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Abstract ; Bursaphelenchus xylophilus-infected Pinus massoniana forest soils were employed to in-
vestigate the effects of different infection rates of P. massoniana by pine wood nematode on soil
physicochemical properties, microbial biomass and enzyme activities. The results showed that the
contents of total carbon (TC) , total phosphorus (TP), total potassium (TK) , dissolved organic
carbon (DOC), ammonium nitrogen ( AN), nitrate nitrogen ( NN) and available phosphorus
(AP), and soil water content (SWC) increased with the aggravation of B. xylophilus infection in
the forest soils. However, pH values, the contents of calcium (Ca), magnesium (Mg) and dis-
solved organic nitrogen ( DON) , microbial biomass carbon (MBC) or microbial biomass nitrogen
(MBN) significantly decreased. Meanwhile, soil sucrase (SA), urease ( UA), cellulose
(CEA), and phenol oxidase (POA) activities tended to decline, whereas soil acid phosphatase
(APA) and protease (PRA) activities were significantly elevated with the deterioration of B. xy-
lophilus infection in the soils. In addition, the UA, SA, CEA and POA activities were negatively
correlated with the soil physicochemical indicator of SWC, AN, NN, DOC, TP, TK, AP or TC,
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but were positively correlated with the soil pH, DON, Mg or Ca content, respectively. The APA
and PRA activities were positively correlated with the indicator of SWC, AN, NN, DOC or TK,
but negatively with the DON, pH, Mg or Ca content, respectively. The MBC and MBN were nega-
tively correlated with the APA or PRA activity, but positively with the SA, CEA or POA activity,
respectively. It was suggested that the B. xylophilus infection caused the changes of soil physico-
chemical properties as well as soil microbial community, microbial biomass and enzyme activities,
which may be used to assess the soil quality in B. xylophilus-infected P. massoniana forest soils.

Key words: Bursaphelenchus xylophilus; Pinus massoniana; soil physicochemical properties;

soil microbial biomass; soil enzyme activity.
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() BAG PR FIRE 52 ik 20, TEAEFF AR AE B R G 2h
REAI 22 1 & Ji rp ke 3 2 AR H] (Wardle et al.
2004) o IR WG IR SR 40 A 2 8 ok g
TR SE ALY ( Acosta-Martinez et al. ,2011) . ik, +
SR W) L ) i AN T ) 22 R AR - S S 1
TUIROG B 5 B 15 YL W) B Ak 8 IR IR 3 | 0
SRR CE AL o I AR LR Y AR ) B
TR 1 % AN AT 43 ( Andrade , 2006 ; Patel et al. ,
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35 e 1 A2 535 FR (Tu et al. ,2006; Han et al. ,2007;
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NES AN Bursaphelenchus xylophilus) EIE T
2,20 4 80 ERBIMEATKEE N, & —FHA G
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AMFFE XA T 2 BE L g < /N L7

(31°42'N,117°30'E) , ¥4k 63.74 m, J& Wbk
S DU 24 B AR R K i SRR X 43531
$9969.5 mm 15.7 °CFl 75% , V0PI 438, R KEE 55
AR Z) 2 hm*, 230 N TR A 0 4l 2 A AR,
2012 4F 11 A K BZ X A £k AR YL

1.2 Wk

1.2.1 ORISR S H A RAET 2013
AE3H o AR L R YR B BN [RLEE E A AR
RI4Y B 3 A4 . LAESE 15 M58 4 A Juis i o )2
PAVE R HRAL (LA CK 878 ) 5 DAESE 15 R Y, 44
PR B 1 — PR E ) B R AME b v 45 fa E A
(LA MX F7R) 5 LLESE 15 RRYLHG , BHA 58 2 58T 1K)
ERAME N H G EH (L) SX Fm) . BANERAT
BE 3 AT, BT 6 AN A RERYER S, 4
HAERES ecm B HIEEE0~15 em R)Z+,IRE
JEER—AFAT RHERE S SR Bk AR R RIS AL
it 2 mm IR TSRS A — A TS
FHTFIE AR SORD + SR 15 1 5 o — 4 B A7
T4 CUKFE, 1 FE PN E 3000 et A
1.2.2 SRR TN IR A 5T A T
AEZ R+ HAF (2000) kAT, SR ATHET A
8 B KR N A 5 C pH T 48 pH (A
7 FHAR B BT b €203k T 7 4 398 4 5 1o FH BT S0
TR E K Ca A1 Mg; W HZ 0K N/C 3BT (EA
3000 Series, Italy ) #ll & E\fifk ( TC) FLEVA (TN) ; i H
B3 AL ( FIAStar 5000, FOSS ) Wl 12 £ 245 A
NH,"-N(AN) FIA4 25 4 NO,-N (NN) ; i i FlAstar
5000 it B 5 4 B AN E AL P (AP) 52k TOC
AT (Multi C/N 3100, Jena ) I 58 4 38 ] 75 1 5k
(DOC) FIAIETER (DON) (B 2012)
1.2.3  H3ERUEYEGR (MBC) FIE (MBN) 9 5E
RSN EZ%-K, S0, 1= #3250 22 + 4% MBC #1 MBN
(Wu et al. ,1990; 547K 55 ,2006) , W ] TOC 43
A 7 ¥ B W A LA B 42 N % i (Multi C/N



1048

AERTHRE W3 Hal

3100, Jena ), MBC F1 MBN {314 J7 ¥ 40 F.
MBC=E./0.45 ,MBN = E,/0.45  E. . E\ /3 % N H 7%
FIAR B 78 BRI A DR A Y 25 (H (Wu et
al. , 1990 ; X414 2014) ,0.45 S} & 05 B 25 Jm 4 BUE
Yt i He 9 280 (1gbal et al. ,2010)

1.2.4  HIEREEHANE HEIREF (UA) TG PER
FAZR B M- SRR AN L (g . DA 1 g +4837 CHH
REEFE 24 h A2 1 wg NH,-N E X H 1 U(U=
pwg NH,-N - 7' - 24 h™"), ZE 1 (PRA) MR
BT =g, L 24 h 5 1 g B4R 1 mg
NH,-NEX N 1 U(U=mg NH,-N - g”' - 24 h™"),
L YERIF(CEA) 15 MR Rl K 2 Lb 75 D
P72 hiG 4 ¢ B3N 1 mg BZEE XN 1 U (U=
mg glucose - 4 g+ 24 h™') . ZWESLEE(POA) TG
PERHEOREFRILARNE, L2 h 1 g B
AW mg FEREFREXN1U (U=mg PG -
g 2 h7), EEMERE(SA) R 3,5-T Ak R
Feael g, A 24 h 5 1 g H3EA R 1 mg F 2 E
XK1 U (U=mg glucose + g™ - 24 h™"), TIERME
WRIRME (APA) 15 1 R W 8 8 — 48k 22 , LA 100

x1 MMERFESIEBRKTFEBEUERIEL

g 1337 CHEEREFE2 h A 1 mg PO X1 U
(U=mg P,05 - 100 g™ - 2 h™") (AR, 1986) .
1.3 st

I Excel 2003 #4748 AL FE , SR H] SPSS 18.0
BT Duncan £ 5%, (a=0.05) ;5% H Pearson 72
HEFTAHOCHE ST HT

2 ERENH

2.1 ASAFER AU T T R P R - 1 A T Y
By

1 AT, B B 2 HR O 8 S R E 1Y) Jin B
TP \TK \NH,"-N #l DOC % &3 1 % 7+ ( P<0.05) ,
HARME I R SX>MX>CK, Hrp SX e CK 4351
PEE T 35.8% .162.3% 104.2%F1 49.3% ; SWC NN |
AP Fl TC HYZARfb e J& SX>MX>CK, {H HAE SX
2H P RS K (P<0.05) , 43 il HE CK g T
17.8% .156.8% .65.3% F1 44.2% , i Mg, Ca pH F
DON & &8 i FH KK (P<0.05), ALl
SX<MX<CK(F 1), Ht, ML AHIEST SR
PR R Ab 4 5 1 AR Ak

Table 1 Changes of soil physicochemical properties in Bursaphelenchus xylophilus-infected Pinus massoniana forest soils

Qb Mg Ca TP TC TN TK
(g- (g- (mg - (mg - (mg - (g-
kg”') kg kg™) g™") g kg™")

SwC pH  NH,*-N NO, N AP DOC DON
(%) (mg - (mg- (mg-  (mg-  (mg:-
kg™) g g™ ke kg

CK 4727+  1.64%
1.02 ¢ 0.10 b

MX 27.73+  0.83%

197.13+  21.92+ 1.16x 61.79+
10.45a 1.59a 0.10 a 2.16 a

218.30+ 22.14+ 1.07+ 87.94+
1.76 b 0.12 a 11.15b  0.98 a 0.14 a 2.11b

SX  19.57+  0.70+ 267.75+ 31.61x  0.98+ 162.07+
0.61 a 0.02 a 6.95 ¢ 1.22 b 0.15 a 3.30 ¢

15.38+  5.24+ 5.44+ 7.03+ 1.70+
0.78 a 0.28 b 0.49 a 0.12 a 0.09 a 1.05 a 1.17 ¢
16.68+  4.79+ 8.61+ 8.81+ 1.87+
0.16 ab  0.05 a 0.29 b 0.86 a 0.12 a 2.78 b 0.76 a

18.11+ 4.59+
1.03 b 0.05 a 1.02 ¢ 4.19 b 0.24 b 223 ¢ 1.05 b

49.21+  25.28+

61.99+ 18.05+

11.11+ 18.05+  2.81=% 73.48+ 13.26+

CK ; Xof BAZH  MX ; H BE R 2 ; SX , # BEIRL A ; SWC . 7K 2 TP - il s TC . Sk TN ; S8 TK . 280 ; AP . G &4 ; DOC . A] ¥ ¥ BLEK ; DON ;. 1]
WA ILA BUE R F L E R E2E  n =3, RIE/NG FHERIR [ — 51 22 5 8.3 (P<0.05) , FIH,

2.2 AAMFER HUR TR B R AR L A W i Y
Bz
F 22 AT DL | B A A 2 U i 58 e ) o

xR2 MMERFESTOEMRKIEREYSER . ARE
AL R

Table 2 Changes in microbial biomass carbon and nitro-
gen and their ratio in Bursaphelenchus xylophilus-infected
Pinus massoniana forest soils

Ab 3R MBC MBN MBC/
(mg - kg™") (mg - kg™") MBN

CK 799.67+£21.98 ¢ 51.17+2.43 b 15.65+0.66 b

MX 635.68+29.73 b 41.13£2.40 a 15.47+0.72 ab

SX 560.68+7.81 a 39.23+1.59 a 14.30+0.50 a

MBC : B Wy ik s MBN . ff A 22 20 s MBC/MBN : 38004 Wy Ak
o T,

MBC MBN il MBC/MBN [ {E{#4 & B R [ #a #4, H
1 SX Fb CK 43 531820 T 29.9% . 23.3% Fll 8.6%,
MBC Fl MBN TEFA B2 HU AN ] 15 35 41 1 3 B i =
B, i MBC/MBN B A AE SX 454 T A4 b 2 R
K (P<0.05) . FFIL, ML RFHES T SR
A A R Rk
2.3 IaME TS R AR SRR PR AR AL
BEAA A 2 UG i T AR B I o, TRE W Il R
2 2 25l RN 22 W AR AL Bl I Y R T R i A Horp
SX o CK 43 W /> T 42.2% . 30. 8% ., 64. 4% FlI
13. 6% ANTE SX 4B F AR (K 3) o PRIEWERR G A1
PRA Jiff % 14 D) Bl o5 P 4 286 HR i Je% % 7 10 o 17
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Table 3 Changes in soil enzymatic activities in Bursaphelenchus xylophilus-infected Pinus massoniana forest

b B G T 1 I e PRTE IR B 1 H B LT YRR Z W SR AL B
(mg glucose + g™ (g NH;-N - (mg P,05 + (mg NH,-N - (mg glucose - (mg PG - ¢!
-24h7") gl 24 nh) 100 g™ -2h™") ¢! - 24h7") 4g7t-24h7") -2h)
CK 14.19+0.90 b 41.28+1.12 b 25.89+3.10 a 0.38+0.03 a 0.73+0.13 b 1.32+0.02 b
MX 12.40+1.08 b 35.11+5.86 ab 38.06+2.98 b 0.49+0.03 b 0.60+£0.07 b 1.22+0.03 a
SX 8.20+1.35 a 28.55£5.92 a 39.96+2.89 b 0.51+£0.01 b 0.26+£0.04 a 1.14+0.08 a

BETHE (P<0.05) (R 3), P, #ABF 2k du Gy
P T 5 AR LIRS P AR 1k
2.4 TIESEVE BT AR AE 5 SR TS PR AR DGR
A 5 16 B B 018 P DG 1) TR W il 0 2 4 2%
it , 5 AR FIRE G I JOR I RN 8 1 B, 5 AR AR DG 1Y
PR VERR R , 5 A1 AL I e AH DG 1 22 By S8 AL DR 1R
W5 2N G A R R 2 % 1Y) E R AR - 3 P A
PERTZ R AR DG, S5 SR W IR | TR il | 21 4k
WG Z W A ARG 4 RS TE M5 SWC | NH,"-N |
NO,"N.DOC . TK TP (AP ' TC %5 35 B AL 45 45 =[]
HE R (P<0.05), 15 DON pH Mg, Ca 7% &
ZIALEFEEIEAM R (P<0.05) (£ 4) , PRIEDEIRIE
FI PRA %% 5 SWC NH,"-N \NO,"N . DOC ,TK %
AL AR AR 2 8] 52 IE AR C (P<0.05) , 1T 5 TP,
AP I TC Z [A] S S IEAH G EA B 2, WA &3,
PRI WL A PRA B TS 5 DON pH Mg #1 Ca Z
JB) d 3 A9 (P<0.05) , R, 3 Bifb M R 5 4
SBT3 A v TR) AR [ A 0 A DG A
2.5 MEA Y S S T AR A A DG
AL BrEE F A MBC 15 R 1 i 2 1t i 2
H i 2 8] (P<0.01) , LA & MBN 5 R P4 5 1R 1l ok 2

F4 TEBEAMRETIEREEZ ENEXE
Table 4 Correlations between soil physicochemical proper-
ties and enzyme activities

F i 22 1] 34 . 35 A 56 ( P<0.01) |, i MBC il MBN
5 TENERG 27 4 2K W ok 22 By A AL I 2 1) e 2 DE A G
(P<0.05), [AiF, MBC F1 MBN -5 I fiff =5 15 fiff =
(i) o, 52 AN [) 72 52 79 TE AH DG 4%, T MBC/MBN 5 6
Fofr - SRR I PR Z (B ARG AR L (R 5)
U, AR i A [ il 9 =2 T A A AR A [
JE AR G

*5 HEMEMERES TEEE Y EREE

Table 5 Correlations among soil microbial biomass carbon
(MBC) , nitrogen (MBN) and soil enzyme activities

fRme R g% Zh [4E (R
e HikRE  vhRm

SWC  -0.80" -0.73* -0.85"" -0.75" 0.75" 0.74"

AN -0.79*  -0.84"* -087"" -085"" 083"" 0.85""
NN -0.75*  -0.87"* -087"" -0.67" 0.69 " 0.67*
poc  -0.82** -0.93"* -092** -0.82"" 090"" 085"
TK -0.79" =093 -0.92"* -082"" 0.72" 0.72"
P -0.78* =091 -0.92"* -0.81"" 0.66 0.65
AP -0.80"  -0.83"* -085"" -0.71" 0.61 0.66
TC -0.74" -083"" -0.86"" -0.69" 0.56 0.55
DON 0.75* 090"* 090" " 089" " -0.89"" -0.87""
pH 0.70 " 0.82** 0.87"" 072"  -092"" -0.88""
Mg 0.78* 086" 083" 085" -0.93"* -092*"
Ca 0.68 " 0.75" 0.73" 0.82"" -092"" -092""

* P<0.05, * % P<0.01,

PREE  RERERE Mtk PRA 24t Zh

G EY B a0
MBC 0707 0.852** -0936"" -0.897"* 0872"* 0.848""

MBN 0.658 0.780*  -0.927** -0.863** 0.801** 0.772*
MBC/MBN  0.468 0.629 -0.494 -0.539 0.643 0.621
* P<0.05, * * P<0.01,

3 1 it

I AR D JER YL AN b S HEUI 21528 A B8 1 )
A B AR B AR RS A R T — R AR
— 5 T, ARA % 1 Uk 555 1 P 8 A T 448 5 L VR A 6T
P T B 5 7K B i 1 K, DT 5 | AR J]
FE U4 22 (2 AR B B A A 1A, Hoh 27 ks
YIRS S R BT O3 — O T MRARAE NS , AR
OGHRYE SR IR T T — R AR T R
TRV i R T IR AR AR B T
AR AR, IR A A ( ERE RS,
2012) , iXEEP 2 AT g 5 A IS 58 pH R ] i
PEA PR IBRAR, LS Bk R R TR
Plik ESEMESAEAID S RN B ET SA
K(F1), AHEME, HEPHSEASTETEGE
et fis Ak 7 F, ) 1= 38 09 R 1K ( Zhou et al. |
2002 ;Zhu et al.,2005) FIERISES TR X HLIE A
WAL A= Y ™ B ) By R AR 3 Ca Mg % &
AR A E B ] 2 — (B934 ,2011) o ABFSELIIE
B, B A A MR R L R B A N o, A A A R S A
BT, Ca A1 Mg =W T R, Ji5h, &
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I NO,™-N ZE B2 A A S50 FH Rl 48 T 4
AL % )38 i ks Rl Ak 8 e 45 7 X
5 4 1 SR/ S & k2> (Hannam et al.,2003)
PR, FARE 2 HUIR YL I MRS BB AS 30F — 255 5 11
Rk S ERALME B AR A K Ca Mg AN JEE Y

HHEHEY S 5 4 C N S0 R NIEIR, R
&R EEREE ) 0 b R DL R R RS RS
B4 P2 71 (Han et al. ,2007) . + 36 ¥ RS
B2 5 g R RN R M ER DL A B T A
A A . T IR SRR R RERS S
IR AR (7 A5, 2013) , ARSI, Bl
B R YL R EE 9 N EE , MBC  MBN F1 MBC/
MBN {H 2 & FEAIR (K 2) . A HGE, B 5 RN
ARG R i, MRORARFE H )™ &, HAR R 16 )
TR, T B A 3 M 1) AT R R A A U
B (Xu et al. ,2004; FHIREE,2012), HIL, AL
AR YL RE S BRI - A Wy AR W bR R, 2 3L
ot 3TN N

G TR A A RE YR R AL
K H RSP I A ) sh R AR AR (R
8,2011) R B R N B EEE L, MR
AR AR Y I 98 il 16 1 2 32 ) 5% i 4 AR AR
X LGS U 5 | e 4 R A M & AR AR Ak,
PRI B R MR TR 2540 R G R AR
LA 5K (Lauber et al.,2009) , A BFFEHRIE , FA 14
2 B FARORH L™ B AR Rt i/ | 35
TRAE P AR 1R B0 R P 2 /L 22 o G 42 A A
NEREAR (2R A4 ,2011) , ABFFEW R, HE 5
FEMSPRYS R R BE BN B, + R AIRTG | BEAR I | 27 4 R
it 01 22 Wy S A T R 1 T R T 0 R e 8 R
IR 1 5 i 2 4 %) o o ot . 3 T s (3R
3) MUE T AL i T T R IR MR T A5
MRS, TERABE R HAR e 7™ 51 A AR e | 0 i i 11
Reffire 2R 11 P B A 2 T BB BR T Ry DR AR, in i T
TG DU A BB R DTS I T -+ A O 1Y
TR(E D) BEABSEMAA LA TTHLE
f2s, HAMISENFE AT T TR EA LA
(R REATS AR ] A S A (S A Z M S ) TR (%
1), A F T B A s A A RIS e S AR K

AT BT s eI, 3 PR AL ME i 5 RS
PEZ BAEAE A R R B B A G (3R 4) o P IR |
TRt | 2T 24 22 it F 22 B S Ak ity Y g 0 12 5 - T

WA MR . pH Mg, Ca 2 [0] I M IEAH OC (%
4) s FRVE W IR Il A 2R I B IS Ve S A K B AL
AL AT A ML | SR A e bn =2 ) dd 2k
IEASG, [RIRFS & B, 3E A P i 5 A [A] 1 3 il
TGP Z R AF 7R AN [R) R BE A A DG e MBC A1
MBN 5 pEWH B 2724 2% il ol 22 19y S T il =2 ) Sl 3 Pk
IEAHSE(FR5), AFRHRE, HIEMAEY RS 1%
HALM S5 e RS ITR RIS, 7 LI
(G AR 1 rh & 4 E 2R (L8, 2009) | T
HIZHZIA %I (Tang et al.,2012) . 5 G
), B 2 P A 2 L A8 5 R B R N, P bR - 48 g 38
PR A T AR ek A AT 5 R -+ S A W
TR S5 TRE AR . R LA W R, ) — St
PN REEEIE . T ARV P ik /B w7 SRS
(], 24115 | ke 4 B A A o 0 S 1 1 AR Ak
T R Y | A R A 1 IR AR W S e A 2
M5 -4 2 AT 2R B T AR, BB S e+ 1 I
128 1K ( Sinsabaugh, 2010; Yang et al.,2010) , 4
Je 8 L IR Y R W R A AT YRR 2
Ty S ATt JUR T | TR il | L 498 1 R R T 1 5 T
SEFEAR T 2 R e By EEAA AR S 1 A5 o ot
S @R v

2% 30k
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