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Keynote Addressfor the 33rd Annual Scientific Meeting of the
National Academy of Science and Technology, Philippines (NAST PHL)

MEETING THE CHALLENGES OF AGRICULTURAL
PRODUCTIVITY, SUSTAINABILITY, AND
COMPETITIVENESS

Senator FrancisN. Pangilinan
Good morning.

We wish to thank Dr. Javier for inviting us to today’s event, as the
scientific community comes together to discuss how science and technol ogy
could be used to address some of our key socia, environmental, and
economic issues and help lift the country out of poverty. We have seen from
recent events the urgency of meeting our agricultural challenges. massive
amounts of fish kill in Batangas and Pangasinan have left our fishermen out
of livelihood and are threatening our food supply; extreme weather caused by
climate change is causing us billions of pesos worth of damage—not to
mention hundreds of lives—yearly; the series of crises in the Middle East is
sending millions of our people home with no viable alternatives for
livelihood and security; and our balooning population, coupled with
unsustainable use of resources, is threatening our aready substandard quality
of life. While we look to high-technology and 21st century models to inspire
us in our work, we also know that we need to go back to basics and resolve
our challengesin agriculture if we are to move our nation forward.

The agriculture sector accounts for roughly 70% of our labor force,
including those indirectly involved in agriculture, and it also accounts for
around 70% of our GDP. However, if you look at the total budget allocated
for agriculture, as well as science and technology, you will see that not
enough resources are directed toward this crucial sector. We see more money
being pumped into —intelligence funds rather than urgent investments in
agricultural infrastructure and R&D. Add to that, our farmers are getting
older and poorer, and there are no attractive options or incentives for the next
generation to step up in this field. We will be facing alooming crisis, as well
as a breakdown in our domestic economy, if things don’t shape up soon. As
Chair of the Senate Committee on Agriculture and Food, it is our priority to
address key issues in the following areas:
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e Access to credit for farmers, fishermen, agricultural workers,
and budding “farmpreneurs’;

e Accessto markets, both domestic and over seas;

e Roll-out of critical infrastructure—such as farm-to-market
roads, post-harvest facilities, cold storage facilities, and thelike;

e Increased investmentsin Research & Development, aswell asthe
transfer of knowledge and technology from our researchers and
scientistsonto thefield; and;

e Hdping agricultural workers get organized to be able to benefit
from the cooperative and micro-finance models, which we have
seen worksin many parts of the country.

Of these five priorities, we are counting on the scientific community to
help us address our clear gaps in R& D—especially in trandating scientific
knowledge into practical, applicable information that will help boost the
agricultural sector’s profitability, productivity, and sustainability. We know
that we have some of the best minds in this room today, and if we could all
work together to bring the latest of your research and scientific
breakthroughs out to the field to be tested or rolled out, then we could make
great headway in finding solutions that work. Remember: we were the
country that once taught Japan, Vietnam, and other countries in the region a
lot of what they know about agriculture. If we could harness al that energy,
knowledge, and potentia today, then we can make a big difference for our
people, for our children.

| have always said that for us to achieve different results, we need to do
things differently. Einstein himself said that — “We can’t solve problems by
using the same kind of thinking we used when we created them”. We
cannot have more of the same poverty, more of the same hunger, more of the
same vulnerability, more of the same injustice. We therefore need to look at
the challenges of agriculture from new lenses, with new mindsets and
perspectives, with a new vision in mind. We must be willing to dare. We
must be willing to tackle risks. To do things differently.

On a personal note, when | was faced with the decision of whether or not
to take the Agriculture and Food Committee some months ago, | initialy
hesitated knowing that | know very little about the Agriculture and Fisheries
sector in that it most definitely wasn't my forte. Yet, my nearly ten yearsin
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the Senate has taught me that poverty and backwardness will not go away
unless we modernize our Agriculture and Fisheries sector-that in order to
reach developed-nation status in a decade and a half, we must resolve the
decades-old problems facing Agriculture and Fisheries Modernization.
Hence, | told myself, | had to walk the talk. | had to move away from my
comfort zone if | was to make areal difference. | had to risk. | had to dare. |
had to have the courage to do things differently and see change through. It
was Gandhi who said — “We must be the change we seek to see”. And so
my own personal journey to help secure our farmers and fisherfolk began.

So let us map out a new future for our country starting today—right here
in this very hall. Let us open our minds, reach out and collaborate, and create
solutions that will make life better for al of us. Your government is here to
listen, to participate, and to act, and we hope that, with you, we can change
the lives of millions of our countrymen and forever change our nation’s path
toward one of genuine change, progress, and prosperity.

Thank you and good morning.
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PHILIPPINE AGRICUL TURE 2020:
A STRATEGY FOR POVERTY REDUCTION, FOOD
SECURITY, COMPETITIVENESS, SUSTAINABILITY, AND
JUSTICE AND PEACE

Emil Q. Javier

Philippine Agriculture (PA) 2020 is a medium term strategic plan for the
agriculture and natural resources sector articulated by scientists, farmers,
entrepreneurs, non-government workers, people in the bureaucracy and other
stakeholders in a series of consultations and workshops convened by the
National Academy of Science and Technology, Philippines (NAST PHL).

The plan envisions a sector that shall have major role in reducing
poverty, achieving food security, global competitiveness, sustainability and
justice and peace. It looks forward ten years hence to a vision of robust and
vibrant agricultural and natural resources production systems and ecosystems
services that improve and sustain well being in the Philippines.

PA 2020 adopted as its conceptual framework the UN Millennium
Ecosystems Assessment which posits a strong linkage between ecosystems
and human well being. Using this ecosystem framework, agriculture is seen
as embedded in three overlapping and interacting systems- 1) agricultural
systems, 2) natural resources systems, and 3) socia systems.

Agricultura systems involve the production of crop livestock, fisheries
and trees for food, feed, clothing and shelter. Their productivity and
sustainability are driven by changes in climate, technologies, tenurial
arrangements, in the country’s resource endowments and on the ecological
services provided by environment and natural resource systems. The socia
systems, characterized by population size and quality, culture, peace and
order, tenurial systems and governance integrate the manner how the two
physical systems are utilized for human well being for now, and for the
generationsto come.

Moreover, PA 2020 embraced the social philosophy that agriculture is a
way of life and that it has multiple functions: That agriculture beyond its
economic and material contributions is connected to the distribution of social
and political power and to the culture and values that animate it and enrich
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society as a whole. That the multiple goals of poverty reduction, attainment
of food security, competitiveness, sustainability, and of justice and peace
cannot be achieved without a holistic view that expands production and
broadens markets, hand in hand with empowering people to move out of
poverty and preserving the sources of pride in Filipino culture.

Thus PA 2020 rests on three pillars: 1) organizing and managing
agriculture as a business, 2) changing the socia structure through asset
reform, and 3) nurturing val ues respecting nature and community.

To make the socia philosophy and pillars of PA 2020 operational, three
broad enabling strategies are required, namely, 1) technology devel opment,
2) investments, and 3) governance reforms.

Technology innovations raise yields, improve product quality, reduce
losses and conserve the environment resulting in enhanced productivity,
profitability, competitiveness and sustainability. These technology
modernization requirements and opportunities are treated at length in the
fifteen agro-industrial clusters into which the whole of agriculture and
natural resources were divided.

The modernization of agriculture calls for massive public investments in
physical infrastructure, in rura credit and finance, in human capita and
ingtitutions. These public investments make agriculture more productive and
less risky and therefore more competitive for private investments.

Governance is the “binding force” for the enabling strategies. In the first
place the public sector has a mgor role in initiating development
interventions. Appropriate laws, policies, rules and regulations need to be in
place to make the public institutions work and to define the space within
which the private sector has to operate and most importantly development in
order to be sustainable and equitable require the broad participation of
stakeholders.

PA 2020 essentialy is a blueprint for the modernization of Philippine
agriculture not so much from the perspective of macro planners and
legislators but from the point of view of sector stakeholders, technical people
and the implementers. Thus it basically reinforces the Agriculture and
Fisheries Modernization Act of 1997 (AFMA) and the NEDA MTPDP but
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richer in organization and technical details and ideas on project planning and
implementation. Much of the added value of the PA 2020 exercise come
from the attached Industry Cluster Strategic Plans (ISPs) and the extra effort
to trandate the broad sector objectives and strategies into Indicative Action
Plans unique for each industry cluster. These suggested Indicative Action
Plans are described at length in the fifteen Industry Cluster Strategic Plans
(ISPs) in the annexes.

PA 2020 proceeds from the premise that the anemic performance of
Philippine agriculture in the last three decades has not been for lack of
appropriate laws, policies, institutions, programs and human resources. Most
of the features of a modern agriculture sector are in place but what had been
lacking for the most part are 1) the political will to fully invest in its
requirements; 2) concentration and sustained efforts, 3) coordination and
convergence of public and private investments and interventions, and 4)
greater transparency and accountability in the use of public funds.

Up to 2006 the annual appropriations to the Department of Agriculture,
its attached corporations and for the implementation of AFMA together was
only about P18-20 billion. Thus the lack of funds has ceased to be a rea
constraint and hence the guarded optimism for the 7% projected growth rate
of agriculture consistent with the NEDA medium term plan. The big
challenge now is to allocate the resources properly and in a balanced and
carefully calibrated manner to those programs and activities which will
contribute the most to the national goals of poverty reduction, food security,
productivity, competitiveness, sustainability, and justice and peace.

An annua public expenditure of around P50-60 billion should be
adequate to meet the modernization needs of agriculture and fisheriesin the
coming decade. Thus the first and foremost requirement is to sustain this
level of public expenditure for agriculture in the General Appropriations
Acts.

What needs and can be done in the near term most of which can be
implemented with the human, financial and institutional resources at hand
include the following:
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For Near-Term Implementation

N

Nogkw

0.

10.
11.
12.
13.
14.

15.

Updating of Industry Cluster Road Maps

Trandating the Updated Industry Road Maps into Operational
National Commodity Programs

Strengthening of the LGU ANR Extension Offices
Strengthening of DA Regional Offices

Establishment of Dedicated Extension Unitsin Selected SUCs
Emancipation of the DA Bureaus

Strengthening of Statistics Gathering and Analysis Capability of
BAS including Utilization of GIS and Remote Sensing
Technology

Organizing All-Philippine Farming Systems RDE Networks for
Rice, Corn and Coconut

Professional Management and Institutional Support to Farmers
Organizations

Review and Oversight of NIA Operations

Completion of Agrarian Reform

Resurrection of the Bureau of Agricultural Extension

Resolution of the Fisheries Governance Issue

Review of Priority Setting and Resource Allocation Among
Programs and Activities

Phase out of Procurement and Distribution of Farm Inputs

Those which require additional legislation, policy reform, major
restructuring as well as programs and projects which have longer gestation
period include the following:

For Medium-to-Long Term Implementation

1
2.

3.
4.
5

Enactment of aNational Land Use Policy

Unified Lands Administration and Public Lands Management;
Creation of aLands Administration Authority under DENR
Further Extension of AFMA till 2020

Reform of the National Food Authority

Creation of a Special Small Farmers Fund, with Subsidized
Interest Rates

Irrigators Associations to Collect and Retain Water Users Fees,
Amendment of NIA Charter from a Corporation to a Bureau
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7. Conversion of Production Forestlands Covered by CBFMAS,
CLOAs and CADCg CATCs into Large Forest and Industria
Tree Crop Plantations.

8. Devolution of Natura Resources Extenson Services from
DENR to the LGUs and their Rationadization into Merged
Agriculture and National Resources Extension Offices.

The Philippine population will continue to grow unabated to 2020 and
beyond as the population debate remains unresolved. The low per capita
availability of arable land and freshwater will further decline. Thus the
country, like most of the rest of the developing world, faces the dauntless
task of producing more and more food from less and less arable land and
irrigation water.

A net food importer even now, the Philippines cannot, even if it wished,
be fully food self-sufficient. Nevertheless with strong measures to preserve
prime arable lands, the full harvest, storage and careful utilization of surface
waters and aquifers, and with modern production and postharvest
technologies, the country can produce a big part of what it imports now and
still produce some niche products for export.

Among the hierarchy of national purposes, elimination of poverty is most
pressing and problematic. Poverty is pervasive in the country, more so in the
countryside. The problem of poverty cannot be adequately addressed without
resolving the challenges of productivity and equitable access to productive
assets by farmers and fisher folks.

PA 2020 has embraced the social philosophy that agriculture beyond its
economic and material contributions is connected to the distribution of social
and political power and to the culture and values that animate it and enrich
society asawhole.
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MANAGING OUR MARINE FRONTIER:
CHALLENGESAND OPPORTUNITIES

Rafael D. Guerrero |11
I ntroduction

Planet Earth, the world we livein, is known asthe “Blue Planet” (as seen
from outer space) with more than 70% of its surface covered by oceans. The
waters of our world are 97% salty (marine) and 3% fresh. A cross-section of
the ocean shows the different zones at various depths from the shallowest
and most productive (Light Zone) to the deepest and most unknown (Dark
Zone). Aside from their biological (e.g., fisheries) mineral and energy
resources, the oceans are also important for producing oxygen and absorbing
carbon dioxide through the plants in them, for regulating climates, as a major
means of transport of goods and people with ocean-plying vessels, and for
their aesthetic value and recreation.

In the context of “Meeting the Challenges of Agriculture Productivity,
Sustainability and Competitiveness,” only the fisheries of our marine frontier
(oceans) shall be discussed in this paper. Marine fisheries involve the
capture, culture, processing, marketing and utilization of marine plants and
animals.

World Fisheries Scenario

Globally, the total fisheries production in 2009 was 145.1 million metric
tons with a value of US$199.9 hillion. Marine fisheries (capture and culture)
contributed 69% to such production while inland fisheries (capture and
culture) contributed 31%. Fish (65%) constituted the bulk of production
followed by invertebrates (25%) and aquatic plants (10%). Humans
consumed 81% of the production which supplied 15.7% of the global
population’s annual protein intake. Fisheries provided income and livelihood
directly and indirectly to 54 million people worldwide. The mgjority (85.5%)
of fishersand fish farmersarein Asia (FAO, 2010).

With overfishing, only 15% of the marine fish stocks of the world are
believed to be underexploited or moderately exploited. Most of the stocks
have been fully exploited or overexploited. Worldwide, 99% of the annual
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commercial ocean catch comes from coastal waters within 200 nautical miles
of the coastline. Marine fish catching is expected to grow only by 0.7%
annually until 2020.

Aquaculture, the farming of aquatic organisms, is seen as the hope of the
future for fisheries. It isthe fastest growing animal producing sector with an
annua growth rate of 6.6%. In 2009, the sector provided 38 % of the total
global fisheries production (Table 1) and is expected to contribute two-thirds
of the world's fish supply in 2020 with an annual growth rate of more than
2.8%.

Tablel. World Fisheries Production in 2009

SOURCE PRODUCTION (million tons) %
Inland
Capture 10.1 7
Culture 35.0 24
Subtotal 45.1 31
Marine
Capture 79.9 54
Culture 20.1 15
Subtotal 100.00 69
Total 145.1 100

Source: (FAO, 2010)

Asia accounted for 52 % of global capture fisheries production and 89%
of culture fisheries production. According to ecosystem, the fish production
of selected Southeast Asian countries showed that the Philippines was the
third largest in fish production after Indonesiaand Thailand (T able 2).

Table 2. Fish Production (million tons) of Selected Southeast Asian
Countries by Ecosystem

Country | Marine | Culture | Brackishwater | Freshwater | Culture

Capture Culture Capture
Indonesia 3.8 0.20 0.43 0.30 0.99
Thailand 2.7 - 0.44 0.21 0.25
Philippines 2.03 0.92 0.25 0.19a 0.15
Malaysia 1.29 0.92 0.12 - 0.15
Vietnam - 0.08 - 0.88 -

Source: Dey et al., 2008 aBFAR.2010
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The Importance of Philippine Fisheries

In 2009, the Philippine fisheries industry produced 5,079,977 million
metric tons of products with a value of PhP 215.58 hillion (BFAR, 2010). Of
this volume, 53% of the production was from capture fishing (inland and
marine) and 47% from culture fisheries or aguaculture (inland and marine).
The production from marine waters was 84% of the total compared to 16%
from inland waters (T able 3).

Table 3. Fisheries Production of Philippine Inland and Marine Waters
(2009)

Source Production (mt) | % of Total Production
Inland

Capture 188,722 4

Culture 616,777 12

Subtotal 805,499 16
Marine

Capture 2,413,863 43

Culture 1,779,862 36

4,193,725 84

Total 5,079,977 100

Source: BFAR, 2010

The fisheries industry contributed 2.2% to the country’s Gross Domestic
Product amounting to PhP170.3 billion at current prices and 24.4% of the
Gross Vaue Added in the Agriculture Sector, the second largest to
agricultural crops. It also provided direct employment to more than 1.6
million fishers and fish farmers who are mostly small-scale and poor. The
fisheries exports of the country (mainly tuna and seaweeds) had a value of
US$674,861. Filipinos consume about 38 kg/cap/yr of fish and fish products
that comprise 42% of their animal protein supply (BFAR. 2010)

The Philippine Marine Frontier and ItsFisheries

As an archipel agic country, the Philippines has a marine frontier (oceans)
consisting of 2,200,000 km? territorial waters that are 12% coastal or inshore
and 88% oceanic or offshore. It aso has a continental shelf area of 184,600
km? (from the shoreline to a depth of 200 m) and a coastline of 36,289 km
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which isthe third longest in the world next to Canada and Indonesia (BFAR,
2010).

The marine fisheries of the country include both the capture or catching
and culture or farming of plants and animals in the oceans. Marine fisheries
capture involves the catching of pelagic species (dwelling near the sea
surface) and demersal species (dwelling near the sea bottom). The pelagic
fishes consisting of the small pelagics (e.g., roundscad and sardine) and large
pelagics (e.g., tuna and billfish) contribute 56% and 15%, respectively, to the
total marine catch. Demersa fishes that contribute about 18% to the total
catch are caught in hard bottoms (e.g., snapper and grouper) and soft bottoms
(e.g., slipmouth and catfish). Aside from fishes, invertebrates like squids,
shrimps and crabs are also caught in marine waters. Marine fishers are
categorized into municipal fishers (without or with boats of 3 gross tons or
less) fishing within municipal waters (up to 15 km from the shoreline) and
commercia fishers (with boats more than 3 gross tons) fishing outside of
municipal waters. Commercia fishers using active types of fishing gear such
as ring nets, bag nets and purse seines land about 53% of the total marine
catch while municipal fishers using passive types of fishing gear such as
hand lines, gill nets and fish traps land 47% of the catch. In 2002, there were
an estimated 1,371,676 municipal fishers and 16,497 commercia fishers in
addition to 226,195 fish farmers (BFAR, 2010).

For marine culture fisheries or mariculture, the dominant production was
for seaweeds (94.6%) with Kappaphycus alvarerzi and Eucheuma cottoni as
the main species which are utilized for industrial products. Marine fishes
(mainly milkfish) cultured in cages and pens contribute 3.1% to production
followed by mollusks (oysters and mussels) with 2.2% and crustaceans
(crabs, lobsters and shrimps) contributing the least.

Challenges of Philippine Marine Fisheries

In the Comprehensive National Fisheries Industry Development Plan
(CNFIDP) of the Bureau of Fisheries and Aquatic Resources (2008), the
problems/issues (challenges) confronting the Philippine marine fisheries
industry are: (1) depleted fisheries resources due to excessive fishing effort
and open access regimes; (2) degraded fisheries habitats due to destructive
fishing methods, conversion of fisheries habitats into economic uses and
negative impacts from land-based activities; (3) intensified resource use
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competition and conflict among fisher groups and other economic sectors;
(4) unrealized full potential of aquaculture and commercial fisheries as there
are still underutilized areas for industry development; (5) uncompetitive
products due to inferior quality and safety standards; (6) post-harvest |osses
in terms of physical, nutritional and value losses; (7) limited institutional
capabilities from the locd up to the nationa levels of governance; (8)
inadequate/inconsistent  fisheries policies that promote conducive
environment for sustainable development; and (9) weak ingtitutional
partnership among government agencies, civil society organizations and the
private sector.

The CNFIDP projected that by 2025 with a population growth rate of
2.31% and per capita fish consumption of 31.4 kg/yr, the country will have a
fish supply deficit of 585,538 metric tons. In addition, the negative impacts
of climate change on fisheries resources also need to be considered.

Overfishing has resulted in the depletion of most of the marine fisheries
stocks of the country. The demersal stocks are estimated to be only 10-30%
of the levels in the late 1940s with an annua rent dissipation of US$130
million (Silvestre et al., 1986). The maximum sustainable yield (MSY), the
biomass of fish that can be harvested from afishing ground in a year without
compromising its ability to replenish itself, for small pelagics was reached in
the mid-1970s and the biomass of stocks today is only 17% compared to that
in the 1950s with an annual rent dissipation estimated at US$290 million
(Silvestre et al., 1986). The large pelagics have a so been overfished with the
catching of juveniles and the use of “payaos’ (Babaran, 2004).

The critical marine ecosystems (habitats) namely, mangroves, sea grass
beds and coral reefs that sustain marine life have extensively been degraded
due to heavy human pressures. Only less than one-third of the 450,000
hectares of the mangroves that we had in 1918 are till available (Israd,
2004). Lossesof extensive sea grass beds in the country due to pollution and
other human impacts have been reported (Fortes and Santos, 2004). More
than 70% of the coral reefsin the country are in poor condition and only 5%
isin excdlent condition (Gomez et al., 1994). Aside from supporting marine
fisheries, such ecosystems also render vita ecological services such as
conserving biodiversity, trapping sediments from land, protecting coastal
areas from storm surges and providing eco-tourism opportunities.
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Despite the enactment of the Fisheries Code of 1998 (R.A. 8550) that
provides for the development, management, conservation and protection of
fisheries and aquatic resources for food security, poverty aleviation of small-
scale fishers and optimal utilization of offshore and deep sea resources, the
intense competition and conflict among the municipal fishers and
commercia fishers in coastal waters still persists. Up to now, commercia
fishers continue to intrude into the municipal waters that are exclusively
alotted to municipal fishers because of poor law enforcement by loca
government units which have jurisdiction over such waters. The definition
of the extent of municipal waters in certain areas of the country has till to be
resolved juridically.

Aquaculture, the fastest growing food-producing sector in the world
today, is considered the main driver of growth for the country’s fisheries
industry provided that it is applied on a sustainable basis (within ecologica
limits). The potentia for expanding mariculture or sea farming of fin fishes
(e.g., milkfish and grouper), seaweeds and invertebrates in our extensive
coastal waters is enormous. The fisheries resources in our EEZ have barely
been assessed and exploited.

For improving the competitiveness of our fisheries industry, there is need
for ensuring the quality and safety of its products that are traded locally and
internationally in accordance with accepted standards. The problems of the
industry for fish processing are poor quality products, inconsistent quality of
products, lack of appropriate standards for traditional products, insufficient
capital to improve the enterprise and the lack of infrastructure for chilling
and cold storage facilities. The needs for upgrading the technology and
quality standards for value-added products including hygiene and sanitation
in processing plants are imperative (Espejo-Hermes, 2004).

It is estimated that 25-30% of the total marine catch is lost due to
improper handling (Camu, 1991). Aside from physical losses, economic and
nutritional losses are also incurred with the lack of icing, appropriate
containers, processing, packaging and storage (Espejo-Hermes, 2004).

The Bureau of Fisheries and Aquatic Resources (BFAR) of the
Department of Agriculture is tasked with the functions of policy and
enforcement, fisheries industry development, regulation of commercial
fishing and research. Aside from formulating and implementing the
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CNFIDP, it is adso expected to formulate and implement a Comprehensive
Fisheries Research and Development Program and establish/maintain a
Comprehensive Fisheries Information System, among others. With the lack
of sufficient human and capital resources, the BFAR is unable to fully
implement its role as “premier fisheries management agency” of the country.
At the national level, the Department of Agriculture takes charge of the
overal planning and policy-making for agriculture and fisheries. The
Fisheries Code of 1998 provided for the position of Undersecretary for
Fisheries in the Department of Agriculture to fully attend to the needs of the
fisheries industry. While the position was filled for awhile, it was rel egated
to the position of Undersecretary for Livestock and Fisheries and then
unfilled until the present subject to the rationalization plan of the Department
of Agriculture (Tabios, pers. comm.). Thereislow priority given to fisheries
relative to other concerns of the government particularly under the
Department of Agriculture (Lunaet a., 2004).

The national and local institutions concerned with fisheries governance
have inadequate capabilities to manage and effectively control the amount of
fishing with the lack of a system to monitor fish stocks and determine
sustainable catch levels on an annual basis. Such institutions lack sufficient
manpower, funds and equipment to carry out their operations efficiently
(Lunaet al., 2004).

The inadequate/inconsistent fisheries policies in the Fisheries Code of
1998 and the lack of clear policies on capture fisheries make implementation
impractical and confusing (Santos, 2004). For instance, while municipal
waters are supposedly reserved for fishing by municipal fishers, small and
medium-scale commercial fishers are alowed to fish in the same waters with
certain conditions. Moreover, while the use of active fishing gear is banned
in municipal waters, the use of the same gear is alowed for use by medium-
scale commercial fishersin municipal waters.

The weak institutional partnership among government agencies, civil
society organizations and private sector is brought about by the lack of
effective coordination and participation of the said groups in the policy-
making and implementation processes. While the Department of Agriculture
through the BFAR is responsible for the overal policy and programs
pertaining to fisheries, the Department of Environment and Natural
Resources is responsible for the protection and conservation of natural
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ecosystems including marine ecosystems, and the Philippine Coast Guard
under the Department of Transportation and Communication is responsible
for enforcement of maritime laws including those for illegal fishing.
Freguent consultations and close coordination with concerned stakeholders
such as local government units, civil society organizations and the private
sector are needed for ensuring awareness, participation and cooperation of
such groups.

Climate change will bring about extreme westher events as protracted
droughts and strong typhoons in the country. Sea level rise and ocean
acidification are also among the expected negative impacts. In the ENSO (El
Nino Southern Oscillation) episode of 1997-98 losses of more than PhP 6
billion and PhP 1 bhillion were incurred by the country’s aguaculture and
capture fisheries indudtries, respectively (PCARRD, 2001). Cord
“bleaching” caused by abnormally high sea surface temperature that kills the
symbiotic dinoflagellates which live within the living coral polyps was
observed in Bolinao, Pangasinan in 1998 (San Diego-McGlone et ., 2005).

Opportunitiesfor Marine Fisheries

In meeting the challenges of our marine fisheries, there are opportunities
that should be considered and acted on. These opportunities are: (1) reducing
the fishing effort so as not to exceed the MSY of 1.9 million metric tons, (2)
rehabilitating and conserving marine ecosystems, (3) improving post-harvest
methods and practices, (4) providing alternative and supplemental livelihood
to municipa fishers, (5) enhancing investment opportunities in mariculture
and commercial fishing overseas, (6) strengthening the capacity and
capability of ingtitutions for science-based fisheries policy formulation and
effective fisheries resources management, and (7) formulating a long-term
response and action plan for cushioning the impacts of climate change.

To address the key issue of overfishing, the number of fishersin depleted
fishing grounds should be reduced to sustainable levels (MSY). For small
pelagics, for instance, the fishing effort needs to be decreased by 50-65%
(Dalzell et al., 1987). Other means of reducing the pressure on natural stocks
include fishing gear restrictions and seasonal closures of depleted areas
(Trudeau, 2004).
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The rehabilitation and conservation of marine ecosystems such as
mangroves and coral reefs can be done through the establishment of marine
fisheries reserves and protected areas. In Section 81 of the Fisheries Code of
1998, the designation of at least 15% of municipal waters for fish refuges or
sanctuariesis provided and 25-40% of fishing grounds for mangrove reserves
isallowed. For coral reefs, at least 10-15% of the area should be managed for
intensive protection (Alino et a., 2004). Marine reserves are the best option
for protecting and managing marine fisheries and biodiversity. The
protection of at least 20% of marine habitats is the minimum to avoid
ecosystem failure (Alcala, 2001).

Post-harvest losses can be reduced by improving handling and
processing methods such as the use of sufficient ice, appropriate containers
for chilling and the application of improved packaging and storage methods
(Espg o-Hermes, 2004)

Mariculture or sea farming can be an alternative and/or supplemental
livelihood for impoverished small fishers. There are now more than 100,000
coastal fishing families engaged in seaweed farming throughout the country.
With only 60% of the available coastal water areaidentified to be suitable for
such enterprise being utilized, there is till a lot of room for expansion.
However, there is need for more seaweed nurseries and credit support to the
fisherfolk (Pagdilao, 2011).

Aside from seaweeds, the culture of high-value invertebrates such as
abalones and sea cucumbers and finfishes (e.g., milkfish, grouper, siganid
and salt-tolerant tilapia) in pens and cages can now be done commercialy in
designated mariculture parks. Likened to agricultural estates and industrial
parks, mariculture parks are set up with infrastructure and other incentives
provided by the government to attract private investors. There are now more
than 50 mariculture parks in 13 regions of the country established by the
BFAR in collaboration with local government units with an area of over
50,000 has and atotal investment of PhP950 million, 84% of which was from
the private sector (Adora, 2011). Considering the country’ s extensive coastal
waters, tropical climate, strong technological base and the increasing demand
for fish here and abroad, the deficit for fish in the coming years can be met
by sustainable aquaculture.
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There are also opportunities for commercial fishers to catch tunas and
other large pelagics in the EEZ and overseas. Some Filipino fishing
companies have already engaged in joint ventures with tuna-rich countries
like Papua New Guinea in the West Pacific and Indonesia in the Indian
Ocean (Barut, 2011).

Capacity building at the national and local levels for fisheries resources
assessment, management and law enforcement is imperative. The capability
of national agencies such as the BFAR and local government units are
limited by inadequate funds because low priority is given to fisheries by the
national government through the Department of Agriculture (Luna et al.,
2004). Thereisalso need to improve fisheries statistical information systems
and for more biological studies on the country’ s marine stocks (Barut, 2011).

To strengthen the national ingtitution for more effective policy
implementation and management of fisheries resources, the establishment of
a Department of Fisheries and Aquatic Resources to replace the present
BFAR has been proposed. There are now seven hills in the House of
Representatives and two pardlé bills in the Senate being deliberated on to
this effect. Revison of the Fisheries Code of 1998 to thresh out
inconsistencies and deficienciesis also on-going (Tabios, pers. comm.).

In cushioning the impacts of climate change on the country’s marine
fisheries, risk and vulnerability assessment studies need to be done. Such
studies on coral reefs are now being conducted by researchers of the Marine
Science Institute of the University of the Philippines in collaboration with
other ingtitutions. The Philippine Climate Change Commission is preparing
an action plan for adaptive and mitigating responses to the phenomenon. An
awareness and information drive for al stakeholders of the fisheries sector is
essential.

Conclusion

The marine resources (e.g., fisheries) of the Philippines contribute
significantly to its people and economy in terms of food security, livelihoods,
exports and ecological services. Despite the challenges (problems/issues)
confronting the sector, there are opportunities (appropriate actions) that
should be considered and done for addressing them.
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For the sustainable development of our marine frontier, high priority
should be given it by the government considering that it can provide valuable
social, economic and environmental benefits to the present and future
generations of Filipinosif it isrationally and efficiently managed.
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Land Use and Administration

Land use planning is the practice of accounting and allocation of land
resources in order to meet national requirement for food, feed and energy
including sites for the needed infrastructure of the community as well as
additional space to accommodate wildlife habitat. Critical to the planning
process is the evaluation of land resource potentia towards sustainable land
utilization. With identified major soil constraints to food production such as
water availability, low CEC, aluminum toxicity, vertic properties, high P
fixation, shallowness and erosion risk, Philippines has barely 9.323 M
hectares of arable land with a potential of supporting only the grain
requirements of a population of 22.909 M, 41.559 M and 76.295 M under
low, medium, and high technology input levels, respectively (Beinroth,
Eswaran and Reich, 2001). The estimate does nat even take into account the
negative impact of climate change, extent of land degradation due to
mismanagement and neglect, which can exacerbate the productivity of
available arable lands for particular agricultura crops (Badayos, 2011). This
available arable land trandates to current land availability of only 1080
square meters for every Filipino. This very narrow land: people ratio can
only get worse as Congress continues its debate on the reproductive health
bill (PA 2020, 2011).

Thus, the second order of business, after finaly arriving at a national
consensus on family planning/population management, is appropriate
governance and strong political will to halt the conversion of prime,
irreplaceable farm lands into settlements, industry and other non-agricultural
uses. The Comprehensive National Land Use Policy and Plan legidation is
long overdue. Cadastral mapping and delineation of forestlands, protected
areas and ancestral domains should be completed soonest. All LGUs must
complete their local land use plans consistent with national guidelines and
implement the same with rigor and firmness.

Moreover, land administration is lodged in several departments and
bureaus and is therefore very fragmented, very confusing and inefficient. It is
imperative therefore, to consolidate al government lands management
activities under DENR.  Hence, the participants of the Annua Scientific
Meeting (NAST, 2011) proposed the following resolution addressed to the
Office of the President and L egislative Bodies:
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“ Enactment of a Comprehensive National Land Use Plan Law,
Lands Administration Reform Law and the establishment of the
Lands Adminigtration Authority (LAA) under the Department of
Environment and Natural Resources for an integrated, unified,
synchronized system of land use planning at all levels. LAA will
integrate the functions of Lands Registration Authority, Registry of
Deeds, Lands Management Bureaus, Lands Management Services
and Nationa Mapping Resources Information Authority
(NAMRIA)...”

In addition, the following resolution was proposed to the Department of
Environment and Natural Resources (DENR) and the Department of Interior
and Local Government (DILG):

“Immediate completion of cadastral maps to delineate
forestlands, protected areas and ancestral domains,; and facilitating
and expediting the completion by LGUs of their respective
comprehensive land use plan (CLUPSs) to serve as an integrating
framework in the management of resources...”

Hand in hand with the governance and implementation issues, it is also
imperative to train more experts in land planning, accounting and allocation
of land resources in the university and in government, the LGUs/stakeholders
in order to prepare them for teaching, research and practical application,
respectively. Thus, this capacity building should be supported by both local
and national governments.

Raising Cropping Index

Land productivity could be further improved by raising crop yields per
cropping and on per unit area-basis by raising the cropping index (CI). Tota
annual harvested area is about 12.4 million hectares, which with a physical
area of 10.3 million hectares, translates to a cropping index of 1.20. With our
favorable year-round growing conditions, cropping intensity could be raised
to 2to 3 or apotential harvested area of 20.6 to 30.9 million hectares.

As a starting point, we have to look at the current Cl in our crop
production areas. However, current information on cropping index is limited
to our agriculture data sets of crop production information such as area
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planted, yield per hectare and production volume per crop. In most cases
(except for the monoculture cropping), these do not reflect the contribution
of ClI in attaining the present crop production level. Hence, increasing the Cl
in our agricultural lands should be done on area-basis, i. e, on properly
delineated areas that will alow accounting of the various interventions
directed towards increasing crop productivity.

Rice-based Cropping

Raising the ClI of a rice-based cropping system from 1 to 2 can be
achieved through rice double cropping (Rice;-Rice;) or Rice-Upland Crop
(UC) cropping. Increasing Cl from 2 to 3 can be achieved through Rice-UC;-
UC,, Rice;-UC-Rice; or triplerice cropping (Ricei-Rice,-Rices) (Figure 1).

Raising CI from 1 to 2. With wet season rice as the base crop, sequential
planting of dry season rice (Riceys - Riceys), or relay/sequential planting of
short-duration upland crop (Rice,s - UCq) can be done. Raising Cl from 2
to 3. With Rice,s - Ricey as the base crops, planting of the 39 rice crop
during the transition period between dry and wet seasons can be done such as
Riceys - RiCeysastransition - RiCEss. Sequential or relay planting of short duration
upland crop can aso be a potential option for Rice,s - Ricey and for Riceys -
UCgs as base crops, thus a cropping system of Riceys - UC,sdstransition - RiCEs,
or RiCaNs - Ucws—dstransition - UCds-

Lowland Rice-based Cropping

Raising Cl from 1 to 2

Base Crop: Rice (single cropping) > Cl =1

= Rice-Rice (double cropping) = Cl = 2

= Rice-UC (sequential or relay cropping) > Cl=2

Raising Cl from 2 to 3

Base Crop: Rice-Rice (double cropping) 2> Cl =2

Base Crop: Rice-UC (sequential or relay cropping) > Cl=2
= Rice-Rice-Rice (friple cropping) > ClI=3

= Rice-Rice-UC (sequential or relay cropping) > CI=3

= Rice-UC-UC (sequential or relay cropping) > CI=3

Figure 1. Raising cropping index for lowland rice-based cropping system
from ClI 1-2 and CI 2-3 (Sta. Cruz, 2011)



R. Villareal, et al. 257

Annual Upland Crop-based Cropping

Annua upland cropping may include monoculture (e. g. corn) or
multiple cropping of long-duration (6-12 mo) annuals (e. g. sugarcane,
cassava) and short-duration (3 mo) annuals (grain crops, grain legumes,
vegetables, etc.)

Raising the Cl from 1 to 2 in annua upland crop-based cropping can be
achieved through intercropping of along-duration annual with short-duration
annua (UCyp) + UCysp)) Or sequential cropping of two short-duration
annuals (UCysp) — UCyxspy). With the long-duration annual as the main crop,
ashort duration crop can be intercropped (UC; (p) + UC; (<)) (Figure 2). The
short-duration crop is usually harvested before the canopy of the main crop
closes. Increasing the CI from 2 to 3 can be achieved through sequential
cropping of 1 crop or 3 fast-maturing upland annuals (UCysp) — UCysp) —
UCssp))-

Annual Upland Crop-based Cropping

Raisin: 1 fi 1tc02

Base Crop: Annual upland short-duration crop (single crop) =2 CI 1
Base Crop: Annual upland long-duration crop (monocrop) => Cl =1
= UC,-uc, (double cropping) 2> Cl=2

= UC,-UC,; (multiple-sequential cropping) >Cl =2

= UC,+UC; (mulliple-intercropping) > Cl=2

Raising Clfrom 2 to 3

Base Crop: UC-UC (double cropping) = Cl=2

Base Crop: UC ,-UC; (sequential or relay cropping) 2 Cl=2
= UC,-UC,-uUc, (Hriple cropping) > Cl =3

= UGC,-UC,-UC,; (multiple-sequential cropping) > Cl =3

= UC,-UC,-UC, (multiple-sequential cropping) > Cl =3

Figure 2. Raising crop index for annual upland crop-based cropping
from CI 1-2 and CI 2-3 (Sta. Cruz, 2011)

Caoconut- and Perennial Crop-based Cropping

Existing coconut and perennial crop-based cropping offers great potential
in raising the Cl from 1 to 3 or more. The multi-storey cropping has been
proven to be productive in a lot of farms across the country. In coconut-
based or perennial crop- based cropping, short-duration field/horticultural
crops can be intercropped during the earlier stage of the main crop, while
shade-loving fruit trees, vines and/or low-growing field/horticultural crops
can be intercropped when the main crop is about to reach its maximum leaf
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area or canopy size, i.e, near canopy closure at optimum plant spacing
(Figure3).

Raising Cl from 1 to 3
PERENNIAL CROP-BASED CROPPING

Base Crop: Coconut

Vegetative = Rﬁ.ﬁfﬁﬂ:’ﬂ;e = o Senescence

30% of the remaining
(=10 years) y years)

Intercropping of annuails, biennials & perennials --- multi-storey
cropping
= Vegetative: Short-duration annuals and biennials
= Reproductive: Shade tolerant perennial species ---smaller than
coconut
= Senescence
+ Continuation of the well-established perennial crops (intercrops)
¥ Intercropping of annuals and biennials --- as in vegetative stage
¥ Replanting of coconuts to replace the ageing main crop

Figure 3. Raising crop index for perennial crop-based cropping from ClI
from 1 -3 (Sta. Cruz, 2011)

Both research and experience show that a cropping index in all cases
would require the following: synchronization of cropping schedules with the
rainfall pattern, provision of supplemental irrigation, use of early maturing
crop varieties/species, use of protective structures especially for high value
crops, and provision of good pest and disease control. In the case of rice-
based cropping, shortening of fallow period is also imperative. Only the
coconut and perennial crop-based cropping requires the use of shade-loving
Crop species.

Villareal (1976) reported his practical observations on the interlinked
factors which contributed to the success of multiple cropping synonymous to
high Cl in Taiwan: favorable climatic condition, excdlent irrigation
facilities, extensive application of organic and inorganic fertilizers, small
farm size, and well-organized marketing systems. Except for favorable
climatic conditions and small farm size, the importance of irrigation and use
of fertilizers are aready adequately covered in this paper.

Villareal (1976) considered the influence of favorable climatic conditions
on both the farmers who practice multiple cropping and on the crops that
follow after rice. With excellent irrigation, raising of the more intensively
grown crops is only from October to March because at that time,
temperatures are milder and very conducive to work.  Farmers in thick
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sweaters working on their farms do not seem to get tired unlike in the
tropical countriesi.e. Philippines and Thailand where temperatures are much
higher causing them to be less active. Most farmers crawl to weed their rice
fields in winter planting than in summer planting. Temperatures in Taiwan
from October to March are also more suitable for growing a variety of crops.
Cool season vegetables such as cabbage, Chinese cabbage, onion and potato
are specially favored in early winter through spring, Also, the warm days and
cool nights are optimum for melon and tomato production. Still, more
suitable varieties of crops for the climatic conditions of tropical Asia have to
be discovered or devel oped.

The bottom line is beyond science, farmers should be industrious and
willing to work hard and spend long hours in attending to their crops despite
the harsh weather.

On small farm size, Villareal (1976) noted that, “Taiwan agriculture is
that of gardening and not farming. Intensive and continuous cropping of
farms, irrigation, and efficient protection against crop pests, characterize a
typical market garden. Noteworthy are the very intensive operations such as:
crawling to weed rice fields, training sweet potato vines, watering individual
vegetable crop with liquid manure, cutting individual corn stalks above the
ear, topping and pollination tomato, etc. One reason the massive intensive
cropping systems in Taiwan are carried out successfully is their small farm.
Average farm size in Taiwan was 0.84 in 1972 (Wang and Yu, 1973).
Farmers are anxious to improve the productivity level of their farms and
explore any possibility of obtaining extra income through the very intensive
use of their limited land resources. Small farm size permits Taiwanese
farmers to intensively crop their areas, which would have been difficult if
their farms are bigger since farm family members are the main source of
farm labor.

However, intensive monocropping and succession cropping of same crop
year in and year out on the same piece of land will raise productivity but will
ultimately result in soil fertility problems and build up of pests and diseases.
Crop rotation and diversification to high value crops should be promoted to
avoid these ecological problems and to enable farmers to take advantage of
market opportunities and thereby achieve higher returns. The necessary
agronomic technologies which are highly location- and market- specific can
be systematically developed through the All Philippine Farming Systems
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R& D Networks built around rice, corn and coconut, which together account
for three-fourths of farm lands and small farmers. And this effort requires
sustained financia support from both the government and the private sector.

Sta. Cruz (2011) summarized the issues and recommendations in raising

cropping index:

| ssue

Recommendation

Delineation of agricultural areas
based on cropping system — an
entry point for crop intensification

Development of land use plan at
the municipal level delineating the
areas (location and hectarage) for
crop intensification based on
dominant cropping systems

Crop intensification and
municipal agricultura program

Integration of crop
intensification program as along-
term component of the municipal
agricultural program

Planning, development and
implementation of the crop
intensification program:

e Setting of direction
e Stakeholders
e [Extension

e Program goals and direction to
be set at the national level— top
down

e Participatory planning,
development and
implementation by SCUs, LGUs
and NGOs

e Extension support program to
address the technical and
extension needs

o Irrigation water requirement

e Capital/input requirement

e Postharvest handling and
marketing requirement

Support programs to address the
key issues:
o Water availability for crop

production

e Increased capital/input
requirement

e Increased production volume
that may disrupt usual

postharvest handling and
marketing schemes
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¢ Climate change on crop Strategic RD support program to
adaptation and pest shift proactively address the key issues:

e Pest management under e Impact of climate change on
intensified cropping crops grown under multiple

e Energy problem and cropping scheme
conventional agriculture e Reduction of fossi|-based inputs

e Sustainable agriculture e Sustainable farming practices

e Introduction of ‘new crops in e Fitting of ‘new crops' in the
various cropping systems intensified farming scheme

Varietal Improvement and Agricultural Biotechnology

Crop agriculture starts with good seeds. The maor improvement
objectives include high yield, earlier maturity, adaptation to drought and
water logging, tolerance to soil infertility, acidity and salinity; resistance to
pests and diseases, and enhanced nutritive value and quality including
storage and shipping traits. Much had been achieved and many more are yet
to come with conventional breeding technologies by public and private plant
breeding organizations. In addition, the new tools from modern
biotechnology, e.g., DNA marker-assisted breeding and transgenics will
greatly facilitate crop improvement and should be promoted.

The Philippines is the first Asian country to commercialize a genetically
modified food crop. In 2002 during the first year of commercialization of Bt
corn in the Philippines, 10,000 ha were planted to this product of modern
biotechnology. Substantial yield increases of up to 37% were realized during
the first year of planting, which trandated to PhP10,000 additional profit for
the farmer (Y orobe and Quicoy, 2006). A study of Bt corn ROI for cropping
seasons from 2003—-2004 to 2007—-2008 showed consistently higher % ROI
with performance ratio ranging from 1.1 to 1.9, in spite of the higher cost of
Bt corn seeds (Gonzales, 2009). According to Gonzales, the use of Bt
technology is more cost efficient, resulting in higher net income for farms
which could lead to higher subsistence level carrying capacity. As of 2010,
genetically modified corn (Bt corn, HT corn and stacked Bt and HT corn)
was planted to 500,000 hain the country (James, 2011), a 50-fold increasein
7 years.

With the impressive yield gains obtained using GM corn, the promise of
modern biotechnology to contribute significantly to further improving
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agricultural productivity is underscored. Doubling the corn yield over the
next twenty years from 10-20 tons per ha has been projected using
combinations of biotechnology traits, marker-assisted breeding and advances
in agronomic practices (Edgerton, 2009).

Although the target is to deliver twice as much food in 2050 as is
produced today and deliver economic benefits to small and large farmers
alike, these must be done with reduction of impacts to environment, while
getting more food per unit land, water, and energy, and adapting to climate
change by improving yield stability even under stress (Sachs, 2009).

25.0

O Biotechnology traits

St B Marker-assisted breeding
’ O Conventional breeding m—

SLLULE

2005 2010 2015 2020 2025 2030

OAgronomics
15.0 -

Corn yield (tonnes/ha)

Figure 4. Projected impact of improvements in agronomics, breeding
and biotechnology on corn yields in the United States. From Edgerton,
2009

The presently available biotech agricultural products corn, soybean,
cotton and canola have desirable agronomic traits of insect protection and/or
herbicide tolerance. In 2010, the GM crops were planted to 148 M hain 29
countries (James, 2011). Herbicide tolerance trait accounted for 61% of the
total global area planted to GM crops, followed by 22% for stacked traits of
herbicide tolerance and insect protection, and 17% for insect protection.
These GM products belong to the first wave or generation of biotech
products which directly benefit the farmers. These traits will remain
important but development of other important traits is being strengthened to
help increase the yield of crops under various conditions.  The different
traits of biotech agricultural products which are at different stages of
development include: (1) better pest resistance and weed control, (2) water
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usage efficiency, (3) nitrogen use efficiency, (4) intrinsic yield, and (5)
quality traits.

Pest Resistance and Weed Control

From the present two stacked traits of corn borer resistance and herbicide
tolerance, new corn varieties will exhibit multi-stacked traits which controls
as many as 12 above and below ground insect pests that include corn borer,
rootworm and multipest complex, and herbicide tolerance flexibility which
can alow the use of either glyphosate or glufosinate applications (Syngenta,
2010). Corn varieties with third generation corn borer- and rootworm-
resistance and tolerance to more than one herbicide are expected to provide
more durable protection against a wider spectrum of insect pests and greater
flexibility for use by farmers (Monsanto, 2011). Soybean which has
herbicide tolerance to two types of herbicides and insect protection is now in
the late stage of development. Monsanto is also developing soybean varieties
with cyst nematode resistance using modern biotechnology and Asian rust
resistance by advanced breeding using markers.

Bt eggplant has insect protection against fruit and shoot borer. It yields
twice that of other varieties and will need 30% less pesticide. The Bt
eggplant in India was approved for commercialization in October 2009 by
the Genetic Engineering Approval Committee of the Indian government.
However, its commercidization was put on hold in February 2010 due to
safety concerns after protests from various groups against the technology. In
the Philippines, the field testing of Bt eggplant continues athough this was
marred by uprooting of experimental plants at the University of the
Philippines Mindanao in December 2010 and then at UP Los Bafios in
February 2011.

China's Ministry of Agriculture approved the commercia planting of Bt
rice and GM phytase rice in November 2009 and it is expected that large
scale cultivation of Bt rice will start in 2011. Huazhong Agricultural
University developed the Bt rice while the Chinese Academy of Agricultural
Sciences developed the phytase rice. India is conducting open field trials of
Bt rice and commercialization is not expected in the next six years.

The development of sugarcane with insect resistance and herbicide
tolerance is being conducted in India, Brazil, US, and South Africa
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Monsanto is using its Bt and Roundup Ready technologies in developing GM
sugarcane which is at an early stage. South Africa is field testing GM
sugarcane which include lines with the Bt gene. However, several groups
have posed objection to further testing of GM sugarcane in South Africa due
to biosafety concerns.

Water Usage Efficiency

Water is becoming a precious commodity and with increasing global
food, feed and fuel demand, developing crops which are efficient in their use
of water has become very important. The strategy in developing maize with
superior water usage efficiency includes the use of the global maize
germplasm, use of markers to aid in selection and genetic engineering tools
to introduce drought tolerance traits. Syngenta released in 2010 its Agrisure
Artesan™ technology of maize hybrids which are able to utilize moisture
more efficiently on drought stressed areas. This technology was created
through molecular breeding, mining genes from the corn genome which are
responsible for efficient water utilization. Syngenta is also developing
drought tolerant maize varieties using GM trait and these hybrids are
expected to be available after 2015 (Syngenta, 2010).

Monsanto and BASF introduced a gene from Bacillus subtilis called
cspB, which helps the bacteria cope with cold temperature, into corn which
confers it drought tolerance and provides 7-16% yield advantage over
control (Sachs, 2009; Gilbert, 2010). Pioneer-Dupont has a second
generation combination of native and transgenic maize with improved 16%
yield advantage in limited water conditions (Gilbert, 2010). In January 2011,
Pioneer Dupont announced the release of its drought tolerant maize hybrid
developed using marker-assisted breeding which followed the announcement
of Syngenta on its own maize hybrid of similar trait in July 2010.

Performance Plants Inc. of Canada has devel oped the WET ™ technol ogy
which allows plants to grow normally and produce excellent seed yields with
significantly less water. Greenhouse experiments have shown that WET®
plants produce 22% more growth with limited water. The effectiveness of the
technology has been demonstrated in canola and is being developed for
mai ze, soybean, cotton, ornamentals and turf grass (Performance Plants Inc.,
2011).
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Nitrogen Use Efficiency

Nitrogen fertilizer accounts for about 20% of corn production cost. Thus,
increasing the efficiency of nitrogen use by corn (and other crops) will
improve the crop’s profitability. It is estimated that only 30-50% of applied
nitrogen fertilizer is actually taken up by crops. This nitrogen use efficiency
(NUE) trait will help plants to use nitrogen more efficiently by increasing
yield under normal nitrogen conditions or stabilize yields under low nitrogen
conditions. The big agricultural biotech companies (Monsanto, Syngenta and
Pioneer) and small start-ups (Arcadia, Evogene, Performance Plants Inc.), as
well as several research institutes and universities are developing nitrogen-
use efficient plants but all initiatives are at proof-of-concept stage. Strategies
to improve nitrogen use efficiency by genetic engineering include (a)
increasing uptake efficiency by overexpressing transporters and (b)
increasing physiological use efficiency by overexpression of key enzymesin
nitrogen metabolism such as nitrate reductase, glutamine synthetase, and
alanine amino transferase.

Monsanto started collaboration with Evogene in 2007 to use the genes
discovered by the latter which help plants maintain yield even with lower
applications of nitrogen. Yield gains of 23% for NUE transgenic corn plants
at 0 level of nitrogen and 8% at 60 pounds applied nitrogen were observed
for experiments in 2007—2008 for up to 16 locations. The main targets for the
NUE improvement by genetic engineering are corn, whest, rice and rapeseed.
However, it is believed that improved agronomic practices could further
increase nitrogen use efficiency. For the past 21 years, nitrogen-fertilizer
efficiency of maize in the United States increased by 36% due to large
investments in public sector research and extension education, investments
by farmers in soil testing and proper timing of applying fertilizer (Tilman et
al., 2002).

IntrinsicYield

Two major approaches to increase the yield ceiling are improving
photosynthetic efficiency and increasing biomass yield. Christou and
Twyman (2004) discussed various strategies of genetic engineering which
could potentially increase agricultural productivity.
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Magority of plant species including rice utilize C3 type of photosynthesis
which is much less efficient than C4. For example, for the same amount of
fertilizer and water, maize, a C4 plant, will produce twice the biomass and
yield twice of rice. The International C4 Rice Consortium led by the
International Rice Research Institute and funded by the Bill and Melinda
Gates Foundation aims to double rice yields through understanding the genes
which are responsible for the different photosynthesis mechanisms in plants
and ultimately finding ways to convert the photosynthetic mechanism in rice
from C3 to C4 for more efficient photosynthesis (http://irri.org/c4rice). The
consortium estimates 15-20 years of collaborative work to attain its goal of
developing C4 rice.

Increasing biomass yield is a primary goal of companies and researchers
working on biofuels. This involves understanding the molecular mechanism
of biomass improvement. Some of the studies being undertaken towards this
are: (8) analyzing gene expression involved in biomass accumulation; (b)
identifying key microRNAs important for biomass accumulation and stress
tolerance; and (c) constructing and DNA marker genetic map and identifying
key QTLs for biomass accumulation (http://www.okepscor.org/
research/cellulosic-bioenergy-research).  Performance Plants Inc. s
introducing its Biomass Enhancement Technology™ into crops and resultsin
the screenhouse showed significant biomass increases. Model plants with this
technology produce twice the biomass by enhancing vegetative plant growth
(http://www.performancepl ants.conv).

Quality Traits

Among the quality traits that have been targeted for improvement using
modern biotechnology tools are:

(a8) Enhanced nutritional quality, e.g., higher vitamin and Fe content. In
Golden Rice, two genes were introduced to produce the B-carotene,
the precursor of Vitamin A, in the grain endosperm. The second
generation Golden Rice has 31 pg of B-carotene, 23 times greater
than the original Golden rice (Golden Rice Project, 2011). Various
national rice research ingtitutes in different countries including the
Philippines have introgressed the Golden Rice into their elite lines
and are in the process of field testing it. PhilRice plans to conduct a
confined field test which will be followed by multilocation field
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trials for several seasons. PhilRice is aso developing Golden Rice
with two other important traits, tungro and bacteria blight resistance.

(b) Improved nutritional profile, e.g., improved amino acid or fatty acid
profile. Monsanto is developing high oleic and omega-3 soybeans.
Vistive® Gold has mono-unsaturated oil like olive oil and low
saturated fat like canola. SDA omega-3 soybean will produce ail
with the omega-3 fatty acids which have heart health benefits. Both
technol ogies are nearing completion and release.

(c) Improved processing qualities. Syngenta recently obtained full
deregulation for its Enogen™ corn which has a-amylase trait. This
trait will allow dry grind ethanol production which can generate
higher ethanol yield (Syngenta, 2011).

(d) Improved postharvest qualities. Postharvest 1osses account for up to
30-40% of production. We have developed papaya with long shelf
life or delayed ripening trait. For control nontransgenic papaya, it
takes 5—7 days from color break to ripe stage, compared with 11-14
days for long shelf-life papaya (Tecson-Mendoza et a, 2011). Plans
for the field testing of this technology under biosafety regime are
now being made.

Water Use Efficiency

Water has long been recognized as one of the most critical inputs to
agricultural production systems. For rice production alone, irrigation water
management constitutes close to 30% of the yield gap (Ferguson, 1987).
Furthermore, crop yield and cropping intensity are both increased with
irrigation. For rice cropping systems alone, recorded data in the Philippines
show that crop yield is generally higher under irrigated than under rainfed
conditions. At the same time cropping intensity is increased with irrigation
particularly under Type | climatic conditions. Instead of one cropping under
rainfed agriculture, the number of cropping can be doubled or even tripled
with irrigation. Consequently, the land area available for agriculture is
virtually doubled or tripled. Currently, irrigation development in the
Philippines is less than 50%, with potential irrigable area estimated at
3,126,340 has and actual irrigated area as of 2009 was reported to be
1,539,377 has (BAS, 2011). With irrigation, this land area available for
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cropping can be doubled or tripled. All these point toward the fact that water
plays a mgjor role in agriculture especially when intensification that would
enhance agricultural productivity, sustainability and competitiveness is
targeted.

However, water resources dependability in the Philippines, both surface
and groundwater, has become an issue not only because of the potential
consequences of climate change but of the seemingly inadequate measures to
protect watersheds and aquifer systems in the country. As a result, the issue
of water use efficiency has come into play. And this has become even more
critical for the agriculture sector as it consumes about 88% of the total water
resources in the country (FAO, 2011).

The term water use efficiency is a loosely defined term. From a purely
hydraulic or technical standpoint, water use efficiency refers to the ratio of
the amount of water beneficially used to the amount of water delivered or
withdrawn. From other points of view, it may refer to the mass or value of
agricultural produce per unit amount of water withdrawn. For practical
purposes, water use efficiency will be defined in this paper as smply the
degree by which the use of water withdrawn from a given source for
whatever purpose is maximized. This implies minimization of unnecessary
losses and wastage during conveyance and during water application. Applied
to crop production systems, this means maximizing the amount of water
withdrawn from any source for irrigation purposes and eliminating irrigation
conveyance and application | osses.

Therefore, it is imperative that agriculture must do with less water.
Fortunately, we have a number of technologies and practices which have
been developed over the years to address water scarcity and adequacy
problems. Although they require further research to generate new knowledge
and information to maximize the benefits under local conditions they can
address the issue of water efficiency.

Dripirrigation

Drip or trickle irrigation involves the use of flexible pipe and emitters to
deliver just the right amount of water to cropsto beirrigated at relatively low
pressure. This technology can be used to irrigate almost any crop and can be
adapted to any soil, climatic and topographic conditions. It offers special



R. Villareal, et al. 269

agronomical, agrotechnical, and economical advantages for efficient use of
water and labor (Keller, 2002). Dripirrigation can also be used under limited
water supply conditions. In the recent years, low-cost drip irrigation
technologies have evolved and have been tested and applied in the
Philippines (e.g. Ella et a., 2010 and 2009). But regardless of the cost, drip
irrigation maximizes water use efficiency since the amount of water
delivered is just sufficient to supply the evapotranspiration requirement of
the crops to be irrigated. Hence, runoff and percolation losses are avoided
and irrigation efficiency is maximized. Drip irrigation has also been proven
to increase crop yield (Ellaet d., 2009).

Alternate Wetting and Drying

Alternate wetting and drying technology involves the application
irrigation water (wetting) several days after the infiltration of ponded water
or when the saturated zone has lowered to a specified level in the rootzone
(drying). This is particularly applicable for irrigating lowland rice. This
technology has been widely applied in other countries like China. It is being
promoted in the Philippines by the International Rice Research Institute
(IRRI) (Bouman and Lampayan, 2009). This technology is subject to further
refinement to continued research (e.g. Samoy, 2010).

Alternate wetting and drying technology obviously increases water use
efficiency in that irrigation water is used intermittently and evaporation
losses are minimized.

Conservation Agriculture—a Biological Engineering Approach

Conservation agriculture is a biological engineering approach to farming
based on the principles of minimum soil disturbance, continuous mulch cover
and diversified crop rotation. Indirectly, thistechnology improves soil quality
including soil moisture retention due to increased organic matter. This
technology has been widely adopted in many parts of the world. In the
Philippines, this technology in its truest sense of the word, is relatively new
and is the subject of ongoing research (Reyes, 2010; Ella, 2010).

This biological engineering approach to agriculture can increase water
use efficiency indirectly through increased soil moisture retention.
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Consequently, percolation and runoff losses during water application from
either irrigation or rainfall are minimized.

Proper irrigation water management at the farm and system level

Proper irrigation management at the farm level involves proper
application rate, irrigation period and irrigation interval. Whether irrigation is
accomplished by surface methods (basin, border, furrow, corrugation, wild
flooding), overhead (sprinkler, drip or trickle) or subsurface methods, the
minimization of application losses depends on the application rate, duration
of application and irrigation interval. The caculation of these irrigation
parameters requires basic knowledge of soil-plant-water relations and soil
water dynamics. For surface irrigation methods aone, the variability of the
net opportunity time for infiltration along the strip to be irrigated could be
greatly minimized with proper choice of irrigation application rates and
duration. At the same time, percolation and surface runoff losses could be
greatly minimized with proper irrigation water management.

At the system level, proper irrigation water management involves proper
amount and timing of water releases to avoid conveyance losses. Again by
minimizing water losses, irrigation efficiency is maximized.

Irrigation by demand or by rotation

One of the major reasons why irrigation water use efficiency is relatively
low in rice-based cropping systems in the Philippines is the fact that
irrigation is alowed to flow continuoudy in irrigation canals even if
irrigation application has dready been accomplished. This obviously results
to so much water wastage as unused water discharge is continuously lost to
the drainage canals. An alternative approach that would dramatically increase
water use efficiency is through irrigation by demand, i.e. delivering irrigation
water to the farm or group of farms only when it is needed. After irrigation
has been accomplished the flow of water into the irrigation canals is shut
down using appropriate water control structures.

The other dternative is irrigation by rotation. In this approach, water is
delivered to a farm or group of farms by rotation. That is, for any given
period, only a farm or group of farms is served by the irrigation system.
Irrigation service is then moved to the next set of farms and so on until the
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entire service area has been irrigated. In this way, conveyance and
application losses are minimized and hence water use efficiency is
maximized. With optimal water alocation and distribution, the water use
efficiency using irrigation by demand or by rotation can be further increased.

Improvement of conveyance and water delivery system

During conveyance of water from the source to where it will be used
beneficialy, water losses are incurred due to seepage and percolation and
other conveyance losses. The maximization of conveyance efficiency is
therefore dependent on the minimization of these conveyance losses.
Conversdly, the water use efficiency at the system level could be increased
through the improvement of the conveyance system. For irrigation canals, the
provision of lining material for the channel bed could greatly minimize
seepage and percolation losses. lllegal diversion and other conveyance losses
could also be prevented with a properly designed and maintained cand
network.

Development of minor irrigation systems

Minor irrigation systems refer to farmer-controlled and small-scale
irrigation systems (David, 2003). This includes shallow tubewells, deep
tubewells, low-lift pumps, small farm reservoirs among others. Minor
irrigation systems obviously eliminate excessive conveyance |osses as water
withdrawn is within or close to the farms to be irrigated. Moreover, being
farmer-controlled irrigation application losses can be greatly minimized.
Consequently, the water use efficiency can be greatly increased with minor
irrigation systems.

Optimal water resour ces allocation

In view of competing water uses for various purposes such as agriculture,
domestic, industrial, power generation, aquaculture, recreation, etc., available
water resources in the country should be allocated in an optimal fashion. This
may require the use of optimization models with maximum benefits as the
target objective function and dependability as one of the constraints. In this
way, water losses due to arbitrary allocation of water resources can be
minimized and hence the water use efficiency can be maximized.
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Water recycling and reuse

When excess irrigation water, which would otherwise go down the drain,
is reused or recycled to irrigate the same farm or nearby farms, then losses
are minimized and hence water use efficiency isincreased. This old concept
of water recycling or reuse can even be extended to wastewater, which when
properly treated could be used for irrigation purposes.

Water conservation and sustainable water resour ces management

Water conservation can be done at the system level or at the farm of field
level. This involves not only the traditional concept of saving water during
the rain season for use during the dry season but aso the minimization of
water |losses due to seepage and evaporation. Again, by reducing the water
losses the water use efficiency can be greatly increased.

All technologies and practices would, however, be useless if there is no
sustainable water resources management to start with. This involves proper
protection of watersheds and aquifer systems. After all, without sustainable
supply of water there is no water use efficiency to talk about. Equally
important is the issue on prioritization and management of irrigation projects.
For instance, the current area under irrigation is 1.5 million hectares out of
the potentialy easily irrigable area of 3.1 million hectares. The bulk of the
exiging irrigation areas are under the National Irrigation System (NIS) and
Communal Irrigation System (CIS). However, the reported cropping
intensitiesfor NIS and CIS are 1.49 and 1.11 respectively indicating that they
are grossly underperforming. Thus, priority should be given to the
rehabilitation and better management and maintenance of existing irrigation
over the construction of new systems which require billions and a long term
development (PA 2020).

Dr. Emil Q. Javier (2011) made the following statement on this issue
during the NAST annual scientific meeting.

“..the NIA indicative plan caling for P20 billion annualy for
irrigation is unlikely to be met. An annual allocation of P10 billion
p.a is more redlizable, thus leaving P6 billion p.a. after deducting
the mandatory payments for San Roque and Casecnan. These
amounts will be supplemented by the water users fees from current
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irrigation systems if collected properly in the order of P2-3 billion p.
a. These amounts should be judiciously divided between restoration
and rehabilitation of NIS and CIS systems and complimentary
investments in small irrigation systems i.e. farm and village level
ponds and reservoirs, shalow tube wells and low lift pumps.
Likewise, improvement in management of irrigation projects through
staff training and development and application of new operating
procedures are needed to ensure greater water use efficiency, equity
of water distribution across areas and timeliness of water delivery. “

Moreover, the participants of the Annual Scientific Meeting (NAST
PHL, 2011) presented the following resolution to the Department of
Agriculture (DA) to address the above mentioned concern,

“Comprehensive externa review of the National Irrigation
Authority (NIA), its mandate, functions, performance, future plans
and programs, Exploring the possibility of alowing Irrigators
Associations to keep the majority of irrigation fees, of providing
incentives for them to organize their associations, pay and collect
water fees and properly maintain and manage irrigation systems...”

Integrated Nutrient Management (INM)

The unabated population growth demands constant increase of food
supply and to meet this demand require increase in yields or expansion of
production area, use of high yielding crops and increase in inputs use. These
could cause pressure on the soil resources and the quality of the environment
as evident from the survey conducted nationwide on the nutrient status of
rice soils, thus the importance of INM. It is defined as the judicious
application of inorganic and organic fertilizers in proper proportion, rate,
time and method of application based on the nutrient requirement of crops,
nutrient levels in soils plus sound cultural management practices in crop
production.

INM has a number of benefits:. maintains and/or enhances soil fertility
and plant nutrition at an optimum level to sustain desired crop productivity;
utilizes both inorganic and organic fertilizers resulting in the increase of
nutrient use efficiency from other sources; and is an effective strategy in
attaining sustainable agriculture (Mamaril, 2011).
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For efficient application of INM, it is imperative to consider the
ecosystems where crops will be grown: aerobic vs anaerobic since the form
and rate of nutrients will vary under different ecosystems (Figure 5), and
yield potentials, maturity and resistance/susceptibility to physiologic stresses
of crop species/varieties. For instance, under anaerobic condition the
dominant N form is NH," while it is NO; under aerobic condition
(Ponamperuma, 1985, as cited by Mamaril, 2011).

Aerobic Ecosystem

f\ Allkaline soil

Form and fate of some soil nutrients under different ecosystems

v

Parameter Submerged soil Well-drained soil
Dominant N form NH,* NO;
Dominant S form S, H,S SO,*
Dominant Mn form Mn=" Mn+!
Dominant Fe form Fe?! Fe?!

Effect of submergence on soil pH.

Figure 5. Aerobic Ecosystem (Ponamperuma 1985, as cited by Mamaril,
2011)

High crop yields and higher cropping intensities will ultimately exhaust
the ability of the soil to supply the nutrient requirements of crops grown on
them. Exogenous nutrients must be applied judiciously as chemical fertilizer
and as organic manures to replace those taken up by plants and those lost to
the environment.

Soils supply essentid mineral nutrients, harbor microorganisms
beneficia to root and plant growth and provide anchorage to plants and
conduit for water. Nitrogen, one of the three major nutrients is plentiful in
the atmosphere. A substantia part of the nitrogen regquirements of crops can
be sourced from the air through the freeliving nitrogen-fixing soil
microorganisms and those which symbiotically reside in the root hairs of
some legume plants. Leguminous crops should be included in crop rotations
to fix nitrogen from the air and build up organic matter content of the soil.
Phosphorus and other minerals are often locked in unavailable forms among
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the soil clay particles. Similarly, soil microorganisms can be deployed to
accelerate mineralization into compounds available for plant use. The
National Molecular Biology and Biotechnology Institute at UP Los Bafios
has isolated and popularized soil microorganisms which fix nitrogen from the
atmosphere, mineralize nutrients, promote root growth and control soil-borne
pathogens. A good example is Bio-N, a microbial-based fertilizer mainly
composed of microorganisms (bacteria) isolated from the roots of talahib
(Saccharum spontaneum). These bacteria can convert atmospheric nitrogen
(N>) into a form usable by rice, corn and vegetables and can enhance short
growth and root development (Biotech UPLB, 2008). The search for more
efficient cocktails of soil microorganisms as biofertilizers and bioinoculants
should continue. Moreover, additional efforts are needed to facilitate their
commercialization.

Farm residues contain a lot of mineral nutrients. They should not be
burned but recycled as organic manure. Commercial microorganism
preparations must be developed to hasten their degradation. Organic
materials are generaly low and variable in nutrient contents but may contain
not only macro but also micronutrients. They vary in carbon:nitrogen ratio,
thus rate of mineralization also varies. Commercia organic fertilizers may
contain heavy metals and pathogens which may end up in food chains.
While green manuring may contribute in sustaining soil fertility, small
farmers are hesitant to adopt due to low financial return. Based on
nationwide experiments on lowland and rainfed rice, certain biofertilizers
were found not effective. Foliar fertilizers are not consistently effective.
Inoculants do not show consistent effect. However, the emphasis should be
on producing organic manure on farm rather than on commercial production
of organic manure sold in bags like chemical fertilizers to offset the high cost
of transport.

Chemical fertilizers are costly but very often the gain in yield offset the
additional cost of fertilizer. The use of commercial chemical fertilizers
should be made more efficient and effective with slow, controlled release
formulations, precise timing and placement. The necessary agronomic
measures to minimize soil erosion such as zero tillage, cover crops,
mulching, terracing, hedgerows and grass strips for slope lands, should be
popularized.
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In conclusion, INM will contribute significantly in sustaining soil
productivity provided that the appropriate technologies are adopted for the
proper conditions. No one technology is appropriate for all conditions
(Mamaril, et al, 2009; Cosico, 2010; Mamaril, 2011). The complementary
benefits of organic and inorganic fertilizers are good examples. While
inorganic fertilizers provide adequate nutrients, the organics can improve and
condition the physical, chemical and microbiological properties of the soil.

Integrated Pest Management (IPM)

Pest and diseases are permanent features in crop agriculture. The
struggle to control pests and diseases is a never-ending challenge as these
biological entities continually evolve relative to their hosts and preys. A
good example is in the case of the 1999 breakdown of resistance to wheat
stem rust. In the 1950s, the late Norman E. Borlaug, Nobel 