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Abstract

The addition of organic fertilizers to soil not only changes its physical and chemical properties, but also affects the population
of microorganisms, including nematodes. In this study, the migration of second-stage juveniles of the root-knot nematode
Meloidogyne incognita was investigated in soil columns treated with chicken manure for 18 weeks, under continuous saturation
flow at 24 and 72 hours. The results showed that 24 hours after injection of the nematodes into the control column, the nematodes
were moved in and against the direction of the water flow at short intervals from the injection site. In addition, 72 hours after
injection, the nematode population at the injection site was decreased and the nematodes were dispersed throughout the column
in and against the direction of water flow. In the soil column treated with chicken manure, the nematode population was found
higher 24 hours after injection against the flow direction, and the distribution of nematodes in the soil column in and against the
flow direction of water was more symmetrical 72 hours after injection. The addition of chicken manure to the soil caused a
change in nematode movement by altering the physical properties, especially increasing the hydraulic conductivity and porosity
of the soil.
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Fig. 1. Experimental apparatus for assessing the movement of the second-stage juveniles of the root-knot nematode Meloidogyne
incognita in soil columns (left). A: water reservoir, B: injection point of nematode, C: the soil column, D: filter, E: drainage
flask, F: water flow direction. Injection of juveniles into the soil column (right) (adapted from Fujimoto et al. 2009).

S 0958 QL] Sl eolizul b oyte 0+ Sl (g5, 2 oaile B
S 835 055 Ogilpmiges e 05 S pslaer ladied piy
b Ay 2SI S s (55, 45 SsS blo JElS anlad
5 b (6,085 5l s el FA 0 5 5 OT L i s
bz 5l oads z,15 99 s, ¢ ogamdis a2 0 TV Lo
& () e 3l Ng 008 jeee Blo M &bl e

(Whitehead & Hemming 1965) wa.s

M. incognita ailes 93 cyw 9,Y g
ooyl slaacs, ;I M. incognita go cpw 5,Y as g
oolitl g oad (gluals AlHS 1o WS oS K aseS
oo b et ) 10,5 askibaalad 5 i 5l g 00,5
bug adl ¥ oo a4 o o lSgne dope ¢/0
& Shobe Slgme Wad Jsiens 5 35 1S byl
Sl jI3 e O s Sl g9y 2 oS e Ve e Sdsg; o5
$9y bady ) bl wiad annd jhade O b alolid g 4l
055 4S5l oad o] glaess wile L e Yoo S



VFY

Bl om Celo VY 5 V) Sl mhaws g0 jled 10 sl s
bl Jelow g ajos b ad)S L 50 S5 a5 (Wl
B pdy &y90 SAS 9.0 aslip o 5SSl yge3T 5l eolil

)90 (£0 095 9 S (b g (bt Sluogas
ool

05 STy o ons) Lawsie il s S adyl aiges
Y S e b g et VIF ply PH L 5 5wy
Seop (Epe 095 Sy S (Dbl e p e
Salar b g o5 590 ghls VT sgum GTPH jlade 5
(O39F A S S 5 S p e IV (S Sl
PH ;o 9umbsSil 0,90 aan VA 5l o 20,8 pees VV/A
375 5 ooy S b Ll s ssalive (g pesd als S5
SEPH Sl S 4 oad Jled S PH (L0 055y
Colaa ColilB Ol o g o cxe (EalST (Jg dw, call
oo o S o Lol gy Sz e vl S5 45 Sy 2SI
S g ke yss 1 4 g o3l LiS alEl (S i8Il Culae
S oligS o S jlaul Sleogas o (ool Ol sy o
WS 6,8l Ced b azgs L aS widl pes BT (aie VA)
el 00 e Sl (6 el
S Olyd gusails

IR Ol 4 S sanall gpSelal mls
M. JSa00)S 99 G slog,Y <S5 50 Jge Sliogas
YO« 5l i Hhd b old Jlade a5 ols las incognita
lasiles &8 > Cgllae 45 (fegySn Vv 900 0) oy Se
;o «Sano & Nakasono 1997a, 1997b) ¢l S 4o
S 4y G g5lo sixn jabds o £50 955 Londs Jlad S
VO-LO- Jad b ald jo poss cp g 8l ioli8l sall
Ero 385 3l Grimee (¥ JS8) S5 O)g0 ey S
PNV 6ol ogate gy )3 Gae oS el SB- o
oo S VY 5 sl S 5o ooyl p
JFES 0050 5 200 5 (0 255 b odd Jles SIS )3 e
(Eo 955 Loads jlaws S ;0 70Y 5 vals S 0 V)
e Gl b s 5o 2l Gl (sl siae ok 4
e ye 555 b ondles S s baailel oS > oS sdss
e B) SHgpaee colbe Gl L zes oS i
50 asl e gl oo 0¥ g aals S 0 4l 5 e sl

WASVFA [ VFF /) oylois /) ol [ ol owliiioilos

3 M. incognita wiles g0 cyw 9,Y olusi duwwlxo
Ol gaw

Ogeilowgms 519 (o 9)¥ land dule g
0950 Ogemibwgus 4y 0l oolatul L3 al> o 5l odelcawsoas
9 odeed Comy g aiBs wir ol ks 00 O
wlo 95Y Ggemmilimgas 5l il (oo gy alolidly ol (e
L lag,Y ke ol B ) ()led (655 SELES (59,9 5 00
IO SO [ COURRN SN SR PREE
s (Ogamiliwgns 5l (oo 0) a0l Joloe ;0 1S5 4
el Cawots adgl Joloe yo laasles S olows 4

J&1s 4 M. incognita wiles 9o oy 9,¥ (39,3
S b g

G3lenz 58 (r 6log,Y (gl (g5l Sod 5l
o 5l ool b ey dawss (s oo B0 )l o ens
SE gt 42 90 G g)Y Voo EOY G55 Al SIS
S 55 33led 93 (p 9)Y S5 gy () JSB) 0l ailal
el YE S gt o o e po 955 b oad Lo o wlis
25 ELF 3 om celo VY S et w5 &,5 5 om
255 ol S5
s ygw 31 M. incognita wiled 9o cyw 9,Y gl yow!
S

SB laggin 50,5 oz 5 Glalol Gles 0L 51 e

Loy g s Al o S5 5l Y as (ol il (ps
aS serudy Wil (g S cdle (5 e gl S Ceond VY @
Ol Sz 5o Glwend gl Gao sas 5,5 sabb gl
Car M cloend s (O B 1) Cote slael O]
A a5 L 0 (-0 B -)) ate olael OT b >

Oh) & S sl Cend e slaailed gl 5l ey
slkwls 3 (Whitehead & Hemming 1965) ..
L lasles Go)led g 1 (29,5 Slaj )0 0ud (5 9leex
b 5SSk 28,5 plonl gSns Seagl il 5l ool
Lo Loyl 0u0,5 acubre wiles oles olaws olsieay L3l
> YO Y cia siboil oy90 Job )0 (oond Cusb)
Al do VY EF 5 Lugends
&obol lawlxo

Pl LS 50 4y ol SalS 5o B 50 (505
(O@L» 9 GQ)A 055 lJ OM)LO»-’ Jl’) )L"*’ 9o t_)9‘°)1 6‘)" S



oy 9 (oo

c«f)’)g‘;é)no,f)ﬂ \F¥

0l i S 0 ol Ol ((Epo 385 Lond Loy S
ol ) 5,5 akhats 5l g eal ol ojls iy aailed o

9
8 8.2a
1 7.1b
7 -
@ 6 - 5.4b
- 5 - 4-5a
S 4 | 35539
g 3 - 2.4b
2 A 12a 1a 1.7b
‘| - I
0 1 T T T . T . 1
50 150 0 500 1000
particles size (micrometer)
H control treated chicken manure (18 weeks)

Ade VA Do 4y (£50 955 L oads )land g aald S ol ganails Sl dunlids Y S

Fig. 2. Comparison of mean particle size of control and chicken manure treated soil for 18 weeks.

1) 9 V) bl joas blis sles o (5)lo cxe Dglas ols ylis
i ze ey o buils slaw uzes 0,5 cdslice
slo Hlas jlo gime B! el VY 5 el YT (s o gt

(O Jguz)

395 b ouds slod S 50 ag ¥ &8 po (12l dunn o
CidS 5l e 0 lod oy 5 s el VY g VF (£ 50
03,5 &S o (g byl 4 ailed (8,5 oo 5l el YF
Ceelos VY 5l G o0l oSy (gt 50 S laaSy IS0 @ g
55 sl 15 45, 5t 09 St rshyb 4 S5 >
PSS g g ad Sl VI eS sl 4 @)5 ¢
dglin 09y O sz Sz 3l b (05 Oz Caz B
Sogire AWl Sl 00,5 &S > sladile wo o (1 Sile
bl plos o s (pre DS a5y j5bay 09 ploj 25
Aoy 8 oy o e WSade () § (YY) bl >
A cels VY 5 el Y 0 (29> sbwils

O Jgoz) )8 sasline 5,0 e

e M. incognita JsCi 0,5 90 (pw 9)¥ <S>
9 waldh SB glapgiw j0 ol ;Ewib gl oL,

0995 bond jlod
VY o YF sall S o g )W el o (Kl dnlio
Oloj sl celo Y cndS 5l o 105 lod 3953 3l m el
olass g sl edmlice B,y aads o iy basles (&,
Adg 00,5 S 1> S e Sz g0 50 basle 5l g S
5 el als lwsles slass 55 gakais 5l alols b8l L
Ll og: Gl <o 5l i Ol Soz SN o 2als )l
S G Job 5o sl (SwiSTy wela VY cusdS L
S o S o Ol g WS 0 g Cagz 40 dtuilys § o
Sz Dl i pbz Sez 3 S el Ll aus
30 Gy 3l om el YY 5 VY bwle S ,> 0 oLy
L bl 25T 0 ghlo gime Dglas g 0uls anglie ol S
Galai 4 by e Sglay s yiies . 050,8 sdwline ylo) ClldS
Gp o el YY 5 VT bwsles o8 o aslie 09y 50,5



VFO

WASVFA [ VFF /Y oylois /) ol / ol owliiioilos

Goysiw ;0 31,5 5l ow el YY 4 VY Meloidogyne incognita o Sac, alad pgo s sbog,Y &8 1 duo 0 (12 Skeo aunlio (1) J9oa
(1D «SSIs oyge3D) B aile glasl oyl o atan VA oo 4y (£50 955 b oy jleus 5 dalis S5
Table (1) Comparison of the mean percentage of moved second-stage juveniles of the root-knot nematode Meloidogyne

incognita 24 and 72 hours after injection of the nematode into columns of control and incubated soil with chicken manure for
18 weeks, under permanent saturation conditions (Duncan test, 5%)

Distance of injection point (cm)

-5 -4 -3 -2 1 +1 +2 +3 +4 +5 drainage
24 h after 5.30B 5.96B 5.46B 7.46AB | 1163A = 1430A  930A  7.96AB 8.30AB = 7.96AB 5.30B 11.13A
nematode
injection
72 h after 7.14AB = 7.47AB | 7.64AB 5.97B 5.47B 6.47B 13.14A | 1047A | 9.80AB = 7.30AB | 12.14A 6.97B
nematode
injection

Treated soil with chicken manure

24 h after 9.68A 8.34B 8.51B 11.68A | 11.34A
nematode
injection
72 h after 1123A  11.56A | 11.73A 8.23B 4.89C
nematode
injection

8.68AB 7.68B 8.68AB 7.34B 7.51B 5.68BC 4.84C

3.89CD 3.23D 6.23B 7.89B 10.56A 10.23A 10.39A
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Fig 3. Comparison of the mean percentage of moved second-stage juveniles of the root-knot nematode Meloidogyne incognita
24 hours (A) and 72 hours (B) after injection of the nematode into columns of control and incubated soil with chicken manure

for 18 weeks, under permanent saturation conditions
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