Supplement to the Journal of Nematology 33(45):294-296. 2001.
© The Society of Nematologists 2001.

Plant-parasitic Nematodes in the Waimanalo, Hawaii Irrigation System

from Watershed to Farm'

FENGRU ZHANG? AND D. P. ScamITT?

Abstract: Nematode occurrence at specific locations throughout a water catchment-irrigation system was determined. Soil samples
were collected from five water source locations on the slopes of Olomana Mountain and Maunawili Valley and from about 40 plant
species on 18 farms (56 ha of 480 ha irrigated by the reservoir). Water was sampled from the catchment reservoir at 0.3 m, 9 m, and
18 m (bottom). A farm irrigated with potable water was sampled and compared to areas of the same farm irrigated from the
reservoir. Nematodes present in soil from the mountain and farms were root-knot (Meloidogyne spp.), lesion (Pratylenchus spp.),
reniform (Rotylenchulus reniformis), stunt (Tylenchorhynchus sp.), ring (Criconema spp.), dagger (Xiphinema sp.), spiral (Helicotylenchus
sp.), Tylenchus sp., Aphelenchus sp., and pin (Paratylenchus sp.) nematodes. The economically important genera Rotylenchulus, Meloido-
gyne, and Pratylenchus occurred in very low numbers (10, 41, and 10/250 cm® soil, respectively) and in low frequency (10%, 25%,
and 8% of the samples, respectively) in the mountain samples compared with high numbers (170-895/250 cm” soil) from farms.
Frequency of occurrence over all farms was near 40% for Meloidogyne and 80% for Rotylenchulus. No nematodes were detected in
water from the reservoir. One sample from the outlets contained two specimens of plant-parasitic nematodes. The population
densities of nematodes were not different between the soil samples collected from crops irrigated by potable or reservoir water.
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Xiphinema.

Plant-parasitic nematodes damage agricultural crops
throughout the world, especially in the tropics where
environmental factors favor survival and dispersal of
nematodes (Luc et al., 1990; Noe and Sikora, 1990).
Reniform (Rotylenchulus reniformis), root-knot (Meloido-
gyne spp.), and lesion (Pratylenchus spp.) nematodes are
of significant economic importance in the tropics
(Bridge, 1988; Caswell et al., 1990; Davide, 1988; Tay-
lor, 1976). These nematodes have broad host ranges
(Bridge, 1988; Davide, 1988) and are easily distributed
by movement of soil and plant materials (Noe and Si-
kora, 1990). Soil and plant movement can be accom-
plished by animals, machinery, wind, water, and activi-
ties of human beings. Erosion is considered to be im-
portant in nematode dissemination (DuCharme, 1955;
Faulkner and Bolander, 1966; Godfrey, 1923; Ros-
tombekova, 1957; Thompson et al., 1949). High popu-
lation densities of plant-parasitic nematodes can be pre-
sent in the surface soil, which is easily eroded; there-
fore, irrigation water also can be a source of
contamination. Faulkner and Bolander (1966), God-
frey (1923), Rostombekova (1957), and Thompson et
al. (1949) found that the distribution of nematodes
from reservoirs was somewhat different from the distri-

Received for publication 12 October 2000.

! This research was funded in part by the National Resource Management
Service, U.S. Department of Agriculture.

This paper is a contribution of the College of Tropical Agriculture and
Human Resources, University of Hawaii, Honolulu, HI 96822. Journal Series
No. 4571.

2 Junior Researcher and Professor, Department of Plant and Environmental
Protection Sciences, University of Hawaii at Manoa, Honolulu, HI 96822; cur-
rent address of first author: Department of Plant Pathology, Clemson Univer-
sity, Clemson, SC 29634.

The authors thank David Kaio and James Respicio for assisting with the
survey of the reservoir and the outlets, and Mike Young and Donna Meyer for
their technical assistance with this research.

E-mail: schmitt@hawaii.edu

This paper was edited by Terry Kirkpatrick.

294

bution of nematodes in rivers, canals, and other flowing
water systems.

Two previous preliminary investigations have been
made in Hawaii on nematode movement in small catch-
ment-irrigation systems. In one system, water was re-
cycled from a reservoir, through plant beds to a catch-
ment, and then returned to the reservoir. Irrigation of
fumigated beds in this system resulted in immediate
reinfestation of the plant bed with R. reniformis, M. ja-
vanica, and M. incognita (Schmitt, unpubl.). In the sec-
ond system, run-off water from the landscape was used
to fill a small reservoir. A pipe from this reservoir led
directly to a greenhouse. Water collected from the out-
let in the greenhouse contained Helicotylenchus sp.
(Schmitt, unpubl.). These data raise concerns about
using reservoirs as sources of irrigation water because of
the potential of dispersing plant-parasitic nematodes
originating at the source (the mountain) to growers’
fields. The objectives of this research were to: (i) deter-
mine the kinds and numbers of nematodes from the
five catchment areas above Maunawili Valley, the reser-
voir, and the outlets from the reservoir; and (ii) char-
acterize nematode populations on farms prior to using
water from the reservoir for irrigation and then 5 to 6
months later after the farms were irrigated with water
from the reservoir.

MATERIALS AND METHODS

A 230-million-liter reservoir, completed in 1994, pro-
vides irrigation water for 480 ha of farmland in Waim-
analo, Oahu, Hawaii. The catchment-irrigation system
consists of five water collection sites on the slopes of
Olomana Mountain and Maunawili Valley, from which
water is discharged into the reservoir some 2 km away.
Water is released through four outlets to farms, the
most distant user being 3 km from the reservoir.

Soil samples were collected from the catchment areas
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of the mountain and from the farms. Eight to 10
samples were arbitrarily obtained from each of the five
water collection sites (mountain slopes and valleys) at
the mountain. Each sample consisted of six to eight
trenching shovels of soil (200-300 cm?®), which were
composited. Soil samples were collected from 12% of
the commercial fields and the University of Hawaii’s
Waimanalo Experiment Station, representing 56 ha of
480 ha serviced by the system. The average farm size was
3 ha. Two sets of samples were collected from the se-
lected farms—one before water from the new reservoir
was used (October to December 1994) and another set
5 to 6 months after reservoir water was used (May to
June 1995). About 40 different plant species were rep-
resented in the sampling. The dominant crops were
banana, sweet corn, ginger, heliconia, and papaya.
Most other crops planted on farms using water from the
Waimanalo irrigation system are grown in small plots of
land. Examples of these limited production crops are:
cucumber, chrysanthemum, croton, guava, a variety of
herbs, longbean, neem, several varieties of palms,
plumeria, vegetable soybean, tuberose, and ti. Samples
were collected in a systematic zigzag pattern from the
farms. Three to five samples (depending on the field
size), each consisting of a composite of 8 to 10 shovels
(800-1000 cm®) of soil, were collected from each plant
species. As a control for water source, a field of corn
and papaya on the Experiment Station was irrigated
from the reservoir and another field with these crops
was irrigated with potable water. Nematodes were ex-
tracted from 250-cm” subsamples (one subsample/
composite sample) by a combination of elutriation
(Byrd et al., 1976) and centrifugal flotation (Jenkins,
1964). Nematodes were identified to genus using mor-
phological characteristics, and the numbers were deter-
mined.

Water samples were collected once from the reser-
voir and four times from the outlets. The reservoir is
300 m x 200 m x 18 m deep with 30° slopes on the sides.
Transects were established at 50-m intervals across the
reservoir. Three locations were selected on each tran-
sect: the middle of the transect and at the point on each
side of the reservoir where the side met the bottom.
Four liters of water was collected with a 1-liter water
sampler at 0.3, 9, and 18-m depths from each site on the
transects. Additional water samples were collected from
the four outlets servicing the farms and from one de-
signed for releasing overflow water. The outlets were
opened to allow a flow of 2.5 liters/minute. The water
was collected for 4 (first sampling) or 8 minutes (all
subsequent samples) per replicate sample. Three rep-
licate samples were collected at weekly intervals for 4
weeks. The samples were passed through a 20-pm-pore
screen to collect nematodes. Nematodes were classified
as either microbivorous or plant-parasitic using mor-
phological characteristics, and the plant-parasitic speci-
mens were identified to genus.

RESULTS AND DISCcUSSION

Nine genera of plant-parasitic nematodes were recov-
ered from the slopes of Olomana Mountain and Mau-
nawili Valley (Table 1). The economically important
genera Rotylenchulus, Meloidogyne, and Pratylenchus oc-
curred in very low numbers (10, 41, and 10 specimens/
250 cm?® soil, respectively) and in relatively low fre-
quency (10%, 25%, and 8%, respectively). Criconema
spp. occurred in the highest numbers from the moun-
tain samples (145/250 cm® soil). Tylenchorhynchus spp.
occurred in the highest frequency (55%) of these nine
genera.

Plant-parasitic nematodes were not detected in water
from the reservoir. Very low numbers of microbivorous
nematodes were found from the 0.3 and 9-m depths of
the reservoir; none were recovered at 18-m deep. The
total of the replications produced 4 liters of water. Be-
cause the reservoir holds 230 million liters, consider-
ably more water per sample may be needed to detect
the presence of plant-parasitic nematodes.

Microbivorous nematodes were extracted from all
outlets at all sampling times. However, only one speci-
men of Meloidogyne and one of Tylenchorhynchus were
collected from one outlet after a heavy rain. These two
specimens may have washed into the outlet through
runoff water. In a preliminary evaluation of another
reservoir, which was filled only with run-off water, Heli-
cotylenchus sp. was readily detected at the outlet in a
greenhouse (Schmitt, unpubl.).

Ten genera of plant-parasitic nematodes were found
in soil from the farms (Table 2). Pin nematode (Para-
tylenchus sp.) and reniform nematode (Rotylenchulus re-
niformis) occurred in greatest abundance (1,023 and
895 nematodes/250 cm? soil in the initial sampling and
708 and 913 nematodes/250 cm?® soil in the second
sampling, respectively). Rotylenchulus, Meloidogyne, and
Helicotylenchus occurred in the highest frequency
among the plant species sampled, probably because
these three genera have wide host ranges.

Irrigation water from the Waimanalo irrigation sys-
tem is not a likely source of nematodes for the farms.

TasLE 1. Nematodes detected in soil samples (n = 43) from the
slopes of Olomana Mountain and Maunawili Valley near Waimanalo,
Oahu, Hawaii.

Frequency of Average number of

Genus detection (%) nematodes/250 cm®
Paratylenchus 3 15*
Tylenchus 5 15
Pratylenchus 8 10
Xiphinema 8 17
Rotylenchulus 10 10
Criconema 23 145
Helicotylenchus 23 54
Meloidogyne 25 41
Tylenchorhynchus 55 41

#Values are means of the samples for each genus.
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TaABLE 2.  Nematodes recovered from agricultural land (n = 228)
before and after land was irrigated with water from the Waimanalo
irrigation system in Waimanalo, Oahu, Hawaii.

% of hosts

Nematode/250 cm® % of samples (n = 40)

Before® After®  Before After Before  After

Genus (1994) (1995)  (1994) (1995) (1994) (1995)
Aphelenchus 21 29 6 10 15 23
Tylenchorhynchus 32 51 6 6 13 9
Xiphinema 90 0 2 0 5 0
Tylenchus 108 10 7 1 23 3
Helicotylenchus 140 128 83 49 90 60
Criconema 170 388 7 5 15 14
Pratylenchus 170 53 15 5 20 9
Meloidogyne 284 187 37 41 78 46
Rotylenchulus 895 913 72 87 88 97
Paratylenchus 1,023 708 16 15 25 26

* Before = samples were collected before use of the reservoir for irrigation.
P After = samples were collected about 5 to 6 months after irrigation with
reservoir water.

The reniform nematode was found in very low numbers
and frequency from the mountain but occurred in
large numbers and high frequency on the farms. This
conclusion is strengthened by the fact that high num-
bers of several plant-parasitic species existed on the
farms before they were irrigated from the reservoir. In
addition, no differences occurred in numbers of R. re-
niformis collected from fields irrigated with potable wa-
ter and those irrigated with water from the reservoir.
For example, on papaya, 1,470 reniform nematodes
were collected from the reservoir irrigated fields and
1,728 from fields irrigated with potable water from Oc-
tober to December 1994. The numbers of this nema-
tode were 530 in May 1994 and 943 in June 1995 from
fields irrigated with reservoir water and potable water,
respectively. In the comparison of nematode popula-
tions on corn, numbers were low in all fields regardless
of the water source.

The design of the Waimanalo irrigation system seems
to minimize the potential introduction of plant-
parasitic nematodes onto the land it will irrigate. The

water in the reservoir is relatively clear. In addition, the
filtration system appears to prevent or slow movement
of nematodes to the user. Thus, from a practical point
of view, nematode introduction from the Waimanalo
irrigation system usually will not be an issue, allowing
growers to focus their management of nematodes to
those already present on each farm.
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