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PREFACE

Agriculture is the foundation of the Philippine economy. Rice and vegetable 
farming are the most common sources of livelihood among Filipino farmers. 
However, an inadequate supply of rice and vegetable are the impending 
problems in the Philippines today. This can be attributed to the high cost of 
production and unsustainable practices being employed in the farms.

This Teacher’s Guidebook would be a good approach to education and 
training to provide opportunity for our young generation to realize that 
agriculture is a noble task to do. This guidebook is developed to promote better 
understanding of the agro-ecosystem to monitor and evaluate the condition 
and status of the commodity either crops or animals and the integration of 
agriculture concepts in the basic education curriculum subjects through the 
stand alone-lesson plans with the end goal of facilitating learning for an 
environmentally-friendly, healthy, economical, and productive practices for 
growing food crops.  

The Teacher’s Guidebook is divided into three major parts. The first part 
presents the fundamental principles of organic agriculture to initiate inclusive 
socio-economic and environmental development for the country. Specifically, 
this is comprised of five topics: (1) Philosophy of Organic Agriculture, (2) 
Sustainable Agriculture, (3) What is Organic Agriculture, (4) Integration 
Framework (Education through Socio-Scientific Issues), and (5) Agro-Ecosystem 
Analysis (AESA): A Scientific Tool. The second part presents the foundation 
of sustainable agriculture comprised of nine subtopics: (1) Organic Farm Plan, 
(2) Farm Record Keeping, (3) Seedbed Preparation and Management, (4) Seed 
Germination, (5) Living Soils, (6) Soil Nutrient Management Plan, (7) Pests and 
Disease Management Plan, (8) Weeds Management, and (9) Crop Harvesting 
Operations. These topics provide the context through which the agriculture 
integrated stand-alone lesson plans were developed in the basic education. 
The third part presents the summary list of the agriculture integrated stand-
alone lesson plans as complementary instructional in CD/DVD format only. 
A significant portion of the contents of this Guidebook were referenced from 
the previous publications of the author such as the ‘Student Field School’ and 
‘Stand-alone Lesson Plans on Integration of English, Science and Mathematics on 
Organic Farming’.    

This Guidebook serves as a practical guide for teachers in integrating 
concepts of organic agriculture into different school subjects to help our leaders 
and civil society achieve the United Nations’ 17 Sustainable Development 
Goals – poverty alleviation and hunger, responsible food and consumption, 
and healthy sustainable environment. Lastly, it is hoped that we could inspire 
today’s youth to pursuing agricultural and food scientists for food sufficiency, 
security and a sustainable economy for the present and the next generations 
to come.  

Julito Contado Aligaen 
Dominador Dizon Mangao
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PART I
OVERVIEW OF SUSTAINABLE ORGANIC AGRICULTURE

Origin and Philosophy of Organic Agriculture

The concept of organic agriculture started in the early part of the 20th century in 
Europe and in the United States. The pioneers of the early organic agriculture 
movement were motivated by a desire to reverse the perennial problems 
of agriculture, namely; erosion, soil depletion, decline of crop varieties, 
low quality food and livestock feed, and rural poverty (Kuepper, 2010). In 
addition, these organic pioneers embraced the holistic notion that the health of 
a nation built on agriculture is dependent on the long-term vitality of its soil. 
The health and vitality of the soil were believed to be embodied in its biology 
and in the organic soil fraction called humus (Kuepper, 2010).

According to Kuepper (2010), the term “organic farming” became more 
popular after “humus farming” and the first use of “organic” to describe 
this form of agriculture was in the book “Look to the Land” by Northbourne. 
Northbourne (1940) used the term to characterize farms using humus farming 
methods, because he perceived them to mimic the flows of nutrients and 
energy in biological organisms – “. . . a balanced, et dynamic, living whole 
(Scofield, 1986). Tisdale, Samuel, and Nelson (1966) highlighted that the word 
“organic” was intended and used to describe process and function within a 
farming system – not the chemical nature of the fertilizer materials used, and 
not adherence to a discredited notion of plant nutrition.  

In his book “The Omnivore’s Dilemma”, Pollan (2006) articulated his vision 
that there are three pillars or legs to the counterculture vision of organic 
agriculture. The first leg is environmentally sound farming without the use of 
synthetics to produce high quality safe food; the second leg is an alternative 
food distribution system with few middlemen; and lastly, organic food with 
minimal processing and no artificial ingredients.       

The US National Organic Food Production Act of 1990 was enacted to 
establish the criteria and certification regulations by which the nation could 
realize uniformity in the growing, processing, and labeling of organic food via 
the National Organic Standards Board (DeLind, 2000). According to Gershuny 
(1992), the act corresponded with a burgeoning organic industry and reflected 
the belief that a single, simple definition of organic can serve to “safeguard . . . 
the meaning of ‘organic’ inside the federal bureaucracy”. Organic standards 
provide a mechanism by which farmers pursuing sustainability goals can be 
compensated by the market for internalizing external costs (Lampkin, 1996).  

The US National Organic Standards Board (1996) defines “organic” in 
organic agriculture as “an ecological production management system that 
promotes and enhances biodiversity, biological cycles and soil biological 
activity”. It is based on minimal use of off-farm inputs and on management 
practices that restore, maintain and enhance ecological harmony. The 
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principal guidelines for organic agriculture production are to use materials 
and practices that enhance the ecological balance of natural systems and 
that integrate the part of the farming system into an ecological whole. The 
primary goal of organic agriculture is to optimize the health and productivity 
of interdependent communities of soil life plants, animals, and people (NOPT, 
1995). Differentiating organic agriculture from chemical agriculture, Paull 
(2011) stressed that organic food is produced without the use of synthetic 
fertilizers, pesticides, genetically modified organisms (GMO), irradiation, 
prophylactic antibody, and engineered nanoparticles.          

Organic agriculture is one of the valid alternative approaches having the 
potential to meet food sufficiency and security in the local challenges. Organic 
agriculture is a holistic production system aiming to sustain the health of 
soils, ecosystems, and people (FAO/WHO, 1999; IFOAM, 2007; Ramesh et al., 
2010). Organic agriculture fuels nutrient cycling in food production, based on 
organic fertilizers such as green manure, compost or animal manure.

Organic farming is an alternative and holistic approach that uses practices 
to improve the physical, biological, and chemical properties of soils and 
can deliver agronomic and environmental benefits, particularly long-term 
improvement of soil fertility and quality. Organic agriculture aims for 
resilience, or the capacity to resist shocks and stresses and persistence, or the 
capacity to continue over long periods. 

Organic Agriculture
The motivations for organic production include concerns about the economy, 
the environment, food safety and social justice. Organic agriculture and 
human health are directly impacted by the health of the environment where 
healthy soil is the foundation of healthy crop products. Organic farmers 
traverse the spectrum: complete avoidance of external inputs, utilization of 
on-farm sources of compost for fertilizer and encouragement of the activity 
of beneficial insects. The philosophy of “input substitution” is discredited by 
many longtime advocates of organic agriculture. A truly sustainable method 
of organic farming would seek to eliminate, as much as possible, reliance on 
external inputs. 

Sustainable Agriculture

Advocates of organic farming claim that “farming against nature is destructive 
and unsustainable” just like the green revolution, the considerable impact of 
green revolution on the ecosystem was the deterioration of soil quality, the 
overuse of water, poisoning from pesticides and decreasing genetic diversity. 
The only farming system that conserves the natural resources is “farming with 
nature” or “ecological-based agriculture” and “resourced-based farming”. 
This means that while doing food production for human consumption, 
the natural component of the ecosystem is not only being maintained but 
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even improved to provide for the next continuously increasing number of 
consuming population. Science and Technology plays an important role 
to keep individuals informed that natural resource is not a fixed asset but a 
variable that could only be controlled by both internal and external factors. 
Corporate-based science began to see the opportunity and entered the scene 
in the disguise of a scientific approach to increase production by introducing 
chemical-based soil amelioration and coined the termed “pest” for “insects” 
that damaged crops to introduce pesticides for control. The results were just 
simply a correlation of input and output. In order to attain higher output of 
production, one must increase the external input, but as the external input 
increases, (i.e. chemical-based fertilizers and variety of pesticides) production 
decreases.

Moreover, this concept of “green revolution” resulted to various issues 
such as health related issues, destruction of farmland ecosystem, loss of 
biodiversity, and poisoning of farmers and chemical handlers. Social, economic 
and environmental sustainability are closely intertwined and necessary 
components for a truly sustainable agriculture. For example, farmers faced 
with poverty are often forced to mine natural resources like soil fertility to 
make ends meet, even though environmental degradation may hurt their 
livelihoods in the long run.

So, what does sustainable agriculture really mean? To quote Neher (1992), 
“the most perplexing attribute of sustainable agriculture is that there is no 
precise, set formula that applies to all situations . . . sustainable agriculture 
is applied uniquely to each site and is a management-intensive, resource-
conserving process that considers both long- and short- term economics.” 

The Sustainable Agriculture Research and Education (SARE) program 
defines sustainable agriculture as “an integrated system of plant and animal 
production including trees practices having a site specific application that will, 
over the long term:
•	 Satisfy human food and fiber needs;
•	 Enhance environmental quality and the natural resource base upon which 

the agricultural economy depends;
•	 Make the most efficient use of nonrenewable resources and on-farm 

resources and integrate, where appropriate, natural biological cycles and 
controls;

•	 Sustain the economic viability of farm operations; and
•	 Enhance the quality of life for farmers and society as a whole.

This definition describes, in broad terms, the goals of sustainable 
agriculture. However, the methodologies by which these goals are attained 
remain a contentious issue. There are production situations in which the 
minimal use of a synthetically derived pesticide or fertilizer may be the 
most viable solution. This action would be not being permissible in organic 
production standards, even if the persistence of the problem situation were 
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to have a detrimental effect on the economic stability of the farm. Sustainable 
agricultural practices attempt to encompass the entire milieu of the farm with 
a systems-level approach. This includes attention and consideration of the 
economic systems (measurement-mathematics) in which the farm operates 
(technology), as well as the handling of labor resources and production 
practices (society and technology) as they interact with the ecological network 
of the particular environment.

The current food system in the technologically developed world, including 
every step from seed to table, reflects past exploitative approaches to 
agriculture. Soils have become depleted, small farms cannot compete with 
integrated corporate producers in the market place (commercial science), and 
consumers have come to expect a magical convenience; bought without 
consideration of the hidden costs of production (corporate science keep secret the 
elements of sustainability). Appraising this situation with a sustainable approach 
creates formidable challenges; one which lends itself to many interpretations 
of how sustainability will be reached through active learning education.

Organic Agriculture Defined

Organic agriculture can be defined as an ecological-based production 
management system that promotes and enhances biodiversity, biological 
cycles and soil biological activity. It is based on minimal use of off-farm inputs 
and on management practices that restore, maintain and enhance ecological 
harmony. The primary goal of this organic science is to optimize the health 
and productivity of interdependent communities of soil life, plants, animals, 
and the humans. Organic farming is considered a systems approach, where 
interactions between components, including crops, animals, insects, soils are 
as important as the whole farm itself. Instead of using synthetic fertilizers, 
organic farmers use crop rotations, cover crops, and compost to maintain or 
enhance soil fertility and instead of using synthetic pesticides, organic farmers 
employ biological, cultural, and physical methods to limit pest expansion 
including vectors and increase populations of beneficial insects.

Norms of Organic Agriculture

It is about Health (Food Security)
Despite  the farming community’s acknowledgement that using external 
inputs such as insecticides/pesticides and chemical fertilizers affect the 
handlers’ health, the food consuming public and the ecological environment, 
the mainstream of information dissemination is still through different levels 
and forms of education. Since the subject of the matter is highly scientific, the 
mainstream education must take note of it. However, the education system 
does not have a clear framework of what is really needed in the learning 
process to produce more responsible individuals to take care of their own food 
system, environment and economy. Thus, less effort is undertaken to intensify 
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the education of the youth, who will be much affected by the deteriorating 
natural resources as a result of pollution and intoxication of different types of 
the toxic pesticides being used to produce agricultural crops which serve as 
primary source of human foods. Contamination of the soil and water by the 
toxic pesticides destroys the different lifeforms in the farmland biodiversity. 
Ensuring food not only the supply but also the quality, accessibility and 
affordability, and the level of the toxic contaminant should be taken into 
consideration, thus food security is at stake in a very unstable farmland 
ecosystem. 

A blood screening study was conducted to determine pesticide 
contamination from the two prominent families of chemicals: organophosphate 
(OP) and carbamate (CM) to three groups of samples, namely; (i) farmers, 
(ii) teachers, students and parents, and (iii) office workers selected by the 
Department of Education. The test was conducted by the Department of 
Agriculture in Davao del Norte, Philippines with the assistance of a health 
expert trained by Thailand Health Ministry through Chiang Rai University. 
This blood screening study was funded by the Thailand Education Foundation, 
a non-governmental organization (NGO). 

Results showed that all blood samples have been positive with the 
presence of organophosphate (OP) and carbamate (CM) contamination at 
different scales from “normal”, “safe”, “risk”, and “unsafe” levels though no 
significant difference was found between and among the samples (N=800).
From the samples, nobody belonged to the “normal” scale while majority 
fell on the “risk” scale followed by the “unsafe” scale. The blood screening 
test did not distinguish separately between organophosphate and carbamate 
pesticide contamination. However, the same color coded paper known as 
“Reactive Cholinesterase Paper” was used which can detect both. Based 
on the results, it can be concluded that the food chain in the community is 
indiscriminately contaminated with organophosphate (OP) and carbamate 
(CM) chemicals. A more detailed results and findings is found in Appendix.

 
Agriculture Integrated Stand-Alone Lesson Plans
1. Safety Measures in Farm Operation (Secondary)
2. Preventing Hazards in the Workplace (Secondary)
3. Respiratory System Working with the other Organ System (Secondary)  
4. Identifying the Key Sentence in Paragraph (Elementary)

It is about Ecological Maintenance (Man and Nature)
Organic farming or agriculture in general builds on the concept that natural 
ecosystem is an integrated whole, that it is our moral duty and responsibility 
to respect and maintain the intrinsic value and because, by using its regulatory 
mechanisms, one can establish a more self-sustaining agro-ecosystem. Natural 
ecology is a very complex system that man usually fails to understand its 
complexity. The science behind this interaction is usually ignored or not 
even understood and always being neglected due to man’s demand of the 
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commodity to satisfy his wants. Natural ecosystem has the capacity to provide 
what is needed but man’s wants always prevail over needs. The norm and 
balance of ecological agro-ecosystem must be maintained by avoiding 
exploitative approach of utilizing the resources. 

Agriculture Integrated Stand-Alone Lesson Plans (Secondary)
1. Organize Information from the Materials Viewed (Secondary) 
2. Determine the Causes of Climate Change (Secondary)
3. Observing Others’ Circumstances (Secondary) 
4. Biodiversity and Evolution: Causes of Extinction (Secondary)
5. Pagkakaroon ng Plano sa Makaagham na Gawaing Pang-agrikultura na 

Bio-Intensive Gardening (BIG)(Elementary)
6. Making Inferences-Inferring Moods of Certain Events (Elementary)
7. Nouns-Plural in Form but Singular in Meaning (Elementary)
8. How Man Disturbs the Ecosystem (Elementary)
9. Multiply Whole Numbers (Elementary)

It is about Objectivity and Justice (Socio-scientific Issues)
The causes of environmental problems emanate from our ignorance and 
the technological impacts to life forms, and the solution lies with even 
more highly developed technical control incorporating technically reasoned 
limits (DARCOF, 2000). Most socio-scientific issues result from the poor 
understanding of science, that in the natural ecological system “everything 
is connected to everything else”. The nature of man’s behavior of greediness 
disconnects the science of sustainability behind the natural capacity of the 
resources to provide. Man failed to justify that in every democratic process, 
limitations are always drawn, but man always crosses the line and finds 
some coercive approach to win over his demand. A demand is formulated in 
disguise as “education”. It was suggested that everybody must be educated 
to let them acquire understanding of the system around them and make 
informed decision to interact with it, but still failed as Orr (1999) stressed “The 
destruction of the planet is not so much the work of ignorant people but rather it is 
largely the result of work by people with BAs, BScs, LLBs, MBAs and PhDs”. So in 
spite of our effort to educate our people, we always fail to provide justice to 
our environment, most especially to our natural agro-ecosystem. 

Agriculture Integrated Stand-Alone Lesson Plans
1. Organize Information from the Materials Viewed (Secondary)
2. Types of Text + Climate Change (Secondary)
3. Identifying Types of Adjectives (Effects of Climate Change in Agriculture)

(Elementary)
4. Sequencing the Major Events/ Ideas in an Article “Discuss the Importance 

of Organic Farming” (Elementary)
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Sustainability Science
(Integration of Organic Agriculture in Basic Education)

A new breed of scientists (i.e. organic, naturalist, and nutritionist) who really 
believed that “science through education” failed to provide environmental 
justice, are making great effort, thus trying to do it the other way around, 
“education through science”. Sustainability science is a learning process 
that adheres to experiential and discovery learning through socio-scientific 
approach. It also espouses “learning from what we are doing” and “doing 
things from what we are learning”. Experiential learning provides relevant 
learning experiences and sustained knowledge development from real-world 
socio-scientific issues. The concept of sustainability science comes primarily 
from how the society interacts with nature. It is generally perceived as an 
emerging discipline but in an integrated way of doing learning on the way 
towards a sustainable society. The concept of sustainability science by Kates 
et al. (2001) was adopted to facilitate and guide a multidisciplinary team of 
teachers, farmers and students to develop the “Teachers’ Guidebook on 
Sustainable Production and Consumption” which aimed to sustain and 
enhance the health of soils, plants, animals, and the humans. Production 
must be ecologically-based that sustains the natural cycles of all life forms 
within the ecosystem. It also aimed to promote respect towards fairness on 
the relationships of living environment and the opportunity for all life forms 
to co-exist in the living ecosystem and cultivate responsibility to protect the 
health and well-being of current and future generations and the environment. 

Integration Framework (Education through Science)

Agriculture sector faces the unprecedented challenge of securing not merely 
food but clean and nutritious food supplies for a rapidly growing population, 
while trying to balance its impact to our environment and to reduce the use of 
non-renewable resources and energy. A shift towards sustainable agricultural 
production entails the adoption of more system-oriented strategies that include 
farm-derived inputs and productivity based on ecological processes and 
functions (Garnett & Godfray, 2012). Sustainable agricultural systems involve 
the traditional knowledge and entrepreneurial skills of farmers (IAASTD, 
2008). However, our education has somehow failed to provide a substantial 
knowledgebase because we still follow the traditional paradigm of “science 
through education” instead of “education through science”. Education through 
science is an activity-based learning drawn from the concept of discovery 
and experiential learning approach and from the current scientific domain 
compared to the traditional and current science through education which is 
structured learning based on traditional curricula of science that fragments the 
knowledge “what we are learning is not what we are doing” and “what we 
are doing is not what we are learning”. 
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The goal of integrated education is to provide the long-term foundation for 
transformation to address knowledge fragmentation. Integration of education 
in all aspects of all learning process must be implicated, especially in the issue 
of food security (enough food supply, affordable, clean and nutritious). As clearly 
stated in the United Nation’s Sustainable Development Goals (SDG4) Target 
4.7, by 2030, ensures that all learners acquire the knowledge and skills needed 
to promote sustainable development, including, among others, through 
education for sustainable development and sustainable lifestyles, human 
rights, gender equality, promotion of a culture of peace and non-violence, 
global citizenship and appreciation of cultural diversity, and of culture’s 
contribution to sustainable development (UN, 2015). This framework adopts 
the concept of “education through science” rather than “science through 
education.”

Agro-Ecosystem Analysis (AESA): A Scientific Tool

An agro-ecosystem is defined as an agricultural system understood as a set of 
complementary relationships between living organisms (including crops and/
or livestock) and non-living components of their environment within a certain 
physical area. 

The agro-ecosystem analysis is a scientific tool developed to help farmers, 
teachers and students to analyze the ecosystem of agricultural crops for 
effective management through organic approach. This tool helps to develop 
skills on observation, data gathering and analysis, arts of illustration, and 
decision making among facilitators and learners alike. It promotes discovery 
and experiential learning, thus it is highly recommended to be used weekly 
when conducting organic food production training and workshops. Figure 
1shows the formatted guidelines for conducting agro-ecosystem analysis while 
Figure 2 shows a sample of an actual output from the formatted guidelines. 
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Name of SFS (School Field School) FFS (Farmer Field School)

AESA:

Group No.:

Plot No.:

Date:

Week No.:

General Information Parameters: 
Agronomic and other Data

Date Planted: _______________________

Age of the Plant: ____________________

Stage of the Plant: ___________________

Weather Condition: _________________

Water level (for paddy rice): __________

Time of AESA: _____________________

Fertilizer used: _____________________

Basal: _____________________________

Top Dress: _________________________

Chemical(s) Used: __________________

Examples:

Length of leaves:

Width of leaves:

No. of leaves:

No. of diseased leaves:

No. of dead leaves:

Length of plant:

No. of pods:

List of Natural Enemies 
(NE-Predator)
1.
2.

Life size image of the 
actual crop/ or animal 
or any subject for 
analysis 

List of Pests 
(herbivores-prey)
1.
2.
3.

Observations from different 
parameters:

Recommendations for appropriate 
cultural practices:

Figure 1. Agro-Ecosystem Analysis (AESA) Format Guidelines.
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Figure 2. Sample of Actual AESA Output.
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PART II
ORGANIC CROP PRODUCTION

Organic Farm Plan

To become an effective and productive organic crop producer, one must follow 
and adopt standards concerning technology and engineering farm plan. As it 
is scientifically proven that consumer’s health is closely tied to healthy soils, 
organic agriculture must build-up or invest more on soil rehabilitation and 
maintenance of its fertility. According to the National Organic Standards 
Board’s (1996) recommendations, “A commitment to long-term soil 
improvement or maintenance at a high fertility level should be reflected in 
the organic farm plan. Therefore, the emphasis should be on building up 
organic matter in the soil through green manuring and /or applications of 
composted materials with complementary applications of rock materials.”  
It should be noted that the benefits of a soil building program will accrue for 
the conventional as well as the organic grower. However, the differences in 
allowable materials and practices of conventional and organic necessitate that 
the maintenance and enhancement of soil organic matter levels be elevated to 
the highest priority for the organic grower.

Agriculture Integrated Stand-Alone Lesson Plans
1. Solves Problems Involving Parallelograms, Trapezoids and Kites 

(Secondary)
2. Different Methods of Marketing Fruits (Secondary)
3. Solving Problems Involving Quadratic Equations (Secondary)
4. Measurement (Secondary)
5. Finding the Rate when the Percentage and Base are Given (Elementary)
6. Mga Dapat Tandaan at Pamamaraan sa Pagparami ng Halaman sa Narseri 

(Elementary)
7. Transfer of Energy/ Food Chain (Elementary)
8. Series of Direction-Procedure in Making Concoctions (Elementary)

Farm Record Keeping

Farmer cooperators should keep a record of their farm activities and 
transactions for a year. There is a need to supervise the farmer cooperator and 
direct what is to be done on the recording of information. 

A. Data to be Recorded / Collected
The farmer cooperator has to keep records and accounts. Farm records and 
accounts are written statements or collections of facts and figures on a subject 
for a definite purpose. The data to be included and the sequencing of the data 
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or information depend on your purpose. They may include data on money, 
dates and events, or quantities of farm produce. Examples of these records are 
inventory record, farm sales, farm expenses, feed records, and others. Farm 
accounts, on the other hand, are written financial statements. Examples are 
fertilizers, feed, insecticide accounts, etc. Money values are included in these 
accounts from purchase records, fertilizer records, and insecticide records.

The form of record keeping that can be asked the farmer cooperators 
depends on the farmers’ present skills and knowledge on record keeping. While 
records could be written on walls, posts, calendars, and pocket notebooks, it 
is preferable to let the farmer cooperator do a single entry form. Tables 1 and 
2 show examples of single entry records which the farmer cooperator could 
follow.

Table 1
Single Record Entry Example No. 1

Sales Record

Date Unit Description Unit Value Total Value

Table 2
Single Record Entry Example No. 2

Sales Record

Date Unit Description/
Quantity

Rice Corn Others

Unit 
Value

Unit 
Value

Unit 
Value

Unit 
Value

Unit 
Value

Unit 
Value

B. Classification of Receipts and Expenses
Farm records have to be classified based on receipts and expenses. For example, 
records for sales include cash sales and value for marketed products. Records 
should also show the date of transaction, quantity of products sold (for each 
product), cost per unit, and total receipts. There should also be a record for 
miscellaneous receipts and non-cash income to take care of unclassified receipts 
and non-cash income, respectively. If applicable, expenses can be classified 
into fuel and oil, equipment repairs and maintenance, transportation, taxes 
and interest paid, capital expenditure, and miscellaneous. Likewise, there 
should also be a record for unpaid family labor and non-cash expenses.

Part II: Organic Crop Production



13

C. Farm Inventory
Farm inventory, together with farm and accounts, is also needed to summarize 
farm business. The farm inventory is a list of what the farm business owns 
(assets) and owes (liabilities) at a given time, together with their values. The 
farm inventory may include the following categories:
a) Real estate (land and buildings)
b) Farm equipment and machinery
c) Feeds and supplies
d) Livestock
e) Growing crops
f) Others (cash on hand, notes receivable and accounts payable)

The best time to take the farm inventory is at the beginning and ending of 
a farm business year since less farm work is done at this time. The inventory is 
done by first listing down all farm properties and providing a brief description 
for each. The description may include the date of acquisition, construction or 
planting (in case of growing tree crops), original cost, number or quantity, 
etc. Then a value is placed on each item. All farm debts and receivables are 
also listed. Lastly, the information are summarized for farm business analysis 
purposes. The change can be computed for a given period using the following 
formula:

Change in           =         End-of-the-            _  Beginning -of-the
Inventory          Year Value    Year Value

A positive value implies an increase in inventory while a negative value 
means a decrease in inventory.

The average inventory can be obtained using the following formula:

      Beginning-of-the + End-of-the
         Average                        Year Value                 Year Value
         Inventory    =
      2

D. Methods of Valuing the Items in the Farm Inventory
The biggest problem in making an inventory is on how to place accurate values 
to the items. Table 3 shows valuation methods for different farm properties. 
Farmers need to know the following terms:
1. Original cost – the actual purchase of the asset. It is appropriate for assets 

with short life span whose values do not change very much through time.
2. Normal market value – the estimated average selling price of a project 

over period of years.
3. Present market value – the appropriate price for the property at the time 

of inventory.

Part II: Organic Crop Production



14

4. Original cost minus depreciation – commonly used for properties that are 
used for several years.

5. Cost value – a method of valuing a forest stand that can be used to value 
the growing timber crops.

Table 3
Suggested Valuation Method for Different Farm Properties

Farm Property Suggested Valuation Method

•	 Purchased feeds and supplies
•	 Crops raised and homogeneous feeds
•	 Livestock for sale
•	 Breeding and work animals
•	 Equipment and machinery
•	 Growing tree crops
•	 Buildings

•	 Original cost
•	 Present market value
•	 Present market value
•	 Normal market value
•	 Cost minus depreciation
•	 Cost value or market value
•	 Cost (of construction) minus 

depreciation

Depreciation represents the decrease in the value of a property due to normal 
wear and tear and obsolescence. According to Cruz & Calderon (2000), the 
common ways of computing annual depreciation are:
a) Straight-line method
b) Declining balance method
c) Sum-of-the-years digits method

Straight-line Method
In the straight-line method, first estimate the life span and scrap value from the 
original purchase price. Determine the annual depreciation using the formula:

       Purchase Price  - Scrap Value
     Annual Depreciation =
           Estimated Life Span

For example, the original cost of a farm implement is PHP 12,000. It has a 
life span of ten years and a scrap value of PHP 2,000. How much is the annual 
depreciation charge?

Solution:
      PHP 12,000      -      PHP 2,000
Annual Depreciation =                  = PHP 1,000/year
                       10 Years
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Declining Balance Method
In the declining balance method, estimate the depreciation charge based on 
the original cost of the property, its life span and the percentage of the original 
cost to be charged for depreciation. Each year of use of the property reduces its 
estimation of the depreciation charge for the ensuing year. This method leaves 
a small, unrecovered balance at the last year of property’s useful life.

Sum-of-the-Years-Digits Method
For this method, first determine the life span of the property. Then take the 
sum of the digits of the years, and use this as the denominator of each year’s 
depreciation. For example, if the life span is 10, the sum-of-the-years-digits is 
55 (10 + 9 + 8 + … + 1). This becomes the denominator.

This method assumes a heavy depreciation charge for the earlier years. To 
ensure this, the numerator for the first year takes on the value of the last year. 
It is just similar to a countdown, where we assign the last year, in this case 
10, for year 1. We then arrive at a ratio where the numerator is what has been 
described before and denominator is the sum-of-the-years-digits. To get the 
depreciation charge per year, multiply the ratio by the original cost. 

Agriculture Integrated Stand-Alone Lesson Plan
1. Keep Farm Record and Account (Secondary)

Seedbed Preparation and Management

Seedbed preparation and management is the single most important factor in 
the success of any vegetable farming. The seedbed must be smooth and weed 
free. Weeds will compete with seedlings for nutrients, water and sunlight. 
If not controlled, weeds can considerably delay the growth and maturation 
of the seedlings. A smooth, clump-free seedbed will guarantee firm contact 
between the soil and seed, thus enhancing seed germination.

Agriculture Integrated Stand-Alone Lesson Plan 
1. Find the Area of Parallelogram/ Triangle (Secondary)

Seed and Seed Germination

A seed isan embryonic plant waiting to get out. It is the pleasurable task of 
the gardener to turn the seed from dormancy into a living thing by providing 
warmth, light, air and moisture. Seeds even have their own food supply to 
start them off, at least until they canextendroots and draw food and water 
from the soil. Some seeds are not quite fussy over the conditions in which they 
would grow. Others are so sensitivethatthey require a carefully controlled 
environment to germinate.  
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Seed is of good quality when more than 70% of the seed germinates and 
germination occurs within approximately 7-14 days. Irregular germination 
results in seedlings of different sizes. High germination percentage is especially 
important when hybrid seed is used because this is often the most expensive 
input of production. Most seed companies have their own minimum seed 
germination standards. For example, an international seed company based in 
Thailand states that germination of their hybrid tomato varieties is over 80%. 
Actual germination depends on seed age and storage conditions.

Methods of Seed Sowing
Sowing is the most important operation in crop production. Sowing is the 
placing of specified quantity of seeds in soil in the optimum position for its 
germination and growth. The seed must be deposited at required depth (i.e. 
moist zone of soil so as to get optimum condition for its germination). Too 
shallow sowing results in thin germination due to inadequate soil moisture at 
top soil layer. Similarly, if the seeds are sown very deep in the soil, the young 
seedlings may not able to push their shoots above, through thick soil layer.  
Seed must be sown at proper depth and should be properly covered with soil so 
as to get adequate moisture for its germination. Seeds are sown either directly 
in the field or in nurseries where they are raised and then transplanted later. 

Seedlings
Germination is the resumption of active embryo growth. Prior to any visual signs 
of growth, the seed must absorb water through the seed coat and micropyle. 
In addition, the seed must be in the proper environmental conditions; that is, 
exposed to oxygen, favorable temperatures, and for some correct light. The 
radicle is the first part of the seedling to emerge from the seed. It will develop 
into the primary root from which root hairs and lateral roots will develop. The 
portion of the seedling between the radicle and the first leaf like part called 
plumules are attached to a structure called the hypocotyl which becomes 
the stem. The seed leaves and cotyledons encase the embryo and are usually 
different in shape from the leaves that the mature plant will produce. Plants 
producing one cotyledon fall into the group of monocotyledons or monocots 
while plants producing two seed leaves are called dicotyledons or dicots.
When seeds germinate the first leaves to appear are the cotyledons or seed 
leaves. These are usually a pair of oval, fleshy leaves that bear no resemblance 
to the mature leaves of the plant. 

Care of Seedlings 
The following practices are recommended when handling seedlings before 
they are transplanted to the main field.

Pricking Out
The conventional practice is that seedlings should not be pricked out or 
transplanted until the first true leaves appear. In the case of large seedlings, 
such as eggplants or pechay, this could be pricked before the true leaves have 
developed and it is a sound advice to sow the seedlings individually in small 
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pots. The rule is never to handle the plants by their stems, which bruise easily, 
but always by their seed leaves. Some people use a sharpened wood, or a 
metal device to separate and ease out the seedlings, taking care not to damage 
the delicate roots. It is good to prepare the planting holes in the trays of well-
moistened compost before actually lifting out the seedlings from the sowing 
container. Simply ease each seedling into position with the roots falling neatly 
into the hole, then gently firm the compost into contact with the baby plant 
while still holding it by the seed leaf. 

Hardening Off
It will be necessary to harden off the seedlings before transplanting them 
into the garden bed. This is accomplished by placing the seedling outside in 
a sheltered location. At this point, the seedlings are very tender and could 
easily break by wind and rain. Start out by placing the seedling in full morning 
sunlight for one hour. Increase the time in full sunlight gradually adding time 
each day. Protect your seedlings from wind and animals to prevent breakage 
of the tender vegetation. Within two weeks, your plants should be able to 
stand full sunlight the entire day without wilting or burning the tender leaves. 
At this point, the seedlings are ready for the harsh elements of the garden.

Thinning and Rouging 
Some plants with tiny seeds cannot be transplanted. They can be sown along a 
shallow drill and later some seedlings can be pulled out leaving the seedlings 
5 cm apart. This is called thinning. On the other hand, the process of pulling 
out diseased or weaker plants is called rouging.

Agriculture Integrated Stand-Alone Lesson Plans
1. Care and Management of Seedlings (Secondary)
2. Seed Testing and Germination (Secondary)
3. Treatment and Sowing of Seeds (Secondary)
4. Constructing Single Vertical and Horizontal Bar Graph (Elementary)

Living Soils

Our language abounds with phrases such as “to be on a nation’s soil”, 
“grounded”, and “down to earth” express our connection to country, a sense of 
place in our environment, a sense of geography. Although we seldom consider 
the role of soils in our day-to-day lives, we have an intrinsic understanding 
that soils are home (Needelman, 2013).

Soil is a material composed of five ingredients – soil minerals (i.e. clay, silt, 
and sand), soil organic matter, living organisms, gas, and water. Soils are the 
primary provider of nutrients and water for much of the plant life on earth. 
According to Brady and Weil (2007), there are 18 elements considered essential 
for plant growth, most of which are made available to plants through root 
uptake from soils.    
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Soils are among the great ecosystem service providers on earth (Haygarth 
& Ritz, 2009). Soils store and provide water for plants. They prevent floods by 
transferring water slowly to streams and groundwater. They filter and remediate 
pollutants. They cycle and recycle nutrients and wastes- transforming them 
into biologically available forms, storing them for later use, and preventing 
their leaching to ground and surface waters. Soils provide habitat for a vast 
diversity of life. However, many of these ecosystem services are being lost 
through degradation and loss of soils. The conservation, restoration, and 
optimization of ecosystem services provided by soils are among the great 
challenges for humanity in the 21st century.

A. Soil Defined

Part II: Organic Crop Production



19

B. Soil Texture
Soil scientists have defined soil texture as the proportion of sand, silt, and clay 
particles that comprise a particular soil sample. Sand is a type of soil with 
particles having diameters ranging from 0.05 to 2.0 mm. Silt has particles 
having diameters ranging from 0.002 to 0.05 mm while clay has particles with 
diameters that are less than 0.002 mm. Soils may also be described as coarse 
or fine. A coarse-textured soil has more sand, whereas a fine-textured soil has 
more clay. A soil with properties equally influenced by sand, silt, and clay is 
called loam or loamy soil.

Soil texture is not something that can be changed in a short span of time. It 
is essentially what a particular learner is “given” to work with at a particular 
time. In the long-term, texture might be changed by events, such as flooding 
or landslides where large deposits of soil from another region are deposited 
in the soil of another region.  It should be noted that the addition of organic 
matter does not change the soil texture. However, it does change the other 
characteristics of soil, such as structure, water-holding capacity, drainage, and 
nutrient-holding capacity – in fact, almost every important characteristic of 
the soil, except texture. Since this idea can be confusing for many learners, this 
concept must be explained with utmost care.

The texture of a soil is directly related to many important aspects of fertility.  
For instance, the ability of a soil to absorb and retain water, and to hold plant 
nutrients directly affects the ability of roots to develop and move through the 
soil. Soils with a lot of clay are said to be “heavy” soils and tend to hold a lot 
of water, which makes the water move slowly. Soils with a lot of sand are 
considered “light” soils because they tend to hold very little water, unless they 
also contain a lot of organic matter. Water infiltration (movement) in sandy 
soils tends to be very rapid. 

Part II: Organic Crop Production



20

Figure 3 shows a textural triangle. The bottom of the triangle is labelled 
sand, the right side silt, and the left side clay. Each side is divided into 100 
segments. If people know the percentage of sand, silt, and clay in the soil, they 
can easily determine soil texture. For example, if a soil is 40% sand, 30% silt, 
and 30% clay, the texture is clay loam.   

Figure 3. The Soil Triangle. 

Note: To determine the texture, lines from the sides must be extended in the 
correct direction. The triangle is equilateral, i.e., all angles are 60 degrees. 

Proceed as follows:
Clay extend line horizontal from the % clay, i.e., parallel with side labelled 
sand; silt extend line downward from % silt at 60 degrees, i.e., parallel with 
side labelled clay; and Sand extend line upward from % sand at 120 degrees, 
i.e., parallel with side labelled silt.

C. Soil Structure
Soil structure refers to the geometry or physical arrangement of the soil 
particles in relation to each other. Unlike texture, soil structure can be modified 
by the farmer through activities such as tillage and water management. Other 
factors like the action of insects, worms and microbes also affect soil structure. 
A poor soil structure may result in the need for greater amount of nutrients 
and a greater amount of water to produce the same level of plant health that 
a good soil does.
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D. Soil Profile
Soil characteristics, such as texture and structure can be examined from small 
samples taken from the field. However, it should be recognized that in such 
cases, soil profile is being considered independently from the actual field 
conditions. In the field, the behavior of soil systems depends on characteristics 
of soils at several levels or depths. The analysis of a soil profile is an examination 
of the vertical distribution of soils. Classification of such systems takes up 
much of typical soil science texts, and tends to be highly complex in nature.

In its simplest form, we can consider two layers of soil: topsoil and subsoil.  
The topsoil character can differ dramatically from what is found in the subsoil. 
Therefore it is difficult to predict what a soil profile might be by simply 
examining the topsoil. 

E. Drainage
Fresh rainwater carries dissolved oxygen needed by the soil, as well as 
nutrients needed by the plant. So the soil must be porous enough to permit 
good drainage and to prevent the water from standing and becoming stale. If 
drainage is too rapid, however, the soil will lose both the plant nutrients (which 
are subject to leaching) and water. If the drainage is too slow, nutrients will be 
depleted in the areas surrounding the roots, and they will not be replenished 
at a rate adequate to the needs of the plant. Slow drainage may also cause 
toxicity problems related to anaerobic conditions (lack of oxygen), leading to 
build-up of intermediate breakdown products such as alcohols and acids that 
are toxic to the roots. Poor drainage (too fast or too slow) is a major cause of 
poor plant growth, but is oftentimes rarely recognized by many farmers. 

Drainage at a particular location integrates several factors, so drainage is 
clearly related to both the structure and texture of a soil. Furthermore, the 
drainage at a particular location is related to the soil profile. Ideal drainage 
may be achieved in a soil, which contains open spaces of various sizes; wide 
spaces permit drainage, and small spaces trap water and allow for capillary 
movement of water.

Plants are continually growing roots into the soil to establish new sites of 
contact between root and soil. Most roots have a system of smaller and smaller 
branches, all the way down to microscopic “rootlets”. However, the amount of 
root material in direct contact with the soil is still very small.  

F. Organisms in the Soil System
1. Soil Microorganisms: Farmers’ “Friends”
There are a host of small, medium, and large organisms that found in 
soils, including mammals, birds, insects, and protozoa. But the greatest 
biodiversity lies in the soil microbes – the bacteria, fungi, archaea. Soil 
microbiologist are applying advanced molecular techniques to understand 
the diversity and function of soil microbes. 
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The majority of soil-living organisms are bacteria, fungi and nematodes.  
While some of these organisms cause diseases to crops, majority of 
these organisms actually serve a positive role. Many of the fungi serve 
to breakdown and process dead Organic Matter (OM) into smaller-and-
smaller components. These organisms are called saprophytes. Many of 
the bacteria serve useful function in transforming nutrients into forms that 
are easily absorbed by the plant roots.  Still others – both fungi and bacteria 
– may act as predators and parasites that help protect the plant roots from 
being attacked by diseases and pests. Thus, just like in the above-ground 
system, there exist “friendly” organisms that can help farmers fight pests 
and natural enemies in the soil system.

Plant roots also encourage soil aggregation. Roots pushing through 
the soil, together with dead roots, which cause cementing, help to form 
soil aggregates. Grasses and grains are particularly effective in promoting 
good soil structure, owing to the extensive network of their roots system.

2. Earthworms: Their Role in the Living Soil
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The three practices necessary to ensure a good soil structure are:  
(a) Keep some kind of crop growing as much as possible throughout the 
year to encourage maximum root growth; (b) Recycle crop residues to 
replace carbohydrates lost through biological activity; and (c) Minimize 
disturbance of the soil, which would reduce biological diversity and 
accelerate the destruction of soil structure and organic matter.

G. Soil pH
Soils are the primary provider of nutrients and water for much of the 
plant life on earth, most of which are made to plants through root uptake 
from soils. Most nutrients are dissolved in water as either positively or 
negatively charged ions; soil particles are also charged and thereby are 
able to electrically hold these ions. Soils also hold nutrients by retaining 
the soil water itself.

The pH of a soil refers literally to the Potential Hydrogen and is a 
measure of the soil acidity. Technically, pH refers to the amount of hydrogen 
ion (H+) present in the soil water (or any kind of liquid), measured on a 
logarithmic mathematical scale.  In rice production, knowledge of soil pH, 
particularly how to measure and manage it, is very important especially 
since pH affects soil chemistry and plant nutrition.
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The pH is a scale of measuring acidity that ranges from 0 to 14. A low 
pH (0-5) is acidic, and a high pH (9-14) is basic (lacking H+). A pH level 
that ranges from 6 to 8 is considered neutral pH. In many areas of the 
tropics, soils are generally acidic. Some soils have pH level of as low as 4.0 
and some even have as low as 3.0. Soil acidity does not directly hurt the 
plants, but rather, it affects the availability of nutrients for the plant. The 
same is also true for soils that are too basic (lacking in H+).
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Lime is the most common material used to neutralize acid soils. Lime, 
in pure form, is calcium carbonate (CaCO3). What is important in lime is 
not the calcium (Ca2+), although calcium is a required nutrient for plant 
growth. Rather, it is the carbonate (CO3-) that helps balance the pH level 
of acid soils. It does this by combining with the hydrogen ion (H+). Each 
carbonate molecule combines with two hydrogen ions, and in this way 
the lime “cleans up” the excess H+ and raises the soil pH toward neutral.
The formal description of the reaction goes as follows:

2 CaCO3 + 3H+   ↔   2Ca2+ + HCO3
- + H2CO3

For every two molecules of CaCO3, 3 ions of hydrogen are taken up 
(lowering the pH), producing 2 ions of calcium (which are now available 
for storage in the soil, or uptake by the plant), and one molecule each of 
bicarbonate and carbonate.

The amount of lime needed to raise 
soil pH to a neutral status depends 
on the type of soil and on the initial 
pH. Table 4 presents a rough guide 
to raising soil pH where lime is 
expressed in tons per hectare (T/ha). 

Table 4
Lime Requirement for Specific pH

 

L im e
p H T /h a
4 .0 1 0 .2 4
4 .1 9 .7 6
4 .2 9 .2 8
4 .3 8 .8 2
4 .4 8 .3 4
4 .5 7 .8 7
4 .6 7 .3 9
4 .7 6 .9 1
4 .8 6 .4 5
4 .9 5 .9 8
5 .0 5 .4 9
5 .1 5 .0 2
5 .2 4 .5 4
5 .3 4 .0 8
5 .4 3 .6 0
5 .5 3 .1 2
5 .6 2 .6 5
5 .7 2 .1 7
5 .8 1 .6 9
5 .9 1 .2 3
6 .0 0 .7 5
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H. Role of Soil Organic Matter
1. Soil Organic Matter (SOM)
When the nutrients enter the living organisms, they tend to circulate, 
moving through a food web where they are eaten by other organisms. 
For example, nutrients initially absorbed by plants might be eaten by an 
herbivore, which in turn might be eaten by a predator, and so on. At each 
trophic level or feeding level, energy and nutrients can be transferred in 
only a few ways: a certain fraction of the original plant or animal is passed 
on to the next trophic level or returned to the soil – either directly, or in the 
form of waste products from digestion. Meanwhile, in the case of energy, 
all organisms respire (breathe) and when this happens, the energy in the 
form of heat and carbon dioxide (CO2) is lost or goes to the atmosphere. 
Eventually, every living thing dies and goes back to the soil unless the 
nutrients are physically removed from the system just like what happens 
with products after harvest. What happens in this process is important 
for farmers because the SOM plays critical role in the functioning of the 
ecosystem, and in the health of the soil and crops. 

SOM is actually comprised of two parts: the living and the dead. The 
living parts include the microorganisms (also called microbes) like 
bacteria, viruses, and fungi including a great many hosts of larger animals 
like worms, termites, and beetles. Of greatest concern to farmers are the 
microorganisms, because these organisms are responsible for the majority 
of the processing that takes place when a dead animal or plant enters the 
soil system.  
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2. Positive Effects of SOM on Soil Structure
One of the most important benefits of SOM is the effect it has on soil 
structure.  It provides the raw materials for the “cements”, which bind and 
stabilize soil aggregates.  It also stimulates the growth of microorganisms 
and soil animals that contribute to aggregate stability. Residues high in 
carbohydrates are best in promoting stable aggregates. For example, straw 
is considered to be more effective than cow dung because it has more 
carbohydrates.

3. SOM acts as a “Buffer” 
Many farmers may think that they “feed their plants” by adding inorganic 
fertilizers (Nitrogen, Phosphorus and Potassium or NPK) to their soils. 
In fact, as long as there is good soil organic matter in the soil, inorganic 
fertilizers do not go to the plant directly. Rather, 80-90% of the inorganic 
fertilizers are absorbed into the life cycles of the soil microbes as these 
microbes grow and multiply.  Only when the microbes die are the nutrients 
from their decomposing bodies broken down into small molecules and 
freed into the soil to be absorbed by the plant roots. In exactly the same 
process, most of the nutrients from the breakdown of SOM itself will be 
taken up by growing populations of microbes. Thus, soil microbes first 
absorb all nutrients, whether organic or inorganic, before these nutrients 
become available to the plant. Thus, SOM acts as a buffer or something 
that protects the plants from damage.

In this way SOM, together with the microbes that feed on it, will bind 
or capture nutrients in a form that allows the stable long-term storage of 
nutrients, and their slow release into the soil and eventually into the roots 
of the plant. This is a much more efficient way to feed the plant because 
nutrients are released slowly over a longer period of time.  

In contrast, soils with little or no SOM also have poor populations 
of microbes. As a direct result, the nutrients and microbes that process 
the other nutrients are not available. Therefore, if farmers add inorganic 
fertilizers to their soils, the nutrients will float around in an “unbound” 
or free form. Some nutrients will be absorbed directly by the plant roots, 
but the large majority will be lost to leaching by rainwater or irrigation 
water. In the case of nitrogen, volatilization and denitrification back into 
the atmosphere happen. In addition, the plant may be “flushed” with 
nutrients very quickly. Too much fertilizer, entering the plant too quickly, 
can cause problems with disease and with lodging.
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4. SOM and Microbe Growth
Plants take their carbon directly from the atmosphere, but are dependent 
on nitrogen and other nutrients that are processed by microbes in the soil 
ecosystem.  Microbes also need carbon for energy and nitrogen for building 
proteins (although a certain group of microbes can “fix” nitrogen directly 
from the atmosphere). Unlike plants, however, microbes cannot get their 
carbon directly from the atmosphere.  Instead, they are dependent on plant 
residues for their source of energy in the form of carbon compounds.  This 
is why returning plant residues to the soil is critical for maintaining the 
health of a soil and the productivity of a farming system: putting residues 
back into the soil feeds the soil microbes, which in turn, feed the plant.

5. Carbon and Nitrogen Ratio (C:N)
One of the most important characteristics of Organic Matter (OM) is the 
amount of carbon compared with the amount of nitrogen (or the ratio 
of carbon to nitrogen, written as C:N). As was discussed, microbes need 
carbon for energy and nitrogen for growth and development. The bodies of 
bacteria have a certain ratio of C:N, usually about 8:1. However, different 
kinds of organic matter have different ratios of C:N. Almost always OM is 
much higher in carbon than in nitrogen. Rice straw, for example, has a C:N 
ratio of about 200:1. When a large amount of OM, with a high C:N ratio, is 
added to the soil, microbes initially grow quickly in the presence of a new 
energy (carbon) source. However, as the nitrogen in the OM is used up, the 
microbes draw upon the nitrogen available in the surrounding soils. This 
brings them into a competitive relationship for any plants that might also 
be in the same soil. This can cause nitrogen deficiency in the developing 
crop if low-nitrogen SOM is added to the soil just before planting the 
crop. Therefore, farmers must be careful in adding “unprocessed” plant 
residues. This problem can be avoided in several ways: (i) Incorporate 
the straw into the soil several weeks before planting the crop, (ii) Add 
nitrogen, in the form of urea, to the soil together with the straw, and  
(iii) Compost the straw first for several months before adding it back into 
the field (compost has almost the perfect balance of C:N for soil microbes).

6. Anaerobic Decomposition and Poor Drainage
Anaerobic condition or lack of oxygen happens in about two hours after 
the flooding of the field. This occurs because oxygen movement is 10,000 
times slower in the water than in air. When the oxygen supply from the 
air cannot meet the oxygen demand of aerobic (or oxygen-breathing) 
organisms in the soil, anaerobic conditions develop. Flooding a field 
causes the death of many organisms, and therefore the release of nutrients 
locked up in their bodies.  
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In an anaerobic environment, ammonia and ammonium (NH3 and 
NH4+) are stable products of nitrogen metabolism in bacteria. However, 
nitrate (NO3) is rapidly denitrified and lost back into the atmosphere as 
N2 gas.

Drainage conditions also inevitably affect the decomposition and 
accumulation of organic matter. There is always a greater accumulation 
of organic matter in poorly drained paddy soils simply because it does 
not break down as rapidly (fewer microbes). Under good water regime 
(drainage), SOM plays an active part in the improvement of physical 
properties of paddy soil. On the other hand, with a poor drainage, it is 
difficult to improve soil physical properties and increase soil fertility by 
raising the content of SOM.

To improve soils with poor drainage, to promote their fertility, and 
ultimately increase rice yields, it is essential to provide proper drainage, 
thereby improving aeration in the root layer. Drainage is not only 
effective in improving soil characteristics, but also a practical technique 
for substantially increasing rice yields–as proven by many experiments.

I. Principal Nutrients
1. Nitrogen (N)
Nitrogen (N) is an essential nutrient for all living plants and animals, and 
in a manner of speaking; N represents the “action” of life.  N controls the 
movement of energy and materials and the growth of the plant by its large 
contribution to every complex protein (e.g., chlorophyll, enzymes, and 
hormones).

The atmosphere is the major reservoir of nitrogen.  Roughly 80% of the 
air is nitrogen gas (two atoms of N, or N2), but neither animals nor plants 
directly breathe N2 from the air. The reservoir of nitrogen is only very 
slowly cycled into the soils and water via the action of microorganisms that 
“fix” nitrogen from the atmosphere into the bodies of the microorganisms 
themselves. These microorganisms live mostly in the soil, but some live 
inside plants.  

The cycle starts when nitrogen is “fixed”, and taken into the bodies of 
certain types of bacteria, which directly use them to grow more bacteria.  
When these bacteria die, (bacteria do not live a very long time), the nitrogen, 
in the form of proteins and organic molecules, along with other nutrients 
in their bodies, are then broken down by the action of other saprophytic 
(decomposer) bacteria and fungi. These saprophytes in turn, use these 
nutrients in their own growth, and also release part of the nitrogen into the 
soil in forms that can be taken in by plant roots and by other microbes. The 
decaying process of dead organic matter, which releases nutrients to the 
surrounding soil, is called mineralization. On the other hand, the process 
of nutrients again being taken in and incorporated into the bodies of living 
microbes is termed immobilization.
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The principal pathway for N2 to enter living organisms from the air is 
via certain types of bacteria. Many of these bacteria live in soils. Others, 
like Cyanobacteria, live in aquatic systems like rice paddies and inside 
the cells of specific kinds of algae for example, the blue-green algae.  
Cyanobacteria in a rice paddy may fix up to 100-150 kilograms of N per 
hectare per year. Other bacteria, such as those of the genus Rhizobium, 
live inside the roots of leguminous plants, and still others live inside the 
leaf cells of plants, like Sesbania. Both Cyanobacteria and Rhizobia are so 
successful at fixing large amounts of nitrogen because each has access 
to large sources of energy. The Cyanobacteria live inside algae, so they 
are closely associated with algae. Through photosynthesis, the algae are 
able to offer carbohydrates (C) to bacteria, and in return, the bacteria 
fix nitrogen, some of which benefits the plant. In a similar manner, the 
Rhizobium bacteria are associated with the roots of plants, receive food 
(carbon) from the plant roots, and “pay back” its host with nitrogen.

The limited paths in which nitrogen finds its way into living systems 
explain why nitrogen, of all the soil nutrients, would most likely be lacking 
in soil. Yet, all life requires N in large amounts; as a result, natural supplies 
of N are almost always limited and most plants become very good at 
competing for N supply. 

a. The N Cycle
One of the mysteries of life is that although nitrogen is needed by all 
living things in fairly large amounts, and although our atmosphere is 
a huge reservoir of nitrogen, the paths by which nitrogen can enter 
ecosystems are very limited - the doorway opens through a few species 
of bacteria. As a result, nitrogen tends to be a limiting nutrient in the 
growth and development of many organisms, most especially plants.  
A limiting nutrient is the one (and by definition, there is only one at a 
time) nutrient that is in greatest demand and whose absence slows the 
entire process of growth.

Nitrogen can take several forms in the soil, depending on how it 
combines with other atoms. In addition to the many forms in which 
nitrogen is found in living things, nitrogen can be found in inorganic 
forms in the form of nitrogen salts: ammonium [NH4+], nitrite [NO2

-], 
and nitrate [NO3

-]. Like any salt, all three forms of nitrogen salts are 
highly water-soluble and as a result can be found most anywhere on 
the surface of the planet. The nitrogen salts are very actively cycled and 
recycled back and forth between inorganic forms and organic forms.  
The two main forms accessible to plant roots, and therefore the forms 
highlighted here are NH4

+ and NO3
-.
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Synthetic nitrogen is applied at a rate of about 40 million tons 
per year, worldwide. Deposition (entry into the soils) of nitrogen 
from pollution is roughly 100 million tons per year. This is mostly 
in the form of nitrous oxide (N2O, one of the greenhouse gases) and 
ammonium (NH4

+) in dry deposition, and in the form of nitrate (NO3
-) 

and ammonia (NH3) in wet deposition (rainfall). Nitrogen input to 
soils from pollution can be as much as 40 kilograms of N per hectare 
per year. Biofixation of N accounts for roughly 140 million tons per 
year worldwide.

b. Too Little N
If nitrogen in the soil is low, almost all plant functions are disturbed 
and the most direct result is that plant growth is stunted and plant 
color turns pale green to yellow. Four nitrogen atoms surround a 
single magnesium atom to form the core of the chlorophyll molecule; 
hence, limited nitrogen reduces the photosynthetic capacity of the 
plant. Nitrogen is highly mobile in plants, so when nitrogen is low it 
drifts from older leaves to newer leaves and the older leaves will turn 
light green, yellow or even pink. This is one good indicator of nitrogen 
deficiency, although people must be careful not to get this confused 
with one of several diseases or even soil drainage problems.
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c. Too Much Nitrogen
Too much N can be poisonous to a plant. If too much N is present, the 
plant diverts energy, carbohydrates, water, and minerals in an attempt 
to digest and get rid of the excess N. As a result, N causes an imbalance 
in the plant’s health.
Too much nitrogen causes the following problems:  
•	 Plants become overly succulent.
•	 Tubers become watery and eventually rot.
•	 Rice plants become too tall and weak and they “lodge” (fall over).
•	 Flowering and fruiting may be delayed.
•	 Fruits ripen unevenly. 
•	 Vitamins A and C content in fruits drop.
•	 Problems with diseases and insect pests increase. For example, 

sheath blight and many kinds of sucking insects pester plants 
having very high levels of nitrogen.

•	 Leafy vegetables like lettuce build-up toxic nitrates in the leaves.  
Nitrates and nitrites have been shown to cause cancer in animals. 
Exports of leafy vegetables from some countries are banned after 
laboratory analysis shows nitrate content to be beyond a certain 
safe limit.  

d. “Inorganic” Nitrogen: Urea
Urea is considered an “inorganic” or artificial form of nitrogen. In 
fact, the origins of urea are from natural, organic substances. Urea 
comes from natural gas, which is taken out of the ground in much 
the same way that people drill for oil. The fact that natural gas takes 
millions of years to be created means that once we use up the natural 
gas found in the soil, it could not be replaced anymore. For this reason, 
natural gas like urea is considered a “non-renewable” resource. Urea 
is created from organic substances that had been trapped in soil 
sediments under anaerobic conditions millions of years ago. Since the 
organic substances had been trapped, they never had a chance to be 
decomposed completely.  

Urea is made up of two molecules of (NH2) tied together with 
a carbon and oxygen atoms (CO), so the molecule is written as  
CO[NH2]2. When urea is added to soil, water breaks it down into two 
molecules of ammonia (NH3), and carbon dioxide (CO2) is released in 
the process. For urea to be decomposed into ammonia, the action of 
microorganisms is required.  

Several studies have been done through the years using “labeled” 
nitrogen, that is, nitrogen with a special mark on the atoms, so 
researchers can follow exactly where specific nitrogen atoms go. These 
studies show that when urea is applied to the soil in a rice field, under 
the best of conditions, nitrogen atoms end up in the following:

Part II: Organic Crop Production



34

•	 20% end up in the grain,
•	 12% end up in the straw,
•	 3% remain in the roots,
•	 23% are left in the upper 30 cm of the soil, and
•	 40% are lost through denitrification and through leaching.

e. Nitrogen Loss from the Soil
1) Volatilization of ammonia can take place in the soil when it 

simply evaporates into the air and is just carried away. This 
happens after heavy application of manure, and it can occur 
when urea or ammonia fertilizer is used if the soil pH is high.  
Recent research, however, has shown that losses can be reduced 
by adding calcium or potassium salts to the soil.

2) Leaching is the washing out of nutrients from soil whenever 
excess water percolates through the soil, carrying with it any 
dissolved nitrogen. The best ways to minimize nitrate leaching 
are to promote biological activity with carbon-rich residues 
and to maintain a good plant cover, like a green manure. The 
leaching of dissolved organic materials carries away, not only 
nitrogen, but also phosphorus, sulfur, and trace elements. To 
minimize leaching, the soil pH should be maintained near 
neutral. This maximizes biological activity, which aids in the 
stabilization of soluble organic substances. Also, the calcium in 
the lime is a good binding agent and reduces the instability and 
solubility of organic residues.

A large proportion of the nitrogen in animals and plants is 
used in the making of proteins. Therefore, in most plants, this 
means that the majority of the nitrogen ends up in the seeds. As 
a result, when a rice plant is harvested, 70% of the nitrogen in 
the entire plant is taken away in the form of the harvested grain, 
leaving only 30% remaining in the roots and straw.

3) Denitrification is often the most important cause of nitrogen 
loss. It is the return of nitrogen to the atmosphere that takes 
place given three conditions such as: 
•	 Presence of nitrates (NO3

-),
•	 Presence of organic matter that support the bacteria that 

transform or “denitrify” nitrates back into N2 gas, and
•	 Anaerobic or low-oxygen conditions (at least in pockets).

Too much organic matter can encourage denitrification, 
because such excess produces enough biological activity to use 
up all the available oxygen. The amount of OM residues that 
can cause denitrification depends on the texture of the soil and 
the coarseness of the organic residues. An open sandy soil can 
absorb more compacted organic residues than a clayey soil.
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Usually, the more one tries to force nitrogen into the soil, 
the greater the losses of nitrogen from the system. If a soil is 
over fertilized with nitrogen, it may find a way to get rid of the 
nitrogen almost as fast as the farmer puts it on. If the nitrogen 
is spread in ammonium form, the soil may either cause it to 
be volatilized or to be rapidly nitrified (converted to nitrate 
form) and soon afterward lost as a gas by denitrification.  If the 
nitrogen is initially in nitrate form, it may be denitrified, or it 
may be leached into the groundwater. The leaching of synthetic 
fertilizers into lakes, rivers and oceans has had a major negative 
impact due to the stimulation of “algal blooms”. The death and 
decay of these algae as caused by microbes, rob water bodies 
of large amounts of oxygen, thus causing massive fish kills. 
These facts, coupled with the significant cost farmers devote 
to nitrogen fertilizers, are enough reasons why farmers need to 
learn how to better manage their nitrogen inputs.

2. Phosphorus (P)
a. Adenosine di-Phosphate (ADP) & Adenosine tri-Phosphate (ATP): 

Short-term Storage of Energy
Phosphorus (P) is one of the major nutrients that farmers apply 
when they buy inorganic fertilizers. It plays several important roles. 
Notably, it is important in the construction of the genetic material, 
DNA. Hence, DNA is found in important concentrations in seeds.  
Also, phosphorus is associated with the short-term storage of 
energy captured from the sun.

b. ADP& ATP: “Rechargeable Batteries” in the Plant
Phosphorus acts as the ‘energy transfer agent’. As such, it works 
by being attached (or unattached) to a small, but very important 
molecule. The ADP (Adenosine di-Phosphate) molecule has 
two phosphates attached (di meaning two) to it, while the ATP 
(Adenosine Tri-Phosphate) molecule has three phosphates.  
Attaching the third phosphate atom to ADP to make ATP requires 
(and thereby stores) energy. Similarly, when the ATP molecule has 
a phosphorus molecule “broken off”, it gives up energy that can 
be used by the plant. In other words, ADP is like a battery with the 
charge gone out, and ATP is like a charged battery.

The energy-charged ATP molecule can and does go everywhere 
inside the plant, from the smallest root to the tip of the flower, to the 
inside of the grains. Every cell in the plant uses the ATP molecule to 
give up energy so that the cell can do its work. In fact, ATP is found, 
not only in every plant, but also in every animal on Earth. It is the 
“common currency” of energy transfer for all life on Earth, from the 
smallest bacteria to the largest whale or the tallest tree.
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c. Behavior in the Soil
The amount of total phosphorus found in a surface soil can vary 
greatly, ranging from about 200 kg/ha in very sandy soils, to about 
2,000 kg/ha in soils derived from basic rocks. However, very little 
orthophosphate is present in the soil solution at any one time, 
usually <1% of total phosphorus. Organic P in most soils may 
account for as little as 3% and as much as 90% or more of the total 
phosphorus, but usually represents 30 - 50% of total phosphorus in 
most soils.

Chemical weathering results in solubilization of orthophosphate 
(H2PO4

-) and pH <7.2 and HPO42
- at pH>7.2. This is the form in 

which phosphate is available to the plant, and usually accounts 
for not more than 1% of the total P in the soil in any location.  
This is because the release of orthophosphate (either through 
solubilization or by application of phosphate fertilizers) is followed 
by precipitation (the forming of insoluble solids from chemicals in 
solution). P goes out of solution in the form of iron and aluminum 
phosphates in acid soils, and calcium phosphates in basic soils.  
These reactions result in low orthophosphate concentrations at pH 
levels above or below about pH 6.5.

Another source of phosphorus is from organic matter. Total 
organic phosphorus accounts for usually between 30 - 50% of total 
soil phosphorus, and the microbial pool (total amount of living and 
dead microbes) represents the majority of the actively cycling pool 
of phosphorus.

d. Not Enough Phosphorous 
Seeds contain a large amount of phosphorus, so a deficiency 
in P might be seen in the small seeds of plants. Phosphorus also 
stimulates root growth. This can be observed by putting a small 
source of phosphorus in the soil near the plant roots and then 
digging down to examine the roots in the area of the phosphorus.  
The roots in such areas should be longer, stronger and with many 
fine root hairs.

Unlike nitrogen, phosphorus is not readily absorbed by the 
roots, so P can be overwhelmed by too much N. P is very rapidly 
bound by several factors in the soil, so any free phosphorus 
absorbed by the plant must come from very close by the roots. One 
problem with P is that it is not very “soluble” (able to be broken 
into small molecules and to move through the soil and water). 
P is more soluble in a soil that has a good amount of oxygen (aerobic 
conditions). One benefit from the solubility problem is that it takes 
a very long time to leach P from the soil. Hence, farmers that add P 
every season may have built up much more than they need.
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e. Factors Affecting P Movement
The atomic symbol P is used to refer to phosphorous. However, this 
is just a convention to simplify the text, just like N is used to refer 
to nitrogen in forms such as nitrate or ammonium. Similarly, P can 
be found in several forms, both inorganic and organic. The form in 
which phosphorus is made available to living organisms is most 
commonly found as orthophosphates (H2PO4

- at pH<7.2 or HPO42
- 

at pH>7.2). The pH of a soil affects not only the form, but also the 
mobility (movement) of orthophosphate. If the soil is near neutral 
(pH 6.5-6.8), then orthophosphate is optimally available to plant 
roots. Highly acidic or basic soils have almost no orthophosphate 
available to the plant, except that which is released from decaying 
organic matter.  

Organic matter and associated microorganisms have a strong 
influence on phosphorus availability. Many forms of phosphorus 
released from decaying organic matter are readily available for 
intake by plants. For example, orthophosphate is picked up by 
fungi and spread throughout the mycelia, and therefore spread 
throughout the soil.  When the fungi dies, phosphorus is immediately 
available to plant roots. Furthermore, many soil microorganisms 
release acids, which are good at dissolving inorganic phosphorus 
to become orthophosphate. Finally, mycorrhizae (a type of fungus 
associated with almost every plant) invade plant roots to extract 
carbohydrates. In return, the fungi pass on minerals, including 
orthophosphate, to the roots. Thus, fungi helping roots with P 
extraction is analogous to bacteria helping roots by fixing nitrogen.

f. Maintaining enough P in the Soil
Listed below are the best ways to ensure that enough phosphorus 
is available in the soil.
•	 Keep the pH near neutral.
•	 Assure sufficient water.
•	 Promote high populations of microorganisms by maintaining 

a good regime of organic matter returning to the soil.

3. Potassium (K)
Potassium (K) is the third major nutrient that farmers often add to soils.  
Unlike the other nutrients, K is not found inside plant cells, but exists in 
the fluids that move through the plant. K affects the osmotic pressure of 
the plant by keeping the plant fluids balanced in terms of salts and water 
movement. When K is deficient, water fills the cells, which in turn become 
soft, so the plant loses strength. Plants deficient in K tend to be more 
susceptible to drought, insects, and disease.
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K is involved in photosynthesis, in the creation of starch in roots, and 
in the creation of proteins. This is the reason why K is especially critical for 
root crops. Plants are better able to absorb K compared with phosphorus 
or magnesium (Mg). In fact, a plant will absorb as much K as there is 
available, even if it does not need it. As a result, too much K causes 
deficiencies in the other nutrients because the plant becomes too busy 
taking in K instead of taking in other nutrients, even though it may need 
the other nutrients more.

There are two mechanisms that explain why K is not rapidly leached 
from soils: (1) Potassium is very small and gets trapped in cracks in clay 
particles. As a result, it is not much available to roots. (2) It is attracted to 
the surface of clay particles and organic materials.

With a steady program of recycling organic matter, potassium will not 
be a problem. As an example, almost 98% of the potassium in a rice plant 
is found in the straw. Therefore, as a general rule, if the carbon-to-nitrogen 
ratio (C:N) is high, so is the potassium-to-nitrogen ratio (K:N).

Agriculture Integrated Stand-Alone Lesson Plans
1. Apply the Recommended Kind and Rate of Fertilizer (Secondary)
2. Acids and Bases [Soil pH Level] (Secondary)
3. Nutrient Needs of the Plant (Secondary)
4. Apply Safety Precautions in Farm Operation + Organic Fertilizer 

(Secondary) 
5. Flow of Energy and Matter - Photosynthesis (Secondary)
6. Plants Growing in Specific Environment and Soil with High Organic 

Matter (Elementary)
7. Photosynthesis (Elementary)
8. Characteristics of the Different Types of Soil and Properties of Soil with 

Organic Matter (Elementary)

Soil Nutrient Management Plan

Soil nutrient management plan is a strategy of obtaining optimum return of 
organic crop production. This activity involves inventory of available soil 
nutrients such as organic matter (OM) provided by animal manures, crops 
residues and input like microbial solution through simple soil testing. Soil 
testing is a viable data gathering in soil nutrient availability in such a way 
nutrient management plan can be formulated. 

The stewardship of soil, water, and biological (e.g. microbes, insects, 
animals, and plants) resources is a critical component of sustainable 
agriculture. The basic physical, chemical, and biological properties of soils 
must be considered to maintain sustainable agricultural practices. Sustainable 
agriculture must take advantage of traditional agricultural techniques as well 
as the most modern technologies. 
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Animal Manure
The use of animal manure completes the nutrient cycle allowing for a return of 
energy and fertilizer nutrients to the soil. At present, manures from livestock 
feedlots, poultry operations, and many dairies are considered a pollution and 
waste disposal problem. These waste products can be utilized in agriculture 
employing some organic farming techniques to build soil organic matter, 
provide nutrients for crop growth reduce, or eliminate chemical fertilizer 
inputs, and address a growing environmental problem. The extent of the 
benefits realized through the use of animal manures is dependent on many 
variables. This variability stems from the fact that few farms produce sufficient 
animal manure to support intensive crop production (with the exception of 
dairies). Therefore, most growers have little control over the source and type 
of animal manure and must use what is readily available. 

Compost (including concoctions)
The use of compost in commercial organic agriculture is promising. Factors 
that have limited wide-scale use of compost are: locating appropriate 
materials, cost of transporting feedstocks and finished product, production 
factors, permitting requirements for larger operations, and cost of specialized 
equipment. Nonetheless, the increased costs of solid waste disposal at 
landfills, increased regulations for on-farm manure management, and 
increased difficulty in obtaining quality manure sources are combining to 
make composting a cost effective and even profitable enterprise.

In his book, Lampkin (1990) presented concepts, observations and 
conclusions related to compost as follows: 
1. Compost contains antibiotics and antagonists to soil pests allowing for 

increased plant resistance to attack.
2. Studies have shown that crop yield increased with compost as compared 

with the use of fresh manures and chemical fertilizers.
3. Studies indicate increased weed control and crop disease resistance 

benefits. This is because heat generated during composting process 
destroys weed seeds and many disease pathogens.

4. Soil biological activity is increased by the use of compost allowing for 
long-term steady release of available plant nutrients.

5. Direct applications of compost come into equilibrium with the soil 
ecosystem very rapidly. The temporary nitrogen depletion resulting from 
additions of raw manure or green manure does not exist when applying 
compost.

6. Compost builds soil organic matter rapidly thereby enhancing the benefits 
of soil organic matter.

7. Compost encourages root growth as opposed to raw manure which may 
limit root growth.

8. Nitrogen fixing bacteria populations in soils may be enhanced.
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9. The nutrient availability of organic mineral such as rock phosphate is 
increased when added to compost piles at the beginning of the composting 
process.

10. Composting reduces the bulk of feedstock materials resulting in cost-
saving related to spreading and storage of materials.

11. An annual application rate of 5 to 10 tons per acre is recommended for 
intensive annual cropping and 5 to 7 tons per acre for perennial pastures 
and hay fields. Always refer to soil tests and compost analysis for 
determination of site appropriate application rates.

Agriculture Integrated Stand-Alone Lesson Plan (Secondary)
1. Ratio (Secondary)
2. How Do Human Activities Affect the Ecosystem-Organic Fertilizer 

(Norms-Man and Nature) (Secondary)
3. Perform Estimation and Basic Calculation (Secondary)

Green Manures and Cover Crops
The use of green manures and cover cropping is a standard practice in the 
organic farming industry. Considerable research has been done on the benefits 
of these practices. When considering the costs and limitations on animal 
manures and/or compost as fertility sources, the benefits of using green 
manures offset the costs.

The following are the potential benefits of green manures:  Nitrogen 
accumulation and maintenance, Organic matter accumulation and 
maintenance, Reduction of nutrient leaching (N, Ca, K), Reduction of soil 
erosion, Improved utilization of rainfall, Shading of soil, Aeration of soil, Even 
out spatial variability of nitrogen, Weed and pest control, Nutrient cycling 
between soil horizons, Increased soil microbial activity, and Providing cost 
saving as a result of: lower fertilizer use, improved nutrient utilization, easier 
cultivation, and reduced plant protection needs.

Selection of green manure crop varieties and aspects of management are 
dependent upon the intended function of the crop. Regardless of function, the 
core concept that applies to soil building rotations is that all the benefits listed 
will be maximized to the extent that the ground is consistently occupied by 
live plants. 

The five main functions of a green manure are: (a) summer green manure 
crop, (b) catch crop, (c) forage crop, (d) intercropped/undersown crop, and (e) 
increasing organic matter and soil humus.

Agriculture Integrated Stand-Alone Lesson Plan
1. Methods of Conserving Soil Fertility (Secondary)
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Crop Rotation
The importance of crop rotation in organic farming systems cannot be 
overstated. Crop rotation creates the diversity in space and time that interrupts 
the growth and development of weed, pest, and disease populations. Lampkin 
(1990) refers to “soil sickness” as a poorly understood phenomenon where 
growth and development of a crop is hindered by an increasing incidence 
of nutrient deficiencies and pest and disease infestations. The conventional 
approach to soil sickness has resulted in increased use of fertilizers and 
pesticides. With a choice of limited materials, organic growers must use crop 
rotation as the primary precautionary measure to reduce and prevent the soil 
sickness syndrome.

While fertility enhancement and pest and disease management are the 
main benefits of crop rotation, a crop rotation plan must also allow for the 
profitable operation of the farm business. Reconciling the economic necessity 
of maximizing production and maintaining sustainability, well designed 
rotation challenges that virtually every organic farmer addresses on an annual 
basis. The work of developing rotations has been relatively unsupported by 
university research and is a primary research need within the organic farming 
industry, especially in the area of dry land grain production and green manure 
or cover crop rotational options. 

One benefit of crop rotation is the break in pest and disease cycles that 
occurs when a grain crop is rotated to a legume crop for example. Every crop 
and production system have specific pests, diseases and fertility problems that 
are relative to specific sites. Francis and Clegg (1990) stated that the greater the 
differences between crops in a rotation sequence, the better cultural control 
of pests can be expected. Despite the specificity of individual farming sites 
and cropping systems, research conducted consistently shows a relationship 
between soil building crop rotation and increased soil organic matter levels 
(Hainsworth, 1954); Lampkin, 1990) The higher levels of soil organic matter 
are largely responsible for the overall benefits of crop rotation.

Pests and Disease Management Plan

It is said that of all insects in the world, only 1% of insects are pests (Triplehorn 
& Johnson, 2005) but they are responsible for the loss of 13% of crops and 9% 
of forest production (Pimental et al. 2000).  Humans determine if an insect is 
beneficial, benign or pestiferous. Even when an insect is classified as a pest, 
it can have, under circumstances, a beneficial role. Termites are pests when 
invading homes, but are beneficial when fulfilling their ecological role in a 
forest (Ostiguy, 2011).

Most insects are beneficial to humans either directly or indirectly. Peters 
(1993) stressed that directly beneficial insects include pollinators, insect 
predators, and parasites of pests. Other insects provide humans with material 
good such as honey (honey bees), silk (silk moths), dyes, and shellac (scale 
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insects), and tannic acid and inks (insect galls). Without insects, weed control 
would be more difficult. Predator, parasite, and parasitoid insects provide top-
down management of herbivore populations (Naylor & Ehrlich, 1997).   

Indirect benefits from insects may be more numerous and important 
than direct benefits. Insects indirectly benefitting humans include all insect 
herbivores, prey, predators, and detritivores because they are an integral part 
of the biotic community of ecosystems (Triplehorn & Johnson, 2005). Termites, 
cockroaches, and other soil dwelling insects help to break down plant debris. 
Flies, beetles, and moths help to decompose dead animals. Dung beetles are 
critical for the decomposition of animal feces. Aquatic insects such as mayflies 
and stoneflies are used to monitor the health of streams and lakes. 

Insects seldom become pests in natural ecosystems, but in managed or 
simplified ecosystems when an insect population become large enough to cause 
harm to people, crops, animals, or possessions, insects may be categorized as 
pests (Elizinga, 2004). Agricultural pests, along with pests found in homes and 
landscaping, are usually problematic because of human created circumstances. 
In managed, or simplified, ecosystems such as cropland, orchards, or 
landscaped areas, the food supply for a pest maybe increased while the habitat 
of predators may be removed or reduced (Triplehorn & Johnson, 2005).  

Conventional wisdom within the organic farming industry contends that 
a healthy growing environment will produce plants resistant to insect and 
disease attack. Coleman (1995) asserted that pesticides are superfluous and 
well grown plants are not susceptible to pests. Lampkin (1990) suggested 
that the role of pest and disease organisms is to attack weak points within 
the ecosystem to make way for better adapted species. Furthermore, he stated 
that the presence of pest and disease organisms in the field is a symptom of 
ecosystem instability within the farm. Stability may be achieved when pest and 
disease organisms remain in balance with dominant flora and fauna. The goal 
of organic and sustainable farming is to move the farm environment towards 
this state of balance. (Koepf, 1976) captured the essence of this endeavor 
stating that the principles of an integrated pest control program hinge upon 
the maintenance of diversity within the overall environment. He likened the 
well managed farm to an organism that possesses inherent stabilizing factors. 
There are no formulaic spray programs or wonder materials that will confer 
the inherent natural stability (Koepf, 1976) referred to, which allows for some 
pest pressure. At the same time, healthy soils and growing environments 
will not eliminate all pest and disease problems but will improve the overall 
quality and yields of the crops produced.

Farm ecosystem stability may be improved by implementing the following 
practices: (a) enhancing and maintaining soil organic matter levels, (b) using 
animal manures and composts (if available) as fertilizers, (c) enacting a 
green manure and cover cropping component within a proper crop rotation 
sequence, and (d) implementing the practice of under sowing cash crops when 
practical. Essential to success is developing the capacity to adapt the above 
practices to the specific farm-site.
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Biological Approach
Biological insect control is an essential component of an organic pest control 
strategy. Biological control uses insect pest predators, parasites, or pathogens 
to control insect pest infestations. Organic growers may augment beneficial 
insect populations present in the field, import entire populations, or enhance 
plant diversity in the field and along field edges to provide habitat for beneficial 
insects. Alternatively, a microbial control such as Bacillus thuringiensis may be 
appropriate to use alone or in combination with pest predators. 

The most common biological insect control methods are:
1. Lacewing: Chrypsoperlacarnea, C. comanche, and C. rufilabris larvae prey on 

a wide assortment of soft-bodied insects, eggs, and mites in field crops, 
vineyards, and tree crops respectively.

2. The chalcid wasp is very effective at controlling whitefly infestations in 
greenhouse environments. Likewise the red spider mite is kept in check by 
a small predatory mite--Phytoseiulus persimilis (Lampkin, 1990).

3. The parasitic trichogramma wasp attacks the eggs of lepidopteran, 
homopteran, hemipteran and orthopteran insect orders (Olkowski, Daar, & 
Olkowski, 1997).

4. Trichogrammapretiosum and T. platneriare effective lepidopteran egg parasites 
in field crops and tree crops respectively.

5. Bacillus thuringiensis (Bt) bacteria has proven to be extremely effective 
when used against lepidopterans in the larval stage and other insect pests.
•	 Must be eaten by the insect to be effective.
•	 Over 35 species of Bt have been identified and are effective against 

different groups of insects (Olkowski, Daar, & Olkowski, 1997).
•	 The most widely used variety is kurstaki, used against lepidopteran 

larvae. The variety tenebrionisis effective against the Colorado potato 
beetle.

Many beneficial insect predators and parasites feed on pollen and nectar in 
adult stages. Food attractants are available for purchase that will attract these 
adults. Alternatively, planting nectar producing plants will provide habitat 
and a food source for beneficial insects. Plants from the Umbelliferae family, 
such as wild carrot and dill, are an excellent choice. In the event of an actual 
or anticipated pest infestation, the natural populations of beneficial insects 
may be augmented with purchased beneficial insects from companies that 
specialize in rearing beneficial insects for commercial growers (Agricultural 
Support Businesses, 1996).
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Physical Approach
Some practices under physical approach are as follows: 
(i) Bug vacuums physically remove insect pests. They are non-selective and 

may remove beneficial insects as well. Bug vacuums are extremely effective 
when used in combination with a trap crop. For example, flea beetles 
vacuumed off an early radish trap crop reduces flea beetle populations for 
following brassica crops.

(ii) The use of floating row covers excludes flying insects. Floating row covers 
are affordable and available in large enough sizes to allow use on large 
acreage.

(iii) In some cases hand removal of insect pests may be the most affordable 
option. If done in a timely fashion insect pest populations may be held in 
check.

(iv) Sticky traps in combination with insect attractants are sometimes effective.
(v) Mating disruption for Codling Moth and Oriental Fruit Moth has proven 

to be an effective method of control. The profusion of female moth 
pheromones confuses the males and prevents mating. Placement of up to 
400 pheromone impregnated twist ties throughout an orchard is necessary. 
Cost of treatment ranges from $44 to $110 per acre/year (Unterschutz, 
1996).

Agriculture Integrated Stand-Alone Lesson Plans
1. Predation (Secondary) 
2. Explain How Insect Control Is Monitored (Secondary)
3. Determine Control Measures on Specific Pests and Diseases (Secondary)
4. Life Cycle of Animals that are Useful and Harmful to the Farmers’ Crop 

(Elementary)

Weeds Management

Weeds are considered the primary pest in most organic farming systems. 
Since there are no practical, affordable herbicides on the market for organic 
production, organic farmers rely primarily on mechanical and cultural 
practices to control weeds. Many of these practices are routinely performed 
by conventional growers, but generally in terms of soil preparation and as an 
augmentation to weed control with herbicides.

In organic farming, mechanical and cultural techniques are geared towards 
reducing and maintaining a reduction of weed propagates in the soil. The 
ideal for all organic growers is to never let a weed go to seed and to restrict the 
dispersal and growth of perennial weeds.
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To achieve this ideal, the following criteria must be fulfilled:
1. The grower must have access to properly scaled and appropriate 

equipment that will facilitate timely operations relative to weed species 
seasonal development in the field.

2. Sufficient monitoring and record keeping of field conditions must be 
performed to enable the farmer to anticipate required weed control actions.

3. Adequate knowledge of weed biology is essential to make correct and 
timely weed control decisions.

Mechanical Weed Approach
Mechanical weed control is achieved primarily through tillage and cultivation. 
Tillage is the working of the soil before planting of a cash crop and after crop 
harvest. Primary tillage is usually a deep tillage designed to bury crop residue 
or cover crops in preparation for planting of a cash crop. Primary tillage is 
typically not considered to be a significant weapon in the weed control arsenal. 
A deep tillage will bury weed seeds to a sufficient depth. However, deeply 
buried weed seeds will resurface slowly over a period of years to continually 
re-infest a field.

Secondary tillage is typically performed after primary tillage and geared 
towards weed control or the creation of a seed-bed for a cash crop. Rotovators, 
rotaries, discs, spring-tooth harrows and rotary hoes are secondary tillage 
tools that usually work from the top four or five inches of soil. Weed seeds 
aren’t buried deeply and with each pass are exposed to light and subject to 
germination. Repeated passes with secondary tillage tools will reduce the 
soil seed bank of annual weeds by allowing weed seeds to germinate and 
destroying the seedlings with subsequent passes. Repeated tillage is an 
extremely effective method of organic weed control. 

Thermal weed control, also known as “flaming”, is another type of 
mechanical control worthy of mention. Substantial reduction in weed control 
costs can be realized in the crops such as carrots, corn, onions, and grains. 
Thermal weed control dehydrates weed plant tissue by exposing the plant 
to 100 degree Celsius temperatures for 10 seconds or more. Thermal control 
may be used as a pre-emergent, post emergent, or pre-harvest weed control 
measure. Pre-emergent thermal weeding is used on carrots and beets with the 
following procedures. The soil is prepared for planting. After 10-14 days, the 
carrots or beets were planted into newly emerging weed shoots. Six to eight 
days later, depending on weather conditions, the field is flamed thereby killing 
weed seedlings and allow the crop to emerge into a clean field. Subsequent 
withholding of cultivation is necessary to avoid exposing weed seeds to 
light and allowing germination. If done correctly, thermal weed control may 
save $300-$500 per acre. One caveat to pre-emergent flame weeding is that if 
conditions in the field aren’t suitable to the flaming operation and the cash crop 
germinates into a weedy condition the crop may be lost. For flame weeding to 
work as designed, weed seedlings should be dry. Flame weeding on a rainy 
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day may not work. Post-emergent flame weeding is used to control weeds in 
the row between crops with the use of shields, and for in-row weed control in 
newly emerged onions, grains and corn crops. Lampkin (1990) recommended 
two flame applications on corn and grains at the “match” stage (2 - 3 cm) and 
at 25 cm. Onions may be treated three times at 5, 20 and 40 cm. Pre-harvest 
weed control is used to defoliate potatoes and to kill weeds left in the field.

Cultural Weed Approach
Cultural weed control refers to any method or practice, excluding mechanical 
and biological, which imparts a control on the competitive nature of weeds. 
Some of the more widely practiced cultural weed control methods are listed 
below:

1. Appropriate crop rotation designed relative to weed species present.
2. Using compost if available.
3. Adjusting seeding dates of cash crop. Delaying the planting of a cash crop 

would reduce weed pressure.
4. Use transplants when possible to give the cash crops competitive 

advantage.
5. Plant crop varieties that are tolerant to weeds. Callaway lists varieties 

of beans, rice, wheat, alfalfa, soybean, carrot, potato and squash that are 
tolerant to the presence of weeds. Characteristics that impart tolerance 
are: rate of seedling establishment, speed of development and density of 
canopy, crop vigor and productivity and how the crop uses nutrients.

6. Plant under sown cover crops and green manure crops to keep the ground 
occupied at all times. Allopathic cover crops suppress weeds by releasing 
growth inhibiting hormones into the soil. Winter rye, buckwheat, 
mustard, crimson clover, hairy vetch and subterranean clover have shown 
allopathic properties. 

7. Restrict dispersal of weed propagates. Weed seeds and reproductive parts 
are routinely transported on farm machinery, tools, vehicles, livestock, 
and clothing.

8. Select manure sources carefully. Weed seeds contained in livestock feeds 
will infest farm fields. Grass fed livestock manure is renowned for high 
weed seed content. Grain fed poultry poses considerably less risk.

Crop Harvesting Operations

Harvesting is the act of removing a crop from where it was growing and 
moving it to a more secure location for processing, consumption, or storage. 
While the major factor determining the time of harvest is the maturity of the 
crop, other factors such as weather, availability of harvest equipment, pickers, 
packing and storage facilities, and transport are important considerations.   
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Crops must be harvested at the optimal maturity for the intended use. 
Proper harvesting techniques are also essential for minimizing mechanical 
injury. Frequent sanitizing of hands/gloves and clippers can assist in reducing 
damage and disease. A reusable picking container that has smooth inner 
surfaces is not too deep and is made of an easily cleanable material, like plastic 
must be selected. After harvest, the product should be protected from the sun 
to prevent temperature increase. Provision should also be made for gently 
transporting the harvested product to the packing/storage area. Prior to reuse, 
the containers should be cleansed and sanitized to minimize the spread of 
decay pathogens.

Process of Harvesting
Harvesting can be separated into three steps. The plant part of interest must 
be identified, detached from the rest of the plant, and then collected in a 
container suitable for transport from the field. The harvesting of all the major 
agronomic crops (grains of cereals and legumes) has been mechanized. The 
resistance of dried cereal and legume seeds (for example, corn, rice, wheat, 
and soybeans) to physical damage allows the first and second steps to be 
combined in a threshing machine or combine that separates the seeds from the 
rest of the harvested plant. The grain (seeds) is then loaded in bulk containers 
and transported to silos for additional cleaning, grading, fumigation, and 
temporary storage.       

In contrast to the dry grains and legumes, most horticultural crops (fleshy 
fruits such as apples and tomatoes, ornamentals, and vegetables) are hand 
harvested for the fresh market. Some mechanical harvesting is also done. Some 
mechanical aids such as cherry pickers, ladders, picking bags or baskets, stem 
clippers, and wheelbarrows are used by harvesters to make their work easier, 
faster, and safer. Most horticultural crops are harvested into field bins that are 
taken to packing sheds where the commodities are cleaned, sorted, graded, 
inspected, packed, cooled, and stored before being transported to markets. 

Harvest and Handling Considerations 
Besides the initial capital investment in the greenhouse structure for crop 
production, consideration must be given to the requirements for proper 
harvesting, packing, and shipping. Each of these operations are interrelated, 
and must work together smoothly to maintain quality for maximum 
postharvest life. Specific postharvest operations depend on the particular 
greenhouse facility and on the number and types of crops grown. The principal 
considerations for these components are outlined below.

Maintaining Quality
The primary goal of harvest and postharvest handling is to maintain vegetable 
quality as close as possible to harvest condition through subsequent handling 
operations. Maintaining high quality is the thread that links each of the 
components in the harvest/handling system, and carelessness at any stage can 
quickly change the grade. Typical quality parameters include color, firmness, 
size, shape, flavor, aroma, and freedom from injury and disease. 
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Vegetable quality is most often reduced by two factors: mechanical 
injury and poor temperature management. Mechanical injuries include cuts, 
abrasions, and punctures incurred during harvest and handling operations 
and bruises caused by drops or overfilled containers. These injuries provide 
entry points for decay organisms and reduce storage life. Proper temperature 
management involves the rapid removal of field heat shortly after harvest 
to the optimal storage temperature (known as rapid cooling, or precooling). 
Once cooled, the product should be kept at that temperature, usually with 
high relative humidity, during subsequent handling and storage.

Optimal Harvest Factors
Vegetable crops comprise a wide range of plant structures and organs, such 
as roots (carrots), tubers (potatoes), leaves (lettuce), stalks (celery), immature 
fruits (cucumbers and peppers), and mature fruits (tomatoes). In order to 
maximize storage life, crops must be harvested at the appropriate stage of 
growth, or maturity. 

There is a distinction between maturity and ripeness. Horticultural maturity 
is defined as “the stage of development when a plant or plant part possesses 
the prerequisites for utilization by consumers for a particular purpose” 
(Watada et al., 1984). Cucumbers, lettuce, and peppers are harvested at various 
stages (horticultural maturity) prior to reaching physiological maturity, or 
completion of the growth phase. Ripening is a process that occurs in fruits 
after they have reached physiological maturity. Changes in the postharvest 
color, texture, and flavor of tomatoes occur during the ripening phase. 

Leaf lettuce is harvested when the leaves are of typical color for the lettuce 
type being grown, not wilted, and free from defects such as tip burn. The entire 
plants can be harvested and placed directly into individual plastic sleeves or 
containers. Roots should be rinsed free of any soil or media. By keeping the 
roots moist, wilting will be minimized during subsequent handling. The roots 
can also be trimmed partially or entirely at harvest. Cucumbers should be 
picked without stems at the appropriate developmental stage; peppers and 
tomatoes should be picked with stems attached. 

Cucumbers and peppers require frequent, multiple harvests in order to 
supply a uniformly mature product with optimal quality to the desired market. 

Tomatoes are also harvested in multiple harvests when there is some 
color showing on the fruit surface, usually the breaker (less than 10% color) or 
turning (10 to 30% color) stages. Multiple harvests necessitate attentiveness on 
the part of the greenhouse manager and a reliable supply of labor. 

Harvesting should be done during the early morning hours to avoid 
accumulation of additional “field heat.” Proper harvesting techniques must 
also be used to minimize injury. Workers should closely trim fingernails to 
reduce punctures. Peppers should be grasped so that they are detached with 
the stems intact. At harvest, the crops should be carefully placed in single or 
double layer containers to avoid bruising. Once filled with the harvested crop, 
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the containers should be quickly, but carefully, transported to the packing 
shed to reduce mechanical injuries, such as bruises, abrasions, and cuts. 
Injuries provide sites for decay infection later during handling and marketing. 
Harvested vegetables should never be held in direct sunlight which leads to 
further fruit warming, wilting, or sunscald. For best protection during handling 
and shipping, these crops should be finally packed in single-layer containers. 
Fruits should be free of soil, water spots, etc., and may require washing prior 
to packing. Containers should be selected for adequate strength to withstand 
stacking and shipping. Ventilation holes should be present (about 5% of the 
exposed surface area of the carton) to ensure sufficient air circulation during 
storage and shipping. 

Tomatoes are typically placed stem down. However, tomatoes shipped in 
this manner will develop flat spots on the shoulders as the fruits ripen and 
soften. Cucumbers are quite susceptible to water loss. Plastic film wraps, 
shrink or wax can be applied to individual cucumbers to reduce shriveling.  
As mentioned, lettuce can be placed in plastic bags to reduce wilting. 

After packing, the containers should be stacked on pallets. By unitizing the 
containers, subsequent handling operations are greatly facilitated, saving labor 
costs and reducing mechanical injury which can occur with repeated handling. 
The stacked containers should be secured on the pallet with strapping, netting, 
or glue to avoid shifting during handling.

Storage
For optimum quality retention during shipping and retailing, these vegetables 
should be cooled as quickly as possible after harvest and packing. Precooling 
involves procedures which rapidly cool the crop and, therefore, lower the 
metabolism rate which slows ripening, retards development of decay, and 
reduces wilting. Cucumbers and peppers should be cooled to 50°F (10°C). 
Tomatoes which are at the breaker or turning stage should not be cooled below 
55°F (12°C), while tomatoes at pink to light red ripeness stages may be stored 
successfully at 50°F (10°C). Holding these vegetables at temperatures which 
are lower than recommended temperatures during precooling or during 
refrigerated storage or transport can cause chilling injury. Chilling injury is 
expressed by such symptoms as dark, sunken lesions on the vegetable surface, 
abnormal color development, and increased susceptibility to decay. It is time/
temperature related; in other words, the longer the product is held below the 
recommended storage temperature, the greater the extent of chilling injury. 
Although lettuce is not chilling sensitive, it should not be cooled less than 33°F 
(1°C) to avoid freezing. 

All horticultural crops are sensitive to ethylene gas, a naturally occurring 
plant hormone. However, crops have varied responses to ethylene. Many 
crops undergo a distinct ripening phase which is characterized by production 
of relatively large amounts of ethylene. Tomato is an example of this type of 
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crop. Exposure to ethylene can be detrimental to non-ethylene producing crops 
being stored in the same cold room or transported in the same refrigerated 
trailer with ethylene crops. Lettuce, for example, will develop russet spots 
when exposed to as little as 1 part per million of ethylene. Peppers and 
cucumbers will also deteriorate more rapidly when exposed to ethylene as 
evidenced by loss of green color (yellowing), texture, and flavor. Therefore, 
tomatoes should be held in a separate cold room when these other crops are 
being stored. Ethylene is also produced from combustion. Exhaust from unit 
heaters, fork lifts, vehicles, and cigarettes can accumulate in cold rooms and 
cause injury to the crop.

Sanitation
Development of decay during shipping is a major cause of postharvest loss. 
Decay can be markedly reduced by a routine sanitation program. Such a 
program should include prompt removal of trash, plant cuttings, diseased 
plant parts, and culls from the greenhouse, picking containers, packing 
shed, pre-cooler, and cold room. Whenever water contacts the crop, chlorine 
should be added at a rate of 100 to 150 parts per million. Picking containers, 
packing line components, and cold room floors and walls should be cleaned 
periodically with chlorine solution to reduce populations of decay organisms. 
Local environmental regulatory agencies should be consulted for appropriate 
disposal of packing shed wash water and culls. 

Consistently high quality vegetables can be produced and marketed 
by greenhouse operations if there is first a thorough understanding of the 
biological requirements of the crop for optimal storage life. Then, appropriate 
harvest and handling techniques can be employed for each crop which will 
include conscientious attention to maturity indices and grade standards, care 
in handling, proper packaging, timeliness and thoroughness in precooling, 
storage at the desired temperature and relative humidity, and implementation 
of a sanitation program.
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PART III
SUMMARY LIST OF AGRICULTURE INTEGRATED 

STAND-ALONE LESSON PLANS

The 43 agriculture integrated stand-alone-lesson plans (SALP) mentioned in 
this publication are add-ons into this teacher’s guidebook. These lesson plans 
will not be published (printed) but as non-published materials to serve only as 
guide for teachers to develop teacher learning guide materials in integrating 
agriculture concepts into the basic education school subjects. These lesson 
plans are burned in a DVD with a case holder and placed in the back-cover 
page of the book publication as supplementary instructional resources.  

Below is the list of the agriculture integrated lesson plans and names of 
writers categorized by levels, namely; elementary level and secondary level, 
respectively.  

Lesson Plan Title and Writers by Education Level
A. Elementary Level

Agriculture 
Integration

School Subject 
Integration

Title of the Lesson Writer

Norms of Organic 
Agriculture

It is about Health 
(Food security)

English Identifying the Key 
Sentence in Paragraph 

Amie Glee 
Pascua-Duclayan

It is about Ecological 
Maintenance  
(Man and Nature)

Filipino Pagkakaroon ng Plano sa 
Makaagham na Gawaing 
Pang-agrikultura na Bio-
Intensive Gardening (BIG) 

Glenda C. 
Sibonga

English Making Inferences-
Inferring Moods of 
Certain Events 

Mary Joy B. 
Laude

English Nouns: Plural in Form but 
Singular in Meaning 

Mary Joy B. 
Laude

Science How Man Disturbs the 
Ecosystem 

Marilou A. 
Llemit

Mathematics Multiply Whole Numbers Cesaria V. 
Madali
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It’s about 
Objectivity and 
Justice  
(Socio-scientific 
Issues)

English Identifying Types of 
Adjectives (Effects of 
Climate Change in 
Agriculture) 

Nenita S. Drillon

English Sequencing the Major 
Events/ Ideas in an 
Article “Discuss the 
Importance of Organic 
Farming” 

Nenita S. Drillon

Organic Farm Plan Mathematics Finding the Rate when the 
Percentage and Base are 
Given 

Marilou A. 
Llemit

Filipino Mga Dapat Tandaan 
at Pamamaraan sa 
Pagparami ng Halaman 
sa Narseri

Glenda C. 
Sibonga

Science Transfer of Energy/ Food 
Chain

Marilou A. 
Llemit

English Series of Direction-
Procedure in Making 
Concoctions 

Amie Glee P. 
Duclayan

Soils Science Plants Growing in Specific 
Environment and Soil 
with High Organic Matter 

Marites P. Tocmo

Science Photosynthesis Marites P. Tocmo
Science Characteristics of the 

Different Types of Soil 
and Properties of Soil 
with Organic Matter 

Lina D. Carbajosa

Pests Management Science Life Cycle of Animals that 
are Useful and Harmful to 
the Farmers’ Crop 

Lina D. 
Carbojosa
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Lesson Plan Title and Writers by Education Level
B. Secondary Level

Agriculture 
Integration

School Subject 
Integration

Title of the Lesson Writer

Norms of Organic 
Agriculture

It is about Health  
(Food security)

Technology 
and Livelihood 
Education

Safety Measures in Farm 
Operation

Julie A. Elardo

Science Preventing Hazards in 
the Workplace

Marilou G. 
Caberto

Science Respiratory System 
Working with the other 
Organ System

Vicente M. 
Teodoro

It is about Ecological 
Maintenance  
(Man and Nature)

English Organize Information 
from the Materials 
Viewed 

Frank Matildo

Science Determine the Causes of 
Climate Change 

Eva J. Digal

English Observing Others’ 
Circumstances 

Janet Caras-
Sadia

Science Biodiversity and 
Evolution  
(Causes of Extinction)

May B. Mutya

It’s about Objectivity 
and Justice  
(Socio-scientific Issues)

English Organize Information 
from the Materials 
Viewed 

Frank Matildo

English Types of Text + Climate 
Change 

Rex F. Balisalisa

Organic Farm Plan Mathematics Solves Problems 
Involving 
Parallelograms, 
Trapezoids and Kites 

Ariel D. Orcullo

Technology 
and Livelihood 
Education

Different Methods of 
Marketing Fruits 

Julie A. Elardo

Mathematics Solving Problems 
Involving Quadratic 
Equations 

Edena F. Beriong

Mathematics Measurement Ariel D. Orcullo
Farm Record 
Keeping

Mathematics Keep Farm Record and 
Accounts

Ariel D. Orcullo

Seedbed Preparation Mathematics Find the Area of 
Parallelogram/ Triangle 

Danilo B. Cruz

Part III: Summary List of Agriculture Integrated Stand-Alone Lesson Plans



54

Seed Germination 
and Seedling 
Management

Technology 
and Livelihood 
Education

Care and Management 
of Seedlings 

Eva J. Digal

Technology 
and Livelihood 
Education

Seed Testing and 
Germination 

Janet Caras-
Sadia

Technology 
and Livelihood 
Education

Treatment and Sowing 
of Seeds 

Marilou G. 
Caberto

Mathematics Constructing Single 
Vertical and Horizontal 
Bar Graph 

Danilo B. Cruz

Soils Technology 
and Livelihood 
Education

Apply the 
Recommended Kind and 
Rate of Fertilizer 

Edena F. Beriong

Science Acids and Bases  
[Soil pH Level] 

Jesiel L. 
Maglangit

Science Nutrient Needs of the 
Plant 

Janet Caras-
Sadia

Technology 
and Livelihood 
Education

Apply Safety 
Precautions in Farm 
Operation + Organic 
Fertilizer 

Junry T. Bibat

Science Flow of Energy and 
Matter - Photosynthesis 

Janet Caras-
Sadia

Soil Organic Matter Mathematics Ratio Edena F. Beriong
Science How Do Human 

Activities Affect the 
Ecosystem-Organic 
Fertilizer 

Rosalie D. 
Soterol

Mathematics Perform Estimation and 
Basic Calculation 

Rosenda M. 
Wamelda

Green Manures Technology 
and Livelihood 
Education

Methods of Conserving 
Soil Fertility 

Emmanuel Berja

Pests Management Science Predation/Predator and 
Prey (Concept of Agro-
Ecosystem) 

Jesiel L. 
Maglangit

Science Explain How Insect 
Control is Monitored 

Eva J. Digal

Science Determine Control 
Measures on Specific 
Pests and Diseases 

May B. Mutya

Part III: Summary List of Agriculture Integrated Stand-Alone Lesson Plans
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Appendix A 
Results of Pesticide (Organophosphate and Carbamate) Residue 

Assessment in Human Blood Using Cholinesterase Reactive Paper

Results and Discussion
Table 1 below shows the results of pesticides residue assessment in the blood 
for the student samples from the three (3) selected schools considered as high 
risk area. Data revealed that of the 154 total student samples, 85 students 
(55.2 %) were on the risk level, which means moderate contamination with 
organophosphate (OP) and carbamates (CM); 56 students (36.4%) were on the 
unsafe level, which means that slight poisoning has taken place; 13 students 
(8.4%) were on the safe level, which means there were traces of contamination 
but in a safe stage; and no student was found in the normal level.  Results 
imply that though not all students were directly exposed to these chemicals 
when helping their parents directly in the farm and yet most of them were 
having slight and moderate poisoning of the OP and CM from the food they 
consumed. 

Table 1
Results of pesticides residue assessment for the students in a high risk area 

Name of School/
Group Gender

Results Total 
Sample

Total

Safe % Risk % Unsafe % %

Concepcion 
Elementary School 
(Students)

Boy 0 0.0 17 56.7 13 43.3 30 100

Girl 1 2.9 21 61.7 12 35.3 34 100

Jesus Lumain 
Elementary School 
(Students)

Boy 3 12.5 15 62.5 6 25.0 24 100

Girl 6 23.1 15 57.7 5 19.3 26 100

Asuncion National 
High School 
(Students)

Boy 0 0.0 4 28.6 10 71.4 14 100

Girl 3 11.5 13 50.0 10 38.5 26 100

Total 13 8.4 85 55.2 56 36.4 154 100
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Table 2 below shows the results of pesticides residue assessment in the 
blood of the parents and teachers of the students from the three schools. 
Data revealed that of the 123 samples, 75 (60.9%) of them were categorized 
as unsafe, meaning with more than 25% of blood poisoning; 43 (35%) of them 
were at risk level of poisoning; and only 5 (4.1%) are at safe level but nobody 
was found belonging in the normal level. These parents were farmers and few 
teachers were also farmers but all of them buy their food in the same market 
which are contaminated with traces of OP and CM. 

Table 2
Results of pesticides residue assessment for the parents and teachers in high risk area

Name of School/
Group Gender Safe % Risk % Unsafe % Total 

Sample
Total

%
Concepcion 
Elementary School 
(Parents & Teachers)

Male 0 0.0 4 40.0 6 60.0 10 100

Female 3 7.3 13 31.7 25 60.9 41 100

Asuncion National 
High School (Parents 
& Teachers)

Male 0 0.0 6 25.0 18 75.0 24 100

Female 1 2.7 15 40.5 21 56.8 37 100

Jesus Lumain 
Elementary School 
(Parents & Teachers)

Male 0 0.0 1 50.0 1 50.0 2 100

Female 1 11.1 4 44.4 4 44.4 9 100

Total 5 4.1 43 35.0 75 60.9 123 100

Table 3 below shows that from a total of 99 farmers from the two communities, 
58 (58.6%) of them were at risk level; 35 (35.4%) were at unsafe level; 6 (6.1%) 
were at safe level but nobody was on the normal level. The samples were 
farmers and it was presumed that all of them must be at more than 25% 
contaminated with the OP and CM. There was a shortfall of the assumption 
that although all of them were farmers and actors for using OP and CM,  and 
at the same time food consumers, however, not all of them were in the unsafe 
category.

Table 3
Results of pesticides residue assessment for the farmers in a high risk area farming community

Name of 
Community/Group Gender Safe % Risk % Unsafe % Total 

Sample
Total

%

Dujali (Farmers)
Male 1 2.3 25 56.8 18 40.9 44 100
Female 3 9.4 15 46.9 14 43.7 32 100

Sagayen (Farmers)
Male 0 0.0 4 80.0 1 20.0 5 100
Female 2 11.1 14 77.8 2 11.1 18 100

Grand Total 6 6.1 58 58.6 35 35.4 99 100
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Table 4 below shows the results of the three (3) groups of samples in the 
Province of Davao del Norte, namely; students, parents and teachers, and the 
farming community. Of the 376 total samples, 186 (49.6%) were are at risk 
level, which means less than 25% poisoning; 166 (44.2%) were at un safe level, 
which  means more than 25% poisoning; and only 24 (6.2%) were at safe  level, 
which means less than 12.5% poisoning or blood contamination with OP and 
CM. It was so surprising that no one sample was categorized in the normal 
level. 

Table 4
Summary results of the pesticide residue assessment for the three groups of samples 

Name of Group Safe % Risk % Unsafe % Total 
Sample

Total
%

Students 13 8.4 85 55.2 56 36.4 154 100

Parents and Teachers 5 4.1 43 35.0 75 60.9 123 100

Farming Community 6 6.1 58 58.6 35 35.4 99 100
Total 24 6.2 186 49.6 166 44.2 376 100
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