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Executive Summary

Study on Improvement of Organic Vegetables Postharvest Management
in the Royal Project

Introduction

Current consumers’ behavior trends have changed towards more health
awareness, well-being of society and interest of nature and environment. The Royal
Project Foundation is, therefore, well aware of organic agriculture. Even though the
Royal Project Foundation is currently selling pesticide residue-free vegetables to
markets, growing organic produce is deemed as another step success in providing
consumers with quality and safe produce for farmers themselves, consumers and
environment.  Given the fact, “Organic Vegetables Project” was established in the
year 2002, aiming at developing production of winter produce without using
agricultural chemicals and GMOs plants. The project only focuses on using natural
products and utilizing its highland biological merits to increase resistance to diseases
and insects for the produce grown. The project also brought in basic knowledge
from variety of available research information, such as improvement of soil fertility
and a control of plant insects with biological methods in order to promote farmers
to grow high quality and safety produce. This will finally lead to sustainability for
future highland agriculture, and a decrease of chemical use on the highland area
which is a source of natural watershed. In the year 2014, farmers could supply
organic vegetables of 1,255.40 tons, totaling 31.24 million Baht (according to
Development Report, the Royal Project Foundation, 2014). The next year, 2015,
organic vegetables of 1,439.71 tons, valuing 38.52 million Baht was sold (according to
the Development Report of the Royal Project Foundation 2015). There were
approximately over 40 types of vegetable being grown, including but not limited to,
choy sum, head lettuce, cos lettuce, baby cos lettuce, butter head lettuce, green
oak leaf lettuce, red oak leaf lettuce, pak-choi, baby pak-choi, sweet cabbage,
pointed cabbage and chayote shoot (the Royal Project Foundation 2015).

However, there are still shortcomings of the postharvest management in term
of quality and losses, such as bruising, rottenness, wilting and yellowish leaves.
These losses negatively affect the maintenance and a shelf life of organic vegetables.
Therefore, it is important that a research study of the appropriate and effective

postharvest management is conducted for an individual organic vegetable to



minimize produce loss and find root causes of postharvest losses which would
contribute to future postharvest management best practices. This can be achieved
through surveys and data collection for pre- and postharvest processes to conduct

analysis for causes of postharvest losses of organic vegetables.

Research Objectives
To study the postharvest management of the Royal Project’s key organic

vegetables



Research Methodology
1. Surveys and data collection on cultivation and postharvest management of organic
vegetables.

Survey and collect data on cultivation and postharvest management in the
supply chain of 10 Royal Project sites, including Inthanon Royal Agricultural Station,
Angkhang Royal Agricultural Station, Tung Roeng Royal Project Development Center,
Wat Chan Royal Project Development Center, Huai Som Poi Royal Project
Development Center, Mae Sa Pok Royal Project Development Center, Gae Noi Royal
Project Development Center, Tung Luang Royal Project Development Center, Huai
Nam Rin Royal Project Development Center And Huai Pong Royal Project
Development Center by surveys, observation and interviews of farmers growing
organic vegetables, the Royal Project Development Center extension and the Packing

Station specialists.

2. Surveys and data collection on losses of organic vegetables on farm areas
Survey and collect data on losses of organic vegetables on farm areas of 10

Royal Project sites, with 2 types of vegetables at each site.

3. Surveys and data collection on the postharvest losses of organic vegetables as
they move along the supply chain

3.1 Survey and collect data on losses of organic vegetables at 10 Royal
Project sites, with 2 types of vegetables at each site as they move along the supply
chain including:

a). Farmers’ farm areas - immediate surveys of losses after farmers harvest
and pack vegetables in containers before being delivered to packing stations

b). The Royal Project Development Center — immediate surveys of
vegetable losses after the postharvest management at packing stations.

). The Chiang Mai Royal Project Produce Center - immediate vegetable loss
surveys after the postharvest management at the Chiang Mai Royal Project Produce
Center

d). The Royal Project Foundation Retail Shop - immediate surveys of
postharvest vegetable losses upon delivery to the Royal Project Foundation Retail
Shop

3.2 Record data on postharvest losses of organic vegetables by classifying
losses by causes as they move along to each step of operations including:

- Physical losses including breakage, bruising, wound, etc.



- Physiological losses including water loss, deterioration, etc.

- Insect-inducing losses including marks caused by insect infestation.

- Plant disease losses including microorganism infection and different signs of
decay, etc.

- Losses from inappropriate postharvest management

3.3 Summarize and analyze data in order to classify main causes of the
postharvest loss of organic vegetables, and calculate the percentage of losses at an
individual step of the procedure.

4. A study on a shelf life of organic vegetables

Put oreanic vegetables contained in ready-for-sale Royal Project-branded
plastic bags from the Royal Project retail shops on shelves with a set temperature of
5 degree Celsius (a temperature of display shelves at the Royal Project retail shops)
to study the shelf life (3 replication with 20 bags per replication).

5. Summary of recommendation for improving the postharvest management to
minimize losses of organic vegetables.

5.1 Summarize recommendation of appropriate and effective postharvest
management of oreanic vegetables.

5.2 Summarize recommendation of the postharvest management for organic
vegetables of all 10 Royal Project Development Centers/Stations, namely, Inthanon
Royal Agricultural Station, Angkhang Royal Agricultural Station, Tung Roeng Royal
Project Development Center , Wat Chan Royal Project Development Center, Srdc,
Mae Sa Pok Royal Project Development Center, Gae Noi Royal Project Development
Center, Tung Luang Royal Project Development Center, Huai Nam Rin Royal Project

Development Center and Huai Pong Royal Project Development Center.

Research Results
1. Surveys and data collection on cultivation and the postharvest management of
organic vegetables

Surveys and data collection on cultivation and the postharvest management
of 10 Royal Project Development Centers/Stations, i.e. Inthanon Royal Agricultural
Station, Angkhang Royal Agricultural Station, Tung Roeng Royal Project Development
Center, Wat Chan Royal Project Development Center, Huai Som Poi Royal Project
Development Center, Mae Sa Pok Royal Project Development Center, Gae Noi Royal

Project Development Center, Tung Luang Royal Project Development Center, Huai



Nam Rin Royal Project Development Center and Huai Pong Royal Project
Development Center suggested that the centers/stations growing organic vegetables
had different cultivation and post-management procedures, starting from soil
preparation, planting, cultivation, harvesting, postharvest handling at the packing
stations of each centers/stations, and transportation method of organic vegetables to

the Royal Project Produce Center were all different.

2. Surveys of quality and losses of oreanic vegetables at farm areas

Survey results showed that quality and losses of organic vegetable at farm
area of 10 Royal Project Development Centers/Stations, as follows - choy sum and
green oak leaf lettuce at Inthanon Royal Agricultural Station, butter head lettuce and
sweet cabbage at Angkhang Royal Agricultural Station, green oak leaf lettuce and cos
lettuce at Tung Luang Royal Project Development Center, baby pak-choi at Huai
Pong Royal Project Development Center, choy sum and chayote shoots at Tung
Roeng Royal Project Development Center, head lettuce and cos lettuce at Wat Chan
Royal Project Development Center, pak-choi and baby pak-choi at Mae Sa Pok Royal
Project Development Center, sweet cabbages and baby cos lettuce at Huai Som Poi
Royal Project Development Center, green oak leaf lettuce and red oak leaf lettuce at
Huai Nam Rin Royal Project Development Center and butter head lettuce and head
lettuce at Gae Noi Royal Project Development Center were all different, depending
on planting process, cultivation and the postharvest management of organic
vegetables of individual center/station.

Choy sum Green oak leaf lettuce



Head lettuce Cos lettuce

Pak-choi Baby cos



Red oak leaf lettuce

3. Surveys of the postharvest losses of organic vegetables as they move along supply
chain

The postharvest loss surveys of organic vegetables from 10 Royal Project
Development Centers/Stations as they move along the vegetable supply chain
including farm areas, Royal Project Development Center, Chiang Mai Royal Project
Produce Center and Royal Project Foundation Retail Shop can be summarized as
follows:

3.1 Surveys of postharvest losses of organic vegetables of Inthanon Royal Agricultural

ion hey mov ng v hain

The postharvest loss survey of choy sum showed the loss on farms was at
13.09 percent with non-utilized part of 12.20 percent due to trimming process of
outer leaf after harvesting and initial trimming after postharvest, and loss of 0.89
percent from vegetables with sizing below quality standard. At the packing station of
Inthanon Royal Agricultural Station, the postharvest loss of non-utilized parts was
found at 22.96 percent due to trimming process of outer leaf fraction at 15.04
percent, and the size below standard quality at 7.92 percent. The postharvest loss
of choy sum at Chiang Mai Royal Project Produce Center was at 15.55 percent from
the non-utilized parts as a result of outer leaf trimming process prior to packing into
ready-for-sale Royal Project-branded plastic bags at 10.73 percent; the physical loss
from breaking petioles and bruising leaves at 3.61 percent; the physiological damage
of water loss; thus, wilting at 0.49 percent; insect damage at 0.49 percent; and the
size below quality standard at 0.23 percent. At Chiang Mai Royal Project Retail Shop
(Suthep Branch), the postharvest loss of choy sum stood at 0.34 percent because of
the physical loss with petiole breakages and bruising leaves.

Green oak leaf lettuce had the postharvest loss at farm area of 6.68 percent
from non-utilized parts due to trimming of outer leaf and initial trimming process

after harvesting from farms. At Inthanon Royal Agricultural Station, the postharvest



loss was found at 10.07 percent from non-utilized parts owing to outer leaf trimming
process prior to being placed in plastic baskets for containing organic vegetables. At
Chiang Mai Royal Project Produce Center, the postharvest loss was at 32.68 percent
because of non-utilized parts as a result of outer leaf trimming process prior to
packing into ready-for-sale Royal Project-branded plastic bags at 26.68 percent;
physical loss from breaking petioles and bruising leaves at 5.05 percent; insect
damaging at 0.77 percent; and the size below quality standard at 0.18 percent. At
Chiang Mai Royal Project Retail Shops, the postharvest loss stood at 5.01 percent

from physical loss as a result of petiole breakages and bruising leaves.

Postharvest Losses of Choy Sum and Green Oak Leaf Lettuce at Inthanon Royal

Agricultural Station

Loss Percentage (%)
Stage in Supply Chain Green Oak Leaf
Choy Sum
Lettuce
At Farm Areas 13.09 6.68
Royal Project Development Center 22.96 10.07
Chiang Mai Royal Project Produce Center 15.55 32.60
Royal Project Foundation Retail Shops 0.34 5.01

3.2 Surveys of postharvest losses of organic vegetables of Angkhang Royal Agricultural

ion hey mov ng v in

The postharvest loss survey of butter head lettuce showed the loss at farm
area of 46.01 percent, which accounted for non-utilized parts of 43.81 percent as a
result of the postharvest trimming of outer leaf fractions and initial trimming process;
the plant disease at 2.13 percent; and the size under quality standard at 0.07
percent.

At Angkhang Royal Agricultural Station, the postharvest loss was found at 3.35
percent from non-utilized part due to outer leaf during trimming process; 1.61
percent from leaf spot disease; and the size below quality standard of 0.05 percent.
At Chiang Mai Royal Project Produce Center, the postharvest loss was at 27.12
percent with the non-utilized part at 25.49 percent due to trimming process of outer
leaf fractions prior to containing the vegetable in ready-for-sale Royal Project-
branded plastic bags; and the other loss of 1.63 percent from leaf spot disease and

decay.



fin

At Chiang Mai Royal Project Retail Shop (Suthep Branch), the postharvest loss
was at 4.42 percent with the physical loss from breaking leaf petioles and bruising
leaves at 3.82 percent and the plant disease (leave spot) at 0.60 percent.

The postharvest loss of sweet cabbage at farm areas was at 39.51 percent
caused by the non-utilized part during trimming of outer leaf after harvesting and
initial trimming on farms of 38.06 percent and plant disease with decay and whole
plant damages of 1.45 percent. At Angkhang Royal Agricultural Station, there was the
postharvest loss of 9.85 percent, accounting for non-utilized part from trimming outer
leaf prior to placing in plastic baskets for containing organic vegetables and packed in
At Chiang Mai Royal Project

Produce Center, the postharvest loss showed at 11.25 percent, accounting for non-

ready-for-sale Royal Project-branded plastic bags.

utilized part of 10.46 percent caused during trimming of outer leaf and bruising
leaves as a result of trimming process to contain the vegetable to ready-for-sale
Royal Project-branded plastic bags, and plant disease at 0.79 percent. And at Chiang
Mai Royal Project Retail Shop (Suthep Branch), the postharvest loss was at 3.33

percent with physical loss which caused bruising and breakages of outer leaf.

Postharvest Losses of Butter Head Lettuce and Sweet Cabbage at Angkhang Royal
Agricultural Station

Loss Percentage (%)
Stage in Supply Chain Buliiul-iceead Sweet Cabbage
At Farm Areas 46.01 39.51
Royal Project Development Center 3.35 9.85
Chiang Mai Royal Project Produce Center 27.12 11.25
Royal Project Foundation Retail Shop 4.42 3.33

f Tune Luane R Proj

Development Center as they moved along vegetable supply chain

rv f harv f oreanic v

The loss of green oak leaf lettuce at farm areas was found at 26.13 percent,
accounting for non-utilized part of 24.90 percent from postharvest outer leaf and
leaves from initial trimming process; the size below quality standard at 0.94 percent;
and the loss from twin plant or new shoot from main stem at 0.29 percent. At
packing station of the Tung Luang Royal Project Development Center, no postharvest
losses was reported since farmers trimmed, graded and packed organic vegetables in

the plastic baskets at farm areas. Tung Luang Royal Project Development Center was
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only responsible for weighing vegetables before collecting vegetables from farmers
and deliver to Chiang Mai Royal Project Produce Center. At Chiang Mai Royal Project
Produce Center, the postharvest loss was reported at 19.35 percent with the non-
utilized part due to trimming process prior to containing these produce in ready-for-
sale Royal Project-branded plastic bags at 15.91 percent; leaf spot disease and decay
at 3.31 percent; and insect damage at 0.13 percent. And at Chiang Mai Royal Project
Retail Shop (Suthep Branch), the postharvest loss was at 4.26 percent, comprising
physical loss from petiole breakages at 4.01 percent, and plant disease (leaf spot) at
0.25 percent.

Cos lettuce incurred the postharvest loss on farms at 27.49 percent from
non-utilized parts caused during trimming of outer leaves after harvesting and initial
leave trimming at farm areas at 15.87 percent; from plant disease with heart rot
disease of 10.95 percent; insect damage at 0.49 percent; and size below quality
standard at 0.18 percent. At the packing station of Tung Luang Royal Project
Development Center, no postharvest losses was reported. This was because the
Center was only in charge of weighing the produce and collect all vegetable for
delivery to Chiang Mai Royal Project Produce Center, and farmers trimmmed, graded
and packed organic vegetables in plastic baskets at farm areas. At the Chiang Mai
Royal Project Produce Center, the cos lettuce had the postharvest loss of 23.78
percent with non-utilized part caused by trimming of outer leaves before packing the
vegetable in ready-for-sale Royal Project-branded plastic bags at 19.38 percent; from
plant diseases causing leaf spot and tip burn at 2.55 percent; from insect damages at
1.31 percent; and physical loss from breaking petiole and bruising leaves at 0.54
percent. The postharvest loss at the Chiang Mai Royal Project Retail Shop (Suthep
Branch) was 1.61 percent with the physical loss from breaking petioles and bruising

leaves at 1.48 percent; and the leaf spots of cos lettuce at 0.13 percent.

Postharvest Losses of Green Oak Leaf Lettuce and Cos Lettuce at Tung Luang Royal

Project Development Center

Loss Percentage (%)
Stage in Supply Chain Green Oak Leaf
Cos Lettuce
Lettuce
At Farm Areas 26.13 27.49
Royal Project Development Center 0.00 0.00
Chiang Mai Royal Project Produce Center 19.35 23.78
Royal Project Foundation Retail Shop 4.26 1.61
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3.4 Surveys of postharvest losses of organic vegetables of Huai Pong Royal Project

Development Center as they moved along vegetable supply chain

The postharvest survey of the choy sum showed the postharvest loss at farm
areas of 25.40 percent comprising the non-utilized part from outer leaves trimming
and initial trimming process after harvesting at 20.78 percent; leaf mosaic disease at
3.91 percent; and the size below quality standard at 0.71 percent. At packing station
of Huai Pong Royal Project Development Center, the postharvest loss was at 3.32
percent including the physical loss from breaking petioles and bruising leaves at 2.28
percent; the size below quality standard at 0.41 percent; insect damage at 0.32
percent; and the choy sum with leaf mosaic disease at 0.31 percent. At the Chiang
Mai Royal Project Produce Center, the postharvest loss was reported at 29.42
percent, with physical loss from breaking and bruising leaves at 28.56 percent;
physiological deterioration from water lass (wilting) at 0.17 percent; and the choy
sum with leaf spots and leaf mosaic disease at 0.69 percent. At Chiang Mai Royal
Project Retail Shop (Suthep Branch), the postharvest loss of choy sum was at 2.37
percent from physical loss due to breaking petioles and bruising leaves.

The postharvest loss of baby pak-choi at farm areas was reported at 40.21
percent which was caused by non-utilized part at 34.51 percent due to outer leaf
and leaves from initial trimming process after harvesting; loss from severe insect
damage making harvesting impossible at 2.49 percent; soft rot at 1.44 percent; tip
burn at 1.42 percent; and the size below quality standard at 0.35 percent. Baby pak-
choi incurred the postharvest loss at packing station of Huai Pong Royal Project
Development Center at 32.52 percent with the non-utilized part reported at 26.45
percent from trimming of outer leaf during trimming process; loss from tip burn at
2.75 percent; physical loss at 1.42 percent due to breaking and bruising leaves; loss
from soil-contaminated at 0.91 percent; loss from size under quality standard at 0.78
percent; and loss from insect damages at 0.21 percent. At Chiang Mai Royal Project
Produce Center, the postharvest loss showed at 34.78 percent from loss of non-
utilized part at 30.61 percent due to trimming of outer leaves and bruising outer
leaves prior to packing the vegetable in ready-for-sale Royal Project-branded plastic
bags; physical loss from breaking petioles and bruising leaves at 3.70 percent; loss
from tip burn at 0.30 percent; and loss from insect damages at 0.17 percent. The
postharvest loss at Chiang Mai Royal Project Retail Shop (Suthep Branch) was
reported at 3.87 percent, comprising loss from vegetable with soil contamination at
2.77 percent, and physical loss caused by breaking petioles and bruising leaves at

1.10 percent.
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Postharvest Losses of Choy Sum and Baby Pak-Choi at Huai Pong Royal Project

Development Center

_ _ Loss Percentage (%)
Stage in Supply Chain -
Choy Sum Baby Pak-Choi
At Farm Areas 25.40 40.21
Royal Project Development Center 3.32 32.52
Chiang Mai Royal Project Produce Center 29.42 34.78
Royal Project Foundation Retail Shop 237 3.87
% f harvest | f_organic v f Tung Roeng R Proj

Development Center as they moved along vegetable supply chain

The postharvest loss survey of choy sum showed the loss at farm areas of
20.93 percent, comprising a loss from non-utilized part caused during trimming of
outer leaves after harvesting at 19.78 percent; loss due to uneven leaf color and
yellowish leaves at 0.96 percent; and the loss from size under quality standard at
0.19 percent. At the packing station of Tung Roeng Royal Project Development
Center, the postharvest loss was found at 4.63 percent consisting of non-utilized part
of 1.96 percent due to outer leaf fraction and the choy sums’ stem trimming
process; the plant disease of leaf spot and leaf mosaic disease at 1.46 percent; the
physical loss from breaking petioles at 0.81; the insect damage loss at 0.33 percent;
and the size under quality standard of 0.07 percent. At Chiang Mai Royal Project
Produce Center, the postharvest loss was at 31.15 percent including physical loss
from breaking petioles and bruising leaves at 17.31 percent; non-utilized part caused
by trimming process of outer leaf prior to pack vegetable in ready-for-sale Royal
Project-branded plastic bags at 11.60 percent; the loss from insect damage at 1.44
percent; and plant disease causing leaf spot and soft rot at 0.80 percent. And at
Chiang Mai Royal Project Retail Shop (Suthep Branch), choy sum had the postharvest
loss of only 2.32 percent from physical loss due to breaking petioles and bruising
leaves.

There was no postharvest loss reported for chayote shoots at farm areas,
since farmers only harvested healthy chayote shoots with desired sizing, while the
postharvest loss at packing station of Tung Roeng Royal Project Development Center
was at 13.07 percent from trimming process which removed stems to meet the
quality standard prior to packing the vegetable in plastic baskets for organic
vegetables. At Chiang Mai Royal Project Produce Center, the postharvest loss was

found at 6.63 percent attributing to non-utilized part of 6.43 percent from leaf and



RE)

stems trimming process before packing the vegetable in ready-for-sale Royal Project-
branded plastic bags; the physical loss at 0.10 percent from breaking petioles and
bruising leaves; and the physiolosgical loss accounting for 0.10 percent from yellowish
leaves. And at Chiang Mai Royal Project Retail Shop (Suthep Branch), chayote shoots
incurred the postharvest loss of 0.08 percent due to physical loss of breaking

petioles and bruising leaves.

Postharvest Losses of Choy Sum and Chayote shoots at Tung Roeng Royal Project

Development Center

Loss Percentage (%)
Stage in Supply Chain
Choy Sum Chayote shoots
At Farm Areas 20.93 0.00
Royal Project Development Center 4.63 13.07
Chiang Mai Royal Project Produce Center 31.15 6.63
Royal Project Foundation Retail Shops 2.32 0.08

3.6 Surveys of postharvest losses of organic vegetables of Wat Chan Royal Project

Development Center as they moved along vegetable supply chain

The postharvest loss survey of head lettuce reported the loss at farm areas
of 23.96 percent attributing to non-utilized part of 21.33 percent from trimming
process of outer after harvesting, and the loss from leaf spot disease at 2.63 percent.
At the packing station of Wat Chan Royal Project Development Center, the
postharvest loss of head lettuce was found at 33.42 percent, comprising non-utilized
part of 22.80 percent from trimming process of outer leaves; the physical loss
causing breaking leaf sheath of 591 percent; the physiological loss of deformed
shape of 2.68 percent; the loss from plant disease (soft rot) at 1.30 percent; and the
insect damaged loss at 0.73 percent. At Chiang Mai Royal Project Produce Center,
the postharvest loss stood at 19.11 percent, comprising physical loss with breaking
petioles and bruising leaves at 13.84 percent; the loss of non-utilized part at 5.17
percent from outer leaf caused by trimming process before packing the vegetable in
ready-for-sale Royal Project-branded plastic bags; and insect-damaged loss at 0.10
percent. At Chiang Mai Royal Project Retail Shop (Suthep Branch), head lettuce
incurred the postharvest loss at 3.27 percent from the physical loss caused by
breaking petioles and bruising leaves.

The postharvest loss of cos lettuce at farm areas was at 12.90 percent which

was only the loss from non-utilized part during trimming process of outer leaf after
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harvesting and initial trimming process of leaves after harvesting at farm areas. The
postharvest loss at packing station of Wat Chan Royal Project Development Center
was reported at 36.24 percent attributing to non-utilized part of 16.95 percent
caused during trimming process from outer leaves prior to packing the vegetable in
plastic baskets; the insect-damaged loss at 11.17 percent; the physical loss caused
by breaking petioles and leaves at 6.46 percent; the loss from plant disease of leaf
spot at 1.58 percent; and the size below quality standard at 0.08 percent. At Chiang
Mai Royal Project Produce Center, cos lettuce had the postharvest loss of 28.64
percent, including the loss from non-utilized part at 15.40 percent from trimming
outer leaf prior to packing the vegetable in ready-for-sale Royal Project-branded
plastic bags; the physical loss due to breaking petioles, bruising leaves and leaf
breakage at 9.08 percent; the insect-damaged loss at 3.46 percent; and the loss from
leaf spot .disease at 0.70 percent. And at Chiang Mai Royal Project Retail Shop
(Suthep Branch), the postharvest loss was at 2.04 percent due to physical loss from

breaking petioles and bruising leaves.

Postharvest Losses of Head Lettuce and Cos Lettuce at Wat Chan Royal Project

Development Center

Loss Percentage (%)
Stage in Supply Chain
Head Lettuce Cos Lettuce
At Farm Areas 23.96 12.90
Royal Project Development Center 33.42 36.24
Chiang Mai Royal Project Produce Center 19.11 28.64
Royal Project Foundation Retail Shops 3.27 2.04

3.7 Surveys of postharvest losses of organic vegetables of Mae Sa Pok Royal Project

Development Center as they moved along vegetable supply chain

A survey showed the postharvest loss of pak-choi at farm areas of 7.23
percent, attributed to a non-utilized part coming from trimming of outer leaf after
harvesting; a loss from sizing under quality standard at 2.04 percent; a loss from
insect damage of 1.93 percent; a loss from leave mosaic disease; and a loss from
mutation of 0.03 percent. At packing station of Mae Sa Pok Royal Project
Development Center, the postharvest loss was found at 43.86 percent which
included a loss of 27.93 percent from non-utilized part caused during trimming of
outer leaf by farmers who trimmed, cleaned the vegetable in water before packing

them in plastic baskets; a loss of 15.93 percent from non-utilized part caused during
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trimming process by the center specialists who cleaned the vegetable, graded prior
to packing them in plastic baskets for organic vegetables. At Chiang Mai Royal
Project Produce Center, the postharvest loss was reported at 33.05 percent which
was attributed to non-utilized part at 19.28 percent from trimming process of outer
leaves prior to packing the vegetable in ready-for-sale Royal Project-branded plastic
bags; the physical loss as a result of breaking petioles, bruising and breaking leaves at
4.75 percent; and the loss from leaf spot disease at 0.21 percent. And at Chiang Mai
Royal Project Retail Shop, pak-choi incurred the postharvest loss at 1.91 percent
from physical loss as a result of breaking petioles and bruising leaves.

The postharvest loss of baby pak-choi was reported at 7.79 percent at farm
areas, including the insect-damaced loss at 3.71 percent; the loss from non-utilized
part at 3.55 percent from outer leave trimming after harvesting from farm areas; the
loss from mixing .of another kind of vegetable at 0.24 percent; the loss from sizing
below quality standard at 0.23 percent; and loss from leaf mosaic disease at 0.06
percent. At packing station of Mae Sa Pok Royal Project Development Center, the
postharvest loss was reported at 46.49 percent, comprising the loss from non-utilized
part at 29.30 percent as a result of outer leave trimming process by farmers who
trimmed the vegetable and cleaned them with clean water before packing them in
plastic baskets, and 17.19 percent from outer leave trimming by the center
specialists, cleaning before placing the vegetable in plastic baskets for organic
vegetables. At Chiang Mai Royal Project Produce Center, baby pak-choi had the
postharvest loss of 30.97 percent, consisting of non-utilized part at 20.51 percent
from trimming of outer leave and bruising outer leave during trimming process prior
to packing them in ready-for-sale Royal Project-branded plastic bags vegetables; a
physical loss due to breaking petioles, bruising leaves and leave breakages at 7.81
percent; the insect-damaged loss at 2.45 percent; and the loss from leaf spot disease
at 0.20 percent. And at Chiang Mai Royal Project Retail Shop (Suthep Branch), the
postharvest loss was reported at 3.80 percent which was all physical loss due to

breaking petioles and bruising leaves.
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Postharvest Losses of Pak-choi and Baby Pak-choi at Mae Sa Pok Royal Project

Development Center

_ _ Loss Percentage (%)
Stage in Supply Chain - :
Pak-choi Baby Pak-choi
At Farm Areas 7.23 7.79
Royal Project Development Center 43.86 46.49
Chiang Mai Royal Project Produce Center 33.05 30.97
Royal Project Foundation Retail Shop 1.91 3.80
v f harvs f organic v f Huai Som Poi R Proj

Development Center as they moved along vegetable supply chain

A survey showed the postharvest loss of sweet cabbages at farm areas of
27.47 percent, comprising a non-utilized part coming from trimming of outer leaf
after harvesting at 23.08 percent; the loss from plant disease at 4.39 percent. At
packing station of Huai Som Poi Royal Project Development Center the postharvest
loss was reported at 16.21 percent as a result of insect damages at 7.78 percent; the
loss from non-utilized part due to trimming of outer leave and stems at 7.25 percent;
and the loss from mice damage at 1.18 percent. At Chiang Mai Royal Project
Produce Center, the postharvest loss was at 27.65 percent, consisting of a loss from
non-utilized part at 14.63 percent as a result of outer leaf sheath and stems trimming
process prior to packing the vegetable in ready-for-sale Royal Project-branded plastic
bages; the loss from insect damages at 7.32 percent; and the physical loss as a result
of bruising leaves at 5.70 percent. And at Chiang Mai Royal Project Retail Shop
(Suthep Branch), the postharvest loss was found at 4.78 percent which was all
physical loss due to bruising outer leaf sheath.

The postharvest loss survey at farm areas of baby cos lettuce was found at
18.72 percent, comprising the loss from non-utilized part of 14.23 percent due to
trimming of outer leaf after harvesting; the loss from sizing below quality standard at
2.70 percent; a loss from a mix of cos lettuce growing up on farm at 1.36 percent;
and the loss from leaf spot disease and rottenness at 0.43 percent. At packing
station of Huai Som Poi Royal Project Development Center, the postharvest loss of
baby cos lettuce stood at 41.90 percent, consisting of the loss from non-utilized part
at 33.31 percent due to trimming process of outer leaf and stems prior to packing
the vegetable in plastic baskets; the loss from insect damages at 3.98 percent; the
loss from leaf spot disease and soft rot at 2.99 percent; and the loss from sizing

under quality standard at 1.62 percent. At Chiang Mai Royal Project Produce Center,
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the postharvest loss was found at 28.59 percent, being attributed to the loss from
non-utilized part of 25.85 percent as a result of outer leaves and stems trimming
process prior to being packed in ready-for-sale Royal Project-branded plastic bages;
the loss from insect damage at 1.69 percent; and the loss from leaf spot disease at
1.05 percent. And at Chiang Mai Royal Project Retail Shop (Suthep Branch), the

postharvest loss was at 3.14 percent as a result of physical loss from bruising leaves.

Postharvest Losses of Sweet Cabbages and Baby Cos Lettuce at Huai Som Poi Royal

Project Development Center

Loss Percentage (%)

Stage in Supply Chain
Sweet Cabbages | Baby Cos Lettuce
At Farm Areas 27.47 18.72
Royal Project Development Center 16.21 41.90
Chiang Mai Royal Project Produce Center 27.65 28.59
Royal Project Foundation Retail Shop 4.78 3.14

3.9 Surveys of postharvest losses of organic vegetables of Huai Nam Rin Royal Project

Development Center as they moved along vegetable supply chain

The postharvest loss survey of green oak leaf lettuce showed the result of
7.12 percent at farm areas, comprising loss from non-utilized part at 4.25 percent
due to initial trimming process of outer leaf and leaves from after harvesting, and the
loss from sizing under quality standard at 2.87 percent. At packing station of Huai
Nam Rin Royal Project Development Center, the postharvest loss was at 56.49
percent, including the loss from non-utilized part at 29.10 percent as a result of
leave trimming process; the loss from leaf decay of the green oak leave lettuce at
14.76 percent; the loss from insect damages at 7.80 percent; and the loss from sizing
under quality standard at 4.83 percent. At Chiang Mai Royal Project Produce Center,
the postharvest loss of green oak leaf lettuce was found at 62.21 percent, consisting
of the loss from non-utilized part of 35.30 percent as a result of outer leaf and
bruising leaves before packing ready-for-sale Royal Project-branded plastic bags; the
insect-damaged loss at 25.10 percent; and the physical loss from bruising leaves at
1.81 percent. No postharvest loss was reported at Chiang Mai Royal Project Retail
Shop (Suthep Branch).

The postharvest loss of red oak leaf lettuce at farm areas was reported at
21.45 percent, comprising the loss from severe insect damage, making harvesting

impossible, at 12.15 percent; the loss from stem soft rot at 5.54 percent; the loss



from side shooting at 2.15 percent; the loss from non-utilized part at 0.91 percent
due to initial trimming of outer leave and the loss from sizing below quality standard
at 0.70 percent. At the packing station of Huai Nam Rin Royal Project Development
Center, the red oak leaf lettuce had the postharvest loss at 53.80 percent, being
attributed to the loss from insect damages of 26.15 percent, the loss from non-
utilized part at 15.41 percent as a result of trimming process of outer leaf; the loss
from leave and stem soft rot at 11.74 percent; the loss from vegetable having side
shoots at 0.37 percent; and the loss from sizing below quality standard at 0.13
percent. And at Chiang Mai Royal Project Produce Center , the postharvest loss was
reported at 46.19 percent, consisting of the loss from non-utilized part of 24.21
percent from trimming process of outer leave and bruising leaves prior to packing the
vegetable in ready-for-sale Royal Project-branded plastic bags; and the loss from soft
rot at 0.13 percent. At Chiang Mai Royal Project Retail Shop (Suthep Branch), no

postharvest loss was reported.

Postharvest Losses of Green QOak Leaf Lettuce and Red Oak Leaf Lettuce at Huai Nam

Rin Royal Project Development Center

Loss Percentage (%)
Stage in Supply Chain Green Oak Leaf Red Oak Leaf
Lettuce Lettuce
At Farm Areas 7.12 21.45
Royal Project Development Center 56.49 53.80
Chiang Mai Royal Project Produce Center 62.21 46.19
Royal Project Foundation Retail Shop 0.00 0.00

3.10 Surveys of postharvest losses of organic vegetables of Gae Noi Royal Project

Development Center as they moved along vegetable supply chain

The postharvest loss survey of butter head lettuce showed the loss at farm
areas at 18.93 percent; comprising the loss from non-utilized part at 16.75 percent as
a result of trimming process of outer leaf after harvesting, and the loss from sizing
below quality standard at 2.18 percent. Butter head lettuce had the postharvest
loss of 23.88 percent at Gae Noi Royal Project Development Center which was all
from the non-utilized part due to outer leaf and the lettuce stem taking place during
trimming process. At Chiang Mai Royal Project Produce Center, the butter head
lettuce incurred the postharvest loss of 24.95 percent, including the loss of non-

utilized part at 18.52 percent due to trimming of outer leaves and vegetable stem
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prior to being packed in ready-for-sale Royal Project-branded plastic bags; the
physical loss as a result of breaking petioles and bruising leaves at 2.64 percent; the
loss from tip burn at 2.33 percent; the loss from the vegetable with appearance of
twin heads at 1.30 percent; the physiological loss due to water loss, causing wilting,
at 0.12 percent; and the loss from insect damages at 0.04 percent. And at Chiang
Mai Royal Project Retail Shop (Suthep Branch), the postharvest loss was at 1.38
percent from physical loss due to bruising leaves.

The postharvest loss at farm areas of head lettuce was at 25.20 percent,
comprising the loss from non-utilized part at 16.75 percent from trimming process of
outer leaf after harvesting and the loss from sizing under quality standard at 12.57
percent. At packing station of Gae Noi Royal Project Development Center, the
postharvest loss was at 25.71 percent which was all the loss from non-utilized part
as a result of outer leave trimming, trimming of leaves with blemish marks and a cut
of vegetable stem. At Chiang Mai Royal Project Produce Center , the postharvest
loss was at 24.17 percent, comprising the physical loss at 12.26 percent as a result of
breaking petioles and bruising leaves; the loss from non-utilized part at 5.88 percent
caused during trimming process of leaf and vegetable stem before packing in-ready-
for-sale Royal Project-branded plastic bags; the physiological loss as a result of water
loss and sun burning at 4.23 percent; the loss from tip burn at 1.72 percent; and the
insect-damaged loss at 0.08 percent. And at Chiang Mai Royal Project Retail Shop
(Suthep Branch), the postharvest loss of head lettuce was at 2.81 percent from
physical loss due to breaking petioles and bruising leaves.

Postharvest Losses of Bufter Head Lettuce and Head Lettuce at Gae Noi Royal
Project Development Center

Loss Percentage (%)
Stage in Supply Chain Buiteiutiiad Head Lettuce
At Farm Areas 18.93 25.20
Royal Project Development Center 23.88 25.71
Chiang Mai Royal Project Produce Center 24.95 24.17
Royal Project Foundation Retail Shop 1.38 2.81

4. A study on organic vegetable shelf life
A study on a shelf life of postharvest organic vegetables that move along a
supply chain, namely, farm areas, Royal Project Development Center, Chiang Mai
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Royal Project Development Center, and Royal Project Foundation Retail Shop was
conducted by placing organic vegetables contained in Royal Project-branded plastic
bags on display shelves with a set temperature at 5 degree celsius (the temperature
of display shelves at the Royal Project Retail Shop - Suthep Branch). The study
found that choy sum and green oak leaf lettuce of Inthanon Royal Agricultural
Station had the shelf life of 6.28 and 5.84 days, respectively. Butter head lettuce
and sweet cabbages of Angkhang Royal Agricultural Station had a shelf life of 6.29
and 13.53 days, respectively. Green oak leaf lettuce and cos lettuce of Tung Luang
Royal Project Development Center had a shelf life of 7.85 and 5.98 days,
respectively. The shelf life of choy sum and baby pak-choi of Huai Pong Royal
Project Development Center was 6.44 and 10.60 days, respectively. Choy sum and
chayote shoots of Tung Luang Royal Project Development Center had a shelf life of
7.56 and 6.75 days, respectively. The shelf life of head lettuce and cos lettuce of
Wat Chan Royal Project Development Center was 7.40 and 6.80 days, respectively.
Pak-choi and baby pak-choi of Mae Sa Pok Royal Project Development Center had a
shelf life of 7.77 and 4.87 days, respectively. Sweet cabbages and baby cos lettuce
of Huai- Som Poi Royal Project Development Center had a shelf life of 13.14 and 6.21
days, respectively. The shelf life of green oak leaf lettuce and red oak leaf lettuce of
Huai Nam Rin Royal Project Development Center was 5.60 and 5.08 days,
respectively. And butter head lettuce and head lettuce of Gae Noi Royal Project
Development Center had a shelf life of 4.13 and 5.07 days, respectively.

Research Summary
1. Surveys and data collection on cultivation and the postharvest management of
organic vegetables

Surveys and data collection on cultivation and the postharvest management
of 10 Royal Project Development Centers/Stations, i.e. Inthanon Royal Agricultural
Station, Angkhang Royal Agricultural Station, Tung Roeng Royal Project Development
Center, Wat Chan Royal Project Development Center, Huai Som Poi Royal Project
Development Center, Mae Sa Pok Royal Project Development Center, Gae Noi Royal
Project Development Center, Tung Luang Royal Project Development Center, Huai
Nam Rin Royal Project Development Center and Huai Pong Royal Project
Development Center suggested that the centers/stations growing organic vegetables
had different cultivation and post-management procedures, starting from soil

preparation, planting, cultivation, harvesting, postharvest handling at the packing
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stations of each centers/stations, and transportation method of organic vegetables to

the Royal Project Produce Center were all different.

2. Surveys of quality and losses of organic vegetables at farm areas

Survey results showed that quality and losses of organic vegetable at farm
area of 10 Royal Project Development Centers/Stations, as follows - choy sum and
green oak leaf lettuce at Inthanon Royal Agricultural Station, butter head lettuce and
sweet cabbage at Angkhang Royal Agricultural Station, ereen oak leaf lettuce and cos
lettuce at Tung Luang Royal Project Development Center, choy sum and baby pak-
choi at Huai Pong Royal Project Development Center, choy sum and chayote shoots
at Tung Roeng Royal Project Development Center, head lettuce and cos lettuce at
Wat Chan Royal Project Development Center, pak-choi and baby pak-choi at Mae Sa
Pok Royal Project Development Center, sweet cabbages and baby cos lettuce at Huai
Som Poi Royal Project Development Center, green oak leaf lettuce and red oak leaf
lettuce at Huai Nam Rin Royal Project Development Center and butter head lettuce
and head lettuce at Gae Noi Royal Project Development Center were all different,
depending on planting process, cultivation and the postharvest management of

organic vegetables of individual center/station.

3. Surveys and data collection on the postharvest losses of organic vegetables as
they move along the supply chain

3.1 Qrganic choy sum of Inthanon Royal Agricultural Station had the
postharvest loss at farm areas, Royal Project Development Center, Chiang Mai Royal
Project Produce Centers, and Royal Project Foundation Retail Shop at 13.09, 22.96,
15.55, and 0.34 percent, respectively.

Organic green oak leaf lettuce of Inthanon Royal Agricultural Station incurred
the postharvest loss at farm areas, Royal Project Development Centers, Chiang Mai
Royal Project Produce Center, and Royal Project Foundation Retail Shop at 6.68,
10.07, 32.68, and 5.01 percent, respectively.

3.2 Organic butter head lettuce of Angkhang Royal Agricultural Station had
the postharvest loss at farm areas, Royal Project Development Center, Chiang Mai
Royal Project Produce Center, and Royal Project Foundation Retail Shop at 46.01,
3.35, 27.12, and 4.42 percent, respectively.

Organic sweet cabbages of Angkhang Royal Agricultural Station incurred the

postharvest loss at farm areas, Royal Project Development Center, Chiang Mai Royal
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Project Produce Center, and Royal Project Foundation Retail Shop at 39.51, 9.85,
11.25, and 3.33 percent, respectively.

3.3 Organic green oak leaf lettuce of Tung Luang Royal Project Development
Center had the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail Shop
at 26.13, 0.00, 19.35, and 4.26 percent, respectively.

Organic cos lettuce of Tung Luang Royal Project Development Center
incurred the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail Shops
at 27.49, 0.00, 23.78, and 1.61 percent, respectively.

3.4 Oreanic choy sum of Huai Pong Royal Project Development Center had
the postharvest loss at farm areas, Royal Project Development Center, Chiang Mai
Royal Project Produce Center, and Royal Project Foundation Retail Shops at 25.40,
3.32,29.42, and 2.37 percent, respectively.

Organic baby pak-choi of Huai Pong Royal Project Development Center
incurred the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail Shops
at 40.21, 32.52, 34.78, and 3.87 percent, respectively.

3.5 Organic choy sum of Tung Roeng Royal Project Development Center had
the postharvest loss at farm areas, Royal Project Development Center, Chiang Mai
Royal Project Produce Center, and Royal Project Foundation Retail Shop at 20.93,
4.63, 31.51, and 2.32 percent, respectively.

Organic chayote shoots of Tung Roeng Royal Project Development Center
incurred the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail Shop
at 0.00, 13.07, 6.63, and 0.08 percent, respectively.

3.6 Organic head lettuce of Wat Chan Royal Project Development Center had
the postharvest loss at farm areas, Royal Project Development Center, Chiang Mai
Royal Project Produce Center, and Royal Project Foundation Retail Shop at 23.96,
33.42,19.11, and 3.27 percent, respectively.

Organic cos lettuce of Wat Chan Royal Project Development Center incurred
the postharvest loss at farm areas, Royal Project Development Center, Chiang Mai
Royal Project Produce Center, and Royal Project Foundation Retail Shop at 12.90,
36.24, 28.64 and 2.04 percent, respectively.

3.7 Organic pak-choi of Mae Sa Pok Royal Project Development Center had

the postharvest loss at farm areas, Royal Project Development Center, Chiang Mai
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Royal Project Produce Center, and Royal Project Foundation Retail Shop at 7.23,
43.86, 33.05, and 1.91 percent, respectively.

Organic baby pak-choi of Mae Sa Pok Royal Project Development Center
incurred the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail Shop
at 7.79, 46.49, 30.97 and 3.80 percent, respectively.

3.8 Organic sweet cabbages of Huai Som Poi Royal Project Development
Center had the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail SHOPS
at 27.47, 16.21, 27.65, and 4.78 percent, respectively.

Organic baby cos lettuce of Huai Som Poi Royal Project Development Center
incurred the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail Shop
at 18.72, 41.90, 28.59 and 3.14 percent, respectively.

3.9 Organic green oak leaf lettuce of Huai Nam Rin Royal  Project
Development Center had the postharvest loss at farm areas, Royal Project
Development Center, Chiang Mai Royal Project Produce Center, and Royal Project
Foundation Retail Shops at 7.12, 56.49, 62.21, and 0.00 percent, respectively.

Organic red oak leaf lettuce of Huai Nam Rin Royal Project Development
Center incurred the postharvest loss at farm areas, Royal Project Development
Center, Chiang Mai Royal Project Produce Center, and Royal Project Foundation
Retail Shops at 21.45, 24.95, 1.38 and 0.00 percent, respectively.

3.10 Organic butter head lettuce of Gae Noi Royal Project Development
Center had the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, and Royal Project Foundation Retail Shop
at 18.93, 23.88, 24.95, and 1.38 percent, respectively.

Organic head lettuce of Gae Noi Royal Project Development Center incurred
the postharvest loss at farm areas, Royal Project Development Center, Chiang Mai
Royal Project Produce Center, and Royal Project Foundation Retail Shop at 25.20,
25.71, 24.17 and 2.81 percent, respectively.

4. A study on a shelf life of organic vegetables

A study on a shelf life of postharvest organic vegetables that move along a
supply chain, namely, farm areas, Royal Project Development Center, Chiang Mai
Royal Project Development Center, and Royal Project Foundation Retail Shop was

conducted by placing organic vegetables contained in Royal Project-branded plastic
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bags on display shelves with a set temperature at 5 degree celsius (the temperature
of display shelves at the Royal Project Retail Shop - Suthep Branch). The study
found that choy sum and green oak leaf lettuce of Inthanon Royal Agricultural
Station had the shelf life of 6.28 and 5.84 days, respectively. Butter head lettuce
and sweet cabbages of Angkhang Royal Agricultural Station had a shelf life of 6.29
and 13.53 days, respectively. Green oak leaf lettuce and cos lettuce of Tung Luang
Royal Project Development Center had a shelf life of 7.85 and 5.98 days,
respectively. The shelf life of choy sum and baby pak-choi of Huai Pong Royal
Project Development Center was 6.44 and 10.60 days, respectively. Choy sum and
chayote shoots of Tung Luang Royal Project Development Center had a shelf life of
7.56 and 6.75 days, respectively. The shelf life of head lettuce and cos lettuce of
Wat Chan Royal Project Development Center was 7.40 and 6.80 days, respectively.
Pak-choi and baby pak-choi of Mae Sa Pok Royal Project Development Center had a
shelf life of 7.77 and 4.87 days, respectively. Sweet cabbages and baby cos lettuce
of Huai Som Poi Royal Project Development Center had a shelf life of 13.14 and 6.21
days, respectively. The shelf life of green oak leaf lettuce and red oak leaf lettuce of
Huai Nam Rin Royal Project Development Center was 5.60 and 5.08 days,
respectively. And butter head lettuce and head lettuce of Gae Noi Royal Project
Development Center had a shelf life of 4.13 and 5.07 days, respectively.

5. Summary of recommendation for improving the postharvest management to
minimize losses of organic vegetables.
5.1 Recommendation for Improving Postharvest Management to Minimize Losses of

Organic Vegetables

Type of Organic ‘ :
Recommendation for Improving Postharvest Management
Vegetable

Choy sum 1) It is recommended that appropriate agricultural practices
in farming areas be strictly conducted. The study found
that choy sum with smaller head had shorter shelf life
than those fresh and healthy-looking ones, and their
leaves also turned yellowish at a faster rate than those
with healthy and good appearances.

2) Itis recommended not to wash the produce by soaking

the entire head in water as a large quantity of those

vegetable leaves would become bruising when they
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3)

5)

arrived at Chiang Mai Royal Project Produce Center. If
necessary, it is recommended that cleaning at only
specific soil-contaminated spots or using wet sponges to
clean. It is also suggested that irrigation method on
farms not causing soil splash back onto their leaves. This
type of method could then be reducing the problem of
soil-contaminated vegetable leaves.

Mosaic leaves of vegetable caused a decreasing number
of produce harvested. This disease was found to be a
significant problem for some Development Centers.
Postharvest management system of choy sum varies
across the Royal Project sites. However, none of these
sites were able to provide same-day delivery to the
Royal Project Produce Center or to customers. Therefore,
it is recommended that, during the wait period for
delivery or next-step process at the packing station of the
Development Center, the produce be preserved at 4
degree celsius cold storage, and that they should not be
left outdoors since they may expose to heat or wetness.
Major losses of the vegetable were found at Chiang Mai
Royal Project Produce Center with a large number of
bruising as a result of cleaning by soaking in water.

Green oak leaf

lettuce

2)

The appropriate agricultural practices on farms must be
strictly complied. An outbreak of plant diseases and
insects caused major losses at the packing station of the
Development Center and at Chiane Mai Royal Project
Produce Center. The plant diseases and insects can also
result in a shorter shelf life of the vegetable, thus, higher
percentage of unsold produce.

Based on the postharvest management data collection,
the shorter postharvest duration as well as major
completion of the procedures by farmers at farm sites
would help improve losses taking place at Chiang Mai
Royal Project Produce Center. The shelf life of the
vegetable can also be prolonged as compared to those

going through the process at the packing station of the
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3)

Development Center. This can be attributed to the fact
that the produce were less bruising as they went through
low level of physical contact. Therefore, it is highly
recommended that the postharvest management
procedures should be shortened, and that the produce
be delivered out from the Development Center as soon
as possible.

It is recommended that the non-utilized part of the
produce should be maintained at the minimum level,
since these parts would affect higher transport costs
while these non-utilized parts would finally become city

garbage.

Butter head lettuce

3)

4)

The produce should be strictly harvested in accordance
with the harvesting index, as the aging produce would cut
back their shelf life.

The produce should be delivered by controllable cold-
storage truck as opposed to use of regular vehicles, as
the regular truck would negatively affect shelf life of the
vegetable.

It is important that the appropriate agricultural practices
at farm sites should be well adhered, especially the
prevention and control of leaf spot disease. The disease
could bring in a very high loss percentage on farms.
Losses incurred at Chiang Mai Royal Project Produce
Center are mainly due to high number of outer leaf. So,
the outer leaf should be maintained at an only required
level to prevent physical losses to avoid higher costs
associated with transporting these outer sheaths with

would finally be removed.

Sweet cabbages

1)

It is recommended that appropriated agricultural
practices be well complied, especially for those related
to prevention and control of plant disease and insect
outbreaks. Plant diseases and insects became a
significant cause of losses at farm sites, packing station of
the Development Center and Chiang Mai Royal Project

Produce Center.
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2)

3)

Vegetable grown under plastic roof appeared to be
better growing and healthier than those grown outdoors.
So, the under roof-grown produce turned larger in their
size than those outdoor ones.

Sweet cabbages tend to be more durable to transport
conditions, so delivery in either cold storage or regular
storage did not result in significant effect to their shelf
life.

Head lettuce

1)

2)

3)

4)

It is recommended that the produce should be harvested
in accordance with harvesting index. Late harvest could
result in a shorter shelf life.

Postharvest management of the produce should be
conducted under low temperature, especially, during
transportation. Higher temperatures could result in a
shorter shelf life.

Both preventive and control measures to cope with plant
disease spread-out are recommended, as this seemed to
be a major source of loses of the produce at farm sites.
Loses incurred at Chiang Mai Royal Project Produce
Center are mostly from bruising leaves and too many
outer leaf. Therefore outer leaf should be retained as
necessary only for the purpose of preventing physical
losses.

Cos lettuce

2)

It is recommended that the produce be harvested in
accordance withharvesting index because too young
harvested  vegetables have smaller heads and fewer
leaves, and were prone to shorter shelf life than those
harvested in compliance with proper harvesting index.

According to postharvest management data, the shorter
duration of the postharvest management procedures as
well as the procedures which were almost completed by
farmers at farms sites would alleviate losses at Chiang
Mai Royal Project Produce Center. This loss reduction
was a result of less physical contacts, thus, less quantity
of bruising vegetables. Therefore, minimizing postharvest

procedures and shorten the duration as well as speedy
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3)

delivery of the produce out from the Development
Center were recommended.

It is important that appropriate cultural practices should
be strictly followed, particularly, in term of preventing
spread-out of plant diseases and insects. Plant diseases
and pests became major challenges at farm sites, packing
station at the Development Center, and at Chiang Mai
Royal Project Produce Center.

Baby pak-choi

1)

2)

3)

4)

It is recommended that standard harvesting index be
strictly complied, since the produce which were too large
would be trimmed to remove their outer leaves to meet
the proper size. This would finally lead to major losses
at farm sites and packing station of the Development
Center.

It is recommended that washing the entire vegetable in
water be avoidable since this process would cause a
number of bruising leaves when the produce arrived at
Chiang Mai Royal Project Produce Center.. Washing the
vegetable should be at specific spots where needed, or
using wet sponge to clean. Irrigation method on farms
should be changed to the one without causing soil
splash-back onto vegetable leaves. This may help lessen
soil contamination on vegetables.

It is important that appropriate cultural practices should
be strictly complied at farm sites to prevent the outbreak
of plant diseases and insects since these would cause
sienificant losses at farm sites, packing station at the
Development Center, and at Chiang Mai Royal Project
Produce Center.

It is recommended that the produce which had to be left
overnight before being transported to next stop should

be kept in cold storage

Pak-choi

1)

It is recommended that the appropriate harvesting index
should be used for harvest process. However, should
combine several harvesting indices together to meet the

richt maturity. Using just one index element, such as
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2)

3)

aging of the produce can be misleading, given the fact
that plant growing process depending on various factors,
including temperature, soil quality and water. So, the
produce of the same aging may actually grow at different
levels. The study found that farmers relying on only
aging element of the index resulted in harvesting produce
with too large leaves which required additional trimming
to meet the proper.

It is recommended that washing the entire vegetable by
soaking in water should be avoidable since this process
would cause a number of bruising leaves upon the
produce arrival at Chiang Mai Royal Project Produce
Center. Washing the vegetable should be done at
specific spots where needed, or using wet sponge to
clean. Irrigation method on farms should be changed to
the one without causing soil splash-back onto vegetable
leaves. This may help lessen soil contamination on
vegetables.

The produce incurred major losses at Chiang Mai Royal
Project Produce Center from bruising leaves as a result of

cleaning process.

Baby cos lettuce

1)

2)

3)

Appropriate cultural practices must be strictly complied,
particularly for prevention of plant diseases and pest
outbreaks, which became a significant loss at farm sites.
It'is recommended not to maintain too many outer leaf,
as this would become unsold parts of the produce. Too
many outer leaf would result in higher transport costs
and larger volume of city garbage.

A large quantity of the produce was damaged at the
packing station of the Development Center as a result of

plant diseases and insect damaginsg.

Red oak leaf lettuce

As there were 3 times of harvesting for this vegetable, it

turned out that the third-time harvesting did not give a good

quality produce. A laree quantity of the produce had

defects from plant diseases and insect-damaged, and some

of from bolting, these produce would have to be left on
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farms.  With this, it is recommended that, for planning of
multiple harvests, appropriate cultural practices should be
strictly conducted, to include but not limited to, the
prevention of plant diseases and insect outbreaks as this
would resulted in major losses at farm sites, packing station
of the Development Center and at Chiang Mai Royal Project

Produce Center.

Chayote shoot

1) No losses was incurred at farm sites since farmers only
selected vegetable shoot in accordance with quality
standard. However, farmers may occasionally leave too
tengthy stem which required additional trimming. A
defect found at Chiang Mai Royal Project Produce Center
was aging leaves coming with the shoot. So, more
removal was required which further caused additional
losses. It is, therefore, recornmended that the shoot be
shortened from the start to avoid aging leaves coming
with it.

2) The long duration of harvest with only one farmer’s effort
caused the harvested produce to expose in high
temperature sufficient to cause the produce to turn
yellowish at a fast rate. And this became a challenge for
vegetable being transported to Bangkok. Therefore, it is
recommended that harvesting method should be
improved by cutting back on harvest duration or early
harvest in the day in order to avoid the vegetable being

exposed in high temperature for a long duration.

5.2 Recommendation for improving Postharvest Management to Reduce Postharvest

Losses of Organic Vegetables of Royal Project Development Centers

Center / Station

Recommendation for Postharvest Management

Tung Luang

1) This center seemed to have a g¢ood postharvest
management. It had a practice for the produce to be
ready for farmers to transport on their own, which cut
down on number of labor hired and a decrease in overall

physical contacts during the process. The center also
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2)

3)

managed to reasonably shorten the produce wait
duration at the center to only 13 hours, starting from the
harvest time at 14:00 hrs., the farmers delivered the
produce to the center in the evening and the produce
were stored in cold storage until 03:00 hrs. The center
then loaded the produce in refrigerated truck before
arriving at Chiang Mai Royal Project Produce Center or
being transported directly to customers.

It is recommended that the produce should not to be
cleaned by soaking them in water, as this would result in
bruising leaves and possible spread-out of plant diseases.
Cos lettuce should be harvested in accordance with
appropriate harvesting index, and cultural practices
should be well complied to grow good quality and

healthy produce, starting from farm sites.

Inthanon

1)

2)

3)

Choy sum from this center were smaller than those from
other centers/stations. It is recommended that
appropriate cultural practices were strictly followed,
starting from farm sites to ensure good quality and
healthy vegetables.

There was no cold storage to store organic vegetables
grown in Muang Ang, which is a sub-station of the
Inthanon Station. The harvested produce were then left
overnight until noon time of the next day before being
transported to Chiang Mai Royal Project Produce Center,
or directly to customers. The total duration from harvest
time till  the end of transportation would take
approximately 24 hours. Therefore, it is recommended
that the station should be equipped with cold storage
facilities for postharvest management.

It is recommended to avoid cleaning vegetables by
soaking them in water, since this would result in bruising

leaves and spread-out of plant diseases.

Huai Pong

1)

The produce were harvested during afternoon to evening
time of the day, so they were left overnight on farms

until the next morning before being delivered to the
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2)

3)

4)

packing station of the center. Therefore, it is
recommended that farmers deliver produce to the
packing station immediately after harvesting to be able to
store the produce in cold storage, thus, reducing
vegetables losses.

It is recommended not to wash vegetables by soaking
them in water as this would result in bruising leaves and
possible spread-out of plant diseases.

With a short distance between the center and Chiang Mai
city, it is recommended that postharvest management
should be performed to enable harvested produce
transported in a shorter duration from the center to
Chiang Mai Royal Project Produce Center. The regular
delivery duration is 20 hours.

Weight scales should be calibrated at least on an annual

basis.

Tune Roeng

1)

2)

3)

4)

5)

6)

Farmers took too long time in harvesting chayote shoots,
given the use of small workforce from one or two family
members. Therefore, the harvested produce tended to
incur losses, such as quickly turing yellowish. The
postharvest system should be generally improved to
enable farmers to shorten their harvest time.

Given a short distance of the center and Chiang Mai city,
it is recommended that postharvest transportation
duration to Chiang Mai Royal Project Produce Center or
directly to customers be shortened. The regular delivery
duration was currently at 30 hours.

Avoid harvesting chayote shoots with aging trunks or
leaves.

Avoid cleaning vegetables by soaking them in water since
this would bring in bruising leaves and possible breakouts
of plant diseases.

Avoid placing harvested produce on the ground as this
may cause decay.

Calibration of weight scales should be performed at least

once a year.
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Gae Noi

1)

2)

3)

4)

5)

This center seemed to have an appropriate postharvest
practices in term of delivery duration from the center to
Chiang Mai Royal Project Produce Center within one day.
However, its transport vehicles were not equipped with
cold storage facilities and the delivery took place during
the day, so there were still major losses incurred. So, it is
recommended that cold storage facilities be used for
delivery process. Regular delivery duration of this center
was only 10 hours.

Overall quality of the ‘vegetables was not somewhat
satisfied.  The head lettuce and butterhead lettuce
appeared aging, which negatively affected  produce
quality for sales. It is, therefore, recommended that
harvesting be strictly performed in accordance with
harvesting index.

This center did not rely on soaking vegetables in water
for cleaning purpose. Instead, cleaning them with wet
sponges was a better practice.

Avoid placing harvested produce on ground since
vegetables may easily turned rotten.

Calibration of weight scales should be performed, at

least, an annual basis.

Huai Som Poi

1)

2)

3)

Produce from this center showed appearance of plant
diseases and insect-damaged signs.  Therefore, it is
recommended that measures for prevention and control
of plant diseases and insects should be implemented to
improve overall quality of the produce.

Produce transportation process was on regular truck. So,
it is recommended that cold storage facilities should be
used in the delivery process to minimize losses during
that period.

Since the center is not equipped with cold storage
facilities, the harvested produce had to expose to high
temperature for one full day before being delivered out
of the center. Therefore, it is recommended that the

center postharvest system and transportation to Chiang
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4)

Mai Royal Project Produce Center in a shorter timeframe.
The current postharvest duration from the center to
Chiang Mai Royal Project Produce Center took 27 hours.

Calibration of weight scales should be performed to its

minimum level of once a year.

Wat Chan

1)

2)

3)

4)

Overall quality of the produce from this center was not
somewhat satisfied. Loss percentage at each postharvest
procedure was quite high. Therefore, it is recommended
that farmers improve their overall cultural practice to
improve produce quality.

This center delivered its produce in resular truck, but the
delivery normally took place during the night time so
they were not left in too high temperature. However, it is
recommended that this center improve its delivery
duration after harvest upon the arrival at Chiang Mai
Royal Project Produce Center. The current duration took
approximately 27-28 hours.

It is recommended to store harvested produce in cold
storage while awaiting to be processed to the next -step
procedure and delivery process, and the areas for the
produce under GAP and organic ones were clearly
separated.

Calibration of weight scales should be performed at least

on an annual basis.

Huai Nam Rin

1)

2)

The overall quality of the produce from this center was
not quite satisfied. Green oak leaf lettuce had prevalent
siens of plant diseases and insect damages, resulting in
major quantity losses at the packing station and Chiang
Mai Royal Project Produce Center. Red oak leaf lettuce,
had a lot of plant diseases and insect-damaged
appearances, and even worse with aging sign with bolting.
It is, therefore, recommended that the center should
have good planning to improve overall produce quality
by implementing better control of plant diseases and
pests.

The center should re-consider its postharvest
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3)

4)

management system to cut down on wait duration after
harvest until the arrival of the produce at Chiang Mai
Royal Project Produce Center. The current duration this
center took was 30 hours, which was the longest
timeframe of all centers/stations would perform. The
improvement in these aspects should not be too
complicated to perform, given a shorter distance of the
center to Chiang Mai city.

It is recommended not to clean vegetables by soaking
them in water as this would cause bruising leaves and
possible outbreaks of plant diseases.

Calibration of weight scales should be performed on an

annual basis at the minimum.

Mae Sa Pok

1)

2)

3)

4)

Major produce losses found at the packing station of the
center and at Chiang Mai Royal Project Produce Center
were from too large size of the produce, which required
large scale of additional trimming. It is, therefore,
recommended that the center relied on combination of
cultivation index elements to find out the optimum level
of index. Apart from counting days as the single index, it
might also be helpful to consider appearance and sizes
of the produce, given the fact that vegetable growing in
different environment.

It is recommended not to place the harvested produce
on the ground as it would cause a higher tendency of
rotten.

It is recommended not to clean vegetables by soaking
them in water as it would result in bruising leaves. If
necessary, cleaning vegetables should be performed at
specific spots with soil splash-back, or by using wet
sponges to clean. Soaking vegetables in water to clean
them may also cause possible spread-out of plant
diseases.

Calibration of weight scales should be performed on an

annual basis as a minimum requirement.

Angkhang

1)

There were still spread-out of plant diseases such as
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mosaic leaves of butter head lettuce, and rottenness of
sweet cabbages. Therefore, the center should be more
careful in preventing and control plant diseases and
pests, since these losses directly impact the produce
quality.

2) It is recommended not to place the produce on the
ground as it would easily result in rotten. Use of plastic
baskets is recommended for containing the produce from
farm sites.

3) It is important ‘that farmers be trained on quality
classification of vegetables, so they could become self-
reliant in grading and trimming the produce on their own,
which would help lessen postharvest. management

burden of the center.

Chiang Mai Royal
Project Produce
Center

As it appeared that all produce incurred physical losses such
as bruising and breakages upon their arrival at the center,
therefore, it is recommended that the delivery procedures
should be improved, such as not overpack vegetables in
containers. Unload vegetables from the truck, trimming and
packing carefully. It was also helpful to recheck the produce

before and during delivery process.

Royal Project Retail
Shops

It is a recommended practice to check both quantity and
guality of all produces received from Chiang Mai Royal
Project Produce Center, and this must be performed
carefully.  The produce should also be placed on display
shelves in a short duration afterwards.
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Abstract

Survey and data collection of the cultivation process and postharvest
handling of organic vegetables are different across all ten Royal Project sites, namely,
Inthanon Royal Agricultural Station, Angkhang Royal Agricultural Station, Tung Roeng
Royal Project Development Center, Wat Chan Royal Project Development Center,
Huai Som Poi Royal Project Development Center, Mae Sa Pok Royal Project
Development Center, Gae Noi Royal Project Development Center, Tung Luang Royal
Project Development Center, Huai Nam Rin Royal Project Development Center, And
Huai Pong Royal Project Development Center. The study found that both processes,
starting from soil preparation, cultivation, harvesting, postharvest practice at packing
centers/stations, and delivery methods of organic vegetables to Chiang Mai Royal
Project Produce Center were different. Quality of organic vegetables on farms of
each individual centers/stations also varies.

Postharvest loss survey of organic vegetables as they moved along the
vegetable supply chain, starting from farm area, Royal Project Development Center,
Chiang Mai Royal Project Produce Center, Chiang Mai Royal Project Foundation Retail
Shop as well as shelf life of the organic vegetables found that choy sum from
Inthanon Royal Agricultural Station incurred a loss of 13.09, 22.96, 15.55 and 0.34
percent, respectively. The shelf life was 6.28 days. Postharvest loss of green oak leaf
lettuce was found at 6.68, 10.07, 32.68 and 5.01 percent, respectively, with the shelf
life of 5.84 days. Butter head lettuce from the Angkhang Royal Agricultural Station
had a loss of 46.01, 3.35, 27.12 and 4.42 percent, respectively, and the shelf life was
6.29 days. Meanwhile sweet cabbages had a postharvest loss of 39.51, 9.85, 11.25
and 3.33 percent with the shelf life reported at 13.53 days. Green oak leaf lettuce
from the Tung Luang Royal Project Development Center showed the postharvest loss
at farm areas, Royal Project Development Center, Chiang Mai Royal Project Produce
Center, Chiang Mai Royal Project Foundation Retail Shop of 26.13, 0.00, 19.35 and
4.26 percent with the shelf life of 7.85 days. Cos lettuce of the Tung Luang Royal
Project Development Center incurred a postharvest loss of 27.49, 0.00, 19.35 and
4.26 percent, respectively with a shelf life of 5.98 days. The postharvest loss of choy
sum of the Huai Pong Royal Project Development Center a farm area, Royal Project
Development Center, Chiang Mai Royal Project Produce Center and Chiang Mai Royal
Project Foundation Retail Shops was reported at 25.40, 3.32, 29.42 and 2.37 percent,
respectively, with the shelf life of 6.44 days. For baby pak-choi, the postharvest loss
was 40.21, 32.52, 34.78 and 3.87 percent, respectively with the shelf life of 10.60
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days. Choy sum from Tung Roeng Royal Project Development Center incurred the
postharvest loss of 20.93, 4.63, 31.15 and 2.32 percent at the farm area, Royal Project
Development Center, Chiang Mai Royal Project Produce Center and Chiang Mai Royal
Project Foundation Retail Shop, respectively. The shelf life of the choy sum was
found at 7.56 days. The postharvest loss of chayote shoots was found at 0.00, 13.07,
6.63 and 0.08 percent, respectively, and the shelf life was 6.75 days. The head
lettuce from Wat Chan Royal Project Development Center incurred a loss of 23.96,
33.42, 19.11 and 3.27 percent respectively at farm areas, Royal Project Development
Center, Chiang Mai Royal Project Produce Center and Chiang Mai Royal Project Retail
Shops. The shelf life was found at 7.40 days. Meanwhile, the cos lettuce showed
the postharvest loss at 12.90, 36.24, 28.64 and 2.04 percent respectively. And the
shelf life was 6.80 days. Pak-choi of Mae Sa Pok Royal Project Development Center
had the postharvest loss at the farm area, Royal Project Development Center, Chiang
Mai Royal Project Produce Center and Chiang Mai Royal Project Retail Shop of 7.23,
43,86, 33.05 and 1.91 percent respectively with the shelf life of 7.77 days. Baby pak-
choi showed the postharvest loss of 7.79, 46.49, 30.97 and 3.80 percent, respectively
with the shelf life at 4.87 days. The postharvest loss of sweet cabbages from Huai
Som Poi Royal Project Development Center was found at 27.47, 16.21, 27.65 and
4.78 percent at the farm area, Royal Project Development Center, Chiang Mai Royal
Project Produce Center and Chiang Mai Royal Project Retail Shops, respectively. Its
shelf life was shown at 13.14 days. Baby cos lettuce had the postharvest loss at
18.72, 41.90, 28.59 and 3.14 percent, respectively, and its shelf life was 6.21 days.
Green oak leaf lettuce from Huai Nam Rin Royal Project Development Center
incurred the postharvest loss at farm areas, Royal Project Development Center,
Chiang Mai Royal Project Produce Center and Chiang Mai Royal Project Retail Shop of
7.12, 56.49, 62.21 and 0.00 percent, respectively with the shelf life found at 5.60
days. The red oak leaf lettuce had its postharvest loss found at 21.45, 53.80, 46.19
and 0.00 percent, respectively with its shelf life was at 5.08 days. Butter head
lettuce from Gae Noi Royal Project Development Center showed the postharvest
loss at farm areas, Royal Project Development Center, Chiang Mai Royal Project
Produce Center and Chiang Mai Royal Project Retail Shop at 18.93, 23.88, 24.95 and
1.38 percent, respectively with the shelf life at 4.13 days. The postharvest loss of
head lettuce stood at 25.20, 25.71, 24.17 and 2.81 percent, respectively, and its shelf
life was 5.07 days.



