,2014) , AT ICR 24878 1 1 A
W R S AU BRI G 3500
HE pH {H NH,"-N 1 7% Y BR A L (C/Ny,,,, ) AU
FAEA IS T A R v A A R A A
B FEE KB A ¥, iX 5 Hogberg et al. (2007 ) By
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x2 PPHMMPLERSFENENL
Table 2 Changes of soil nutrient quality in PP and MP

ViEs
SOC/TN SOC/TP TN/TP AN/TN (%) AP/TP (%)

Forest type
4k (PP) 13.98+1.02a 12.37+£0.99b 0.95+0.13b 4.9+0.10b 1.12+0.06a
RAZHR(MP) 12.95+0.84a 20.4+1.30a 1.52+0.12a 6.25+0.48a 1.23+0.05a

I BUE =P EARMER . RE/NG FRARZESR B3 (P<0.05),

Note: Value=xzs.. Different lowercase letters mean significant differences( P<0.05).

24.0 NS 400

50,0 | A . - R PP 3504 B nNs w52 R4k PP
16.0 T 2 BERME/EEERERA A MP 30.0 1 = BB/ A BRI MP
= i ~25.0
5 =
e - g 200
& I NS &, 150 *
= v NS
% g iﬁ -] s g s 10.0 iﬂ o
= =2 = g
& = 351
i a3 3 >
~ c.'_] 2.0 1
N I o I
|| 0.(5) 1
T B G* G~ F A AMF T B G* G~ F A AMF
IR A RETE Soil microbial community TIEM AT Soil microbial community

NS, s, s PRIRERZEF AL (P>0.05) 3 (P<0.05) FIfk 8.3 (P<0.001) ; T. SBEIRIGNITE; B. 2 ; G*. #2 [R T
TR ; G- HZICBATEANTA ; F. A A, TR ; AMF. AR AR, FRE,

NS, *, #%* respectively represent non-significant (P>0.05), significant differences (P<0.05) and extremely significant differences ( P<
0.001) ; T. Total phospholipid fatty acid; B. Bacteria; G*. Gram-positive bacteria; G~. Gram-negative bacteria; F. Fungi; A. Actinomycetes;
AMF. Arbuscular mycorrhizal fungi. The same below.

B 2 PP HIMP 75T (A) FR AT (B) (1) TS W2k Wit

Fig. 2 Soil microbial communities biomass in the dry-cool (A) and wet-warm seasons (B) of PP and MP

1.00 1.00

A w2 Ak PP B R PP
0.90 f NS == B M/ WAy B IR A bk MP 0.80 1 = B/ Bl B AR MP
0.80 f T 0.60 NS
Q
= 070 | o 040 -
< =
S =
w 0.60 S 020 .
= o sk
¥ o004t * & 0.06 1
ool 0.04 1 T
0.02
0.01 0.02
0 T— " 0 - .
G'/G F/B G'/G F/B

s fQ R T EE (P<0.01) ,
#% respectively represent extremely significant differences (P<0.01).
K3 PP I MP 7E T3 (A) AT (B)HY G/ GTHI F/B BY7ZE 1L
Fig. 3 Changes of G/ G* and F/B in the dry-cool (A) and wet-warm seasons (B) of PP and MP

WA R —2, L pH (E2 K8l LIERUEMRET  WFEERIT, 8oy Bt (AN A HLBT NH, "N |
LR IR RN T2 —, MR i —2 NO, -N FI-H 38 C/N) 2 3R 3h 4 38 il A 4 i v A8
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-5 -1.0  -05 0 0.5 1.0 L5 -5 <10 -05 0 0.5 10 15
1.5 T - - : 1.5 1.5 T T — " 1.5
A ® |1 J2 k4l PP B ®|EJRIAMPP
= 10| OlER&/EFHAEAA {19 S 10} B\ Rt / e SRR AEHE 1.0
> MP & MP
= &
= 0.5 {05 J 05 10.5
(o]
S L. 5
O © -
£ 0 + 0 ) 1 0
% T 5 +
ﬁ 0.5 1-05 405 1703
11 1]
® .10 110 T 1.0
-1.5 . : : . -1.5 L5 - . - s 1.5
15 -1.0 205 0 0.5 1.0 1.5 -1.5 -1.0 -0.5 0 0.5 1.0 1.5
H—EHSr PCA1(72.1%) E—ERS PCA 1 (482%)
Bl 4 PP FIMP £ T¥ 07 (A) ANRAZET (B) H A W #5480 32 53 20 (PCA)
Fig. 4 Principal component analysis (PCA) of soil microbial community
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