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Rice production faces a number of  challenges brought 
about by forces that affect its input requirements. Among 
these forces are dwindling natural resources, rising cost of  
fuel, and expensive farm labor. One of  the strategies that 
we are looking at to address these concerns is to intensify 
our organic agriculture system. While organic agriculture 
improves soil condition and promotes renewable resources 
that result in a low-external-input agriculture system, it still 
has to cope with the risks of  yield decline without inorganic 
implements.

 
This book presents various approaches to organic rice-based production to meet 

the challenges of  a low-input agriculture system. It is a compilation of  different studies 
whose results and conclusions point to ways to strengthen organic rice production. 
As we continue to innovate in our rice production scheme, this book will be a helpful 
guide and a valuable reference on how we may address current and future difficulties 
in organic rice production.

 
Our vision Rice-Secure Philippines can be realized through unified efforts and 

combined expertise. While people and organizations may work together to achieve 
this goal, it is necessary to realize the importance of  an inclusive rice production 
system to ensure that every Filipino rice farmer produces enough rice and that Filipino 
families have sufficient food.

       

SAILILA E. ABDULA, Ph.D.
Acting Executive Director
Philippine Rice Research Institute
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This work highlights the different approaches to organic rice-based production 
systems as practiced by researchers, scientists, farmers, and stakeholders who believed 
that low-external-input agriculture systems can work to attain food security not only in 
the households but also in the whole country as well. The book has been structured 
and realigned with current and expanding knowledge and research in organic-based 
rice production. It consists of  basic and practical procedures that can be applied in 
farming such as nutrition management and soil micronutrient dynamics, pest and disease 
management and bio-input preparations, increasing yields and income of  a diversified 
farming system, the Philippine context of  organic agriculture and promotion of  green 
agriculture, and national and international standards on certification system.

There are many challenges in organic rice-based production system not only in the 
Philippines but in many countries in the world. The demand for safe, nutritious, high-yield, 
and free from chemicals remains a major concern. Advancements in biotechnological 
tools can be explored to see whether they can be incorporated in the development of  
organic-based products. Crop improvement and varietal development are being studied 
to ensure the adaptability and responsiveness of  the new varieties under a low-external-
input system.

The Philippine government has supported organic agriculture by enacting a law in 
2010, called the Organic Agriculture Act. However, it did not accelerate its dissemination 
and adoption program among farmers all over the country. There were some provinces 
like Bohol, Negros Occidental, Oriental Mindoro, and Benguet, to name a few, that fully 
adopted and applied the concept. They received support from their local government 
units. Some farmers in Nueva Ecija, Tarlac, Iloilo, Bicol region, Agusan, and parts of  
Mindanao have adopted organic agriculture in their own farms because they believe that 
it is their way of  life to produce food that is more ‘natural’.

This book presents the most recent studies and information about organic rice-based 
production systems. One chapter describes the actual application of  organic technology 
and enumerates the basic steps in growing organic rice. The authors wish to enhance the 
knowledge of  the readers and enable them to understand the concepts described in each 
chapter. It is their hope that readers are empowered to apply, promote, and implement the 
practices of  organic rice-based production system in the Philippines.

Norvie L. Manigbas, Ph.D.
Scientist I & Chief  Science Research Specialist
Philippine Rice Research Institute
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INTRODUCTION

Relying on farmers to shift to or adopt organic agriculture would be very slow 
if  not altogether unrealistic as the 3 decades or more of  promoting it to farmers 
had shown. Even the enactment of  a law. The Organic Agriculture Act of  2010, 
did not accelerate its dissemination and adoption among farmers. Consumers must 
realize that they exist at the core of  the food system. They must be involved and be 
conscious of  the real cost of  modern agriculture or how this genetically modified 
organism(GMO)-based Green Revolution and the food produced out of  it impact on 
our planet’s ecosystem. They should recognize the need and value of  nutritional and 
medicinal food. As the saying goes, ”Let thy food be thy medicine.”

This regained consciousness must then be translated into a new demand curve 
that will lead to changes in the supply side. Building up consumer awareness and 
consciousness is important as this shall ascertain and confirm their willingness to 
directly support the plight and welfare of  farmers who operate in organic and agro-
ecological systems. This joint consumer-farmer partnership must be fully reflected 
and streamlined in the value chain and translated into the willingness and adaptation 
of  consumers to use organically grown products—i.e., direct product users such as 
hotels, restaurants, caterers, food processors, and other institutional buyers investing 
and buying their daily/weekly food needs or meeting their raw material requirements 
at a fair price. Changing the chemical-based agricultural production systems that 
99.04% of  our Filipino farmers currently adopt is inevitable through this emerging 
partnership led by health- and wellness-conscious consumers.

For more than two decades up to the present that organic farming has been 
promoted in the country, focus has been on the farmers, ‘the supply side’. The 
rationale is that farmers are the ones mainly involved in deciding what crop species to 
grow, when to plant, what inputs to apply, and what cultural management practices to 
use. Because of  this, it becomes logical to convince them to change their production 
systems from being heavily dependent on agrochemicals (chemical fertilizers and 

PROMOTING THE ADOPTION OF GREEN 
AGRICULTURE: A VALUE CHAIN APPROACH
Teodoro C. Mendoza and Pablito M. Villegas
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pesticides) to one with minimal or even zero use and to adopt farm practices that 
rebuild the soil and lead to a balanced agro-ecosystem. At first glance, there appears 
to be nothing fundamentally wrong with this approach. But a closer and deeper look 
into this rationale shows that it might not be fair, just, realistic, or practical.

It is not fair because, in the first place, it was not the farmers per se who started 
the shift from what was previously agrochemical-free agriculture to an agrochemical-
intensive agricultural system. It was the techno-economic-political system of  the 
past that transformed the agricultural system. Recalling the scenario described by 
Malthus in the late 18th century, when population was growing exponentially and 
food production was increasing arithmetically,  a grim food deficit situation in the 
foreseeable future seemed inevitable at that time. The technological advances brought 
about by the Industrial Revolution produced goods, such as war paraphernalia and 
chemicals, which could not readily be unloaded after the 2nd World War. This resulted 
in the emergence of  new markets. What could sustain industrial progress under a 
“peaceful” global environment?

Supplying the food needs of  the exponentially rising world population met the 
challenges of  the new paradigm. It should be noted that the agrochemical-intensive 
agricultural system was and still is pursued by both the capitalist and socialist north. 
This is being pointed out to indicate that agrochemical-intensive agriculture is 
ideologically neutral.  The success achieved by the industrial economies of  the North 
in adopting highly agrochemical-intensive agriculture required a vigorous “transfer of  
technology” scheme for the South.

This invariably supported the continuous 
expansion of  the North’s markets for their 
industrial products such as agrochemicals for crops, 
vaccines, antibiotics, and feed supply surpluses 
for livestock as well as the tools, equipment, and 
machinery (logistics) requirements of  the food 
systems. To eliminate any political or ideological 
underpinnings, there was indeed a need to increase 
agricultural productivity in the South due mainly 
to the rapidly increasing population after the 2nd 
World War. This population growth continues to 
increase unabated up to this time, particularly in the 
Philippines. The North stabilized their population 
early in the 20th century (France did it around the 1900s; US, in the 1940s). Moreover, 
many countries in the South were former colonies of  the industrial North. While 
these countries had supposedly gained political independence from their previous 
colonial masters, the political leaders of  these newly liberated countries still needed 
the North’s material and technical support to address the mounting pressure of  food 
shortages caused by their burgeoning populations.

According to the UN’s most-likely 
medium growth scenario (UN 
2004), by 2050, the population 
of the world is projected to 
increase at least to 9.1 billion. 
Other estimates suggest that the 
2050 population will be nearer 
9.5–10 billion (WWF International, 
2008. Living Planet Report, 
2008. www.panda.org).Reid 2016 
http://www.huffingtonpost.com/
marc-ross/overpopulation-the-
enviro_b_6549804.html      
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Dubbed as “the “Green Revolution,” the process mainly focused on rice or 
food staples. Soon, this strategy was expanded to all crops and livestock, including 
aquaculture. Agricultural crop/livestock yield increased, averting the Malthusian 
forecast of  a food crisis. This agrochemical-dependent agriculture was also referred 
to as “modern agriculture.” The promotion of  this scheme had many implications. If  
a farmer was not using agrochemical inputs, together with the seed and package of  
technologies associated with the Green Revolution, he or she was labeled traditional 
or conservative. As yields were generally lower, it was associated with poverty. Very 
few farmers wanted to remain poor or be labeled conservative as the term is associated 
with being poor. 

In the Philippines, it must be remembered that the Green Revolution was massively 
promoted during the early years of  President Marcos’ martial law regime. In the 
much-heralded “Masagana 99” program and in government agri-training, extension 
and supervised credit delivery programs, including “bank on wheels,”  farmers were 
organized into farmers’ groups, “samahang nayon,” or village associations, thereby 
expediently supporting and facilitating the spread of  this “modern” agricultural 
technology. This was implemented mainly through loans and grants provided by 
the World Bank and other international financing agencies, which were then used 
by governments to construct farm roads and irrigation systems, buy large farm 
machinery, and extend loans to farmers so they can easily buy agro-chemicals and 
small farm power tillers and machinery. This was also the time of  the “Debt for 
Development” program of  the World Bank, when the Bank had lots of  surplus funds 
due to the unprecedented amount of  money in the hands of  oil and petrochemical 
companies as well as mineral mining industries, in addition to other excess funds 
coming from other sources in the industrialized North.

Not only were farmers labeled as traditional or conservative, they also ran the risk 
of  being portrayed as anti-government or subversive if  the government-sponsored 
food production schemes were not adopted. Hence, the easy way out of  such a life-
threatening condition was for farmers to simply adopt the Green Revolution practices, 
together with the amenity of  easy credit, which, by the way, could undergo three to 
four loan restructuring with refinancing or renewal if  farmers failed to pay in case of  
crop failures brought about by plant diseases or calamities such as droughts, floods, 
and typhoons. Market failure at the farmers’ level was very glaring as farmers become 
victims of  multinational chemical companies, input traders, and even moneylenders 
under a “sellers’ market” regime and, during harvest time, under a “buyers’ market” 
situation where farmers succumb to and become prey to unscrupulous palay traders, 
millers, and middlemen. Consequently, the poor farmers and even the poor fisherfolks 
suffer from the “cost-price squeeze,” which, to date, continues to wreak havoc on the 
farming and fishery sectors. The heavy indebtedness of  farmers and fisherfolks alike 
force them to wallow in food insecurity and poverty.

Today, many know the drawbacks or challenges offered by the so-called modern 
agricultural model. These are mainly characterized by the use of  high-yielding varieties 
(open-pollinated crops or hybrids and now, transgenics or GMOs) and the heavy use 
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of  agrochemical inputs. It is also common knowledge that soils become degraded, 
acidic, eroded, saline in some areas, and contain a low supply of  nutrients for crop 
uptake, requiring fertilizers to be applied in larger and larger amounts in order to 
get high yields. Then, there is also the imbalance between pest populations and their 
predators, making pesticide use by farmers necessary, which, in turn, makes them mix 
pesticide cocktails to increase toxicity. Today, the presence of  pesticide residues in 
food, in the food chain, and in the ecosystem is well-known. These chemical inputs in 
agriculture contribute to the pool of  carcinogenic substances, give rise to free radicals 
conducive to cancer occurrence, along with air and water pollution coming from 
waste water and solid wastes.

The hazardous effects of  pesticides on human health, including their effects on 
the endocrine system in the form of  sex reversal, cancer, modern lifestyle diseases, 
and autism maladies are now well-documented. Cancer, a rare disease during pre-
modern agriculture, is now a dominant illness. There was a phenomenal increase in 
the incidence of  breast and prostate cancer.

The campaign now involves going back to the farmers and convincing them to 
adopt ecologically sound and organic-chemical-free methods of  cultivation.

There is a big push to this process with the enactment of  Republic Act No. 10068 
(Organic Agriculture Act) on April 6, 2010. The law thus states: “It is the policy 
of the State to promote, propagate, develop further and implement the practice of 
organic agriculture in the Philippines that will cumulatively condition and enrich 
the fertility of the soil, increase farm productivity, reduce pollution and destruction of 
the environment, prevent the depletion of natural resources, further protect the health 
of farmers, consumers, and the general public, and save on imported farm inputs. 
Towards this end, a comprehensive program for the promotion of community-based 
organic agriculture systems which include, among others, farmer-produced purely 
organic fertilizers such as compost, pesticides and other farm inputs, together with 
a nationwide educational and promotional campaign for their use and processing 
as well as adoption of organic agriculture system as a viable alternative shall be 
undertaken.”

The development and promotion of  organic agriculture (Section 4 of  RA 10068) 
is presumably ensured because of  the following: (a) formulation of  policies related to 
regulation, registration, accreditation, certification, and labelling in organic agriculture; 
(b) research, development and extension of  appropriate, sustainable environment- 
and gender-friendly organic agriculture; (c) promotion and encouragement of  the 
establishment of  facilities, equipment, and processing plants that would accelerate 
the production and commercialization of  organic fertilizers, pesticides, herbicides, 
and other commercialization of  organic fertilizers, pesticides, herbicides, and other 
appropriate farm inputs; and (d) implementation of  organic agricultural programs, 
projects, and activities, including the provision and delivery of  support services with 
a focus on farmers and other stakeholders.
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At the field level, what happened to the adoption of  organic agriculture? Has there 
been a significant increase 8 years after the enactment of  the law? What comprises the 
main campaign strategy?

This paper aims to scrutinize the effectiveness of  past approaches and examine if  
the measures instituted actively promoted the adoption of  organic agriculture in the 
Philippines.

Mendoza(1996) (http://permaculturewest.org.au/ipc6/ch06/mendoza/index.
html) conducted a study to determine whether  measures to promote the adoption of  
ecologically sound agricultural practices were effective;  they are revisited as follows: 
Conduct of  farmers’ seminars and training/workshops -seminar/workshop 
venue, critical mass of  farmers;farmers influencing fellow farmers;credit 
assistance;farmers’ cooperative and community organizations;policy support 
(legislative and executive);agrarian reform;farmers’ action.

The conduct of farmers’ seminars and training/workshops
 
It is standard practice to assess the outcome of  just-ended seminar/workshops. 

On the positive side, participating farmers usually shower seminar facilitators with 
praises and words of  thanks as the seminar had broadened their knowledge. But the 
question remains: “Do they practice what they learned from the seminar?” Some do, 
but the majority still have to fulfill what they promised during the seminar. As one 
farmer-participant quipped, “hanggang seminar lang tayo!” (We are only after the 
seminar!). In one informal discussion, we learned that the officers and some farmers 
of  one cooperative underwent training on sloping agricultural land technologies. But 
none of  them practiced in their own farm what they learned from the training. In fact, 
there had been heavy backsliding from organic to chemical agriculture.

What could have been done?  Farm inspection and interviews with farmers 
after the training would show if  they implemented what they have learned from 
training/seminar. Farmer-participants should sign an agreement stipulating stepwise 
implementation of  the farm plan they prepared as an output of  the seminar. At this 
point, it is important to ask: “Is it correct to train the farmers?”  The idea behind 
training is to let them follow what was discussed or implement the expected output.. 
From the start, it is trainor-oriented. It is also the expectation that, after the training, 
farmers would readily accept and understand the mechanics on how to do the 
practices taught. They have, after all, the materials on-farm. Because of  these, a doing 
and learning approach is being suggested (Mendoza 2011). Farmers in general (and 
non-farmers as well) may not be receptive immediately to suggestions. Having this in 
mind, it is important that a cooperative learning mode be promoted. Understanding 
farmers’ attitude and behavior and their aspirations and goals in life is equally 
necessary. We should make an effort to really begin where the farmers are. Obviously, 
this requires time. All actors involved should have an open mind. Each one has 
something to contribute. Everybody should trust each other and respect each other’s 
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capabilities, strengths, and weaknesses. This means that the usual “social preparation” 
or “value formation” is not simply directed to farmers but to the facilitators as well.  
There should be ample time and energy in bridging gaps (focusing on learning gaps, 
provision of  organic starter learning kits), avoiding miscommunication, and resolving 
differences. It is not simply a post-training follow up, monitoring, and evaluation, 
which may not have been incorporated in the training curriculum as this is one more 
added cost.

Costs, attendance, participation, control of  time, and output are key pointers in 
deciding where to conduct the seminar. There are two contrasting venues: on-site 
and off-site. The use of  off-site venues generally results in larger attendance, often 
exceeding the target number of  participants. Good participation of  participants is 
obtained easily. Control of  time (except for arrival of  participants) is very satisfactory 
and the output expected from the participants is realized quickly. The disadvantage 
was the high cost involved (10 times more expensive than on-site). On the other hand, 
holding seminars/workshops on-site was less expensive, but control of  participants, 
punctuality, and sustained attendance/participation in all activities were difficult to 
achieve.

In one farmers’ seminar/workshop, the initial targeted participants was 35 (five 
per cluster times seven clusters). But only 26 showed up during the first day and only 
15 participated in the presentation of  the seminar output the following day. We had 
to comfort ourselves by saying, “We stand for quality and not quantity!” Farmers 
have their own priorities. Their priority is survival and survival takes priority over 
other activities.. In other training courses, farmers are enticed to attend by giving away 
seedlings after the training. This is not to claim that “carrots” should be offered to 
motivate farmers. It should be considered that the trainors are being paid salaries to 
conduct the training. The farmers are not. Who will work in their farm for the day if  
they are out or who will take care of  their carabaos during their training, their wives 
or their young children?

One other concern is reaching out to a critical mass of  farmers. In one village 
where a seminar was held, there are 804 farmers residing in the area, but only 142 
are members of  the cooperative. Of  the 142 coop members, 35 participants were 
targeted. But only 26 showed up and 15 finished the seminar. This presents the issue 
of  critical mass. Is there such a thing as a critical mass of  farmers to propel rapid 
adoption of  ecologically sound agricultural practices in a village? There are about 4.5 
million farmers in the Philippines, dispersed in about 42,000 villages. Porciuncula et 
al. (2014), in their study on organic vegetable production, revealed that the constraints 
are many. A holistic organic consciousness campaign, intensifying capability building, 
prioritization and localization of  organic vegetable production, subsidizing and 
localizing organic certification, and effective price monitoring and dissemination 
mechanics are necessary. These included marketing issues (to be discussed later).

Related to the contention of  reaching out to a critical mass of  farmers is farmers-
influencing-fellow farmers. The assumption in the seminar/workshop is that 
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trained farmers will soon influence their neighboring farmers.. The rate can proceed 
exponentially if  the critical mass of  farmers is achieved. But this hypothesis was 
not proven. Many points were raised: Farmers are only after indoor training; their 
limited knowledge and skills in organic agriculture have been poorly implemented, 
resulting in marginal returns and benefits. Other farmers simply wait for the efforts 
of  their fellow farmers to showcase what they learned. Farmers are not that influential 
because problems are related not only to attitude but also to lack of  extension, 
marketing, and monitoring services that complement the learning. The adage “You 
cannot be a prophet in your own place “is an important consideration.  And worse, 
no one is influenced if  the farmer could not apply the knowledge and skills in his 
own farm. In a way, this is questioning the farmer-to-farmer mode of  extension. 
This methodology may still be effective for farmers outside the village but not within 
the village, provided that technological interventions in organic and agroecological 
agriculture are well demonstrated.

 
Credit assistance 

On a purely objective account, the present credit assistance to farmers simply 
promotes ecologically harmful agricultural practices. Loan packages promote 
monocropping and heavy use of  fertilizers. A case in point is the credit program 
designed to grow corn in the uplands. Corn is a sun-loving crop and soil tillage is 
required for crop establishment. This promotes soil erosion. And with soil erosion 
proceeding very fast, fertilizer application also increases, but yields decrease. Thus, 
farmers are unable to pay their loan. If  only to get another loan, previous loans are 
restructured. Farmers go into perpetual indebtedness. The Land Bank has reported 
making financial provision for bad debts amounting to more than Php 8 billion in 
recent times.

No-till crop establishment has been massively introduced in growing corn in the 
uplands. This is achieved by applying the highly toxic glyphosate (Round-up, the 
popular brand’s commercial name). This is made possible with the introduction of  
genetically engineered corn cultivars. The use of  herbicides made corn establishment 
so easy; but no shrubs or trees grow after corn, except for the few weed species 
that developed resistance to glyphosate. As a consequence, there is massive corn 
planting in the uplands, which serve as watersheds, and there is drastic decline in 
biodiversity, along with occurrence of  soil erosion and/or landslides in extreme cases. 
Again, to entice farmers to plant genetically modified corn, credit is extended, thereby 
promoting the use of  toxic chemicals and GMOs. 

There was even the case of  a severe crop failure where corn plants yielded no (or 
limited) grains inside robust corn cobs and very healthy plant stand.

Farmers were not even paid the credit value of  the insured crop. The investigation 
report stated that crop failure was due to heavy rains. Farmers became heavily 
indebted as they could not borrow money from formal lending institutions. Attempts 
to convince farmers to go back to the no-herbicide way of  growing corn proved 
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futile. They claim that they cannot do it. The lesson here is that, once farmers learn 
the easy way of  no till and no manual weeding, it becomes so difficult to wean them 
away from the soil and watershed-destructive and biodiversity-diminishing agricultural 
practice. Unfortunately, these are huge social and environmental costs that are not 
well-analyzed and quantified in a chemical-based agriculture regime.

But well-meaning and intelligent farmers want credit assistance to be modified 
to truly help their fellow farmers. Credit assistance schemes should be devised to 
support ecologically sound agricultural practices: credit must be extended on the basis 
of  an environment-friendly and socioeconomically supported farm plan and budget. 
(Training output must be an environmentally sustainable and financially viable farm 
plan and budget.) Trained farmers should help their fellow farmers to prepare such 
a farm plan with the approval of  the credit institution. Credit therefore should not 
be extended to promote purely monocropping with costly, risky, and environmentally 
disastrous high-external-input agriculture using toxic chemicals and GMOs.

Credit assistance must be employed to promote better and improved crop 
husbandry practices or good agricultural practices such as adequate land preparation, 
optimum spacing and time of  planting, adequate weeding, etc. It must be designed 
to promote a diversified and climate-resilient low-external-input agriculture at the 
minimum under a supervised credit line scheme to cover competitive on-farm, off-
farm, and non-farm family and cooperative-based enterprises. Farmers should pursue 
practical/applicable nutrient cycling (no crop residue burning) and ecological pest 
management practices as part of  the loan agreement. 

In the uplands, credit for corn production will be extended only if  farmers adopt 
alley cropping and other soil conservation-oriented farming practices (contour 
plowing, mulching, and integration of  woody perennials such as fruit trees, nitrogen 
fixing trees, fuelwood/lumber trees). Hence, credit must not only be extended to 
a corn or any monocrop production scheme. Economically and environmentally 
speaking, credit assistance to smallholders and cooperatives must consider the 
elimination of  social and environmental costs. It should focus on an integrated area-
based development scheme from the community to the entire watershed level or on 
river basin coverage through agro-based industrial clustering of  enterprises covering 
the core, supporting, allied, and related industries. These are now being promoted by 
the Land Bank under their Corporative Agribusiness Financing Program as well as by 
the Bangko Sentral ng Pilipinas under its Inclusive Financial System and Value Chain 
Financing Schemes. 

Farmers’ cooperatives and community organizations

The most prevalent thinking is that farmers are organized into cooperatives as 
credit conduit (both for GO and NGO credit programs). Hence, organizing farmers 
was achieved with relative ease. The flow of  credit assistance to farmers was facilitated. 
For many reasons, repayment rate is despairingly low alongside a proportional decline 
in the active participation of  members in their cooperatives.
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An orientational and operational shift in terms of  the dominant cooperative norms 
of  bonding together and community organizing appeared necessary. For small-scale 
farmers, cooperativism will never be irrelevant. But cooperatives and the ensuing 
organizing strategies done by local CO or the NGO-CO workers should be oriented 
toward the adoption of  ecologically sound agricultural and business management 
practices. The coop management must be prepared to assume a holistic role to 
adequately address the pre-production, production to post-production and more 
importantly, processing and value added aspects and requirements of  the agricultural 
system within a farmer-oriented value chain.

The void left by the landowner (as in the conditions obtaining among agrarian 
reform communities) should now be fully assumed by the coop management. It has 
been a contentious issue that farmers are unable to pay back their loans due to alleged 
low-input technology and ecological reasons. Following this line of  contention, the 
farmers’ cooperative should serve as a dynamic force in promoting agroecologically 
sound and organic transitional agricultural practices to regain the economic and 
financial viability of  farming. Some suggestions are put forward: 

The cooperative can engage in bulk buying of  animal manure in nearby farms for 
mixing with farm wastes and conversion into organic fertilizer. Arrangements could 
be made ahead of  time among poultry owners/cattle or carabao raisers for the bulk 
purchase of  manure. Because of  the scale, they could be competitive in terms of  
price, lessen transport cost, and have more frequent collection.

The cooperative can also facilitate bulk buying of  seeds of  different crop species 
to support the adoption of  diversified and intensified farming technologies. Current 
coop initiatives on rice seed variety and quality selection, and multiplication and 
distribution among farmers (members and non-members) are steps in the right 
direction. But this should be extended to other crops;

The cooperative can also promote livestock and aquaculture production. Some of  
the activities to support coop-members in raising livestock include

Maintenance of  hog breeding stocks (sow + boar) to produce weanlings 
for dispersal to members. Boar can be used for upgrading purposes to minimize 
inbreeding.

The coop could initiate feed mixing instead of  buying readily mixed feed. This 
would serve as internal marketing activity for their own corn. It was estimated that 
at PhP10/kg farm gate price of  corn, feeding it to hog fatteners provides PhP 5/kg 
value added. Excluding farmers’ labor, the gross price for corn becomes PhP 15/kg 
if  directly fed to hogs plus the on-farm production of  manure for farmers’ use at PhP 
5/kg (minimum estimate), then the price of  corn when used at the farm becomes 
PhP 20/kg or US$0.40 ($1= PhP 50).
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The coop credit scheme should be revised to directly promote/support diversified 
farming and family engagement in on-farm, off-farm, and non-farm enterprises using 
time-tested natural farming and science-based organic and agroecological farming 
system technologies. Instead of  single-commodity financing, it should lend itself  to 
multi commodity or integrated farm enterprise value chain financing schemes that is 
being promoted and given incentives by the Bangko Sentral ng Pilipinas (BSP) under 
the Duterte Administration.

Accordingly, coop management should anticipate the marketing (or postharvest 
or village-based processing) assistance/requirements of  multi commodity farming 
system. Marketing strategies should be devised to benefit farmers and consumers 
as well (farmers’ coop to consumers’ coop or homeowners’ village association 
marketing scheme or the producers’ linkage with users scheme). Improvement in 
communication facilities (two-way radio, cell phone, Internet, and electronic mail or 
internet technology) can pave the way for efficient and timely delivery of  commodity- 
and market-related information.

 
Policy support (legislative and executive)

There are many policies that are antagonistic, non-supportive, or directly 
prohibitive to the promotion of  ecologically sound agricultural practices. (It is not the 
intention to list and characterize them here.) However, there is much elbow room to 
“put the house in order” at the local level due to the local autonomy code.

1. A barangay/municipal ordinance could be enacted to fully enforce existing 
laws, especially in prohibiting the burning of  crop residues and the dumping 
of  hog/poultry manure into rivers and streams. 

2. The municipal agricultural officer, now directly under the supervision 
of  the town mayor, monitors compliance to existing laws and supervises 
the strict implementation of  environmental regulations and ordinances. A 
barangay/municipal ordinance will promote the implementation of  zero 
waste management. Biodegradable wastes and materials at the home and in 
the community can be collected, segregated, and made into compost to serve 
as cheap biofertilizer for farmers. There are towns/cities that do these good 
practices but they are still few.

3. A barangay/municipal ordinance regarding stray animals (dogs, goats, hogs, 
cattle, and carabao) must be passed. In one village, farmers cannot plant 
mangoes or fruit trees in their farm because of  the practice of  open grazing 
(goats, cattle, and carabao) after the harvest of  rainfed rice. Not all barangays 
or towns cities have ordinances prohibiting roaming animals and pets.

4. Low enforcement, marginal funding, and irrelevance of  existing rules and 
regulations add to the problem. There is an urgent need for strict enforcement 
of  and rationalized funding for all existing agricultural and environmental 
laws and regulations. There is an urgent need to revisit the implementing 
rules and regulations of  existing laws and even repeal irrelevant laws and 
regulations to make them attuned to the present situation and circumstances. 
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For example, there is a need to reform the budgeting system of  the 
Department of  Agriculture (DA) in accordance with the Agriculture and 
Fisheries Modernization Act of  1997 (RA 8435, as amended). Funding 
must be focused on well-defined and -characterized area-based and river-
basin-directed agriculture and fishery development zones under agro-
based industrial clustering schemes. The DA must stop the ineffective 
and disjointed commodity-based and function-oriented budgeting that 
promotes monocropping or monoenterprise development and scatters rural 
development initiatives. Under the 2010-2016 Aquino regime, no less than 
PhP 480 billion or an average of  PhP 80 billion per year were poured into 
the agricultural sector with very limited impact in reducing rural poverty and 
food insecurity.

There is also an urgent need to reform the lowland rice-based irrigation policy 
under the run-of-the-river approach. Under the evolving water security policy of  
President Rodrigo Roa Duterte (PRRD), we must strictly implement the river basin 
and watershed development paradigm where irrigation and drainage around subsidiary 
rivers and its tributaries must be promoted and fully enforced from the mountains 
or highlands, midlands, and lowlands under suitable agroforest and sustainable 
and agroecological farming systems and agro-based industrial development. Sans 
corruption and mismanagement, these two surgical policy reforms in agriculture and 
irrigation development will make a tremendous boost in ensuring poverty reduction 
and inclusive growth and prosperity in the countryside.

 
Agrarian reform

Land tenure security (Jacinto 1996) is necessary to achieve ecologically sustainable 
agriculture. On the other hand, land tenure alone does not ensure the adoption 
of  ecologically sound agriculture. This is revealed by the many agrarian reform 
beneficiaries all over the Philippines. After receiving the certificate of  land ownership 
agreement (CLOA), soil fertility restoration and/or soil- and water-conserving 
practices remain to be adopted.

The contention that agrarian reform is a necessary intervention to convince 
farmers to adopt ecologically sound farming practices does not match the existing 
reality. But this is not to diminish its importance. We also noted that all organic 
farmers or those who try to restore/rebuild their soil own the land or are long-term 
land occupants (the land they till is owned by their relatives). 

The current thrust of  the Department of  Agrarian Reform (DAR) in supporting 
land tenure security and agrarian justice is to scale up the development of  agrarian 
reform communities into hundreds and thousands of  hectarage, which is a globally 
desirable and ideal area-based development scheme. However, much remains to be 
done to implement urgently needed institutional and capacity building, agribusiness 
and agro-industrial support services through a convergence policy with the DA and 
the Department of  Environment and National Resources (DENR) as well as with 
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the Department of  the Interior and Local Government (DILG), the Department of  
Trade and Industry (DTI), and the Department of  Science and Technology (DOST), 
including the National Economic and Development Authority (NEDA), the Technical 
Education and Skills Development Authority (TESDA), and the Department of  
Tourism (DOT), to mention a few. Since ARCs exemplify an area development 
approach in the semi-midlands and lowland areas, it could easily be scaled up into a 
land consolidation and integrated value chain financing scheme under the Land Bank’s 
Agribusiness Corporative Development Program. DAR will greatly benefit from the 
unified implementation of  Strategic Agriculture and Fisheries Development Zones 
(SAFDZ) cum integrated budgeting complementation where agri-agra policies and 
specific mandated sectoral laws will be integrated with holistic planning of  programs 
and projects and coordinated budgeting by the Department of  Budget Management 
(DBM) and financing by Official Development Assistance and Global Financing 
Integrity (ODAGFI)with concomitant pro-active monitoring and impact evaluation 
activities. It is imperative, therefore, to revisit and analyze the conceptual framework 
and implementation modalities of  the agrarian reform program and its coherence 
with the DA and DENR policies and programs in the country.

In equation form, the current agrarian reform program is described as

                                         AR = (LTI + SSD) x SIBS
where

AR = agrarian reform
LTI = land tenure improvement
SSD = support service delivery, and
SIBS = social infrastructure building and strengthening.

Ownership change is a requirement (LTI). Providing support service like roads, 
postharvest facilities (SSD) is necessary. Organizing farmers into cooperatives (SIBS) 
needs no further emphasis. But farmers cannot pursue the same monocropping 
system and high-external-input agriculture that previous landowners and the chemical 
agriculture paradigm followed. As earlier mentioned, the ecological soundness of  
agriculture is basic, hence, production systems reform (PSR) is fundamental. The 
agrarian reform equation should thus be rewritten as

                                         AR = (LTI + SSD) x SIBS + PSR

The missing element (PSR), which must include the entire value chain of  producers 
and their value-adding cooperatives and strategic partners and social entrepreneurs, 
in the current implementation of  agrarian reform, is what is practically occurring in 
the field. Hence, the realization is to deliberately incorporate the value-chain-oriented 
PSR into the framework equation of  AR. PSR, in fact, is the more difficult battle to 
win, compared with LTI. In the end, agrarian reform becomes merely AR = PSR.

There are still significant LTI issues, seen as the core feature of  AR. The situation 
becomes a “chicken-and-egg” case. But the suggestion is for agrarian reform 
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beneficiaries and the new breed of  tenants and shareholders to proceed to PSR to 
strengthen their “claim-taking edge” for the land they till. But such a push should 
be carefully planned and farmers should be made aware of  the risks and benefits 
(Jacinto 1996, Patayan 1990, Damo and Mendoza 2001). Along with the Philippine 
Statistics Authority (PSA) is addressing the logistics requirements of  production, 
processing, and distribution. The tools, equipment, machine requirements should 
be likewise addressed. The country does not manufacture them. The peso-costs of  
importing machines/tools/equipment inhibit farmers from using labor-saving and 
labor productivity-enhancing devices. It should be realized that agriculture is not a 
stand alone industry.

Farmers’ action 

Individually or collectively, farmers and their families under the family farm regime 
remain to be the singular determinant in realizing the goal of  widespread adoption of  
ecologically sound agricultural practices. They can find more than a hundred reasons 
for not diversifying their farms, for burning rice straw/corn stover or sugarcane trash, 
and for not being able to do green manuring, but only one reason is necessary for 
adopting ecologically sound agricultural practices in their farm. From thereon, they 
will find more reasons for doing rather than not doing them.

Five decades or more after the Green Revolution, how many organic agriculture (OA) 
converts does the Philippines have? The Farmer-Scientist Partnership for Development, 
Inc. Magsasaka at Siyentista para sa Pag-unlad ng Agrikultura (MASIPAG), a Philippine 
non-government organization (NGO) composed of  farmers, scientists, and peoples’ 
organizations, estimates that there are approximately 30,000 Filipino organic farmers 
(http://www.masipag.org/news_india.htm). The Central Intelligence Agency (CIA) 
Factbook (https://www.cia.gov/cia/publications/factbook/geos/rp.html#Econ.) 
estimates that 36% of  the approximately 35,790,000-strong Filipino labor force is in 
the agricultural sector for a total of  12,884,400. Numerically, 30,000 looks like a lot, 
but proportionally, this number is a miniscule 0.23% or 23 out of  10,000 farmers.  The 
number is not increasing though. The theory being advanced is that the promotion of  
OA must be focused on the supply side of  the supply and demand curve.

 
There may be nothing wrong with this theory, the null hypothesis. But the 

alternative hypothesis, upon closer scrutiny, is weak, inadequate, or even wrong. Why?

First, to begin with, very few farmers are philosophers, poets, or environmentalists. 
By and large, farmers engage in farming for livelihood, to generate income for their 
families, and to produce food. They adopt systems and practices that will enable them 
to achieve their goals in farming or that will lighten the burden of  farming, such as

• The use of  machines to facilitate land preparation, threshing, and milling
• The use of  herbicides to control weeds in no-till systems
• The use of  pesticides to eliminate, if  not minimize, the risk of  crop failure 

and possible yield reduction
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Because of  these factors, only a few (23 out of  10,000) have remained or shifted 
to organic farming. (Recent observations show that many are even sliding back to 
chemical agriculture.)

Second, the shift from modern to organic chemical-free agriculture is not 
mechanical. It is much more complex than it appears to be. First, farmers are not a 
simple biological entity. They are thinking people who have emotions or feelings.  It is 
not uncommon to hear farmers tell a farm extension worker, “You were the ones who 
propagated modern agriculture through the use of  fertilizer and pesticides. Why are 
you telling us now to stop using them?” This comment simply reveals a deep-seated 
pro-chemical feeling among these farmers. Second, farmers were not the ones who 
started these agricultural systems. Now, that the effects of  the system have already 
been recognized, why should the burden of  change and the attendant risks be on 
them?

This leads to real and practical aspects of  farming. Farmers are not as stupid as 
they are portrayed to be, if  they do not shift to OA. Soil fertility ranges from bad to 
worse in different places. How would they farm organically without encountering 
yield declines? A 30 to 50% decline in yield or even more, for rice in the first two 
croppings after shifting to OA methods of  planting had been observed. For a food-
deficit country like the Philippines, it would be nothing short of  a catastrophe if  
majority of  the farmers were to decide to go cold turkey and shift to OA overnight.  
Should farmers be left alone or should they shoulder the greater burden of  shifting to 
OA? They have families to feed, shelter, and clothe, and most have children who need 
to go to school. While they have the basic understanding of  the concept of  balanced 
fertilization and good agricultural practices with integrated pest management, the 
financial and marketing support services and capacity building cum extension delivery 
system remain highly inaccessible and problematical.

A DEMAND-LED APPROACH TO THE PROMOTION OF 
ORGANIC AGRICULTURE

The constraints and tough challenges in dealing with the supply side of  ecological 
and organic agriculture bring us to equitably tackle and focus on the demand side.

What constitutes a demand-led approach to the promotion of  organic agriculture? 
The law of  supply and demand can influence the mechanics of  promoting the 
adoption and implementation of  OA by many, if  not a great majority, of  Filipino 
farmers. The consumers and end users comprise the demand side of  the production-
to-postharvest handling, processing, and distribution linkages. Farmers must follow 
the economic logic in production, which is, that which is demanded by consumers will 
be that produced by farmers. Following this logic, if  consumers demand chemical-free 
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agricultural products, then farmers shall simply follow that market signal. Demand in 
this case can be interpreted in a number of  ways:

1. Consumers must be willing to support farmers in the production of  chemical-
free products.

2. Consumers must be willing to pay a premium price for health and wellness 
benefits of  organic produce.

3. Consumers’ willingness to support the farmers in the production of  chemical-
free products can be done in several ways:

 Consumers can help motivate farmers to grow crops and animals the natural 
or organic way. Since organic production systems are different from the 
agrochemical-dependent systems, consumers must also be familiar with such 
systems. A basic concept in organic production system is soil building or 
natural soil fertility-restoring activity. How can consumer-supported soil 
building be done? Let us first trace how natural soil fertility is lost.

Products consumed (crops and animals) represent off-farm losses of  nutrients.

The production of  crops and animals has a corresponding loss of  nutrients 
through soil erosion, especially in sloping and degraded land.

The use of  agrochemicals has soil-degrading effects like nutrient fixation and 
soil acidity buildup as a result of  using acid-forming fertilizers.

Specific farming practices like burning crop and weed residues contribute to 
soil organic matter loss and direct and indirect nutrient losses. These are coupled with 
N2 fixation and P solubilization while crop/weed residues decompose. Soils rich in 
organic matter have bacteria that synthesize plant growth-promoting hormones and 
microbes that produce nano elicitors conferring resistance to diseases or systemic 
acquired resistance. (See more discussion on pests in Chapter 7.)

Listing the major causes of  natural soil fertility losses leads us to the more complex 
task of  avoiding soil fertility losses and devising measures to mitigate them. Let us 
leave this complex discussion for a while.

The soil aspects of  organic production are complex to deal with, but the pest 
aspects are equally, if  not more, complex. Although the soil and pest aspects are 
interrelated as viewed in organic production systems, pest ecosystems must be well 
understood. Farmers’ overuse of  pesticides is not simply because they fear yield or 
quality loss. Producing and harvesting pest-free crops is equally important. Consider 
pechay or bokchoy production. In summer, pechay is sprayed daily (early in the 
morning) to preempt insect bites so that leaves are unblemished with holes and do 
not form irregular sizes and shapes.
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A demand-led OA requires that consumers be properly educated so they will be 
willing (and better still, prefer) to buy agricultural products with irregular sizes or 
shapes, including those that have insect bites as well as live worms or insects attached 
to them.

More difficult factors that compound pest damage arise from the production of  
off-season fruits and vegetables. Nature designs crop seasonality, but due to chemical 
flower inducers and pesticide use, fruit trees can now flower and bear fruits the 
whole year-round. Tomatoes can be grown during the wet season in elevated/high-
altitude areas. Insect and fungal infestations are prevented by spraying insecticides or 
fungicides. A farmer growing tomatoes during the wet season claims that it is useless 
to grow tomatoes during the rainy season if  they were not sprayed with chemicals 
(insecticides, fungicides) regularly.

Nowadays, however, we have many off-season or rainy-day-bred tomatoes and 
vegetables, alongside the use of  rain shelters and natural mulching materials to produce 
off-season vegetables and fruits without toxic chemicals. There are also natural organic 
pest control technologies using insect predators or plant repellants as well as those 
non-toxic to human and environment-friendly chemicals as prescribed by the Organic 
Materials Research Institute, which are allowed under organic certification protocols.

Mangoes can now be produced off-season by using a flower inducer. Producing 
mangoes during the rainy season from September to November is conducive to insect 
and fungal pest population buildup due to high moisture. To hasten maturity of  the 
leaves, farmers spray chemicals before applying the flower inducer. July and August 
are rainy months, which are also characterized by population buildup of  pests and 
fungi that attack the flowers. To protect the flowers and small fruits later, pesticide 
spraying is a must in order for flowers to develop into fruits and for the small fruits to 
develop into bigger fruits. Farmers invest in chemicals to make the mangoes flower, 
and they continue to spend until harvest to make their venture financially successful. 
Spraying of  pesticide cocktails can be done up to 16 times. If  there are typhoons 
or heavy rains prior to harvesting, these investments are wasted and farmers find 
themselves in a bind.

As the leaves are forced to mature, their photosynthetic functions are impaired.  
Chemicals are sprayed again to enhance photosynthesis so that the increasing demand 
for photosynthates of  the growing fruits could be met. Meanwhile, consumers are 
more than willing to buy mangoes in October or November. Before there was such a 
thing as off-season production, they had to wait until April or May to buy mangoes.

Consumers who are willing to support OA production should understand crop 
seasonality so they are prepared to forgo them during off-season. This also means 
that they are willing to buy or make their own preserved fruits and vegetables.
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Consumers must be willing to pay a premium price for organic products. 
This is a big issue for organic products. Consumers in Third World countries already 
consider current food prices to be too high. Approximately 85% of  the Philippine 
population live on less than US$2.00 per day, and more than 51% of  the rural 
population live below the subsistence threshold as defined by the World Bank (http://
www.masipag.org/news_india.htm). The government’s average mandated agricultural 
minimum wage is PhP 300 (US$6.00) per day. The current retail price of  ordinary rice 
in the market ranges from PhP 35 to PhP 45/kg (US$0.73–US$0.94/kg). Supermarket 
retail prices of  organic rice range from PhP 75/kg (US$1.56/kg) for ordinary varieties 
to PhP 150 (US$3.13/kg) for fancy varieties (red, black, glutinous, or aromatic rice). 
The current high price of  organic rice hinders growth in consumption and demand 
for organic rice. Consumption of  organic rice is thus limited to those who can really 
afford to pay: well-off  cancer patients who are advised to eat organic products; those 
who have undergone heart surgery; and the few environment- and health-conscious 
sectors of  society who can afford it.

Why pay a high price? Or, is the higher price for organically grown products just 
and fair?

The premise is that consumers must be willing to pay a premium price as part of  
the demand-driven component of  OA adoption by farmers. There is a need to clarify 
what consumers are paying for. They are simply paying for the market price of  what 
they buy. The financial price that is paid does not truly reflect the true value of  the 
product since not all costs of  production are included. The total costs should include 
(1) financial─the cost of  purchased inputs such as seeds, fertilizer, pesticides; fuel; 
machinery; cost of  money; labor; storage; packaging; marketing; and distribution and 
(2) ecological─soil quality deterioration due to inputs and farming methods applied 
and all other environmental and ecological costs. What is paid for is simply a small 
fraction of  the total cost. It has been estimated that the true cost of  a beef  burger 
in the USA can be about US$100 per piece if  ecological costs were counted (http://
www.spirulinasource.com/earthfoodch7a.html). But it is sold only at US$2.6/lb 
ground beef  – US$4.6/lb (beef  steak) (http://www.globalprice.info/en/?p=usa/
food-prices-in-usa). What this means is that the current market price is so low because 
government subsidies and the ecological costs of  raising cows are not included. It 
means that future generations will pay dearly for these unseen costs. Even now, we 
are already starting to pay the price as reflected in the rise of  lifestyle-related illnesses 
and global warming.

The real cost of  growing crops and animals under chemical agriculture is grossly 
underpriced. But the financial cost of  their mass production using industrial methods, 
specialized cropping or monocropping + mechanization reduce the unit cost of  
production considerably. It does appear that larger farmers/producers are earning as 
they obtain higher profit from industrialized farming. (There must be an ecological 
tax pollution, carbon emission, biodiversity loss tax that must be imposed. The pro-
active role of  both environmentalists and OA advocates is required.)
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It is apparent that there is no pricing parity based on the true or total cost 
accounting (financial + ecological) between chemically grown and organically grown 
food. Conventionally grown products are grossly underpriced or even incorrectly 
priced due to subsidy.  Their price tags are way below actual cost if  true cost (financial 
+ ecological + health cost) and a reasonable profit margin were included.

The market price of  OA products, 20-30% higher, apparently makes them more 
expensive, but this is not correct. If  the true price tags of  conventionally grown crops 
and animals are to be considered, OA products are sold at a considerably lower price. 
But the consuming public who are already financially hard up will not understand this 
logic. What they would appreciate, considering their current shrinking purchasing 
power, is the financially low price of  products that they buy in the market. (I might also 
be wrong in excessively underestimating the very same people who need to eat healthy 
food.) Why not pay a premium for organic products and treat it as opportunity cost 
for savings from future purchase of  medicine and health care arising from hazards 
posed by chemical-based agriculture.

In effect, what is being presented is that the 20-30% higher price of  OA products 
is not really high after all. Why?

OA grown vegetables have higher quality and higher nutritional value with more 
vitamins and lower water content. Thus, they keep longer (they do not wilt) even at 
ordinary room temperature; they taste better, either as fresh salad or in cooked form. 
OA-grown rice tastes better and stores longer (cooked OA rice does not spoil in 24 
hours). 

EATING ORGANICALLY GROWN CROPS IS CONSUMING 
NUTRITIONAL AND MEDICINAL FOOD

Organically grown crops are medicinal food. More and more findings and 
testimonies indicate that they heal cancer. The healing power of  OA food is still 
vaguely understood. What we do know is that they are rich in vitamins, minerals, and 
anti-oxidants, which are useful as precursors in enzyme formation or activators of  
immune/repair systems inside the human body.

Eating organically grown crops is consuming nutritional and medicinal food at the 
same time. Everybody should put a premium on health because there is no price tag 
on one’s body. This explains why poor farmers sell their valuable land and possessions 
to send their sick family members to a hospital.

Money banking is common. Health banking is unusual.  Consuming healthy food 
is a sure and gradual way to health asset buildup. Consider the health care bills once 
a person begins to suffer from degenerative diseases, mostly unheard of  in the days 
of  pre-modern agriculture. Consuming OA food offers built-in protection against 
impaired immune systems triggered by the bio-accumulation of  pesticides and other 
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agro-chemicals in the food chain, which ultimately end up at the top of  the food chain 
in the human body.

An additional 20-30% in the market price of  organically grown crops is a drop in 
the bucket if  the numerous interrelated benefits to human health and the cost to our 
planet’s ecosystem are considered. Imagine the lost productivity and income of  an 
individual who is ill and the medical costs incurred in the prophylactic treatment of  
the illness. It is a rather lengthy process to audit the ecological costs of  greenhouse 
gas emissions from the manufacture of  fertilizer, pesticides, and the machinery 
and fossil fuels involved in transport, hauling, processing/storage, and repair costs 
brought about by the use of  resource-degrading inputs. But this must eventually be 
done if  we want to arrive at the true value of  the food we eat.

Experientially speaking, we, the authors, as direct farmer-producers ourselves, 
firmly believe that the cost of  production of  organic agriculture will be drastically 
reduced once the optimum buildup of  organic matter is reached and the natural 
organic fertilizers and various concoctions and micro-inoculants are integrated into 
the production system. Thus, in the short run, subsidized organic materials and inputs 
must be provided to farmers and their cooperatives under the Nucleus and Satellite 
Organic Farming Cluster. Farmers can then make a lot of  money and thus become 
agri-preneurs, selling organic produce at competitive prices. For example, we can 
grow lettuce at only or even less than PhP 30 to 40/kg, but it can sell at more than 
PhP 200 to 250/kg at the supermarket or organic produce market. We can produce 
the pinakbet and chopsuey vegetables in the same amount and it can easily sell at 
less than PhP 100/kg under a direct, shortened value chain involving producers or 
cooperatives and consumers in a consumer-led, community-supported, and end user-
led agricultural production and processing system. The same is true in the growing 
and selling of  fruits, root crops, and condiments. Better still, more money-making 
ventures may be done with medicinal and culinary herbs as well as with naturally 
grown poultry and livestock.

The point of  this discussion is that farmers will simply uphold the socioeconomic 
dictum of  demand-led organic production system. Whatever consumers demand 
will be products in a form and scale that farmers will produce. If  the consumer is 
apathetic, indifferent, unaware, or unconcerned with the way food is grown and food 
is looked at as simply stuff  to fill an empty stomach once the digestive enzymes signal 
hunger, the consumer will get what he or she wants–a full stomach with minimal 
nutrition and health benefits.

The shift to organic agriculture to stop land and soil degradation due to continuous 
application of  toxic chemicals and inorganic fertilizers and to restore fertility requires 
political will, policy reforms, and public investments. Soil fertility restoration is a 
material-, labor-, knowledge-, information-, and skills- as well as logistics-intensive 
task that requires public investments, supporting budget from cross-sectoral agencies 
concerned, and bottom-up-budgeting at the grassroots, community, and local 
government levels (Villegas and Mendoza 2015).
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Feeding the population in response to the Malthusian prognosis led to this situation 
of  degraded, eroded, and low fertile soil. Will the restoration and rehabilitation of  the 
soil be solely done by farmers?

Basic in an organic production system is soil-building or natural soil fertility-
restoring activity (Magdoff  and Weil 2004). There are several time-tested and proven 
approaches of  rehabilitating, regenerating, and rebuilding the soil (Magdoff  and Weil 
2004, Hendrix et al. 1990, Pimentel et al. 1994, Giller et al. 1994). These include 
recycling wastes as nutrient source, using N2-fixing plants, improving cropping 
systems and landscapes, avoiding synthetic pesticides, integrating crops and animals 
into a single farm production sector, avoiding nutrient losses, and using crops as 
permanent soil cover (Niggli et al. 2009).

Shifting the gear to consumer- and demand-led promotion of  organic and 
ecological agriculture─as in community-supported agriculture (CSA) in the USA and 
Europe and Tekei (producer-consumer linkage) scheme in Japan and Korea─should 
now be considered. While the buildup of  consumer awareness and consciousness is 
important, we need to ascertain and confirm the willingness of  consumers to directly 
support the organic farmers. This partnership in a shortened and streamlined value 
chain (producer linkage with end user and consumer scheme) must be translated into 
the willingness of  consumers and direct product users like restaurants, caterers and 
processors and other institutional buyers to invest and buy their daily and weekly food 
needs or raw material requirements at the right price of  organically grown products 
(Villegas and Mendoza 2015).

Organic agriculture is regreening the Philippine landscape and, if  adopted globally, 
could immensely contribute to climate resiliency and climate change mitigation and 
adaptation measures. The major greenhouse gas (carbon dioxide, methane, and nitrous 
oxide) emissions come from conventional and chemical agriculture of  transnational 
agribusiness giants. Their “economics and business of  greed” influence must be 
significantly reduced in order to avert further the exacerbating effects of  chemical- and 
GMO-based agriculture on global warming and polluted ecosystems. The regreening 
process requires massive information, education, and communication support to local 
government units and community-based family farms and cooperatives in accessing 
technology and best organic farming and processing practices; operationalizing 
agribusiness and agro-based industrialization and its concomitant development 
services and access to markets as well as a comprehensive agricultural extension and 
training assistance to small-scale family farms; providing adequate, affordable, and 
timely financial assistance or credit/investment support to farmers and fisherfolks, 
and, finally, providing direct subsidy and complete social security and protection to 
smallholder farmers, farmhand, and fisherfolks in terms of  direct access to social 
services such as health, social security, housing, and education and in linking poverty 
reduction subsidies and measures to emergency and continuing employment, 
livelihood and enterprise building, especially during disaster relief  and rehabilitation 
and incidences of  El Niño and La Niña weather/climate aberrations.
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CONCLUSION

Consumers must recognize and internalize the need for safe, nutritious, wellness 
and medicinal food and must be made conscious of  the full environmental, health, 
and social costs that modern agriculture brings to our planet’s ecosystem. Let us 
promote the dictum that organic food is medicine. We need not support the curative 
health care system characterized by mushrooming drug stores and hospitals. Rather, 
let us move toward preventive medicine and health care by promoting and enhancing 
consumer-led demand for safe and nutritious food. This knowledge must then be 
translated into a significant shift in demand that will lead to positive response and 
changes in the supply side with favorable market signals from the health- and wellness-
conscious consumers and endusers. The demand-led organic food consumerism 
and food security will hopefully lead to a significant change or conversion of  the 
chemical-based agricultural production systems, which 99% of  our Filipino farmers 
currently adopt, and to gradual transition to consumer-led agroecological and organic 
agriculture and diversified farming systems.
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INTRODUCTION

Global production and sale of  organically grown food and fiber continue to 
increase exponentially. The number of  countries reporting organic production data 
has increased to 179 in 2015 with a total of  50.9 million ha under organic management 
involving 1.8 million farmers (Lemoud and Willer 2017). Organic non-agricultural 
areas total 39.7 million ha consisting of  wild collection/bee keeping (39.4 million ha), 
forest, aquaculture, and grazing areas in non-agricultural land. Global sales of  food 
and drinks have expanded to 81.6 billion US$ in 2015 (approximately 75 billion euros). 
The United States is the leading market with US$ 39 billion, followed by Germany 
(US$ 9.36 billion), France (US$ 5.98 billion), and China (US$ 5.11 billion). In 2015, 
most of  the major markets showed double-digit growth rates.

In the Philippines, the reported organic production area of  the Philippines in 
2009 was only 52,546 ha, but, by 2015, this has already grown to 234,642.15 ha. 
The 2015 figure is 113.15% over the 2014 reported organic area. (FiBL 2017). 
The organic industry has been primarily in the hands of  the private sector, non-
government organizations (NGOs), people organizations, or cooperatives prior to 
2010. However, with the passage of  Republic Act 10068 in 2010, the government, 
through the Department of  Agriculture (DA), became an active supporter and mover 
of  the organic industry.

As of  2015, there are 165,958 operators and processors in the Philippines as 
reported by FiBL (2017). The biggest certified areas are coconut, mainly destined 
for export as coconut water, virgin coconut oil, and desiccated coconut. The organic 
crops grown for domestic use are rice, maize, vegetables, fruits, and root crops. These 
are generally produced by small-scale farmers under more diversified farming systems 
and are integrated with a few head of  livestock (pigs, goats, carabaos, cows, chickens, 
or ducks). Organic farming inputs such as seeds, fertilizers, foliar sprays, and microbial 
soil preparations initially are mainly sourced on-farm but there has been a big increase 
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in the number of  organic establishments producing and marketing organic planting 
materials, organic soil amendments (organic fertilizers, organic soil conditioners, 
microbial inoculants, and organic plant supplements), and biological control agents.

Organic products are sold in special outlets in Metro Manila and major urban 
centers such as Rustan’s, Shoe Mart, Landmark, Shopwise, etc. On the other hand, 
the organic crops produced for export are bananas (‘Bungulan’ and Cavendish), 
banana chips, fresh pineapple, ‘muscovado’ sugar, coconut palm sugar, virgin 
coconut oil, coconut water, coconut flour, coconut vinegar, coffee, asparagus, yellow 
corn for feeds, banaba leaves, and miscellaneous herbs. These are largely produced 
through grower arrangements among community-based organizations, agricultural 
cooperatives, development NGOs, or private corporations. Producers usually employ 
single-crop cultivation in the case of  sugarcane, asparagus, and pineapple but become 
more diversified in other crops. Inputs are usually produced by the cooperative or 
company, including initial research on efficacy and production efficiency.

RTD ON ORGANIC AGRICULTURE 2011

The National Academy of  Science and Technology (NAST) Philippines, the 
country’s lead advisory body on science and technology issues and policies, conducted 
a round table discussion (RTD) on March 14, 2011 mainly to answer the question 
‘Is organic agriculture sustainable?’. It also addressed the following: i. assess the 
status of  organic agriculture in the country; ii. identify issues related to productivity, 
sustainability, and competitiveness; and iii. recommend actions on policy related to 
organic agriculture. The speakers were Dr. Charito P. Medina, national coordinator 
of  the ‘Magsasaka at Siyentista Tungo sa Pag-unlad ng Agrikultura’ (MASIPAG); 
Edgardo S. Uychiat, president of  the Negros Island Sustainable Agriculture and Rural 
Development Foundation, Inc. (NISARD); Dr. Angel L. Lambio, professor of  the 
College of  Agriculture, University of  the Philippines Los Baños (UPLB); Andry K. 
Lim, founder/consultant of  Tribal Mission Foundation International, Inc.; Dr. Oscar 
Gutierrez Jr. of  the Food and Drugs Administration (FDA); Lara G. Vivas-Navarro 
of  the Bureau of  Agriculture Fisheries Standards (BAFS); and Antonio de Castro, vice 
president of  the Organic Producers and Traders Association (OPTA). Participants 
included traders and producers, academe, local government units (LGUs), NGOs, 
and other people who have a stake in the organic agriculture industry.

There was no consensus arrived at during the RTD with organic practitioners 
looking at organic agriculture as sustainable and the way to go and non-supporters 
maintaining that it is largely just on a subsistence level and that available sources of  
organic nutrients would not be enough to supply the requirements on a large scale. 
In 2011, a paper (“How sustainable is organic agriculture in the Philippines”) was 
published (Maghirang et al. 2011) and this became the basis of  discussion in the 
following sections. Some of  the relevant data and information are cited in this paper.
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Sustainable agriculture vs organic agriculture

Sustainable agriculture has been defined in several ways and is often viewed as 
ecologically sound, economically viable, socially just, and humane. But its more 
popular definition is that of  a production system that meets society’s food and textile 
needs in the present without compromising the ability of  future generations to meet 
their own needs (UC Davis 2017). There are many factors to consider when discussing 
sustainability issues (Rigby and Ceceres 2001).

Organic agriculture, on the other hand, is a “production system that sustains the 
health of  soils, ecosystems, and people. It relies on ecological processes, biodiversity, 
and cycles adapted to local conditions rather than the use of  inputs with adverse 
effects. Organic agriculture combines tradition, innovation, and science to benefit 
the shared environment and promote fair relationships and a good quality of  life 
for all involved” (International Federation of  Organic Agriculture Movements 
[IFOAM] year?). These definitions show that both systems share the broad goals of  
ecological soundness, economic viability, social justice, and humaneness, but they are 
not identical. There is no explicit standard for sustainable agriculture; thus, there are 
no solid parameters to measure if  a production system is sustainable or not. Organic 
agriculture, on the other hand, is governed by an agreed upon standard but with some 
variations from country to country, which is the basis for labeling if  the system and 
its products are organic or not. There are prohibited inputs in organic agriculture such 
as inorganic fertilizers and pesticides and genetically modified organisms (GMO), 
among others, generally based on the adverse effects on health, the environment, and 
the precautionary principle in the case of  technologies with insufficient evidence of  
being safe for the environment and human health.

The other differences between organic agriculture and sustainable agriculture in 
addition to standards are certification, farm size and producers, and use of  fossil fuels. 
Organic farms, based on RA 10068, must be independently certified every year and 
approved by a certifying body, whereas a farm using sustainable practices is more of  
a way of  life and does not require any official certificate. There are, however, other 
organic certification or guarantee systems such as 1st party and 2nd party guarantee 
systems recognized in local markets. In organic farming, there is no limitation on 
how many hectares can be used to grow the crops for as long as the standard is being 
followed. In sustainable farming, food production is carried out by small farmers and 
their families who live on the land where they farm. They plant crops in relatively 
small, mixed plots as a form of  pest control and to enhance the soil and conserve 
land resources.
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Production of organic crops

In the Philippines, many crops are not applied with inorganic fertilizers and 
pesticides. Some sectors term this as ‘organic by default,’ a rather narrow view of  
the situation. This includes coconut, banana (specially the ‘saba’), and miscellaneous 
indigenous fruits, vegetables, and nuts. In some parts of  the country, rice is also grown 
in the traditional manner without the prohibited substances in organic agriculture.

In terms of  crops with guarantee of  their organic nature, development-oriented 
organizations such as MASIPAG, Negros Island Sustainable Agriculture and Rural 
Development (NISARD), and Don Bosco have long been championing organic 
agriculture for rural development. MASIPAG has developed its own organic varieties 
of  rice. In a wide-scale comparison of  yields across the Philippines among organic 
(MASIPAG), in-conversion (MASIPAG), and chemical farming in 2007, yield 
differences were not significantly different (Table 1). But incomes were significantly 
higher in organic than in chemical or non-organic rice farming (Table 2).

Table 1. Comparison of mean yield of rice (kg ha-1) of 840 MASIPAG farmers in the Philippines in 
2007 (Medina 2011).

MASIPAG Organic MASIPAG
In conversion

Chemical farming

Luzon 3,743ns 3,436ns 3,851ns

Visayas 2,683ns 2,470ns 2,626ns

Mindanao 
(maximum)

3,767ns 
(8,710)

3,864ns
(10,400)

4,131ns
(8,070)

Table 2. Net agricultural income (PhP ha-1) of MASIPAG farmers in 2007.

MASIPAG Organic MASIPAG                  
In conversion

Chemical farming

Luzon 24,412** 18,991** 13,403**

Visayas 22,868** 16,039** 13,728**

Mindanao 
(average)

23,715ns
23,599***

17,362ns
17,457***

19,588ns
15,643***

**=highly significant differences (5%)
***=very highly significant differences (1%)
ns=no significant difference
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However, in a report made by Salazar (2017) of  AGRO-Eco Philippines Inc., also 
an NGO similar to MASIPAG, yields of  organic rice ranged from 6.16 to 10.92 t ha-1 
(Table 3), comparing two transplanting ages of  rice seedlings (30 d after sowing and 
45 d after sowing), as well as spacing (16” x 16” and 20” x 20”). The national average 
yield of  palay in 2016 was just 3.87 t ha-1 (PSA 2017).

Table 3. Yield of organic rice by spacing and transplanting age (Salazar 2017).

Practice Location Area (ha)
Actual 
yield 

(t ha-1)

Yield 
(t ha-1)

With organic fertilizer 
Lines: M45

Alegria, Surigao del Sur 0.75 8.19 10.92

Transplanted at 45 DAS
Lines: Red V10

Alegria, Surigao del Sur 1.0 7.29 7.29 

PD: 20 x 20 in 
(50 x 50 cm)
Transplanted 30 DAS
Lines: JDC 1-4

Molave, Zamboanga del 
Sur

0.95 6.30 6.63

PD: 16 x 16 in (40 x 40 cm)
Transplanted 30 DAS
Lines: JDC 1-4

Molave, Zamboanga del 
Sur

0.65 4.69 7.21 

Lines: JDC 11-3 Dagami, Leyte 1.0 6.16 6.16 

Another organization that is trailblazing in organic agriculture is Pecuaria. It 
started as a loose organization of  agrarian reform communities in Camarines Sur. 
They started organic rice production in 1993, initially using MASIPAG varieties, 
but, noting that they are not highly suitable to their area, they selected their own 
varieties, mostly the red and black types. Pecuaria has about 500 ha of  organic rice, 
with an average yield of  about 85 cavans/ha, but the cost of  production is only PhP 
27,000/ha. The group produces their own organic fertilizer using available manure 
and plant debris. They sell their organic rice wholesale at PhP 60/kg for black, PhP 
53/kg for pink, PhP 52/kg for red, and PhP 50/kg for brown rice. They have three 
main distributors: ‘Glowcorp,’ ‘Sunnywood,’ and Federation of  People’s Sustainable 
Development Cooperative (FPSDC) (Bicaldo, pers. commun. 2018). Pecuaria, 
through good management and marketing, has proven the sustainability of  organic 
agriculture.

The Negros Island Sustainable Agriculture and Rural Development Foundation, 
Inc., (NISARD), founded in 2005, is the prime mover of  organic agriculture 
development in Negros Island. Its mission is to make Negros Island the organic food 
island of  Asia (Uychiat 2011). To achieve this goal, various associations have been 
created: e.g., the Negros Island Organic Fertilizer Producers Association (NIOFRA), 
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the Organic Coffee Producers Association, the Negros Organic ‘Muscovado’ Industry 
Association (NOMIA), and the Negros Organic Rice Industry Association (NORIA). 
One significant breakthrough was with a certified organic producer based in Sagay 
City, Negros Occidental, who cultivated 194 ha of  certified organic sugarcane with 
an average yield of  60 t canes ha-1 (Table 4). This is almost the same yield obtained 
from non-organic or conventional sugarcane production, but the company had a lot 
of  savings on chemical inputs. There was also the story of  a certified organic rice-
vegetable farmer whose income more than doubled from the sale of  organic vegetables 
such as carrots, onion leaf, pechay, Baguio beans, potato, etc. using diversified organic 
farming system as compared with conventional farming (Table 5). In organic coffee, 
NISARD’s interventions with certified small-scale organic producers in Mt. Kanlaon 
increased yield from 0.8 to 1.2 kg ha-1. Aside from improving coffee productivity 
using modern organic farming technologies, farm income also increased. Moreover, 
the remaining flora and fauna in Mt. Kanlaon had been protected.

Table 4. Yield and cost comparison between organic and non-organic sugarcane production, 
Sagay City, Philippines.

Average yield
(t ha-1)

Production cost 
(PhP ha-1) (newly 

planted)

Lkg TC-1

Organic (Kent Javelosa) 60 (2008-2009) P30,000.00 1.70

Non-organic1 (neighboring 
sugarcane farm)

65 (2008-2009) P45,000.00 1.65

1Based on prevailing practices in sugarcane production in Sagay City.

Table 5. Organic and conventional gross sale comparison under rice and vegetable systems

Farming system Crops grown Gross sales 
(PhP yr-1)

Diversified organic  farming 
systema

Rice (0.7 ha) + vegetables (0.6 ha) P332,000.00c

Conventionalb Rice monocrop (1.3 ha) P72,000.00
aBased on NICERT list of certified organic farm products (rice, pechay, Baguio beans, carrots, ampalaya, 
banana, okra, tomato, papaya)
bMode of farming before shifting to diversified organic farming system in 2007
cSales with premium price for organic products
1LkgTC - 50kg toncane

Organic livestock production

As in crops, the private sector and NGOs have been the prime movers in 
organic livestock production. The academe, however, such as UPLB, is also active in 
research, development, and extension (RDE) to develop organic pig, chicken meat, 
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and egg production in the country (Lambio 2011). However, still no stocks have 
been specifically developed for organic production. The two breed-groups of  free-
range colored chickens, namely ‘Sasso’ and ‘Kabir,’ which are being considered for 
organic production, are imported; hence, supply is not reliable and not sustainable. 
The present constraint on stocks could be addressed with the use of  native chickens, 
which constitute almost half  of  the country’s total inventory. The main disadvantage 
of  native chickens is their generally slow growth. However, this can be improved 
through appropriate selection and mating systems. The notable native chickens are 
‘Banaba’ and ‘Paraoakan.’ In organic pigs, efforts focus mostly on black native pigs.

Among the BAFS-registered organic livestock producers (as of  February 2017) are
1. DA-Regional Agricultural Research Center, Oriental Mindoro, for native pigs
2. Lolo Berong’s Natural Farm, Camarines Sur, for swine and chicken
3. DA-Nueva Ecija Experimental Station, for native and wild pigs and eggs and 

chicken
4. Camat’s Integrated Organic Farm, Ifugao, for livestock and poultry products 

(including tilapia)
5. St Francis-St Rita Nature Farm, Camarines Sur, for swine, goat, duck, and 

chicken (Oct 26, 2017)

Aside from these, there are a number of  organic livestock operators dealing with 
chickens, pigs, goats, and cattle. Probably the biggest constraint to organic livestock 
production is the difficulty in sourcing organic feed. Based on the PNSOA, during 
the 1st year, at least 50% of  the feed should be organic; by year 2, it should increase 
to 70%; by year 4, the feed should already be 100% organic. In addition, there must 
be certification that the feed ingredients (even in non-organic feed) do not contain 
genetically modified products and their derivatives. Feed ingredients produced on 
the organic farm starting from the first year of  integrated organic management may 
be classified as organic. This refers only to feed for animals that are being produced 
within the farm unit. Such feed shall not be sold or otherwise marketed as organic 
(PNSOA 2016).

Several research studies have been conducted to develop organic feed sources 
using local and indigenous materials, but sustainable supply of  raw materials remains 
a problem. 

A good complementation between organic crop production and organic livestock 
can help solve this problem. Part of  the waste from organic crops such as those from 
organic coconut and organic banana can be used as feed. Meanwhile, manure from 
organic livestock can be a good organic fertilizer for organic crops, especially those 
for export where the standard requires manure from organic sources also. For protein 
source, local organic soybean can be used. At present, the focus of  local soybean 
production is for food, but soybean of  lower quality can be used as feed instead. With 
local soybean, there is already an assurance of  a non-GMO status, a prerequisite in 
organic production.
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Table 6. Growth potential of native chickens and their hybrids (Lambio 2011).

Genetic group Body weight 
6 wk (g)

Body weight 
8 wk (g)

Body weight 
12 wk (g)

Banaba(BB) 358 549 879

Paraoakan (PN) 319 514 880

Commercial broiler (CB) 1528 2159 3298

F1 of BB x CB 772 1162 1721

F1 of PN x CB 731 1137 1849

Philippine National Standard for Organic Agriculture (PNSOA)

The Philippine National Standard Specification for Organic Agriculture was 
initially prepared by the Organic Certification Center of  the Philippines (OCCP) 
and was adopted by the Department of  Agriculture through the then Bureau of  
Agriculture and Fisheries Product Standards (BAFPS), now BAFS. The PNSOA was 
revised in 2015 and again in 2016 to align it with the ASEAN Standards for Organic 
Agriculture (ASOA). The alignment of  member ASEAN member states is ongoing. 
This is being done to facilitate trade among ASEAN member states.

In addition to PNSOA, also developed was the Philippine National Standard 
(PNS) for Organic Fertilizer (PNS BAFS 40:2014), later revised as PNS Organic Soil 
Amendments (PNS BAFS 183:2016), which applies to organic fertilizers, compost/
soil conditioners, microbial inoculants, and organic plant supplements. The PNS 
for Biocontrol Agents (PNS/BAFS 182: 2016) was established and this specifies 
the minimum data requirements for safety assessment of  organic biocontrol agents, 
specifically microbials and botanicals. 

In fisheries, the PNS for Organic Aquaculture (PNS/BAFS 112:2016) was 
developed. It establishes guidelines for the operation of  organic aquaculture in 
different aquatic environments (fresh, brackish, and marine) and the production of  
quality fishery products that are safeguarded from contamination of  harmful and toxic 
chemical substances and use of  artificial ingredients. This is done from pre-production 
to marketing to enhance food safety for human consumption and to provide options 
to consumers/markets. Also developed was the PNS for Organic Aquaculture 
Feeds (PNS/BAFS 187:2016), which governs the formulation and preparation of  
nutritionally adequate complete organic aquaculture feeds or aquafeeds, either farm-
made or commercial, for the culture of  aquatic animals such as fish and crustaceans.

The explanatory notes to the PNSOA (or interpretative guide) have already been 
finalized. Intended as a legally non-binding guide to the PNSOA, it aims to harmonize 
the interpretation of  the organic standard. The PNSOA is also translated into major 
Philippine dialects such as Tagalog, Ilocano, Cebuano, and Hiligaynon for easier 
understanding.
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Other relevant PNSOA documents for finalization as of  2017 are as follows 
(Matubang 2017):

1. Guidelines for Handling and Retailing of Organic Agricultural and Fishery 
Products. The major parts are (1) postharvest handling requirements, (2) 
retailing requirements, and (3) general requirements for both postharvest and 
retailing of  organic products.

2. Code of Practice (COP) for the Production of Organic Soil Amendments. 
This will provide specific guidance for the production of  organic soil 
amendments and considerations on product quality; worker’s health, safety, 
and welfare; and environmental management.

3. Principles, Guidelines, and Procedures for the Establishment of Participatory 
Guarantee System (PGS). This will provide a set of  principles, guidelines, and 
procedures for the establishment of  a PGS consistent with the PNSOA and 
other specific end-product standards on organic agriculture.

Also finalized to support the development of  organic agriculture in the Philippines 
are the following technical regulations:

1. Department Circular No. 6 Series of  2015 (Revised Guidelines for the 
Official Accreditation of  Organic Certifying Bodies)

2. Department Circular No. 5 Series of  2015 (Revised Rules and Regulations on 
the Registration of  Organic Fertilizer Producers)

3. Administrative Order No. 14, Series of  2011 (Guidelines on the Registration 
of  Organic Food and Organic Input Producers)

4. Department Circular No. 3 Series of  2015 (Rules and Regulations on the 
Registration of  Primary and Postharvest Organic Food and Non-Food 
Products)

5. Department Circular No. 2 Series of  2015 (Guidelines for the Conduct of  
Validation Process for the Registration of  Organic Primary and Postharvest 
Food, Non-Food and Input Producers)

6. Department Circular No. 05, Series of  2016 (Transition Period for the Use 
of  the Organic Mark on Third Party Certified Organic Food and Non-food 
Products)

SUSTAINABILITY OF ORGANIC AGRICULTURE

Many papers related to sustainability of  organic agriculture vis-á-vis conventional 
agriculture (non-organic agriculture) have been published. It is important to consider 
here the parameters of  sustainability. ‘Sustainable’ is derived from the Latin word, 
sustinere, meaning to ‘keep in existence,’ implying permanence or long-term support. 
In the context of  agricultural production, Ikerd (1993) defines sustainable agriculture 
as “being capable of  maintaining its productivity and usefulness to society over the 
long run…it must be resource-conserving, economically viable, socially supportive, 
commercially competitive, and environmentally sound” (Rigby and Caceres, 2001).
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The common comparison usually made between organic and non-organic is in 
terms of  yield, but it may not mean sustainability or sustainable yields. For instance, 
in the paper of  Kirchmann et al. (2008), yield data evaluation from national statistics, 
organic and conventional long-term experiments, and comparative studies compiled 
from scientific literature show that yields of  organic are between 25 and 50% lower 
than conventional yields, with access to animal manure as a major factor. Also, yields 
of  organically grown crops in Europe are, in most cases, significantly lower than 
those of  conventional crops. The amount of  manure available in organic farms is 
usually not sufficient to produce crop yields similar to those in conventional systems. 
Therefore, green manure is commonly used. However, the organic standards in North 
America and Europe slightly differed from PNSOA in terms of  use of  manure and 
seeds and planting materials. The former prohibits the use of  manure from factory 
farming but the latter merely regulates it. Thus, access to organic fertilizers would be 
less of  an issue in the Philippines.

Aside from the use of  manure, a number of  sources of  organic fertilizers or 
nutrients are available in the country. Aside from plant biomass and animal manure, 
other renewable sources are waste from fish and fish products, which are just usually 
just dumped and not properly utilized. These are a very good source of  N and other 
nutrients. We also have seaweed that can be converted into foliar fertilizers. Microbial 
supplements can likewise help make available plant nutrients.

In reviews, comparing yields of  organic crops reported for rotation with green 
manure requires correction for years without crop export from the field. This reduces 
average yield over the crop rotation. When organic yields are similar to conventional 
yields, nutrient input through manure is usually higher than nutrient addition in 
conventional agriculture, but such high inputs are usually possible only through 
transfer of  large amounts of  manure from conventional to organic production. This 
is the usual practice in Western countries (de Ponti et al. 2012). In the Philippines 
and in other Asian countries, vermicompost, fermented plant biomass, and microbial 
inoculants to help make nutrients available are the usual options. Comprehensive 
studies on these, however, are still lacking.

Aside from using parameters of  sustainability as a yardstick for comparison, the 
‘real’ cost of  each production system should also be considered. For one, conventional 
or non-organic does not follow any rule or standard, whereas organic adheres to a 
standard that considers the environment, human health, and fairness in the market. As 
such, while organic is the usual go-to food for those with health concerns and health 
maintenance, cost is lower. Non-organic food can result in several health problems, 
thus increasing actual cost. The environment cost of  inorganic fertilizers and pesticides 
as well as the environmental impact in the production of  these inputs increase their 
cost further. The potential cost of  modern agricultural techniques includes topsoil 
depletion, groundwater contamination, degradation of  rural communities, lowered 
condition of  farmworkers, and increased production cost (UC Davis 2017).  The 
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ever increasing yield targets also afford tremendous strain to the ecosystem, depleting 
the soil and water sources. These concerns should be considered in assessing the 
sustainability of  organic agriculture vis-á-vis non-organic.

It is noteworthy that the concept of  sustainable yield instead of  maximum yield 
is already being targeted, even by multinational companies such as Dole Philippines. 
This is in consideration of  the environmental impact of  highly extractive practice on 
conventional systems such as that noted in pineapple.

Voluntary sustainability standards

There is increasing market sophistication, especially in the advanced economies 
of  Europe and North America. Various certifications, generally called voluntary 
sustainability standards (VSS), are being required. The most common and widely used 
is the organic certification. The other VSS are 4C (Sustainable Coffee), Better Cotton 
Initiative (BCI), Bonsucro, Cotton Made in Africa, Fairtrade International, Forest 
Stewardship Council, Global GAP, IFOAM Organics International, Programme for 
the Endorsement of  Forest Certification, Pro Terra Foundation, Rainforest Alliance/
Sustainable Agriculture Network, Roundtable for Sustainable Palm Oil , Roundtable 
for Responsible Soy, Better Farming Better Future, and UTZ Certified. It is no longer 
sufficient for the product to be cheaper. It also has to be of  good quality and produced 
based on certain standards required by the particular market.

In the Philippines, most of  the organic products for export are not only certified 
organic by foreign certifying bodies but also Fairtrade-certified either by Fairtrade 
International or Fairtrade USA. The organic farmers are given organic premium as 
well as Fairtrade premium. The former goes to individual farmers while the latter goes 
to the organization of  the organic farmers. The premium is used in various projects, 
determined by the group themselves to benefit the community such as scholarship, 
small lending, feeding programs, etc.

Sustainability of organic agriculture in the Philippines

Government support plays a big role in sustaining the growth of  organic agriculture 
in the Philippines, most notable being the passage of  the Organic Act (RA 10068). 
This Act provided the legal basis for the funding of  organic agriculture in the country.  
The following elements will help ensure its sustainability in the Philippines:

1. A functioning National Organic Agriculture Board (NOAB). supported by 
BAFS as secretariat

2. At the regional level, focal persons and support staff  to implement the 
program

3. Regional organic agriculture roadmaps
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At the local level, the League of  Organic Agriculture Municipalities and Cities 
(LOAMC) was established. With a total membership of  100 (as of  December 2016), 
it is composed of  59 incumbent mayors, 34 non-incumbent mayors, and seven 
advisers/technical/legal staff.  A total of  1,255 local technical committees (LTCs) 
were created in the entire country, broken down as follows: 69 provincial, 100 city 
LTCs, and 1,086 municipal LTCs. In addition, local ordinances on organic agriculture 
had been passed by 21 provinces, 27 cities, and 294 municipalities.

Status of organic agriculture in the Philippines

Organic agriculture in the Philippines registered an encouraging growth during the 
period 2013-2015 based on the IFOAM-Research Institute of  Organic Agriculture 
(FiBL) surveys conducted in 2013 and 2015. In 2015, survey data showed that the 
Philippines ranked 8th among the top 10 countries worldwide with the highest 
increase in organic land. The increase was 124,558 ha— i.e., from 110,084 ha in 2014 
to 234,642 ha in 2015. In Asia, the Philippines ranked 4th among countries with 
the largest organic area. Moreover, among member countries of  the Association of  
Southeast Asian Nations (ASEAN), it ranked number one with the largest organic 
farmland. Of  the 554 ha of  organic rice areas, 508 ha were fully converted, while all 
areas devoted to fruits (9,909 ha), cocoa beans (10 ha), and vegetables (6 ha) were 
fully converted as of  2015. Of  the 2.4 million organic producers worldwide, the 
Philippines ranked 5th among countries with the most organic practitioners (165,958) 
(NOAP 2017-2023). 

As reported during the 14th NOAC in November 2017, a total of  349,041 ha 
of  agricultural land was converted into organic farmland as of  December 2016, 
representing 4.86% of  the country’s total agricultural land. In each region, the share 
of  organic area over a particular region’s total agricultural area varied, reaching more 
than 100% of  its 5% target (Regions 13, 3, 12, and 11; CAR). The total volume 
of  organic production was 525, 863 metric t, reaching 106 market destinations (86 
domestic and 20 export markets) with 116, 558 farmer beneficiaries. There are also 
63 certified farms and establishments to date, 29 of  which were certified in 2016 and 
88 more applicants due for certification assistance the following year (NOAP 2017-
2023).

The implementing units of  the DA such as BPI, BAI, BSWM, and the RFOs 
provided production and post-production technology support, including distribution 
and provision of  the following organic farm inputs, machinery, and production and 
postharvest facilities as of  October 2017 (Morales 2017):

• (204,805) 277,587 kg organic seeds
• (1,171,717) 1,698,689 kg organic fertilizers and other inputs
• (3,531,480) 6,137,145 pcs bio-control agents
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• (18,311,701) 18,649,028 pcs planting materials
• (12,795) 14,350 animal head
• (185) 227 production facilities maintained
• 27 production facilities upgraded
• 773 vermicomposting facilities established
• (8,054) 8,411 units of  farm production machinery distributed
• (250) 262 units of  postharvest machinery distributed

Not included in the update in NOAP 2017-2023 are the organic farms certified by 
foreign certifying bodies such as ECOCERT, BCS, Control Union, Ceres, etc. Their 
total area, production, and value (export) are significantly bigger than those of  locally 
certified farms.

Local markets for organic products

Organic produce and products used to be in “niche” markets and are difficult to 
find. There are now regular markets in supermarkets and special food outlets in big 
cities such as OPTA Coop Store (Loyola Heights, Quezon City), Mario’s Café by the 
Ruins (Baguio City), La TOP (La Trinidad, Benguet), Bios Dynamics Cooperative 
Store (Davao City), Healthy Options, French Baker, The Coffee Bean and Tea Leaf  
Coffee Shop, Landmark Supermarkets, Robinson’s Supermarkets, Rustan’s, SM 
Supermarkets, Iloilo Supermarket, and Nature’s Beauty (Cagayan de Oro). More so, 
weekend markets remain an alternate outlet of  organics. Some of  the popular ones 
are OPTA in the Lung Center of  the Philippines (Quezon City), Mara’s Organic 
Market in Legaspi Village on Sundays (Makati City), Organic Market in Salcedo 
Village on Saturdays (Makati City), Magallanes Organic Market on Sundays (Makati 
City), Organic Na Negros, Fresh Start, and May’s Garden (Bacolod City), Tabo-an 
(Dumaguete City), etc.

The DA has also established organic trading posts (OTPs) all over the country. As 
of  2017, there are already 55 OTPs established throughout the Philippines (Morales, 
2017):

CAR (1) Lagawe, Ifugao; (2) Hingyon, Ifugao; (3) Bangued, Abra; (4) 
Bontoc, Mt. Province; (5) Bauko, Mt. Province

RFO 1 (1) Burgos, Ilocos Norte; (2) Cervantes, Ilocos Sur; (3) Sta. 
Catalina, Ilocos Sur; (4) Urdaneta, Pangasinan; (5) Alaminos, 
Pangasinan; (6) Manaoag, Pangasinan

RFO 2 (1) Ilagan, Isabela; (2) Kayapa, Nueva Vizcaya;

RFO 3  (1) Maria Aurora, Aurora; (2) Balanga, Bataan; (3) San Ildefonso, 
Bulacan; (4) Llanera Nueva Ecija; (5) Guimba, Nueva Ecija;  (6) 
Botolan, Zambales; (7) Masinloc, Zambales; (8) Cabiao, Nueva 
Ecija; (9) Capas, Tarlac

RFO 4A (1) Alfonso, Cavite; (2) Nagcarlan, Laguna; (3) Lumban, Laguna; 
(4) Malvar, Batangas; (5) Tanay, Rizal; (6) Lucban, Quezon
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RFO 4B (1) Puerto Galera; (2) Naujan, Oriental Mindoro; (3) San Jose, 
Occidental Mindoro; (4) Calapan, Oriental Mindoro

RFO 5 (1) Bano, Legazpi City; (2) Daet, Camarines Norte

RFO 6 (1) San Miguel, Jordan, Guimaras; Zaragga, Iloilo

NIR (1) Silay City, Negros Occidental 

RFO 8 (1) Naval, Biliran

RFO 9 ( 1) Dumingag, Zamboanga del Sur; (2) Titay, Zamboanga 
Sibugay

RFO 10 (1) Kauswagan, Lanao del Norte

RFO 11 (1) Magsaysay, Davao del Sur; (2) People’s Park, Davao City; 
(3) Dujali, Davao del Norte; (4) Mati, Davao Oriental; (5) 
Banaybanay, Davao Oriental; (6) Bansalan, Davao del Sur; (7) 
Nabunturan, Compostella Valley

RFO 12 (1) Surallah, South Cotabato; (2) Midsayap, North Cotabato; (3) 
Tulunan, North Cotabato; (4) Tacurong, Sultan Kudarat

RFO 13 (1) Butuan City; (2) Remedios T. Romualdez, Agusan del Norte

 
The OTPs are supposedly local markets for third-party organic-certified produce 

and products, including organic inputs. Some of  the products, however, only have 
the benefit of  local participatory guarantee system (PGS). Aside from these, there are 
also organic markets established through LGU initiatives such as that in Los Banos, 
Laguna.

Many organic produce and products, however, are not marketed separately from 
non-organic products and are not priced differently. Organic growers contend that 
their production cost is already much lower than non-organic so the price premium 
is no longer necessary.

Negros Occidental

The total market size of  organic food products in Negros Occidental is estimated 
at about PhP 633,640,000 (Acaba et al. 2016). For organic crops, market demand is 
about PhP 55,600,000 (Table 7), while that for organic livestock, pro-biotic poultry 
meat, and eggs is about PhP 578,040,000 (Table 8). The main market distribution 
segments are SM Supermarkets, Capitol organic market, Robinson’s Supermarkets, 
Fresh Start and May’s Garden (Table 9). A macro-environment analysis of  the Negros 
Occidental organic market industry suggests a ‘grow and build’ strategy to improve 
its competitive edge in the food market industry. Suitable marketing strategies are 
market penetration, market development, and product development. From the 
organic farmers’ point of  view, backward, forward, and horizontal integration should 
be considered to take advantage of  market opportunities (Acaba et al. 2016).
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Table 7. Market size of crops and their market share.

Product category Market size (PhP) Market share (%)

High-value crops (lettuce, carrots, and
others)

24,246,600.00 43.60

Coffee, rice, and muscovado 31,027,200.00 55.80

Fruits and vegetables 328,800.00 0.59

Total                                                                                 55,602,600.00 100.00

Table 8. Market size of livestock and poultry and their products.

Product category Market size (PhP) Market share (%)

Organic piglets 864,000.00 0.15

Finishers “litson” 348,000.00 0.06

Probiotic broiler meat 756,000.00 0.13

Probiotic eggs 576,000,000.00 0.65

Range chicken 72,000.00 0.01

 Total 596,640,000.00 100

Table 9. Market distribution segments in Negros Occidental.

Type/segment name  Share (%) (2012) Description and trend

SM Supermarket 58.0 SM Supermarket, Save More Supermarket

Capitol organic market 20.7 Most small farmers deliver their produce here

Robinson’s Supermarket 9.3 Robinson’s Place and Robinson’s Supermarket in 
Bacolod Shopping Center 

May’s Garden 1.3 Restaurant with gardens and souvenir shops

Fresh Start 3.3 Specialty stores (involving all  value chain stages: 
farm processing-packing-retailing

Direct from farm sites 12.7 Small farmers sell their farm produce to interested 
visitors and buyers

Friends’ organic farms 8.7 Community gardens sharing their resources 

Total 100

Export market for organic products

The increase in organic production is driven by export markets for the following 
products:

• Coconut – RBD coconut oil, desiccated coconut, virgin coconut oil, coconut 
milk, flour, coconut water, coconut sugar, coconut syrup, etc.
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• Sugarcane – muscovado, syrup, vinegar
• Banana – chips, fresh Cavendish
• Cacao beans, herbals, spices, rice, others

 
Most of  the export products, however, come from traditional agriculture involving 

smallholders (Castro 2017), but these are organized, processed, and marketed through 
or by big companies, especially in the case of  coconut products. In a way, this implies 
that the particular traditional production systems, now certified as organic based on 
EU, NOP and JAS standards, are sustainable.

These Philippine organic products are sent to these major markets (BPI; based on 
phytosanitary certificates issued):

Banana chips: USA, Netherlands, Germany, France, Canada, Denmark, New 
Zealand
Cocoa beans and nibs: USA and Netherlands
Coconut water: USA, Netherlands, Australia, UAE, Canada, France, China, 
Singapore
Coconut oil: USA, Netherlands, Korea, Belgium, Germany, China, Taiwan
Coconut milk and coconut cream: Germany, USA, France, Australia
Herbal berry extract, Lagundi syrup, herbal tea, herbal juice, virgin coconut 
oil: Japan
Fertilizer (plant mate and concentrate): Africa, Kenya, Indonesia

NOAP 2017-2023

The National Organic Agriculture Program 2017–2023 (NOAP V2.0) is the 
second strategic plan on organic agriculture of  the Department of  Agriculture 
(DA). It was crafted through a series of  public consultations in Luzon, Visayas, and 
Mindanao. It aims to continue the promotion and development of  organic agriculture 
in the country to make it competitive and sustainable as envisioned in the landmark 
legislation, the Organic Agriculture Act of  2010 (Republic Act 10068).  Philippine 
organic agriculture experienced encouraging growth during the first NOAP 2012–
2016 in terms of  total agricultural area converted into organic farming, total volume 
of  organic production, number of  certified organic farms/establishments, market 
reach, and number of  organic practitioners (NOAP 2017-2023). The NOAP V2.0 
serves as the blueprint for use by the DA implementing agencies and regional field 
units in partnership with other stakeholders.

The total budget of  NOAP for 2018 is PhP 802.97 million, a slight drop from the 
2017 budget of  PhP 817.936 million. The NOAP started with a budget of  PhP 900 
million in 2011. In 2012 and 2013, the budget was highest, PhP 927.2 million in both 
years (Cammagay et al. 2016).
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These major activities were conducted in 2016-2017:

• Amendments made to RA 10068 (Organic Agriculture Act of  2010)
• Formulation of  NOAP document for 2017 – 2023
• Reiteration of  the DA-DILG Joint Memorandum Circular No. 02, Series
• of  2013
• Formulation of  guidelines related to the enforcement of  organic labeling
• Development of  guidelines to establish PGS
• Finalization of  tax revenue regulation
• Establishment of  production and postharvest facilities and composting 

facilities for organic fertilizer and compost production
• Upgrading of  regional soil laboratories in support of  R&D efforts
• Establishment of  organic RDE centers consistent with Philippine national 

standards
• Provision of  seeds, planting materials, animals, and fingerlings
• Provision of  irrigation support services
• Establishment of  organic trading posts

For 2018, the major thrusts and priorities are as follows (Morales 2017):
• Strengthened and more focused production support services
• Increased investments in farm mechanization and irrigation
• Intensified market support services
• Improved extension support, education and training services
• Increased investment in research and development in organic agriculture
• Priority given to indigenous people communities and marginalized groups
• Intensified promotion and advocacy of  the organic agriculture program 
• Institutionalization of  organic agriculture system and strengthening M&E

RESEARCH AND DEVELOPMENT IN ORGANIC 
AGRICULTURE

Organic agriculture is viewed by many as a return to the past, that is, old 
production systems often construed as not scientific. In a way, because of  current 
organic standards, it is relatively new compared with non-organic or conventional 
agriculture. The latter has benefited a lot from research and development (R&D) 
in the last several decades. In contrast, R&D support for organic agriculture in the 
Philippines is just emerging this decade, especially with the passage of  RA 10068.

Section 20 of  RA 10068 on Research, Development and Extension states: The 
Bureau of Agricultural Research (BAR), as the lead agency, shall coordinate with the 
other agencies of the DA, the Department of Agrarian Reform (DAR), the Department 
of Science and Technology (DOST), the Department of Education (DepED), the 
Department of Interior and Local Government (DILG), the strategic agricultural-
based state universities and colleges (SUCs), including private organizations, to 
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develop, enhance, support and consolidate activities and related technologies for the 
formulation and implementation of a unified and integrated organic agriculture 
RDE plan and programs for the national to the field level. Section 21 of  RA 10068 
dealt with the creation of  the Organic Agriculture RDE Network; Section 22 touched 
on the creation of  RDE centers; and Section 23 tackled organic agriculture in the 
formal and non-formal sectors.

As of  2017, the DA-BAR has accomplished the following:
• 22 research and development centers for organic agriculture established
• 85 research projects funded, which included applied research on organic 

seed production, pest and disease management, crop production, and soil 
management; a total of  271 projects were funded and conducted by RFOs, 
BAR, and BPI (Morales 2017)

• 4 research facilities established/funded
• 9 research facilities maintained
• 12 research projects upgraded
• 176 new technologies disseminated
• 40 learning sites established in CAR (5), Region 4B (13), Region 6 (12), 

Region 10 (3), Region 11 (4), and Region 13 (3), showcasing integrated farms, 
nurseries, vermiculture, composting, organic production of  rice, fruits, 
vegetables, herbs, organic livestock and poultry, tilapia, etc.

• User-friendly database and information system on organic agriculture in 
place and accessible to stakeholders

• Information, education, and public awareness programs on research 
completed and continuing activities supported

• Indigenous knowledge compiled in 2013 and disseminated continuously 
thereafter

• Private sector participation in research activities strengthened and supported
• Organic Agriculture RDE Agenda Plan for 2017–2020 formulated

In addition to the accomplishments of  DA-BAR, PCARRD-DOST funded the 
National Organic Vegetable RDE Program and Organic Arabica Coffee Program.

Aside from the above initiatives, various SUCs have also embarked on their own 
organic programs, which mostly focus on organic fertilizer production and crop 
and livestock production. Among the notable programs are those of  Benguet State 
University, Central Luzon State University, Don Mariano Marcos State University, 
Pampanga State College, and Misamis Oriental State College of  Arts and Technology.

Organic varieties

Many researchers do not believe in the concept of  organic varieties, more so in 
organic plant breeding. But research has shown that good performance in conventional 
systems does not translate into the same performance in organic conditions (Murphy 
et al. 2007). Thus, organic growers need crop varieties well-adapted to the low-input 
conditions of  organic systems (Zystro 2012). One way of  solving the problem is 
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through participatory breeding where farmers develop and adapt crop varieties to 
specific conditions and farm practices in their areas (Maghirang et al. 2014).

There is always mention of  a decrease in yield in going organic. But, in most cases, 
there are significant yield increases by the 3rd year, erasing the so-called ‘yield penalty.’ 
Theoretically, however, there should be no yield penalty if  the organic grower is using 
varieties suitable to organic conditions and if  cultural management is appropriate.

Yield under organic condition has always been attributed to organic management 
alone, not considering the genetic component of  yield. There is a need to do varietal 
development under organic conditions. The assumption is that genotype is the main 
culprit in the so-called yield penalty, given appropriate organic management. The 
following are just some of  the R&D efforts in the development of  organic varieties.

Rice

The organic rice market is growing significantly in the Philippines because 
consumers prefer insecticide-free and healthy food, both for the local and export 
markets. But there is always the perception of  lower yields in going organic. Breeding 
for organic varieties, however, has been done quite successfully by NGOs but the 
formal breeding sector (IRRI and PhilRice) are still reluctant to embark on it. In 
the work of  Badajos et al. (2017) using 40 conventional varieties, majority of  these 
obtained higher yields under the organic system as compared with the inorganic/
conventional system. The top yielders were NSIC Rc 354, 240, and 360 with yields 
of  6.1-6.2 t ha-1 in Nueva Ecija and NSIC Rc 134, Rc 214 and Rc 142 with respective 
yields of  5.8, 5.7, and 5.6 t ha-1 in Mindoro. In another study, results showed that 
conventional rice varieties grown organically differed in agronomic performance in 
each location and that yield was higher during the wet season compared with the dry 
season (Manigbas et al. 2017). The highest mean yield across three seasons was seen 
in Oriental Mindoro (4.6-5.1 t ha-1) and in Negros Occidental (2.6-3.2 t ha-1) (Table 
10). This implies that conventional varieties can also perform well under organic 
conditions but only in selected areas. Thus, the choice of  variety considering location 
and season is crucial to sustainable organic rice production.

Table 10. Top-yielding varieties in Mindoro and Negros across seasons (Manigbas et al. 2017).

Rank Variety Mindoro
(t ha-1) Variety Negros

 (t ha-1)

1 NSIC Rc 212 5.1 NSIC Rc 240 3.2

2 NSIC Rc 214 5.1 NSIC Rc 222 3.0

3 PSB Rc 68 4.8 NSIC Rc 238 2.8

4 NSIC Rc 122 4.7 PSB Rc 18 2.8

5 NSIC Rc 188 4.6 NSIC Rc 9 2.7

6 NSIC Rc 240 4.6 NSIC Rc 214 2.7

7 NSIC Rc 308 4.6 PSB Rc 68 2.6
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Pole sitao

Pole sitao or yard long bean (Vigna unguiculata subsp. sesquipedalis) is one of  
the vegetables usually sprayed with a lot of  pesticides to control insect pests such 
as beanfly and pod borers. In trials using varieties developed for organic conditions, 
yields were up to 26.26 tha-1, which are significantly higher than the yield of  check 
variety Sandigan at 16.11 t ha-1 (Table 11) (Maghirang et al. 2012). The national 
average yield of  pole sitao in 2016 was 8.52 t ha-1 (PSA 2017). Also noteworthy was 
the observation that, in separate trials where non-organic pole sitao varieties were 
used, there were practically no yield from such varieties, whereas the organic varieties 
were very prolific. This again would point to the importance of  using the appropriate 
variety for organic farming.

Table 11. Fresh pod yields of pole sitao under organic condition during the wet season 
(May to August 2011).

Entry code
Yield (t ha-1)*

Marketable Non-marketable Total

10116-1-1-0-0 17.81 a 7.45 ab 25.26 a

1096-1-1-0-0 18.20 a 8.00 ab 26.19 a

10107-1-1-0-0 6.83 de 3.72 cd 10.55 de

10419-1-0-0 3.86 de 2.38 d 6.24 e

10420-1-0 11.61 b 7.18 ab 18.79 b

10421-0-0 19.43 a 5.47 bc 24.90 a

10422-1-0 5.11 de 2.91 d 8.02 de

0801-5-1-1-0        16.35 a 8.84 a 25.19 a

0802-1-1-11-1 6.54 de 5.69 bc 12.23 cd

SKLG-4-1-3-1 7.21 cd 5.53 bc 12.74 cd

Sandigan (check) 10.31 bc 5.80 bc 16.11 bc

Average 11.2 5.7 16.9

LSD 3.2 2.5 5.1

CV 17.0 26.0 17.7
 
Means having the same letter are not significantly different from each other at p=0.05.
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Cucumber 

Cucumber is relatively easy to grow organically, but non-organic production still 
involves a lot of  pesticides to control pests and diseases. In an organic trial of  organic 
variety entries 11621 (28.83 t ha-1 total; 21.11 t ha-1 marketable) and 11622 (29.66 t 
ha-1 total; 22.36 t ha-1 marketable) had statistically better total and marketable yields 
than the hybrid check (14.89 t ha-1 total; 10.80 t ha-1 marketable) and comparable 
yields over the local check (23.02 t ha-1 total; 15.18 t ha-1 marketable). The remaining 
entries, except for 11618, were numerically higher in yield than the hybrid check and 
comparable with the top two entries. Five entries (11616, 11621, 11622, 11623, and 
WLS) showed more than 50% yield advantage as potential yield of  cucumber entries 
was compared with that of  the commercial variety. The top two entries, 11621 and 
11622, had a yield advantage of  93.55% and 99.18%, respectively (Maghirang et 
al. 2014). They also had higher yield advantage over the local check. The organic 
varieties performed better than the F1 hybrid check in terms of  yield, statistically and 
numerically (Table 12).

Table 12. Potential fresh fruit yield (t ha-1) of cucumber entries with corresponding percent yield 
advantage over the F1 hybrid check in the wet-season preliminary yield trial at UPLB, College, 
Laguna, Philippines.

Entry Marketable 
(t ha-1)

Non-marketable 
(t ha-1) Total (t ha-1) Yield advantaga 

over check (%)

11614 14.09 abcd 3.55 a 21.20 ab 42.35

11615 14.41 abcd 3.75 a 21.91 ab 47.09

11616 14.97 abcd 4.13 a 23.23 ab 55.95

11617 14.53 abcd 3.25 a 21.02 ab 41.11

11618 8.11 d 3.23 a 14.56 b -2.22

11620 14.41 abcd 2.86 a 20.13 ab 35.17

11621 21.11 ab 3.86 a 28.83 a 93.55

11622 22.36 a 3.65 a 29.66 a 99.18

11623 19.41 abc 2.99 a 25.40 ab 70.55

11624 13.85 abcd 3.84 a 21.52 ab 44.51

11625 12.42 bcd 2.55 a 17.51 ab 17.59

WLS 15.18 abcd 3.92 a 23.02 ab 54.54

Hybrid check 10.80 cd 2.05 a 14.89 b

AVERAGE 15.05 3.35 21.76

CV 38.83 43.49 37.89

LSD 9.85 2.46 13.90

Means having the same letter are not significantly different from each other at p=0.05.
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Squash

In the organic trial with squash using lines developed for organic production, total 
yield ranged from 5.15 to 38.4 t ha-1 with six entries outyielding the check variety with 
just an 11.3 t ha-1 yield (Maghirang et al. 2013). The national average yield of  squash 
was 16.60 t ha-1 in 2016 (PSA 2017).

Table 13. Yield of organic squash lines under organic condition.

Entry number
Yield (t ha-1)

Marketable Non-marketable Total

1073-1-1 5.15 c 0 a 5.15 c

10130-1-1 6.70 c 1.70 a 8.40 c

1056-1-1 (3) 18.85 bc 3.90 a 22.75 abc

10133-1-1 9.15 c 2.25 a 11.40 c

10129-1-1 (2) 32.40 ab 3.10 a 35.50 ab

10128-1-1 (1) 33.30 ab 5.10 a 38.40 a

10130-2-1 (5) 14.15 c 6.75 a 20.90 abc

1058-1-1 (4) 18.70 bc 1.70 a 20.40 bc

10127-1-2 (6) 14.25 c 4.45 a 18.70 bc

Check variety 8.40 c 2.90 a 11.30 c

Average 16.10 3.18 19.29

LSD 13.94 8.22 17.84

Means having the same letter are not significantly different from each other at p=0.05.

Carrot

Organic carrots seen in Philippine markets are usually small, knobbly, and 
deformed. But in trials conducted by Tad-awan and Basquial (2016), carrot varieties 
grown in high-elevation places such as Tulodan produced high yield ranging from 
11 to 70 t ha-1. Chunhong has consistently high yields and is of  good quality and 
appearance. Overall, Terracotta and Chunhong produced higher yields with 27.32 
t ha-1 and 25.87 tha-1, respectively, than check variety Kuroda (24.55 t ha-1). As to 
G x E during the dry season, Kuroda is the most stable variety. For the wet season, 
Chunhong is stable (Tad-awan and Basquial 2016). Average yield of  conventional 
carrot in the Philippines was only 14.32 t ha-1 in 2016 (PSA 2017).

These examples generally suggest that, with appropriate genotype or variety and 
proper cultural management, yields and quality of  produce under organic conditions 
would be high.
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CONCLUSION

Organic agriculture is sustainable under the Philippine setting, especially with 
continued government support, but this still depends largely on the market, both local 
and export. At present, the local market for organic produce and products is being 
well patronized by just a small segment due mainly to a price premium set under an 
inefficient supply chain. Research has shown that yields under organic conditions can 
be high and comparable with those of  conventional yields, if  done properly, which 
means using varieties suitable for organic condition and location (Chapter 3 & 10). 
The problem of  sourcing a sufficient supply of  organic fertilizers can be managed 
with the use of  available on-farm resources, microbials, as well as raw materials from 
the sea and not just manure. But still, a lot of  research must be done to optimize 
organic agriculture in the Philippines.
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INTRODUCTION

Modern agriculture has relied on high-input farming to meet the demand of  an 
increasing human population. The major drawbacks observed in the agroecosystem 
are cited as one of  the indirect causes of  climate change. Consequently, the holistic 
approach of  organic agriculture toward productivity and sustainability has gained 
more attention. The organic system is believed to be a low-input and output-based 
system that cannot increase rice yield. In this regard, to possibly maximize yield 
potential, identification of  rice varieties suitable to low-input conditions and a clear 
understanding of  the complex interactions between genotypes and systems are 
necessary. Comparing crop responses under inorganic and organic farming systems 
and identifying varieties that can well adapt to the latter is key in supporting organic 
farming practices and increasing yields.

The identification of  better performing rice genotypes, especially during different 
seasons, can provide farming strategies that are exclusive for both seasons and 
conditions. Though initial studies suggest comparable yield performance between 
inorganic and organic systems, it is still important to conduct robust and more stringent 
studies to come up with a better approach in dealing with organic farming. Different 
approaches of  analysis can be used. An analysis of  genotype ranking identifies 
varieties that are high-yielding under both systems. Initially, Philippine varieties 
showed great potential under an organic system. But still, a careful observation of  
agro-morphological traits and their association with genotype by system interaction 
is the best approach so far in getting data-based information to aid decision making. 
With this information, breeders and researchers can identify genotypes that accurately 
respond to low-input environment and that can be developed to maximize yield 
potential.

BREEDING RICE GENOTYPES FOR ORGANIC SYSTEM: 
AGRO-MORPHOLOGICAL TRAITS ASSOCIATED WITH 
GENOTYPE BY SYSTEM INTERACTION
Norvie L. Manigbas, April T. Badajos, Ellen S. Romero, Fe L. Porciuncula, Paulina J. 
Alvaran, and Quirino D. Dela Cruz
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Rice is the staple food of  more than half  of  the world’s population. As the 
world population increases, demand for rice also increases. To meet this demand, 
agriculture has relied on the introduction of  modern varieties that require high inputs 
(excessive chemical and pesticide applications) to attain higher yield. Referred to as a 
conventional farming system, it had caused major drawbacks in the natural balance 
of  the ecosystem. Samy et al. (1997) indicated that conventional farming was one of  
the indirect causes of  climate change. It also resulted in pest and disease outbreaks 
and loss of  the soil’s natural fertility in addition to other adverse effects (Fess et al. 
2011). Aside from that, the Organic Producers Trade Association (OPTA) in the 
Philippines reported that consumption of  foods produced under chemical-intensive 
conditions causes brain damage, impaired intellectual capability, cancer, and other 
life-threatening diseases.

With increasing negative effects and with the growing health consciousness, the 
International Federation of  Organic Agriculture Movements (IFOAM) initiated the 
shift to organic agriculture. IFOAM defines organic agriculture as “an agricultural 
production system that promotes environmentally, socially, and economically sound 
production of  food and fiber and excludes the use of  synthetically compounded 
fertilizers, pesticides, growth regulators, livestock feed additives, and genetically 
modified organisms” (IFOAM 2015).

Organic farming has drawn more and more interest worldwide. Yoshino (2010) 
reported that 35 million ha of  agricultural land are certified according to organic 
standards based on the FiBL and IFOAM, 2010. This covers 0.81% of  the world’s 
agricultural land. The coverage rate is high in Oceania (2.76%) and Europe (1.72%) 
but low in Asia (0.23%) and Africa (0.09%). There were doubts about organic 
farming’s ability to feed the world population. FAO (2011) states that, although 
organic agriculture has moderate financial reward, it could support financing the 
transition from a conventional to an organic system or adoption of  certain climate-
friendly practices in crop production. Organic farming can support sustainable 
agriculture through carbon and nutrient cycling. This is seen in composting waste 
materials, manure storage and utilization, avoidance of  inorganic fertilizers, use of  
bio-pesticides and plant extracts, and avoidance of  biomass burning.

In the Philippines, the Department of  Agriculture (DA) became involved 
in organic agriculture through the Bureau of  Agriculture and Fisheries Product 
Standards. Since 2003, the organic industry in the Philippines has made progress 
from a low base (Sarmiento 2007). In spite of  all the advantages of  organic farming, 
there was low adoption of  organic agriculture because of  the lack of  production 
conversion technology to enable farmers to shift to organic methods. Most farmers 
do not yet understand the impacts of  agro-chemicals on the health and environment 
so they continue to use synthetic chemical inputs. There are also doubts that organic 
agriculture can produce sufficient food to feed the increasing human population.

Several yield trial comparisons between organic and inorganic (conventional) 
farming systems have shown that significantly lower yields were obtained from 
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organic systems. Most of  the varieties tested were bred under conventional farming 
system and may therefore not accurately represent the conditions present in organic 
farming. Murphy et al. (2007) described these studies to be biased toward higher yields 
in a chemical-intensive conventional system. Although some research has shown that 
the organic system is less productive than the conventional system, there are other 
studies that prove otherwise (Nemes 2009).

According to Murphy et al. (2007), low yields in organic farming systems are 
caused by poorly adapted varieties commonly used in conventional systems.  Since 
organic farming management and environment are fundamentally different from 
those under a conventional system, organic farmers need varieties that are specifically 
adapted to their low-input farming system, which can have higher yield stability than 
conventional varieties (Bueren et al. 2002). Realizing the need to adopt to conditions 
of  organic agriculture and to sustain  rice production system in the Philippines, this 
project was conceptualized.

The current hypothesis is that rice varieties (inbred and hybrid) bred under the 
conventional system will also adapt or ‘be forced to adapt’ under an organic system. 
The alternative hypothesis is that rice varieties bred and selected under a conventional 
system will not produce high yields under an organic system. This suggests the need 
for breeding and selection under organic conditions. When breeding is done for 
organic systems, can direct selection for organic system as the target environment 
obtain higher yields compared with indirect selection done in the conventional 
system? In another scenario, can selection for specific traits suitable to organic 
systems possible within the existing conventional breeding program? This experiment 
was conducted to evaluate and compare the responses of  different rice varieties from 
the Philippines and South Korea under organic and conventional farming systems; 
identify rice varieties that are well-adapted to organic farming; and measure the 
genotype by system interactions to determine whether breeding and selection under 
an organic system is necessary. Korean-bred cultivars were used primarily because 
of  their availability through a collaborative research with PhilRice and to widen the 
variability of  genotypes used in this experiment.

Organic farming site location and preparation

A fully converted organic area of  1,232 m2 at the Ramon Magsaysay Center for 
Agricultural Resources and Environment Studies (RMCARES) in Central Luzon 
State University, Nueva Ecija, was used in the study for two seasons (2012 wet season 
[WS] and 2013 dry season [DS]). A 62-m2 area was thoroughly prepared for organic 
rice seedling production; three seedbeds 1 m wide and 20 m long were constructed. 
Each seedbed was further divided into 20 plots representing each treatment.

The experimental area was harrowed and plowed twice using a four-wheel tractor 
and divided into three blocks as replicates in RCBD. Each block was further divided 
into 20 plots representing the different treatments: three Korean cultivars (Dasanbyeo, 
Hanareumbyeo 2, and Milyang 23); one farmer-bred (Masipag 10-1); four traditional 
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(Burdagol Laguna, Ennano II, Jasmine, and Iniput-ibon); and 12 selected Philippine-
released varieties (NSIC Rc 202H,  NSIC Rc 204H,  SL 18,  PSB Rc 14, PSB Rc 18, 
PSB Rc 82, NSIC Rc 122, NSIC Rc 190, NSIC Rc 218, NSIC Rc 226, NSIC Rc 238 
and NSIC Rc 240). Distance between blocks is 1 m and 0.50 m between treatments. 
Leveling was done before transplanting. Organic fertilizer was applied basally in each 
plot at the rate of  6 t ha-1 before transplanting. The seedbed was raised in wet-bed 
following standard procedures.

Crop management practices

Seedlings were transplanted 25 d after sowing (DAS) using straight planting method 
at two seedlings per hill at a distance of  20 x 20 cm. Adult golden apple snail (GAS) 
was controlled by manual picking. Papaya leaves were also scattered in the whole 
area 10 d after transplanting (DAT) for easier picking of  GAS. Likewise, a week after 
transplanting, 1-m-tall bamboo sticks were installed in the field where the snails can 
lay their eggs and these egg clusters were crushed immediately. Weekly spraying of  
organic liquid supplement (OLS) from fermented kakawate leaves, banana, molasses, 
mungbean, and soybean seeds (50 ml L-1 of  water) was done until tillering stage at 
the rate of  50 ml OLS per liter of  water. For insect control, Oriental Herbal Nutrient 
from fermented yellow ginger, hot pepper, molasses, and gin was sprayed weekly 
at the rate of  30 ml L-1 of  water. Hand weeding was employed to eliminate weeds. 
Irrigation of  experimental crops was done every other day to maintain 3-5 cm of  
water.

For the inorganic system, fertilizer rate of  90-30-30 kg N, P2O5, K2O/ha for WS 
and 120-60-60 N, P2O5, K2O for DS were applied in split application, ½ at 7 DAT and 
the remaining half  at 35 DAT or at panicle initiation stage. Sources of  fertilizers were 
complete fertilizer (14-14-14) and urea (46-0-0). To keep the field clean throughout 
the growing period, weeds were controlled by spraying pre-emergence herbicide 
(Machete) at 5 DAT at the rate of  1 L ha-1. Hand weeding was done whenever 
necessary. Molluscicide (Bayluscide) was applied right after transplanting to control 
snail damage on the rice seedlings. Insect pests and diseases were controlled by 
spraying the appropriate pesticides and fungicides.
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Yield performance

There were differences in yield among genotypes in each cropping season 
(P<0.001); the inorganic system had greater mean yield (4.3 t ha-1) than the organic 
system (4.15 t ha-1). However, during WS, the mean yield of  the inorganic system was 
significantly similar to that of  the organic system (Fig. 1, Table 1).

 

Fig. 1. Grain yield (t ha-1) of 20 Philippine-and Korean-bred rice varieties under inorganic and 
organic systems, 2012 wet season (WS) and 2013 dry season (DS).
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Table 1. Mean differences between inorganic and organic systems across 20 genotypes, 2012 wet 
and 2013 dry seasons.

Characteristic Cropping season System Mean N G x S Rs

Yield 2012WS Inorganic 4.3 a 60 0.0426** -0.04

Organic 4.2 a 60

2013DS Inorganic 4.2 a 60 0.0008** -0.09

Organic 3.9 b 60

Days to maturity 2012WS Inorganic 116 a 60 <.0001** -0.87

Organic 86 b 60

2013DS Inorganic 96 a 60 0.1234 -0.86

Organic 82 a 60

Plant height (cm) 2012WS Inorganic 106.0 a 60 0.0018** 0.03

Organic 101.0 b 60

2013DS Inorganic 102.5 a 60 0.0451* 0.16

Organic 82.9 b 60

Productive tillers 
(no.)

2012WS Inorganic 10 a 60 0.0344* -0.11

Organic 10 a 60

2013DS Inorganic 15 a 60 0.001** -0.59

Organic 11 b 60

1000-grain weight 2012WS Inorganic 28.3 a 60 0.0018** 0.30**

Organic 26.1 b 60

2013DS Inorganic 28.0 a 60 0.0111** 0.32**

Organic 26.0 b 60

Filled grains (no.) 2012WS Inorganic 115 a 60 0.0046** 0.38**

Organic 96 b 60

2013DS Inorganic 113 a 60 <.0001** -0.55

Organic 88 b 60

Unfilled grains (no.) 2012WS Inorganic 38 a 60 0.9398 0.60**

Organic 20 b 60

2013DS Inorganic 38 a 60 <.0001** -0.66

    Organic 20 b 60  

Number of observations (N), P-value for genotype by system interaction (G x S), Spearman’s rank correlation 
coefficients (Rs) measured in paired inorganic/organic experiments with 20 rice genotypes per cropping season.

Means with the same letter are not significantly different at P=0.05 by LSD. 
**Highly significant at 0.01 level.
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Grain yield during WS under the inorganic farming system ranged from 2.2 to 5.6 t 
ha-1 compared with organic system’s 1.4-5.7 t ha-1 (Fig. 1). Among genotypes, most of  
the selected Philippine-bred varieties such as NSIC Rc 226, NSIC Rc 202H, NSIC Rc 
238, NSIC Rc 204H, SL 18, and NSIC Rc 240 showed superior yielding performance 
over the check Masipag 10-1 for both inorganic (4.8-5.6 t ha-1) and organic (4.7-5.5 t 
ha-1) systems. On the other hand, Korean varieties (Dasanbyeo, Hanareumbyeo 2 and 
Milyang 23) had relatively lower yields under both systems (3.5-4.1 t ha-1, inorganic; 
3.1-3.8 t ha-1, organic) (Table 2).

Table 2. Yield (t ha-1) of rice varieties under organic system in wet and dry seasons, by ecosystem.

Variety Ecosystem
Wet season Dry season

Inorganic Organic Inorganic Organic

NSIC Rc 202H Irrigated lowland 5.2 5.1 4.0 5.3

NSIC Rc 204H Irrigated lowland 4.8 4.9 7.2 5.0

PSB Rc 18 Irrigated lowland 4.4 4.8 4.2 5.4

NSIC Rc 226 Irrigated lowland 5.6 5.5 5.7 4.3

NSIC Rc 238 Irrigated lowland 5.4 4.9 4.4 4.6

SL 18 Irrigated lowland 4.9 4.8 4.1 4.7

NSIC Rc 122 Irrigated lowland 5.4 4.8 4.9 4.9

PSB Rc 14 Rainfed lowland 4.3 4.6 5.4 4.1

Burdagol Laguna Traditional variety 3.9 3.9 4.4 4.7

NSIC Rc 240 Irrigated lowland 4.9 4.7 2.8 3.2

PSB Rc 82 Irrigated lowland 4.3 4.1 4.7 3.8

Ennano II Traditional variety 3.3 4.5 2.0 2.6

Masipag 10-1 (Check) Irrigated lowland 4.7 4.2 4.0 2.8

NSIC Rc 190 Saline 3.3 3.5 4.2 4.3

Jasmine Traditional variety 3.7 3.0 3.3 4.5

NSIC Rc 218 Irrigated lowland 3.6 3.9 4.4 2.8

Hanareumbyeo 2 Irrigated lowland 4.1 3.8 4.3 3.2

Milyang 23 Irrigated lowland 4.1 3.8 4.1 2.4

Dasanbyeo Irrigated lowland 3.5 3.1 4.1 2.6

Iniput-ibon Traditional variety 2.2 1.4 2.1 2.3
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In the DS, 11 out of  20 cultivars have considerably higher yields under the organic 
system than under the inorganic system (Fig. 1). In contrast, all varieties under the 
inorganic system produced significantly higher yields (4.2 t ha-1) than did those under 
the organic system (3.9 t ha-1) (Table 1). NSIC Rc 204H (7.2 t ha-1) and NSIC R c226 
(5.7 t ha-1) were the highest yielders. Korean varieties have yields comparable (4.1 to 
4.3 t ha-1) with that of  the check (4.0 t ha-1) under the inorganic system (P=0.05). PSB 
Rc 18, NSIC Rc 202H, NSIC Rc 204H, and NSIC Rc 122 were among the highest 
yielders, while Korean cultivars have lower yields under organic system. The lowest 
grain yield was seen in Iniput-ibon with 1.7-2.3 tha-1 under both systems and seasons 
(Fig. 1, Table 2).

The lower grain yield under organic farming system can be attributed to various 
causes such as genotypic differences, yield potential, and slow and gradual release of  
nutrients from organic soil amendments in contrast to chemical fertilizers (Surekha 
et al. 2013). Similar results were reported by Padel and Lampkin (1994, as cited 
by Murphy et al. 2007). Despite the slow response, Yadav et al. (2013) found that 
organic sources offer more balanced nutrition to the plants, especially in terms of  
micronutrients, aside from improving crop productivity and soil fertility. Moreover, 
Urkurkar et al. (2010) reported increased rice yield with continuous organic farming.

Agro-morphological characteristics

All genotypes matured later and have greater plant height under the inorganic 
system compared with those under the organic system in both WS and DS (Table 1). 
Generally, all genotypes under both systems were considered early maturing (mean 
maturity was less than 110 DAS). However, those under an inorganic system have a 
mean maturity of  116 DAS during WS. Long-maturing varieties such as PSB Rc18 
and Iniput-ibon had a maturity of  131 DAS under inorganic system in WS; but they 
were earliest to mature (78-89 DAS) under organic system in the DS (Table 3). 
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Table 3. Agro-morphological characteristics of 20 rice genotypes under inorganic and 
organic systems, wet and dry seasons (continued)

Genotype

1,000-grain weight (g)    Filled grains (no.)                                                                                                     Filled grains (no.) Unfilled grains (no.)

2012 WS 2013 DS                2012 WS 2013 DS 2012 WS 2013 DS

INORG ORG INORG ORG INORG ORG INORG ORG INORG ORG INORG ORG

PSB Rc 14 20.7 i 23.8 h 25.1 cdefg 25.1 fg 87 cde 103 fgh 117 bcde 79 cde 21 cdef 41 bcd 30 fgh 12 ef

Burdagol Laguna 28.7 bc 34.1 a 30.2 a 35.2 a 93 cd 112defg 89 fg 80 cde 19 cdef 32 de 38 cdef 17 def

PSB Rc 18 30.2 ab 27.3 defg 24.0 efgh 26.3 defg 90 cd 111defg 115 bcde 90 c 17 cdef 29 de 33 efgh 18 cdef

PSB Rc 82 24.4 fg 24.6 gh 24.6 defgh 26.8 cdefg 91 cd 99 ghi 103 cdef 87 cd 11 ef 25 e 26 gh 16 def

NSIC Rc 122 25.4 ef 27.1 defg 24.4 defgh 27.9 cdefg 83 def 116 def 122 bcd 86 cde 17 cdef 33 cde 45 abcd 22 bcde

Ennano II 24.1 fg 27.1 defg 27.6 abcd 26.5 cdefg 121 b 160 b 140 b 84 cde 25 bcd 54 ab 54 a 29 bc

NSIC Rc 190 25.8 ef 28.1 cdef 25.1 cdefg 27.4 cdefg 63 ef 86 i 89 fg 71 e 21 cdef 30 de 42 bcde 13 ef

NSIC Rc 202H 25.3 ef 28.4 cde 27.2abcde 26.5 cdefg 122 b 117 de 116 bcde 92 c 18 cdef 46 bc 24 gh 18 cdef

NSIC Rc 204H 26.1 e 27.2 defg 26.7 bcde 28.4 bcde 108 bcd 102 gh 170 a 93 c 12 ef 36 cde 33 efgh 19 cdef

NSIC Rc 218 29.0 abc 31.7 ab 30.3 a 29.3 bcd 88 cde 122 d 98 def 90 c 22 bcde 31 de 51 ab 21 bcde

SL18 26.6 de 29.0 bcd 25.8 cdef 31.2 b 113 bc 112defg 102 cdef 117 b 43 a 62 a 37 cdef 49 a

NSIC Rc 226 30.6 a 33.7 a 28.4 abc 29.5 bc 84 de 85 i 93 efg 85 cde 13 ef 41 bcd 39 cdef 10 f

NSIC Rc 238 26.1 e 25.5 fgh 26.0 cdef 27.0 cdefg 84 de 124 d 133 b 87 cd 14 def 25 e 25 gh 14 ef

NSIC Rc 240 23.6 gh 25.9 efgh 23.0 fgh 28.0 cdef 156 a 184 a 119 bcd 141 a 26 bc 32 de 48 abc 25 bcd

Jasmine 29.9 ab 33.9 a 30 ab 29.2 bcd 93 cd 100 gh 106 cdef 86 cde 34 ab 53 ab 34 defg 30 b

Dasanbyeo 28.0 cd 27.7 def 27.2abcde 28.9 bcd 58 f 110defg 127 bc 81 cde 14 def 34 cde 29 fgh 15 def

Hanareumbyeo 2 25.7 ef 28.4 cde 24.5 defgh 28.1 cde 93 cd 94 hi 122 bcd 80 cde 11 ef 30 de 55 a 12 ef

Milyang 23 22.2 hi 27.0 defg 22.4 gh 25. 9 efg 87 de 111defg 103 cdef 80 cde 10 f 33 cde 22 h 14 ef

Masipag 10-1 (check) 28.7 bc 30.8 bc 26.4 h 24.9 g 105 bcd 138 c 106 cdef 74 de 40 a 61 a 34 defg 29 bc

Iniput-ibon 20.7 i 24.9 gh 21.4 h 26.8 cdefg 99 bcd 106efgh 69 g 79 cde 19 cdef 31 de 51 ab 19 cdef

LSD 1.69 2.82 3.40 3.04 26.23 13.74 24.93 15.01 11.83 13.93 11.13 10.82

Means with the same letter within a column are not significantly different at P=0.05 by LSD.
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Table 3. Agro-morphological characteristics of 20 rice genotypes under inorganic and 
organic systems, wet and dry seasons (continued)

Genotype

1,000-grain weight (g)    Filled grains (no.)                                                                                                     Filled grains (no.) Unfilled grains (no.)

2012 WS 2013 DS                2012 WS 2013 DS 2012 WS 2013 DS

INORG ORG INORG ORG INORG ORG INORG ORG INORG ORG INORG ORG

PSB Rc 14 20.7 i 23.8 h 25.1 cdefg 25.1 fg 87 cde 103 fgh 117 bcde 79 cde 21 cdef 41 bcd 30 fgh 12 ef

Burdagol Laguna 28.7 bc 34.1 a 30.2 a 35.2 a 93 cd 112defg 89 fg 80 cde 19 cdef 32 de 38 cdef 17 def

PSB Rc 18 30.2 ab 27.3 defg 24.0 efgh 26.3 defg 90 cd 111defg 115 bcde 90 c 17 cdef 29 de 33 efgh 18 cdef

PSB Rc 82 24.4 fg 24.6 gh 24.6 defgh 26.8 cdefg 91 cd 99 ghi 103 cdef 87 cd 11 ef 25 e 26 gh 16 def

NSIC Rc 122 25.4 ef 27.1 defg 24.4 defgh 27.9 cdefg 83 def 116 def 122 bcd 86 cde 17 cdef 33 cde 45 abcd 22 bcde

Ennano II 24.1 fg 27.1 defg 27.6 abcd 26.5 cdefg 121 b 160 b 140 b 84 cde 25 bcd 54 ab 54 a 29 bc

NSIC Rc 190 25.8 ef 28.1 cdef 25.1 cdefg 27.4 cdefg 63 ef 86 i 89 fg 71 e 21 cdef 30 de 42 bcde 13 ef

NSIC Rc 202H 25.3 ef 28.4 cde 27.2abcde 26.5 cdefg 122 b 117 de 116 bcde 92 c 18 cdef 46 bc 24 gh 18 cdef

NSIC Rc 204H 26.1 e 27.2 defg 26.7 bcde 28.4 bcde 108 bcd 102 gh 170 a 93 c 12 ef 36 cde 33 efgh 19 cdef

NSIC Rc 218 29.0 abc 31.7 ab 30.3 a 29.3 bcd 88 cde 122 d 98 def 90 c 22 bcde 31 de 51 ab 21 bcde

SL18 26.6 de 29.0 bcd 25.8 cdef 31.2 b 113 bc 112defg 102 cdef 117 b 43 a 62 a 37 cdef 49 a

NSIC Rc 226 30.6 a 33.7 a 28.4 abc 29.5 bc 84 de 85 i 93 efg 85 cde 13 ef 41 bcd 39 cdef 10 f

NSIC Rc 238 26.1 e 25.5 fgh 26.0 cdef 27.0 cdefg 84 de 124 d 133 b 87 cd 14 def 25 e 25 gh 14 ef

NSIC Rc 240 23.6 gh 25.9 efgh 23.0 fgh 28.0 cdef 156 a 184 a 119 bcd 141 a 26 bc 32 de 48 abc 25 bcd

Jasmine 29.9 ab 33.9 a 30 ab 29.2 bcd 93 cd 100 gh 106 cdef 86 cde 34 ab 53 ab 34 defg 30 b

Dasanbyeo 28.0 cd 27.7 def 27.2abcde 28.9 bcd 58 f 110defg 127 bc 81 cde 14 def 34 cde 29 fgh 15 def

Hanareumbyeo 2 25.7 ef 28.4 cde 24.5 defgh 28.1 cde 93 cd 94 hi 122 bcd 80 cde 11 ef 30 de 55 a 12 ef

Milyang 23 22.2 hi 27.0 defg 22.4 gh 25. 9 efg 87 de 111defg 103 cdef 80 cde 10 f 33 cde 22 h 14 ef

Masipag 10-1 (check) 28.7 bc 30.8 bc 26.4 h 24.9 g 105 bcd 138 c 106 cdef 74 de 40 a 61 a 34 defg 29 bc

Iniput-ibon 20.7 i 24.9 gh 21.4 h 26.8 cdefg 99 bcd 106efgh 69 g 79 cde 19 cdef 31 de 51 ab 19 cdef

LSD 1.69 2.82 3.40 3.04 26.23 13.74 24.93 15.01 11.83 13.93 11.13 10.82

Means with the same letter within a column are not significantly different at P=0.05 by LSD.
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Plant height varied significantly between systems and across seasons (Table 3). 
Tall plants were observed under the inorganic system in the WS, with a mean plant 
height of  106 cm, while the shortest ones were observed under the organic system 
during DS (83 cm) (Table 1). This finding was similar to that reported by Escasinas 
and Zamora (2011). Korean cultivars were observed to have the shortest plant 
height in both systems and seasons (67.0-88.2 cm). In terms of  productive tillers, 
genotypes under inorganic system in the DS produced significantly higher number 
of  tillers, with a mean of  15 tillers. The maximum number of  tillers was produced by 
Hanareumbyeo 2 with 25 tillers (Tables 1 and 2). The number of  productive tillers 
under both inorganic and organic systems was comparable at 10 productive tillers 
during WS (Table 1).

Differences in plant height and number of  productive tillers could be attributed to 
variation in nutrient sources and the ability to supply major nutrients, especially N and 
other essential elements needed during the vegetative growth of  rice (Hasanuzzaman 
et al. 2010; Escasinas and Zamora 2011).

 
Yield-contributing factors such as 1000-grain weight (g) and number of  filled and 

unfilled grains are presented in Table 3. Across systems and seasons, the heaviest 
grain weight was observed in Burdagol Laguna (35.2 g) under the organic system 
during DS, while the lowest grain weight was produced by Iniput-ibon (20.7 g) in the 
inorganic system during WS. In general, higher 1,000-grain weight was recorded in 
genotypes under the inorganic system with mean weights of  28.3 g and 27.9 g during 
WS and DS, respectively. Lighter grains were recorded in the organic system (26.1 g 
and 26.0 g) in both cropping seasons (Table 1).

Plants under the inorganic system produced significantly higher number of  grains 
per panicle compared with the organic system in both seasons (Table 1). There was 
no significant difference in the mean number of  unfilled grains within each system 
per season. It was observed that the highest number of  filled grains was produced 
by NSIC Rc240 (184 filled grains per panicle), which consistently showed superiority 
over any other genotypes under organic and inorganic systems during WS and DS 
(Table 3). Meanwhile, SL18, a hybrid, had the highest number of  unfilled grains 
(62) under organic system in the WS. Apparently, grain fertility significantly differed 
among genotypes across systems and seasons. The significant loss of  fertile grains 
could be due to the inability of  organic fertilizer to supply the nutrients required to 
produce fertile grains.

Genotype x System interactions

The genotype by system (G x S) interaction was used to indicate if  selection of  
cultivars could be done within a specific farming system to optimize the yield potential 
of  the genotypes. Murphy et al. (2007) suggested that a separate breeding program 
for organic farming system is important and must be done instead of  just depending 
solely on the conventional system.
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An analysis of  variance for significant G x S interactions for yield between organic 
and inorganic system showed significant G x S interaction in both WS and DS 
(P=0.05) (Table 1). Except for days to maturity in DS and number of  unfilled grains 
in WS, most of  the agro-morphological characteristics were found to have significant 
G x S interactions. These results suggest that selection of  varieties adaptable to 
organic farming could be undertaken within the specific system to attain higher yields. 
Sigari et al. (2014) and Noriel et al. (2009) indicated that identification of  genotypes 
with specific adaptation is necessary to ensure maximum productivity. However, 
if  cultivars exhibit the same superior yielding performance in both systems, then a 
separate breeding program is not necessary (Murphy et al. 2007).

Fig. 2. Genotypic changes in rank of 20 rice genotypes under inorganic and organic farming 
systems for two seasons.

CONCLUSION 

The field performance of  Philippine- and Korean-bred varieties significantly 
varied in organic and inorganic rice production systems. Genotypes grown under the 
inorganic farming system were generally superior in yield (4.2-4.3 t ha-1) compared 
with those under an organic system (3.9-4.2 t ha-1). The WS mean grain yield of  
genotypes under the inorganic system (4.3 t ha-1) was found to be similar with that of  
the organic system (4.2 t ha-1). However, specific genotypes grown under the organic 
system had a yield advantage over varieties grown under the inorganic system for both 
DS and WS. The differences were attributed to their agro-morphological traits—
i.e., being more responsive to lower nutrient inputs, shorter maturity period, more 
productive tillers, higher 1000 grain-weight, and more filled grains.

NSIC Rc 202H, NSIC Rc 204H, PSB Rc 18, NSIC Rc 226, and NSIC Rc 238 were 
the top five highest yielding varieties under the organic system for both seasons. A 
significant G x S interaction (0.04) for yield was observed, which implies that breeding 
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and selection could be done within the specific system. Results revealed no genotypic 
rank correlation for yield (Rs = -0.04 and -0.09, WS and DS, respectively) between 
inorganic and organic systems, further supporting the need for a separate breeding or 
selection work under an organic system to optimize its yield potential.

It is recommended that research involving other parameters such as soil fertility 
status be conducted to further explore the potential of  organic rice farming system 
and to gain more data to support the need to do a separate rice breeding program for 
it. Multi-location experiments under an organic agriculture system could also lead to 
an understanding of  genotype variability across locations and seasons.
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NUTRITION MANAGEMENT IN ORGANIC RICE 
SYSTEM: DYNAMICS OF MACRONUTRIENTS IN 
RICE PADDY SOILS
Evelyn F. Javier and Annie E. Espiritu

INTRODUCTION

One of  the reasons the potential of  high-yielding rice varieties is not attained is 
improper application of  the right amount of  nutrition as farmers are constrained 
by the increasing cost of  chemical fertilizers. In this situation, rice farmers shift to 
alternative organic nutrient amendments, which are mostly commercially available in 
the market. This practice still requires financial resources that farmers usually do not 
have. But the good thing is  wastes abound in their farmyard—e.g., rice straw, animal 
manure, chicken manure, litter, kitchen garbage, crop biomass, and other organic 
sources. These can be converted into alternative sources of  nutrients for their field 
crops and animals. The use of  chemical fertilizers may be reduced using organic 
farm wastes, eventually lessening farming cost. Sole or combined use of  organic and 
inorganic fertilizers can supply both soil and rice plants with nutrients.

Macronutrients consisting of  major nutrients from inorganic N, P, and K in 
the soil are being consumed in large quantities and mined heavily every cropping 
season. Nitrogen, being mobile and dynamic, has many avenues for losses (Brady 
1984). It is the most demanded nutrient element to boost rice yield and is easily lost 
through ammonia volatilization, denitrification, runoff, and leaching. The amount 
of  N in available form is small, while the quantity withdrawn annually by the crop 
is comparatively large (Brady 1984). Phosphorus management, on the other hand, 
should be considered as a long-term investment in soil fertility. Phosphorus fertilizer 
application provides a residual after-effect that can persist for several years. Thus, 
management must emphasize the buildup and maintenance of  adequate soil-available 
P levels to ensure that P supply does not limit crop growth (Dobermann and Fairhurst 
2000). Potassium, being one of  the most important nutrients required by the crop, 
is accumulated during early stages of  growth preceding N accumulation. Thus, K 
management should be considered as part of  a long-term soil fertility approach as 
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K is not easily lost from or added to the root zone by the short-term biological and 
chemical processes that affect N supply (Dobermann and Fairhurst 2000). In the first 
3 yr of  a long-term organic fertilizer trial, available K was observed to have started 
its increase only after a 3-yr continuous reincorporation of  rice straw or after six rice 
cropping seasons (Javier et al. 2002). These three macronutrients used by the crop 
should therefore be replenished and possibly sustained in the soil to avoid substantial 
risk of  nutrient depletion and yield reduction.

Nutrients required by a rice crop come from sources other than processed 
fertilizers. These nutrients could also come from recycling crop residues, irrigation 
water, biological N2 fixation, and soil organic matter and minerals (Buresh and 
Dobermann 2010).

Soil organic matter is the primary source of  carbon and energy to stimulate activities 
of  soil microorganisms. Often, it is viewed as the thread that links the biological, 
chemical, and physical properties of  a soil. Soil organic matter has been associated 
with numerous soil functions such as nutrient cycling, water retention and drainage, 
erosion control, disease suppression, and pollution remediation (Cooperband 2002). 
Organic nutrients increase the abundance of  soil organism by providing organic matter 
and macronutrients (Olayiwola 2011). However, the ratio of  N, P, and K in organic 
materials seldom matches the ratio of  supplemental N, P, and K needed by a rice crop 
(Buresh and Dobermann 2010). Depending on the composition and materials used, 
the NPK concentration of  organic materials varies, resulting in uncertainty about 
what optimum amount to apply. Analyses of  several organic materials showed only 
0.3-1.6% N content, 0.2-1.2% P, and 0.1-2.1% K (Dobermann and Fairhust 2000). As 
such, organic materials applied in adequate quantities can meet K and P requirements 
of  a rice crop to produce a ton of  rice, but they seldom supply adequate N for a high-
yielding rice crop.

Nitrogen is positively correlated with yield, but, being the most limiting nutrient 
element in rice production, it is required throughout the growth period of  the rice 
crop. Increasing the amount of  organic materials needed to meet N demand would 
require voluminous materials and may lead farmers to import them from other farms. 
Generally, properly applied organic fertilizer can improve the health and productivity 
of  the soil and encourage plant growth (Ajwa and Tabata 1994) as they provide 
different essential secondary and micronutrients that may not be contained in the 
single- or triple-element containing fertilizers. Caution, however, should be considered 
for the excessive and improper use of  organic fertilizers that can potentially have 
detrimental impact on the environment, particularly in flooded soils. Heavy doses of  
organic fertilizers to meet the N requirement for plant growth and grain production 
could result in excessive application of  P that will yield to potential detrimental effects 
such as eutrophication of  surface water (Buresh and Dobermann 2010). Likewise, 
excessive organic fertilizer and high soil organic matter in flooded soil may create 
nutrient imbalances particularly when available Fe++ and Mn++ dominate the soil 
solution (CTAHR, 2017) and may render some other essential elements such as zinc, 
sulfur, and P unavailable for plant use.
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With the changes in rice soil NPK, the potential of  the soil to supply and 
sequester nutrients is altered through changes in mineralization and immobilization. 
Understanding the soil NPK dynamics is important because it has substantial influence 
on ecosystem sustainability and soil fertility. Several studies concerning long-term 
trials reported considerable effect on the application of  organic materials in the 
soil. One long-term study pointed out that repeated application of  either digested 
sewage sludge over 12 yr or farmyard manure for 40 yr indicated that such organic 
amendments were inadequate to restore the organic matter lost as a consequence of  
cultivation (Saviozzi et al. 1999).

In contrast, Benbi and Brar (2009) reported that, over a 25-yr period of  intensive 
rice-wheat cropping, an increase in status of  available P, unaltered available K in the 
soil, and improved organic carbon of  38% were observed. Another long-term study 
confirmed that, after10 cycles of  rice-wheat cropping, soils can be rehabilitated and 
can sustain soil C and N levels with continuous application of  rice straw compost, 
either alone or in combination with inorganic fertilizers. Consequently, this would also 
help in controlling the rising levels of  atmospheric CO2 (Sodhi et al. 2009). Eghball 
et al. (2004), found that the residual effects of  N- and P-based manure and compost 
applications on corn grain yield and N uptake lasted for at least one growing season 
while the effects on soil properties were longer lasting. No residual effects of  manure 
and compost applications on soil NH4-N were observed. Averaged across years, 
soil total C concentrations or quantities were not different among the treatments, 
indicating that total C was not a sensitive indicator. 

Generally, long-term studies concerning fertility trials suggest that organic 
application could possibly improve soil P, K, and organic C, thus, enhancing soil 
fertility. Hence, the objective of  this study is to determine and monitor the long-
term effect of  continuous application of  different organic fertilizers in terms of  soil 
organic matter and of  the buildup or depletion of  NPK in paddy soils.

Experimentation

The experiment was done at the Philippine Rice Research Institute Central 
Experiment Station, Brgy. Maligaya, Science City of  Muñoz, Nueva Ecija from the 
2003 wet season (WS) to 2014 WS. Variety PSB Rc82, one of  the high-yielding inbred 
rice varieties, was grown as the test plant.  The soil characteristic belongs to the 
Maligaya clay soil series.

Treatments were grouped into three categories: (1) pure organic fertilizers (OF), 
which include rice straw (RS), chicken manure (CM), wild sunflower (WSF) or 
Tithonia diversifolia, and commercial organic fertilizer (COF) and rice straw with 
additional effective microorganism-based inoculants (RSEM); (2) organic fertilizers 
with recommended chemical fertilizers (OF + NPK); and (3) organic fertilizer 
with half  the recommended chemical fertilizers (OF + ½ NPK). Plots without any 
amendments (control) and plots with only chemical fertilizers (NPK, ½ NPK) were 
set as checks.
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All treatments were laid out in factorial randomized complete block design (RCBD) 
replicated four times. The application of  organic materials was synchronized with 
the release of  N based on their mineralization (Javier and Tabien 2003). Moreover, 
the recovery of  transplanted rice seedlings after the transplanting shock was also 
one of  the bases for application timing of  the organic materials. Ten tons (t) RS 
ha-1 was incorporated 4 wk before transplanting. The same amount of  RS with 
additional effective microorganism inoculants (EMI) was incorporated 2 wk before 
transplanting. Ten bags of  COF (1-1-1% NPK) and 3 t of  CM were incorporated 7 
d before transplanting, while 4 t WSF ha-1 was incorporated 2 d before transplanting. 
The volume of  the different organic fertilizers, with the exception of  the volume of  
COF applied, was determined based on the analyzed N content and computed to 
give an equivalent of  60 kg N ha-1.  The volume of  COF applied which was 10 bags  
ha-1 was based on the highest recommended rate of  commercial organic fertilizer 
manufacturer or supplier for pure organic-based rice production technology (FPA 
list of  registered fertilizers as of  2000, unpublished). It was noted, however, that 
the Tipid Abono Fertilization for Rice Program of  the Bureau of  Soils and Water 
Management recommended 5 bags of  organic fertilizer combined with inorganic 
fertilizer (DA-BSWM 1997; Concepcion et al. 1998). This rate was not used in the 
experiment. Two checks were employed through the years of  experimentation: (1) 
the chemical fertilizer (at the rate of  120-40-60 during DS and at 90-40-40 during 
WS) was applied in two splits: one-third of  the N requirement and all of  the P and K 
fertilizers were applied as basal during the final harrowing or 1 d before transplanting 
and the remaining two-thirds was applied at panicle initiation; and (2) the indigenous 
nutrient supply treatment or unfertilized plots.

For soil nutrient determination, soil samples were taken periodically at 0-25-cm 
depths during the fallow period between two rice cropping seasons, or after every 
harvest. Samples were air-dried, pulverized, and sieved through a 2-mm screen. Soil 
samples were analyzed for organic matter (OM) by wet oxidation using Walkley and 
Black method, total N by Kjeldahl digestion, available P by Olsen, and exchangeable 
K by ammonium acetate extraction. All data gathered were subjected to statistical 
analyses using Cropstat 7.2.3 (IRRI 2007).

Soil total nitrogen

After 10 yr of  continuous application of  different organic and inorganic fertilizers 
(2003 to 2013), only RSEM showed the highest increase of  22% in total N content 
in the soil, followed by RS (19%). The residual effect of  N application, however, was 
still below the sufficient level of  0.20% (indicator level for fertile wetland rice soils) 
(Fig. 1A) to ensure enough provision of  N for plant use. Even with the continuous 
application of  organic fertilizers combined with full or half  the recommended 
chemical fertilizers, there was no observed significant buildup of  N in the soil (Fig. 
1B). This indicates that the residual N effect of  applied N fertilizer, both organic and 
inorganic forms, in the soil was negligible. This can be supported by the result of  the 
experiment of  Eghball et al. (2004), where the residual effect of  manure and compost 
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applications on soil NH4-N was not observed. The observed residual effects of  N- 
and P-based manure and compost applications on corn grain yield and N uptake 
lasted for at least one growing season.

         

Fig. 1. Changes in N in paddy soils as affected by continuous application of (A) different organic 
fertilizers and (B) organic fertilizers alone and/or with inorganic fertilizers. 2003-2013. PhilRice 
Central Experiment Station, Science City of Munoz, Nueva Ecija. OF = average of all organic 
fertilizer applied; NPK = nitrogen, phosphorus, potassium

A

B

Year of fertilizer application
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Likewise, based on the 10th yr results of  this field trial, soil N might have the 
potential to increase beyond 10 yr as compared with paddy soils that got pure 
inorganic fertilizer in a row (Table 1). As mentioned by Diacono and Montemurro 
(2011) in a review, several authors confirm a significant residual effect in cumulative 
applications, which becomes visible later after 4-5 yr, resulting in higher N availability. 
Moreover, regular addition of  organic material to the soil for more than 10 yr resulted 
in the buildup of  N. In another study conducted by Powlson et al (1987), annual straw 
incorporation for 18 yr increased total soil organic C by only 5% and total N by about 
10%.

Table 1. Average total nitrogena (%) in paddy soils after 10-yr application of different organic 
fertilizers, alone and in combination with inorganic NPK fertilizers on Maligaya clay soil. PhilRice 
Central Experimental Station, Nueva Ecija, Philippines, 2003-2013.

Treatment
Soil total nitrogen (%)

2003 2005 2007 2009 2011 2013

Control 0.088 ab 0.132 cde 0.075 b 0.095 ef 0.067 0.070 a

RS 0.084 ab 0.139 bcde 0.099 ab 0.117 abc 0.091 0.104 a

RSEM 0.081 ab 0.144 abcd 0.106 ab 0.105 bcde 0.068 0.104 a

CM 0.092 ab 0.121 de 0.092 ab 0.126 a 0.073 0.091 a

WSF 0.093 ab 0.120 e 0.104 ab 0.118 ab 0.050 0.107 a

COF 0.087 ab 0.134 bcde 0.084 ab 0.108 bcde 0.055 0.069 a

RS + NPK 0.094 ab 0.141abcde 0.110 a 0.102 de 0.060 0.116 a

RSEM + NPK 0.078 ab 0.158 ab 0.103 ab 0.102 bcde 0.076 0.110 a

CM + NPK 0.087 ab 0.141abcde 0.087 ab 0.080 f 0.065 0.103 a

WSF +NPK 0.091 ab 0.128 cde 0.095 ab 0.105 bcde 0.055 0.077 a

COF + NPK 0.075 ab 0.137 bcde 0.081 ab 0.102 bcde 0.075 0.085 a

RS + ½ NPK 0.099 ab 0.156 ab 0.099 ab 0.099 de  0.060 0.098 a

RSEM + ½ NPK 0.103 a 0.163 a 0.100 ab 0.117 abc 0.092 0.105 a

CM + ½ NPK 0.103 a 0.135 bcde 0.085 ab 0.0106 bcde 0.049 0.093 a

WSF+ ½ NPK 0.105 a 0.140 abcde 0.089 ab 0.115 abcd 0.058 0.075 a

COF + ½ NPK 0.067 b 0.145 abc 0.096 ab 0.108 bcde 0.064 0.085 a

NPK 0.089 ab 0.119 e 0.107 ab 0.101 cde 0.056 0.070 a

½ NPK 0.100 ab 0.142 abcde 0.093 ab 0.110 abcde 0.056 0.071 a

SE (N=3) 0.010 0.006 0.009 0.004 0.021 0.013

5% LSD 0.019 0.013 0.018 0.009 0.042 0.027

CV 13.100 5.520 11.300 5.100 38.640 18.040

Pr (>F) 0.018 0.000 0.009 0.000 0.738 0.005

a Means with similar letters are not significantly different from each other at 5% level of significance. RS = rice straw, 
RSEM = rice straw with EM-1, CM = chicken manure, WSF = wild sunflower, COF= commercial organic fertilizer, 
NPK = nitrogen, phosphorus, potassium rate, HR = half rate. Values are the average total soil N analyzed after 
every DS and WS.
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  Soil-available phosphorus

Phosphorus is also critical for rice growth as it initially enhances rice root growth 
and development. After 10 yr of  continuous double cropping without any soil 
amendment (control), it leads to an apparent continuous depletion of  available P in 
the paddy soil, as soil P was observed to have decreased from its original content in 
the 1st year of  trial (Table 2). On the other hand, sole application of  organic fertilizers 
did not show significant changes in soil-available P from the application of  RS, RSEM, 
WSF, and the control, except for CM where available P had significantly increased 
with time (Fig. 2A).

Table 2. Average available phosphorusa (mg kg -1) in paddy soils after 10-yr application of different 
organic fertilizers, alone and in combination with inorganic NPK fertilizers on Maligaya clay soil. 
PhilRice Central Experimental Station, Nueva Ecija, Philippines, 2003-2013.

Treatment
Soil-available P (mg kg -1)

2003 2005 2007 2009 2011 2013

Control 10.973 11.691 d 9.939 bc 6.727 d 6.221 f 6.120 e

RS 10.456 14.246 d 9.667 c 8.414 cd 7.393 ef 7.239 de

RSEM 10.124 16.114 d 14.37 bc 14.547 bcd 11.290 cdef 14.631 cde

CM 12.766 27.005 ab 28.070 a 33.299 a 25.024 b 22.762 bc

WSF 15.780 12.848 d 9.025 c 7.466 d 6.125 f 7.423 de

COF 13.045 15.319 d 11.276 bc 10.037 bcd 9.063 cdef 9.680 de

RS + NPK 10.727 17.181 d 14.730 bc 13.651 bcd 12.717 cde 14.586 cde

RSEM + NPK   8.717 19.363 bcd 18.023 b 17.764 bc 20.708 b 19.556 bcd

CM + NPK 13.388 29.996 a 33.202 a 39.681 a 33.841 a 28.442 ab

WSF +NPK 13.218 17.430 d 12.690 bc 10.427 bcd 9.007 cdef 19.462 bcd

COF + NPK 10.494 15.013 d 11.960 bc 13.172 bcd 13.421 cd 17.081 bcde

RS + ½ NPK 12.653 17.297 d 11.525 bc 9.934 bcd 7.194 ef 12.573 cde

RSEM + ½ NPK 10.989 17.998 cd 14.677 bc 19.815 b 14.169 c 13.997 cde

CM + ½ NPK 12.925 25.479 abc 28.790 a 35.385 a 31.277 a 36.921 a

WSF+ ½ NPK 12.893 14.502 d 10.627 bc 10.701 bcd 8.585 cdef 10.425 cde

COF + ½ NPK 12.784 16.199 d 12.399 bc 15.392 bcd 9.501 cdef 10.753 cde

NPK 13.521 15.1775 d 12.010 bc 13.997 bcd 10.203 cdef 13.543 cde

½ NPK 14.068 16.940 d 10.997 bc 8.839 cd 7.432 def 9.790 de

SE (N=3) 3.300 2.120 2.210 2.640 1.590 3.440

5% LSD 6.698 4.307 4.487 5.363 3.233 6.997

CV 33.1 14.6 17.8 20.1 14.4 27.6

Pr (>F) 0.906 0.000 0.000 0.000 0.000 0.000

a Means with similar letters are not significantly different from each other at 5% level of significance. RS = rice straw, 
RSEM = rice straw with EM-1, CM = chicken manure, WSF = wild sunflower, COF=commercial organic fertilizer, 
NPK = nitrogen, phosphorus, potassium rate, HR = half rate. Values are the average soil-available P analyzed after 
every DS and WS.



72    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

         

Fig. 2. Changes in P in paddy soils as affected by continuous application of (A) different organic 
fertilizers and (B) organic fertilizers alone and/or with inorganic fertilizers, 2003-2013. PhilRice 
Central Experiment Station, Science City of Munoz, Nueva Ecija. OF = average of all organic 
fertilizer applied;   NPK = nitrogen, phosphorus, potassium

Year of fertilizer application

A

B
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After 10 yr of  continuous organic fertilizer application, the highest soil-available 
P increase, by 44%, was observed in CM application. This implies that continuous 
application of  CM may lead to a buildup of  P in the long run. A similar study conducted 
by Kingery et al. (1994) on the effects of  long-term broiler waste application showed 
that extractable P concentration in soils applied with broiler waste was more than 
six times greater than in the no-litter soils to a depth of  60 cm. Saleque et al. (2004), 
in their study about long-term (10 yr) effects of  organic sources, reported that the 
positive yield trends were attributed to the increasing P-supplying power of  the soil.

Soil exchangeable potassium

Based on the data, there was low accumulation of  K due to the application of  
CM, WSF, COF, and control (Table 3, Fig. 3A). COF had the lowest soil exchangeable 
K level, which is even lower than the generally accepted critical level of  0.17 to 0.21 
cmol K kg-1 in rice soils (Dobermann et al. 1996); this is insufficient to support the K 
requirement of  the succeeding rice crop. An increasing trend of  soil K was observed 
after 3 yr of  continuous application of  RS and RSEM, where the amount was higher 
than the sufficient K level. After 10 yr of  continuous organic fertilizer application, 
the highest soil exchangeable K increase by 34% was observed with RS. As expected, 
the typically observed range of  K content in straw is 1.17-1.68% (equivalent to 20 kg 
K t-1 of  rice straw) (Dobermann and Fairhurst 2000). Conversely, there was increased 
soil K reserve with continuous application of  RS and RSEM.

The same finding was reported by Surekha et al. (2004):  available K increased 
significantly with incorporation of  straw. This is supported by another study 
conducted by Hartl et al. (2003) where they found that, in a 5-yr trial, soil-available K 
increased, on the average, by 26% as compared with the control; these were derived 
from organic household waste and yard trimmings.  
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Table 3. Average exchangeable potassiuma (cmol kg -1) in paddy soils after 10-yr application of 
different organic, alone and in combination with inorganic NPK fertilizers on Maligaya clay soil. 
PhilRice Central Experimental Station, Nueva Ecija, Philippines, 2003-2013.

Treatment 
Soil exchangeable K (cmol kg-1 )

2003 2005 2007 2009 2011 2013

Control 0.131 0.131 c 0.149 cd 0.112 e 0.113 cd 0.066 c

RS 0.131 0.167 abc 0.204 bcd 0.223 bc 0.196 a 0.199 abc

RSEM 0.132 0.170 abc 0.284 a 0.297 a 0.200 a 0.165 abc

CM 0.130 0.161 abc 0.163 cd 0.130 e 0.113 cd 0.096 abc

WSF 0.169 0.128 c 0.157 cd 0.121 e 0.091 d 0.105 abc

COF 0.132 0.126 c 0.158 cd 0.100 e 0.091 d 0.074 abc

RS + NPK 0.135 0.161 abc 0.209 bc 0.197 cd 0.189 a 0.220 a

RSEM + NPK 0.144 0.194 ab 0.237 ab 0.265 ab 0.210 a 0.219 ab

CM + NPK 0.146 0.163 abc 0.158 cd 0.150 de 0.123 bcd 0.091 abc

WSF + NPK 0.167 0.152 abc 0.149 cd 0.121 e 0.106 d 0.088 abc

COF + NPK 0.165 0.126 c 0.161 cd 0.113 e 0.097 d 0.084 abc

RS + ½ NPK 0.191 0.158 abc 0.193 bcd 0.240 abc 0.187 ab 0.150 abc

RSEM + ½NPK 0.180 0.199 a 0.239 ab 0.269 ab 0.177 abc 0.215 ab

CM + ½ NPK 0.156 0.166 abc 0.161 cd 0.137 de 0.105 d 0.088 abc

WSF + ½NPK 0.142 0.136 c 0.147 cd 0.118 e 0.091 d 0.079 abc

COF + ½NPK 0.142 0.139 bc 0.137 d 0.109 e 0.092 d 0.092 abc

NPK 0.189 0.134 c 0.158 cd 0.103 e 0.105 d 0.076 abc

½ NPK 0.175 0.140 bc 0.144 cd 0.106 e 0.090 d 0.072 bc

SE(N=3) 0.031 0.015 0.018 0.016 0.017 0.039

5%LSD 0.063 0.030 0.036 0.033 0.035 0.080

CV 24.8 12.0 12.3 12.3 16.0 39.7

Pr(> F) 0.557 0.000 0.000 0.000 0.000 0.000

a Means with similar letters are not significantly different from each other at 5% level of significance. RS = rice straw, 
RSEM = rice straw with EM-1, CM = chicken manure, WSF = wild sunflower, COF= commercial organic fertilizer, 
NPK = nitrogen, phosphorus, potassium rate, HR = half rate. Values are the average soil exchangeable K analyzed 
after every DS and WS.



 NUTRITION MANAGEMENT IN ORGANIC RICE SYSTEM: DYNAMICS OF MACRONUTRIENTS IN RICE PADDY SOILS       75

           

Fig. 3. Changes in K in paddy soils as affected by continuous application of (A) different organic 
fertilizers and (B) organic fertilizers alone and/or with inorganic fertilizers, 2003-2013. PhilRice 
Central Experiment Station, Science City of Munoz, Nueva Ecija. OF = average of all organic 
fertilizer applied;   NPK = nitrogen, phosphorus, potassium
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Soil organic matter

Results show that soil organic matter (OM) increased with time in all treatments 
after 2 yr, even without the application of  fertilizer (Fig. 4). However, there was a 
higher accumulation of  OM due to the application of  RS, followed by RSEM. After 
10 yr of  organic fertilizer application, the highest soil OM increase by 24% was 
observed in RSEM application. An almost consistent OM level through the years 
only implies that soil OM is not easily mineralized or degraded apparently due to 
slow decomposition under submerged or flooded soil conditions. This is particularly 
observed in paddy plots where carbon-rich sources were like rice straw with high C-N 
ratio as compared with those where nothing was applied and those given inorganic 
NPK fertilizers (Table 4). This increase could lead to a potential buildup of  OM in 
the soil over time. As cited by Dobermann et al. (2000), total soil OM tends to remain 
constant; in heavy clay soils, it increases over time until it reaches a new equilibrium.  
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Fig. 4. Changes in soil organic matter in paddy soils as affected by continuous application of (A) 
different organic fertilizers and (B) organic fertilizers alone and/or with inorganic fertilizers, 2003-
2013. PhilRice Central Experiment Station, Science City of Munoz, Nueva Ecija. OF = average of all 
organic fertilizer applied; NPK = nitrogen, phosphorus, potassium

A

B

Year of fertilizer application
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Table 4. Average soil organic mattera (%) in paddy soils after 10-yr application of different organic 
fertilizers, alone and in combination with inorganic NPK fertilizers on Maligaya clay soil. PhilRice 
Central Experimental Station, Nueva Ecija, Philippines, 2003-2013.

Treatment
Soil organic matter (%)

2003 2005 2007 2009 2011 2013

Control 2.417 2.958 b 2.044 b 2.350 abc 2.571 2.574 bcd

RS 2.791 3.721 a 3.346 ab 2.753 abc 3.256 3.305 abc

RSEM 2.471 3.379 ab 3.218 ab 3.164 a 3.254 3.239 abc

CM 2.448 3.238 ab 2.814 ab 2.847 abc 2.978 2.361 cd

WSF 2.784 3.269 ab 3.134 ab 2.664 abc 3.134 2.456 cd

COF 2.570 3.004 b 2.327 ab 2.230 c 2.270 2.335 cd

RS + NPK 2.638 3.722 a 3.433 ab 2.789 abc 3.147 3.269 abc

RSEM + NPK 2.962 3.636 a 3.699 a 3.148 ab 3.185 3.656   a

CM + NPK 2.578 3.331 ab 2.568 ab 2.424 abc 2.426 2.385 cd

WSF + NPK 2.577 3.271 ab 3.037 ab 2.527 abc 2.971 2.542 bcd

COF + NPK 2.593 3.236 ab 2.956 ab 2.694 abc 2.585 2.294 cd

RS + ½ NPK 2.830 3.714 a 2.838 ab 2.573 abc 2.947 3.130 abcd

RSEM + ½NPK 2.775 3.613 a 3.583 ab 2.822 abc 3.694 3.508 ab

CM + ½ NPK 2.468 3.306 ab 3.098 ab 2.320 bc 2.865 2.390 cd

WSF + ½NPK 2.511 3.418 ab 2.325 ab 2.258 c 2.731 2.666 abcd

COF + ½NPK 2.496 3.418 ab 2.992 ab 2.469 abc 3.518 2.197 d

NPK 2.349 2.928 b 2.324 ab 2.624 abc 2.042 2.656 abcd

½ NPK 2.533 3.394 ab 2.508 ab 2.748 abc 2.636 2.192 d 

             

SE(N=3) 0.242 0.158 0.417 0.220 0.540 0.270

5%LSD 0.491 0.321 0.846 0.447 1.096 0.548

CV 11.4 5.8 17.6 10.2 22.8 12.1

Pr(> F) 0.557 0.000 0.009 0.003 0.269 0.000

a Means with similar letters are not significantly different from each other at 5% level of significance. RS = rice straw, 
RSEM = rice straw with EM-1, CM = chicken manure, WSF = wild sunflower, COF= commercial organic fertilizer, 
NPK = nitrogen, phosphorus, potassium rate, HR = half rate. Values are soil OM analyzed after every DS and WS.

In a study conducted by Saha et al. (2009), application of  rice straw significantly 
increased organic C level. Another long-term study on the effect of  organic and 
biofertilizer on soil fertility was done by Ngoc Son et al. (2004). They reported that a 
buildup of  organic C due to organic waste + NPK application varied in the case of  
application of  compost paddy straw; inoculant application helped in the process of  
decomposing complex OM and converting them into mineralized organic colloids, 
which are added to the soil OM. They also found that application of  inorganic 
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fertilizer alone tended to decrease soil organic C value. In this study, application of  
either full or half  rate of  inorganic NPK fertilizer apparently did not affect or enhance 
the mineralization of  OM in flooded rice soils (Table 4).

Soil organic matter in different soil conditions

Organic fertilizer application in this study aimed to increase and maintain soil 
organic matter (SOM), the inherent source of  elements required for plant growth. 
The accumulation and loss of  SOM, however, were dependent on biotic processes, 
being inherent to the metabolic processes that transform and mineralize organic 
fertilizers into elemental forms ready to be absorbed and utilized by the rice plant.

Under submerged soil conditions, SOM was consistently high from the start of  
the trial up to its 10th yr. This implies that SOM was not decomposed and mineralized 
as fast as it did under aerated soil conditions or in a rice-corn cropping system (Buresh 
2010). The fast depletion of  SOM due to fast mineralization and fast assimilation 
of  available nutrients for plant use may deplete soil nutrient supply, soil health, and 
productivity. Growth and yield of  agricultural crops, including rice plants, particularly 
in rainfed and upland rice ecosystems are affected 

Basically, the transformation of  this dominant stock of  elements was slower in 
submerged soil conditions than in aerated soil conditions because of  the low (or 
absence of) oxygen. Under such conditions, decomposition of  OM depends on the 
availability of  electron acceptors, which tend to be less efficient in the destruction of  
OM compared with oxygen. Consequently, the decomposition of  OM is comparatively 
slow, inefficient, and incomplete under flooded conditions (Sahrawat 2005). On the 
other hand, such accumulation of  OM makes it attractive for sequestration of  C 
to increase the fertility of  wetland soils and at the same time mitigate greenhouse 
emissions (Bouchard and Cochran 2002) with proper application and management 
of  recycled farm wastes.  

The transformation of  SOM due to continuous use of  organic fertilizers in paddy 
soils into the three major elements needed to increase rice yield was reflected in 
the observed annual average yield of  the trial. The use of  rice straw in the six rice 
cropping seasons showed soil K accumulation that could be of  help in grain filling 
and consequently can eliminate the use of  chemical K fertilizers (for those going into 
pure organic rice production) at a later time. Soil P from chicken manure for root 
development and energy for metabolic process would improve growth and yield. On 
the other hand, soil N was observed to be limiting as shown by the low soil N after 
and before each cropping season in the 10-yr trial (20 rice-rice cropping seasons).

The observed low residual soil N from the study could be attributed to the high N 
demand during plant growth, especially at panicle initiation. Because of  the inherent 
low N content (1-3% N ODW) of  the applied organic inputs, N was insufficient 
to supply the needed amount to maintain normal growth and boost the high yield 
potential of  the rice variety on trial, particularly at maximum tillering stage and/or 
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panicle initiation stage, where N mineralization of  organic fertilizers was observed to 
have decreased after the mid-tillering stage (Javier and Tabien, 2003).

With no additional N nutrition after the first application of  organic fertilizers 
during this 10-year trial, yield was affected as shown by the lower grain yield compared 
with those given higher NPK nutrition alone or in addition to the already applied 
organic fertilizer (Fig. 5). This can explain the observed lower grain yield of  those 
given just organic fertilizers compared with those to which inorganic N fertilizer was 
added during panicle initiation.

          

Fig. 5. Average grain yield of PSB Rc82 as affected by continuous application of (A) different 
organic fertilizers and (B) organic fertilizers alone and/or with inorganic fertilizers, 2003-2013. 
PhilRice Central Experiment Station, Science City of Muñoz, Nueva Ecija. OF = average of all 
organic fertilizers applied; NPK = nitrogen, phosphorus, potassium
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Year
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CONCLUSION

This study focused on determining and assessing the long-term effects of  
continuous application of  organic fertilizer on soil NPK and OM buildup or depletion 
in the paddy. Continuous application of  CM led to a buildup of  a considerable 
amount of  P in the long run. On the other hand, continuous application of  RS with 
or without inoculation may also lead to a buildup of  exchangeable K. Continuous 
application of  organic fertilizer did not build up N in the soil. This could be attributed 
to the inherently low N content of  the organic materials applied, which provided just 
enough N from early to mid-tillering stage,  apparently insufficient to meet the most 
N demanding stage (panicle initiation) of  the rice plants. This may also explain the 
lower yield of  rice plants to which just organic materials or fertilizers were applied. 
Hence, there is still a need to apply the required N to optimize the yield potential of  
high-yielding varieties.

On the other hand, the insignificant changes in SOM were due to the slow 
decomposition and mineralization of  the organic material particularly those with 
high C:N like rice straw, as shown by the higher accumulation of  OM due to the 
application of  RS, followed by RSEM. Maintaining the quality of  soil OM in flooded 
condition is essential in order to avoid the accumulation of  highly complex organic 
matter compounds that slow down N mineralization rates (Dobermann and Fairhurst 
2000) and possible soil nutrient interactions. The effects of  organic amendments on 
organic C increase should be studied through long-term field experiments because of  
the long time needed to attain a new equilibrium after an environmental change in 
organic matter (Diacono and Montemurro 2011).

Most of  the organic materials, particularly farm wastes and biomass, have 
different C-N ratios. Consideration should then be made on the balance between C 
sequestration and C gas ebullition and other greenhouse gases as they also have an 
influence on the increase in global warming.  Proper management and application of  
organic fertilizers or farm wastes should be studied in terms of  mitigation, adaptation, 
and resiliency to the changing agro-climatic conditions. Also, their effects on the 
accumulation and availability of  metals applied as components of  composted organic 
matter, which could possibly induce adverse impact on the environment in the future, 
must be evaluated.

From this trial, the potential of  long-term recycling or reincorporation of  rice 
straw and chicken manure as a continuous source of  K and P, respectively, is worth 
considering in developing an integrated organic-based nutrient management approach 
for rice. Their presence in rice and rice-based farming system ensures relatively free 
sources of  K and P, thus optimizing their application. This may reduce the use of  
inorganic P and K fertilizers without sacrificing grain yield. However, these two 
macronutrients cannot stand alone.
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Nitrogen is crucial in order to reach the high yield potential of  rice crops. As N 
is the most dynamic macronutrient for rice and as organic materials or fertilizers 
have inherently low N content, an alternative organic source of  N fertilizer becomes 
imperative. The use of  green manure is worth looking into as an alternative N source 
for a pure integrated organic-based nutrient management system for rice.
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ORGANIC FERTILIZERS, ORGANIC LIQUID 
SUPPLEMENTS, AND BIOPESTICIDE 
PREPARATIONS
Fe L. Porciuncula and Ellen S. Romero

INTRODUCTION

The use of  synthetic chemical fertilizers is discouraged because of  their negative 
effects on health and the environment, aside from being a costly input in rice 
production. Rice is a Filipino staple and it is advisable to produce it without the use 
of  chemical inputs. To achieve this goal, production of  organic inputs is necessary to 
produce 100 % organically grown rice.

Organic inputs refer to any substance used by farmers to manage soil fertility or to 
control pests. These include organic fertilizers (OF), organic liquid supplements (OLS), 
biopesticides, and others. The materials used in preparing these inputs are locally 
available in the farms and are easily prepared, thereby reducing the cost of  inputs. 
Likewise, in a study conducted by Romero et al. (2016) on organic rice production, 
the mixture of  solid organic fertilizer and plant-based fermented extracts outyielded 
the other treatments. A yield of  3.17 t ha-1 indicates a positive interaction effect─OF 
performs best when combined with extracts. Moreover, similar results were observed 
in the yield of  pechay: the treatment with 1:05 ratio of  T. asperellum to fermented 
plant and seed extracts significantly gave the highest yield of  12 t ha-1 which is 47% 
higher than that of  commercial OLS and 106% higher than the control.  On the other 
hand, the treatment with 1:05 ratio of  T. longibrachiatum to fermented plant and 
seed extracts, and the treatment with commercial OLS produced comparable yields, 
9.80 and 8.17 t ha-1, respectively (Romero et al. 2016). Also, Juico et al. (2013) found 
that yield of  eggplant was higher in plants applied with organic liquid supplement at a 
formulation of  60:30:10 fermented plant juice (FPJ), fermented fruit juice (FFJ), and 
fermented fish amino acid (FAA) at 2.34 t ha-1. This is comparable with the yield of  
commercial liquid OF at 2.44 t ha-1.
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In addition, OLS are solutions of  water-soluble compounds that help the plant to 
grow healthy. Some examples of  these are fermented extracts such as FPJ, FFJ, FFA, 
and others. FPJ is a liquid fertilizer produced through fermentation of  different plant 
parts such as leaves, shoots, and stems of  different crops such as madre de cacao, 
mungbean, moringa, sweet potato, and others. The benefits of  using it include having 
a ready supply of  nutrients to the plants, which give them vigor and resistance to 
pests; promoting beneficial microbial activities in the soil, and improving soil quality 
and fertility.

FFJ, on the other hand, is a liquid fertilizer produced through fermentation of  
different fruits such as banana, Indian mango, squash, papaya, and others. It is prepared 
in a similar manner to FPJ. It is used as a foliar spray or drench to enhance fruit 
quality.  FFJ is a good source of  K, which can speed up plant’s absorption and results 
in sweeter tasting fruits; help maintain vigor in plants and confer resistance against 
pests, and add to soil fertility and establishment of  good colonies of  microorganisms. 
In addition, FAA is made from entrails of  fishes that can be collected from fish 
vendors in the market and processed to produce liquid fertilizer. This serves as a good 
source of  N for plant growth and development.

Biopesticides, on the other hand, are certain types of  pesticides derived from 
such natural materials as animals, plants, bacteria, and certain minerals. In plants, 
biopesticides contain different active ingredients that help in controlling insect pests. 
Some examples of  these are hot pepper, yellow ginger, madre de cacao, garlic, ginger, 
and others. A study conducted by Gudeva et al. (2013) showed that oleo resin from 
hot pepper (Capsicum annuum sp. microcarpum L.) and its dilution of  1:20 is the 
most efficient biopesticide against green peach aphid Myrus persicae Sultz.

Hot pepper, aside from being pungent, contains the bioactive component capsaicin 
that helps control insect pests.  Beneficial insects such as spiders and lady bird beetles 
were also found present in organic rice areas (Romero 2014). Likewise, in a study 
conducted by Dela Cruz et al. (2006) on the occurrence of  insect pests and beneficial 
insects in experimental fields under conversion and in fully converted organic areas, it 
was found that frequent spraying of  different microbial and fertilizer tea applications 
suppressed whorlmaggot and stem borer growth and development. However, the 
number of  green leafhoppers was found to be higher during the dry season than 
during the wet season (14-35 per 20 sample plants), but this was not able to cause any 
economic damage to the plants.
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Organic fertilizers

Process

Collect biodegradable materials such as leaf  litter, rice straw, kakawate, ipil-
ipil, banana bracts, and other available farm wastes as well as partially decomposed 
carabao manure and carbonized rice hull.  Mix these materials at a ratio of  3:1:1 (3 
parts biodegradable materials, 1 part partially decomposed carabao manure, 1 part 
carbonized rice hull). Put 2-4 kg of  CLSU RM-CARES Trichoderma Plus per ton 
of  compost pile. Pile the mixed raw materials preferably at a length of  1-1.5 m and 
a width of  1-1.5 m.  Moisten the mixed materials; cover with plastic to minimize the 
escape of  gases and to conserve moisture.

Monitor the temperature 1 wk after piling and weekly thereafter using a soil 
thermometer. Stop monitoring when the temperature is already stable. After 2 wk of  
piling, open and turn the pile to facilitate uniform and faster decomposition.  Check 
the pile if  it has enough moisture (at least 65% moisture content [MC]). If  not, add 
water using sprinklers.  Turn the pile every 2 wk (seven turnings) until harvest. Make 
sure to cover the pile after each turning.

Harvest when the materials are no longer recognizable and when the temperature 
is stable. Spread the compost in a flat floor under the shade for air-drying for at least 
7 d during dry months and for 2 wk during cool months. Shred the compost and pass 
it through a 2-mm sieve. Pack the compost with 30-35% MC in a 50-kg sack. Store in 
a cool dry place or under shade. The complete process is shown in Figure 1.

        Fig 1. Steps in producing organic fertilizers.
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Organic liquid supplements
Fermented kakawate extract (FPJ)

Process

Weigh 1 kg of kakawate leaves and shoots, then chop them. Add molasses at a 1:1 
ratio.  Put the mixture in a clay pot or plastic container; cover it and ferment for 7 d.  
After a week, put the mixture in a fine cloth, then squeeze. Put the extract in a dark 
bottle and label with the name of  the crude extract and the date of  extraction.  The 
complete process is shown in Figure 2.

       Fig. 2.  Steps in preparing fermented kakawate extract.
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Fermented banana or Indian mango extract (FFJ)

Process

Weigh 1 kg of  banana fruit or Indian mango fruit without peel, then chop. Add 
molasses at a ratio of  1:1. Put the mixture in a clay pot, cove and ferment for 7-14 d. 
After a week, put the mixture in a fine cloth, then squeeze. Put the banana extract or 
Indian mango extract in a dark bottle, labeling it with the name of  the crude extract 
and the date of  extraction. Mix 800 ml of  the fermented product with 16 L of  clean 
water. The complete process is seen in Figure 3.

Fig. 3. Steps in preparing fermented banana extract.
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Fermented fish amino acid (FAA) extract

Process

Weigh 1 kg of  fresh uncooked tilapia entrails. Add molasses at a ratio of  1:1. Put 
the mixture in a clay pot, cover, and ferment for 2 mo. Put the mixture in a fine cloth, 
then squeeze. Put the extract in a dark bottle and put the name of  the crude extract 
and date of  extraction. Mix 800 ml of  the fermented products with 16 L of  clean 
water. Figure 4 shows the FAA extraction process.

Fig. 4. Steps in preparing fermented fish amino acid.
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Fermented mungbean/soybean seed extract

Process

Weigh 1 kg of  mungbean or soybean seeds. Soak these in water for 8 h; remove the 
water afterward. Grind the seeds using a blender or pound it with wood. Add 5 kg of  
molasses. Mix. Put the mixture in a clay pot or plastic container, cover it, and ferment 
for 7 d.  Then put the mixture in a fine cloth and squeeze out the juice. Put the extract 
in a dark bottle. Do not tighten the cap to allow aeration and buildup of  pressure. The 
fermented seed extract will be your N source. The process is illustrated in Figure 5.

Fig. 5. Steps in preparing fermented seed extracts.
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 Fermented manure tea/vermi tea extract

Process

Gather and weigh 30 kg of  partially decomposed animal manure (carabao, goat, 
and cow). Put the manure in a sack, tie it tightly. Put the tightly tied sack in a container. 
Fill the container with 120 L of  water, put a cover, and let it ferment for 7 d. Remove 
the sack in the container after the 7d;  the fermented manure tea is now ready for use. 
The process is shown in Figure 6.

Fig. 6. Steps in preparing fermented manure tea.
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Biopesticide preparation
Oriental herbal nutrient (OHN) extract

Process

Weigh 1 kg of  yellow ginger and 250 g of  hot pepper. Crush or chop the yellow 
ginger and hot pepper, then grind using a blender. Mix the nutrients and put them in 
a clay jar or plastic container. Add 1 kg of  molasses. After 3 days, add 2.5 L of  gin 
or lambanog. Keep the jar closed and sealed. After another 2 days, squeeze the solid 
particles using fine cloth. Put it in a bottle. The OHN is ready to use. Mix 480 ml of  
the fermented products with 16 L of  clean water. Spray weekly onto the leaves of  the 
plants at 7 DAT until panicle initiation.  Figure 7 shows the whole process.

Fig. 7. Steps in preparing fermented oriental herbal nutrient.



94    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

Hot pepper or kakawate extract

Process

Weigh 1 kg of  hot pepper or kakawate extract, then chop these. Put in a blender, 
add water at a ratio of  1:1, and then blend. Put the mixture in a fine cloth, then 
squeeze. Put the hot pepper or kakawate extract in a dark bottle. The extract is 
now ready to use.  Mix 480 ml of  the fermented products with 16 L of  clean water.  
Spray weekly onto the leaves of  the plants at 7 DAT until panicle initiation.  Figure 8 
illustrates the whole process.

Fig. 8. Steps in preparing hot pepper extract.

Application of the different fermented extracts

Fermented extracts can be applied singly or in combination. For combination, mix 
800 ml of  the fermented products with 16 L of  clean water (Table 1). Spray weekly 
onto the leaves of  plants at 7 DAT until panicle initiation.

  
Nutrient sources: N: kakawate extract, malunggay extract, ipil-ipil extract (FPJ); 

P: fish amino acid extract (FAA); K: banana or Indian mango extract (FFJ).
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Table 1. Ratios of different fermented extracts for mixing.

Growth stage
Nutrient source

N (%) (FPJ) P (%) FAA K (%) FFJ

Vegetative 60 (480 ml) 20 (160 ml) 20 (160 ml)

Flowering 20 (160 ml) 20 (160 ml) 60 (480 ml)

Table 2.  Nutrient analysis of different fermented extracts.

Extract % N % P2O5 % K2O Total

FPJ 0.40 0.05 2.63 3.08

FFJ 0.32 0.04 2.64 3.00

FAA 0.62 0.69 2.10 3.41

Mungbean 0.74 0.06 2.02 2.82

Soybean 0.91 0.07 1.94 2.92
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INTRODUCTION

Micronutrients are essential to the growth and development of  plants, especially 
rice, but their availability can be affected by continuous NPK fertilization. They are 
as important as the macronutrients; however, they are required in trace amounts and 
lack of  these nutrients may affect plant growth (Das 2014). Conversely, when their 
concentration becomes too high, they can be toxic to the rice plant. Though removal 
of  plants is very small, intensive cropping and continuous application of  high-NPK-
containing fertilizers also require the use of  micronutrients.

Zinc, a component of  many organic complexes, is involved in growth hormone 
production and seed development. One cause of  Zn deficiency is the formation of  
complexes between Zn and organic matter in soils with high pH and high organic 
matter content. Another factor is large application of  organic manure and crop 
residues (Dobermann and Fairhurst 2000). Adsorption of  Cu is highly pH-dependent 
and bioavailability of  Cu increases with decreasing pH (Sheldon and Menzies 2005). 
Due to its high affinity for organic matter, Cu is not readily leached from the soil 
profile and tends to accumulate in surface soil (McBride et al. 1997). Fe toxicity, on the 
other hand, is assumed to occur with repeated applications of  organic materials. Iron 
toxicity in lowland rice has been reported in several studies (Sahrawat 2000, Fageria 
et al. 2008, Audebert and Fofana 2009) to reduce rice yield by 12–100%, depending 
on the genotype’s tolerance for Fe, intensity of  Fe toxicity stress, and soil fertility 
status (Sahrawat 2004). Fe toxicity occurs in a wide range of  soils but generally in 
lowland rice soils with permanent flooding during crop growth (Buresh and Quilty 
2016)  Increased Fe adsorption reduces Mn uptake in rice plants, resulting in a wide 
Fe-Mn ratio (Dobermann and Fairhurst 2000).

SOIL MICRONUTRIENT DYNAMICS IN A PADDY 
RICE SOIL AS AFFECTED BY LONG-TERM 
ORGANIC FERTILIZATION
Evelyn F. Javier and Annie E. Espiritu
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Micronutrients get depleted in the soil because of  higher plant uptake, consequently 
supporting growth and development of  the plant. Zn, Fe, and Mn subsequently 
became deficient under the rice-rice cropping pattern due to increased dry matter 
production (Gupta and Mehla 2006). This occurrence would result in a future decline 
in yield due to deficiency problems. On the other hand, the accumulation of  excessive 
amounts of  ferrous ion in soil solution could cause Fe toxicity in lowland rice 
(Sahrawat 2015) and this remains an important constraint to rice production and, 
together with zn deficiency, is the most commonly observed micronutrient disorder 
in wetland rice (Becker and Asch 2005). With intensive rice cropping, high-NPK-
containing fertilizers are used, but replenishing the lost micronutrients from plant 
uptake is not considered. Zinc, Mn, Fe, and Cu are critical nutrients because their 
deficiency or toxicity will dictate the yield of  rice. 

The use of  organic amendments is being advocated in the Philippines to lessen 
the use of  expensive commercial inorganic fertilizers and at the same time reduce 
their negative effects on the environment. Organic materials are known to contain 
micronutrients for rice growth. It is released through decomposition and becomes 
more readily available to plants in soil with high moisture (e.g., paddy condition). 
Micronutrient status in the soil could be affected by different fertilization practices 
during long-term organic and inorganic fertilization (Li et al. 2007, 2010). The use 
of  different organic sources could provide these nutrients and prevent the depletion 
of  the needed micronutrients. Organic sources such as farmyard manure, compost, 
vermicompost, and others may contain less amount of  these nutrients, but their 
presence helps in the growth and development of  the plant (Das 2014). Thus, addition 
of  these organic materials through decomposition returns the lost micronutrients 
back into the soil. However, soils under submerged conditions with high levels of  
organic matter or a fresh crop and organic residues may lead to the production of  
organic acids and sulfide, which can be harmful to the rice plant (Kyuma 2004).

Continuous addition of  these organic sources increases soil organic matter and, 
with high moisture, makes micronutrients more readily available than other elements, 
creating a nutrient imbalance in the soil system, which could be harmful to the plants 
when concentration becomes high. Thus, with long-term use, will organic fertilizers 
sustain the availability of  these micronutrients in the paddy? It is therefore imperative 
that changes in soil micronutrients be monitored so as to evaluate any accumulation 
and potential risk of  toxicity that can cause nutritional imbalances under long-term 
organic fertilization.

Experimentation

The long-term organic fertilizer experiment was established at the Philippine Rice 
Research Institute Central Experiment Station in Maligaya, Muñoz, Nueva Ecija, in the 
2003 wet season. Soil was classified as Maligaya clay, typically fine, montmorillionitic, 
isohyperthermic ustic epiaquerts. The variety used was PSB Rc82, one of  the high-
yielding inbred rice varieties. Treatments were grouped into three categories: (1) pure 
organic materials (OF), which include rice straw (RS), chicken manure (CM), wild 
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sunflower (WSF) or Tithonia diversifolia, and commercial organic fertilizer (COF) 
and rice straw with additional effective microorganism-based inoculants (RSEM); 
(2) organic materials with recommended chemical fertilizers (OF + NPK); and (3) 
organic materials with half  the recommended chemical fertilizers (OF + ½ NPK). 
Plots without any amendments (control) and plots with only chemical fertilizers 
(NPK, ½ NPK) were set as checks.

All treatments were laid out in factorial randomized complete block design (RCBD) 
replicated four times. The application of  organic materials was synchronized with 
the release of  N based on their mineralization (Javier and Tabien 2003). Moreover, 
the recovery of  transplanted rice seedlings after the transplanting shock was also 
one of  the bases for applying organic materials at the right time. Four weeks before 
transplanting, 10 t of  undecomposed RS ha-1 was incorporated. The same amount 
of  RS with additional EMI was incorporated 2 wk before transplanting. Ten bags of  
COF (1-1-1% NPK) and 3 t of  CM were incorporated 7 d before transplanting, while 
4 t WSF ha-1 was incorporated 2 d before transplanting. The volume of  the different 
organic fertilizers, except that of  the COF, was determined based on the analyzed N 
content on oven-dry weight basis (ODWB) and computed to give an equivalent of  60 
kg N ha-1 in consideration of  the actual fresh weight of  the organic materials.

The volume of  COF applied (10 bags ha-1), did not follow the Tipid Abono 
Fertilization for Rice Program that recommended five bags of  organic fertilizer 
combined with inorganic fertilizer (DA-BSWM 1997, Concepcion et al 1998).   The 
rate used in the experiment was based on the highest recommendation of  the organic 
fertilizer manufacturer for pure organic-based rice production technology (refer to 
the list of  registered organic fertilizer at FPA,1998, unpubl.mimeo).   Two checks 
were employed through the years of  experimentation: (1) chemical fertilizer at the 
rate of  120-40-60 in the dry season (DS) and 90-40-40 in the wet season (WS), and 
(2) indigenous nutrient supply treatment or unfertilized plots.

For soil micronutrient determination, soil samples were taken periodically during 
the fallow period at 0-25 cm depth from 2003 to 2013 and at 25-50 cm depth from 
2007 to 2013. Samples were air-dried, pulverized, and sieved through 2-mm screens. 
Soil samples were analyzed using diethylenetriamine pentaacetic acid (DTPA) 
extraction method and measured by atomic absorption spectrophotometry (Lindsay 
and Norvell 1978). All data were subjected to statistical analyses using Cropstat 7.2.3 
(IRRI 2007).

Soil micronutrient dynamics on topsoil with different organic materials applied

After 10 yr of  continuous application of  different organic and inorganic fertilizers 
(2003 to 2013), a general decrease in available Zn was observed regardless of  organic 
materials applied (Fig. 1A). Available Zn level slightly increased only after 6 yr of  
continuous organic application; it declined after 8 yr of  continuous RS, RSEM, CM, 
WSF, and COF application. From an average of  28.61 mg kg-1, it went down to 3.29 
mg kg-1 and stabilized thereafter at a low level until the 10th yr. The effect was also 



100    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

similar in the unfertilized plot: from 28.31 mg kg-1 to 3.64 mg kg-1 in the 10th yr 
(Table 1). Over the 10-yr trial period, although there was no accumulation of  Zn in all 
organic treatments, Zn level was highest with CM application (5.60 mg kg-1 Zn) and 
was not significantly different from that of  WSF (4.10 mg kg-1) and COF (4.09 mg 
kg-1). Generally, the Zn level in the topsoil using organic materials declined, but it was 
still above the critical level of  deficiency in the soil of  0.8 mg kg-1 Zn (DTPA method) 
(Dobermann and Fairhurst 2000). Such a decline was expected because under reduced 
soil conditions, precipitation of  Zn as sulfides and other forms occurs, rendering a 
decrease in availability and reduced solubility as soil pH increases  (Dobermann and 
Fairhurst 2000).

Table 1. Average soil-available Zn (ppm)a in paddy topsoils after 10-yr application of different 
organic fertilizers, alone and in combination with inorganic NPK,  in Maligaya clay soil, PhilRice 
Central Experimental Station. Nueva Ecija, Philippines, 2003-2013.

Treatment
Soil-available Zn  (ppm)

2003 2009 2011 2013

Control 28.31 32.20 2.94 cd 3.64 e

RS 28.42 31.97 2.97 bcd 3.56 e

RSEM 28.48 31.53 2.96 bcd 3.42 e

CM 28.24 32.20 4.35 abc    5.60 abc

WSF 29.20 33.05   3.22 abcd     4.10 cde

COF 28.71 31.90 2.94 cd     4.09 cde

RS+NPK 29.11 31.76    3.38 abcd      4.51 bcde

RSEM+NPK 28.29 32.28    3.36 abcd      4.37 bcde

CM+NPK 28.65 31.83 4.53 ab    5.80 ab

WSF+NPK 28.37 32.07    3.27 abcd      4.55 bcde

COF+NPK 30.33 32.08    3.68 abcd      4.82 bcde

RS + ½ NPK 28.51 31.35     3.13 abcd   3.88 de

RSEM + ½ NPK 28.7 33.03     4.07 abcd      4.97 bcde

CM + ½ NPK 28.63 32.15 4.59 a 6.72 a

WSF + ½ NPK 28.74 32.87    3.54 abcd      4.84 bcde

COF + ½ NPK 28.34 31.75    3.64 abcd      5.46 abcd

NPK 29.17 32.67 2.76 d 3.68 e

½ NPK 29.23 32.99     3.83 abcd      4.96 bcde

SE (N=3) 0.97 0.71 0.42 0.43

CV 4.13 2.68 14.64 11.38

Pr (> F) 0.90 0.41 0.00 0.00

 a Means with similar letters are not significantly different from each other at 5% level of significance. 
RS = rice straw, RSEM = rice straw with effective microbial inoculant, CM = chicken manure, 
WSF = wild sunflower, COF= commercial organic fertilizer, NPK = nitrogen, phosphorus, 
potassium rate, HR = half rate.
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Flooding the soil is a powerful driver of  change in fertility and nutrient availability 
through the two most important determinants of  soil fertility—pH and redox 
potential (Eh)  (Kanwar 2015).  

Under flooded conditions, decreased Zn availability and solubility as pH increases 
was observed (Dobermann and Fairhurst 2000). The same trend was reported by 
Ben-Yin et al. (2010) in their study on the influence of  different fertilization regimes 
on micronutrients. Their results showed that soil total Cu and Zn markedly declined 
after 19 yr of  applying N fertilizer alone in maize and wheat grains. This finding 
was inconsistent with what Li et al. (2007) found out: DTPA-extractable soil Zn 
concentration increased from 0.41 to 1.08 mg kg-1 in their investigation on the effects 
of  16 yr of  inorganic and organic fertilization with soil micronutrients. The increase 
corresponded with the increase in soil OM content.

There was a general decrease of  soil-available Cu on the 8th yr of  continuous 
application of  organic materials (Fig. 1B). The highest Cu level was observed in WSF 
treatment from 2003 (27.02 mg kg-1 Cu) to 2009 (27.24 mg kg-1 Cu). However, there 
were no significant differences among treatments (Table 2). On the 8th yr, a decreasing 
trend at an average of  55% relative to the initial Cu concentration was observed in 
all treatments. On the 10th yr, Cu concentration remained low but was observed to 
be slightly increasing at an average of  14%. Regardless of  organic materials used, no 
accumulation of  Cu was seen. However, Cu values were still above the critical soil 
levels for the occurrence of  Cu deficiency (0.2-0.3 mg Cu kg-1) (Dobermann and 
Fairhurst 2000). Moreover, these values are far below the toxic level for plants, which 
is 60-125 mg Cu kg-1 (Kabata-Pendias and Pendias 1992).
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Table 2. Average soil-available Cu (ppm)a in paddy topsoils after 10-yr application of different 
organic fertilizers, alone and in combination with inorganic NPK, in Maligaya clay soil, PhilRice 
Central Experimental Station, Nueva Ecija, Philippines, 2003-2013.

Treatment
Soil-available Cu (ppm)

2003 2009 2011 2013

Control 22.87 21.19 9.52 10.64

RS 22.81 25.72 10.59 11.51

RSEM 22.15 25.8 10.4 12.14

CM 21.6 22.99 11.72 13.5

WSF 27.02 27.24 9.96 12.32

COF 21.96 24.19 9.71 12.02

RS+NPK 22.63 24.97 10.17 12.19

RSEM+NPK 19.41 27.04 10.98 12.04

CM+NPK 20.38 26.92 10.33 12.11

WSF+NPK 23.35 25.75 9.91 11.7

COF+NPK 22.67 24.61 9.63 11.88

RS + ½ NPK 20.35 21.95 9.63 11.54

RSEM + ½ NPK 22.07 27.6 11.15 12.09

CM + ½ NPK 21.37 24.9 9.76 12.37

WSF + ½ NPK 25.12 25.82 9.4 11.33

COF + ½ NPK 21.29 25.36 9.68 12.1

NPK 22.26 26.79 8.69 11.51

½ NPK 23.86 29.34 10.01 11.84

         

SE (N=3) 1.94 2.63 0.74 0.60

CV 10.61 12.63 9.04 6.16

Pr(> F) 0.10 0.33 0.06 0.07

a Means with similar letters are not significantly different from each other at 5% level of significance. RS = rice 
straw, RSEM = rice straw with effective microbial inoculant, CM = chicken manure, WSF = wild sunflower, COF= 
commercial organic fertilizer, NPK = nitrogen, phosphorus, potassium, HR = half rate.
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Results of  the study imply that, with long-term use of  organic materials, there is 
no need to add Cu-containing fertilizer in the succeeding cropping. The same trend 
was reported by Ben-Yin et al. (2010) who reported that soil DTPA-extractable Cu 
sharply decreased from initially 1.12 to about 0.8 mg kg-1 Cu after 19 yr of  cropping 
and fertilization. On the other hand, these results were inconsistent with findings 
by Zhao et al. (2006), where Cu and Zn in the top 20 cm layer of  the compost-
amended soil, relative to the unfertilized soil, increased, whereas chemical fertilizers 
had little effect after 6 yr of  consecutive application of  swine compost. The increase 
was largely due to the application of  swine compost and the subsequent plowing to 
a depth of  15–20 cm. This indicated that swine compost caused high enrichment of  
Cu and Zn in surface soil and that compost-borne Cu and Zn remained mainly at the 
depth where compost was incorporated.

Available iron (Fe) in the soil generally increased with time in all treatments 
(Fig. 1C). Initially, there were no significant differences among treatments with the 
application of  different organic fertilizers. On the 8th until the 10th yr of  continuous 
organic application, RSEM caused the highest Fe concentration among the different 
organic amendments. On the 10th yr, highest Fe level was observed in RSEM (245.7 
mg kg-1), which was comparable with that in the NPK plot (208.05 mg kg-1) (Table 
3). The Fe level in RSEM was 30% higher relative to the unfertilized plot (171.15 mg 
kg-1) and 15% higher relative to the NPK plot. In spite of  this increase, values still 
fall below the critical concentration for the occurrence of  Fe toxicity (>300 mg kg-1) 
in the soil (Dobermann and Fairhurst 2000) and this may be toxic to the rice plants 
under certain conditions (Fageria et al. 2011). Such an increasing trend of  Fe level in 
this study tends to continuously increase with time and this should serve as an early 
warning signal to avoid possible nutrient imbalances in the paddy soils in the future.
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Table 3. Average soil-available Fe (ppm)a in paddy topsoils after 10-yr application of different 
organic fertilizers, alone and in combination with inorganic NPK, in Maligaya clay soil. PhilRice 
Central Experimental Station, Nueva Ecija, Philippines, 2003-2013. 

Treatment
Soil-available Fe  (ppm)

2003 2009 2011 2013

Control 44.38 85.97 106.82 f 171.15 e

RS 50.99 109.78 168.99 abcd 225.79 abcd

RSEM 41.55 81.64 173.35 abc 245.7 abc

CM 38.04 88.03 133.36 bcdef 206.52 abcde

WSF 62.11 108.56 115.81 ef 190.89 de

COF 43.86 90.59 120.3 ef 186.36 de

RS+NPK 43.27 123.19 175.4 ab 249.5 ab

RSEM+NPK 39.34 99.32 190.23 a 255.49 a

CM+NPK 40.08 138.1 158.69 abcde 224.75 abcde

WSF+NPK 41.75 103.66 114.66 ef 191.28 de

COF+NPK 50.75 98.02 129.24 cdef 200.68 bcde

RS + ½ NPK 40.76 119.47 143 bcdef 220.82 abcde

RSEM + ½ NPK 38.12 122.64 173.16 abc 227.47 abcd

CM + ½ NPK 42.64 100.39 149.4 abcdef 213.14 abcde

WSF + ½ NPK 51.44 94.44 108.67 f 185.47 de

COF + ½ NPK 35.64 107.24 114.69 ef 191.68 cde

NPK 43.92 124.81 119.23 ef 208.05 abcde

½ NPK 50.85 102.93 124.77 ef 180.84 de

         

SE (N=3) 9.70 32.37 12.09 14.37

CV 26.75 37.58 10.58 8.39

Pr(> F) 0.58 0.96 0.00 0.00
 a Means with similar letters are not significantly different from each other at 5% level of significance. RS = rice straw, 
RSEM = rice straw with effective microbial inoculant, CM = chicken manure, WSF = wild sunflower, COF= commercial 
organic fertilizer, NPK = nitrogen, phosphorus, potassium, HR = half rate.

In the absence of  oxygen, Fe (III) is usually the dominant oxidant for organic 
matter in periodically flooded soils (Breemen 1988). Dominance of  more Fe in flooded 
soils than of  any other redox element is due to the presence of  a large amount of  Fe 
that can undergo reduction. In a study conducted by Li et al. (2007), the same trend 
was reported where DTPA- extractable soil Fe concentration increased from 10.3 to 
17.7 mg kg-1after 16 yr of  inorganic and organic fertilization. Similarly, Chaudhary and 
Narwal (2005) reported an increase in DTPA-extractable Fe in the soil of  more than 
two times relative to the control with the application of  45 Mg farmyard manure ha-1 
in their long-term experiment.
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Available manganese (Mn) generally decreased slightly after 10 yr of  continuous 
application of  organic materials (Fig. 1D). Application of  RS resulted in consistently 
high Mn concentration among organic materials applied in 10 yr; however, this was 
not significantly different from the other treatments (Table 4). The decrease in Mn 
level relative to the initial concentration in 2003 ranged from 2 to 25%. However, 
values were still above the optimum concentration in soil solution of  3-30 mg L-1 
(Dobermann and Fairhurst 2000).This implies that even with long-term application 
of  organic materials in a rice-rice cropping system, no significant accumulation of  Mn 
concentration happened. This could be due to the application of  an adequate amount 
of  organic materials that balances Mn removal and enhances Mn+

4 reduction in the 
soil (Dobermann and Fairhurst 2000).

In a study conducted by Wei et al. (2006), available Mn increased in continuous 
wheat and maize cropping, but there was reduced available Mn in continuous clover 
and crop-legume rotation after 18 yr of  cropping and fertilization.
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Table 4. Average soil-available Mn (ppm)a in paddy topsoils after 10-yr application of different 
organic fertilizers, alone and in combination with inorganic NPK in Maligaya clay soil. PhilRice 
Central Experimental Station, Nueva Ecija, Philippines, 2003-2013.

Treatment
Soil-available Mn  (ppm)

2003 2009 2011 2013

Control 89.15 ab 78.87 85.13 55.91

RS 104.5 ab 53.82 92.25 66.21

RSEM 85.75 ab 62.59 79.67 57.83

CM 84.74 ab 55.01 90.55 64.04

WSF 83.85 ab 45.74 78.56 62.41

COF 95.7 ab 61.4 77.04 57.16

RS+NPK 104.27 ab 77.64 93.85 67.3

RSEM+NPK 87.21 ab 58.24 91.07 59.77

CM+NPK 77.59 b 56.84 71.43 57.01

WSF+NPK 78.81 ab 67.65 79.39 69.94

COF+NPK 91.91 ab 47.97 71.03 64.43

RS + ½ NPK 81.46 ab 59.69 92.68 74.51

RSEM + ½ NPK 129.03 a 58.86 81.2 68.9

CM + ½ NPK 113.99 ab 60.34 58.43 50.33

WSF + ½ NPK 100.73 ab 52.51 80.73 57.6

COF + ½ NPK 117.01 ab 65.93 70.97 58.45

NPK 88.19 ab 57.75 75.7 59.6

½ NPK 97.08 ab 55.09 81.1 68.93

       

SE (N=3) 13.38 12.28 10.34 8.26

CV 17.24 25.17 15.71 16.26

Pr(> F) 0.02 0.48 0.11 0.37
 a Means with similar letters are not significantly different from each other at 5% level of significance. 
RS = rice straw, RSEM = rice straw with effective microbial inoculant, CM = chicken manure, 
WSF = wild sunflower, COF= commercial organic fertilizer, NPK = nitrogen, 
phosphorus, potassium, HR = half rate.
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Fig. 1. Changes in soil-available (A) zinc, (B) copper, (C) iron, and (D) manganese in topsoils 
of Maligaya clay with continuous application of different organic fertilizers. PhilRice Central 
Experiment Station, Nueva Ecija, 2003-2013.

Soil micronutrient dynamics on topsoil that received different organic and inorganic 
materials alone and combined

Over the 10-yr trial period, there was a general decrease in available Zn, regardless 
of  solo or combined application of  organic or inorganic materials (Fig. 2A). Available 
zn level slightly increased after 6 yr of  continuous organic and inorganic application 
but significantly declined after 8 yr. The highest Zn level was seen with the application 
of  organic materials plus half  the recommended chemical fertilizers, OF + ½ NPK 
(5.18 mg Zn kg-1), but this was not significantly different from other treatments. 
Generally, Zn declined but was still above the critical level of  deficiency in the soil 
(0.8 mg kg-1) (Dobermann and Fairhurst 2000).

Under flooded conditions, Zn availability decreases because of  the reduction in 
Zn solubility as pH increases. This could also be due to the formation of  complexes 
between Zn and organic matter in soils with high pH and high organic matter content 
or the large application of  organic manure and crop residues (Dobermann and 
Fairhurst 2000).  In contrast, Zhang et al. (2015), reported a rise in available Zn at the 
surface soil relative to the control after 18-yr of  continuous application of  manure 
plus inorganic fertilizers.

Available Cu in the soil slightly increased after 6 yr of  continuous application of  
organic materials, except for the control (Fig. 2B). Cu level was significantly higher 
in HR (29.34 mg kg -1) than in OF alone (25.19 mg kg -1). On the 8th yr, a decreasing 
trend, at an average of  57% relative to the initial Cu concentration, was observed in 
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all treatments. On the 10th yr, Cu concentration remained low but it was observed to 
be slightly increasing at an average of  16%. Regardless of  whether organic materials 
are used alone or combined with inorganic ones, there was no accumulation of  Cu 
among treatments after 10 yr.

All treatments were observed to have sufficient amounts of  available Cu, with an 
average of  12 mg kg-1. These values were above the critical soil levels of  0.2-0.3 mg kg-1 
for Cu deficiency to occur (Dobermann and Fairhurst 2000). This implies that the use 
of  organic materials, be they alone or combined with inorganic fertilizers, can supply 
the Cu requirement of  the rice plant. Results also suggest that long-term application 
of  organic and inorganic fertilizers does not significantly affect and accumulate soil 
Cu in the soil.

  
Available Fe in the soil generally increased with continuous application of  organic 

and inorganic materials (Fig. 2C). After 6 yr, application of  NPK alone caused the 
highest rate increase of  65% in Fe level compared with OF alone at 51%. However, 
after 8 yr of  continuous organic and inorganic application, Fe level increase was 
highest in the OF + NPK treatment and remained on that level (224 mg kg-1) until 
the 10th yr, but this was not significantly different from OF alone (211 mg kg-1) and 
NPK fertilizer (208 mg kg-1).  In spite of  the increase, values still fall below the critical 
concentration for Fe toxicity occurrence (>300 mg kg-1) in the soil (Dobermann and 
Fairhurst 2000).

This result implies that long-term application of  organic or inorganic fertilizers 
either applied alone or in combination may improve the Fe status of  the soil. 
However, increasing values should be continuously monitored to prevent Fe toxicity 
that can cause nutritional imbalance in the long run. Sahrawat (2004) stated that a high 
concentration of  Fe in soil solution can cause a nutrient imbalance in the growing 
medium, especially through antagonistic effects on the uptake of  nutrients such 
as Zn and Mn. Likewise, a high concentration of  Fe in soil solution decreases the 
absorption of  other nutrients, such as P and K (Yoshida 1981). Similar to the results 
of  this study, Hegde (1996) reported a significant increase in availability of  extractable 
Fe content and this was attributed to the integrated use of  chemical fertilizers and 
organic sources of  farmyard manure.  Conversely, Zhang et al. (2015), in an 18-
yr study, found that application of  inorganic fertilizers had no effects on available 
soil micronutrient content; however, manure plus inorganic fertilizers significantly 
augmented soil-available Fe throughout the profile. 

Available Mn generally decreased slightly after 10 yr of  continuous application 
of  organic and inorganic materials (Fig. 2D). The decrease in Mn level relative to 
the initial concentration in 2003 ranged from 8 to 21%. However, values were still 
above the optimum concentration in soil solution of  3-30 mg L-1 (Dobermann and 
Fairhurst 2000). Results showed that even with long-term application of  organic 
materials either alone or combined with inorganic materials, Mn concentration did 
not easily accumulate in the soil surface layer. Contrary to these results, Zhang et al. 
(2015) reported that straw plus inorganic fertilizers significantly increased available 
Mn content of  surface soil. Moreover, manure plus inorganic fertilizers significantly 
raised the available Mn at the surface soil relative to the control.
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Fig. 2. Changes in available micronutrient content in topsoils of Maligaya clay with continuous 
application of organic and inorganic materials alone or combined. PhilRice Central Experiment 
Station, Science City of Muñoz, Nueva Ecija, 2003-2013.

Soil micronutrient dynamics in subsoil given different organic materials 

Based on the data, regardless of  organic materials applied, available Zn in the 
subsoil remained at a low level (Fig. 3A). Available Zn generally decreased with time 
to an average of  55% after 10 yr of  continuous application of  RS, RSEM, CM, WSF, 
and COF. Over the 10-yr trial period, there was no observed accumulation of  Zn in 
all treatments in the subsoil layer.

There was a general decrease of  soil-available Cu in the subsoil after 10 yr of  
continuous application of  RS, RSEM, CM, WSF, and COF (Fig. 3B). Initial soil Cu 
level of  the organic materials ranged from 9 to 13 mg kg -1, decreasing to an average 
of  29% after 10 yr. Regardless of  the organic material used, no accumulation of  Cu 
was observed in the subsoil. However, Cu values in the subsoil were still above the 
critical soil levels of  0.2-0.3 mg kg-1 (Dobermann and Fairhurst 2000).

Available Fe in the subsoil increased in all treatments on the 10th yr of  continuous 
RS, RSEM, CM, WSF, and COF application. Initially, there were no significant 
differences among treatments with the application of  different organic fertilizers. On 
the 10th yr, Fe concentration in the subsoil treated with RSEM was observed to be 
highest (115 mg kg-1) with an 83% increase from its initial Fe concentration (20 mg 
kg-1) in 2003. In spite of  this increase, values still fall below the critical concentration 
(>300 mg kg-1) for Fe toxicity occurrence in the soil (Dobermann and Fairhurst 2000).
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Available Mn in the subsoil slightly increased after 10 yr of  continuous application 
of  organic materials. The same trend as seen in the topsoil was observed: application 
of  RS resulted in consistently highest Mn concentration among the organic materials 
applied within the 10-yr period. However, this was not significantly different from the 
other treatments. The increase in Mn level relative to the initial concentration in 2003 
ranged from 20 to 54%, however, values were still above the optimum concentration 
in soil solution of  3-30 mg L-1 (Dobermann and Fairhurst 2000). This implies that 
the immediate effect of  organic fertilization is not apparent in the early years of  
application, but that Mn has the tendency to continue to increase in the subsoil layer 
beyond 10 yr.

Fig. 3. Changes in available micronutrients in subsoils of Maligaya clay with continuous application 
of different organic materials. PhilRice Central Experiment Station, Science City of Muñoz, Nueva 
Ecija, 2003-2013.

 

Soil micronutrient dynamics in the subsoil with different organic and 
inorganic materials alone and combined

There was a general decrease in available Zn in the subsoil layer regardless of  
the way organic or inorganic materials were applied, alone or in combination (Fig. 
4A). The decrease was observed at an average of  56% after 10 yr of  continuous 
application of  either organic or inorganic materials alone or combined. 

A similar trend was observed in available Cu in the subsoil. A decrease was noted at 
an average of  28% after 10 yr of  continuous application of  either organic or inorganic 
materials alone or combined (Fig. 4B). No accumulation of  Cu was observed in the 
subsoil regardless of  the materials used.
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On the other hand, available Fe in the subsoil increased at an average of  73% 
after 10 yr of  continuous organic and inorganic application. However, values still fall 
below the critical concentration for Fe toxicity occurrence, >300 mg kg-1 in the soil 
(Dobermann and Fairhurst 2000). Similarly, Zhang et al. (2015) found that straw plus 
inorganic fertilizers significantly increased available Fe in subsurface soils.

The same trend was seen with available Mn in the subsoil. It increased at an 
average of  38% after 10 yr of  continuous application of  organic and inorganic 
materials. This implies that, even with continuous application of  either organic or 
inorganic fertilizers applied alone or combination, there was no Zn and Cu buildup in 
the subsoil layer and that the immediate effect of  organic and inorganic fertilization 
is not apparent in the early years of  application. However, the increasing amount of  
Fe and Mn levels in the subsoil indicated that they tend to continue to increase in the 
subsoil layer beyond 10 yr..

             

Fig. 4. Changes in available micronutrients in subsoils of Maligaya clay with continuous application 
of organic and inorganic materials alone or combined. PhilRice Central Experiment Station, 
Science City of Muñoz, Nueva Ecija, 2003-2013.
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Grain yield as affected by continuous application of different organic and 
inorganic fertilizers

Generally, regardless of  what organic materials are applied, the average annual 
grain yield of  PSB Rc82 did not increase significantly (Fig. 5A, Table 5). However, 
after 10 yr of  continuous organic application, grain yield showed a high yield increase 
only with RSEM, RS, and CM relative to the initial yield in 2003. The average increase 
in grain yield due to RSEM, RS, and CM were 1.9 t ha-1(53.1%), 1.43 t ha-1 (35.3%), 
and 1.37 t ha-1(32.9%), respectively, while inorganic NPK alone showed an increase 
of  0.68 t ha-1(11.7%). The increase in yield due to RSEM, RS, and CM could be 
attributed to the long-term residual effects of  nutrients from these organic fertilizers.

Table 5. Average grain yield (t ha-1)a of PSB Rc82 as affected by continuous application of different 
organic fertilizers alone and/or with inorganic fertilizers. PhilRice Central Experiment Station, Nueva 
Ecija, 2003-2013.

Treatment
Average grain yield (t ha-1)

2003 2007 2009 2011 2013

Control 3.91 cd 5.12 g 3.69 g 4.19 f 4.15 d

RS 4.05 cd 5.91 cdefg 5.01 de 4.88 cdef 5.48 bc

RSEM 3.6 d 5.76 efg 4.81 def 4.76 def 5.51 bc

CM 4.17 cd 6.26 bcdef 5.66 bcd 5.21 bcdef 5.54 bc

WSF 4.76 bc 5.90 defg 4.57 efg 4.94 cdef 4.47 cd

COF 4.11 cd 5.48 fg 4.00 fg 4.66 ef 4.59 cd

RS+ NPK 6.31 a 7.21 ab 6.43 abc 5.83 abcd 6.37 ab

RSEM+NPK 6.00 a 7.23 ab 6.83 a 5.83 abcd 6.52 ab

CM+NPK 6.04 a 6.79  abcde 6.71 a 6.31 a 6.2 ab

WSF+NPK 5.99 a 6.79 abcde 6.22 abc 5.9 abc 6.44 ab

COF+NPK 5.66 ab 6.92 abcd 6.18 abc 5.34 abcde 6.22 ab

RS+½ NPK 6.19 a 7.36 a 6.25 abc 5.55 abcde 6.22 ab

RSEM+½ NPK 5.83 ab 6.94 abc 6.16 abc 5.67 abcde 6.22 ab

CM+½ NPK 6.03 a 7.17 ab 6.60 ab 6.07 ab 6.78 a

WSF+½ NPK 6.23 a 6.77 abcde 6.08 abc 5.68 abcde 6.03 ab

COF+½ NPK 6.11 a 6.53 abcde 5.64 bcd 5.32 abcde 6.04 ab

NPK 5.81 ab 6.80 abcd 6.26 abc 5.63 abcde 6.49 ab

½ NPK 6.06 a 6.40 abcdef 5.52 cde 5.50 abcde 5.75 ab

SE (N=4) 0.31 0.28 0.27 0.30 0.30

CV 8.04 6.15 6.62 7.73 7.31

Pr(> F) 0.00 0.00 0.00 0.00 0.00

a Means with similar letters are not significantly different from each other at 5% level of significance.
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Similar to this finding, Zhang et al. (2009) reported that application of  manure 
increased grain yield in the maize and wheat-maize systems during the final years, 
but it increased grain yield in rice-based systems during the initial years of  the long-
term experiments. Likewise, Dixit and Gupta (2000) found that the application of  
farmyard manure at 10 t ha-1 and blue green algae (BGA) [cyanobacteria] inoculation, 
either alone or in combination, increased the economic yield of  rice. On the other 
hand, Singh et al (2000) studied the long-term effects of  organic manure and crop 
residues on the sustainability of  the rice-wheat cropping system, but their findings 
showed that wheat or rice straw with wide C:N,  applied alone or in combination 
with green manure, increased the organic C content of  the soil, but it did not release 
enough N to increase wheat yield. Likewise, Wortman et al. (2012) demonstrated in 
their long-term study that, relative to the mean of  the conventional systems, corn 
yields were reduced by 13 and 33% in the animal manure-based organic and forage-
based organic systems, respectively.

Regardless of  organic materials combined or supplemented with inorganic 
fertilizer, grain yields were similar to those obtained from inorganic fertilizer (Fig. 
5B, Table 5). This indicated that combining organic materials with inorganic NPK 
fertilizer was as efficient as using inorganic fertilizer alone in rice. This also implies that 
the combined use of  organic and inorganic fertilizers sustains nutrient supply during 
rice growth, resulting in higher grain yield compared with using organic fertilizer 
alone. Similarly, Xu et al. (2008) studied the effect of  organic manure application 
with chemical fertilizers on rice yield and soil fertility under long-term double-rice 
cropping system. They found that half  of  chemical fertilizers combined with half  
of  swine manure gave the highest mean annual yield of  12.2 t ha−1, which was 68% 
higher than that of  PK chemical fertilizers alone. Correspondingly, Singh et al (1994) 
observed that with green manure supplemented with urea (to make up a total of  150 
kg ha-1), grain yield of  rice and N uptake were similar to that obtained with 150 kg 
urea N ha-1.
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Fig. 5. Average grain yield of PSB Rc82 as affected by continuous application of (A) different 
organic fertilizers and (B) organic fertilizers alone and/or combined with inorganic fertilizers. 
PhilRice Central Experiment Station, Nueva Ecija, 2003-2013.

CONCLUSION

With increasing utilization of  different organic sources, the burden of  procuring 
expensive inorganic chemicals is reduced while at the same time providing the 
micronutrients needed by the plants. It is thus imperative to assess the trace elements 
in the soil, especially when these organic materials are applied in the long term. 
Though these trace elements could benefit the rice plant, there could also be adverse 
impacts on the environment, particularly on the soil after several years of  continuous 
application. This is due to the buildup of  toxic elements contained in these organic 
materials, which might be taken up by the rice plants from the soil. There is also the 
possibility of  these trace elements accumulating when organic materials are applied 
continuously over time.
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The continuous application of  RS, RSEM, CM, WSF, and COF for 10 yr resulted 
in no significant increases in Zn, Cu, and Mn concentrations, regardless of  the 
manner of  application (alone or in combination with inorganic fertilizers). There was 
also no accumulation observed in the topsoil or subsoil layer. However, an increasing 
trend of  Fe level in the soil was observed with continuous application of  different 
organic materials. Such an increase, however, is still below the critical concentration 
for Fe toxicity to occur. But this increasing trend tends to continuously increase with 
time, which may become more of  a disadvantage rather than an advantage to the rice 
plant. Continuous monitoring of  Fe concentration should therefore be done to lessen 
toxicity risks that can cause nutritional imbalance in the soil and thus harm the rice 
plant. In such a case, corrective measures must be employed and an effective nutrient 
management system must be put in place.
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PEST AND DISEASE MANAGEMENT IN 
ORGANIC RICE SYSTEMS
Charito P. Medina

INTRODUCTION

Pests are organisms that cause damage to plants/crops, livestock, or anything 
valuable to humans, including those that annoy them. These organisms could be 
insects, mites, snails and slugs, rodents, birds, and some vertebrates. Diseases are 
manifestations of  the damage done by disease-causing microorganisms, technically 
called pathogens. They could be fungi, bacteria, nematodes, or viruses. Weeds are also 
considered pests because they compete with crops for nutrients, water, and sunlight.

Not all insects are pests. It is estimated that only about 6% of  all insects are pests 
or potential pests. The rest do no harm, they are even beneficial, acting as pollinators, 
decomposers, as well as parasites and predators of  insect pests. Many microorganisms 
are also beneficial, acting as decomposers or antagonists to pathogenic species.

The incidence of  pests and diseases, as well as their inflicted damage, had increased 
in frequency and intensity through the history of  agriculture. This is brought about by 
the evolution of  farming systems from polyculture or diverse farming systems into 
monocropping, which resulted in multiple ecological problems. Intensification of  
cropping as well as extensive planting of  uniform crops or varieties are predisposed 
to ecological imbalances. Chemical farming also contributed much to greater pest 
and disease outbreaks because of  soil nutrient imbalance and crop susceptibility.  
Even pesticides, which are designed to kill pests and pathogens, had induced pest and 
disease outbreaks as beneficial organisms such as parasites, predators, and antagonists 
were also eliminated. Other pesticide-induced outbreaks were attributed to the 
development of  pest resistance and secondary pest outbreaks.

Pesticides became the dominant tool to control pests and diseases after World War 
II because surplus poisons during the war were diverted into use in agriculture.  Since 
then, many chemical pesticides evolved: from organochlorines to organophosphates 
and carbamates to synthetic pyrethroids and neonicotinoids. The mode of  action of  
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pesticides varies, from contact and stomach poisons to systemic. Since the 1980s, 
genetic engineering has developed for some crops the ability to produce toxins 
themselves to poison pests. Crops were also genetically engineered to tolerate 
herbicides so that, when these are sprayed, the weeds get killed but the crops remain 
unaffected. These genetically engineered herbicide-tolerant crops have exacerbated 
the use of  herbicides, in fact requiring obligatory application.

Pesticides became the favorite tool for pest and disease control because of  their 
visible and quick results.  Spraying became regular, even if  pests are not around.  For 
example, calendar spraying (e.g., weekly application) was recommended and it was 
a common practice in the late 70s up to the 80s. In intensive vegetable production, 
practice has even gone to the extent of  pesticide mixtures of  three to five insecticides 
and fungicides being sprayed once or sometimes twice a week (Medina, 1987).

Effective chemical control of  pests, diseases, and weeds has its tradeoff. It also 
eliminates parasites and predators acting as natural biological control agents that 
normally stabilize the ecosystem components. Farmers have been poisoned after 
exposure to these chemicals. It also contaminates the environment, resulting in high 
pesticide residues in water systems, harming fish and other edible animals, affecting 
drinking water, and residing in food. Consequently, pesticide residues become critical 
concerns in food safety and human health.

Pest and disease incidence

Pests and diseases are symptoms of  a sick ecosystem, brought about by imbalances 
in the interacting components with some elements (the pest) having gone out of  their 
natural population equilibrium. The diversity of  crops and their varieties generally 
contributes to agroecosystem stability. Yet, varietal and crop diversity was eliminated 
through the narrow genetic pool of  modern crop varieties created in the quest for 
high yield.  This has mainly contributed to the greater incidence of  pest problems.  
Intensification of  cropping also has a role in greater pest and disease incidence due to 
the continuous availability of  food and sustained high population pressure of  the pest 
and disease. Extensive planting of  one plant or variety sustains pest/disease spread.

But why do crops recurrently experience pest and disease problems if  pesticides 
were effective? It is because the ability of  pesticides to suppress further pest increase 
is just temporary. Pesticides as biocides kill not only the pests but also the parasites 
and predators that function as a built-in ‘check and balance’ of  the pest population 
under normal ecological conditions. When pesticides are broken down in a week or so, 
the surviving or colonizing pest population starts to increase again. The development 
of  pest resistance to pesticides has also been documented; the evolution of  resistance 
is a function of  the intensity and frequency of  pesticide application. Perhaps, the 
most extensive experience on pest outbreaks attributed to pesticide use is on brown 
planthoppers (Sogawa, 2015)
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The principle in dealing with pest and disease problems has evolved over the years.  
During the early period of  pesticide use, pest control and eradication were the norm 
and calendar spraying was promoted. When pesticide-induced pest outbreaks were 
experienced in the 1980s, judicious use of  pesticides was advocated, including the 
use of  less toxic pesticides. With the realization that pesticides cannot eradicate pests, 
integrated pest management (IPM) was born.  However, most of  the IPM in practice 
are still pesticide-based, that is, they do monitoring of  the pest, then spray when they 
become abundant and have reached the economic threshold level.

 
Ecological engineering is a more recent strategy to replace pesticide use by 

enhancing ecological control practices with some emerging and new technologies. 
The general principle is the same as that of  alternative pest management (APM) using 
the concept that prevention is better than cure. Non-chemical pest/disease control 
is more specific toward the goal of  organic farming groups. In this chapter, the use 
of  non-chemical strategies for pest and disease management in rice is presented. 
Occasionally, non-chemical pest and disease control methods in other crops are 
discussed.

  
Effective non-chemical pest management

An effective non-chemical pest management strategy should put in full use, 
not against, natural control components and mechanisms in the agroecosystem. 
Farmers need to know or at least have an idea of  the biology of  the pest—e.g., 
life cycle, seasonal abundance, alternate hosts, and natural enemies, among others, in 
order to manage pests and diseases. Redesigning the agroecosystem to enhance the 
natural ecological balance is a more cost-effective and long-lasting approach to pest 
management. This also includes diversifying crops or varieties in rice farming, as well 
as establishing rotation cycles.

The overall concept in non-chemical pest management is denying the pest its 
favorable food and environment. Effective pest management in organic agriculture 
without pesticides needs adjustment in the farmers’ time frame of  planning, analysis, 
and action. Pest management in organic farming starts even before planting begins; it 
entails selecting crops or varieties and management practices vis-à-vis pest prevalence 
in any locality. Farmers need to avoid the mentality of  impromptu control (right-
there-and-then) when the pest is already abundant and causing damage. This way, the 
farmer has broader options in dealing with pests and diseases.
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APPROACHES TO PEST AND DISEASE MANAGEMENT IN 
ORGANIC FARMING

Physical/mechanical control

The initial population of  insect pests or the initial pathogen pressure largely 
determines the severity of  the pest in a particular farm because this forms the 
colonizing population in the succeeding crops. Stem borers, brown planthoppers 
(BPH), and white-backed planthoppers (WBPH) take refuge in the ratoons and 
stubbles. In areas with heavy black bug infestation, rice stubbles can easily harbor 
300 to 500 nymphs and adults per hill, ready to transfer into new rice fields if  not 
destroyed. One practical and economical way of  controlling pests is reducing the 
carryover pest population by destroying the crop leftover from the previous crop. 
This is usually done by plowing-under the rice stubble or submerging the area in 
irrigation water as soon as possible after harvest.

Removal of  weedy alternate hosts of  pests in between croppings also helps reduce 
the colonizing population in succeeding crops.

Golden apple snails in paddy rice farms can be controlled by trapping and collecting 
snails with plant baits such as papaya or banana leaves, which are soaked and put 
in strategic locations in the farm; these are collected periodically. Nets can be used 
in downspouts on bunds to prevent snails from transferring to the next rice bund.  
Bamboo pegs can be stacked randomly in the field to trap the eggs of  the snails. Also, 
draining the rice field before and up to 4 after transplanting (DAT) inhibits the snails 
from moving around and is effective in protecting newly transplanted rice.

Detasseling of  corn before pollen shedding at a ratio of  three detasseled and 
one tassel intact (or 75%) was an effective farmers’ practice in Cagayan and Isabela. 
The mechanism, according to researchers, is that the first two instars of  the corn 
borer climbs to the tassel and feed on pollen before they bore into the corn stalk. By 
detasseling, it physically removes all the borer larvae together with the corn biomass 
above the corn ears. Moreover, the removed biomass is fed to livestock, the corn 
borers included.

Mulching of  crops with rice straw controls weeds, in addition to conserving soil 
moisture.  More recently, plastic mulch films were used as substitute and it is very 
effective in weed control. Organic farmers have to verify the organic standards being 
used in the certification of  their products if  such a plastic mulch is allowed.

Soil nutrient management

Synthetic N fertilization has quick nutrient release and this sudden N overload 
has been found to increase soluble proteins in rice, resulting in enhanced nutrition 
for insect pests. Experimental evidence has shown that rice treated with N fertilizer 
increased the feeding rate, survival, and reproduction of  BPH, WBPH, stem borers, 
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leaffolders and gall flies, resulting in outbreaks of  such pests in many instances (Lu et 
al., 2007; Oka, 1979; Ramzan et al., 2007; Rashid et al., 2016, 2017).

Likewise, any increase in N availability through N fertilization can increase 
the aggressiveness of  fungal pathogens as they become more nutritious. High N 
fertilization is known to favor plant diseases such as late blight, bacterial leaf  blight, 
and sheath blight (Veresoglu et al., 2013).

Soil nutrient management through the application of  organic fertilizer, which 
is the norm in organic agriculture, functions to reduce the potential outbreak of  
pests and diseases.  In contrast to synthetic N fertilizer, organic fertilizer increases 
soil organic matter and releases plant nutrients gradually through the process of  
decomposition.  This slow release of  N prevents the spike of  assimilated nutrients in 
the plant, thereby regulating the biological fitness or outbreaks of  pests and diseases. 
Organic soil fertility practices also provide other nutrients and trace elements such 
as boron, manganese, sulfur, and zinc, which makes crop plants healthier to resist 
pest damage. Furthermore, microbial activity in the soil is also enhanced, resulting in 
greater soil microbial diversity and stability.

Silicon has been found to enhance resistance of  rice to stem borers (Chilo 
suppressalis) (Han et al., 2010), leaffolders (Han et al., 2015), and planthoppers 
(Ramzan et al., 2007). Higher Si content reduces survival and body weight of  BPH and 
leaffolders while it prolongs their development. The effect on leaffolders is reduced 
larval survival and pupation rate (Han et al., 2015), resulting in overall reduction in 
net reproductive rate and intrinsic rate of  increase. The positive association between 
high Si content of  plants and resistance to insect herbivory in many crops has been 
well established in scientific literature. Under many circumstances, plant resistance to 
insects was achieved through Si application.

Rice diseases such as neck rot, stem rot, leaf  scald, bacterial leaf  blight, sheath 
blight, and rice blast can also be suppressed with Si (Datnoff  and Rodrigues, 2005). 
Experimental data have illustrated that application of  Si increased the resistance of  
rice plants to blast, which was as effective as using fungicides (Kitani et al., 1960). The 
physical mechanism of  action was reported to be on the increased density of  cells in 
the leaf  epidermis that act as a physical barrier to penetration of  pathogen. Another 
possible mode of  action is that Si mediates in some chemical defense responses by 
forming complexes with organic compounds in the cell walls of  epidermal cells and 
increasing resistance to degradation by enzymes released for the penetration of  the 
pathogen (Volk et al., 1958).

In practical terms, we do not even need to apply Si. The rice straw and rice hull 
normally taken away from the field during harvest should be returned to the field to 
bring back Si and other nutrients. Rice straw contains 4 to 7% Si, and the return of  1 t 
of  rice straw to the farm would mean 40 to 70 kg Si ha-1. To do otherwise would mean 
progressive depletion of  Si and other nutrients, contributing to rice susceptibility to 
pests and diseases.
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Water management

Alternative draining and flooding of  rice fields is effective against BPH.  The 
first draining may be as soon as the transplanted seedlings have established 25 DAT. 
Subsequent flooding may be done only after the soil has created cracks. This cultural 
management practice makes the base of  the rice plant less humid, which is less 
favorable to BPH (Oka, 1979). Also, more parasites and predators have better host-
searching capacity under this environment.

Draining the rice fields 10 d before and up to 10 d after the full moon effectively 
reduces the colonization of  black bug adults. This method is based on the behavior 
of  the adult pest that flies and migrates at night during full moon. As adults fly above, 
they are attracted to areas with reflected light, which is indicative of  water and rice 
fields. With this simple method, colonization of  rice fields by the rice black bug can 
be easily mitigated.

Whorl maggot adults move to new rice fields at night and are attracted to reflected 
light from standing water, especially when the rice plants are still young and the rice 
canopy is not yet closed. Thus, draining the water during the early stages of  rice crop 
growth is effective in controlling whorl maggots.

Draining water in the paddy 1 d before transplanting rice up to 3 or 4 d after 
transplanting is the most practical and economical solution to avoid damage of  
golden apple snails. Without water, the snails cannot move around.

Use of pest-resistant rice varieties

Every variety has its own level of  resistance to or tolerance for pests and diseases. In 
principle, modern varieties have a narrow gene pool as a result of  varietal purification 
during breeding. Consequently, these varieties have narrow (vertical) resistance to a 
complement of  pests and diseases during actual rice growth. In contrast, traditional 
rice varieties (TRVs) have generally greater resistance to a large range of  pests and 
diseases. Selecting and using TRVs that are more resistant to pests and diseases under 
specific agroecological conditions is a practical and no-cost pest management strategy.

Method and time of planting

Closely planted rice causes a cool and humid microenvironment at the basal and 
canopy area, which favors planthopper population buildup (IRRI, 1979; Oka, 1979) 
and deters the growth of  the natural enemies of  the pest. Dense planting should thus 
be avoided by modifying the usual 20- x 20-cm planting distance into row planting of  
10 x 40 to 60 cm. This makes better sunlight penetration to the base of  the rice plants, 
which is unfavorable to planthoppers. Also, the increase in row distance encourages 
better searching capacity of  parasites and predators foraging on insect pests.
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Some indigenous people grow upland rice by mixing two or three varieties 
together and harvesting them manually. This practice increases the differential 
resistance of  the combined three varieties and theoretically reduces the chance of  
the pest population increasing.  However, this may not be practical in large-scale and 
mechanized production.

Intercropping of  one row of  susceptible tall rice variety and four rows of  resistant 
short varieties in repeated pattern was effective in controlling rice blast in China 
(Leung et al., 2003; Raboin et al., 2012; Zhu et al., 2001, 2005). It was found that 
the tall-short row combination creates a rough surface, and wind blowing above the 
rice canopies creates a “turbulence effect,” enhancing faster drying of  the rice leaf  
surface, resulting in reduced germination of  the blast pathogen (Han et al., 2016). The 
efficiency of  rice blast control was reported to be as high as 96%.

Early planting is done to control rice bugs that are abundant during the later part 
of  the cropping season. Draining the paddy at planting time controls golden apple 
snails, and this is supplemented by foraging ducks, using trap leaves when flooded, 
and simply collecting the snails.

In places where pests, including rats and birds, transfer from one standing crop to 
another, synchronized planting and harvesting in the locality is the most practical way 
to minimize potential damage.

Manipulation of agroecosystem and landscape

Varietal rotation (i.e., different varieties planted during wet and dry seasons) 
can stop the proliferation of  a particular pest, disease, or pest biotype because rice 
varieties have inherent differential resistance to or tolerance for pests and diseases 
(Oka, 1979). Furthermore, the breakdown of  resistance of  a variety to a particular 
pest or pathogen may be prolonged by practicing varietal rotation.

Pest incidence is a matter of  population density of  the particular pest. If  one rice 
variety or one crop is grown season after season, the pest population builds up and 
a favored pest becomes more serious. Crop rotation breaks the population buildup 
when the succeeding crop is not a host plant, thereby effectively reducing the initial 
pest population. Legumes planted in rotation with the main crop provides additional 
benefits such as better nutrient management.

Corn and peanut intercropping has been documented to reduce corn borer damage 
because the nocturnal adult moths when flying were found to settle and colonize 
corn fields with brown hue background. Peanuts create a green background. Further, 
peanuts attract more parasitic wasps as they are attracted to the nectar in the flowers; 
more spiders that feed on pests of  corn are also favored
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On the broader landscape level, a mosaic of  different varieties and crops is created 
if  every farmer plants three to five varieties and other crops. This varietal diversity 
creates a de facto control on the proliferation and spread of  any pest because of  the 
differential resistance or susceptibility of  each variety or crop (Xu et al., 2017). In fact, 
this practice was being done before the green revolution is resurrected.

The push-pull farming system

The push-pull strategy in pest management was developed at the International 
Center of  Insect Physiology and Ecology (ICIPE) in Kenya. It involves three kinds 
of  plants to control insect pests: (1) the main crop, (2) a companion crop grown 
between the rows of  the main crop that produces semiochemicals that repel the pest 
away from the main crop and also attract parasitoids or at least increase their host-
searching ability, and (3) a trap plant grown in the perimeter of  the main crop to 
attract the main pest by visual stimuli or promote egg laying. The companion crop has 
the push effect because it repels the pest away from the standing main crop, while the 
trap crop has the pull effect because it attracts the pest to lay eggs and feed on them, 
thus diverting the pest away from the main crop (Khan and Pickett, 2004; Pickett et 
al., 2014).

The most successful control was reported on corn borer when corn was 
intercropped with Desmodium to repel adult borers from the corn stand and with 
trap crops of  Napier grass (Pennisetum purpureum) planted as border plants to 
pull the same pests (Khan and Pickett, 2004).   Desmodium also attracts the natural 
enemies of  the pest, thus enhancing natural biological control. Likewise, Desmodium 
roots produce an allelopathic substance that suppresses the germination of  some 
weeds such as striga. Other than aiding in pest management, Desmodium, a legume, 
enhances soil fertility due to its N2-fixing ability.

The push-pull factor was also reported to be successful in controlling armyworm 
in corn-Desmodium-Brachiaria farming system (Midega et al., 2018). Control of  
stem borers in sorghum was also reported in the same push-pull farming system. 
More recent studies reported that Brachiaria is being favored over Napier grass as the 
trap crop (pull factor) because the former grows faster, it is more tolerant of  drought, 
and it has high-quality fodder grass for livestock.

Application of biological control agents

Rice-duck integration is the most effective and most beneficial control measure 
for golden apple snail. The ducks are allowed to forage for snails in the field when 
transplanted rice was already established (25 DAT) and throughout the vegetative 
stage of  the rice crop. The ducks, however, need to be confined starting from the 
flowering stage of  the crop. Foraging can be done again after harvest. This system 
has other benefits: the ducks contribute to nutrient recycling from their fecal matter 
and contributes to soil cultivation in the course of  their roaming in the field, and it 
provides additional income to the farmer from the sale of  eggs or duck meat.
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Propagation and release of  insect parasites and predators is one of  the oldest 
methods of  biological control of  pests. One of  the most popular parasites ever 
propagated and released is Trichogramma species (Medina and Cadapan, 1982). They 
are used to control rice stem borer, corn borer, cotton bollworm, sugarcane borer, 
and other lepidopterous pests. What is good about Trichogramma is that they attack 
the eggs of  the pest so that there is no untoward damage ever caused by the pest. 
Other hymenopteran common parasites of  rice stem borers include Xanthopimpla 
stemmator and Apanteles. Some parasites that are laboratory-produced to control 
diamondback moth of  cabbage include wasps such as Diadegma insulars, Cotesia 
(Apanteles) plutellae, Brachymeria boranensis, Tetrastichus sp., and Chelonus 
blackburni.

Predators such as earwigs (Euborellia annulata) are easily reared and released 
in corn fields to control corn borer. The flower bug, Orius tantillus (Hemiptera: 
Anthocoridae) is a generalist predator and is reared to control thrips, white flies, and 
aphids. They can also feed on early larval stages of  cutworm and armyworm. Lady 
beetles and other coccinellids are propagated to control mites, white flies, aphid, 
mealybugs, and scale insects.

Bacillus thuringiensis (Bt) spray preparation can be used to control lepidopterous 
pests. Take note, however, that genetically modified Bt crops are not allowed according 
to organic standards. Some entomopathogenic fungi such as white muscardine 
(Beauveria bassiana) and Metarhizium anisopliae can be propagated to control white 
grubs in coconut or in turf  grasses. A virus called nucleopolyhedrosis virus (NPV) 
that attacks specifically cutworms (Spodoptera litura) is also harnessed by collecting 
infected larvae, diluting these in water, then spraying them on cotton, corn, and 
possibly onion fields.

Microorganisms also have been identified as biological control agents of  
pathogenic organisms with modes of  action ranging from antagonism, competition, 
or hyperparasitism. Trichoderma harzianum, which is mainly produced and used to 
enhance decomposition in the production of  organic fertilizers, has been found to be 
an effective control against wilt of  tomato (Fusarium oxysporum), stem rot of  tomato, 
ginger, soybean (Sclerotium rolfsii), and root rot of  vegetables (Rhizoctonia solani). 
Also, Bacillus subtilis, B. polymyxa, Pseudomonas fluorescens, and P. aeroginosa can 
also be used to control potato bacterial wilt (P. solanacearum). Likewise, Fusarium 
sambucinum, P. fluorescens, P. aeroginosa, Chrysomonas luteola, and Flavimonas 
oryzihabitans may be used to control late blight (Phytopthora infestans).

Botanical pesticides

The use of  plant extracts as natural pesticides is probably one of  the oldest 
methods of  pest control. Generally allowed according to organic standards, plant 
extracts are used by farmers because they are natural and they degrade easily under 
natural environment. Care in their preparation must be observed because many of  the 
toxic components are also toxic to humans.
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Botanical pesticides are effective because of  the toxic compounds they contain, 
acting either as poison, anti-feedant, anti-molting, or repellent. For example, Dioscorea 
hispida (local name: Nami) has high cyanide content, tobacco contains nicotine, while 
Chrysanthemum contains pyrethrins. Marigold (Tagetes spp.), Makabuhay (Tinospora 
rumphii), and neem tree were proven to have anti-feedant properties and can disrupt 
the molting cycle of  insect pests. Lagundi (Vitex negundo), lemongrass, and citronella 
are insect repellents. Turmeric is both insecticidal and anti-fungal.

Not all botanical pesticides need to be sprayed. Marigold (Tagetes erecta and T. 
patula) can be used to control root knot nematode by row or plant intercropping or 
in crop rotation. The nematicidal properties of  marigold have been identified to come 
from alpha-tertheinyl, which is released by its root system. The said chemical is UV 
light-sensitive and is therefore not effective for spraying. Intercropping with marigold 
has been reported to be also effective against cabbage worm and diamond back moth.

Velvet bean (Mucuna pruriens) plant extracts are also effective against plant 
pathogenic bacteria and fungi. The methanolic extract has strong anti-bacterial 
activity against Erwinia carotovora, P. syringae, P. marginalis, P. aeroginosa, and 
Xanthomonas campestris, and has high anti-fungal activity against Curvularia lunata, 
Fusarium oxysporum, Penicillium expansum, Rhizoctonia solani, Tiarosporella 
phaseolina, and Ustilago pomaydis (Rayavarapu and Kaladhar 2011).

The plant concoctions popularly used in organic agriculture for purposes of  
fertilization are also used, to some extent, for pest and disease control. These local 
preparations include fermented fruit juice (FFJ), fermented plant juice (FPJ), fish 
amino acid (FAA), effective microorganism (EM), and many others (see Chapter 6).

CASE EXAMPLE

The case example presented here is the experience of  rice farmers in a network 
organization called Magsasaka at Siyentipiko para sa Pag-unlad ng Agrikultura 
(MASIPAG) in the Philippines. It was organized in 1986 towards farmers’ 
empowerment through their control and sustainable use of  genetic and biological 
resources, agricultural production, and associated knowledge. After more than 
30 years, MASIPAG has grown from its five original member organizations into a 
national network of  more than 500 farmers’ organizations in 62 provinces of  the 
country. There are also 16 scientists and more than 30 NGO members of  the network 
organization. MASIPAG is known for its rice collection and development program. 
It has collected more than 800 traditional rice varieties and developed more than a 
thousand farmer-bred rice cultivars, many of  which were documented to be resistant 
to pests and diseases.
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Members of  the organization usually undergo training on APM to know about 
causes of  pest outbreaks and their bearing on rice management practices. The overall 
framework is how to deny favorable conditions for pests and diseases and how to 
harness the natural ecological balance to check the pest populations.

Each farmer is encouraged to plant at least three rice varieties (traditional and 
MASIPAG rice) to create a mosaic of  varieties at the landscape level with the expected 
differential resistance and tolerance of  different varieties, thus preventing any 
outbreak of  pests. Farmers are also trained how to breed rice using the modified bulk 
method in the selection of  segregating lines to ensure a broader genetic base of  the 
cultivars.  Likewise, farmers’ organizations have trial farms where 50 rice varieties are 
planted side by side and farmers identify varieties resistant to specific pests prevalent 
in their locality. Through the trial farms, farmers have identified at least six traditional 
varieties, 17 MASIPAG rice varieties, and two farmer-bred rice that are resistant to at 
least one pest or disease. These are shared and grown by farmers in the MASIPAG 
network.

As to cultural management practices, farmers use organic fertilizer that they 
produce to avoid nitrogenous chemical fertilizers that trigger high reproductive 
rate of  pests and pathogens. In places where planthopper incidence is a problem, 
farmers avoid dense planting by using 10 x 40 cm planting distance for better sunlight 
penetration and better searching capacity of  beneficial insects. Where drainage can be 
controlled, alternate flooding and draining is done to control BPH and whorl maggot. 
Early planting is done to control rice bugs that are abundant during the later part of  
the cropping season. Draining the paddy at planting time controls golden apple snail, 
and the practice is supplemented by foraging ducks, using trap leaves when flooded, 
and simply collecting the snails.

MASIPAG farmers have observed that it is best not to plant the same varieties 
successively. They plant a variety during the dry season, different from the one planted 
during the wet season. This way, there is no buildup of  a particular race or biotype of  
pest that is adapted to a particular variety.

Farmers are also trained to experiment, observe, and establish cause-and-effect 
in order to develop new technology, the so-called “farmer-scientist.” Thus, many 
MASIPAG farmers have developed new technologies related not only to organic pest 
and disease management but also to other crop management techniques, soil fertility 
management, seed technology, as well as livestock management.

To avoid pest resurgence, secondary pest outbreak, or development of  pest 
resistance to pesticides, farmers’ organizations in the MASIPAG network do not 
allow their members to use pesticides. MASIPAG farmers have been practicing non-
chemical pest and disease management, many of  whom have started as early as 30 
years ago.



130    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

MASIPAG also has its own organic standards, which are recognized by the 
International Federation of  Organic Agriculture Movements (IFOAM) in its family 
of  standards and a participatory guarantee system (PGS) of  organic certification, 
also recognized by IFOAM. This instrument and procedure require and reinforce not 
only non-pesticide use among MASIPAG farmers but also organic production in its 
totality.

Finally, the yield of  MASIPAG organic rice is also an incentive for farmers to 
do APM because it is not significantly different from that of  conventional chemical 
farming, and the net income of  organic farmers are significantly higher than that of  
their chemical farmer counterparts.

CONCLUSION

Management of  pests and diseases in organic farming starts even before the crop 
is planted. It is proactive, not reactive, because preventing the pest or disease (by 
denying its favorable food and habitat) is more effective and economical than curing 
them later. Choosing the seed to be planted and manner of  planting, diversification, 
maintaining balanced nutrition in the soil through organic fertilizers, and water 
management all contribute toward an effective non-pesticide pest and disease 
management strategy. Integrating all these cultural management practices in growing 
organic rice, as illustrated in the case example, is practical, effective, and economical.
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INTRODUCTION

Organic farming is spreading worldwide and more farmers are adopting it. Yoshino 
(2010) reported that 35 million ha of  agricultural land are certified according to organic 
standards (FiBL and IFOAM, 2010) covering 0.81% of  the world’s agricultural land. 
Coverage rate is high in Oceania (2.76%) and Europe (1.72%) but low in Asia (0.23%) 
and Africa (0.09%). There were doubts about organic farming being able to feed the 
world population. Badgley et al (2008), as mentioned by Yoshino (2010), studied past 
data on yields of  both organic and conventional farming and found that the average 
yield of  organic farming was 92.2% that of  conventional farming in developed 
countries and 180.2% in the global south. Organic farming can thus feed the world.

Organic farming can support sustainable agriculture through carbon and nutrient 
cycling. This is seen in composting waste materials, manure storage and utilization, 
avoidance of  inorganic fertilizers, use of  bio-pesticides and plant extracts, and 
avoidance of  biomass burning. FAO (2011) states that, although organic agriculture 
has moderate financial reward, it could support the transition from a conventional 
to an organic system or the adoption of  certain climate-friendly practices in crop 
production.

Yield comparisons between organic and inorganic or conventional farming 
systems have shown that significantly lower yields were obtained from organic 
systems, especially during dry season (Manigbas et al. 2015). Most of  the varieties 
tested were bred under the conventional farming system and may not accurately 
represent the conditions present in organic farming. However, some modern varieties 
and the traditional or pigmented rices do well under organic systems across seasons.

APPLICATION OF ORGANIC FARMING TECHNOLOGIES 
IN FARMERS’ FIELD AND 12 STEPS IN PRODUCING 
ORGANICALLY GROWN RICE
Dewey M. Albufera and Norvie L. Manigbas



134    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

Realizing the need to adopt to conditions of  organic agriculture and to sustain 
rice production system in the Philippines and seeing the government’s unwavering 
commitment to Filipino farmers, it is possible that the organic system can be applied 
at the farmers’ level.

This chapter discusses the approaches that organic farmer practitioners can use to 
start off  their organic system. Choosing the right location where organic farming is 
to be done is critical. These are the most important considerations:

A. The land must have good drainage and has not been planted with any rice 
variety. If  the area is for conversion to organic and has been planted to rice, 
the field should be free from any commercial fertilizers or pesticides in the 
succeeding crop until there is zero pesticide contamination.

B. It should be free from nearby contamination of  hazardous pesticides. This is 
to ensure that the farm can be certified by the OCCP in the next 3-4 years.

C. There must be a buffer zone. There is a need to have a space between 
neighboring fields, especially when other fields do not practice the organic 
system.

D. It must have its own irrigation system. Shallow tube well or free flow is the 
best source of  uncontaminated water supply for irrigation. If  the water system 
is communal or under the National Irrigation Administration, the water has 
to pass through a filter pond with plants that can detoxify elements going into 
the farm.

Aside from the aforementioned requirements, the organic farmer practitioner has 
to prepare fertilizers and natural bio-control agents (see Chapter 7). Three kinds of  
natural fertilizers can be prepared: vermicompost (from earthworms), active compost 
(from plants), and foliar (from plants and fermented concoctions). It is best that 
all materials be derived from the area or are present in the farm. If  materials are 
unavailable, the farmer can buy from other organic farms that supply them. It is 
recommended that all inputs are taken from the farm to reduce the cost of  production. 
Farmers are encouraged to make their own compost and foliar products and to have a 
good source of  uncontaminated water and the ingredients needed. They must know 
how to measure, weigh, clean, and mix the materials necessary to make the product.

Twelve steps in producing organically grown rice

1. Determination of  proper location

• The field should have high levees to prevent water run-off  and leaks 
from nearby fields.

• It should have its own irrigation system (deep well or free flow).
• At least 3 years of  non-chemical farm practice has been observed.
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2. Preparation and utilization of  organic and natural fertilizers

• Organic fertilizer from vermicompost (as described in Chapter 5) 
should be prepared.

• One sack (50 kg) of  vermicompost + one sack of  carbonized rice hull 
(CRH) are mixed together.

• The mixture should have components in the following proportions: 
organic fertilizer 40% animal dung (small and large ruminants); 20% 
CRH; 20% sawdust; 10% rice bran; 10% garden soil; 10 mL IMO/
LABS; and 1 L NFS. Ferment for 16-30 d.

• Foliar – SUPER N, SUPER K, and COMPOST TEA (3 in 1)

NFS – for 1 ha of  rice field 
FAA/KAA – 6 kg of  fish + 6 kg of  molasses
FPJ – 5 kg of  moringa leaves, shoots of  edible fern (pako), leaves of  madre de 

cacao, banana stem, watercress, ipil-ipil, and water lily
FFJ – 6 ripe bananas, ripe papaya, squash, pineapple fruit or star fruit
FSJ – 5 kg of  seaweeds + 5 kg IMO – 10 kg of  cooked ground rice (nilutong 

binlid) +10 kg of  molasses 
CALPHOS – 1 kg of  roasted egg shells+ 10 L of  vinegar

SUPER N – for 3 liters FAA, mix the following:
2 L FPJ         
½ L FSJ
½ L IMO

SUPER K – for 3 liters FFJ, mix the following:
1 L FAA
1 L FPJ
½ L FSJ
½ L CALPHOS

COMPOST TEA (3 in 1)
1 L FAA
1 L FPJ
1 L FFJ
1 L FSJ
1 L IMO/LABS
6 pieces of  neem tree leaves
3 kg oregano
3 kg amarilyo (marigold)
3 kg akapulko 
3 kg tanglad (lemongrass)
6 kg langkawas (blue ginger)        
 



136    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

3 kg suwag kabayo (bush-tea-bush)
3 kg kangkong (watercress)
3 kg katawan ng saging (banana stem)
3 kg water lily
3 kg pako (edible fern)
1 pail of  animal urine           
20-40 L coconut water)
Slaughterhouse waste
10 kg molasses 

Preparation:
• Chop and mix the ingredients in a large drum.
• Cover the drum, but make sure that there is a small opening to allow 

a slight air flow.  
• Keep it away from direct sunlight.
• Use the product after 16-30 d.
• Dosage: 400-500 mL per 16 L of  water or a tank load

3. Choosing suitable seeds

• Use high-quality seeds that are high-yielding and resistant to pests and 
diseases. The recommended rice varieties for the organic system have 
been identified in Chapter 10 and tips in choosing suitable varieties 
have been given in Chapter 7.

• Use certified seeds appropriate for organic farming (if  available).

4. Land preparation

• Plowing depth should be at least 6 in to provide better aeration of  the 
underground parts.

• Organic fertilizer can be applied as basal during plowing and final 
harrowing.

• Proper leveling and harrowing should be strictly followed to ensure 
better water and nutrient management.

• Soak the field with irrigation water for 15 d or more and introduce or 
spray IMO 500 mL per 16 L of  water or spray tank load.

• Perform final harrowing after fertilizer application.

5. Seedbed preparation and direct seeding

• Prepare a seedbed of  400 m2 for 1 sack of  seeds (40 kg) per hectare. 
Apply two sacks of  organic fertilizer and two sacks of  CRH.

• When using the modified dapog method, make an 80-m2 seedbed, then 
divide it into 40 parts with 1-x 1-m dimension. Apply 1 in-deep CRH 
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and 1 in-deep organic fertilizer and cover this with a net. Apply ½ kg 
of  organic fertilizer per seedbed. Cover the seeds. Check and open 
after 5 d.

• Soak the seeds in clean running water for 24 h and incubate for another 
24h. When using a container to soak the seeds, change the water 
every 6 h. Once the seeds have germinated, directly seed them on the 
seedbed. Seedlings are uprooted and bundled 20 d after seeding. If  
dapog method is used, transplant within 10-12 d.

• Direct seeding can be done using the broadcast method or a drum 
seeder.

6. Pest management

• To control golden apple snails (GAS), apply attractants in the corners 
of  the field such as madre de cacao, papaya, banana, and other leaves. 
Construct the drainage in such a way that the snails will concentrate on 
the lower areas where they can be easily collected. (Refer to Chapter 7 
on the proper management of  GAS.)

• Pick snails that are a trap for additional KAA.
• Repeat picking of  remaining snails before the final leveling.
• Use integrated pest management in the organic system approach (see 

Chapter 7).
• Alternate wetting and drying is an effective measure to control 

leafhoppers and other important pests.

7. Application of  organic fertilizers

• Apply the first dose of  organic fertilizers (15 sacks ha-1) before plowing 
and harrowing of  the field as described earlier. Make sure that all levees 
have no leaks.

• Apply another 15 sacks of  organic fertilizers ha-1 during final leveling.

8. Transplanting

• Transplant at the appropriate seedling age, depending on the seedbed 
preparation described earlier.

• Use 25-x-25-cm spacing at one seedling per hill. Seedlings should be 
upright. Plant spacing can be adjusted during the dry and wet seasons 
to have good penetration of  sunlight and an effective pest management 
strategy (see Chapter 7).

• Remove weeds 3-5 days after transplanting when needed. Remove off-
types throughout the growing period. 
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9. Management and application of  foliar fertilizers
• Spray Super N at 400 mL/16 L of  water 10 DAT.
• Spray compost tea (3 in 1) at 500 mL/16 L of  water 15 DAT.
• Spray Super N and compost tea (3 in 1) weekly and alternatively 

according to plant growth stage. Increase dosage if  needed.
• Apply Super K every week until flowering. At 5 d before panicle 

initiation, increase the dosage if  needed.
• Replace Super K with compost 3 in 1 if  there is insect damage and 

increase the dosage if  needed.

10. Weed management

• Supply 3 cm of  water for 5-7 d to prevent weed proliferation 3 d after 
planting. If  few weeds grow, use a rotary weeder or do hand weeding 12 
to 15 DAT.  Control the remaining weeds by spot hand weeding.

• Thorough land preparation is a basic requirement to effectively control 
weeds. Weeds compete for nutrient and water of  the rice crop and 
should be removed within 30 d after planting.

• Use small machines, if  available, to reduce the cost of  manual weeding. 
In some farms, grass cutters are converted into rotary weeder to speed 
up weeding operations.

11. Water management and field maintenance

• Irrigate the fields at 3-4 cm water depth 3 DAT and during tillering 
stage. Alternate wetting and drying (mentioned in Chapter 7) can be 
followed in order to have better root anchorage and to prevent lodging.

• Increase the water depth to 5 cm during panicle initiation. Drain the 
field 10 d before harvest.

• Make sure that levees are checked and repaired to prevent water leakage 
and loss.

12. Harvesting, drying, and storage

• When 80-85% of  the grains are ripe, harvesting can be done. Thresh 
immediately right after harvest. A combine harvester is recommended 
to avoid delays and ensure good quality of  the harvested seeds.

• Dry the harvested seeds under the sun or in a flatbed dryer to 14% 
moisture content. It is not recommended to dry the palay on road 
pavements.

• Place them in sacks and store in a room with proper ventilation.
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INTRODUCTION

The Palayamanan model of  diversified integrated rice-based farming system 
developed and established by the Philippine Rice Research Institute (PhilRice) is 
composed of  farming ventures based on rice plus synergistically compatible non-
rice crops (vegetables, fruit trees), animals (poultry, hogs, dairy cattle, carabao), and 
aquaculture. The model farm has been established in six state colleges and universities 
and in a research center in the country. The system employs practical, cost-saving, 
and yield- enhancing management practices and includes microbial technology as an 
added dimension of  management practice to facilitate farm operations, improve the 
resource base, and reduce overall operational cost.

The system aims to maximize the utilization of  resources; reduce farming risks; 
enhance sustainability, productivity, and profitability; and improve economic stability, 
food security, and, hopefully, ensure better relationship among members of  the farm 
family. A 1-ha diversified farm can sustain most of  the daily food requirements, cover 
incidental expenses using income from fast-growing crops, and provide considerable 
income from animals, fish, and seasonal field crops. Maximum utilization of  on-farm 
biomass residues as nutrient source and for animal feed using microbial technology 
improves the efficiency of  the system and reduces operating expenses. Three workers 
or a family of  six members can operate the farm.

Industrial agriculture, a system of  chemical-intensive food production, substantially 
increases food production. However, it negatively impacts health, ecosystems, and 
social equity and may have consequences for farmers in terms of  their long-term 
capacity to provide a stable food supply.

APPROACHES IN INCREASING ORGANIC 
RICE YIELD AND TOTAL FARM INCOME: 
THE PALAYAMANAN MODEL
Rizal G. Corales and Teodoro C. Mendoza
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Alternative agriculture approaches were developed to reduce the health, 
environmental, social, and economic impacts associated with industrial agriculture. 
These alternative food production systems were directed to small farmers, 
strengthening local economies and allowing consumers to connect with the origins 
of  their food. The benefits of  these food systems still have to be equally shared.

Palayamanan is a term coined from the words palayan (rice field) and kayamanan 
(wealth). It refers to a field where more wealth is created based on the cultivation 
of  rice as well as that of  some other crops. It involves a synergistic mix of  farming 
ventures implemented by the farm family based on the existing environment and 
their resources to address problems related to food security, income stability, and 
sustainability. In the model established at PhilRice Maligaya, the concept is translated 
into terms of  diversified rice-based farm operations.

The Palayamanan diversified farming system has been designed as an alternative 
system of  production that may solve some of  the major concerns related to intensive 
rice production. Pingali et al. (1998) found that intensive rice production leads to 
long-term biophysical changes that threaten the ecological sustainability of  farming 
as reflected in the loss of  diversity, declining productivity, falling profitability, input 
inefficiency, and environmental and health risks. All these factors have serious 
implications on economic sustainability (Kabir 1999).

The productivity of  most multiple cropping systems is higher in terms of  
harvestable products per unit area, given the same level of  management as that of  
sole crops (Steiner 1984, Francis 1986). Total biomass is also higher and this helps 
increase farm sustainability (Clawson 1985, Francis 1986). Integration of  animals into 
the farm system is important in increasing food security as food-generating activities 
of  the farm are diversified and there is transformation of  nutrients and energy 
between animals and the crops. Farm diversification into livestock extends risk-
reducing strategies beyond multiple cropping and thus increases the overall economic 
stability of  the farm (Reijntjes et al.1995).

The low income generated from conventional farming systems (Abon 1999) 
due to the increasing cost of  rice production relative to the price of  paddy makes it 
necessary for farmers to look for alternative sources of  income elsewhere to meet 
their food and cash demand. Attractive wages from industrial and service sectors lure 
most family members to migrate temporarily or permanently away from the farm, 
potentially leading to family degeneration and discontinuance of  agriculture as an 
occupation in the future (Prasad et al. 1999).

Palayamanan model farms have been established in six state colleges and 
universities and a research center in Zambales, Tarlac, Bulacan, Bataan, Nueva Ecija, 
Aklan, and Bicol Region (Pablico 2004). The potential for the creation of  more wealth 
from the same farm is reflected in the data. Thus, in one Palayamanan research site 
(Currimao, Ilocos Norte) in the 2002 wet season, total earnings from crops and fish in 
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the model farm was PhP 172,243 (Cuevas 2004). The objectives of  Palayamanan are 
the following: to improve resource allocation; to enhance biodiversity and ecological 
balance; to reduce production risks; and to increase cropping intensity, productivity, 
potability, and economic stability. It also includes ensuring a continuous food supply 
and higher income for land users. With this model, the farm is intended not just 
for rice. The process is about food security, livelihood, and empowering farmers to 
become better decisionmakers and resilient to climate change. It also aims to develop 
land users to become farmer-researchers, extension workers, and entrepreneurs.

In this chapter, we describe the methodology, features, and strategies employed 
in establishing the different components of  a rice-based diversified model farm as a 
guide to farmers, entrepreneurs, and other interested individuals.

PARTICIPATORY APPROACH WITH STAKEHOLDERS/
LAND USERS

Implementation comprises the following stages: (1) selection of  demonstration 
sites and farmer-partners; (2) conduct of  participatory rapid appraisal on the sites; (3) 
planning; (4) conduct of  training for farmers (farmers’ field school) and for agricultural 
extension workers; (5) establishment of  demonstration farm; (6) monitoring and 
evaluation; and (7) human resource development for farmers (to become farmer-
researcher, extension worker, or entrepreneur).

Establishment of the model farm stakeholders

Philippine Rice Research Institute (PhilRice): takes the lead in the implementation 
of  the program, facilitates the conduct of  training courses, provides technical 
assistance to the program, and monitors its progress

Local government unit (Agriculture Office): provides support to program 
activities, spearheads the dissemination and expansion of  the program within their 
municipality

Farmers: participate in various activities of  the program from planning to 
establishment and conduct of  on-site research. The approach introduces a systematized 
method of  farm management involving technologies and practices in order to utilize 
available resources without compromising human health and the environment.

Establishing a diversified farming system model farm

A considerable sum of  investment and a broad knowledge on the interrelationships 
of  different farming components are required. We followed these strategies in  putting 
up the model farm that we discuss here: (a) establishing individual components 
on a staggered basis, depending on available resources; (b) availing ourselves of  
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services and financial assistance offered by government agencies and development 
organizations; (c) requesting for the construction of  a small farm reservoir from the 
municipal government; and (d) obtaining fish stock from BFAR, seeds from various 
seed companies and government organizations, and technical advice from different 
specialists.

COMPONENTS OF PALAYAMANAN MODEL FARM

The Palayamanan model farm established at PhilRice Maligaya in Muñoz, Nueva 
Ecija, is a 1-ha area representing a small-scale farm. The area was divided into a 
residential area (0.05 ha), a field crop production area (0.75 ha), and a farm reservoir 
area (0.20 ha). Three farm workers (equivalent to a family of  six members) operate 
the farm.

The Residential area

While it is referred to as the residential area, it actually includes the farmhouse, 
nursery, livestock facilities, and backyard garden. The farmhouse has a floor area of  
25 m2 and is constructed with light materials, i.e., wood, bamboo, and nipa (Nypa 
fruticans). The farmhouse is used as a work and rest area. A parking lot and an 
ornamental garden are situated in front of  the farmhouse.

The nursery is about 20 m2 and shaded with a trellised passion fruit vine, which 
provides the aesthetic effect and produces edible fruits. The nursery is used in growing 
seedlings.

The vegetable garden has an area of  about 600 m2 with 50-cm-wide raised beds 
made of  garden soil, compost, rice hull, and carbonized rice hull. It is protected by a 
fine net that serves as a rain shelter for seedlings and sensitive vegetables during the 
rainy season.

The multi-animal, one-roof  shed has an area of  50 m2
,
 including the chicken grazing 

area. The animal shed can house 2 cows, 10 goats, 5 pigs, 50 chickens, and 50 ducks. 
The system maximizes space and reduces time in tending the animals compared to 
scattered housing of  individual animals. Instead of  cement, the floor is covered with 
mulch beddings made of  a mixture of  rice hull and carbonized rice hull (CRH). Other 
organic materials such as coir dust, sawdust, chopped rice straw, and leaf  droppings 
can also be used as beddings.

The advantage of  using a mulch bedding is that it does not require daily cleaning. 
Manure and urine are mixed in the mulch bed and are slowly converted into good-
quality organic fertilizer. The bed is about 1 ft thick. Additional bedding materials 
are added regularly, depending on the wetness of  the bed. The mulch bedding is 
harvested and replaced every 2 mo or when the bed becomes about 30 cm thick.
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Proper management is required to reduce the foul odor emanating from the mulch 
bedding. Minimal water is required for bathing the animals to avoid too much wetness. 
The microbial inoculant EM-1 is mixed with the drinking water and added to the bath 
water to lessen the smell.. The microbial inoculant also enhances decomposition of  
the mulch bedding and improves the quality of  the organic fertilizer.

Field crop production area

The crop production area is composed of  sites for the rice-upland crop, the cash 
crop, and the continuous vegetable and rice-fish project, a total of  0.75 ha. The bunds 
and irrigation canals are also planted with economic crops.

The rice-upland crop production area is 0.25 ha. An organic-based production 
system is followed on the site. Special rice varieties are planted during the wet season, 
followed by onion and other cash crops during the dry season.

The allocated area for continuous vegetable production is about 1,000 m2. On 
1-m raised beds of  mixed rice hull, carbonized rice hull, compost, manure, or other 
organic materials, vegetables are grown even during the wet season. Different kinds of  
vegetables are planted in relay or in sequence to maximize production and resources.

The area intended for cash crop and seed production is about 1,500 m2. Cash crops 
such as green corn, soybean, and peanut are planted in sequence. Open-pollinated 
crops are also planted for seed production to ensure continuous supply.

The rice-fish-gabi culture plot is composed of  two paddies with a total area of  
0.25 ha. A small pond fish refuge (1 x 1 x 1 m) is constructed on one side of  each 
paddy. About 2,000 tilapia fingerlings are released in the rice paddies after planting 
rice. The tilapia stock is harvested at the same time with rice. Gabi is planted around 
the paddies after land preparation; it is harvested 5 to 6 mo. after planting. Azolla 
(Azolla pinata) was also a complement of  this production system to serve as feeds 
for the fish and nutrients for the rice.

Small farm reservoir (SFR) area

The SFR site includes water catchments and drainage canals with a total area of  
about 0.20 ha. Fruit trees are planted around the SFR and along the drainage canal. 
Tilapia is stocked in the SFR during the wet season. The water in the pond is used 
as supplemental irrigation during the dry season. Grasses growing in the site are 
collected and used as animal feed. Azolla pinata was also grown in the pond.
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Technologies/farm practices

Some of  the technologies incorporated under this approach are the following: 
crop rotation, aquaculture, waste recycling, alternate wetting and drying, nutrient 
management, and integrated pest management.

Effective microorganism) (EM) technology

EM is a technology that utilizes beneficial microbial inoculants to maintain 
soil health, improve plant growth, recycle biomass residues, control pest, and bio-
remediate toxicants (Higa 1996; Corales 2000). The EM microbial base inoculant 
(EMBI) is extensively used in the different components of  the farm system. The 
inoculant developed by PhilRice, together with the EM activated solution (EMAS), 
is used in nutrient cycling (in-place composting) for soil improvement, production 
of  organic fertilizer, and reduction of  foul odor from waste materials generated by 
the animal component. Plant extracts used in pest control, feed supplements from 
kitchen garbage and vegetable rejects, and antibiotics from medicinal plants are all 
processed through fermentation using the EM technology.

Controlled irrigation

To conserve water, intermittent irrigation is employed in rice production and 
furrow drip irrigation is resorted to for dryland crops.

Mulching

The use of  organic mulches such as weeds and rice straw in vegetable production 
conserves moisture, reduces weeds, and enhances the growth of  soil organisms.

Nutrient cycling

Biomass residues are either applied directly into the field or fed to animals, and 
the manure is used as an organic source of  nutrients. This approach reduces the 
use of  chemical fertilizers. The Biochar produced as by-product of  biomass energy 
utilization for cooking, drying, and pasteurization was used as soil amendments, 
organic fertilizers, and feed additives.

Pest control

Biological control methods used to reduce insect damage and cost include 
enhancing the development of  predators and parasite, releasing Trichogramma 
parasitoids, NPV application, use of  botanical pesticides, fruit wrapping, removal of  
infested plants and plant parts, use of  traps, and limiting pesticide application.
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Feed supplements

Raw or fermented feed supplements come from weeds, vegetable rejects, kitchen 
garbage, and rice by-products.

Mulch beddings

Organic materials are good mulch beddings for animals. The use of  mulch beddings 
has the advantage that daily cleaning of  animal pens is not required. Meanwhile, 
organic residues are converted into quality organic fertilizers by the animals.

Automatic feeders and waterers

The use of  automatic feeders and waterers reduces time in tending the animals.

Animal production

Integration of  animals into the farm system is important as they provide subsistence 
security by diversifying the food-generating activities of  the farm and transforming 
potential nutrients and energy from crops into animal products. Different animal 
species supply different products. Chickens often provide immediate cash for the 
household; goats, sheep, or pigs are sold to cover intermediate expenses while larger 
animals are sold for major expenditures (Reijntjes et al. 1995). The animals themselves 
can be considered savings based on yield maximization. However, such ideal growing 
periods usually cause an oversupply of  certain commodities, resulting in low prices. 
Off-season vegetable production usually produces lower yields than the ideal season, 
but prices are much higher. On-season and off-season production is necessary. Thus, 
to ensure better supply of  food and cash flow, proper planning is crucial.

In unstable and variable environments, different crops make an important 
contribution to harvest security (Jiggings 1990). Total biomass is also higher, increasing 
sustainability of  the farm accounts with the offspring as the interest. The animal 
component of  the model farm in PhilRice Maligaya has not been fully completed. 
It started with 20 head of  improved chicken, 5 head of  pigs, and 1 head of  goat in 
February 2002. Another animal cycle was started with the same number of  chickens 
and pigs in August. The pigs and chickens were marketed after 4 mo. The weight of  
the pigs upon disposal ranged from 65 to 75 kg/head, while that of  the chickens 
ranged from 3.5 to 4 kg/head.
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BENEFITS ACCRUING FROM THE ADOPTION OF 
PALAYAMANAN

Palayamanan is a highly diversified and integrated rice-based farming system that 
gives farmers more income sources and opportunities to save on production cost 
while maintaining the sustainability of  the farm environment.  One component of  the 
program is the technology demonstration farm, where farmer-partners (FPs) put into 
practice what they learned from the participatory capability-enhancing component 
called the palayaralan. To quantify the economic benefits that accrue to the FPs, an 
assessment was conducted by Abrogena et al. (PhilRice Batac) from October 2004 to 
March 2005. Benefits were evaluated in terms of  yield increases, cost savings, and net 
income advantage enjoyed by FPs as compared with adjacent farmers (AFs) who used 
traditional farm practices and were nonparticipants of  the Palayamanan program. 
The 2-yr average production in the 11 sites showed that FPs attained a yield advantage 
ranging from 14 to 170% over their AF counterparts. Yield per cropping ranged from 
2.9 to 6.0 t ha-1 among FPs as against 2.6 to 5.1 t ha-1 among AFs.

The use of  appropriate varieties and certified seeds, transplanting seedlings at the 
right age, applying the proper nutrients, irrigation management, and use of  appropriate 
harvest and postharvest technologies were mainly contributory to the increase in yield 
among the FPs. The FPs spent from PhP 15,386 to PhP 26,792ha-1 per season. FPs in 
5 of  the 11 sites spent up to 27% less per hectare than did the AFs.

The reduction in expenses was largely due to the lower seeding rate, use of  a leaf  
color chart to detect when the plants need the N fertilizer, and the use of  the ‘minus 
one element technique’ (MOET) to determine soil nutrient deficiency. The cost of  
producing a kilogram of  dry-season rice ranged from PhP3.32 to PhP 4.31 among the 
FPs and from PhP 3.98 to PhP 10.32 among the AFs. Accordingly, the FPs obtained 
net income ranging from PhP 16,366 to PhP 44,920 ha-1 per cropping.

The highest net income realized by the AFs was only up to PhP 17,495 ha-1 
per cropping. Income improvement among the FPs was attained through farm 
diversification and intensification, growing other crops such as corn, peanut, 
mungbean, tomato, garlic, onion, watermelon, sweet potato, and others. These findings 
indicate the initial success of  the Palayamanan program in enhancing the productivity 
and income of  small rice farmers in northwestern Luzon. More small farmers will 
be benefited if  the program can have a wider coverage. Periodic monitoring and 
evaluation of  the program should be carried out to determine its sustainability, to 
adequately measure the extent of  program success, and to quantify its impact not only 
on the individual farming households but on the rice farming communities and the 
consuming public as well.
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COST-SAVING AND ENVIRONMENT-FRIENDLY 
PRACTICES

Modern and traditional cost-saving practices are employed in the farm operations 
to maximize resources, reduce operational cost, and enhance the efficiency of  the 
whole farming system. 

Crop production

To ensure the viability of  farming, it is important to choose and mix crops. The very 
definite production of  rice and some cash crops is dictated by the growing conditions. 
In the case of  vegetables, the ideal times most preferred are based on maximizing 
yields. However, such ideal growing periods usually cause an oversupply of  certain 
commodities, resulting in low prices. Off-season vegetables usually have lower yields 
but prices are higher. On-season and off-season  production is both necessary; thus, 
to ensure a better supply of  food and cash flow, proper planning is crucial. Different 
crops make an important contribution in unstable and variable environments to 
harvest security (Jiggins, 1990). Total biomass is also higher, increasing sustainability 
of  the farm (Clawson 1985, Francis 1986). Reijntjes et al. (1995) mentioned that, as 
several crops are grown, failure of  one crop to produce enough can be compensated 
for by the other crops.

Accordingly, it may be necessary to alter the combinations of  crops to make more 
efficient use of  resources such as nutrients, water, and labor to restore soil fertility 
or to decrease pest populations. Some suggested techniques are staggered planting, 
sequential cropping, relay cropping, rotation, and succession (Reijntjes et al. 1995).

ECONOMIC ANALYSIS OF DIFFERENT COMPONENTS

Animal production

Although the animal component of  the model farm has not been fully completed, 
it has already generated a net income of  more than PhP 11,000 for the two cycles in 
1 yr (Table 1). A net income of  more than PhP 10,000 obtained during the first cycle 
was attributed to the reduction in feed expenses. The vegetable surplus supplemented 
almost 50% of  feed consumption. The loss incurred in the surplus production of  
vegetables was absorbed by the animal component. According to Reijntjes et al. 
(1995), animal keeping extends the risk reduction strategy beyond crop production 
and thus increases the potential for economic stability of  the farm.
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Table 1.  Analysis of animal components for a 1-year cycle.

Animal Gross income
(PhP)

Expenses
(PhP)

Net income
(PhP)

Feb-Jun 2002

Pigs (5 head) 19,500.00 11,522.00 7,978.00

Chicken (20 heads) 6,300.00 3,840.00 2,460.00

Subtotal 25,800.00 15,362.00 10,438.00

Aug-Dec 2002

Pigs (5 head) 15,600.00 16,680.00 (1,080.00)

Chicken (20 heads) 7,170.00 4,862.00 2,308.00

Subtotal 22,770.00 21,542.00 1,228.00

Grand total 48,570.00 36,904.00 11,666.00
 

During the second animal cycle (Aug-Dec), the negative income from pig 
production was attributed to high feed consumption and the drop in the market 
price. The animal feeds were supplemented with vegetable discards and weeds from 
the crop production component. A certain income was still realized from the animal 
component despite the loss incurred from pig production because it was compensated 
for by the income derived from chicken production. 

As an added benefit, the animals transform biomass into quality organic nutrients 
more quickly than the natural system. Organic fertilizers harvested from the mixture 
of  mulch beddings, animal manure, and urine are about 100 bags per cycle or 200 
bags per year.

Vegetable production

The economic analysis of  the different crop production components is shown in 
Table 2. Rice, as the major component of  the system, still generates lucrative income 
despite controlled pricing by certain sectors. Several strategies can be employed such 
as planting special rice varieties or employing production management that results 
in higher prices like organically grown products. The production of  special rices 
and organically grown products is feasible under the diversified farming systems.   
Normally, organically grown rice have a PhP 1 premium price per kilo over that of  
ordinary rice. Moreover, higher benefits can be obtained when rice is processed and 
sold as milled rice.
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Table 2. Economic analysis of each crop component, (area for each component = 0.25 ha).

Component Yield 
(kg)

Gross
(PhP)

Expenses
(PhP)

Net income
(PhP)

Rice-onion

Rice 1,500 18,000.00 2,955.00 15,045.00

Onion 2,400 24,000.00 6,800.00 17,200.00

Subtotal 42,000.00 9,755.00 32,245.00

Rice-fish (2 cycles)

Rice 2,750 26,250.00 5,500.00 20,750.00

Fish 233 8,155.00 3,800.00 4,355.00

Gabi 1,000 pcs 3,000.00 900.00 2,100.00

Subtotal 37,405.00 10,200.00 27,205.00

Cash crops

Corn 900 9,000.00 3,750.00 5,250.00

Vegetables 21,210.00 6,363.00 14,847.00

Subtotal 30,210.00 10,113.00 20,097.00

Grand total 109,615.00 30,068.00 79,547.00

Onion is one of  the most attractive crops after rice because of  its high yield and the 
high net income derived from it. However, growing onion has become unpredictable 
due to price volatility. Thus, green corn is the more probable crop planted after rice. 
It can also provide good income with less inputs.

Vegetables also provide good income during off-season. Vegetables planted during 
the dry season give higher yields, but, again, they are subject to price fluctuations. 
In our experience, tomato is one of  the more volatile crops during the dry season 
because of  extremely low prices when supply becomes too big for the market to 
absorb.

Gabi production is an added dimension to the overall farming system because it 
can be planted around rice paddies and irrigation canals. It interferes the least with 
rice, needs minimal management, and is self-sustaining. Taro can be sold at the farm 
gate price of  PhP 3-5 per plant. The suckers are sold at PhP 0.25-0.50 apiece. One of  
the farmers who is into diversified farming mentioned that income generated from 
gabi was higher than that from rice.

In general, crop production components can give considerable income that is 
much higher than that from rice production alone despite such failures as damaged 
crops, less produce due to weather and pest problems, and low prices of  some crops, 
especially vegetables. This shows that crop diversification can serve as buffer for 
losses incurred in individual crops. Moreover, the synergism between crop production 
and animal production plays an important role in reevaluating some product outputs 
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such as discards. Normally, these are wasted, but they can be converted into nutrients 
for the benefit of  the succeeding crops. Value can be added by converting discards 
into animal feed supplements before they are brought back to the farm in the form 
of  manure or organic fertilizer.

Fish production

The integration of  fish production intensifies the use of  natural resources in a 
sustainable manner through species diversification and nutrient cycling (Reijntjes et al. 
1995). Fish production is synergistic with rice production. Fish help in the control of  
weeds and insects. Their movement enhances aeration, probably scares rats away (as 
indicated by less rat damage), and helps in nutrient cycling. Fish in ponds add income 
and food to the family. Fish is an important source of  protein in the diet (Alders et 
al. 1991).

The income obtained from the two-cycle fish production in the rice-fish culture 
area is about PhP 4,000 a year (Table 2). This amount is very little, but if  the fish 
is utilized as food of  a farm family, it may mean a lot. In this report, income from 
fish from the SFR was not included because they were still small when the pond’s 
water level became critical and they had to be transferred to another pond outside the 
model farm.

Fruit tree production

Woody species can contribute to the viability of  a farming system as source of  
food or income, as protection (against windbreaks and for shade), and as soil fertility 
enhancer by extracting nutrients from the deeper soil layers (Reijntjes et al. 1995). 
Fruit trees such as mango, citrus, chico, tamarind, Java plum, pomelo, and papaya have 
been planted around the SFR and drainage area. Most of  the fruit trees were planted 
in the 2002 wet season.

The cost of  establishing the fruit tree component mainly covers the purchase of  
seedlings and some maintenance activities such as weeding, fertilizer application, and 
watering.

Palayamanan: diversification as a rice pest management strategy

In recent years, ecological engineering has emerged as a platform for pest 
management approaches in agriculture. Rather than rely on inputs such as pesticides, 
ecological engineering banks on ecological services and diversity as sustainable and 
economically sound pest management strategies.

The Organization for Economic Cooperation and Development regards 
diversification as an important element in agricultural risk management. If  farmers 
are informed of  the possible choices they could select from, diversifying on- or off-
farm is a promising risk management strategy that they could consider.



APPROACHES IN INCREASING ORGANIC RICE YIELD AND TOTAL FARM INCOME: THE PALAYAMANAN MODEL       153

Shifting approach to pest management

Most farming systems today use pest management strategies that are considered 
volatile. The use of  pesticides has long overshadowed the importance of  natural and 
practical management practices. Due to their easy accessibility, high efficacy, and 
quick action, chemical inputs have been used by a majority of  farmers, making these 
the all-in-one solution for all their pest and insect problems. However, this practice 
has also caused risky consequences for users. Pesticide misuse, which pertains to 
wrong timing, wrong dosage, and wrong pesticide applied to a certain pest, resulted 
in more frequent occurrences of  pest outbreaks and pests with resistance to some 
chemicals. The use of  pesticides also raised concerns about health and safety, the 
environment, ecological stability and sustainability, and the destruction of  naturally 
occurring beneficial organisms. Moreover, farmers’ reliance on pesticides has made 
farming more expensive, resulting in price surges of  major grain and vegetable crops.

The promotion of  integrated pest management (IPM) technologies in the 
country in the 70’s and 80’s began to stir conventional pest management practices 
that local farmers have come to adopt. Through Memo Order No. 126, signed by 
former President Fidel Ramos in 1993, the National Pest Management Program, 
Kasaganaan ng Sakahan at Kalikasan (KASAKALIKASAN), whose long-term goal is 
to make IPM the standard approach to crop husbandry and pest management in rice, 
corn, and vegetable production, was implemented. The intensive promotion efforts 
spearheaded by the government soon had a strong impact on crop producers.

As a result, stakeholders understood and valued the benefits of  using practical, 
yet sustainable, pest management methods and the danger of  relying too much on 
pesticides. Gertrudo Arida, pest management expert from PhilRice, echoes these 
claims, asserting that most of  our rice farmers are no longer heavily dependent on 
insecticides.

For the past years, very few outbreaks of  pests have occurred with relatively small 
geographical coverage. Brown planthoppers, which have been ravaging rice fields in 
other rice-producing countries in Asia, are not considered threats in rice anymore.

Preserving the natural ecosystem

The farmers’ improved attitude toward pesticide use has prompted PhilRice 
researchers to delve into the preservation of  the natural ecosystem through farm 
diversification. The study, called “Impact of  Palayamanan Field in Conservation 
Biocontrol in Rice and Rice-based System,” looked into the effectiveness of  applying 
Palayamanan principles in facilitating pest management and conservation of  natural 
enemies and other organisms in local rice and rice-based ecosystems.
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The methodology of  the study included sampling of  present organisms during the 
vegetative, tillering, booting, and milking stages. Five primary sampling devices were 
used to collect samples from the Palayamanan site: the sweep net, sticky traps, yellow 
pan traps, blow/vacuum suction machine, and prey-enrichment method or egg bait 
method, which is used to determine the level of  parasitism of  insect pests.

The collected insect pests and natural enemies were then identified, counted, 
and recorded in the laboratory. The presence of  several kinds of  common pests, 
predators, and parasitoids was observed. Common pests were brown planthoppers, 
white-backed planthoppers, and green leafhoppers. Meanwhile, the common 
predators seen were several species of  spiders, coccinellid beetles, crickets, mirid bugs, 
and damselflies. On the other hand, the egg parasitoids found were Gonatocerous sp. 
and Anagrus sp., which attack the eggs of  planthoppers, and Telenomus, Tetratichus, 
and Trichogramma, which attack the eggs of  stem borers, among others.

Studies in the past comparing rice-only and Palayamanan ecosystems confirm 
the findings of  this study that the latter contains higher populations of  beneficial 
organisms.

Arida (PhilRice, pers. commun.) describes Palayamanan as a pest management 
strategy that follows the ecological engineering philosophy. By planting several crops 
such as eggplants, red pepper, bitter gourd, or ‘kangkong’ near or around the rice 
ecosystem, beneficial organisms find refuge and thrive. Providing a source of  food 
for parasitoids and a refuge/shelter for predators, Palayamanan facilitates ecosystem 
services (such as biological control) and ensures diversity in the ecosystem, thereby 
regulating pest activities.

CONCLUSION

The Palayamanan model farm shows how enterprises can be integrated in the 
same farm so that overall operations become profitable and sustainable. Diversified 
farming systems can sustain most of  a family’s food requirements and incidental 
expenses as they generate reasonable net income from the different crops and animals. 
The application of  cost-saving and yield-enhancing practices enhances the efficiency 
of  operations in the farm, making it more economically stable. A regular evaluation 
of  the performance of  each component is important to make necessary adjustments 
to fit local conditions and make the system more stable.
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INTRODUCTION

Organic agriculture is a system that practices carbon and nutrient cycling through 
composting waste materials, manure storage and utilization, avoidance of  inorganic 
chemical fertilizers, and avoidance of  biomass burning. Farming practices should be 
environment-friendly and should promote ecologically sound, socially acceptable, 
economically viable, and technically feasible production of  food (Organic Act 
2010). The Organic Act of  2010 was approved and signed on April 16, 2010 as a law 
(Republic Act 10068) with the goal of  intensifying the promotion and development 
of  organic agriculture in the Philippines. The declaration of  policy indicated in 
Section 2 states: ‘It is hereby declared the policy of the State to promote, propagate, 
develop further and implement the practice of organic agriculture in the Philippines 
that will cumulatively condition and enrich the fertility of the soil, increase farm 
productivity, reduce pollution and destruction of the environment, prevent the 
depletion of natural resources, further protect the health of farmers, consumers, 
and the general public, and save on imported farm inputs. Towards this end, a 
comprehensive program for the promotion of community-based organic agriculture 
systems which include, among others, farmer-produced purely organic fertilizers such 
as compost, pesticides and other farm inputs, together with a nationwide educational 
and promotional campaign for their use and processing as well as adoption of organic 
agriculture system as a viable alternative shall be undertaken’.

As more consumers prefer insecticide-free and healthy food and as export 
demand rises, the organic rice market is now growing in the Philippines. In line with 
this, many farmers advocate and practice organic production nowadays. Because of  
the increasing demand for organically produced products, researchers, breeders, aid 
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farmers study ways to increase yield and improve the quality of  organic rice products. 
The main challenge is to increase production at lower cost, resulting in higher income 
and better food quality. Very few studies have been conducted on organic rice systems. 
In these research endeavors, farmers’ participation is greatly needed.

Farmers can greatly enhance collaborative efforts to identify successful organic 
farming methods that can be practiced by everyone. With farmer’s participation, 
a study was conducted to know if  inorganically bred modern rice varieties can be 
adapted under the organic system. In this trial, varieties released for irrigated lowland 
condition were identified. Initial findings suggest that varieties differed in agronomic 
performance in each location and that yield was higher in the wet season than in the 
dry season. Superior yield performance was recorded across seasons and locations.

Farmers applied homemade fertilizer concoctions and biopesticides for plant 
nutrition and to control pests and diseases. Organic practitioners participated in 
doing the layout of  the experiment, gathering data, measuring agronomic parameters, 
recording farm activities, and computing yield. Training on methods of  organic rice 
production and rice-based agriculture system was provided to farmer practitioners 
and field days were conducted every season.

Over a long period of  time, food production has generally depended on 
conventional agriculture (CA). Breeders have produced varieties that are adapted 
to conventional farming practices and high chemical inputs. However, with climate 
change, issues on hazards brought about by CA to the environment as well as to 
human health rise (Pimentel et al. 2005).

Organic farming is viewed to be a more holistic approach in food production that 
enhances biodiversity. Consumers’ preferences toward pesticide-free and healthy food 
lead to the growth of  organic rice market in the Philippines as well as open doors for 
export. Although organic agriculture has existed for many years, little research on it 
has been done and its development was hindered by lack of  investment on breeding 
and production conversion technology to make farmers shift to organic methods 
(Sarmiento 2007).

Most developed varieties were bred under a conventional system which is very 
different from an organic system. Crop response to additional inputs exhibits a 
diminishing marginal yield benefit as yield approaches the ceiling (Cassman et al. 
2010, Ceccarelli 1996, Murphy et al. 2007). Reliance on these varieties as inputs 
to organic farming resulted in low yields (Murphy et al. 2007). Hence, the use of  
appropriate rice varieties for the organic farming system becomes critical inasmuch 
as most currently released and introduced rice cultivars in the region were developed 
using high inorganic inputs.

Recent studies show that this could be addressed through decentralized breeding 
and farmer participation in the selection of  varieties for a target environment 
(Ceccarelli 1999, Dawson et al. 2008, Wolfe et al. 2008). Furthermore, due to widely 
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diverse environmental conditions, adaptation of  individual farms is an important 
consideration. Improved agronomic practices are necessary to realize the full 
potential of  a crop’s genome; their implementation is much less straightforward, both 
practically and economically, for farmers than changing cultivars (Madyup et al. 2012, 
Kokare et al. 2014). Economic analysis shows yield gains resulting equally from both 
breeding and crop management interventions (Fischer 2009). Farmer adaptation to 
growing these varieties can be also be ensured with this approach.

In organic farming, breeders face the challenge of  increasing farmers’ yield with 
less inputs but ensuring better quality, along with concerns related to differences in 
agro-climatic conditions and cultural practices (Murphy et al. 2005). Since breeding for 
new varieties takes a long time, the use of  registered varieties known to have excellent 
yield potential and other morphological traits is an easier way of  determining varieties 
that can be adaptable and hold promise in organic farming. The hypothesis that needs 
to be tested is that inorganically bred varieties can produce similar yields when grown 
under organic agriculture conditions. A participatory experiment was thus conducted 
in farmers’ fields to evaluate and select inorganically bred modern rice varieties that 
can perform well under an organic system.

Evaluation of rice genotypes

Forty rice genotypes, grouped according to maturity (early- and late-maturing), 
were evaluated under an organic rice system (Table 1). Field trials were established 
in Taloc, Bago City, Negros Occidental, and in Pinagsabangan II, Naujan, Oriental 
Mindoro. Seeds were sown in seedbeds and seedlings were transplanted 21 d after 
sowing (20 x 20 cm planting distance and seedling density of  two seedlings/hill). Plots 
(2 x 2 m) were laid out in randomized complete block design with three replications. 
All organic farming practices were followed.

Five bags of  vermicast were used as basal application (during final harrowing) 
and another 5 bags, before transplanting. Fermented plant juice was applied after 
transplanting (Appendix 1). At flowering stage, fish amino acid, fermented fruit juice, 
and lactic acid bacterial serum were applied (Appendices 2, 3, and 4). The different 
concoctions were applied early in the morning. Weekly application of  ‘Super N,’ 
‘Super K,’ and ‘compost tea all-in one’ (at a ratio of  400 mL to 6 L of  water) was 
done during the reproductive stage (Appendices 5, 6, and 7).

‘Compost tea all-in-one’ was applied to control rice bugs, while vermi-tea with 
fish amino acid was used to control field rats. Manual weeding was done every 2 wk. 
Golden apple snail was controlled manually. For stem borers, Trichograma strips were 
placed in the field 32 d after transplanting; this served as biocontrol agent in Negros. 
Attractants such as fish paste and crushed golden apple snails were placed in the rice 
field to reduce pest damage. Irrigation was done with the water maintained at 2-5 cm 
until grain filling; draining was done 2 wk to maturity. All necessary precautions were 
taken to maintain plant uniformity per treatment.
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Plant height and number of  tillers were monitored weekly until harvest. Filled and 
unfilled grains were counted after harvest from five samples in each plot. Plot yield 
was determined by weighing after cleaning the grains at 14% moisture content.

Table 1. Released rice varieties evaluated in the study.

Variety Ecosystem

Agronomic characteristics

Maturity 
(d)

Ave. yield
(t ha-1)

Max. yield
(t ha-1)

Plant 
height 

(cm)

Tillers 
(no.)

PSB Rc 3 Upland 123 2.9 6.0 106 83**

PSB Rc 5 Upland 122 2.9 4.2 104 89**

PSB Rc 14 Rainfed lowland 110 3.6 6.1 92 14*

PSB Rc 18 Irrigated lowland 123 5.1 8.1 102 15*

PSB Rc 68 Rainfed lowland 116 3.4 4.4 116 87**

PSB Rc 82 Irrigated lowland 110 5.4 12.0 100 15*

PSB Rc 102 Rainfed lowland 117 2.3 4.4 101 13*

NSIC Rc 9 Upland 119 2.9 5.5 98 79**

NSIC Rc 23 Upland 108 3.0 7.6 108 64**

NSIC Rc 25 Upland 107 3.0 5.3 84 62**

NSIC Rc 27 Upland 107 2.7 4.3 87 67**

NSIC Rc 120 Upland 109 4.8 6.6 91 15*

NSIC Rc 122 Irrigated lowland 121 4.7 8.9 106 14*

NSIC Rc 130 Irrigated lowland 108 4.9 7.6 89 14*

NSIC Rc 134 Irrigated lowland 107 5.4 9.8 90 14*

NSIC Rc 142 Irrigated lowland 112 5.6 7.8 88 14*

NSIC Rc 146 Irrigated lowland 110 4.6 6.9 101 14*

NSIC Rc 152 Irrigated lowland 109 6.0 8.7 97 15*

NSIC Rc 184 Saline 120 3.1 6.3 87 14*

NSIC Rc 188 Saline 114 3.2 3.8 81 15*

NSIC Rc 190 Saline 120 2.9 5.1 86 14*

NSIC Rc 192 Rainfed lowland 106 3.4 5.5 109 91**

NSIC Rc 194 Rainfed lowland 
(flood prone) 125 3.5 97 20*

NSIC Rc 212 Irrigated lowland 115 6.0 10.0 109 15*

NSIC Rc 214 Irrigated lowland 116 6.0 10.2 106 15*

NSIC Rc 220 Irrigated lowland 109 2.8 5.8 89 13*

NSIC Rc 222 Irrigated lowland 114 6.1 10.0 101 14*

NSIC Rc 226 Irrigated lowland 112 6.2 9.8 102 14*

NSIC Rc 238 Irrigated lowland 110 6.4 10.6 104 15*

NSIC Rc 240 Irrigated lowland 115 6.4 10.6 107 12*
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Variety Ecosystem

Agronomic characteristics

Maturity 
(d)

Ave. yield
(t ha-1)

Max. yield
(t ha-1)

Plant 
height 

(cm)

Tillers 
(no.)

NSIC Rc 272 Rainfed lowland 110 3.0 6.4 88 94**

NSIC Rc 74 Rainfed lowland 116 3.0 6.7 92 69**

NSIC Rc 278 Rainfed lowland 110 2.4 5.3 122 86**

NSIC Rc 294 Saline 117 2.9 3.5 84 15*

NSIC Rc 296 Saline 117 3.2 4.6 83 15*

NSIC Rc 308 Irrigated lowland 111 5.5 10.9 94 15*

NSIC Rc 346 Rainfed lowland 105 3.3 6.2 97 111**

NSIC Rc 354 Irrigated lowland 112 5.4 9.0 95 14*

NSIC Rc 358 Irrigated lowland 114 5.4 9.1 98 14*

NSIC Rc 360 Irrigated lowland 118 5.2 8.2 103 14*

DAS-days after sowing; tiller number (*number of tillers/hill [transplanted]; **Number of tillers/linear meter 
[direct seeding])
Source: National Cooperative Trials, 2016, PhilRice

Yield and yield-contributing parameters

Highly significant differences in plant height, number of  productive tillers, filled 
grains, unfilled grains, percent sterility, and yield were noted, influenced by cropping 
season (P<.001). Significant differences in plant height among the varieties were 
observed across cropping seasons. Higher plant height was seen during wet season 
(105.9 cm) than during dry season (85 cm) as manifested by low solar radiation during 
cloudy and rainy days. Similar results were reported by Escasinas and Zamora (2011) 
and Manigbas et al. (2015) with heights ranging from 86.8 to 111.3 cm in four seasons. 
NSIC Rc 220 was the shortest, whereas PSB Rc 5 (111.3 cm) was the tallest. This was 
significantly higher than those of  other varieties evaluated (Tables 2 and 3). Plant 
height is an important consideration in selecting varieties. Compared with weeds, 
taller varieties have higher crop competitiveness for light, which is vital in increasing 
the photosynthetic capacity of  the crop (Cudney et al.1991, Gooding et al. 1993).

The maximum number of  productive tillers was observed in NSIC Rc 308 (17), 
which was significantly higher than others, except for NSIC Rc 346, PSB Rc 212, 
NSIC Rc 214, NSIC Rc 296, and NSIC Rc 294 (statistically the same with 15 tillers). 
NSIC Rc 220 had the lowest with 11 productive tillers. Cropping season and location 
have a highly significant influence on the number of  productive tillers: it was higher 
in wet season (15) than in dry season (12) and significantly higher in Mindoro (14) 
than in Negros (12), despite the same type III prevailing climate. Differences in plant 
height and number of  productive tillers could be attributed to the variation in soil 
conditions at the experiment site. Negros has a more compact soil because sugarcane 
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is grown in nearby areas. Other variations may be due to nutrient sources, i.e., there 
were differences in the ability to supply the major nutrients, especially N and other 
essential elements needed during the vegetative growth of  rice (Escasinas and Zamora 
2011).

Variety, cropping season, and location have highly significant effects on the number 
of  filled grains. NSIC Rc 240 (121) had the highest number of  filled grains, which was 
significantly higher than other varieties, except for PSB Rc 25 and PSB Rc 9 (statistically 
the same at 115). NSIC Rc 240 was previously reported by Manigbas et al. (2015) to 
exhibit the highest number of  filled grains under organic and conventional farming 
systems as well as during both wet and dry seasons. The highest number of  filled 
grains was recorded in 2016 for both dry and wet seasons (93 and 92, respectively), 
while the lowest number was noted in the 2015 wet season (67). Mindoro recorded 
significantly more filled grains (average of  100) than Negros (70) across seasons.

Table 2. Yield and yield attributes of 40 released varieties evaluated under an organic farming 
system.

Variety Plant height 
(cm)

Productive 
tillers (no.)

Filled grains 
(no.)

Unfilled 
grains (no.) Sterility (%) Yield

(t ha-1)

PSB Rc3 105.0 b 13 bcde 81 efghijk 25 abcde 27.1 abcde 2.8 de

PSB Rc5 111.3 a 13 bcde 94 bc 26 abcde 25.8 abcde 3.5 abcd

PSB Rc14 89.6 lmno 14 bcde 82 defghij 26 abcde 26.7 abcde 3.2 abcde

PSB Rc18 98.4 cdefghij 14 bcd 67 ghijk 32 abcd 37.68 a 3.7 abc

PSB Rc68 104.7 b 13 bcde 92 bcde 36 a 31.78 ab 3.7 abc

PSB Rc82 89.8 mno 12 bcde 82 cdefghi 25 cde 28.2 abcde 2.9 bcde

PSB Rc102 104.4 bcd 12 bcde 84 cdefg 32 abc 35.4 a 3.2 abcde

NSIC Rc9 104.8 b 11 bcde 115 a 24 cde 22.3 e 3.3 abcde

NSIC Rc23 98.2 efghij 12 bcde 91 bcd 28 bcde 26.9 abcde 3.3 abcd

NSIC Rc25 102.9 bcde 10 de 115 a 25 bcde 23.8 de 3.0 abcde

NSIC Rc27 97.8 efghij 12 bcde 86 cdefg 28 abcde 26.9 abcde 2.9 bcde

NSIC Rc120 90 lmn 12 bcde 71 k 19 e 24.1 abcde 2.8 bcde

NSIC Rc122 93.9 efghij 13 bcd 74 ijk 25 abcde 29.1 abcd 3.4 abcd

NSIC Rc130 87.1 no 12 bcde 83 cdefghij 23 cde 24.5 abcde 3.0 abcde

NSIC Rc134 94.1 hijklm 12 bcde 85 cdefghi 27 abcde 26.9 abcde 3.0 abcde

NSIC Rc142 88.6 no 12 bcde 87 cdefg 27 bcde 25.4 abcde 3.1 abcde

NSIC Rc146 89.4 lmno 14 bcd 77 ghijk 21 e 22.8 abcde 3.2 abcde

NSIC Rc152 90.8 lmn 14 bcd 84 cdefghi 24 bcde 26.8 abcde 3.1 abcde

NSIC Rc184 92.4 ijklmn 12 bcde 74 hijk 29 abcde 29.9 abc 3.0 abcde

NSIC Rc188 90.7 lmn 13 bcde 92 bcde 30 abcde 29.2 abcde 3.1 abcde
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Variety Plant height 
(cm)

Productive 
tillers (no.)

Filled grains 
(no.)

Unfilled 
grains (no.) Sterility (%) Yield

(t ha-1)

NSIC Rc190 90.5 lmn 14 bcde 78 fghijk 27 abcde 29.2 abcd 2.8 cde

NSIC Rc192 97.7 efghij 11 cde 101 b 26 abcde 24.2 cde 3.1 abcde

NSIC Rc194 89.1 mno 14 bcde 77 ghijk 22 cde 25.0 abcde 2.7 de

NSIC Rc212 96.9 fghijk 15 abc 71 jk 22 de 26.3 abcde 3.8 ab

NSIC Rc214 100.6 bcdefg 15 abc 74 ijk 25 abcde 28.2 abc 3.9 a

NSIC Rc220 86.8 o 11 e 87 defghijk 30 abcde 29.5 abcde 2.7 de

NSIC Rc222 95.6 ghijk 14 bcd 85 cdefghi 28 abcde 27.5 abcde 3.6 abcd

NSIC Rc226 89.7 klmn 13 bcde 85 cdefghi 20 e 21.7 cde 2.9 cde

NSIC Rc238 98.5 efghij 13 bcd 86 cdefg 26 abcde 26.9 abcde 3.5 abcd

NSIC Rc240 116.9 
cdefghi 12 cde 121 a 35 ab 25.2 abcde 3.9 a

NSIC Rc272 96.3 efghijk 12 bcde 81 cdefghi 23 e 25.5 bcde 3.2 abcde

NSIC Rc274 102.4 bcdef 13 bcde 86 cdefg 30 abcde 28.1 abcde 3.2 abcde

NSIC Rc278 107.9 bc 11 bcde 80 cdefghi 34 abcde 30.4 abcde 2.9 abcde

NSIC Rc294 87.0 no 15 abc 84 cdefghi 24 bcde 26.6 abcde 3.1 abcde

NSIC Rc296 89.1 lmno 15 abc 81 efghijk 28 abcde 28.7 abcd 2.8 de

NSIC Rc308 93.6 ijklmn 17 a 84 cdefg 27 bcde 28.2 abcde 3.4 abcd

NSIC Rc346 91.4 lmn 15 abc 82 cdefghi 23 e 26.6 abcde 3.0 abcde

NSIC Rc354 92.7 ijklmn 13 bcd 86 cdefgh 25 bcde 24.92 abcde 3.3 abcde

NSIC Rc358 91.9 jklmn 13 bcde 89 bcdef 30 abcde 28.4 abcde 3.2 abcde

NSIC Rc360 99.5 bcdefgh 13 bcde 86 cdefgh 27 abcde 27.5 abcde 3.4 abcd

LSD (P=0.05) 6.10 3.13 11.71 11.154 8.5 0.73

Mean 95.9 13 86 27 27 3.2

Pr>F ** ** ** ** ** **

Genotype (G) ** ns ** ns ns ns

Cropping 
season (CS) ** ** ** ** ** **

Location (Loc) ns ** ** ** ** **

Genotype (G) ns ns ns ns ns ns

GxCS ns ns ns ns ns ns

GxL ** ns * ns ns ns

ns=not significant; * significant; ** highly significant.
Means followed by a common letter are not significantly different at P=0.05 by LSD.



164    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

Table 3. Mean differences among varieties evaluated in Mindoro and Negros, 2015 wet season to 
2017 dry season.

Trait Mean LSD 

Plant height Cropping season 2015 WS 108.8 a 1.9281

2016 DS 82.4 d

2016 WS 102.9 b

2017 DS 87.6 c

Location Mindoro 95.9 a 1.3632

Negros 94.9 a

Number of productive tillers Cropping season 2015 WS 15 a 0.9886

2016 DS 10 c

2016 WS 14 b

2017 DS 14 b

Location Mindoro 14 a 0.699

Negros 12 b

Filled grains Cropping season 2015 WS 67 c 3.6993

2016 DS 93 a

2016 WS 92 ab

2017 DS 89 b

Location Mindoro 100 a 2.6155

Negros 70 b

Unfilled grains Cropping season 2015 WS 43 a 3.524

2016 DS 12 d

2016 WS 36 b

2017 DS 17 c

Location Mindoro 14 b 2.4915

Negros 39 a

Percent sterility Cropping season 2015 WS 36.41 a 2.6994

2016 DS 10.73 d

2016 WS 28.35 c

2017 DS 32.79 b

Location Mindoro 20.43 b 1.9086

Negros 33.70 a

Yield (t ha-1) Cropping season 2015 WS 3.4 a 0.2313

2016 DS 2.4 b

2016 WS 3.5 a

2017 DS 3.4 a

Location Mindoro 4.1 a 0.1635

Negros 2.3 b

Means followed by a common letter are not significantly different at P=0.05 by LSD.
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ANOVA revealed a highly significant influence of  cropping season and location on 
number of  unfilled grains and percent sterility. Significantly higher number of  unfilled 
grains and sterility were observed in the wet season (40 and 32.38%, respectively) 
than in dry season (15, and 21.76%, respectively). Negros recorded higher number 
of  unfilled grains (39) and sterility (33.70%) in comparison with Mindoro (14 and 
20.43%). PSB Rc 68 (36) had the highest unfilled grains, while NSIC Rc120 (19) had 
the lowest. High percent sterility in the wet season in Negros is due to stem borer and 
rice bug infestations at the reproductive stage. The significant loss of  fertile grains 
could be due to the inability of  the organic fertilizer to supply the nutrients during the 
time required to produce fertile grains.

Cropping season and location have high significant influence on yield. Grain 
yield ranged from an average of  2.7 to 3.9 t ha-1. Among 40 varieties evaluated in 
2 years across locations, NSIC Rc 214 and NSIC Rc 240 showed superior yielding 
performance, with 3.9 t ha-1 yield, compared with other varieties (Table 2, Fig. 1). 
NSIC Rc 214 is resistant to yellow stem borer and moderately resistant to brown 
planthopper and green leafhopper, while NSIC Rc 240 is resistant to blast and 
moderately resistant to white stem borer (WSB) under field conditions. A significant 
variation was observed per cropping season in terms of  yield being higher in the 
wet season with an average of  3.5 t ha-1 compared with 2.9 t ha-1 in the dry season. 
Mindoro recorded significantly higher yield with a mean of  4.1 t ha-1 compared with 
2.3 t ha-1 in Negros. The lowest yield was recorded in Negros in 2016 DS due to a 
drought, which caused significant yield losses (Fig. 2).
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Fig. 1. Mean yield accross seasons of 40 released rice varieties evaluated under organic farming 
systems in Mindoro and Negros.
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Fig. 2. Mean yield performance of rice varieties evaluated in Negros and Mindoro, 2015 wet 
season-2017 dry season.

The differences observed in the yield and other morpho-agronomic characters of  
rice varieties can be attributed to their adaptation potential under low-input conditions 
(Singh et al. 2017). Lower grain yields under organic farming system can be associated 
with various causes such as different varieties adapting differently across growing 
conditions and slow and gradual release of  nutrients from organic soil amendments 
in contrast to chemical fertilizers (Surekha et al. 2013). The same authors indicated 
that the organic system of  rice production needs more than a 2-yr period to stabilize 
rice productivity and bring about economic returns under intensive, irrigated rice-rice 
system in vertisols of  tropical climate, depending on the season. Yadav et al. (2013) 
found that, despite the slow response, organic sources offer more balanced nutrition 
to the plants, especially in micronutrients, aside from improving crop productivity 
and soil fertility. Urkurkar et al. (2010) reported increased rice yield with continuous 
organic farming, which further explains the higher yield observed in Mindoro since 
the area is already stabilized and has been continuously used for organic farming for 
several years.

Genotype-by-Location (GxL) interaction

The analysis of  variance also showed highly significant genotype-by-location 
(GxL) interaction for plant height, suggesting that tall varieties in Mindoro are not 
the tall varieties in Negros. Similarly, the significant influence of  GxL interaction on 
the number of  filled grains also suggests that varieties with the highest number of  
filled grains in Mindoro do not necessarily mean that they will also have the highest 
performance in Negros (Murphy 2007) (Table 2). In Table 4, top-yielding varieties 
in Mindoro differed from those in Negros, which further illustrates the variation in  
performance of  genotypes per location, except for NSIC Rc214, NSIC Rc240, and 
PSB Rc68 that showed good performance in both places.
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Table 4. Top-yielding varieties in Mindoro and Negros, across seasons.

Rank Variety
Mindoro

Variety
Negros

(yield, t ha-1) (yield, t ha-1)

1 NSIC Rc 212 5.1 NSIC Rc 240 3.2

2 NSIC Rc 214 5.1 NSIC Rc 222 3.0

3 PSB Rc 68 4.8 NSIC Rc 238 2.8

4 NSIC Rc 122 4.7 PSB Rc 18 2.8

5 NSIC Rc 188 4.6 NSIC Rc 9 2.7

6 NSIC Rc 240 4.6 NSIC Rc 214 2.7

7 NSIC Rc 308 4.6 PSB Rc 68 2.6

GxL interaction must be assessed across environments and across years to obtain 
efficient sub-region definition as demonstrated in sunflower on-farm testing (de la 
Vega et al. 2001, 2006; Chapman 2006). GxL has a major contribution to variation 
in environments with higher exposure to severe stress conditions (Ceccarelli 1989). 
Widely adapted genotypes are the best performers in only a narrow range of  
environments which does not usually include severe stresses (Wolfe et al. 2008).

CONCLUSION

Field performance of  varieties significantly varies across cropping seasons and 
locations. Location-specific adapted varieties must be considered in growing rice, 
especially under an organic system, as agro-morphological differences affect crop 
performance. Varieties grown under Mindoro conditions are generally superior in 
yield (4.1 t ha-1) compared with those in Negros (1.9 t ha-1). Across seasons, NSIC Rc 
214 and NSIC Rc 240 were the most stable varieties in terms of  yield under the organic 
farming system in both Mindoro and Negros. Based on this study, conventionally 
bred varieties can be grown under an organic system with a gradual increase in yield, 
which is associated with the length of  time it is planted under the organic system. Rice 
varieties adapt to low-input systems and can be economically sustainable once soil 
fertility is stabilized (Surekha et al. 2013).

It is recommended that similar research focusing on other parameters such as soil 
characteristics and microorganism populations be conducted to further explore the 
potential of  organic rice farming systems. The results could form the basis for doing 
a separate rice breeding program suitable for organic farming systems.
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APPENDICES

The following concoctions were prepared during the implementation of  the 
study in Naujan, Oriental Mindoro by a farmer collaborator, Mr. Dewey Albufera 
(see Chapter 8). The materials used were prepared on site where the ingredients 
are available. Through Albufera’s expertise acquired from training and practical 
application in organic farming in his own farm, he was able to formulate his materials 
and thereby reduce his fertilizer cost.

1. Fermented Plant Juice (FPJ)

Prepare 5 kg of  nutrient-rich plants such as malunggay (Moringa oleifera), 
kangkong (Ipomoea aquatica), alugbati (Basella alba), and banana stems, 
(washed and chopped well) and 5 kg of  molasses. Combine all raw materials 
at a 1:1 ratio. Place the materials in a large water-proof  container and mix 
them thoroughly. Cover the top of  the container with a net, place clean paper 
or cloth over it, and then secure with a rubber band. Place the container in 
a quiet, cool, shaded area and leave it for 15 d. Do not disturb or move the 
container as much as possible. After 15 d, the mixture can be used.

2. Fish Amino Acid (FAA)

Prepare 5 kg of  fish and 5 kg of  molasses. Chop fish into 1-inch pieces. Put 
the chopped fish in a container and add the molasses. Cover the container 
with a net. Place clean paper or cloth over it, then secure with a rubber band. 
Put the container in a quiet, cool and shaded location and leave it for 15 d. 
Make sure that the container is not disturbed. After 15 d, FAA can be used.

3. Fermented Fruit Juice (FFJ)

Combine all raw materials (5 kg molasses and 5 kg chopped ripe fruits such as 
banana, pineapple, and papaya) in a clean container. Mix thoroughly. Place a 
net above the container. Cover it with a clean piece of  cloth and secure with 
a rubber band. Leave the container in a cool, shaded place for 15 d.

4. Super LABS (Lactic Acid Bacterial Serum)

Prepare 10 L of  rice wash, 10 L of  skimmed milk or fresh carabao milk, 10 
L of  molasses and 250 g of  yeast. Put first the rice-wash in a clean container. 
Add the 10 L skimmed or fresh carabao milk and soak for about a week. 
After 7 d, add 10 kg molasses, then leave for another week. A week later, add 
250 g yeast and let it ferment for 21 d.
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5. Super N

Prepare 2 L FAA, 1 L FPJ, 1 L FFJ, ½ L IMO/LABS, and ½ L fermented 
seaweed extract. Combine all ingredients in one big container. Mix thoroughly. 
For application, mix 400 ml of  the solution to 16 L of  chemical-free water. It 
is best applied early in the morning or late in the afternoon.

6. Super K

Prepare 2 L FFJ, 1 L FAA, 1 L FPJ, ½ L FSE, and ½ L calphos. Combine all 
ingredients in one container and mix thoroughly. For application, add 400 ml 
to 16 L clean water.

7. Compost tea all-in-one

Prepare and combine all of  the following materials: 6 kg neem tree 
(Azadirachta indica) leaves, 6-10 kg sea grass (kulapu), 3 kg marigold 
(Calendula officinalis), 3 kg kamaria (Artemisia vulgaris L.), 3 kg hagonoy 
(Chromolaena odorata), 3 kg kakawate leaves (Gliricidia sepium), 3 kg 
bamboo shoots (Bambusa spp.), 3 kg Azolla duckweed, 3 kg katuray (Sesbania 
grandiflora), 3 kg ipil-ipil (Leucaena leucocephala), 3 kg water lily (Nymphaea 
alba), 40 L coconut water, and 1 L each of  the following concoctions: FPJ, 
FAA, FFJ, FSE, IMO, and LABS.

8. Fermented Seaweed Extract (FSE)

Combine 5 kg of  chopped seaweed and 5 kg of  molasses in a clean container. 
Mix thoroughly and cover the container with clean paper. Leave for 15 d.
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STANDARDS ON ORGANIC FARMING AT 
THE INTERNATIONAL, REGIONAL, AND 
NATIONAL LEVELS AND CERTIFICATION 
SYSTEMS
Karen S. Bautista

INTRODUCTION

The practice of  organic farming in the Philippines is regulated through inspection 
and certification of  farms and facilities based on compliance to a set of  standards. 
Several organic-agriculture-related standards were developed based on science, 
harmonized with international and regional standards, and made consistent with 
international commitments. In setting the requirements of  organic standards, the 
principles of  organic agriculture as they relate to ecology, care, health, and fairness 
were taken into account to ensure the integrity of  organically grown fresh and primary 
produce, including that of  pre-packaged and processed food.

As early as 1999, the Codex Alimentarius Commission (CAC), an intergovernmental 
body within the framework of  the Joint FAO/WHO Food Standards Program 
established by the Food and Agriculture Organization (FAO) and the World Health 
Organization (WHO), released the Guidelines for the Production, Processing, Labelling 
and Marketing of Organically Produced Foods. This is in view of  the increasing 
production and international trade of  foods grown under the organic production 
system. After the publication of  this document, countries started the development 
of  their own national organic standards. The Philippines formulated its Philippine 
National Standards on Organic Agriculture in 2003 as PNS/BAFPS 07:2003 (ICS 
65.020). The draft was initially prepared by the Organic Certification Center of  the 
Philippines (OCCP) and adopted by the then Department of  Agriculture-Bureau of  
Agriculture and Fisheries Product Standards (BAFPS). It had undergone a series of  
technical reviews and public consultative meetings before it became the first PNS 
on Organic Agriculture. This PNS was revised and finalized in 2016 as PNS/BAFS 
07:2016 and aligned with the ASEAN Standards on Organic Agriculture (ASOA).
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In 2010, with the enactment of  Republic Act 10068 or the Organic Agriculture 
(OA) Act, described in Chapter 10, the standard-setting function of  the DA-BAFPS 
(later renamed as the Bureau of  Agriculture and Fisheries Standards) was strengthened. 
Under Rule 4.1 of  the Implementing Rules and Regulations (IRR), BAFPS shall 
formulate and/or update organic agriculture standards, which would cover crops, 
livestock and aquaculture, organic production, processing and labeling, adopting the 
Department’s protocols for standard formulation and adoption, taking into account 
participatory approaches and emphasis on transparency and accountability. Thus, 
from 2010 onward, there are other OA-related PNS developed on organic aquaculture, 
organic aquaculture feeds, organic soil amendments, organic bio-control agents, and 
organic milled rice. In the pipeline are standards on retailing of  organic food and code 
of  practice for the production of  organic inputs.

The implementation of  standards presents an opportunity to improve product 
quality, facilitate inter- and intraregional trade, and prevent misleading claims. With 
the ASEAN economic integration and other regional and international economic 
cooperation efforts, harmonization of  standards is a basic step that needs to be 
carried out to start the process of  breaking barriers to trade, providing market access, 
and facilitating domestic, regional, and international trade. This is in recognition of  
the fact that standards are the bases of  conformity assessment procedures such as 
organic inspection and certification carried out by organic-certifying bodies. Likewise, 
standards are also the bases of  accreditation bodies in attesting that organic-certifying 
bodies are capable and competent to carry out inspection and certification activities. 
In the Philippines, standards are also used by the DA regional field offices in their 
pre-assessment activities to verify if  applicants for certification assistance could be 
included as beneficiaries by verifying their compliance to PNS on OA. However, at 
present, meeting the requirements of  organic standards and getting a third-party 
certification remain a major challenge among organic producers and processors in the 
country. There is a need to increase awareness and compliance of  Filipino farmers, 
input suppliers, processors, distributors, retailers, and consumers to PNS on OA and 
other related standards to ensure the integrity of  organic products.

International and regional organic agriculture standards

In accordance with ISO/IEC Guide 2:2004 (Standardization and Related 
Activities-General Vocabulary), a standard is a document, established by consensus, 
and approved by a recognized body, that provides for common and repeated use, 
rules and guidelines, or characteristics for activities or their results, aimed at achieving 
the optimum degree of  order in a given context. This definition brings together three 
key elements that characterize documentary standards from the perspective of  formal 
standardizing bodies:

1. Technical content of  the document (rules and guidelines)
2. Process through which it is developed (by “consensus” through involvement 

and agreement of concerned and affected parties justifying the need for a 
series of public consultative meetings)
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3. Entity responsible for issuing the standard (a “recognized body, usually a 
qualified, neutral organization following well-defined procedures, also 
known as “due process”)

Standards are voluntary in nature and are developed by a large number of  different 
entities, including both governmental and non-governmental bodies. Unlike technical 
regulations, they are not mandatory based on Annexes 2 and 3 of  the Technical 
Barrier to Trade (TBT) Agreement under the World Trade Organization (WTO). 
Standards are, however, often used as the basis for both technical regulations and 
conformity assessment procedures such as inspection, certification, and accreditation. 
In such cases, the requirements set out in the standard become mandatory by virtue 
of  government intervention (via technical regulations or conformity assessment 
procedures). In addition, standards are evolving and dynamic, thus, they could be 
revised or updated based on recent technological advances or research findings.

In the development of  standards at the national and international levels, national 
standards bodies (NSBs) and standards development organizations (SDOs) need to 
ensure that the development of  standards takes into account the general principles 
and good practices for standards work based on ISO/IEC Guide 59:1994 (now 
undergoing review and will be replaced with ISO/IEC WD Guide 59). In the 
process of  standards development, NSBs and SDOs should ensure that standards 
to be formulated are relevant and based on the real need of  the country and its 
stakeholders; and likewise coherent and harmonized with existing national and 
international standards. Moreover, affected stakeholders should be consulted and a 
consensus reached to ensure that a balance of  interest is represented. The conduct of  
public consultative meetings should be transparent, open, and participatory.

Hence, in the development of  international, regional, and national standards 
on organic agriculture, the aforementioned general principles and good practices 
were considered. At the international level, in 1999, the Codex Committee on Food 
Labeling formulated the Guidelines for the Production, Processing, Labelling and 
Marketing of Organically Produced Foods with an aim to protect organic producers 
against misrepresentation of  other produce as being organic and consumers against 
unsubstantiated organic claim; ensure that all stages of  production, preparation, 
storage, transport, and marketing are subject to inspection and comply with these 
guidelines; provide international guidelines for organic food control systems; and  
maintain and enhance organic agricultural systems in each country so as to contribute 
to local and global preservation. Another objective for the development of  these 
guidelines is to provide assistance to governments who intend to have national 
organic standards. The guidelines defined organic agriculture as a holistic production 
management system that promotes and enhances agro-ecosystem health, including 
biodiversity, biological cycles, and soil biological activity. It emphasizes the use 
of  management practices in preference to the use of  off-farm inputs, taking into 
account that regional conditions require locally adapted systems. It has seven sections 
on scope, descriptions and definitions, labelling and claims, rules of  production and 
preparation, criteria for the development of  substances by countries, inspection and 
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certification systems, and imports. The three annexes include principles of  organic 
production, permitted substances for the production of  organic foods, and minimum 
inspection requirements and precautionary measures under inspection or certification 
system.

These guidelines are a part of  the Codex Alimentarius (Latin, meaning Food 
Code), which is a collection of  internationally adopted food standards, guidelines, 
codes of  practice, and other recommendations. It was formally adopted by the CAC 
in 1999 on its 23rd session with the exception of  the provisions for livestock and 
livestock products that were adopted at its 24th session in 2001. The CAC adopted the 
revised Section 5. Requirements for Inclusion of Substances in Annex 2 and Criteria 
for the Development of Lists of Substances by Countries in its 26th session in 2003; 
the revised Tables 1 and 2 in Annex 2: Permitted Substances for the Production of 
Organic Foods in its 27th session in 2004; and the revised Table 3. Ingredients of Non 
Agricultural Origin Referred to in Section 3 of these Guidelines in its 30th session in 
2007.

Another internationally acceptable organic standard on organic agriculture is the 
International Federation of  Organic Agriculture Movements (IFOAM) standard, 
which is one of  the normative documents under the IFOAM norms, together 
with the IFOAM Standards Requirements (also called COROS or Common 
Objectives and Requirements of  Organic Standards) and the IFOAM Accreditation 
Requirements. The IFOAM standard can be used for certification and can serve as 
a global platform for standard-setting bodies to harmonize organic standards at the 
global level. This standard is based on its predecessor, the IFOAM Basic Standards 
(IBS) version 2005, which has had a strong influence on the development of  the 
Guidelines for the Production, Labelling, and Marketing of  Organically Produced 
Foods by the Codex Committee on Food Labelling. The objective was to turn the 
IBS version 2005 from a “standard for standards” into a “certification standard.” 
The development of  the IFOAM standard conforms to ISO/IEC Guide 59 on code 
of  good practice for standardization; the ISEAL Code of  Good Practice for Setting 
Social and Environmental Standards, and Annex 3 of  the WTO Technical Barriers to 
Trade (TBT) Agreement on the code of  good practice for the preparation, adoption, 
and application of  standards.

The IFOAM staff, IFOAM Standard Committee, IOAS staff, and other selected 
experts jointly developed the draft IFOAM standard version 0.1 in 2010. The IFOAM 
Standard Committee reviewed the draft and, taking into account the comments during 
public consultation, came up with the second draft version (Version 0.2), which was 
approved by the World Board in early November 2011. The World Board proposes 
to approve the IFOAM standard for Organic Production and Processing Version 1.0 
as the new section in the IFOAM Norms for Organic Production and Processing. 
The updated IFOAM Standard was integrated into the IFOAM Norms Version 2012, 
which was published in August 2012. The IFOAM Standard Committee continued its 
work to further develop and improve the standard to include concerns on aquaculture, 
protected cropping, and social justice. Considering the nature of  standards as a 
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voluntary and evolving document, the IFOAM Standard Version 2.0 replaced the 
Version 2012 in July 2014.

The IFOAM Standard provides a good, relevant, and practical interpretation 
of  the IFOAM Standards Requirements (COROS). It was developed to take into 
consideration the context of  third-party certification, participatory guarantee systems 
(PGS), and community-supported agriculture (CSA); thus, requirements on record 
keeping and those related to certification are not within the scope of  this updated 
standard. The IFOAM Standard covers the areas of  general organic management, 
crop production (including plant breeding), animal production (including beekeeping), 
aquaculture, wild collection, processing and handling, labeling, and social justice.

At the regional level, the Food and Agriculture Organization of  the United Nations 
(FAO), the International Federation of  Organic Agriculture Movements (IFOAM), 
and the United Nations Conference on Trade and Development (UNCTAD) 
spearheaded the development of  the Asia Regional Organic Standard (AROS) from 
2009 to 2012, together with stakeholders in East, Southeast, and South Asia under 
the auspices of  the Global Organic Market Access (GOMA) Project. The purpose 
of  developing AROS is to facilitate assessment and agreement on equivalence 
among organic standards in the Asian region. Likewise, AROS could serve as a 
basis for the development of  national organic standards and the harmonization of  
existing standards. It covers the general requirements for organic production and 
processing, crop production management systems, processing and handling and 
labeling, including appendices on fertilizers and soil conditioners; crop protectants, 
growth regulators, and seed treatments; list of  approved additives; processing aids 
and indicative list of  equipment cleansers and equipment disinfectants. AROS used 
the following normative references in drafting the requirements: a) IFOAM Basic 
Standards for Organic Production and Processing. Version 2005; b) CAC/GL 32, 
Codex Alimentarius – Guidelines for the Production, Processing, Labelling, and 
Marketing of  Organically Produced Foods; and c) EquiTool Annex 2–COROS, 2012.

Another regional standard is the ASEAN Standards on Organic Agriculture 
(ASOA), which was developed by the Task Force (TF) working under the umbrella of  
the ASEAN Sectoral Working Group on Crops (ASWGC). After the approval of  the 
creation of  the TF-ASOA by the SOM-AMAF in 2012, the Philippines spearheaded 
a series of  workshops on the drafting of  the ASOA from 2013 to 2014. From 2016 
to 2020, it is expected that ASEAN member states (AMS) will align their national 
organic agriculture standards with that of  ASOA. The Philippines has aligned its 
Philippine National Standards on Organic Agriculture with the ASOA. In September 
2017, the 4th Workshop for the Alignment Assessment of  National Standards to the 
ASOA was carried out in the Philippines. Among the AMS, the Philippines, Indonesia, 
Thailand, Malaysia, and Lao PDR have initial work done to align their respective 
national standards to ASOA. For AMS without national organic standards yet (Brunei 
Darussalam, Cambodia, Myanmar, Singapore, and Vietnam), they are encouraged to 
establish their national standards, which are aligned with ASOA. 
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ASOA provides the requirements for plant (including mushroom) production, 
wild harvest (excluding honey), postharvest, processing, handling, storage, transport 
and labeling of  organic produce, and processed products for human consumption. 
The development of  ASOA is guided by the following objectives established for 
organic farming: a. employing long-term, sustainable, ecological, system-based 
organic management; b. assuring long-term, biologically based soil fertility; c. 
avoiding/minimizing synthetic inputs at all stages of  the organic production chain 
and exposure of  people and the environment to persistent, potentially harmful 
chemicals; d. minimizing pollution and degradation of  the production/processing 
unit and surrounding environment from production/processing activities; e. 
excluding certain, unnatural technologies from the system (e.g., products derived from 
genetic modification, irradiation, and other technologies); f. avoiding pollution from 
surrounding environment; g. maintaining organic integrity throughout the supply 
chain; and h. providing organic identity in the supply chain.

National Organic Agriculture Standards: The Philippine National Standards 
(PNS) on Organic Agriculture and Other Relevant Standards on Organic 
Agriculture

Following the general principles and good practices on standardization work 
based on ISO/IEC Guide 59, Figure 1 illustrates the general process involved in the 
development of  new standards or the revision of  existing standards. 

Fig. 1. General process involved in developing new standards or revising existing standards.
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The first draft of  the national standards on organic agriculture was initially 
prepared by the OCCP and later used as a working document by the then Department 
of  Agriculture-BAFPS (later renamed as the Bureau of  Agriculture and Fisheries 
Standards). The draft standards were revised by the BAFPS Technical Committee 
on Crops and Livestock and subjected to a series of  public consultations. In 2003, 
the first PNS on Organic Agriculture (PNS/BAFPS 07:2003) was finalized and it 
provided a uniform approach to the requirements, which is the basis of  the following: 
conversion to organic agriculture, crop production, livestock, processing, special 
products, labeling, and consumer information. The Guidelines for the Production, 
Processing, Labelling and Marketing of Organically Produced Foods developed by 
the Codex Committee on Food Labelling is one of  the reference documents used in 
the drafting and review of  the PNS-OA.

The PNS on organic agriculture was updated, considering the changing production 
conditions, the growing market for organic products, and facilitating trade of  Philippine 
organic products. In addition, the initiative was carried out to achieve equivalence 
with AROS and ASOA. The IFOAM Standard Version 2014 was also used as one of  
the reference documents, aside from the ASOA.  The revision of  PNS-OA is science-
based, harmonized with international (IFOAM Standard) and regional (AROS and 
ASOA) standards, and consistent with international commitments.

The revision of  the PNS started with the creation of  the Technical Working 
Group (TWG) composed of  representatives from government agencies, the academe, 
private sector, and certification bodies and the issuance of  a Special Order signed by 
the Department of  Agriculture (DA) secretary. A series of  technical reviews was 
carried out by the TWG members. To ensure transparency and to solicit comments 
of  affected stakeholders, island-wide public consultative meetings were held in the 
National Capital Region (NCR), Visayas (Iloilo), and Mindanao (Davao City). Three 
sections were added to the PNS/BAFS 07:2016, which include beekeeping, traceability, 
and requirements for the inclusion of  substances for organic production. The revised 
standard covers the following sections: (a) conversion, (b) crop production, (c) 
animal production, (d) beekeeping, (e) processing, (f) special products, (g) labeling 
and consumer information, (h) traceability, and (i) requirements for the inclusion of  
substances for organic production. The different scopes should be treated as one 
standard on organic agriculture with the various parts complementing each other.

One of  the salient features of  the PNS-OA is the comprehensive provisions on 
conversion to organic agriculture and crop production. In the Philippines, one of  the 
most common commodities cultivated organically are crops (vegetables, rice, corn, 
legumes, fruits, and root crops). Producers believe that it is relatively easier to go 
into organic crop production than into organic aquaculture and livestock and poultry 
production. As to crops, there are more organic vegetable farms than rice farms 
because of  the latter’s challenges in irrigation management and pollution control. 
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These are the minimum requirements for conversion to organic agriculture and crop 
production in accordance with PNS/BAFS 07:2016: 

A. Minimum requirements for conversion to organic agriculture

Conversion period (transition period) refers to the time between start of  organic 
management and certification of  the crop or animal production system or site as 
organic.

Crop conversion requirements

• The operator must follow and meet the minimum requirements of  the 
Philippine National Standard for Organic Agriculture from the beginning of  
the conversion period onward.

• An inspection must be carried out as a prerequisite for a farm to be certified 
as organic. The time frame of  the conversion period (plan) is set on the basis 
of  the initial recommendations/findings of  the inspector. 

• The conversion plan shall at least include field and farm history and 
present production practices such as crops produced, pest management 
practices, fertilization practices, and animal husbandry practices; production 
practices that need to be improved during the conversion period (e.g., crop 
rotation, manure management, soil conversion, water management, animal 
management, pasture development plan, pest management, environmental 
conditions); and a schedule and time limit for the progression of  the 
conversion.

• If  there is a presence of  parallel/split production in the unit, responsible 
farmers have to ensure that proper demarcation and identification of  
organically managed lands are put in place. Land managed organically must be 
inspected for compliance to organic certification, which organically farmed 
parts are identifiable and may be inspected for certification; that all farm 
records and accounting records are identifiable for both farming systems; and 
that those converted areas are not switched back and forth from organic to 
non-organic management.

• Length of  crop conversion period: plant products can be certified organic 
when the full requirements of  this standard have been met: 

 - for annual crops, at least 12 mo before the start of  the production cycle
 - for perennials, at least 18 mo of  management according to the full 
standard requirements before the first harvest
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• The required conversion period may be reduced under the following 
conditions:

 - land that has not been cultivated for the past 3 yr, including land used as 
pasture and timberland;

 - areas practicing traditional agricultural practices, which fulfill the 
requirements of  this standard; these areas shall be verified through 
reliable means and sources. In such cases, inspection shall be carried out 
at least 6 mo before the first harvest; and

 - farms practicing organic agriculture for at least 18 mo; these areas shall 
be verified through reliable means and sources. In such cases, inspection 
shall be carried out at least 6 mo before the harvest.

• No conversion period is required in the case of  non-cultivated land. These 
areas shall not be exposed to prohibited inputs for a minimum of  3 yr.

• The following should be submitted in order to reduce the prescribed conversion 
period (written evidences): an official attestation from government agencies 
(national or local) or research institutions on non-application of  prohibited 
inputs for the past 2 yr or a notarized affidavit from two neighbors; and proof  
that the land was cultivated under practices allowed for organic agriculture 
for the past 2 yr.

• If  a farm is not converted all at once or if  certification is withdrawn from a 
piece of  land, the responsible operator should ensure separation through a 
clear boundary between the organic and non-organic units;

 - that the same varieties are not produced in parallel production: organic 
and nonorganic

 - that production records be identifiable for each type of  production, 
allowing the certification body to audit both productions; 

 - that production areas are not switched back and forth from organic to 
non-organic management; and

 - that areas to be used for organic production will be included in a 
conversion plan. 

• Prolonged conversion/transition period. Land that has been heavily treated 
with synthetic chemicals shall undergo conversion for a minimum of  3 yr 
before the start of  the production cycle. The competent authority decides 
whether this rule applies on a specific site and the required test needed 
to confirm. In such cases, the farmer should be able to provide results of  
contaminant analysis, which include, among others, pesticides, heavy metals, 
and nitrate accumulation.

• Products may be sold with an indication referring to the conversion to 
organic farming (in-conversion), when the full requirements of  this standard 
have been met for at least 6 mo.



182    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

B. Minimum requirements for crop production

The provisions for organic agriculture for crop production shall meet the following 
requirements: 

B.1 Choice of crops and varieties

• Seeds and planting materials shall be of  high quality and certified organic, 
when available.

• When certified organic seed and planting materials are not available, non-
organic seed and planting materials may be used, provided that they have not 
been treated with pesticides and other inputs not permitted by this standard.

• Seeds and planting materials derived from tissue culture may be used for the 
production of  organic, disease-free planting materials.

• Materials allowed for the treatment of  seeds include the substances listed in 
Annex A.

• When the use of  treated seeds is required by government authorities or 
phytosanitary regulations necessary to prevent the spread of  seed-borne 
diseases or when natural disasters such as floods, drought, earthquake, pest 
outbreaks or other unanticipated circumstances have occurred, causing the 
destruction of  organic seed supply, only then can treated seeds be used.

• The use of  genetically modified seeds, transgenic plants, or planting materials 
is not allowed. 

• Plant varieties should be bred to retain natural reproduction methods.

B.2 Crop rotations and soil management practices

• Organic production systems are soil-based and should care for the soil and 
surrounding ecosystems in support of  an increased diversity of  species, while 
encouraging nutrient cycling and mitigating soil and nutrient losses.

• Tillage and cultivation implements shall be selected and used in a manner 
that maintains or improves soil physical and biological quality and minimizes 
erosion.

• Organic management does not undertake any actions that create any negative 
impacts in officially recognized high conservation value and heritage areas, 
such as forests, wildlife protection areas, and watershed areas.
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• Organic management maintains and/or enhances biodiversity on the farm 
holding, in crop, and, where applicable, non-crop habitats.

B.3 Fertilization practices and growth regulators

• The fertility and biological activity of  the soil should be maintained or 
increased, where appropriate, through cultivation of  legumes, green manure, 
or deep-rooting plants in an appropriate multi-annual rotation program; 
incorporation of  organic material into the soil, compost or not, from farms 
which produce in accordance with this standard; and use of  by-products 
from animal production, such as farmyard manure, provided that they come 
from farms producing in accordance with this standard.

• Fertilizers and soil conditioners of  plant, animal, mineral, microbiological, 
and other origin complying with this standard, as listed in Annex B, must 
be the basis of  the fertilization program, provided that these follow proper 
composting methods. Any succession/addition/revision from relevant 
standard-setting bodies (BAFS & FDA) shall be adopted and shall be in 
accordance with the criteria established in Section 12 of  this standard.

• When supplementary application of  fertilizer is needed, the materials must 
be certified as organic or must comply with the requirements of  the PNS for 
Organic Soil Amendments (PNS/BAFS 183:2016, Revised PNS for Organic 
Fertilizer).

• Runoff  diversions or other means must be implemented to prevent 
contamination of  crop production areas.

• Application of  raw or undecomposed manure is not allowed. Manure should 
undergo proper decomposition methods.

• Organic and mineral (naturally mined) fertilizers and particularly those with 
high risk of  contamination should be applied in such a way that it will have 
minimum adverse effect on the environment (e.g., on ground and surface 
water). Mineral fertilizers shall be applied in their original form and shall not 
be rendered more soluble by chemical treatment.

• Storage places of  manure and compost sites should be covered or sheltered 
in order to prevent leaching of  nutrients and pollution of  water.

• Fertilizer ingredients, which may have a considerable content of  heavy metals 
and/or other toxic substances, shall not be used.

• Only products used for regulating growth, quality, and development of  plants 
prepared from plants, animals, and microorganisms are allowed.
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B.4 Commercial production of organic fertilizer

Commercial production should follow the minimum requirements of  the PNS for 
Organic Soil Amendments (PNS/BAFS 183:2016).

B.5 Pest, disease, and weed management

• Preventive methods such as disruption and elimination of  pest habitat and 
access to facilities shall be the primary mean of  pest management.

• If  preventive methods are inadequate, mechanical/physical and biological 
methods are preferred. 

• If  mechanical/physical and biological methods are inadequate for pest 
control, substances listed in Annex A are allowed. Other substances not 
listed in Annex A may be allowed if  these are in accordance with the criteria 
established in Section 12 of  this standard. 

• The use of  synthetic pesticides (e.g., herbicides, fungicides, insecticides, 
molluscicides, nematicides, rodenticides, etc.) is prohibited.

• Products that may be used in the control of  pests and diseases are indicated 
in Annex A.

• The release of  local and acclimatized predatory insects, such as earwig and 
Trichogramma, and the use of  microbial pest control agents, such as bacteria 
(e.g., Bacillus thuringiensis), viruses (e.g., baculovirus), and fungi (e.g., B. 
bassiana), are allowed. However, these are subject to appropriate existing 
phytosanitary regulations and measures as well as national registration 
requirements (e.g., NCBP, BPI-PQS). The release of  such organisms should 
be done in such a manner that these do not damage the natural ecosystem 
and done if  other pest control measures are found ineffective.

• Physical methods for pest, disease, and weed management are allowed. 
Thermic sterilization of  soils to combat pest, disease, and weed is restricted 
in circumstances where proper rotation or renewal of  soil cannot take place.

• Farm tools and equipment should be used exclusively in organic farms. In 
cases that these are not dedicated for organic production, these must be 
properly cleaned and free of  residues from synthetic pesticides.

B.6 Pollution control and contamination management

• Buffer zones should be established to minimize contamination from non-
organic farms. These may include, but are not limited to, multi-purpose tree 
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species of  sufficient density and height, runoff  diversions, water filtration 
ponds and/or diversion systems, and open space.

• Products from buffer zones must not be sold as organic.

• In cases of  reasonable suspicion of  pollution, an analysis of  the relevant 
products, crops, and/or soil should be done.

• Methods for pollution control and contamination management should 
follow at least the minimum requirements of  Republic Act 9003 (Solid Waste 
Management Act).

 B.7 Soil and water conservation

• Relevant measures should be taken to prevent soil erosion and ensure water 
conservation. Appropriate conservation measures, including management 
practices such as grass waterways, contour strips, diversion canals, catch/
filtration ponds, buffers, windbreaks, mulch, and cover crops to prevent 
wind and water erosion must be established. Reasonable water conservation 
measures must be taken to avoid excessive exploitation and depletion of  
water resources.

• Appropriate measures shall be taken to prevent salinization and desertification. 
Land clearing through burning is prohibited, as per Republic Act 8749 (Clean 
Air Act of  1999).

B.8 Diversity in crop production 

• The diversity of  crops and cropping systems on organic farms should 
sustain and promote diversity that is suited to the local agro-ecosystem. Crop 
diversification systems such as crop rotation, intercropping, alley cropping, 
relay cropping, and multi-storey cropping may be used. 

• Bio-diversified cropping systems are encouraged.

C. Other organic agriculture-related standards 

As the national standard-setting body, the DA-BAFS continues to develop and 
improve standards related to organic agriculture.  Aside from the PNS-OA, which is 
commonly named as the “mother PNS on OA” approved in 2003 and revised in 2016, 
there are other organic-agriculture related standards developed from 2008 to 2016 to 
address the needs of  organic industry stakeholders (Table 1).
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Table 1. Other organic agriculture-related standards.

Philippine national standards
Date of 

adoption/
revision

Scope

Organic milled rice
Part 1: Postharvest operations (PNS/
BAFPS 42 1:2008)

Adopted 2008 Establishes  a system within organic agriculture 
mainly for postharvest operations of organic 
milled rice

Organic milled rice
Part 2: Packaging, labeling, and quality 
standards ( PNS/BAFPS 42-2:2008)

Adopted 2008 Establishes a system within organic agriculture 
mainly for packaging of organic milled rice

Organic aquaculture (PNS/BAFS 
112:2016)

Adopted 2012; 
Revised 2016

Establishes guidelines for the operation 
of organic aquaculture in different aquatic 
environments (fresh, brackish, and marine) 
and the production of quality fishery products 
that are safeguarded from contamination of 
harmful and toxic chemical substances and use 
of artificial ingredients, from pre-production 
to marketing to enhance food safety for 
human consumption and to provide options to 
consumers/markets

This standard focuses on minimum 
requirements for the management of aquatic 
animals and plants in order for the product to be 
labeled certified organic.

Organic aquaculture feeds 
(PNS/BAFS 187:2016)  

For endorsement Applies to the formulation and preparation 
of nutritionally adequate complete organic 
aquaculture feeds or aquafeeds, either farm-
made or commercial, for the culture of aquatic 
animals such as fish and crustaceans. This also 
covers organic aquafeeds that are custom-mixed, 
organic feed ingredients and additives, and 
other feed products claimed organic.

Organic fertilizer
(PNS/BAFS 183:2016)

Adopted 
2004;2013; latest 
Revision 2016 
“Organic soil 
amendments”

Sets the minimum requirements on total 
NPK,C:N ratio, organic matter, moisture content, 
color, consistency, odor, allowable level of 
pathogens and heavy metals in five types of 
organic soil amendments (i.e., organic fertilizers, 
compost/soil conditioner, microbial inoculants 
and organic plant supplements)

Organic biocontrol agents (BCA) 
(PNS/BAFS 182:2016)

Adopted 2016 Specifies the minimum data requirements for 
the safety assessment of organic biocontrol 
agents, specifically microbials and botanicals 
that are regulated by the Bureau of Agriculture 
and Fisheries Standards (BAFS)

Note: All PNS could be downloaded at the DA-BAFS website, www.bafs.da.gov.ph
The BAFS TWG also develops the Interpretative Guide for PNS-OA that will provide clear interpretation of provisions 
cited in PNS 07:2016.
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Use of standards as bases for inspection, certification, and accreditation; and 
conduct of pre-assessment for provision of certification assistance

Standards are voluntary in nature, but when used as a basis for conformity 
assessment procedures such as inspection, certification and accreditation and 
transformed into technical regulations, the requirements set in the standards become 
mandatory. With this premise, the Philippine National Standards on Organic 
Agriculture and other organic agriculture-related standards are mandatory documents 
that organic certifying bodies (OCBs) should use as bases for their inspection and 
certification procedures. The Implementing Rules and Regulations (IRR) of  RA 10068 
defined inspection and certification. Inspection refers to the examination of  food or 
systems for control of  food, raw materials, processing and distribution, including in-
process and finished product testing, to verify that they conform to the requirements. 
For organic food, inspection includes the examination of  production and processing 
system. Certification, on one hand, refers to the procedure by which OCB provides 
written attestation that food or inputs or food control systems conform to applicable 
organic agriculture standards and requirements.

Further, standards serve also as the bases for accreditation of  a certifying body. 
In general, accreditation refers to the formal recognition by an independent body, 
generally known as an accreditation body, that a certifying body is capable of  carrying 
out certification. Section 15 (Accreditation of  Organic Certifying Body) of  RA 10068 
mandates the DA-BAFS to grant official accreditation to OCBs in accordance to the 
Philippine National Standards for Organic Agriculture and other relevant standards. 
Official accreditation refers to the procedure by which DA-BAFS, having jurisdiction 
over OCBs, formally recognizes the competence of  an inspection and/or certification 
body to provide inspection and certification services. Rule 15.2. of  the IRR of  RA 
10068 also mandates the DA-BAFS to chair the Technical Working Group (TWG) 
that shall revisit, prepare, and update the guidelines, rules and procedures for the 
accreditation of  OCBs for approval by the National Organic Agriculture Board 
(NOAB). The TWG renamed as the National Committee on the Accreditation of  
Organic Certifying Bodies (NCOA-OCB) is composed of  the head of  agencies 
and representatives of  DA-BPI, BAI, BFAR, BSWM; DOST-PCAARRD; DENR-
ERDB; DTI-EMB and CPAB and DOH-FDA, consumer group, academe, and non-
government organizations. The tasks of  the committee include the evaluation and 
approval of  the accreditation of  OCBs, review of  the OCBs’ operation based on 
validation reports, and suspension/revocation of  official accreditation certificate if  
there is failure to address major non-compliance and systemic failure occurring in 
their implementation.

To reiterate to the OCBs the significance of  mandatory standards for use and 
compliance by the officially accredited OCBs in their inspection and certification 
procedures, the NCOA-OCB issued Resolution No. 3, Series of  2017 stating that 
officially accredited OCBs shall use and comply with the requirements indicated in 
the applicable mandatory standard in their provision of  inspection and certification 
of  organic agriculture farms and establishments.
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The quality manual of  OCBs should also be based on the approved PNS. To 
emphasize the significance of  PNS, Annex D of  Department Circular No.6, Series of  
2015 (a technical regulation on the official accreditation of the OCBs),  holds officially 
accredited OCBs responsible for ensuring that its certified clients are compliant with 
all the requirements of  the PNS and the governing guidelines. The other major 
responsibilities of  officially accredited OCBs are the following:

a. Ensure compliance with labeling requirements of  products of  operations they 
certify

b. Conduct certification and/or inspection activities  of  approved scope based 
on their submitted quality manual;

c. Submit their organization to inspection and monitoring activities of  the DA-
BAFS;

d. Issue notice of  relevant documents and notifications such as certification 
decisions, including corrective actions and certificates in compliance with 
the PNS related to organic agriculture as well as notice of  non-compliance, 
suspension or revocation of  certification of  clients that do not comply with 
the PNS for organic agriculture;

e. Source out analytical testing services from ISO/IEC 17025:2005 accredited 
and/or officially accredited OCBs;

f. Follow recommended sampling procedures for analytical testing based on 
internationally recognized standards (e.g., Codex)

In the Philippines, there are two OCBs officially accredited by DA-BAFS 
through the approved resolution of  NCOA-OCB: the OCCP and the Negros Island 
Certification Services (NICERT). Both OCBs are private and operating as third-party 
certifiers. Under Section 17 (Labeling of  Organic Produce) of  RA 10068, only third-
party certification is allowed to be labeled as organically produced. The organic law 
does not recognize other certification schemes like the participatory guarantee system 
(PGS). One of  the implications of  this current certification system in the Philippines 
is on the certification fees set by the OCBs. Despite several farmers’ resolution to 
lower the certification cost, the DA-BAFS, NCOA-OCB, and the NOAB do not have 
the power to regulate the fees because OCBs are operating as private business entities; 
the rule on competition applies. To address this concern, there is a need to fast-track 
the amendment of  the law to allow and formally recognize alternative certification 
schemes like the PGS and open up the possibility of  having a government organic-
certifying body or a combination of  third-party private and government organic 
certifying bodies operating in the country.

At the ASEAN level, inspection, certification, and accreditation procedures vary 
among AMS because most of  the national standards on organic agriculture are not 
yet aligned with the ASOA. The 4th workshop on the alignment of  national organic 
standards was concluded in September 2017 in Manila, Philippines. In terms of  
certification, Table 2 shows differences in the nature of  conformity assessment bodies. 
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In Indonesia and Thailand, a combination of  private and government certifying 
bodies are operating to carry out certification activities. In Malaysia and Lao PDR, a 
government body is responsible for organic certification. Cambodia, Myanmar, and 
the Philippines have third-party private certifying bodies. 

Table 2. Setup of ASEAN member states’ conformity assessment bodies (as of November 2016).

ASEAN member state
Government 

conformity assessment 
bodies 

Private conformity 
assessment 

bodies
Remarks 

Brunei Darussalam x x

Cambodia x √

Indonesia √ √ One government CAB, while
private CABs are accredited to
ISO 17065-government

Lao PDR √ x

Malaysia √ x

Myanmar x √

Philippines x √

Singapore Pending submission of
information

Thailand √ √

Vietnam Pending submission of
information

Source: Philippine Secretariat Notes, 1st Workshop on the Development of AGOC Document, November 16-18, 
2016 Manila, Philippines

Along with the alignment of  national standards to ASOA, a series of  workshops 
was also carried out to develop the common ASEAN Guide on Organic Certification 
(AGOC). The first and second workshops were held in November 2016 and February 
2017 in Manila and Bangkok, respectively. The aim of  this activity is to harmonize the 
certification schemes among AMS with an end view of  using this document in crafting 
mutual recognition agreements and to facilitate freer trade of  organic products within 
the ASEAN region. AGOC specifies minimum guidelines and requirements on 
organic certification that the AMS, through their respective competent authority, and 
its recognized certification body (CB) shall adopt in the national level. The document 
will be endorsed to the newly created Experts Working Group on Organic Agriculture 
(EWG-OA) in 2018.

Another use of  organic standards is in the pre-assessment activity carried out by 
the DA-regional field offices (DA-RFOs) in relation to the processing of  certification 
assistance. In accordance to Annex 2 of  Department Circular No.4, Series of  2015, on 
the revised guidelines on the provision of  certification subsidy incentive for organic 



190    APPROACHES TO ORGANIC RICE PRODUCTION: MEETING THE CHALLENGES OF LOW EXTERNAL INPUT AGRICULTURE SYSTEMS

agriculture entities/farmers and organic input producers, the DA-RFOs conduct pre-
assessment of  all potential applicants to evaluate their compliance with the relevant 
PNS for organic agriculture. For applicants that are not compliant with relevant PNS 
on organic agriculture, they will be given an opportunity to implement corrective 
action. For applicants who complied with the organic standards, their application for 
certification assistance will be processed through the officially accredited OCB.

Future initiatives on organic farming standards development and updating

Standards are considered as “living “documents that could evolve through time. 
Considering the characteristics of  standards as science-based, it is expected that 
through generation of  new research findings, the standards that the experts deemed 
right at present may no longer be technically correct or appropriate in the future. For 
example, some of  the inputs that are included in the standards and currently allowed 
to be used in organic production system could be removed from the positive list if  
there are results from experiments that it could negatively affect soil or water quality 
or the integrity of  organic product. Moreover, if  there are threats to human, animal, 
and plant health that might arise from certain practices indicated in the standards after 
its implementation, the review committee or technical working group can convene to 
discuss and assess the chemical and biological risks. Risk assessment results are crucial 
in standards development and in making necessary revisions in the requirements.

At the international level, the IFOAM COROS and Standard underwent several 
revisions (Versions 2005, 2012, and 2014). The IFOAM Standard Committee 
reviews comments from stakeholders regarding the applicability of  requirements 
in the standards and advances in organic agriculture research. Results from public 
consultations and developments in research on organic farming are largely considered 
in making changes in the standards. IFOAM-Organics International has a motion 
reconciliation process prior to the approval of  a particular version of  the standard 
to ensure that the motions from members and organic stakeholders are adequately 
addressed. Likewise, in the area of  R&D, IFOAM Organics International has very 
close coordination with the International Society for Organic Agriculture Research 
(ISOFAR). It is expected that an updated version of  IFOAM Organic Standard will 
be released.

At the regional level, with the economic integration, harmonization of  standards 
will remain the basic process to break barriers to trade. The AROS and ASOA could 
be updated based on the same premises used for updating the IFOAM Standard.

At the national level, the PNS on Organic Agriculture, together with other 
approved relevant standards on OA, could also be updated when changes have been 
made to Codex, IFOAM, Asia, and ASEAN organic standards. National organic 
standards should be harmonized with international and regional standards. Two draft 
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standards in the pipeline will be finalized by 2018, which include the retailing of  
organic products and the Code of  Practice for the production of  organic inputs 
(Table 3).

 Table 3. Organic agriculture standards for finalization.  
Draft standard Scope 

Code of Practice for 
Production of Organic Soil 
Amendments

Intends to provide guidelines on the production of organic 
soil amendments to ensure that products developed are safe, 
of good quality, and compliant with the provisions of the PNS 
for Organic Soil Amendments (PNS/BAFS 183:2016) and 
PNS for Organic Agriculture (PNS/BAFS 07:2016). It includes 
sections on establishment design and facilities; production of 
organic soil amendments; packaging, labeling, and storage; 
waste management; worker’s health, safety, and welfare; 
documentation and recordkeeping; and traceability.

Guidelines for Handling 
and Retailing of Organic 
Agricultural and Fishery 
Products

The guidelines are divided into three major parts: (1) postharvest 
handling requirements, (2) retailing requirements, and (3) 
general requirements for both postharvest and retailing of 
organic products. The objective of the guidelines is to ensure 
that organic agricultural and fishery products handled or sold 
by handlers/retailers at the retail establishments maintain their 
organic integrity at all times. All organic products, in general, 
should be prepared and handled in accordance with the general 
requirements of the relevant Philippine National Standards 
for Organic Agriculture and/or Organic Aquaculture, and good 
manufacturing practices (GMPs).

With increasing concerns on environmental protection and health and wellness 
resulting in a wider market reach for organic products, there is indeed a need for 
strict implementation of  technical regulations on organic agriculture and monitoring 
of  compliance to standards to avoid fraud, which is a persistent issue in the 
organic industry. IFOAM-Organics International and Organic Integrity Network 
Anti-Fraud Initiative started activities to safeguard organic integrity in the global 
market. In addition, the Organic Materials Review Institute (OMRI), a nonprofit 
organization serving the organic community and the public by verifying “inputs” 
such as fertilizers and other products intended for use in producing certified organic 
food or fiber, continues to do its mission in identifying and reducing fraud in the 
use of  organic inputs. The Philippines, through the DA-BAFS and DOH-Food and 
Drug Administration, ensures that products claiming to be organic are compliant to 
standards before issuing market authorizations for locally produced and imported 
organic products. Aside from these government authorities and non-government 
organizations working on organic integrity protection, input suppliers and producers, 
organic farmers, retailers, distributors, exporters, importers, and consumers should 
take an active role in ensuring that all processes in the organic food system are 
compliant to organic agriculture standards.
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