


Research in 1988 continued to be applied in nature. An
Animal Nutritionist, Dr. F. Abawi, joined the staff in late 1988.

The Guam Agricultural Experiment Station with Dr. R.
Muniappan coordinating, successfully conducted in February,
the first International Workshop on Chromolaena odorata in
Thailand. Worldwide collaboration to conduct this noxious
weed is on-going.

The Agricultural Development of the American Pacific
involving Guam, Hawaii, the Federated States of Micronesia,
Northern Marianas and the American Samoa was launched.
AES scientists are involved with Data Base Management, Staff
Development, Crop Protection, Communications and
Administration.

The Experiment Station in Barrigada occupying a 30 acre lot
leased from the United States Navy was started.
Development of a 47.5 area lot in Northern Guam was
initiated. Hopefully this facility will be operational in late
1989.

The first and only Director of the Guam AES, Dr. W.P. Leon
Guerrero was appointed President of the University of Guam
in March.

e B

Jose T. Barcinas
Acting Dean/Director
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Horticulture-Vegetable Crops

(Winged Bean, Cucumber and Muskmelon)

C.T.Lee

l. The Effectiveness of Growth
Regulators on the Growth and
Production of Winged Bean

Materials and Methods

Two cxperiments were conducted
tocvaluate the effectiveness of plant
growth regulators alonc and in
combination on the growth and
productionof wingedbean. Winged
bean cultivar *Chimbu’ was planted
in February and August to represent
the dry and wet scason. A random-
ized complete block design with
three replications was used. Growth
rcgulators forthese twoexperiments
were 2, 3, S-triidobenzoic acid (60
ppm), (B-naphthoxy) acctic acid
(100 pm), (2-chlorocthyl) trimethyl
ammonium chloride (100 ppm) and
Spray-N-Grow (3,000 ppm) applicd
alonc or in combination. These
chemicals were applied to the entire
foliage at 4 1o 5 trifoliate stage.

Each cxperimental plot was three
rowsof4.57 meters long. The spac-
ing adopted was 1.22 mcters be-
tween rows and 0.46 meters within
rows. Before planting, all the
winged bcan sceds were immersed
in a concentrated sulfuric acid
(sp.gr.1.18) at 25° C for 5 minutes
follow by a 10-minute rinsc under
running tap water. Sceds were di-
rected sown in the ficld. The whole
ficld received a blanket application
of 387 kg/ha of 10-20-20 fentilizer
priortoplanting. Side-dressing with
the same fertilizer at the same rate
was done four weeks after planting.
A preventive spraying program was
followed once wecekly by applying
Kelthane and Malathion 50 to re-
ducc possible inscct damage. A ro-
tary tiller and garden hoc were used

to control weeds. Drip system was
used as nceded for irrigation. The
plants were supported with a trellis
constructed by leucacna (Leucaena
leucocephala (L. )DC) stakes and
plastic nets.

All the data were collected from the
central row of each plot. The data
collected were plant height, pod
weight, number of pods per plant,
marketable fresh pod yicld and
unmarkctable fresh pod yicld.

Results and Discussion

The results of the cffect of growth
regulators on plant height are pre-
sented in Table 1 and 3. The plant
height was significantly reduced up
to about 8 weeks after planting by
the application of 2,3,5-triiodoben-
zoic acid, (B-naphthoxy) acetic
acid, or (2-chlorocthyl) trimethyl
ammonium chloride alone or any
combination of two chemicals from
these three chemicals and Spray-N-
Grow.

The cffect of growth regulators on
somc horticultural characteristics
and production of winged bcan are
shownin Table 2 and 4. All chemi-
cal trcatments significantly in-
crcascd the number of pods per
plant and yicld of markctable fresh
pods. However, fresh pod weight
with an average of 21.2g and yicld
of unmarketable fresh pods were
not affected by the application of
these growth regulators. It was
noticed that the number of pods per
plant and yield for markctable {resh
pods grown in August were much
higher than those grown in Febru-
ary.

Il. The Effect of Different Rates of
Gibberellic Acid on Growth and
Production of Cucumber

Introduction

The sex-cxpression in cucurbits is
governcd by genctical as well as
environmental factors and can be
effectively modified by exogenous
application of various chemicals.
A series of earlier reports from the
several research workers have con-
clusively demonstrated such effect
on cucumber. Most of the research
work on the use of synthetic growth
rcgulators to promotc the growth
and development of cucurbits have
been conducted at low temperature
and low humidity situations of the
tcmperate areas. Very little work
has becen reported on the applica-
tion of growth regulators for the
increase in production of cucurbits
undecrhumid tropical environmental
conditions. Therefore, it was inter-
csting to obscrve that the effect of
growth rcgulators on growth and
production of cucumber on Guam.

Materials and Methods

This experiment was conducted
during the dry scason. The objec-
tive was to evaluate how the differ-
entratesof gibbercllic acid affected
the growth and production of cu-
cumber cultivar ‘Market King’
plantcd for the experiment. Gib-
berellic acid at 0, 25, 50, 75, and
100 ppm were applicd as one spray
at the three to four-leaf stage. A
randomizcd complete block design
with three replications was uscd.
Each experimental plot consisted
of thrce rows of 4.87 mcters. A
spacing of 1.22 mecters between



rows and 0.31 mcters within rows
was adopted. A 10-20-20 fertilizer
was broadcast at the rate of 580 kg/
ha and incorporated into the soil be-
fore sowing the sced. Side-dressing
with potassium nitrate at 200 kg/ha
through the drip irrigation system
was accomplished three to four
weeks after sowing the sced. A
preventive spraying program was
followed twice weekly to reduce
possible inscct and disease damage
by applying Lannate 1.8L, Ma-
lathion 50, Dithanc M-45 and Triba-
sic Coppers. The plastic mulch and
garden hoe were used for irrigation
when nceded. Drip system was
uscd for irrigation when necded.
Cucumber vines and fruits were

Plant Height (cm)

trained onto a plastic net to reduce
the problem of fruit rot.

The tested cultivar was suited for
slicing purpose. The data were
collected from the central row of
each plot. The fruits of cucumbers
were harvested as soon as they had
rcachcdmarketable size. They were
picked by hand, carc being taken to
avoid injuring the vine.

Results and Discussion

1) Node¢ number for the Appear-
ance of First Male and Female Flow -

ers: The data in Table revealed the
gibberellic acid treatments
(25,50,75,0r 100 ppm) significantly
rcduced the node number for the

production of first pistillate flower.
Butgibbercllic acid treatments failed
to affect the formation of first male
flower in tcrms _of node number.

2) Number of Male, Female, Total
Flowers and Sex Ratio: As shown
in Table 6 gibberellic acid treat-
ments at all rates increased the
numberof malc flowers butinduced
higher number of femalc flowers
especially at higher rates of 50,75,
or 100 ppm. Total number of flow-
ers was reduced at the rate of 25
ppm but was increased at the higher
ratesof 50,75, or 100 ppm. Itis also
evident from Table 6 that all gibber-
ellic acid treatments reduced the
sex ratio (M/F).

3) Marketable vield:
Number of female
flowers is one of the
important factors in
the determination of
yield in cucumber.

4 weeks  5Sweeks 6wecks 7wecks 8 wecks 9 wecks 10 weeks Gibb 113 id
after after after after after after after 1 crellic aci
Treatment * Planting Planting Planting Planting Planting Planting Planting trcatments at higher
ratesof 50,75, or 100
1 27.0c**  35.2c 50.7d 62.8¢ 73.1d 85.1a 102.5a a CSO' K 0 .
2 210a  290a  381b  540b  682cd 83.7a 101.2a ppm significantly in-
3 207a  268a  339a  478a  560a  772a  98.0a creased the market-
4 23.0b 31.0b 41.2¢ 54.3b 63.2bc 76.9a 94.5a .
5 3364  401d  527d  63lc  737d 8722  1037a able yield probably
6 200a  289a  389p  529b  667c  819a  101.0a due to the increase of
7 20.2a 282a 37.0ab 53.0b 67.0¢c 84.3a 104.2a number of female
8 29.7¢ 30.0c 49.6d 60.0c 71.5d 84.7a 101.3a 1 th
9 2082  21.0a  369ab 528b  687cd  836a  100.7a owers attheserates.
10 29.9¢ 37.8¢ 50.0d 61.0c 72.8d 84.9a 104.8a
11 30.0¢c 37.9¢ 50.1d 61.8¢ 72.3d 85.3a 103.4a Conclusion
* 1) Control 8) 2,3,5-triiodobenzoic acid + Spray-N-Grow Bascd on this expcri-
2) 2,3,5~lmodobcn7m§ ac:fi N (B-n;‘aphlhoxy).accUC acid + (2-chloroethyl) ment gibbcrcllic acid
3) (B-naphthoxy) acelic acid) ammonium chloride
4) (2-chloroethyl) trimethyl ammonium chioride 10) (B -naphthoxy) acetic acid + Spray-N-Grow trecatments at all ratcs
5) Spray-N-Grow 11) (2-chlorocthyl) trimethl ammonium chloride signiﬁcan[]y reduced
6) 2,3,5-triiodobenzoic acid + (B-naphthoxy) acetic acid) + Spray-N-Grow
7)2,3,5-triiodobenzoic acid + (2-chloroethyl) node number of ﬁr.st
trimethyl ammonium chloride female flowerbut did
not affect the appear-

**Mcans followed by the same letter within same measurement in a column do not differ significantly at the 5%

probability level using Ducan’s Multiple Test.

ance of node number
of first male {lower.



Gibberellic acid treatments athigher
rates of 50, 75 or 100 ppm increased
number of male flowers, total
number of flowers and markcetable
yicld but reduced number of female
flowers and sex-ratio.

lll. The Effect of Different Rates of
Naphtheneacetic Acid on Growthand
Production of Muskmelon

Material and Method

This study was conducted at the
Guam Agricultural Experiment
Station in Inarajan during the dry
scason 1o study the effect of
naphthene acetic acid on growth

and production of muskmelon cul-
tivar ‘New Century’. The treat-
ments used in this study were
naphthencacetic acid at 0, 50, 100,
150 and 200 ppm. The chemicals
were applied as one spray at three to
four-leafl stage. The field plan was
designed according to randomized
complete block design with three
replications. The seeds were di-
rectly planted in the field. Each
experimental plot consisted of three

rows, 5.03 meters long. The spac-.

ing adopted was 1.83 meters be-
tween rows and 0.61 meters within
rows. Localized application of 10-
20-20 fertilizer at the rate of 800 kg/
ha was applied to a planting hole 15

cm deep and 30 cm wide, then
covered with 10 cm of soil over the
fertilizer before sowing the seeds.
This mcthod of application was to
avoid the burning effecton the seeds
or young seedlings. Side-dressing
with potassium nitrate at 300 kg/ha
through drip irrigation system was
accomplished four to five weeks
after sowing secds.

A preventive program followed
twice weekly to reduce possible
insect and disage by using Lannate
1.8L, Malathion 50, Diazinon
Ag5S00EC, Dithane M-45 and Triba-
sic Coppers. The plastic mulch and
garden hoe were used to control
weeds. Drip system was used forir-
rigation when
needed. The data
were collected from
the central row of
each plot. Number

Fresh Pod Number of Unmarketable Marketable of staminate and pis-
Weight Pods/ Fresh Pod Fresh Pod : ,
Treatment* (g) Plants Yield (M T/ha) Yield MThmha) tillate flowers were
counted from the first
two weeks of flower-
1 20.7a%* 30.1a 0.46a 10.5a .
2 212a 34.2b 0.40a 12.6b ng.
3 20.8a 35.6b 0.42a 12.9b
4 21.3a 34.9b 0.50a 12.7b Resulis and
5 20.0a 36.2b 0.47a 13.1b . .
6 20.1a 34.7b 0.41a 12.80 Discussion
7 21.3a 35.1b 0.42a 12.7b
8 212a 34.6b 0.50a 13.0b b
rlant _peignt:
9 20.8a 35.0b 0.43a 12.3b Plant H,el ht: The
10 22.1a 33.2b 0.43a 13.0b plant height was re-
11 22.0a 33.7b 0.48a 13.2b duced in all treat-
ments by the applica-
* 1) Control 8)2,3,5-triiodobenzoic acid + Spray-N-Grow tion of naphthe-

2)2,3,5-triiodobenzoic acid
3) (B-naphthoxy) acetic acid)

4) (2-chlorocthyl) trimethy! ammonium chloride

5) Spray-N-Grow

trimethyl ammonium chloride

9) (B-naphthoxy) acetic acid + (2-chloroethyl)

ammonium chloride

+ Spray-N-Grow

10) (B-naphthoxy) acetic acid + Spray-N-Grow
11) (2-chlorocthyl) trimeth! ammonium chloride
6) 2,3,5-triiodobenzoic acid + (B-naphthoxy) acetic acid)
7)2,3,5-triiodobenzoic acid + (2-chloroethyl)

neacetic acid (Table
7). Naphteneacetic
acid at a concentra-
tion of 200 ppm gave
the lowest in plant
height.

**Means followed by the same letier within same measurement in a column do not differ significantly at the 5%

probability level using Ducan’s Multiple Test.



Sex Expression: Asshownon Table
7 all the treatments increased the
numberof pistillate flowers per plant
from 0.2 to 1.0. The number of
staminate flowers perplant was sup-
pressed by naptheneacetic acid at
150 and 200 ppm but had no effect
at 50 and 100 ppm. Italsoindicated
application of the growth regulator
reduced the sex-ration (S/P).

4 weeks 5 weeks

after after

Treatment * Planting Planting
1 28.5¢c** 36.1c
2 20.0a 28.6a
3 20.1a 27.0a
4 24.0b 32.2b
5 34.8d 40.1d
6 20.5a 29.7a
7 20.1a 28.9a
8 30.2¢ 38.5¢
9 21.2a 26.2a
10 30.8¢ 38.1c
11 31.2¢ 38.9¢c

* 1) Control

2) 2,3,5-triiodobenzoic acid
3) (B-naphthoxy) acetic acid)

4) (2-chloroethyl) trimethyl ammonium chloride

5) Spray-N-Grow

6) 2,3,5-triiodobenzoic acid + (B-naphthoxy) acetic acid)

7) 2,3,5-triiodobenzoic acid + (2-chloroethyl)
trimethyl ammonium chloride

Yicld: Spraying the plants at the
three to four-leaf stage with
naphtheneacetic acid from 5010200
ppm delayed maturity by the in-
crease in number of fruits per hec-
tare of weekly harvesting (Table 8).
Treatment from 50 to 200 ppm sig-
nificantly reduced early marketable
fruit yield but did not reduce the
total yield except increasing total
yield at the rate of 100 ppm.

Conclusion

The findings concluded that all treat-
ments of naphtheneacetic acid re-
duced plant height, modified sex
expression toward femaleness (in-
creasing number of pistillate
flowers). Treatment with naph-
theneacetic acid delayed maturity,
especially at 200 ppm. Treatment at
100 ppm was the only one that in-
creased total yield.

Plant Height (cm)
6 weeks 7 weeks 8 weeks 9 weeks 10 weeks
after after after after after

Planting Planting Planting Planting Planting
51.2d 64.8¢ 74.7de 88.8a 104.1a
38.9b 56.1b 70.7cd 86.52 103.0a2
34.9a 49.8a 58.7a 79.8a 97.7a
42.8¢ 56.4b 65.7bc 79.2a 96.0a
53.8d 65.9¢ 76.8¢ 90.0a 106.7a
39.7b 55.7b 69.3cd 85.6a 102.8a
37.8ab 55.6b 69.3d 87.5a 105.0a
50.1d 62.9¢ 73.4de 87.1a 103.8a
37.6ab 55.4b 70.1cd 85.9a 102.1a
50.2d 63.7¢c 75.2de 88.1a 106.1a
52.3d 65.0c 75.9¢e 89.1a 106.8a

8) 2,3,5-tniiodobenzoic acid + Spray-N-Grow
9) (B-naphthoxy) acetic acid + (2-chloroethyl)
ammonium chloride
10) (B-naphthoxy) acetic acid + Spray-N-Grow
11) (2-chloroethyl) trimethl ammonium chloride

+ Spray-N-Grow

**Means followed by the same lelter within same measurement in a column do not differ significantly at the 5% probability level using Ducan’s Multiple

Test.
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Number of Fruits/ha )
Weeks of Harvest Marketable Fruit Yield (Mt/ha)
Treatment First Second Third Total Early (First Week) Total
0 ppm 495d* 1,696¢ 3,025a 5216a 2.0d 21.3a
50 ppm 400c 1,304d 3,505b 5,209a 1.7¢ 21.6ab
100 ppm 294b 1,179¢ 3,744b 5511a 1.2b 23.1b
150 ppm 391c 1,096b 3,878b 5,345a 1.6¢ 22.2ab
200 ppm Oa 127a 5,001c 5,125a .0a 21.0a

*Means followed by the same letter within same measurement in a column do not differ significantly at the 5% probability level using Ducan’s Multiple
Test.



Agricultural Engineering
C.A. Saruwatari & C.T. Lee

I Irrigation Water Requirement Based
on Potential Evapotranspiration

As rcported previously, a general
agreccment between the various
methods used to determine the daily
maximum crop consumptive use for
Guam during the “dry” season (when
potential evapotranspiration ex-
cceds rainfall) yielded a valuc of
5,000 gallons per acre per day as a
rough approximation. This repre-
sents a conservative design maxi-
mum water requirement since this
amount of water is nceded only one
month per year. The value' pres-
ently being considered as a yearly
average value is 3,750 gallons per
acre per day based on discussions
with the Bureau of Reclamation and
the Soil Conscrvation Service.

ll. Water Requirement of Vegetable
Crops on Guam

Rescarch continued in agricultural
cngineering with vegetable horti-
culture to study the application of
micro-irrigation for the major row
crops grown on Guam during the
dry season. The objeclives are 10
determine the optimum quantity and
frequency of irrigation and to deter-
mine the effects of various irriga-
tion water application rates on the
root devclopment of the radish.
Results of the experiments arc not
yct available.

1) The watcr application rate will
range {rom rainfall only (no addi-
tionalirrigation) toamaximum total
of 0.40 inches (10-millimeter) per
day. A continuous function design
withfive watertreatments (0.0,0.10,
0.20, 0.30 and 0.40 inches per day)
with three replications will be used

for the trials to be conducted at the
Barrigada station. Initial trials will
be on bellpepper (Probell). The
discharge rate of the RIS Biwall
(Hardie Irrigation) is approximately
one gallon per minute (224 liter per
hour) per 100-foot (30-meters) lat-
eral with a 18-inch (46-centimeter)
spacing. Rainfall will be measured
on site. Domestic water will be
used. Fertilizer applications pre-
plant of 10 pounds per 100 feet
(4.54 kilograms per 30 meters of
10-10-10 fertilizer) and a side drcss
of one pound per 100 feet (0.45
kilograms per 30 meters) of 21-0-0
fertitizers and 10 pounds per 100
feet (4.54 kilograms per 30 meters
of 16-16-16 fertilizer) and pesticide
spraying will follow existing guide-
lines. Soil water status will be
mcasured at appropriate intervals
by means of tensiometers. The cf-
fecton yicld and market quality will
be studied. Datato be collected will
include marketable yield, unmar-
ketable yicld, total water applied
and other pertinent information.

2) The experiment will be con-
ducted in a screenhouse at the Agri-
cultural Experiment Station. Rad-
ish secdlings (Daikon: Raphanus
sativa L., varicty: Minowase Sum-
mer Cross No. 3) will be trans-
planted into 12-inch (30 centime-
ters) pots containing a mixture of
33% pcat moss and 67% soil with
onc ounce (30 grams) of 10-20-10
fertilizer, Foliar 60 fertilizer will be
applied as a side dress. The micro-
irrigation emitter (Submatic button
emitter) will be placed 2-inches (5-
centimeters) away from the plant
with one emitter per plant. The
experiment will have four water
application rates rcplicated four
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times. A complete randomized
block design will be used. The
water application rate will range
from 0.6 to 1.2 ET (0.6, 0.8, 1.0 and
1.2 estimated potential
evapotranspiration) of approxi-
mately 0.25 inches (6-millimeter)
per day or 0.088, 0.119, 0.147 and
0.175 gallons (0.34, 0.46, 0.57 and
0.68 liters) per hour. Insects prob-
lem and plant diseases will be noted
and treated accordingly as part of
the general spraying program. Data
to be collected will include root size
and quality, top growth, any prob-
lems such as bolting, marketable
and unmarketable yield, and the total
water applied.
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Although pole bean plants are leg-
ume, a well designed fertilizer
management program may be
needed to furnish a continuous
supply of available nitrogen for
producing high quality fresh bean
pod yields. At the Agricultural
Experiment Station, a study was
conducted toinvestigate the yield of
fresh bean pods of pole bean plants
as affected by different nitrogen
rates.

Materials and Methods

Experiment was conducted ona field
heavily fertilized with NP, K at the
Agricultural Experiment Station at
Inarajan. The soil was classified as
Guam-Saipan Complex (Clayey,
gibbsitic, nonacid isohyperthermic
Lithic Ustortherns). Soil sample
was taken and chemically analyzed
for P, K, Ca, Mg, and organic mat-
ter. The soil analysis results were:
ph, 6.60; available P, 12.18 ppm;
exchangeable K, 82.50 ppm; ex-
changeable Ca 1763 ppm; exchange-
able Mg, 195 ppm; and organic
matter, 6.14%.

The pole bean cultivar “Dade” was
direct seeded on each plot at 46cm
between plants. Each plot 5.50m
long, consisted of 2 rows 1.20m
apart on a level bed. Plants were
thinned out to two plants per hill.
Thessix nitrogen fertilizer treatments
were replicated four times in a ran-
domized complete block design.
Nitrogen as urea was placed in the
furrows and covered with soil dur-
ing planting at the rates of Q, 25, 50,
75,100, and 125 Kgha-1inasingle
application. A blanket application
of treble super phosphate and potas-
sium chloride were also placed in

Yield Response of Pole Bean
Plant to Varying Nitrogen Levels

JA.Cruz

the furrows in all plots at 200kg ha-
1 P205 and 200 Kg ha-1 K20 at
planting.

Freshbean pods were harvested from
the two central rows per plot and
weighed on a gram balance every 3-
4 days for eight harvest.

1recaunciit

Treatment
Kgha-1 RI RII RIII
0 1.53 3.4 281
25 3.31 2.04 1.16
50 3.12 4.18 3.25
75 350 6.14 3.11
100 300 3.65 6.50
125 3.97 465 490

Results

Fresh bean yield increased was sig-
nificant with increasing ratcs of N
up to 125 Kg ha-1 (Table 1). The
results showed a favorable influ-
ence on the yield at the 125 Kg ha-
1 of N treatment rate.

11€1a (NE/PIOLY)

RIV Mcan
2.05 2.46b
3.28 2.45b
394 3.62ab
2774  3.87ab
440 4.39a
487 4.60a

*Means followed by diffcrent letters down columns are
significantly different by Duncan’s Multiple range test at the

0.05 level.



Plant Pathology
G.C. Wall

A Study of the Diseases of Beans on
Guam, their Importance and Control

A study of lab records during the
past five years showed that the most
frequently rcported diseases on
beans are : a virus disease, root rot,
powdery mildew, rook knot, and
various other minor problems. With
the exception of the virus disease,
all of these pests are known to cause
yield loss, and thercfore to be of
economicimportance. During 1988,
virus-infected and healthy bean
plants were compared in pairs, for
plant height and pod production. As
expected, diseased plants produced
less than healthy plants. Yield loss
studies on this disease will continue
next year.

Seed collected in a grower’s field
with 99% virus incidence on local
yardlong bean were germinated in
the greenhouse to test for seed trans-
mission of this virus disease. No
symptoms were observed, although
plants were grown to maturity.

In other greenhouse tests, the virus
disease was transmitted mechani-
cally from infected to healthy
yardlong bean plants. Infected
lcaves were crushed, and healthy
plants were rubbed with infected
sap after sprinkling leaves with
carborundum. Symptoms appeared
in 10 days as a mosaic.

Aphids (Aphis craccivora)coliected
on yardlong bean plants were trans-
ferred to healthy scedlings and al-
lowed tomultiply for several weeks.
Individuals were then picked up with
a sterile camel-hair brush, trans-
ferred on to wet filter paperin a petri
dish and forced to fast for 30 min.

They were then allowed to feed for
10-30 min. on virus-infected plants.
After this time, they were trans-
ferred to healthy seedlings. They
were climinated the next day with
malathion. Ten days later, systemic
symptoms developed in 10% of the
plants. Control plants, which re-
ceived aphids not exposed to in-
fected plants, developed no symp-
toms.

Five antisera for Vigna viruses
occurring in the U.S. were obtained
from Dr. Kuhn in Georgia. Ring-
interface tests with these anfisera
had no positive rcaction with the
virus on yardlong bean occurring
here.

Eftect of cultural practices on soil-
borne diseases of bell peppers

In field experiments carried out at
Barrigada various cultural practices
were tested for controlling soilborne
pathogens on bell pepper, primarily
Sclerotium rolfsii. There were five
treatments , as follows: 1. Plastic
mulch 2. Soil amended with shred-
ded foliage and twigs from Leu-
caena sp. 3. Soil amended with

13

Casuarina needles 4. Soil amended
with chicken manure 5. Control with
no mulch or amendments. Plastic
mulch plots had the highest yields.
A multiple regression model ex-
plaining 99.9% of the variation in
yield was based on fruit weight per
plant and plant count. The data
(Figures 1&2) show that plastic
mulch resulted in significantly
higher amounts of both of these,
meaning that not only does plastic
mulch reduce the soilborne disease
incidence (expressed in the plant
count), but additionally (and pri-
marily) increases fruit weight per
plant through other effects on crop
development (less weed competi-
tion, more soil moisture, lower soil
temperature, €tc.).

In a greenhouse test, the addition of
organic matter (chicken manure) to
potted soil resulted in higher inci-
dence of southern blight on bell
peppers when subjected to drought
stress (Figures 3&4). This means
that, if manure is to be used as fertil-
izer, drought stress must be avoided
to prevent an increase in the infec-
tion of plants by Sclerotium rolfsii.

Figure 1

80

Plant Cnt/Plot

Plastic Casuarina Leucaena

Manure  Control

Treatment
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Effect of cultural practices on two
bacterial diseases of bell peppers

In a field experiment planicd at
Mangilao, various cultural practices
were tested to see their effect on
bacterial leaf spot and bacterial wilt
of bell peppers. In this experiment,
raised beds (Figures 5-7) reduced
the incidence of bacterial wilt (but
not in later experiments). Raised
beds also showed a tendency to
reduce bacterial leaf spot severity.

The effect of plastic mulch was to
reduce wiltincidence (Figures 5-7);
however, plastic mulch showed a
tendency to increase bacterial lcaf
spot severity.

Overhead polyethylene cover (Figs.
8-11) reduced bacterial leaf spot
severity, increased fruit weight per
plant, and reduced the number of
unmarketable fruit, which in tum
resulted in higher yields. This was
in spite of a slightly higher bacterial
wilt incidence.

The best overall yields in this ex-
periment were obtained in raised
beds with black plastic mulch and
overhead polyethylene cover. The
use of overhead cover reduces, al-
though it may not eliminate, the
need for spraying pesticides to
control bacterial leaf spot. Used
together with plastic mulch, it can
compensate for the tendency of the
latter to increase leaf spot severity,
and still have the advantages of
plastic mulch mentioned bcfore.
Combining these practices with
raising the planting beds reduces
leaf spot severity even further.
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Determination of plant diseases on
Guam.

A list of discases and their causal
agents identified on Guam as of
May, 1985 was published by Russo
et al. under the title Plang pathogens
and associates hosts on (Guam
(Technical Report, AES Publica-
tion No. 46). In it, there are 123
plantdiseasesand 80 genera of plant
pathogens reported occurring on
Guam. The following is a series of
information produced or gathered
in the process of accomplishing this
project’s objective after 1985. An
additional 50 plant discases not
appcaring in the previous publica-
tion are listed (Table 1).

Three plant discase databases have
been prepared and are currently in
the Apple Macintosh computer
system at the AES office, College of
Agriculture & Life Sciences. These
arc intended as rcference material
for faculty and students. Full de-
scriptions of each are given later in
this report. In addition to these,
other teaching aids obtaincd with
this project’s funds include three
slide sets and many slides of local
discases.

Four publications have resulted from
work in this project, another onc is
in press at this time, and two more
are being prepared.

New reports of plant diseases
on Guam as of 1986.

The following list of pathogens,
hosts, diseases, and locations on
pages 18-20is comprised of reports
not listed in Technical Report AES
Publication No. 46, 1985. The in-

formation is taken from the plant
discasc logbook, where all samples
handled in the plant pathology lab
are recorded. This list of pathogens
is intended to complement AES
Publication No. 46, and update the
latter. A new Technical Report
composcd of all of the above is
planned for the near future. Patho-
gens have been keyed out to genus,
and when possible, to species.
Species appearing in parenthesis are
not certain, but likely.
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References, Teaching aids.

In addition, three slide sets on plant
diseases of various crops have been
purchased as reference material.
These slide sets, together with over
100 slides prepared from plant dis-
ease specimens on Guam, now form
part of the slide collection kept at
the plant pathology lab. The collec-
tion is often is used as teaching
material for class presentations, and
in presentations of their kinds, such
as workshops, etc. The are avail-
able to faculty and students.
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Glomerella
cingulata

Gloeosporium sp
Macrophoma sp

Macrophomina
phaseolina

Meloidogyne sp
Meloidogyne sp
Meloidogyne sp
Meloidogyne sp
Mosaic Virus
Mpycosphaerella
(fijiensis)
Oidium sp
Phomopsis citri
Phomopsis citri
Phyllosticta sp
Phytllosticta sp
Phytophthora sp
Phytophthora
(citrophthora)

Pseudomonas
(solanacearum)

Pseudomonas
pseudoalcaligenes
subsp. citrulli

Pythium
(aphanidermatum)

Bell pepper

Davillia sp

Bell pepper

KW Bean
Banana

Bell pepper
Tomato

Yd long bean
Wwild
bittermelon
Banana
False verbena
Calamansi
Lemon
Banana

Taro

Mango

Tangerine

False verbena

Watermelon

Cucumber

Anthracnose
Tip blight

Stem rot

Ashy stem blight
Root knot
Root knot
Root knot

Root knot
Mosaic

Black leaf streak
Powdery mildew
Scab

Scab

Freckle

Leaf spot

Root rot,
Gummosis

Fruit rot,

Gummosis

Bacterial wilt

Fruit Blotch

Cottony leak
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Pago Bay
Mangilao

Barrigada

Inarajan
Yona
Mangilao
Yigo

Inarajan
Piti

Merizo
Barrigada
Inarajan
Inarajan
Inarajan

Inarajan
Yona
Ipan

Mangilao

Dandan

Merizo



20

Rhizoctonia
(solani)

Rhizoctonia sp
Rhizoctonia sp

Rhizoctonia
(solani)

Rhizoctonia sp
Trichoderma sp

Ulocladium sp

Woody Gall Virus

Xanthomonas
campestris
pv manihotis

Xanthomonas
(campestris)

Xanthomonas
campestris
pvcitri

Tomato
Bermuda grass

Melon

Potato
Yam

Betel nut
Bell pepper

Mango

Cassava

Cabbage

Citrus (lemon)

Fruit rot
Dollar spot

Root rot

Black scurf
Root rot
Fruit spot
Fruit spot

Woody gall

Bacterial blight

Lcaf scald

Canker

Yona
Dededo

Inarajan

Yigo
Inarajan
Sania Rita
Barrigada

Mangilao

Inarajan

Yigo

Mangilao



Entomology

R. Muniappan, M. Marutani & G.R.W. Denton

Biological Control of Chromolaena
odorata

The Siam wced, Chromolaena
odorata is ncotropical in origin. It
has become a serious problem in the
humid tropical rcgions of Asia,
Africa and Microncsia. A projcct
for biological control of C. odorata
was initiated in 1984. Since this
projcct was successful in the Mari-
ana Islands, an attcmpt was made to
assist other countries in control of
this wecd.

AnlIniernational WorkshoponChro-
molaena odorata was organized in
Bangkok, Thailand, during Fcb.-
March 1988. About 20 participants
from different countrics aticnded
and as anoutcome of this workshop,
proccedings and 1wo ncwslctiers
were produced during the year of

1988. Shipments of Pareuchaetes:

pseudoinsulata, a natural cncmy of
Chromolaena odorata, were sent to
Yap, Thailand and South Africa.

Publications and Reports

1) Muniappan, R., Marutani, N. and
Denton, G.R.W. Biological Con-
trol of Chromolaena odorata in the
Woestern Caroline Islands. J. Bio-
logical Control (In Press).

2) Muniappan, R. 1988. Chrotmo-
laena odorataNcwslclter#1. Guam
Agricultural Experiment Station.
15p.

3) Muniappan, R. 1988. Chromo-
lacnaodorata Ncewslettler#2. Guam
Coopcrative Extension Scrvice 23p.
4) Muniappan, R., Marutani, M.
and McConncll, J. 1988. A bibliog-
raphy of Chromolacna odorata.
Chromolaena odorata Ncwslelicr
1:3-15.

5) Muniappan, R. and Marutani, M.
1988. BiologicaPcontrol and inscct
induccd yellowing of leaves of
Chromolaena odorata (L.)K andR.
(Asteraceae). Proc. 18th Interna-
tional Congress of Entomology,
Vancouver, B.C., Canada (Ab-
stract):371.

6) Muniappan, R. 1988. Proceed-
ings of the first international work-
shop on biological control of Chro-
molaena odorata. Guam Agricul-
tural Experiment Station. 85p.

7) Muniappan, R., Sundaramurthy,
V.T. and Viraktamath, C.A. Distri-
bution of Chromolaena odorata
(Astcraceae) and bionomics and
consumption and utilization of food
by Pareuchaetes pseudoinsulata in
India. Proc. VII. Int. Symp. Biol.
Contr. Weeds. (In Press).

8) Muniappan, R. and Scibert, T.F.
1987. Biological control of Chro-
molaena odorata in Thailand: A
study tcam rcport. Guam Agricul-
tural Experiment Station. 9p.

9) Scibert, T.F. 1988. Biological
control of the weed, Chromolaena
odorata(Asteraceac) by Pareuchae-
tes pseudoinsulata (Lepidoptera;
Arctiidae) on Guam and the North-
em Mariana Islands. Entomophaga
(In Prcss).

Biological Control of the Red Coco-
nut Scale

The red coconut scale, Furcaspis
oceanica, is an endemic species 10
Caroling Islands. It became a scri-
ous pest in Saipan at the end of
World War II. Introduction of the
parasitc, Adelencyrtus oceanicus
from Ulithi to Saipan in 1948 has
resulted in successful control of the
rcd coconut scale. In recent years,
F. oceanica has been accidentally
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introduced and established on
Guam. Currently, it is a problem
only in the central part of Guam. In
1987, a project was initiated for
biological conirol of rcd coconut
scale on Guam. Effortsto study the
biology of the red coconut scale in
the laboratory were continued using
butternut squash and banana squash.
The parasite, A. oceanicus, collected
from Ulithi Atoll and Peleliu island
in Palau were brought to Guam and
field released on May and Novem-
ber 1988, respectively. Eventhough
one male parasite was recovered
from the field, further surveys did
not reveal the establishment of A.
oceanicus in the field. Further re-
lcasings of the parasite from the
Caroline Islands are planned.

Publications and Reports

1) Marutani, M. and R. Muniap-
pan. 1988. Incidence of the red
coconut scale, Furcaspis oceanica
and its parasitcs in Micronesia. J.
Plant Protection in the Tropics.
(Submiticd for publication)

2) Muniappan, R. 1987. Status of
red coconut scale in Micronesia.
5th Regional Tech. Mecting on
Plant Protection. South Pacific
Commission, New Caledonia, 5p.

Management of Cruciferous Crop
Pests

Major pests that affccled crucifer-
ous crops on Guam during 1988
wcere: imported cabbage webworm
(Hellula undalis), fire ant (Solenop-
sis geminata), cutworm (Spodop-
tera litura), com earworm (Heli-
coverpa armigera) and diamond
back moth (Plutella xylostella). H.
undalis was a problem primarily in
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the scedling stage of the crop.
Application of Naled provided cf-
fcclive control. S. geminata girdled
transplanted scedlings in the ficlds
during the hot dry scason, Diazinon
and Dursban proved to be cffective
in controlling §. geminata. Dia-
mond back moth was found to be
resistant to  carbamates, organo-
phosphates, synthetic pyrethrins and
Dipcl on Guam.

Further studics on varictal prefer-
ence, varietal resistance, and natu-
ral cnemics are being continucd.

Publications and Reports

1) Yalemar, J., Muniappan, R. and
Marutani, M, 1988. Control of firc
ant on cabbage. Insccticide and
Acaricide Tests. (Submitted for
publication).

2) Marutani, M. and Muniappan, R.
1988. Imported cabbage webworm
control. Insccticide and Acaricide
Tests. (Submitted for publication)
3) Yalemar, J., Marutani, M. and
Muniappan, R. 1988. Cabbagc
mscct control.  Insccticide and
Acaricide Tests. (Submiticd for
publication).

Biological Control of
Lantana camara

A survey of the natural cnemies of
Lantana camaraonmajorislandsin
Micronesia was carricd out. There
were two or morc taxa of L. camara
presentin Microncesia. The reaction
of natural cnemics onthese two taxa
scemed 10 vary.

L. camara is not present in the is-
land of Rota. Hence, steps being
taken to introduce a legislation to
prevent future introduction of L.
camara 10 Rota.

Seasonal fluctuation of populations
of natural cncmics of L. camara on
Guam is being studied.

Publications and Reports

1) Muniappan, R. 1988. Biological
control of Lantana camara L. in
Yap. Proc. Hawaiian Entomol. Soc.
(In Prcss).

2) Muniappan, R. 1988. Biological
control of the weed, Lantana cam-
arain Guam. J. Plant Protcction in
the Tropics 5(2):99-101.

Biological Control of Fruit Piercing
Moth, Othreis fulionia

The fruit piercing moth, Othreis
Sfulloniais distributed in the tropical
Occania, Asiaand Africa. Thelarva
fceds on Erythrina spp. in the Pa-
cific Islands, but in the continental
land arcas it fecds on plants in the
family Minispcrmaceae.  Adult
moths are strong fliers and live up to
30 to 40 days. Adult picrce the
fruits and suck the sap.

O. fullonia is observed to causc se-
rious damage to fruits in thc Com-
monwecalth of the Northcrn Mari-
anas, Guam, Kosrae and Amcrican
Samoa. It is present in Palau and
Pohnpei and its economic impact
needs to be evaluated.

Six diffcrent species of egg para-
sitcs have been collected on Guam
two of which play a major role in
controlling numbers of this species.
The distribution of egg parasites
and their efficacy in Micronesia arc
being evaluated.

Publications and Reports

1) Denton, G.R.W., Muniappan,
R., Marutani, M., McConnell, J.,
Lali, T.S. & Afaisan, D. 1989
Biology and natural encmies of the
fruit piercing moth, Othreis fullo-
nia (Noctuidac). In proceedings of
thc ADAP Crop Protcction Confer-
ence, May 18-19, 1989, University
of Hawaii, Honolulu, Hawaii (in
press).

2) Wall, P. and R. Muniappan.
1988. Food prefercnce of fruit pierc-
ing moth, Othreis fullonia. South
Pacific Commission Biological
Control Workshop, Tonga. 3p.



Entomology
D. Nafus & I. Schreiner

CORN
Augmentation of predators

Scveral species of general predators
including various spiders, nabids,
anthocorids, mantids, and ants are
present on comn plants. Many of
these specics feed on various life
stages of the corn borer. In 1988 we
continued to examine the question
of whether the plants surrounding
the com have a significant impact
on predator populations. To test
this question, corn was grown in a
monoculture or intercropped with
sweet potatoes. The numbers and

specics of predators on the com and
the number of com borers were
countcd for comparison. Swect
potatocs were grown around the
com. In the monoculture the com
was plantcdin hills of 3 plants spaced
at 3 hills per meter. Rows were 1
meter apart. In the intercrop, two
hills of corn were replaced by sweet
potatocs plant in each meter yield-
ingadensity of 1 com hill permeter.
Each trcatment was replicated 4
times.

The dcnsity of the orb wecaver
Neoscana sp. was found to be sig-
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nificantly incrcascd in the intercrop
situation. Neoscana dcnsitics were
ncarly twice as high in the inter-
crops as in the monocultures (Table
1). Densitics of other specics of orb
wcavers did not show a diffcrence
between the two trecatments.

The number of hunting spiders was
higherin 1988 thanin 1987 and, likc
Neoscana , therc were significantly
morc on the intercrop plants than on
the monoculturc com. This was
particularly truc later in the scason
when there were ncarly 4 times as
many hunting spiders on the inter-

Probably on Guam for many ycars

Predator on spidcrmites

Probably on Guam for many ycars

Predator on spidermites

First collected in 1985. A Ncotropical sp.

new to Hawaii in 1967

First collected in 1987.

First collecicd 1988, on Icaves

Source: Philippincs

First collected 1988, on leaves fruit
Widcly distrib: Philippincs, Japan, China,

Probably on Guam for some time
feeds on new buds.

First collected in 1987. Widcly distributed
in old world. Fceds on fruit.

Released 1986 for control of Heteropsylla
establishmentcubana: Recovered Dec 31, 1988

Insect Genus species Host Status Comments
Order: family

Guam

Phytoseiulus macropilis (Banks) spidermitcs New record
Acari: Phytoseiidac

Amblyseius longispinosus (Evans)  spidermitcs New rccord
Acari: Phytoseiidae

Melormenis basalis (W alker) guava,etc. New record

Homoptera: Flatidae

Liris aurentulus F. crickets New rccord
Hymenoptera: Sphecidace

Lindingaspis tingi McKenzie starapple  New record
Homoptera: Diaspididae cycads?

Pseudaonidia trilobitiformis (Grecn) pomello New record
Homoptera: Diaspididae tangerine

star apple elc.

Keiferophyes guamensis mango New record

Mohanasundaram & Muniappan
Acari: Eriophyidae

Helicoperva assaulta (Gucnee) com New record
Lcpidoptera:Noctuidae tomato etc.

Saipan

Curinus coeruleus Mulsant scales Biocontrol
Colcoptera: Coccincllidae psyllids

Delta pyriforme (F.) caterpillars Ncw record

Hymecnoptera: Eumenidae

Collected 1988, probably present for some
time, as was collected in Tinian 1985.
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significantly correlated with the
leafminer counts, but there was no
relationship between the proportion
ofbeans attacked by borers and total
yicld. Pod borers damage flowers
as well as the more mature beans,
but at this level of attack (ca 10% of
pods in the untreated plots), appar-
ently the beans can compensate for
the injury.

EGGPLANT
Resistance to leafhoppers

Eggplants were transplanted June
28, 1988. The plants were spaced 2
ft apart, inrows Sft apart. Altermate
row of two varieties were planted: a
recently imported purple variety
(Northrup-King Oricntal eggplant),
and a green local varicty, probably
originally from the Philippines.
Eachrow was divided intotwo parts,
receiving different foliarinsecticide
treatments, cither wettable sulfur (8
Ibs A.1/ 100 gal water) or no treat-
ment. Treatments were begun on
August 15. Leafhopper (Amrasca
biguttula ) numbers were estimated
by counting the number of lcafhop-
pers/ 20 leaves per plot, and the
number of the small insects was
counted by picking 10 leaves per
plot, bringing them to the labora-
tory and counting the number under
a microscope. For meclon thrips
(Thripspalmi), melon aphids (Aphis
gossypii), and spider mites
Tetranychus sp.,mature lcaves were
used. Since the leaves of the green
variety were larger than thosc of the
purple varicty, the green variety
Icaves were cut in half to make the
size more comparable. Yield was
collected for each plant individu-
ally since a number of plants died
duc to root disecase. A leathopper

bum damage rating was done by
examining 30 leaves per subplot
and assigning them to one of 4 cate-
gories. These were:

1. No visible damage,

2.Leaves yellowin few spots around
the edge,

3. Most of edge of leaf yellow, with
at most only 1-2 small dead areas,
4. Most of leaf yellow, several large
dead areas.

Results

Leafhoppers were counted on three
dates (once each in August, Sep-
tember and October). On none of
these occasions was there any sig-
nificant differcnce in the number of
leafhoppers between the green and
the purple varicties of eggplants,
although the number of leafhoppers
was always slightly higher on the
purple variety (Table 4). This con-
trasts with the results from the pre-
vious year when the purple varicty
(in that case Ichiban) had signifi-
cantly more leafhoppers on the
leaves. The reason for the differ-
ence is likely due to the number of
spines on the plants. Ichiban has
significantly fewer spines per unit
area of leaf than does the green
variety but the purple variety tested
in 1988 has the same number, or
slightly more per unit arca as does
the green. Hairiness has been shown
to induce resistance o this species
of leafhopper in both okra and cot-
ton, and it is likely that the same
factor applies in eggplants. There
was a difference amongst the two
varicties tested in 1988. Whereas
the two varicties had similar num-
bers of leafthoppers, the amount of
hopperbum visible on the plants at

29

the end of the growing season was
significantly less in the green vari-
ety. The green variety appears to be
resistant toleafhoppers both because
itis hairy, but also because it is less
susceptible to the symptoms of
hopperburm, which are caused by
toxins in the saliva of the leafhop-

pers.

The sulfur treatment applied for the
control of broad mites significantly
reduced the number of leathoppers
by about 65% or more. However
this difference was not enough to
affect the hopperburn damage rat-
ing, and there was no differcnce
among treated and untreated plants
in this rating. There was no differ-
ence in yield between treated and
untreated plots. Broad mite damage
was not observed. The damage due
to the leafhoppers is apparenily
mainly due to the hopperburmn, so
that the lack of difference in dam-
age ratings is reflected in the lack of
difference in yield. The green egg-
plants yielded significantly more
than the purple ones, but it is cannot
be determined whether this was due
to the leafthoppers, or simply a vari-
etal difference.

Aphids, thrips, spider mites and their
predators were not significantly
affected by the variety of eggplant,
nor did the sulfur treatment have
any consistent effect on the num-
bers of these insccts. At the time of
the first sample, the numberof melon
thrips per leaf averaged about 6 per
leaf. Predatory anthocorid bugs
(Orius niobe ) and predatory mites
were present at densities of about 1
for every 2-10 leaves. These were
apparently sufficient to control the
thrips population was the thrips were






Number Number Yield
Foliar Mulch Number per leaf cucumbers  scarred fruit  (kg)
Treatment Treatment D. indica T. palmi per plot per plot per hectare
Dimethoate Black 0.18 37.8 195 38 13333
Coconut 0.0 19.1 172 31 11926
Silver 0.14 23.6 187 39 13333
White 0.12 323 196 30 13333
Malathion + Black 0.08 38.3 195 39 14167
Carbaryl Coconut 0.0 36.2 183 31 12407
Silver 0.05 159 185 34 13056
White 0.06 34 190 40 13963
Control Black 0.25 17.7 155 34 11296
Coconut  0.21 27.6 163 31 10741
Silver 0.65 42.2 173 30 12778
White 0.36 11.8 179 38 12778
Analysis of Variance
Mulch treatment
F 4.27 0.43 3.50 3.53 4.08
probability 0.04 0.7 0.06 0.06 0.04
Foliar treatment
F 21.92 0.31 7.15 0.59 4.05
probability 0.0001 0.7 0.004 0.6 0.03
Soil X Foliar Treatment
F 2.28 1.32 0.93 0.28 0.53
probability 0.07 0.3 0.5 0.9 0.8
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Figure 1. Average number of Procontarinia mines per leaf between 1986-1988 in relation to total monthly precipitation and
percent of mango branches with new leaves on 16 marked trees.
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Biological Control

D. Nafus

Biological control of the mango shoot
caterpillar, Penicillaria jocosatrix.

In 1986/87, four parasitoid species,
the waspsTrichogramma platneri,
Aleiodes sp. near circumscriptus ,
and Euplectrus sp., and the tachinid
Blepharella lateralis, were released
tocontrol P. jocosatrix . Caterpillar
populationshave declined markedly
from 1986 through 1988, and were
very low in 1988 except for brief
outbreaks in February and August
(Fig 1). Heavy damage to the trees
was observed up prior to July-Au-
gust,1987. Since then little dam-
age, except to isolated trees, has
been found.

In July, 1987, mortality of the cater-
pillars from all parasitoids was
16.2%. By December, the mortality
had increased t0 39.8%. In August,
1988, the mortality was approxi-
mately the same, 36.3%. Euplec-
trus sp. and B. lateralis were the
dominant parasitoids. In Decem-
ber most of the mortality was due to
Euplectrus but in August, 1988, B.
lateralis wasthe dominant parasile.

Euplectrus sp. was found parasitiz-
ing all instars. However, third and
fourth instars were the most fre-
quently parasitized. Second instars
were also commonly parasitized.
Parasitization of first and fifth in-
stars was rare.

Aleiodes sp. near circumscriptus
failed to establish permanently. No
recoveries were made after July,
1987.Trichogramma platneri does
not appear to have established ei-
ther.

In 1988, there has been noticeably

higher mango fruit production and
many trces which have never bome
fruit produced. In March through
May, 1986, an average of 0.11 fruits
per branch were produced on moni-
tored trees in Barrigada and Agat.
In 1987, an average of only 0.03
fruits per branch were produced. In
1988, a dramatic increase in fruit
production was observed. Fruit
production averaged of 2.3 fruits
per branch in March: a 20 to 80 fold
increase over previous years.

Biological control of the leucaena
psyllid, Heteropsylla cubana.

The coccinellid beetle Curinus
coeruleus, released in 1985, is still
within one kilometer of the initial
release site.

Populations of the psyllid tend to be
highest inthe wet season and lowest
in the dry season. (Fig. 2a) In part
this is due to a lack of foliage at
some of the sites during the dry
season. Atmosi sites, psyllid popu-
lations remained below 100 nymphs
and 50 adults per gram of tip leaves
(dry weight). Populations showed
moderate fluctuations at most sites
(Figs 2b-i). The largest fluctuations
were found at Mangilao, which is
the site where C. coeruleus has es-
tablished (Fig 2j). Large fluctua-
tions followed by periods of low
psyllid numbers were observed at
that site. The coccinellid may be
enhancing the amount of fluctua-
tion of the psyllids. Beetle popula-
tions track the psyllid populations,
but the degree of response in beetle
abundance is not well correlated
with psyllid abundances. The value
of C. coeruleus as a biocontrol
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agent for H. cubana 1is question-
able.

To study the impact of the psyllid
and introduced biological control
agents, permanent transecis have
becnsctup atall sites. Herbs, shrubs
and trees arc being monitored.
Growth of selected leucacna plants
is being monitored.

Biological control of the wooly
whitefly, Aleurothrixus floccosus
(Maskell)

Population surveys werc continued
on the wooly whitefly and the
parasitoid Eretmocerus sp. in 1988
(Fig. 3). Population levels of the
wooly whitefly werc low through-
out 1988 except forminoroutbreaks
in Feb-Mar and May-June. Parasi-
tization levels by Eretmocerus
sp.were relatively low. Weather
conditions may have affected popu-
lations of both species as 1988 was
an el nino year and severe dry con-
ditions prevailed in late 1987
through June.

Biological control of leafminers,
Liriomyza sp.

Ganaspidium utilis was rcported
established in 1984. Since then it
has increased to become the domi-
nant parasite on beans, cucumber,
certain weeds and oramentals
(Table 1). On beans (Vigna sp.)
parasitization ratcs between 50 and
80 percent were found in 1986 and
1987 (Table 2). In laic 1987 and
early 1988 leafminer populations
felltoextremely low levels. Parasi-
toid numbers also declined to very
lowlevelsin 1988 and only began to
recoverin August. Inpole beans G.






Tables for Biocontrol

Table 1. Relative abundance of parasites attacking Liriomyza sativae and L. trifolii on beans.

Date

Oct-85
Nov-85
Dec-85
Jan-86
Feb-86
Mar-86
Apr-86
May-86
Jun-86
Sep-86
Oct-86
Nov-86
Dec-86
Jan-87
Feb-87
Mar-87
Jun-87
Aug-87
Oct-87
Dec-87
Jan-88
Feb-88
Mar-88
Apr-88
Aug-88

Number per
25 leaves
Liriomyza
sativae trifolii
3.3 4.3
5.1 21.4
3.7 48.3
0.0 0.0
6.5 51.0
351 369
0.3 5.2
04 9.6
0.2 21.4
2.2 3.7
0.3 6.5
1.7 0.3
0.0 0.0
0.0 1.0
0.1 0.4
20.6 99.8
0.0 0.5
1.2 8.8
1.5 0.5
0.7 2.8
0.0 2.0
0.0 2.7
0.0 10.5
0.0 16.0
0.0 0.0

Liriomyza
sativae trifolli
31.8 41.0
18.7 780
7.0 91.0
0.0 0.0
11.1  88.0
37.0 39.0
1.2 18.0
0.8 19.0
04 35.0
4.2 7.0
1.0 22.0
7.0 1.0
0.0 0.0
0.0 10.0
2.3 11.0
16.6 81.0
0.0 12.0
11.0 78.0
469 16.0
16.3 69.0
0.0 77.0
1.1 72.0
0.0 87.0
0.0 92.0
0.0 0.0

Ganaspidium Hemiptarsenus

utilis
3.8
1.5
0.4
25.0
0.0
23.0
78.0
65.0
53.0
64.0
38.0
44.0
34.0
30.0
59.0
1.8
63.0
3.6
13.0
9.8
15.0
0.0
0.0
0.0
0.0

Percent emerging

semiabiclavus
7.7
0.0
0.0
25.0
0.3
0.2
0.7
13.0
10.0
17.0
30.0
35.0
30.0
26.0
54
0.2
49
1.8
13.0
49
7.7
16.0
9.9
5.7
71.0

Chrysonotomyia
formosa
6.0
1.0
1.0
25.0
0.0
1.0
1.0
1.0
1.0
1.0
0.0
0.0
0.0
2.0
11.0
0.0
10.0
4.0
6.0
0.0
0.0
11.0
3.0
2.0
29.0

Disorgama
pacifica
5.8

[l w Rl e i oo No oo NoeNo o NoRoNoNoNo Ro Yo No o No Nl

Grotonoma
guamensis

W

N AP ODODODOONO —= b

N = O = NN
(e — O W

OO O OO ™

G.
micromorpha
0

0

0

0
0.0
0.2
0.7
0.4
0.3
2.7
4.0
4.8
14.0
12.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



Table 2. Rates of parasitization of Liriomyza sp. by various species of parasites on various crop plants.

Data is summarized from the years 1985 through 1988.

Plant species

Vigna sp.
Bidens pilosa
Brassica
chinensis
Cucumis
sarivus
Luffa sp.
Lycopersicon
lycopersicum
Brassica sp.
Mikania
micrantha
Tagetes sp.

common name Percent found of Liriomy:za

brassicae

long beans
bidens
chinese cabbage 9.3

cucumber

luffa
tomato

mustard 53.8
mikania

marigold

sativae trifolii by all
species utilis

16.5
54.8
53
4.2

50.4
38.7

20.4
50.0

27.0

83.4
45.2
85.4
95.8

49.6
61.3

25.8
50.0

73.0

28.0
48.4
25.6
33.9

277
30.1

414
0.0

14.3

G.

20.0
7.3
9.9
26.0

2.4
2.6

6.9
0.0

2.2

Percent parasitized

H. C.
semial- formosa
biclavus

47 1.1
24.7 11.0
6.5 1.7
3.2 0.8
5.9 4.0
19.4 3.0
11.2 6.0
0.0 0.0
6.6 3.3

D.
pacifica

0.5
0.9
0.5
0.0

2.7
1.8

0.4
0.0

0.0

G.
guam-
ensis

1.0
4.6
3.6
3.1

6.6
1.2

13.0
0.0

2.2

G.
micro-
morpha

0.5
0.5
34
0.8

6.1
2.2

3.4
0.0

0.0

all
Eucol.
exc. utilis

2.1
59
]
39

15.0
5.1

17.0
0.0

2.2
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Figure 2. Fluctuations of psyllids at various sample sites on Guam. Only the Mangilao site has C. Coeruleus present.
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Figure 2, Cont.

Mean number psyllids per gr tip leaves

200.0 A
h .
150.0 T
100.0 7
50.0 1 adults
0.0 ? t t { + t } i ¢
May Jun- Jul- Aug- Sep-Nov- Jan- Jan- Apr- May Jun- Jul- Aug- Sep-
1987 1988
200.0 -
150.0 - Malojloj
100.0 T nymphs
50.0 1
0.0 TS ; ¢ Y s adults
May Jun- Jul- Aug- Sep-Nov- Jan- Mar Apr- May Jun- Jul- Aug- Sep-
1987 1988
300.0 +
250.0 1 j
200.0 7
150.0 1 Merizo
100.0 -
nymphs
50.0 1
adults
0.0 1
May Jun- Jul- Aug- Sep- Nov-Jan- Mar Apr- May Jun- Jul- Sep- Aug-
1987 1988
4000 T D— Curinus coeruleus ] K ~+ 400
3500 ¢ — Povlids 1350
Mangilao &
300.0 nymphs 130 o
o
250.0 T -+ 250 Iy
Q
(2}
2000 T _ T 200 @
] 2
150.0 T T 150 3
[&]
100.0 T T 100 ©
— (0]
500 ¥ _ ’/\,,.-adults L 50 -g
T IN 2
0.0 =N /= v Bl I B I ! 0 -

May Jun Jul- AugSep JctNovDeclan Feb Mar Apr May JunJul Aug Sep

1987

1988



Mean number P. jocosatrix per shoot

Number of wooly whiteflies/gm tip leaves
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Figure 1. Population levels of P. jocosalrix per shoot from 1986 to 1988,
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Figure 3. Population levels of the wooly whitefly on citrus and the percent whiteflies parasitized by Eretmocerus sp.












objcctive of this project is to deter-
mine the environmental factors af-
fecting flowering in vandas and
dendrobiums.

The flowering behavior of several
orchid hybrids is being monitored
concurrently with recording the
weather data at several locations in
Guam. Phenological data is being
recorded for vandas and dendrobi-
ums of differcnt stages of develop-
ment. Dales of raceme initiation
and raceme harvest arc rccorded
daily for Dendrobium X Jaquclyn
Thomas ‘Uniwai Supreme’ and D.
X Jag-Hawaii ‘Uniwai Pearl’. date
ofraceme initiation, flower harvest,
and raceme removal are being re-
corded daily for Vanda X Miss
Joaquim and V, X Miss Joaquim
‘Atherton’. Date of shoot initiation
and shoot maturation are being re-
corded weckly for D. X Jaquelyn
Thomas ‘Uniwai Supreme’ and D.X
Jag-Hawaii ‘Uniwai Pcarl’. Secd-
ling dendrobiums were transplanted
and are now located in beds. date of
first flowering is being recorded.

The weather factors recorded by the
loggers arc; solar radiation, rain-
fall, air temperature (high, low, and
mcan). the data is logged at 15
minutc intervals and as daily re-
ports. the data is uploaded and
stored on a personal computer.

Preliminary dataindicates that solar
radiation has a significant effect on
the iming of flowerinitiation. There
appcars to be alag response of about
45 days. High temperaturc was
found to affect time flower harvest.
The cultivars vary among them-
sclves in their response indicating
that there is genetic variation. This
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HYDRAULIC TIMER SYSTEM

Figure 3: Three hydraulic timers in sequential order.

allows for selection of cultivars for
flowering under differcnt environ-
mental conditions. Dendrobiums
growing in 30% shadc have becn
found to initiate flowering approxi-
mately one month before dendrobi-
ums growing in full sun. The great-
est flower production has occurred
in the months of January and Febru-
ary. Some of the datais presented in
Figures 4-8.

Information on flowering behavior
is uscful in developing new culti-
vars forcommercial production. By
understanding what factors induce
flowering, brceders can grow the
orchids under simulated conditions
ans screen plants in a much shorter
time frame. This will help in devel-
oping collections of cultivars to
allow flower production through-
out the year.

It is important for growers to have
flowers when there is a demand.
While is it currently not possible to
accurately induce or time flowering
in most orchids, it is possible 10
gencrate short term predictions on
when flowers will be available. Also
by utilizing it is possible to adjust
the flowering period of a specific
cultivar. This technique will allow
growerstosupply flowersofagiven
cultivar over a longer period of the
year.

Publications and Presentations:
McConnell, J. 1988. Computer data
management system foragricultural
research. HoriScience. 23(3):735.
(Abstr,)

Poster prescntation at ASHS Na-
tional Meeting-988 Title: Computer
data management system for agri-
cultural research.
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Figure 4. Vanda Yield by Day

Figure 5. Maximum daily air temperature.

<t

Figure 6. Minimum daily air temperature.
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Figute 7. Daily total rainfall

Figure 8. Total solar radiation per day
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Control of Scale By
Sprinkler Irrigation on
Vanda X Miss Joaquim

J. McConnell & R. Muniappan

Vanda orchid scale (Genaparlato-
ria pseudaspidiotus (Lindinger)) is
a persistent pest on orchids. Pre-
liminary observations indicated that
certain types of irrigation could
reduce populations of scale. An
attempt was made to control scale
populations solely by the use of
irrigation. Thirty plants of Vanda X
Miss Joaquim were established in
beds of crushed limestone and were
irrigated with either impact sprin-
klers or spinners. No pesticides
were applied to the plants. Counts
were made on the number of scales
present on the leaves and stems 6
months after establishment. Sig-
nificant reduction in scale popula-
tions were observed for both stems
and leaves on plants grown under
spinners. The mean numbers of
scale for leaves were 13.1 (spinner)
and 30.4 (impact) for stems were
11.5 (spinner) and 47.7 (impact).






Rotifer Culture

Stock cultures of the marine rotifer
Branchionus plicatilis are main-
tained at the University of Guam
Marinc Laboratory and at the Guam
Aquaculture Development and
Training Center (GADTC) to be
used as feed for larval siganids.
Information on the dynamics of
growth of the rotifers under specific
local environmental conditions is
useful in providing for the efficicnt
maintenance of stock cultures.

Presently, two phytoplankton spe-
cies are being cultured in support of
the programs at GADTC. The
diatom Chaetoceros gracilis and a
green alga, which is morphologi-
cally similarto Chlorella and which
was isolated form local milkfish
pond, is being produced for cultur-
ing rotifers. If one algal specics was
found to be suitable for both pur-
poscs, phytoplankton production at
GADTC could be more efficicnt,
and the probability of cross con-
tamination would be reduced.

This study was designed to examine
the effects of phytoplankton con-
centration on the specific growth
ratcs and doubling times of labora-
tory populations of the rotifer B.
plicatilis fed with either a locally
isolated Chlorella-type alga or with
the diatom Chaetoceros gracilis.
Also, the growth rates of rotifer
cultures fed with each of these algae
al cqual cell concentrations were
comparcd.

Methods

The rotifers used in the trials were
an s-type (small) strain originally

obtained from the Brackish Water
Aquaculture Center at Phuket,
Thailand. Stock cultures of these
rotifers are currently being main-
tained both at GADTC and the UOG
Marine Laboratory. For the trials,
the rotifers were fed one of two
phytoplankton species.

One of the phytoplankton species
used was a locally isolated
Chlorella-like algal strain (referred
to as P-series at GADTC), and the
other was Chaetoceros gracilis,
cultures of which had been origi-
nally obtained from the Hawaii
Institute of Marine Biology. Both
phytoplankton cultures were main-
tained in the laboratory on
Provasoli’s F/2 media.

Fortrials witheach of the two phyto-
plankton species, experimental eul-
tures of 20 rotifers were established
in eight 150-ml flasks each filled
initdally with 50 ml of 0.45-micron
filtered, 33 ppt, seawater at phyto-
plankton densities of either 0.1, 0.5,
2.5 or 5.0 million cells perml. Four
flasks were used at each phytoplank-
ton density for each species. The
flasks were placed in a temperature-
controlled environmental chamber
at 23° Celsius and aerated through
tygon and glass tubing. A photop-
eriod of 12 hours of light and 12
hours of darkness was maintained
by a timer attached to the system
lights. As a result of space limita-
tions in thce environmental cham-
ber, we could not run trials of all of
the experimental phytoplankton
densities at the same time. Instead,
trials with each phytoplankton spe-
cies were run separately with two
phytoplanktondensities run pertrial.
For each species, the sccond set of
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trials was initiated within a few days
afterthe completion of the firsttrials.

Daily counts of phytoplankton,
expressed as number of cells perml,
were made for 2 relicate samples
from each flask, and phytoplankton
was added as needed to restore the
cell densities to the initial levels.
Phytoplankton densities were de-
termined with a haemocytometer.
Atthe end of four days of culture the
rotifers were counted. These data
were used to calculate the specific
growth rates (K) and the doubling
times foreach group of rotifers. The
specific growth rate is the number
of rotifers produced per existing
rotifer per day.

To compare the growth of rotifers
cultured on Chlorella-type algae and
Chaetoceros, four flasks of each
species were established, each with
a phytoplankton density of 1 mil-
lion cells per ml. Each flask was
stocked with 20 rotifers and placed
in the environmental chamber.
Environmental conditions in the
chamber were the same as those
described in the previous section.
Phytoplankton densities were de-
termined daily and adjusted to ini-
tial levels by adding additional
phytoplankton. On the fourth and
eighth days after trials began, a
plankton counting wheel and a dis-
secting microscope were used to
count the rotifers in each flask. We
calculated the specific growth rate
and the doubling time for each flask
forbotha4-day and an 8-day growth
interval. A two-sample Student’s
test (BMDP 3D) was used to com-
pare the means of the specific growth
rates and the doubling times, for
each of the growth intervals, of the
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rotifers grown on the two phyto-
plankion species.

Results

Results of the trials comparing roti-
fer population growth rates at dif-
ferent cell concentrations of the
Chlorella-type algae are shown in
Table 3. The calculated specific
growth rates and the doubling times
arc presented for each group. In
general, the rotifers grew more rap-
idly with increased phytoplankton
density within the range of cell
densities examined. The cultures
did not grow well at the lowest
phytoplankton density of 100,000
cells per ml, and one of the flasks
had fewer rotifers after 4 days than
initially. Therefore, for routine
maintenance of rotifer stock cul-
tures at GADTC, phytoplankton at
higher concentrations should be
uscd.

Also, from Table 3, it can be seen
that there was considerable vari-
ation in the population growth of
rotifers within groups grown atequal
phytoplankton densities. Some of
this variationmay have resulted from
differences between flasks in the
number of eggs per femalc stocked.
The number of eggs per female ro-
tifersinnormal cultures ranges from
0o 3. Also, it has been shown that
rotifers change physiologically with
age. In these trials the rotifers were
chosen randomly for the initial
stockings, and differences in the
cgg to female ratios undoubtedly
cxisted between flasks.

Table 4 compares the growth rates
and doubling times for rotifer cul-
turcs grown either onthe Chlorella-

type alga or on Chaetoceros. Re-
sults of the two-sample Student’s t-
test indicated that the mean specific
growthratesoverthe eight-dayinter-
val for rotifer cultures grown on
Chlorella-type alga were signifi-
cantly higher than those for rotifer
cultures grown on Chaetoceros
(Pooled T=5.88; p=0.001). Al-
though the results of indentical
comparisons with data from the 4-
day growth interval were similar,
the difference in mean specific
growth rate between groups was not
statistically significant (Pooled
T=2.10; p=0.080).

Broodstock

Broodstock of Siganus argenteus

reared from juveniles collected from
the reef flats of Guam during the
May-June recruitment episode of
1988 have reached reproductive
maturity and have begun to spawn.
Methods forcollecting eggs released
in spawning tanks have been devel-
oped. The eggs of S. argenteus,
unlike those of other siganids, are
not adhesive, and can be collected
by routing the discharge water from
the spawning tank through a 350-
micronmesh bag. Eggsof S. spinus,
which were collected as the same
time and raised in the same pond,
have not been collected yet since
this fish did not grow as rapidly.
Juveniles of S. vermiculatus have
also been collected and are being
reared to maturity.

Nutrient Concentration

Day F/2 F/4 F/8

1 85.0(10.7) 77.04(4.5) 74.0(5.3)

2 100.8(3.3) 85.0(3.2) 78.2(4.6)

3 177.2(4.1) 97.5(7.1) 86.8(7.6)

4 246.9(7.2) 139.8(3.1) 94.5(9.4)

5 378.8(17.4) 224.0(32.8) 127.6(20.2)
6 653.1(48.8) 320.0(76.1) 257.4(42.3)
7 983.1(32.7) 635.6(43.7) 382.5(60.4)
8 1100.0(76.7) 493.1(108.2)

958.8(33.6)
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The Reproductive Biology of Three
Commercially Valuable Sea
Cucumber Species

The thrce commercially valuable
sea cucumber species under study,
Actinopygamauritiana, Holothuria
(Microthele) nobilis, and Thelenota
ananas are all gonochoric (dio-
ecious), and all spawned during the
late spring and summer. Popula-
tions from our sampling stations
cxhibited reduced gonadal size
during the winter months, consis-
tent with a reproductive resting
stage. Males of the first two species
have had active sperm throughout
the year, while the females have
dcmonstrated a marked seasonality
in gonadal development.

Fertilization experiments demon-
strated that mixing gametes from
excised gonads produced few vi-
able embryos, while inducing
spawning through temperature stress
and mixing the released gametes
was highly successful. Larvae of
both Actinopyga mauritiana and
Holothuria(Microthele) nobilis was
raised through settlement and meta-
morphosis. The auricularia stage
was reached within threec days of
fertilization, with metamorphosis to
thedoliolariastage observed asearly
as six days. Larvae began to scttle
late in the second week following
fertilization.

Experiments with Dithiothreitol
(DTT) found this substance enables
immature oocytes to be fertilized,
with subsequent cmbryogenesis.
Such treatment may allow for the
production of larvae outside of the
normal reproductive season.

Results of the first year’s research
were presented at the animal meet-
ing of the American Society of
Zoologists, where there were spe-
cial sessions on larval biology.
Graduate student Dave Hopper
made the presentation to a group of
approximatcly 85 larval biologists.
Numerous suggestions were made
how to increase recruitment suc-
cess, a major concern at this point.
Rather than raise the sea cucumber
larvae on monoculturcs of phyto-
plankton, the use of polycultures
was recommended. Rhodomonas
lens was found to be particularly
good for echinoderm larvae.

Electrophoretic examination of sea
cucumber populations- was started
to determine the degree of genetic
variability within populations. This
data will be useful in understanding
the process of reproduction as it
relates to larvae recruitment.

A survey of dried-fish stores in San
Francisco’s Chinatown found dricd
Holothuria spp. was selling for $11
per pound dry weight. The product

Aquaculture
R. Richmond

examined contained about 25%
moisture with cach individual sca
cucumber weighing between 1 1/2 -
11b.

Executive Summary of Year 1

1) Sea cucumbers have a distinct
seasonality in their normal repro-
ductive behavior, with one or scv-
eral spawning evenls occurring
during the summer months (Junc,
July and August). From the present
data available, harvesting would be
best carried out during October,
November and December.

2) During the cleaning process,
immature eggs could be collected
and treatcd with Dithiothreitol
(STT), with the potential forraising
larvae for resceding recf arcas.

3) Both gonadal index (wcight of
the gonad/weight of the drained
animal) and oocyte (cgg) diamcicr
can be used to determine the time of
spawning. Small hatcherics could
be established on islands to raisc
larvac through settlement and cn-
able resceding of rcef arcas for fu-
ture harvest.
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