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Palau In Perspective:

Palau, located in the Western Pacific, con sists of more than 200 islands with a com­
bined area of 43,830 hec tares. It has 16 states run by elected and by trad itional leaders.
Palau has a hot and hum id climate. Average annual rainfall is 370 em per yea r. The rainy
months of July to January produce 30 em of rain pe r month. In the driest months of
February to April, rainfall averages 21 em per month. Average air temperature is 27 "C.
Relative humid ity is 82% on the average.

Agriculture, tourism and marine resou rces are the backbone of the Palauan economy.
The goa l for agriculture of the national development plan from 1995-1999 is to de velop
market-or iented sustainable agriculture geared towards self-sutticlency, exports, and impo rt
substitution. At present, there are two major types of producers: subsistence and commer­
cial. Subsistence farm ers focus on cassava, taro, sweet potato, banana and coconut. There
exist 15 commercial farms that grow vegetables and are mostly located on the biggest
island of Babeldaob. Areas cultivated by this last group range from 0.4 to 4 hectares (1 to
10 acres) operated and managed by foreigners dominated by the Taiwanese and Chinese.

Solis In Palau:

According to Smith (1983), there are 10 soil orders and twenty soil se ries in- Palau . Their
potentia ls and limitations for crop production, woodland ma nagement and productivity,
recreational de velopment, build ing site development, sanita ry facilities, co nstru ction materi­
als, water management; and physical, chemical and engineering properties we re identified
by Smith (1983). Palau has five soil formations as listed below:

Soils on bottom lands: very deep, poorly-dra ined, found in valley and coastal area s.
Soils on marine terraces: very deep, poorly to moderately dra ined .
Soils on volcan ic slopes: very deep, well-dra ined, found on up lands and hills.
Soils on limeston e: shallow, well-drained, on uplands and coral islands.
Soils that formed in co ral sand: very deep, excessively-dra ined, sloping soils, on beach
areas.

Palau 's largest islands are volcan ic and are composed of basalt and andesite . Some
islands are of limestone formation . Two of them are platform and reef islands, wh ite one is
a coral reef.
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Soli Nutrient Managem ent Practices :

The majority of the farmers in Palau still employ trad itional susta inable pract ices that are
labor-intensive and rarely depend ent on energy and chern kal-tntenslve technologies. The
usual trad itional way of planting crops is accompanied by the addition of organic matter.
The soil is dug and set aside. Compost and other green plant materials li ke leaves, twig s
and grasses are add ed then covered with a small am ount of loose soil. Crops are planted
and some organic materials and some times ash are add ed . Then th e mound is built. Unless
the quality of the growing med ia de clines, th is process is not repeated until anoth er cycle
of planting.

Among trad itional crops in Palau, taro has at least six identifiable systems of production .
These are the paddy-like culture (mesei), damp or wet planting (dechel), garden or farm
(sers), terracing on sloping land, slash and burn following a fallow, and a hybrid of mesei
and dechel. In all cases, org anic matter is added in the holes dug for the plants.

However, commercial farms use commercial fertilizers, usually in combination with
compost and animal manures. Poultry manure is sold at 15 pe r 25 pound bag by the local
poultry owners, Those with piggeries use hog wastes in which the solids are added to the
compost. liquid effluents are watered to plants .

In general, these are the different ways that traditional and commercial farmers sustain
the soils in Palau for crop produ ction:

1. Fert iliza tion :

Traditional farmers rarely apply commercial fert ilizer in subsistence crops. They believe
that commercial fertil izers change the texture and taste of the ir produce.

Farmers enga ged in vegetab le crop production usually use commercial fertilizer like
complete, ammonium sulfate and urea . The amoun ts and frequency of application for
these fertilizers are variable and are not recorded. Application varies from mixing with soil
at planting time, sidedressing of mature plants or applying on th e soil surface where crops
are plant ed . For home gardens, foliar fert ilizer like Miracle ere is also used .

2. Org anic matter maintenance:

Some farm wastes such as dried leaves, stems, branches, sawdust and manure are used
in main taining the organic matt er of the soil.

a. Use of manure: Hog solid wastes and chicken manure are mixed with fresh or dried
plant residues for compost making . Liquid manure from hogs are usua lly kept in
septic tanks. The hquld is used to fert ilize vegetables, root crops or fruit trees.

b. Crop rotation: In some farms, farmers plant commo n legumes like yard-lcn q bean
after which another crop like cucumber will follow.

c. Composting: This is a common pra ctice throughout Palau. Plant residues are not
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usually burned but are kept to decompose at one corner of the backyard or farm.
Others prefer using black trash bags for decomposing leaves of plan ts and/or grass­
es. Some add manure to the pile of plant residues. These are usually applied to the
plants after they are partially decomposed by mixing with the soil whe re the plants
will be grown. lime is sometimes added with the compost or placed on top of the
soil surface after planting crops.

d. "Green manuring" is the practice of incorporating any green or fresh plants or
parts to the soil at planting time. For instance, to maintain th e fertili ty of a taro
patch measuring 3.6 m by 3.6 m (12 ft X 12 It), 24 kg (about 28 bundles of avail­
able grasses like elep hant or Johnso n grasses) are added to the patch to maintain
adequate soil fertility. In the second year, only 6 kg (7 bundles) of grasses are
required.

e. Use of droppings of bats and sea birds as fertilizer: These materials are usually
found on the Rock Islands. Only a few farmers utilize them due to cumbersome
handling from the caves to the farms . The source of materials is far away and a
boat is needed to get th em.

f. Fallowing of a farm for 1 to 4 years, depending on available area tilted
by the farmer. The bigger the farm, the longer is the resting pe riod for the land
before planting crops.

g. Use of fish washings for small ho me ga rdens.

h. Use of lime and ashes. Twelve kg of ash are mixed with 341 g of lime. The mixture
is spread in soil and turned in and left for five days befo re planting taro. This prac ­
tice is being used by trad ition al farmers to control corm rot of taro.

3. Prevention of soil erosion :

This is accomplished by minimum tillage, planting nitrogen-fixing trees on sloping areas
or ridges and use of viney, crawling plants like sweet potato and squashes.

4. Amending soil structure:

For clayey soils, commercial farms mostly managed by the Chinese buy commercial top
soil and steer manure to improve the workabi lity of the soil and its fertility. Again, the
quantities used are not established yet .



~ ADIP 1M""" P"",'_, .
P' !Je 55

Role of Soli and Plant Testing In Sustainable Agriculture Product ion:

In general, farmers in Palau can be further assisted in improving the sustainability of
their lands by:

1. Determining present soil nutrients of rep resentative soil samples from 20 Palauan soil
series.

2. Determining nutr ient composition of compost made up of different materials such as
grasses, banana leaves, chicken manure, etc.

3. Providing decomposition rates for tropical plants and animal wastes used in composting.

4. Providing information about amounts of lime to be added in each Palauan soil series.

5. Providing information about amounts of com post to be added by soil series.

6. Provid ing information about changes in soil properties affecting soil nutrient availability
and plant utilization of these nutrients.

Recommendations:

... The development and implementation of a regio nal collaborative project comparing
traditional and modern farm practices in terms of sustainable crop production may be
appropriate at this time when most islands still have existing traditional farmers amidst the
p redominance of modern p rod ucers in progressive places. Standard plant and soil d ata
need to be collected at cooperators' sites. The soil nutrient ma nageme nt practices for one
crop commonly g rown in the reg ion may simplify comparison of results by location.
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Soil Analysis: Marshall Islands

Andrew aluniyuLi
[onega01theMarshall Islands

An appropriate descriptor symbol for atoll soils is the letter "S" rep resenting: 1) Seve re,
2) Same, 3) Sh a llow, 4) Seven, 5) Six, 6) Sa nd and 7) Sa lt .

The United States Dep artmen t of Agriculture Soil Conservation Service, in cooperation
with the Department of Interior, Office of the High Commissioner, during the Trust Territory
of the Pacific Islands era in 1979, conducted a soil survey of several atolls in what has
be come th e Republic of the Marshall Islands.

Severe i~ the most common descriptor used in the multiple tables characterizing con­
ditions for recreat ional development to water man agement. The reason for this becom es
clear when one considers the process of at oll evolution.

Atolls are formed on reef structures that began as fringe reefs attached to volcanic
islands. Over the cou rse of millions of years, the volcanic island erodes away separating the
shoreline from the former atta ched fringe reef creating a barrier reef. Eventually, the entire
volcanic island erodes away completely leaving beh ind a lagoon in the cen ter surrounded
by the barrier reef. The volcanic rock con tinues to erode wh ile cora l cont inue s to build on
its water-insoluble platform . Evidence for this "Darwin's Subs idence" process comes from
dr illing cores to d iscover the depth at whic h volcanic bedrock can be found underneath the
solid coral and how many years ago the livinq coral initiated its growth as a fringe reef
struc ture. Volcanic bedrock is found under more than 4000 feet of solid coral and the fi rst
co ral structure was deposited about 50 million years ago. Since we know that cora l can
on ly grow with in 150 feet of the surface, cons trained by light intensity and tem perature
require me nts, the first coral deposits must have been within this range of the surface. To
find them now greater tha n 4000 feet be nea th the surface requires continued erosion of
the volcanic bedrock from beneath the coral platform, a rise in sea level, or both.

What is known is that atoll soils are approximately 3,500 years old, a relatively young
geological and soil age. This corresponds to the post-glacial xerothermic pe riod when the
sea level was approximately 6.5 feet above the current level. At that time, the world
entered another glacial period locking surface water into the polar ice caps, thereby gradu­
ally lowering the sea level to its current depth . This process exposed the reef platfo rms
allowing coraline deposits to accumulate which are mainly calcium and maqnesiurn car­
bonates, a calca reous base of sand and gravel. Accumulation of this natu re creates a rather
flat topography. The climate of the Marshall Islands is uniformly of high temperature
throughout the year causing rapid decomposition of the organic matter deposited by the
few types of plants capable of grOWing in these seve re conditions, limiting the accumula­
tion of hum us. Hence, the major factors (parent material, climate, biological activity, relief
and time) affecting soil formation have produced a soil that is same o ver time and lo ca ­
tion.
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Atoll soils are same also because atoll formation produces a shallow 5011 zone above
the coral reef bed rock. The shallow soli zone li mits the creation of diverse soil horizons as
does the narrowness of the reef platforms upon which the accumulations deposit, resulting
in only seven types of soil map units. The general Marshall Islands atoll soil composition
consists of 50% cobbly loamy sand, 30% rubble and 20% nqedebus. The sha llow soli
zone is also constrained by having a six foot average land height above sea level that
is com posed mostly of sand. The atoll soils are "AC" soils with a very shall ow "Al " hori­
zon of incorporated organic matter, a narrow "A3" transitional horizon leading directly into
the lie" horizon of unaltered material of gravel, rubble and sand. At such a low average
elevation and narrow width, persistent winds spray salt over the surface. In add ition, per i­
odic storms and typhoons cause considerab le rejuvenation of the developing soil, des troy­
ing large zones that were planted for subsistence agriculture. These facto rs contribute to
the severe classification descriptor and reduce or setback the rate of soil development,
leaving the conditions very much the sa me over time.

Other factors cont ri bute to the sev ere classification. The gravel and sand are very
porous with high drainage and resultant low available water capacity. The calcareous soil is
poor in cation exchange because very little clay is present so this process is conducted by
the scarce organic matter present. Nitrogen, phosphorus and potassium, the major plant
nutrients, are in low supply; the calcareous limestone nature of the soil creates a highly
alkaline cond ition between pH 8.0 and 8.4 resulting in the unavailability of iron, man­
ganese and zinc to plants along with the fact that these elements and copper are also
found in short supply. The ground wate r is often saline and the activity of soil microorgan­
isms is limited .

Anthropological evide nce suggests that Marshallese arrived between 2,000 to 3,000
years ago. At tha t time, birds were present and could have contribut ed guano as a source
of phosphorus. Trench excavations find the presence of bird bon es only during the ipltial
period of colonization by the Marshallese settlers, an indication that the early settle rs
depleted the bird po pulations and the birds ceased to be significant inhabitants. Such a
finding may expla in the current phosphorus deficiency in the Marshall Islands soils.

Nitrogen, phospho rus, potassium, iron, manganese, zinc and copper need to be
increased. The highly alkaline and almost entirely limestone nature of the calcareous soil
must be considered in attempting to lower the pH to allow iron, manganese and zinc to be
available for plant uptake, or alternatives must be introduced such as appropriate chetators
(ethylenediamine di-o-hydrcxyphenyl acetate, EDOHA, for iron chelation in alkaline soils for
example), foliar application or slow-release formulations along with intensive buffering .
Compost application mu st take into account appropriate starting material to achieve suit­
able mineralization in terms of rates and composition. Composting must also negotiate
high soil porosity and temperatures which lead to rapid leaching and organic matter
decomposition, red ucing humus accumulation.

Currently, there is an expressed desire to avoid the use of chemical fertilizers which may
have been a result of ove ruse. Instead, recommendations call for the use of copra, chicken
manure and wood ash. While there is no question about the added nutrient benefits in
terms of the nitrog en from the copra and chicken manure, and the potassium from the
wood ash, there is a need to examine these amendments in terms of sustainability. Not
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many atolls in the Marshall Islands have chickens in sufficient quantities to be ab le to col­
lect the manu re for soil amendment. Majuro is the source of chicke n manure tha t is used
in large quantities. When taking into account manu re purchase, labor, trucking, shipping
and bag costs to collect, ba g and deliver the chicken manure, the cost is S16.50 per ba g.
Copra is gathered in m any of the outer atolls, then shipped to Majuro where it is sub ject ed
to similar cos ts as th e ch icken manure in terms of copra purchase, labor, trucking, shipping
and bag costs. The cost of using copra is S9.90 per bag . As a result, the cost to apply a
single appli cation of th is amendment using 2 bags of copra plus a bag of chicken manure
for soil in a single trench that is approximate ly 30 feet long is S36.30. This quickly places
such soil amendment activities out of reach for most Marshallese wh o are involved in sub­
sistence practices. Furthermore, whether th ese amendments add ba ck fully all of the nec es­
sary nutrients that are deficient in atolls soils remains to be ana lyzed.

It be comes apparent that a systematic approach is necessary in ord er to und erstand fac­
tors such as atoll soil phosphorus buffer coefficients; the extent of nutrient deficiencies and
availability due to the high soil pH; the ability to reduce this pH in a sustainable manner;
the type s of atoll plants such as legumes which are rapid growing and can routinely be
used in composting; the rate of mineralization of prospective composting choices; the abili­
ty to alter the soil porosity for water availability. When these factors are better understood ,
recommendations for atoll soil amendments will be more reliable, providing the opportuni­
ty to include an other "5" descriptor: 8) Sustainable, and to modi fy 1) Severe and 2)
Same for the soil zon es to be used for agriculture.
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Nutrient Management in Pohnpei

Jaclson PMflp
CoDegeof Afitronesia

Soil nutrient management practices in all the islands in the Federated States of
Micronesia (FSM) gene rallyare based on traditional knowledge where special consideration
is given to the ecosystem. In all the islands, most of the agric ulture is for subsistence pur­
poses. Use of o rganic material is perhaps the most utilized practice in nut rient managmen t
everywhere. Even with the use of chemical fertilizers as NPK or the single eleme nts to com­
plement the increase d development pressures for a cash eco nomy, emphasis is still with the
use of such organic material. The most frequent practice now is to combine both chemical
fertilizers and organic matter. Farmers are using compost, decayed plant materials, chicken
manures as well as mulching, green manuring, and th e use of the nit rogen-fixing, Acacia
and Flemengia.

The use of chemical fertilizers is strictly for cash or commercial production. Such Iertil­
Izers are available th rough th e govern ment Office of Agriculture and Forestry and from a
number of impo rters. Types of fertilizers available include 80 lbs bags of complete and sin­
gle elements, foliar spray fert ilizer in small qua ntities, and certain types of liquid-type fertil­
izers.

Farmers could pu rchase fertilizers in small quantities, therefore there is no need for any
storage capacity at the farms. There are a few larger operations with more than one acre
farming area. These farms, however, have storage facility.

Chicken manure is readily available at poultry farms. These are sold for a dollar a sack
(80 Ib feed bag). There is a chipper machine at the Agricultu re Sta tion . With that equip­
me nt, by-products of broiler processing (intestines, feathers, an d sha nks) are mixed with
chipped plant materials and grasses.

A newly introduced composting practice is being placed in the field by the office of the
U.S. Natural Resources Conservation Service (NRCS). This is called "basket compost" . A 3
foot d iam eter meshwi re fencing is strategically placed in the field o r in the backyard over a
hole about 1 and 1/2 ft diameter and 2 feet deep. Grasses, leaves and pig manure or
chicken manure are placed in the enclosure up to the height of th e meshwire, which is
about 18 inches tall. Vegetable crops are planted surrounding the perimeter. It took only a
few months for the formation of a rich soil in the hole. The plan is to event ually plant yam
in the hole.
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Island Reporl: Hawaii
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Introduction:

The purpose of this report is to provide some information about the status of fertility
management in Hawaii, not in an exhaustive manner, but with th e purpose of explaining
how ou r knowledge and equipment may be of assistance to other Agricultural
Development in the American Pacific Project (ADAP)-affiliated institu tion s.

With that in mind I touch only briefly on the soil and agronomic context of our work
with fertili ty recommendations. I d iscuss at greater length how recommendations are
made, what are the weaknesses in our recommend ation system, and what we have learned
so far, using a sub-set at sample data contained in the data base component of our new
system.

Soli e nviro nment :

All soil orders are represented in Hawaii (Table 1), making this state an excellent natural
soil science laboratory. However, this diversity is somewhat ill usory, as most agricultural
soils have volcanic rock or ash subst rates, and most important soils are slightly to severely
acid. One critical example of the kind of problems we face in making fert ility reccmmen­
dations is phosphorus. Phosphorus fixation, or sorptio n onto soil pa rticles, varies consider­
ably, from almost none in hlstic (organic) soils to severe in highly weathe red mineral soils,
and especially in volcanic ash soils. .

Table 1: Hawaii soil orders, percent of total land area.

Soil Order

Inceptlsol
Histosol
Oxlsol
Mollisol
Ultisol
Aridisol
Entisol
vertls cl
Spodosol
Alfisol
Miscellaneous

Percent

24
14
5
4
3
1
1
1
1
0. 1

46

Mostly volcanic ash soils - acid (new order: Andisols)
A'a land (vege tate d lava flows).
Acid soil.
Neutral pH, low rainfall areas.
Very acid soil.
Desert soils, neutral or alkaline.
Includes coralline sand derived soil - alkaline.
Often steep, very unstable - neutral to alkaline.
Largely limited to Alakai Swamp, Kaual.
Slightly acid soil.
Nonarable, unvegetated lava flows, etc.

Source: R. Wal"Nick Armstron g (ed.), Atlas of Hawaii, 1984.



Econ omic environm e n t :

According to a recent local newspaper article (Hawaii Tribune-Herald, 1997), the num­
ber of on- farm workers has declined from 13,000 in 1991 to 11,000 in 1994, with about
4,800 farms in existence in 1994 . Employment includes work tak ing up an average of 15
or more hours a week, paid or unpa id. Farms are any agricultural enterprise with gross
receipts greater than S1,000 per year. Agriculture provided one work space out of 15 ove r­
all in the state in 1994 (Hawaii Tribune-Herald, 1997). Adding processing, packaging, and
other downstream activities, the total employment climbs to 38,000 (Tribune-Herald,
1997). At a rough guess, agriculture is about tied with military expenditures for a distant
second place beh ind tourism, in terms of overall economic importance to the state.

Hawaii has a tremendous diversity of commercial products (Table 2) . Forest, ma rine,
livestock, and aquaculture products are not included in this table. Another feature of
Hawaii agriculture is that the re is, if anything, a negative correlation between the size of an
industry and the number of farms. Farm size varies from a few that are some of the largest
in the United States, to many that are basically backyard-and-weekend operations. The
diversity of both products and farm size also makes Hawaii a tremendous natural laboratory
for studying farm management issues.

Table 2: A profile of Hawaii agriculture in 1994.

QQl!

SUGAR
PINEAPPLE
FLOWERS and NURSERY
VEGETABLES and MELONS
MACADAMIA NUTS
OTHER FRUITS
COFFEE
FIELD CROPS
TARO

Sales S

160,100,000
7B,105,000
67,894,000
36,105,000
35,S35,000
23,611,000
10,400,000
10,158,000
2,B06,000

Number of fanns

24
15

660
480
650
B36
550'
585
180

• based on an informal source, for 1996 (Coffee Times, a trade/advertising publ icat ion of
coffee growers and processors of Kana, Hawaii).

From Stat istics of Hawa iian Agriculture 1994 , '~Hawaii Department of Agriculture and US
Department of Agriculture.



Agricultural Diagnostic Center

The Agricultural Diagnostic Cente r (ADSC) is a unit of the College of Tropical
Agriculture and Human Resources, University of Hawaii at Manoa. It provides analytical,
diagnostic, and recommendation services to students and researchers, extension specialists,
private research organizations or other agencies, all commercial operations, and the general
public (home gardeners and landscapers).

Table 3 shows one meas ure of the relative importance of the many functions the ADSC
performs. Costs vary according to sample type and analysis specifications. Revenue
sources reported here do not include salaries, paid from state general funds via the untversi­
ty.

Table 3: Revenue sources in fiscal year 1996.

Source

plant disease analysis
feed/forage analysis
insect identification
soil analysis
tissue analysis
water analysis
"CTAHR support

total

Revenue S

7,900
13,950

760
24,740
25,675

7,370
28,815

1109,210

percent of total

7
13
1

23
24
7

25

100

"earmarked funds distributed by the college to pay for analyses used in research and educa ­
tion. Source: Ray Uchida, 1996.

Perhaps the most frequent source of criticism by clients is sample turn-around time,
which has been as long as two months. In the past year or so, turn-a round time has
improved somewhat, partly through the hiring of new staff, and partly through the devel­
opment of the automated Fertility Advice and Consulting System (FACS).

Costs of using the ADSC are low compared to mainland competito rs, but that is bal­
anced against faster and more reli able turn-around times . The ADSC has a quality advan­
tage in that local knowledge is used in its interpretations of sample results, information
mainland labs do not use. For that reason, there is some unwillingn ess at the college to
surrender the sample analysis business to the private sector.

There is some pressure to raise rates, but the current ADSC directo r, Ray Uchida, feels
sample processing time should be improved more before raising rates could be justified to
the public. The lcnq-term goal is to get sample processing time down to five days for tis­
sue analyses, and two weeks for soil analyses.



The technical improvements needed to reach this goal include the installation of analyt­
ical equipment suitable for a system where only one analysis run is needed for either soil or
tissue analyses. For soil, phosphorus analysis uses the modified Truog extraction me thod,
and ammonium acetate is used to extract pota ssium, calcium, and magnesium. These two
extractions would have to be exchanged for the Mehlich ext raction method to use the new
system. This means collecting correlation data in order to convert sample value interpreta­
tions. Only the most important soil series in Hawaii could be covered in a realistic time
frame.

FACS:

Recommendations are now primarily made from FACS (Fertility Advice and Consulting
System). One of the goals of FACS is to bring the ability to make samp le analysis based
recom mendations to extension agents, using county extension office copies of FACS soft­
ware, connected to the AOSC by an e-mail system. This would also make reporting sample
analyses much faster than mail, and much cheaper than fax. There have been three exten­
sion agent training sessions on using FACS, and making recommendations on the basis of
sample analyses, since 1993.

The recommendations are made using a data base of local crops and soils and their
nutrient sufficiency ranges, locally available commercial materials and their cost, and alqo­
rithms to compute recommendations from sample results. Recommendations for applica­
tion of major nutrients (nitroge n, phosphorus, and potassium) and lime come in the form
of so many pounds per acre of a particular fertilizer or soil amendme nt. A fertilizer is cho ­
sen on the basis of the most economical single formulation that meets the minimum rec­
ommended applicatio n rate for each of the major nutrients.

Database concerns:

While every soil map unit in the state of Hawaii (as determined by the USDA Natural
Resource Conservation Service> NRCS) is included in th e FACS data base, there is not
eno ugh correlation data available to exploit the wealth of information collected by the
NRCS for each map ping unit. Returning to the previous example, to estimate levels of
phospho rus sorption in local soils, all Hawaii soils are lumped into three soil 'types', as
opposed to the hundreds of sen map ping units that have been delinea ted .

There is also a lack of basic data on nitrogen use efficiency, buffer coefficients for lime
and potassium, leaching rates (particularly of nitrate-nitrogen ), and fertilizer response call­
braticns for local soils.

As of now the soil data base is limited to the state of Hawaii. We neither have data for
soils from other Pacific islands, nor do we have a formal procedure for extrapolating our
local knowledge to make recommendations based on sample results for soils outside of
Hawaii.

The FACS system at present also does not adeq uately serve alternative nutrient manage­
ment strategies. Implicit in the logic of the FACS system is that the grower will buy all of
his nutrients in a bag. For clients interested in lower-cost or more environmentally friendly
nutrient management systems, FACS still has little to offer.



Thanks to the FACS system, it is now possible to collate, organize, and make status
reports on sample analyses and information provided on sample subm ittal forms. At this
time, there is no budget for this work, so the informational potential of th is data has not
been adequately evaluated .

FACS d ataba se :

Table 4 displays what is to my knowledge the first attempt to organize sample informa­
tion conta ined in the FACS data base and test its usefulness in learning about the ADSC's
clients and the ir problems. Due to time constraints, a very small subset of the da ta avail­
able was used. No attempt was made to make use of time of sample submittal as a vari­
able, because there is not yet a long enough time frame within the FACS data base to allow
for such an analysis. My interpretation of this selected data set is that the re is some evi­
dence of potassium deficiencies, there is some reason for concern about nutrient manage­
ment in coffee plantations, and we need to list more crops in the FACS data base, to cut
down on the number of 'other crop' designations (Table 4).

Table 4: FACS data base example, soil test results for A'a lands, 1996.

Field Crop to
size be grown Rtl Phosphorus Potassium Calcium Magnesium

(acres)

1.00 Avocado OK High Very low Sufficient Very low
1.50 Avocad o High l ow Very l ow High High
1.50 Avocad o OK High High High High
3.00 Avocad o High High Low High High
0.02 Coffee OK Very low Sufficient High High
0.02 Coffee Low High Sufficient Sufficient l ow
0.02 Coffee Low low Very low Sufficient Low
0.02 Coffee High High High High High

Only samples with completed forms for soil type, field size, and crop to be grown were
selected for this study. As not every grower in Hawaii submits samples to the ADSC, and
many who do submit samples do not supply all the requested information, this study is a
non-random selection from the popu lation of Hawaii growers. For that reason, definite
conclusions cannot be made directly from this study about nutrient management or soil
nutrient status in the soil type discussed here.

To keep this example to a reasonable size, only data from soil samples submitted over a
four-month period in 1996 are included . The data set is further reduced to only those
from the 'a 'e lands, or Histiscls, mostly located in Hawaii county. In its natural state, this
soil type has a thin and uneven layer of organic material overlaying poorly weathered lava
rock. After clearing and years of cultivation, there may be little soli of any kind left.
Although marginal in appearance, this land can support valuable perenn ial crops if sufti ­
cient nutr ients are applied, thanks to a beneficial climate.
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Table 5 : Descriptive statistics for field size

minimum = 0 acres
first quartile =0.2 acres
med ian = 1.2 acres
third quart ile = 3.0 acres
maximum = 30 acres

mean = 3 acres
standard deviat ion = 6 acres
coefficient of variation =200%

. Field size is obviously skewed toward smaller fields, wi th a median of 1 and a maximum
of 30. A coefficient of variabili ty of 200% (standard deviation d ivid ed by the mean) sup·
ports my conclusion that fi eld size is not normally distributed . This pattern of many small
fields and a few relat ively large ones holds within the major crop typ es as well, meaning
that in this data set there is no crop associated with large fields, nor any crop particularly
associated with sma ll fields.

Table 6: Overall soil sample status for eac h crop

Number of sam ples
by crop g!::! Phosphorus Potassium Calcium Mag nesium

avocado =4
coffee =2 1 low variab le variable va riable variable
lettuce =1
macadamia =10 high high variable high high
othe r crops =33 high variable very low variable variable
vegetables =2

total =71 samples

For crop type, 'other crops' could be any number of th ings, so it would not be surpris­
ing to observe a wide variability in sufficiency levels of ma jor nu trients, nor would such vari­
ability necessarily indicat e poor nutrient manag ement. That would have to be confirmed
on an ind ividual crop ba sis, with plant samp les and observation of plant distress symptoms.
For a specific crop, such as coffee or macadamia, one would ex pe ct fairly uniform nutrient
levels, indicating some consensus has formed on what is th e ' rig ht' level for a nutrient, and
also indicating some effort over recent years to att ain that level. Wide variability in suffi ­
ciency levels could be the result of d iverse micro-environments and cultlvar d ifferences in
soil nu trient requirements. Or it could indicate disarray in or d isinte rest in nut rient man­
agement for that crop . Again, plan t tissue sampling and observations of d istress symptoms
are necessary to confirm nutrient management prob lems. Crop types with fewer th an 10
submittals were not cha racterized due to their small sample size.
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Table 7: Number of samples falling into a given sufficiency range

Sufficiency range I!t! Phosph oru s Potassium Calcium Magnesium

Very high 3 4 0 1 2
high 23 38 15 37 29
sufficient 19 4 9 20 5
low 21 9 9 3 15
very low 5 16 38 10 20

The sma ll number of samples in th e 'very high' cat egory shows there is little soil sample
evidence th at ove r-applicat ion of fertilizers or lime is a widespread probl em am ong these
a'a -Iand farms. The large numbers falling into th e 'very low' category, especially for potassi­
um, ind icates the possibility that under-application, and loss of crop yield or cro p quality
due to nu trient deficiencies, may be a Wides pread prob lem in th is soil type.

Co nclusion:

Agriculture in Hawaii is unique to itself in some ways, and more similar to th e continen­
tal United States than to its sister island grou ps in othe r ways. O n th e ot he r hand, its
crops, soils, and climate ma rk it as very much a pa rt of the Pacific Basin.

The differences mean th at technologies develop ed in Hawaii, such as th e FACS nutr ient
management recommendation system, can not be me chan ically ap plied elsewhere, nor can
samples sent to the ADSC from outside of Hawaii be mechan ically plugged into our system.
However, some of those d ifferences, including a relatively large research and extensio n
infrastruc ture, enable us to make a unique contribution to a reg ion al nutrien t managem ent
network. The similarities in such factors as crop s and soil types should enable us to sue­
cessfully incorpora te into our system information from the ot he r island entities in the
American Pacific.

ADAP institutions desiring to use th e testing facilities at the Universities of Hawaii and
Guam need to understand the capabilities and weaknesses of th ese facilities. This is critical
both to help ing us improve our services to other institut ions, and to th eir correctly inter­
preting and using the sample test results that we send back.
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Island Report lor American Samoa

Don 'uso
Micricall SamoaCommunit, College

Though farm ers In American Samoa recognize the b enefits of ch emical fer­
tilizers , rela tive ly few us e them because:

1. Unless subsidized, the cost of commercial fertilizer is beyond the means of most
farm ers.

2. Both subsidized and unsubsidized supplies are of limited selection and of uncertain
availability.

3. High humidity and temperatures severely limit the shelf-lite of ferti lizers and their
containers.

4. High 'ramtan results in considerable leaching of water-soluble fertilizers.
5 . Their use is not cost-effective on traditional crops of taro, banana, and coconut.
6. Many farm ers lack the equipment or the knowledge to adequately calibrate

applications:
7. The ir use exacerb ates the seriou s weed problem.
8 . They are unwilling to pay for soil and plant testing needed to make the most

effective and efficient use of commercial fert ilizers.

Composts a nd gre en m anures are also rarely u sed because:

1. Neither is a t rad itional pract ice, and Samoan growers are very conservative and
resistant to change.

2. Composts Me th ought to serve as breeding sites of the rhinoceros beetle, a coconut
pest.

3. Steep slopes and small farm sizes make mechanizati on impractical.
4 . Few farm ers own livestock as a source of manure.
5 . The price of chicken manure from the few poultry farms has risen to compete with

commercial fertilizers.

As a consequence :

l . Commercial fertilizers or chicken ma nure are used primarily for vegetable
production, since these are the principa l cash crops .

2. Farme rs rely upon and take pride in the natural high fertility of their volcanic soils.
3. Farms are patterned on an agroforestry system with considerab le intercropping of a

d iverse selection of crops grown non-intensively.
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Nutrient Management in Turfgrass

Andree-,\nneCoumard
AgricuhurJl uperimenl Station

Ctlnege of .\grkulture and life Sciences
[ni\crsity 61 Guam

Plant nut rit ional requirem ents for optimum growth are not w ell un derstood in turfgrass
science. In comparison to other crops, there is no yield to measure the tu rfgrass response
to a certain management practice. Turfgrass performance is evaluated in term s of qu ality.
which represe nts a subjective feature. Practical experience combined with favorabl e envi­
ronmental co nditions used to be successful to the turf grower. Today, however, the
demand for finer turf and the severe stresses from closer cuts and intens ive play ofte n
require a higher level of cultural expertise including nutr ient management.

Turfgrass nutrient management is influenced by turfgrass requ irements, the level of
desired turfgrass quality, the level of nutrients in the soil, the intensity of the site used, and
the environme ntal conditions . There are specific turfgrass nutrient management problem s
encountered in Guam that are linked to the heavy use of the site and the environmental
conditions.

Golf courses on Guam are constantly under play due to a twelve month growing perl­
od. The year-round play results in heavy traffic and severe stress to the plant community.
Adequate ferti lization programs have to be developed to assure desi red visual quality under
such growing conditions.

The climatic conditions of Guam also play an important role in the nutrient manaqe­
ment of golf courses. High precipitat ion combined with warm days and nights shorten the
life span of nutrients in the soil. Moreover, the drastic d ifferences in precipitation during
the wet and dry seasons affect turfgrass manag ement. Higher precipitation in the wet sea ­
son will tend to leach nutrients more than du ring the dry season . Concerns of golf courses
polluting th e aquifer in the northern part of the island have been raised . Golf courses are
pressured to use slow-release nitrogen to reduce the leaching of nitrates.

Guam also has significant soil pH differences that affect the ava ilabil ity of nutrients. The
northern part of the island is mostly covered with high pH soils due to the presen ce of cal­
cium carbonate. l ow pH soils, influenced by the volcanic soil of the mounta ins, are mainly
found in the southern part of the island. These extremes in soil pH affect the nutrient avail­
ability to plants. Aluminum , for example, will become toxic to plants at low pH while
phosph orus is unavailable at low and very high soil pH.

This presentation gave an overview of some specific nutrient managem ent problems
encountered on Guam golf courses. Unfortunately, golf co urse managers are still unsure as
to what represents a good nutrient management plan for their courses. VVi th the coming
of add itional golf cou rses on Guam and in the Pacific Rim, there is a need for a better
und erstand ing of turfgrass nutritional management.



Best Management Practices lor Nulrient Management

Jacob kuhn
Resource Conserutionisl

~ al ural ResourtCs ConservationSmice

Before one can talk about Best Management prac tices for nutrient management, we
need to understand why it is important. Agriculture is still one of the largest land uses in
the world and some countries are much more proficient at producing food crops than oth­
ers. Crop prod uction can vary from very intensive and extensive to minimal soil distur­
bance and litt le inputs. The ap plication of nutrients generally introduces an additional
energy sou rce to the ecosystem.

The environment is constantly changing . Forests are being transformed through suc­
cession; prairie and savanna areas are maintained by naturally occurring fires; and lakes
undergo phases of eutrophication. As humans disturb these ecosyste ms, the balance is no
longe r natural. The addition of excess nutrient into natural waters prom otes eutrophica­
tion, a natural aqinqprocess of increased plants and less ope n water. Algae growth
increases causing shading of deeper dwelli ng organisms such as g rass or inverteb rate, and
ultimately sedimentation . Excess nitrogen in the form of nitrates can leach into groundwa­
ter sources and eventually ren der the water unfit for human consumption.

Phosphorus and Nitrogen

Before we look at ways to manage nutrients and minimize their impacts to the natural
environment, we should look at some basic properties of nitrogen and phosphorus and
how they interact in the tropical environmen t of our area. Both nitrogen and phosphorus
exist in seve ral chemical forms in the soil but not all forms are readily available to the crop.
The cycling or transformation of these nutrients from one chemical form to another explain
the gains and losses of each nutr ient.

Generally, phosphorus und ergoes chemical processes in tropical soils, which render it
unavailable to plants over time. Due to this chemical interaction, phosphorus is tight ly
held by the soil. Because of th is, phosphorus transport to surface waters is generally associ­
ated with soil erosion altho ugh some soluble phosphorus can be carried way from the top
few inches of the soil in surface run-off. Nitrogen on the other hand, is very mobile after a
short period of time in the soil. In soils with poor drainage and low permeability, nitrogen
can be read ily carried off-site in surface run-off. In soils with moderate to well pe rmea bility
and moderate to well drainage, the nitroge n is readily leached into the soil and below the
root zone. Ultimately, it can end up in groundwater sources and in some cases, migrate
out with excess flow to the ocean.
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NutrIent Management
In general, nut rient managem ent can best be accomplished using two different

approaches: limiting the quantity appl ied or increasing the efficiency of use of nutrients;
and increasing the retention of nutrients in the crop field. These techn iques are part of
agriculture ma nagemen t techniques called Best Management Practices (BMPs) These prac­
tices are intended to reduce or eliminate losses of nonpo int source pollutants. The follow­
ing BMPs have been proven to be effective at minimizing losses of both nitrogen and pho s­
phorus.

Proper Application Rates - Nutrients should be applied based on realistic yield goals and
crop requ irement s, and the capacity of the soil for crop production . Application rates
should be based on soil test and accou nt for all nutrient sources.

Appropriate Timing of Nutrient Application - Nitrogen applications should correspond to
when the crop needs the nutrient, which varies with qrowth stages. Split applications
allow for better utilization before excesses are leached. Avoid ea rly or late application .
Take into acco unt crop growth stage when selecting the form to be applied.

Appropriate Application Method and Placement - Band fertilizers instead of broadcasting
for row crops. Incorporate surface applications of all sources to minimize losses, (where
appropriate with tillage operations). Use fertigation to apply frequ ent but low rates for bet­
ter crop use.

Soil and Tissue Testing - Test the soil to establish residue levels and overcome soil nutrient
limits such as pH or phosphorus availability. Apply nutr ients as recommend ed. Test crop
tissue to establish crop need s and ap ply foliar sprays.

Reduced Tillage practices - Limit tillage practices when practical. Reducinq soil distu rbance
reduces erosion on sloping land. Selecting tillage practices should include evaluating soil
properties, climate, farming system, and land use at the edge of the field.

Crop Rota tions - legumes in rotation may reduce nitrogen fert ilization needs. Include sod
crops in the rotation to improve soil structure and reduc e erosion. Include high residue
producing crops and cover crops in a rotation to improve soil organic matter and crop
residue. Organic matter helps hold nutrients for future cro p use and crop residues on the
soil reduce soil erosion.

Cover Crops - Plant cover crops after harvest to use leftover nutrients in the soi l. Some
cover crop s are legumes and may reduce nitrogen fertilizer requi rements. Cover crops also
improve soil organic matter.

Pond - A permanent water impoundment traps sediments and associated attached phos­
phorus. Nitrogen is decreased though volatilization and denitrification.

Critical Area Planting - Remove excessively eroding crop areas from production and estab-



lish permanent grasses. This redu ces sed iment-transported nutrients.

Contour Farming - Field tillage operations are performed on the contour of the land to
slow run-off and significantly reduce erosion. Reduces run-off losses of nutrients.

Stripcropping - Al ternate strips of row crops with close growing or sod-forming crops.
Alternate crops and planting dates. Crops are planted on the contour or across the pre­
dominate slope. Reduces soil erosion and surface run-off.

Grass Filter Strip - Establish a permanent grass strip at the base of the slope of a field to
trap sediment from surface run-off and increase infiltration.

Terrace - Cut chan nel and berm along the contour of a field, at reg ular intervals, to reduce
slope length and inte rcept run-off. Increases infiltration and significantly reduces soil ero­
sion. Can be constructed to allow crops to be plant ed along the top and sides of the ter­
race, or narrowed and stabilized with rock or grass.

Diversion . Grass channel and low berm across the slope that diverts excess water away
from crop ped areas to undisturbed grass or forest areas. Redu ces erosion potential on pro­
tected fields.

Grass Waterway - A permanent sod channel to collect and convey concentrated surface
run-off. Reduces erosion in concentrated flow areas, traps sediment, and increases infiltra­
tion.

Sediment Control Basin - An earthen basin to collect and store run-off and accompanying
sediment.

Irri gation Water Management - Cali brate irrigation systems. Apply irrigation water based
on soil moisture measu rement. The irrigation system must allow for even distribution of
water. Irrigation schedu ling should take into account rainfall and soil water-holding capa city.
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OUlline of Final Croup Discussion

Reg io na l Coop eration for Soli and Plant Testing

-Hawaii and Guam for regional soil testing

-Instttutionallzed: Agreements
Investment in resources

-Improve turn -around time

Needs of Each Institution

Commonwealth of the Northern Marianas Islands:

1. Tissue analysis for extension agents .
2. No ability currently to make recommendations.

Palau:

1. Don't have capability to analyze soil & plant.
2. No info on nutrient recommendation for each soil series and management.
3. Don't have way of crediting organic amendments .
4. Need help with soil nutrient management.
5. Translate management recommendations into local language.

Pohnpei :

1. Same as other islands.
2. Need nutrient recommendations for different islands .
3. Soil and plant testing needed for small and backyard farming .
4. Need to know what is going on in other islands of region.

Marshall Islands:

1. Need focus on research for nutrient management to fill in information gaps.
2. Promote regional collaboration because more chance of funding .
3. Promote soil and plant testing .

American Samoa:

1. Same as other islands.
2. Will be having new soil and plant testing lab.



Hawaii:

1. Need more improvement in nutrient recommendations - correlations coefficents (P &
lime) utilization of organic materials, other crops.

2. Many samples going out of state for analysis - private labs.
3. Environmental impact of recommendations.
4 . Feedback on recommendations .

Natural Resources Conservation Service:

'l . More info on nutrient com position of local soil amendments (organic).
2. Provide more awareness of soil series.
3. Soil information available in Pedon database of National l aboratory in li ncoln,

Nebraska.
4. Base nutrient trials and recommendations on similar soils in region.

Guam:

1. Very low participation in soil and plant testing because
a. lack of information
b. sending samples off-island for testing
c. poor reliability, long turn-around time

2. Relying on extens ion agents experience
a. need for info to be institutionalized - written down
b. need for initial laboratory research for correlation and calibration
c. history - analyzed or its not right form

3. Growing importance of specialized testing and recommendation needs

Forms o f Co m munication for Insti tutions In Region:

1. Newsletter
2. Discussion Group
3. Webpage

a. interactive
b. pri nted out
c. electronic form

4 . Other
Time slot set aside for PEACESAT tele conference on regular basis
• free
- deal with specifics



Items for Follow-Up from Workshop:

1. Web Page

ADAP Nutrient Management Pacific Islands
Sustainable Nutrient Management Network

Table of Contents:
"Contact list of participants
"Proceedinqs

"Nutrient Ei Sampling Information - Exist
NRCS

"Discussion forum
"Soil & Plant Results Database

a. · Guam
b. UH

"Lincoln, Pedon Data Base
"Phosphate and Potash Institute link
"Local crops

a. range of yields under different management
b. Sufficiency levels
c. management suggestions
d. horticultural properties

"Nutrient and toxicity symptoms
"Lab charges and services.

2. Extension

a. Document real-life success stcries of using soil and plant testing and nutrient
management.
i. Regional demonstrations with selected farme rs using soil and plant

testing.
b. How to manuals

i. soil
fl. plant
iii. composting
iv. quick-test kits
v. how to use results for improving nutrient management ­

interpretation and recommendations.
c. Designing fertilizer trials for soil testing - every crop and soil type .
d. Decision support system (FACS)

• database
- decision support

e. Compost and organic amendments
- more emphasis on nut rient value



~
i7!'

An\p Worlt.shop ProceedIng$ ~
P, ge 76

Adaptation of the Nutrient Recommendation Program (FACS) for the Region

Program needs to be cha nged to be flexible and open-ended

a. crops
b. soil s
c. written in acces sible compute r langu age: delphi,

access or pa radox data base

·2 to 3 weeks after workshop participants in Workshop may provide a written evaluat ion of
fACS

·CNMI will depend on UOG for program
-Fertilizer based on P needs rather than N.
-Additional information from client

a. profession
b. real address

linked with CPS for each farmer

Minimu m data needed for FACS

a. Soils
series
buffer coeefficients (research)

P, lime
aglime
corall ine
limestone

b. Crops

Future Proposals

1. Extension publication on organic amendments

a. TIme
b . Printing , layo ut, mate rials

2. Regiona l project:
a . reg ional research and demons tration on soil &: plant quick text ki ts
b. demonstration of soil &. plant testing
c. Calibration and Adaptat ion of FACS

Possible funding sources : SARE, ADAP, TSTARTropical Research Prog ram, Sharing costs
am ong land grants .
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Appendix A.
List of Work shop Participants

Isld oro T. Cabrera
Agriculture and Life Sciences
N orthern M arianas College
P.O. 80x 12 50
Saipan, MP 96950
PHONE: (670) 234-9025
FAX: (670) 234-0054

Dr. Andree-Anne Couillard
Agriculture Experiment Station
College of Agriculture and Ufe Sciences
University of Guam
UOG Station
Mangilao, GlJ 96923
PHONE: (671 ) 735-2 132
FAX: (671 ) 734-6842

Fran k Cruz
Agriculture and Natural Resources
College of Agriculture and Ufe Sciences
University of Guam
UOG Station
Mangilao, GU 96923
PHo NE: (671) 735-2093
FAX: (671) 734-6842
EMAIL: fcruZ@uog.edu

Dr. Ruben S. Dayrlt
USDA-NRCS
FHB Building. Suite 301
400 Route 8
Maite, GU 96927
FAX: (671) 4 72-7288

St eve DeBlasl
790 N. Marine Dr.
Box 149
Tumon, GU 9691 1
PHONE: (671 ) 635·7673/4
FAX: (671) 63 7-5114
EMAIL: dg i96@kuentos.guam.net

Robin DeMeo
USDA-NRCS
FHB Building, Suite 301
400 Route 8
M aite, GU 96927
FAX: (671) 472-7288

Veronica Edlrveeraslngam
Agriculture Experiment Station
College of Agriculture and life Sciences
University of Guam
Mang itao, GU 96923
PHONE: (671) 734-4003
FAX: (671) 734-6842

Jerry Flores
Brewer Environmental
P.O. 80x 20730, GMF
Barrigada, GU 96921
FAX: (671) 649-0447

Ranae F. Ganske
USDA-NRCS
FHB Building, Suite 301
400 Route 8
Maile, GU 96927
FAX: (67 1) 472-7288

Dr. Diana Gre enough
Agriculture Research l aboratory
N orthern M arianas College
P.O. 80x 1250
Salpan, MP 96950
PHONE: (670) 234-90 23 Exl. 1430
FAX: (670) 234-0054
EMAIL: diana. greenough@saipan.com

Dr. Leroy Heitz
Water and Energy Research Institute
University of Guam
303 University Dr.
UOG Station
Mangilao, GU 96923
PHONE, (67 1) 735 -2691
FAX: (671) 734-8890



St eve Hili
Beaumont Research Center
461 W. l anikanla
Hilo, HI 96720
PHONE: (808) 9 35-2885
EMAil: sahill@hawaiLedu

Jacob Kuh n
USDA-NRCS
FHB Building . Suite 301
494 West Route 8
Barrigada, GU 96913
PHONE: (67 1) 735-2 113
FAX: (6 71) 735-21 10
EMAI L: PPNRPS@ite.net

Or. Andrew Kunly ukl
Dean
Cooperative Research &. Extension
College of the Marshall Islands
P.O. Box 1258
Majuro, M H 96960
PHONE: (692) 625-5340
FAX: (692) 625-4699
EMAIL: andyk@elele.peacesat.hawaii.edu

Teddy Magno
P_O_Box 445 9
MFB, Yigo, GU 96929
PHONE: (671) 366-1025
FAX: (67 1) 366-8010

Ellen I. Melnyk
Aqua Terra
P_O_Box 12 789
Tamuning, GU 96931
PHONE: (671) 632-9506

Ken Monroe
USDA-NRCS
FHB Building , Suite 301
400 Route 8
Maile, GU 96927
PHONE: (6 71) 472-7490
FAX: (67 1) 472-7288
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Dr. Aubrey M oore
Entomologist
Northern Marianas College
land Grant Prog rams
P.O. Box 1250
Saipan, M P 9695 0
PHONE: (67 0) 234-902 3
FAX: (6 70) 234-0054
EMAil: AubreyM@nmcnet.edu

Dr. Peter Motavalll
Agriculture Experim ent Station
College of Agriculture and life Sciences
University of Guam
M angilao, GU 9692 3
PHONE: (67 1) 735-2134
FAX: (671) 734-6842
EMAIL: motavall@uog.edu

Joan Perry
Director, Pacific Basin Area
NRCS
FHB Bldg., Suite 301
40 0 Route 8
Matte, GU 96927
PHONE: (671) 4 72-7490
FAX: (671) 472-7288

Al fr ed H. Peters
l and Grant Program
American Samoa Co mmunity College
P.O. Box 2609
Pago Pago, AS 96799
FAX: (684) 699-5 011

Jacks on Phill ip
Cooperative Extension Service
College of Micronesia·FSM
P.O. Box 1688
Kolcnia, Pohnpei, FSM 96941
PHONE: (691) 320-573 1
FAX: (691) 320-6468

Feli x Qu a"
P.O. Box 12596
Tamuning, GU 969 11
PHONE: (671) 6 39-7 114
FAX: (671) 637-8049



Dr. Lolita Ragus
Cooperative Research & Extension
Palau Community College
P.O. Box 9
Koror, Republic of Palau 96940
fAX : (6BO) 4BB-2447

Christopher W. Smith
USDA-Natural Resource Conservation
Service
P.O. Box 50004
Honolulu, HI 96850
PHONE: (808 ) 541-2605
fAX: (808) 54 1-1335

Joaquin "Jack" A. Tenorio
Northern Marianas College
P.O. Box 1250
Saipan, MP 96950
PHONE: (670) 234 -9023 Ext. 170B
fAX : (670) 234 -0054

Anthony Tud el a
Agriculture and life Sciences
Northern MarianasCollege
P.O. Box 1250
Saipan, MP 96950
PHONE: (6 70) 234-9025
fAX: (6 70) 234-0054

Raymond Uchida
Agricultural Diagnostic Service Center
College of Tropical Agriculture and Natural
Resources
University of Hawaii-Manoa
Sherman l ab 134
1910 East-West Road
Honolulu, HI 96822
PHONE: (8 08) 95 6-5434
fAX: (80B) 956-6539
EMAIL: TA_SVCCMTR@hawaii.edu

Jack Urhle
ADAP Coordinator
land Grant Program
American Samoa Community College
P.O. Box 5319
Pago Pago, American Samoa 96799
fAX: (684) 699-5011

Marlin Van Der Veen
Northern Marianas College
P.O. Box 459
Tlnian, MP 96950
PHONE: (670) 433 -0639
fAX: (67 0) 433-0450

Don Vargo
land Grant Program
American Samoa Community College
P.O. Box 2609
Pago Pago, American Samoa 96799
fAX: (6B4) 699-5011

Evelyn Vtllagomez
Environmental Industries, Inc.
P.O. Box 7627
Tamuning, GU 96931
PHONE: (671) 649-5273, 646-5454
fAX: (671) 646-7064

Jeff Wallace
Superintendent
Mangilao Golf Course
P.O. Box 21299
GMf, GU 96921
PHONE: (671) 734-11 21
fAX: (671)734-8488

Be rnard Watson
P.O. Box 20487
GMf, GU 96921
PHONE: (671) 472-5493

Dr. Russell Yost
College of Tropical Agriculture and Natural
Resources
University of Hawaii-Manoa
1910 East-West Road
Honolulu, HI 96822
PHONE: (808) 956-7066
fAX: (808) 956-6539
EMAil: rsyost@hawaii.edu



Appendix B.
Workshop Post Evaluation
Questionnaire and Results

The following workshop evaluation Is designed to give the
organizers of the workshop some feedback on any problems or posi­
tive aspects of the workshop you experienced . Thanks for your help.

Name of your Institutional Affiliation:, _
City, State, Country: _

1. Did the workshop meet your expectations?
(Circle one) Yes No

Please explain why or why not: _

2. The presentations In the workshop were:

a , too simple
b. just right
c. somewhat inform ative
d . very informative

Explain why: _

3. What topics were not covered in the workshop which you
would like to see addressed In a future regional workshop?

4 . The discussion sessions were :

a . failures
b. less than produ ctive
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c. productive
d. very productive

Expla in why: _

s. The laboratory demonstrations were:

a. too simple
b. just right
c. somewhat hard to understand
d . really hard to unde rstand

.Expla in why: _

6 . The field trip was:

a. poorly organized
b. just righ t
c. somewhat informative
d. very informative

Explain why: _

7. (Fo r off-island participants) My hotel accomodations on Guam
and other liv ing arrangements d uring the workshop were:

a. inadequate
b. less than adequate
c. adequate
d. very good

Explain why: _
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8 . Please provide a list of short-term and long-term future region­
al collaborative projects or activities you might suggest to fol­
low-up after the workshop.

short-term: _

Long-term: _

9. Please list any additional comments you would like to make
regarding the Workshop.
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Ql Old Workshop meet expectations? Q2 The presentations In w orkshop w ere

Yes Sampling for each island covered e Most target audience needed nuts
Yes Explained imp ortance &: reasons and bclts-cts was too

needed to provide proper esoteric
nutrient ma nagem ent d Opportunity to learn agri.

Yes Basic tnt., which in needed in situation and prob lem s on othe r

th is area islands

Yes b
Yes I came expecting to learn a lot b,d There was a good range in

and I did presentations and overall they
No - Not enough time was devoted to were good

islands othe r than Guam b The presenters were ccmrn unkat-
and HI iog in a very dear man ner.

Yes Sharing of lnf. and experience Handouts were helpful

was very valuabl e c a better mix of disciplines aqron-
Yes I learned a lot about soil testing cmlsts, economists

and its applicat ion to plant d learned ab out computer software

performance d found out which institutions can

Yes Provided Inf. on regional provide testing and inf..

nutrient managment b,d ad equately prese nted -Speakers

Yes were ve ry knowled geable in

Yes Participa nts were experienced in th eir areas

the region d
Yes I learned a lot and had some c Speakers were very accommodating

issues clar ified d
Yes Colleg ial contact, rec. d excellent cross secti on

common alties-Circum stances, info
on strateg ies a=O a: too simp le

b=4 b, just right

Yes = 12 c = 2 c: somewhat informative

No =, d =8 d, very informative
e = 1 e, all of th e ab ove
NR = 0 NR, no respon se



What t o p ics were no t covered...

"Once data base is built and correlated, the inf.
sho uld be shared

' Hew to interpret soil and plant tissue data and
make recommendations

-How to do on farm trials to verify test results
recommendations

"Nutrient recommendation Program (regional).
-Guidelines on making Iert. recommendations,
regional similarities in fert. req uirements.

-Knowtedqe level of extension agents so varted

difficult to cover everyone's experience level
-List of major testing labs and costs for services
· 1 think all topics were covered clearly.

"Build smaller d iscussion groups aimed at par­
ticular problem areas.

"rbe farmer/participants were not given group
time.

"Some d iscussions on new soil classifi cation and
reference materials.

' woutd like to see nuts and bolts on making
recommendations with practical problem solv•
ing

Q4 The d lscu n lon se n Io ns w e re..•

b Too structured and strained wi th
little opportunity for getting at
knowledge gaps

c People were able to relate their sttu-
ation and q uestion the presenters

b I prefer less d iscussio n and more
depth

c They allowed for further explo ration
of the topics presented

c The d iscussions were very prod uctive
due to part icipants expressing
good opinions

c TIme was provided

,
c Impo rtant issues relevant to all of us

are being identified

c We are in the process of defining and
improving the ADAP project

c Discussion provides a forum for par-
ticipants to sha re tdea s

c Some discussions we re omitted,
sometimes its be tte r to pose a few
q uestio ns to focus the d iscussion

c I liked the active participation by
aud ienc e

c Sometimes peo ple are too tired

d excellent inf., good practical exa m­
pies excellent networking

a = O
b • 2

c = 10
d = 1
NR =O

a:

b'
c:
d'
NR:

failures
less than productive
prod uctive
very prod uctive
no response



QS Th e la b . d emonst rations w ere .. . Q6 The fi eld trip was

b
b very simple and well explained
C

b would have liked a "hands-en....
exercise

a=O e: too simple
b = 11 b, just right
c=2 c: somewhat hard to

understand
d=O d, really hard to unde r-

stand
NR = 0 NR: no response

a=O a: poorly organized
b=2 b, just right
c= 4 c: somewhat informative
d o 8 d , very informative
NR :::0 NR: no response

c.d
d both farmers and landscaper/golf

course know their jobs very well

d good cross section of uses
d It showe d how soil and plant

analysis can be used as tools to
plan ope ration

c I missed half of it because I got
separated from the group.

b
c challenges fared by

landscapers/golf courses were
identified

d it was great to see the variety of
condition s &: concerns and
see how they are being addressed

d It allows me to see the practical
side of nutrient management

d very nice
c the golf cou rse tour was very good
b
d excellent!

Easy to understand-needed more
demos on P, K, Ca, Mg, analysis
I would have enjoyed a lot more

b
b

b

C

b
b

b
b
b . Demos were straight forward and

clear
more time could have bee n devoted
to quick tests
presenters did their jobs
introduced the process without
having to ge t into specifics
Some werejoo technical for me to
understand



Q7 Ra t e your hotel accom.

c ch eap but clean

d hotel was excellent and well
situated to restuarants

c No problem

d Good rate-good location­
confusio n with the lax

d room was clean, comfortable,
affordable when part ie. are poo led

c easy access to amenities
d nice, clean, convenient-well planned
d comfortable. good price, qu ite adequate
c good
d very good facility including cost

d excellent clean cheap spacious

21::0 a: inadeq uate

b=O b, less tha n adeq uate
(::4 c: adequate

d=7 d, very good
NR", 2 NR, no response
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Sh ort term proJec:ts
- li ming and P curve developments
"Determine com mon elements and prioritize
research needs

'-
' -
· Soil and Plant testing procedure
"lake soil tests and conduct nutrient trials for
islands

*Information exchange meeting s, workshops
conferences
-c evetc p BB/email contact for quarterly updates
fill in inform ation g aps

-Regional p ublica tion
"Develo p coefficients to predict lime, P, K.
requirements, improve communications fill in
int. gaps

'-
•

'-
Lon g te rm proj ects

"Network newsletter of nutrient tests on
regular basis

"Conduct nutritional trtals to establ. data and
inte rp ret

' -
•
-Regional n utrient manageme nt network
' how to make recom mendat ion s
"Research project, comm. network, publ ica­
tions, t raining reg ional recommendations for
sott amend ments on majo r plant/crops in region

"Reqlo nal t ria l or Demonstration
-Ccm munlcatio n

"Prioritize research gaps
•
aExchang e of id eas
' prepare grant p roposal for region

'-



Additional comme nts
0 -

"l banks to coord inators and participants for
sharing inl,
0-

*1 expected to get training in making recom­
mendations from soil testing results

*Everyth ing was organized very well

' Mostly focused on Guam-needed to know the
minimum requirements for doing testing and
trials on other islands

' Prompt follow-up for the recommendations
agreed upon by the participants has to be done

' Need successful cases for using soil/plant test­
ing, how much more research is needed to
gather basic inf oin region

' -
0 -

*Would have liked the Int. and agenda before
arriving on GU.

"Served to fill in information/networking void,
conducted effectively excellent planning

Ql0 What affect will this workshop
have on you

a back to my usual work in Honolulu
d relat ing how my present work and

be app lied to other Pacific islands

d Allowed me to join colleagues from
the region to work on common
issues

d learned a lot can now see the
importance of testing as well as
extension agent experience

• Impact yet to be seen-lack of
resources are a problem

d Specif ic projects collaborations
with the U of H scientists were
crystallized

d We'll take advantage of the
soil/plant testing to give us an
understanding of the conditions
and interactions in Marshalls

d Will improve my produ ctivity in
relation to nutrient management,
it has increased my knowl edge on
soil and plant analysis

c

d I sense this will have a great
impact on what I do in Agricult ure

d need regional diagnostic rae.
closer to us, met key personnel on
GU and HI, learned how to improve
my own d iagnostic services
A huge Si Yus Masse to Val and
Frank for their enormous, excel
lent. and efficient effort in
providing the support. Thanks
everyone!

a '" 1
b =O
c", 1
d =8
NR ", 3

a,
b'
c
d,
NR:

no impact
tittle impact
fair impact
great impact
no response




