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Executive Summary

1. Rationale

At the present, the problems related to the natural conservation and
management have been found, resulting from highland environment. They also affect
the product and the farmers' income which expands in the community's population
and agricultural area extension. Supporting growing Arabica coffee is considered as one
of the product increases which tends to be more potential and to response to
economic income and the natural resources conservation in highland of hill tribe
villagers is maintained and developed sustainably.

Royal projects, Chiang Mai University, and Ministry of Agriculture have been
supporting the research and growing Arabica coffee to replace the opium since 1968
until now. Resulting from that, Arabica growing area has been expanded in the project
area around 24 places. Arabica growing areas are divided into 3 groups including:
growing coffee only, growing coffee with economic fruits such as tea, and growing
coffee with shady trees. This growing area has been expanded to extension area of
Royal project by the research and high area development institution, Ministry of
Agriculture and Cooperative. Apart from supporting growing and production of other
highland development projects such as Thai-Norway highland development project in
the area of Huay Som Poi, Jomthong, Chiang Mai, and Thai-German highland
development project in the area of Doi Chang, Mae Sarouy, Chiang Rai, these two
projects are well-known as the Doi Chang coffee production with the different growing
systems. Thai-Norway project grows coffee in the forest system but Thai-German
project in Doi Chang grows coffee in the unshade system. Supporting growing Arabica
coffee in high area in the northern part of Thailand has the growing systems which
count from the 1st year to the 3rd year. In the 1st year, it starts to give different
products according to the condition and the knowledge and the expert of Academic
officer who always support and suggest the farmers to grow. Growing coffee in the
natural resources conservation system has been known more. So authorities need to
understand the knowledge in this system including; forest, water, and soil and

integrated to be reliable nature to support the highland aericulture more stable.



Ben

Arabica coffee is the one of the plants which can be grown in highland. It is a
replacement of hill tribe farmers' addictive plants because it can grow well and give a
large amount of good quality product. Even though growing coffee unshade without
the shade gives more product but the age of coffee is very short due to the over-
exposure to the sun especially in summer. Growing coffee indoor gives a smaller
amount of product but the harvesting period is longer than unshade and its quality is
also better due to the longer ripe time which collects more nutrition. Moreover,
growing shading system also increases the forest area which is advantage to the natural
resources conservation and supports growing coffee as a sustainable agricultural
system.

Growing coffee in the natural resources system is the growing coffee with the
forest or the pre-existing trees including the economic fruit crops by considering the
soil, forest, and environment which results in the growth of product and the quality
cup, and also to the occupation sustainability and coffee growers' life since the forest
is an essential natural resources to human's life which provide the place to live, clothe,

food, and herbs since the past until nowadays.

2. Main objectives
2.1 To study the model of best practice in coffee cultivation under shade.
2.2 To study the new planting of coffee under soil and water conservation

systems.

3. Research Framework

This research is the 2" year. This report was December 2016 to September
2017. The target areas of 5 centers of coffee research stations and 1 new coffee
plantation with soil water conservation.

3.1 Searching for the model of best practice from 5 research stations, more
than 10 plots.

3.2 Plantation model in the natural-resources conservative growing coffee
system on the growth and development of coffee tree, shade tree and effect of soil

and water conservation. Analyze of plant nutrients in soil, soil moisture content,



organic matter, bulk density and daily continuous of air temperature and relative

humidity.

4. Research methodology

4.1 The study of shade grown Arabica coffee with soil and water conservation.

The study was continued from the last year, 2017. The plot was used at Baan
Pa Kluay Khunya. The Inthanon Royal Agricultural Station, a joint project between PTT
Public Company Limited and Royal Project Foundation. There were 3 treatments.

Treatment 1 Sun grown coffee with farmer’s management (Control)

Treatment 2 Sun grown coffee with planted shade tree and soil and water
conservation and consulted management by technician from the Royal Project.

Treatment 3 Shade grown coffee under natural shade trees and consulted
management by technician from the Royal Project.

4.1.1 Data collection.

Monitored all year round for assessment general practice, Microclimate
measurement three time a year in cold, hot and rainy season. Growth measurement
of coffee trees and also shade tree. Assessed pests and diseases and physiology
response. Land degradation such as erosion will be assessed in the late rainy season.
(Stocking and Murnaghan, 2000). Analysis of growing systems, microclimate on yield
and quality of coffee will be made in long term.

4.2 The study of best practice on coffee management.

Full canopy from 5 different location and elevation. The Royal Project
Development Center Pa miang, Teen Tok, Inthancont and highland research station
from Faculty of Agriculture, Chiang Mai University, Khun Chang Khian and Nong Hoy.
Measurement the growth and development of coffee tree affected by shade.
Measured air temperature, air humidity, evaporation and soil moisture content 3 times
a year, on cold, hot and rainy season. Physiology responses, specific leaf area (SLA),
Specific leaf weight (SLW) were measured from coffee leaf before harvesting, dormant
and fruit growth and development stage. Leaf nutrients content, Nitrogen, Phosphorus,
Potassium, Calcium and Magnesium were analyzed before harvesting season. Physical

properties and quality of coffee were analyzed, appearance, sizes, weight and chemical



composition, caffeine, chlorogenic acid and trigonelline. And conclusion for the 3™

year.

5. Result
5.1 The study of shade grown Arabica coffee with soil and water conservation.

5.1.1 General in formation and growth of coffee trees. The farmers who
owned the plots had very difference in management of their coffee plot. Some were
intensive while others were not. It’s found the more intensive management the more
growth of coffee trees.

5.1.2 Microclimate measurement

Resulting of air temperature and humidity were shown very higsh temperature
in day time-and very low humidity. Diurnal changed in day and night time very fast. T2
that measure from Mr. Kamron’plot had low humidity and high temperature. It should
be from the plot is west sloping and get full sunshine in the afternoon. In the rainy
season-both temperature and humidity in day and night were not too different

5.1.3 Light intensity, Evaporation and Soil moisture content.

The light intensity vary from lowest to highest T1, T2 and T3 respectively in
three seasons. The evaporation from T1 higher than T2 and T3. For soil moisture
content the data and trend of different were difficult to expect.

5.1.4 Soil property and nutrient content. There were found Bulk density 1.18-
1.87 g cm?, pH 4.09-5.62, Organic matter 3.31-7.17%, Nitrogen 0.14-0.28% Phosphorus
1.75-28.60 ppm, Potassium 74.71- 299.32 ppm, Calcium 82.50- 751.25 ppm and
Magnesium 21.21-117.39 ppm

5.1.5 Growth and development of coffee trees.

The result of measurement of stem diameter, plant height and 1% branches
number shown. The more intensive management the more growth and development.

5.1.6 Growth of shade tree.

- Silver oak, with good growth. Average stem diameter was 1.5-8.7 cm and plant
heigth 102-365 cm
- Albizia odoratissima (Lf.) Benth., with good growth, average stem diameter was

5.6 cm and plant heigth was 217 cm



- Avocado, the average stem diameter was 8.8-8.6 cm and plant heigth was 306-
389 cm

- Indian gooseberry that grown in May, 2018. It had good growth and
development, stem dimater was 2.0 cm and plant heigth was 142 cm.

5.1.7 Assessment of pest and disease. It was found green scale insect and
black mold in Mr. Srilop’s plot (T1) most of the coffee tree were affect. For another
farmers’ plot, not found any insects or disease.

5.2 The study of best practice on coffee management.

5.2.1 Microclimate data

5.2.1.1 Air temperature and humidity.

In general temperature in sun grown plot always higher than in shade grown
plot. Relative humidity up and down as opposite to the temperature. In daytime
relative humidity is rapidly reduced and up fast at night.

5.2.2 Light intensity, Soil moisture content and Evaporation

In most plots and most seasons the light intensity from sun grown was higher than
shade grown. Soil moisture content in the cold and hot season soil from shade grown
coffee had higher moisture content than sun grown coffee. The evaporation in the
cold and hot season from sun grown higher than in shade grown.

5.2.3 General in formation and plot description

5.2.3.1 Pa Miang Royal Project Development Center

Sun grown (Mr. Suwan Thewokhat); a big plantation about 40 Rai. For the whole
area both sun and shade grown, but research plot is full sun. Age 38 year and total
plant 12,000 coffee plants.

Shade grown (Mr. Thawee Junkaew); a natural plants shading, total area was 20
Rai, with 800 coffee tree and age of the tree was 32 year.

5.2.3.2 Teen Tok Royal Project Development Center

Sun grown (Mr. Tua Jan-Arun); Mae jam village, Jaeson sub-district, Muang Pan

disttric, Lampan. Coffe grown in full sun without any shade tree. Total area 4 Rai, 1600

coffee trees. It was hard pruning on 2016.



Shade grown (Mr. Suwan moonkamdee); The owner of Suwan Farm Doi Mae
Jaem. Also be a homestay. Coffee grown under Macadamia nut total area 50 Rai with

15000 coffee tree. Age about 19 years.

5.2.3.3 Inthanont Agricultural Royal Station

Sun grown is a plot from the former research project with 2.5 Rai and 832 coffee
trees. 4 year of age.

Shade grown is a plot srown under natural forest with 3 Rai about 1,000 coffee
tree. 15 years of age.

5.2.3.4 Khun Chang Khian Highland Research Station

Sun grown (Plot # 4); The variety in this plot are POP#4 and POP#5 and
Progenty 88 Total area 3 Ari, 1,100 coffee trees. 25 year of age.

Natural forest shade; Coffee grown in the natural forest tree, 2.5 Rai, with 1,340
coffee tree and 25 year of age.

Fruit tree shade; Coffee grown under the lychee tree. Total area 2.5 Rai, 965
coffee tree and 25 year of age.

5.2.3.5 Nong Hoy Hi Highland Research Station

Sun grown; Coffee grown in full sun. Total area 3 Rai, with 1200 coffee trees
and 20 year of age.

Shade grown; Coffee grown under the natural forest tree, 8 Rai, with 2,400
coffee tree and 26 year of age.

5.2.4 Specific leaf area (SLA) and Specific leaf weight (SLW)

Specific leaf area (SLA) and Specific leaf weight (SLW) are dedicators of crop
responded to the environment. They were high correlated with the photosynthesis
and partitioning. They also correlate with CO, exchanging. SLA always indirect respond
and SLW always direct respond to CO, exchanged.

Sampling from fruit ripening stage (Dec, 2017), dormant period (Mar, 2018) and
fruit growth and development stage (July, 2018). Each plot sampling 30 leaves.
Measured leaf area, leaf dry weight and calculate the SLA. Most sample from shade

grown had higher SLA than from sun erown but opposite for SLW, sun grown higher.



5.2.5 Coffee quality, fresh cherry, parchment coffee and green bean.
5.2.5.2 Weight of coffee cherry, parchment coffee and green bean.
Average weight of 100 cherries 149.33-191.67 g, sun grown always higher than grown.
Weight of 100 parchment coffee was 19.55-22.43 ¢, not significant difference between
sun and shade grown. For green bean 100 bean weight 15.92-19.98 g, sun grown heavier
than shade grown.
5.2.6.2 Chemical composition. Cafeine, Chlorogenic acid and Trigonelline

were analyzed from green bean and roasted coffee bean with the High Performance
Liquid Chromatography (HPLC). For green bean caffeine was 1.35-1.40%, Chlorogenic
acid was 4.94-5.84% and Trigonelline was 0.96-1.23%. Sun grown was found more
Caffeine and Trigonelline. While shade grown was found more chlorogenic acid. For
roasted coffee, it was found Cafeine 0.57-1.03%, Chlorogenic acid 0.68-1.49% and
Trigonelline 1.31-1.82% Sample from sun grown from Pa Miang and Teen Tok had
higher Cafeine, Chlorogenic acid and Trigonelline than from the shade grown. But
sample from shade grown coffee from Inthanont, Khun Chang Khian and Nong Hoy
had higher Cafeine, Chlorogenic acid and Trigonelline than sun grown.

5.2.7. Assessment of pest and disease

Pest and disease were not found different in each plot and lacation but found
the physiology disorder from sun grown. Leaf drop while the fruit retained. Leaf look
like hot water soaking. It’s found in high percentage from Pa Ming and Khun Chang
Khian and expected will be die back in long period. Found scale insect and black mold
in shade plot from Pa Miang. Found Pseudococcidae both in sun and shade grown at

Nong Hoy station. Also found coffee berry borer in most plots except Inthanont.

6. Preliminary analysis and conclusion

6.1 New coffee plantation that promoted by some organizations. The farmers have
to participate in all dimensions. Especially arabica coffee. From this research was found
the more intensive cultural practices result the higher growth. There are some farmers
can harvest their coffee only 2 years in the field. Coffee is a conservation crop and suit
the main objectives of these project.

6.2 The studying to fine out some best practice. Shade directly to physiology

respond, yield and quality of coffee. But vary from each location so the continuous



intensive study have to done. To fine out the best practices and can explain with

scientific reason.

7. Recommendation

The study of microclimate on growth, yield and quality of coffee. The
limitation is the field sensor that developed by the Faculty of Engineering, Chiang Mai
University. With short life of battery, only 5-7 days in the field. If suddenly changed,
for example rain in the cold or hot season. The data will fluctuate and no reason to

explain.
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ABSTRACT

Arabica coffee cultivation system under the natural resources conservation is
the 3'9 year of a 4 years research project. The main objectives of the project are (1) to
study new grown Arabica under shade with soil and water conservation. (2) to study
the best practices in coffee growing under the shade of full canopy coffee plantation.
The 1% experiment is new coffee plantation at Ban Pakluay-khunya, under the
cooperation program between The Royal Project and Thai Petroleum Public Company
Limited. The plots use for 2" research were full canopy located at Development
Center or Station Pa Miang, Teen Tok, Inthanon, Khun Chang Khian and Nong Hoy.
Monitoring every plot monthly, measurement plant gsrowth and assessment pest and
disease. This paper present the microclimate of shade and sun grown. Plant growth,
some physiology respond, coffee quality and growth of new plantation with soil and
water conservation plots.

Growth of the 1% experiment, (1) T1 full sun grown coffee, farmer’s
management without conservation (control). T2 full sun grown coffee with shade tree,
management with consulting from technician of the project. T3 coffee grown under
natural or grown shade, consulting from technician of the project. Data in September
2018, T1, T2 and T3, stem diameter was 2.47, 3.29 and 2.52 cm respectively. Plant
height was 91.3, 118.6 and 111.2 cm respectively. The 1 branch was 27.3, 38.9 and
30.4 branches per tree respectively. The relative growth rate (RGR) of stem diameter
was 0.042, 0.035 and 0.034 cm/cm/month respectively. RGR of plant height 0.047, 0.039
and 0.044 cm/cm/month respectively. And the RGR of 1% branches 0.071, 0.052 and 0.047
branch/branch/month respectively.

The 2™ studying, all year round temperature and air humidity average 14.26-
24.09 °C and 59.33-96.79% respectively. Sun grown had higher temperature and lower
humidity. Average leaf area per leaf was 59.77-136.94 cm?. Leaf dry weight per leaf was
0.49-1.38 g, SLA was 44.79-170.01 cm®g?, leaf from shade erown had more leaf area, leaf
dry weight and SLA. For SLW was 6.62-22.77 mg cm? sun grown get higher than shade
grown. SLA and SLW use for predicting the photosynthesis and partitioning. Leaf nutrient
content found N 1.83-3.07%, Mg 0.011-0.230%, shade grown higher both N and Mg. P K



and Ca not significant differences, but they were lower than the standard nutrients
concentration in coffee leaf.

Average weight of 100 cherries was 149.33-191.67 ¢, sun grown always higher
than shade grown. Weight of 100 parchment coffee was 19.55-22.43 ¢, not significant
difference between sun and shade grown. For green bean 100 bean weight 15.92-19.98
g, sun grown heavier than shade grown. Chemical composition, cafeine, chlorogenic
acid and trigonelline were analyzed from green bean and roasted coffee with the High
Performance Liquid Chromatography (HPLC). For green bean caffeine was 1.35-1.409%,
Chlorogenic acid was 4.94-5.84% and Trigonelline was 0.96-1.23%. Sun grown was
found more Caffeine and Trigonelline. While shade grown was found more chlorogenic
acid. For roasted coffee it was found Cafeine 0.57-1.03%, Chlorogenic acid 0.68-1.49%
and Trigonelline 1.31-1.82%. Sample from sun grown from Pa Miang and Teen Tok had
higher Cafeine, Chlorogenic acid and Trigonelline than from the shade grown. But
sample from shade grown from Inthanont, Khun Chang Khian and Nong Hoy had higher
Cafeine, Chlorogenic acid and Trigonelline than sun grown.

It could be concluded that, 1* studying that was in new coffee planting with
the conservation methodology. The more intensive management the more growth
and development of coffee trees. Coffee with intensive management resulted in
uniformity and resistance to pest. Coffee with less intensive management found
nutrients deficiency and green scale insect, ant and black mold. The 2" studying
need to explain the management and resulted of sun and shaded grown on
morphology, physiology growth, development, yield and quality of coffee. It need

more information in long term.

Keywords: Arabica coffee, Soil and water conservation, Agroforest, Microclimate



