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[ B ] 8 TERIHAMZ AR IR Y2 R+ 52K IR IR RE ) A bt . [ 773k ] DAL =k
HIX AL BARARAER (0a (RAR). 6a. 10afil16a) WM ANS, AR, ks
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JE 15t LGRS AR A T 1 2 0 - 48 2 1Y) K RO 5 R D ZEAR M R AR ASTRIAEBR B i A8 fh i, [ R 1 %W
(1) WP ARAS IR AR BRI S A MA VA & LR . AR E R AR KR KRB LR EXER (P>0.05),
Hivs ) MR N 3.47~5.34 cm, BEMHE N 6.11~9.62 thm2, WEWAHSHEE RN 9.71~14.77 thm=2,
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12408 (1, X) EX 74 DS (9, M%)
522k (JBZE4r ), MMAZ BA R A B A 1,
Ih AN TS Z R T R RS PRI, K+
PREFRUK IR SR T RE 2 2 e, 5 2 U — et
XA AR TR 4. MO WRTEYZ R+
B2 B F5 /K BE 1 2 AR AR K U A 5 D) RE AT 5% A Y,
FERBAELEE R ALK TR s 1 45y
', HE, CAMRET T AR =k
HuIX Th RAMRE ) R . IR RS TS
RGTIRERZ T WA OCHA 2k AR AT =0k
i X T A A VR 2 0 352 K IR SR BE TR
RIS A WARAE o BEAR, ARIE R B Ak
SOAMERUL, FRMEER K S SRS
LA R fEED, (AL AR
A ZS R GE R S5 T RE 52 ) K HAS IO 38 AN EL 1
R, DCORFNFREF 2 AN 8 B 42 8 it ARk
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AHFFE 38 2 ()RR TRl 0 s, DAL =k
WX RFEARER (RAR (04)., AfR 64,
Az 10 FFERAMR 16 4F ) I E RIS, R
FH 3 YIS 3300 2 PR A 7 A 8 R R R
Rk, AR TR0 bR 482 1A 80 K
. BERKE I AE KR, IR
A B A A K ORI AR LR A B K,
Ak R A MRS T4 4 22 R A 2 8 K DR T 5

HUBHAEM R AR AN R BRI 22 5%, $a7s i
FAER HOAAZ XS AL = et X 15 FE A MR A 7 49 2 0
HEZ KRR AE AR o AR RS 1 5
AN S RGUR ST TIREMILERF AR, JE s 2
RIS FU it LA S T S0 B S (A B AR A

1 B KA

Mo (1) M FEHEE EET, Mk
VLB S 25 63, SPva I XV EBOF R it
P, JEE S AR . 3R, 3R
2R B ARSIy KA, RSy
WY, KR ZE, FERFZE, F£HRE 169 C, £
AP fEK R 12156 mm, Z&EFE4—9 A,
THEERIDIE TR AN . RN E, A&
YRR, HIMBEERR ORSHEARM) 145 55.3%,
TV RE R 3986 1 m®, AR PEAE B A H 4t
AR, TRARR B AT SR . iR ( Quercus
aliena Blume ) . ##% (Cinnamomum bodinieri H.
Lév.) &, H DI R LS, AT REAR T
HHEF% (Viburnum erosum Thunb. ), KZET
( Litsea pungens Hemsl. ), H4£454k3% ( Spiraea
chinensis Maxim.) #1 # &K ( Loropetalum
chinense (R. Br.) Oliver ) %5, T A Y) £ %
HXHE (Paederia foetida L. ). #&g ( Houttuynia
cordata Thunb. ) 5%,

F1 HFHERER
Table 1 Basic situation of sample sites
— =TT ; TR - ST
NRLER wiR By B I A B _%)%& f l’Jﬂ@_{; s DS E I?Bﬁ/ﬁfabﬁ
Invasion years/a  Altitude/m  Slope /(?)  Aspect Canopy  Pinus massoniana Agela Tree density/ Main control
density average DBH/cm (plant-hm™2) methods
0 911 30 ES 0.80 2548 +1.12 30~40 2592 +52 M
6 302 30 WN 0.55 19.30+ 1.16 30~40 1158 +176 PEARBERE + TE AN KB
10 574 35 WN 0.85 16.79 £ 2.20 30~40 2992+ 1175 PEARBE e
- BERBERE . TAMLERT +
16 387 40 WN 0.75 21.31+2.25 30~40 2775+739 PG

T AFIFPNROEIRRANR, FFE

Note: 0 years of invasion in this study means no invasion, the same as the full text. The same below
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20224 6 H, WyEnrpk A s R, EWdts
BB TR U5 B RN 3 B DX BURAHA A X — 3 (24 35
a) MEEBMAN TG, DRI SZ I 4
HU AR AT ANZERR, [ 2006 4F & A2k A
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UK, MRl AR TREAE AR 20T By A T B A 5
R bz EAR, ARWFFTHRIE L M S FEAR—5K
PR, FREAAMA R AR IR ARA], BEBCR A
#(0a), AflR6a, AMfx 10afIAfR 16 a LJE
PAMRAE R A L . BEFRAR S B 3 N EE R A,
BRI 20 m x 20 m, 3N EE FEH A H
A — B S SRE MROO S R R R,
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12 FEH . A RE LN I DR RS & W, =W, + W,
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VERR I IR A b A SZ AP 26 U I s, X B
FEHLN TR AR B AT REARKE R, D FLR A% . B s
TEMRAEAR R, IHCRARLGE | R ML SRR T,
FEHL RIS WL 1,
2.2 WEYMBESHEIKEENNE
K FH TR BT E - A TG 25 WORE i R o FE RS
BE P DU f R RO B, AR E 14 0.5
mx0.5 m [/NEETT, 4% S URTE WA 5P o Al
Rk N R SRS . s | U BEN N e
Zarlnl, PREETE, RS TS, 7E 65 C
AT ER RS, FRETRE, R
[apRYRES /Ry
Wit PRk R = Ikl BUT IR Y
AR TE IR B A 100 H e 48 b, i AT K
Kok, Wi 05, 1, 2, 4, 6, 8, 10,
12, 24 h J5HUH, 8 5 min, HERFHKMIE,
HEEARH T, THEIROK R | Rk . A5
PERU AR KRR, AR E AR AR
IR ARR
P =0.85R,, - R,
W = (0.85R,, - Ry) x M
W,, = (Ry— Ro) x M
R, = (K, — K)/K x 100%
X, PRHAREEE R I%; Ry NIKREFKF%;
Ro N H AR &K%, WA E & /(thm™);
W, 5 KE K& /(thm™2); MR Y & s/
(thm™); Ky 93236 24 b Al o P00 i )5 /g
K & PRt i T it /g .
2.3 TERHSHEHKEENNE
SR FH L ORR VR AT 4R OR AR . 7R R IMAE
N O A AL B, RS TEY S,
100 cm® [FRIEFR T, $%HE 0~10, 10~20 cm +
JERUFAR L, AR, MR (R EHOK S —
YyFRPE B BI05E (LY/T 1215—1999) ) U181 i 1 -3¢
FAREACR | IR T | LB S i,
FEHE A ME KR . BERKEMEMEK
O HHEARE:
W, = 10 000P,h
W, = 10 000P,h

/(thm™2); W R A E KR (thm2); PyFIP4:
S - R B AL B /% MBS LR /%, hl
+ 25 Im,
2.4 HiRAME

{8 F Microsoft Excel 2019 #E/ T4 e a3 . fifi
JH SPSS 22 X ARl AZFEBR G B IE Y ZE
L B KRN 2 B R T B R T 22 4)
Hr CANOVA) FZ & k4 (LSD). >kH Origin
2017 1ER,

3 SRS

31 HEMBEKEEFRENTH
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a PR o Al T W R R oK Ay i )2 R R ( F=12.722,
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gy CEVAA) . V&Y R BE i KB IMK IR b AR
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0.05, Bl 2). KoflZ2A 53 &N 3.43~6.65
thm™; p-CofE AR E =N 5.24~8.11 tthm™
(Bl 2A) . Rorff )2 KEeKE N 4.12~8.03
thm™=; -C 50 2 i KFFK &2 6.44~9.77
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Notes: The data in the figure are mean + SD; Different lowercase letters indicate significant difference between different invasion years by

pinewood nematode (P < 0.05). The same below
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Fig. 2 Water holding capacity of litter of Masson pines in different invasion years by pinewood nematode
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a (|8 3D ), XA [EAAZAE FRAR Al 7 1045 /K 5
G ) AT RS, IA RN V=kY,
Lo VR WRKEZE(Chm™-hT), k%
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Fig. 3 Water holding capacity (A, B) and water absorption rate (C, D) of litter of Masson pines in different
invasion years by pinewood nematode

R 2 HEYEFKE.RKEERSZKEERXR
Table 2 Relationship between water holding capacity, water absorption rate, and soaking time of litter
o . Rk 5 A FE7KGE 2 5 I ]
-3 = =
HivE = AR Water holding capacity R? Water absorption rate R?
Litter layer Invasion years/a . .
and time and time
0 Q=0.718 1xIn t + 2.1195 0.9472 V =4.479 7705560 0.9217
RorfitIz 6 Q=0.488 2xIn t + 2.6524 0.9878 V =6.096 3t°672° 0.9348
Undecomposed
layer 10 Q=1.018 1xIn t + 4.9275 0.9892 V =10.833 80622 0.9293
16 Q=0.824 3xIn t + 3.2425 0.9931 V =6.282 805044 0.9341
0 Q=0.6751xIn t + 5.2747 0.9412 V =11.575 8t0622° 0.9550
TR IE 6 Q=0.596 1xIn t + 5.6325 0.8805 vV =12.173 20802 0.9613
Semi-decomposed 05289
layer 10 Q=0.9225xInt+7.3119 0.8572 V =14.366 0t 0.9626
16 Q=0.561 0xIn t + 4.904 1 0.8345 V =0.728 4705403 0.9620
3.2 TERKEEFENTL 10 cm Al 10~20 cm + )2 L HE &K E (11.09%

321 EEMEMI ML R AR A R AERR [E]
o B AAK 1 4% 0~10 cm ( F=4.528, P=0.007 ) .
10~20 cm ( F=8.303, P<0.01) +E&/KELR
W%, Horp A 2 AR 6 4F 1) T R AR AR 0~

1 8.89% ) #e/ (£ 3). AN AR AFBRA] 4 12
0~10 cm ( F=7.28, P<0.01). 10~20 cm ( F=
6.254, P<0.01) L)Z HIE% i, Hip
K AR 0~10 cm F1 10~20 cm + )2 3%



551 R, G

FARFER AR XS AL ety X 15 R AM MK JEE 77 AE 1 52 15

J# (1.41 g-em™ 1 1.51 g-em™) Kk, AfZ 10
a by HIEEREE (1.22 g-em™ 1 1.33 g-om™) &%
N B) o AR R E D AR 41 0~
10 cm ( F=3.612, P=0.019) #1 10~20 cm ( F=
6.691, P<0.01) 2B fLIE Z A T7EN B
#9255, 0~10 cm A1 10~20 cm + )2 B FLER
EHRBINE AR 10a> KRAR > AR 16a>

AfZ6a (£ 3), REARZFRDGEMMK 0~10
cm F1 10~20 cm + )2 BE LIRS FLB Y 2=
HARE (P>0.05), &Mtk EE
LI EE RN G L B BE S (B 5 Bl A R A RS i 44 52 5
FEARS LT sh, RIS B ] - e B o A7
AP I — e B T, Bl AR RIS KB &

®3 MMERNEREERESERKTEYIEER

Table 3 Soil physical properties of Masson pines in different invasion years by pinewood nematode

NRAFER += HKE R EBE LR BE LK AT
Invasion Soil Water Soil density/ Non-capillary Capillary Total soil
years layer/cm content/% (g-cm™) porosity/% porosity/% porosity/%
0~10 16.80 £ 4.09 a 141+0.15a 9.62+238a 36.27+4.7 a 46.12+4.69 a
0 10~20 14.30+2.87 a 1.51+0.15a 8.57+2.12 ab 33.88+3.04a 4261+t4.11a
HE 15.55 1.46 9.10 35.08 44.37
0~10 11.09+3.20 ¢ 1.39+0.08 a 6.21+2.84b 37.83+33a 44.26 +2.96 a
6 10~20 8.80+292¢c 1.50+0.10 a 5.01+2.63¢c 33.35+4.13a 38.63+269b
HE 9.99 1.45 5.61 35.59 4145
0~10 14.54 + 6.05 ab 1.22+0.19b 10.03+3.65a 33.34+9.15a 4344 +7.00a
10 10~20 12.51 + 4.58 ab 1.33+0.14b 10.46 £ 2.68 a 35.00+5.65a 4544 +431a
HE 13.53 1.28 10.25 34.17 44.44
0~10 13.10 £3.70 bc 1.32+0.11a 9.18+2.02a 35.89+345a 4541 +4.38a
16 10~20 10.24 £ 1.98 bc 1.44+0.09a 8.06+2.86b 35.09+288a 43.15+t4.12a
ESlisl 11.67 1.38 8.62 35.49 44.28

VE: RPBIEATHME + Frdim 2z FRFER R LERFNE P BRI & RNRA FAERR 7] 25 2% (P<0.05). T
Notes: The data in the table are mean + SD; Different lowercase letters in the same column indicate significant difference between different

invasion years by pinewood nematode (P<<0.05). The same below

322 EEHAKEA MMLRARARAERRRE
o B Fx #k 0~ 10 cm ( F=3.612, P=0.019) Al
10~20 cm ( F=6.691, P<0.01) + )2 HHEAME
IKEBAFAEW B EZES, HUAR 10 a BEAHRE
K K (100.33 t-hm™ 1 104.62 t-hm™), A
12 6 a LA REKE T/ (62.08 thm™ Al
50.08 thm™, ¥ 4), +HELXLEEEHKES
0O~10cmtZMMEKEEZRARE (P>
0.05), {H 10~20 cm + )2 M F1 & /K & A7 1E A i
%% (F=8.063, P<0.01), AfZ 6 atksrififn
F/KE (386.27 tthm™) BE/NFHAMIY (£4),
4 FobRayr A SCE KB S E K B TEA
RIS AR AR LR TR, BEARAE R
B T, R IR EE IR TE
3.3 AEINEERE MRS #%EYF L 8K IR E T
BENGZEE NI

TSR AAZAT: BRA V& )2 A 3501 35 e - 4
EAEMEKREZM, I 4 R8I R

MG E A 32K SRR S . S5 R BN,
R AR R A BRI 5 AR T 2 A &
WM 9.71~14.77 tthm™2, AR AR A EAERR
[B) 5 R A AR 3 2 A 8 E K e TR RS BT
(%£5). Afz6aLREMMHEYZEMEHZEN
GAFEKEH BT 3MMD, RHAR
6 AE MRS T AR T K IR SR e i 22, AR 10
a fl 16 a LM theE & E KRR F, RFL
AR /KR 2 RE 1B K
4 b
4.1 L RNEXTHEY R KSR
Mitg Y2 0] Oy 1R Z AR, AR
TR LA INaE TR - 498 1 B P RN o] -390k 4325
%, BHAEHRALH P, ARWF5E &P LR AR 6
a 1) AR V& 4 J2 A JEE B R B B AR A IR TR
A# . AR 10 a FIALR 16 a BTSRRI, FIAR
AR AR AERII B B 5 R A M T 4 85 B i
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Table 4 Soil water holding capacity of Masson pines in different invasion years by pine wood nematode

= — e p =
Inv?a\s E:F)fars S;TEE% m Effectflj_exj\z/\ftﬁ(rfqlding Ci}_iﬁ::;/ﬂ\;iefr Maximfguviije(igﬂding
capacity/ (t-hm™) capacity/ (t-hm™) capacity/ (t-hm™)
0~10 96.23 +23.79 a 362.73 £47.22 a 461.20 +46.94 a
0 10~20 85.69 + 21.21 ab 338.80 £ 30.38 a 426.07 +41.13 a
Jevi] 181.92 701.53 887.27
0~10 62.08 +28.35b 378.33+32.98 a 442.60 + 29.58 a
6 10~20 50.08 + 26.34 ¢ 333.53+41.30 a 386.27 £26.92 b
Jevi] 112.16 711.86 828.87
0~10 100.33 £ 36.49 a 333.42+91.55a 434.42 +70.02 a
10 10~20 104.62 + 26.81 a 350.03 £ 56.53 a 454.36 + 43.06 a
Jevi] 204.95 683.45 888.78
0~10 91.85+20.18 a 358.93 £34.52 a 454,13 +70.02 a
16 10~20 80.62 +28.58 b 350.86 £ 28.83 a 431.53+41.18 a
Jevii] 172.47 709.79 885.66

x5 MMERNEREEREIEMKGEEEKETR

Table 5 Comprehensive water-holding capacity of Masson pines in different invasion years by pinewood

nematode
NRAERR & MERREEE TIREARMEKE &t
Invasion Effective retention capacity of litter Effective water-holding capacity of soil Total water-holding
years layer/ (t-hm™) layer/ (t-hm™) capacity/ (t-hm™)

0 9.93 (5.18) 181.92 (94.82) 191.85

6 9.71 (7.97) 112.15 (92.03) 121.86

10 14.77 (6.72) 204.95 (93.28) 219.72

16 10.18 (5.57) 172.46 (94.43) 182.64

W HE SR S RIS EKEE 2 %

Note: Data in parentheses are percentages of comprehensive water-holding capacity/%
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Impacts of Pinewood Nematode Invasion on the Water
Conservation Capacity of Pinus massoniana Forests in the
Three Gorges Area of Hubei Province

SONG Xue-yu, JIAN ZUN-ji, WANG Shao-bo, DANG Ying-qiao,
WEI Ke, WANG Xiao-yi, XIAO Wen-fa

(Key Laboratory of Forest Protection of National Forestry and Grassland Administration, Ecology and Nature Conservation
Institute, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To reveal the changing trend of water conservation capacity of litter and soil layers
after pinewood nematode invasion. [Methods] Based on four sites of uniform Pinus massoniana forests
with various infection periods over time (0O(non-invasion), 6, 10 and 16 years) of pinewood nematode inva-
sion in the Three Gorges Area of Hubei Province, water conservation capacities of litter and soil layer in
different forest stands were studied by cutting ring method, drying method and indoor immersion method.
The water conservation capacities were also quantitatively compared by combining the effective retention
capacity of litters and the effective water-holding capacity of soil in different invasion years. [Result] The
results showed that: (1) There were no significant differences (P > 0.05) in the litter accumulation, effective
retention and maximum water holding capacity of litter of P. massoniana forest in different invasion years
by pinewood nematode, and the total thickness was 3.47~ 5.34 cm. The total accumulation was
6.11~9.62 t-hm, and the effective water retention capacity was 9.71~14.77 t-hm. (2) There were signi-
ficant differences in soil water content, bulk density and non-capillary porosity of P. massoniana forest in
different invasion years by pinewood nematode (P< 0.05). The capillary water capacity was
333.42~378.33 t-hm™, and the maximum water-holding capacity was 386.27~461.20 t-hm™. The effect-
ive water-holding capacity (62.08 t-hm™ and 50.08 t-hm™) in 0~10 cm and 10~20 cm and maximum wa-
ter-holding capacity (386.27 t-hm™) in 10~20 cm soil layers of P. massoniana forest in 6 years of invasion
were the smallest. (3) The comprehensive water holding capacity of litter and soil layer in 10 years of inva-
sion (219.72 t-hm™) was the largest, followed by non-invasion (191.85 t-hm™), 16 years (182.64 t-hm™), 6
years (121.86 t-hm™2). [ Conclusion] In the short term, the water holding capacity of litter and soil layer of
P. massoniana forest decrease, which affects the water conservation capacity of forest stand after the con-
tinuous harm of pinewood nematode invasion in the Three Gorges Area of Hubei, but gradually recover
with increasing years. Therefore, the prevention and control of pinewood nematode invasion should be
strengthened in the future, to maintain and restore the water conservation function of P. massoniana forest
in The Three Gorges Area.

Keywords: pine wood nematode; litter; soil; water conservation; Pinus massoniana
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