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W, WIFhb 2570 v F vkt LT, WEL
FoEaCBER I A L. = S AL ATERIRD—D -
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M—S 2.70 2.28 89 110
B M—M 2.09 1. 58 2. 67 2.02 98 95 88 97
M—W 2.72 1.99 89 96
W-—S8 2. 68 2.00 88 96
5 W—M 2.13 1.66 2. 84 1.93 100 100 93 93
W—W 3.04 2.08 100 100
S—S 1.88 1.95 93 110
PN S—M 2.16 2.07 1. 89 1.83 99 92 94 103
S—wW 2.1 1.89 104 107
M—S 1.96 2.06 97 116
5z M—M 2.17 2.31 2.01 1. 49 99 102 100 95
M—W 2.01 1.83 100 103
W--S 1.97 1.93 98 109
IG W—M 2.19 2.26 1.98 1.78 100 100 98 101
W--W 2.02 1.77 100 100
{i:S=vynrd— M=~V —a—LF, W=2127.
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K80 RA{ARMPEAC I B 4 4 5 DB X OWERU IR

53 A AR Rk B R (%) (R I B ¢ = 679
A e - e : e e -
By 197941 19804 198143 19821 19794F 19804 19814 198244
S-S 9 11 9 15 8 3
s S--M 33 8 2 8 11 4 6 2
S-—-W 4 7 14 7 7 2
M-S 10 3 11 10 14 4
M—M 24 5 1 9 2 5 13 1
M—W 8 4 10 8 9 0
W—S 15 6 13 25 16 1
e W-—M 16 9 6 6 7 8 1 2
W—W 10 2 8 3 2 0
S-S 15 13 35 14
i S -—M 3 13 5 18 1 9 23 1
S- W 7 9 14 7
M—S 12 9 35 15
B M- M 7 10 7 7 0 17 17 8
M—W 9 11 16 10
wW—S 17 9 46 5
iy W—M 7 9 3 6 0 18 24 5
W—W 9 10 11 3
S—S 6 7 0 0
B $—-M 26 36 2 7 11 11 0 1
S—W 6 9 1 1
M—S 3 4 1 1
e M—M 23 28 2 5 6 1 3 2
M—W 3 3 2 6
W—S 7 7 2 0
1G W—M 29 24 2 § 7 14 i 2
W W 7 13 1 ]
7 : S: Vgt e M:':z"u — =L}, W=AA H.
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o U 1979 19804 198145 19824F  19794E 19804 19814F  19824F
S—S 51 44 46 20 13 22
A S—M 29 44 22 53 27 18 8 29
S—W 57 30 52 23 12 34
M—S 55 32 40 24 18 29
M—M 23 63 37 51 19 22 27 30
M—W 44 30 58 28 18 29
wW—S 45 31 $3 16 18 33
e W—M 37 49 33 48 28 17 14 33
W-—W 62 42 $2 25 20 30
$—S 2 9 4 18
i S—M 30 31 1 1 13 32 3 26
S—wW 4 11 4 9
M-S ? 8 9 27
y= M—M 27 34 1 10 9 14 1 26
M—W 8 12 5 22
W—S 3 9 7 16
Ji% W—M 28 42 1 13 8 19 2 21
W—W 4 8 17 17
S—S§ 29 32 26 24
fAY S—M 54 40 37 29 28 12 13 24
S—W 50 36 30 27
M—S 42 26 28 18
It M—M 58 42 41 27 30 9 26 32
M—W 54 38 30 25
W—S 44 19 25 21
K W-—M 40 45 46 38 29 8 30 33
W—W 50 37 24 24
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i3 o 197944 19804 19814 19821F
FLY S — s e —
%5 8 43 5N I H IH 8 H 3] 8 Ji
S—S 3. 15.340 4. 091 9. 7301
4y S—M 3. 748 0. 0.3 1.0 1.0
S—w 11. 1.0 0.3 2.7
M—S 0. 0.0 0.0 0.0
M—M 0.0 0. 0.3 0.3 0.0
M—W 0. 3.0 2.0 9.0
W—S 2. 12.0 3.3 1.3
% W—M 1.7 0. 0.7 0.3 0.0
W—W 1. 0.0 1.3 3.3
$—S 39.0 33.0 0.3
b°n S -—M 26. 0 11. 08 23. 45. 0K 1.3 12.3 0.0
S—w 5.3 27.0 0.0
M—S 8.0 13.3 0.0
=y M—M 26.3 16.3 3 3.0 0.3 2.5 0.0
M—W 0.0 4.0 0.0
W-—S 14.3 48.0 0.7
I% W—M 48.3 1.7 18 30.0 3.0 2.0 0.0
W—W 6.0 14.0 0.0
$—S (20.D (5.0 arnon
B S—M C0.0) (35.0) Q4. (16.0) 2.7 ( 2.3) 81.3)
M—W a1.0) ( 5.3) (41.3)
W—S a7r.n (5.3) (32.3)
I8 M—M (0.0 (40.7) (7. 6.7 ( 8.0) (7.0 (35.0)
M—W (15.3) (4.0 32.3
W—8 (16.3) 1.3 (60.0)
IG W—M (0.0 3.0 (8.0 a.n (2.3 (5.3 (75.0)
W—W (18.0) a1 Qa1

~1650/50 € DEIET, T OMOMER I, HEEH
HECE T LI hy, BRCROCORME R Lich D s &
2bhs. 1THOREWBARE, ) —a—1 FX
THHHICMY L, v o~ XTihot. 2FEODHE
PPEAMRIL, v o= K (S—S) TR I T
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WiS=vaze, M=—vi—w—nF, W=rq2
Hepix, FHES0g bt F 2 %y ey F L v,

() WL aFnrvr vy d ., v,

—~ M FLE L, OB X - TR & 75 -
fo.
RIS T, 198045, 7Y vy Fa v d
BN HD BRI, KRB 2 EED M s bh
F, XA avOgEL R Lok, SOk, vV
Foa v OREEHEALCHER, Thblla¥Frryrx
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484 FMEWRWIEACIRIT B £ 1 a v DF 257 vy F o 9iC kb i EDHS

= e o AR () B R
L - - - —
i 19794k 19804 198148 19821} 197941 19804 198141 1982141
S—S 29.3 30.0 34. 4 12.5 10. 6 17.8
s S—M 32.7 4.0 11.1 24. 4 16.3 1.0 2.8 9.2
S—W 28. 6 18.9 41.1 9.0 5.8 18. 6
M—S 0.6 1.1 4.4 0.2 0.3 1.7
M—M 0.0 0.0 0.0 8.9 0.0 0.0 0.0 2.2
M—W 9.3 6.7 38.9 2.5 6.7 16.7
W—S 4.3 16.7 50.0 14.3 5.3 21.7
5 W—M 22.7 6.0 4.4 10.0 7.0 1.5 1.1 3.1
W—W 26. 0 24. 4 37.9 8.0 8.9 24.5
S—S 86.7 12.2 54.3 3.3
o S—M 24.0 70. 4 63.3 4.4 9.3 45. 6 21.1 1.1
S—W 80.0 20. 4 58.9 5.4
M— S 61.2 8.9 28.1 2.5
o M—M 28.7 14.3 12.2 2.2 9.5 3.8 3.3 0.6
M—W 69.7 5.6 22.8 1.7
W—S 81.1 11.2 56. 4 3.4
IG W—M 34.3 71.5 48. 9 3.8 12.3 38.3 16.1 0.9
W-—W 95. 6 24.5 64. 4 7.5
S—8§ 5.6 0.0 1.9 0.0
K S—M 0.0 0.0 1.1 0.0 0.0 0.0 0.3 0.0
S—W 0.0 0.0 0.0 0.0
M—S 0.0 0.0 0.0 0.0
/8 M-—-M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M—W 0.0 0.0 0.0 0.0
W—S 1.1 0.0 0.3 0.0
I W—M 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0
W—W 0.0 0.0 0.0 0.0
e S=vs1ad—, - Y=L F, W= 17,
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485 WIS A IS T D T O IR 2 v 7 o w JLOHRER

E ] e /e 1981913 )] 198148 J] 1982143 4 19824~ 8 J§
$—S 728 20748 16345

p S--M 875 175 169

" S—W 448 133 138

M-S 698 252 218
M--M 842 180 83
M—W 677 122 204

m W—S 762 148 142
W—M 508 238 127
W—W 570 578 95
S—S 1,112 295 19

w7 S—M 7573 702 268 50
S—w 282 158 22
M--S 1,510 435 17

bEy M-—-M 217 1,047 222 16
M- -W 302 237 33
W—S 1,885 455 57

It W—M 331 827 253 43
W—W 422 175 31
S—S 2,080 180 488

I S-—-M 767 1,057 208 423
S—W 777 182 513
M—S 2,422 267 760

It M-M 332 1,023 170 473
M—W 1,283 192 405
W—S 2,372 205 581

K W—M 325 1,307 208 463
W—W 748 178 530

HiS=vaa— M=~ —a—1F, W=xAA14.
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Q‘]
13

. S0k WO (>< 03) Fusarzum oxysporum (>< 02)
;i:’\»- \'Z<A
B 19794 19804 19814E 19824 19794 19804 19814F 19824
4y S-S 32 104 b 74 b 172 b 40 165 b 80 b 55 b

M—M 31 95 ab 49 ab 122 ab 85 45 a 50 ab 45 ab
B W—W 37 44 a 34 a 58 a 65 0 a 5 a 25 a
i S—S 13 75 49 49 5 40 b 330 B 15 b
B M—M 14 49 30 19 10 30 ab 115 A 20 b
iy W—-W 15 45 23 31 10 5 a 45 A 5 a
VN S—S 161 44 30 B 85 120 125 b 140 B 110 b
Bl M—M 17 16 33 A 73 85 155 b 115 B 135 b
K W—W 121 21 29 A 61 20 15 a 35 A 30 a
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M—M 65 165 327 173 b 43 39 1067 ab 15
3 W—W 81 137 289 151 a 68 31 66 a 14
i S—S 64 55 97 B 131 56 32 79 57
=y M—M 70 55 88 B 117 64 31 36 59
IG W—W 67 51 46 A 93 48 33 28 42
A S—S 38 76 127 b 154 — 30 C 47 b 22 b
J5t M—M 27 61 86 a 14 — i7 B 24 a 27 b
IS W—W 33 47 54 a 95 - ¢ A 20 a 6 a
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Summary

Studies on the Methods for Controlling the Root-lesion Nematode, Pralylenchus penetrans

CoBB Infecting on Japanese Radish.

by Nobuo OHBAYASHI

In the Miura peninsula locating on south east coast
of Kanagawa Prefecture, three main crops are
grown for market. These are Japanese radish,
cabbage, and watermelon. In most cases three main
vegetable crops are currently grown in the same
field each year. These crops are grown on a
By this

problem of

continuous basis, without land fallow.
highly concentrated cropping, the
nematode is becoming increasingly apparent.
Especially in Japanese radish being one of the main
crops, the damage caused by Pratylenchus penetrans
is a serious problem. The conventional method of
control is to inject chemical nematicides into the
soil. But this method is not always effective because
of low susceptibility of nematode against the chemi-
cals, high temperature of injecting season, light
volcanic soil of the fields, etc.

In order to overcome the difficulty in controlling
the nematode, symptoms, actual conditions of dama-
ge, seasonal prevalence of occurrence under contin-
uous cropping, survival conditions, and damage
analysis were investigated. And control method by
the use of chemicals, organic manure and antago-
nistic plants separately or in combination, were
examined since 1968. The results are summarized
as follows.

1. The first record of infestation with P. pene-
trans on Japanese radish in the Miura Peninsula was
around 1952. Then the damages were increasing
year by year. Recently this root-lesion nematode
has a wide distribution in almost the whole area of
700 hectares of the Japanese radish fields in this
district.

2. The primary symptoms of damages to Japa-
nese radishes infested with P. penetrans are
characterized by minute, irregular-shaped, and whit-
ish specks scattered on the root surface. These
specks develop and turn its color to black with

asteroidae cracking at the center. Such the condi-

tion and appearance of radish root considerably
diminishes the commercial value.

3. There was a significant correlation between
population density of P. penetvans in the soil and
the degree of damage to infected radishes. The
net regression of damage degree (Y) on population
density (x) (number;50g soil) of nematode was given
by the next equation:Y =10.7635+1.9242x —0.013x2
(r=0.94). From this regression curve, control thresh-
old may be assumed to be 10 exs./50g. soil.

4. Seasonal prevalence of occurrence of FP. pene-
trans in the soil was dependent on cropping system.
Triple cropping system in a year increased popula-
tion density by growing Japanese radish in winter
and cabbage in spring, then decreased it by growing
the watermelon in summer, but the density of next
year was higher than that of same season in the
preceding year. The other hand, double cropping
system in sequence of Japanese radish and water-
melon decreased its density in the next year.

5. Survival rate of I penetrans was higher under
the conditions of low temperature (2°C) and higher
s0il moisture (607% ), and lower under the condition
of high temperature (25°C) and lower soil moisture
(409%).

6. According to damage analysis of three main
crops in different population densities of P. penetrans
in the soil, no influence for the growth of Japanese
radish, cabbage, and watermelon was recognized
even in high population density (16-125 exs./50g,
depending on seasons). But at the lower levels of
fertilizers in watermelon growing, retarded growth
and reduced yield were recognized.

7. Chemical nematicides of methyl isothiocyanate
and its allied compounds such as mixture of D-D
and methyl isothiocyanate, carbam, MN-3 or dazomet
effectively controlled P. penetrans. ‘T'wenty [/10a
of mixture of I D and methyl isothiocyanate was

equivalent or superior in an effective action against
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nematodes to 507 /10a of D-D), although was phyto-
toxic and caused severely branched roots of Japanese
radish in the case of the period after chemical
injection before the seeds were sown.

8. Control effect of P. penefrans by the injection
of methyl isothiocyanate (20%) and methyl isothio-
cyanate (30% ) was inferior to that by the injection
of mixture of D-D and methy!l isothiocyanate in
equal amount of application, although 30-40/7,10a
of methyl isothiocyanate (20%) or 20-30 / of methy!
isothiocyanate (30%;) was equivalent to 207 /10a of
mixture of D-D and methyl isothiocyanate.

9. The effectiveness for the control of P. pene-
trans by the injection of D-D (92% ) was followed
by D-D (55%) as compared with different content
of 1, 3-dichloropropene.

10. Systemic nematicide of granules containing
12, oxamyl was inferior to fumigant as D-D in
controlling P. penetrans, but it showed so called
calm effect and effectively reduced the damage of
Japanese radish by the level of 30-40 kg/10a. The
15cm in depth of application into the layer of soil
was more effective than 30 cm.

11. Application of granules containing 1%, oxamyl
(40 kg/10a) mixed with the surface soil of a field
devoid of nematodes (P. penetrans) where the Japa-
nese radishes were grown, prevented the nematode
attack on the radishes transplanted to a nematode-
infested soil. This treatment lost its effect in about
three to four months.

12. Some new granule-type chemicals such as
ebuphos and fosthiazate showed superior or about
the same effects as oxamyl.

13. To establish effective methods controlling
P. penetrans, the combined applications of different
kind of chemicals were evaluated. A double treat-
ment with 15//10a of D-D and 10kg/10a of dazomet
granules gave practically complete control of the
nematode. At first the granules of dazomet spread
over the surface of the soil were mixed with the
so0il of 0-20cm in depth.
at 15cm in depth into the soil at 30c¢m intervals.

Then D-D was injected

The combined effect of these two chemicals was
supposed to be due to their compensative action to
each other. Namely, D-D gave a good control in
the lower layer of the soil but its effect was not
On the other hand,

dazomet was effective in the upper layer but not

enough in the upper layer.

in the low layer. The double application of these
two chemicals therefore, resulted in a remarkable
reduction of the nematode injury to the crop.

The treatment with both D-D (92%) (15-20//10a)
and 1% oxamyl granules (20kg,/10a) also showed a
good effect as compared with the treatment with
20//10a D-D (922;) alone, or about the same effect
as the treatment with 30//10a D-D (92%).

14. Specific symptom of nematicides in injurious
doses to Japanese radish was transversal black stripe
on the surface of tap root. The soil application of
D-D, D-D (922%) and mixture of D-D and methyl
isothiocyanate distinctly increased the degree of such
the symptom in case of less two weeks’ duration
from chemical injection to sowing, whereas the
degree of symptom in the field allowed to completely
ventilate the fumigant for about three weeks before
the seeds were sown, was almost the same level as
non-treated control. On the other hand, the soil
application with 1-3//m? of 0.14-0.05% benomyl
and 209 or 302, 20-407 /10a metyl-isothiocyanate
evidently reduced the degree of symptom as com-
pared with non-treated control. The combined applica-
tion of D-D and benomyl into the soil appeared in
lower degree of symptom than single application of
D-D.

the degree of symptom as compared with non-treated

Single application of benomyl also reduced

control.

From these resulte, two factors were involved in
developing the symptom. The occurrence of trans-
versal black strip on the root surface is determined
by the main effect of D-D application without
sufficient ventilation before sowing and lessened
the main effect of benomyl application. The interac-
tion effect of two chemicals was low.

15. Screening were made to find the organic
matter which caused substantial reduction in popula-
tion density of P. penetvans in the soil. Successive
application of organic manure for three years such
as cow dung, rice straw, bark or garbage compost
at two times for each year at the rate of 500kg/10a
did not reduce but depress the multiplication of the
nematode. In a pot test, the reduction of numbers
of nematodes in the soil was observed by an applica-
tion of some kind of ferment materials as V5-34 or
Koran., These effects were more evident when
applied in combination with rice bran.

With a reduction of P. penetrans by an application
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of organic matter, there occurred an increase in
number of free living nematode. ‘These are almost
all microphagus species. Survival of plant parasitic
nematode is supposed to be due to such kind of
microbial activity in the soil.

16. Successive application of 5t bark manure per
10a after the injection of nematicide as EDB or
chlorpicrin evidently depressed the multiplication of
P. penetrans as compared with single application of
nematicide, and the damage of Japanese radish was
kept in the low level even under cultivation in the
next year.

17.  The reduction of population density of P.pene-
trans was recognized when successively applied dried
chicken dung at two times per year at the rate of
500kg or 1t/10a for two years in comparison with
non application.

18. To screening some antagonistic plants against
P. penetrans, several plants were cultivated for three
or four months in the pot filled with the soil infest-
ed by nematode.  Marigold as Tagetes erecta and
Tagetes patula conspicuously reduced the number
of P. penetrans in the soil. The cultivation of four
Crotalaria species was not effective in decreasing
the nematode population in the soil, and resulted in
its high density in the roots, supposing the reproduc-
tion of namatodes. The cultivation of peanut, Caccia
obtusifolia and Panicum maximum (‘Natsukaze') also
decreased the population of P. penctrans.

19. Cwotalaria juncea (‘Kobutorisou') and Panicum
maxtmum (‘Natsukaze') conspicuously reduced the
number of Meloidogyne incognita in the soil in pot
experiment,

20. In pot experiments, seven varieties of Tagetes
evecta, eight varieties of Tageles patula and nine
varieties of Tagetes hybrids effectively reduced the
population of P, penetrans in the soil, but three
varieties of Tagetes erecta such as "‘Cupid yellow’,
‘Cupid orange’, and ‘Yellow supreme’ were not
effective for P. penetrans.  Brownish discoloration
of the roots resulted from the feeding of their
adults, larvae and eggs.

21. Reduction in the population level of P. penc-
trans in the soil was apparent with the growing
stage of Tageles erecta (‘African tall’), and reach-
ing at lower level 60 days after sowing. This effect
attributed to the result of penetration into Tagetes

roots by the nematodes, which failed to develop

after penetration. So the density of F. penetrans in
Tagetes roots did not increase to high level and
gradually decreased after 60 days. After 80-100 days
from sowing of Tagetes, population of P. penetrans
in both the roots and soil reached at a lower level.

22, We were able to grow Japanese radish, kidney
bean or tomato in the same soil in a pot for more
than 700 days by succeeding their crops to marigolds
without increase in population of P’ penetraus.

23. In the field experiment, the effect of mari-
gold on the population reduction was high in mono-
culture of marigold as compared with interplanting
the watermelon with marigold in summer season,
although interplanting was also practically success-
ful.

24. The most cffective interplanting methods of
marigold with watermelon were investigated.  The
way to interplant the watermelon with the tall
variety of marigold as Tagctes evecta at 50-60 square
cm with additional fertilizer, when pruned branches
of marigold according to circumstances achieved
sufficient yield of watermelon and control effect
of P. penctrans. Yield by interplanting with addition
of fertilizers increased by 209 or above as compared
with that of monoculture of watermelon.

25, In case of interplanting marigold with water-
melon, the application of bark manure above 400kg.’
10a raised the effect for controlling the nematode.

26. ‘T'he interplanting method of marigold with
watermeclon was effective for controlling the nemato-
des as compared with that of application of chemical
nematicides as D-D or MN-3 and fairly longer
duration in its effect.

27. In pot experiments to investigate the mode
of action of marigold, the soils cultured the marigold
did not mulliply P. penetrans or P. vulunus even by
culturing a good host plant, and also survival rate
of these nematodes in these soils was lower than
that in non-cultured soil.

28. The activities of « terthienyl, known as one
of the nematicidal substances in marigold, against
three pathogenic formae of [Fusarvium oxysporum
were investigated. «-terthienyl inhibited the coni-
dial germination and hyphal growth of F. oxysporum
f. spp. under ultra-violet light irradiation in vitro,
but did not show such activity under dark condi-
tions,

29. In the field experiments, one of the following
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four plants, marigold, peanut, sorghum and water-
melon, was cultivated in the summer in the first
year. In the subsequent season, crops were planted
in the following order in all plots: Japanese radish
in summer and Japanese

in winter, watermelon

radish in next winter. Population density of P.
penetrans increased gradually and that of Meloido-
gyne incognita rapidly by the cultivation of water-
melon as the first crop. P. penetrans population
became higher in soils after sorghum than water-
melon, and P’ penctrans severely damaged Japanese
radish after cultivation of sorghum. F. penetrans
and M. incognita populations showed a remarkable
decrease during the cultivation of marigold and
peanut in the first crop, but during the succeeding
cropping, P. penetrans population increased on peanut
plot and M. incognita population increased on mari-
gold plot respectively, The quality of Japanese
radish was excellent on the plot of marigold.

30. Cultivation of green manure crops and plow-
ing them into the soil often caused serious injury
on the succeeding crop Japanese radish, by the
development of symptoms of root cracking, branched
root or brownish crevice. Cultivation of sorghum
and plowing them into the soil distinctly increased
the development of branched roots and retarded the
growth of Japanese radish as the succeeding crops,
but an application of methyl isothiocyanate or chlor-

picrin decreased these symptoms. These problems

are suggested to ascribe to microbial factors. But
the plowing in of marigold scarcely showed such
symptoms.

31. For the purpose of maintaining the soil
productivity and the high quality radish, a system
of rotating in a fixed order, sorghum or marigold
as green manure once or twice in summer and
radish
four years in vegetable field.

Japanese in winter was investigated for
Introduction of sorg-
hum in a cropping system reduced the growth and
increased a branched root or cracking root of succeed-
ing Japanese radish. These malformation was re-
duced by the use of mixture of D-D and methyl
isothiocyanate before radish-sowing.

of sorghum or marigold increased the yield of next

Introduction

summer watermelon. According to the quantitative

analysis of microbial flora in the soil, plowing
organic matter in a soil firstly increased fungi, and
then did actinomyces and bacteria. The increasing
rate of these microbe was highly proportional to
the amount of organic matter which plowed in the
soil.  Marigold was effective for the control of
P. penetrans, whereas sorghum increased the popula-
tion of the nematode.

In conclusion, marigold is the best crops for intro-
ducing as a summer crop in the rotation system on
the Miura peninsula to achieve an effective control
of the nematode and also several kinds of malforma-

tion occurring in Japanese radish.
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