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Executive Summary

1. Rational Criterion

The Royal Project Foundation promotes Arabica coffee growing in order to replace
the narcotic plants and increase the hill tribes” income. From 1969 up to the present days,
there have been 26 Arabica coffee growing areas of the foundation which are approximately
10,814.25 rai and 2,283 farmer households. In addition, in 2016/17 the products were
purchased from farmers in 22 areas of the Royal Project Development Center and 9 areas of
the Highland Development Project Using Royal Project System which are approximately 572
tons and cost 70 million baht (The Royal Project Foundation, 2012).

The sales of the Royal Project’s Arabica coffee products mainly consist of 2 types.
The first one is the contract of sale such as PTT Public Company Limited and the second
one is the normal type that customers consider the coffee quality before buying.
Furthermore, some would buy the coffee beans specially from unique sources only, for
example, Ban Huai Hom in Mae Hong Son Province and Ban Huai Nam Khun in Mae Suai
District, Chiang Rai Province. More importantly, the Arabica coffee products from both areas
are highly needed among customers especially the quality coffee market such as Thai
Airways International Public Company Limited. There are also a large number of small coffee
roasting shops that sell only unique coffee. Nevertheless, the coffee products in the area are
limited. Additionally, the products from Doi Mae Salong are more widely interested than
before because it is one of the important coffee production areas in Chiang Rai Province and
its products are distributed through the Marketing Department of the the Royal Project
Foundation.

The specialty coffee of the Royal Project Development Center in Mae La Noi and
Huai Nam Khun does not meet the buyers’ needs each year. Mae La Noi Center has 582 rai
of the coffee growing areas, 136 farmers and 78.702 tons of coffee products (13.12 percent
of the total output sent to the Royal Project) which cost 10.5 million baht. As for Huai Nam
Khun Center, it has 275.75 rai of the coffee growing areas, 35 farmers and 44.770 tons of
coffee products (7.46 percent of the total output sent to the Royal Project) which cost 13.4
million baht. The area in the Highland Development Project Using Royal Project System
which has potential for planting and producing Arabica coffee is Mae Salong. It has 1,189 rai
of the coffee growing areas, 96 farmers and 89.136 tons of coffee products in 2015/16 (14.86
percent of the total output sent to the Royal Project) which cost 11.1 million baht.

The quality Arabica coffee depends on various factors such as varieties, weather,
topography,  height of planting areas, soil types, planting systems and maintenance,
harvesting and post-harvest management, roasting, and brewing. These factors affect the
coffee quality in terms of physical and chemical aspects as well as the coffee flavor when

drinking. There are many areas of the Royal Project and the Highland Development Project



Using Royal Project System where coffee has a distinctive flavor. However, they still need in-
depth study of important factors, relationship of various factors and limitations of factors
affecting the quality of coffee beans. Moreover, the study of ways to increase the potential
for developing quantity and quality of products in important coffee growing areas is needed

to reach economic sustainability of communities.

2. Purposes

2.1 To study and analyze factors affecting the products and the quality of
Arabica coffee

2.2 To suggest ways to increase the product potential that are appropriate for
the surrounding of the Arabica coffee growing and producing areas
3. Research Methods

The research methodologies of this study embrace the data collection and the data
analysis as follows:

1) To study factors affecting growth and output, factors affecting Arabica coffee’s
quality such as planting areas, varieties, soil characteristics, soil nutrients, weather, planting
and garden management in the areas, harvest and post-harvest management, physical
quality, chemical composition, and quality of tasting coffee grown in 2 areas of the Royal
Project and 1 area of the Highland Development Project Using Royal Project System

2) To suggest ways to increase the production potential that are appropriate for the
topography of Arabica coffee growing areas

3.1 The study of factors affecting growth and quality of Arabica coffee in the
areas of the Royal Project and the Highland Development Project Using Royal Project
System

3.1.1 The collection of primary data is the factors related to output and
quality of Arabica coffee in 3 study areas by conducting the interview and the focus group
with farmers in the areas of the Royal Project and the Highland Development Project Using
Royal Project System

The sample group and the unit of the analysis of this study is the farmers on
the highland promoting and producing Arabica coffee in the areas of the Royal Project and
the Highland Development Project Using Royal Project System. The farmers who grow
Arabica coffee were randomly selected to collect data in 3 Arabica coffee growing areas of
the Highland Development Project Using Royal Project System. The purposive sampling
technique was used and the participants were 30 farmers who come from 3 areas (10 each).
Furthermore, 6 staff, from Mae La Noi’s and Huai Nam Khun’s Royal Project Development
Center in , and from Mae Salong’s Highland Development Project Using Royal Project

System, were interviewed (2 each).



The data were collected as follows:

(1) Farmers’ general information as well as economic and social characteristics

(2) Various factors affecting output and quality of coffee in 3 areas namely Mae La

Noi, Huai Nam Khun and Mae Salong were studied and analyzed. The factors consist of:

- Varieties

- Height of areas

- Climate of coffee growing areas

- Soil type and soil fertility

- Farmers’ farm management, pre- and post-harvest management (processing and
storage)

(3) To study soil texture’s characteristics by collecting the disturbed soil sample and
analyzing the soil’s particle size distribution using the hydrometer method which identifies
that the particle size of sand is 0.02-2 mm, the size of silt is 0.002-0.02 mm and the size of
clay is less than 0.002 mm

(4) To study soil fertility by collecting the disturbed soil sample from each coffee
growing area and analyzing soil properties (pH, EC, OM, available P and exchangeable K) in
order to assess soil fertility in each area

3.1.2 The collection of secondary data is a document research by
studying and collecting data from various articles that are related to the research.

In addition, recording information about several factors in the study areas is
required, for instance, spatial data, information regarding production areas’ conditions, and
natural resources of areas in the Highland Development Project Using Royal Project System.
These are used as data for the research studies including:

- Arabica coffee production process in areas of the Higehland Development Project Using
Royal Project System

- Spatial data, information regarding production areas” conditions, and natural resources of
areas in the Highland Development Project Using Royal Project System to be used as data
for the research studies

3.2 The study of quality Arabica coffee’s identity in 3 areas

The coffee sample were randomly collected from 3 areas (5 samples/each) in order
to analyze the parchment coffee quality, coffee substances’ chemical quality, physical
quality, and quality of coffee brewing. The details are as follows:

3.2.1 Testing the quality of coffee products in 3 areas

(1) The quality of coffee products in the form of parchment coffee were
tested by measuring the body size (width and length), moisture, and weight as well as

analyzing physical characteristics.



(2) The quality of coffee products in the form of coffee beans were tested according
to the standard of coffee beans. Thai agricultural standard regarding Arabica coffee beans,
TAS 5757-2009 and 5701-2009, identify that general quality of the coffee bean must not
have an unusual odor, the color are in accordance with its type and production process. The
moisture contents are not over 13 percent by weight for coffee beans that are transported
for a short period of time or no need to be kept. Moreover, the moisture contents are not
over 12.5 percent by weight for coffee beans or parchment coffee that must be kept and/or
transported for a long period of time.

3.2.2 Testing the chemical compounds of coffee in 3 areas

The chemical compounds of 15 samples of coffee beans (green bean) collected
from all 3 areas were studied and analyzed such as caffeine, trigonelline, chlorogenic acids
and sucrose. Additionally, the odor after roasting coffee beans was analyzed by using Gas
chromatography-mass spectrometry (GC- MS).

3.2.3 Analyzing the quality of coffee products in terms of both physical
aspects and quality cup test

The  quality testing of Arabica coffee products from each area was to show the
analyzing results of sample coffee by establishing the testing committee for tasting coffee.
There were 3 experts who tasted the coffee, assessed the coffee quality and rated the
evaluation results (the list of committees shown in the appendix). After that, the coffee
bean samples were sent to at least 2 external experts in order to evaluate the results
compared to the evaluation committee for ensuring the quality and the order of coffee.

3.3 Analyzing the relationship of various factors affecting the output and the
quality of coffee in 3 areas

Surveying and collecting data of all 4 variables such as varieties, height of areas,
climate of coffee growing area, and soil type and soil fertility were conducted. Also, the
geographic information system (ArcGIS) was used as a tool to reveal the factors which are
the suitable environment for growing Arabica coffee.

3.4 Suggesting ways to increase the production potential that is appropriate for
the topography of Arabica coffee growing areas

The improvement and maintenance of coffee farm, the coffee processing and the

post-harvest management were recommended.

4. Summary of research results that are in line with the objectives
4.1 Factors affecting the output and the quality of Arabica coffee
4.1.1 Planting conditions and natural resources in the areas
The height of coffee growing areas are 1,000-1,300 meters above mean sea level.
Most of the areas are steep forest along the hillside. The general areas’ conditions are found that

(1) Mae La Noi’s Royal Project Development Center has the average minimum temperature of 20



degrees Celsius and the average maximum temperature of 30 degrees Celsius. Furthermore, the
average rainfall is 1,400 mm per year (2) Huai Nam Khun’s Royal Project Development Center has
the minimum temperature of 21 degrees Celsius and the maximum temperature of 30 degrees
Celsius. The average temperature is 24 degrees Celsius. Additionally, the average rainfall is 1,870
mm per year and (3) Mae Salong’s Highland Development Project Using Royal Project System
has the average temperature of 30.8 degrees Celsius with the average minimum temperature of 18
degrees Celsius and the average maximum temperature of 27 degrees Celsius. Moreover, the
rainfall of all is 1,556 mm. All 3 areas have natural sources of water and rainwater to erow Arabica
coffee.

4.1.2 The production process of Arabica coffee in the areas of the Royal
Project Development Center and the Highland Development Project Using Royal Project
System

It is found that most farmers have similar cultivating and processing procedures.
The Arabica coffee they erow is called Catimor. As for the farmers of Mae La Noi's Royal Project
Development Center, most of them plant Tipica coffee using a nature conservation system which
temperate fruit plants are planted together. There are 400-700 trees per rai and the distance of
each tree is 1.5-2.0 meters. In addition, chemical fertilizers are primarily provided together with
composts which are different in each area. Regarding the weeding of all 3 areas, it is revealed that
farmers cut and pull out weeds regularly, prune down the coffee trees with height of over 2
meters or the coffee plants after harvesting. The most common diseases and pests embrace leaf
rust, frog-eye leaf spot, stem borers, scale insects and black ants. On the other hand, the farmers
focus on taking care of the coffee farms, so that many diseases and pests are rarely found. Also,
the coffee cherries are collected from October to March every year. A red and ripe fruit is picked
with hands at a time because unripe fruits have sour and astringent taste.

As for the processing and post-harvest management, it is discovered  that farmers will
separate good and bad coffee beans by leaving the floating ones out and selecting the good ones
with their eyes. Fresh ones are peeled by using coffee peeling machines within 24 hours after
harvesting and fermented in clean water to wash the mucus within 24 hours without changing
water. After that, they are dried on the wood litters which are high from the ground about 0.5-2.5
meters. However, the duration of drying is different. Mae La Noi’s Royal Project Development
Center takes 4-5 days to dry while Huai Nam Khun’s Royal Project Development Center and Mae
Salong’s Highland Development Project Using Royal Project System take 7-10 days to dry. They
are measured by moisture meters and bit by the teeth. When the parchment coffee are dried,
they are stored in sacks and kept in the house without overlapping. As for the sales of coffee
products, farmers sell the parchment coffee to the Royal Project with the amount that the farmers
agreed with the staff at the center. Additionally, some farmers sell green coffee beans and roasted

coffee beans to merchants in the community as well as create their own coffee brands.



4.1.3 Analysis of soil samples

It is found that the soil samples of farmers in the areas of Mae La Noi’s Royal
Project Development Center and Huai Nam Khun’s Royal Project Development Center are mainly
sandy clay loam, sandy clay, clay and sandy loam. The soil is acidic which pH = 4.03-5.72 and 4.77-
5.67 respectively. Besides, the soil samples of farmers in the area of Mae Salong’s Highland
Development Project Using Royal Project System are sandy clay loam and clay loam. The soil is
mildly to moderately acidic which pH = 4.00-6.71. As for the useful phosphorus in the soil, it is
discovered that (1) the areas of Mae La Noi’s Royal Project Development Center have low to very
high phosphorus (>100 mg/kg) (2) the areas Huai Nam Khun’s Royal Project Development Center
have very low to very high phosphorus (> 100 mg/kg) and (3) the areas of Mae Salong’s Highland
Development Project Using Rayal Project System have very low phosphorus. As for potassium
that is exchangeable in the solil, it is moderate to very high (> 300 meg/kg), low to moderate (<200
mg/kg) and low to moderate (<300 mg/kg) respectively. Most of the soils'in 3 areas are dark brown
and black representing a lot of organic matters in the soil (> 5.0).

4.2 Study of quality Arabica coffee’s Identity

4.2.1 Testing the quality of the parchment coffee and coffee beans in 3 areas
it is found that the Arabica parchment coffee’s characteristics of Mae La Noi’s Royal Project
Development Center, Huai Nam Khun’s Royal Project Development Center ‘and Mae Salong’s
Highland Development Project Using Royal Project System are quite round, large and yellow and
have no contaminants. Also, the average moisture contents are 10.9%, 10.8% and 11.0%
respectively. The green beans have the coffee bean density of every center in the range of 0.71-
078 g/cm3. It is, furthermore, observed that the density of coffee beans affect the coffee flavor and
the moisture content according to coffee standards. The optimum moisture is in the range of 10-
13%.

The screen size (%) of coffee beans is determined by sizing seeds through different
sizes of sieves. It is shown that Huai Nam Khun's Royal Project Development Center has the largest
size of 62.38 percent, followed by Mae La Noi’s Royal Project Development Center with 55.58
percent and Mae Salong’s Highland Development Project Using Royal Project System with 53.19
percent. Additionally, Mae La Noi’s Royal Project Development Center contains the highest total
defect of incomplete coffee beans which are 38 points, followed by Huai Nam Khun’s Royal
Project Development Center with 37 and 36 points, and Mae Salong’s Highland Development
Project Using Royal Project System with 35 points.

4.2.2 Analyzing chemical compositions of coffee in 3 areas

It is found that the amount of caffeine, sucrose, trigonelline and chlorogenic acid in
the coffee bean samples, from Mae La Noi’s Royal Project Development Center are in the range of
1.00-1.17, 5.39-6.18, 1.49-1.79 and 0.83-6.40 g/100 ¢ respectively, from Huai Nam Khun’s Royal
Project Development Center are in the range of 0.88-1.16, 6.03-7.38, 1.17-2.06 and 0.39-3.76 ¢/100



g respectively, and from Mae Salong’s Highland Development Project Using Royal Project System
are in the range of 1.00-1.12, 6.01-6.94, 0.93-1.62 and 0.30-1.07 ¢/ 100¢ respectively. As for
chlorogenic acid, analyzed values from the samples of the same area are quite different especially
in the samples of Mr. Krohae Phuvanatreebut and Mr. Sajja Phitakpraison, the farmers from Mae La
Noi’s Royal Project Development Center, as well as Mr. Asa Merlae, the farmer from Huai Nam
Khun’s Royal Project Development Center having high amount of chlorogenic acid more than
other samples obviously. They are bitter and sour substance.

The analysis results of flavouring agents in roasted coffee bean samples display that
(1) Mae La Noi’s Royal Project Development Center contains 13 kinds of flavouring agents. The
coffee bean samples of Mr. Krohae Phuvanatreebut consist of 28 kinds of flavouring agents and 7
kinds of most unique flavouring agents. (2) Huai Nam Khun’s Royal Project Development Center
comprises of 11 kinds of flavouring agents and the coffee bean samples of Mr. Hadsadin Merlae
have 26 kinds of flavouring agents and 3 kinds of most unigue flavouring agents. Furthermore, (3)
Mae Salong’s Highland Development Project Using Royal Project System embraces 13 kinds of
flavouring agents.. The coffee bean samples of Mr. Lorbae Ruethaithanom and Mr. Bumae Sose
have 24 kinds of flavouring agents. In addition, the coffee bean samples of Mr. Arlong Laesher
contain 3 kinds of most unique flavouring agents.

4.2.3 Analyzing the quality of coffee products in terms of both physical
aspects and the quality cup test in 3 areas

The coffee flavor’s test results of 3 external committees represent that, from 15
coffee samples of all 3 centers, the coffee flavors can be classified into 3 levels. 1 sample gets 80-
84 points which means that its taste is very good, 13 samples get the total scores between 75-79
which mean the taste is good and 1 sample gets 70-74 points which means its taste is fair. The
very good level belongs to 1 sample from Mae Salong’s Highland Development Project Using
Royal Project System. The good level belongs to 3 samples from Mae La Noi’s Royal Project
Development Center, 5 samples from Huai Nam Khun’s Royal Project Development Center and 5
samples from Mae Salong’s Highland Development Project Using Royal Project System. The fair
level belongs to 1 sample from Mae La Noi’s Royal Project Development Center. Based on the
taste evaluation of 3 external experts, it is revealed that most of the fragrances found in the
samples are clay, chocolate and nuts.

4.3 Results of analyzing the relationship of various factors affecting the coffee
quality of both physical aspects and the chemical compositions
The factors involved in this research are the height of areas, planting methods of

farmers, coffee product processing, post-harvest management and staff performance. The
chemical compositions consist of the amount of caffeine, sucrose, trigonelline and
chlorogenic acid in coffee beans including the flavouring agents of roasted coffee bean

samples.



The height of areas - the height of the coffee growing areas vary with the
temperature of the areas. When the growing areas is higher, the temperature of the areas
decreases. The low temperatures are suitable for the growth of Arabica coffee which are in
the range of 15-25 degrees Celsius. Also, the relative humidity which is more than 60%
(Knowledge Transfer Projects of the Royal Project, 2015) affects the size of coffee beans. The
planting areas of farmers is higher than 1,200 meters above sea level. The accumulation of
chlorophyll acid in coffee beans makes them sour and bitter, and the most unique flavouring
agents.

Planting methods of farmers - the shade growing system and the forestry system
are needed to maintain moisture in the soil and provide shades for coffee trees in the first
stage. However, the shade loving plants should be trimmed resularly in order to give the
coffee trees the proper light to bloom and grow fully.

Pest Management of Coffee - the farmers use the Integreted Pest Management
(IPM) method recommended by the staff at the centers by selecting strong coffee seedlings.
The second method is the cultural control by eliminating weeds which may be habitats for
diseases and pests as well as reducing the competition for nutrients in the coffee trees’ soil.
Moreover, the coffee growing should have the appropriate distance of each tree. Using
chemicals to spray based on the good agriculture practice (GAP) helps reduce the residue of
chemicals in the coffee bean products. Besides, fertilizers and soil maintenance of farmers in
the areas of the Royal Project and the Highland Development Project Using Royal Project
System are provided to the coffee trees in the early stage. This affects the growth of coffee
trees. The food accumulation in coffee beans affects the size, the shape and the taste of
coffee.

Coffee harvesting - the outputs are harvested from late October to March every
year by selecting one red and ripe fruit with hands at a time. Picking dry and green fruits is
not recommended because dried coffee beans may be too ripe making seeds fermented
from substances and enzymes of coffee shells. Furthermore, these can cause unpleasant
odors. On the other hand, green or unripe fruits cause the astringent taste of coffee beans.

Processing of coffee products - farmers conduct the processing of wet seed
products. It is to peel coffee barks with coffee peelers because the barks and mucus of
coffee beans affect smell and taste of coffee beans. For example, the processing of dried
coffee beans usually has the smell of the fermentation process causing unpleasant odor and
taste. Moreover, drying the parchment coffee and the green coffee should be in open areas
having good ventilation and sunlight to make coffee beans dry and no the fungus.

Post-harvest management - it is important to maintain the quality of coffee beans.
Therefor, they should be stored in new sacks without odors. Also, the parchment coffee
products should be kept in open areas of the house to make coffee beans high quality.
There is no insects and fungus after harvesting. Before selling green beans, seeds should be



graded according to their sizes and cut out if seeds are full of diseases and insect pests. The
post-harvest management is the last step in maintaining the quality of the coffee beans for
farmers.

Performance of staff - providing support and suggestion to the farmers about the
production processes and the marketing are important to produce the quality coffee and
send to the Royal Project. Besides, the staff let the farmers follow the good agricultural
practices (GAP) and know how to solve problems. Therefore, the staff at the centers have to
understand the conditions of planting areas and various problems of producing Arabica
coffee in the centers in order to correct troubles accurately and appropriately. Hence, the
staff at the centers are important in producing quality coffee.

4.4 Suggestions for increasing the production potential of the quality Arabica
coffee that are appropriate for the production sites’ topography in the areas of the
Royal Project and the Highland Development Project Using Royal Project System

From the research results in terms of both interview and focus group, there are 31
farmers, 3 sets of staff at the centers, the analyzing results of soil samples and the chemical
composition in the coffee beans of the farmers in the areas of the Royal Project and the
Highland Development Project Using Royal Project System in 3 areas. The total are 15
samples (5 samples per 1 area)

Production process - the farmers should select coffee seedlings from reliable
sources such as highland research and training centers, Faculty of Agriculture, Chiang Mai
University, Chiang Mai Royal Agricultural Research Center and Department of Agriculture. The
seedlings should be strong and resistant to diseases and insects. The recommended variety
is Cartimor. It provides good and quality products and it is resistant to coffee leaf rust rust
which is a disease affecting the growth and outputs of Arabica coffee trees. Growing Arabica
coffee should have good and proper management by providing = fertilizers and soil
maintenance regularly, and pruning them after the harvest is finished. These make the
coffee trees strong and ready to produce quality products by cutting out old branches. If
they are new (less than 4 years old) with a height of more than 180 centimeters, cutting the
top of them not exceeding 180 cm and cutting the branches which the directions are not
parallel to the floor are needed. In addition, cutting off the shoots from the trunk is required
to make the harvest easier next year and to reduce risk of being habitats for diseases and
insect pests.

Results of soil sample analysis - the soil of Arabica coffee growing areas in the
Royal Project and the Highland Development Project Using Royal Project System are easy to
wash. This affects the nutrients in the soil which are necessary for growth and production of
the quality Arabica coffee. Also, the soil texture, the moisture contents and the storage of
moisture in the soil of Arabica coffee growing areas are important for the absorption of

nutrients. Hence, the areas used for growing Arabica coffee should contain the soil having



little acidity (pH = 4.5-5.5) and being incoherent. The organic matters should be added
which help improve the soil causing the better soil particle and structures, air ventilation,
and good drainage. These are suitable for the growth of coffee trees to better absorb
nutrients by providing green manure from agricultural waste materials such as soybeans,
peanuts, green beans and peas. Plowing fresh fertilizers into the soil helps increase the
organic matters in the soil. After the fertilizers are completely decomposed, the organic
matter in the soil may lose. Plowing fresh fertilizer plants regularly increases the amount of
organic matters and supports the activity of soil microorganisms. Besides, the organic matters
help to maintain and improve the soil structure to be suitable for growing. Before fertilizing,
the farmers should bring soil samples and send them to the experts to analyze primary and
secondary nutrients, and to get advice about not leaving fertilizers in the soil. This helps
reduce the production costs using fertilizers effectively and make the coffee plants grow
well. However, the coffee plants require a large amount of fertilizers during the growth
period of 2-3 years old. They need fertilizer of 15-15-15 formula at the rate of 100-200 grams
per plant or about 1 handful because they need them to bloom and grow. .

Harvesting - the farmers must collect ripe fruits by hands. The ripe ones will be red.
Testing by using the index and thumb fingers to squeeze the coffee is acceptable. If the
coffee is fully old, the seeds will come out easily. Picking too ripe, dried or green ones is not
recommended because these affect the taste of the coffee (astringent and sour).

Processing procedure - the processing should start after harvesting no more than 24
hours by the coffee peeling machines. If the coffee has been left for too long after
harvesting, the fermentation process may occur within the coffee beans. These make the
coffee beans sour and smelly. As for the fermentation of seeds to eliminate mucus, they
should be fermented in clean water and fermentation containers for 1-2 nights or 24-48
hours. In this step, the bad  seeds from diseases and insect pests will float on the water
surface. Removing them is needed to select the good coffee beans. This is one of important
and easy steps. After that, the seeds should be cleaned by water. If there is still mucus left,
the seeds should continue to be fermented for 1 night only, not for longer than that
because the taste and quality of coffee beans could be affected.

Post-harvest management - the products should be stored in new sacks without
odor. The parchment coffee should be kept in open spacesin the house without
overlapping. The relative humidity is also not high in order to reduce the infestation of
insect pests after harvesting. If there is a need to sell green beans to merchants in the
villages, middlemen or companies, the seeds should be graded according to the seed sizes.
Moreover, cutting out the seeds that are full of diseases and insect pests is required before
selling in order to get quality coffee beans.

Sales and marketing - the farmers should always follow news from the Royal

Project in terms of prices and quotas from the Royal Project in order to be able to plan for



the sales. In addition, the staff at the centers should communicate with the farmers to have
the same understanding about the prices and the product buying quotas. Hence, the
farmers can make plans and prepare the product quality and quantity to meet the
standards and the needs of the Royal Project. Furthermore, arranging the training programs,
creating cooperative groups among the farmers and creating the markets should be done in
order to provide knowledge to farmers. Therefore, they can negotiate about prices with

merchants without being exploited in case of selling to the private sector.

5. Summary of research results that are in line with the objectives
5.1 Factors affecting the output and the quality of Arabica coffee

5.1.1 Planting conditions and natural resources in the areas

The height of coffee growing areas are 1,000-1,300 meters above mean sea level.
Most of the areas are steep forest along the hillside. The general areas’ conditions are found that
(1) Mae La Noi's Royal Project Development Center has the average minimum temperature of 20
degrees Celsius and the average maximum temperature of 30 degrees Celsius. Furthermore, the
average rainfall is' 1,400 mm per year (2) Huai Nam Khun’s Royal Project Development Center has
the minimum temperature of 21 degrees Celsius and the maximum temperature of 30 degrees
Celsius. The average temperature is 24 degrees Celsius. Additionally, the average rainfall is 1,870
mm per year and (3) Mae Salong’s Highland Development Project Using Royal Project System
has the average temperature of 30.8 degrees Celsius with the average minimum temperature of 18
degrees Celsius and the average maximum temperature of 27 degrees Celsius. Moreover, the
rainfall of all is 1,556 mm. All 3 areas have natural sources of water and rainwater to grow Arabica
coffee.

5.1.2 The production process of Arabica coffee in the areas of the Royal
Project Development Center and the Highland Development Project Using Royal Project
System

It is found that most farmers have similar cultivating and processing procedures.
The Arabica coffee they grow is called Catimor. As for the farmers of Mae La Noi’'s Royal Project
Development Center, most of them plant Tipica coffee using a nature conservation system which
temperate fruit plants are planted together. There are 400-700 trees per rai and the distance of
each tree is 1.5-2.0 meters. In addition, chemical fertilizers are primarily provided together with
composts which are different in each area. Regarding the weeding of all 3 areas, it is revealed that
farmers cut and pull out weeds regularly, prune down the coffee trees with height of over 2
meters or the coffee plants after harvesting. The most common diseases and pests embrace leaf
rust, frog-eye leaf spot, stem borers, scale insects and black ants. On the other hand, the farmers
focus on taking care of the coffee farms, so that many diseases and pests are rarely found. Also,
the coffee cherries are collected from October to March every year. A red and ripe fruit is picked

with hands at a time because unripe fruits have sour and astringent taste.



As for the processing and post-harvest management, it is discovered that farmers
will separate good and bad coffee beans by leaving the floating ones out and selecting the good
ones with their eyes. Fresh ones are peeled by using coffee peeling machines within 24 hours after
harvesting and fermented in clean water to wash the mucus within 24 hours without changing
water. After that, they are dried on the wood litters which are high from the ground about 0.5-2.5
meters. However, the duration of drying is different. Mae La Noi’s Royal Project Development
Center takes 4-5 days to dry while Huai Nam Khun’s Royal Project Development Center and Mae
Salong’s Highland Development Project Using Royal Project System take 7-10 days to dry. They
are measured by moisture meters and bit by the teeth. When the parchment coffee are dried,
they are stored in sacks and kept in the house without overlapping. As for the sales of coffee
products, farmers sell the parchment coffee to the Royal Project with the amount that the farmers
agreed with the staff at the center. Additionally, some farmers sell green coffee beans and roasted

coffee beans to merchants in the community as well as create their own coffee brands.

5.1.3 Analysis of soil samples

It is found that the soil samples of farmers in the areas of Mae La Noi’s Royal
Project Development Center and Huai Nam Khun’s Royal Project Development Center are mainly
sandy clay loam, sandy clay, clay and sandy loam. The soil is acidic which pH = 4.03-5.72 and 4.77-
5.67 respectively. Besides, the soil samples of farmers in the area of Mae Salong’s Highland
Development Project Using Royal Project System are sandy clay loam and clay loam. The soil is
mildly to moderately acidic which pH = 4.00-6.71. As for the useful phosphorus in the soll, it is
discovered that (1) the areas of Mae La Noi’s Royal Project Development Center have low to very
high phosphorus (>100 meg/keg) (2) the areas Huai Nam Khun’s Royal Project Development Center
have very low to very higsh phosphorus (> 100 mg/kg) and (3) the areas of Mae Salong’s Highland
Development Project Using Royal Project System have very low phosphorus. As for potassium
that is exchangeable in the soll, it is moderate to very high (> 300 me/ke), low to moderate (<200
mg/kg) and low to moderate (<300 mg/kg) respectively. Most of the soils in 3 areas are dark brown
and black representing a lot of organic matters in the soil (> 5.0).

5.2 Study of quality Arabica coffee’s |dentity

5.2.1 Testing the quality of the parchment coffee and coffee beans in 3 areas
It is found that the Arabica parchment coffee’s characteristics of Mae La Noi’s Royal Project
Development Center, Huai Nam Khun’s Royal Project Development Center and Mae Salong’s
Highland Development Project Using Royal Project System are quite round, large and yellow and
have no contaminants. Also, the average moisture contents are 10.9%, 10.8% and 11.0%
respectively. The green beans have the coffee bean density of every center in the range of 0.71-
078 g/cm3. It is, furthermore, observed that the density of coffee beans affect the coffee flavor and
the moisture content according to coffee standards. The optimum moisture is in the range of 10-
13%.



The screen size (%) of coffee beans is determined by sizing seeds through different
sizes of sieves. It is shown that Huai Nam Khun’s Royal Project Development Center has the largest
size of 62.38 percent, followed by Mae La Noi’s Royal Project Development Center with 55.58
percent and Mae Salong’s Highland Development Project Using Royal Project System with 53.19
percent. Additionally, Mae La Noi’s Royal Project Development Center contains the highest total
defect of incomplete coffee beans which are 38 points, followed by Huai Nam Khun’s Royal
Project Development Center with 37 and 36 points, and Mae Salong’s Highland Development
Project Using Royal Project System with 35 points.

5.2.2 Analyzing chemical compositions of coffee in 3 areas

It is found that the amount of caffeine, sucrose, trigonelline and chlorogenic acid in
the coffee bean samples, from Mae La Noi’s Royal Project Development Center are in the range of
1.00-1.17, 5.39-6.18, 1.49-1.79 and 0.83-6.40 ¢/100 ¢ respectively, from Huai Nam Khun’s Royal
Project Development Center are in the range of 0.88-1.16, 6.03-7.38, 1.17-2.06 and 0.39-3.76 ¢/100
g respectively, and from Mae Salong’s Highland Development Project Using Royal Project System
are in the range of 1.00-1.12, 6.01-6.94, 0.93-1.62 and 0.30-1.07 ¢/ 100¢ respectively. As for
chlorogenic acid, analyzed values from the samples of the same area are quite different especially
in the samples of Mr. Krohae Phuvanatreebut and Mr. Sajja Phitakpraison, the farmers from Mae La
Noi’s Royal Project Development Center, as well as Mr. Asa Merlae, the farmer from Huai Nam
Khun’s Royal Project Development Center having high amount of chlorogenic acid more than
other samples obviously. They are bitter and sour substance.

The analysis results of flavouring agents in roasted coffee bean samples display that
(1) Mae La Noi’s Royal Project Development Center contains 13 kinds of flavouring agents. The
coffee bean samples of Mr. Krohae Phuvanatreebut consist of 28 kinds of flavouring agents and 7
kinds of most unique flavouring agents. (2) Huai Nam Khun’s Royal Project Development Center
comprises of 11 kinds of flavouring agents and the coffee bean samples of Mr. Hadsadin Merlae
have 26 kinds of flavouring agents and 3 kinds of most unique flavouring agents. Furthermore, (3)
Mae Salong’s Highland Development Project Using Royal Project System embraces 13 kinds of
flavouring agents. The coffee bean samples of Mr. Lorbae Ruethaithanom and Mr. Bumae Sose
have 24 kinds of flavouring agents. In addition, the coffee bean samples of Mr. Arlong Laesher
contain 3 kinds of most unique flavouring agents.

5.2.3 Analyzing the quality of coffee products in terms of both physical
aspects and the quality cup test in 3 areas

The coffee flavor’s test results of 3 external committees represent that, from 15
coffee samples of all 3 centers, the coffee flavors can be classified into 3 levels. 1 sample gets 80-
84 points which means that its taste is very good, 13 samples get the total scores between 75-79
which mean the taste is good and 1 sample gets 70-74 points which means its taste is fair. The
very good level belongs to 1 sample from Mae Salong’s Highland Development Project Using
Royal Project System. The good level belongs to 3 samples from Mae La Noi's Royal Project



Development Center, 5 samples from Huai Nam Khun’s Royal Project Development Center and 5
samples from Mae Salong’s Highland Development Project Using Royal Project System. The fair
level belongs to 1 sample from Mae La Noi’s Royal Project Development Center. Based on the
taste evaluation of 3 external experts, it is revealed that most of the fragrances found in the
samples are clay, chocolate and nuts.

5.3 Results of analyzing the relationship of various factors affecting the coffee
quality of both physical aspects and the chemical compositions

The factors involved in this research are the height of areas, planting methods of
farmers, coffee product processing, post-harvest management and staff performance. The
chemical compositions consist of the amount of caffeine, sucrose, trigonelline and
chlorogenic acid in coffee beans including the flavouring agents of roasted coffee bean
samples.

The height of areas - the height of the coffee growing areas vary with the
temperature of the areas. When the growing areas is higher, the temperature of the areas
decreases. The low temperatures are suitable for the growth of Arabica coffee which are in
the range of 15-25 degrees Celsius. Also, the relative humidity which is more than 60%
(Knowledge Transfer Projects of the Royal Project, 2015) affects the size of coffee beans. The
planting areas of farmers is higher than 1,200 meters above sea level. The accumulation of
chlorophyll acid in coffee beans makes them sour and bitter, and the most unique flavouring
agents,

Planting methods of farmers - the shade growing system and the forestry system
are needed to maintain moisture in the soil and provide shades for coffee trees in the first
stage. However, the shade loving plants should be trimmed regularly in order to give the
coffee trees the proper light to bloom and grow fully.

Pest Management of Coffee - the farmers use the Integreted Pest Management
(IPM) method recommended by the staff at the centers by selecting strong coffee seedlings.
The second method is the cultural control by eliminating weeds which may be habitats for
diseases and pests as well as reducing the competition for nutrients in the coffee trees’ soil.
Moreover, the coffee growing should have the appropriate distance of each tree. Using
chemicals to spray based on the good agriculture practice (GAP) helps reduce the residue of
chemicals in the coffee bean products. Besides, fertilizers and soil maintenance of farmers in
the areas of the Royal Project and the Highland Development Project Using Royal Project
System are provided to the coffee trees in the early stage. This affects the growth of coffee
trees. The food accumulation in coffee beans affects the size, the shape and the taste of
coffee.

Coffee harvesting - the outputs are harvested from late October to March every
year by selecting one red and ripe fruit with hands at a time. Picking dry and green fruits is

not recommended because dried coffee beans may be too ripe making seeds fermented



from substances and enzymes of coffee shells. Furthermore, these can cause unpleasant
odors. On the other hand, green or unripe fruits cause the astringent taste of coffee beans.

Processing of coffee products - farmers conduct the processing of wet seed
products. It is to peel coffee barks with coffee peelers because the barks and mucus of
coffee beans affect smell and taste of coffee beans. For example, the processing of dried
coffee beans usually has the smell of the fermentation process causing unpleasant odor and
taste. Moreover, drying the parchment coffee and the green coffee should be in open areas
having good ventilation and sunlight to make coffee beans dry and no the funsgus.

Post-harvest management - it is important to maintain the quality of coffee beans.
Therefor, they should be stored in new sacks without odors. Also, the parchment coffee
products should be kept in open areas of the house to make coffee beans high quality.
There is no insects and fungus after harvesting. Before selling green beans, seeds should be
graded according to their sizes and cut out if seeds are full of diseases and insect pests. The
post-harvest management is the last step in maintaining the quality of the coffee beans for
farmers.

Performance of staff - providing support and suggestion to the farmers about the
production processes and the marketing are important to produce the quality coffee and
send to the Royal Project. Besides, the staff let the farmers follow the good agricultural
practices (GAP) and know how to solve problems. Therefore, the staff at the centers have to
understand the conditions of planting areas and various problems of producing Arabica
coffee in the centers in order to correct troubles accurately and appropriately. Hence, the
staff at the centers are important in producing quality coffee.

5.4 Suggestions for increasing the production potential of the quality Arabica
coffee that are appropriate for the production sites’ topography in the areas of the
Royal Project and the Highland Development Project Using Royal Project System

From the research results in terms of both interview and focus group, there are 31
farmers, 3 sets of staff at the centers, the analyzing results of soil samples and the chemical
composition in the coffee beans of the farmers in the areas of the Royal Project and the
Highland Development Project Using Royal Project System in 3 areas. The total are 15
samples (5 samples per 1 area)

Production process - the farmers should select coffee seedlings from reliable
sources such as highland research and training centers, Faculty of Agriculture, Chiang Mai
University, Chiang Mai Royal Agricultural Research Center and Department of Agriculture. The
seedlings should be strong and resistant to diseases and insects. The recommended variety
is Cartimor. It provides good and quality products and it is resistant to coffee leaf rust rust
which is a disease affecting the growth and outputs of Arabica coffee trees. Growing Arabica
coffee should have good and proper management by providing fertilizers and soil

maintenance regularly, and pruning them after the harvest is finished. These make the



coffee trees strong and ready to produce quality products by cutting out old branches. If
they are new (less than 4 years old) with a height of more than 180 centimeters, cutting the
top of them not exceeding 180 cm and cutting the branches which the directions are not
parallel to the floor are needed. In addition, cutting off the shoots from the trunk is required
to make the harvest easier next year and to reduce risk of being habitats for diseases and
insect pests.

Results of soil sample analysis - the soil of Arabica coffee growing areas in the
Royal Project and the Highland Development Project Using Royal Project System are easy to
wash. This affects the nutrients in the soil which are necessary for growth and production of
the quality Arabica coffee. Also, the soil texture, the moisture contents and the storage of
moisture in the soil of Arabica coffee growing areas are important for the absorption of
nutrients. Hence, the areas used for growing Arabica coffee should contain the soil having
little acidity (pH = 4.5-5.5) and being incoherent. The organic matters should be added
which help improve the soil causing the better soil particle and structures, air ventilation,
and good drainage. These are suitable for the growth of coffee trees to hetter absorb
nutrients by providing green manure from agricultural waste materials such as soybeans,
peanuts, green beans and peas. Plowing fresh fertilizers into the soil helps increase the
organic matters in the soil. After the fertilizers are completely decomposed, the organic
matter in the soil may lose. Plowing fresh fertilizer plants regularly increases the amount of
organic matters and supports the activity of soil microorganisms. Besides, the organic matters
help to maintain and improve the soil structure to be suitable for growing. Before fertilizing,
the farmers should bring soil samples and send them to the experts to analyze primary and
secondary nutrients, and to get advice about not leaving fertilizers in the soil. This helps
reduce the production costs using fertilizers effectively and make the coffee plants grow
well. However, the coffee plants require a large amount of fertilizers during the growth
period of 2-3 years old. They need fertilizer of 15-15-15 formula at the rate of 100-200 grams
per plant or about 1 handful because they need them to bloom and grow. .

Harvesting - the farmers must collect ripe fruits by hands. The ripe ones will be red.
Testing by using the index and thumb fingers to squeeze the coffee is acceptable. If the
coffee is fully old, the seeds will come out easily. Picking too ripe, dried or green ones is not
recommended because these affect the taste of the coffee (astringent and sour).

Processing procedure - the processing should start after harvesting no more than 24
hours by the coffee peeling machines. If the coffee has been left for too long after
harvesting, the fermentation process may occur within the coffee beans. These make the
coffee beans sour and smelly. As for the fermentation of seeds to eliminate mucus, they
should be fermented in clean water and fermentation containers for 1-2 nights or 24-48
hours. In this step, the bad seeds from diseases and insect pests will float on the water

surface. Removing them is needed to select the good coffee beans. This is one of important



and easy steps. After that, the seeds should be cleaned by water. If there is still mucus left,
the seeds should continue to be fermented for 1 night only, not for longer than that
because the taste and quality of coffee beans could be affected.

Post-harvest management - the products should be stored in new sacks without
odor. The parchment coffee should be kept in open spaces in the house without
overlapping. The relative humidity is also not high in order to reduce the infestation of
insect pests after harvesting. If there is a need to sell green beans to merchants in the
villages, middlemen or companies, the seeds should be graded according to the seed sizes.
Moreover, cutting out the seeds that are full of diseases and insect pests is required before
selling in order to get quality coffee beans.

Sales and marketing - the farmers should always follow news from the Royal
Project in terms of prices and guotas from the Royal Project in order to be able to plan for
the sales. In addition, the staff at the centers should communicate with the farmers to have
the same understanding about the prices and the product buying quotas. Hence, the
farmers can make plans and prepare the product quality and quantity to meet the
standards and the needs of the Royal Project. Furthermore, arranging the training programs,
creating cooperative groups among the farmers and creating the markets should be done in
order to provide knowledge to farmers. Therefore, they can negotiate about prices with

merchants without being exploited in case of selling to the private sector.
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Abstract

Project factors affecting growth and quality of Arabica coffee production process in
Royal Project system and highland development project using royal project system was
aimed at studying and analyzing factors affecting the yield and quality of Arabica coffee.
Data collection and study were conducted in 3 Arabica coffee growing areas between March
and November 2018.

The samples in this study selected farmers who produced quality and well-managed
coffee. Data were collected by interview method. The focus groups were 10 farmers and 1
authorities in each area. 5 samples of soil were collected from each farmer, including
samples of coffee beans for chemical analysis and cupping test of 15 samples in each area.

As a result of the interviews and group discussions, most of the farmers had a similar
process of cultivation and processing. Including the marketing to the Royal Project. Arabica
coffee grown as a Catimor group. Except for the farmers at the Mae La Noi Royal
Development Project, most of them planted the Typica group. In the coffee growing area, it
is found that the average sea level is 1,000-1,300 meters. Most of the coffee growing area is
sloping forest along the hill. The production process is to plant a natural conservation
system and the shade system, which is grown together with the fruit trees. Other fruits But
there are some coffee growing areas in the open space. The coffee is burning. And the
output decreased. The distance between the coffee trees is 1.5-2.0 meters, the number of
trees is about 400-700 trees per rai. Fertilizer is the main chemical fertilizer. And manure
compost is planted with lesumes. For weeding, it was found that farmers regularly cut and
weed out coffee throughout the year. Pruning is higher than 180 cm after harvesting.
Diseases and insect pests are mainly found in the Coffee Leaf Rust, Cossidae, Scale Insects
and Black House Ant. Coffee collection from October to March every year. Choose from red
and ripe fruit by hand.

Processing section, farmers select good and bad results by selecting the floating fruit.
This is the result of insect damage and the atrophy seeds. Cherry from the shell coffee will
use a peeling machine within 24-48 hours. And soak in water or fermentation to clear the
mucus within 24 hours. Fermentation time depends on air temperature and coffee beans
characteristics. Then take it to the floor on high. Each time the weather is dry, the weather
varies depending on the weather. Measuring coffee beans with a moisture meter but in
some farmers, it is measured by how to use coffee beans. When coffee is dried, it will be
stored in sacks. Then put them in their own home. Without overlapping in order to provide
airflow and no moisture in the coffee.

The marketing of the three areas sold in the form of coffee to the Royal Project. And
authorities support and increase the capacity of farmers to increase the value of the

product. Some farmers can create their own brand. Available in both coffee and shell
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coffee. Problems encountered during low yield Middlemen come to buy at a higher price
than the center. Some farmers bring the coffee to sell to the middleman.

Analysis of soil samples found that most of the soil is sandy loam. Clay, sand, clay
and sandy loam. Soil pH is 4.77-5.67, which is the ideal soil for growing coffee. The
usefulness of phosphorus in soil was low to very high (>100 mg/kg). Very low to very high
(>100 mg/kg) And very low level (<100 mg/ke), respectively. Potassium exchangeable in the
soil was moderate to very high (> 300 mg / kg), low to moderate (<200 mg / kg) and low to
moderate (<300 mg / kg) respectively. And all 3 areas are mostly dark brown to black. The
organic matter in the soil is very high. The organic matter content in most soils is very high
(> 5.0).

Analysis of physical coffee production guality showed that the shape of the coffee
shell is quite round, large yellow color and no additives. The average humidity was 10.9%,
10.8% and 11.0%, respectively. The green bean has a density of 0.71 to 588 g / e’ The
density of coffee bean affects coffee taste. The size of the coffee seeds screen size of the
coffee seeds found that the Huay Nam Khun Royal Project. The largest was 62.38%,
followed by Mae La Noi Royal Project 55.58% and Mae Salong Royal Development Project
53.19% (diameter between 4.7-7.1 mm).

Analysis of the chemical composition showed that the analysis of the aroma of
coffee roasted samples showed that (1) The sample of Mae La Noi Royal Project are 13
kinds of aromas, the samples of Mr. Khaoh Phuvanarindra's coffee beans were found to have
the highest odor content 28 type and 7 types of the most unique aroma. (2) The sample of
Huai Nam Mun Royal Project are 11 types of aroma. The sample of Mr. Hassin Meal's coffee
is found to contain 26 type of the most odorous substances and the most type of aroma. (3)
The sample of Mae Salong Royal Development Project are 13 types of aroma, the samples
of the beans are Mr. Lorbaer Leutaitanom and Mr. Boomare Sose. And most unique aroma 3
type are Mr. Arlong Lacher.

The results of coffee taste test showed that there were 3 levels of coffee taste,
namely, good level, 1 sample was farmers from highland development project of Mae
Salong Royal Development Project. One example is the farmer from the Mae La Noi Royal
Project.

Relationship between factors related to chemical composition. And the quality of
the drink. To be used to improve the quality of coffee. The factors involved in this research
were the height of the area farmer field operations coffee processing Postharvest
management and the work of authorities. Chemical compositions include caffeine, sucrose,
tricotene and chloroformic acid in coffee beans. The aroma of coffee roasted samples.

Recommendations in this research. Farmers should keep up with the latest news
from the Royal Project. In terms of price and quota from the Royal. To be able to plan the
distribution. The authorities at the center. There should be a discussion about the quota for
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yield and price. Project for farmers to be prepared in terms of quality and quantity of
products to meet the distribution standards and requirements of the Royal Project. Including
the training of cooperative groups in the farm. And marketing. For farmers to have
knowledge. And can negotiate with merchants outside. Not being exploited.



