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Executive Summary

Introduction

The Highland Research and Development Institute (Public Organization) or HRDI
was established to expand the Royal Project model and achievements to sustainable
development for highland communities. The goal is to create and enhance local
proactive initiatives and new knowledge to strengthen and support the sustainable
development of highland areas. At present, operations at 33 Highland Development
Projects Using the Royal Project System in 8 provinces are included as follows:
Chiang Mai, Chiang Rai, Nan, Tak, Phetchabun, Mae Hong Son, Kamphaeng Phet and
Kanchanaburi. There “are also farmers participating. in 112 Highland Development
Projects Usine the Royal Project System which are Wawee, Mae Salong, Khun Sathan,
Nam Khwaeng, Nam Keum, Tum Wiang Kae, Pa Kluay, Pang Hin-Fon, Pa Pae, Pha Tak,
Mae Malor and Huay Pao. These centers can cultivate and deliver produce to the
nearby Royal Project Development Centers. They were able to supply 603 tons of
vegetables-through Royal Project markets, totaling 16.90 million Baht as of the fiscal
year 2019. However, there were shortcomings of crop yield and quality, and
postharvest management after being delivered to the Royal Project Produce Center
in terms of quality and losses. In 2019, there were surveys and data collections on
the cultivation process and vegetables postharvest manasement on farm areas in 8
Highland Development Projects, including Mae Salong, Khun Sathan, Tum Wiang Kae,
Pa Kluay, Pang Hin Fon, Pa Pae, Pha Tak and Huay Pao, to assess losses in the yield
and quality of vegetables starting from farmers’ cultivation areas to Chiang Mai Royal
Project Produce Center. To properly and consistently implement vegetables
postharvest management for each crop area, the study and data collection of the
additional 4 Highland Development Projects Using the Royal Project System have
been conducted in 2020 to improve the quality standard of the postharvest
management process and decrease the postharvest loss. Furthermore, planning,
infrastructure for agriculture or essential equipment should be provided to support
the farmers in order that they can handle crop production with proper and effective

management.



Objectives

To study and develop the postharvest management approaches in order to
reduce the vegetables postharvest loss starting from farm areas of Highland
Development Projects Using the Royal Project System to the Royal Project

Foundation.

Research methodology
1. Conduct surveys and data collections on issues related to vegetables
postharvest management and postharvest loss on farm areas in Highland
Development Projects
1) Survey and collect data on the cultivation process and vegetables
postharvest management
1.1) Survey-and collect data on the cultivation process and vegetables
postharvest management of 4 Highland Development Projects Using the Royal
Project System where the farmers grew and delivered produce to the Royal Project
Foundation as follows:
- Wawee Highland Development Projects Using the Royal Project
System, Mae ‘Suai, Chiang Rai
- Mae Malor Highland Development Projects Using the Royal Project
System, Mae Chaem, Chiang Mai
- Nam Keum Highland Development Projects Using the Royal Project
System, Na Muen, Nan
- Nam Khwaeng Highland Development Projects Using the Royal
Project System, Na Muen, Nan
Surveys, observations and interviews have been conducted. The
farmers and officers from Highland Development Projects Using the Royal Project
System, who engaged in the cultivation process and vegetables postharvest
management, have been interviewed.
1.2) Summarize and analyze data of Highland Development Projects’

cultivation process and vegetables postharvest management.



2) Conduct surveys on quality and loss of vegetables on farmers’ cultivation
areas
2.1) Survey and collect data of losses in vegetables on the cultivation
areas of Highland Development Project sites where they produced and delivered to
the Royal Project Foundation, at least one type of vegetables from each site.
2.2) Summarize and analyze data of quality and loss of vegetables on

farmers’ cultivation areas.

3) Conduct surveys . and-data 'collections—on the postharvest loss of
vegetables as they moved along the supply chain, starting from farm areas to Chiang
Mai Royal Project Produce Center

3.1)'Survey and collect data of losses in vegetables ‘on the cultivation
areas of Hightand Development Projects Using the Royal Project System sites where
they produced and delivered to the Royal Project Foundation, at least one type of
vegetables from each site, as they moved along the supply chain, starting from farm
areas to Chiang Mai Royal Project Produce Center.
- Farmers’ cultivation areas
- Highland Development Projects Using the Royal Project System’s
packing station
- The Royal Project Development Center’s packing station
- Chiang Mai Royal Project Produce Center
3.2) Record -data of vegetables’ postharvest losses by sorting and
categorizing the origins of losses as the produce moved along to each step of
operation flow. The causes are mechanical loss (fruit cracking, bruising and scarring),
physiological loss (water loss and deterioration), insect pests (wounds from insect
biting or sucking), diseases (wounds from a variety of fungi and bacteria, decay),
improper harvest index (unripe or overripe), contaminated produce (soil which may
contain germs and bacteria attached to the produce), unused or non-utilized parts
after initial trimming process (trimmed outer leaves), substandard quality, poor

postharvest management, and others.



3.3) Summarize and analyze data to classify the main causes of the
postharvest loss in vegetables, the results of losses are shown in percentage for each

step of the procedures.

4) Study on shelf life of vegetables
Placing vegetables (packed in Royal Project plastic shelf ready packaging) on
the shelves with the temperature set at 5 degrees Celsius (an actual temperature set

for Royal Project retail shops’ shelves) to study the shelf life.

2. Recommendations for improving vegetables postharvest management and
reducing vegetable losses in postharvest management

Summarize the proper recommendations that shall be applied for improving the
procedures and ‘reducing vegetable losses, starting from farm areas to Chiang Mai
Royal Project' Produce Center, in the postharvest management of 4 Highland

Development Projects Using the Royal Project System.



Research results
1. Conduct surveys and data collections on issues related to vegetables
postharvest management and postharvest loss on farm areas in Highland
Development Projects

1) Survey and collect data on the cultivation process and vegetables
postharvest management

Vegetables cultivation and postharvest management of 4 Highland
Development Projects Using the Royal Project System, including Wawee, Mae Malor,
Nam Keum and Nam Khwaeng where the farmers grew and delivered produce to the
Royal Project Foundation, found that each-Highland Development Projects Using the
Royal Project’ System ~had different cultivation. and. vegetables postharvest
management despite the same type of vegetables with different sources, as well as

the farmers from each area.

2) Conduct surveys on quality and loss of vegetables on farmers’ cultivation
areas

Surveys and data collection of quality and losses in vegetables on farmers’
cultivation areas from 4 Highland Development Projects sites, which are Chinese
cabbage and Chinese kale from Wawee Highland Development Projects Using the
Royal Project System (Ban Mae Chang Khao), Thomas tomato and purple eggplant
from Mae Malor Highland Development Projects Using the Royal Project System, red
cherry tomato from Nam. Keum Highland Development Projects Using the Royal
Project System grown by Ban Nam Phae and Ban Nam Keum farmers, yellow bell
pepper, red bell pepper and red cherry tomato from Nam Khwaeng Highland
Development Projects Using the Royal Project System, revealed that the produce
quality and the loss on farm areas of each Highland Development Projects Using the
Royal Project System were varied, depending on the cultivation process, proper care,
the climate, pre- and postharvest management processes of each Highland

Development Projects Using the Royal Project System.



3) Conduct surveys and data collections on the postharvest loss of
vegetables as they moved along the supply chain, starting from farm areas to Chiang
Mai Royal Project Produce Center.

Surveys and data collection of the postharvest loss in vegetables as they
move along the supply chain, starting from farm areas to Chiang Mai Royal Project
Produce Center can be summarized as follows.

3.1) Results of Wawee Highland Development Projects Using the Royal Project

System’s postharvest loss

Chinese cabbage’s postharvest loss did not occur at the farmer’s cultivation
areas because the trimming process and-initial-quality eradine had not been done
yet. The farmers then_brought the produce to Wawee. Hichltand" Development
Projects Using the Royal Project System’s distribution center for thetrimming process
and initial quality erading. Therefore, the postharvest loss of Chinese cabbage
occurred at the distribution center at a rate of 34.57 percent, most of which was
caused by non-utilized parts (the outer leaf, excess leaves, leaves damaged by
diseases and pests,- and trimmed stem’s base before quality grading process) and
insect pests that resulted in not being able to sell the produce. At Huay Pong Royal
Project Development Center, there was no postharvest loss since the postharvest
management process, including the trimming process, initial quality grading and
packaging, had already occurred at Wawee Highland Development Projects Using the
Royal Project System’s distribution center. Huay Pong Royal Project Development
Center was only responsible for transporting the produce te Chiang Mai Royal Project
Produce Center. At Chiang Mai Royal Project Produce Center, Chinese cabbage’s
postharvest loss rate was at 31.41 percent as the main causes were the non-utilized
parts (the outer leaf after initial trimming process for packing in Royal Project plastic
shelf ready packaging), insect pests, and physiological loss (wilting). Meanwhile,
Chinese kale’s postharvest loss did not occur at the farmer’s cultivation areas
because the trimming process and initial quality grading had not been done there.
All was brought to Wawee Highland Development Projects Using the Royal Project
System’s distribution center for the trimming process and initial quality grading after

that. Therefore, the postharvest loss of Chinese kale occurred at the distribution



center at a rate of 63.65 percent, most of which was caused by non-utilized parts
(timmed outer leaf before quality grading process) and substandard quality (small
stem and substandard length). At Huay Pong Royal Project Development Center,
there was no postharvest loss since the postharvest management process, including
the trimming process, initial quality ¢rading and packaging, did not occur at Huay
Pong Royal Project Development Center’s packing station. Huay Pong Royal Project
Development Center was only responsible for transporting the produce to Chiang
Mai Royal Project Produce Center.

Regarding Chiang Mai Royal Project Produce Center, Chinese kale’s postharvest loss
rate incurred at 17.15 percent due-to-its-non-utitized parts. (outer leaf and stems’
base after initial trimming process for packing in Royal Project plastic shelf ready
packaging), ‘insect pests, mechanical loss (detached stem- and bruised leaves),

physiological loss (wilting), and diseases (powdery mildew and decay).

The postharvest loss of Chinese cabbage and Chinese kale from Wawee Highland

Development Projects Using the Royal Project System (Ban Mae Chang Khao)

Loss Percentace (%)
Stage in' Supply Chain
Chinese Cabbage Chinese kale

At cultivation areas 0.00 0.00
At Highland Development Projects Using the

34.57 63.65
Royal Project System
At Chiang Mai Royal Project Produce

31.41 17.10
Center
Note The postharvest loss of each stage in supply chain was compared to 100 percent

amount of vegetables in that stage.

3.2) Results of Mae Malor Highland Development Projects Using the Royal

Project System’s postharvest loss

Thomas tomato’s postharvest loss did not occur at the farmer’s cultivation
areas as the farmers harvested only the qualifying crops that met the minimum

quality standard of Royal Project. Regarding the postharvest management process,




the crops were brought to the farmers’ houses for cleaning and quality grading by
using a small scale to help sorting. The postharvest loss rate at the farmers’ houses
incurred at 3.70 percent due to the substandard quality of crops (flawed skin and its
weight was less than 60 grams), physiological loss (fruit splitting and cracking from
plantation and withered sepals), and mechanical loss (detached sepals, torn sepals
and wounded fruit). A postharvest loss survey was not conducted at the Royal
Agricultural Station Inthanon since the postharvest management process, including
the trimming process, initial quality gradine and packaging, had already occurred at
Mae Malor Highland Development Projects Usine the “Royal Project System’s
distribution center. The Royal Agricultural-Station-Inthanon was only responsible for
transporting the produce to Chiang Mai Royal Project Produce Center. Meanwhile,
Thomas tomato’s postharvest loss rate at Chiang Mai Royal Project Produce Center
was 2.41 percent which was caused by mechanical loss (bruises from being pressed
by a plastic basket). Purple eggplant also had no postharvest loss at the farmer’s
cultivation areas because the farmers harvested only the qualifying crops that met
the minimum quality standard of the Royal Project. After that, the crops were
brought to the farmers’ houses for cleaning and quality grading as ‘parts of the
postharvest management process by using a small scale to help sorting. The
postharvest loss rate at the farmers’ houses incurred at 35.67 percent, most of which
was cause by insect pests (blemishes from thrips and worms) and substandard
quality (disqualified size  as 'its size was too large ~or weight exceeded the
specifications, abnormal shape). Due to the 'substandard quality of produce, it was
instead sold to middlemen in the market. A postharvest loss survey was not
conducted at the Royal Agricultural Station Inthanon since the postharvest
management process did not occur there. After arriving at Chiang Mai Royal Project
Produce Center, it revealed that the postharvest loss rate incurred at 25.31 percent
because of mechanical loss, which were bruises from being pressed by a plastic
basket (21.56 percent), physiological loss (fruit splitting and cracking from plantation,
and substandard quality (flawed produce)



The postharvest loss of Thomas tomato and purple eggplant from Mae Malor

Highland Development Projects Using the Royal Project System

Loss Percentage (%)
Stage in Supply Chain
Thomas Tomato Purple eggplant

At cultivation areas 0.00 0.00
At farmers’ houses 3.70 35.67
At Chiang Mai Royal Project Produce

241 25.31
Center
Note The postharvest loss of each stage in supply chain was compared to 100 percent

amount of vegetables in that stage.

3.3) Results of Nam Keum Highland Development Projects Using the Royal

Project System’s postharvest loss

At Nam Keum Highland Development Projects Using the' Royal Project
System, there was no packing station or distribution center, therefore, the farmers’
houses were used for the postharvest management process, including the trimming
process, initial quality grading and packaging. Later, the procduce was transported to
Nam Khwaeng Highland Development Projects Using the Royal Project System’s
packing stationor distribution center for packing in Royal: Project plastic basket.
Regarding red cherry tomato from Nam Keum Highland Development Projects Using
the Royal Project System (Ban Nam Phae and Ban Nam Keum), the farmers harvested
only the qualifying fruit that met the minimum quality standard of Royal Project and
tomato skin color had to turn red at least 70 percent up. After the harvest, crops
were brought to the farmers’ houses, where the postharvest loss started, to be
trimmed and graded. As a result, Ban Nam Phae farmers’ red cherry tomato had a
postharvest loss rate at 14.47 percent as the major causes were its substandard
quality (disqualified size, scaly skin, blotchy ripening from nutrient deficiency and
abnormal shape), diseases (decay), and insect pests. Meanwhile, Ban Nam Keum
farmers’ red cherry tomato had a postharvest loss rate at 3.39 percent due to
substandard quality, diseases, and dirty fruit (soil which may contain germs and

bacteria attached to the produce). Furthermore, Nam Keum Highland Development




Projects Using the Royal Project System’s red cherry tomato had the postharvest loss
at 1.97 percent, occurring at Nam Khwaeng Highland Development Projects Using the
Royal Project System’s packing station. The main causes were its substandard quality
(disqualified size, scaly skin, blotchy ripening from nutrient deficiency and abnormal
shape), insect pests, diseases, improper harvest index (unripe fruit), and physiological
loss (fruit splitting and cracking from plantation), which some of these produce was
mixed with the qualifying produce from the farmers’ houses. At Pang Kha Highland
Development Projects Using the Royal Project System, the postharvest loss survey
was not conducted there since the produce of Nam Keum Highland Development
Projects Using the Royal Project System was directly delivered from Nam Khwaeng
Highland Development Projects Using the Royal Project System to Chiang Mai Royal
Project Produce Center. After arriving at Chiang Mai Royal ProjectProduce Center,
Ban Nam Phae farmers’ red cherry tomato had a postharvest loss rate at 1.87
percent while the postharvest loss rate of Ban Nam Keum farmers’ red cherry
tomato incurred at 1.28 percent. The significant causes were the substandard quality
of produce (blotching ripening), improper harvest index (overripe), diseases (decay),

and mechanical loss (fruit cracking).

The postharvest loss of .red cherry tomato from Nam Keum Highland Development

Projects Using the Royal Project System

Loss Percentage (%)

Stage in Supply Chain Red Cherry Tomato | Red Cherry Tomato
(Ban Nam Phae) (Ban Nam Keum)
At cultivation areas 0.00 0.00
At farmers” houses 14.47 3.39
At Highland Development Projects Using the
1.97 1.97
Royal Project System
At Chiang Mai Royal Project Produce
1.87 1.28
Center
Note The postharvest loss of each stage in supply chain was compared to 100 percent

amount of vegetables in that stage.




A) R f Nam Khwaeng Hishland Development Proj ing the R

Proj m’ harv

At the farmers’ cultivation areas, the postharvest loss of yellow bell pepper
and red bell pepper incurred at 12.92 and 15.66 percent, respectively. The harvested
crops were brought to the farmers’ houses for cleaning and quality grading by using a
small scale to help sorting which was considered a good practice. The main factors
that caused a postharvest loss at the cultivation areas were the substandard quality
(disqualified size, abnormal shape, and scaly skin), physiological loss (fruit splitting
and cracking from plantation), mechanical loss (fruit cracking and bruising), diseases
(Anthracnose), improper: harvest index (tuming yellow less than 70 percent), and
some was partially eaten by birds. At Nam Khwaeng Highland Development Projects
Using the Royal Project System’s packing station, the postharvest loss of yellow bell
pepper and red bell pepper incurred at 3.65 and 2.03 percent; respectively, most of
which was the substandard quality (deformed shape and scaly skin), physiological
loss (fruit splitting and cracking from plantation), mechanical loss (bruising), and
improper harvest index (overripe). After the postharvest management process at Nam
Khwaeng Highland Development Projects Using the Royal Project System’s packing
station, only bell peppers qualified in the first and second quality classes were
sorted and selected for distributing to the Royal Project: For the lower-grade
produce, it was sold to middlemen in the market. At Pang Kha Highland Development
Projects Using the Royal Project System, the postharvest loss survey was not
conducted there since the produce was directly delivered from Nam Khwaeng
Highland Development Projects Using the Royal Project System to Chiang Mai Royal
Project Produce Center. After arriving at Chiang Mai Royal Project Produce Center, the
postharvest loss of yellow bell pepper and red bell pepper incurred at 4.46 and 5.07
percent, respectively, mainly caused by mechanical loss (fruit cracking, bruising and
detached stem), improper harvest index (overripe), and non-utilized parts after initial
trimming process (stem’s base which was trimmed for packing in Royal Project plastic
shelf ready packaging )

After harvest and quality grading, it was found that most of red cherry tomato

quality did not meet the minimum requirements of the Royal Project as the crop



was too small, blotchy ripening, and more than 50 percent of the harvested crop
had streaked skin. Therefore, they did not go through the sorting and grading process
for distribution to the Royal Project as it took a long time to do so and was not
worth the labor in the quality grading process. There was also a risk that the Royal
Project would refuse to accept the produce, as a result, it was instead sold to
middlemen in the market. The researcher team had tested red cherry tomato by
sorting and grading according to the Royal Project standard, they found that the
postharvest loss incurred at 85.44 percent, 81.70 percent from the substandard
quality as the size was too small (77.20 percent), blemished (4.39 percent) and
blotching (0.11 percent); 0.20 percent from —insect pests,  2.36. percent from
physiological loss (fruit- splitting”and cracking from plantation), 0.63" percent from
diseases (decay), 0.61 percent from improper harvest index (unripe),-and 0.14 percent

from mechanical loss (fruit cracking)

The postharvest loss of yellow bell pepper, red bell pepper and red cherry tomato
from Nam Khwaeng Highland Development Projects Using the Royal Project System

Loss Percentage (%)
Stage in Supply Chain Yellow Bell Red Bell Red Cherry
Pepper Pepper Tomato

At cultivation areas 12.92 15.66 0.00
At Highland Development Projects Using the

3.65 2.03 85.44
Royal Project System
At Chiang Mai Royal Project Produce

4.46 5.07 0.00
Center
Note The postharvest loss of each stage in supply chain was compared to 100 percent

amount of vegetables in that stage.

4) Study on shelf life of vegetables
By placing vegetables that had been processed through the postharvest
management from the cultivation areas to Chiang Mai Royal Project Produce Center

(packed in Royal Project plastic shelf ready packaging) on the shelves with the



temperature set at 5 degrees Celsius (an actual temperature set for Royal Project
retail shops’ shelves) to study the shelf life, the study revealed that the shelf lives of
Chinese cabbage and Chinese kale from Wawee Highland Development Projects
Using the Royal Project System (Ban Mae Chang Khao) were at 10.26 and 2.09 days,
respectively. The shelf lives of Thomas tomato and purple eggplant from Mae Malor
Highland Development Projects Using the Royal Project System were at 18.03 and
16.10 days, respectively. The shelf lives of red cherry tomato from Nam Keum
Highland Development Projects Using the Royal Project System grown by Ban Nam
Phae and Ban Nam Keum farmers-were at 13.57 and 8.56 days, respectively. Lastly,
the shelf lives of yellow bell pepper, red bell pepper and red cherry tomato from
Nam Khwaeng Hichland Development Projects Using the Royal Project System were

29.24, 29.78 and 6.80 days, respectively.

2. Recommendations for improving vegetables postharvest management and
reducing vegetable losses in postharvest management

1) Some of shortcomings are affected by the preharvest management. With
this fact, the preharvest management significantly affects the solutions to the
postharvest loss.  For instance, bell peppers and red cherry tomato should be
cultivated in an enclosed greenhouse to help prevent insect pests and others that
are able to transmit diseases caused by infectious agents.

2) The different ‘cultivation and postharvest:management of each vegetable
among the Highland Development Projects Using the Rayal Project Systems notably affect
the quality of vegetables in the farm areas, the number of postharvest loss, and shelf
life. Best practices should be applied to the cultivation process and postharvest
management of each type of vegetables to improve productivity and set the same
standard management procedures across all Highland Development Projects Using the
Royal Project Systemns.

3) Improper harvest index is caused by the crop production capacity which
the farmers from each Highland Development Projects Using the Royal Project System can
supply produce to the Royal Project only one time per week. They can also cause

the postharvest losses, so that the discussion between all Highland Development



Projects Using the Royal Project Systems and the Royal Project should be arranged to
find proper solutions to these problems, especially the vegetable delivery frequency.

4) Vegetables should be harvested during the lowest temperature of the day
and avoid harvesting vegetables during hot weather. After harvesting, vegetables
should not be placed outside or in an area with direct sunlight to minimize heating.
Also, during harvest and postharvest handling of vegetables, they should be handled
with care and it is important to minimize the height of drops while packing in the
containers to prevent bruising produce.

5) The total delivery time beginning from the postharvest transportation to
the Royal Project Development Center or-Chiane-Mai Royal Project Produce Center
should be minimized to-the extent possible.

6) The Highland Development Projects Using the Royal Project System’s packing
stations have not yet.-been accredited by the GMP standard. Since the farmers have
sorted, graded and packed fresh vegetables in plastic baskets at their houses which
are considered as small-size packing stations, it is not different from the postharvest
management process at the packing station. Therefore, to minimize the handling
procedures and exposures at the packing facility, it is best to have the farmers sort,
grade and pack veeetables in plastic baskets at their houses by arranging proper
storage areas for systematic postharvest management. For instance, there should be
stainless steel or wooden tables covered with a flat plastic or galvanized sheet,
weighing scales should be provided, and the staff members should always be aware
of their cleanliness as they need to comply with personal hygiene regulations of the
GMP quality assurance.

7) The Highland Development Projects Using the Royal Project System with a
packing station should improve the quality of packing facilities/environment to
comply with the GMP requirements to be able to receive GMP quality assessment.
For those centers without a packing station, a long-term development plan should
be implemented to obtain a certified packing station with GMP standard.

8) Some Highland Development Projects Using the Royal Project Systems require a
longer distance and duration in transportation to shift vegetables to Chiang Mai Royal

Project Produce Center because they reside in very remote areas. Besides, the



postharvest deterioration is likely to occur in fresh produce since the transport
vehicles do not have the refrigeration system. Therefore, farmers should be
encouraged to grow crop varieties that are damage resistant.

9) Since extension workers and farmers at the Highland Development Projects
Using the Royal Project System do not have the same understanding of a harvest
index and quality inspection as the workers at the Royal Project, they should
participate in training, workshop or field trip at Chiang Mai Royal Project Produce
Center to learn more about the harvest index. It is considered a good practice that all
Highland Development Projects Using the Royal Project System emphasize and
encourage the farmers to do the vegetable quality erading themselves.

10) Seme Highland Development Projects Using the Royal Project Systems locate in
very remote areas, as a result, they require a longer distance and duration in
transportation-. to/ shift vegetables, more expensive delivery-cost and risk to the
postharvest loss which will affect the farmers’ income. To summarize, the farmers should
be encouraged to cultivate fruits and vegetables that can be grown-and sold locally or

short-distance transport areas.



Research summary
1. Surveys and data collections on issues related to vegetables postharvest
management and postharvest loss on farm areas in Highland Development
Projects

1) Surveys and collect data on the cultivation process and vegetables
postharvest management

Vegetables cultivation and postharvest management of 4 Highland
Development Projects Using the Royal Project System, including Wawee, Mae Malor,
Nam Keum and Nam Khwaeng where the farmers grew and delivered produce to the
Royal Project Foundation, found that each-Hightand Development Projects Using the
Royal Project System. had different cultivation and vegetables  postharvest
management despite the same type of vegetables with different sources, as well as

the farmers from each area.

2) Surveys on quality and loss of vegetables on farmers’ cultivation areas

The produce quality and the loss on farm areas of each Highland
Development Projects Using the Royal Project System were varied, depending on the
cultivation process, proper treatment, climate and temperature, pre- and postharvest
management processes. of ‘each Highland Development Projects Using the Royal

Project System.

3) Surveys and data collections on the postharvest Lloss of vegetables as they
moved along the supply chain, starting from farm areas to Chiang Mai Royal Project
Produce Center.

3.1) Wawee Highland Development Projects Using the Royal Project System
(Ban Mae Chang Khao)

1. Chinese cabbage had the rate of postharvest loss of 34.57 percent at
the distribution center and 31.41 percent at Chiang Mai Royal Project Produce
Center, most of which was caused by non-utilized parts due to the outer leaf after
initial trimming process for packing in Royal Project plastic shelf ready packaging,

insect pests, and physiological loss as the vegetables wilted.



2. Chinese kale’s rate of postharvest loss incurred at 63.65 percent at
the distribution center and 17.15 percent at Chiang Mai Royal Project Produce
Center, as a result of non-utilized parts which were the outer leaf after initial
trimming process for packing in Royal Project plastic shelf ready packaging, and its
substandard quality because of the small stem and substandard length.

3.2) Mae Malor Highland Development Projects Using the Royal Project System

1. Thomas tomato had the rate of postharvest loss of 3.70 percent at
farmers’ houses and 2.41 percent at Chiang Mai Royal Project Produce Center due to
its substandard quality by having flawed skin and weighing less than 60 grams, and
mechanical loss which caused bruises from-being pressed by a plastic basket.

2. Purple eggplant had the rate of postharvest loss of 35.67 percent at
farmers’ houses and 25.31 percent at Chiang Mai Royal Project Produce Center as a
result of insect pests (thrips and worms) that caused scars and blemishes to the fruit,
substandard quality due to its disqualified weight and abnormal shape, and
mechanical toss resulting in bruises from being pressed by a plastic basket.

3.3) Nam Keum Highland Development Projects Using the Royal Project System

1.Red cherry tomato grown by Ban Nam Phae farmers had the rate of
postharvest loss of 14.47 percent at farmers’ houses, 1.97 percent at Nam Khwaeng
Highland Development Projects Using the Royal Project Systern’s packing station, and
1.87 percent at Chiang Mai Royal Project Produce Center. Most of which was caused
by its substandard quality which were disqualified size, scaly skin, blotchy ripening
from nutrient deficiency, and abnormal shape, diseases resulting in decay, and insect
pest issues.

2. The postharvest loss of red cherry tomato grown by Ban Nam Keum
farmers was 3.39 percent at farmers’ houses, 1.97 percent at Nam Khwaeng Highland
Development Projects Using the Royal Project System’s packing station, and 1.28
percent at Chiang Mai Royal Project Produce Center. Most of which was caused by its
substandard quality which were disqualified size, scaly skin, blotchy ripening and
abnormal shape, diseases resulting in decay, and improper harvest index as the crops

became overripe.



3.4) Nam Khwaeng Highland Development Projects Using the Royal Project
System

1. Yellow bell pepper from had the rate of postharvest loss of 12.92
percent at farmers’ cultivation areas, 3.65 percent at Nam Khwaeng Highland
Development Projects Using the Royal Project System’s packing station, and 4.46
percent at Chiang Mai Royal Project Produce Center. Most of which was mainly
caused by the substandard quality which were its disqualified size, abnormal shape
and scab, mechanical loss resulting in fruit cracking, bruising and detached stem, and
improper harvest index as the crops became overripe.

2. Red bell- pepper’s postharvest-toss-rate was 15.66 percent at farmers’
cultivation areas, 2.03 percent at the packing station, and 5.07 percent at Chiang Mai
Royal Project Produce Center. Most of which was mainly caused by the substandard
quality which were disqualified size, abnormal shape and scab, physiological loss due
to fruit splitting and cracking from plantation, mechanical loss resulting \in fruit
cracking, bruising and detached stem, and improper harvest index as: the crops
became overripe.

3. Regarding red cherry tomato, after being harvested and graded the
quality by the farmers, its quality did not meet the minimum requirements of the
Royal Project as the fruit size was too small and had blemished skin. More than 50
percent of the yield also had streaked skin. As a result, it had not been sorted the
quality for distributing to the Royal Project.

4) Study on shelf life of vegetables

The shelf lives of Chinese cabbage and Chinese kale from Wawee Highland
Development Projects Using the Royal Project System (Ban Mae Chang Khao) were at
10.26 and 2.09 days, respectively. The shelf lives of Thomas tomato and purple
eggplant from Mae Malor Highland Development Projects Using the Royal Project
System were at 18.03 and 16.10 days, respectively. The shelf lives of red cherry
tomato from Nam Keum Highland Development Projects Using the Royal Project
System grown by Ban Nam Phae and Ban Nam Keum farmers were at 13.57 and 8.56

days, respectively. Lastly, the shelf lives of yellow bell pepper, red bell pepper and



red cherry tomato from Nam Khwaeng Highland Development Projects Using the

Royal Project System were 29.24, 29.78 and 6.80 days, respectively.

2. Recommendations for improving vegetables postharvest management and
reducing vegetable losses in postharvest management

1) Some of shortcomings are affected by the preharvest management. With
this fact, the preharvest management significantly affects the solutions to the
postharvest loss.

2) The different cultivation-and postharvest management of each vegetable
among the Highland Development Projects Using the Royal Project Systems notably affect
the quality of vegetables in the farm areas, the number of postharvest loss, and shelf
life. Best practices should be applied to the cultivation process and postharvest
management of each type of vegetables to improve productivity and set the same
standard management procedures across all Highland Development Projects Using the
Royal Project Systemns.

3) Improper harvest index is caused by the crop production capacity which
the farmers from each Highland Development Projects Using the Royal Project System can
supply produce to the Royal Project only one time per week. They can also cause
the postharvest losses, so that the discussion between all Highland Development
Projects Using the Royal Project Systems and the Royal Project should be arranged to
find proper solutions to'these problems, especially the produce delivery frequency.

4) Vegetables should be harvested during the lowest temperature of the day
and avoid harvesting vegetables during hot weather. After harvesting, vegetables
should not be placed outside or in an area with direct sunlight to minimize heating.
Also, during harvest and postharvest handling of vegetables, they should be handled
with care and it is important to minimize the height of drops while packing in the
containers to prevent bruising produce.

5) The total delivery time beginning from the postharvest transportation to
the Royal Project Development Center or Chiang Mai Royal Project Produce Center

should be minimized to the extent possible.



6) The Highland Development Projects Using the Royal Project System’s packing
stations have not yet been accredited by the GMP standard. Since the farmers have
sorted, graded and packed fresh vegetables in plastic baskets at their houses which
are considered as small-size packing stations, it is not different from the postharvest
management process at the packing station. Therefore, to minimize the handling
procedures and exposures at the packing facility, it is best to have the farmers sort,
grade and pack vegetables in plastic baskets at their houses.

7) The Highland Development Projects Using the Royal Project System with a
packing station should improve the quality: of packing facilities/environment to
comply with the GMP requirements to be-able to receivel GMP quality assessment.
For those centers without a packing station, a long-term development plan should
be implemented to obtain a certified packing station with GMP standard.

8) Some Hightand Development Projects Using the Royal Project Systems require a
longer distance and duration in transportation to shift vegetables to Chiang Mai Royal
Project Produce Center because they reside in very remote areas. Besides, the
postharvest deterioration is likely to occur in fresh produce since the transport
vehicles do not have the refrigeration system. Therefore, farmers: should be
encouraged to grow crop varieties that are damage resistant.

9) Since extension workers and farmers at the Highland Development Projects
Using the Royal Project System do not have the same understanding of a harvest
index and quality inspection "as the workers at the Royal Project, they should
participate in training, workshop-or field trip at Chiang Mai Royal Project Produce
Center to learn more about the harvest index. It is considered a good practice that all
Highland Development Projects Using the Royal Project System emphasize and
encourage the farmers to do the vegetable quality grading themselves.

10) Some Highland Development Projects Using the Royal Project Systems locate in
very remote areas, as a result, they require a longer distance and duration in
transportation to shift vegetables, more expensive delivery cost and risk to the
postharvest loss which will affect the farmers’ income. To summarize, the farmers should

be encouraged to cultivate fruits and vegetables that can be grown and sold locally or

short-distance transport areas.
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