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Executive Summary

Study on Improvement of Organic Vegetables Postharvest Management in the

Royal Project

Introduction

Given the awareness of health, nature and environment, which currently
becoming new trends for consumers, the Royal Project Foundation is well aware of
the importance of organic agriculture. Even though the Royal Project Foundation has
been selling pesticide residue-free vegetables to markets, growing organic produce
yet yields another step of success in providing quality and safe produce to
consumers, to environment and also to farmers themselves by supporting farmers to
grow organic vegetables within the areas of 16 Royal Project Development Centers.
The cultivation area covers 1,555.74 Rai (around 2.5 Square Kilometers) with 635
farmers, whose organic produce was certified to achieve Thailand Organic Agriculture
Standard by Department of Agriculture, Ministry of Agriculture and Cooperatives in
2017. They were able to supply 1,625.65 tons of organic vegetables through Royal
Project Markets, totaling 47.69 million Baht with more than 40 types of organic
vegetables, such as baby pak-choi, choy sum, green oak leaf lettuce, and pak-choi.
However, there are still shortcomings of the postharvest management in term of
quality and losses, such as bruising, rottenness, wilting and color changing of leaves
to yellowish color. “Danai et al. (2017) had conducted the study on organic
vegetables postharvest management process in the Royal Project Sites. The study
found that cultivation process, postharvest management process, rates of
postharvest loss, and quality of produce were varied from one Royal Project
Development Center/Station to another. The analysis of practical procedures and
recommendations was launched to decrease the loss. Therefore, the experiments on
the suggested methods had to be conducted in order to test the possibility and
efficiency of organic vegetables postharvest management as the means suggested in
the previous research to decrease the rate of postharvest loss within the Royal

Project Sites.



Objectives
To verify and improve the postharvest management process of the Royal

Project’s significant organic vegetables.

Research Methodology
1. Introduce recommendations and possible methods from the complete research
conducted in 2017 to farmers and the Royal Project staff

Introduce the process of ‘improvement for oreanic vegetables postharvest
management to farmers and the Royal Project Development Centers’ staff according
to the methods sugegested in 2017 research at the 10 Royal Project Development
sites: Inthanon Royal Agricultural Station, Angkhang Royal Agricultural Station, Tung
Luang Royal Project Development Center, Huai Pong Royal Project Development
Center, Tung Roeng Royal Project Development Center, Wat Chan Royal Project
Development Center, Mae Sa Pok Royal Project Development Center, Som Poi Royal
Project Development Center, Huai Nam Rin Royal Project Development Center and

Kae Noi Royal Project Development Center.

2. Conduct surveys and data collections on quality and loss of organic vegetables on
farm areas
Survey and collect data on losses of organic vegetables on the cultivation

areas of the 10 Royal project sites, with 2 types of vegetables from each site.

3. Conduct surveys and data collections on the postharvest loss of organic
vegetables as they move along the supply chain

Implement the suggested approaches from 2017 research, which include
suggested procedures on cultivation process, on postharvest management on farm
areas and at Royal Project’s packing stations, as well as suggestions on time spent
and temperature used in postharvest process and during transportations, into the
actual operations of the 10 Royal Project Development sites by selecting 2

vegetables from each Royal Project site for the experiment and conduct surveys on
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organic vegetables’ postharvest losses as they move along the supply chain as
below.

3.1) Surveys and data collections on the postharvest losses of organic
vegetables as they move along the supply chain includine:

a). Farmers” cultivation areas — immediate surveys of losses after farmers
harvest and pack vegetables in containers before delivery to the Royal Project’s
packing stations

b). The Royal Project Development Centers - Immediate surveys on
vegetables losses after the process of postharvest management at the Royal
Project’s packing stations

c). The Chiang Mai Royal Project Produce Center -immediate surveys on
vegetables losses after the process of postharvest management at the mentioned
produce center.

d). The Royal Project Foundation Retail Shops - immediate surveys on
vegetables losses as the produce arrives to the Royal Project Foundation Retail Shop.

3.2) Record data on organic vegetables’ postharvest losses by sorting and
categorizing the origins of losses as the produce move along to each step of
operation flow.

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

for each step of the procedures.

4. Study on shelf life of organic vegetables

Placing organic vegetables (packed in ready-for-sale Royal Project-branded
plastic bags from the Royal Project Retail Shops) on the shelves with the
temperature set at 7-8 degree Celsius (an actual temperature set for Royal Project

Retail shops’ shelves) to study shelf life with 3 replications (20 bags per replication).

5. Compose a draft of postharvest management practices for organic vegetables
Compose a draft of postharvest management practices for organic vegetables by

using the data from the research’s recommendations and analysis of the possible
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postharvest management procedures that could be efficiently applied with participation

and cooperation of the farmers and the Royal Projects’ staff.

Research Results
1. Results of the surveys on quality and loss of organic vegetables on farmers’
cultivation areas

From the surveys on quality and loss of organic vegetables on farmers’
cultivation area within the 10 Royal Project sites, including choy sum and green oak
leaf lettuce from Inthanon Royal Agricultural Station, butter head lettuce and
cabbage from Angkhang Royal Agricultural Station, green oak leaf lettuce and cos
lettuce from Tung Luang Royal Project Development Center, choy sum and baby
pak-choi from Huai Pong Royal Project Development Center, choy sum and chayote
shoot from Tung Roeng Royal Project Development Center, head lettuce and cos
lettuce from Wat Chan Royal Project Development Center, pak-choi and baby pak-
choi from Mae Sa Pok Royal Project Development Center, cabbage and cos lettuce
from Huai Som Poi Royal Project Development Center, green oak leaf lettuce and
red oak leaf lettuce from Huai Nam Rin Royal Project Development Center, and
butter head lettuce and cos lettuce from Kae Noi Royal Project Development Center,
the results found that the quality of organic vegetables on farmers’ cultivation areas
from each Royal Project Center/Station was different. Moreover, the loss of organic
vegetables on farm areas was also varied from one Royal Project site to another,
depending on growing process, cultivation process, and postharvest management

process of organic vegetables at each Royal Project Development Center/Station.

2. Surveys of postharvest losses of organic vegetables while they move along the
supply chain

The postharvest loss surveys of organic vegetables from the 10 Royal Project
Development Centers/Stations, Chiang Mai Royal Project Produce Center and Royal

Project Foundation Retail Shops can be summarized as following:
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2.1 Surveys of postharvest losses of organic vegetables at Inthanon Royal Agricultural

ion while the v les move alon ly chain

The postharvest loss survey of choy sum in supply chain from Inthanon Royal
Agricultural Station prior to the recommendation on postharvest management found
that 13.09 percent of postharvest loss occurred on the farm area. 12.20 percent was
from non-utilized parts after initial trimming process and 0.89 percent was due to the
size of vegetables harvested did not meet the quality standard. The rate of
postharvest loss at Inthanon Royal Agricultural Station’s packing station (Muang Ang)
was at 22.96 percent. 15.04 percent was from non-utilized parts after decorative
trimming process to pack oreanic vegetables into plastic baskets. 7.92 percent was
due to the size of vegetables did not meet the quality standard. The postharvest
loss of choy sum at Chiang Mai Royal Project Produce Center was at 15.55 percent.
10.73 percent was from the non-utilized parts as a result of outer leaf trimming
process prior to packing vegetables to Royal Project’s branded plastic bags for sale.
3.61 percent caused from physical loss (breakage and bruising). 0.49 percent was due
to physiological damage due to water loss, 0.49 percent was due to insect
infestation, and 0.23 percent was due to the size of vegetables did not meet the
quality standard. At Chiang Mai Royal Project Retail Shop, Suthep Branch, the
postharvest loss of choy sum incurred at 1.34 percent with the reason of physical
loss (petiole breakage and bruising leaves). After the recommendations on
postharvest management taken from the 2017 research were adopted, it was found
that choy sum’s postharvest loss on farm area was at 12.38 percent; 11.16 percent
was due to non-utilized parts, 0.78 percent was due to insect infestation, and 0.44
percent did not meet the quality standard of size. The rate of postharvest loss at
Inthanon Royal Agricultural Station’s packing station (Muang Ang) was at 14.65
percent; 13.49 percent was due to non-utilized parts, 0.77 percent was due to insect
infestation, and 0.39 percent did not meet the size’s quality standard. The rate of
postharvest loss at Chiang Mai Royal Project Produce Center was found at 13.19
percent; the loss from non-utilized parts covered 9.90 percent, and physical loss

covered 2.12 percent, while quality standard loss and insect infestation covered 0.41
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percent and 0.31 percent respectively. At Chiang Mai Royal Project Retail Shop,
Suthep Branch, the loss was at 1.97 percent due to physical damage (Table 1)

As the losses of organic vegetables on farm areas were not taken into
account, the overall postharvest loss of choy sum prior to the implementation of the
postharvest management recommendations was at 39.85 percent. The postharvest
losses on farm areas included the non-utilized parts from initial trimming process,
insect infestation damage and vegetables with size below quality standard. 22.96
percent of the mentioned 39.85 percent loss occurred at Inthanon Royal Project
Development Station’s packing station (Muang Ang), 15.55 percent occurred at
Chiang Mai Royal Project Produce Center and 1.34 percent occurred at Chiang Mai
Royal Project Retail Shop, Suthep Branch. After the postharvest. management
recommendations were adopted, the overall postharvest loss. of choy sum was
reduced to 29.81 percent. 14.65 percent of the mentioned loss occurred at Inthanon
Royal Project Development Station’s packing station (Muang Ang), another 13.19
percent occurred at Chiang Mai Royal Project Produce Center and the other 1.97

percent occurred at Chiang Mai Royal Project Retail Shop, Suthep Branch. (Table 1)

Table 1 - Postharvest loss of organic choy sum from Inthanon Royal Agricultural
Station at each stage of supply chain before and after the adoption of

postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 13.09 12.38
At Royal Project Development Center 22.96 14.65
At Chiane Mai Royal Project Produce Center 15.55 13.19
At Royal Project Foundation Retail Shop 1.34 1.97

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.
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Green oak leaf lettuce from Inthanon Royal Agricultural Station had the rate
of postharvest loss on cultivation areas of 6.68 percent due to the non-utilized parts
from initial trimming process. The postharvest loss at Inthanon Royal Agricultural
Station’s packing station (Muang Ang) was recorded at 10.07 percent due to non-
utilized parts from trimming in the process of packing organic vegetables into plastic
baskets. At Chiang Mai Royal Project Produce Center, the postharvest loss was found
at 32.68 percent; 26.68 percent originated from non-utilized parts from trimming
process during the process of packing vegetables into the Royal Project’s ready-for-
sale plastic bags, 5.05 percent was due to physical loss (breakage and bruising), 0.77
percent was due to insect infestation loss, and 0.18 percent was below quality
standard. The rate of postharvest loss at Chiang Mai Royal Project Retail Shop,
Suthep Branch, was at 5.01 percent due to physical loss (breakage and bruising). After
postharvest management recommendations were adopted, overall postharvest loss
of green oak leaf lettuce was at 29.26 percent; 28.39 percent was non-utilized parts,
0.87 percent was below the quality standard. The postharvest loss rate at Inthanon
Royal Agricultural Station’s packing station (Muang Ang) was at 9.42 percent: 8.43
percent from non-utilized parts, and 0.99 percent from insect damage. At Chiang Mai
Royal Project Produce Center, the postharvest loss was at 17.40 percent; 15.28
percent was from non-utilized parts, and 2.12 percent was due to physical loss. The
rate of postharvest loss at Chiang Mai Royal Project Retail Shop, Suthep Branch, was
at 2.75 percent due to physical loss. (Table 2) The loss at cultivation area is higher
after recommendations due to we try to let the farmer take responsibility to prepare
vegetables to the market. This way we can reduce the labour cost at the Royal
Project packing station and also vegetable will arrive at the market as soon as
possible. However the loss of vegetable at the Development Center packing house,
Chiang Mai Royal Project Produce Center and Royal Project Retail Shop, Suthep
Branch, are lower after the recommendation.

As the postharvest losses of organic vegetables on farm areas were not taken
into consideration, the overall postharvest loss of green oak leaf lettuce before the
postharvest management recommendations adopted was at 47.68 percent. The

postharvest losses on farm areas included the non-utilized parts from initial trimming



fuEl

process, and the loss due to the size of vegetables below quality standard. 10.07
percent of the mentioned 47.68 percent loss occurred at Inthanon Royal Agricultural
Station’s packing station (Muang Ang), 32.68 percent occurred at Chiang Mai Royal
Project Produce Center and 5.01 percent occurred at Chiang Mai Royal Project Retail
Shop, Suthep Branch. After the postharvest management recommendations were
adopted, the rate of green oak leaf lettuce’s postharvest loss was decreased to
29.57 percent; 9.42 percent occurred at Inthanon Royal Agricultural Station’s packing
station (Muang Ang), 17.40 percent occurred at Chiang Mai Royal Project Produce
Center, and 2.75 percent occurred at Chiang Mai Royal Project Retail Shop, Suthep
Branch. (Table 2)

Table 2 Postharvest loss of organic ereen oak leaf lettuce from Inthanon Royal
Agricultural Station at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After
Recommendations | Recommendations

At Farm Areas 6.68 29.26

At Royal Project Development Center 10.07 9.42

At Chiang Mair Royal Project Produce Center 32.68 17.40

At Royal Project Foundation Retail Shop 5.01 2.75

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

2.2 Surveys of postharvest losses of organic vegetables at Angkhang Royal Agricultural

Station

The rate of postharvest loss of butter head lettuce from Angkhang Royal
Agricultural  Station prior to the adoption of postharvest management
recommendations found that there was 46.01 percent loss occurred on farm areas:
4381 percent loss from non-utilized parts from harvesting and initial trimming

process on farm areas, 2.13 percent loss from soft rot and 0.07 percent loss from
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quality standard issue. The postharvest loss at Angkhang Royal Agricultural Station
was at 3.35 percent: 1.69 percent loss from non-utilized parts in trimming process,
1.61 percent loss from leaf spot and 0.05 percent loss due to size’s quality standard
issue. 27.12 percent of pastharvest loss occurred at Chiang Mai Royal Project Produce
Center: 25.49 percent loss from trimming during packing of produce into ready-for-
sale plastic bags and 1.63 percent loss from leaf spot and soft root. The postharvest
loss rate at Chiang Mai Royal Project Retail Shop, Suthep Branch, was at 4.42 percent:
3.82 percent from physical loss (breakage and bruising) and 0.06 percent from leaf
spot disease. After the adoption of postharvest management recommended
methods from 2017 research, butter head lettuce’s postharvest loss on farm areas
from Angkhang Royal Agricultural Station was at 36.92 percent: 3.83 percent from
non-utilized parts, 1.09 percent from plant disease, and the postharvest loss at
Angkhang Royal Agricultural Station’s packing station was at 0.37 percent which was
due to non-utilized parts. At Chiang Mai Royal Project Produce Center, there was the
rate of postharvest loss at 10.91 percent: 9.97 percent from non-utilized parts and
0.94 percent from physical loss. The postharvest loss at Chiang Mai Royal Project
Retail Shop, Suthep Branch, had the rate of 1.09 percent from physical loss. (Table 3)

As the postharvest losses of butter head lettuce on farm areas were not
taken into account, the overall rate of postharvest loss of butter head lettuce, prior
to the postharvest management recommendations adopted, was at 34.89 percent.
The postharvest losses included the non-utilized part from initial trimming after
harvesting process, the loss from plant diseases and the loss due to the size’s quality
standard issue. 3.35 percent of the mentioned 34.89 percent loss occurred at
Angkhang Royal Agricultural Station’s packing station, 27.12 percent occurred at
Chiang Mai Royal Project Produce Center, and the other 4.42 percent occurred at
Chiang Mai Royal Project Retail Shop, Suthep Branch. After the adoption of
postharvest management recommendations, butter head lettuce’s postharvest rate
was reduced to 12.37 percent. 0.37 percent of the loss occurred at Angkhang Royal
Agricultural Station’s packing unit, another 10.91 percent loss occurred at Chiang Mai
Royal Project Produce Center, and the other 1.09 percent occurred at Chiang Mai

Royal Project Retail Shop, Suthep Branch. (Table 3)
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Table 3 Postharvest loss of organic butter head lettuce from Angkhang Royal
Agricultural Station at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After
Recommendations | Recommendations

At Farm Areas 46.01 36.92

At Royal Project Development Center 3.35 0.37

At Chiang Mai Royal Project Produce Center 2 [l 10.91

At Royal Project Foundation Retail Shop 4.42 1.09

Remark The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

Cabbage’s postharvest loss on farm areas from Angkhang Royal Agricultural
Station was at 39.51 percent: 38.06 percent loss from non-utilized parts after
harvesting process, and 1.45 percent due to soft rot disease. At the packing unit of
Angkhang Royal Agricultural Station, the postharvest loss of cabbage was 9.85
percent due to non-utilized parts from packing process (trimming). The rate of
postharvest loss at Chiang Mai Royal Project Produce Center was at 11.25 percent:
10.46 percent from non-utilized parts due to decorative trimming process during
packing for sale, and 0.79 percent from soft rot disease. At Chiang Mai Royal Project
Retail Shop, Suthep Branch, the postharvest loss was at 3.33 percent due to physical
loss (breakage and bruising). After the recormmendations were adopted, cabbage’s
postharvest loss on farm areas was decreased to 30.64 percent: 29.73 percent due to
non-utilized parts, 0.49 percent due to insect-inducing loss and 0.42 percent due to
plant disease. At the packing station of Angkhang Royal Agricultural Station, the
postharvest loss was recorded at 11.67 percent: 580 percent due to size of
vegetables below quality standard, 5.49 percent due to non-utilized parts, and 0.38
percent due to plant diseases. The postharvest loss at Chiang Mai Royal Project
Produce Center was at 10.99 percent: 9.24 percent due to non-utilized parts, and

1.75 percent due to underziged vegetables, while the postharvest loss at Chiang Mai
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Royal Project Retail Shop, Suthep Branch, incurred at 0.78 percent due to physical
loss. (Table 4)

As the postharvest losses of cabbage on cultivation areas were not taken into
account, the research found that overall postharvest loss of cabbage prior to the
adoption of postharvest management recommendations was at 24.43 percent: 9.85
percent taking place at Angkhang Royal Agricultural Station’s packing unit, 11.25
percent taking place at Chiang Mai Royal Project Produce Center, and 3.33 percent
taking place at Chiang Mai Royal Project Retail Shop, Suthep Branch. After the
recommendations on oreanic  vegetable postharvest =~ management were
implemented, the posthanvest loss was found at 23.44 percent: 11.67 percent taking
place at Angkhang Royal Agricultural Station’s packing unit, another 10.99 percent
taking place at Chiang Mai Royal Project Produce Center, and the other 0.78 percent
taking place at Chiang Mai Royal Project Retail Shop, Suthep Branch. The postharvest
loss on cultivation areas included the non-utilized parts from initial trimming process
immediately after harvesting, the vegetables with plant diseases, the vegetables with
insect infestation damage and the vegetables with the size below quality standard.

(Table 4)

Table 4  Postharvest loss of organic cabbage from Angkhang Royal Agricultural
Station at each stage of supply chain before and after the adoption of

postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 39.51 30.64
At Royal Project Development Center 9.85 11.67
At Chiang Mai Royal Project Produce Center 11.25 10.99
At Royal Project Foundation Retail Shop 3.33 0.78

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the guantity of vegetables at each stage.
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2.3 Surveys of postharvest losses of organic vegetables of Tung Luang Royal Project

Development Center

The rate of postharvest loss of green oak lettuce from Tung Luang Royal

Project Development Center prior to the adoption of postharvest management
recommended methods was recorded at 26.13 percent: 24.90 percent due to non-
utilized parts from initial trimming after harvesting process, 0.94 percent due to the
size of vegetables below quality standard, and 0.29 percent due to the unwanted
extra shoots growing from the main stems. There was no postharvest loss incurred at
the packing station of Tung Luang Royal Project Development Center because the
development center had farmers complete trimming process, quality checking
process andpacking organic vegetables into plastic baskets on farm areas. Tung
Luang Royat Project Development Center only rechecked the quality, weighed and
compiled organic vegetables from farmers to be delivered to Chiang Mai Royal
Project Produce Center. The postharvest loss of green oak lettuce at Chiang Mai
Royal Project Produce Center incurred at 19.35 percent; 15.91 percent was due to
the non-utilized parts from trimming while packing vegetables into ready-for-sale
plastic bags, 3.31 percent was due to diseases (leaf spot disease and soft rot disease),
and 0.13 percent was an insect infestation. Chiang Mai Royal Project Retail Shop,
Suthep Branch, had 4.26 percent of postharvest loss; 4.01 percent of the mentioned
loss was due to physical loss (breakage), and 0.25 percent was due to leaf spot
disease. After the recommended methods in 2017 research were adopted, the
survey found that there was 35.08 percent postharvest loss of green oak leaf lettuce
on farm areas; 33.93 percent was from non-utilized parts, and 1.10 percent was due
to plant disease. There was no postharvest loss incurred at the packing station of
Tung Luang Royal Project Development Center because the development center had
farmers complete trimming process, initial quality checking process and packing
organic vegetables into plastic baskets on farm areas. Tung Luang Royal Project
Development Center only rechecked the quality, weighed and compiled organic
vegetables from farmers to be delivered to Chiang Mai Royal Project Produce Center.
Green oak leaf lettuce’s postharvest loss at Chiang Mai Royal Project Produce Center

was at 9.50 percent due to non-utilized parts and there was no postharvest loss at
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Chiang Mai Royal Project Retail Shop, Suthep Branch. (Table 5) The loss at cultivation
area is higher after recommendations due to we try to let the farmer take
responsibility to prepare vegetables to the market. This way we can reduce the
labour cost at the Royal Project packing station and also vegetable will arrive at the
market as soon as possible. However the loss of vegetable at the Development
Center packing house, Chiang Mai Royal Project Produce Center and Royal Project
Retail Shop, Suthep Branch, are lower after the recommendation.

As the postharvest losses of green oak leaf lettuce on farm areas were not
taken into account, the survey found that green oak leaf lettuce’s total rate of
postharvest loss prior to the adoption of postharvest management recommended
methods was at 23.61 percent. The postharvest losses on farm areas included were
the loss from non-utilized parts from initial trimming process, the loss from the
vegetables with the size below quality standard, the loss from vegetables with extra
sprouts and also the loss from soft rot disease. 19.35 percent of the stated loss of
23.61 percent occurred at Chiang Mai Royal Project Produce Center, and the other
4.26 percent occurred at Chiang Mai Royal Project Retail Shop, Suthep Branch. After
the recommendations were adopted, the postharvest loss of green oak leaf lettuce
was decreased to 9.50 percent which occurred at Chiang Mai Royal Project Produce

Center (Table 5)

Table 5  Postharvest loss of arganic green oak leaf lettuce from Tung Luang Royal
Project Development Center at each stage of supply chain before and

after the adoption of postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain

Before

Recommendations

After

Recommendations

At Farm Areas 26.13 35.08
At Royal Project Development Center 0.00 0.00
At Chiang Mai Royal Project Produce Center 19.35 9.50
At Royal Project Foundation Retail Shop 4.26 0.00

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.
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Cos lettuce from Tung Luang Royal Project Development Center had the
postharvest loss on cultivation areas prior to the adoption of the postharvest
management recommendations of 27.49 percent: 15.87 percent from non-unitized
parts from initial trimming process, another 10.95 percent from heart rot disease,
another 0.49 percent from insect infestation, and the other 0.18 percent due to
vegetables size below quality standard. There was no postharvest loss incurred at
the packing station of Tung Luang Royal Project Development Center because the
development center ask farmers to complete trimming, quality checking process and
packing oreanic vegetables into plastic baskets on farm areas. Tung Luang Royal
Project Development Center would only recheck the quality, weigh and compile
organic vegetables from farmers to be delivered to Chiang Mai Royal Project Produce
Center. At Chiang Mai Royal Project Produce Center, the postharvest loss was at
23.78 percent: 19.38 percent from initial trimming process while packing vegetables
into ready-for-sale plastic bags, 2.55 percent from leaf spot disease and alternaria
disease, 1.31 percent from insect damage and 0.54 percent from physical injury
(breakage and bruising). Chiang Mai Royal Project Retail Shop, Suthep Branch, had the
rate of postharvest loss at 1.61 percent, 1.48 percent of which was due to physical
injury (breakage and bruising), and 0.13 percent of cos lettuce had leaf spot disease.
After the adoption of postharvest management recommended methods, the
postharvest loss on farm areas was at 26.81 percent which occurred due to the non-
utilized parts. There is no postharvest loss incurred at the packing stations of Tung
Luang Royal Project Development Center because the development center ask
farmers to complete all trimming process, quality checking process and packing
organic vegetables into plastic baskets on farm areas. Tung Luang Royal Project
Development Center would only recheck the quality, weigh and compile organic
vegetables from farmers to be delivered to Chiang Mai Royal Project Produce Center.
There was 9.33 percent of postharvest loss at Chiang Mai Royal Project Produce
Center due to non-utilized parts, and there was 0.99 percent loss at Chiang Mai Royal
Project Retail Shop, Suthep Branch due to physical injury. (Table 6)

As the postharvest losses of cos lettuce on farm areas were not taken into

consideration, the survey found that cos lettuce’s total rate of postharvest loss prior
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to the adoption of postharvest management recommendations was recorded at
25.39 percent: 23.78 percent taking place at Chiang Mai Royal Project Produce
Center, and 1.61 percent taking place at Chiang Mai Royal Project Retail Shop
(Suthep Branch). After the recommended methods were adopted, the rate of
postharvest loss of cos lettuce reduced to 10.32 percent. 9.33 percent of the
mentioned loss occurred at Chiang Mai Royal Project Produce Center and 0.99
percent occurred at Chiang Mai Royal Project Retail Shop, Suthep Branch. The
postharvest losses included the loss from initial trimming process, the loss from
vegetable size below quality standard, the loss from soft rot and the loss from Insect
damage. (Table 6)

Table 6  Postharvest loss of organic cos lettuce from Tung Luang Royal Project
Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain

Before

Recommendations

After

Recommendations

At Farm Areas 27.49 26.81
At Royal Project Development Center 0.00 0.00
At Chiang Mai Royal Project Produce Center 23.78 9.33
At Royal Project Foundation Retail Shop 1.61 0.99

Remark

The postharvest loss percentage in supply chain was calculated from 100 percent of

the guantity of vegetables at each stage.

2.4 Surveys of postharvest losses of organic vegetables of Huai Pong Royal Project

Development Center

The rate of postharvest loss of choy sum from Huai Pong Royal Project

Development Center prior to the adoption of postharvest management

recommended methods was found at 25.40 percent: 20.78 percent caused by non-
utilized parts from initial trimming after harvesting process, 3.91 percent was due to

leaf spot disease, and 0.71 percent was due to the size of vegetables did not meet
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quality standard. At the packing station of Huai Pong Royal Project Development
Center, the rate of postharvest loss was at 3.32 percent; 2.28 percent was from
physical damage (breakage and bruising), 0.41 percent did not meet the quality
standard of size, 0.32 percent was from insect damage and 0.31 percent was due to
leaf spot disease. The postharvest loss at Chiang Mai Royal Project Produce Center
was at 29.42 percent: 28.56 percent from physical loss (breakage and bruising), 0.17
percent from physiological loss (water loss), and 0.69 percent from leaf spot disease.
The postharvest loss of choy sum at Chiang Mai Royal Project Retail Shop, Suthep
Branch, was at 2.37 percent due to physical injury (breakage and bruising). After the
adoption of the recommended methods in 2017 research, the survey found that the
postharvest loss of choy sum on farm areas was at 19.64 percent: 17.48 percent from
non-utilized parts and 2.16 percent from insect infestation. The postharvest loss of
choy sum at Huai Pong Royal Project Development Center’s packing station incurred
at 10.56 percent: 5.76 percent was due to non-utilized part, 3.66 percent from insect
infestation, 0.64 percent due to too old stems and bolting of flower buds, 0.50
percent due to vegetables below quality standard. There was 4.00 percent of
postharvest loss occurred at Chiang Mai Royal Project Produce Center: 3.00 percent
of which-was due to non-utilized parts, and 1.00 percent was due to physical loss,
while the postharvest loss at Chiang Mai Royal Project Retail Shop, Suthep Branch,
was at 1.59 percent also due to physical loss. (Table 7)

As choy sum’s postharvest losses on cultivation areas were not taken into
account, the survey found that the total postharvest loss prior to the adoption of
the postharvest management recommendations was recorded at 35.11 percent. The
postharvest loss included the non-utilized parts after trimming, the organic
vegetables with leaf spot disease, the organic vegetables with the size below quality
standard, and the organic vegetables with insect damage. 3.32 percent of the
mentioned 35.11 percent occurred at Huai Pong Royal Project Development Center’s
packing station, another 29.42 percent occurred at Chiang Mai Royal Project Produce
Center, and the other 2.37 percent occurred at Chiang Mai Royal Project Retail Shop,
Suthep Branch. After the implementation of the recommended methods, the

postharvest loss of choy sum was reduced to 16.15 percent. 10.56 percent of the
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mentioned loss took place at Huai Pong Royal Project Development Center’s packing
station, another 4.00 percent took place at Chiang Mai Royal Project Produce Center

and the other 1.59 percent took place at Chiang Mai Royal Project Retail Shop,

Suthep Branch. (Table 7)

Table 7

Postharvest loss of oreanic choy sum from Huai Pong Royal Project

Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Stage in Supply Chain

Loss Percentage (%)

Before

Recommendations

After

Recommendations

At Farm Areas 25.40 19.64
At Royal Project Development Center BN 10.56
At Chiang Mai Royal Project Produce Center 29.42 4.00
At Royal Project Foundation Retail Shop 2.37 1.59

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the guantity of vegetables at each stage.

Before the testing of the team’s recommendations, baby pak-choi’s
postharvest loss on farm areas from Huai Pong Royal Project Development Center
was at 40.21 percent: 34.51 percent from non-utilized parts from initial trimming
process on farm areas, 2.49 percent from insect damage, 1.44 percent from soft rot
disease, 1.42 percent from alternaria disease and 0.35 percent from organic
vegetables that were undersize standard quality. The postharvest loss of baby pak-
choi at Huai Pong Royal Project Development Center’s packing station was at 32.52
percent: non-utilized parts accounted 26.45 percent due to trimming process during
packing organic vegetables to plastic baskets, loss from alternaria disease accounted
2.75 percent, physical loss due to breakage and bruising accounted 1.42 percent, soil
contamination in organic vegetables accounted 0.91 percent, size of organic
vegetables below quality standard accounted 0.78 percent, and insect infestation

accounted 0.21 percent of losses. At Chiang Mai Royal Project Produce Center, there
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was the postharvest loss of 34.78 percent: 30.61 percent from non-utilized parts
during packing vegetables to ready-for-sale plastic bags, 3.70 percent from physical
injury due to the breakage of leaves and leaf stalks, 0.30 percent from alternaria
disease, and 0.17 percent from insect damage. The postharvest loss at Chiang Mai
Royal Project Retail Shop, Suthep branch, was at 3.87 percent: 2.77 percent of which
vegetable was dirty from soil, and 1.10 percent from physical loss due to the leaf
stalk breakage and leaf bruising. After the recommended means were adopted, baby
pak-choi’s postharvest loss on farm areas was found at 21.13 percent: 20.73 percent
from non-utilized parts, and 0.40 percent from insect damage. The postharvest loss
at Huai Pong Royal Project Development Center’s packing station incurred at 23.54
percent: 12.00 percent from insect damage, 10.41 percent from non-utilized parts,
and 1.13 percent from organic vegetable size below quality standard. The
postharvest loss occurring at Chiang Mai Royal Project Produce Center was found at
9.25 percent: 9.01 percent was due to non-utilized parts and 0.24 percent was due
to physiological loss (water loss). The postharvest loss of baby pak-choi at Chiang Mai
Royal Project Retail Shop, Suthep Branch, was found at 0.15 percent due to physical
loss (bruising). (Table 8)

As the postharvest losses of baby pak-choi on farm areas were not taken into
consideration, the total postharvest loss of baby pak-choi before the adoption of
recommended methods on postharvest management was found at 71.17 percent.
The postharvest losses included the non-utilized parts from initial trimming process,
size of organic vegetables below quality standard, organic vegetables with alternaria
disease, organic vegetables with soft rot disease, and organic vegetables with insect
damage. 32.52 percent of the mentioned loss occurred at the packing station of Huai
Pong Royal Project Development Center, another 34.78 percent occurred at Chiang
Mai Royal Project Produce Center and the other 3.87 percent occurred at Chiang Mai
Royal Project Retail Shop, Suthep Branch. After the recommended approaches were
implemented, baby pak-choi’s postharvest loss was reduced to 32.94 percent. 23.54
percent of the mentioned number occurred at Huai Pong Royal Project Development

Center’s packing station, 9.25 percent occurred at Chiang Mai Royal Project Produce
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Center and 0.15 percent occurred at Chiang Mai Royal Project Retail Shop, Suthep

Branch. (Table 8)

Table 8

Postharvest loss of organic baby pak-choi from Huai Pong Royal Project

Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Stage in Supply Chain

Loss Percentage (%)

Before

Recommendations

After

Recommendations

At Farm Areas 40.21 21.13
At Royal Project Development Center 32.52 23.54
At Chiang Mai Royal Project Produce Center 34.78 9.25
At Royal Project Foundation Retail Shop 3.87 0.15

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the guantity of vegetables at each stage.

r r i Proj

Development Center

Choy sum’s postharvest loss on farm areas from Tung Roeng Royal Project
Development Center prior to the adoption of recommended approaches was found
at 20.93 percent: 19.78 percent due to non-utilized parts from initial trimming
process on farm areas, 0.96 percent from leaf spot disease and yellowish leaves, 0.19
percent from the size of organic vegetables below quality standard. At Tung Roeng
Royal Project Develoapment Center’s packing station, the postharvest loss incurred at
4.63 percent: 1.96 percent due to non-utilized parts from initial trimming process on
farm areas to pack them into plastic bags, 1.46 percent due to leaf spot disease, 0.81
percent due to physical damage from breakage, 0.33 percent due to insect
infestation and 0.07 percent due to the size below quality standard. There was 31.15
percent postharvest loss incurred at Chiang Mai Royal Project Produce Center; 17.31
percent originated from the physical damage due to breakage and bruising of organic

vegetables, 11.60 percent was due to non-utilized parts during the process of packing
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organic vegetables to ready-for-sale plastic bags, 1.44 percent was due to insect
damage and 0.08 percent was due to leaf spot and soft rot. Choy sum’s postharvest
loss at Chiang Mai Royal Project Retail Shop was recorded at 2.23 percent due to
physical loss (breakage and bruising). After the recommended methods in 2017
research were adopted, the postharvest loss of choy sum on farm areas was found
at 34.41 percent. 28.41 percent of which originated from non-utilized parts, 5.69
percent from insect damage and 0.31 percent from vegetables that were overmature
and had extra buds growing from their stems. The postharvest loss at Tung Roeng
Royal Project Development Center’s packing station incurred at 3.56 percent which
was due to non-utilized parts, while Ching Mai Royal Project Produce Center has the
postharvest loss at 4.06 percent also from non-utilized parts. At Chiang Mai Royal
Project Retail Shop, Suthep Branch, the postharvest loss incurred at 2.58 percent due
to physical injury. (Table 9) The loss at cultivation area is higher after
recommendations due to we try to let the farmer take responsibility to prepare
vegetables to the market. This way we can reduce the labour cost at the Royal
Project packing station and also vegetable will arrive at the market as soon as
possible. However the loss of vegetable at the Development Center packing house,
Chiang Mai Royal Project Produce Center and Royal Project Retail Shop, Suthep
Branch, are lower after the recommendation.

As the postharvest losses of choy sum on cultivation areas were not taken
into account, the survey found that, prior to the recommended methods testing, the
postharvest loss of choy sum occurred at 38.10 percent. The postharvest losses
originated from the non-utilized parts during initial trimming process, leaf spot
diseases, mosaic and yellowish leaf, insect damage, vegetable size below quality
standard and vegetables that were overmature or had extra buds growing out of
main stems. 4.63 percent of the mentioned loss occurred at Tung Roeng Royal
Project Development Center’s packing station, 31.15 percent occurred at Chiang Mai
Royal Project Produce Center and 2.32 percent at Chiang Mai Royal Project Retail
Shop, Suthep Branch. After the recommended methods testing, the postharvest loss
of Choy Sum was reduced to 10.20 percent: 3.56 percent occurred at Tung Roeng

Royal project Development Center’s packing station, 4.06 percent occurred at Chiang
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Mai Royal Project Produce Center and 2.58 percent at Chiang Mai Royal Project Retail

Shop, Suthep Branch. (Table 9)

Table 9

Postharvest loss of organic choy sum from Tung Roeng Royal Project

Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Stage in Supply Chain

Loss Percentage (%)

Before

Recommendations

After

Recommendations

At Farm Areas 20.93 34,41
At Royal Project Development Center 4.63 3.56
At Chiang Mai Royal Project Produce Center 31.15 4.06
At Royal Project Foundation Retail Shop 2.32 2.58

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the guantity of vegetables at each stage.

Chayote shoot from Tung Roeng Royal Project Development Center had no

postharvest loss both before and after the postharvest management
recommendations. Farmers chose to harvest only the shoots that met the desired
quality standard. At the packing station of Tung Roeng Royal Project Development
Center, the postharvest loss prior to the adoption of recommended methods
incurred at 13.07 percent from the process of trimming the shoots to the desired
length according to quality standard before packing them into plastic baskets. Before
postharvest management recommendations, the postharvest loss of chayote shoot
at Chiang Mai Royal Project Produce Center was found at 6.63 percent: 6.43 percent
was due to trimming process before packing the vegetables into ready-for-sale plastic
bags, 0.10 percent from physical loss due to breakage and bruising, and 0.10 percent
from physiological loss due to yellowish leaves. The postharvest loss at Chiang Mai
Royal Project Retail Shop, Suthep Branch, was found at 0.08 percent prior to the
testing of recommended methods due to physical loss (breakage and bruising). After

the adoption of suggested methods, the postharvest loss of chayote shoot at Tung
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Roeng Royal Project Development Center’s packing station was found at 1.77
percent from non-utilized parts. The postharvest loss of chayote shoot at Chiang Mai
Royal Project Produce Center was at 1.26 percent from non-utilized parts from
trimming of tendrils and stems in the process of packing them into the Royal
Project’s ready-for-sale plastic bags, while the postharvest loss at Chiang Mai Royal
Project Retail Shop, Suthep Branch, was at 0.23 percent due to physical loss. (Table
10)

Table 10 Postharvest loss of organic chayote shoot from Tung Roeng Royal Project
Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 0.00 0.00
At Royal Project Development Center 13.07 1.77
At Chiang Mai Royal Project Produce Center 6.63 1.26
At Royal Project Foundation Retail Shop 0.08 0.23

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

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

Development Center

The postharvest loss of head lettuce on farm areas from Wat Chan Royal
Project Development Center prior to the testing of recommended methods was
found at 23.96 percent; 21.33 percent was from non-utilized parts during initial
trimming in harvesting process and 2.63 percent was due to leaf spot disease. At Wat
Chan Royal Project Development Center’s packing station, the postharvest loss was
recorded at 33.42 percent; 22.80 percent was due to non-utilized parts during the
decorative trimming process while packing the vegetables to plastic baskets, 5.91

percent was from physical loss (breakage of leaf sheaths), 2.68 percent was due to
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quality standard issue (the undesired shapes of organic vegetables), 1.30 percent was
from soft rot disease, and 0.73 percent was due to insect damage. At Chiang Mai
Royal Project Produce Center, there was 19.11 of postharvest loss occurred due to
13.84 percent of physical loss (breakage and bruising), 5.17 percent from non-utilized
parts after decorative trimming while packing vegetables to Royal Project’s ready-for-
sale plastic bags, and 0.10 percent from insect damage. Chiang Mai Royal Project
Retail Shop, Suthep Branch, had the rate of postharvest loss at 3.27 percent due to
physical damage (breakage and bruising). After the recommendations from 2017
research were tested, the survey found that postharvest loss of head lettuce on farm
areas was at 32.93 percent. 31.26 percent of which originated from non-utilized parts,
and 1.67 percent originated from the loss caused by sun burn. At the packing station
of Wat Chan Royal Project Development Center, the postharvest loss of head lettuce
was found at 25.26 percent: 18.39 percent due to non-utilized parts, 5.76 percent
due to quality standard issue (undesired and abnormal shapes of vegetables), and
1.12 percent due to sun burn and tip burn. The postharvest loss of head lettuce
from Chiang Mai Royal Project Produce Center was found at 14.06 percent: 7.06
percent from non-utilized parts, and 7.00 percent from physical loss. For Chiang Mai
Royal Project Retail Shop, Suthep Branch, the postharvest loss was found at 1.91
percent due to physical loss. (Table 11) The loss at cultivation area is higher after
recommendations due to we try to let the farmer take responsibility to prepare
vegetables to the market. This way we can reduce the labour cost at the Royal
Project packing station and also vegetable will arrive at the market as soon as
possible. However the loss of vegetable at the Development Center packing house,
Chiang Mai Royal Project Produce Center and Royal Project Retail Shop, Suthep
Branch, are lower after the recommendation.

As the postharvest losses on farm areas of head lettuce were not taken into
account, the survey found that the total postharvest loss of head lettuce was found
at 55.80 percent prior to the adoption of recommended methods. The postharvest
losses were from the non-utilized parts from initial trimming process on farm areas
after harvesting process, vegetables with diseases and sun burn. 33.42 percent of loss

occurred at Wat Chan Royal Project Development Center’s packing stations, anather
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19.11 percent occurred at Chiang Mai Royal Project Produce Center, and the other
3.27 percent occurred at Chiang Mai Royal Project Retail Shop, Suthep Branch. After
the recommended methods were adopted, the postharvest loss of head lettuce was
improved to 41.23 percent, from which 25.26 percent occurred at Wat Chan Royal
Project Development Center’s packing station, 14.06 percent occurred at Chiang Mai
Royal Project Produce Center, and 1.91 percent occurred at Chiang Mai Royal Project

Retail Shop, Suthep Branch. (Table 11)

Table 11 Postharvest loss of organic head lettuce from Wat Chan Royal Project
Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 23.96 32.93
At Royal Project Development Center 33.42 2526
At Chiang Mai Royal Project Produce Center 19.11 14.06
At Royal Project Foundation Retail Shop 3.27 1.91

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

Prior to the adoption of postharvest management recommendations, the
postharvest loss of cos lettuce from Wat Chan Royal Project Development Center on
farm areas was found at 12.90 percent which was totally from non-utilized parts from
initial trimming process during harvesting. The postharvest loss of cos lettuce at Wat
Chan Royal Project Development Center was found at 36.24 percent: 16.95 percent
of which was from non-utilized parts from trimming during the process of packing
organic vegetables into plastic baskets, another 11.17 percent from insect damage,
another 6.46 percent from physical damage (breakage and bruising), another 1.58
percent due to leaf spot disease and the other 0.08 percent from size of vegetables

below quality standard. The postharvest loss of cos lettuce at Chiang Mai Royal
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Project Produce Center was found at 28.64 percent; 15.40 percent of which was due
to non-utilized parts from trimming during the process of packing the produce to the
Royal Project’s ready-for-sale plastic bags, another 9.08 percent was due to physical
damage (breakage and bruising), another 3.46 percent was from insect infestation,
and the other 0.70 percent was from leaf spot disease. The postharvest loss of cos
lettuce at Chiang Mai Royal Project Retail Shop, Suthep Branch, was found at 2.04
percent due to the physical loss (breakage and bruising). After the recommended
methods on postharvest management were tested, the postharvest loss of cos
lettuce on farm areas was found at 19.97 percent from non-utilized parts. The
postharvest loss of cos lettuce at the packing station of Wat Chan Royal Project
Development Center was found at 39.67 percent; 26.51 percent of which was from
non-utilized parts, 5.23 percent was from insect damage, 4.96 percent was from
plant disease and 2.97 percent due to the organic vegetable size below quality
standard. Cos lettuce’s postharvest loss at Chiang Mai Royal Project Produce Center
was found at 4.17 percent, all of which was due to non-utilized parts, while the
postharvest loss at Chiang Mai Royal Project Retail Shop, Suthep Branch, was found
at 1.34 percent due to physical loss. (Table 12) The loss at cultivation area is higher
after recommendations due to we try to let the farmer take responsibility to prepare
vegetables to the market. This way we can reduce the labour cost at the Royal
Project packing station and also vegetable will arrive at the market as soon as
possible. However the loss of vegetable at the Development Center packing house,
Chiang Mai Royal Project Produce Center and Royal Project Retail Shop, Suthep
Branch, are lower after the recommendation.

As the postharvest loss of cos lettuce on farm areas from the non-utilized
parts in the initial trimming process was not taken into account, the survey found
that the total postharvest loss incurred at 66.92 percent prior to the adoption of
recommended methods. 36.24 percent of the percentage took place at Wat Chan
Royal Project Development Center’s packing station, another 28.64 percent occurred
at Chiang Mai Royal Project Produce Center, and 2.04 percent took place at Chiang
Mai Royal Project Retail Shop, Suthep Branch. After the suggested methods were
tested, the postharvest loss was decreased to 45.18 percent. 39.67 percent of the
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number took place at Wat Chan Royal Project Development Center’s packing station,
another 4.17 percent occurred at Chiang Mai Royal Project Produce Center, and the
other 1.34 percent occurred at Chiang Mai Royal Project Retail Shop, Suthep Branch.
(Table 12)

Table 12 Postharvest loss of organic cos lettuce from Wat Chan Royal Project
Development Center at each stage of supply chain before and after the

adoption of postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 12.90 19.97
At Royal Project Development Center 36.24 39.67
At Chiang Mai Royal Project Produce Center 28.64 417
At Royal Project Foundation Retail Shop 2.04 1.34

Rernark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

v i P P

Development Center

The postharvest loss of pak-choi from Mae Sa Pok Royal Project Development
Center before the adoption of recommended methods from the research team was
found at 7.23 percent on farm areas; 2.99 percent was due to non-utilized parts from
initial trimming process, 2.04 percent was due to the size of vegetables below quality
standard, 1.93 percent was due to insect damage, 0.24 percent was due to plant
disease (leaf spot disease), and 0.03 percent was due to the unwanted plant growing
in pak-choi cultivation areas. At the packing station of Mae Sa Pok Royal Project
Development Center (Huai Khao Leeb Packing Station), The postharvest loss incurred
at 43.86 percent from non-utilized parts from trimming during the packing of organic
vegetables into plastic baskets. 27.93 percent out of the total 43.86 percent was

from farmers’ trimming process, and 15.93 percent occurred during the process of
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quality checking prior to packing the organic vegetables into plastic baskets by the
staff of Mae Sa Pok Royal Project Development Center. Meanwhile, the postharvest
loss at Chiang Mai Royal Project Produce Center incurred at 33.05 percent. 19.28
percent of which was from the non-utilized parts from the process of packing the
organic vegetables into the Royal Project’s ready-for-sale plastic bags, 4.75 percent
was due to physical damage (breakage and bruising of petiole), 4.75 percent was due
to the breakage of vegetable leaves, 1.08 percent of loss caused by insect damage
and 0.21 percent loss due to plant disease (leaf spot disease). The postharvest loss
of pak-choi at Chiang Mai Royal Project Retail Shop, Suthep Branch, occurred at 1.91
percent from physical ‘damage (sheath breakage and leaf bruising).  After the
recommended methods in 2017 research were tested, the survey found that the
postharvest loss of pak-choi at farm areas incurred at 44.50 percent: 38.91 percent
from non-utilized parts, 3.86 percent from insect damage, 1.06 percent from leaf
spot disease and soft rot disease, and 0.67 percent from vegetable size below quality
standard. The postharvest loss at the packing station of Mae Sa Pok Royal Project
Development Center (Huai Khao Leeb Packing Station) incurred at 12.60 percent:
11.42 percent of which from non-utilized parts, 0.91 percent from insect damacge and
0.27 percent from plant disease (internal stem rot). The postharvest loss at Chiang
Mai Royal Project Produce Center incurred at 25.75 percent; 17.48 percent from non-
utilized parts, 5.33 percent from physical loss, 2.30 percent from insect damage and
0.64 percent from water loss. The postharvest loss of pak-choi at Chiang Mai Royal
Project Retail Shop, Suthep Branch, was at 0.62 percent from physical loss. (Table 13)
The loss at cultivation area is higher after recommendations due to we try to let the
farmer take responsibility to prepare vegetables to the market. This way we can
reduce the labour cost at the Royal Project packing station and also vegetable will
arrive at the market as soon as possible. However the loss of vegetable at the
Development Center packing house, Chiang Mai Royal Project Produce Center and
Royal Project Retail Shop, Suthep Branch, are lower after the recommendation.

As the postharvest losses of pak-choi on farm areas were not taken into
account, the survey found that the total postharvest loss prior to the adoption of

recommended methods was at 78.82 percent. The postharvest losses referred to the
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losses from the non-utilized parts from initial trimming process, organic vegetables
with soft rot and leaf spot disease, organic vegetables with insect damage, organic
vegetable size below quality standard, and also other vegetables growing in pak-choi
cultivation areas. 43.86 percent of the mentioned loss took place at Mae Sa Pak
Royal Project Development Center’s packing station, another 33.05 percent occurred
at Chiang Mai Royal project Produce Center, and the other 1.91 percent took place at
Chiang Mai Royal Project Retail Shop, Suthep Branch. After the recommended
means on postharvest management were tested, the survey found that pak-choi’s
postharvest loss was reduced to 38.97 percent. 12.60 percent of the mentioned loss
occurred at Mae Sa Pok Royal Project Development Center’s packing station, 25.75

percent took place at Chiang Mai Royal Project Produce Center, and 0.62 percent
occurred at Chiang Mai Royal Project Retail Shop, Suthep Branch. (Table 13)

Table 13 Postharvest loss of organic pak-choi from Mae Sa Pok Royal Project
Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)
Stage in Supply Chain Before After
Recommendations | Recormmendations
At Farm Areas 7.23 44,50
At Royal Project Development Center 43.86 12.60
At Chiang Mai Royal Project Produce Center 33.05 2575
At Royal Project Foundation Retail Shop 1.91 0.62

Remark

The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

Baby pak-choi’s postharvest loss prior to the implementation of the
recommended postharvest management methods from Mae Sa Pok Royal Project
Development Center was found at 7.79 percent: 3.71 percent from insect damage,
355 percent from non-utilized parts after harvesting, 0.24 percent from other

vegetables growing in baby pak-choi cultivation areas, 0.23 percent from the
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vegetable size below quality standard, and 0.06 percent from leaf spot disease. The
postharvest loss at the packing station of Mae Sa Pok Royal Project Development
Center (Huai Khao Leeb Packing Station) incurred at 46.49 percent; 29.30 percent
occurred during farmer’s trimming process to pack the organic vegetables to plastic
baskets and 17.19 percent occurred during the process of staff’s quality checking at
Mae Sa Pok Royal Project Development Center prior to packing organic vegetables to
plastic baskets. The postharvest loss of baby pak-choi at Chiang Mai Royal Project
Produce Center was at 30.97 percent: 20.51 percent due to the non-utilized parts
from trimming process prior to packing the organic vegetables to the Royal Project’s
ready-for-sale plastic “bags, 7.81 percent due to the petiole breakage with leaf
bruising, 2.45 percent from insect infestation, 0.20 percent from leaf spot disease.
Meanwhile, the postharvest loss at Chiang Mai Royal Project Retail Shop, Suthep
Branch, was found at 3.80 percent from physical loss that caused the petiole
breakage and leaf bruising. After the recommendations on postharvest management
were tested, the postharvest loss on farm areas was found at 56.19 percent: 47.35
percent from non-utilized parts from initial trimming process after harvesting, 4.56
percent from insect damage, 2.39 percent due to soft rot disease, 1.89 percent due
to the size of vegetables below quality standard. The postharvest loss at the
packing station of Mae Sa Pok Royal Project Development Center (Huai Khao Leeb
Packing Station) was at 11.16 percent: 10.86 percent of which due to non-utilized
parts in trimming process prior to packing the organic vegetables into plastic baskets,
and 0.30 percent due to insect damage. Meanwhile, at Chiang Mai Royal Project
Produce Center, the postharvest loss was found at 22.12 percent: 15.19 percent from
non-utilized parts, 5.07 percent from physical damage, and 1.86 percent from insect
damage. The postharvest loss at Chiang Mai Royal Project Retail Shop, Suthep
Branch, was found at 0.51 percent due to physical injury. (Table 14) The loss at
cultivation area is higher after recommendations due to we try to let the farmer take
responsibility to prepare vegetables to the market. This way we can reduce the
labour cost at the Royal Project packing station and also vegetable will arrive at the

market as soon as possible. However the loss of vegetable at the Development
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Center packing house, Chiang Mai Royal Project Produce Center and Royal Project
Retail Shop, Suthep Branch, are lower after the recommendation.

As the postharvest losses that occurred on farm areas were not taken into
account, the total postharvest loss of baby pak-choi was found at 81.26 percent prior
to the adoption of recommendations on postharvest management. The postharvest
losses in this case referred to the losses from non-utilized parts from initial trimming
process, baby pak-choi with soft rot and leaf spot disease, insect infestation,
vegetable size below quality standard, and unwanted plants growing in baby pak-
choi cultivation areas. 46.49 percent of the mentioned loss occurred at Mae Sa Pok
Royal Project Development Center’s packing station, 30.97 percent occurred at
Chiang Mai Royal Project Produce Center, and 3.80 percent occurred at Chiang Mai
Royal Project Retail Shop, Suthep Branch. After the recommendations were tested,
the survey found that baby pak-choi’s postharvest loss was reduced to 33.79
percent. 11.16 percent out of the total loss of 33.79 percent occurred at Mae Sa Pok
Royal Project Development Center’s packing station, 22.12 percent at Chiang Mai
Royal Project Produce Center and 0.51 percent at Chiang Mai Royal Project Retail
Shop, Suthep Branch. (Table 14)

Table 14 Postharvest loss of organic baby pak-choi from Mae Sa Pok Royal Project
Development Center at each stage of supply chain before and after the

adoption of postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 7.79 56.19
At Royal Project Development Center 46.49 11.16
At Chiang Mai Royal Project Produce Center 30.97 22.12
At Royal Project Foundation Retail Shop 3.80 0.51

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the guantity of vegetables at each stace.
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2.8 Surveys of postharvest losses of organic vegetables of Huai Som Poi Royal Project
Development Center

The survey on postharvest loss of cabbage from Huai Som Poi Royal Project
Development Center prior to the test of recommended methods on postharvest
management found that there was 27.47 percent of postharvest loss incurred on
farm areas: 23.08 of which due to non-utilized parts after harvesting process, and
4.39 percent due to plant diseases. The postharvest loss at Huai Som Poi’s packing
station was at 16.21 percent. 7.78 percent due to insect damage, 7.25 percent from
non-utilized parts from trimming process prior to packing organic vegetables to
plastic baskets, and 1.18 percent from rat damage. The postharvest loss at Chiang
Mai Royal project Produce Center was found at 27.65 percent: 14.63 percent due to
non-utilized parts from trimming process prior to packing organic vegetables into the
Royal Project’s ready-for-sale plastic bags, 7.32 percent due to insect damage and
5.70 percent due to physical injury (bruised petiole). Meanwhile, the postharvest loss
at Chiang Mai Royal Project Retail Shop, Suthep Branch, incurred at 4.78 percent due
to physical damage (bruising of outer petiole). After the recommendations on
postharvest management in 2017 research were tested, the survey was conducted
and found that the postharvest loss of cabbage on farm areas was at 26.10 percent
which was totally due to the non-utilized parts from trimming process during
harvesting. The postharvest loss at Huai Som Poi Royal project Development
Center’s packing station was found at 13.86 percent: 6.26 percent from non-utilized
parts, 3.80 percent from insect damage and 3.80 percent from physical damage.
Meanwhile, at Chiang Mai Royal Project Produce Center, the postharvest loss was
found at 17.78 percent: 8.00 percent due to physical damage, 8.10 percent due to
insect damage and 1.68 percent due to non-utilized parts. The postharvest loss at
Chiang Mai Royal Project Retail Shop, Suthep Branch, was at 0.68 percent due to
physical damage. (Table 15)

As cabbage’s postharvest losses on farm areas were not taken into account,
the total postharvest loss prior to the adoption of recommended methods on
postharvest management of cabbage was at 48.68 percent. The postharvest losses

composed of the non-utilized parts from initial trimming process, the vegetables with
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soft rot disease, and the size of vegetable below quality standard. 16.21 percent of
the stated losses occurred at Huai Som Poi Royal Project Development Center’s
packing station, 27.65 percent occurred at Chiang Mai Royal Project Produce Center,
and 4.78 percent occurred at Chiang Mai Royal Project Retail Shop, Suthep Branch.
After the recommendations were tested, the postharvest loss of cabbage was
decreased to 32.32 percent. 13.86 percent of the mentioned loss occurred at Huai
Som Poi Royal Project Development Center’s packing station, 17.78 percent took
place at Chiang Mai Royal Project Produce Center and 0.68 percent took place at
Chiang Mai Royal Project Retail Shop, Suthep Branch. (Table 15)

Table 15 Postharvest loss of organic cabbage from Huai Som Poi Royal Project
Development Center at each stage of supply chain before and after the

adoption of postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain

Before

Recommendations

After

Recommendations

At Farm Areas 27.47 26.10
At Royal Project Development Center 16.21 13.86
At Chiang Mai Royal Project Produce Center 27.65 17.78
At Royal Project Foundation Retail Shop 4.78 0.68

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

The postharvest loss of cos lettuce on farm areas from Huai Som Pai Royal

Project Development Center prior to the recommendations on postharvest
management was found at 37.97 percent: 33.21 percent due to non-utilized parts
after harvesting, and 4.76 percent due to the size of vegetables below quality
standard. At Huai Som Poi’s Royal Project Development Center’s packing station, the
postharvest loss of cos cettuce was found at 61.21 percent: 36.10 percent due to
non-utilized parts in decorative trimming process prior to packing vegetables into

plastic baskets, 20.28 percent due to leaf spot disease, 3.51 due to vegetable size




g8

below quality standard, and 1.32 percent due to insect damage. Meanwhile, the
postharvest loss at Chiang Mai Royal Project Produce Center was found at 11.71
percent: 6.99 percent due to non-utilized parts from trimming process prior to
packing the organic vegetables into the Royal Project’s ready-for-sale plastic bags,
1.45 percent of vegetables with water loss damage, 1.27 percent due to physical
damacge (breakage and bruising), 1.30 percent due to insect damage and 0.97 percent
due to the vegetable size below quality standard. The postharvest loss at Chiang Mai
Royal Project Retail Shop, Suthep Branch, was found at 4.00 percent from physical
damage (petiole breakage and leaf bruising). After the recommendations were tested,
the postharvest loss on farm areas of cos lettuce was found at 23.66 percent which
was totally due to non-utilized parts after harvesting process. At Huai Som Poi Royal
Project Development Center’s packing station, the postharvest loss of cos lettuce
incurred at 26.40 percent: 20.17 percent due to non-utilized parts, 3.73 percent due
to leaf spot disease, 2.01 percent due to insect infestation, and 0.49 percent due to
physical damage. The postharvest loss at Chiang Mai Royal Project Produce Center
incurred at 3.60 percent: 2.75 percent due to physical damage, 0.52 percent due to
leaf spot disease, and 0.33 percent due to insect damage. Meanwhile, the
postharvest loss of cos lettuce at Chiang Mai Royal Project Retail Shop, Suthep
Branch, was found at 3.90 percent due to physical loss. (Table 16)

Taking the postharvest losses on farm areas out of consideration, the total
postharvest loss found prior to the adoption of postharvest management
recommendations was at 76.92 percent. The postharvest losses composed of the
non-utilized parts from initial trimming process, vegetables with leaf spot disease and
soft rot disease, vegetables with insect damage, and vegetables with the size below
quality standard. 61.21 percent of the mentioned loss occurred at Huai Som Poi
Royal Project Development Center’s packing station, 11.71 percent occurred at
Chiang Mai Royal Project Produce Center, and 4.00 percent occurred at Chiang Mai
Royal Project Retail Shop, Suthep Branch. After the recommendations were tested,
the postharvest loss of cos lettuce was reduced to 33.90 percent: 26.40 percent of
the mentioned loss took place at Huai Som Poi Royal Project Development Center’s

packing station, another 3.60 percent occurred at Chiang Mai Royal Project Produce
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Center and the other 3.90 percent occurred at Chiang Mai Royal Project Retail Shop,
Suthep Branch. (Table 16)

Table 16 Postharvest loss of organic cos lettuce from Huai Som Poi Royal Project
Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 37.97 23.66
At Royal Project Development Center 61.21 26.40
At Chiang Mai Royal Project Produce Center 11.71 3.60
At Royal Project Foundation Retail Shop 4.00 3.90

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the guantity of vegetables at each stage.

The survey on green cak leaf lettuce’s postharvest loss from Huai Nam Rin

Royal Project Development Center found that there was 7.12 percent of postharvest
loss on farm areas prior to the testing of recommended methods on postharvest
management. The non-utilized parts left after harvesting covered 4.25 percent of
total loss, and the size of organic vegetables below quality standard covered 2.87
percent. The total postharvest loss of green oak leaf lettuce at Huai Nam Rin Royal
Project Development Center’s packing station was found at 56.49 percent. The non-
utilized parts from decorative trimming prior to packing the organic vegetables to
plastic baskets were accounted for 29.10 percent of the mentioned loss. The
postharvest loss due to rotten leaves and stems of green oak leaf lettuce was at
14.76 percent. The postharvest loss due to insect damage covered 7.80 percent,
while the postharvest loss due to the size of organic vegetables below quality

standard was found at 4.83 percent. The postharvest loss at Chiang Mai Royal Project
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Produce Center incurred at 62.21 percent, caused by the non-utilized parts of 35.30
percent from the decorative trimming process while packing the organic vegetables
into the Royal Project’s ready-for-sale plastic bags. Another 25.10 percent caused
from insect damage and 1.81 percent from physical damage (bruised leaves). There
was no postharvest loss found at Chiang Mai Royal Project Retail Shop, Suthep
Branch. After the experiment on the suggested methods from 2017 research was
conducted, the survey found that the postharvest loss of green oak leaf lettuce on
farm areas was 63.80 percent. 25.44 percent of which was due to the non-utilized
parts after harvesting process, another 22.34 percent due to soft rot disease, another
13.63 percent due to insect damage and 2.39 percent due to the size of organic
vegetables below quality standard. The postharvest loss at Huai Nam Rin Royal
Project Development Center’s packing station incurred at 15.41 percent, caused by
insect damage of 7.62 percent, by non-utilized parts of 6.90 percent, by the soft rot
disease of 0.58 percent, and by the size of organic vegetables below quality standard
of 0.31 percent. The postharvest loss at Chiang Mai Royal Project Produce Center was
found at 50.61 percent from the non-utilized parts of 26.80 percent and insect
damage of 23.81 percent, while the postharvest loss at Chiang Mai Royal Project
Retail Shop, Suthep Branch, was 0.65 percent due to physical damage. (Table 17)
The loss at cultivation area is higher after recommendations due to we try to let the
farmer take responsibility to prepare vegetables to the market. This way we can
reduce the labour cost at the Royal Project packing station and also vegetable will
arrive at the market as soon as possible. However the loss of vegetable at the
Development Center packing house, Chiang Mai Royal Project Produce Center and
Royal Project Retail Shop, Suthep Branch, are lower after the recommendation.

As the postharvest losses of green oak leaf lettuce on cultivation areas were
not taken into account, the survey found that, before the implementation of the
suggested postharvest management methods, the postharvest loss of green oak leaf
lettuce incurred at 56.49 percent at Huai Nam Rin Royal Project Development
Center’s packing station. The postharvest losses consisted of the leaves and stems
left over from initial trimming process after harvesting, vegetables with soft rot

disease, vegetables with insect infestation and vegetables with the size below quality
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standard 62.21 percent of loss occurred at Chiang Mai Royal Project Produce Center
and no postharvest loss at Chiang Mai Royal Project Retail Shop, Suthep Branch. After
the suggested methods on postharvest management were adopted, the postharvest
loss of green oak leaf lettuce was reduced to 52.00 percent. 15.41 percent of the
mentioned loss incurred at Huai Nam Rin Royal Royal Project Development Center’s
packing station, 50.61 percent at Chiang Mai Royal Project Produce Center, and 0.65
percent at Chiang Mai Royal Project Retail Shop, Suthep Branch. (Table 17)

Table 17 Postharvest loss of organic green oak leaf lettuce from Huai Nam Rin
Royal Project Development Center at each stage of supply chain before

and after the adoption of postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain Before After

Recommendations | Recommendations

At Farm Areas 1.12 63.80
At Royal Project Development Center 56.49 15.41
At Chiang Mai Royal Project Produce Center 62.21 50.61
At Royal Project Foundation Retail Shop 0.00 0.65

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

The postharvest loss of red oak leaf lettuce on cultivation areas from Huai
Nam Rin Royal Project Development Center prior to the testing of suggested
postharvest management methods was found at 21.45 percent. From the mentioned
percentage, 12.15 percent of which was due to insect infestation vegetables that
could not be harvested, 5.54 percent due to soft rot disease, 2.15 percent due to
the organic vegetables were overmature for consumption with extra shoot growing
out of the main stems, 0.07 percent due to the size of organic vegetables below
quality standard and 0.91 percent due to the non-utilized parts left over after
harvesting. The postharvest loss of red oak leaf lettuce at Huai Nam Rin Royal Project

Development Center’s packing station was found at 53.80 percent. 26.15 percent
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was due to insect damage, 15.41 percent due to trimming prior to packing the
organic vegetables into plastic baskets, 11.74 percent due to the rot of vegetable
leaves and stems, 0.37 percent due to the vegetables that were overmature for
consumption with extra shoot growing from the main stems, and 0.13 percent due to
the size of organic vegetables below quality standard. The postharvest loss of red
oak leaf lettuce a Chiang Mai Royal Project Produce Center was found at 46.19
percent. 24.21 percent of the mentioned percentage was due to the non-utilized
parts from decorative trimming while packing the vesetables into the Royal Project’s
ready-for-sale plastic bags, 21.85 percent due to insect damage, and 0.13 percent
due to soft rot disease, while there was no postharvest loss found at Chiang Mai
Royal Project Retail Shop, Suthep Branch. After the adoption of suggested methods
on postharvest management, the postharvest loss of red oak leaf lettuce on farm
areas was found at 31.53 percent: 28.28 percent of which due to non-utilized parts
from initial trimming process after harvesting, and 2.69 percent due to the size of
vegetables below quality standard. The postharvest loss at Huai Nam Rin Royal
Project Development Center’s packing station was found at 11.12 percent which was
due to 7.13 percent of non-utilized parts, 3.86 percent of insect damage, and 0.13
percent of the vegetables with the size below quality standard. Meanwhile, the
postharvest loss at Chiang Mai Royal Project Produce Center was found at 26.19
percent: 22.25 percent due to non-utilized parts, and 3.94 percent due to insect
damage, while the postharvest loss at Chiang Mai Royal Project Retail Shop, Suthep
Branch, was found at 0.82 percent due to physical damage. (Table 18) The loss at
cultivation area is higher after recommendations due to we try to let the farmer take
responsibility to prepare vegetables to the market. This way we can reduce the
labour cost at the Royal Project packing station and also vegetable will arrive at the
market as soon as possible. However the loss of vegetable at the Development
Center packing house, Chiang Mai Royal Project Produce Center and Royal Project
Retail Shop, Suthep Branch, are lower after the recornmendation.

As the postharvest losses on farm areas were not taken into consideration,
the survey found that the postharvest loss of red oak leaf lettuce prior to the testing

of suggested methods on postharvest management was found at 53.80 percent at
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Huai Nam Rin Royal Project Development Center’s packing station, 46.19 percent at
Chiang Mai Royal Project Produce Center, while there was no postharvest loss found
at Chiang Mai Royal Project Retail Shop, Suthep Branch. After the recommendations
on postharvest management were tested, the postharvest loss of red oak leaf
lettuce was reduced to 61.86 percent. 11.12 percent of the mentioned loss occurred
at Huai Nam Rim Royal Project Development Center’s packing station, 26.19 percent
occurred at Chiang Mai Royal Project Produce Center and 0.82 percent occurred at
Chiang Mai Royal Project Retail Shop, Suthep Branch. The postharvest losses referred
to the loss from the non-utilized parts left over after initial trimming process,
vegetables with soft rot disease, insect damage and the size of vegetables below

quality standard. (Table 18)

Table 18 Postharvest loss of organic red oak leaf lettuce from Huai Nam Rin Royal
Project Development Center at each stage of supply chain before and

after the adoption of postharvest management recommendations

Loss Percentage (%)
Stage in Supply Chain Before After
Recommendations | Recommendations
At Farm Areas 21.45 31.53
At Royal Project Development Center 53.80 11.12
At Chiang Mai Royal Project Produce Center 46.19 26.19
At Royal Project Foundation Retail Shop 0.00 0.82

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

2.10 Surveys of postharvest losses of organic vegetables of Kae Noi Royal Project

Development Center

The postharvest loss of butter head lettuce from Kae Noi Royal Project
Development Center prior to the testing of suggested methods on postharvest
management was found at 18.93 percent: 16.75 percent of which due to the non-

utilized parts from left over leaves and stems after harvesting process, and 2.18
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percent due to the size of vegetables below quality standard. The postharvest loss
of butter head lettuce at Kae Noi Royal Project Development Center' packing station
was found at 23.88 percent due to the non-utilized parts from leaves and stems
trimmed out prior to packing the organic vegetables into plastic baskets. The
postharvest loss of butter head lettuce at Chiang Mai Royal Project Produce Center
was found at 24.95 percent; the non-utilized parts from trimming process to pack
vegetables into the Royal Project’s ready-for-sale plastic bags covered 18.52 percent,
physical damage covered 2.64 percent (breakage and bruising), vegetables with twin
head was at 1.30 percent, organic vegetables that was wilt covered 0.12 percent and
insect damage took place at 0.04 percent, while the postharvest loss of butter head
lettuce at Chiang Mai Royal Project Retail Shop, Suthep Branch, was found at 1.38
percent due to physical damage causing leaves and stems to bruise. After the
suggested methods on postharvest management from 2017 research were adopted,
the survey found that the postharvest loss of butter head lettuce on farm areas
incurred at 30.08 percent, 24.26 percent due to the non-utilized parts from initial
trimming process after harvesting, and 5.82 percent due to the leaves of butter head
lettuce did not form the head. The postharvest loss of butter head lettuce at Kae
Noi Royal Project Development Center’s packing station was found at 15.96 percent
due to the non-utilized parts, while the postharvest loss at Chiang Mai Royal Project
Produce Center was found at 7.35 percent due to the non-utilized parts from
decorative trimming process prior to packing the organic vegetables into the Royal
Project’s ready-for-sale plastic bags. Meanwhile, the postharvest loss of butter head
lettuce from Chiang Mai Royal Project Retail Shop, Suthep Branch, was found at 1.04
percent due to physical damage. (Table 19) The loss at cultivation area is higher after
recommendations due to we try to let the farmer take responsibility to prepare
vegetables to the market. This way we can reduce the labour cost at the Royal
Project packing station and also vegetable will arrive at the market as soon as
possible. However the loss of vegetable at the Development Center packing house,
Chiang Mai Royal Project Produce Center and Royal Project Retail Shop, Suthep

Branch, are lower after the recommendation.
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As the postharvest losses of butter head lettuce on farm areas were not
taken into account, the survey found that the total postharvest loss prior to the
testing of suggested methods on postharvest management was found at 50.21
percent. 23.88 percent of the mentioned loss occurred at Kae Noi Royal Project
Development Center’s packing station, 24.95 percent occurred at Chiang Mai Royal
Project Produce Center, and 1.38 percent occurred at Chiang Mai Royal Project Retail
Shop, Suthep Branch. After the suggested methods on postharvest management
were tested, the postharvest loss of butter head lettuce was decreased to 24.35
percent: 15.96 percent at Kae Noi Royal Project Development Center’s packing
station, 7.35 percent at Chiang Mai Royal Project Produce Center, and 1.04 percent at
Chiang Mai Royal Project Retail Shop, Suthep Branch. The postharvest loss consisted
of the non-utilized parts from initial trimming process after harvesting, the butter
head lettuce that the leaves did not form the head, and butter head lettuce with

the size below quality standard. (Table 19)

Table 19 Postharvest loss of organic butter head lettuce from Kae Noi Royal Project
Development Center at each stage of supply chain before and after the

adoption of postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain

Before

Recormmendations

After

Recommendations

At Farm Areas 18.93 30.08
At Royal Project Development Center 23.88 15.96
At Chiang Mai Royal Project Produce Center 24.95 7.35
At Royal Project Foundation Retail Shop 1.38 1.04

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.

Prior to the postharvest management recommendations, the postharvest loss

of head lettuce from Kae Noi Royal Project Development Center on farm areas was

found at 25.20 percent; 16.75 percent of the mentioned loss was due to the non-
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utilized parts from left over leaves and stems after harvesting, and the other 12.57
percent was due to the size of head lettuce below quality standard. The postharvest
loss of head lettuce at Kae Noi Royal Project Development Center’s packing station
incurred at 25.71 percent from the non-utilized part due to the process of trimming
of stems and leaves with defects. At Chiang Mai Royal Project Produce Center, the
postharvest loss of head lettuce was recorded at 24.17 percent: 12.26 percent due
to physical damage (breakage and bruising of sheaths and leaves), 5.88 percent due
to the non-utilized parts from trimming prior to packing the organic vegetables into
the Royal Project’s ready-for-sale plastic bags, 4.23 percent from oreanic vegetables
with sunburn and water loss, 1.72 percent from organic vegetables with tip burn, and
0.08 percent due to insect damage. The postharvest loss of head lettuce at Chiang
Mai Royal Project Retail Shop, Suthep Branch, was found at 2.81 percent due to
physical damage causing the leaves and stems to break and bruise. After the
suggested methods on postharvest management were tested, the postharvest loss of
head lettuce on farm areas were 28.12 percent, from which 24.22 percent was due
to the non-utilized parts from initial trimming process after harvesting, 2.73 percent
was from soft rot disease, and 0.95 percent was due to the leaves of head lettuce
did form the head. The postharvest loss of head lettuce at Kae Noi Royal Project
Development Center’s packing station incurred at 18.63 percent: 12.42 percent from
the non-utilized parts, 4.86 percent from sunburn, 1.15 percent due to insect
infestation and 0.20 percent due to the organic vegetables that were overmature for
consumption, and the vegetable with heads that too compact. The postharvest loss
of head lettuce at Chiang Mai Royal Project Produce Center was recorded at 14.62
percent; 10.35 percent of the mentioned loss caused by non-utilized parts, 2.98
percent caused by insect damage and 1.29 percent was due to head lettuce with tip
burn and sun burn, while the postharvest loss at Chiang Mai Royal Project Retail
Shop, Suthep Branch, was found at 1.09 percent due to physical damage. (Table 20)
The loss at cultivation area is higher after recommendations due to we try to let the
farmer take responsibility to prepare vegetables to the market. This way we can
reduce the labour cost at the Royal Project packing station and also vegetable will

arrive at the market as soon as possible. However the loss of vegetable at the
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Development Center packing house, Chiang Mai Royal Project Produce Center and
Royal Project Retail Shop, Suthep Branch, are lower after the recommendation.

As the postharvest losses of head lettuce on farm areas were not taken into
account, the total postharvest loss of head lettuce was found at 52.69 percent. The
postharvest losses in this case referred to the losses from the non-utilized parts from
initial trimming process during harvesting, the vegetables with disease and the
vegetables with the size below quality standard. 25.71 percent of the mentioned
percentage took place at Kae Noi Royal Project Development Center’s packing
station, another 24.17 percent took place at Chiang Mai Royal Project Produce Center
and the other 2.81 percent took place at Chiang Mai Royal Project Retail Shop,
Suthep Branch. After the suggested methods on postharvest management were
tested, the postharvest loss of head lettuce was reduced to 34.34 percent; 18.63
percent of the mentioned loss took place at Kae Noi Royal Project Development
Center’s packing station, 14.62 percent took place at Chiang Mai Royal Project
Produce Center, and 1.09 percent took place at Chiang Mai Royal Project Retail Shop,
Suthep Branch. (Table 20)

Table 20 Postharvest loss of organic head lettuce from Kae Noi Royal Project
Development Center at each stage of supply chain before and after the

implementation of the postharvest management recommendations

Loss Percentage (%)

Stage in Supply Chain

Before

Recommendations

After

Recommendations

At Farm Areas 25.20 28.12
At Royal Project Development Center 25.71 18.63
At Chiang Mai Royal Project Produce Center 24.17 14.62
At Royal Project Foundation Retail Shop 2.81 1.09

Remark  The postharvest loss percentage in supply chain was calculated from 100 percent of

the quantity of vegetables at each stage.




3. Shelf Life of Organic vegetables

After the suggested methods from 2017 research on organic vegetables
postharvest management in supply chain were implemented (supply chain referred
to the movement of organic vegetables from farm areas, to the Royal Project
Development Centers, to Chiang Mai Royal Project Produce Center, and to the Royal
Project Foundation Retail Shops) by packing the organic vegetables into the Royal
Project’s ready-for-sale plastic bags and placing them on shelf for sale with the set
temperature of the shelf at 7-8 degree Celsius (the set temperature for every
produce shelf of the Royal Project Retail Shop, Suthep branch), the result of the
study on the shelf life of oreanic vegetables was summarized as below.

Before the implementation of postharvest management sugeested methods,
the shelf life of choy sum from Inthanon Royal Agricultural Station was at 6.28 days,
while its shelf life after the implementation of the mentioned methods was
improved to 9.58 days.

Before the implementation of postharvest management suggested methods,
the shelf life of green oak leaf lettuce from Inthanon Royal Agricultural Station was
at 5.84 days, while its shelf life after the implementation of the mentioned methods
was improved to 7.20 days.

Before the implementation of postharvest management suggested methods,
the shelf life of butter head lettuce from Angkhang Royal Agricultural Station was at
6.29 days, while its shelf life after the implementation of the mentioned methods
was improved to 13.20 days.

Before the implementation of postharvest management suggested methods,
the shelf life of cabbage from Angkhang Royal Agricultural Station was at 13.53 days,
while its shelf life after the implementation of the mentioned methods was
improved to 21.45 days.

Before the implementation of postharvest management suggested methods,
the shelf life of green oak leaf lettuce from Tung Luang Royal Project Development
Center was at 7.85 days, while its shelf life after the implementation of the

mentioned methods was improved to 11.43 days.



294

Before the implementation of postharvest management suggested methods,
the shelf life of cos lettuce from Tung Luang Royal Project Development Center was
at 5.98 days, while its shelf life after the implementation of the mentioned methods
was improved to 11.44 days.

Before the implementation of postharvest management suggested methods,
the shelf life of choy sum from Huai Pong Royal Project Development Center was at
6.44 days, while its shelf life after the implementation of the mentioned methods
was improved to 7.57 days.

Before the implementation of postharvest management suggested methods,
the shelf life of baby pak-choi from Huai Pong Royal Project Development Center
was at 10.60 days, while its shelf life after the implementation of the mentioned
methods was improved to 10.73 days.

Before the implementation of postharvest management suggested methods,
the shelf life of choy sum from Tung Roeng Royal Project Development Center was
at 7.56 days, while its shelf life after the implementation of the mentioned methaods
was improved to 9.07 days.

Before the implementation of postharvest management suggested methods,
the shelf life of chayote shoot from Tung Reong Royal Project Development Center
was at 6.75 days, while its shelf life after the implementation of the mentioned
methods was improved to 7.50 days.

Before the implementation of postharvest management suggested methods,
the shelf life of head lettuce from Wat Chan Royal Project Development Center was
at 7.40 days, while its shelf life after the implementation of the mentioned methods
was improved to 11.48 days.

Before the implementation of postharvest management sugeested methods,
the shelf life of cos lettuce from Wat Chan Royal Project Development Center was at
6.80 days, while its shelf life after the implementation of the mentioned methods
was improved to 10.05 days.

Before the implementation of postharvest management suggested methods,

the shelf life of pak-choi from Mae Sa Pok Royal Project Development Center was at
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6.03 days, while its shelf life after the implementation of the mentioned methods
was improved to 7.38 days.

Before the implementation of postharvest management suggested methods,
the shelf life of baby pak-choi from Mae Sa Pok Royal Project Development Center
was at 4.87 days, while its shelf life after the implementation of the mentioned
methods was improved to 8.90 days.

Before the implementation of postharvest management suggested methods,
the shelf life of cabbage fromn Huai Som Poi Royal Project Development Center was
at 13.14 days, while its shelf life after the implementation of the mentioned
methods was improved to 15.17 days.

Before the implementation of postharvest management sugeested methods,
the shelf life of cos lettuce from Huai Som Poi Royal Project Development Center
was at 5.25 days, while its shelf life after the implementation of the mentioned
methods was improved to 11.30 days.

Before the implementation of postharvest management suggested methods,
the shelf life of green oak leaf lettuce from Huai Nam Rin Royal Project Development
Center was at 5.60 days, while its shelf life after the implementation of the
mentioned methods was improved to 9.73 days.

Before the implementation of postharvest management suggested methods,
the shelf life of red oak leaf lettuce from Huai Nam Rin Royal Project Development
Center was at 5.80 days, while its shelf life after the implementation of the
mentioned methods was improved to 10.40 days.

Before the implementation of postharvest management suggested methods,
the shelf life of butter head lettuce from Kae Noi Royal Project Development Center
was at 4.13 days, while its shelf life after the implementation of the mentioned
methods was improved to 7.83 days.

Before the implementation of postharvest management suggested methods,
the shelf life of head lettuce from Kae Noi Royal Project Development Center was at
5.07 days, while its shelf life after the implementation of the mentioned methods

was improved to 7.81 days.
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Research Summary
1. Surveys and data collection on quality and loss of organic vegetables on farmers’
cultivation areas

Surveys and data collection on quality and loss of 2 types of organic
vegetables on farmers’ planting areas from each of the 10 Royal Project
Development Centers and Agricultural Stations found that the quality of organic
vegetables on planting areas of each Royal Project site was varied and the cause and
quantity of losses of each type of organic vegetables were varied from one Royal
Project site to another, depending on cultivation process, harvesting process and

postharvest management process of each Royal Project site.

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

2.1 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic choy sum from Inthanon Royal
Agricultural Station on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 13.09, 22.96, 15.55 and 0.34 percent respectively. After the
adoption of postharvest management suggested methods, the postharvest loss of
organic choy sum was found at 12.38, 14.65, 13.19 and 1.97 percent respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic green oak leaf lettuce from Inthanon Royal
Agricultural Station at farm areas, at the Royal Project Development Center, at Chiang
Mai Royal Project Produce Center and at the Royal Project Foundation Retail Shop
incurred at 6.68, 10.07, 32.68 and 5.01 percent respectively. After the adoption of
postharvest management suggested methods, the postharvest loss of organic green
oak leaf lettuce was 29.26, 9.42, 17.40 and 2.75 percent respectively.

2.2 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic butter head lettuce from Angkhang Royal
Agricultural Station on farm areas, at the Royal Project Development Center, at

Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
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Shop incurred at 46.01, 3.35, 27.12 and 4.42 percent respectively. After the adoption
of postharvest management suggested methods, the postharvest loss of organic
butter head lettuce was 36.92, 0.37, 10.91 and 1.09 percent respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic cabbage from Angkhang Royal Agricultural Station at
farm areas, at the Royal Project Development Center, at Chiang Mai Royal Project
Produce Center and at the Royal Project Foundation Retail Shop incurred at 39.51,
9.85, 11.25 and 3.33 percent respectively. = After the adoption of postharvest
management suggested methods, the postharvest loss of organic cabbage was found
at 30.64, 11.67, 10.99 and 0.78 percent respectively.

2.3 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic green oak leaf lettuce from Tung Luang
Royal Project Development Center on farm areas, at the Royal Project Development
Center, at Chiang Mai Royal Project Produce Center and at the Royal Project
Foundation Retail Shop incurred at 26.13, 0.00, 19.35 and 4.26 percent respectively.
After the adoption of postharvest management suggested methods, the postharvest
loss of organic green oak leaf lettuce was found at 35.08, 0.00, 9.50 and 0.00 percent
respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic cos lettuce from Tung Luang Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 27.49, 0.00, 23.78 and 1.61 percent respectively. After the adoption
of postharvest management suggested methods, the postharvest loss of organic cos
lettuce was found at 26.81, 0.00, 9.33 and 0.99 percent respectively.

2.4 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic choy sum from Huai Pong Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 25.40, 3.32, 29.42 and 2.37 percent respectively. After the adoption
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of postharvest management suggested methods, the postharvest loss of organic choy
sum was found at 19.64, 10.56, 4.00 and 1.59 percent respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic baby pak-choi from Huai Pong Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 40.21, 32.52, 34.78 and 3.87 percent respectively. After the
adoption of postharvest management suggested methods, the postharvest loss of
organic baby pak-choi was found at 21.13, 23.54, 9.25 and 0.15 percent respectively.

2.5 Before the implementation of postharvest’ management suggested
methods, the postharvest losses of organic choy sum from Tung Roeng Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 20.93, 4.63, 31.15 and 2.32 percent respectively. After the adoption
of postharvest management suggested methads, the postharvest loss of organic choy
sum was found at 34.41, 3.56, 4.06 and 2.58 percent respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic chayote shoot from Tung Roeng Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 0.00, 13.07, 6.63 and 0.08 percent respectively. ~After the adoption
of postharvest management suggested methods, the postharvest loss of organic
chayote shoot was found at 0.00, 1.77, 1.26 and 0.23 percent respectively.

2.6 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic head hettuce from Wat Chan Royal
Project Development Center on farm areas, at the Royal Project Development
Center, at Chiang Mai Royal Project Produce Center and at the Royal Project
Foundation Retail Shop incurred at 23.96, 33.42, 19.11 and 3.27 percent respectively.
After the adoption of postharvest management suggested methods, the postharvest
loss of organic head lettuce was found at 32.93, 25.26, 14.06 and 1.91 percent

respectively.
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Before the implementation of postharvest management suggested methods,
the postharvest losses of organic cos lettuce from Wat Chan Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 12.90, 36.24, 28.64 and 2.04 percent respectively. After the
adoption of postharvest management suggested methods, the postharvest loss of
organic cos lettuce was found at 19.97, 39.67, 4.17 and 1.34 percent respectively.

2.7 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic pak-choi from Mae Sa Pok Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 7.23, 43.86, 33.05 and 1.91 percent respectively. After the adoption
of postharvest management suggested methods, the postharvest loss of organic pak-
choi was found at 44.50, 12.60, 25.75 and 0.62 percent respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic baby pak-choi from Mae Sa Pok Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 7.79, 46.49, 30.97 and 3.80 percent respectively. After the adoption
of postharvest management suggested methods, the postharvest loss of organic baby
pak-choi was 56.19, 11.16, 22.12 and 0.51 percent respectively.

2.8 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic cabbage from Huai Som Poi Royal Project
Development Center on farm areas, at the Royal Project Development Center, at
Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 27.47, 16.21, 27.65 and 4.78 percent respectively. After the
adoption of postharvest management suggested methods, the postharvest loss of
organic cabbage was found at 26.10, 13.86, 17.78 and 0.68 percent respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic cos lettuce from Huai Som Poi Royal Project

Development Center on farm areas, at the Royal Project Development Center, at
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Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 37.97, 61.21, 11.71 and 4.00 percent respectively. After the
adoption of postharvest management suggested methods, the postharvest loss of
organic cos lettuce was found at 23.66, 26.40, 3.60 and 3.90 percent respectively.

2.9 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic green oak leaf lettuce from Huai Nam Rin
Royal Project Development Center on farm areas, at the Royal Project Development
Center, at Chiang Mai Royal Project Produce Center and at the Royal Project
Foundation Retail Shop incurred at 7.12, 56.49, 62.21 and 0.00 percent respectively.
After the adoption of postharvest management suggested methods, the postharvest
loss of organic green oak leaf lettuce was found at 63.80, 15.41, 50.61 and 0.65
percent respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic red oak leaf lettuce from Huai Nam Rin Royal
Project Development Center on farm areas, at the Royal Project Development
Center, at Chiang Mai Royal Project Produce Center and at the Royal Project
Foundation Retail Shop incurred at 21.45, 53.80, 46.19 and 0.00 percent respectively.
After the adoption of postharvest management suggested methods, the postharvest
loss of organic red oak leaf lettuce was found at 31.53, 11.12, 26.19 and 0.82 percent
respectively.

2.10 Before the implementation of postharvest management suggested
methods, the postharvest losses of organic butter head lettuce from Kae Noi Royal
Project Development Center on farm areas, at the Royal Project Development
Center, at Chiang Mai Royal Project Produce Center and at the Royal Project
Foundation Retail Shop incurred at 18.93, 23.88, 24.95 and 1.38 percent respectively.
After the adoption of postharvest management suggested methods, the postharvest
loss of organic butter head lettuce was found at 30.08, 15.96, 7.35 and 1.04 percent
respectively.

Before the implementation of postharvest management suggested methods,
the postharvest losses of organic head lettuce from Kae Noi Royal Project

Development Center on farm areas, at the Royal Project Development Center, at
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Chiang Mai Royal Project Produce Center and at the Royal Project Foundation Retail
Shop incurred at 25.20, 25.71, 24.17 and 2.81 percent respectively. After the
adoption of postharvest management suggested methods, the postharvest loss of

organic head lettuce was found at 28.12, 18.63, 14.62 and 1.09 percent respectively.

3. A study on a shelf life of organic vegetables

3.1 Before the implementation of postharvest management suggested
methods, the shelf life of organic choy sum and green oak leaf lettuce from Inthanon
Royal Agricultural Station was at 6.28 and 5.84 days respectively. After the
implementation of the postharvest management suggested methods, the shelf life of
organic choy sum and green oak leaf lettuce improved to 9.58 and 7.20 days
respectively.

3.2 Before the implementation of postharvest management suggested
methods, the shelf life of organic butter head lettuce and cabbage from Angkhang
Royal Agricultural Station was at 6.29 and 13.53 days respectively. After the
implementation of the postharvest management sugeested methods, the shelf life of
organic butter head lettuce and cabbage improved to 13.20 and 21.45 days
respectively.

3.3 Before the implementation of postharvest management suggested
methods, the shelf life of organic green oak leaf lettuce and cos lettuce from Tung
Luang Royal project Development Center was at 7.85 and 5.98 days respectively.
After the implementation of the postharvest management suggested methods, the
shelf life of organic green oak leaf lettuce and cos lettuce improved to 11.43 and
11.44 days respectively.

3.4 Before the implementation of postharvest management suggested
methods, the shelf life of organic choy sum and baby pak-choi from Huai Pong Royal
Project Development Center was at 6.44 and 10.60 days respectively. After the
implementation of the postharvest management suggested methods, the shelf life of
organic choy sum and baby pak-choi improved to 7.57 and 10.73 days respectively.

3.5 Before the implementation of postharvest management suggested

methods, the shelf life of organic choy sum and chayote shoot from Tung Roeng
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Royal Project Development Center was at 7.56 and 6.75 days respectively. After the
implementation of the postharvest management suggested methods, the shelf life of
organic choy sum and chayote shoot improved to 9.07 and 7.50 days respectively.

3.6 Before the implementation of postharvest management suggested
methods, the shelf life of organic head lettuce and cos lettuce from Wat Chan Royal
Project Development Center was at 7.40 and 6.80 days respectively. After the
implementation of the postharvest management suggested methods, the shelf life of
organic head lettuce and cos lettuce improved to 11.48 and 10.05 days respectively.

3.7 Before the implementation of postharvest management suggested
methods, the shelf life of organic pak-choi and baby pak-choi from Mae Sa Pok Royal
Project Development Center was at 6.03 and 4.87 days, respectively. After the
implementation of the postharvest management suggested methods, the shelf life of
organic pak-choi and baby pak-choi improved to 7.38 and 8.90 days respectively

3.8 Before the implementation of postharvest management suggested
methods, the shelf life of organic cabbage and cos lettuce from Huai Som Poi Royal
Project Development Center was at 13.14 and 5.25 days respectively. After the
implementation of the postharvest management suggested methods, the shelf life of
organic cabbage and cos lettuce improved to 15.17 and 11.30 days respectively.

3.9 Before the implementation of postharvest management suggested
methods, the shelf life of organic green oak leaf lettuce and red oak leaf lettuce
from Huai Nam Rin Royal Project Development Center was at 5.60 and 5.08 days
respectively. After the implementation of the postharvest management suggested
methods, the shelf life of oreanic green oak leaf lettuce and red oak leaf lettuce
improved to 9.73 and 10.40 days respectively.

3.10 Before the implementation of postharvest management suggested
methods, the shelf life of organic butter head lettuce and head lettuce from Kae Noi
Royal Project Development Center was at 4.13 and 5.07 days respectively. After the
implementation of the postharvest management suggested methods, the shelf life of
organic butter head lettuce and head lettuce improved to 7.83 and 7.81 days

respectively.
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4. According to suggested postharvest management for organic vegetables, we were
able to reduce postharvest losses and extend the shelf life of vegetables. Our
recommendations included

1) Harvested organic vegetables under appropriated maturity indices.

2) Cleaning and washing organic vegetable by soaking in the water was

prohibited due to induce bruising and decay.

3) Postharvest duration from development center to produce center in

Chiang Mai was shortened.

4) Organic vegetables should be distributed by refrigerated truck.

5) The farmer should be respond to sort and grade vegetables by themselves

in the field to reduce development center management and labor cost. This

way we could reduce postharvest trash at the produce center in Chiang Mai.

Even postharvest loss in the field was higher than before ' the
recommendation but postharvest losses in later supply chain was reduced according
to our recommendations. Anyhow postharvest losses of organic vegetables also
depended on the initial quality of organic vegetables. Some postharvest losses were
higher after our recommendation was due to the initial quality of organic vegetables

was not as good as before recommendation.
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Abstract

Survey on quality and losses of organic vegetables on farm areas of the 10
Royal Project Development Centers/Stations, 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, Kae 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, with data gathered from 2 vegetables from each Royal Project
site, it was found that the quality of oreanic vegetables on farm areas was varied
from one Royal Project site to another. The origin and number of loss for each type
of organic vegetable was also varied from one Royal Project site to another,
depending on the cultivation process, harvesting process and postharvest
management of each Royal Project Development Center.

The postharvest loss survey of organic vegetables as they were moved along
the supply chain, starting from farm areas, Royal Project Development Centers,
Chiang Mai Royal Project Produce Center, to Royal Project Foundation Retail Shops
as well as the survey on the shelf life of the produce found that the postharvest loss
in supply chain of choy sum from Inthanon Royal Agricultural Center, before
suggestions on postharvest management provided, incurred at 13.09, 22.96, 15.55
and 1.34 percent respectively. The shelf life was 6.28 days. After the implementation
of the recommendations, the postharvest loss decreased to 12.38, 14.65, 13.19 and
1.97 percent respectively. The shelf life also increased to 9.58 days. Meanwhile,
green oak leaf lettuce’s rate of postharvest loss, before suggestions on postharvest
management provided, incurred at 6.68, 10.07, 32.68 and 5.01 percent respectively.
Its shelf life was below 5.84 days. After the suggestions provided, the postharvest
loss rate was at 29.26, 9.42, 17.40 and 2.75 percent respectively. The shelf life was
7.20 days. Butter head lettuce from Angkhang Royal Agricultural Center had the rate
of postharvest loss, in supply chain, before the suggestions on postharvest
management provided, at 46.01, 3.35, 27.12 and 4.42 percent respectively. Its shelf
life was at 6.29 days. After suggestions provided, the rate improved to 36.92, 0.37,
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10.91 and 1.09 percent respectively. Its shelf life was also increased to 13.20 days.
Meanwhile, cabbage had the postharvest loss rate before suggestions at 39.51, 9.85,
11.25 and 3.33 percent respectively. Its shelf life was at 13.53 days. After the
suggestions provided, its postharvest loss was decreased to 30.64, 11.67, 10.99 and
0.78 percent respectively. Its shelf life was also improved to 21.45 days. Green oak
leaf lettuce from Tung Luang Royal Project Development Center had a postharvest
loss in supply chain before suggestions on postharvest management were provided
at 26.13, 0.00, 19.35 and 4.26 percent respectively. Its shelf life was 7.85 days. After
the implementation of the suggested methods, the postharvest loss rate incurred
respectively at 35.08, 0.00, 9.50 and 0.00 percent and the shelf life was 11.43 days.
Cos lettuce’s postharvest loss, before postharvest management recommendations
provided, was 27.49, 0.00, 23.78 and 1.61 percent respectively. Its shelf life was 5.98
days. After the recommendations were placed, the postharvest loss incurred at
26.81, 0.00, 9.33 and 0.99 percent respectively, and its shelf life was increased to
11.44 days. Choy sum from Huai Pong Royal Project Development Center incurred
the postharvest loss in supply chain of 2540, 3.32, 29.42 and 2.37 percent
respectively before postharvest recommendations provided. The shelf life was 6.44
days. After the recommendations were adopted, the postharvest loss incurred at
19.64, 10.56, 4.00 and 1.59 percent respectively, and the shelf life was improved to
7.57 days. Meanwhile, baby pak-choi had the rate of postharvest loss in supply chain
of 40.21, 32.52, 34.78 and 3.87 percent respectively. Its shelf life was 10.60 days.
After the recommendations were implemented, the postharvest loss rate was altered
to 21.13, 23.54, 9.25 and 0.15 percent respectively, while the shelf life was improved
to 10.73 days. Choy sum’s postharvest loss in supply chain from Tung Roeng Royal
Project Development Center was at 20.93, 4.63, 31.15 and 2.32 percent respectively
and its shelf life was at 7.56 days. After postharvest recommendations provided, the
percent of postharvest loss was changed to 34.41, 3.56, 4.06 and 2.58 percent
respectively and the shelf life was 9.07 days. Chayote shoot’s rate of postharvest
loss, before postharvest management recommendations were implemented, was
0.00, 13.07, 6.63 and 0.08 percent respectively, and the shelf life was at 6.75 days.

After postharvest suggestions provided, the postharvest loss rate was at 0.00, 1.77,
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1.26 and 0.23 percent respectively and its shelf life was at 7.50 days. Head lettuce
from Wat Chan Royal Project Development Center incurred the postharvest loss of
2396, 3342, 19.11 and 3.27 percent respectively before postharvest
recommendations were adopted. The shelf life was 7.40 days. After the
recommendations were adopted, the postharvest loss rate was at 32.93, 25.26, 14.06
and 1.91 percent respectively, and the shelf life was improved to 11.48 days.
Meanwhile, cos lettuce from the same Royal Project site incurred the postharvest
loss of 12.90, 36.24, 28.64 and 2.04 percent respectively. The shelf life was 6.80 days.
After postharvest recommendations, the postharvest loss was at 19.97, 39.67, 4.17
and 1.34 percent respectively. The shelf life was at 10.05 days. Pak-choi from Mae Sa
Pok Royal Project Development Center incurred the postharvest loss in supply chain
of 7.23, 43.86, 33.05 and 1.91 percent respectively. Its shelf life was 6.03 days. After
the team had launched their recommendations, the postharvest loss incurred at
44,50, 12,60, 25.75 and 0.62 percent respectively, and the shelf life was also
improved to 7.38 days. Baby pak-choi had the postharvest loss rate at 7.79, 46.49,
30.97 and 3.08 percent respectively. Its shelf life was 4.87 days. After postharvest
management recommendations, the loss rate was 56.19, 11.16, 22.12 and 0.51
percent respectively. The shelf life was improved to 8.90 days. Cabbage’s
postharvest loss in supply chain from Huai Som Poi Royal Project Development
Center before postharvest suggestions provided was at 27.47, 16.21, 27.65 and 4.78
percent respectively. The shelf life was 13.14 days. After sugeestions were made, the
postharvest loss incurred at 26.10, 13.86, 17.78 and 0.68 percent respectively and the
shelf life was improved to 15.17 days. Meanwhile, cos lettuce from the same Royal
Project Development Center incurred the postharvest loss of 37.97, 61.21, 11.71 and
4.00 percent respectively. The shelf life was 5.25 days. After postharvest
management recommendations were made, the postharvest loss was at 23.66, 26.40,
3.60 and 3.90 percent respectively. Its shelf life was 11.30 days. Green oak leaf
lettuce’s postharvest loss in supply chain from Huai Nam Rin Royal Project
Development Center was at 7.12, 56.49, 62.21 and 0.00 percent respectively. Its shelf
life was 5.60 days before postharvest management recommendations. After

recommendations on postharvest management were placed, the postharvest loss
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rate was at 63.80, 15.41, 50.61 and 0.65 percent respectively, and the shelf life
increased to 9.73 days. Red oak leaf lettuce from the same Royal Project site had the
postharvest loss of 21.45, 53.80, 46.19 and 0.00 percent respectively. Its shelf life was
5.08 days. After postharvest management suggestions were implemented, the
postharvest loss incurred at 31.53, 11.12, 26.19 and 0.82 percent respectively. The
shelf life was 10.40 days. Butter head lettuce’s postharvest loss in supply chain from
Kae Noi Royal Project Development Center was at 18.93, 23.88, 24.95 and 1.38
percent respectively. The shelf life was 4.13 days. After postharvest management
recommendations were made, the postharvest loss incurred at 30.08, 15.96, 7.35 and
1.04 percent respectively. The shelf life was increased to 7.83 days. Meanwhile, head
lettuce’s postharvest loss from the same royal project development center was at
25.20, 25.71, 24.71 and 2.81 percent respectively. Its shelf life was 5.07 days. After
postharvest management suggestions were adopted, the postharvest loss incurred at
29,12, 18.63, 14.62 and 1.09 percent respectively. Its shelf life was improved to 7.81
days.



