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MANAGEMENT PRACTICES OF GROUPER CAGE
CULTURE IN NEGROS OCCIDENTAL

Mario N. Abeto

Carlos Hilado Memorial State College, College of Fisheries
Binalbagan. Negros Occidental mario_abetoi@vahoo.com

The study was conducted to evaluate the farming practices of 68
grouper cage growers in the four grouper growing LGUs in Negros
Occidental. A research questionnaire was formulated (o investigate the
farming practices from stocking unti! harvest and marketing. 1'he purpose
of the study was to provide insights about the strengths and weaknesses of
grouper cage culture. it further paves the way for an cffective management
and production intervention in the context of sustainable aguacutture. The
data gathered can be used as a baseline reference for the local government
units and concerned government agencies to promote long term livelihood
opportunities tor small scale fish farmers. Results showed that the industry
is still dependent on wild caught grouper fry with poor survival rates.
Relatively large number of farmers stocked their cages at low stocking
density and still used trash fish as food for the fish. Almost all farmers
revealed that mortalities do occur in their cages which were altributed to
poor environmental conditions and diseases. Also, majority of the farmers
had limited technical knowledge on husbandry and health management
resulting (o low production. This study sugeested that practical traimng
courses on grouper culture should be imitiated by the academe in collaboration
with the LGUs and other government agencies t0 enhance competencies
111 managing grouper cage culture.

Keywords: management practices, grouper cage culture, stocking, lecding,
sampling, monitoring of water parameters, disease control and prevention,
harvesting
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THE EFFECT OF GREEN MUSSELS (Perna viridis)
AS BIOFILTERS IN THE REDUCTION OF
TURBIDITY IN PRAWN POND

Mario N. Abeto

Carlos 1ilada Memortial State Coflege, College of Fisheries
Binalbagan, Negros Occidental mario_abetodr vithoo.com

Green mussels (Peraw viridisy at average weight of 10 g were
lested as biotilters for 45 days inside the praw nursery ponds at 12,000
pos of mussels ‘hi. stocking rate. Musscls in cultches were placed 1n net
bags and were hanged along the series of bamboo plots installed in the
middle of the pond. Water transparency and other parameters like pH.
temperature, salinity, and dissolved oxygen were monitored twice daily at
7:00-7:30 am and 5:00-5:30 pm. Results of the study showed that average
transparency readings in the treated ponds {stocked with mussels) were 56
em for Nursery Pond-2 and 45 ¢m lor Nursery Pond-13 while in the control
ponds (without mussels) showed 26 ¢cm for Nursery Pond-1 and 32 ¢m for
Nurscry Pond-14. In NP-2, ransparency reading preater than 56 ¢m was
observed in 21 consecutive monitoring days. Transparency was only reduced
when inorganic fertilizer was applied to hasten plankton growth, It was
apparent that planktons grew densely in the control ponds as indicated in
the low transparency of preenish to yellowish green color of the water.
Average DO reading however, was lower in the treated ponds. The
decrease of DO could have been the effect of mussels as additional biomass
and competitors of oxygen. Moreover, metabolic wastes [rom green mussels
resulted to additional organic loads which cansed the increase of chemical
osygen demand, There were no marked difference on pH, satinity and
temperature in all ponds. The study suggested that to efficiently filter water,
mussels should be placed in the ponds® reservoir or in the water supply
canal instead of placing them inside the nursery or rearing ponds.

Keywords: biofilters. transparency, plankions, biomass, dissolved uxygen
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GOODAQUACULTURE PRACTICES AT RESOURCES
PRODUCTION TECHNOLOGY, INCORPORATED: BASIS
FOR EXTENSION SERVICES DEVELOPMENT

Roger Ray S. Manzano

Carlos Hilado Memworial S1ate College, Enclaro, Binaibagan,
Negros Occidental rogerray_manzanow yahoo.com

The study was conducted in 2009 (o the employees of the Resources
Production Technology (REPROTECH), Ine, in Manjuyod. Orientul Negros
to find out the company’s level of compliance to good aquaculture practices
{GAqP) in marine fish cages and fish ponds as preliminaries of acereditation,
The questionnaire, a five-point Likert Seale, had been used in similar studies,
The areas in the fish cages rated, based on prineipies and guidelines in Fisheries
Administrative Order (FAQ) 214 s, 2001 (the Code of Practice lor Aquaculture)
and on certification guidelines for Best Aquaculture Practices (BAP). were
the following: site selection, design and construction: feeds. feeding. and
sced health management; seed selection, stocking: harvesting and product
handling: furm management; records: traceability, und workers satety and
employees’ relations. The computed grand mean obtained by the company
when assessed in areas Tor good aquaculture practices in fish cages. based
on tabled range values and interpretations. was 4.12 or highly satisfactory.
The ureas in fish ponds rated, based on the mentioned guidelines, were the
following: site selection: pond design and construction; water usage and
effluent management; asc of drugs, chemicals. toxic pesticides and fertilizers;
seed selection; seed health and farm management; records: tracsability,
mangrove conservation and biodiversity protection; feeds, feeding, and water
management; harvesting and product handling: worker s safety and employees’
relations. The grand mean obtained by the company when assesscd under
areas for good aquaculture practices in fishponds was 4.06 or highly
satisfactory. When taken together. REPROTECH s performance on good
agquaculture practices in fish cages and in fish ponds was highly satisfactory,
much better than its moderately satisfactory performance obtaimed betore
this study. The recommendation was to develop Sanitation Standard Operating
Procedures (SSOP) us another slep of the company to conform to Hazard
Analysis Critical Contral Point (HACCP) to satisfy its quest for accreditation.

Kevwords: GAgP. HACCP., REPROTECH. Inc.., murine fish cage,
aguaculture practices
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LOW-VOLUME, HIGH-DENSITY CULTURE OF MILKFISH
{Chanos chanaos, Forsskal) IN MARINE NET CAGES AT
NORTH BAIS, BAY, ORIENTAL NEGROS

Noel N. Lebrilla' and Renato H. Ganancial, Jr.?

'Carlos Hilade Memorial State College, Binalbagun.
Negros Occidental  devgrusventeki@iyahoo. com
*Qperations Manager, REPROTECH, [ne., Punta Campuyo,
Manjuyod. Oriental Negros

The study was conducted in 2008 at Resources Produciion
Technology (REPROTECH), Incorporated, un integrated aguaculiure
business in the north Bais Bay {Manjuyod side), Oriental Negros. 1t aimed
tor 1ind out the feasibility and viability of milkfish ( Chanos chanos, Forsskal)
cultured in five 180-n7" (dm & B x 5m) low-volume high-density {LVHD)
marine net cages and to estabhsh a benchmark for cage nulkfish farmers
using a promsing technology that can have significant contribution to socio-
economic growth and food security, The results showed that the cultured
milkfish attamed an average body weight 0f 376.32 grams after 163 average
culture days, a4 survival rate of 100%, and a 2.4 feed conversion ratio -
satisfactory enough to generate a profit in a cropping period. The average
production per |80-m* cage reached 2,480 kg or 13.78 kg/m’. The profil
was Php 34,94 per kilogram, indicating an earning even if milktish price per
kilogram dropped by 10%. Milkfish production in high-volume. low-density
(HVL D} floating cages was economically viable for small- and medium-
enterprise fish farmers and offered an estimuled 64, [8% retwrn of wivestment
and a (.4 year paybuack period. 1t was recommended that generated
technology on milkfish culture in LVHD marine net cages be shared through
training and extension programs of Carlos Hilado Memorial State College-
Binalbugan.

Kevwords. stocking density, mariculture. milkfish culture, marine net cage,
LVIID
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FISHER FOLK ORGANIZATIONS AND RESOURCE
REHABILITATION: AUNIFIED THRUST

Vivian D. Gayosa

Instructor, Carlos Hilado Memorial Sate College
Enclaro, Binalhagan, Negros Occidental viviangayosai@ vaheo.com

The study, using a questionnare. surveyed the participation and
capability of isher folk organizations to rehabilitate coastal resources in
three coastal towns of Filth Congressional District of Negros Occidental
during the second quarter 0f2010. Results will serve as bases to formulate
a umfied thrust for coastal resources rehabilitation, The results ofthe study
showed that the vision, mission. goals, and objectives of the fisher folk
organizations were well stated and agreed with the provisions of R A,
8550 the most notable problems met by the fisher fblk were illegal fishing,
overfishing, and poltution: the fisher folk’s extent ofparticipation in coastal
resource rehabilitation was generally moderate; they assessed themselves
as highly capable in coastal resource rehabilitation. The conclusions: the
fisher folle were not as well-involved in coastal resources rehabilitation as
they ought to be; and their capabilities and potentials not fully tapped.
Reconunendations included involvement of all the members in resource
rehabilitation activities including attendance to training and semimars. and
the creation of a federation of fisher folk organizations in the Fifth
Congressional District for a unified thrust,

Keywords: survey, fisher folk organizations. coastal resources,
resources rehabilitation
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THE EFFECT OF DIET SUPPLEMENTATION WITH
Cnidaria Scyphozoa Aurelia SOFT TISSUE ON THE MOLT-
DEATH SYNDROME OF Scylia Serrata MUD CRAB

Ravmond J. Sucgang*, Dan R. Laurcnte, Ramil Bolivar,
Joena B. Parco, Micah C. Dawal, Ryan P. Morco

R Sucgang Cenizr for Reseurch in the Natural Sciences.
Napti, Batan, Aklan cesarsed2002j@email.eom

Molt-death-disorders crop up during molting of the mud crab, Sevfla
serrata, and the probable cause of such mortality is typically atiributed 1o
inappropriate sustenance, The effects of supplementation using dried jellyfish,
Cridaria Scyphozoa Aurelia soft tissue on survival and molting success
of  Scvlla serrata was wvestigated, One hundred S, serrate with body
weights between [00-130 grams, were cuptured from coustul cstuaries in
Butan, Aklan. using baited traps and maintained communally at a stocking
density of 3 heads/m*, in bamboo pens constructed in a mangrove mudflat,
One group (50 heads)was tod with trash fish for two weeks, starved tor
1wo days, prior 1o expenimental feeding with trash fish complemented with
dried Cunidaria Scvphozoa Auvelia jellyfish meat; control group was fed
with trash fish for two weeks. starved for two days, before returning to
trasl fish diet without jellyfish supplementation, I"eeding rate was computed
at 10 percent of average body weight once daily for both groups, The test
group was given jellyfish meat supplementation at satiety once daily in the
morning. The duration of the research lasted for 60 days since the 2 day
tasting phase. fndividual weight wus oblained by dividing the weight
measured by the number of heads in the population. There were no
significant differences ( P >0.05) in growth. apparent fecd comversion ratio
(FCR), among the two groups, tollowing the 60 day experimemal period. in
both the control and supplemented groups, the crabs weighed between
330-350 g atter 60 days of rearing. Survivul rate after molting, wus 85%qin
the supptemented group and was significantly ( P >0.05) higher than 63%
observed in the control group. The mean carapace radius was appreciably
( P »0.05) highcr in the supplemented group (3.2 i) than un the non-
supplemented group (3.0in).

Kevwords: Molt-death-syndrome, Scylla serrata
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USE OF THE AQUATIC WEKD Pistia siratiotes FOR
EARTHWORM AND VERMICOMPOST PRODUCTION

Rafael D. Guerrere [11* and l.uzviminda A. Guerrero

Aqualic Biosystems Bay, Laguna

aquabiosi@vahoo. com

The aqualic weed Prstia stratiotes is a major plant pest in lakes
and ponds in the Philippines. No economical use for the harvested weed is
available. The study was conducted 10 determine the usefulness of the
plant for the production of earthworm biomass and vermicompost through
vermiculiure,

Plastic-lined outdoor beds were used for the vermicomposting of
fresh P osiratiotes colleceted from infesied ponds with the “African night
crawler™ (Fudrilus cugeniae), Earthworm breeders wore stocked in the
beds and cultured for 30 days. A comparative analysis of the compost
(without earthwaorms) and vermicompost (with earthworms) was doue.
Tl compost and vermicompost were also tested in a pot experiment using
upland kangkong (/pomea reptans) as the test plant,

The results showed that there was a mean increase of 173% in the
production of £. eugeniae in the beds. Mean vermicompost recovery was
46%,. The pereentages of the N, P. K, Ca and Mg were higher in the
compost than those in the vermicompost as a result of their incorporation
uito the carthworm biomuss, The plants [ertilized with vermicompost had
better survival and more uniform growth compared to the plants fertilized
with compost possibly because of better nutrient availability.

Considering the results and the value of the corthworme hiomass
and vermicompost produced, it is concluded that ihe use of the aguatic
weed for vermiculiure s efficient and ccomomical.

Keywords: aguatic weed, Pistia stratintes, earthworni, vermicompost.
vermicultre
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INDIGENOUS KNOWLEDGE SYSTEMSAS STIMULUSTO
ABETTER SOILHEALTH AND BIONETWORK

Gina Villegas-Pangga

Farming Systems und Soil Resources Institute,
Agricultural Systers Cluster, College of Agriculiure,

University of the Philippines Los Bafios. Laguna gpanggaivahoo.com

There have been increasing concearns worldwide on the adverse
effects of highly intensive farming activities on the quality and safety of
tood, the environment, and their contribution to global warming. To address
these issues. there must be a concerted effort among various stakeholders
to promote the adoption of environment-Itiendly farming technologics. A
project was conducied to document the indigenous practices and existing
technologies i sclected rice-based farming areas in Southern Luzon
Philippines. Practices/strategies and technologies that focus on the
improvement of soil health and the conservition of the remaining farm
resources are importantly realized. indigenous practices can be referred
a8 unigue practices belonging to a specific community or local group and
that the people in a given community have develuped over time, and sull
continue to develop. These practices are based on experience, often tested
over years of use, adapted to lecal culture and environment and as their
basis for natural resource management. The worsening ecological conditions
of rice and vegetable farms in the project sites and the rechnological
constraints affecting the soil quality were documented. This study showed
that there are existing technologics which originated (rom traditional practices
but were modificd through tine, or changes were made to fit the ecological
conditions. Several Larmers have been documented to employ innovative
practices and approaches to control pests and discascs.

Food sceurity and nutritional adequacy are important indicators of
a stable und sustminable farming houschold and must be the major feature
n any attempt to cvaluate success in the future. The intensification of
production must not be undertaken through ecologically destructive
approaches. in which the indigenous knowledge systems may apply. Food
security and nutritional adequacy are immportant indicators of a stable and
sustainable farming houschold and must be the major feature in any attempt
to cvaluate suceess.

Keywords: so0il health. ecosystem health. indigenous knowledge, sustainable
tarming system, furming prictices
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PROPORTION OF PHOSPHORUS, POTASSIUM, ZINCAND
MOLYBDENUM IN RELATION TO CORN
(Zeamays L.) GROWTH ON LIMESTONE-DERIVED SOILS

Apolonio M. Ocampo’” and Henry P. Sammontc?

'Crop Science Clnster, College of Agriculture and “Agricultural Systens Cluster,
College of Agriculture, University of the Philippines
Los Baiios, Laguna polmand@u yahee.com

Limestone-derived soils or calcareous soils contain high amounts of
CaCO, that effervesce when treated with 0.1 N HCl and which inherently
possess several nutritional problems. Such unique chemical condition makes
it one of the problem soils that generally have very low productivily. But
the need to produce inore lood because of the increase in population coupled
with the reduction of arable land per person makes it necessary to utilize
these soils more effectively and efficicotly.

This study was conducted to evaluate the physical and chemical
attributes related to nutritional problems of corn on a CaCQ -derived soil
and quantify the specific limitations and possible corrections.

A field experiment on the effect of fertilization, quantitics and balances
of phosphorus, potassium, zinc and molybdenum on the yield of corn on a
limestone-derived soil from ] Salvador, Misamis Oriental was conducted.

The pH ol the surface and subsoil of the Bolinao clay were strongly
acidic and moderately acidic, respectively, while the C horizon was alkaline.
Iree CaCO. was low o Bolinao ¢lay cspecially at the solum which refers
to the A (top soil) and B (subsoil) horizons (or zone of soil development)
and doos not melude the C horizon. The surface soils were low in P and
organic matter.

On a very weak calcareous Bolinao clay, corn responded only to P
fertilization up to 120 kg P,O_/ha. There were no significant yield increments
attributed to K., Zn and Mo applications indicating that .8 meq K/100g and
10.9 ppm Zn were sufficient. The corresponding proportion of K on the
exchange site was 1.6 % which produces Ca/K ratio of 20.5. High grain
yields were associated with 0.29 % P and 2.0 % K in the earlcall The
corresponding nutrient proportions were 6.7 to 7.5 for K/Ca and 5 for K/
Mg Contrary to some results, Zn concentration in the carleaf, stover and
grains increased as more P was applied.

Keywords: Corn, limestone, ealcareous soils. problem soil, fertilization
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CRITICAL SOIL MOISTURE REGQUIREMENT OF BANANA
CV. LAKATAN (Musa acuminata Colla.)

Jose Nestor M. Garcia'*, Edna A. Agoilar’, Kathy Loren S.
Tafere!, Patrick M. Rocamera', Nelly S. Aggangan®,
Leonardo L. Tamisin, Jr.', Manuel Q. Esguerra',
Michael R. Noel', Louie Joseph A. Pabro’

"Agricultoral Systems Cluster, “Crop Science Cluster, College of Agriculture,
‘Philippine Rice Research Institute jnmg200 1« yshoo,.com
‘National lasutute of Molecular Biology and Biotechnalopy,
University ot the Philippines Los Baiios, Laguna

Moast of the reconunendations for banana production are based on the
studics of banuna cv. Cavendish. Studies tor local banana cvs are necessary. A
pot experiment in screen house was conducied to determine the critical soil
motsture requirement ot Lakatan banana ai different growth stages. Three-
maonth old tissue-cultured Lakatan banana seedlings were planted in hall drums
with 70-kgz Lipa clay loam surdoce soil sample. The experinent was laid oot in
Rundimized Complete Bloek Desygn (RCBD) with four sofl nwisture treatments
(20. 25, 30, and 35% moisture by weight). Soil moisture treatments were
maintained throughout the prowing period of banana, Smtmoisiure was monitored
semi-weekly and waler was added to muintain the reguired water moisture
level treatments, Agronomic parameters were collected monthly covering the
different growth stages of the banana starting one momh atter transplantmg.
Plant biomss samples were partitioned and nutrient contents of cach pantition
were analyzed. Nutrient content ol the soil was analvzed monthily. Banana with
3and 35% soil moisture levels were significantly taller, have broader leafarea,
and larger preudostem diameter compared with those with fower moisture
levels. Plants with fess than 30" woil moisture content tend to develop more
roots due to water stress. hutrient contents of the pantitioned plant biomass
with lower moisture contents (20 and 25%), showed high total niwogen and
phosphorus in the plant corm and stem while at higher moisture contents (30
and 15%) the nutrients were evenly distributed. Tosl phasphorus showed no
distinet differences within the treatments. The 30% moisture level appeared to
be optinuun Gy the growth of bamia, At 25%; soil moisture content, the plants
showed sipns of water stress and a drastic reduction in growth rate and eventual
death of the plants at 20% moisture content. This means thut Lakatan banana
growers need to maintain soil moistwre aear or at ficld capacity,

Kevwords: banana, takatan, soil moisture reguirement, pot experiment
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THE EFFECTS OF VERMICOMPOSTS, MYCORRHIZA,
AND INORGANIC CHEMICALFERTILEZERS ON GROWTH
PARAMETERS OF CORN (Zea mays)

Therese Angeline C. Sevilla', Ma. Patricia R. Moran',
Teresa May Samantha A. Labita! and Joeelvn T. Zarate?

‘Rural High School, College of Arts and Sciences, und
“Nationzl listitute of Molecular Biology and Biotechnology
University of the Philippines, Los Banos. Laguna jovizarate'yshoo. com

Corn 1s second to rice i ferms of hectarage prodiction due 1o its
use ax food and as animal teed. Continuous rescarch on alternatives to
chemical furtilizers is of wmost imporiance. Two greenhouse trials were
estiblished to determine the potential of using vermicompost and Mykovam
for corn production along with three levels of chemical fertilizers. In the
second trial, tive difterent moculation methods of Mykovam and vermicompost
were evaluated.

Results showed that height growth and dry matier production of
corn plunts were comparable in the three chemical fertilizer treatmeuts (0, 4a
RRC as 60-30-3 and full RRC as 120-60-60 ke NPK‘ha). Soil amendment
treutments such as Mykovam (M) alone, vermicompost { VY alone or combined
Mykovam and vermicompost {M-V) significantly promoted shoot dry matter
weight by 9%, 28% and 22%. respectively over the control.  1n termas of
height increment, » RRC + M pave the biggest height increment at 93,97 ¢cm
or a 15% increase over the uninoculated and imfentilized control (G fertilizer).
Best shoot dry matter production was observed in the following treatments;
Y2 RRO -+ M, 2 RRC with M+ V and full RRC with Vor M+V. Heaviest cob
vield was in full RRC 4 Mykovam, followed by full RRC and M + V. Tlis
indicated that Mykovumand vermicompost can potentially improve vegetative
wrowih und enhance corn yield and are effective soil amendments to chemical
fertilizers fuor better com growth and dry matter production.  Benefit cost
ratio analysis showed that the best treatment was in RRC +Mykovam+
Vermicompost  treatnent,

In the second corn trial. the combination of Mykovam and
vernticompost in liquid form was found 1o be the best preparation m terms
of shoot und cob dry weight . The banding method of applying Mykovam
way also comparable with the application of Mykovan in tablet form. Further
studies should be done w explore more efficiem inoculation methods for
corn.

Kevwords: comn, mykovam, vermicompost, chemical Tertilizers
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FINALLY, FROM WEED TO CROP? Cassia tora |,
(MANI-MAND: ECOTYPIC DIVERSITY AND
UTILIZATION IN BUKIDNON

Jean E. Llausas and Joy M. Jamago*

Drepartnient of Agronomy and Plant Breeding
Coliege of Agricubture, Central Mindanao University
Musuwan. Maramag. Bukidnon Jmuagoegmail. com

Cassia rora L. is locally known as mani-mani. a common weed in
the Philippines that usualty grows in pasturetands and farmlands with other
weeds.  Mani-mant is a phenotypical variable in 12 municipalities of
Bukidnon, Analysis of variance showed highly significant differences among
ceotvpes for plant herght, number of primary branches per plant, number of
mature pods per plant, number of seeds per pod. and weight of 100 seeds.
Shunnon-Weaver’s Diversity Index showed high diversity (H'—>(.75) tor
P10 of the 13 traits evaluated including percent crude protein. Protein
conceniration of sceds from Libona (20.40%) and Malitbog (19.50%) were
comparable with most mungbean varieties {(usually from 20% to 224%%). In
5 municipalities, uses of man-mani were documented in this study: relief
tor stomachache, menstroal pain and muscle pain. component vegetahle
for viands, and component for swine feed. Tt is therefore possible o select
for an ucceptable ecotype or 1o breed for improved lines with availabie
genctic diversity 1o increise its economic adaplability as a new crop in the
country.

Keywords: Cassia tora. mani-mani, genetic diversity, Bukidnon, weedy
legume, ecotypic diversity
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HERITABILITY OF AND RELATIONSHIP
AMONG SELECTED SEED TRAITS OF THREE
PROVENANCES OF Jatropha curcas L.

Genevieve A, Galapia', Wilfredo M. Carandang!,
and Shierel F. Vallesteros?

"Wniversity ot the Philippines. Los Banos. Laguna
*College of Forestry, Nueva Vizeaya State University
sfvullesteros(emmail. com

Due to its high oil yvield per hectare and its ability to grow in a wide
range of environment. Jatropha is on top of the promising potential crops as
ofuel feedstock, However, Jatropha's full potennial 1s vet to be realized
due to lack of systemalic improvement/breeding programs aimed at increased
oil yield.

Improvement programs require knowledge on variability and
genetic parameters. Thus, this study intended to determine the extent of
variation and re¢lationship between seed traits,

Data on sced traits for the three provenances, namely. South
Cotabato, Bacolod and Talisay, were obtained from Vallesteros (2009).
Analysis of variance showed no considerable difference between
provenances in seed length and breadth at £<0.05. Seeds from South
Cotabato were found to be significantly thicker than the other two
Provenances,

Heritability estimates obtained for all the seed traits were high
(=80%). High genotypic cocfticients of variations (GCV) indicate that traits
are less amenable to changes due to environmental tlux. Sced thickness
had the highest heritability and GCV {721.3%). In general, variation anong
the provenances in terms ol the seed characters studied is low, which
indicates narrow genetic resource of Jatropha in the country, Unproductive
breeding is expected unless introduction of material from other sources,
especially from the center ol origin of the plant. is done.

Keywords: Heritability. Jurropha curcas, provenances
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DIFFERENTIAL RESPONSE OF OPEN-POLLINATED
AND HYBRID TOMATO VARIETIES TO PGPR
INOCULATION UNDER FIELD CONDITION

Evelvn E Delfin!*, Felicito M. Rodriguez' and
Erlinda S. Paterno?,’

'Piant Physiology Laboratory, Institute of Plunt Breeding, Crop Science Chuster,
College of Agriculture, efdelfini@yahoo, com; “Agricultural Systems Cluster,
and 'BIOTECH. University of the Philippines Los Bafies. Laguna

Enhuncement ot plant growth through inoculution with plant growth
promaoting rthizobacleria { PGPR ) has been reported for various vegeiable and
agronomic crops. Towever, studies on varietal response (o PGPR imoculation
under field condition were limited. A tield trial was conducted at UPLB to
determine the response of ten open-pollinated (OP)and hybrid tomate varieties
to PGPR inoculation under two levels of fertilization, recommended rate (13 8-
47-60 NPK} and half the recommended rate. The following parameters were
asscssed at Howering and fruiting stage: plant growth, number of flower
clusters and branches. nutrient uptake, dry matter and fruit yield.

invculation increased the number ol branches formed by Improved
Apolla by 33% Tor botlt tertilizer rates while Rosanna had a remarkiable 408
increase with halt-fertilizer rate application. Inoculation also increased the
number of Mower elusters of Russana by 60% in the half-fertilizer treatinent
while 60-150% inereases were obtained for inoculated Caraibo, Discovery
and Atlas with full tertilization, The increase inroot dry weight duc to ineculation
alse increased the root shoot ratio of OP varieties, Northern Red and Improved
Apollo. In general. moculution increased P content of the evaluated varietics
trom 0.20 to 0.2 1% P which also resulted to enhanced P aplake. The increase
in P content of moculated tomatoes indicates P solubilising activity of PGPR.
With inoculation, the total fruit weight of Rosanna was increased by 27%
while Atlas showed 199 increase across fertilizer treatments.

The results showed the ditferent responses of OF and hybrid tomatoes
to PGPR tnoculation. There were QP and hybrid tomatoes which responded
positively 10 inoculation while there were varieties which did not show
significant response. This vanation needs o be verilicd under ditferent field
condition because u significant variety-PGPR interaction is crucial in the
adoption of PGPR inoculation technology,

Keywords: PGPR, inoamilation, tamato, phosphers, open-pollinated
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NUTRITIONALAND PHYSICAL REQUIREMENTS FOR
MYCELIAL GROWTH OF Agrocybe cylindracea (DC.: Fr.) Maire¢

Rosa Mia Cabanting, Sofronio P. Kalaw* and Renato G Reves
Center for Tropical Mushroom Resgarch and Development, Depariment of

Biological Sciences, College of Arts and Science, Central Luzon State University,
Science City of Mufoz, Nueva Ecija spk31162:@vahoo.cam

Agrocvbe evlindracea ts a widely distributed edible mushroom
that usually grows in tallen logs and sgricultural wastes, This mushroom
huas great potential in the nutriceutical and pharmaceutical industries because
of its  hypoglycemic effects. anti-carcinogenic activity and antioxidant
property. Although this mushroom is successfully cultivated in Japan and
Taiwan, the production technology under Philippine condition has not yet
been developed. The results generated from this study will serve as
benchmark informution lor the development of production technology for
growing this mushroom.

The research team evaluated different indigenous materials and
physical factors (pH. aeration and illwmination) and ditferent grain materials
for efficient and luxuriant mycclial growth and proliferation. Among the
different indigenous culture media evaluated. sorghum sucrose pulaman
registered very thin and widest mycelial diameter with a mean of 82.67
mm atter & days of incubation while corn grit sucrose gulanmin recorded
very thin and smallest myceelial diameter with a mean of 40.67 mm
Muoreover, coconut waler gulaman is the most suitable medium for optimum
mycelia growth with a mean niveelia diameter of 64 mm. Results further
showed that A, cvlindrecea cultured on coconut water pulamen at pH 6
incubated in sealed and alternating light and dark conditions favored the
mycelial growth and proliferation. Meanwhile, aimong the grains evaluated
tor mass production of fruiting bags, sorghum seeds recorded the shortest
incubation period with a mean of 14 days while rice seeds had the longest
incubation period with 4 mean of 41,33 days.

Keywords: 4grocyhe (viindracea, biophysiology, indigenous culture media,
grain spawn
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Lentinus tigrinus, AN ADDITION TO NEWLY
RECORDED AND SUCCESSFULLY PROPAGATED
WILD STRAIN OF PHILIPPINE EDIBLE MUSHROOM

Rich Milton R. Dulay*'?, Esperanza C. Cabrera',
Sofronio P. Kalaw’, Renato (= Reyes’ and Fumio Eguchi’

'Departmen of Biology, College of Scicnee, De La Sale University,
Tatt Avenue. Mantla  richmiltondulavia vahoo,com
*Center {or Tropical Mushroom Research and Development.
Department of Biological Scienees. College of Arts and Sciences,
Cemtral Luzon State University. Science Clity of Munoz, Nneva Ecija
Takusaki University of Tlealth and Welfare, Gunma, Japan

Most of the commercially cultivated mushirooms in the Philippines
were imported from other countries and their cultivation technologies were
rmadified 1o suit the local conditions. Though well aceepted by most Filipinos,
these imported strains are not always available in the local market and one
of the strategics i3 10 use our own mycological resources. In the past, we
were successful in the domestication of Collybiv, Schizophyviinm,
Ganoderma, Coprinus, Auricularia and Velvariefla, Another wild locally
growing mushroom with nutraceutical potential is Lentinus tigrins, which
are nsually found growing on fallen logs. In our desire to develop a practical
production technology for this mushroom. we initiated study on its
hiophysiology. The secondary myecliul growth and fruiting body pertformance
were elucidated with special reterence to the influence of different indigenous
cufture media. pll. acration and illumination. The secondary mycelia grew
best on coconut water gulaman with a pll of R while being incubated in
sedled and dark condition. Amnong the evaluated granular spawn, palay
seeds vielded very luxuriant mycelial growth having the shortest incubation
period of § days. Highest biological efticiciey of 15.93% was recorded m
a formulation consisting of & parts of rice straw 1 2 parts of sawdust,
Lentinus tigrinus has a great potential for cultivation as another newly
recorded and propagated Philippine wild edible mushroom,

Keywords: Lenrinus tigrinns, biophysiology, secondary mycelia, mycelial
growth, biological efficieney
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MARKER-AIDED TRANSFER OF GENES FOR 13-
CAROTENE BIOSYNTHESIS INTO POPULAR
PHILIPPINE RICE VARIETIES

Antonin A. Alfonso'", Jean J. Semera', Emilie O. Espejo’,
Christine Jade A, Dilla®, Gerald B, Ravelo',
Nelson S. Gareia', and Eleanor 8. Avellanoza'

‘Philippine Rice Rescarch Institute, Maligayu, Svience City of Muiioz,
Nueva Lciju: “International Rice Research Institute, Laguna
tonyalonsa 2002 yahoo.com

Giolden Rice accunulates B-carotene in the grains and is considered
as a sustainable and effective food-based stratcgy to alleviate vitamin A
deficiency. Through DNA marker-assisted recurrent backeroysing, Golden
Ricel (GR1) locus was introgressed into PSB Re82 and NSIC Rcl28
varieties. Selection in the progenies was based on ycllow-colored dchulled
grains atter bleach treatment. presence of GR1-specific PCR amplicons.
high recovery of the recurrent parent genome. good agronomic traits and
high betacaroiene content,  Parental rccovery was measured using
phenotypic data and polymorpluc simple sequence repeat {SSR) markers
{98 for PSB Rc82 and 103 for NSIC Rcl28 progenies). After 2-3
backerosses and 3-4 selfing generations, nine introgression lines (four from
PPSB Rc42 and five Itom NSIC Rel28) were selected. SSR data revealed
at least B0% genomice recovery of the recurrent parents. The highest B-
carotene concentration in the progenies using samples stored for two months
al ambicnt temperature was 1,80 pg per gram of milled grains compared to
1.62 pgfa in the GR donor. These results illustrate the feasibility of
transferring Golden Rice trait into popular local varietics using this approach.
Concomitant with the work on GR 1 was the introgression of Golden Rice2
cvenl R (GR2-R, ~36 pg/y) nto PSB Re82, With higher betacarotene
content, GR2-R will be used in line development, single- and multi-location
tield tests, biosafety and sensory evaluation, and other tests required for
regulatory approval and variclal relcase. Activities towards combining GR2-
R with resistance to tungro and bacterial blight in elite genotypes arc
underway,

Keywords: Golden Rice, vitamin A deficiency, beta-carotene, marker-
assisted introgression, varictal evaluation
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GENETIC DIVERSITY, POPULATION STRUCTURE
AND DNA FINGERPRINTING OF ABACA (Musa textilis Nee)

Orlex B. Yllano*"?, Antonio L. Lalusin', Sheryl D. Castro',
Antonio C. Laurena', and Evelys Mae Tecson-Mendoza'

Hnstitute of Plant Breeding, C'rop Science Cluster. College of Agriculiure,
University of the Phitippines, Los Banos, Laguna orlex.b.yllanow up.edu.ph
*Biology Department, Cotlege of Sciences und Technology, Advemist
University of the Philippines. Puting Kahoy. Silang, Cavite

Abaca, an indigenous tiber crop. is a major export conmmodity ol
the country. Assessing the genetic diversity of abaca s a prerequisite to u
successful breeding program. Using microsatellite markers. the genetic
diversity of abaca in Luzon, Viasayas and Mindanao was deterinined to be
highly diverse (1 = 0.67), These variations present in abaca population are
needed in widening the genetic background of the species. thereby. providing
a wide sclection of parents lor abaca breeding programs. The genetic
structure of abaca population s considered as genctically heterogencous
with 94% variability within population (AMOVA). Principal componertt
analysis revealed sharing of alleles in three populations. Distance matrix
analysis clustered abaca genotypes from Luzon, Visayus and Mindanao
into three big groups and six small groups. This study also optimized SSR
markers with high polymorphism information content (P1C) value (0.48 to
0.79). A combination of SSR markers that can differemtiate T genome
(textilis), B genome (balbisiana) and A genome (scunumtta) of the genus
Musa wuas also identified. Using these markers, some of the duplicate
accessions of abaca i the pene bank were recognized. Likewise, these
SSR markers can distmguish susceptibie, tolerant and resistant genotypes
to abaca bunchy top disease (AbBTD) which are crucial for marker-assisted
breeding for AbBTVD resistance trait. These results are usetul for abaca
varietal identification, germplasm characterization, marker-assisted selection,
and for the development of DNA-based diugnostic kit for AbBTV discase.

Keywords: genetic diversity, phylogeny, microsatellites. molecular markers,
fiber
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GENETIC DIVERSITY AND CLUSTERING OF PINEAPPLE
(Ananas comosus (L.} Merr) GENOTYPES USING RANDOM
AMPLIFIED POLYMORPHIC DNA (RAPD)

Lolita DC, Valencia™ and Shervl D. Castro?

'Crop Seience Cluster, Institute of Plant Breeding and *Crop Pratection Cluster,
College ol Agriculture, Luiversity of the Philippines Los Batios, Laguna
lolit valenciadtyahoo.com; s deastrofd vahoo.com

Genetic variation among 14 pineapple genotypes was assessed through
molecular characterization using Random Amplified Polymorphic DNA
{RAPD). RAPD was utilized to measure the genetic diversity and relationship
among the differcnt genotypes,  The Doyle and Doyle extraction method
was done in the DNA extraction ot the 14 pincapple genotypes. Two Operon
primers (OPY-15 and OPAY-06) were used in the PCR - based RAPD analysis
of the different genotypes.  Of the twe primers used, OPY-1S
(5TAGTCGCCCTTS") yielded consisient DNA polymorphic amphfication in
repeated trials and generated |1 banding patterns ranging from 0.40 - 3.00bp.
Using primer OPAV-06 (5" CCCGAGATCC3), handing patterus formed were
not clearly identified.  Cluster analysis was done by similarity matrix within
the NTSys program ustng unweighted pair-group method with arithmetic
averages (UPGMA) to determine values of genetic distance. A dendrogram
of the 14 genotypes separated the pincapple cullivars and hybrids firom the
wild relatives. Based on the dendrogram at 0.76 similarity coetlicient, the 14
genotypes were divided into fowr clusters: Cluster 1, Ananas bracteatus: Cluster
2. *Smooth Cayenne’, "MD2", “Aklan’ and *MG3'; Cluster 3. *Red Spanish’,
Clone 747, *NP2” and *Queen’; and Cluster 4. 92-1 (hybrid), *DM Gold®,
492-2 (hybrid), *Sweel 167 and Calauvan {fomamental-like). At .51 coetficient
simifarity, 3 clusters were generated: Cluster 1. dnanas bractears: Cluster
2. 'Smooth Cayenne’. *MD2", *Aklan’, "MG3°, "Red Spanish’, "Clone 747,
‘NP2 and *Queen’; and Cluster 3, 92-1 (hybrd), " DM Gold™, 92-2 (hybrid),
*Sweet 167 and Calauan {ornmmental-like). The RAPD of the 14 pincupple
genotypes studicd could be an ideal tool for detection of variation and
relationship among genotypes and henee, can be usctul in the assessment of
genetic diversity and cluster analysis of pineapple germplasm accesstons and
varietics.

Keywords: pincapple, genctic diversity. operon primer. eluster anakvsis,
dendrogram, randonmily amplified polymorphic DNA {RAPD
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CHARACTERIZATION OF RESTORER AND MAINTAINER
LINES USING MORPHOLOGICAL AND SSR MARKERS

Imeldalyn G Pacada*, Leash P. Coloma,
Virginia P. Luciano and Alex T. Rigor

Plant Breeding and Biotecheology Division Philippine Rice Research institute
Science City of Mufioz, Nueva Ecija imetdalyn pacadai@gmail com

Genetic diversity is a prerequisite in any breeding program. Genetic
diversity can be measured by different upproaches such as pedigree analysis,
morphological data and use of molecular markers. Tn this study, we evaluated
the diversity of 175 parent lines (39 maintainer and 136 restorer) used in
hybnid nee breeding program at PhalRice using 26 qualitative, 12 quantitative
traits and 38 microsatellite or simple sequence repeat (SSR) murkers. The
data was analyzed using Unweighted Pair-group method with arithmetic
meen {UPGMA). Morphological analysis revealed two major clusters with
stmuilarity coefficient of 3.09. QOut of the 38 traits analyzed, eight gave
significant contribution for the separation of some individuals and groups of
genotypes. The percentage of contribution of each trait to total genetic
variation was estimated through principal component analysis (PCA).
Analysis based oo SSR markers showed two major clusters with similarity
coetficient of .71, Four maintainer lines represented one group whereas
the other group consisted 36 maintainer and 36 restorer lines, Combined
analysis also showed two major clusters with similarity cocfficient of .42,
One consisted of only two tnaintainer lines whereas other comprised 37
maintainer and 55 restorer lines. Overall, the results showed an average
degree of variation among the hybrid parent lines indicating that. there is a
need for new germplasm source to unprove the diversity of our hybrid
breeding materials. In addition, the study provided important information
for hybrid rice breeders on heterofic group identification and enhancetnent
of heterotic F| combination,

Keywords: genztic diversity, heterosis, hybrid rice, S5R, UPGMA
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AMULTIPLEX PCRDESICN FORTHE DETECTION OFTHE
ABACA BUNCHY TOP VIRUS (ABTV) INLEAF SAMPLES

Christina Lora M. Leyson and Vermando M. Aquino®

National Institute of Molecular Biology and Bictechnology, University
ofthe Philippines Diliman. Queron City vmaquinoidmbb.upd.edu. ph

The abaca bunchy top virus or ABTV is onc of the most devastating
patliogens that infect abaca today. A key clement in preventing its spread is
early detection and discase indexing of planting materials. To this end, a
design for a inultiplex PCR able to detect the presence of ABTY DNA has
been developed. Four primer pairs were used: Three primer pairs target
ABRTY genes. namely the coat protein, movement protein, and replication
initiation protein (Rep) genes. In addition. a fourth primer pair targets a
region in the chloroplast NADH dehydrogenase subunit Gt/ 8) gene, which
is conserved in diverse plant taxa. Amplification of the ndtB pene serves
as an internal positive control. [n the detection of plant viruses. the PCR
template is often the total DNA extracted from plant samples. Hence. the
amplification of an internal positive control would determine if PCR conditions
are favorable 1o amplification of DNA and to an extent, if the quality of the
DNA template is acceptable. Each primer pair used for multiplex PCR
yields an amplicon of a unique size to ensure unambiguity. An ideal result
for the said multiplex PCR design would be the amplification of the ndi:B
intron in all samples (healthy and infected) and at the same time, the
amplification of ABTV only in infected samples. The multiplex PCR design
outhined above have been tested on 20 leaf samples taken from Bicol and
Leyte. Results of the test have so far corroborated with parallel assays
using FLISA {enzyme-linked immunoassay).

Keywords: abaca bunchy top virus, ABTV, multiplex PCR, virus detection,
coat protein gene, movement protein gene, replication initiation protein, ndh 8
gene
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FUSARIUM EARROT: MOLECULAR CHARACTERISTICS
OF THE PATHOGENAND HOST RESISTANCE

Cecilia B. Pascual*, Eureka Teresa M. Ocampo,
and Artemio M. Salazar

CSC-1PB, College of Agticulture, University of the Philippines
Los Bufios, Lauguna  chpascuul 22t vahoo.comn

The fungi Fusarivm moniliforme Sheldon and Fusarivm proliferaiiom
{Matsushima) Niren, the cause of Fusariun cur rot, were reported to produce
a series of toxims on corn which include the fumonisins. of which fumonisin

B, and B, have cancer promoting activity. Other myeotoxins produced inctude
momltturmm fusarin € and fusaric acid. Fumonisin B, has been shown to be
respoensible for most of the toxicological atfects ob%n ed from ingesting
corn imfected by toxigenic isolates of these fungli F moniliforme oceurs in
all parts of growing corn plant throughout e season,

To appropoately mansge Fusariam ear retie corn, 1solates of the causal
pathogen must be accurately characterized and wlentitied. Based on morphology.
the collected four solates helong to Fusurium sp. To determine the species,
they were melecularly characierized by FCR using FTS-rDNA primers and
by homology analysis of the nucleotide sequence through BLAST o compare
with other reported Fusarium-causing car rot in corn. Results showed that
three isolates {(from UPLB experiment station, Northern Cotabato and from
CMU, Bukidnon) were highly related to & monidiforme from China while one
{trom South Cotabato) was highly related to F graminewium,

Resistance is still the most ceonomical method to controt these pathogens.
The identified resistant varieties or inbreds can be used for improvement of
corn to ear rots o1 they can also be directly used by farmers or growers in the
case of identitied resistant hybrids or populations. Results of resistance
evaluation to Fusarimm ear rot using ear injection method showed that cut of
twenty entries evaluated, two inbreds (S3YB 137-1-1-B and TUPI (83) 15-2-
B) were moderately resistant. 14 inbreds and hybrids were moderately
susceptible and four were susceptible. None was found highly resistant to the
disease, Further evaluation of germplasm is needed to identifv highly resistant
sources 1o avoid fumonisin production in com kernels,

Keywords: Fusarium ear rot, Fusarinm moniliforme, host resistancee, corn



Trans. Nar Acad. Nei. & Tech. (Philippinesi Tnl 33 (No. 1} 51

AS - 49

EVALUATION OF GAMMA IRRADIATED ABACA
(Musa textilis Nee,) FOR RESISTANCE TOABACA BUNCHY
TOPVIRUS AND BANANA BRACT MOSAIC VIRUS
UNDER SCREENHOUSE CONDITION

Teodora Q). Dizon*, Irish T. Lobina, Olivia P. Damasco,
Luciana A. Reyes and Antonio G. Lalusin

Tnstote of Plant Breeding. Crop Science Cluster, College of Agriculture,
University of the Philippines Los Bados. Laguna [ odizoniw;vahoo.com

Abaca (Musa rextilis Nee.) is the source of natural strong fiber in
the Phulippines. There has been decreasing production ot abaca fibers in
the last decade since the available commercial varicties are susceptible to
the two major viral discases. namely bunchy top and bract mosaic.  In
vitro technology coupled with gamma irradiation (*Cobalt) werc sought in
order to develop  varieties with resistance to these 1wo viruscs,

To start with the irradiation of two varteties, namely Tinawagan
Pula and Tangoengon, the optimum dose level or lethal dose or LD, of
®“Coball  was established by taking the rate of shoot proliteration and
growth development of shoot cultures (SubCycle 1 to 3) . After bulk
irradiation using the developed LD, all plantlets were inoculated with abaca
bunchy top virus and banana bract mosaic virus using insect transmission
and mechanical transmission, respectively.

Out of the 2,296 plants of variety Tinawagan Pula and 974 plants
of varicty Tangongon, 43 plants or 1.9% and 9 plants or {1.9%, respectively,
were negative to abaca bunchy top virus using Enzyme-linked immunoassay
{ELISA). For bract mosaic, from the 2,169 plants of varicty Tinawagan
Pula. and 1,006 plants of variety Tangongon, 57 plant or 2.6% of variety
Tinawagan Pula and 14 plants or 1.4% of variety Tangongon, were negative
to banana bract mosaic virus using Polymerase Chain Reaction (PCR).
The putatively resistant lines of these two varieties from the screenhouse
experiment are being micro-propagated for feld evaluation.

Keywords: abaca. abaca bunchy top virus, banana bract mosaic virus,
gamma irradiation
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INSECTICIDE USE IMPACTS OF INTEGRATED
PEST MANAGEMENT (IPM) FARMER FIELD SCHOOLS:
EVIDENCE FROM ONION FARMERS IN THE PHILIPPINES

Jose M. Yorobe, Jr.' ', Roderick M. Rejesus’
and Michael D. Hammig?

'Department of Agricultural Economics. University of the Philippines
Los Batos, Laguna  jmy5 §2000Gvahoo. com
"Department of Agricullural and Resource Econamics,

North Carolina State University, Raleigh, North Carelina, USA
‘Department of Applied Economics and Statistics,

Clemson University, Clemson, South Carolina, USA

This article empirically examines the impact of Farmer Field Schools
(FFS) on insecticide use by onion farmers in the Philippines. FFS is an
intensive Iniegrated Pest Management (1PM) information dissemination
mcthod that cncourages producers to lower their reliance on chemical
insecticides for controlling pests and diseases m thetr farms. These FIFS-
[PM traimngs have heen conducted within vepgetable-based production
systems in the country since 1994, The data used in the study are from the
face-to-face farm level survey in 2009 of 200 onion growers in Nueva
Ecija. Using instrumental variahle (1V) procedures to controf for endogencity
and selection problems in the data, we found that FFS trained onion farmers
i the Philippines have signilicantly lower insccticide expenditures
(~PhP35,000} than non-FFS trained control farmers. By not controlling for
these econometric biases. the FFS training did not show any eflect on
insecticide use. The insecticide reducing effect of FFS has imiportant
environmental and health imphcations, and provides evidence about the
eftectiveness of the FFS training method in disseminating important 1PM
concepts mn the country.

Keywords: Farmer Ficld Schools; Insecticide Use Impact: Instrumental
Variahles Technique; Integrated Pest Managenient (1PM); Onion Production
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UNDERSTANDING THE PATTERNS, DRIVERS AND
IMPACTS OF LAND USE CHANGE IN
STA. ROSASUB-WATERSHED

Damasa B. Magcate-Macandog, Jan Lioyd Balon,
Katrina Engay, and Ozzy Boy Nicopior

Institute of Biological Sciences, College of Arts and Scicnces,
University of the Philippines Los Banos, Laguna

Sta. Rosa sub-watershed had undergone an abrupt shifl in
cconoimic-base from agricultural to an industrial economy. In understanding
the patterns, drivers and tmpacts of land-use changes Sta. Rosa
subwatershed Participatory Rural Appratsal (PRA) activities including Focus
Group Discussion, Time Lmne, Community Land-use Mapping, Cuausal
Mapping and SWOT analysis were conducted tn upstream, midstream and
lukeshore situs,

The upstream community had undergone land use conversion from
forested areas in the 1920s, to deforestation in the { 940s, planting of rice in
the 19505, coffce planting in the 1970s, and start of pineapple planting in
the 1980s. The main drivers of land use changes are population nigration,
food security and income generation. Currently, the main problems focus
on agriculture and farming. In order to address this problem, the community
proposed crop diversilication and use of organic fertilizers such as compost.

The midstream and lakeshore communitics had undergeone a
tremendous degree of land conversion from an agricultural-based o an
industnial-residential economy. Industrialization and increase in population
ate the driving factors for the land use change.

Selid wastes from houscholds and liquid wastes from factories are
the mjor problems in both mid-stream and lakeshore communties, Proper
solid waste management and strict implementation of policies on solid waste
management by the LGU is strongly recommended.

Keywords: PRA, Sta. Rosa subwatershed. Tand use change,
industrialization. waste management






