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Executive Summary

1. Rationale

The higland agricultural systems nowaday forced by restrict law, natural
resource conservation and growth of population. While the land limited by physical
and use as intensive agriculutre for lang time. Resulted in land degradation. It’s also
affected the product and farmers' income. Supporting growing Arabica coffee is
considered as one of the product, itself more potential and to response to economic
income and also the natural resources conservation on the highland.

The 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 systems including:
unhsade (growing coffee only), growing coffee with fruit tree or economic crops such
as tea, and growing coffee with natural wild shade trees. This growing systems has
been expanded to extension area of the Royal project research and development
area. Cooperation with 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. Arabica
coffee grown in the northern part of Thailand will fruiting in the 3 or 4'" year after
planting. It’s upto skill of farmers and extension oficcers. In the 1% to 3" period
farmer can use the area for growing cash crop. Growing coffee in the natural resources
conservation system has been known more. So both farmers and extension officers
need to have the knowledge in this systems including; forest, water, and soil and
integrated to be reliable nature to support the highland agriculture more stable.

Arabica coffee is the one of the plants which can be grown in highland. It is a

replacement of hill tribe farmers' addictive plants. We may concluded that, it’s



completly replace. Because it can grow well and give a large amount of good quality
product. Even though growing coffee without the shade gives more yield but the age
of coffee is very short due to the over-exposure to the sun especially in summer.
Shade grown coffee gives lower yield, from low ligth intensity reduce flowering but
take longer harvesting period and its quality is also better due to the longer time for
more accumulate essential oil. 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. Results

Plots were selected for study in the year of 2016/17

3.1 Model of best practice from 5 research stations. There were 2 plots for

each station. (Khun Chang Khian 3 plots) Most are 11 plots. The selection of stations
or plots were based on distribute of co-ordinate, mean sea level. Pa Miang Royal
Project Development Center, Teen Tok Royal Project Development Center, and
Inthanont Royal Agricultural Royal Project Station, Khun Chang Khian and Nong Hoy
Highland Research Station. Plots selected as below.

3.1.1 Pa Miang Royal Project Development Center

(1) Full sun, Mr.Suwan Thewokhat. Total area 40 Rai, age of coffee 38 years,
12,000 plants.



(2) Shaded, Mr.Thawee Chankaew. Total area 20 Rai, age of coffee 32 years,
8,000 plants. Coffee grown under natural tree shade.

3.1.2 Teen Tok Royal Project Development Center

(1) Full sun, Mr.Tua Zhang Aroon. Total area 6 Rai, age of coffee 20 years, 1,600
plants.

(2) Shaded, Mr.Suwan Moon Kham dee . Total area 50 Rai, age of coffee 19
years, 8,000 plants. Coffee grown under macadamia nut tree shade.

3.1.3 Inthanont Royal Agricultural Royal Project Station

(1) Full sun, Plot from the research project, Selection of Arabica Coffee Varieties
in the Royal Project Promoted and Development Area. Total area 2.5 Rai, age of coffee
4 years, 832 plants.

(2) Shaded, Plot held under Inthanont Royal Agricultural Royal Project Station,
subunit Mayanoi. Total area 3 Rai, age of coffee 15 years, 1,000 plants. Coffee grown
under natural tree shade.

3.1.4 Khun Chang Khian Highland Research Station

(1) Full sun, total area 3 Rai, age of coffee 25 years, 1,100 plants

(2) Natural tree shade, total area 2.5 Rai, age of coffee 25 years, 1,340 plants.
Coffee grown under macadamia nut tree shade.

(3) Fruit tree shade, total area 2.5 Rai, age of coffee 23 years, 965 plants. Coffee
grown under lychee tree shade.

3.1.5 Nong Hoy Highland Research Station

(1) Full'sun, total area 3 Rai, age of coffee 20 years, 1,200 plants

(2) Shade grown, total area 8 Rai, age of coffee 26 years, 2,400 plants. Coffee
grown under natural tree shade.

3.2 The new planting of coffee under soil and water conservation systems.

This part was continues from the 1% year. Held at Arabica coffee growing
systems in the natural resources conservation in highland (agro-forestry). The joint
project between The Royal Project Foundation and The Petroleum Thai Company
(PTT.). At Ban Pa Kluay Khunya, Chom Thong, Chiang Mai. Plots were selected 7 plots.

(1) Mr.Bueke Predapana, 3.8 Rai, 1,462 plants.

(2) Mr.Phichet Udompraiwan, 3.0 Rai, 1,462 plants.



(3) Mr.Tib Duangchewan, 3.0 Rai, 1,253 plants.

(4) Mr.Wirat Pongpanachewin, 1.6 Rai, 681 plants.
(5) Mr.Comron Chaewchantuek, 2.0 Rai, 846 plants.
(6) Mr.Alo Udompraiwan, 1.8 Rai, 770 plants.

(7) Mr.Kheno Kajiri, 1.8 Rai, 730 plants.

3.3 General information of the best practice study plots

3.3.1 General information and management

The research was used to collect data from three Royal Project Foundation
research stations, Pa Miang, Teen Tok, Inthanont, Khun Chang Khian and Nong Hoy
Highland Research Station. They are suitable for long term data collection. Because
each place has a different environment. Difference in mean sea level, natural
vegetation as well as the different management of the farmer or owner of the coffee
plots. The condition of each plots quite different. Some farmers have trained their
coffee by topping, some left the height bush.

3.3.1.1 Cultural practices

Each plots of this study manage by own farmers. The research project did not
handle more. Every farmer uses a lawnmower machine cut the weed when weeds are
raised. None of the farmers use herbicides or shovels. They both fertilizing with
chemical and compost.

3.3.1.2 Coffee tree

Most coffee trees used to measurement were old with-many trunks, resulting
in very high yield per plant. However, the working time in conversion condition. Not a
harvest season so could not keep yield data per tree. And no samples for quality
analysis.

3.3.2 Microclimate measurement results

To find more information to explain about the microclimate on yield and
quality of the coffee. Installed continuous temperature and humidity sensors (data
logger) in coffee plantations from five research stations in the winter, summer and rain
season. To record the temperature and relative humidity of the air for 5-7 days (some

devices will run out of battery within 5 days).



In general relative humidity up and down as opposed to the temperature. By
daytime relative humidity is rapidly reduced and up fast at night. Shaded plot the
graph shows slower change.

3.3.2.1 Temperature

Cold and hot season temperatures change drastically during the day and at
night. Some full sun plots give daytime temperatures higher than 40 °C. In rainy season,
the difference in daytime and nighttime temperatures is fewer different than the cold
and hot. The area, located the high elevation, the change will be less. While the area
is lower mean level, the change will be more.

Daytime air temperature of all stations have same trend. It will peak in the
range from 11.00 t016.00 hrs. And lower until about 20.00 hrs. The temperature will
remain constant until 07.00 hrs. of the next day. Temperature from the Inthanon Royal
Agricultural Royal Station. (Mae Ya Noi sub Unit) is always lower than other stations.
This expected the station is the most highest from mean sea level and surrounded by
natural undestroyed forests.

Graph of continuous temperature from full sun show more steep slope than
shade. It change faster and more fluctuation. However both are same trend.

3.3.2.1 Relative humidity

Relative humidity changes opposite with temperature. That is, after 18.00
onwards, the relative humidity will increase. Most of them are very high, almost 100
percent, and will begin to retreat after 8.00 hrs. of the new day. The relative humidity
was measured from Inthanon Royal Agricultural Royal Station was highest all year
round. The reasons may tsae as the temperature. The lowest relative humidity is
measured from the center of the Teen Tok and Nong Hoi station. It is noteworthy that
in the rainy season, the relative humidity measured at all stations is over 80 per cent,
higher than at any other time and up to 100 per cent during the night.

Graph of the relative humidity in day time from both full sun and shaded plot.
The slope pattern is almost the same. Full sun more steep slope than shaded. Shade
plot’s relative humidity was smooth, it’s mean the changing was slower.

3.3.3 Soil analysis

5.3.3.1 Soil moisture content, light intensity and evaporation



In very dry weather, such as in the winter. It was found that the moisture
content of the shade was higher than that of the full sun plots. In summer, when the
soil is very dry. And in the rainy season with very high moisture content, soil moisture
content are not different. This measurement of soil moisture content was a single
measure throughout the season. So could not see the trend of change. In the future,
it should measure change over time to see trends in changing soil moisture content in
full sun and shade plots.

The evaporation in the full sun plot is more than the shade plot throughout
three seasons. For light intensity full sun plots show more light intensity than shade
plots for 3 seasons.

3.3.3.2 Soil pH, Bulk density and nutrients in soil

Soil pH measured were between 4.42 and 5.38 which is rather low. But the
organic matter content was high and the bulk density was low, indicating that the soil
had a high porosity. Therefore, there should be no obstacle to the ¢rowth and yield
of coffee trees.

The concentration of nutrients in the soil, ie, phosphorus, potassium, calcium
and magnesium were very height. When compare with the former research. High
concentration of nutrients may come from the use of compound fertilizers for a long

time.

3.4 The new planting of coffee under soil and water conservation systems.

3.4.1 Cultural practices

Most of the plots use for this research support by the Royal Project Foundation
and the Petroleum Thai Company (PTT). Located at the area of the Inthanont Royal
Agriculture Royal Station. Most of farmers grown there coffee and shade trees on clear
land. Most plots are full sun in the early planting. Data of growth and development
are both coffee and shade trees. These coffee are 2 years old, never fruiting before.
Most of the farmers grow intercropping cash crops in the rainy season. Both coffee and
shading tree are well growth. For coffee stem diameter, measured in June, 2017 range

from 0.76 to 2.39 cm. and trunk height range from 30 to 111 cm.



3.4.2 Microclimate

Microclimate from these plots look like the full sun plots from others stations.
The data show very low relative humidity in daytime of the winter and summer, some
were lower than 10 % that never happened in coffee plantation.

3.4.3 Soil pH, Bulk density, Organic matter and nutrients content

The pH value were 4.22 to 5.58 which were quite low. Bulk density were
between 0.39 to 0.97 ¢/cm® .The soil were very high porosity. Organic matter analyzed
was considered to be high. One suggestion was very low available phosphorus, when
compared with the common soil and compared with the old coffee plantation from

this analyzed from many stations.

4. Analysis and conclusion

4.1 Temperature: data from the 5 centers or stations. Temperature from full sun
plot suddenly change both in day and night time. Especially in the cold and hot
season. Day time temperature from unshade plot always higher than shade, but at
night time it opposite. The average of difference between unshade and shade in cold
season was 2.89+2.89 °C (0.00-14.13 °C). The highest difference was Inthanont while
the lowest difference was Khun Chang Khian. Fluctuation of unshade temperature may
affected long term growth, physiology respond and yield. Have to study for long term.

4.2 Relative humidity: unshade plots always lower relative humidity in the day.
At night it may higher or lower, higher relative humidity may from dew. The average
difference of 2 plots were 8.80+6.78 % (0.02-33.14%). Teen Tok center make the
widest and Intanont Station was the narrowest between unshade and shade plot

4.3 Light intensity: unshade plots gave higher light intensity.

4.4 Soil moisture content: shade plots gave higher soil moisture content. But this
year research data was not complete. Because it was 1 time measurement. It could
not see the trend of changing.

4.5 Soil erosion: both full canopy plots and or new planting plots, never seen the
erosion or its wake. It may conclude that growing coffee not stimulate the erosion on

highland.



4.6 Growth yield component and yield of coffee: in general may not emerging the
growth and yield of coffee. The study time period was not the harvesting season. We
hope data from the next season can explain.

4.7 The new planting plot at Baan Pakluay-Khunya: both coffee trees and
shading trees have the normal growth. No disease or insect infected. There are some
farmers have intensive management and coffee begin the 1 fruiting while some left
the plots resulting not measurement growth and development.

4.8 Analysis and conclusion for the next year research: resulted from the 2™
year research showed the trend of microclimate, unshade and shade. The 24 hr and
the all year round changing can use to prepare the next season data collection. Such
as growth, physiology respond, leaf nutrients content, internode length, fruit size and
weight, changing rate from fresh cherry to parchment and green bean coffee. Coffee

quality, sensorial, chemical and cupping.

5. Recommendation
This recommendation base on the data that collected in 2°° year research.
5.1 Best practice plots from the 5 center or research station

5.1.1 Harvesting the coffee cherries, measurement weight/tree, fruit quality,
changing rate from cherry to parchment and green bean. Measure physical properties,
chemical analysis and cup tasting quality.

5.1.2 Management of the owner, for examples fertilizing, irrigation, pruning,
plant replanting, flowering record, measurement the yield component for the year
2018/19 crop.

5.1.3 Microclimate assessment and measurement. In the 2" year in cold, hot
and rainy season, temperature, relative humidity, evaporation and soil moisture
content.

5.1.4 Conclusion for the 3 year research.

5.2 The new planting of coffee under soil and water conservation systems.

5.2.1 Plots that use in the 1° and 2" measurement. Continues data collection
from the 2™ year. Such as general management, microclimate measurement, growth

and physiological respond. Conclusion and recommendation for the 4™ year.



5.2.2 Collection variety plots. This a new planting in June, 2017.

5221 Data collection will be coordinate, ¢rowing systems, general
management.

5.2.2.2 Growth measurement both coffee and shade plant once a month.

Assessment pest and disease, physiology respond and 1° flowering.
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ABSTRACT

This final report: sub-project 5™ Arabica Coffee Cultivation System under The
Natural Resources Conservation. This is the 2" annual report from the 4 years period
project. The main objectives are (1) to study the best practices in coffee growing under
the shade and (2) to study Arabica cultivation under shade with soil and water
conservation. There are two main parts: to study the full canopy of unshade and shade
grown coffee. The plots use for this research are at Pa Miang Royal Project
Development Center, Teen Tok, Inthanont Royal Agricultural Royal Project Station,
Khun Chang Khian and Nong Hoy Highland Research Station. For 2°® research studied
in new coffee growing areas. At Ban Pa kluay-Khunya under the cooperation program
between the Royal Project and Thai Petroleum Public Company Limited

The best practice in each station was studied in two plots: full sun and shaded
plots. Field assessment to record general information, install and record continuous
air temperature and relative humidity, soil property and nutrients content was
analyzed. General cultural practice, measurement of coffee tree size, yield
components and calculate yield per tree. For the new coffee plantation record
microclimate, soil information, management and measure the growth of coffee plants
and shade tree with. Soil erosion were assess and outbreaks of insects and diseases.

The Pa Miang Royal Project Development Center. Plot selected Mr.Suwan
Thavokat. Average stem diameter of 6.24 cm. 226 cm, yield estimated 4.29 kg./plant.
Shaded plot Mr. Tawee Chankaew. Average stem diameter of 6.6 cm, height 159 cm,
yield estimat 5.62 kg./plant.

Teen Tok Royal Project Development Center. Full sun Mr. Tua Zhang Arun.
Average stem diameter 7.1 cm, height 195 cm, yield estimated 11.6 kg/plant. Shade
grown Mr. Suwan Moonkhamdee, average stem diameter 6.36 cm, height 315 cm, yield
estimated per plant 3.8 kg.

Inthanont Royal Agricultural Royal Project Station (Mae Ya Noi sub unit). Full
sun average stem diameter 3.4 cm, 130 cm height, yield estimated per plant 0.90 kg.
Shade plot, average stem diameter 3.04 cm, height 193.8 cm, yield estimated per
plant 5.5 kg.



Khun Chang Khian Highland Research Station. Full sun plot, average stem
diameter 10.1 cm, height 222 cm, yield estimated/plant 6.87kg. Forest shade plot
average diameter was 5.7 cm, plant height 294.4 cm, yield estimated per plant 6.32
kg. Fruit tree shade (lychee) plot, average stem diameter of 7.24 cm, plant height 251.2
cm, yield estimated/plant 4.72 kg.

Nong Hoy Highland Research Station. Full sun plot, average stem diameter is
6.8 cm, the height 229 cm, yield estimated/plant 7.26 kg. Shaded plot, average stem
diameter was 8.3 cm, plant height 276 cm, yield estimated per plant 4.39 ke.

Plots at Ban Pa Kluay- Khun Ya. Data record continue from the first year, 2016.
Collect data for 7 plots. (1) Mr. Bueke Predapana (2) Mr. Pichet Udompraiwan (3) Mr.
Tib Duangchewan (4) Mr. Wirat Pongpanacheewin (5) Mr. Comeron Jaewjantuek (6)
Mr.Alo Udom Praiwan (7) Mr.Keno Kajiri. These coffee plots are new plantation, 2 years
old and never fruiting. Every farmer grown cash crops in the rainy season. Most coffee
trees are unshade. The shade tree grown in same time with coffee. Coffee tree and
shade tree have normal growth and development. Data in August 2017. The coffee
stem diameter average 1.16-3.36 cm and 49-136 cm height.

Microclimate in cold and hot seasons, air temperatures change drastically
during the day and at night. The full sun temperature is higher than 40 ° C. In the rainy
season, the difference in daytime and nighttime temperatures is slishtly different. The
temperature will peak in the range of 11.00-16.00 hrs, and slow down until about 8.00
pm. The temperature will remain constant until 07.00 hrs. in the next day. Temperature
at Mae Ya Noi is lower than the other stations. When the temperature is continuously
drawn into a line graph. It found that the full sun and shade grown coffee give the
same trend of falling down and up with the same pattern. But graphs from full sun
plot was more steep slope. Which means suddenly changed.

Relative humidity changes with opposite time with temperature. That is, after
18.00 pm the relative humidity will increase. Most of them are very high, almost 100
percent, and will begin to reduce after 8.00 am of the next day. The relative humidity
was measured from Royal Inthanon Agricultural Royal Station was higher than other
stations in cold, hot and wet seasons. While the lowest relative humidity is measured

from the Teen Tok Royal Project Development Center and the Nong Hoi Station. In



the rainy season, the relative humidity measured at all stations is over 80 per cent,
higher than at any other time and up to 100 per cent during the night. Graph of the
continuous relative humidity full sun or shade grown are the same trend. However,
full sun during the day, relative humidity is lower than shaded. While at night, the
relative humidity from full sun always higher. The relative humidity of every new
planting plots. At Ban Pa Kluay - Khun Ya. In the winter and hot season, during the day,
the value is very low. Some plots are less than 10 percent, which is different from full
sun coffee plantation. The relative humidity drop much slowly and slightly.

Soil samples from all plots were relatively low in pH but high organic matter
content, low bulk density. For the old coffee plantation from every station and every
plots. Macro nutrients such as potassium, phosphorus, and calcium were very high

concentrations. For new plantation at Ban Pa kluay-Khun Ya the concentration of

phosphorus is very low.

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



