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ABSTRACT

This research was conducted to foster increased understanding of the complex
structures and the interrelationships of pasture management for cattle production, as
well as the environmental impacts derived from and that feed back to pasture-livestock
systems. The systems dynamics approach was used to explore the systems components
and system behavior. In order to gain insight into the present structures, trends, and
environmental impacts of beef farming systems in Thailand, this study carried out
intensive investigation to gain quantitative data by integrating 3 data quantification
methods including system analysis, a farm survey and a field trial. A model was
developed by putting together relevant information related to the nutrient flow within
pasture, and cattle and soil components, and was then transformed to a conceptual
framework and a system dynamics model through the use of STELLA software.

Results from the simulation are sufficient to confirm the long-term benefits of
the implementation of organic pasture management for beef production as compared to
non-organic management. The organic pastures offer a more sustainable and better
equilibrium for higher productivity compared to non-organic pasture management
with the same fertilization rate. By the application of 0, 50, and 100 kg N per ha per
year under organic management, pasture has the potential to sequester 0.14, 0.80 and

1.28 ton of Carbon per hectare per year respectively.
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CHAPTER 1
INTRODUCTION

1.1 Livestock Production and Environmental Degradation

Thailand is an agriculture-based country. Rice production is the major crop
which occupies about half of the total agricultural land. Rice production and small
numbers of cattle and buffalo are major components of the Thai farming systems. In
the past, farmers kept cattle and buffalo to provide draught power where animals
consumed crop waste and by-products and converted to edible products. Grazing of
ruminant animals help control weedy plants and increase soil fertility (Chantalakhana
and Skunman, 2002). Sere and Steinfeld (1996) proposed the classification of
livestock production systems in the world into 3 major systems included grazing
system, mixed crop-livestock system, and industrial system. The cattle production in
Thailand is generally an integral part of the mixed crop-livestock system. Until
recently, mixed crop-livestock farming was considered one of the most sustainable
agricultural production systems (Schiere et al., 2002). However, since Thailand today
faces rapid population growth; the livestock sector must increase its productivity with
more efficient management of resource base. Intensification of farming is likely to rise
in a long term period of time. Therefore, environmental degradation as consequences
of farming intensification will be an important issue of concern in the next decades
(Sundrum, 2001).

In the past, mixed crop-livestock farming systems dominated livestock
production in Thailand. But during the last decade, the demand for beef in Thailand
had increased due to rising income among the middle class and number of people.
Rosegrant et al. (1995) estimated that per capita meat consumption of the Southeast

Asia population likely to increase about 0.10 to 0.20 % per year. The beef
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consumption for Thailand would increase to 4.5 and 6.0 kg per person per year in
2010 and 2020, respectively. Parts of these livestock sectors will become relatively
larger commercialized and more specialized while beef and dairy farming are
changing with slower rates due to problems of available export markets, domestic
markets, animal disease, trade barriers, social-cultural factors and government policy
(Chantalakhana and Skunman, 2002).

Pingali (1995) proposes the principle of evolution of crop-animal systems that
could help project the future changes in livestock production in Thailand. He proposes

that crop-livestock interaction evolves through four stages of development:

Stage 1: The pre-intensification phase of crop-livestock independent
Stage 2: Intensification phase

Stage 3: Income diversification linkage

Stage 4: Commercial production phase

At present pigs, broilers, layers and dairy farming in Thailand are categorized
in stage 3 and 4 of development. The beef farming is currently between stage 1 and 2.
The normal path of livestock development appears to be going from crop-livestock
integration towards commercialization (Pingali, 1995). However, there are many
factors involved such as social, economics, cultural and most of all the environmental
issues that determine the direction of livestock development for the future
(Chantalakhana, 1996; Schere et al., 2002; Smith, 1998; Taminga, 2003).

Rapid population increase and the expansion of agriculture for export with the
subsequent drive for increased primary production in Asia have consequences for
natural resources and environments in the region. The conversion of forest lands for
intensively agricultural production systems, contributed short-term benefits against
long-terms losses of natural resources, in particular, water, soil, forest, as well as
biodiversity including microorganisms and aquatic systems (UNEP, 2002). The
environmental consequences of current patterns of agriculture plotted in causal loop

diagram are shows in figure 1.1.
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Figure 1.1 Interrelationships of intensive agriculture and environmental quality

The diagrams shows that increasing population is a determinant of increasing
demand for agro-products i.e. food, fiber, wood etc. Increasing demand for agricultural
products increases agricultural intensification i.e. fertilizers and pesticides used, land
for crop and livestock, improve irrigation etc., which will increase agricultural
productivity, increase supply of agro-products and meet demand in the short term
scenario. However, agricultural intensification tends to cause degradation on
environment in the long term. Soil erosion, soil compaction, deforestation, over
irrigation etc., in their feedback attributes will degrade overall environment quality
and inversely affect agricultural productivity. When farmers increase farming
intensification to compensate for decline in productivity, this accelerates environment
degradation due to reinforcing feedback cycles. Consequences of livestock to

environmental degradation classified as follows:

1.1.1 In extensive grazing systems, problems tend to be the degradation of soils

and deforestation while intensive production; water pollution and manure disposal are
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more serious issues (Rae, 1999). Apart from their inferior caloric output, compared to
crops, animals are blamed for scavenging whatever is left, and the role of animals as
waste utilizes has been reverted to a role as polluters and converters of prime resources
(Schiere et al., 2002). Figure 1.2 is a causal loop diagrams that shows relationships and
feedback effects of ruminant livestock, deforestation and soil degradation. The
diagram highlights that increasing the number of livestock will be a force factor that
drives farmers to expand the land for grazing through deforestation. However,
deforestation further causes soil erosion and degrades soil quality. Pasture productivity
is likely to degrade in accordance with soil quality and many other consequences. On
the other hand, farmers who are unable to expand their grazing land will increase the
grazing intensification. Overgrazing, followed by soil compaction, soil erosion and

soil quality degradation are consequences of these processes.

+ _ Ruminant livestock

/

Feed supply
> +
/ Q Feed requirement
Pasture /
productivity Grazing intensity

+ +\
: . OvergrazingAJr/
O SOIIqua"ty‘Soilerosionﬂ/
| + _\ x /
Soil compaction + @

Pasture land Forest area

NG

Deforestation +

Figure 1.2 Interrelationships of livestock, deforestation and soil degradation



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Env. and Res. Studies) /5

1.1.2 Many reports indicate measurable negative impacts of livestock on water
quality such as increasing surface runoff inorganic Nitrogen, and dissolve organic
Nitrogen, increasing ammonia concentration in stream water (Cooper, 1993), or
increasing BOD (Foy and Kirk, 1995). Figure 1.3 provides a causal loop schematic
that helps explain the relationships of livestock intensification and water quality. The
diagrams indicate the influences of livestock intensification on quantity of concentrate
feed used, amount of organic and chemical fertilizers used. The larger the amount of
concentrate feed and fertilizer used the greater contribution to larger quantities of
nutrients excess and runoff or leaching to surface or ground water resources. Quantity
of manure and urine produced are associated with the nutrient surplus as well as
possibility of creating pathogenic microorganisms to water resources. The inversed
impacts on environment affect animal productivity through animal health and create

reinforcement cycles.

) Demand for
] Livestock produc
Animal products

Supply

e D +

Productivity 4 ‘
ivestoc

Intensification

Animal health
+

Use of concentrate

Surface/ground wate
Contamin@ b
+ + Nutrient runoff and ./ Use of fertilize

Leaching &~

.
ot

+ Excess nutrient n
Manure and urine

PathogenicM

Microorganis

Figure 1.3 Interrelationships of livestock intensification and water pollution
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1.1.3 A very important environment challenge facing animal production in
developing nations is the continuing loss of animal diversity, especially the indigenous

breeds of livestock and forage crops (Chantalakhana and Skunman, 2002).

1.1.4 Intensification of animal production, especially in industrial systems
provides a significant part of meat, milk and egg supplies in developing countries.
These large-scale animal farms are usually situated around the periphery of cities and
town. Some of these large commercial farms may have at one time been far from
urban or community areas, but due to the expansion of the city or residential areas,
such farms eventually find themselves in the middle of the municipality where farm
waste and pollution become social and political pressure

1.1.5 Agriculture contributes about 25 per cent and industry 75 per cent of
overall greenhouse gases that consist mainly of CO, CH,; N;O, CFC
(Chlorofluorocarbon), and Os. Of the 25 per cent of greenhouse gases contribute by
agricultural production, about 5 to 10 per cent are attributed via animal production,
mostly CO,, CH4 and N,O. Methane emission by livestock is mostly produce by
ruminant animals, which is a result of rumen digestion of fibrous feed, and manure
fermentation (Calanca et al., 2007; Gibbs, 1989; Lelieveld et al., 1993; Olesen et al.,
2006). Although proportion of greenhouse gases emission by livestock is relatively
small, this environmental challenge will continue to be an international issue in the
long- term. Animal scientists need to find ways and means to reduce emission of
greenhouse gases by animals. Reduction is possible through manipulation of feed and
feeding of ruminants, treatment and management of animal wastes and wastes from

processing of animal products.

This research was conducted to help increase understanding of the complex
structures of the livestock production systems in Thailand with emphasis on the beef
cattle production. The systems dynamics approach, which had been widely applied in
many environmental holistic fields (Belcher et al., 2004; Costanza and Gottieb, 1998;
Ford, 1999; Forrester, 1968), has been used here to explore systems components and

system behaviors. By the applied systems modeling strategies the environmental
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consequences of the particular farming systems can be predicted, compared, and the

appropriateness of policies can be tested.

1.2 Objectives of the Study

Objectives of the study are:

1.2.1 To determine long term environmental impacts of the organic pasture
management for beef production systems in Thailand.

1.2.2 To propose a system dynamics model to be a computer-base tool for

simulating the livestock-pasture-environment interactions.
1.2.3 To provide more sustainable pasture management alternatives, and

suggest relevant technology for the minimization of environmental degradation in beef
production in Thailand.

1.3 Research Questions

The questions to be answer by the research are:

1.3.1 To what extent is organic pasture management contributes to

environmental impacts?

1.2.2 Is a system dynamics model capable for simulating the livestock-pasture-

environment interactions?

1.2.3 Is an organic pasture management alternative being a relevant technology

for the minimization of environmental degradation in beef production in Thailand?
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1.4 Hypothesis

Hypothesis of the study are:

1.4.1 The long term practice of organic pasture management for beef
production contributes less environmental impacts for the farm ecosystems as

compared to the non-organic management systems.

1.4.2 A system dynamics model is a relevant tool for simulating the livestock-

pasture-environment interactions.

1.4.3 An organic pasture management is a relevant technology for the

minimization of environmental degradation in beef production in Thailand.

1.5 Scope of the study

1.5.1 The system dynamics approach was applied in order to improve
understanding of the complexity of the various components in the beef-pasture
production system in Thailand. However, due to resource limitation, field research was

undertaken in one location — Kalasin Province in the Northeastern part of the country.

1.5.2 The ecosystem in this study focuses on the interrelationships of pasture-
cattle-environment where the pasture soil quality is a selected environmental indicator

in the model.

1.5.3 Pastures in this study refer to improved pasture, which purposively is
established and used for cattle feeding through grazing, cut-and carry, or is processed

into preserve fodders.

1.5.4 Two pasture management regimes in this study are the organic pasture

management and the non-organic pasture management.



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Env. and Res. Studies) /9

1.5.,5 The related key environmental indicators in this study are pasture

productivity, beef productivity and soil quality.

1.5.6 The temporal of modeling was 20 years with one year time step

commencing in 2005.

1.6 Conceptual Framework

Ecosystems of pasture included both the biotic (plants, animals) and abiotic
(soils, topography and climate) components in the defined area. The components of
pasture ecosystems are solar energy, air, temperature, water, topography, soil, man,
animals and vegetations (Belcher, 2004). The basic interactions of pasture in the
ecosystem initiated from the capture of energy from the sun by green plants which
then harvested by the grazing animals. Pasture productivity depends on
appropriateness and availability of air, temperature, topography, water, soil and
livestock on pastures. Pasture can produce forage for livestock, clean air, reserves
water, and provision open space and recreation. Plants are the most important
component of pastures. Pastures productivity determines by numbers of physical
factors including climate particularly precipitation, humidity, soils and topography.
However, precipitation, humidity as well as climate, air quality and solar energy are
natural uncontrollable factors that are not considered in the model. While soil and
physical factors whose dynamic direction can be monitored and investigated for

scientific interest.

Soil is the primary factor determining the potential for forage production. Soil
is defined as the dynamic, natural body of the surface of the earth which plant grow
(Brady, 1974). Soil composts of minerals, organic materials and living forms;
distinguished from unconsolidated rock and materials by higher organic matter content
(OM), more intense weathering, the presence of horizontal layers and the presence of
living organism. Important soil characteristics include texture, structure, pH, organic
matter, and nutrient content. At the farm level where the pasture area constitute a

boundary ecosystems consist of 3 main compartments: pasture, cattle, and
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environment. Their interrelationships can be determined from the nutrient flows
theory (Odum, 1983). The causal loop diagrams (Figure 1.4 and 1.5) model pasture

gcosystems.

Figure 1.4 demonstrates the environmental consequences of typical
conventional pasture management for beef production systems. The causal loops
indicate the influences of the production intensification that tends to cause degradation
on the environment in the long-term. As an alternative, the organic pasture

management for beef production system is proposed and is show in figure 1.5.
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quality

Figure 1.4 A non-organic pasture management model for beef production system

In organic agriculture that concerns minimization of environment degradation
and the harmonization of the ecosystems many inputs are prohibit includes chemical

fertilizers, chemical pesticides, and chemical drugs and external non-organically
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produce feeds (ACFS, 2005). As consequences, pasture productivity tends to be lower
as compared to the non-organic management systems. Moreover, under organically
regulation, the organic farm must maintain pasture condition by lowering grazing
intensity. This make the quantity of plant litter and residues remain in the field in the
larger amounts. In addition, under the organic pasture management, the entire manure
produced from cattle must be recycled within the pasture boundary. The soil organic
matter (SOM) under organic system was hypothesized to be higher. As a result, the
pasture productivity can be improved substantially in the long-term due to the
improvement of soil quality and other environment quality gains made through

positive feedback in the system.
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Figure 1.5 An organic pasture management model for beef production system
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CHAPTER 2
METHODOLOGY: SYSTEMS DYNAMICS APPROACH

This research applied systems dynamics approach, which is a research strategy
that integrates the analytic and the synthetic methods. The methodology
accommodates both holistic and reductionist theories (Heylighen, 2000). Systems
dynamics was first proposed under the name of “General System Theory” by the
biologist - Ludwig von Bertalanffy. Bertalanffy (Heylighen, 2000) argues that
organisms are open systems that cannot survive without continuous changing matter
and energy with their environment. The characteristic of open systems is that they
interact with other systems outside of themselves. This interaction has two
components: input (what enters the system from the outside) and output (what leaves
the system) into the environment. System and environment are in general separated by

a boundary that distinguishes between the systems itself and its environment.

The technique for quantifying the dynamics behavior of complex systems
called Systems Dynamics, originated at the Massachusetts Institute of Technology
before the 1970s’ (Sintunawa, 1983). As a simulation method, system dynamics is
useful both in understanding the causes of present problems and in testing the
effectiveness of alternative policies (Meadow and Meadow, 1973). The fundamental
purpose of a system dynamics model is to understand. The goal of the modeling effort
is to improve understandings of the relationships between feedback structure and
dynamic behaviors of a system, so that policies for improving problematic behavior
may be developed. The primary use of system dynamics is thus in making the best
possible estimate of the impact of a given policy, using only the information currently
available about the system (Meadow and Meadow, 1973). System dynamics model do
not permit prediction of the future; rather, the objective is experiment (Sintunawa,
1983).
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Environmental impacts derived from livestock production systems pose
dynamics quantity that changes over time, and form simultaneous interrelationships
that bring results from past action to control future behavior. The implementation of
the systems dynamics approach can help in understanding the interrelationships of

pasture management systems and their environmental impacts.

2.1 Concepts and Classification of Models

Models are generally accepted as appropriate means for studying complex
phenomena (Costanza and Gottieb, 1998; Costanza and Voinov, 2001; Ford, 1999). A
model is a substitute for real systems (Ford, 1999). The value of a model arises from
improvement in our understanding of obscure behavior characteristics more
effectively than could be done by observing the real system (Bockstael et al., 1995;
Costanza and Voinov, 2001). A model, compared to the real system it represents, can
yield information at lower cost (Forrester, 1968). Knowledge can be gained more
quickly and for conditions that are not observable in real life (Forrester, 1961). Models
can be classified in many ways. The brief classification and description presents here
derives from systems dynamics theory by Forrester (1961).

Physical or Abstract Models Models can be distinguished as
being either physical models or abstract models. Physical Models are usually reduced
scale, of objects under study. Static physical models help us to visualize floor plans
and space relationships. Dynamic physical models show dynamic characteristics of the
objects. An Abstract Model is one in which symbols, rather than physical devices,
constitute the model. The abstract model is more common than the physical model but
is less recognized. The symbolism used can be written language or a thought process.
A mental image or a verbal description can form a model. A Mathematical Model is a
special subdivision of abstract models. The mathematical model is written in the

language of mathematical symbols.

Static or Dynamic Model The static model describes a relationship

that does not vary with time. A dynamic model deals with time - varying interaction.
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Linear or Nonlinear Models In a linear system, external effects
on the system are purely additives. In a linear system, the response to every
disturbance runs its course independently of proceeding or succeeding inputs to the
system; the total result is neither more nor less than the sum of the separate
components of system response. In obtaining explicit mathematical solutions, linear

models are much simpler than nonlinear.

Stable or Unstable Models Dynamic  models, in  which
condition change with time can be subdivided into stable and unstable models. A
stable system is one that tends to return to its initial condition after being disturbed. It
may overshoot and oscillate, but the disturbances decline and die out. In an unstable
system that starts at rest, an initial disturbance is amplifying, leading to growth or to

oscillations whose amplitude increase.

Steady state or Transient Models Models and systems can
subdivide according to weather their behavior is steady state or transient. A steady
state is one that is repetitive with time and in which the behavior in one time- period is
of the same nature as any other period. Transient behavior describes those
changes where the character of the system changes with time. A system that exhibits

growth would show transient behavior.

Open or Closed Models In addition; models may be “open” or
“closed”. The closed dynamic model is one that functions without connection to
externally supplied variables that generating outside the model. Information-feedback
systems are essentially closed systems. They are self-regulating, and the characteristics
of principal interest are those that arise from the international structure and

interactions rather than those responses that reflect the external inputs.

The models of the systems approach primarily operates as closed systems

where internal dynamic interactions are of primary interest.
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2.2 Modeling Strategies

In developing models of the beef production systems, this study followed the

seven main stages described by Richardson (1991):

Stage 1: Problem Identification and Definition - This stage includes a
definition of the question to be answered; provides some idea of the root causes, the
consequent effects and lead to a view of aspects of reality that conspire to create the

problem.

Stage 2: System Conceptualization - The strategy begins with the expression
problem definition dynamically in terms of References Behavior Mode or Behavior
Over Time (BOT) of endogenous factors. The next step of this stage is to specify
clearly the purpose of the model. After the important questions and time horizon

specified, the system boundary is then determined.

Stage 3: Model Formulation - In this step the interconnections among
variables will be exploring and searching for feedback structure; chains of cause and
effects will be pursuing repeatedly, until connected loops are formed. To construct the
system dynamic models, this study used the STELLA (HPS, 1994) software packages,
which makes it possible for computer simulation.

Stage 4: Analysis Model Behavior - This is the step of explaining individual

loop in the model indicates type of feedback of the system: positive or negative.

Stage 5: Model Evaluation - The acquainted data was used in the model
simulation. The model evaluation and validation was done via participatory evaluation

with the researchers of the Department of Livestock Development.

Stage 6: Policy Analysis - This stage involves the use of model to examine the
appropriateness of the particular policies related to the beef production strategies was

performed.
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Stage 7: Model Implementation - The final stage involves provision of
system dynamic models to the concern organization to be use as a laboratory to
increase understanding on the interrelationships of the farming systems and their

environmental impacts was operated extensively.

2.3 Software Selection

There are varieties of software tools available for simulation modeling such as
MATLAB, Berkley Madonna, Gold - Sim Pro, Simulink, POWERSIM, EXTEND,
VENSIM, MODEL MAKER, STELLA etc. (Argent, 2004; Costanza and Gottieb,
1998; Rizzoli and Young, 1997; van der Werf et al., 2007). STELLA was one of the
first dynamics modeling systems to achieve broad recognition and use due to its user-
friendly graphic interface (Costanza and Gottieb, 1998). STELLA uses an
iconographic interface to facilitate construction of dynamic systems models (Costanza
et al., 1998). It includes a procedural programming language that is useful to view and
analyze the equations that are created because of manipulating the icons. The essential
features of the system are defined in terms of stock (state variables), flows, constants
(algebraic or graphical relationship or fixed parameters) and information flow
(converters). STELLA has been used widely in environmental modeling (Costanza
and Gottieb, 1998; Costanza and Voinov, 2001; Ford, 1999; Leaver and Unsworth,
2007; Li et al., 2006; Tangirala et al., 2003; Zubillaga et al., 2007). Voinov (1999)
indicated that STELLA is generally considered the most user-friendliness, easy to
learn and a widely use in academic and business settings. This study used STELLA

version 9 for model formation and simulation.

2.4 Data Quantification

In order to gain insight into present structures, trends, and environmental
impacts of the pasture management for beef production systems in Thailand, this study
carried out the intensive investigation to collect quantitative data. The following

methods were used.
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2.4.1 Systems Analysis - The analysis to identify the characteristics of beef
production and pasture utilization systems in Thailand was performed. This includes
the analysis of the existing data to determine relevance parameters best describe the
past and present situation of cattle production in the country. Detail and results of
systems analysis of cattle and pasture production, their interrelationships and their

contribution to environment quality were provided in Chapter 3.

2.4.2 A Farm Survey - To determine the baseline situation and to
quantify parameters on recent performance as well as to examine the potential
environmental consequences caused by livestock production of smallholders in
Thailand, the farm survey had been carried on. The survey was undertaken in Kalasin
Province covered 112 smallholders, outputs from the survey derived parameters
represented characteristics of the beef production of the smallholders who own the
largest proportion of beef production in the country. The information from the survey
aids to increase understanding and facilitates the modeling elaborate in stage 1 of the

modeling strategy. Detail and results of the surveyed provided in Chapter 4.

2.4.3 Field Trial - In order to verify the influences of implementation
technology of organic pasture management systems on performance and environment
consequences of the beef production as compared to the non-implementation; the field
trial was carried out. The experiment site is located in Kalasin province where the
farm survey was undertaken. The trial involved an investigation of the pasture and
cattle performance and the environmental consequences of beef production systems
under organic conditions as compared to non-organic pasture management methods.

Detail and results of the experiment are presented in Chapter 5.

Finally, question to be answered are defined, root causes and consequent
effects of the problem are addressed. The specific purpose of the model is explained
and system boundary determined after the important questions and time horizons have

been specified the detail of which is provided in Chapter 6.
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CHAPTER 3
THE BEEF PRODUCTION AND PASTURE MANAGEMENT
SYSTEMS IN THAILAND

3.1 The Farming Systems in Thailand

Farming systems can be defined as a unit of agricultural production in a given
agro-ecosystem, consisting of natural resources, labor, funds, man-made materials and
management expertise to gain produce for human consumption. Farming systems can

be categorized by methods of farming (Ratanawaraha, 1995):

3.1.1 Categorize by means of farming into monoculture or integrated farming

system.

3.1.2 Categorize by main activities within a farm into crop based, animal

based, fishery based, and agro-forestry based farming systems.

3.1.3 Categorize by inputs and approach into chemical, organic, and natural

farming systems.

Another classification by Jitsaguan (1995) categorizes Thai agriculture sector
into six major sectors includes crops production sector, livestock production sector,
fisheries sector, forestry sector, services sector and processing sector. The crop sector
is the largest and the most significant contributor to the GDP of agriculture in Thailand
followed by processing and livestock. Importance and value of agriculture is tied
closely to the development of economies and contributes to extensive social

development of the majority of the Thai population.
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3.2 Beef Production Systems

Beef production in Thailand, recently, can classify into 2 main systems
includes integrated crop — livestock beef production system and specialized beef

production system or intensive system.

3.2.1 Integrated crop-livestock system involves beef production by
smallholders in rural villages where cattle are considered integral parts of the
integrated farming. Chantalakhana and Skunman (2002) provide the general
characteristics of cattle production for smallholders under village conditions as a
complement to crop production, utilization of non-marketable farm products and
marginal lands, utilization surplus family labor, required minimal cash inputs and
simple and traditional technology, non-market oriented production and very low
degree of risk. Objectives of keeping cattle are includes:

3.2.1.1 Keeping cattle is similar to depositing money in the bank
(Chantalakhana and Skunman, 2002). Farmers earn interest annually, although

frequently the value cannot be express in terms of money.

3.2.1.2 Farmers can earn extra income from selling cattle.

3.2.1.3 Keeping cattle increases household economic security (Chantalakhana,
1996). Cattle ownership is associated with increased social status, and aids in
improving social interaction among cattle owners in the community. Many social
activities such as group organization have developed through mutual interest and have

become strong organization in the community.

3.2.1.4 Cattle provide farmyard manure (FYM) that contains sufficient plant

nutrients.

3.2.1.5 Cattle are sometimes seen as livestock of the poor or an asset of

smallholders.
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3.2.2 Specialized beef production system involves the beef production of
relatively larger farms. The farms adopted intensive production technology which
accelerates farm productivity and efficiency. However, number of farms and animals
under this scheme are relatively small. The production methods of specialized beef

production system in Thailand are including (DLD, 2003):

3.2.2.1 The cow-calves production system — In this system, farmers keep 3-4
cows per farm to produce calves. Farmers usually sell the yearly or mature castrate
male cattle (called steers) and keep good performance yearly female (called heifers) to
replace older cows. This system requires low investment. Many farmers may receive a
herd of cattle as a gift from their parents. Farmers can easily find market to sell steers

because the demand for beef is always beyond supply.

3.2.2.2 The fattening system — In this system, farmers purchase yearly steers
from the cow-calves producers and fattening cattle for the beef market. Good quality
fodders, crop wastes and concentrate feeds are fed to cattle in accordance with their
physical requirement and market demand. This system needs shorter time, less land
and provides high return. The highest production cost of this system is associated with
feed cost. Market demand and selling price are very important factors associated with
the success of beef cattle fattening systems. Recently very small numbers of farmers in

Thailand practice this type of farming.

3.2.2.3 The cattle breeding system — In this system, farmers focus is on
breeding cows with superior crossbred or purebred bulls. Production of high
performance cattle for sale for breeding purpose is the main commodity of this
farming system. Similarly to other intensive production, very low numbers of farmers

operate this type of farms in Thailand.

In general beef cattle production in Thailand has not been changed as much as
the other commercial farming commaodities such as swine and poultry (Chantalakhana,
1996). For more than 50 years, the government of Thailand has supported farmers to

maintain the biodiversity of Thai native cattle under their unique mixed crop-livestock
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production system. Generally, Thai native cattle and their crossbreds have a habit of
grazing and searching for feed themselves (Reynolds, 1995). In Thailand, cattle can be
fed by grazing in natural pasture, paddy fields, feeding on crop waste or cut and carry,
or feeding on communal lands or forestlands. Due to the livestock development
program the number of good quality pastures for cut and carry or grazing has
increased. Control grazing and rotational grazing are some management techniques
that have helped increase cattle production efficiency. Concentrate feeding and crop

waste feeding are practiced by some farms to improve performance.

3.3 Feed Resources for Cattle Production

3.3.1 Definitions - Feeds for cattle can classify into two groups: concentrate
and roughage. Concentrate — involves ingredients with high nutrients and low fiber
contents. For example, cereal, cassava meal, fishmeal, soybean meal. Roughage —
involves ingredients with low nutrients but high fiber contents. Roughage generally
contains more than 18 percent fiber. For example, grasses, legumes, hay, silage, crop
residues. Roughage feed is necessary for maintenance and production of cattle. Cattle

generally require more than 70 percent of roughage in their diet.

The main sources of roughage for ruminant feeding are forage crops. Forage
crops refer to any non-poisonous crops, which can be fed to animals (Tudsri, 1997).
The main forage crops belong to grasses and legumes species. However, more often
forage crops refer to edible crops that are harvested and fed to animals (cut-and-carry)
rather than to allow animals to graze. The forage that is utilized for grazing is usually
called pasture. The word pasture may be used to refer to: (1) grass and forage crops
fed to animals by grazing, (2) and enclosed area grown forage crop for grazing, and
(3) the arable land which grasses and legumes were cultivated and used for animals
grazing (Ibrahim, 1975).

For Thailand, cattle obtain roughage feed from two main sources: forage crops
and agricultural by-products. Forage crops involve two major families: grasses

(gramineae) and legumes (leguminosae). There are native grasses and legumes grown
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naturally available for animals called natural grasslands or native pastures. Livestock
farmers may establish pasture on private land called sown pastures, cultivated pastures
or improved pastures. Pasture with only one species of grass or legume is called pure
pastures or mono-crop pastures. On the other hand, pasture through sown several
species of grasses and legumes together called mixed pastures. Forage crops can be

one-year crops called annual pastures or many year crops called permanent pastures.

3.3.2 Availability of Roughage for Cattle - Crop wastes, agro-industrial by
products, natural pastures, communal grazing lands, inter-crops fodders as well as
forestlands have been traditionally considered as a major source of roughage for cattle
in extensive cattle production in Thailand rather than through improved pastures.
However, due to low productivity, uncontrollable quality, and damage to natural
resources and environment, the government of Thailand has promoted to farmers to
adopt technologies on pasture establishment. It is believed that in the future, more
farmers will shift to the establishment and usage of improved pastures for cattle
production rather than natural grazing. Manidool (1989) indicates the major natural
sources of roughage in Thailand include natural grasses and idle lands, orchards and
plantation lands, paddy lands and field crops lands. There are more than 50 species of
native grass and more than 10 species of legume distributed on different ecosystems.
Moreover, many improved forage crops species had been introduced to Thailand
during the last 3 decades. However, the problem of feed deficiency has been the major

constraint for cattle production throughout the country.

Availability of land is the foundation of feed resource of cattle. Sophanodora
and Tudsri (1991) classified the arable land associated with feed sources into 4
categories: paddy lands, field crops lands, orchards and plantation lands, and vegetable
gardens. On average, livestock owners in Thailand have an owner right on 4.2 hectare
of land (26.3 rai; 1 hectare = 6.25 rai). Farmers in the central region own the largest
area of 5.2 - 6.1 hectare per family. In the north and northeastern, the average arable
land per farm was 4.2 hectare. For the southern farmers, the average land is 3.7
hectare. Therefore, the largest numbers of the Thai farmers are smallholders.
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During the last 2 - 3 decades, more arable land had been used for food crops
production. Ratio of land to cattle had declined to approximately 1.7 — 3.1 ha per head,
which are insufficient to support the increasing numbers of cattle. Tudsri (1997)
estimates that one hectare of natural pasture is capable to produce 200 — 1,000 kg DM
of herbage per year, while a mature cattle requires 3,650 — 5,475 kg DM of roughage
per year. In order to supply roughage to one head of mature cattle, more than 5 hectare
of natural pastures may be required. The forage from native green plants without the

supply of low quality straw and crop wastes does not meet or sustain cattle production.

Falvey et al. (1980) explain that under extensive production systems, cattle will
be taken to natural pastures daytime and confined beneath the house nighttime. Cattle
can search for feed only 6 — 8 hour per day. Non-farm in Thailand allows cattle
grazing for 24 hours. This is one of the reasons that cattle and buffalo in Thailand are

under-performs with low growth rates of 40 - 45 gram per day.

3.3.3 Pasture Production in Thailand - Tudsri et al. (1991) reported results
from a survey on forage crops production in the dairy production area in Pakchong
district, Nakorn Rachasima province. Their findings indicate that dairy farms in
Pakchong adopted technology for pasture production. Every farm established
improved pastures and fed fresh grass to cattle. Pasture species included Para grass
(Brachiaria mutica), Guinea grass (Panicum maximum TD 58), and Verano stylo
(Stylosanthes hamata CV. Verano). The pasture seeds were sown with seed rates 6 —
20 kg per hectare after seedbed preparation. Established pastures were first used by
cutting or grazing after seed sown 60 — 90 days. Pasture management usually
inappropriate include under fertilized and over utilization. Urea fertilizer may be
applied once in the rainy season with the rate of 30-60 kg per hectare. Pasture
productivity, therefore, was relatively as low as 6,000 — 7,000 kg DM per hectare.

In the other part of the country improved pastures are generally cultivated in
dairy production areas. However it is noted that most dairy farmers provided far too
little land for pasture establishment. Pasture productivity is far below cattle

requirement in many areas. In fact as Thailand is a tropical country with moderate
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climate and soil fertility, the availability of free nutrients such as cattle manure and
crop wastes should be sufficient to support good pasture productivity if improved
pastures methods were adopted. Manidool (1987) suggests that double productivity
can be achieved in natural pasture under fertilization and appropriate management, and

3 — 4 folds from the appropriate exotic species as shows in table 3.1

Table 3.1 Productivity of native pasture and exotic species under good management

Species Production, ton/ ha/ year
Native pasture 12.68
Exotic pastures
Nepier 60.50
Para 19.50
Guinea 23.43
Ruzi 15.87

Source: Manidool 1987

3.4 Pasture Management

3.4.1 Important of Pasture Management - The aim of good pasture
management is to obtain maximum herbage yield with the highest possible nutritive
value throughout the year at the lowest possible cost. Good returns of investment on
pasture production can be met through the efficient utilization and conversion of
pasture into animal products. Hodsons (1990) provides stages of plant and animal

production in grazing systems and this is shows in Figure 3.1.

As plants mature, digestibility and feed quality decrease but the dry matter
quantities inversely increases. Young leafy plants are high in protein. As plant
matures, protein levels and digestibility decline with grasses producing stems and seed
heads. Reynolds (1995) elaborate characteristics of grasses of different growth stages
(Table 3.2 - 3.3).
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- Resources
- Soil

- Climate

- Plant

l Growth stage
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Herbage consume
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A 4

Animal products
- Meat
- Milk

Figure 3.1 Stages of plant and animal production (After Hodgson, 1990).

Table 3.2 Growth stages and characteristics of grasses

Stage

Characteristics

Very young
Young
Flowering
Mature

Post mature

Young juicy leaves

Rapid leaves growth

Increase in stem growth an flowering begins
Development of seed, very stemy and course

Seeds drop, old and course stems

Source: Adapted from Reynolds 1995
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Table 3.3 Effects of regrowth period on DM, and CP of Guinea grass (P. maximum)

Regrowth in week CP % DM kg /ha CP kg/ ha
2 9.0 1473 133
4 8.5 2071 169
6 8.1 1581 131
8 9.6 2413 223
10 8.2 1816 150

Source: Adapted from Reynolds 1995

To achieve high production from tropical pastures, animals must consume high
quality feed. Thus grazing management aims to maintain pasture in a young leafy
stage for as long as possible. Minson (1971) argues that the critical level of crude
protein (CP) in tropical grasses is about 7 percent (1.2 percent nitrogen), below which
dry matter intake is depressed. Good nutrition is important not only in terms of live
weight gain but also in terms of reproductive efficiency, calving percentage and other
associated factors (Reynolds, 1995). Overgrazing can result in reductions in growth

rate and weakening of plants. Undergrazing fails to maximize the plants’ potential.

3.4.2 Stocking Rate - Stocking rate defines as the number of grazing animals
per unit (hectare — ha) of land at a particular time (Reynolds, 1995). Jones (1975)
indicates that stocking rate is one of the most important variables influencing the
productivity per animal and per hectare of land. Evans (1993) contends that the choice
of stocking rate has the greatest influence on animal performance and sustainable

pasture production.

The long-term stocking rate is referred to as the carrying capacity implying an
optimum stocking rate, which can be maintained without damage to pasture
(Reynolds, 1995). The stocking rate or carrying capacity of pasture may vary
according to differences in botanical composition of the pasture, climatic factors and
time of the year, soil fertility and amount of fertilizer used, type and age of animals,
grazing system and pasture condition, availability of supplementary feeds and

management level.
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It is difficult to compare stocking rate from area to area with different groups
of animals in terms of number of head per unit area because animals have different
size, age and productivity. The term Animal Unit per Hectare (AU/ha) is used widely
and generally conversion is that one animal unit (1 AU) is equivalent to a weighing of

450 kg liveweight animals (Evans, 1993).

There are no general recommendations for optimum carrying capacity because
of the complexity of factors governing stocking rate (Teitzel, 1992). According to
Jayawardana (1985) natural pastures under coconut in Sri Lanka can maintain one
animal per 2-3 hectare whereas improved pasture together with coconut can supports
two to three animals per hectare. Ivory et al. (1984) reported a stocking rate of 0.5 —
1.0 animal/ ha for cattle grazing on native pasture under coconuts in Indonesia, with
average daily gains of 0.25 — 0.30 kg, which is equivalent to animal liveweight gains
of about 45 — 105 kg/ha/year. Rika (1991) reported that native forage under plantation
can support 0.7 — 1.4 AU/ha under the cut-and-carry system. Moog et al. (1988)
showed that buffalo grazing on native-centro pasture under coconuts stocked at 2.0
AU/ha had a cumulative liveweight gain of 190 kg/ha. Buffalo on native-centro
pasture stocked at 1.0 AU/ha gained 104.7 kg/ha/year, while the animals on native
pasture gained only 47.0 kg/ha/year. Mac Farlane (1993) notes that maximum
profitability should be considered when stocking rates are applied and recommends
the weight gain of 180 kg/halyear for improved pastures and 140 kg/ha/year for native

pastures.

3.4.3 Fertilizing pastures - Pasture dry matter yields (DM) and protein content
(CP) that is closely related to nitrogen availability. Since nitrogen is deficient in most
soils, it is very important that pasture established have sufficient nitrogen supply
(FAO, 1995). The amount of nutrients returned to the soil by the droppings of grazing
animals cannot maintain soil fertility. It has been found that 60 percent utilization of a
fresh herbage yield of 10 ton ha ™ year ™ could deplete the soil of 72 kg N, 18 kg P,Os
and 78 kg K;O. In spite of the amount supplied by animals there would be a yearly
deficiency of 51 kg N/halyear, 1 kg P,Os /hal/year and 55 kg K,O /hal/year. Liyanage et

al. (1989) found that nutrients returned in the form of dung and urine reduced the cost
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of inorganic fertilizers by 69 percent. In zero grazing system (cut-and-carry), large
amount of nutrients are taken from the area so soil nutrients are quickly depleted. In
addition to FYM being applied in to rows at 20 ton/ha/year, Walker (1992) suggested
the fertilizer rate of 50 kg/ha/year Urea (46-0-0, N-P-K), 200 kg/ha/year of triple
superphosphate and 100 kg/ha/year of potassium sulphate.

> Plant nutrients [¢
/ A
Fertilizers Land
A\ 4
) : Pastures v
Field crops
Natural
A4 A\ 4
Residues Grasses and
Legumes
\ 4 A 4
\ 4
Roughage
feeds
A\ 4
Meat < Cattle > Manure

Figure 3.2 Nutrients flow in the pasture-cattle-soil system

3.4.4 First Grazing - The first grazing in an established pasture has a
considerable influence on the performance of the sward throughout its life (Reynolds,
1995). Heavy grazing will seriously weaken the pasture species and encourage the
development of weeds (Middleton and Teizel, 1978). On the other hand, light grazing

leads to the desired spreading of new runners.
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3.4.5 Weed Control - Weeds appears in newly established pasture in the first
few months. Practices must be adopted to limit their development, so that by the
second year a uniform sward develops where weeds are only a minor problem (Jones,

1975). In general, there are four main weed control methods (Reynolds, 1995):

3.4.5.1 Management method — Weed problems can be minimized with
management include: good seed bed preparation; use of fertilizer ensuring early
establishment of well adapted species and good grazing; and maintain pasture at the

correct grazing height.

3.4.5.2 Mechanical Method — Mechanical method can be carried out either by
hand or using machinery. Removal of weed, especially woody species, can be
performed by hand pulling, hoeing, or using spade where labor is readily available.
Manual weeding is the usual method of smallholder weed control. Mowing or slashing
can be used to remove unpalatable or inedible weeds after stock have selectively graze
a paddock and to prevent them taking a competitive advantage over the more desirable

species in the pasture.

3.4.5.3 Biological Method — Bio-control involves the use of natural organisms
that feed on the many unwanted weed species. For example, the leaf mining hispid
beetle (Uroplata giradi) which feed on lantana (L. camara) leaves will eventually

cause a decline in the population of lantana (Partridge, 1977; Reynolds, 1978).

3.4.5.4 Chemical Method — Chemical method mainly refers to the use of
herbicides to control weeds. The effect of herbicides on a weed species is influenced
by species characteristics, the amount of herbicide applied, the time of application in
relation to age and stage of growth of the weed and the environment condition at and
after time of application. Herbicides are classified according to whether they kill all

plant material (non — selective) or only specific species (selective).
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3.4.6 Pasture Grazing Systems - There are two major systems of pasture
grazing management; continuous system and rotational system (Reynolds, 1995).
Continuous — animals are grazed within one enclosed area over a long period of time,
which may last for a grazing season, or entire year. Rotational — the available pasture
is subdivided into a number of enclosures or paddocks where animals are grazed in a
regular sequence before returning to graze again the first paddock after a regrowth
period of about 2 - 6 weeks (Figure 3.3).

In both systems, the number of animals can be kept constant or varied
according to pasture growth and number of animals available. Humphreys (1978) and
Mannetje (1976) suggested that although differences were small, continuous grazing
systems gave slightly higher animal production. Jones and Jones (1989) noted that
liveweight gain did not differ between rotational and continuous grazing management
systems. Evans et al. (1992) suggest that rotational grazing may result in lower animal
production as compared to the continuous grazing because animals are selective in
their grazing behavior and they have greater ability to select plants or plant parts under
continuous grazing system. However, Najib and Eng (1989) found that rotational
grazing gave higher milk yield than continuous grazing, both systems using the
optimum stocking rate of 4 head ha ** of Sahival-Friesian cows in Malaysia.

Paddock 1 Paddock 2
Week1 — | 5 Week2
Week 5
A
v
Week4 <*—7— Week3
Paddock 4 Paddock 3

Figure 3.3 Rotational cycle (After FAO 1995)
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A rotational system may involve only two paddocks, but four or more
paddocks are preferred for more flexibility. The optimum time for grazing will vary
according to species and time of the year and associated with the optimum regrowth
period of most tropical pasture, which are usually between 2 to 6 weeks. Reynolds
(1981) showed good liveweight gains for cattle in situation that maintain good pasture
condition with 4 week rotational cycle. Jayawardena (1985) suggests that most pasture
grasses under coconuts are ready for grazing once every six weeks, at which time they
will be about 45 cm high. Grasses should be grazed or cut to a height of 10 to 15 cm

from ground level.

3.4.7 Cattle productivity from improved pastures - Animal response to
pastures depends on the quantity available throughout the year and its nutritional value
(Reynolds, 1981). Pasture productivity and the level of animal production are
controlled through the management of both pasture and livestock. Reynolds (1981)
reported liveweight gains for steers that were 39 kg ha *; 80 kg ha *; 124 kg ha ™ and
189kg ha ™ for the 271 days grazing trials on unfertilized native pasture without water;
unfertilized native pasture with adequate water supply; unfertilized grass — legume;
and fertilized grass — legume pastures, respectively. This indicates that double
liveweight gains are possible under improved pastures as compared to native pastures.
Watson and Whiteman (1981) reported similar results over three year grazing trials
where they compared liveweight gain of cattle under improved pasture compared to
native. Smith and Whiteman (1983) suggest that for maximum liveweight gains ha ™,
pasture should be stocked at approximately 2.0 AU ha **; however, a stocking rate of
1.4 AU ha ™will give better gain per animal. In grazing Trials in Thailand, Manidool
(1983) reported trials on cattle grazing Signal- Centro pastures under coconuts with
stocking rates 1.0, 1.5, and 2.5 head ha ™ compared with unimproved native pasture at
1.0 head ha ™. All paddocks received 625 kg ha ™ of 15-15-15 N-P-K fertilizer.
Animals grazing in improved pastures produced more than twice the weight gain of
those grazing the native pasture at the same stocking rate. Manidool (1983) concludes
that the Signal grass — Centro legume pastures could support up to 2.5 head ha ™ but
optimal stocking rate appeared to be 1.5 head ha ™.
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3.5 The Organic Pasture Management Systems

3.5.1 Definitions of Organic Agriculture

The primary goal of organic agriculture is to optimize the health and
productivity of interdependent community of soil life, plants, animals and people.

Organic agriculture has been widely practiced. Multiple definitions have been

provided by many institutions for organic agriculture for different contexts.

FAO refers the term "organic agriculture™ which is a process that uses methods
respectful of the environment from production stages through to handling and
processing. Organic production is not merely concerned with a product, but also with
the whole system used to produce and deliver the product to the ultimate consumer
(FAO, 2002).

The Codex Alimentarius (FAO/WHO) defines “organic agriculture” is a
holistic production management system which promotes and enhances ecosystem

health, including biological cycles and soil biological activity. (FAO, 2005).

The International Federation of Organic Agriculture Movements
(IFOAM) defines “organic agriculture” a whole system approach based upon a set of
processes resulting in sustainable ecosystem, safe food, good nutrition, animal welfare
and social justice (IFOAM, 2005).

The EU-European Union provided definition of organic products referred to
agricultural products produced in accordance with the EU Regulation (EEC) No
2092/91 (EU, 2004). Regulation govern unprocessed agricultural crop products;
livestock and unprocessed livestock products, processed agricultural crop and
livestock products intended for human consumption prepared essentially from one or
more ingredients of plants and/or animal origin and feeding stuffs, compound feeding

stuffs and feed materials.
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According to the Thai Organic Standard (ACFS, 2006) organic agriculture
is a holistic agricultural management system that encourages the harmonization among
the ecosystem, biodiversity, and biological cycles in agricultural production
environment. The organic agriculture maximize the use of natural renewable inputs,
minimize utilization of synthetic products, prohibit the use of genetically modified
organisms or plants, animals, or microorganisms derived from the genetically
engineering multiplication techniques. The organic agriculture includes the whole

processing procedure to preserve the organic status and quality of the products.

3.5.2 Growth and Development of Organic Agriculture - Prior to the late
1980s, the development of organic agriculture was driven by grassroots organizations,
farmers and traders. In the United States, the states of Oregon and California adopted
organic legislation in 1974 and 1979, respectively. In all other parts of the world, it
took a long time before the standards established by the organic agriculture
community (e.g. the Soil Association in the United Kingdom in 1967, IFOAM in
1980; France adopted legislation in 1985, and 1991 marked the adoption of the
European Union Regulation no. 2092/91). The recognition of the role of organic
agriculture in achieving environmental objectives, including sustainable use of land set
aside, led to the adoption of agro-environmental measures to encourage organic
agriculture. On the supply side, and in the European Union, policy instruments
stimulated small farmers to convert to organic farming by providing financial

compensation for losses incurred during conversion (FAO, 2002).

The emerging of organic agriculture created markets for the developing
countries. Most of the organic agricultural projects look for the opportunities in
foreign markets to earn higher income. Many organic products can not find domestic
markets due to higher production cost (ACFS, 2006). Significantly, local consumers
are not willing to pay for the more expensive products nevertheless the superior
quality. The world wide market, niche markets and special groups of consumers are
very important factors associated with successful in organic agriculture. On the
marketing issue, the ACFS (2006) provides the market profile of organic products

worldwide. Many products produced organically in large quantities and distribute to
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the market in limited time frame such as vegetable, fruit and milk are likely to be less
attractive for markets compared to the new products which are supplied in small
quantities to markets such as fish, meat, processed food, tropical fruit, and herbal
products. Organic fish, meat, and herbal products are considered the attractive

products for developing countries to seek wider markets (ACFS, 2006).

3.5.3 Organic Agriculture in Thailand - Data on organic agriculture outputs
for Thailand is provided by the Green Net Cooperative (NESDB, 2006). This non-
government organization indicates that the certified organic farming areas in Thailand
had increased from 2,385 ha in 2001 to 8,958 ha in 2002. However, it also noted that
this only accounted to 0.043 percent compared with total arable area of the country.
Number of farm households operating organic production methods was 1,171 farms
which amounted for 0.023 percent of total farmers in the country. However, the annual
increase rate of organic agricultural area growth during the years 2001-2002 was 276.0
percent. In 2003 and 2004, the organic agricultural areas in Thailand had increased to
11,159 and 13,899 ha respectively. And in the latest survey Green Net Cooperatives
indicate an increase to 21,701 ha in 2005, while the value of organic products was
approximately USD 21.37 million (851 million baht). The annual growth of domestic
market for organic products was approximately 35-40 percent during the year 2003-
2005 (NESDB, 2006).

The important organic agricultural products for Thailand are rice (Jasmine
rice), vegetables, herbal plants, and shrimp. Large quantity of organic products is
exported to foreign markets while only small quantities are distributed through the
domestic supermarkets. The processing of organic agricultural products is not usually
practiced and the processing technology for organic agricultural output is in the stages
of investigation and development for the suitable procedures towards implementation.

The Green Net Cooperative reported that the retail price of organic vegetables
in Bangkok was approximately 64 percent higher than the chemical free vegetable,
and 120 percent higher than commonly produced vegetables. Their findings provide

important reasons motivate and justification farmers to transform to organically
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production systems. The Green Net Cooperative also concludes that the small number
of farmers involved in organic agriculture in the past was limiting, but the extremely
high annual growth rate of organic farm areas, is suggestive organic agriculture has
room to grow both domestic and foreign markets. The increasing concern for
environment quality and food safety has accelerated growth rates of organic
agriculture in the future. Furthermore, policy supports organic agriculture through
national agenda announced by the Thai government that set up 3 years target to
transform 160,000 ha of arable land to organic (2006-2009) represents an extremely
challenge task (NESDB, 2006). However, it is important to note that, none organic
livestock farm are certified up to the latest survey in 2006 that revealed the slow
growth in the sector (NESDB, 2006).

Table 3.5 Areas, productions and value of organic products for Thailand

Products 2003 2004
Area  Production  Value* Area  Production  Value*
(ha) (ton) (mUSD) (ha) (ton) (mUSD)
Rice & field crops 7,475 7,007 5256 9,606 9,399 9.203
Herbal plants & fruits 3,561 2,671 4.007 4,169 6,489 5.901
Others 122 76 0.115 123 76 0.115
Total 11,158 9,754 9.378 13,898 15,964 15.219

Source: Green Net Cooperatives, 2006 * in million USD where 40 baht =1 USD

3.5.4 Organic Livestock Standard - The regulations for organic livestock in
Thailand are outlined in the Thai Agricultural Commodity and Food Standard TACFS
9000-2005, Part II: Organic Livestock. Its central premise is that organic livestock
must harmonize the production of soil, plants and animals. Regulations that this

research follows for organic agricultural production methods expressed the followings:

3.5.4.1 The conversion period from conventional to organic livestock is 12

months for beef cattle 12 months and 6 months for veal production.

3.5.4.2 The animals must be chosen according to their capacity to adapt to

local conditions.
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3.5.4.3 The Thai Organic Standard provides detail on organic feed such as:

- In the initial stage, the ruminant feed should contain > 70 % organic raw

materials; the non-ruminant feed should contain > 65 % of organic raw materials.
- In case the operators can prove that the organic materials were not available,
CB can consider the maximum proportion of non-organic materials and condition to

be used. The feed materials must not contain GMOs.

- The feed rations must provide sufficient nutrients to animals in accordance

with type, breed, age, productivity and physical requirement.

- Fresh water must be provided.

- Feed materials, feed additives, must be conform to the regulation of the feed

quality control and conform to the principle of organic agriculture.

- The raw materials of mineral vitamin and pro-vitamin must be natural origin
sources; if the other type of raw materials were used where the required material can
not obtain, the description of origin and production process must sufficiently provided
and reported to certified body-CB.

- Non-protein Nitrogen i.e. Urea is not allowed.

- By products from slaughtering of large animals are not allowed.

- Antibiotics, coccidiostats, growth regulator, and any synthetic produces are

not allowed to be used for growth promotion purposes.

3.5.4.4 The minimization of utilization of synthetic products on disease

treatment. Health management of organic livestock must emphasize disease prevention
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measures such as usage high quality feeds, provides sufficient exercise, practice
outdoor grazing that aids in improving natural immunity. The synthetic drugs are not
allowed for the disease prevention purposes. Growth promoters and any substance

used for growth promotion are not allowed.

3.5.45 The organic livestock management followed natural husbandry
practices such as:

- Use natural reproduction processes.

- Embryo transfer and hormone inducing practices are not allowed.

- Genetically Modification and Genetic Engineering are not allowed.

- Good housing, sufficient clean floor, and group free stall are practiced.

3.5.4.6 The organic principles that emphasize the minimize utilization of
external inputs, maximize recycling of renewable inputs and minimize use of chemical
fertilization can be met by increasing use of animal manure. Moreover, manure
utilization must be in a good manner that environmental contamination must be
minimized.

3.6 Environmental Degradation Caused by Livestock

Intensive livestock production to increase productivity is a determinant in
environmental damage and disruption of traditional mixed farming. Consequences of

livestock to environmental degradation can be summarized as follows:

3.6.1 In extensive grazing systems, problems tend to be related to degradation
of soils and deforestation, while intensive production water pollution and manure

disposal are more serious issues (Rae, 1999; Schiere et al., 2000).
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3.6.2 Many reports indicate measurable negative impacts of livestock on water
quality such as increasing surface runoff inorganic Nitrogen, and dissolve organic
Nitrogen, increasing ammonia concentration in stream water (Cooper, 1993), or
increasing BOD (Foy and Kirk, 1995).

3.6.3 Important environment challenge facing animal production in developing
country is the continuing loss of animal diversity, especially the indigenous breeds of

livestock and forage crops (Chantalakhana and Skunman, 2002; De Hann et al., 1997).

3.6.4 Intensification of animal production, especially in industrial systems
provides a significant part of meat, milk and egg supplies in developing countries.
These large-scale animal farms are usually situated around the periphery of cities and
town. Some of these large commercial farms may have at one time been far from
urban or community areas, but due to the expansion of the city or residential areas,
such farms eventually find themselves in the middle of the municipality where farm

waste and pollution become social and political pressure

3.6.5 Although the proportion of greenhouse gases emission by livestock is
relatively small, the environmental challenge to minimize greenhouse gases will
continue to be an international issue in for the future. Accordingly, animal scientists
need to find ways and means to reduce emission of greenhouse gases by animals, such
as, introduce improved pasture, develop feeding schemes of ruminant animals,
extension good farm management and sound management of animal wastes and

wastes from processing of animal products.

3.7 Selected Environmental Indicators

Environmental impacts are associated with a large number of factors. Those
factors are complex and interrelated. It is important to select the most relevant and
measurable indicators to describe the environmental impacts of such systems. The

impacts on the environment of the mixed crop-livestock farming systems had been



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Env. and Res. Studies) /39

quantified by a number of authors (Costanza and Gotieb, 1998; Haas et al., 2001; Hole
et al., 2005; Rae, 1999; Thomas and Barton, 1995; UNEP, 2003; van der Werf et al.,
2007). In the main, this study primarily followed the guideline provides in the FAO
documents in Environment Impact Domain: Crop Livestock Interaction by Thomas
and Barton (1995). The guideline address the interaction and environmental impacts of
livestock from the perspective that ruminants are the major livestock species
interacting within cropping, providing power on land preparation, and nutrients to
improve soil fertility. The supply of manure is a major benefit of crop-livestock
integration, and is often the major means of maintaining organic matter levels and
sustaining soil fertility in cropping systems in tropical countries. However,
competition in resources used between crop and livestock can occur with negative
impacts on both systems and on the environment. Increasing livestock production
while grazing land is limited, leads to land degradation and environmental
exploitation. The environmental impacts for pasture-beef production systems in this
follow the above framework with particular emphasis on farm-level environmental

consequences that considered the followings:

3.7.1 Vegetation Traditional land use for cash-crop production in developing
country tends to increase dramatically to expand crop production potential. As a
consequence, grazing area will be reduced and many rangelands are converted to
cropping area, so the productivity of the remaining grazing resource is decreased.
Opposite to rangeland reduction, existing stocking rates of livestock tend to increase
due to the ownership of more livestock. The consequences of this are overstocking.
Consequently, negative environmental effects are experienced when animal numbers
exceed the optimum carrying capacity of the pasture land. In improved pasture, a
decline in the proportion of good quality forage or the proportion of legume content
could be used as an indicator of grassland degradation, along with change in soil
properties. There are different methodologies concerning measurement of vegetation.
The simple values to measure the botanical composition of a given area are the
presence or absence and frequency of species in a given area. Quantification methods

to identify biodiversity dynamics are:
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- Frequency - the probability of finding a particular species in a given area
expressed as frequency percent.

- Number - of individuals per unit area is a quantitative measure of

composition used in measuring changes in plant population structure.

- Cover - is a measure of the proportion of ground covered by vegetation

expressed in percent.

- Bare ground - is a measuring of the stability of vegetation and the effects on
soil erosion. Change in plant community or single species can, therefore, be used as
indicators of range trend and condition to detect local environmental impacts of a
decreasing grazing to cropping ratio (Thomas and Barton, 1995). The vegetation
abundance are quantified and used as environmental indicators in this study that
include presence of good quality forage, presence of tree and percentage of bare

ground area compare to total area.

3.7.2 Wildlife and soil organisms In nature, domestic animals and grazing
wildlife co-habit in the same grazing rangeland without aggressive competition since
the forage availability are abundant. However, the expansion of cultivation and high
livestock densities are resulting in the displacement, fragmentation and reduction in
wildlife populations through destruction of habitats and changing composition of
grazing land and reduction of water resources. Furthermore, wildlife are blame for
transmission of diseases to cattle, destroying crops, breaking fences, damaging

irrigation ditches and for predation (Thomas and Barton, 1995).

3.7.3 Impacts on soil condition Body weight of large animals has direct
effect on plant growth and influence soil structure by pulverization and soil surface
compaction. Treading results in packing of soil particles, loss of larger pores in the soil
mass and results in increase bulk density. On the other hand, poor management of
grassland particularly using high stocking rates leads to surface compaction, increase

bare ground area and erosion. As a consequence, causes the loss of soil quality. Soil
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organic matter contributes to good soil physical condition and increase capacity
storing of soil nutrients. Greater acidification of surface soil is also driven by annual
application of N fertilizer, cumulative N application per hectare influence pH of soil
surface. Changes in the physical and chemical properties of soils can be used as
indicators of effects of soil management, pasture management, and grazing pressure

on the environment.

3.7.4 Impacts on water resources Under present conditions where more land
is used for crop production, intensification of meat and milk production on small farms
is likely to occur. As a result, farmers practice cut-and carry systems which confine
high stocking density of livestock in confinement and water pollution, sanitation, and
hygiene are resultant consequences. Increasing used of chemical fertilizer, pesticides
and other forms of production promoters lead to water pollution. Fecal-
microorganisms are other sources of pollution in surface and ground water. Water
quality in the livestock production area is affected by contamination with soil
nutrients, while pesticide residues may enter both surface and ground water sources.
Nutrient contamination cause eutrophication leading to development of algal blooms
and mats, and associated toxins. Pesticides and herbicides which are widely used in
crop production are the most important pollutants of water. In grassland systems,
pollutant sources include agrochemicals such as fertilizers, herbicides and pesticides,
organic matter, decompose vegetation, decompose animals, manure and slurry which
are collected and subsequently redistributed on the land. Important sources of water
pollution from beef production need careful examination are: nitrogen contamination,

pathogenic microorganisms, and water salinity property.

3.7.5 Crop residues - can be used for livestock feed, compost, sale, or
destroyed by burning. In rice production in irrigation area in Thailand, rice straw has
been burnt before land preparation for the next crop resulting in aerial pollution and
loss of plant nutrients. Any re-allocation of residues from soil has conservation side
effects and can have negative impacts. Soil fertility can only be maintained through
efficient recycling of organic materials in combination with chemical fertilizers and

the used of nitrogen-fixing species in rotations. In Thailand, a residue from crop
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production is a major source of nutrients for livestock particularly in the dry season.
At this time of the year, level of crude protein and phosphorus in the residues of
fertilized crops are much higher than those available from native pasture. Crop
residues can compensate for the loss of natural grazing as a result of increasing
cropping areas, and help reduce the over stocking of rangeland which can cause land
degradation.

3.7.6 Manure production and utilization A major benefit of livestock in the
crop-livestock integrated agricultural system is the supply of manure. Quantity and
quality of animal excreta depend on the number of animals, the species, the amount
and type of feed consumed, and the interaction between the form in which nutrients
are ingested and the digestive processes taking place in the animals. By controlling
animal movement, adjusting stocking rates in a grazing situation or storing and
distributing manure from animals kept in confinement can influence the proportion of
nutrients returned to the soil in a given location. Quality, quantity, factors related and
sources of nutrient losses of animal manure management had described by Romney et
al. (1994).

3.7.7 Fertilizers - Well managed fertilization has beneficial impacts on
correction and maintenance of soil fertility and soil condition. Intensive grassland
production is often associated with the alleviation of mineral deficiencies that limit
plant growth. Fertilizer application is a common practice to help in increasing
productivity while animal feces and urine can be use for the same purpose with less
attention. Extensive grasslands use nutrients released from parent material and organic
matter by biological and chemical processes. Farmers rarely provide fertilizers to these
types of grasslands. A nutrient released from organic pools depends on litter quality,
environmental conditions and the level of microbial activities (Swift et al., 1979).

Overgrazing is the biggest cause of nutrient loss in extensive grasslands.

3.7.8 Pesticides - According to FAO (1995) crop receiving the highest
applications of pesticides includes; rice (the highest with 14 percent of total pesticide

use in 1993), cotton (11 percent), maize (11 percent), soybean (8 percent) and all
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cereals (14 percent). Environmental impacts of pesticides include impacts on non-
target organisms such as beneficial insects and pest predators and soil organisms,

damage to water ecosystems and contamination of water resources.

3.7.9 Other external inputs - Apart from fertilizers, other external inputs have
been used to encourage and increase farm productivity such as increasing use of
higher productive exotic breeds of animals and using more concentrate feed to
increasing productivity. Side effects include increased production cost and loss of
biodiversity. Increasing percentage of exotic animals (improve breeds) represents a
positive sign of productivity while production intensity causes utilization of off farm
resources, increasing importation of breeding animals, and potential negative impacts
on biodiversity and risk of extinction of local breeds. Increasing level of concentrate
feed used is suggestive of positive productivity, and production intensity, but can
results in utilization of off farm resources, increasing importation of feed ingredient,
and potential negative impacts on water contamination and soil pollution from feed

residues.

3.7.10 Impacts on yield and carrying capacity — Stable productivity and
appropriate carrying capacity are indicators of farm sustainability and economic status
(Reynolds, 1995). Increasing stocking rate and grazing pressure positively affects
production intensity; however it can result in on the other hand, indicates utilization of
farm resources and increasing negative impacts on pasture productivity, soil structure,
soil fertility, water contamination and soil pollution from grazing livestock (Haas et
al., 2001; BFA, 2002; Reynolds, 1995).
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CHAPTER 4
SMALLHOLDER BEEF PRODUCTION SYSTEMS: A
FARM SURVEY

To increase understanding on the baseline situation in beef production, and to
examine the feasibility to introduce organic pasture management to smallholders in
Thailand, a farm survey was undertaken. Results from the survey would provide the
baseline structure of the cattle farming systems, and characteristics of the farms.
Finally, suitability of target group to introduce the emergence technology of organic

pasture management will be preliminary determined.

4.1 Objectives

The objectives of performing farm survey were to:

4.1.1 ldentify characteristics of beef production systems of smallholders.

4.1.2 Examine potential environmental consequences of smallholder beef

production systems.

4.2.3 Investigate farmers’ opinion on organic farming systems.

4.2.4 Determine the feasibility and relevance of introducing organic pasture
management technology to smallholder beef production farmers and to identify
suitable groups of farmers to introduce organic pasture management technology in
Thailand.
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Results of the survey will provide baseline data to set up the field trial, elicit
relevant parameters to be used in the mathematical equations in the modeling and

simulation stages.

4.2 Procedure

This section reports on the procedure employed for the farm survey.

4.2.1 Location - In order to use the survey results as baseline data for the
experimental design, the farm survey was purposively undertaken in Sahasakhan
District, Kalasin province where the field experiment was also carried out. The
location was convenient for data collection and data analysis too. Kalasin is a Medium
size province located in the center of the northeastern region of Thailand. Total
number of the livestock farmers in 2005 was 55,625 with total arable land of 95,863
hectare and 128,600 head of cattle and buffalo (DLD 2005).

4.2.2 Population and Samples - Kalasin is divided into 18 administrative
districts; however, geologically the province consists of two different geographical
areas: the mountainous and the lowland area of paddy rice. Sahasakhan is a district
that covered both mountainous area and paddy area. The district is a medium size in
terms of number of smallholders as compared to the other districts in the same
province. The livestock statistics of 2005 indicates the number of smallholders with
cattle in Sahasakhan was 2,004 households with 8,200 head of cattle; 2,893 head of
buffalo; 1305 head of swine; and 47,398 native poultry. The sampling procedure
followed the multi-stage sampling technique describes in Prasitrattasin (2001) by
randomly selected four villages of 4 random sub-districts of Sahasakhan district.
Thirty farms from each village were sampled followed the systematic sampling
technique (Prasitrattasin, 2001) made the total sample of 120 farms. Number of sample
per village was assigned purposively to obtain sufficient data sets for statistical
analysis as being representatives of smallholders in the area. The farmer’s interview
questionnaire was constructed, pretested, and used to compile data through individual

interview during October to December 2004.
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4.2.3 Data Analysis - Data was analyzed using SPSS (Statistical Package for
Social Science) (Downie and Heath, 1974; Chase and Brown, 2000; Tabachnich and
Fidell, 2001). The descriptive statistics provide characteristics of smallholder livestock
farmers in terms of resource available for livestock production, cattle herd
characteristics, feed resource availability and utilization, feed preservation practice,
investment and income from cattle production, and finally perceptions of farmers on
environment problems derived from livestock farming and opinions of farmers on

organic agriculture.

4.3 Results from the Survey

Results from the farm survey provided baseline characteristics and components
of the beef production systems of smallholders. Out of 120 samples, data from eight
farms were not appropriate (outliers) for analysis, therefore only 112 samples were

included in the analysis.

For the purpose to compare parameters among different farm size, as well as
to examine influences of farm size on the farm performance, the livestock farms were

classified into 3 groups according to farm area (hectare of land per farm):

1) Smaller farms comprised farms with total area not exceeding 1.60 hectare

per farm (bellow 10 rai/farm; 6.25 rai = 1 hectare).

2) Medium farms were those with 1.61 to 3.2 hectare per farm (10-20 rai).

3) Larger farms comprised farms with 3.21 to 6.4 hectare per farm (20-40 rai).

The Larger farms beyond 6.4 hectare were regarded as commercial farms and
excluded from the analysis. Number of samples according to each category was 37,
54, and 21 for smaller-farms, medium-farms and larger-farms, respectively. The
comparison of group means of farm characteristics was made through the Duncan’s
multiple range tests (DMRT) (Downie and Heath, 1974; Chase and Brown, 2000;
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Tabachnich and Fidell, 2001) to identify association of farm size with farm
performance and some characteristics of the farms including resource availability, feed
resource and feeding management, and investment and expenditure of the farms.
Results were used to evaluate the feasibility and the relevance of introduction of

organic pasture management technology in Thailand.

4.3.1 Characteristics of Smallholders

4.3.1.1 Table 4.1 reports results of the data analysis on characteristics of the
respondents (smallholders). Smallholders who were key-person and responsible for
animal husbandry of farms were mostly men (88.4 percent) with the average age of
44.43 years, of whom 82.1 percent were headman of the family and married (91.1

percent).

4.3.1.2 The main occupation of respondents was crop production (92.0
percent). Only 3.6 and 4.5 percent of respondents indicated that their major occupation
were livestock production, while the balance were government employees and family
business, respectively. The results confirmed findings by a number of authors that
livestock is the secondary or supplementary occupation for farmers in the tropics

rather than the major occupation (Chantalakhana and Skunman 2002; Reynolds 1995).

4.3.1.3 Majority of the respondents had primary level education (66.1 percent)
followed by high school (19.6 percent), secondary school (8.9 percent), vocational

education (3.6 percent) and undergraduates (1.8 percent), respectively.
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Table 4.1 Characteristics of livestock farmers

Characteristics Total
(N=112)
1. Sex (%)
Male 88.4
Female 11.6
2. Age, year (Mean and Standard deviation) 44.43 (11.33)
3. Status in the household (%)
Headperson 82.1
Others 17.9
4. Married status (%)
Married 91.1
Single 6.3
Others 2.7
5. Main occupation (%)
Crops production 92.0
Livestock production 3.6
Others 4.5
6. Education (%)
Primary school 66.1
Secondary school 8.9
High school 19.6
Vocational and equivalent 3.6
Bachelor and equivalent 1.8

4.3.2 Resources for Cattle Production

Table 4.2 shows resource availability for cattle production of smallholders

classified by size of farms (smaller-farms, medium-farms and larger-farms):

4.3.2.1 The average agricultural lands for smaller, medium and larger farms
were 1.06, 2.71, and 4.70 hectare per farm, respectively.

4.3.2.2 The major parts of farm land is used for rice production, field crop

production, pastures, water reservoirs, and forestland, respectively.

4.3.2.3 The size of total agricultural land and the land used for rice production
(paddy lands) as well as the land used for field crop production (field-crop lands) were
highly correlated. The larger farms had significantly larger paddy lands with the
means of 2.75, 1.37 and .85 for 1.37 hectare per farm for the larger-farms, medium-

farms and smaller-farms, respectively (P < .05). The larger farms pose significantly



Fac. of Grad. Studies, Mahidol Univ. PhD (Env. and Res. Studies) /49

larger field-crop lands with the means of 1.46, .97 and .20 hectare per farm for the

larger-farms, medium-farms and smaller-farms, respectively (P < .05).

4.3.2.4 The pastures, water reservoirs, forestland and unused land accounted

for very small portion of land ownerships for smallholders.

4.3.2.5 Cultivating land is the most significant limiting factor for agriculture
(FAO, 1995). Organic agriculture requires larger area compared to the intensive
chemical agriculture (Chantalakhana and Skunman, 2002); therefore, families with
larger land availability (medium and larger-farms) were likely to be more suited for

introduction organic pasture management options.

4.3.2.6 Labor availability is an important resource for agricultural production
for smallholders in rural villages. The investigation on labor availability of farm
households indicated that livestock farms have average family size of 4.37 people per
household with means of 3.94, 4.59 and 4.52 people per family for the smaller,

medium and larger-farms, respectively.

4.3.2.7 Average number of family members belongs to the labor force group
(age 15 to 60 years) were 3.17, 3.54 and 3.24 person per family for the smaller,
medium and larger farms respectively. Number of labor force involved in livestock
production activities were amounted to 2.25, 1.83 and 1.73 person per farm,

respectively.

4.3.2.8 The group means for total household population, labor availability and
labor force involved in the livestock production activities among farms of different
size (smaller, medium and larger) were not significantly different ( P > .05). The labor
force availability suggests that livestock farms had sufficient labor for their
requirement. Similarly, it is suggestive that livestock production plays an important

role in absorbing family labors in the rural villages.
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4.3.2.9 Number of livestock recently owned by farmers is another important
resource for smallholders in rural village. This survey found that the means of the
number of beef cattle (including native cattle) was closely associated with the
ownership of the agricultural land of the farms. Accordingly, larger farms with larger
land also owned larger number of beef cattle of 6.29, 4.37 and 3.94 head per farm for

the larger, medium and smaller farms, respectively (P < .05).

4.3.2.10 Number of buffalo per farm was relatively small in the surveyed
villages as farmers in Kalasin province used small tractors to replaced buffalo for land

preparation. This resulted in decline in the number of buffalo to .09 head per farm.

4.3.2.11 Average number of swine was .47 head per farm (of all farms).

4.3.2.12 Poultry, especially native chicken reports an average of about 10
chickens per farm (of all farms). This highlights the importance of small animals for

the rural villagers.

4.3.2.13 The components of livestock, which include 3 to 6 head of cattle, and
about 10 chickens per farm, with some buffalo and pigs best describes the average
profile of the farming systems of smallholders. These farms, particularly the medium
and larger-farms are likely to be more suitable for introduction of organic farming

systems.

The model organic farm that was established from the above indicators for the
field experiment utilized these baseline characteristics for setting up the model farm

(discussed in Chapter 5).
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Resource availability Farm size -
Smaller- Medium-farms  Larger-farms Total
farms N =54 N=21 N =112
N =37
1. Land (ha per farm)
Total agricultural lands 1.06 (.08) a 2.71(.05) b 470 (\17) c 2.54 (.13)
Paddy lands 85(11)a 1.37 (.08) b 2.75(.23) c 1.46 (.09)
Field crops lands .20 (.05) a .97 (.08) b 1.46 (.28) ¢ .81 (.08)
Pasture lands .11 (.05) .09 (.02) .09 (.06) .10 (.02)
Water reservoirs .07 (.03) .15 (.04) .06 (.01) 11 (.02)
Unused land .01 (.01) 0 0 .005 (.003)
Forest land 0 0 .28 (.17) .05 (.03)
2. Labor (person per farm)
Total household member 3.94 (.26) 4.59 (.17) 4.52 (.26) 4.37 (.13)
Labor force age (15-60 years) 3.17 (.20) 3.54 (.18) 3.24 (.33) 3.36 (.12)
Labor Involve in cattle rearing 2.25(.18) 1.83(.12) 1.71(.18) 1.95 (.09)
3. Livestock (head per farm)
Beef cattle 3.16 (.31) a 437 (24)b 6.29 (.83) ¢ 4.33 (.24)
Buffalo .22 (.19) 0 .10 (.09) .09 (.06)
Dairy cattle 0 0 0 0
Swine .59 (.51) .50 (.46) .19 (119) AT (.28)
Poultry 9.92 (1.98) 10.78 (2.31) 7.19 (2.23) 9.82 (1.35)

! Indicate the group means and standard errors in the brackets
%3, b, ¢, Group means in the same row with different alphabets are significantly different (P < .05)

4.3.3 Cattle herds components

The study on cattle herds components proceeds by classifying cattle number

according to type of cattle including bulls (breeder mature male), cows (breeder

mature female), heifers (young female), steer (castrated male) and calves (under 1 year

male and female). Table 4.3 provides component of the cattle herds of the sample

farms.

4.3.3.1 Average number of bulls, cows, heifers, steers and calves was .13, 1.88,

.92, .68 and .75 head per farm, respectively.

4.3.3.2 Almost every farm had larger number of cows compared to the other

types of cattle, followed by heifers and calves, respectively.
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4.3.3.3 This study found that only bull and steer numbers were associated with
farm size in terms of agricultural land area where the larger-farms posted greater

number of bull and steer as compared to the smaller and medium farms (P < .05).

4.3.3.4 It was also recognized that the medium and larger farms had non-
significantly higher average number of cows as compared to the smaller-farms.

Therefore, availability of animal genetic resource offered the greatest statistical
potential for larger farms. Accordingly, the idea to select larger farms for organic

farming implementation was highlight.

Table 4.3 Cattle herds components

Cattle components Agricultural land **
Smaller-farms Medium-farms ~ Larger-farms Total
N =37 N=>54 N=21 N=112

Bulls .03 (.02) a .04 (.02) a 57 (.16) b .13 (.03)
Cows 1.49 (.17) 2.17 (.17) 1.86 (.46) 1.88(.13)
Heifers .92 (.21) .80 (.10) 1.24 (.21) .92 (.09)
Steers .30 (.08) a .57 (.09) a 1.62(.75) b .68 (.15)
Calves .54 (.12) 93 (.11) .67 (.17) .75 (.07)

! Indicate the group means and standard errors of the means in the brackets
%3, b, ¢ Group means in the same row with different alphabets are significantly different (P < .05)

4.3.4 Feed Resources Availability and Utilization

The availability of feed resource is an important factor for cattle production
and may help in reinforcing the potential of transformation to better management
practices. The investigation to gain insight into the situation of feed availability and
the schemes farmers currently followed to obtain feed for their livestock was

investigated.

The feed resources centered to this study were included forest and public
grazing areas, paddy and crops land, utilization of crop waste and utilization of
concentrate feeds. Number of months farmers grazed or collected feed and fed to
animals of each farm were compiled and analyzed. Table 4.4 provides results of the

analysis indicate the followings:
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4.3.4.1 It was found that farmers mostly grazed cattle in (1) paddy and
croplands followed by (2) forest and public ranch grazing and (3) crop waste feeding

with the average duration of 6.45, 5.23 and 2.54 months, respectively.

4.3.4.2 Improved pastures as well as concentrate feeds were practically not

important for smallholders in the surveyed area.

4.3.4.3 The means comparison indicated that duration of forest and public
grazing as well as duration of crop waste feeding seem to be associated with the farm
size, where the larger farms reported significantly longer grazing on forestlands and
public ranches as compared to the smaller and medium farms (P < .05).

4.3.4.4 Smaller farms were significantly utilizing rice straw and crop waste as
feed resource for cattle for the longer period as compared to the medium and larger
farms (P < .05).

4.3.4.5 Insufficient of fodder production as source of cattle feed was observed.
Instead, longer period of cattle feeding depended on naturally grown pasture within
the paddy or native grass incorporated with crop production. Moreover, forest grazing

marked significant grazing areas for all farm sizes.

The baseline information reported above aspired to evidence to support the
policy to encourage farmers to provide more agricultural land for fodder production so
that more efficient productivity is to be achieved. The introduction of pasture
establishment and pasture management technologies have significantly relevance to

increase self-sustainability of livestock feed resources.
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Table 4.4 Feed resource utilization for cattle feeding (months of utilization)

Cattle components Agricultural land **
Smaller-farms Medium- Larger-farms Total
N =37 farms N=21 N =112
N =54

Forest and public ranch 6.24 (.89) ab 3.87(.65)a 6.95(1.04)b 5.23 (.48)
Paddy and crop lands 5.92 (.69) 7.30 (.62) 5.19 (.40) 6.45 (.39)
Rice straw and crop waste 4.05(.71) b 1.85(.38) a 1.67 (.49) a 2.54 (.32)
Improved pasture .86 (.38) 1.15 (.30) .67 (.36) .96 (.20)
Concentrate feeds .38 (.21) 0 .29 (.24) .18 (.08)

! Indicate the group means and standard errors of the means in the brackets
%3, b, c Group means in the same row with different alphabets are significantly different (P < .05)

4.3.5 Feed preservation

In general, grazing areas either native or improved vary in availability. Mainly,
forage crops and other feeds are abundant in specific duration and insufficient for
some periods during the year. For example, natural grazing sreas are frequently
abundance in the rainy season and developed to be low quality straw in the dry season.
Several agricultural by-products such as rice straw, crop-waste and hay are available

in sufficient quantity in crop harvest season.

Available products preserved in appropriate forms should provide farms with
sufficient feed to sustain and for efficient productivity. However, many authors have
observed that the lack of knowledge and lack of interest to preserve fodder were the
unique characteristics of farmers in developing countries (Reynolds, 1995). This study
investigated the methods and amount of preserved fodder farmers provided to cattle
over the year that the survey was undertaken. Quantity in terms of area (hectare) and

quantity of preserved feeds were quantified. Table 4.5 shows the results of the survey:

4.3.5.1 Feed preservation results indicate that rice straw preservation with the

average quantity of 1,324 kg per farm was the largest quantity of preserved feed.

4.3.5.2 Hay and crop waste preservation were quite unusual. Small number of

farms preserved improved pasture for summer feeding. The medium farms posted
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greater potential, although non-significantly, on both rice straw preservation and larger

improved pasture areas.

Table 4.5 Feed preservation of smallholders

Cattle components Agricultural land *?
Smaller- Medium-farms  Larger-farms Total

farms N =54 N=21 N =112

N =37
Improved pasture (ha per farm) .30 (.11) .37 (.12) .52 (.38) .38 (.10)
Hay preservation (kg per farm) 1.08 (1.08) 0 0 .36 (.36)
Rice straw preservation 814 (200) 1664 (228) 1350 (417) 1324 (153)
Crop waste preservation 32.43 (27.41) 0 0 10.71 (9.09)

! Indicate the group means and standard errors of the means in the brackets
%3, b, c Group means in the same row with different alphabets are significantly different (P < .05)

4.3.6 Investment and income from cattle production

The investigation on investment and income from cattle production of
smallholders had been undertaken to examine potential of cattle farming on supporting

farm economics purpose. Table 4.6 provides results of the investment analysis:

4.3.6.1 Investment on cattle purchasing were among the highest of the farm
expenditures with the average of USD 240.20 per farm per year.

4.3.6.2 The main income of cattle farms also derived from the selling of live

cattle which accounted for USD 276.88 per farm per year.

4.3.6.3 The average income was slightly higher than the average expenditure,
which mean than the cattle farms had made a profit.

4.3.6.4 Average number of cattle purchased per year per farm amounted to .30,

.48 and 2.86 head for the smaller, medium and larger farms, respectively.

4.3.6.5 The means comparison showed that the larger farms had significantly
purchased larger number of cattle with 2.86 head per farm per year as compared to the

smaller farms of .30 and .48 head per farm per year, respectively (P < .05).
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4.3.6.6 Average number of cattle sold per farm per year was about .80 head,
which was not different among groups.

4.3.6.7 Other expenditures for cattle production were vaccine and medication
services with the average of USD 12.95 per farm per year; followed by purchased
feeds and chemical fertilizers for pasture production of USD 6.70 and 6.16 per farm

per year, respectively.

4.3.6.7 The purchase of roughage for cattle averaged USD 2.33 per farm per
year had been practiced by very few farms. Apart from cattle sale, very few farmers
earned income from other sources such as manure selling with the average of only

USD 1.16 per farm per year.

Table 4.6 Investment and income from cattle production

Agricultural land *?

‘ Smaller- Medium- Larger-farms Total
Investment and income ~ g farms N = 21 N =112
N =37 N=54

Purchase cattle, head per 30a(.12) 48 a (.14) 2.86 b (.80) .87 (.19)
farm
Purchase cattle, USD per 202.05 193.83 464.28 240.20
farm (48.74) (58.86) (228.37) (50.42)
Sale cattle, head per farm .57 (.18) 94 (.17) .86 (.23) .80 (.11)
Sale cattle, USD per farm 327.94 254.00 246.25 276.88

(93.26) (52.97) (102.20) (43.67)
Purchase forage, USD per 1.78 (1.24) 3.42 (2.10) 0 2.33(1.14)
farm
Purchase feeds, USD per .62 (.62) 9.88 (4.39) 8.92 (5.15) 6.70 (2.42)
farm
Purchase vaccine, medicine 11.07 (1.91) 15.11(1.70) 10.00 (2.97) 12.95(1.18)
and medical service, USD per
farm
Purchase chemical fertilizers,  3.73 (1.85) 8.14 (2.27) 4.82 (3.31) 6.16 (1.41)
$US per farm
Purchase pesticides for 0 0 0 0
pasture, USD per farm
Purchase herbicides for 0 0 0 0
pasture, USD per farm
Purchase manure and organic 0 0 0 0
fertilizers, USD per farm
Sale manure, USD per farm 0 2.28 (1.79) 0 1.16 (.91)

! Indicate the group means and standard errors of the means in the brackets
%3, b, c Group means in the same row with different alphabets are significantly different (P < .05)
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4.3.7 Perceptions of farmers on environment problems

To examine impacts of agriculture on environment degradation an interview
questionnaire was utilized to compile data through individual interview. The results
provided information that partly reflects the awareness level of farmers concerning
impacts of agricultural activities on farm environments. Table 4.7 shows results of the

survey and finding are summarized below:

4.3.7.1 Biodiversity - Although farmers did not understand fully the concept of
biodiversity, many farmers recognized the apparent decline of species and lack of
abundance of plants as a result of farm activities. About half of the respondents (51.5
percent) indicated that the decline of plant diversity had occurred as consequence of

agriculture.

4.3.7.2 Land Erosion - Farmers understood nature of land erosion in terms of
water caused erosion. While wind erosion, soil lost, and other causes of erosion such
as tillage, non-vegetative covering, vegetative removal and loss of soil organic matter
(SOM) were not recognized. Therefore, environmental degradation in terms of soil
degradation may not be fully understood or of concern to farmers. This survey found
that only half of the respondents (50 percent) indicated that the erosion of agricultural

land had occurred due to the impacts of inappropriate agriculture.

4.3.7.3 Soil Compaction, Soil pH and Water Pollution - One of the
drawbacks to livestock farming on environments is the potential to cause compaction
due to the continuous trampling (Cooperband, 2000; Pierzynski et al., 2005). To
examine this impact, farmers’ opinions were analyzed. The results indicated that only
39.8 percent of the respondents observed the problem of soil compaction. Similarly,
smaller number of respondents (29.2 and 35.2 %) indicated the problem of soil pH and

water pollution as consequences of agriculture, respectively.
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4.3.7.3 Soil Nutrients Degradation, Increasing used Chemical Fertilizers
and Pesticides — A Large number of respondents indicated that they observed the
effects of degradation through soil nutrients (58.0 percent), the increase used of
chemical fertilizers (63.1 percent), and the increased pesticide residues in soil and

water (63.1 percent), respectively.

By taking into accounted the number of farms in terms of the environmental

degradation potential, the environmental impacts may be categorized into 2 categories:

1. Degradation occurred more frequently and the consequences had been
observed by the majority of farmers:
a. Decline of plant biodiversity.
b. Soil erosion.
c. Degradation of soil nutrients.
d. Increase the used of chemical fertilizers.

e. Increase pesticide residue contamination in soils and water.

2. Degradation occurred on limited number of farms:
a. Soil compaction.
b. Soil pH alteration.

c. Water pollution.

It is important to note that the environmental impact that largest number of
respondents perceived included the increase use of chemical fertilizers, and the
increased contamination of pesticides residues in soil and water. Therefore, if the
technologies concern the reduction of utilization of chemical fertilizers and the
reduction of utilization of chemical pesticides are introduced, this is likely to adopt by

greater number of farmers.
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Table 4.7 Opinions of farmers on environmental problems

Environmental problems Percent of respondents
N =112
1. Decline of plant biodiversity 51.5
2. Soil erosion 50.0
3. Soil compaction 39.8
4. Degradation of soil nutrients 58.0
5. Lowering soil pH and degradation of chemical properties 29.2
6. Water pollution 35.2
7. Increase use of chemical fertilizers 63.1
8. Increase pesticide residues in soil and water 69.5

4.3.8 Perceptions of Farmers on Organic Agriculture

The final steps in a systems approach is implementation. Implementation
includes modeling and providing information to support the acceptance of organic
agricultural technology to targeted farms. It is therefore, considered important to
understand the perceptions of farmers of organic agriculture. The respondents were
interviewed and data were analyzed and results presented in table 4.8. Perception of
farmers on organic production management may be categorized into 2 major
categories according to how farmers visualized their potential impacts in terms of

positives and negatives:
Majority of farmers indicated that generally they are interested in organic
farming (85.2 percent), majority had positive opinions on organic farming due to their

expectation of the favorable outcome as the followings:

1. Conversion to organic farms can improve the farm environment (63.0

percent)

2. Organic farming will produce safe products (76.9 percent)

3. Organic farming will promote animal welfare (64.8 percent)

On the other hand, a large number of farmers (68.5 percent) expected that

organic farming will lowering the farm productivity.
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Table 4.8 Expectation of farmers on organic agriculture

Opinion on organic agriculture Percent
N=112
Organic farming will lowering productivity 68.5
Organic farming will improve the farm environment 63.0
Organic farming will produce safe products 76.9
Organic farming will promote animal welfare 64.8

Results of the respondent’s expectation of organic farming provided important
information that essential for further development of the more effective extension
systems of organic farming. This study revealed that, to this date, information on
organic agriculture was not sufficient to prove the positive aspects of the organic
systems as compared to the conventional practices especially in terms of their affects
on farm productivity. The study indicated that majority of farmers were uncertain
about farm productivity if they were converted to organic. Therefore, the provision of
information as well as the demonstration to show dynamics of farm productivity after
transition to organic is essential. Experiment that conducted and discussed in Chapter

5, and the modeling as provided in Chapter 6 will support this attempt.
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CHAPTER S5
PRODUCTIVITY AND ENVIRONMENTAL CONSEQUENCES OF
ORGANIC PASTURE MANAGEMENT: A FIELD TRIAL

The rise in health and environmental awareness of a new generation of “green”
consumers, and the gaining popularity in organic, chemical-free and environment-
friendly food production and lifestyles are demand driven and have recently
accelerated the growth of organic production in many sectors in developing nations
included Thailand. Organic beef cattle production is part of this process in
alternatives. The beef farming system in Thailand has followed one of the two
conventional beef production systems: 1) mixed crop-livestock system; and 2)
intensive commercial farming system. The former is characterized by less intensive,
low-input utilization, and smaller size, while the latter is relatively larger in size and
require greater external inputs dependence. Environmental degradation deriving from
intensive livestock production is well documented. This includes degradation of
forest, soil, and biodiversity (Rae 1999), pollution of water resources (Dieberg 1999;
Cooper 1993), contribution to greenhouse gas effects and global warming potential
(Gibbs et al. 1989), and problems of health and food safety (Vaarst et al. 2005). At the
same time, extensive agriculture and livestock production systems have high potential
to cause environmental degradation due to consecutive use of resources in agricultural
production as well as the continuous application of un-natural products such as

chemical fertilizers and pesticides.

In Chapter 4, characteristics, components, general situations as well as
potential environmental problems in association with the mixed crop-livestock
farming of smallholders of the sample villages were examined. It was found that
farmers’ opinions on environmental problems as well as their perceptions on new
agricultural practice such as organic farming were not extensive. Despite the greater

knowledge had, two questions had remain:
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(1) To what extent would the transition to organic farms affect the productivity
of the livestock farms?

(2) To what extent (quantitatively) would transition to organic farms contribute

to environmental consequences of the farm ecosystems?

To gain insight into the effects of transition to organic farms on productivity
and potential environment consequences; a 3 years field trial was conducted during
2004 -2007. Pasture productivity, cattle productivity and relevance environmental
parameters were estimated and compared between the organic and non-organic
management pastures practices. Results of the experiment helped to confirm the
relevance of timely introduction of organic technology into management livestock
cycles for farmers in Thailand so as to improve the beef production sustainability and
encourage positive environmental gains. The parameters obtained form the experiment

was used in the modeling and simulation stages.

5.1 Objectives

The main purposes of field experiment were to:

1) Examine influences of transition to organic farms on productivity and the

environmental consequences of organic pasture management.

2) Compare productivity and environmental quality of pastures under

organically and non-organically management systems.

3) Obtain relevance parameters to be used in the modeling and simulation

stages.
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5.2 Procedure

The procedure, data collection and analysis of the field trial are discussed in

this section.

5.2.1 Experiment Site - The experiment was carried out on Kalasin Animal
Nutrition and Development Station under the supervision of the Department of
Livestock Development, Ministry of agricultural and cooperatives, Thailand. The
station is located in Sahasakhan District, Kalasin province, northeastern Thailand
between Latitude 16° 49' 60" North and Longitude 103 50" 11" East. Major soils are

low fertile and low water holding capacity with average pH 5.23, average CEC 4.56
cmolc per kg, average available P 10.98 mg per kg, average exchangeable K 27.84 mg
per kg, and average OM 0.34 percent; the soil texture is sandy loam with top soil
depth less than 20 cm. The 30 years average precipitation is 1,458.8 mm per year; the
average relative humidity is 72.3 percent, and average temperature is 26.6 °C (LDD
2005). The Department of Land Development recommended suitable plants for this
soil are rice, sorghum, corn, mung bean, soybean, ground nut, kenaf, rubber tree and
oil palm tree (LDD 2005).

5.2.2 Pasture management

5.2.2.1 Organic pasture management - Organic pasture occupied an area of
3.2 ha (20 rai) which typically represented the smallholder farms with relatively large
farm area (medium and larger-farms). The pasture characteristics and management can

be summarized as follows:

1. The organic pasture was a grass-legume mixed, established in June
2003 comprising Guinea grass (Panicum maximum TD 58) and Taphra stylo legume
(Stylosanthes guianensis CIAT 184). Guinea grass was cultivated using seedlings with
the space of 50 x 50 cm. Taphra stylo seed was sown between grass rows with the
seed rate of 12.5 kg per hectare following the guideline for pasture establishment

provided by the Department of Livestock Development (DLD, 2003). Both species
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were exotic pasture breeds that considered suitable for the Northeastern Thailand
(DLD, 2003).

2. Used cattle manure as the only source of plant nutrients by firstly,
broadcasted cattle manure with the rate of 50 kg N/ha as basal fertilizer prior to the
seeds sowing. After that, returned all manure collected from the farm yard (Farm Yard
Manure — FYM) back to the pasture every month.

3. Controlled weeds in the pasture by selected weeding technique

where only non-edible weeds were removed by hand every 2 to 3 months.

4. Assigned 20 head (1 bull and 19 cows) of the 1.5 year old Thai
Native cattle (Bos indicus) with the average body weight of 162.75 (+ 0.96) kg to
available grazing pasture. This made the initial stocking rate of 2.26 AU/ha (1 AU-
Animal Unit = 450 kg of cattle).

5. Applied rotational grazing technique by dividing the pasture into 4
paddocks of 0.8 hectare per paddock and restricted control animals movement by
movable electric fence.

6. Non pesticide or herbicide was used.

7. Non chemical fertilizer or any forms of synthetic inputs were used.

8. The pasture seed was non-GMOs.

The management of organic pasture was following the regulations in the
organic agriculture and livestock standard of Thailand (ACFS 2003; ACFS 2005)

5.2.2.2 Non-organic pasture management - For the non-organic system, a
pasture of 1.6 hectare was used for continuous grazing of 10 head of 166.0 (+ 1.83) kg

of Thai Native cattle (1 bull and 9 cows). The initial stocking rate of the system was
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2.31 AU/ha. Only Guinea grass (Panicum maximum TD 58) was cultivated. The
pasture was managed in accordance with the pasture production guideline (DLD,
2002) as follows (Table 5.1):

1. Used chemical fertilizers as the main source of plant nutrient
including application basal chemical fertilizer (15-15-15) with 50 kg N/ha prior to the
seed sowing, and annually applied urea fertilizer (46-0-0), with 50 kg N/ha/year by

broadcasting fertilizer twice in the rainy season.

2. Controlled weed by non-selected mechanical weeding, prior to the
beginning of grazing season each year.

3. Non pesticide or herbicide was used.

4. Larger amount of manure was removed, the proportion of about 25.0

percent of manure was returned to the pasture during grazing.

Table 5.1 Characteristics of the organic and non-organic pastures

Characteristics Organic Non-organic
Total area, ha 3.2 1.6
Number of paddocks 4 1
Area per paddock, ha 0.8 1.6
Pasture establishment date June 2003 June 2003
Grass cultivation Seedlings Seedlings
Legume seed rate, kg/ha 12.5 -
Basal chemical fertilizer (15-15-15), kg N/ha 0 50
Annual chemical fertilizer (46-0-0), kg N /ha/year 0 50
Basal manure input, kg N/ha 50 0
Manure recycling 100.0 percent 25.0 percent
Weeding Selected Non-selected
Grazing method Rotational Continuous
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5.2.3 Pasture Utilization - Both pastures were grazed consecutively for the
period of 3 years (January 2004 to December 2006). The organic pasture was utilized
by rotational grazing by allowing cattle grazing for 6 to 15 days on each paddock
according to pasture availability as described by Ritruechai et al. (2004). For example,
during the rainy season (May to August), the cattle were confined to one paddock for
12-15 days. Some paddocks which had not been grazed were harvested for hay. In
summer the cattle were allowed to graze 6-7 days per paddock. Preserved hay was fed

to satisfy cattle in summer.

Under continuous grazing of the non-organic pasture, cattle were allowed
grazing freely in one main paddock throughout the grazing season. Animal husbandry
and health management of both systems were minimally different due to the
adherence to regulation of the organic standard applied to the organic animal herd that
includes: year round open air accessibility, manure recycling, chemical veterinarian

products including antibiotics were not allow for the organic herd.

Table 5.2 Animal hushandry and health management

Items Organic Non-organic

Animal husbandry

Guideline TACFS 9000-2005 DLD non-organic management
Open air grazing All year Confine in summer

Feeds Organic pasture Non-organic pasture

Manure management Recycling Removal

Animal health practice

Vaccination Yes Yes
Deworming Use natural products® Use chemical products
Antibiotics Do not allowed Allowed

! Deworming twice per year with herbal products produce on farm
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5.2.4 Data collection and Analysis - The following data collection and

analysis were performed:

5.2.4.1 Data for cattle growth were recorded monthly by weighing cattle

individually.

5.2.4.2 The Soil samples were randomly taken in 4 replicate areas from each
paddock in the organic pasture (16 samples), and 20 samples were taken randomly
from the non-organic pasture. The Transect Sampling procedure described in Brady
(1984) was used for soil samples. Soil samples were taken at 0-15 cm depth using
Near Surface Method (Brady, 1984). The soil samples were analyzed for soil bulk
density, CEC, EC, pH, soil nutrients and soil organic matter (SOM).

5.2.4.3 Pasture production was recorded and quantified monthly by replicates
quardrat sampling. Zero cutting (cut at the ground level) within the quardrat was
performed before grazing (Shoop, 1963a, 1963b). The samples were oven dry at 65°C
24 hours for dry matter (DM) estimation. Dry matter productivity per hectare was
estimated. Air dry samples were grounded and analyzed for Crude Protein (% CP),
Acid Detergent Fiber (% ADF), Neutral Detergent Fiber (% NDF), Calcium (% Ca),
Phosphorus (% P), Ash (%) and Organic Matter (% OM).

5.2.4.4 Numbers of species and area covering of grass, legume, native plants,
weeds, trees, and area of bare ground were recorded and quantified. The abundance of
aboveground insects quantified by species enumeration, and earthworm abundance
was estimated by quardrat random count. These indicators provided information to
describe the dynamics of system biodiversity in the pasture (Hole, 2005; Mader et al.,
2002; van der Werf et al., 2007).

5.2.4.5 Manure production was estimated from cattle body mass. Samples of

manure were sampled and analyzed to determine plant nutrient compositions.
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5.2.4.6 The quantity of chemical fertilizers, chemical pesticides, herbicides,
fungicides applied on pasture was recorded.

5.2.5 Statistical Analysis - The group comparison used the t-test was applied
to determine influences of pasture management systems (organic and non-organic) on
soil properties, nutrient contents of the pastures, and some associated quantitative

environmental parameters.

5.3 Results of the Field Trials

5.3.1 History of the land used

Prior to the establishment of the pastures, many exotic pasture species had
been grown for pasture and seed production included Ruzi grass (Brachiaria
ruziziensis), Giunea grass (Panicum maximum TD 58), Star grass (Cynodon
plectostachyus) and exotic legumes including Hamata stylo (Stylosanthes hamata cv.
Verano), Taphra stylo (Stylosanthes guianensis CIAT 184) and Cavalcade

(Centrosema pascuorum cv. Cavalcade).

5.3.2 Soil Analysis - Results of soil sample analysis are reported according to
category as follows.

5.3.2.1 Soil bulk density - The analysis of soil bulk density show in table 5.3
indicates that the pasture management systems (organic and non-organic) had non
significant influence on soil bulk density for the grazing period of 3 years. The
average soil bulk density of the organic and non-organic pasture was 1.485 and 1.472

gcm

, respectively (P > 0.05). Possible reasons why differences on soil bulk density
were not distinct were possibly due to the fact that consequences of soil parameter
change is a slow process which is difficult to observe and detected in a short period of
experiment life (Aparicion and Costa, 2007; Arshad and Martin, 2002; Belcher, 2004;

Pierzynski, 2005).
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5.3.2.2 Soil EC - The electrical conductivity (EC) value of soils under organic
and non-organic pasture management systems was significantly different (0.034 and
0.061 mmho/cm; P < 0.01). This points to the view that transition to organic
production methods may help improve soil quality mainly due to the lowering of soil
salinity and this finding supported by a number of reports in the literatures (Granstedt,
1997; Liebig et al., 2006). However, the EC of both pastures was relatively low
suggestive that both soils were non-saline.

5.3.2.3 Soil CEC - The results of soil analysis show that the CEC of organic
and non-organic pasture soils was significantly different (2.103 and 1.647; P < 0.05).
The CEC of organic pasture soil was higher, which implied that the organic beef
production method tended to contribute positively on soil CEC by increasing the CEC
value. Many parameters of soil quality i.e. soil fertility, soil acidity, soil physical
properties, soil water quality, and availability of plant nutrients such as calcium,
magnesium and potassium of the organic soil should be improved with the
appreciation of the CEC level as described in Miller and Donahue (1990).

5.3.2.4 Soil pH - The analysis found the difference of soil pH for organic
pasture management systems showed improvement in the soil pH significantly (5.93
and 5.74; P < 0.01). This indicated that the accumulation of large quantities of cattle
manure instead of chemical fertilizers can improve soil pH and the finding supported
by a number of reports in the literatures (Beetz, 2006; Bengsteen et al., 2003; BFA,
2002: Boddy et al., 2004; Donahue et al., 1983).

5.3.2.5 Soil organic matter (SOM) - The organic matter of soils under
organic and non-organic pasture management systems was not significantly different
(0.452 and 0.393; P > 0.05). However, the SOM of the organic soil was slightly higher
than the non-organic pasture soil which indicates that the trend of positive influence of
organic pasture management systems is greater. Soil organic matter (SOM) associates
with many soil qualities is described in Cooperband (2002) that include: stores and
supplies plant nutrients, and increase cation exchange capacity (CEC), stabilizes and

holds soil particles together as aggregates, helps soil to resist compaction, promotes
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water infiltration and reduces runoff, aids crop growth by improving the soil’s ability
to store and transmit air and water, improve water holding capacity and drought
resistance, provides a resource of carbon and energy for soil microbes which cycle
nutrients and fight plant diseases, reduce the negative environment effects of
pesticides, heavy metals and other pollutants by binding contaminants. This
experiment reconfirmed the advantages of organic farm management systems in the
ability to improve soil quality by conservation of soil organic matter (Alvarez and
Alvarez, 200; Arshad and Martin, 2002; Cooperband, 2002; Flaig, 1984; Kononova,
1966; Parton, 1987; Yamashita, 1967).

5.3.2.6 Soil nutrients- The pasture management systems (organic and non-
organic) had differing influences on soil nutrients. This study found non-significant
and significant lowering of some nutrients for the organic management pasture soil as
compared to the non-organic management in the following respects:

- Nitrogen - Non-significantly lower of N (0.029 and 0.032 %, P > .05).

- Phosphorus - Significantly lower of P (15.585 and 28.753 ppm, P < 0.5).

- Calcium - Significantly lower of Ca (119.513 and 160.149 ppm, P > 0.05).

- Manganese - Significantly lower of Mn (46.034 and 58.070 ppm, P > 0.01).

- Copper - Significantly lower of Cu (0.126 and 0.345 ppm, P < 0.01).

- Zinc - Significantly lower of Zn (1.005 and 2.014 ppm, P < 0.01).

The lowering of the above soil nutrients indicate that organic management
practices can lead to the deficiency of many major and minor nutrients that may in
return contribute to the lowering of plant productivity if nutrients from other sources

were not applied. However, some nutrient elements were positively associated with

the organic management systems included:
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- Potassium - Non-significantly higher of K (34.7 and 25.2 ppm; P > 0.05).
- Magnesium - Significantly higher of Mg (35.748 and 27.544; P < 0.05).
- Ferrous - Non different of Fe content (8.161 and 8.527 ppm; P > 0.05).
Results of the soil sample analysis confirmed that transition to organic farms
can cause negative impacts on soil quality in terms of nutrient deficiency (Donahue,

1983) and at the same time help improved soil quality in terms of soil physical
structure (Belcher, 2004; BFA, 2002; Pierzynski, 2005).

Table 5.3 Soil analysis

Soil properties Means
Organic Non-organic

Soil bulk density 1.485 1.472
EC, mmho/cm 0.034 a 0.061 b~
CEC, meqg/100 g 2.103a 1.647 b
pH 5.93 a 5.74 b**
N, percent Total-N 0.029 0.032
P, ppm 15.585 a 28.753 b
K, ppm 34.774 25.245
Ca, ppm 119.513 160.149
Mg, ppm 35.748 a 27.544 1"
S, ppm 0 0
Na, ppm 6.158 7.679
Mn, ppm 46.034 a 58.070b
Cu, ppm 0.126 a 0.345b"
Fe, ppm 8.161 8.527
Zn, ppm 1.005 a 2.014b™
SOM, soil organic matter, percent 0.452 0.393
SOC, soil organic carbon, percent 0.273 0.230

Note: a, b Means in the same row with different upper alphabets are significantly different (*
P <0.05; ** P <0.01)
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5.3.3 Pasture productivity and quality

The analysis of pasture samples to determine nutrients level of pastures under
different management schemes and the comparison of the parameter’s means used

Duncan’s multiple range test (DMRT) provided the following results:

5.3.3.1 Pasture productivity - The organic pastures showed non-significant
lower dry matter (DM) yield of pasture biomass (P > 0.05) throughout the 3 years
period. The DM vyields were 12.31, 14.04, 11.66 t DM/hal/year for non-organic and
12.50, 11.06, 11.77 t DM/halyear for organic pasture production of the 1%, 2" and 3"
year respectively (Table 5.4). Both pasture showed regression in productivity over
time. However, the organic pastures showed slower decline in annual yields as
compared to the non-organic pastures (Figure 5.1). This shows the slower degrading

in organic pastures as compared with the non-organic pasture.

DM/halyear Dry matter yield of pasture
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Figure 5.1 Trends of pasture yield

5.3.3.2 Pasture quality Table 5.4 shows chemical components of the organic

and non-organic pasture samples. Results of the laboratory analysis in the quality of
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organic and non-organic pastures in terms of nutrient compositions were non-

significant difference included:

- DM-Dry matter (20.71 and 21.07 percent; P > 0.05).

-ADF- Acid Detergent Fiber (33.82 and 33.44 percent in DM; P > 0.05).

- NDF- Neutral Detergent Fiber (57.74 and 60.07 percent in DM; P > 0.05).

- Ca-Calcium (0.42 and 0.36 percent in DM; P > 0.05).

- P-Phosphorus (0.32 and 0.35 percent in DM; P > 0.05).

It is important to note that, this study found that the Crude Protein (CP) content
of organic pasture samples was significantly higher than the non-organic pasture
samples (12.41 and 10.71 percent in DM; P < 0.05). The greater CP content of the
organic pasture could result from the higher abundance of legume species, and/or the
improvement of plant nutrient due to rotational grazing as described in Beetz and
Rinehart (2006). The other plant nutrients such as Ca and NDF in organic pasture
showed slight improvement while P content had depreciated. Results of this study
significantly point to the view that organically managed pastures can provide fodders
of similar quality to non-organic production methods. However, long term

investigation need to be conducted to verify the technology and confirm this finding.
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Table 5.4 Pasture production and quality

Parameters Organic (N =16) Non-organic (N = 20)
Mean and (SE) Mean and (SE)

Pasture yield, t DM/ha/year

Year-1 12.32 (1.116) 14.04 (1.102)
Year-2 11.66 (1.150) 12.50 (1.190)
Year-3 11.06 (1.223) 11.77 (1.452)
Pasture quality (3" Year)

Dry matter, percent 20.71 (.961) 21.07 (.967)
Crude protein, percent DM 12.41 a (.679) 10.71 b* (.429)
Acid detergent fiber, percent DM 33.82 (.779) 33.44 (.449)
Neutral detergent fiber, percent DM 57.74 (1.825) 60.07 (.564)
Calcium, percent DM 0.42 (.042) 0.36 (.013)
Phosphorus, percent DM 0.32 (.015) 0.35 (.017)

Note: *° Means in the same row with different upper alphabets are significantly different (* P < 0.05;
** P <(0.01), SE Standard error of the mean

5.3.3.3 Biodiversity - Table 5.5 shows results of the biodiversity study:

1. Pasture species diversity - Significant differences between organic
and non-organic pastures of covering areas of Ruzi grass (6.25 and 5.00 percent; P <
0.05), Hamata legume (7.50 and 3.00 percent; P < 0.01) and Taphra legume (6.25 and
4.00 percent; P < 0.01) were observed respectively, while covering areas of Guinea
grass (37.50 and 36.00 percent; P > 0.05), Star grass (17.50 and 18.00 percent; P >
0.05), and native fodder species (7.50 and 6.00 percent; P > 0.05) on organic and non-
organic were not significant. It is important to note that Taphra stylo (Stylosanthes
guianensis CIAT 184) which were sown in the organic pastures grew poorly in the

initial stages due to the poor competitive capability of the species.

2. Bare ground areas - The organic and non-organic pastures were
significantly different concerning bare-ground areas where organic pastures showed

significant advantage over non-organic systems (5.00 and 11.00 percent; P < 0.01).
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3. Insects species diversity and weeds - Number of insect species of
organic and non-organic pastures (9 and 7 species; P > 0.05), as well as weed infested
areas of organic and non-organic (12.50 and 15.00 percent; P > 0.05) wre not

significant..

4. Earthworms abundance - To determine effects of the livestock
production systems on population of under ground biodiversity, this study investigated
the abundance of earthworm population by quardrat random sampling method.
Average number of earthworms was an indicator of systems efficiency. Results of the
study indicated that earthworm numbers per square meter of pasture soils of both
systems was not significantly different (15.94 and 14.50/m?; P > 0.05).

Table 5.5 Biodiversity abundant of organic and non-organic pastures

Mean and SE »?

Organic (N =16)  Non-organic (N = 20)

Weed species, number 10 (.000) 9 (.000)
Indigenous plants species, number 8 (.000) 6 (.000)
Weed infested, % 12.50 (.645) 15.00 (1.026)
Guinea grass (Panicum maximum), % 37.50 (1.118) 36.00 (1.835)
Ruzi grass (Brachiaria ruziziensis), % 6.25 a (.559) 5.00 b* (.000)*?
Star grass, (Cynodon plectostachyus), % 17.50 (.645) 18.00 (1.717)
Hamata legume (Stylosnthes hamata cv. Verano), % 7.50 a (.645) 3.00 b ** (.562)
Taphra legume (Stylosanthes guianensis CIAT 184),% 6.25 a (.559) 4.00 b** (.459)
Bare ground, % 5.00 a (.000) 11.00 b** (1.338)
Earthworm abundance, number/m? 15.94 (.897) 14.50 (1.012)

12 a, b The averages with different upper letter in the same row are different significantly (* P < 0.05,

**P < 0.01); indicate group means and SE Standard error of the means in brackets.

5.3.3.4 Cattle productivity - Table 5.6 presents performance of cattle under
organic and non-organic pasture management systems. The results are summarized as

follows:
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1. During the 3 years period, the total body mass of cattle increased
from 1,017.18 and 1,037.50 kg per ha to 1,661.20 and 1,823.75 kg per ha for the
organic and non-organic systems respectively. Therefore, the stocking rates increased
from 2.26 and 2.31 to 3.69 and 4.05 AU/ha for the organic and non-organic pastures

management systems, respectively due to weight gain and reproduction.

2. The average annual gain of body mass per ha was 214.70 kg (0.48
AU) and 262.08 kg (0.58 AU) for organic and non-organic systems, respectively. This
implied that to maintain optimum body mass for cattle and ensure sufficient feed
throughout the production period, the cattle should be annually removed or harvested.
As a result, the optimum body mass to be harvest should be equal to the weight gain
per year per hectare which was equal to about 214 and 262 kg for the organic and non-

organic pasture management, respectively.

3. The potential of beef production can be estimated from the carcass
yield of native cattle of about 50.00 percent of the total live weight (DLD 2003 and
Phombumrung 2006). The annual beef yield per hectare would accordingly be 107.35
and 131.00 kg for the organic and conventional management, respectively.

4. Weight gain, stocking rate, and potential beef productivity of the
organic pasture system was approximately 22.42 percent lower than those under non-

organic pasture utilization systems.

5.3.3.5 Reproductive performance - The estimation of reproductive
performance of the cattle herd by calculating number of calve per mature cattle per
year indicated that the herd productivity was 0.30 and 0.36 calf per mature cattle per
year for the organic and non-organic pasture management, respectively. All calves
were normal, healthy, with no mortality and average body weight of 17 and 16 kg for

male and female for both systems, respectively.

5.3.3.6 Pasture Carrying Capacity - The pasture carrying capacity in this

study was defined as the maximum stocking rate possible year after year without
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inducing damage to vegetation or related resources (Holechek et al. 1991). The
organic pasture carried on 2.26, 3.07 and 3.69 AU per ha for the 1%, 2" and the 3"
year. However, the pastures could not sustain the livestock from the 2™ year onwards;
this implied that the stocking rate of 2.26 AU per hectare would be base-line. For the
non-organic pasture, livestock in the first and the second year was sustained but fail to
satisfied cattle needs from the third year onwards. Therefore, the carrying capacity is
considered to be between 2.30 to 3.45 AU per hectare (average 2.8 per hectare).

5.3.3.7 Manure production - Based on the figure used to estimate manure
production for free range cattle provided in literature guidelines for example
University of Minnesota (2002) suggests that a one AU cattle is capable to produce
approximately 1.6 t DM per year of manure. The figure was used as base-line in the

estimation of manure production.

1. The results derived that the manure production potential of the
organic and non-organic pasture with year round grazing of cattle was estimated to
4,760 and 5,624 kg/halyear respectively.

2. Due to the system regulation, entire manure of the organic pasture
management system was recycled within the pasture boundary. Quantity of FYM

recycling to the organic pasture was estimated to 4,760 kg/ha/year.

3. The laboratory analysis of manure found 1.12 percent of N in the
manure samples. Nitrogen derived from the manure recycling on organic pasture

would be approximately 53.3 kg N/ha/year.

4. The non-organic pasture management system reported greater
potential towards manure production per hectare per year due to higher stocking rate.
However, due to the low interest to use manure; approximately 75 percent of manure
was removed while the rest 25 percent was left in the pasture. In order to derive
sufficient plant nutrients, the annually application of 50 kg N/ha/year of chemical

fertilizers in the form of urea (46-0-0, N-P-K) was applied on the non-organic pasture.
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This made the annual supply of N at approximately 65.75 kg N/ha/year compared to
53.30 kg N/ha/year for the organic and non-organic pastures, respectively.

The level and forms of N nutrient were greatly affected pasture productivity

and quality as discussed above.

Table 5.6 Cattle productivity

Parameters Organic Non-organic

Cattle and heef productivity

Total pasture area, ha 3.2 1.6
Initial number of cattle (1% year), heads 20 10
Final number of cattle (3" year), heads 38 21
Annual calves production, calves per mature cattle per year 0.30 36.6
Calves birth weight, kg (male/female) 17/16 17/16.5
Calve survival, percent 100.00 100.00
Stocking rate, AU per ha
Initial 2.26 2.30
1* Year 3.07 3.13
2" Year 3.38 3.45
3" Year 3.69 4.05°
Average body mass increase, kg/ha 214.70 262.08
Potential carrying capacity of pasture, AU/ha 2.26-3.07 2.30-3.45
Potential cattle productivity, kg/ha/year 214 262
Potential beef productivity, kg/ha/year 107° 131
Manure output
Manure production of cattle, kg/AU/year 1,600 1,600
Potential manure production, kg/ha/year 4,760 5,624
Manure recycling, percent 100.00 25.00
Potential manure recycling, kg/ha/year 4,760 1,406
Inputs for cattle production
Chemical fertilizers, kg N/ha/year 0 50.00
Manure fertilizer, kg N/ha/year 53.30 15.75
Total N input, kg N/ha/year 53.30 65.75
Pesticides used, kg/ha/year 0 0

I From the 2" year; pasture was insufficient to sustain cattle for organic system
2 From the 3" year; pasture was insufficient to sustain cattle for non-organic system

® Calculated from carcass yield of 50 percent of live weight (Phonbumrung 2006)
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5.4 Summary

In summary, the field experiments indicated influences of different pasture
management systems on pasture productivity, cattle productivity and potential

environment impacts as follows:

5.4.1 The transition to organic farms tended to positively influence soil
properties in terms of soil physical and chemical properties. These include soil bulk
density, EC, CEC, pH, SOM and improved soil nutrients such as K and Mg. On the
other hand, major nutrients showed declined trends that included N, P Ca, Mn, Cu,
and Zn. This implied that the transition to organic farms can cause negative impacts
on soil quality in terms of nutrient deficiency, while corresponding improved soil

quality in terms of soil physical structure was also noted.

5.4.2 In terms of biodiversity, the organic pasture showed positive trends of
richer plant biodiversity, above ground and under ground fauna (insects and

earthworm) and less competitive weeds, less bare-ground area.

5.4.3 On pasture productivity - the organic pastures showed non-significantly
lower dry matter (DM) yield in pasture biomass throughout the 3 years period.
However, organic pastures showed slower decline in yields compared to the steady

declined of the non-organic pastures.

5.4.4 In terms of forage quality, the nutrient components of organic and non-
organic pastures were mostly non-significantly different that included: DM, ADF,
NDF, Ca, and P. However, crude protein content of organic fodder was significantly
higher than the non-organic fodder. This reconfirmed the advantage of the rotational

grazing system as described in Beetz and Rinehart (2006).

5.4.5 The transition to organic farms suppressed cattle productivity slightly

where cattle weight gain, stocking rates, carrying capacity and beef productivity of the
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organic system were lower than the non-organic system by approximately 22 percent

due to lower pasture productivity and lower stocking rate applicable.

5.4.6 The appropriate stocking rate (carrying capacity) for the organic and non-

organic systems were found to be 2.26 and 2.8 Animal Unit per hectare, respectively.

5.4.7 The annual calves production of both systems were quite similar at 0.30
and 0.36 calf/mature cattle per year for the organic and the non-organic systems
respectively. All calves were of normal delivery, healthy, no mortality was noted with
the average body weight of approximately 17 and 16 kg for male and female,
respectively.

5.4.8 The manure production potential of the organic and non-organic pasture
was estimated at 4,760 and 5,624 kg/halyear respectively. However, quantity of FY M
recycling in the organic pastures was estimated at 4,760 kg/ha/year (100 percent),
while only 1,406 kg/halyear (25.0 percent) was recycled within the non-organic
pasture. In total the organic pasture annually received 53.3 kg N/ha/year from the
manure recycling, while the non-organic pasture received approximately 65.75 kg N/
ha/year where 15.75 and 50 kg N/ha/year derived from the manure recycling and
chemical fertilizers respectively. The availability of N nutrient was an important factor
that affected the pasture productivity of the non-organic favored the organic

management system as prescribed.
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CHAPTER 6
ENVIRONMENTAL MODELING OF THE ORGANIC PASTURE
MANAGEMENT FOR BEEF PRODUCTION

In developing the environmental models of the pasture management cycles for
beef production systems; this study followed the general seven main stages of model
building described by Richardson (1991). The model building strategies include:
problem identification and definition, system conceptualization, model formulation,
analysis model behavior, model evaluation, policy analysis, model implementation.
This study used STELLA Il version 9 software package for model formation and
simulation. In order to understand the present situation, future trends, and
environmental impacts of the pasture management for beef production systems, this
study carried out future oriented system analysis as described in Chapter 3. The farm
survey provides background detail elaborated in Chapter 4. The field trial that was
undertaken, and results gained were provided in Chapter 5 to build model parameters.
The aim of this chapter is to provide the appropriate procedure and report results of
the environmental modeling using parameters obtained from the investigations in
Chapter 4 and 5.

6.1 Questions to be answered by the Model

Questions to be addressed by the environmental model are:

6.1.1 Does the organic pasture management system for beef production
contribute to the improvement of environmental quality of the farm ecosystem

compared to non-organic systems?
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6.1.2 In order to implement a more sustainable pasture management with
particular regard to the minimization of environmental degradation, will the organic
pasture management system prove to be more appropriate in comparison to the non-

organic production systems?

6.1.3 If different technologies (fertilization rate) are introduced, how will the
production systems (non-organic and organic) be affected by the change over time of

the environmental impact?

6.2 Root Causes and the Consequences of the Problems

Livestock production argues that a rapid growth in trends that help to
contribute to greater impacts on the environment through the intensification of the
production systems. Environmental degradation, through the feedback mechanism can
contribute towards a reversed of impacts on animal productivity through greater

animal health problems and in the long term provide a reinforcement cycles.

Beef cattle are one of the most important livestock for Thailand in terms of
animal numbers, number of livestock holders, as well as in economic and social value
terms. This study aspired to model environmental impacts derived from pasture
management for beef production systems in Thailand. The study places emphasis on
the interrelationships of pasture management, cattle productivity and environment
quality under different pasture management conditions where the organic pasture
management can be prioritized. The change over time of pasture productivity, and
environmental impacts derived from different pasture management systems are tested.
Moreover, the dynamics of soil organic matter (SOM) contents of the pasture soils is
used as a single environmental indicator in simulation conditions. Environmental
positive enhancements or degradation in the long-term practice in assigned technology

are quantified.
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6.3 System Conceptualization

6.3.1 Problem Definition

A pasture-cattle-environment model was constructed to represent the real
process of how pasture management, beef production and their surroundings interact
and contribute to environmental systems. Because environmental effects of
agricultural production are difficult to demonstrate through experiment, the model is
an appropriate tool in terms of time, economics and technology to explore future

oriented possibilities in terms of organic cattle farming.

6.3.2 The Purpose of the Model

The aims of the modeling were to demonstrate pasture-cattle-environmental
interactions, and to simulate that change over time. Environmental modeling impacts
of organic pasture management implementation for beef production as compared to
the non-organic pasture management systems can yield important future oriented
results scenarios that place organic farming as a real sustainable alternative to existing

way of doing.

6.3.3 Time horizon

The pasture-cattle-environmental model is used to simulate change over time

over a 20-year period starting from 2005 to 2025.

6.3.4 System boundary

The pasture-cattle-environment model is used to describe the interrelationships
of the variables associated with pasture production, cattle production, and the
environmental consequences within the farm boundary. The boundary of the system

is:
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6.3.4.1 The simulation is performed to demonstrate change over time, which is
likely to occur under the conditions present in the northeastern Thailand particularly

for Kalasin province.

6.3.4.2 The particular pasture management system involve: (1) non-organic

pasture management, and (2) organic pasture management for beef production system.

6.3.4.3 The systems in this study comprises: the pasture production process,
the cattle production process, the returning of waste from pasture and cattle into the
soil, the transformation of waste into soil nutrient and uptake by plants, and income

derived from the pasture management cycle for beef production processes.

6.3.4.4 The cumulative affects of pasture-cattle-soil interactions in terms of
soil organic carbon (SOC) as well as its feedback effects on pasture productivity are
the significant indicators of environmental impacts to the system.

6.4 Model Formulation

6.4.1 Variables and behavior over time of variables in the Model

The components of the systems involve endogenous and exogenous variables.
The processes of pasture-cattle-environmental interaction are best described by the
nutrient flow theories (Odum, 1983). The system involves 3 compartments: pasture

compartment, cattle compartment and soil compartment.

6.4.1.1 Pasture Production Compartment - The pasture compartment
receives information of manure use from the cattle compartment and receives the
quantity of annual Nitrogen mineralization from the soil-environment compartment.
The mineralized Nitrogen and Nitrogen derives from fertilization are combined and
become available for plant uptake. The pasture compartment provides pasture
production to the cattle compartment, and provides litter and manure to the soil-

environment compartment. Variables in the compartment were included:



Fac. of Grad. Studies, Mahidol Univ. PhD (Env. and Res. Studies) /85

Endogenous variables: Nitrogen pool, Nitrogen use, Nitrogen loss, pasture
production, pasture production area, effect of Nitrogen fertilizer on pasture
production, effect of grazing intensity on pasture production, and quantity of litter

produce.

Exogenous variables: Nitrogen input to the system form the chemical
fertilizers, Nitrogen input to the system from organic fertilizers, Nitrogen content of

cattle manure, rate of Nitrogen use, the assigned grazing intensity, and the farm area.

6.4.1.2 The Cattle Compartment - The cattle compartment receives
information of pasture production and grazing intensity from the pasture component.
The pasture availability and pasture carrying capacity is calculated. The pasture
management for beef production and manure production can be calculated from the
pasture carrying capacity. The cattle compartment provides information on manure

use to the soil-environment compartment. Variables were:

Endogenous variable: Fodder available, pasture requirement of cattle, pasture
carrying capacity, manure productivity, manure accumulation (manure pool), and

annual manure utilization (manure use).

Exogenous variables: Feed require of cattle, percentage of manure use within

the farm, and manure yield.

6.4.1.3 The Soil Compartment-  The  soil  compartment  receives
information of quantity of manure, pasture, and litter produced and organic fertilizer
used from the pasture and the cattle compartment and calculates Carbon sequestration
potential of the system. The soil-environment compartment provides mineralized
Nitrogen to the pasture compartment. The soil organic matter (% SOM) status of the
pasture soil is calculated from the carbon pool with known soil bulk density and soil

depth. Important variables are:
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Endogenous variables: The SOC pool, the annual SOC adding to soils, the
annual SOC degradation, the annual SOC derives from manure, the annual SOC
derives from pasture litter and residues, the annual SOC derives from the organic
fertilizers, organic fertilizers use, and amount of external chemical fertilizers use by

the system are endogenous variables.

Exogenous variables: The SOC content of manure, rate of SOC degradation,
SOC contents of plant litter and residues and Nitrogen content of the chemical

fertilizers (N of Chemical fertilizers) were exogenous variables.

6.4.2 Model Construction

The conceptual framework serves as framework to determine significant
factors and environmental consequences of non-organic as compared to organic
pasture management systems (Chapter 1). The system dynamics model was
constructed using STELLA 11° version 9 software packages (High Performance
System; License No 90047791932). The model of 3 compartments: pasture, cattle and
soil-environment with their relationships in accordance with the material and nutrient
flow as described above was constructed. The mathematical equations and relevant

datasets were provided which can be explained as follows:

Livestock farmers - represent number of farmers producing cattle in a specific
time within a particular area (boundary). Number of farms using each farming system
is influenced by total livestock farms and the percentage of farmers who preferred a

particular (organic or non-organic) farming system. The equation is:
Organic farms (farm) = total cattle farms * % preferred organic (1)

For the purpose of experiment, the baseline model assigned to simulate the 2
prototype farms: one farm follows the organic and the other follows the non-organic
pasture management for beef production continuously for the 20 year cycle of time

horizon.
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Pasture land - indicates acreage of land used for pasture production. Two
factors associated with acreage of pasture land are number of farms and average

pasture area per farm. The equations are:

Organic pasture (ha) = number of farm * farm size* % of pasture  (2)
Farm size (ha/farm) = an average arable land per farm (ha)
% of pasture = % of land used for pasture production

This study provides the simulation on 1 ha pasture area.

Pasture productivity - is associated with the combined effects of acreage of
pasture and the pasture yield. The pasture yield indicates quantity of pasture produced
per unit area per year, usually expressed in ton/ha/yr in dry matter (DM) unit. The

equation is:

Pasture production (t DM/yr) = Pasture area (ha) * Pasture yield (t DM/ha/yr) (3)

The model applied to pasture dry matter yield of Guinea grass pasture for Thailand
reported in Phaothong et al. (2003), indicate that the productivity of Guinea grass
(Panicum maximum) in Thailand with no Nitrogen fertilizer, the pasture yield grass
was 6.25 t DM/halyr. The pasture yield increased to 9.5, 12.1, and 13.4 t DM/halyr,
respectively when increased Nitrogen fertilizer rate to 100, 200 and 300 kg/halyr.
However, the pasture yield declined to 12.3 t DM/ha/yr when the Nitrogen fertilizer
rate was increased to 400 kg/ha. Based on this research, the graphical profile of
pasture productivity in response to Nitrogen fertilization was established and input
into the model. The Nitrogen response was used as a single factor predicting pasture
yield in a number of studies including Mc Kinzie et al. (1998), Jacobs et al. (1998),
and Monaghan et al. (2005), in addition to other nutrients often sufficient for pasture
requirement. The pasture yield and pasture productivity was calculated from the

equations:
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Pasture yield (Y) = Y1+ Y2+ Y3 4)
Y1 = Pasture yield with non N fertilizer
Y2 = Pasture yield response to Nitrogen availability

Y3 = Pasture yield response to the grazing intensity

The pasture mineralization was estimated based on the exponential carbon
mineralization Kinetic described in Stanford and Smith (1972). The fundamental

equation was:

Chin = Co (1'e-kt)

Cmin = mineralized carbon (t/ha/year)

Cs = potentially mineralizable carbon pool (t/ha)
k = mineralization constant (%/year)

t = time (year)

The exponential model was used because of its simplicity and relatively high
reliability (Alvarez and Alvarez, 2000). The exponential model can be applied to
estimate Nitrogen mineralization from the similar equation (Manna et al., 2006). The

fundamental equation was:

Nimin = N, (1-6™)

Nmin = mineralized nitrogen (t/ha/year)

No = potentially mineralizable nitrogen pool (t/ha)
k = mineralization constant (%/year)

t =time (year)

Through STELLA modeling, N mineralization can be estimated from the soil organic
carbon (SOC) pool due to the fact that the total Nitrogen of soil is highly associated
with quantity of carbon. Most soils have carbon: nitrogen ratio of app. 10:1 (Wang,
1984), while the annual mineralization of total nitrogen from soil organic matter of 4-
5 percent was at best approximate. The N mineralization of the soil organic matter of

this model was estimated by the equation:



Fac. of Grad. Studies, Mahidol Univ. PhD (Env. and Res. Studies) /89

N-mineralization = SOC * 0.1 N * N mineralization 5)

Litter and residues productivity - Farmers usually assigned particular
amount of fodder to be grazed called the grazing intensity. Grazing intensity expresses
in percent indicates amount of above ground plant biomass allowed cattle to consume.
Litter and residues are the left over parts which will be composed and return nutrient
into the soil. The non-organic livestock production applied higher grazing intensity
(about 70.00 percent) than the organic grazing system (about 50.00 percent)
(Holecheck, 1988). Litter and residues quantity is equal to total biomass minus

grazing intensity. The litter-residues output can be estimated from the equations:

Litter production = pasture production * (1- grazing intensity) (6)

Grazing intensity = 0.5 for organic and 0.7 for non-organic grazing systems

Important for litter and residues are their incorporation into soil and release nutrient to
support plant growth. The litter provides soil organic carbon (SOC) after the complete
decomposition and release nutrient through the mineralization process. The model
estimate carbon content of litter from total carbon content described in Wen (1984)
indicated the C content in rice stubble was 43 %, and the humification coefficient of
plant litter is 23 %. This figure was used to estimate soil organic carbon formed from

pasture litter decomposition. The equation is:

CIitter = Wlitter *.43*.23 (7)
Clitter = SOC derived from plant litter and residues (t/ha/yr)
Wilitter = quantity of litter and residues produced (t/ha/yr)

Pasture availability - indicates quantity of pasture allowed animals to be
consumed which depends on pasture productivity and grazing intensity. The grazing
intensity assigned in organic and non-organic farming systems of this study were 50

and 70 percent respectively.

Pasture availability (t) = pasture productivity (t) * grazing intensity (8)



Thumrongsakd Phonbumrung Environmental Modeling / 90

Pasture carrying capacity - indicates number of livestock the pasture can
sustain for long periods of time. Pasture requirement of livestock and pasture
availability are two combination factors associated with the pasture carrying capacity.
Carrying capacity is usually expresses in Animal Unit (AU) per unit of grazing land
per year (AU/halyr).

Carrying capacity (AU/ha/yr) = pasture availability (t DM/ha/yr)/ pasture
requirement of cattle (t DM/ha/yr) 9)

The feed requirement used in this study was 3.40 t DM/AU/yr (2 % of livestock body
weight per day). The pasture quality was moderate which provided sufficient nutrients
for normal growth of Thai native cattle and their crossbreds.

Beef production - estimates from the carrying capacity, annual cattle
harvest and carcass yield where the figure of 50 % of animal live weight can be
applied followed Phonbumrung (2006).

Beef production (t/year) = carrying capacity (AU/haly) * %
Annual cattle vest * carcass yield (%) (10)

Manure production - Manure can be regarded as farm waste in non-organic
grazing system. On the other hand, manure is a valuable farm output of organic farms.
Manure contains certain quantity of plant nutrients. Recycling of manure is a major
characteristic of organic farming systems. Annual manure production can be
calculated from the carrying capacity and manure yield per animal per year; the 1 AU

cattle is expected to produce about 1.6 t DM manure per year (DLD, 2003).

Manure production (t DM/year) = carrying capacity (AU/ha/yr) * manure
productivity (t DM/AU/yr) (12)

The importance of manure is similar to litter and residues that are incorporate
into soil and release nutrients to support plant growth. The manure provides soil

organic carbon (SOC) after the complete decomposition and release of nutrients
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through the mineralization process. The model estimates carbon content of manure
from total carbon content described in Wen (1984) that indicated the C content in

cattle manure is 40 percent, and the humification coefficient is 58 %. The equation is:

Crmanure = Wnanure *.40*.58 (12)
Chmanure = Soil organic carbon derived from manure (t/ha/yr)

Wmanure = quantity of manure produced (ha/yr)

Manure use - indicates quantity of manure applied into the pasture depends

on pasture area and the manuring rate (t/ha/yr).

Manure input (kg/year) =  manuring rate (t/ha/yr) * pasture area (ha) (13)

Cattle manure contains 1.12 percent of Nitrogen (Laboratory analysis of this study)
increased N available for plant uptake.

Organic and Chemical fertilizers utilization - In non-organic pasture
production, chemical fertilizers are the main sources of plant nutrients. Applications of
chemical fertilizers add nutrients to the soil, increase plant growth, increase pasture
carrying capacity. On the other hand, chemical fertilizers associated with soil
degradation due to it’s lack of soil texture improvement materials, particularly soil
organic matter (SOM). On the other hand, organic fertilizers can be applied to increase
plant nutrients for organic pastures. The organic and chemical fertilizers were the
exogenous variables in the model. The policies option analysis to examine behavior
over time of organic farms as compared to the non-organic systems under different
fertilizer utilization policies were performed that included: non fertilization (0 N
fertilizers), 50 kg N/ha/yr fertilization and 100 kg N/ha/yr fertilization, respectively.

Soil organic matter (SOM) - Many environmental parameters including soil
quality dynamics, water quality dynamics, biodiversity richness, socio-economic
attributes, global warming potential, etc can be simulated by the Beef — Environmental
model depending on availability of datasets,. For the demonstration purpose, this

model provided datasets to simulate the consequences of cattle production systems on
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soil organic carbon (SOC) dynamics over the period of 20 years within the farm
boundary. The soil organic carbon (SOC) is the more stable form and highly
associated with soil organic matter (SOM). The SOM can be calculated by multiplying
SOC * 1.724 (constant coefficient). On the other hand the SOC can be estimated from
SOM™*0.58 due to the fact that soil organic matter contains 58 percent of soil organic
carbon. The soil organic carbon (SOC) dynamics can be used as a single indicator to
evaluate the impacts of the different farming practices on environmental quality on
account of: (1) The accumulation or degradation of soil organic carbon is a one
direction (irreversible) process. (2) The soil organic carbon associated with many
farming practices included manure utilization, litter and residues accumulation which
will increase SOC accumulation. Soil organic carbon uptake by plant and naturally
degradation will take away organic carbon from the soil. (3) The quantity of soil
organic carbon measuring in a point of time determines the complex consequences of
the production activities on environment attributes includes carbon sequestration
potential and global warming potential associated with atmospheric carbon quantity.
The simulation used the systems dynamic model that can demonstrate the changing
over time of the soil organic carbon. The model is a laboratory to experiment long
term environmental impacts where many alteration of variable value can be made. The

basic mathematical equations are:

SOC = (SOC input — SOC uptake — SOC degradation) (kg/yr) * year  (14)
SOC input = SOC from manure + SOC from litter + SOC from organic fertilizers (15)
SOC degradation = SOC uptake by plant + SOC degradation (natural degradation) (16)

The quantity of soil organic carbon (SOC) accumulate in a point of time is associated
with amount of SOC input less by SOC degradation and SOC uptake by plant in the
form of plant nutrient (mineralization). The soil organic matter input derives from 3
main sources: cattle manure, organic fertilizers input, and plant litter/residues. The
known manuring rate, organic fertilizers input rate, and organic carbon content of
manure provide empirical parameters of SOC inflow to the system. In general, cattle
manure contains approximately 40 % of carbon, and the humification coefficient of

manure is 58%. The SOC derived from manure can be calculated from the equation:



Fac. of Grad. Studies, Mahidol Univ. PhD (Env. and Res. Studies) /93

SOC manure = Manure input (kg/halyear) * 0.4 *.58 a7

The soil organic carbon uptake by plant associated with N mineralization has been
extensively investigated by a number of researches (Wen, 1984; Wang et al., 2007; Yu
et al., 2007; Wang and Dalal, 2006; Liebig et al., 2006; Alvarez and Alvarez, 2000;
Mikhailova et al., and Manna et al., 2006). The figures of soil carbon mineralization
and degradation are different due to soil types and different geo-biochemical
condition. Many authors confirmed the parameters: C decomposition rate 5-7 % of
total C (kg/halyr); N decomposition rate 3-10 % of total N (kg/ha/yr). The figure of
12 % (6 % decomposition and 6 % mineralization) of C and N lost were used in the

model.

6.5 Model Behaviors

The behaviors of the endogenous variables in the model are as follows:

The Pasture Compartment - The model behavior precedes from the number
of livestock farmers in particular boundary. For the purpose of comparison, simulation
was performed on 2 farms; one non-organic grazing and one organic pasture
management for beef production farm. It was assumed that each farm uses 1 ha of
arable land for pasture production. In the initial stage, the organic pasture tends to
produce less fodder due to the limited use of the chemical fertilizer. However, in the
longer period the productivity of the non-organic pasture can decline gradually due to
the depreciation of nutrients derived from soil quality and environmental quality
degradation. Oppositely, the organic pasture accumulates larger amount of soil
organic matter, and provides more plant nutrient to pasture. The productivity of
organic pasture can be recovered and in optimal conditions provide higher yields due

to soil improvement and proper utilization.

The Cattle Compartment - The cattle compartment included 1 stock, the

manure output which provides nutrient back to the system. Beef output indicates the
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potential beef productivity of the systems. Cattle derive nutrient from pasture they
consume and convert into beef. Feed requirement (in dry matter per animal per year)
and the pasture availability (kg/year) provide estimates in the pasture compartment.
The estimated feed requirement of 3.240 ton/1 AU livestock was a constant that
indicated feed requirement of animal under grazing condition. Pasture used fraction
indicates quantity of feed derived from pasture; this can be between 0-100 %. In
grazing systems, livestock obtain total feed from pasture (100 %). Manure output
(stock) indicates cumulative manure produced by cattle. Due to the constant provided
by several authors, 1 AU cattle produced 1.6 ton/year of manure in dry matter. Pasture
carrying capacity plays important roles in interrelationships among many endogenous
variables. The exogenous variables in this section are: manure utilization that indicates
quantity of plant nutrient derived from manure and feed requirement indicates quantity
of feed (in dry matter) required by a 1 AU livestock. Outputs from this section are: the

beef output (ton) and manure output (ton).

In general, the non-organic pasture management for beef production system
should produce higher beef yield as compared to the organic production system due to
higher productive pastures, and the application of higher grazing intensity. As a result,
the income yield from non-organic pasture management for beef production system is
hypothesized to be higher. However, in long period simulations, the gaps of pasture
productivity, and the beef productivity can be narrowed when the environment quality
under the organic production system, particularly the soil quality is improved.
Moreover, organic beef can gain a premium price. This can make the future income

equal or greater than the non-organic production system (NESDB, 2006).

The Soil-Environment Compartment - To make the model simple and useful
as a tool to demonstrate environmental impacts of the pasture management for beef
production systems, this model calculated the long term affects on the sequestration
potential (accumulation) of organic carbon of the pasture soils (SOC) under different
scenarios. The soil organic carbon sequestration depends on the addition of the SOC
from 3 main sources: plant litter, cattle manure, and organic fertilizer. Soil organic

matter losses through carbon mineralization process and natural degradation occur.
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Under organic pasture management for beef production system, where all manure is
recycle and the organic fertilizer is used, the quantity of carbon sequestration in the
pasture soil will increase with time. This will results in improvement of soil properties
and increased soil nutrients. As a consequence, productivity, carrying capacity, and
beef yield of the organic production system can be improved in the long terms.
Oppositely, under the non-organic pasture management for beef production system
where larger part of manure is not returned to the pasture, the soil organic carbon will
gradually decline to the greater annual decomposition and mineralization than the
incorporation. As a consequence, the pasture productivity, the carrying capacity, and
the beef productivity of the non-organic production system will not be advantages as
compared to the organic production systems in the longer time horizon.
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6.6 Model VValidation

The model validation was performed by 4 strategies: sensitivity analysis, long

term simulation, comparison with the experiment, and the participatory evaluation.

Sensitivity analysis - The sensitivity analysis was performed by running the
model several times with variations in parameter value. The value of important
parameters such as different soil organic carbon (SOC) degradation rates, different
value of the soil organic carbon (SOC) stocks, extremely high rate of fertilization,
different grazing intensity, different rate of manure use etc., were used in the model
simulations to learn if the basic pattern of result is sensitive to change in uncertain
parameters. The sensitive analysis provided similar reference modes after each test.
This indicated that the model is a “Robust” model (Ford, 1999). The “Sensitivity”
function in the STELLA package (High Performance, 2005) had also performed by
running the sensitivity analysis of 3 scenarios: (1) use 0 kg N fertilizer/halyear, (2) use
50 kg N fertilizer/halyear™, and (3) Use 100 kg N fertilizer/ha/year. The behavior over
time (BOT) of the endogenous variables under all scenarios followed the same pattern
although different magnitudes were detected. This indicates the “Robust” property of

the model.

Long term simulation - The simulation to detect basic pattern of behavior of
the model when simulated for longer period of time was performed. Used the “Run
spec” command in STELLA (High performance, 1994) by extended the period of
simulation to 100 or 200 years, provided opportunity to experience the behavior
pattern of the model in the different scenarios. The 100 years simulation of the organic
pasture management for beef production system showed that the value of the
endogenous variables system will reach the equilibrium in approximately 10 years,
after that value of endogenous variables will remain constant where the organic

production system showed progressive advantages in long term simulation.

The comparison with the experiment - The comparison of the simulation
results with the field experiment which had been carried on in the same location was



Thumrongsakd Phonbumrung Environmental Modeling / 98

performed. For example, the comparison of pasture productivity, pasture carrying
capacity, and cattle productivity of the simulation and the field experiment provided
relatively similar results where the potential performance organic pasture management
for beef production system was slightly lower as compared to the non-organic system.
On the other hand, the organic pasture management for beef production system
showed greater enhancement in environmental quality as observed in the improvement
of the soil physical properties and some chemical properties such as pH, CEC, EC,
and particularly the soil organic carbon (SOC) content. The experiment also revealed
that organic pasture management for beef production system tends to create favored
environments for richer biodiversity includes vegetation, fauna and underground

living organisms.

The participatory evaluation -The participatory evaluation was performed
through demonstration of the model simulation to an academic seminar of the
Department of Livestock Development (DLD), Ministry of Agricultural and
Cooperatives (MOAC), Thailand. The participants included: The Department
administrations (Deputy Director General of the DLD; Director of the Animal
Nutrition Division, DLD; Director the Animal Nutrition Research Centers; researchers
(16 people) and scientists (4 people) whom acquainted with pasture production and
livestock production. The presentation and discussion was performed on 9-10™ April
2007 at Khonkaen Animal Nutrition Research Center. Many points in the model were
improved and clarified. The researchers were able to use the model after a short

training.
6.7 Policy Analysis

The final step in the modeling stage is to use the model to test how changes in
policies might improve simulated behavior of systems. Two strategic policies were

tested.

6.7.1 The alternatives between the non-organic and the organic pasture

management for beef production system.
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6.7.2 The alternatives of 0, 50 and 100 kg N fertilizer per ha per year (Organic

and non-organic fertilizers).

The analysis of both strategic policies options were done simultaneously. The
change over time of the pasture productivity (t DM/halyear), pasture carrying
capacity, and the accumulation of soil organic carbon (SOC) under two management
systems (organic and non-organic) and 3 different level of technology (0, 50, 100 kg

N fertilizer/ha/year) were simulated.

6.8 Results of Model Simulation

6.8.1 Pasture productivity - Pasture production expressed in ton of dry matter
per hectare per year (t DM/ha/yr) determine quantity of above ground biomass of
pasture produce annually. Pasture production depends on availability of the
biophysical growth factors includes photosynthesis, water, temperature, and plant
nutrients. To simplify the model, the pasture-cattle-soil model focuses on the effects
of Nitrogen nutrient on plant growth. The other biophysical factors were assumed to
be unlimited. Furthermore, the model omitted the Nitrogen from other sources such as

atmosphere and nitrogen fixing processes.

6.8.1.1 For non-organic pasture management; the characteristics of the pasture

management which distinguishes the non-organic system from the organic system are:

- The utilization of chemical fertilizers and chemical substances to provide

plant nutrient to the pasture soils;

- The application of lower rate of manure (recycling approximately 25.0

percent of total output);

- The application of high grazing intensity where greater amount of pasture

was consumed (approximately 70.0 % of pasture was allowed grazing);
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- Since the inorganic fertilizer is used, the efficiency of Nitrogen utilization is

assumed to be greater (approximately 70.0 %).

These managements are major factors distinguish performance of the non-
organic from the organic production system. Figure 6.2 presents trends of pasture
production under the non-organic pasture management for beef production system

over a 20 year period as follows:

- When no fertilizers is applied (Graph 1), pasture productivity will be very
low. The pasture yield in the first 3 years will be declining because plant
nutrient is lacking. After that the pasture yield will be increasing gradually
to about 8.5 ton. If the time horizon is extended, the pasture productivity is
likely to follow the increasing trend. The improvement of pasture
productivity is depends on the increasing availability of Nitrogen nutrient
which derives from larger quantity of soil organic matter (SOM)

accumulation.

- When 50 kg N/halyr of fertilizer is applied in the form of chemical
fertilizers, the pasture yield will increase throughout the simulation period
(Graph 2). The pasture yield will increase rapidly in the first 3 year. After
that, the yield will increase at a slower rate. Overall, pasture production is
between 10 to 11.5 t DM/halyr.

- Graph 3 shows behavior over time of pasture production when 100 kg
N/halyr is applied. The graph show greater productivity of the 100 kg N
above the 50 kg N, but with less efficiency as compared to the difference
between non fertilization and the 50 kg N fertilization method. This

estimation implies that the 50 kg N/ha/yr seems to be more appropriate.
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Figure 6.2 Productivity (t DM/ha/yr) of non-organic pasture

6.8.1.2 Under organic pasture management for beef production system the

unique characteristics can be defined as:

- Prohibiting using any chemical fertilizer and other chemical substances;

- Using organic fertilizers as sources of plant nutrients;

- Application of 100 % manure recycling;

- Application of 50 % grazing intensity;

Since the organic system derives nutrients from organic sources, the
nitrogen utilization efficiency is assumed to be lower (approximately 30 %
per year). As a result, an organic pasture is likely to obtain lower nutrients
from the direct fertilization sources, but receives larger quantity of nutrients

from the soil organic matter mineralization processes. Figure 6.3 indicates
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the behavior over time of the production (t DM/ha/yr) of the organic pasture
over a 20 year period.

- Without fertilization (0 N/ha/yr) the production of organic pasture will be
between 7.5 to 11.2 t DM/halyr. The production of the organic pasture is
likely to decline for the first 2 year because of lacking nutrient. After that
productivity will continue increasing with relatively constant rates. The
pasture yield in the final year will be 11.2 ton per hectare. If the time
horizon is extended, pasture production is likely to increase. The
explanation for this is that due to the increasing quantity of Nitrogen
nutrient availability from the soil organic matter mineralization, the pasture

production is increases as a result.

- When 50 kg N/halyr is applied, the pasture production will increase rapidly
for the first 5 year. After that the growth rates will decline and remains
relatively stable with an annual production between 13 to 14.5 t DM/halyr.

- When the organic fertilizers are applied with the higher rate, the
improvement of pasture production is very small. This is implies that the 50
kg N/halyr fertilization is more appropriate, and the organic production

system shows significant advantage over the non-organic production system.
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Figure 6.3 Productivity (t DM ha™* yr") of organic pasture

6.8.1.3 A comparison of pasture productivity under the non-organic and
organic pasture management system for beef production shows in table 6.1 indicates
that with the same quantity of nitrogen fertilizer applied, either with 0, 50 or 100 kg
N/ha/yr the organic pasture will be able to provide higher dry matter yield throughout
the 20 year period.

- Under no nitrogen fertilization (0 kg N) the non-organic and organic pasture
will be able to produce between 6.02 - 8.56 and 7.54 - 11.19 t DM/halyr, respectively.

- With 50 kg N/halyr, the production will be between 6.23 - 11.41 and 7.60 -

14.56 t DM/halyr, for the non-organic and organic pastures, respectively.

- With 100 kg N/halyr, the production will be between 6.23 to 11.91 and 7.60

to 15.42 t DM/halyr, for the non-organic and organic pastures, respectively.

- The improving of the pasture productivity with 100 kg N compared to the 50
kg N is very small. This implies that the 50 kg N/ha/yr is more appropriate.
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- The organic production figures show reasonable advantages in terms of

pasture productivity.

Table 6.1 Pasture productivity (t DM/ha/yr’

Year 0 N Fertilizer 50 kg N 100 kg N

Non-organic Organic Non-organic Organic Non-organic Organic
1 6.02 7.54 8.53 9.79 10.29 12.03
2 6.07 7.91 9.43 11.83 10.77 13.19
3 6.18 8.25 10.00 12.59 11.03 13.92
4 6.30 8.51 10.16 13.02 11.23 14.21
5 6.43 8.73 10.30 13.38 11.37 14.44
6 6.56 8.92 10.43 13.67 11.43 14.61
7 6.70 9.10 10.56 13.87 11.49 14.73
8 6.83 9.26 10.67 13.97 11.55 14.83
9 6.97 9.42 10.77 14.06 11.60 14.91
10 7.10 9.58 10.87 14.14 11.64 14.99
11 7.24 9.74 10.96 14.20 11.68 15.06
12 7.38 9.90 11.04 14.26 11.72 15.12
13 7.52 10.06 11.12 14.32 11.75 15.18
14 7.67 10.22 11.19 14.37 11.78 15.22
15 7.81 10.37 11.25 14.41 11.81 15.27
16 7.96 10.53 11.31 14.45 11.83 15.31
17 8.11 10.70 11.35 14.48 11.85 15.34
18 8.26 10.86 11.37 14,51 11.87 15.37
19 8.41 11.02 11.39 14.54 11.89 15.40
20 8.56 11.19 11.41 14.56 11.91 15.42

6.8.2 The Pasture Carrying Capacity

The changes over time of pasture carrying capacity expressed in term of
number of animal unit (AU) per hectare per year (AU/ha/yr) were closely associated
with the pasture production cycle. The exogenous variable which affects alteration is
different values of grazing intensity (50 % and 70 % for the organic and the non-

organic production systems respectively).

6.8.2.1 Figure 6.4 shows the carrying capacity of the non-organic pasture over
a 20 - year period. Graph 1 indicates the carrying capacity of non-organic pasture
without nitrogen fertilization (0 kg N) where the pasture can sustain 1.3 to 1.8 Animal

Unit (AU) of cattle per hectare per year. The trend gradually improves with time.



Fac. of Grad. Studies, Mahidol Univ. PhD (Env. and Res. Studies) /105

For the 50 and 100 kg N treatments, the pastures are capable to sustain almost
similar number of cattle between 2.0 - 2.4 and 2.2 - 2.6 AU/halyr, respectively (Graph
2 and 3).
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Figure 6.4 Carrying capacity (AU/halyr) of non-organic pasture

6.8.2.2 Figure 6.5 presents the pasture carrying capacity over the 20 - year
period under the organic pasture management for beef production system. Without N
fertilization (0 kg N/ha/yr) the organic pasture carrying capacity is able to sustain 1.17
to 1.73 AU/halyr, slightly lower than the non-organic system.

With 50 kg N/halyr, the carrying capacity of the organic pasture is improving
to 1.51 - 2.25 AU/halyr. And with 100 kg N/halyr, the carrying capacity of the
organic pasture will be 1.86 to 2.38 AU/halyr.

The carrying capacity under the organically production system is slightly

lower than the non-organic conventional production system under the same rate of
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fertilizer throughout the 20 year period. This is the result of the non-organic system
applied higher rate of grazing intensity that provides greater quantity of pasture for the
cattle. However, greater grazing intensity results in lowering of litter and plant
residues. As a result, the soil organic matter under such practices will decline and

result in adverse feedback on the pasture productivity cycle in the long run.
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Figure 6.5 Carrying capacity (AU/ha/yr) of organic pasture
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Table 6.2 Pasture carrying capacity (AU/halyr)

Year 0 N Fertilizer 50 kg N/ ha'yr 100 kg N/ha/yr
Non-organic Organic Non-organic Organic Non-organic Organic
0 1.35 1.17 1.35 1.17 1.35 1.17
1 1.30 1.16 1.84 151 2.22 1.86
2 1.31 1.22 2.04 1.83 2.33 2.04
3 1.34 1.27 2.16 1.94 2.38 2.15
4 1.36 1.31 2.19 2.01 2.43 2.19
5 1.39 1.35 2.23 2.06 2.46 2.23
6 1.42 1.38 2.25 2.11 2.47 2.25
7 1.45 1.40 2.28 2.14 2.48 2.27
8 1.48 1.43 2.31 2.16 2.50 2.29
9 1.51 1.45 2.33 2.17 251 2.30
10 1.53 1.48 2.35 2.18 2.52 2.31
11 1.56 1.50 2.37 2.19 2.52 2.32
12 1.59 1.53 2.39 2.20 2.53 2.33
13 1.63 1.55 2.40 221 2.54 2.34
14 1.66 1.58 242 2.22 2.55 2.35
15 1.69 1.60 243 2.22 2.55 2.36
16 1.72 1.63 2.44 2.23 2.56 2.36
17 1.75 1.65 2.45 2.24 2.56 2.37
18 1.78 1.68 2.46 2.24 2.57 2.37
19 1.82 1.70 2.46 2.24 2.57 2.38
20 1.85 %3 2.46 2.25 2.57 2.38

6.8.3 Beef Production Potential

Beef production potential expresses in kg of carcass weight of cattle per
hectare of pasture per year (kg beef /ha/yr) is shown in table 6.3 indicates that beef
productivity is a function of the pasture carrying capacity. Since both system will
harvest 25.0 % of cattle for market per year, and the carcass yield of both groups of
cattle were assumed to be 50 % of the animal’s live weight. The carcass production
was calculated based on these assumptions.

6.8.3.1 Under no nitrogen fertilization (0 kg N), the 1 hectare of non-organic
pasture can produce 146.25 to 208.05 kg of beef per year, compared to organic
production whose ability to produce is 130.97 to 194.19 kg of beef per year.



Thumrongsakd Phonbumrung Environmental Modeling / 108

6.8.3.2 With 50 kg N/halyr, the beef productivity will be improving to 207.26
to 277.26 and 169.94 to 252.82 kg of beef/ha/yr for the non-organic and organic

production systems, respectively.

6.8.2.3 With 100 kg N/halyr, the beef productivity will be 250.03 to 289.40
and 208.91 to 267.79 kg of beef/ha/yr for the non-organic and organic production

system, respectively.

Table 6.3 Beef productivity potential (kg/ha/yr) with 0, 50 and 100 kg N/ha/year

Year 0 N Fertilizer 50 kg N 100 kg N
Non-organic Organic Non-organic Organic Non-organic Organic
0 151.34 131.87 151.34 131.87 151.34 131.87
1 146.25 130.97 207.26 169.94 250.03 208.91
2 147.52 137.38 229.23 205.38 261.80 229.06
B 150.20 143.16 243.04 218.60 268.16 241.65
4 153.22 147.78 246.84 226.07 272.96 246.68
5 156.35 151.59 250.35 232.22 276.24 250.72
6 159.53 154.91 253.58 237.40 277.88 253.65
7 162.75 157.95 256.57 240.88 279.37 255.67
8 166.01 160.83 259.32 242.60 280.71 257.41
9 169.31 163.63 261.86 244.11 281.91 258.93
10 172.65 166.38 264.20 245.43 283.00 260.28
11 176.03 169.12 266.36 246.61 283.98 261.47
12 179.44 171.86 268.35 247.65 284.86 262.53
13 182.88 174.60 270.18 248.58 285.66 263.48
14 186.37 177.35 271.87 249.42 286.37 264.32
15 189.89 180.12 273.43 250.17 287.02 265.07
16 193.45 182.90 274.87 250.84 287.60 265.75
17 197.04 185.69 275.82 251.44 288.12 266.35
18 200.67 188.51 276.35 251.98 288.59 266.88
19 204.34 191.34 276.83 252.46 289.01 267.36
20 208.05 194.19 277.26 252.82 289.40 267.79
Total 3,653.29  3,462.13 5,354.91 4,896.47 5,754.01 5,245.83

6.8.4 Environmental Impacts - Soil Organic Carbon sequestration - For
environmental impacts, soil organic carbon (SOC) sequestration is used as a single
environmental indicator for the purpose of demonstration model (Figures 6.6-6.7).
Utilized parameters of soil properties derived from the field experiment; the initial soil
organic carbon content in the 30 cm depth with 1.4 t m™ of the soil bulk density is
calculated to be 10.00 t/ha.
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6.8.4.1 With no Nitrogen fertilization (0 N), under the non-organic pasture
management, the carbon content of the pasture soil decreases gradually for the first 16
years. After that the trend improves gradually. This means that the amount of carbon
mineralization and uptake by plant is greater than the quantity of carbon deposit into
the soil. As a result, the Nitrogen mineralization and quantity of Nitrogen nutrients is
likely to decline at the same rate. When the nitrogen rates are increased to 50 and 100
kg N/halyr, the carbon sequestration potential of the systems improves from 10.0 t/ha
in the initial year to 15.14 to 16.07 t/ha in the final year respectively. It can be
assumed that with 0, 50 and 100 kg N/ha/yr, non-organic pastures have the potential to
sequester 0.62, 5.14 and 6.07 t/ha of carbon within the 20 - year time. These made the
annual carbon sequestration of 0.03, 0.26 and 0.30 t /ha/ yr, respectively (Table 6.4).
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Figure 6.6 Soil Organic Carbon (t SOC ha™) of non-organic pasture

6.8.4.2 For organic pasture (Figure 6.7), shows greater carbon sequestration
potential. Without Nitrogen fertilization, the quantity of carbon accumulating in the
pasture soil increases from 10.0 to 12.75 t/ha for the 20 - year period. With 50 and 100
kg N/ha/yr of organic fertilizers, the carbon content in the pasture soils will increase to
26.01to 35.57 t/ha for the 20 - year period. The carbon sequestration potential of the
organic pastures under 0, 50 and 100 kg N/halyr, are 2.75, 16.01 and 25.57 t/ha of
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carbon for the 20 - years time. These made the annual potential of carbon
sequestration of 0.14, 0.80 and 1.28 t /halyr, respectively.
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Figure 6.7 Soil organic Carbon (t SOC ha* yr™) of organic pasture

Table 6.4 Soil Organic Carbon (t C/ha) of pastures with 0, 50 and 100 kg N/ha/year

Non-organic (t C/ha) Organic (t C/ha)
Year OkgN 50 kg N 100 kg N OkgN 50 kg N 100 kg N
0 10.00 10.00 10.00 10.00 10.00 10.00
1 9.45 9.53 9.61 9.66 10.80 11.94
2 9.06 9.42 9.67 9.61 12.01 14.35
3 8.80 9.53 9.92 9.66 13.40 16.77
4 8.64 9.78 10.27 9.77 14.79 19.04
5 8.56 10.10 10.70 9.91 16.10 21.12
6 8.55 10.47 11.17 10.07 17.32 22.99
7 8.58 10.87 11.65 10.24 18.44 24.68
8 8.65 11.27 12.13 10.42 19.46 26.19
9 8.74 11.68 12.59 10.60 20.38 27.54
10 8.86 12.09 13.04 10.79 21.21 28.74
11 9.00 12.48 13.46 10.98 21.96 29.82
12 9.15 12.85 13.85 11.17 22.62 30.78
13 9.31 13.21 14.22 11.36 23.22 31.64
14 9.48 13.54 14.56 11.56 23.76 32.41
15 9.66 13.86 14.87 11.75 24.25 33.09
16 9.84 14.16 15.15 11.95 24.68 33.71
17 10.03 14.43 15.42 12.14 25.07 34.25
18 10.22 14.69 15.65 12.34 25.42 34.74
19 10.42 14.92 15.87 12.54 25.73 35.18
20 10.62 15.14 16.07 12.75 26.01 35.57
Total gain 0.62 5.14 6.07 2.75 16.01 25.57

Average 0.03 0.26 0.30 0.14 0.80 1.28
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6.9 Model Implementation and Application

Sufficient information for efficient decision making had been provided to the
computer for simulation. In particular, the Department of Livestock Development
(DLD), Ministry of Agricultural and Cooperatives (MOAC) has committed using the

model as laboratory in the decision making process.

To answer to the question “Should the Thai government promote the organic
beef farming in the Northeastern region of the county?” depends on numbers of
factors. If an assumption is made that Kalasin Province is representative of the
Northeastern region of Thailand and the simulation indicated that the practicing of
organic beef farming is reasonable and reliable then the answer is “Yes”. The
Northeastern is a suitable area of organic pasture management for beef production.
The leverage characteristics of the organic pasture management for beef production

system are;

- Enhancement of the farms environmental quality.

- Incorporation of organic matter into soils which will improve the physical

properties and fertility of the soils permanently.

- Sequestration of Carbon (C) in form of soil organic carbon (SOC) into the

agricultural soils which help improving the global warming potential.

- Promoting organic farming will increase quantity of organic products in the
market, enhancing opportunity to create the new market for agricultural

products and improving income for livestock farmers.

The important drawbacks of organic pasture management for beef production
systems can be lowering of beef productivity and the requiring large quantity of

manure or organic fertilizers.
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Due to the application of the model, the environmental consequences of the
different farming systems (organic and non-organic) can be demonstrated.

During April-May 2007, the Department of Livestock Development (DLD),
Ministry of Agricultural and Cooperatives (MOA), Thailand had encouraged training
courses inviting policy makers and technical personnel to train on the implementation
of the pasture-cattle-environment model in the national organic livestock development
scheme. The special task force called The Task Force on Research and Development
on Organic Pasture and Livestock Production were assigned to encourage the research
projects to investigate influences of transition to organic farming on environmental
quality and sustainability. The pasture-cattle-environment model considered an

important tool of the task force to encourage positive research design.

6.10 Answering to the Questions

The questions that need to be addressed by the model (Section 6.2.1) were:

1) Does the organic pasture management contribute to the improvement of the
environmental quality of the farms, as compared to the non-organic pasture

management for beef production systems?

2) In order to implement the more sustainable pasture management for beef
production with particular concern on the minimization of the
environmental degradation; will the organic pasture management be more

appropriate, as compared to the non-organic production systems?

3) If the different technologies (fertilization rate) are introduced, how will the
production systems (non-organic and organic) affected the change over

time of the environmental impacts?

For question 1 and 2, - the results of the simulation in section 6.8 provided

sufficient information to answer these two questions. From an environmental
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enhancement point of view, the organic pasture management for beef production
system is more appropriate compared to the non-organic pasture management methods
for beef production systems. Moreover, for a productivity point of view, where most
farmers have negative attitudes on organic production schemes as they believe that
they reduce portions of production, computer simulation demonstrated that reduction
in the pasture productivity and beef productivity under the same quantity of nutrient
input was not significantly different. The organic production system further showed

the long term advantages in environmental terms.

For question 3, - When different fertilizer rates were applied; the productivity
of both systems (non-organic and organic) were improved substantially as shown in
section 6.8. Under the same rate of Nitrogen applied, organic pastures were capable to
produce slightly higher yield due to the additional nutrient derives from soil organic
matter. Furthermore, the application of organic fertilizers provided more nutrient than
Nitrogen. For example, the cattle manure provided N, P, K, organic matter and other

micro nutrients which help improve soil fertility and soil physical property.

The questions need to be answered by the research stated in section 1.4 were:

1) To what extent would the organic beef farming systems contribute to the

environmental impacts as compared to the non-organic grazing system?

2) In order to promote sustainable pasture management for beef production
systems in Thailand with particular regard to minimizing environmental impacts;
would the organic pasture management for beef production systems be more

appropriate?

For question 1 - The results of the field experiment in chapter 5 indicate a
number of advantages of significant environmental parameters under organic as
compared to the non-organic management such as the improvement of soil bulk
density, electrical conductivity (EC), cathion exchange capacity (CEC), soil pH, and

the increases over time of soil organic carbon (SOC) which implied the increasing
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potential of carbon sequestration of the organic soil. The improvement in the carbon
sequestration potential is highly associated with the reduction in global warming

potential.

For question 2 - The model simulation in section 6.8 also provided sufficient
results support the advantages of the organic pasture management for beef production

system.

It is important to note that under long term grazing of both the non-organic and
organic production system can lead to the improvement of soil physical and chemical
quality. Both systems support the recycling of nutrient and soil amendment through
manure spreading and pasture litter residues. The long term practice (approximately
30 years) of pasture-grazing systems, will improve soil fertility to the point that the
pasture production can be sustain without fertilizing. This system equilibrium and
sustainable is a significant milestone. Additionally, organic pasture management also
showed more advantages in terms of sustainability. This helps answer the second

question.

6.11 Economic Benefit and System Sustainability

6.11.1 The simulation in section 6.8 showed the advantages and requirement

for the annual application of 50 kg N/ha for both non-organic and organic systems.

6.11.2 The non-organic system required about 110 kg of urea (46 % N)
fertilizer per hectare per year to provide 50 kg N. The cumulative amount is 2,200 kg
for the 20 year time. The expenditure for fertilizer is approximately USD 1,000
(33,000 Thai baht).

6.11.3 Organic production systems require about 4.4 ton of organic fertilizer
(with 1.12 % N) to provide 50 kg N per hectare per year. This means that the farmers
must purchase this amount from the other farms. Moreover, the manure quality must

meet organic requirement. This can lead to the resource competition if the system is to
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be sustained. The system should be able to be maintained under the minimum

intervention of external resources.

6.11.4 However, for Thailand where the pasture is a subset of the mixed crop-
livestock farming system; the farms derive inputs from 2 main sources: external

fertilizers and farm produce feed.

6.11.5 The farm survey in chapter 4 clearly indicated that the livestock farmers
are mostly rice growers. The average area per farm for the Northeastern is about 2.6
hectare where about 1.5 ha provides for rice growing and the rests for agronomy crops
include pastures. The alternative feed resources for beef cattle are includes paddy, rice
straw, crop wastes, public ranch, communal pasture etc. This implies that, the pasture
is not the only main source of feed for cattle. The additional feed from the crops
production compartment can be invented an exogenous variable in the pasture-cattle-

soil system dynamics model.

6.11.6 The integrated framework of farm ecosystems as illustrated (Figure 6.8)
provides the more reliable situation for Northeastern Thailand. If crop by- products are
associated with crop production areas, it is possible to assume that cattle can obtain as

much as 50 percent of their feed from crop by — products.

6.11.7 The simulation to examine 3 alternatives: (1) no feed derives from other
sources (100 % fed on pasture); (2) 25 % of the feed requirement derives from the
farm produce crop waste; and (3) 50 % of the feed requirement derives from the farm

produce crop waste under non fertilization condition were performed.

6.11.8 Table 6.5 shows the results of the simulation that indicates that under
the organic production system when cattle receive 25 and 50 % of their feed from the
crop compartment; pasture production will increases slightly. This is due to the
appreciation in nutrient availability which is the positive feedback of increasing
resources used. Pasture carrying capacity and beef productivity are progressively

improved above the rate of external resource used due to positive feedback loops.
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6.11.9 By implication, if the whole farm was converted to organic, and all
crops (mainly feed crops such as rice, corn, cassava, were provided crop wastes for
livestock feeding) a farm with the area of 2.6 hectare (where 1.0 hectare was provides
to produce organic pasture) has the capacity to sustain about 2.65 to 4.34 animal units
of cattle (3 to 5 mature cows) without additional of fertilizer for the pasture
production.

6.11.10 In addition, cattle manure can be a nutrient source for crop production.
In terms of soil quality, it is clearly seen that the soil organic carbon sequesters
increases and is associated with increasing percentage of external feed used.

6.11.11 This model provides the more sustainable strategy of the organic

pasture management for beef production system.

6.11.12 The adapted model has been proposed as an alternative pasture
management for beef production schemes that offers a more sustainability, relevant

and environmental friendly scenario for Thailand.
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Figure 6.8 The framework of resource recycling of the cattle farm
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Table 6.5 Effect of feed supplementation (0, 25 and 50 %) on pasture yields and Pasture carrying

capacity on the organic pasture management system

Pasture yields Pasture carrying capacity
Year (kg DM/halyr) (AU/halyr)
0 25 50 0 25 50
1 7.54 7.63 7.80 1.16 1.56 2.39
2 7.91 8.21 8.83 1.22 1.68 2.71
3 8.25 8.77 9.89 1.27 1.79 3.03
4 8.51 9.26 10.91 1.31 1.89 3.35
5 8.73 9.70 11.93 1.35 1.98 3.66
6 8.92 10.12 12.40 1.38 2.07 3.81
7 9.10 10.52 12.69 1.40 2.15 3.89
8 9.26 10.92 12.94 1.43 2.23 3.97
9 9.42 11.33 13.16 1.45 2.32 4.04
10 9.58 11.74 13.36 1.48 2.40 4.10
11 9.74 12.16 13.54 1.50 2.49 4.15
12 9.90 12.30 13.71 853 2.51 4.20
13 10.06 12.41 13.84 1.55 2.54 4.25
14 10.22 12.51 13.90 1.58 2.56 4.27
15 10.37 12.60 13.96 1.60 2.58 4.28
16 10.53 12.69 14.01 1.63 2.59 4.30
17 10.70 12.76 14.05 1.65 2.61 431
18 10.86 12.83 14.09 1.68 2.62 4.32
19 11.02 12.89 14.13 1.70 2.64 4.33
20 11.19 12.95 14.16 1.73 2.65 4.34
Cumulative 191.81 224.30 253.30
Change 3.65 5.32 6.36 0.57 1.09 1.95

Changelyear 0.18 0.27 0.32 0.03 0.05 0.10
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Table 6.6 Effect of feed supplementation (0, 25 and 50 % ) on Beef productivity (kg/halyr) of the
organic pasture management system

Year Beef productivity (kg/ha/yr)
0 25 50
1 131 175 269
2 137 189 305
3 143 202 341
4 148 213 376
5 152 223 412
6 155 233 428
7 158 242 438
8 161 251 447
9 164 261 454
10 166 270 461
11 169 280 467
12 172 283 473
13 175 285 478
14 177 288 480
15 180 290 482
16 183 292 483
17 186 293 485
18 189 295 486
19 191 296 488
20 194 298 489
Cumulative 3330.26 5157.73 8742.09
Change 63.22 122.42 219.57

Change/year 3.16 6.12 10.98
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Table 6.7 Effect of feed supplementation rates (% of total feed requirement) on soil organic carbon
accumulation - SOC (t/ha), and calculated soil organic matter (% SOM) of the organic pasture

Year SOC (t /ha) SOM (%)
0 25 50 0 25 50

1 9.66 9.70 9.77 0.40 0.40 0.40
2 9.61 9.76 10.08 0.39 0.40 0.41
3 9.66 9.98 10.65 0.40 0.41 0.44
4 9.77 10.28 11.38 0.40 0.42 0.47
5 9.91 10.63 12.24 0.41 0.44 0.50
6 10.07 11.01 13.20 0.41 0.45 0.54
7 10.24 11.43 14.18 0.42 0.47 0.58
8 10.42 11.86 15.12 0.43 0.49 0.62
9 10.60 12.32 16.01 0.44 0.51 0.66
10 10.79 12.79 16.84 0.44 0.52 0.69
11 10.98 13.27 17.62 0.45 0.54 0.72
12 11.17 13.76 18.34 0.46 0.56 0.75
13 11.36 14.23 19.02 0.47 0.58 0.78
14 11.56 14.67 19.65 0.47 0.60 0.81
15 11.75 15.07 20.22 0.48 0.62 0.83
16 11.95 15.45 20.74 0.49 0.63 0.85
17 12.14 15.79 21.20 0.50 0.65 0.87
18 12.34 16.11 21.63 0.51 0.66 0.89
19 12.54 16.40 22.01 0.51 0.67 0.90
20 12.75 16.67 22.35 0.52 0.68 0.92

Cumulative

Change 3.09 6.97 12.58 0.12 0.28 0.52

Change/year 0.15 0.35 0.63 0.01 0.01 0.03

6.12 Discussion

This research was conducted to foster increased understanding of the complex
structures and the interrelationships of pasture management for cattle production and
the environmental impacts derived from and that feed back to pasture-livestock
systems. The systems dynamics approach was used to explore the systems
components and system behavior. By the application of the systems modeling
strategies; the environmental consequences of the particular farming systems can be
predicted and compared; and the appropriateness of strategies recommended and

outcomes tested.
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The Model

The early agricultural models that have been developed more than 40 years
ago focused on individual processes such as soil hydraulic properties, photosynthesis,
plant growth, soil nutrients. In the last twenty years, agricultural models focused on
more integrated processes. Some integrated agricultural models widely known are:
PAPRAN - the pasture systems model (Siligman and van Keulen, 1981), CREAMS —
soil chemical and nutrient runoff from cropping systems (Knisel, 1980), GLEAMS -
ground water pollution model (Leonard et al., 1987), CENTURY - plant production,
nutrient cycling and soil organic matter dynamic model (Parton et al., 1987).

Many new models were developed by integrating two or more existing model
as described in Belcher et al. (2004). For example, Lakeshminarayan et al. (1996)
integrated EPIC and CREAMS evaluated the impacts of agricultural policy on soil
degradation. Folze et al. (1995) integrated EPIC with GLEAMS for assess the
environmental impacts and economics of alternative cropping systems. Bouzahr et al.
(1993) integrated several simulation model in his CEEPS (Comprehensive
Environmental Economic Policy Evaluation System) for evaluate pesticides and
fertilizer under different conditions.

In this study, a model was developed by putting together relevant information
related to the nutrient flow within pasture, cattle and soil components. Information
was gathered through extensive literature review, undertaking a farm survey and field
experiment during 2004 to 2007. The model was then developed by transformed to
conceptual framework and a system dynamics model through the used of STELLA
software. The major environmental impacts to be simulated by the model were: (1)
the productivity and the carrying capacity of the pastures and (2) the dynamics of soil
organic carbon (SOC) accumulation in the pasture soils. The changes of the value of
the pasture carrying capacity in terms of number of animal expressed in animal unit
(AU) the pasture can sustain per hectare per year (AU/halyr), and the level of the soil
organic carbon expressed in ton carbon per hectare within particular year (tC/ha) were

sufficient to describe the state of the system (Forester, 1968).
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In order to gain insight into the present structures, trends, and environmental
impacts of beef farming systems in Thailand; this study carried out intensive
investigation to gain quantitative data by integrating 3 data quantification methods

included system analysis, a farm survey and a field trial.

Nevertheless, the model is, like many other models, imperfect, oversimplified
and unfinished. However, this is the first model now available for dealing with organic
pasture-cattle-environmental problems. The model is a laboratory that environmental
consequences of the livestock farming can be forecast with time horizons longer than
10 years. The model represents the nutrient flow within the farm boundary and
includes important variables such as soil properties, pasture productivity, nutrients
available, nutrients uptake, fertilization input, cattle productivity, manure production
and utilization. Interrelationships of variables are not independent entities but are

dynamically interacting elements, as they are in the real world.

Cattle-Pasture-Environment

Results of the farm survey address important ruminant livestock considerations
on sustaining social structure and economics of rural Thai farmers. Rice, crops, cattle
and some small animals are major component in the Thai farming systems today.
Until recently, cattle production in Thailand play important role in mixed crop-
livestock farming systems. Although the country needs increased livestock
productivity to produce more food for the increasing demand for animal products,
cattle production is changing towards industrialization with much slower rate. Two
major problems associated with cattle production under the mixed crop-livestock
production systems are likely to be: (1) limitation of production inputs particularly
feed resources that need sustained and increasing number of livestock, and (2) the

influences of cattle on environmental and natural resources degradation.

Past experience suggested the policy to introduce the pasture production and

utilization technology. Many authors (Chantalakhana and Skunman, 2002;
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Chantalakhana, 1996; Reynolds, 1995; Tudsri, 1997; Manidool, 1989) addressed the
importance of pasture and the need to establish improved pastures to increase
productivity and quality if efficient cattle production is to be achieved. Sections 3.4
and 3.5 provided important information confirming how cattle productivity can be

sustained through pasture improvement.

Cattle-pasture-environment is an ecosystem that produces beef as output and
uses natural resources such as air, solar energy, precipitation, and soil nutrients as
inputs. Under grazing systems, cattle consume pasture and return nutrients back to the
pasture. Therefore, under appropriate management, grazing cattle may contribute very
small negative impacts on environment. Moreover, the results of field trials provided
in Chapter 4 confirm the feasibility of establishing and utilizing improved pasture to
produce cattle in place of native pastures. The trials show many advantages of
improved pasture under appropriate management in terms of both livestock
productivity and environmental enhancement. The trial also reconfirms the feasibility,
relevance and the benefits of applying organic pasture management innovation to
pasture-cattle grazing systems. Results of the trial indicate that the lowering of beef
productivity of approximately 22 percent as compared to the non-organic production
systems. Tendency of nutrient deficiency in the early stage of transforming to organic
farming were also observed. To cope with the degradation of some nutrients, organic
pasture management had induced many benefits to pasture ecosystems such as
improved soil physical properties, the benefits to biodiversity and lowering the
utilization of any forms of chemical substance. Furthermore, at this time chemicals are
expensive, organic farming can take advantages of economics conditions that will

compensate for initial decline in productivity.

Sustainable Organic Pasture — Cattle Management

The rise of health and environmental awareness of a new generation of “green”

consumers, and the gaining popularity in organic, chemical-free and environment-

friendly food production and lifestyles are the demand driven which has recently
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accelerated the growth of organic production in many sectors in the developing
nations. Organic Beef production presents a good chance for Thailand to lead the way.

In terms of environmental degradation deriving from intensive livestock
production is well-documented (Rae 1999; Dieberg 1999; Cooper 1993; Gibbs et al.
1989; Vaarst et al. 2005). Extensive livestock production has traditionally potential to
cause environmental degradation due to consecutive uses of resources as well as the
continuous introduction of un-natural changes such as chemical fertilizers and
pesticides. This study addresses the unique characteristics of livestock production
under the mixed crop-livestock production of the tropics. Through the application of
systems dynamics approached, the complex structure and interrelationships as well as
feedback mechanisms among cattle and environment can be demonstrated. A pasture-
cattle-environment model constructed and utilized can represent the real processes of
how pasture management, beef production and their surroundings interact and
contribute to the environmental impacts. Sine the environmental affects of agricultural
production are difficult to demonstrate through experiment, the model is a suitable
tool in terms of time, economics and technology. By simulation with baseline data
derived from system analysis, farm survey and field trial, environmental impacts of
the implementation of different pasture management strategies for beef production can
be quantified with time horizons of 20-year period (from 2005 to 2025). Results from
the simulation are sufficient to confirm the long term benefits of the implementation
of organic pasture management for beef production as compared to non-organic
management. Number of the advantages are present themselves: (1) The organic
pastures offer a more sustainable and equilibrium for higher productivity compared to
non-organic pasture management with the same fertilization rate; (2) Under organic
pasture management, where some quantity of organic fertilizers were applied
annually, the organic pasture is the main source of carbon sequestration. The
simulation shows that under the application of 0, 50, 100 kg N ha™ year ™ of organic
fertilizers under organic management systems, organic pasture has the potential to
sequester 0.14, 0.80 and 1.28 t C ha™ year ™' ; cumulative quantity of 2.75, 16.01, and
25.57 ton of Carbon per hectare of pasture land, respectively. Beside forests, pasture

soils can be a good venue for carbon sink (Tudsri, 1997). The simulation provides
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sufficient results to support the appropriateness, relevance and sustainability of

organic pasture management systems.

To answer to the question “Should the Thai government promote organic beef
farming in the Northeastern region of the county?” The simulation in Chapter 6
provides quantitative results that help confirm the benefits of organic systems and its
appropriateness for Thailand for the following reasons:

1) Enhancement of farms’ environmental quality.

2) Increase organic matter into soils that will improve the physical properties
and fertility of the soils permanently.

3) Sequestration of Carbon (C) in form of soil organic carbon (SOC) into the
agricultural soils which help improving the global warming potential.

4) Encouragement of organic farming will increase quantity of organic
products in the market, enhance opportunity to create the new market for agricultural
products and improve income for livestock farmers (ACFS, 2006).

Economic Benefits

The simulation in section 6.7 showed the advantages of annual application of
50 kg N ha™ if practiced for both non-organic and organic systems. The non-organic
system required about 110 kg of urea (46 % N) fertilizer per hectare per year to
provide 50 kg N. The cumulative amount is 2,200 kg for the 20 year time. The
expenditure for fertilizer is approximately 1,000 $US per hectare (33,000 Thai baht).
Organic production systems require about 4.4 ton of organic fertilizer (with 1.12 % N)
to provide 50 kg N per hectare per year. This means that organic farmers must
purchase this amount from the other farms. On the other hand, livestock farmers may

earn income from manure selling, however, this can lead to resources competition.
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CHAPTER 7
CONCLUSION AND RECOMMENDATION

7.1 Conclusion

This study addressed the importance of ruminant livestock on sustaining social
and economics of rural Thai farmers. Rice, crops, cattle and some small animals are
major component in the Thai farming systems. Until today, cattle production in
Thailand played an important role in the mixed crop-livestock farming systems.
Although the country needs increasing livestock productivity to produce more food
for the increasing demand, cattle production is changing towards industrialization

with much slower rate.

Two major problems associated with cattle production under the mixed crop-
livestock production systems for the future are likely to be: (1) the limiting of
production inputs particularly feed resources that are needed to sustain increasing
numbers of livestock, and (2) the inverse influences of cattle on environment and

natural resources degradation.

In terms of ecology; cattle, pasture, and environment are components of the
same ecosystem that interact to produces beef as output and used natural resources
such as air, solar energy, precipitation, and soil nutrients as inputs. Under grazing
systems, cattle consume pasture and returns nutrients back to the pasture. Therefore,
under appropriate management, grazing cattle may contribute very small negative
impacts on the environment. Moreover, through the implantation of appropriate
management that includes organic pasture management technology, cattle, pasture

and soil can harmonize and positively interact to benefit the environment.
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The rise of health and environmental consciousness of a new generation of
“green” consumers, and the gaining popularity in organic, chemical-free and
environment-friendly food production and lifestyles are demand driven that have
recently accelerated the growth of organic production in many sectors in developing
nations. Organic Beef production offers an ideal platform for Thailand to lead the

way.

By simulation with baseline data derived from the system analysis, farm
survey and field trial, environmental impacts of implementing different pasture
management technology for beef production can be quantified with a time horizon of
20-year period from 2005 to 2025. Results from the simulation confirm the long term
benefits of implementing organic pasture management for beef production compared
to non-organic management. Numbers of the advantages included (1) The organic
pastures post sustainable and equilibrium of higher pasture productivity compared to
non-organic pasture management with the same fertilization rate; (2) Under organic
pasture management, where some quantity of organic fertilizers are applied annually,
organic pastures are the main source of carbon sequestration. The simulation shows
that under the application of 0, 50, 100 kg N ha™ year ™! of organic fertilizers under
organic management systems, the organic pasture had a potential to sequester 0.14,
0.80 and 1.28 t C ha™ year  ; cumulative quantity of 2.75, 16.01, and 25.57 ton of
Carbon per hectare of pasture land, respectively. Beside forests, pasture soils can be a
good site of carbon sink (Tudsri, 1997). The simulation provides sufficient results to
support appropriateness, relevance and sustainability of the organic pasture

management system approaches. Benefits in terms of economics were also addressed.

7.2 Recommendation

The model is, like many other models, imperfect, oversimplified and
unfinished. However, this is the first model now available for dealing with Thailand
organic pasture-cattle-environment problems. The model is a laboratory that
environmental consequences of the livestock farming can be forecasted with longer

time horizon.
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Further research needs to be encouraged in both holism and reductionism
fashions. The systems dynamics approach provides theoretical estimates in
accordance with the behavior of the systems drawn from the past. These provide
direction, and narrow the scope for further investigation that experimental researches
are required. This research, for example, used many parameters derived from western
data that may not be relevant to Thailand. Many experiment can undertaken to
provide the missing pieces and improve the current model.

These findings provide sufficient information to support the feasible to extend
organic pasture — beef production systems in Thailand. Thai government particularly
the Department of Livestock Development, Ministry of Agricultural and Cooperatives
should be the key organization that initiate and support organic pasture production, as
well as the beef production of the country. It is also recommend that in order to
provide further information to support organic livestock program of the country, the
Department of Livestock Development of Thailand should encourage particular
organizations or institutions to operate specific study and develop specific body of

knowledge concerning organic livestock production systems for Thailand.
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APPENDIX A
Interview Questionnaire
For the Research on

Environmental Modeling of Organic Pasture Management for Beef Production

Instruction  The research is a part of the study to fulfill the completion of the PhD
in the Environment and Resource Studies, Faculty of Environment and Resource
Studies, Mahidol University. This research involves the collecting data on recent
situation in cattle production of smallholders as well as feed resource availability and
utilization. Please fill in information or mark / in the brackets [ ] indicate the fact

or your opinions concerning the cattle and pasture production systems.

Part | Respondent Characteristics

1.Sex []1male []2 female

3. Status in the household
[ 11 headperson [ 12 others indicate.......................
4. Married status
[11married []2single []3othersindicate......................

5. Main occupation

[ 11 plant production [ ] 2 livestock production
[ ] 3 others indicate...............
6. Education
[ 11 Primary school []2 Secondary school
[ 13 High school [ 14 Vocational and equivalent
[ 15 Bachelor and equivalent
[]16. Higher than Bachelor [ ] 7 Others indicate............
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Part Il Resource Available

7. Land ownership and used
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Land use

area ha

Total land own by your family

Land used for rice production

Land used for field crops, orchard, and vegetables

Land used for pasture production

Land used for water reservoirs and irrigation

Unused land

Forest

8. Family labor

Family labor

number (person)

Total number of your household members

Labor force age 15-60 years

Labor force involve in beef production

9. Livestock

Livestock

number (head)

Beef cattle and native cattle

Buffalo

Dairy cattle

Swine

Poultry
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10. Cattle classified by type

Type of cattle number (head)

Bulls

Cows

Heifers age 1-2 year

Steers age 1-2 year

Calves

11. Feed resource Availability (indicate number of month of using feed resource for

cattle feeding)

Type of cattle Utilization (month)

Grazing cattle in forest and public ranch

Grazing in cattle in paddy and croplands

Feeding cattle with rice straw and crop waste

Grazing cattle on improved pastures

Feeding cattle with concentrate feeds

12. Feed Preservation (indicate area or quantity-in dry matter of preserved feed you

had provided to cattle throughout the year)

Feed Preservation unit Quantity
Improved Pastures ha
Preservation of hay and silage Kg DM
Preservation rice straw Kg DM
Preservation crop waste Kg DM
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13. Expenditure and income

item unit Amount/Value

Purchase breeding cattle head

uUSD
Sale cattle head

USD
Purchase forage, hay, silage and straw USD
Purchase concentrate feed uUSD
Purchase vaccines, drugs and health treatment usD
Purchase chemical fertilizers for pasture usD
Purchase pesticides for the pasture USD
Purchase herbicides for the pasture uUsD
Purchase manure and organic fertilizers usD
ale cattle manure usD

Part 1V Perception on Environmental Problems and Opinion on Organic
Agricultural production

14. Did you recognize the following environmental problems occurred as consequences

of the continuing of agricultural activities?

Environmental Problems Yes No

Degradation of plant biodiversity

Erosion of agricultural land

Soil compaction due to animal trampling

Degradation of soil quality due to lower OM

Soil pH, acidic, and salinity

Waste water from farm drain to water resources

Increasing used of chemical fertilizers

Pesticides residues contamination in soil and water
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15. Do you agree with the following issues related to the practice of the organic

agriculture?

Issues on Organic Agriculture Yes No

Sufficient knowledge and information on organic farming had

been disseminated to farmers

Farmers, generally are interesting in organic farming

Organic farming will lowering farm productivity

Organic farming will improve environment

Organic farming will produce safe products

Organic farming will promote animal welfare

The end of interview,
Thank you.
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APPENDIX B
THE MODEL

Control Panel

Maodel Structure Introduction ot

Simulation Pasture Production

Sirmulation Beef Production

Simulation Environmental
Impacts
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) 1096 30 ECHII0OT Table 1 (Fasture Froduction (thalfyear]) ? /@ a
Wears 1: Pasture prg 2: Pasture prg3: Pasture prg
2005.0 ¥.60 T A0 ¥.60
2006.0 V.54 T3 V.80
20070 7.01 2.21 2.82
0080 828 877 9.88
2009.0 8.451 926 10091
2010.0 a.y3 arn 11.82
R RN 2.02 1012 12.40
20 a.10 1042 1269
2013.0 Q.26 1092 12.94
M40 9.42 1133 12.16
8.0 0.58 11.74 12.36
6.0 .74 1216 1354
2017.0 a.4a0 12.30 1371
men 10.06 12.41 13.84
an 10.22 1241 12.80
2020.0 10.37 1260 13.96
2021.0 10.53 12.69 14.01
priprie 10.70 1276 14.05
30 10.86 1283 14.09
2024.0 11.02 12.89 14.13
Final 11.19 1295 1416
&) 2246 30 BCN22O007 Table 2 (Table  : Pasture Camying Capacity (ALMalveary) ? , = a
Years 1: Pasture cd Z: Pasture cg 3. Pasture o3
0050 117 1.65 133
2006 .0 1.16 1.56 g
2007 .0 1.22 1.62 2.
20080 127 179 303
20090 1.21 189 335
2010.0 1385 1498 .66
10 138 207 a8t
z0 1.40 215 plci]
IE0 1.43 133 a7
M40 1.45 232 4.04
ms0 1.48 240 4.10
IME.D 1.50 249 4.15
2070 1.53 ki 420
20E0 1.55 254 425
2080 158 256 427
000 1.60 1468 i
wn.o 1.62 .69 4.20
e} 1.65 261 4.21
0230 1.6 162 4.3
20240 1.70 264 433
Final HEe: 65 434
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Years 1: Beef prody 2: Beef prody 3: Beef prody
20050 121.87 17466 26216
2006.0 130 97 175,37 260,02
2007 .0 137.28 188,87 304.02
2003 .0 143 16 201 67 34 23
2009 0 147 78 21387 376 47
20100 151.50 23302 411,63
011.0 15491 233260 43813
MZ0 157 95 241,02 437,02
2030 160,83 251,140 445 57
0140 163 fi 60 63 46421
0150 166 28 270,01 461 08
20160 169.12 27068 457,33
7.0 171.86 38274 473 06
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4 2246 30 ECHEIOOT Table & (LSOM) 9 ,@ a
Yaars 1:50M % |2 SOM Y |3 SOM %

2005.0 0.41 0.41 0.4
2006.0 0.40 0.40 0.40
2007.0 0.39 0.40 0.41
2008 .0 0.40 0.41 044
2009.0 0.40 0.42 0.47
2010.0 0.4 0.44 050
2011.0 0.4 0.45 054
2012.0 0.42 0.47 058
2012.0 0.43 0.49 062
2014.0 0.44 0.51 066
2015.0 044 052 059
2016.0 045 0.54 072
2017.0 046 056 075
F018.0 047 0.58 0.78
2018.0 047 0.60 081
2020.0 0.42 0.62 083
2021.0 0.49 0.63 0.85
20320 0.50 065 087
20330 0.51 066 0.89
20240 051 067 0.90

Final 052 0.68 092
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APPENDIX C
EQUATIONS IN THE MODEL

Cattle Production

Manure_pool(t) = Manure_pool(t - dt) + (Manure_inflow - Manure_use) * dt

INIT Manure_pool =0

DOCUMENT: Accumulation of manure output from the organic beef production
farming.
UNIT: ton

INFLOWS:  Manure_inflow = Manure_production
DOCUMENT: Manure accumulate on the farm per year.
UNIT: ton/year

OUTFLOWS: Manure_use = Manure_pool*Manure_use_rate

DOCUMENT: Manure use indicates quantity of manure derived from grazing cattle
and recycling to the pasture.

UNITS: ton/year

Beef_production = Pasture_carrying__capacity*.25*450

DOCUMENT: Beef production indicates potential of a pasture to produce cattle for
slaughtering for beef production. According to the experiment and many literature,
the appropriate number of cattle to be harvest per year is = 25 % of the carrying
capacity of the pasture. A one animal unit is = 450 kg.

UNIT: ton/year
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External_feed use = Pasture_carrying__capacity*(1-Feed_on_pasture)
Feed_on_pasture = .5

Feed_requirement__of Cattle = 3.240

DOCUMENT: Feed requirement indicates quantity of feed requires by a cattle
express in dry matter per day. According to many literatures, a cattle weight 450 kg (1
Animal Unit-AU) needs 3240 kg (3.24 ton) of feed per year.

UNIT: ton/year

Income_from_beef = Beef_production*Beef price*Value added
Manure_production = Manure_yield*Pasture_carrying__capacity

DOCUMENT: Manure production indicates total manure production from the farm
per year. Manure production depends on number of cattle and manure production per
cattle per year.

UNIT: ton/year.

Manure_use_rate =1

Manure_yield = 1.6

DOCUMENT: Manure yield indicates quantity of manure the cattle can produce
express in dry matter per year. One animal unit animal (450 kg) can produce
approximately 1.6 ton of manure per year.

UNIT: ton/year

Pasture_availability = Pasture_production*Grazing_intensity
Pasture_carrying__capacity = Pasture_availability/Pasture_requirement__of Cattle
DOCUMENT: Pasture carrying capacity indicates number of livestock express in
animal unit (1 AU = 450 kg) the pasture can sustain for a long period of time. The
pasture carrying capacity depends on pasture production and cattle requirement per
year.

UNIT: AU
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Pasture_requirement__of Cattle = Feed_requirement__of_Cattle*Feed_on_pasture
DOCUMENT: Pasture requirement indicates quantity of pasture requires by a one
animal unit cattle per year. In the organic beef production system, cattle derive all
nutrients (100 %) from pasture.

UNIT: ton/AUlyear

Organic Pasture Production

N_Pool(t) = N_Pool(t - dt) + (N_input - N_use - N_loss) * dt
INIT N_Pool =0

INFLOWS:

N_input = N_Chemical_fertilizer _input + N_Organic_fertlizers__input +
N_manure_input

DOCUMENT: Total Nitrogen input to the pasture derives from Chemical fertilizer,
Organic fertilizer, Manure fertilizer and Nitrogen mineralized from soil organic
matter.

UNIT: ton/year

OUTFLOWS:

N_use = N_Pool*N_use_rate

DOCUMENT: Indicate annual loss of nitrogen from the nitrogen pool. Nitrogen loss
depends on size of nitrogen pool and rate of degradation.

UNIT: ton/year

N_loss = N_Pool*N _loss_rate

Farm_area=1

DOCUMENT: The average area of Beef production farms. This indicates the
boundary of the system.

UNIT: ha/farm

This experiment set the default farm area of 1 hectare.

Grazing_intensity = .5
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DOCUMENT: Grazing intensity indicates quantity of pasture (Grass) allowed cattle
consume during one grazing period. The low grazing intensity is between 30-40 %,
the medium grazing intensity is between 50-60 %, and heavy grazing is more than 60
%. The different grazing intensity (from 0 to 100 %) can be test. Influences of grazing
intensity can be simulated.

UNIT: % (0-100 %)

litter = Pasture_production*(1-(Grazing_intensity)/100)

DOCUMENT: The quantity of Pasture litter and plant residues left on the field after
grazing or harvesting. The amount of litter depends on 2 factors: (1) Pasture
production (2) Grazing intensity. High pasture production increases litter
accumulation. On the other hand, high grazing intensity decreases litter accumulation.
Litter will degraded and becomes Soil Organic Matter and releases soil nutrient which
influences pasture productivity.

UNITS: ton/halyear

N_Chemical_fertilizer__input = 0

DOCUMENT: Indicates quantity of Nitrogen Chemical Fertilizers input to the
pasture per year.

Unit: ton/halyear

N_loss_rate = 0.3
DOCUMENT: Indicate rate (percent) of Nitrogen loss per year.
UNIT: percent

N_manure_input = N_of_manure*Manure_use/100

DOCUMENT: Organic manure input is the ampunt of organic manure recycling to
the pasture per year.

The major source of manure is the recycling from grazing cattle. The organic manure
adds Nitrogen Fertilizer to the pasture.

UNITS: ton/year

N_of manure =1.12
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DOCUMENT: N of Manure indicates quantity of total Nitrogen contain in manure
applied to pasture. Cattle manure contains 1.12 % of Nitrogen. The default Nitrogen
composition of manure in this study was 1.12 %.

UNITS: %

N_Organic_fertlizers__input =0

DOCUMENT: N-fertilizers inputs indicates quantity of External Nitrogen Fertilizers
applied to the pasture to increase pasture production.

Under organic production, however, only organic fertilizers are allowed. The external
fertilizers added Nitrogen to the Nitrogen pool. The external fertilizers utilization is a
critical factor which directly influences pasture productivity and cattle productivity, as
well as environmental quality. The influence of different fertilization rate on the
behavior of the beef production systems can be simulating.

UNITS: ton/year

N use rate=0
DOCUMENT: Indicates rate (percent) of Nitrogen uptake by pasture per year.
UNIT: percent

Nuptake = N_use+N_Mineralization

Pasture = Farm_area*1.00

DOCUMENT: This indicates the farm area used for pasture (Grass) production..
UNIT: ha

This experiment use total farm area (1 ha) produce pasture.

Pasture_production = Pasture*N_Effect*Grazing_Effect

DOCUMENT: Pasture production derives from multiplication of pasture area and
pasture yield.

Pasture yield was influenced by 2 major factors: (1) Nitrogen fertilizer (2) Grazing
intensity.

On the other hand, pasture production was the determinant of pasture availability and

pasture carrying capacity.
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UNIT: ton/year

Grazing_Effect = GRAPH (Grazing_intensity)

(0.00, 0.96), (0.1, 0.96), (0.2, 1.00), (0.3, 1.03), (0.4, 1.06), (0.5, 1.03), (0.6, 0.966),
(0.7, 0.846), (0.8, 0.558), (0.9, 0.00), (1, 0.00)

DOCUMENT: Grazing intensity indicates quantity of grass allowed removal per
grazing period. The low (30-40 %) to medium grazing (50-60 %) maintain or
accelerate pasture production while the heavy grazing (above 70 %) influenced
negatively to vegetation growth. The grazing effect on plant growth graph was used.

UNIT: Percent of pasture yield compare with a non-grazing productivity.

N_Effect = GRAPH (N-uptake)

(0.00, 0.00), (0.05, 6.25), (0.1, 11.8), (0.15, 13.4), (0.2, 14.1), (0.25, 14.6), (0.3, 15.1),
(0.35, 15.6), (0.4, 16.1), (0.45, 16.9), (0.5, 17.3), (0.55, 17.7), (0.6, 17.8), (0.65, 18.2),
(0.7, 18.3), (0.75, 18.8), (0.8, 19.0), (0.85, 19.1), (0.9, 19.2), (0.95, 19.1), (1.00, 19.3)
DOCUMENT: N-effect indicates the influences of Nitrogen nutrient on pasture
(Grass) production. Many literatures indicated that the nitrogen response which
indicates quantity of pasture (in dry matter) per kilogram of Nitrogen applied ranged
between 0 to about 24. The highest Nitrogen response occurs when 25 to 100 kg N
per ha was applied. On the other hand, Nitrogen responds will decline if the total
Nitrogen was above 100 kg per ha.

UNIT: ton/year

Soil Organic Carbon

SOC_pool(t) = SOC_pool(t - dt) + (SOC__accumulation - SOC_degradation) * dt
INIT SOC_pool =9.7

DOCUMENT: Accumulation of soil organic matter.
UNIT: ton
The soil with a bulk density of 1.4 ton/m-3, in 0.30 m. depth and .4 % OM has a total

organic matter of 16.8 ton.
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Most soils contain .58 % SOC.
The initial SOC of the experimental site (Kalasin provice, Thailland) is 9.7 ton/ha.

INFLOWS:

SOC__accumulation = (SOC_from_manure*.58) + (SOC_from_litter*.23) +
(SOC_from_Organic__fertilizers*.58)

DOCUMENT: OSOC accumulation indicates quantity of total Soil Organic Carbon
accumulates in the soil per year.

UNIT: ton/year

OUTFLOWS:

SOC_degradation = SOC_pool*SOC_Degradation_rate
DOCUMENT: Annual degradation of soil organic matter.
UNIT: ton/year

External_chemical_fertilizer =

N_Chemical_fertilizer__input/N_of chemical_fertilizer

N_Mineralization = SOC_pool*.1*.06

DOCUMENT: SOC-Nitrogen indicates quantity of Nitrogen releases from the Soil
Organic Matter (SOM) by the mineralization process. Many literatures indicated that
the normal soil annually mineralized 4-6 % of Nitrogen from the Soil Organic Matter
which can be uptake by plants.

UNIT: ton/year

N_of chemical_fertilizer = 0.46

Organic_fertilizer_use = N_Organic_fertlizers__input*100/1.12

SOC__of manure=0.4

DOCUMENT: OSOC of manure indicates percent (%) of soil organic carbon content
of cattle manure.

Cattle manure contains approximately 40 % of Carbon, humification coefficient 0.58.
UNIT: ton/year
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SOC_Degradation_rate =0.12
DOCUMENT: SOC degradation rate is 0.12 (0.06 from mineralization, 0.06 from the

natural loss)

SOC_from_litter = SOC_of_litter*litter

SOC_from_manure = Manure_use*SOC__ of manure
SOC_from_Organic__fertilizers = Organic_fertilizer_use*0.43
DOCUMENT: The organic fertilizer contain C:N ratio of 20:1.

SOC _of litter=0.43

DOCUMENT: SOC from litter indicates percent (%) of organic matter in the pasture
litter.

The plant litter contains 43 % C, humification coefficient .23.

UNIT: ton/year

SOM_% = SOC_pool*100*1.724/(10000*.3*1.4)
DOCUMENT: Multiplication by 1.724 to convert SOC to SOM.
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