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ABSTRACT

Insunza B., V., and A. Valenzuela A. 1995. Control of Ditylenchus dipsacion garlic (Allium sativum) with
extracts of medicinal plants from Chile. Nematropica 25:35-41.

The potential nematicidal effects of 18 Chilean plants were evaluated on garlic (Allium sativum)
seed cloves infected with Ditylenchus dipsaci. Cloves from infested fields were treated by immersion for
24 hours in plant extracts derived from fresh or air-dried plant parts. The garlic cloves were potted
and allowed to grow for 14 weeks under outdoor conditions. At harvest, complete control of the nem-
atode was achieved with fresh extracts from leaves of Plantago major and Ruta graveolens and resulted
in the highest quality plants. Extracts of Aristotelia chilensis, Chenopodium ambrosioides, and Ovidia pillo-
pilloreduced (P < 0.05) final nematode densities and disease symptoms compared to untreated con-
trol plants. None of the other plant extracts showed nematicidal activity against D. dipsaci.

Key words: Allium sativum, Aristotelia chilensis, bulb disinfection, Chenopodium ambrosioides, Ditylenchus
dipsaci, garlic, nematicidal plants, Ovidia pillopillo, Plantago major, Ruta graveolens.

RESUMEN

Insunza B.,V. y A. Valenzuela A. 1995. Control de Ditylenchus dipsaci en ajo (Allium sativum) con ex-
tractos de plantas medicinales de Chile. Nematrépica 25:35-41.

El efecto nematicida potencial de 18 plantas de la flora chilena, se evalué en dientes (“semilla”)
de ajo (Allium sativum) infectado con Ditylenchus dipsaci. Dientes de ajos provenientes de campos in-
festados, se trataron durante 24 horas por inmersién en los extractos de las plantas obtenidos de ma-
terial vegetal fresco o secado al aire. Los dientes de ajo se plantaron en maceteros y crecieron durante
14 semanas en condiciones de campo. Al cosechar, se encontré que los extractos frescos de hojas de
Plantago majory Ruta graveolens controlaron totalmente al nematodo y dieron los mejores resultados
en cuanto a la calidad de las plantas. Extractos de Aristotelia chilensis, Chenopodium ambrosioidesy Ovidia
pillopillo redujeron (P < 0.05) las densidades finales del nematodo y los sintomas de la enfermedad
comparados con las plantas del testigo sin tratar. Ninguno de los otros extractos vegetales mostré ac-
tividad nematicida contra D. dipsaci.

Palabras clave: Ajo, Allium sativum, Aristotelia chilensis, Chenopodium ambrosioides, desinfeccién de bulbos,
Ditylenchus dipsaci, Ovidia pillopillo, Plantago major, plantas nematicidas, Ruta graveolens.

INTRODUCTION

The stem and bulb nematode (Ditylen-
chus dipsaci Kihn Filipjev) is one of the
most destructive plant-parasitic nema-
todes, especially in temperate regions. In

Chile, it is an economically important pest
of garlic (Allium sativum L.), onion (Allium
cepa L.), and alfalfa (Medicago sativa L.)
crops. Losses of 30-80% have been
reported in the main garlic production
areas (8). Ditylenchus dipsaci causes necrosis

fProf. Adelina Valenzuela Arce died in March 1992 to the great sadness of Nematologists.
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or rotting of bulbs, swellings and distortion
of aerial plant parts, leaf yellowing, and
death of young plants.

To prevent damage from D. dipsaci, the
use of nematode-free planting material is
advocated (3). This can be accomplished
by producing garlic in nematode-free
fields or by disinfecting seed cloves. A
novel approach for disinfection would be
the use of plant extracts having nemati-
cidal properties. Such an approach should
be ecologically sound and cheaper than
chemical treatment. Some attempts to con-
trol D. dipsaci have been tried using garlic
cloves macerated in water (8,26). In previ-
ous tests (10,11), 34 of 75 medicinal plant
species from the Chilean flora appeared to
possess nematicidal activity against D. dip-
saci.

The objective of this work was to evalu-
ate the nematicidal potential of extracts
from some of these plants to disinfect gar-
lic bulbs infected by D. dipsaci.

MATERIAL AND METHODS

An experiment was conducted in 1991-
92 (September to January) on the El
Canelo de Nos farm, 35 km South of Santi-
ago, Chile. Eighteen plant species (11
native and 7 naturalized in Chile) possess-
ing nematicidal activity (11,12) were evalu-
ated in this experiment (Table 1).

Plant material was obtained from
plants grown on farms, from wild vegeta-
tion, and from herbal shops. Plant extracts
were prepared either from fresh sap
obtained after processing plant parts in an
electric blender, or from air-dried plant
material by infusion (5-10% w/v) in tap
water. In both cases, extracts were filtered
through nylon gauze to remove debris and
kept in a refrigerator at -5°G until used.

Field-grown, nematode-infected garlic
cloves (var. Rosado), that had been har-
vested in 1990, were obtained from the
Llay-Llay area (V Region, North of Santi-

ago). The bulbs were of the same uniform
size (“calibre” 3rd, 32-36 mm diam) used
by local growers. A random sample
revealed ca. 300 D. dipsaci per 10 g of garlic
tissue. Prior to the treatment, all cloves
were presoaked in tap water for 2 hours to
activate the nematodes and increase per-
meability to the plant extracts (14,15). The
infected garlic cloves were then immersed
in the appropriate plant extract for 24
hours at room temperature (16°C). Two
controls were used: one with nematode-
infected garlic cloves and a second one
with healthy cloves. Both were treated by
immersion in tap water.

The treated cloves were planted indi-
vidually in 250 cm?® plastic pots filled with
well-mixed compost derived from organic
farm wastes. The compost was previously
disinfested by solarization for 2 months
under a black plastic tarpaulin. The pots,
with seven replicates per treatment, were
arranged in a randomized complete block
design on a wooden table placed outdoors.
To avoid contact and possible contamina-
tion between the different treatments, the
pots were placed on a wire netting 10 cm
above the table surface. When needed,
shade was provided by a “totora” roof. The
plants were maintained for 14 weeks at 10-
32°C and watered as needed.

Observations on germination, plant
development, and visual nematode symp-
toms were recorded weekly. After harvest,
the garlic plants were evaluated for disease
expression, top heights were measured,
and the roots/bulbs were weighed.

Symptom expression of plants was
indexed on an arbitrary scale from 0 to 5
as follows: 0 = plants without symptoms; 0.5
= no visual symptoms but D. dipsaci was
detected; 1 = reduced growth or slight
necrosis on the bulbs, small bulbs; 2 =
symptoms on the top: distortion, swellings
of false stem and leaves; leaf growth “fan-
like”; bulbs apparently not infected; 3 =
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Table 1. Plant species tested for nematicidal activity against Ditylenchus dipsaci.
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Botanical Common name Common name
Plant species® family (Spanish, Chilean) (English)
Aristotelia chilensis (Mol.) Stuntz* Elaeocarpaceae maqui —_
Artemisia abrotanum L. Compositae éter old man wormwood
A. absinthium L. Composiiae ajenjo common wormwood
Asparagus officinalis L. Liliaceae esparrago asparagus
Cestrum parqui L'Her.* Solanaceae palqui —
" Centaurium cachanlahuen (Mol) Rob.*  Gentianaceae cachanlagua —
Chenopodium ambrosioides L.* Chenopodiaceae  paico American wormseed
Durvillea antarctica (Cham.) Hariot* Phaeophyta cochayuyo —_
Galega officinalis L. Papilionaceae galega goats rue
Matricaria chamomilla L. Compositae manzanilla German chamomile
Oenothera affinis Cabess.* Onagraceae Don Diego de la noche —
Ovidia pillopillo (Gay) Meissn.* Thymeliaceae lloime —
Oxalis rosea Jacq.* Oxalidaceae culle colorado —
Plantago magjor L. Plantaginaceae llatén broadleaf plantain
Ruta graveolens L. Rutaceae ruda rue
Senna stipulacea (Ait.) Irw. et Barn.* Caesalpiniaceae sen —
Stachys albicaulis Lindl.* Labiatae Yerba de Sta Maria —_
Vestia lycioides Willd.* Solanaceae huévil —

“Plant species marked with an asterick * are native to Chile.

bulbs/roots rotted or necrotic, but no
visual symptoms in the plant tops; 4 =
death of the plant at the end of the experi-
ment; stunting of stem base, being sepa-
rated from the bulb; bulb base necrotic or
rotted; 5 = death of young plants within 4-5
weeks after planting. A disease severity
index was determined by the sum of the
ratings for all plants divided by the num-
“ber of plants in the treatment.

Nematodes were extracted separately
from the plant tops and from bulbs plus
roots by incubation on Baermann funnels
for 18 hrs. The extracted D. dipsaci were
counted under a dissecting microscope
and expressed as numbers per 10 g of
plant tissue. Dead plants were recorded

but not included in nematode extractions
since D. dipsaci does not develop in
necrotic tissue. Nematode extraction and
analysis was conducted in the laboratory of
SAG (Servicio Agricola y Ganadero, Minis-
try of Agriculture) in Santiago, Chile.

All data were subjected to analysis of
variance and treatment means were com-
pared by Fisher’s LSD (least significant dif-
ferences) pairwise procedure at P < 0.05
using Minitab Statistical software (Minitab
Inc., State College, PA, U.S.A., 1991).
Nematode counts and bulb/root weight
data were transformed to log(x + 0.1)
prior to analysis, however, non-trans-
formed means are presented.
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RESULTS AND DISCUSSION

Plant symptoms corresponded to those
described by Bruna and Guifez (1) and
Tapia (25). Percentages of diseased plants
and disease indices were the most descrip-
tive parameters of disease severity. Disease
assessment revealed 71.4% affected plants
and a disease index of 2.3 in the infected
control (Table 2). Compared to the
infected control, all treatments reduced D.
dipsaci damage to some degree. However,
fresh leaf extracts of Plantago major and
Ruta graveolens completely controlled D.
dipsaci (no diseased garlic plants). On the
other hand, infusion of dried leaf extracts
of R. graveolens resulted in 42.9% diseased
plants, suggesting that the active nemati-
cidal principle might have been affected
or destroyed during the infusion process
or by the airdrying of the leaves. Low
infection rates also were obtained in the
treatments with fresh leaf extracts of Aristo-
telia chilensis and Chenopodium ambrosioides
and with infusion (extract type “B”) of the
leaves and stems of Owvidia pillopillo (14.3%
diseased garlic plants in all three cases,
with disease indices of 0.2, 0.2, and 0.3,
respectively).

Top heights and root/bulb weights in
the treatments with Durvillea antarctica and
Oxalis rosea were lower (P < 0.05) than
those of the infected control and many
other treatments (Table 2). Furthermore,
in extracts of O. rosea, the percentage of
germination was lower (P < 0.05) than that
in several other treatments; only 57% of
the bulbs germinated. Also, the disease
index (2.5) corresponded to that of dead
seedlings, although D. dipsaci was not
found. Therefore, it is not clear if these
results might be attributed to a toxic effect
of the O. rosea extract on germination and
growth rather than to nematode infection.
Oxalis rosea contains oxalic, ascorbic, pyru-
vic and glioxalic acids (16). Oxalic acid

seems to have an allelopathic effect and is
known to inhibit the growth and germina-
tion of sugarcane (2).

At the end of the experiment, D. dipsaci
was extracted from most of the diseased
plants, and population counts ranged
between 1 to 334 nematodes per 10 g of
plant tissue, mainly in bulbs. The numbers
of D. dipsaci found in the tissue samples
were rather low, even in heavily affected
plants, or the nematode was not recovered
at all. This contrasts with observations in
Chile of populations as high as 11,000 indi-
viduals per 10 g of bulb tissue during late
spring (November - December) (25).

A possible explanation for the low
nematode numbers may be that, because
of the hot summer temperatures, nema-
todes migrated from the bulb into the pot-
ted soil (which was not analyzed) or had
died by the end of the experiment (7).
Another possibility may be that garlic
bulbs possess nematicidal principles
which may be liberated when the tissue is
chopped for nematode extraction (19,
24). However, this explanation is less plau-
sible because higher numbers were
obtained at the beginning of the experi-
ment, when the same methods were used.

Extracts from Plantago major, Ruta grave-
olens, and Chenopodium ambrosioides resulted
in low or no diseased garlic plants and no
phytotoxic effects. These three plant spe-
cies were introduced into Chiles but have
been naturalized and are now relatively
abundant in Central and South Chile.
Plantago major is a perennial herb which
has found use as a medicinal plant, but
there seems to be no earlier reports on
nematicidal properties. However, Jermy
(13) reported insecticidal activity. The
active principles of P. major include alka-
loids, glycosides, flavonoids, phenolic
acids, tannins, and derivates of sulphur
(16).
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Ruta graveolens is a perennial shrub
which has been used as an anthelminthic
since colonial times in Chile (4). Nemati-
cidal extracts of R. graveolens affected the
hatching of eggs of Heterodera schachtii
‘Schmidt (22), and in wvitro nematicidal
effects were also reported against several
Meloidogyne  spp.  (23) and against
Xiphinema index Thorne and Allen (21).
The chemicals responsible for this nemati-
cidal activity have not been identified,
although insecticidal principles are
known (6).

Chenopodium ambrosioides, an annual or
perennial herb, has long been recognized
for its anthelminthic properties in tradi-
tional American cultures. This and other
Chenopodium species contain substances
that are either antiviral, antifungal, antibi-
otic, nematicidal, molluscicidal, insecti-
cidal, or allelopathic. The most active
principle is an oil, consisting of up to 86%
ascaridol, a terpenoid peroxide (16, 20). In
vitro nematicidal effects of C. ambrosioides
have been reported against Hoplolaimus
indicus Sher, Tylenchorhynchus brassicae Sid-
diqi, and Rotylenchulus reniformis Linford
and Oliveira (9); and in potted soil against
Meloidogyne spp. (5,17). However, the ne-
maticidal component(s) is unknown.

The native shrubs Ovidia pillopillo and
Aristotelia chilensis contain several active
principles (16) and have been used tradi-
tionally as anthelminthics. Another plant
species, Daphne odorata Thun., which is
closely related to the genus Ovidia, has
shown nematicidal activity against Aphelen-
choides besseyi Christie (18).

In conclusion, our results indicate five
plant species have potential to control D.
dipsaci in garlic bulbs: Plantago major, Ruta
graveolens, Chenopodium ambrosioides, Ovidia
pillopillo, and Avristotelia chilensis. In previ-
ous screening work (12), A. chilensis, C.
ambrosioides, O. pillopillo, P. major, and R.
bracteosa DC. (closely related to R. graveo-

lens) showed nematoxic or nematostatic
activity in vitro against D. dipsaci, Heterodera
schachtii, and Pratylenchus penetrans (Cobb)
Filipjev & Schuurmans Stekhoven. It is not
known whether the nematicidal activity
demonstrated by these plants is due to a
single compound or to a complex of com-
pounds. Additional work is needed to clar-
ify the mechanisms involved.

The use of plant extracts for bulb disin-
fection to control D. dipsaci needs further
study before being recommended as an
alternative to chemical control. Main fac-
tors to be considered are plant availability
in the area, possible phytotoxicity of the
candidate plant extract, and alternative
economic value of the plant to agriculture.
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