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Studies on the Damage of Crops by the Root
Lesion Nematode, Pratylenchus penetrans
CoBB, and Control Measures Especially by
the Utilization of Marigold ( Tagetes Spp.).
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Gramineae 4 ##%}
Oryza sattva 1. (4 )
Hordeum vulgare L. (A4 4 %)
Triticum aestivum L. (3 4L %)
Zea mays L. {F7®03i)
Phleum pratense L. (F %31 —)
Sorghum sudanense STAPF. (A—¥> 77 2X)
Sorghum bicolor MOENCH (v 1 o—)
Setaria ttalica BEAUVY. (T 7)
Setaria viridis BEAUV. (x. / 20 7}
Echinochioa crus-galli BEAUV. (4{ Xp 1)
Digitaria adscendens HENR. ( # & i-2%)
Eragrostis multicanlis STEUD. (=7:Hk )
Arthraxon hispidus MAKING (=2 7+ 74+)
Eleusine indica GAERTN. (& k 12X}
Zoysia japowica STEUD. {1 29}
Poa annua L. (A XA/ AT 7)
Avena fatua L. (H# 7 A LX)
Coix lachrymajobi L. (v 2 X ¥-=)

[Leguminosae -2 £ f}
Phaseolus vulgaris L. (4 %= 4)
Glycine max MERRILL (¥4 %)
Vigna angularis WIGHT (7 2 %)
Vigna sinemsis ENDL. (44 4)
Pisum sativum L. (L Fr7)
Avrachis hypogaea L. (7 A2 4)
Canavalia gladiata DC. (+ %= #)
Vicia faba L. (/7= 1)
Vicia angustifolta L. (#5212 F7)
Vicia tetrasperma SCHREB (% A= 7 4)
Vicia hirsuta GRAY (A XA /L Fr7)
Trifolium pratense .. (7 #H 7 o—03)
Medicago sativa L. (W—t )
Lespedeza cuneata GDON [ A Fon¥)
Astragalus sinicus L. (%> %)
Crotaralia retusa L. (F 32 %2 4)

Cruciferae 77 7 +#%}
Raphanus sativus .. (¥4 22
Brassica olevacea L. var. capitata L. (¥ v»~7)
Brassica pekinensis RUPR. (~74 4{)
Brassica oleracea L. var. botrytis L. (#)) 727 —)
Brassica vapa L. {#7)
Brassica napus L. (7 77+}
Brasstca juncea CZERN. et COSS. (# 7 L +)
Rorippa indica HIERON. (4 2 #Z )

Compositae % 7 4
Arctium lappa L. (TH2)
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Petasites japonicus MiQ. (7 %)
Chrysanthemum coronarium L (yar¥7)
Chrysanthemum morifolium RAMAT. (¥ 7)
Lactuca sativa L. (v # R)

Lactuca indica L. (T % /7 /7]

Helignthus annuus L. (=71

Callistephus chinensis NEES (/%X 7)
Cosmos biptnnatus CAV. (3 ZEA]

Evigeron annuus PERS. (b A3 aF )
Erigeron philadelphicus L. (s~ 5 I )
Erigevon canadensis L. (e A LA 3 £ X)
Senecio vulgaris L. (/7 F0 ¥ 7)

Artemisia princeps PAMP. (3 EX)

Galinsoga ciliata BLAKE (% 7 4 x5
Sonchus olevacews L. (/7))

Xanthium strumariwm L. (£ € 1)

Bidens flondosa L. (T A e3> 7
Ambrosia artemistifolia 1. var. elatior DESC. (7% 74)
Graphaliwm affine DDON - (R4 2 74 )
Tagetes evecta L. (T 70 H =1 —a—n k)
Tagetes patula L. (7 Vv > Fl)——nF)
Tagetes minuta L. (A X727 1) —— L F)

Ll 4+ ++FrEEFEEEF L F L EFFEF

Solanaceae + A ¥ _
Lycopersicon esctlentum MILL. (t=1)
Solanwm melongena L. [+ Z)
Solanum {uberosum L. (¥ x A %)
Capsicum annuuwm 1. (F7 T )
Capsicum annuwm L. var. angulosum ML (&b #Te)
Nicotiana fabactom L. (#7353
Datura alba NEES (F3 72> TH7+)
Physalis alkekengt L. var. francheti HORT. (H4 Z %)

+H+++ ++F

Cucurbitaceae 7 1) ¥}
Cucumis satious L. (% 277))
Cucumits melo L. var. conomon MAKINO - (- @ 7))
Cueurbita moschata DUCH. (=R > Fx )
Cucrbila pepo L. (~utiAfF )
Citrullus vuigaris SCHRAD. (% 4 #1)
Luffa evlindrica ROEMER  {-~F-=)
Lagenaria siceravia STANDL, (27 47F )
[agenavia siceraria STANDL. var. gourda HARA (B 37 %)

+ % =% ¥ = + +

Lillaceae 1) #}
Alliwm cepa 1. (F=3 %)
Allium fistulosum L. (%)
Allium tuberosum ROTTL. (= 7)
Asparagus officinalis L. (T 2T A
Tulipa gesweriana L. {(F2—1) > 7
Litium longiflorum THUNB. (7T - )

4+ H*
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Chlorophytum comosum JACQUES (%) ZL7)
Umbelliferae 4 1) #}
Daucus carota L. (=2 )
Cryptotaenia japonica HASSK. ( 37 #%)
Petroselinum cryspum HyM. (2¥+1) —)
Chamaele decumbens MAKINO (> F 7V 7))
Hydrocotyle sibthorpioides LAM. (F ¥ £ 774)
Chenopodiaceae T # ¥}
Spinacia oleracea L. (K7L 2/ 77)
Beta vulgaris L. var. saccharifera ALEF. (T 44 )
Chenopodium album L. var. centrorubrum MAKINO (7 #4)
Chenopodium album L. var. stenophyllum MAKINO (4 /3T A +)
Chenopodium ambrosioides L. (7)) %/ 77)
Kochia scoparia SCHRAD. (7% ¥)
Polygonaceae % 7%}
Fagopyrum esculentum MOENCH (/%)
Polygonum blumet MEISN. (4 X 7))
Polygonum persicaria L. (»~1L % 7)
Polygonum orientale L. var. pilosum MEISN. (447 #7)
Polygonum aviculave L. (3 Fx+ %)
Polygonum mnepalense MEISN. (% =/ %)
Polygonum filiforme THUNB. (3 Xk %)
Rumex acetosa L.. (A 4 +%)
Rumex japonicus HOUTTUYN (¥ X3 )
Rosaceae /<7
Fragaria X ananassa DUCH. (A +3)
Eriobotrya japonica LINDL. (E7)
Convolvulaceae k74§
Ipomoea batatas LAM. (/=4 &)
Pharbitis nil CHOISY (T r#)
Quamoclit pennata BOJER. (/L2727 7)
Calystegia japonica CHOISY (kLA H)
Labiatae 3/ §
Perilla frutescens BRITTON var. crispa DECNE. (V)
Coleus blumei BENTH. (21 7 2)
Salvia splendens SELLO ex NEES (# /L ET)
Lamium amplexicaule L. (#+ F 47 /)
Glechoma hederacea L. var. grandis KUDO (# % F4 <)
Ajuga decumbens THUNB. (¥ 7>/ 7)
Scutellaria indica L. (#v+3/77)
Dioscoeaceae ==/ 4 £¥F}
Dioscorea batatas DECNE. (+ 774 €)
Dioscorea japonica THUNB. (= /4 E)
Araceae 4 £}
Colocasta esculenta SCHOTT (HF A4 %)
Pedaliaceae =¥}
Sesamum indicum L. (T=)
Malvaceae 7 # 4§}

+

+ + = % *

£+ + + + +

tH A+ EEF+HF

+ *

++ +F++++++ F+++

H

T
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Abelmoschus esculentus MOENCH (427 7) ' #
Vitaceae 7 F7#t

Vitis sp. (7 F7) +*
Theaceae ‘7<% F}

Thea sinensis L. 1 F x) +

Camellia japonica L. (2 r3%) +
Caryophyllaceae + 774 3 #

Stellaria media VILL. (37> a-4) +

Stellaria alsine GRIMM var. undulata QAW (/32 /7 %7 +

Ceorastium caespitosum GILIB. var. ianthes HARA (3 17 74) i

Sagina japonica OHWI (v A 24D +

Dignthus chinensts L. (£ xF7) +
Euphorbaceae + 794 77 #

Acalypha australis L. (x/Xx7+) H#

Phyllanthus wrinaria L. (33 A2 7)) +

Euphorbia humifusa WILLD. (=2 %) 1+

Euphorbia suping RAFIN. (3= %/7) +
Geraniaceae 770/ 7§

Geranium nepalense SWEET (4 /a7 ) -i+

Felargonium X hortorum L. H BAILEY (£7 =2 745) +
Amaranthaceae k& 2k

Celosia argentea L. var. cristala O KUNTZE (74 +%7) +

Gomphrena globosa L. (&> —F277) +

Achyranthes fauriet LEv. et VAN, (e+ 54 /3 F) +

Amaranthus blitum L. {4 % ) ¥
Begoniaceae L 17 % £ ¥k .

Begonia evansiana ANDR. (o744 F77) 1t

Begonia semperflorens LINK et OTTO (T2 T) +
Aizoaceae ¥ L+ F

Mollugo stricta 1. (3F 72 r7) +

Lampranthus spectabilis N.E. BR. (=7, X7) 4
Commelinaceae V.7 + §i )

Commeling communis L. (v 7 +

Tradescantia fluminensis VELL (a7 g H7 I +
lridaceae T A 4

Crocus sp. CAELES. +
Cyperaceae A %7 7kt

Cyperns microiria STEUD. (v 74) +

Cyperus rotundus L. (=) —
Campanulaceae % % 3 7 f#

Platycodon grandiflorum ADC (XX%37) +

Campanula punciata LAM. (g7 7)) +
Rubiaceae 7 # &4

Frederia scandens MERRILL. var. mariret HARA (-~ 7 /7 A7) +*
Oxalidaceae # #2331 Fl

Oxalis corniculate L. (#5253 ) +
Saxifragaceae 1% /i FHt

Centaurea cyanus L. (¥ e/ ) +

Saxifraga stolonifera MEERR. (2% /¥ F) +
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Scrophulariaceae == /2~ 7 ¥}

Antirrhinum majus L. (%> X3 V7) +

Mazus japonicus O.KUNTZE ( }F ¥ 7. ) #
Saururaceae F 7 ¥ : #

Houttuynia cordata THUNB. (F 2% 3) 3
Balsaminaceae ‘7' 7 & v 7%}

Impatiens balsamina L. (K7€ %) +
Plantaginaceae # # <2}

Plantago asiatica L. (##A+%2) +
Papaveraceae 4 %t :

Macleya cordata R.BR. (%4 =7+)" #

Eschscholzia californica CHAM. (»~+E -/ 7) -
Acanthaceae %' # /= ITF}

Justicia procumbens L. var. leucantha HONDA (%Y % /=) +
Basellaceae W AFH X#}

Basella rubra L. (710474 %) +
Primulaceae + 7 7 7%}

Lysimachia japonica THUNB. (24 A E) +
Portulacaceae A-L1) k2 ¥}

Portulaca olevacea L. (AL b .2) +
Qenotheraceae T # 23+ ¥}

Oenothera erythrosepala BORB. (4 # =73 4 74) . -
Moraceae 7 7 #}

Fatoua villosa NAKAL (77 7) H
Lardizabalaceae 7 # b #i}

Akebia quinata DECNE. (T4 E) +
Ericaecae v'7 v ¥}

Rhododendron indicum SWEET (H/ %) +
Thymelaeaceae ¥ > F 3 7 7F}

Daphne odora THUNB. (¥ > F 3 7%) +
Oleaceae €7 A Ft

Ligustrum japonicum THUNB. (& X : ®F) +
Violaceae Z 3 v #

Viola sp. (A 3lL) +

S2A, FAa>r, X0, ~NIH 4, +A, Vx
HA®, FIHTL, YA XL EDIEIN, BT,
Wik E=7), ARAER, Fa—u7, Ty#
vy, THHALErGEN RETR27H I,
=7Hkal), RXAIHFEF, NARLETH-T,
WA kit & L TIR6iA b o 2hf, Zh
itk a9, SxPy, PLE HNTT
T, TTIF, AFT, FrHA, V5 EDII,
LVXT, AR, ¥TL=YT7, /a7,
AFEn¥E karvaxry, /J¥uXs, /7L, 4R
SRy (0 -Tal SE FIAL B (0 Al AR AR 3 (-
. BEFENECHIMIIIETA > 7= A, 2 F7,

THEY, Ya22¥7, VIR, 7%, #77, A,
y2RX, A—FL TR, ¥7, WETIRARXTZ
v, ZIXTH, HFARILLEI, RXA/IXTCF
Tl rhaing,

% B

JENSENSVIZ, ¥ #A Tt Fa7icIEREtD
WNEY % 33N 4 ARt LU= A Rodh b2
e, WL AW EMMTH - 72, O0STENBRINK? (2
X & AT F a7 OFERDE WAL 1828 ki
rh T, = A FHiliIC R EEH LR TW S,
AR IO EREEEDN X 7R 7L £ Fa7T
BE L, MAFENEZLHTLL W EWE L T2 LK,
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Studies on the Damage of Crops by the Root
Lesion Nematode, Pratylenchus penetrans
CoBB, and Centrol Measures Especially by
the Utilization of Marigqld (Tagetes Spp.).

Ichiro CHIKAOKA

Summary

Pratylenchus peneirans, one of the most important root lesion nematodes distributing in the temper-
ate zone of the northern hemisphere, is widespread from the central part of Honshi to Hokkaido
in Japan. The author has been investigating the damage and control of this nematode species since
1960. The results so far obtained are summarized as follows:

1. Pratylenchus penetrans causes serious damage to Japanese radish, Raphanus sativus L.which has a
nation-wide reputation called “Miura-daikon” which means Raphanus or "Daikon” produced from
Miura region, Kanagawa prefecture. This damage has been annually increasing, and consequently it
has become difficult to maintain its production. Similar damage also occurs at other places in Kana-
gawa as well as in other prefectures.

2. The primary symptoms of Japanese radish caused by the nematode are characterized by min-
ute, irregular-shaped, and whitish specks scattered on the root surface. Then, each of these specks
develops asteriod cracking in the center. In addition, under a high nematode population levél, there
appears such malformation as divergent, cracked, or shortened roots. In general, development and
yield of radish root was rarely suppressed except for under exceedingly high population levels.

3. Tests were attempted to clarify the relationships between damage caused by the nematode and
cultural practices such as sowing time of radish. The spring sowing radish|(Tokinashi and Minowase)
resulted in heavier root symptoms and a higher nematode population level in soil at harvest time
than that prior to sowing. The summer sowing radish (Minowase) induced a comparatively earlier oc-
currence of root symptoms in late August which became most severe at harvest time. The autumn
sowing (Mivako) resulted in delayed appearance of root symptoms up to early November and gradual
increase later on, and similar nematode population levels in soil at harvest time, i.e., January-Februa-
ry. as that prior to sowing.

4. The differences in susceptibility of radish varieties to the nematode were tested. No particular
differences were recognized between two spring sowing varieties, “Tokinashi” and "Minowase”, but a-
mong three autumn sowing varieties, "Miyashige” was more susceptible indicating larger and more
distinctive white specks than other two, "Miyako™ and "Nerima”. By another comparison test with
nine varieties, "Kameido™ and "Miyashige” were found most susceptible, and "Shogoin” resistant.

5. The test with fully grown radish root translocated in a high nematode population soil proved
the invasion of feeder roots by the nematode after 10 days, and also appearance of symptoms con-
sisting of black spot lesions instead of white specks after 20 days at room temperature in February
to April. The reason for very few white specks was considered that due to senile change of tissue
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of the fully grown radish roots, nematode resistance was reduced.

6. Positive correlationships were found between the nematode population level prior to sowing and
the degree of damage of plant roots. Under a high nematode population level, decrease in yield oc-
curs, but decrease in leaf and stem weight as well as suppression of root enlargement occur only un-
der an exceedingly high pupulation level.

7. Symptoms of carrot caused by the nematode was characterized by the shortened roots and fas-
ciculation of hair roots from the portion where nematodes attacked. In general, long root cultivars
suffer severer damage than short root cultivars which also show slighter symptoms and lower nem-
atode population level in roots.

8 Potato roots were infested by the nematodes and reduced yield of tubers where only smaller
number of nematodes were observed to invade and fail to reproduce while in storage. Reversely, pot-
ted sweet potato indicated distinctive symptoms of root but no symptoms nor yield loss of root tubers.

9. The symptoms of cabbage caused by the nematodes were inconspicuous in general, and only
smallest vield loss was observed by pot and field tests. Under an exceedingly high population level,
brownish discoloration of cabbage roots were characterized and above-ground growth was also sup-
pressed. Lettuce demonstrated brownish discoloration of roots, and decrease in vield was evident when
nematode population was high.

10. Infestation of the tomato roots by the nematodes caused conspicuous spindle-shaped brownish
discoloration of roots, but transplanting of seedlings hardly caused vield loss even under a high nem-
atode population level, Direct-sowing of tomato, however, caused suppression of the above-ground
part growth. Kidney bean was found a good host of Pratvlenchus penetrans, and the damage of roots
was severe and extensive under high population level, although the growth and vields were hardly
reduced.

11. There are three plant groups depending on their symptoms caused by Pratvienchus penelrans.
They are: a plant group including onion and welsh onion of Liliaceae which shows no characterized
lesions on roots, second plant group of Leguminosae and Solanaceae with conspicuous and independ-
ent lesions, and third plant group of Cucurbitaceae. Cruciferae and Umbelliferae which has lesions
without distinct boundary. Plant species belonging to Compositae, Umbelliferae and Liliaceae, and
kidney bean of Leguminosae were mainly good hosts of Pratvlenchus penetrans.

12. Optimum temperature for reproduction of Pratvienchus penetrans on cabbage was found to be
approximately 25°C. The reproduction was suppressed at 15 and 30°C, although invasion of the root
by the nematode became active at as low as 15°C.

13.  Pratylenchus penetrans was able to survive for about one month at 2-5°C in water, and few in-
dividuals survived even for more than 210 days. At 15°C, survival reduced remarkably after around
60 days, only few individuals survived after 180 days. and none of them survived for 210 days. At
25°C. few individuals survived after 60 days, but none survived after 120 days.

14. In a polyethylene hag containing naturally nematode-infesting soil, Pratvlenchus peneirans sur-
vived for five years at 2.5°C, 4] months at 15°C, and 21 months at 25°C. Under outdoor conditions,
the nematodes survived for 33 months, These tests proved that Prafvlenchus penetrans was capable of
surviving for fairly long period in soil without host plants.

16.  Pratvlenchus pencirans was so resistant to low temperature that 0°C did not affect the survival
of the nematode. Even at -5°C, few individurals was able to survive for 39 days, although all of the
nematodes died at -10°C.

16. Three species of Tagefes and nut grass were proved to be non-hosts of Pratvienchis penetruns
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among 177 plant species covering 48 families tested. Excellent hosts of this nematode species are kid-
ney bean, great burdock, garland chrysanthemum, Japanese butterbur, lettuce, okra, onion, welsh on-
ion, and others.

17. Tests revealed that Pratvlenchus penetrans was more prevalent in sandy soil than in clay soil.

18.  Meliodogyne incognita and Pratylenchus penetrans were compared in susceptibility to D-D with
a newly deviced apparatus in which a cotton ball with nematode suspension was fumigated in an
air-tight glass container. LDso and LDgs of Pratylenchus penetrans larvae (middle- and old-aged) were
2.5 times and 3.5 times those of Meloidogyne incognita larvae, respectively, and also Pratylenchus pen-
etrans was found more resistant to D-D than that of Pratylenchus vulnus.

19.  Pratvlenchus penetrans and Pratylenchus vulnus were compared in susceptibility to DBCP with
an apparatus mentioned above, and LDso and LDes of the former species were 4 times and 1.9 times
those of the latter species, respectively.

20. Another test to compare susceptibility to D-D between Pratylenchus penetrans and P. vilnus by
fumigation of the similar soil type where each species had occurred, in an air-tight glass container,
proved also that P. penetrans was more resistant than P. vulnus.

21. Differences in the effectiveness of D-D, EDB and DBCP against two species, Pratylenchus pen-
etrans and Meloidogyne incognita, were compared. Two thoroughly mixed soils the nematodes had oc-
curred were fumigated with each of nematicides in a glass container, and results were that P. pen-
etrans was more resistant to any of nematicides tested than M. incognita, and that D-D was more
effective on controlling P. penetrans than EDB or DBCP.

22. Pot tests proved that metam-ammonium (NCS) and metam-sodium (Vapam) were very effective
to Pratvienchus penetrans. Telone or Dorlone (high content of dichloropropene, respectively) were also
effective. The effectiveness of Telone and Dorlone was followed by D-D, but EDB and DBCP were
found insufficient.

23. Field tests of nematicide application proved that effect of D-D treatment was most relia'ble than
EDB or DBCP on Pratylenchus penetrans. A dosage of D-D 54 1 per 10 a appeared most stable.

24. Carbamate compound such as NCS or Vapam, and Di-trapex (mixture of D-D and methyl-
isothiocyanate) also effectively controlled the nematodes, although they were occasionally phytotoxic
and malformation of roots divergent and shortened occurred. Telone and Nemachlopene (mixture of
D-D and chloropicrin) gave good control.

25. Effect of NCS or EDB treatment was persistent during two years with four times of cropping.

26. D-D treatment without previous ploughing indicated better results than that of conventional
post-ploughing treatment. Injection of 20 ¢m intervals demonstrated better control than conventional
30 cm intervals.

27. Pot tests indicated that 26 species of African marigold (Tagetes erecta), French marigold (T
patula), and Tagetes hybrids, effectively reduced the population level of Pratvlenchus penetrans, but in-
effective by three cultivars of African marigold, i.e., Cupid yellow, Cupid orange, and Yellow supreme,
which roots showed brownish discoloration where harboured adults, larvae and eggs of P. penetrans.

28. Reduction in the population level of Pratylenchus penetrans in soil appeared in accordance with
the growth period of Tagefes. This effect attributes the result of penetration of Tagetes roots by the
nematodes which fail to develop after penetration. After 80 to 100 days from sowing of marigold,
nematode population resulted in a comparatively low level.

29. Growing of kidney been, tomato, or Japanese radish in pots where marigold had been grown
indicated no increase in Pratvlenchus penetrans population for at least 700 days.
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30. Pot tests indicated that the effect of marigold on the population reduction was higher when
marigold was mono-planted than co-planted with tomato, although even in the latter nematode pop-
ulation in tomato root as well as in soil was highly reduced.

3L It was found by pot tests that incorporation of 5% granule of a-terthienyl into soil at 2,000-
5,000 ppm effectively reduced Meloidogyne incognita population, and that incorporation of ground flow-
ers of marigold more than 4 t/10 a into soil rapidly reduced Pratylenchus penetrans population, al-
though the effect of the latter was not evident at less than 1 t application.

32. Field tests proved that effect of mono-planted marigold on population reduction was remark-
able, and that co-planting of marigold with water-melon was also practically successful.

33. The most effective co-planting of marigold with water-melon can be practiced in the following
way. Tagetes of comparatively tall African cultivars is planted 50x50 ¢m or 60x60 cm, and water-
melon is interplanted after’ additional fertilizer and mulching are applied for water-melon. Pruning
of marigold was necessary at appropriate time to avoid competition between marigold and water-
melon. After three to four months growing, the marigold is removed and the Japanese radish is sown
as the second crop following water-melon.

34. In case of co-planting of marigold with water-melon, amount of fertilizer must be increased.
It was found that application of bark manure more than 400 kg per 10 a heightened the effect of
marigold co-planting.

35. Planting of Mexican marigold (Tagetes minuta) 50x60 cm was very effective to decrease the
population level of Pratvlenchus penetrans, and consequently the subsequent cultivation of Japanese
radish was successful,
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