








a fungal leaf disease of sweet potatoes caused by Cercospora is lessened by planting roots instead of vines
(Yen, 1974:62). On Ulithi Atoll, Phytophthora leaf blight, dasheen mosaic virus, aphids, hornworm, and
planthoppers are present but do not seem to be major problems (Manner 1991). As elsewhere in the Pacific,
hornworms and army worms are controlled by hand removal.

In early Hawaii, taro corm rot, which was called ‘pala’ or “palahe’, was controlled by selecting
healthy corms, fallowing the ‘lois’ for 2 to 3 months after drying, and maintaining a continuous flow of water
through the ‘loi’ during cultivation (Handy 1940). Other procedures included draining and drying the ‘lois’,
replanting with healthy cormels of a different variety and from a different locality (Handy 1940). Perhaps
stemming from these and other traditional practices, the South Pacific Commission recommendations for
the control of Pythiwm corm rot included deep cultivation of the field and exposure to the sun and dipping
corms in a copper fungicide (O’Conner 1967).

Even though the rhinocerous beetle and the Phyrophthora leaf blight have greatly disrupted the
traditional agricultural systems of the Pacific, there is little information on traditional control methods for
these problems.

Although specific information on traditional crop protection methods is rare, many present day
practices of crop protection methods have their roots in traditional agriculture. For example, Thurston’s
(1984: 54) recommendations for the control of the Philippine downy mildew of maize, in the Philippines
include eliminating weed hosts, manipulating planting dates toavoid the disease, regulating planting density,
using wider spacing, or interplanting maize with other crops, and planting maize in a given area only once
a year to name a few.

The lack of information on traditional methods of crop protection. The previous discussion has
indicated that relatively little documentation about traditional crop protection methods is available. This
section briefly examines some reasons for the apparent lack of documentation.

Among students of traditional agriculture in Oceania, crop protection methods and techniques have
been least studied, perhaps as an oversight, but in addition, because of the complexity of the traditional
agricultural system, as suggested by its polycultural diversity, and its integration with the dynamics of
ecological succession, albeit modified by human action. Thus analysis of the structure and dynamics of a
traditional polycultural system is an enormous task, one for which few agriculturalists have been trained to
do and one which lacks clearly defined methods of analysis (Raynor 1989). And as traditional agriculture
often lies in that “grey area” of academic study, most of the research on traditional agricultural systems,
including agroforestry, has been accomplished by geographers and anthropologists, the majority of whom
have little training in entomology or crop protection, or the understanding of the complexities of pest-host
interactions.

Economic imperatives, initiated by former colonial enterprises and governments, fostered the
plantation production of marketable and usually exotic crops at the expense of traditional food crops. During
most of the agricultural history of the Pacific, there were few, large export markets for the principal island
staples of taro, yams and breadfruit. Except for coconuts for copra and coconut oil, and sugarcane, which
were a part of the subsistence economy, most export crops (coffee, cocoa, vanilla, pineapples, to name a few)
were alien to the traditional agricultural systems of the Pacific and grown primarily on estates or plantations,
rather than in the traditional subsistence garden. Not unlikely, monies for research were mainly limited to
these export crops, aided and abetted by the colonial viewpoint that the traditional agricultural system was
inferior to the plantation mode.

In addition, agriculturalists (including entomologists) have rarely studied the traditional agricultural
systems of the Pacific. Thus, references to the crop protection methods used by traditional agriculturalists
and in the Pacific Basin are few. The apparent lack of information on crop protection in Pacific traditional
agriculture suggests three other hypotheses: that crop protection was not wholly necessary as crop pests were
minimized by cultural practice; that there were few traditional pests; third, pest infestation and some crop
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loss was accepted as an inevitable consequence; and, fourth most pest problems are relatively recent
occurrences and of alien origin. These hypotheses offer further avenues of research, and given the lack of
information cited above, I can only suggest that a focused study of traditional crop protection methods can
be of significant value to Pacific island agriculture.
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Table 1. Traditional Crop Protection Methods in Oceania

Factor Method of control Location and or protection
and additional notes
Frost and low Mounds and drainage Papua New Guinea at
temperatures channels elevations up 1o 7000."
Drought and Mulching with weeds Pacific-wide. Cardboard
moisture stress and other organic and Pandanus mats are
materials used in Am. Samoa.
High temperatures Shading In Fiji, young Piper
& sunlight methysticum (kava) are
shaded from strong sunlight
by interplanted taro.
Waterlogging Mounds and drainage Papua New Guinea. Valley
channels and bottom lands.
Micronutrient Mounds and drainage Papua New Guinea. Valley
toxicities channels and bottom land areas
of anerobic and
waterlogged soils.
Salt water Hydroponic tanks In Uliithi Atwll, Yap State
intrusion abandoned landing barges and
other large containers are
used to grow taro
Weeds (seeds) Buming Pacific-wide, particularly
in areas of extensive slash-
and burn agriculture.
Weeds Mulching with weeds, Pacific-wide, Guam.
Organic manures,
or other materials
Weeds Fallowing or garden Melanesia. As weeds become
abandonment more of a problem with garden
age, the cultivator will abandon
the garden to fallow.
Insects, viral, Heat & burning of Pacific-wide. An inferred
bacterial, fungal litter and cleared control method, associated
diseases vegelation with changes in soil pH,
particularly in areas of
slash and burn agriculture.
Insects, viral, Fallowing or garden Pacific-wide. A inferred
bacterial, fungal abandonment control method, also used
diseases in modemn agriculture.
Insects, viral, Polyculture Pacific-wide.
bacterial, fungal Through interplanting of many
diseases different species in he same plot
ithe density of a particular food
species is lowered, thus reducing
the numbers of host specific
species.
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Table 1. Traditional Crop Protection Methods in Oceania (Continued)

Factor Method of control Location and or protection
and additional notes

Insects, viral, Cultivar diversity Pacific-wide. Cultivation of

bacterial, fungal more than one cultivar of the

diseases same species in the same ploL.
As cultivars vary in their
resistance to diseases, the
maintenance of cultivar diversity
reduces total crop loss.

Insects, viral, Crop rotation Pacific-wide. An inferred

bacterial, fungal control method, also used

diseases in modem agriculture.

General crop Geographic isolation Pacific-wide. Cultivation of

failure (Spatial segregation) more than one garden at the same
same time. If one garden fails,
the cultivator is assured of a
harvest from the other gardens.

Theft and animal Fences, ditches & Pacific wide.

damage stone walls

Theft and animal Magic, ritual plants Pacific wide. Certain plants

damage perceived as “magic” are
planted for garden protection.

squashing particularly noted for control
of horn worms.

Insects Shaking of leaf Pacific-wide. With handshaking
of leaf, insects fall 1o
ground.

Insects Scorching of leaf Pacific-wide. Light scorching
with a firebrand to kill
insects.

Insects Biochemical control Pacific wide. In American

Samoa, Coleus blumei is
reputed 1o be effective against
plant hoppers. InFiji, Tagetes
erecta is planted as a border
to reduce insect infestations




CORM ROTS OF TARO IN MICRONESIA

G.V.H. JACKSON

Plant Health Officer, South Pacific Commission
Private Bag, Suva, Fiji

ABSTRACT Root and corm rot diseases of giant swamp taro and Colocasia taro in Micronesia are
described. The nematode, Radopholus similis, is commonly associated with a dry corm rot of giant swamp
taro in Yap and to a lesser extent in Palau and Guam. Pythium fungi have been isolated from severe corm
and root rots of wet land Colocasia taro in Palau. A possible association of these two diseases is being
investigated.

The giant swamp taro, Cyrtosperma chamissonis, and taro, or sweet taro, Colocasia esculenta, are
important traditional food plants of Micronesia and are still commonly cultivated. They are grown using a
variety of cultural techniques in several different environments. In the swamps adjacent to the coastal
mangroves on high islands they are grown together, but in many other situations they occur as monocrops.
This is so where Colocasia taro are cultivated under rainfed conditions and particularly where sophisticated
methods have been developed to intensify production of either crop. Colocasia taro is grown in complex
irrigated gardens and Cyrtosperma in mulched pits, which in coraline islands and atolls, in particular, are
dug to tap sources of fresh water - a technique which has led to the exploitation of an otherwise inhospitable
environment.

The systems that have been developed are durable; they have been selected for their hardiness and
dependability. For the subsistence grower, the long term security of the crop is most important and
maximizing yields a secondary consideration. In these situations, therefore, it is generally supposed that
pests are not important, or are controlled by cultural techniques. But this may not always be so. In addition
to taro leaf blight fungus, Phytophthora colocasiae, which is a recent introduction to the region, serious corm
rot diseases occur, which are probably traditional problems of both these crops.

Giant swamp taro, Cyrtosperma chamissonis

The disease. Cormrot has been recorded from Yap island and Ulithi atoll in Yap State of the Federated
States of Micronesia, from Kayangel atoll and Babeldaop island in Palau and from Guam. The rot has long
been present in Yap and Palau, but in recent years it seems to have increased in severity and is now of serious
concern. Less is known about the disease in Guam. It has only been seen in one locality, a swamp used by
people originally from Yap and Palau.

Above ground, plants look healthy; only the corms show symptoms. These appear to have been
attacked by chewing insects. Shallow craters, 0.5-2 cm diam and 1-2 cm deep, cover the surface. Beneath
these are dry brown rots, mostly 0.5-1 cm deep, but sometimes extending to the centre of the corm. Roots
are not obviously damaged.

Because of these rots, a considerable amount of decayed tissue has to be pared away before corms are
fit for human consumption. The amount of damage varies with locality, the age of the crop, and possibly
differences in cultivation techniques. In Yap, for instance, damage is considered to be less in coraline soils
close to the sea compared to that in heavier soils further inland. In taro patches, recently brought back into
cultivation after lengthy fallows in Yap, the loss is about 10 to 15%. Where taro are grown in patches that
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have been in continuous production for generations, and this is the normal situation, losses are far greater,
between 30 and 50%. Notwithstanding the difficulty of actually measuring the damage, the general opinion
of growers in Yap, at least, is that the problem is getting worse. This is ascribed to a decline in the care of
the taro patch: allowing too much shade from bordering trees; leaving fallen leaves to accumulate; failing
to dig the patch; burying green leaves and allowing them to ferment before cultivation; failing to dig
peripheral ditches and preventing soil falling into the patch.

The cause. Morwood (1958), in his report: “Diseases of Plants in the Trust Territory of the Pacific
Islands” appears to have been the first person to document the problem. He considered that the fungus
Pythium was the cause of “a firm rot of irregular areas around the surface (of the corms) which penetrates
about one inch”. Later, Trujillo (1971) “A List of Diseases of Economic Plants in the Trust Territory of the
Pacific Islands™ also gives Pythium as the cause of adry rot of corms in Koror (Palau), Kayangel and Pohnpei.
Curiously, there is no mention of the disease from Yap.

In 1984, corms with rot were sent to the Department of Scientific and Industrial Research, New
Zealand, and the burrowing nematode, Radopholus similis, was extracted from the decayed tissues. Later,
the identification was confirmed when samples were sent to the C.A.B. International Institute of Parasitol-
ogy, U.K., to establish a culture for pathogenicity tests.

Spread of the disease. Suckers borne from plants with corm rot invariably show signs of decay and
they are considered the primary source of infection in new plantings. There is also a possibility that
nematodes can survive in roots remaining after corm harvest and subsequently invade suckers when they are
re-planted; this needs to be checked. Even if itoccurs, however, it is probably of minor importance compared
to corm-borne spread of the disease.

Control measures. Control of the disease in the swamp environment is fraught with problems.
Foremost is the method of cultivation of Cyrtosperma which ensures a continuous source of taro for
nematode infection. At harvest, when plants are 3-5 years old, they are pulled from the swamp, and the
suckers, the propagating stock of the next crop, are immediately re-planted. Rots which are already present
in these suckers will enlarge as the plants mature.

Advising growers to plant only suckers free of rot is an obvious recommendation, but requires the
knowledge of how long the nematode can survive in root masses from harvested plants and in soil, before
it can be given with confidence.

This aspect of the disease is now being investigated.

Taro, Colocasia esculenta

One of the more interesting aspects of this investigation is the possible connection between corm rot
of Cyrtosperma and that affecting Colocasia taro grown in swamps in Palau where Cyrtosperma is also
present. The problem has long been recognized and both Morwood (1958) and Trujillo (1971) considered
Pythium fungi to be the cause, with losses of 10-50%. Such rots are well known from other localities where
taro are grown in wet land conditions, for instance, in Hawaii (Ooka and Trujillo 1982), Cook Islands (Anon.
1980), and Western Samoa (Kerz-Moehlendick et al. 1984) and several well-known Pythium pathogens
have been associated with the diseases that occur (Firman 1975).

The disease in Palau and possible cause. The problem, known locally as ‘obei’, in the swamp at Ollei
village on Babeldaop island has been investigated by the author since 1982. At that time, extensive areas
of wilted plants were present in one of the two swamps at the village, and these plants had severe corm and
rootrots. Isolations fromroots yielded P. middletonii, the bacterial wilt pathogen Pseudomonas solanacearum
was isolated from corms, and low numbers of the nematode, Prarylenchus coffeae, were found in the roots.
Cyrtosperma plants appeared not to be affected and so were not investigated at that time (Jackson 1983).

Control measures. The only practical control recommendation in the circumstances was to abandon
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tarocultivation and use the pit for Cyrtosperma. This was only done in parts of the pit; the rest was left fallow.
The taro were removed to the second pit or planted on dryland. In an attempt to select taro with resistance
to the rot problem, seed from crosses mostly with cv. Hawaii as a parent, were sent to Palau in 1984. In other
countries this cultivar has shown useful resistance to Pythiwm rootrotin dryland situations and in the swamps
of Cook Islands where Pythium has become a major problem. However, in Palau all the seedlings died soon
after planting.

In 1986, aftera lapse of 3 years, growers at Ollei re-planted the pit and found that a majority of the plants
grew well. There were one or two areas where the plants did not thrive, but this was not thought unusual.
At that time the second pit was being abandoned because of disease.

It is now known that the corm rot problem occurs elsewhere in Palau and in a recent survey of growers,
conducted under the auspices of the LISA (Low Input Sustainable Agriculture) taro project, corm rot was
considered to be the main factor limiting production.

Palau cormrot re-investigated. Thediscoveryin 1986 of the Cyrtosperma cormrotin Yap suggested
that there might be an association between the two problems. And, in fact, when corms of Cyrtosperma at
Ollei were inspected they were found to be riddled with holes, just like those in Yap (Jackson, 1986). Large
numbers of Radopholus nematodes were extracted from the decayed areas.

Taro at Ollei will now be re-examined to determine whether Radopholus is present in the roots. If it
is, then there is a good possibility that it is the primary cause of the problem, allowing entry of Pythiwm and
other rot-causing organisms to destroy the root system and reduce the corm tissues to the foul smelling rot
typical of ‘obei’ disease.
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USE OF SOMACLONAL VARIATION FOR ENHANCING SMUT
RESISTANCE IN SUGARCANE
(SACCHARUM OFFICINARUM L.)

STEPHEN A. FERREIRA

Department of Plant Pathology
University of Hawaii, Honolulu, HI 96822

ABSTRACT The use of somaclonal variation, or variation among seedlings produced in tissue culture from
callus, was evaluated as a method of improving smut (Ustilago scitaminea Syd.) resistance of agronomically
important sugarcane varieties. Three formerly important commercial varieties, that were no longer grown
because of susceptibility to a new smut race B in Hawaii, were used in this study. The varieties H50-7209 and
H59-3775 were highly susceptible and H70-0144 moderately susceptible to race B. Somaclones or seedlings
produced from callus culture of the varieties were subjected to 3 cycles of selection for smut resistance. Of the
574, 1110, and 780 somaclones of varieties H50-7209, H59-3775, and H70-0144 respectively, only 6
somaclones of H70-0144 displayed greater levels of smut resistance than the variety from which it was derived.
Afier vegetative propagation, these 6 somaclones were subjected to a more severe bud puncture inoculation test
to more accurately assess smut resistance. The same somaclones were also installed in a field trial to determine
if agronomic traits such as stalk diameter, height, number, and plant volume at different times during the 2 year
cropping cycle of sugarcane in Hawaii were also affected by somaclonal variation. After this test, or the fourth
cycle of selection, a single somaclone of variety H70-0144 was identified with enhanced smut resistance. With
this more resistant somaclone, stalk diameter, height, number, and plant volume was also significantly lower
than the donor clone at 8 months age. These findings suggest that more resistant somaclones can be obtained
from callus culture, but that the erosion of agronomic performance makes the somaclonal variation approach
to varicty improvement impractical. It is possible that this problem might be overcome if larger populations
of somaclones were evaluated. Further studies to validaie this approach 1o enhance resistance to sugarcane smut
are needed.

In recent years, somaclonal variation has been reported from a diverse number of important crop
species. These include: tobacco, rice, oats, corn, barley, sorghum, wheat, clover, carnation, carrot,
pineapple, lettuce, garlic, Geranium sp., Brassica spp., alfalfa, celery, tomato, strawberry, sugarcane,
and sweet potato (Krishnamurti and Tlaskal 1974, Heinz et al. 1977, Larkin and Snowcroft 1981,
Murakishi and Collins 1983, Latunde-Dada and Lucas 1983, Moyer and Collins 1983, Umbeck and
Gegenbach 1983, Zong-Xiou et al. 1983, Daub 1986). This variation which is associated with plantlets
regenerated from callus or protoplast cultures often occurs regularly and at high frequencies (Larkin and
Snowcroft 1981, Daub 1986). The cause of this variation is not well understood, but is believed to involve
chromosomal changes and rearrangements as well as point mutations. The changes are genetic and
heritable (Evans et al. 1984, Daub 1986).

Consequently, plant breeders have suggested that somaclonal variation might be useful in a variety
development program (Nickell 1977, Shepard 1981, Larkin and Snowcroft 1981, Daub 1986), particu-
larly as a means of improving an agronomically desirable cultivar whose only defect might be
susceptibility to disease. The studies reported herewith, were initiated to determine if somaclonal
variation in sugarcane could be used to enhance smut (Ustilago scitaminea Syd.) resistance in sugarcane
cultivars that had been recently removed from commercial use because of the discovery of a new smut
race B (Comstock and Heinz 1977, Comstock et al 1983). Were it not for smut susceptibility, these high
yielding cultivars might still be grown.
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Materials and methods

Production of somaclonal variants. Callus cultures of three Hawaiian sugarcane varieties, H50-7209,
H59-3775, and H70-0144 were produced by aseptically culturing the young meristematic tissues of
actively growing shoots on MS medium (Heinz et al. 1977). After shoot initiation in culture, roots were
differentiated by transferring shoots to MS supplemented with 2,4 D and plantlets were transplanted to
sterile vermiculite and soil less potting mix in pots in the greenhouse. When seedling were 8 weeks old,
they were transplanted in the field and allowed to grow so that vegetative cuttings of each seedling derived
from the donor or mother clone could be screened for resistance to sugarcane smut.

Screening for smut resistance. Disease resistance screening was done in two ways. In the first series
of screenings, a standard inoculation procedure consisted of soaking vegetative cuttings of sugarcane in
a suspension of 100 teliospores/ml of race B for 30 minutes (Byther and Steiner 1974, Comstock et al
1983, Ferreira and Comstock 1989). Race B was used in this study because it had become the most
important and prevalent race in Hawaii. Ten 18 inch vegetative cuttings, or “seedpieces” of each
somaclone were inoculated, planted in the field, and assessed for smut resistance using the standard rating
scheme (with 0 being highly resistant and 9 being highly susceptible) adopted by most sugarcane smut
workers around the world (Byther and Steiner 1974, Ferreira and Comstock 1989). Disease ratings were
made six months after planting, and again six months after ratooning the plant crop. Somaclones were
subjected to three cycles of inoculation and selection for smut resistance, with up to 30 percent of the most
resistant somaclones being advanced at each stage.

After 3 cycles of smut selection, the most resistant somaclones were compared to the mother or
donor clones using a modified bud puncture procedure that had been developed (Ferreira 1987). In this
procedure, 5-7 day old single bud cuttings of sugarcane growing in sterile vermiculite, were inoculated
by puncturing the meristem region of each shoot with a dissecting needle dipped into a 104 teliospore
suspension of smut race B. One week later, these seedlings were transplanted to the field and disease
reactions assessed in the plant cane over the next 20 weeks. Ratoon smut ratings were not obtained.

Disease assessment was made by determining the percentage of stalks or tillers smutted perinfected

plant. The experimental design in this test was a randomized complete block design, each treatment
consisted of 10 plants with 10 replications per treatment. This degree of replication was needed to
determine differences in smut resistance among the somaclones.
Agronomic trials. The donor clone and its six somaclones subjected to the final or fourth cycle of smut
testing were compared also in a trial assessing agronomic performance. This trial was conducted to
determine if traits other than smut resistance had been affected in the selected somaclones. This field trial
had a randomized complete block design, with each treatment consisting of a three line plot 15 feet long,
with 6 replications.

In each plot, stalk counts were made in the center line. Also determined for 10 randomly selected
stalks of the center line of the plot were: stalk length, diameter and refractometer solids of the second
internode from the ground. Data was obtained at 6 and 8 months age. An estimate of cane production
for the plot was obtained by calculating stalk volume as the product of stalk counts by average stalk length
and average cross sectional area of stalks that were measured for diameter. Similarly, sugar production
was estimated by multiplying stalk volume and average refractometer solids percent.

Results

The results of screening somaclones of three different commercial cultivars of sugarcane, each
differing in their resistance to smut race B, are given in Table 1. The data indicate that somaclones with

104



enhanced smut resistance were produced only from the donor clone H70-0144 which had an intermediate
level of smut resistance. When somaclones were derived from highly susceptible donor clones such as,
H50-7209 and H59-3775, resistant somaclones were not obtained. It was evident also that several cycles
of testing were needed to precisely define smut disease reactions to these somaclones and to adequately
assess their smut reactions.

In Figure 1, the disease progress curves for H70-0144 and its six somaclones are given. The data
show that somaclone 144-37 was significantly more resistant that the donor clone, differing in both the
rate of disease increase and disease maximum expressed.

When these same somaclones were evaluated for agronomic performance at 8 months age, the
results in Table 2 indicate that the most smut resistant somaclone, 144-37, was the least productive
somaclone as estimated by stalk volume and sugar production (stalk volume x refractometer solids). Most
of the somaclones had lower stalk volume and sugar production. Since stalk number and refractometer
solids were not different significantly among treatments, lower productivity of the somaclones occurred
because of reduced stalk height and diameter. This suggests that the somaclones were growing less
vigorously resulting in less biomass. There was no evidence to suggest that sucrose production had been
reduced. An assessment of these traits at the end of the two year growth cycle is needed to determine the
effect of somaclonal variation on sugar production and quality.

Discussion

Although the use of somaclonal variation as a source of resistance for potential cultivar develop-
ment has reported for many crops, there exists only a few examples of cultivars or varieties produced
through the use of somaclonal variation (Larkin and Snowcroft 1981, Daub 1986, Shepard 1981). The
results of this study supports the notion that although the somaclonal variation is real and heritable, itdoes
not appear to be of practical value to the breeder since multiple changes in the genome appears to occur
simultaneously.

The variation associated with somaclones is attributed to chromosomal abnormalities common in
cultured cells and other changes that include translocations, deletions, amplifications, and point
mutations (Murakishi and Collins 1983, Thanutong et al. 1983, Evans et al. 1984). These changes are
likely to be detrimental and result in genotypes of lowered productivity. This tendency appears to be true
in this study since most of the somaclones were less productive than the donor clone. If the somaclonal
variation approach to variety development or enhancement is to be successful, it must be integrated into
a full fledged breeding and selection program. Direct use of somaclonal variation for improving on
disease resistance does not appear likely for sugarcane.
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Fig. 1. Disease progress curves for H70-0144 and its six somaclones after 4 cycles of selection.
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Table 1. Results of selection for smut resistance among somaclones derived from three
commercial sugarcane cultivars differing in susceptibility to sugarcane smut.

Donor Race B No. of Number of more resistant clones
clone Smut Somaclones after each cycle of t selection
Rating Screened 1 2 3 4
H50-7209 8 574 14 2 0 0
H59-3775 7 1110 16 1 0 0
H70-0144 4 780 240 59 6 1

Table 2. Comparison of H70-0144 and its six somaclones at 8 months age for agronomic traits.

Stalk Stalk Stalk Stalk Refr. Refr.
Clone number diameter  length  volume solids Solids
(cm) (m) (m3) (%) x Vol
H70-0144  73.8a! 2.66a 2.99a .1233a 14.65a 1.80a
144-02 72.3a 2.43cd 2.90ab .0968b 14.90a 1.46abc
144-22 70.0a 2.52bc 2.63c .0913b 13.40a 1.21bc
144-31 68.3a 2.42d 291ab 0929 14.23a 1.29bc
144-37 63.2a 2.52bc 2.86b .0903b 12.58a 1.15¢
14448 71.8a 2.59ab 2.93ab Jd111ab  14.58a 1.62ab
144-58 64.3a 2.51bed 3.01a .0967b 13.62a 1.30bc

Means followed by the different letters in a column were significantly different at the 10% level
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PLANT PROTECTION IN THE REPUBLIC OF THE MARSHALL
ISLANDS

JIMMY JOSEPH

Division of Agriculture, Ministry of Resources and Development
Majuro, Republic of the Marshall Islands

ABSTRACT The Plant and Animal Protection and Quarantine Section of the Republic of the Marshall
Islands of the consists of three officers who handle mainly plant quartantine but also provide pest control
advice asneeded. Their training needs an materials are discussed. Several reportson crops pest identification
surveys have recently been done by outside agencies. At the time of the reports, the worst problem in Majuro
was the coconut scale severely infesting coconut and bread fruit. Several coccinelleids were imported to
Majuro which had established and were beginning to control the problem at the time of the last report. The
coconul scale was also serious on Likiep. A number of new pests to the Mashall islands were also identified.

The Republic of the Marshall Islands comprises 29 corall atolls and five coral island with a total land

area of only 70 sq. miles and a sea area of over 750,000 sq. miles. In the 24 inhabited atolls there are two
urban centres: down-town Majuro on Majuro atoll and Ebeye on Kwajalein atoll. The urban population
constitutes over 60 percent of the total population which is 43,000. The Republic lies in the Central Pacific
between 4 and 19 degrees N latitude and 156 and 162 E longitude. Majuro, the capital and commercial centre
is 2,000 miles from Guam and 2136 miles from Honlulu. The climate is warm and humid with an average
temperature of 27°C (81°F) and little seasonal variation. The annual rainfall in the North is 70 inches
compared to 170 inches in the South. Tradewinds from the northeast cool the temperatures from December
through March. There is an annual dry season from February through April.
Agriculture The Division of Agriculture in the Ministry of Resources and Development is responsible for
agricultural development in the Republic. This Division consists of three sub-divisions, responsible for
agro-forestry, vegetable farming and livestock. The agroforestry division covers the development of
coconut, pandanus, citrus, breadfruit and forestry and is concerned with traditional crop research, nursery
work, coconut land rehabilitation and coconut wood utilization. The vegetable farming section collaborates
with the Republic of China Technical Assistance Mission in experimental work on Laura Farm. The crops
that have been produced successfully are Chinese cabbage, green pepper, chili pepper, cucumber, long
beans, melon, tomato, corn, eggplant and zucchini. The livestock section is concerned with pigs and poultry.
Sows and boars from New Zealand are used to improve genetic characteristics of the local pig population
through cross-breeding. Imported Autrolap chicks are used to upgrade the local chickens for both egg and
meat production.

The overall approach adopted by the government is to expand agricultural production by developing
the private sector. Agriculture plays an important role in the economy. In 1980, over 46% of the total labor
force was engaged in agriculture, fishing and forestry including subsistence activities. Products from the
subsistence sector in the “money economy”, mainly of copra, contribute only about one fifth of the gross
domestic product reflecting the low labour productivity in the sector.

Plant and animal protection and quarantine section. The Plant and Animal Protection and Quarantine
Section is under the umbrella of the Agriculture division. It consists of three full-time officers, two assigned
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to Majuro and one to Kwajalein/Ebeye.

1. Chief Quarantine Officer-Majuro

2. Quarantine Officer-Majuro

3. Quarantine Officer-Kwajalein/Ebeye
In addition to the above, the Chief and Assistant Chief of Agriculture perform the necessary duties when
required.

The duties and responsibilities of the staff of the Plant and Animal Protection and Quarantine Section
are as follows:
- Inspect all incoming vessels and aircraft entering Majuro and Ebeye/Kwajalein as a port of entry.
- Inspect travellers to the Republic and their possesions such as hand, cabin and hold luggage, etc. Confiscate
and, if warranted, burn plant and other material illegaly imported into RML
- Collaborate with Customs and Immigration officials at airports and seaports in the effective performance
of duties.
-Prepare and submit monthly reports
-Assist local farmers by providing advice relating to the control of pests and diseases.
- Perform any other duties in connection with Plant and Animal Quarantine matters.

As presently constituted, the staffing of the Section is inadequate. It is proposed to up-grade and
expand it by taking the following steps:
1. The immediate recruitment and training of an officer to fill the vacancy which will be created by the
retirement of the Chief Quarantine Officer at the end of 1990.
2. The recruitment and training of an officer to work with the officer at present located on Ebeye/ Kwajalein.
3. The appointment of a third officer assigneed to Majuro
4. The institution of an in-house training programme for Extension Officers in simple aspects of the
prevention, control and eradication of plant and animal pests.
5. Inaddition to (4) above, it is also anticipated that a retired veterinarian will be available under the AESOP
volunteer scheme from mid-1990 for 6 months. His duties will include training livestock and extension
officers in all aspects of para-veterinary skills.

Review of work done. Following are excerpts of three surveys done by outside experts identifying pest
problems in the Marshall islands.

1. Etiological Survey on Breadfruit tree pests. February-March 1989. National Pingtung Institute of
Agriculture, Taiwan ROC

The Mission team surveyed Majuro, Namorik and Likiep and collected and identified many insects.
Also a variety of plant pathogens were islolated and cultured on media from diseased breadfruit trees.

The principal pests found were: Transparent or coconut scale severely infesting breadfruit and
coconut trees. A whitefly was also found. The team recommended the use of insecticides for spraying scale
insects. Breadfruit longhorn beetles were very widespead causing the wilting of twigs and trunks and
eventual death of the tree.

The Team recommended a pest management strategy which included the following measures:
Cultural methods to improve the health of the trees; pruning and cutting of breadfruit trees to achieve a better
tree crown; emergency insecticide spraying; effective sanitation by collecting and burning or burying leaves
and branches that are obviously infected; introduction and augmentation of natural enemies; and mass
production and application of entomopathogenic fungi.

This team was due to return to RMI for follow-up activities in the near future.

2. Investigation into scale problems on coconut and breadfruit and crop survey. June 1989. Dr. D. Nafus,
University of Guam. Report for the South Pacific Commission.
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On Majuro and Likiep, the coconut scale Aspidiotus destructor Signoret was infesting a wide variety
of plants. The coconut scale was widely distributed on Majuro. AtLaura, the undersides of breadfruit leaves
were often completely covered with coconut scale. The infestation was severe all over the island from Laura
to Delap. Between Delap and Rita, the infestation was light. On coconut, infestation was generally less
severe than on breadfruit. As with the breadfruit, infestation was most severe in the Laura area.

Ladybeetle predators of the coconut scale were reported to have been released in January 1989 by
Dr. Nelson Esguerra (College of Micronesia) in Laura and other unknown locations. The ladybeetles were
found in low numbers at sites extending from around Rita to the airport. Most were found on coconut. It
was recommeded that Pseudoscymnus anomalus should be re-imported and released in the Laura area where
coconut scale was most abundant.

The coconut scale was extremely abundant on breadfruit on Likiep. The pest was devastating as
evidenced by dying, yellowing leaves, premature dropping of fruit, and dying limbs. The investigator stated
that the RMI must make plans to deal with this scale problem, which appears to be moving from atoll to atoll,
and to implement the plans without delay.

The endemic coconut red scale, Furcaspis oceanica, was commonly found of the undersides of
leaves of coconuts and on flower spikes and fruits. It was distributed throughout the island but was
uncommon or only lightly infested most trees. The investigator did not think that the overall level of
infestation warranted action.

Several crops were surveyed on Majuro, viz. taro, corn, eggplant, radish, chili pepper, head cabbage,
cucumber, soybean, long bean, pumpkin, sweet potato, papaya, coconut, breadfruit, banana, guava and
limes. Below are a few major pests and some insects which are recent introductions to the Marshall Islands.

Sweet potato had the flea beetle Chaetocnema confinis, green tortoise beetle, Metriona circumdata,
and the sweet potato weevil, Cylas formicarius as well as spider mites, Tetranychus sp. Several of these
pests were present at damaging levels and the possibility of introducing bio-control agents should be
considered.

On bananas, the aphid Pentalonia nigronervosa was found for the first time, and has the potential
to transmit bunchy top virus. Extreme caution is recommended in importing any banana corms or other
planting material into the RML

On beans, the leaf roller Lamprosema diemenalis was found seriously defoliating soybeans. A
leafhopper, Empoasca sp. was found on long beans. Aphis craccivora was also present.

Several other new pests were found. Pulvinaria sp. was found on chili pepper, eggplant and other
hosts including plumeria and Morinda citrifolia. Red wax scale Ceroplastes rubens was found on breadfruit
in Rita and Delap on Majuro and on Likiep. Another new pest was an unidentified snail apprantly introduced
into Laura area as a potential food species. Itis now spreading and damaging vegetables and new seedlings.

No dacine fruit flies were found on Majuro or Jaluit.

A short survey of Jaluit also took place. Coconut scale was not present on Jaluit. Jcerya sp. was very
abundant on breadfruit and several other hosts. It was recommended that the ladybeetle Rodolia pumila be
collected from Majuro and released. Jaluit also has a problem with termites and an ant species on Pinglep
islet. The control of this ant species should be tackled as soon as possbile.

A number of recommendations were made:

Both insects moving on plant material and those hitchhiking on aircraft are entering the Marshalls
in alarming numbers. Quarantine inspections at major ports of entry need to be strengthened and applied
to all persons and parties.

The permit system needs to be reviewed for legal adequacy, penalties for violations, degree of use,
degree of enforcement for all individuals or groups. Reinstitution of a policy of requiring aircraft to be
sprayed should be considered. '
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A record of entry of biological control organisms needs to be maintained. As a minimum,
information on the species entered, the target pest or pests, the numbers released, the release areas, and the
origin of the beneficial species should be kept. This should apply to both entry into the Marshalls and
movement between atolls.

A minimum level of training for quarantine officers should include a course or its equivalent in
entomology, plant and animal pahology and economic botany. The possibility of sending quarantine
officerstothe U.S. quarantine school in Honlulu or elsewhere should be investigated. A minum of six months
training is suggested. Although the training seems expensive, the introduction of a single pest can far exceed
the costs of training many officers.

An individual should be designated plant protection officer. His duties should inlcude visiting and
training farmers and extension staff. He should be able to identify all important currant or new pests and
toreceive, introduce, transfer and monitor the establishment of beneficial organisms. The individual should
have a bachelor’s degree in agriculture also with training in horticulture, entomology and plant pathology,
and should be local and speak Marshallese.

An inter-atoll quarantine sytem should be establisehd. This can be either mandatory or voluntary
inspection of plants or plant material in combination with an education programme.

3. Report on the the coconut and red scale infestation on Majuro and the outer islands. Sept 14-16, 1989.
Dr. Nelson Esguerra, College of Micronesia.

Coccinellid predators on the coconut scale relased by Dr. Esguerra in August 1988 could be
recovered on all parts of Majuro including Rita, which was the farthest place from the points of release. High
populations of the beetles were seen on scale infesting coconuts, breadfruit, bananas and even plumeria.
Coconut and breadfruit trees showed evidence of new green leaves, which was attributed to the establishment
and control of the scale by the beetle.

The predators released for control of the coocnut scale were not effective against the red coconut

scale. A formal request was made to Dr. Muniappan of the University of Guam to send the wasp parasite
Anobrolepis oceanica. Dr. Muniappan planned to visit Majuro in the near future to asses the red scale
problem and the possibility of controlling it.
Conclusions. The staff needs and requirement were addressed in a previous section of the paper. Additional
needs of the Plant Protection and Quarantine Section are: advice on the acquisition and use of an incinerator
for the destruction of prohibited plant and other material; advice on spraying techniques and material for use
on aircraft; and advice on the organization of a workshop to discuss the proposed Manual of Procedures
currently in draft form.
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RESPONSE OF PURPLE NUTSEDGE (CYPERUS ROTUNDUS L.) TO SOIL
SOLARIZATION

J. E. MILES! and R. K. NISHIMOTOQ?

! Micronesian Occupational College, Koror, Palau 96940
2Department of Horticulture, University of Hawaii, Honolulu, Hawaii 96822

ABSTRACT Purple nutsedge (Cyperus rotundusL.) has been called the world’s worst weed. Itisa serious pestin virtually every
crop in every country and region in the tropics and subtropics. Glyphosate is one of the few herbicides which is effective against
purple nutsedge, being translocated from aerial plant parts to the parent tubers, which it kills. It has been recommended that
research into purple nutsedge control concentrate on attaining 100 percent sprouting of the tubers, to be followed by application
of glyphosate.

Soil solarization is a method of weed and pathogen control pioneered in Israel in the 1970’s. The technique consists of
covering moist soil with clear plastic and allowing the sun to heat the soil. In two experiments conducted at Waimanalo on the
island of O'ahu in Hawaii, tubers were buried in net bags at 15 centimeters soil depth and were recovered periodically to assess
sprouting and emergence. The rate of sprouting and emergence increased as a result of solarization. It is concluded that
solarization followed by application of glyphosate can give excellent control of purple nutsedge.
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RED RING DISEASE [RHADINAPHELENCHUS COCOPHILUS
(COBB, 1919) GOODEY, 1960] OF COCONUT: A POTENTIAL
THREAT TO THE PACIFIC REGION.

G. S. GRANDISON

D.S.LR. Plant Protection, Private Bag, Auckland, New Zealand

ABSTRACT Red ring disease of coconuts and oil palms, caused by the nematode Rhadinaphelenchus
cocophilus is one of the most serious disorders of coconut. To date it is confined to the Caribbean, Central
America, and northemn South America. In Trinidad, 35% of the young coconut palms are killed by this pest
while in Venezuela, 35% of the oil palms have been lost over the past 10 years.

As well as coconut, other hosts are date palm, royal palm, and oil palm.

Under natural conditions, infection of the plants can be initiated via the crown or roots. The palm weevil
Rhynocophorus palmarum is a very important vector and is the principal means of transmitting the nema-
tode infection. Although R. palmarum is not recorded from the Pacific Region other weevils (R. schach) or
bectles (Oryctes rhinoceros) could be potential vectors as their habits are the same as the palm weevil.

There are two distinct symptom expressions caused by the red ring nematode. Red ring is the most
characteristic symptom of coconut, by the presence of a 3 cm wide red or orange-red ring of discolored
tissue about 3 10 5 cm below the trunk surface. The other symptom, “little leaf™ is rarely seen in coconut
palm but is common in oil palm. The leaves are erect, short and deformed with the pinnae being wiry and
necrotic at the tips.

Red ring discase is a fatal disorder of coconuts and precautions must be taken to prevent the introduction
of this nematode into the Pacific region.
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HOST PLANT EXPANSION OF THE AGROMYZID LEAFMINER
LIRIOMYZA SATIVAE BLANCHARD

CAROLINA and MARSHALL W. JOHNSON

Entomology Department, University of Hawaii-Manoa
Honolulu, Hawaii 96822

ABSTRACT Liriomyza sativae Blanchard is an important pest on vegetable crops in Hawaii and North America. Of
the many crops colonized, green onion has never been reported as a preferred host plant. However, recently this species
has become an important pest on green onions in the Waianae area of Oahu.

Studies were conducted to investigate the host preference behavior and immature developmental time of L. sativae
individuals from Waianae infested green onions compared with L. sativae individuals infesting beans in Hawaii Kai
where green onions are not grown. Results of the experiment suggest that the Waianae L. sativae strain had developed
apreference for green onion which wasnota favorable host plant for the Hawaii Kai strain. Inchoice tests, adult L. sativae
flies from Waianae green onion laid eggs in both green onion and bean foliages as compared to Hawaii Kai flies which
rarely deposited eggs in green onion. Immatures of Waianae strain L. sativae developed significantly faster in green
onion that Hawaii Kai L. sativae flies. This study suggests that L. sativae has the ability to exploit new plant hosts when
preferred hosts are absent from its environment
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SURVEY OF FERTILIZER USAGE IN THE COMMONWEALTH
OF THE NORTHERN MARIANA ISLANDS

L.N. RAGUS, A.P. TUDELA, M. HOFSCHNEIDER
AND H. RICHARDS

Life Sciences/Land Grant. Northern Marianas Community College
P.O. Box 1250, Saipan, MP 96950

ABSTRACT A recent survey on fertilizer usage of farmers from Rota, Saipan and Tinian
was conducted to discover the general farmer’s practices in fertilizing their crops. Generally,
CNMI farmers plant vegetables. They seldom use organic fertilizers due mainly to acute
shortages of supplies, labor intensiveness and bulkiness in handling and application. The
farmers depend heavily on commercial fertilizers, especially complete fertilizers, to replen-
ish soil nutrients lost in crop removal. Wide variability in time, rate and method of fertilizer
application among farmers was noted in all three islands surveyed. Data from cucurbit and
taro farmers are presented.

With the increasing application of chemicals such as pesticides and fertilizers to the soil or plants for
better crop production, pollution of the environment, especially the groundwater, is a growing concern
almost all over the world. In the Commonwealth of the Northern Mariana Islands, data showing the trends
in usage of fertilizers are wanting. Hence, this survey is an initial attempt to obtain pertinent information
about fertilization practices for the crops commonly grown in CNML. Itis hoped this information will serve
as basis for the plan of work in educating farmers on appropriate usage of fertilizers and for research agenda
to minimize environmental pollution.

CNMI soils-uses and management

Saipan, Tinian and Rota have volcanic cores upon and around which limestone has been deposited.
Certain soils such as those of the Banaderu, Chinen, Dandan, Luta and Takpochao series occur only over
limestone. The high rainfall of the islands (80 inches per year) causes clay materials to leach into the
subsoils, thus forming clay films. Clay films are most distinct in the Akina and Laulau series. The farms
visited for the fertilizer usage survey are mostly situated in shallow, drained, droughty and erosion-prone
soils. On Saipan, commercial farms are situated on Chacha, Chinen, Kagman, and Saipan soils. On Tinian,
most of the small commercial farms are located in the Marpo Valley area, on Chinen and Dandan clays.
Other farms are further north on Banaderu, Chinen, Dandan and Saipan soils. On Rota, farming is mostly
on Luta soils. Most of the nearly level land on Saipan is underlain by the shallow Chinen soils. The soil
types are described by the Soil Conservation Service (USDA 1989).

Irrigation is necessary to this soil as well as to the Banaderu soils. Bananas and other deeper rooted
crops grow well in deeper Saipan, Kagman and Laulau soils. The plateaus of Tinian are dominated by
Dandan and Chinen soils complex, which are farmed better than pure Chinen soils. Luta soils in Rota are
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very droughty. However, Luta soils in the mountain top area known as the Sabana are significantly more
moist and cooler than Luta soils on the lower plateaus.

Chinen, Banaderu and Luta series are shallow or very shallow and are therefore droughty and restrict
plant root growth and development. Mechanical mixing of limestone base into the soil also occurs during
tillage.

Forms of fertilizers

The farmers surveyed differed in their use of different forms of fertilizers due mainly to the availability
of materials, experience of the farmers and convenience of handling (Table 1). The data showed farmers
still depend heavily on inorganic fertilizers, especially on Rota and Tinian, for crop farming. More than
10% of Saipan farmers did not apply fertilizers because their farms were newly opened. However, most
farmers fertilized their crops using organic materials such as animal wastes, crop harvests, dried weeds and
inorganic fertilizers such as complete (16-16-16, 15-15-15, 14-14-14, etc.). Fish emulsion was utilized by
one farmer in Saipan to fertilize his crops.

Organic materials utilized. The number of farmers listed as using organic materials includes both those
who use solely organic materials and those who used a combination of organic and inorganic fertilizers
(Table 2). Tinian and Rota farmers left whole or parts of plants from previous crop harvest for
decomposition. Tangan-tangan leaves or decaying poles and chicken manure were used in Saipan.
Inorganic fertilizers used. The number of farmers surveyed did not conform with the number utilizing
the inorganic fertilizers (Table 3). This discrepancy of number was due to the practice of farmers utilizing
more than one inorganic fertilizer such as a complete fertilizer and urea.

In the entire CNMI, complete fertilizers were popularly used since these were readily available in the
store and were already known to these farmers.

Common fertilizer practices for crops

Even on adjacent farms, the farmers had their own way of fertilizing crops in terms of timing, method
and frequencies. What was common, however, was the use of such units of measurements as handful, cup,
tablespoon and teaspoon.

At the time of planting, few farmers applied fertilizer by observing the stages of plant growth. Often,
the deficiency symptoms of plants such as retarded growth and yellowing of leaves served as the signal for
the fertilization time. Hence, the frequencies of fertilization were dependent on these aforementioned
practices.

For the fertilizer placement, the farmers generally dug a 6-8 cm (2-3 inch) hole around the plant (about
15 cm (6inches) away from its base) and locally applied the fertilizer. A few dissolved inorganic fertilizers
in water and watered the plants. When using organic fertilizers, they either broadcast themin the soil before
planting or mixed them with inorganic fertilizer. This mixture was usually put in holes near the plants.

Root crops commonly grown are taro, sweet potato and yams, which are seldom fertilized. The usual
practice is to fertilize the vegetable crops which are planted adjacent to rows of root crops.

In the entire CNMI, the following vegetables are commonly grown: cucumber, watermelon, green
onion, tomato, eggplant, head cabbage, okra and bell pepper. Farmers from Saipan, Rota and Tinian differ
in their frequency and rate of fertilizing these crops.

All these mentioned crops have been surveyed, however, only cucumber and taro are highlighted in

this paper (Table 4).
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Summary and recommendation

The data obtained from the fertilizer survey indicated the following:
1.- Most soils of farms surveyed are shallow to medium shallow as shown by observations of rocks
reportedly unearthed from tilling these soils.
2. - Time, rate and frequencies of fertilizing crops are based on farmers’ experience and observation of
visually observed deficiency symptoms such as stunted plant growth and yellowing of leaves.
3. - Due to convenience in handling and ready availability, inorganic fertilizers are still preferred to organic
fertilizers especially manure.
4. - The farmers who were surveyed requested additional information on fertilizing their crops.

Literature Cited
USDA - Soil Conservation Service and Commonwealth of the Northern Mariana Islands. 1989.

Soil survey of the islands of Aguijan, Rota, Saipan and Tinian, Commonwealth of the Northern
Mariana Islands.
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Table 1. Number of farmers utilizing different forms of fertilizer for crop production in CNMI

Rota. Tinian Saipan
Fertilizer Use No. % No. % No %
Inorganic fertilizer 8 6. 5 62 13 46
Organic fertilizer 1 =
Combination of inorganic
and organic fertilizers 3 25 3 38 10 36
No fertilizer 1 8 4 14
Total number 12 8 28

Table 2. Organic materials commonly used in the CNMI farms surveyed.

Organic Materials used No. % No. % No. %
Crop residues 2 100 4 100 1 9
Legumes (tangan-tangan) 3 27
Manure

Chicken 3 27

Horse 1 9

Pig 2 19
Other

Fish emulsion 1 9
Total Numbers 2 4 11
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Table 3. Inorganic fertilizers commonly used in the CNMI farms surveyed.

Rota Tinian Saipan
Inorganic FertilizersUsed No. % No. % No. %

Complete fertilizer (16-16-16,

15-15-15, 14-14-14) 10 53 5 56 17 75
Ammonium sulfate 2 11 1 11 1 4
Potassium sulfate 1 5 . - 1 4
Potassium chloride 5 26 1 11

Urea 1 5 2 22 1 4
Treble SupcrphosPhatc - : - : 1 4
10-20-20 g ; - - 2 9
Total 19 9 23
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Table 4. Fertilization practices for cucumber and taro crops in the CNMI

CUCUMBER
Location Soil unit Fertilization practices
Cucumber
SAIPAN
San Vicente Dandan-Chinen complex One tablespoon of complete 14-14-14,
510 15% slopes 15-15-15-, 16-16-16) per plant after two weeks of
planting and one tablespoon of complete fertilizer per
plant at flowering stage.
Marpi Akina-Badland complex, One tablespoon of complete fertilizer per
15 to 30% slopes plant when needed (i.e. if plants are
yellowing); also place sawdust around plants and leave
crop residues after harvest
Laulau . Chinen very gravelly No fertilizer applied
loam, 5 to 15% slopes
Gualo Rai Chinen clay loam, 0 to Mixing dried chicken manure with water
5% slopes in holes or mixing manure in the soil then broadcasting
10-20-20 over soils before planting
Kagman Chinen clay loam, 5 to Commonly apply one handful of complete
15 % slopes fertilizer; other practices include: One handful of
dried chicken manure and complete fertilizer per plant.
2-3 tablespoons per plant three weeks after planting
TINIAN
Marpo Chinen very gravelly One handful of complete fertilizer per
sandy loam, 0 to 5% plant
slopes
ROTA
Chudang Banaderu-Rock Outcrop Use urea (rate & time of
complex, 5 to 15% slopes application not mentioned)
Taro
SAIPAN
Kagman Chinen clay loam, 5 to No fertilizer used

15% slopes

121



Table 4 Continued. Fertilization practices for cucumber and taro crops in the CNMI

San Vicente

Takpochao

China Town

TINIAN

Marpo

ROTA

Giaganea Hulo
(Gagane)

Dandan-Chinen complex,
510 15% slopes

Akina-Badland complex,
510 15% slopes

Chinen clay loam, S to
15% slopes

Chinen clay loam, 0 to
5% slopes

Chinen very gravelly
sandy, 0 to 15% slopes

Akina-Badland complex,
15 10 30% slopes

Chinen clay loam, S to
15% slopes

Chinen clay loam, 15 1o
30% slopes

No fertilizer used
Sawdust placed around
the plants

No fertilizer used

No fertilizer used

No fertilizer used

One handful of complete
fertilizer per plant

No fertilizer used

Use complete fertilizer
or ammonium sulfate

122



EFFECT OF HURRICANE OFA ON THE BATS OF
AMERICAN SAMOA

A.M. VARGO*, M. R. VARGO!, and M. J. VARGO!

Land Grant Program, American Samoa Community College
Pago Pago, American Samoa 96799

ABSTRACT Three bat species of American Samoa, Pteropus samoanensis, P. tonganis, and
Emballanura semicaudata, were seriously affected by a hurricane that devastated parts of Samoa in
February, 1990. The Pteropus spp. are fruit bats important to the ecology of Samoa as both seed
dispersers and pollinators of the rainforest. E. semicaudata is important in controlling mosquitoes and
other insect pests. While the hurricane had killed many bats, the survivors were threatened by
starvation and hunters when they neared villages in search of food. A multi-media, multi-agency effort
to protect the remaining bats was undertaken to educate the public about the importance of bats to
Samoa. An experiment with a sweetened rice mixture was conducted to establish an artificial diet for
the fruit bats. The successful educational campaign and sweetened rice mixture proved to be a
powerful combination to help ensure survival of the fruit bats. The fate of E. semicaudata remains
uncertain.

Three species of bats inhabit American Samoa: the Samoan fruitbat, Pteropus samoanensis, the
Tongan fruit bat, Pteropus tonganis, and an insectivorous bat, Emballanura semicaudata. Fruit bats are
important to the ecology of American Samoa as both seed dispersers and pollinators of the rain forest. It is
estimated that between 30 to 70 percent of rainforest plant species are bat pollinated (Cox, pers. comm.). P.
samoaensis is diurnal and solitary, while P. tonganus, the more commonly seen fruit bat, is crepuscular and
colonial. Both species roost in trees. The insectivorous bat is also colonial but troglodytic. Most members
are thought to live in a cave near the village of Afono, Tutuila. They play an important role in controlling
insect pests. According to Merlin D. Tuttle, founder of Bat Conservation International, one bat can capture
up to 600 mosquitoes in an hour, eating about 3,000 insects a night (Anonymous, 1989). Bats also play a
role in Samoan culture as a food, an element of superstition, and a character in legends.

During February 2-4, 1990, Hurricane Ofa struck American Samoa causing significant mortality to
the bats. Craig and Syron (pers. comm.)speculate that bat mortality was due to three factors: high winds
either killed the bats outright or blew them out to sea; their food sources were greatly reduced or destroyed
by winds that stripped or killed the trees; they fell prey to hunters as they approached villages in search of
food. Some farmersregarded the bats as pests because they fed on fallen bananas. While bats were observed
to be feeding on unripe green bananas after the hurricane, this was unusual. Bats usually feed on overripe,
unharvested fruit, that often serve as breeding places for fruit flies.

Recognizing the importance of the bats to American Samoa, a “Save the Bat” campaign was initiated.
This paper documents the various aspects of the campaign, including media and educational efforts, and an
attempt to feed the fruit bats until their natural sources of food were available.

Materials and Methods

In the 2 weeks following the hurricane, the senior author accompanied the Federal Emergency
Management Agency (FEMA) agricultural team on their damage assessment survey of farms. It was then
that the plight of the bats was realized. Besides dead bats in farm areas, many weak bats were barely hanging
on to fallen banana plants and uprooted papaya trees. One farmer, Sosene Asifoa, captured 24 bats during
the first few days following the hurricane (Asifoa, personal communication). He builta 1.25 x 1.25x 1.25
m cage with chicken wire and fed the bats bananas, papayas and store-bought apples. Since fruit bats hang
upside down to eat, wrapping their wings around the fruit, he suspended the fruit on strings attached to the
top of the cage.

While some fruit bats could have survived by feeding at isolated pockets of vegetation that escaped
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the brunt of the hurricane, the majority were threatened by a food shortage and by hunters taking advantage
of hungry bats that ventured into villages during daylight. Because Preropus generally produce only one
offspring per year, their ability to recoup to their pre-hurricane populations was in jeopardy.

The senior author contacted Le Vaomatua, a local environmental group, alerting its members of the
situation, seeking mformanon about bat nutritional requirements, and drawing up a tentative plan of action
for“Save the Bats.” Le Vaomatua sought information and funding from Bat Conservation Interational, and
a multi-media educational effort followed. Broadcasts on radio and television informed the public about the
importance of bats to the ecology of Samoa.

“Save the Bats™ soon became a multi-agency cooperative endeavor. Articles and full page
advertisements, sponsored by Le Vaomatua and the A.S. Department of Marine and Wildlife Resources,
appeared in local newspapers. One newspaper, Samoa News, also sent an appeal over the newswires asking
fruit producers in Pacific nations to donate fruit for the bats. Poetry and poster contests were sponsored by
the above agencies and the A.S. Department of Education. The senior author, a Le Vaomatua member, and
other representatives from the Land Grant Program of the American Samoa Community College gave a Bat
Conservation International slide presentation to a meeting of village leaders. Its purpose was to provide
information on the importance of bats to Samoa and to seek their assistance in curbing bat shooting at the
village;z:lcl. Likewise, other Le Vaomatua members visited villages and schools with this slide presentation
and -

* With the cooperation of KVZK-TYV, the local television station, a “Help Batman Save the Bats of
Samoa” commercial was produced to educate and appeal to youths. Capitalizing on the populanty of the
current hit movie, “Batman,” letters were written to Warner Brothers Pictures and the Screen Actors’ Guild
in Hollywood, California, hoping to enlist the “real” Batman in this campaign. A “Wildlife Hurricane
Advisory Bulletin” was prepared and distributed by the Land Grant Program. The veterinarian at the A.S.
Department of A griculture treated bats for injuries such as broken joints and torn wings. Children throughout
the territory hung apples and pears in trees for hungry bats and cared for injured ones.

The continued feeding of bats became difficult as local supplies of fresh fruit diminished rapidly. Mr.
Asifoa had been buying a crate of apples daily for the bats he had rescued. Several local grocers donated
grapes (which were rejected by the bats) and apples when they were available. It soon became apparent that
an inexpensive and readily available food source was needed if the continued feeding of the bats was to be
encouraged.

An experiment was conducted to see if bats would eat freshly cooked rice sweetened with sugar.
Grandulated sugar (120 ml) was dissolved in 250 ml water and poured over 1.51of freshly cooked white rice.
One multivitamin tablet was crushed and mixed into the rice. Sugar served as a calorie source that, by
mimicking the taste of fruit juice, induced the bats to feed; rice is an inexpensive, readily available
carbohydrate source capable of absorbing sugar water. (Bats squeeze juice from fruit and spit out the pulp);

the vitamin was added to provide supplementary nutrients.

The sweetened rice was put on a styrofoam plate suspended about 35 cm below a clothes hanger by
strands of string looped through holes in the plate. By gripping the horizontal rung of the hanger, the bats
could hang inverted to feed. The hanger was suspended from the top of a new room-sized wire cage Asifoa
built to provide more room for the bats.

Results and Discussion

The bats ate the sweetened rice. However, the hanger and plate feeding device was unstable, resulting
in an unacceptable amount of rice spilling to the ground. Mr. Asifoa next built a wire shelf suspended from
the top of the wire cage and placed the plates of rice on the shelf. This proved satisfactory as the bats hung
from the wire roof and fed on the rice below.

Because no information was available regarding how much a bat eats per day, Mr. Asifoa
experimented with varying amounts of rice. For 24 bats, he ultimately dispensed 5 to 6 liters of sweetened
rice per night. This continued for about 2 months. As the bats became stronger and more active, and the forest
was nearly regenerated, he opened the cage to allow the bats free exit and access. The bats usually left the
cage around 5:30 a.m. and retumned around 9:30 p.m. to feed. Nearly all the bats retumed each night during
the first week. During the second week, only 50% to 75% of the bats returned. By the third week, which
was 3 months after the hurricane, the bats ceased coming to the cage to feed.
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Small groups of bats were observed again roosting in the nearby rainforest, and it was assumed that
the bats were safe and surviving on their natural food sources. Morrill (pers. comm.) reports that between
3 to 6 months following the hurricane, bats abandoned their traditional roosts and established new ones closer
to human habitation. Afterwards, bats returned to their rainforest roosts.

The “Save the Bats of Samoa” educational campaign was thought to be a success in protecting the
fruit bats. Many inquiries were received on how to care forand feed the bats. Following the slide presentation
for the village leaders, the officials confiscated sling shots used for hunting the bats. Several students did
projects on bats for the Island Science Fair, one of which received national honors. Mostimportantly, though
their populations are lower than pre-hurricane surveys, there is optimism for the gradual recovery of the fruit
bats of Samoa.

The fate of the insectivorous bats is still in question. Between 2 to 4 months following the hurricane,
mosquito populations increased (A.M. Vargo, personal observation). The appearance and subsequent
increase in Dengue Fever, amosquito-borne disease, was reported by local health officials. While an absence
or decrease in insectivorous bats may have had some influence, other factors, such as more mosquito
breeding places in hurricane-caused debris and the abnormally high rainfall during the hurricane, must also
be considered.

Acknowledgements

We thank the following for their assistance in conducting this project: the Asifoa family of A’oloau
Village for constructing the bat cages, caring for the bats, and allowing us to conduct our bat feeding
experiments at their farm; Pemerika Tauiliili, Land Grant Program Director, for his unwavering support and
enthusiasm; Sipaia Fatuesi for arranging and assisting with the bat slide presentation for the village leaders,
and for translating the Wildlife Hurricane Advisory Bulletin and Bat Conservation International’s slide
script into the Samoan language; Fia Tiapula of the A.S. Department of Marine and Wildlife Resources for
technical review of the Wildlife Hurricane Advisory Bulletin; Ropeti Areta, State 4-H Leader, for his role
as Batman in the television commercial; Sivia Sivia of KVZK-TV for his expertise in putting together the
Batman commercial; Carol Whitaker, Land Grant Program Home Economist, for her assistance in the
Batman costume recommendations; Uele Talitua and his veterinarian staff at the A.S. Department of
Agriculture for their assistance in caring for injured bats; Nancy Daschbach of Le Vaomatua for her help in
contacting Bat Conservation International and other bat experts for technical and grant assistance in
supporting the feeding experiments; Patty Page of Samoa News for arranging to get fruit appeals on the
newswires; Rick Davis, John Enright, Peter Craig, Bonnie Ponwith, Wayne Syron, Tom Morrill and Richard
Volk for information and assistance.

References cited

Anonymous. 1989. (Jan. 22) Awake Magazine.

1South Pacific Academy, Pago Pago, AS

125



MS EXEL: A TOOL FOR AGRICULTURAL WORKERS

PHOEBE WALL

University of Guam, Guam Cooperative Extension,
College of Agriculture & Life Sciences, Mangilao, Guam 96923

ABSTRACT Ofien if is difficult to keep accurate records of field observations made by extension agents.
Field observations, contact listings, and other types of records are needed for prioritizing one's activities in
extension, as well as aiding with future research priorities. Several software packages were tried and MS
Excel (for MacIntosh) was found to be the most useful. Easy manipulation of entries, timely entering of
information, simplicity of use, and customized formatting were found to be the main advantages to the
program. The capability of MS Excel to make tables, perform searches, sort, and re-sort data easily is quite
uscful for agricultural workers.

Agricultural extension agents on Guam receive a wide variety of calls on such topics as vegetable,
fruit, nut, and root crops; diseases, insects, ornamentals, turfgrass, soils, homegardening, hydroponics, farm
equipment, fertilizers, propagation, irrigation, plant nutrition, plant identification, weeds, and weed control.
With the large number and wide variety of calls that are received by extension agents it is important to have
a system for maintaining good records.

Records of field visits and phone calls can be used for a number of reasons. Records of field
observations can be used to prioritize research projects. Observations made by agricultural extension agents
can benefit others, such as researchers, who don’t have the opportunity to visit the number of commercial
agriculture enterprises and homesites as agents do. Records of plant varieties used by growers can help
determine varieties that are promising and those that show poor performance. These records can also be used
by new extension agents to help them become familiar with what varieties are being grown. Good records
of pest occurences allows for the study of the seasonality and regionality of pests. This type of information
could be quite valuable to researchers. These records can also be used by new extension agents to become
familiar with which pests attack which crops.

It is useful to keep a record of individual clients’ activities. Clients’ records are useful in keeping
track of crop and field history , as well as, previous pest problems. Since Guamisa U. S. territory agents
are required to keep records of clients according to ethnic background to ensure agents don’t discriminate
against a particular ethnic group. Records of the number and type of calls agents receive is useful in
determining the clientele extension serves.

MS Excel can be used by extension agents to assist in managing records. Agents can customize
worksheets to keep track of information collected in the field such as, date, clients’ name, location of the
client, pest, crop pest is attacking, and name of the variety. An agent can keep customized worksheets in the
office to keep track of information such as, name, ethnic background, and location of client; and date, time
and topic of conversation.

Information collected by agents can easily be typed in the computer by secretaries or student help.
Once the information is entered it can be sorted by subject matter. Excel automatically sorts information
alphabetically. One can sort information in any manner one wishes by column.
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MS Excel is a versatile program. Statistics can be run on Excel and it is transportable between both
DOS machines and MacIntoshes (Apple). Excel files can easily be transferred to other programs, such as
Pagemaker, for a more graphically appealing publication. Extension can utilize MS excel for making
pesticide guides, planting guides, and registration forms for workshops, as well as keeping records.
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