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Abstract: Pinus massoniana plantation is an important part of forest resources in China. Its construction has greatly
increased forest coverage and solved the contradiction between wood supply and demand. But a large number of Pinus
massoniana plantations are easy to be infected with pine wood nematodes ( PWN ), Bursaphelenchus xylophilus,
heterogeneous changes have taken place on the forest growth, physio—biochemical indexes, community diversity, etc. At
present, little is known on the underground response, especially the response of the infected Pinus massoniana fine roots to
the pine wood nematode disease. In this study, the infected Pinus massoniana plantation and healthy plantation were
sampled by the soil column method at the pine wood nematode epidemic area, and the soil layer was divided into 0—15 ¢m

layer and 15—30 cm layer. The fine root morphology and biomass were quantified in level 1—35 root orders to further
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understand the heterogeneous changes of the fine root morphology, biomass and nutrient concentration. Ultimately, this
study would like to explore the differential characteristics of the fine root morphology, biomass and nutrient elements of the
Pinus massoiniana plantation infected by the pine wood nematodes. The results showed that; (1) The health status of the
infected Pinus massoniana plantation fine roots was positively correlated with the root length density (RLD) and biomass
(P<0.01). The low order fine roots, such as level—1 roots, would respond more strongly after the fine roots were affected
by the pine wood nematode disease. (2) When the Pinus massoniana plantation were attacked by the pine wood nematodes,
the concentrations of the infected fine root available phosphorus and available potassium were significantly decreased ( P<
0.05) , while the concentrations of total nitrogen and calcium were significantly increased (P <0.05). (3) The pine
nematode disease also influenced the soil crucial components that the soil organic matter content of the infected Pinus
massoniana plantation was significantly higher than that of the healthy stand ( P<0.05), while the content of the soil
available potassium was significantly lower than that of the healthy Pinus massoniana plantation ( P<0.05). The above
results firstly showed that heterogeneous changes happened on the infected Pinus massoniana plantation of the fine root
morphology, root nutrient concentration and soil nutrient concentration. The Pinus massoniana plantation responded to the
pine wood nematode disease on the underground by the fine roots. Furthermore, the effect of the pine wilt disease (PWD)
on the fine roots of the infected Pinus massoniana plantation was revealed, aiming to provide some reference for the

prevention and control of the pine wilt disease on Pinus massoniana plantation.

Key Words: fine root; morphology; biomass; nutrient concentration; Pinus massoniana ; pine wilt disease
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TR AT |45 5 RSN AE 2% UG (R F 9% 32 BEAE TP ZE MOR A ORI A AR (A8 bR BV 24
P AT B R PR A Bl T 4 AR W R 1) AF 5 ) A AT 23 5 P AP R R AR AR TR S B
TR F e P S AT TR EESY, R AA MR SR Y B S N TAARAIARTE RS |
W L IRy TCR Wy SRR , B AT AR A, SRITANARAE A T AR 5 4 5 7A 58 A A, X b (AR
HO T (A48 T3 A AR T R YR B BURE . ASHIFT LAMS A 4 s X AR 1 B R A N MO F S 42, LABR R
FIMR G5 25 A1 BEAS R ) 1) SR R Ay Xof BRZHL, OIS 2 R G 1) S AN N TARAAR B ZS A DL IR 4p e R
[0 STEARRAE , DAFE 7 WA A 2 HU 0 T RS N TOMRHE ™ AR A 5200, o T BEAA A B 26 HURS DI TR R TS SRR R

http ; //www.ecologica.cn



6276 H

2
He

2 LR

1 #MREFE

L1 AR5 XA
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ZAET- R 16.9°C i ficd® Ui 3.8°C, il AR 40.5°C o T & 2, e m 4R BB R &2l 1206.8 mm,
AR BRI RN R 2 AR/, THONEEE, L2 K, DR A T T2
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£ (Pyrrosia lingua) S J0 B ¥ ( Setaria plicata) 8T ¥ ( Carex rigescens) ; JEARZS HTEF ( Dicranopteris
pedate) . DX ( Euonymus aleatus) JEILFE ( Parthenocissus tricuspidata) .
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JE i) RS ST AR AR A (R B AN TR TR R AR MR AR 3 T 23 i 3 1 20 mx20 m Y
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Table 1  Situation of standard sample plot
Frif s A - Ttz e - -
é/X/ i N § 4] b . pr7gig 5
Type of I%}y\ R e L] Mean diameter T Wk &.Jy. AL i
Latitude . Mean tree Density/ Canopy
Standard . Altitude/m Slope Aspect at breast . Number ) A Age/a
and longitude . height /m (#/hm?) density
sample plot height /cm
B 30°06'11" N )
12° ° 18. 13. 2 2 .
Infected 107°0229" E 360 Pyt 305 8.5 3.6 9 725 0.6 30
fe b 30°06'02" N
277 12° 7° 19.1 13.8 32 775 0.7 30
Healthy 107°02'22" E R
F2 M TEAFER
Table 2  Soil chemical properties of standard sample plot
R 2 A R/ kg MR/ (mg/k
2 /em b2 FHLF (2/ke) 28 (/kg) AR .(mg/ g) A .(mg g)
Type of standard . . Available Available
Layer Organic matter Total nitrogen K
sample plot phosphorus potassium
0—15 frid5 48.12+1.04b 1.28+0.22a 3.51+0.17b 92.60+1.94a
U 55.89+0.77a 1.15+0.18a 5.20+0.62a 80.58+4.01b
15—30 frids 37.85+1.39¢ 0.79+0.07b 3.14+0.16b 85.40+1.98b
B 46.09+2.27h 0.77+0.07b 3.29+0.10b 72.96+2.15¢

FPBAE NP E bR R 227, [FAIA /NG F-R3RRTE 0.05 KT 1 RAT W2 2% 57 (P<0.05)

1.2 FEACREE

2018 4F 5 TR BIARI B PR N 254 3 AREFIHEE RS At AR IS (Y RO AR 5 T8 A AR O3 B A v
B 3 AROE R AR, A AR a1, 20 i AE B A T 29K 0.5—1 m Y5 A (4HAR 43 A1 Xk, fe
AEACF A AL A K ) #2520 emx20 emx 15 em K/ H4E KPR AL DU D5 [ 45645 — A, B 4
0—15 cm 15—30 cm 7320 2 DHEEJR IR, B — DDA — A BEAR R HAR -5 35 48 AR IR O &% &, 21y ] 52

TERAPRAERL P, BEHLIEI 5 AR 43 5IHE B A T JE88 0—0.5 m PN ( - 4855% 20 401 DX, T 42230 DA
A B AR A A K JE R 4R A P ) | RBR L R R EARE WS R BN 5 em 194, 43 0—
15 em (15—30 em WL JZRAE R R —FR v R AE B R HERE S 2 R IR AR S AR 5 il Il SE 2
1.3 FEa ARSI E
1.3.1 AR5 g ik

K JH Pregitzer %32 F TR K R AR5 ST ANARFE A TUF HEAT 09, e HAR)F 585 AL HA
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WP

SRL =L/M; RLD=L/V; SRA=SA/M; B= M/d

A, SRL HHEK (m/g) ;RLD MARKHE (m/m’) ;SRA LE B (m’/g) ;B EWHE (g/m?) ;L N FR
KE (m);M ATE (g);VAHEHAER (m’) ;A IREH R (m®) ;d WEHRBE (m),
1.3.3  ZHARFR DN FN 353 50

P AR AT 2 AT 5 3 2 mm FAL ; BRI AR LY/T 1271—1999 ' I 5E 4048 N P K JCE UKL, f B ARbR
LY/T 1270—1999 "/ 5 41 Ca JCEURE |

IR N E R E A TR AL — M BRI A ML, SR AL AR 4 N SR AR B8
PUL A E AR PR SRR HE— )AL K, DL BT bn i AE 2 I E 3 1K,
1.3.4  ZHARFN - S HIFS A AR rh b 3
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FURE | I SR EE08 AR N - SR P b A TR W RN e S5 Ab P
1.4 AR S5y

FH EXCEL 2010 #7808 198814 B0 A6 1, SPSS 20.0 X 88 4788104, I - #4 H1 Origin 8.0
22, SR 7 25081 (One-way ANOVA) HLEEh AN N T AR 1—5 ANMRTE AR MR R ¥ HAR
FEAREC AR IR A 22 57 AR SRS 00ER NP K Ca 225, AN A Rl AR S AR 53
THEE PG 4 N AR P MR K S 2SIt 0 78 P<0.05 19 B K VT, i/ i 322 5 (1LSD) i
TUA L RbR Z B, T 2001, T AN FEEERDIR A | 2 R T LA K& F 22 BAEH, R Pearson AH
RAESTHTIEM B AR i 5 AR s A C R R

2 HREHS

2.1 MMM ARRGR SR N TR AIEE LAY &

WE FR,0—15 em HJ2H115—30 em L2 N, BEARFHE N, SR AN I -3 B AR AR b i,
FEARA | U SR T AR S i ik 34, AR 2 B S S S isita 34, o )5 SR AR RN 5 G fdt FE A AR 1)1 38 ELAR AT
FER 2257 (P<0.05) . X FRURARALE] 1 2 3 AR FH ERANAERZF2ZS (P>0.05) , EWYIR
1 4 Hz ), AR KAFAE B E 225 (P<0.05) . BR 0—15 em )29 1 Ze4iAR , HAY B e e 4 AR A AR K 2%
BE 2 [AIFFAE R 25 57 (P<0.05) , B ANARZHLIE] , 1 SN i) Lb 2 i R o v S 0 IR A L R T AR A I 3
ZE5(P<0.05) . 3 HE 5 RN, B AR AR 14 A Y AR E B 25 5 (P<0.05) .

W 2 FR 52 AR L 1 B FR AN N TR 55 (R E R AN N TR L, S8 5 R A N AR A AR
2 RHEARS B L SR T BAR AR BN T I AR 25 53 0 5.70% (1.42% (14.49% , {HJ2, BRI B Bk
YR R R BT FRIE N 48.28% .52.92% , FXH R 25 K 63.65% .71.96% , Hi 1 R ZE 5 A, IRK %
BE T AR 23 1R 40.26% 39.12% 44.50% 62.05% 68.39% , 715 1 T FEIE BE 23 51K 46.12% 29.07% .
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Fig.1 Morphology characteristics and biomass of fine roots in Pinus massoniana plantation of different layer, root order and health status

AR FRFRAF L2 AFRF R FERRS IR TE 0.05 /KF N AA7E 8 3% 225 (P<0.05)

W 3 R AR A SR HOIRAS AR B A i S 2 35 TE AR SE (P<0.01)
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Table 3  Correlation coefficient between health status and morphology characteristics and biomass of fine roots in Pinus massoniana plantation

i H:_*EJ{: A AL:K%%E%R ety
Diameter/mm Specific root R.oot length Specific root surface Biomass/ (g/m?)
length/ (m/g) density/ (m/m?) area/ (m?*/g)
R Pearson AHIG4% -0.0406 0.0079 0.5441** 0.1108 0.3366**
Status B U 0.7579 0.9522 <0.0001 0.3992 0.0086

* ,7E 0.05 K CBUM) b B3 AH G « o 7E 0.01 K OB I & 2 AH ¢

2.2 FAMER AR YL B T R A N TARANAR (1) 55 43R 150

WE 3 3% 4 iR, 2SR AR G 1 T A N TARAIAR I 32 00 VR 2 e A= A8 Ak, BB T A AR I 2
3.4 AR K TR A 3 HAMR T Ca TTRWREAEAF L EZF AR EIN(P>0.05) , A BIRAMBR A TEY
T AW 2R 25 B 3E (P<0.05) . ZIAMTE AR YL B A AR Th N P K JC2 Mk B Bl 45 AR S5 238 in
MASKIREAR , H 25 5 10 3 (P<0.05) . Ca JURWKEEMR 7 AR fLBEAA T 1 HAHE Ca TRIRER K, I
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Fig.2 Total average diameter, total specific root length, total root length density, total specific surface area, and total biomass of fine

roots at five root orders of different health status

FAL R S AN AR P K SR EEREAR, ELAR S AR IR A P K JUZ M 5 IR T R 5 R AN AR Y
JLRKIE (P<0.05) o [HJE, BRI N Ca JUR MRS (@ FEAH LL AN R BN, BLH22 5 3% (P<0.05)

F4 FEEFRREDIEMRAIRERBIFTSKE(g/ks)

Table 4 Nutrient concentrations of fine roots in Pinus massoniana plantation in different health status

JTLE +J2/cm R #F Root order
Nutrient Layer Status 1 2 3 4 5
2R 0—15 fiadz 6.8256Ba 5.5404Bb 4.6515B¢ 4.0084Bd 3.6507Be
Total nitrogen IR 7.0789Aa 5.8353Ab 4.8937Ac 4.4040Ad 3.9733Ae
15—30 fetER 5.5637Da 4.2302Db 3.0137Dc 2.3527Dd 1.9005De
R 5.7804Ca 4.4545Ch 3.2612Cc 2.5613Cd 2.2905Ce
W 0—15 fetER 1.0532Aa 0.8734Ab 0.8400Ab 0.5962Ac¢ 0.4733Ad
Phosphorus B 0.9700Ba 0.8207Bb 0.7767Bc 0.5167Bd 0.4300Be
15—30 fitRR 0.7904Ca 0.6171Ch 0.5638Cc 0.4264Cd 0.3514Ce
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JLE +2/em Ny HF Root order
Nutrient Layer Status 1 2 3 4 5
IR 0.7302Da 0.5504Db 0.4870Dc¢ 0.3604Dd 0.2976De
i 0—15 fidt 5.9667Aa 5.1970Ab 3.8065Ac¢ 3.3639Ad 3.0096Ae
Potassium BR 5.4667Ba 4.5667BCh 3.3832Bc 2.9367Cd 2.6932Bd
15—30 fatsR 5.6667Ba 4.7780Bb 3.5033Bc 3.1533Bd 2.7147Be
IR 5.1236Ca 4.4046Ch 3.2734Bc 2.8281Cd 2.3034Ce
i 0—I15 fatsR 5.3353Ba 5.2173BCh 5.2622Bab 5.2047Bb 5.2483BCab
Calcium IR 5.5598Aa 5.4758 Aab 5.4009Abc 5.3505Ac¢ 5.4073Abc
15—30 fi b 5.2318Ca 5.1707Ca 5.1537Ca 5.1532Ba 5.1633Ca
IR 5.4203Ba 5.3043Bb 5.3104ABb 5.2503Bb 5.2733Bb

[EFT A )/ NG T RER R AN R AR PR A7 76 B35 25 57 ( P<0.05) | [ ) R 5 - R AN T i FREAR A1 AN ] )2 ()47 76 4 35 22 5 (P<0.05)

—=— 0—15cmfiltE —a—0—15cmfRyFE —e— 15—30cmfatfE —v— 15—30cm Bk
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Fig.3 Nutrient concentrations of fine roots in Pinus massoniana plantation of different layer, root order and health status

U 5 B, ARAR A fE R S 5 A5 e JBE S A I 35 T 5 (P<0.01)

x5 ERRESEDEMAINARFSRENEXERY

Table 5 Correlation coefficient between health status and nutrient concentration of fine roots in Pinus massoniana plantation

Ko W B 5
Total Nitrogen Phosphorus Potassium Calcium
R Pearson AH1E -0.096 0.1512 0.1878 -0.6820**
Status 2 ) 0.4652 0.2488 0.1507 <0.0001

* ,TE 0.05 ACE(BU) - 8EFZC; « + ,7E 0.01 AKFCOBU) I i #AH e
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Fig.4 Nutrient concentrations of soil in Pinus massoniana plantation of different layer and health status

RIFIFHE R AT L2 A FHEHER 1 L HELE 0.05 K F A48 5% 2% 5 ( P<0.05)
e 6 o WA HEIR S 5 LA HLBUR B35 (M5 (P<0.05) | HLARFEARAS 5 0 d AR R B2 22
HIEAIE(P<0.01)

®6 ERATSEDEMAINIEFRSKENEAXERY

Table 6 Correlation coefficient between health status and nutrient concentration of soil in Pinus massoniana plantation

AHLE o R B
Organic matter Total nitrogen Available phosphorus Available potassium
W& Pearson FHCHE: -0.6130* 0.157 -0.527 0.8180**
State (U 0.0342 0.6267 0.0781 0.0011

# E 0.05 ACE (RN E A + + 7E 0.01 /K- OB b &

3 e

3.1 MR YLE S AN N TARIIARIE 25 S A 4y 1 e R
AR R S R N E DR 3R CGRAZ IR RSN R (AW S ARE W 3R ) LR AR i, B AR AR
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P ASSARYE I DL OoK Gy 55 AR AL FNRR I, 7 A 0 R it , DA IR 31 55 3 5 A A7 IR 3R 4 B 3R
W22 R T R AR AR A RS A I MR AR AR — S, DRI 5 W AR F 5 1) 1) 28 i R bR i R A |
2 M RHACHAER,
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