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Spatial distribution characteristics of plant-parasitic nematodes in cultivated horizon

of a site-specific experimental field

LIANG Wen-Ju" ", JIANG Yong', LI Qi'? (1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 2.
Graduate School of the Chinese Academy of Sciences , Beijing 100039, China). Acta Ecologica Sinica ,2006,26(1) ;33 ~ 39,

Abstract: Understanding the spatial distribution of plant-parasitic nematodes in a cultivated horizon is important to the management
of plant-parasitic nematodes in agricultural soils. Nematode distribution in the field has been described as aggregated, which
implies underlying spatial dependence in nematode data. Conventional statistics are generally inadequate to describe data that are
spatially correlated. However, geostatistics has become a powerful tool for analyzing the spatial distribution of nematodes. Recent
studies on the spatial variability of soils have focused on soil nutrients, heavy metals, and nematode trophic groups in Northeast
China, however, there is no information on the spatial distribution of plant-parasitic nematodes in Chinese agroecosystems. The
objectives of this study were to describe the field-scale spatial distribution of total plant-parasitic nematodes and their dominant
genera in a Chinese Ecosystem Research Network (CERN) site in Northeast China, and develop maps illustrating their horizontal
and vertical distribution patterns.

The spatial distribution characteristics of plant-parasitic nematodes in a cultivated horizon of a site-specific experimental field
at the Shenyang Experimental Station of Ecology, Chinese Academy of Sciences, was investigated using traditional statistics
combined with geostatistics. A 42m x 30 m plot was divided into grids with 7m x 5 m spacing including 49 sampling points. Soil
samples were collected from depths of 0 ~ 10 em and 10 ~ 20 c¢m. The results showed that genera of Helicotylenchus and Tylenchus
were the most dominant plant-parasitic nematodes at both depths and Tylenchorchychus was the dominant genus at the 10 ~ 20 cm
depth, with the three genera together representing 92% of total plant-parasitic nematodes on average. Geostatistical analysis
indicated that a major part of this variability was spatially-dependent; variograms suggest that 48% ~ 100% of sample population

variance was related to spatial autocorrelation over ranges of 35 ~ 91 m at both depths except Tylenchorchychus at a depth of 10 ~
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20 cm. The mean numbers of total plant-parasitic nematodes, Helicotylenchus, Tylenchus, and Tylenchorchychus , were higher at
the 0 ~ 10 c¢m depth than at the 10 ~ 20 cm depth. Similar distributions of total plant-parasitic nematodes and Helicotylenchus at
each depth were observed, while Tylenchus and Tylenchorchychus nematodes exhibited a similar spatial trend for both depths. Our
results reflect possible stronger dispersion of Tylenchus and Tylenchorchychus nematodes in vertical distribution. The maps
obtained with kriging illustrate horizontal and vertical distribution patterns of plant-parasitic nematodes at the field scale.

Key words: site-specific experiment; cultivated horizon; plant-parasitic nematodes; spatial distribution characteristics;

geostatistics

KEFEYFEREBEET LSRR T SHERFE LRI R AKEREY . Bk, FEHE L E P
T 27 A 2R o 2 ) 43 26 S AE B S0 % T8 6 4 28 (site-specific management) XR LM AFH +AEERE XY, U
BORGE A0 R S G AT T TR S AAR X T R R KM R RED Y TS
FERAHR L EFRES RIS R EDSE ST ESRAA AN TAT ", I 102 %, BHEBEITEF
B MASEARN EEA, T ER R SE A RERRCEBZINENIIEZHERS ",
IS # K EMEHR WL R SRR ERLBN 2 E MR AR 3R 1S [ 5%
MM AF TR S KA B4 2 L P Y % A R 2 84 A AR R BT T R B O A 04 SR AL ST
HiE
EXUPEREREHESTRG I RERSZ SR WN T RIS, RALME #5151 #8
BAEMAITE, TRHE T EPEYTERABRN KT S EEAMFERAR, A TILMEHEEBEDS RS
HHE ) A AR U A BRAR A 2 IR AT
1 #¥5HE
1.1 3R RS
REMMUTUHTAREX +EMEN PER AR AAESIT RS L RE RS &KW (41°31'N,
123°22'E) , BUEALT T IR, JB IR R KRR, F P HSKR 7~ 8C, FF PR E 650 ~ 700 mm, =
10°CE 31 FRR 3300 ~ 3400°C, LR H 147 ~ 164 d, 3K + H R PP B AR 0, #H2 £ 28 (0 ~ 20 om) H HLER
10.50 g/kg 2 & 1.08 g/kg. 2B 0.40 g/kg A H 1.25 g/lem’ .pH 5.5~6.5, REX I EX-KTHER, HH
1260 m’(42m x 30m),REREHR T mx5me EFEEY K EK(Zea mays L.) , FFHHEEE 2514 N 225 ky/
hm® .P 60 kg/hm’ K 112 kg/hm’ . SRS LEEBHES 1 m N8 NIMEEMR; 4 L2 (0~ 10 em) FIT 2 (10 ~
20 cm)i#FT HIREURE B 49 M, REERT I 2004 4E 4 A 20 B, K EEMET
1.2 EYFERRSEERIT® :
B AP 300 ¢, RAWG-IRH-ERBELESBEYHFELE™ ™, H 60CEKRIESR B
TAF BEEE, SHAR S EXRREALHEYFTEREEEIR" ., KELHEE KEMBRRTERS :
100 ¢ 4+ & 74 b g =2 ' ;
1.3 St
85T R A SPSS 10.0 A4 s G 2R A GS* 4R,
WEITEP R TEIT AR RBH AR R ?..
N(k) =
7(h) = é“]“v“l@—);[q(xi)-z(xi+h)]z (1) E
Ko, v(h) REFELFREEG L AR R RER, RIS E;NR) NEBEEN b S 2(x)
M oz(x, + b)) AR EREAER () FESEME «, Flx, + o SHEIEAGESWF R 3 x 3 B EMKE
HITEENES ",
FRRHERBITEAR R
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B EE TRIEP NS EHEYFELSR 128 NMR(FE 1), K P IEIER ( Helicotylenchus ) F1# 7]
JB( Tylenchus) B L THRZEHEIEYFERANKE B, BILE ( Tylenchorchychus ) N FE LB P Y FLER
BHRBR XINREAABE SHYFLELBEEN 2%, FETEPHYFELKLEBLEIANMREES
HEEBRTTELEPHEE. S THEYFLELLER BKEBAATRNEREZARTE, LR TREER
NBUERERBZENEREIL, HAYFALKLEERITAREEBNHES BRI FEME D,

21 HYBERRHEREHITITER
Table 1 Results of plant-parasitic nematodes (PP, individuals per 100 g dry soil) for descriptive statistics

WY £ K Genera of FHE  REE TREH MHMEE K¥E m/ME BAHE WE :3:
plant-parasitic nematodes Mean 5.D. cv (%) RA (%) Dominance  Minimum Maximum Skewness Kurtosis
0~10cm B2 At 0~ 10 em depth

Y #4408 % PP 695.2 680.93 97.98 23 3378 2.01 5.01
HERB Filenchus 0.3 1.86 700.00 0.04 + 0 13 7.00 49.00
¥1RR Hirschmanniella 0.4 2.57 700.08 0.06 + 0 18 7.00 49.00
WIER Helicotylenchus 522.0 594.25 113.83 75.09 PR 0 3002 2.17 6.06
K4 R Longidorus 1.9 5.68 302.58 0.27 + 0 28 3.28 10.81
K H R Macroposthonia 9.2 30.65 332.23 1,32 ++ 0 163 4.02 16.69
11 R Neopsilenchus 0.8 5.43 700.01 0.12 + 0 38 7.00 49.00
B Psilenchus 27.6 40.59 147.21 3.97 + 4+ 0 211 2.48 7.97
fIER Rotylenchus 4.7 19.52 417.62 0.68 + 0 119 4.92 26.06
LB Tetylenchus 3.0 11.60 391.91 0.43 + 0 62 4.16 17.23
PR Telotylenchus 4.5 18.56 413.43 0.65 + 0 102 4.62 21.27
IR Tylenchus 76.1 75.50 99.18 10,95 4+ 0 294 1.51 1.48
$EALR Tylenchorchychus 44.7 63.66 142.42 6.43 + o+ 0 244 1.70 1.98
10~20 cm 1./ At 10 ~ 20 cm depth

ik ik 2 1S 309.4 339.88 109.87 4 1530 2.08 4.41
W IER Helicotylenchus 212.1 299.70  141.27 68.55 PR 0 1363 2.20 4.90
K4 R Longidorus 0.4 2.2 517.36 0.13 + 0 14 5.54 31.76
K H & Macroposthonia 11.8 56.63 480.88 3.81 + 4+ 0 379 6.08 38.89
SR Psilenchus 10.2 21.32 208.14 3.30 + o+ 0 131 4.26 21.93
RWER Rotylenchus 0.2 1.29 699.89 0.06 + 0 9 7.00 49.00
%8 Tetylenchus 1.0 4.22 421.80 0.32 + 0 27 5.37 31.49
$ TR Tylenchus 37.2 40.31 108.34 12.02 PRI 0 189 2.28 5.66
SR Tylenchorchychus 36.5 51.53 141.29 11.08 4+ 0 216 1.79 2.71

+ + + K%M Dominant genus, RA (relative abundance) > 10; + + B JL/® Ordinary gemus, 1 RA10; + #FH /& Rare genus, R4 <1

2.2 HEYF LR A ) 5T RAE
B1EASEEMNLEMEREFER, X2 REREFEHERKRARMEN NS, LELEEYFER
HEEERERMN B ERISEE YRR R AR RN RMR LR FSHEER, TZE 3%
MY FLELRBRASREER BEEFAAMER BRI BMBLBRAARREB (X 2). 24 Q)%
F2PHREREMIT FRE RTELREPEYFELR L LB ANBRERE R/ EEREFKF, HHA
BEEARTHI MR TAYTELATENSREAETE. SRENBEREEHE (C, + C) ML, ETH
Ei%ﬂl@%ﬁﬂé&%lﬁﬁ&ﬁiﬁﬁ@%y&ﬁﬁ(cﬁﬁdnﬁ%ﬁﬂaFﬁm‘rﬁﬁli%lﬁi%%ﬁmﬁ%ﬁtl:fiﬂ
B/, ERTEREYMFERALERE TR HEEEL R C,/(C, + C)H 100% , /B FIFREMN; £
FTRAHHTRK R+ R A PSS G, R RS AL ERE, TREEBLRE
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B C/(Co+ C)H 0%, RUHERBMEHMERRTIRN,

¥ SARAMTERANEHAREENSN
Table 2 Parameters of the best-fitted semivariogram model for isotropic variogram

WA HitHE heH EEHE BR&E/RE ! WERM F i
Ttem Model Nugget Cq Sill Cp + € Co/(Co+ CY(%) RangeA, (m)  Model R? F value
LB 0-10 cm depth
YL R B M PP L84 Linear 544282 544282 100.0 35.4 0.355 3.24""
BNER Helicotylenchus BUR Spherical 420234 420234 100.0 35.4 0.377 3.544%
8 TIR Tylenchus $H ¥ Exponential 5219 10421 50.0 91,0 0.483 5.472" " !
BALR Tylenchorchychus T8 Exponential 2796 5593 50.0 68.7 0.610 9,161"* :
TE 110~ 20 cm depth '
MY FEKRSH PP 4% Exponential 98100 196300 50.0 91.0 0.077 0.483
WRAER Helicotylenchus £} Linear 91669 91669 100.0 35.4 0.125 0.837
IR Tylenchus BRAR Spherical 1164 2398 48.5 78.7 0.422 4.276"
SEALR Tylenchorchychus *  FRIR Spherical 1 2750 0.0 17.9 0.800  23,429"*

* x {FFREa=0.01 WBEKT Significant at a =0.01 level, Fg o =3.040

FFTETHPEYFEER B ABEERERABNERLTF 17.9~91.0 m ZE(FK2), LEBLEKE
BEFETFTRE, MAVNRNERE L TEREER., EHUARBNHEYFERLKNSEAHEXBEERAR
KMER,

HEBEESTRY, FET R AT AR R R SRR AR EARCAHUNZESHERR,
FHH R -FE A ETRMER R R (F 2); BT R b 7] R 4R B SR 25 8] 4 A6 R4 AR 01, Al R - T o IR B
&, BB L TR TR RUEBE MR B OFAERUN A AE, 2R BB R4
3 itig

EHERET.FTRELEIEYTFEEAROABNERRPAE 8% ~ 110% Z 1, & T £ EHEH LM
Kellogg £ MR B I HEN AR (131%)" B TFEFHREEARLVAS R ERNWER(67%)" . XYM
A EEERREBELEAAYFELRUNERERA, MAARABHYFELANERETFEERK
8,

ERRBE RV ESRET HELEPHEYFELANTERFERKER. ARV LE LB HE
W) B 4 B R K 35.4 m, 1K T2 5 BB 773K K% Grand Rapids I W BURHIZ R (66.4 m)™ BT R
EPREBEERVAES KRB R ENERT.8m)" , XHHAEARRTHHYFER M SAESHERAL
BHREHA, SECRARBNERMAEE, AM - EXRAHEREZHEMZL, MBH B HREEL(BRRAR
B BEE M 2001 8 4 H 26 B) ,MIEEY A EXR, X —FW, WHBREH L EWRBESE TES,
PEHA X~ B P X R BEEEAGEEET IR P AT ERANERES . X W HHARSEREX
Fit— BT & 3t £ R R B WA A R R U A R (AR EF) A —ENBER X,

WG T R 3 & (8 2 2398 ~ 544282, X I B #E 25 4 48.97 ~ 737.75 %&/100 g T 1. X —¥U(EHEE
HTHYFLER REBERME B2 RGT 2 5HT B PR fE2E (40.31 ~ 680.93 £4:/100 g T 1), HXR T H|HF4
ST REN, A A2 07 ik 8 B & 1E BT B A bR 25 4 A R BE SRR R T 2 G0 H AR
22 SREMERNIERAR T AV SETEZ R REYHRA A EANE W, ER L BR . 1%
R FAFTABEENEAGTLEER LR SENTREME/N, EHFT G F 216, i FRER M T A4 {
ERHENTFETAESTZEY . 5SHERINSALHAR, LEPEYFERAN I HFRLEREY
ERE EERAARBRNESRSHRR, ZRAESER, AT T RS2 GER T E. ERETEEN
MRR BB THMUMER™ . KM, CROETHRAR S AERENE S EFA B 2T ERAER
i 76 43 2% B B B B R RO B2, T SR N A U SR T AR U S A AR BURN ] Sy AR R

FRAMYFERBEAARAMNEESMBR. M THRERKRATMS, L FTENESRI MRLEFERKE {
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6300

3150
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F O
s B &
G5B Dy
- a
- (al)
1 1 1 1 1 1
0 13.8 275 41.3
- 0
e o-B. T o D,.,.L.’ ...............
a
B (®1)
1 1 1 i
0 13.8 21.5 41.3
0 13.8 27.5 413

0 13.8 27.5 413

136602

91072

45536

109349

72899

36450

1+ 2 Depth 10-20cm

- (a2)
1 Il 1 1 1 —1
0 13.8 21.5 413
L g o
= &
L = u]
B (b2)
1 1 Il 1 .
0 13.8 27.5 41.3

0 13.8 27.5 41.3
- ] o
b e oG AR T
8]
o
¥ (d2)
]

L 1 L L ] |

0 13.8 27.5 41.3

¥ Spatial distance (m)

B 1 0~10cm 1 10 ~20 em + Z Y F AL RS R R ¥ 5 EH

Fig.1 Semivariograms for plant-parasitic nematodes at the depths of 0 ~ 10 em and 10 ~ 20 em
0~ 10 cm 1 /2 0 ~ 10 cm depth: (al) 4547 % 4 2% B A # Total plant-parasitic nematodes; (b1) W AE /M Helicotylenchus ; (c1) B T1 B Tylenchus ; (d1)# 7]
R Tylenchorchychus ; 10 ~ 20 cm £ /2 10 ~ 20 cm depth: (a2) #i 4 % 4 2% B S Total plant-parasitic nematodes; (b2) ¥R &R Helicotylenchus ; (c2) #: 7]
B Tylenchus ; (d2) B T1 & Tylenchorchychus

FMBTRABECREBELETRNXALEUNZE M HERD. XFHARRKBRT ARBEOHEYHELR

WEEFTOHENELOZR . AT - SRS TRMBLRERE FTIBEIRTREBRLR,

MU E RBEE R T AR B FER AR R NSRS HER, RN @R T & BEHE L RKF
MEEF W EMENEE. NEBLRRAEETELRPMAHHR(E 1 d1,d2) T LUE S BB K RE
FTFEMAHRRROALE, AXRAHRERN BE" AR ELTHET, H#E 12 BRRIAHLBERY
R (R R R g <34 /100 g T2) o RBAHYFERRBAEWSURIER , 7 H R EE R IR
AHBRH RIS o B, A A A A R S RIS SR AT T AL RUBE FSE LB 96 AR AE R A — e

HeEEM.
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20 §

W =321

30

4k North (m)
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W =51

MM =175

1 =139
B 102
&1 >66

N\ >34 >30

42 0 14 28 42
% East (m)

B2 0~10cm f1 10~20 cm LR FEL RS M HE
Fig.2 Spatial distribution of plant-parasitic nematodes at the depths of 0 ~ 10 cm and 10 ~ 20 ¢m ‘
B ¥ R A 1 the note is the same as Fig. 1 ;

Gt A BT s BT, BEUR 1 P R A A R MR LR AL R T2 R S A R AR %
Ettema S0 ') 75 38 [0/ ¥ WM 0 8 50 30 F 5 8 4 AT 28 102 B0 43 44 1 4 S8 AR (DL IO 5 08 . 7EIBIR IR IR0 g
FRMEERERSENHRBHAS R ATE L RGRY . IXAFCELELRPENRBRE ;
& M AR S BN B B XX R, |

B2 MG E SR EF AN FERAS A AR RDRET -HEEN TR, Bt HERT
B SR AT, T LU SRR ) B2 R AR B R B KT SR B A M R, T S M 2 2 R RS
B, LB SR A R SR S B SRR S AR
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