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Executive Summary

Research and Workshop on Postharvest Management of the Royal Project
Important Crops

Abstract

The research and workshop on postharvest management of the Royal Project
important crops was aimed at conducting research and developing appropriate and
effective postharvest procedures throughout the supply chain and analyzing with the
participation of farmers and relevant extension workers, the feasibility of practical
implementation of postharvest procedures synthesized from research methodology.
The research was carried out in 2 activities. The first activity began with a data
survey as these produces move along the supply chain, followed by recording loss
percentage of the four produce namely broccoloni, chye-sim, cos lettuce and
strawberry at each stage of supply chain, consequently, evaluating losses and
analyzing causes. Type of losses was categorized by physical damage, physiological
deterioration, plant and insect-related diseases; and others. With the analysis to find
out best practices to minimize losses, the process will be repeated according to
appropriate methodology to testify postharvest best practices. The second activity
investigated the feasibility study of implementing research suggested postharvest
procedures, under participation of farmers and relevant extension workers, of the five
vegetables including cabbages, head lettuce, spinach, broccoli and baby pak choi.
The draft manual of practical postharvest best practices of the five vegetables was
developed with the participatory sub-group meeting between farmers and relevant
extension workers. The survey indicated that the postharvest loss of broccolini counts
33.96 per cent including under-utilized parts and/or short of minimum quality
standards and physical damages. The stage where damages mostly take place was at
the Development Center. The research suggested techniques decreases the loss
percentage to only 11.44 per cent. The postharvest damage of the chye-sim along the
supply chain reckons 48.18 per cent and major damage was the physical one. The
supply chain point which losses frequently occur was the Royal Project Development

Center. As the recommended techniques were implemented, the total loss reduces to



34.88 per cent. The postharvest loss of cos-lettuce was found at 86.24 per cent as a
result of plant diseases including skin flaws from spot disease, and other physical
damages. The phase in supply chain which damages were found was farmland and
the packing house in Bangkok. With the techniques suggested in the study research,
the loss percentage significantly goes down to only 30 — 40 per cent. According to
the survey, the postharvest damage percentage of strawberry was found at 43.77, and
the major loss found was the physical one at 18.06 per cent. The supply chain spot
where damages were found was farmland. However, after the fruit was delivered to
Bangkok, the physical damage was mainly found at 11.75 per cent. The research
suggested techniques could significantly cut down on the physical damage to only
2.09 per cent.

The feasibility of implementing the research suggested techniques for the five
produce namely cabbage, head lettuce, spinach, broccoli and baby pak choi was
conducted under the participation of farmers and relevant extension workers. The
participatory process was carried out through interviews and sub-group meeting of
extension workers promoting crop production, and the packing house workers at
different Royal Project Development Centers where each crop was growing. There
were 72 farmers; and total 26 crop production promoting working and packing house
workers participated in the interview sessions and sub-group meeting; and the
practical postharvest manual was subsequently drafted.



Introduction

The Royal Project Foundation has been conducting research and development
on appropriate crop farming procedures to generate high quality and high-yield
agriculture produce. However, several major crops were still found short of quality
standard when they were distributed into markets. In the year 2012, the loss of cos
lettuce, broccoloni, chye-sim and strawberry was reported at 29,005, 2,688, 4,342 and
2,920 kilograms, respectively. The loss mainly comprises overly mature and rotten
produce as a result of inappropriate postharvest procedures. Given the fact, the
research has been conducted to develop best practices for postharvest procedures
commencing from farmland through end customers. The research begins with a
survey and data collection of both pre- and postharvest practices for the four major
produce including cos lettuce, broccoloni, chye-sim and strawberry. The data was
then analyzed and synthesized to improve and enhance the effectiveness of both pre-
and postharvest procedures to maintain quality, minimize losses and prolong shelf life
of the crops through arrival at end customers.

The research methodology of postharvest procedures for major produces of the
Royal Project Foundation begins with a data survey as these produces move along the
supply chain, followed by recording loss percentage of the four produce namely cos
lettuce, broccoloni, chye-sim and strawberry at each stage of supply chain,
consequently, evaluating losses and analyzing causes. Type of losses was categorized
by physical damage, physiological deterioration, plant and insect-related diseases; and
others. With the analysis to find out best practices to minimize losses, the process
will be repeated according to appropriate methodology to testify postharvest best
practices found in the previous research for the five vegetables including spinach,
baby pak choi, broccoli, head lettuce and cabbages. The draft manual of practical
postharvest best practices of the five vegetables was developed with the participatory

sub-group meeting between farmers and relevant officers.



Research Objective
1) To conduct research and develop appropriate and effective postharvest
procedures throughout the supply chain
2) To analyze, with the participation of farmers and relevant extension
workers, the feasibility of practical implementation of postharvest procedures

synthesized from research methodology

Methodology
Activity 1: Research and Development on Identifying Appropriate and Effective
Postharvest Procedures throughout the Supply Chain
1) Survey and collect data on movement along the supply chain of the
four produces namely cos lettuce, broccoloni, chye-sim and strawberry by checking
and interviewing farmers, extension workers from the project Development Center
and workers from Packing House and collecting data from farming areas of the three
vegetables and strawberry. Information collected was completed on the form (see the
Appendix 1)
2) Loss survey of the four produce at each stage along the supply chain
including:
a.) farming area
b.) The Royal Project Development Center
c.) packing house in Chiang Mai
d.) packing house in Bangkok
e.) The Royal Project retail shops
The loss survey at each stage of the supply chain was recorded for each
containing unit of each crop. At the farming areas, 60 kilograms of broccoli, 80
kilograms for each cos lettuce and chye-sim and 30 kilograms of strawberry was
sampled to survey losses. Losses were classified as physical damages (breakage,
bruising, scratch and pressure on skin); physiological deterioration (loss of water and
natural descent); plant-related diseases (damages associated with fungi and bacteria
and other rotten damages); insect-destroying loss (damages from biting and sucking);
inappropriate harvesting procedure (overly mature or too young produce); under-



utilized parts (leaf sheath) or short of quality standard (under sized produce); physical
contamination with soil and dirt; loss associated with decreasing temperature; and
others. Weight and loss of individual crop was categorized and recorded at each stage
of the supply chain. Final weight of each produce was recorded before distributing to
markets in order to analyze the entire loss occurring in the supply chain.

With loss information gathered at each stage of the supply chain (a — e),
recommendation to reduce losses was provided. The suggested procedures were then
implemented, and the loss percentage was recorded again.

3) Summarize and analyze the collected data followed by sorting out
major types of loss of the four produce at each stage of the supply chain where losses
were frequently occurring. The total percentage of produce available for market
distribution was then recorded.

4) Provide recommendations to reduce losses indicated in 2)

5) Repeat the methodology step 2), and simultaneously apply
recommendations in step 4) at the and compare the result as reflected in loss
percentage

6) Prepare the draft manual of postharvest procedures for the four crops

Recording research results
1. Record and collect information from observation, and interview of farmers
and relevant officers from the Royal Project Foundation
2. Calculate and record weight loss percentage of the four crops at each stage
in supply chain (a - e).
3. Record a cause resulting in losses as described below:
3.1 Physical damages: bruising, breakage, scratch and pressure on skin
3.2 Physiological damages: water loss and yellowish leaves
3.3 Insect-destroying damages: biting and/or sucking traces
3.4 Plant disease damages: fungi and/or bacteria, and other rotten traces
3.5 Inappropriate harvesting procedures: reaping overly mature and/or too
young produce
3.6 Under-utilized parts and/or short of quality standards: leaf sheath,

under-sized produce



3.7 Damages from physical contamination with soil and other dirt
3.8 Damages from decreasing temperature

3.9 Other damages

Activity 2: Feasibility Study of Implementing Research Suggested Postharvest
Procedures, under Participation of Farmers and Relevant Workers, of
the Five Produces

1) Synthesize postharvest knowledge gained from the research of the five
produces namely spinach, baby pak choi, broccoli, head lettuce and cabbage.
2) Feasibility study of implementing research suggested postharvest
procedures, under participation of farmers and relevant workers by the following
1. Interviews of farmers, workers promoting crop production and the
packing officers on the prevailing challenges and demands of
appropriate postharvest procedures for spinach, baby pak choi,
broccoli, head lettuce and cabbage
2. Sub-group meeting on presenting approaches based on the
research findings, brainstorming of possible challenges in
implementation and solutions and/or alternative practices
3. Prepare draft of postharvest manual for the five produce; spinach,
baby pak choi, broccoli, head lettuce and cabbage, based on

information received from interviews and meeting



Research Results
Activity 1: Research and Development on ldentifying Appropriate and Effective
Postharvest Procedures throughout the Supply Chain

Survey and data collection on movement along the supply chain of the four
vegetables including cos lettuce, broccoloni, chye-sim and strawberry was conducted
by observance, interview of farmers, Development Center and packing house officers
according to details provided on the form and data collection at farming area of
farmers growing the four vegetables as details listed below:

- broccoloni : survey and collect data at Koon Wang Center

- chye-sim : survey and collect data at Indhanon Royal Agriculture Station

- cos lettuce : survey and collect data at Mae-Hae Center

- strawberry : survey and collect data at Mae-Hae Center

Based on information gathered, the research findings can be summarized

below:

Broccolini

The loss survey of broccolini suggested that total damage of 33.96 per cent
was found along the supply chain, and the remaining of 66.04 per cent of the produce
arrived at the Royal Project Foundation retail shop at the Marketing Organization for
Farmers. The damage occurring was classified as under-utilized parts of 28.65 per
cent (from trimming of leaves and leave stalks, overly mature and too lengthy of
stems and removal of pieces with flaws and/or short of quality standard); physical
damage counts 5.21 per cent (scratch of stems, leaf breakage and breaking pedicel);
and the slight loss from plant disease adds 0.10 per cent. Additionally, 50 per cent of
broccolini appears dry from loss of water upon its arrival at the packing house in
Bangkok. However, appearance of dryness was still at the acceptable level for sales.
Broccolini takes the total of 48 hours in moving along the supply chain, i.e. from
farming area to the Royal Project retail shop at the MOF. The illustration of Loss

Percentage of Broccolini at Each Stage of the Supply was presented in Tablel.



Table 1: Ilustration of Loss Percentage of Broccolini at Each Stage of the Supply

Chain
Location Supply Chain Loss Percentage (%)

Farming area 2.18°
Development Center 17.70°
Packing House, Chiang Mai 2.15°
Packing House, Bangkok 11.52°
Retail Shop at the Marketing Organization 0.41°
for Farmers '

Total 33.96

Note: Different letter(s) following the displayed average percentage represent the statistical

significance level at 95%

Chye-Sim

Postharvest survey of damages taking place along the supply chain including
farming area, Development Center, packing house in both Chiang Mai and Bangkok,
and retail shop at the Marketing Organization for Farmers, indicated the final 51.82
per cent of quality product released to markets. The major loss found was under-
utilized parts and/or short of quality standard which counts 21.32 per cent. Lacking in
preliminary trimming of the produce’s under-utilized and/or short of quality standard
parts from farm area was contributed to major losses upon the arrival of packing
house. The second major damage of 17.85 per cent was reported to be physical one
with breaking leaves and leaf stalks. Insect-destroying damage counts 6.85 per cent,
while the physiological deterioration appearance of dryness adds up 2.16 per cent.
The total time in moving along the supply chain for chye-sim was 32 hours. Table 2

below illustrated damages occurring at each stage of the supply chain.



Table 2: Illustration of Loss Percentage of Chye-sim at Each Stage of the Supply

Chain
Location Supply Chain Loss Percentage (%)

Farming area 13.11°
Development Center 21.32°
Packing House, Chiang Mai 8.26°
Packing House, Bangkok 2.94°
Retail Shop at the Marketing Organization 5 it
for Farmers '

Total 48.18

Note: Different letter(s) following the displayed average percentage represent the statistical

significance level at 95%

Cos Lettuce

The postharvest loss of cos lettuce in the supply chain including farming area,
Development Center, packing house in both Chiang Mai and Bangkok, and retail shop
at the Marketing Organization for Farmers counts 86.24 per cent, which allows only
13.76 per cent of the produce for market distribution at the Royal Project retail shop
located at the Marketing Organization for Farmers. The major damage of 40.29 per
cent found was caused by plant diseases where the produce shows flaws from spot
disease. The second major damage found was physical ones with leaf and leaf stalk
breakages and bruising. These physical damages were mostly found at the packing
house in Bangkok upon the crop’s arrival from Chiang Mai. Physiological damage of
water loss and dryness appearance counts 8.64 per cent. The under-utilized part and
short of quality standard adds up 2.30 per cent, while insect-induced scratches caused
by worms and snails make up 0.62 per cent of the total losses. Cos lettuce’s cycle
along the supply chain starting from farming werea through the retail shop takes 30
hours. Table 3 below illustrated damages occurring as cos lettuce moves along each

stage of the supply chain.



Table 3: Illustration of Loss Percentage of Cos Lettuce at Each Stage of the Supply

Chain
Location Supply Chain Loss Percentage (%)

Farming area 32.52°
Development Center 12.19°
Packing House, Chiang Mai 9.08°
Packing House, Bangkok 32.45°
Retail Shop at the Marketing Organization 0.00°
for Farmers '

Total 48.18

Note: Different letter(s) following the displayed average percentage represent the statistical

significance level at 95%

Strawberry

The survey of postharvest loss for strawberry breeding Royal Charity # 80,
while moving along the supply chain including farming area, Development Center,
packing house in both Chiang Mai and Bangkok, and retail shop at the Marketing
Organization for Farmers, indicated the total damages of 43.77 per cent where the
major loss was reported to be the physical one of 18.06 per cent with bruising and
scratches. The insect and animal-damaged produce counts 4.14 per cent with flaws
from aphids and slugs. Other losses include 3.63 per cent of distorted body which
looks like cockscomb and abnormal appearance from original breeding should look,
8.65 per cent of too small in size, plant diseases (rotten and fungi infected fruit) of
6.20 per cent, and 3.09 per cent damage from inappropriate harvesting procedure
which turns the whole fruit skin into red color. Strawberry takes the total of 52 hours
in moving along the supply chain starting from farming area through the retail shop at
the Marketing Organization for Farmers. Table 4 below illustrated damages occurring
as strawberry moves along each stage of the supply chain after the postharvest

procedures were recommended.



Table 4: Illustration of Loss Percentage of Strawberry at Each Stage of the Supply

Chain with Recommended Postharvest Procedures

Location Supply Chain Loss Percentage (%)
Farming area 51.95%
Development Center 0.35°
Packing House, Chiang Mai 0.73
Packing House, Bangkok 1.01°
Retail Shop at the Marketing Organization 0.00°

for Farmers
Total 54.04

Note: Different letter(s) following the displayed average percentage represent the statistical

significance level at 95%



Activity 2: Feasibility Study of Implementation of Appropriate Postharvest
Procedures for 5 Produces based on Information Synthesized from

Research Studies and Participation of Farmers and Relevant Officers

According to information synthesized from research studies, interview and
participatory meeting with farmers, officers promoting crop production and the
packing officers, the feasibility study of the implementation of postharvest procedures

for the five produce can be summarized as follows:

Cabbage:

- Given the shortage of labor, cabbage produce must be left in farm whereas to
await the follow-on harvesting process.

- Quality classification on farmland was impractical without proper
knowledge, and uncertainty to do the job to meet the Royal Project quality standard.

- Farmers tend to squeeze all cabbages directly in trucks’ trunk for their
convenience in gaining higher volume in a shorter timeframe.

- Only certain postharvest approaches can be applied with cabbages, and must
be adapted to a real circumstance, while the shortest duration possible was needed

from the farmland and the packing house in Chiang Mai.

Head Lettuce:

- Farmers agreed to pack the produce in plastic baskets after harvesting, and
allowed a few leaf sheaths.

- Quality classification on farmland was impractical without proper
knowledge. Additionally, farmers’ uncertainty to do the job, being afraid of not
meeting the Royal Project’s and Purchasing Station’s quality standard.

- Farmers requested delivery trucks to collect the produce from farm whereas
to the packing house of the Development Center within the shortest duration possible.

- It was recommended that farmers reap in the morning time of the day, and
complete the activity as soon as possible.

- It was recommended that farmers contain the produce in plastic baskets

immediately after harvesting, with a remaining of a few leaf sheaths.



- It was recommended that there should be a system in place to deliver
produce from farmland to the packing house of the Development Center at the
shortest duration possible.

- The Development Center can deliver the head lettuce to the packing house in

Chiang Mai on refrigerated trucks.

Spinach:

- Preliminary screening of quality produce without diseases and insect-
destroying traces.

- Optimum volume of the produce contained in plastic baskets without hand
pressure in containing process.

- Given the road conditions, use of four-wheel drive vehicles in transportation
process instead of refrigerated trucks.

- Farmers shall be recommended that banana leaves or plastic sacks can be

used as baskets’ bottom padding.

Broccoli:

- Farmers agreed with the research findings, but needed to see appropriate
adaptation to actual implementation

- Earlier trial of what the research suggested was not successful, since taking
foam boxes to the farmland was cumbersome and easy to contamination with soil

- Farmers do not possess proper knowledge on postharvest and quality

classification

Baby pak choi:

- The Development Center needs to clean the crop with water instead of fabric
cleaning as suggested in the research, given the large volume of the produce arrives at
the Development Center

- Baby pak choi cannot be contained in plastic baskets padded with either side-
extended bags or sponge, as the vegetable was water cleaned and transported without

refrigerated trucks



- Postharvest procedure of water cleaning without complete air dry may
accelerate damages among the crop

- Baby pak choi can be delivered from the Development Center to the packing
house in Chiang Mai in refrigerated trucks



Research Discussion

Postharvest surveys of the four produce namely broccolini, chye-sim, cos
lettuce and strawberry as they move along the supply chain including farmland, the
Royal Project Development Center, packing house in Chiang Mai, packing house in
Bangkok, and the Royal Project retail shop at the Marketing Organization for Farmers
in Bangkok, found out that with the implementation of appropriate techniques, loss
percentage of broccolini decreases to 11.40 per cent. Under utilized part and/or short
of quality standard damage counts 8.63 per cent and physical damage adds up 2.59
per cent. The improved condition was a result of initial trimming of the crop from
farmland, and soaking broccolini in cool water to prevent stem breakages. Upon the
arrival at the packing house in Bangkok, Broccolini does not show a sign of dryness.
With the suggested techniques, the total loss percentage decreases with the shortened
duration of the crop movement along the supply chain from 48 hours to 24 hours.
Thwas finding was consistent with previous research findings for pointed cabbage,
Chinese cabbage, bicolor sweet corn, chayote and Japanese cucumber (Danai et al.,
2010; Danai et al., 2011).

For chye-sim case, with the suggested techniques by preliminary trimming of
the crop from farmland and using fabric in place of water cleaning, the damage
percentage reduces to 34.88 per cent. Major damage found was under-utilized parts
and/or short of minimum quality standard for 21.65 per cent; physiological loss of
8.50 per cent. Among all physiological damages, farmland was the stage where
damage was mostly found at 13.50 per cent, while the second major loss occurs at
11.73 per cent from under-utilized parts and/or short of minimum quality standards.

With the postharvest technique by containing cos lettuce in plastic baskets
padded with side-extended plastic bags, and placing the vegetable in the baskets in
four different approaches 1) along the length of baskets by piling them up with base
part pointing in the same direction (traditional practice) 2) along the length of baskets
with base part pointing to each width side of a basket 3) against the length of baskets
with bottom part positioning towards the each length side of baskets 4) containing cos
lettuce in the Royal Project-branded plastic bags, the total loss goes down to 30 — 40
per cent. Major loss was found to relate to the plant disease, i.e. spot disease.
Physical damage such as leaf and stem breakages, and scratches from bruising



frequently happens on the farmland. After the suggested postharvest technique by
containing the vegetable in plastic baskets bottomed with side-extended plastic bags,
the physiological damage, i.e. dryness appearance, percentage was found to decrease
since plastic bags help to reduce rate of water loss (Danai and Nitiya, 2005)

Loss percentage of strawberry contained in plastic trays with all-sided
shockproof padding found out at 54.04 per cent. Among the loss, farmland was found
to be the stage in supply chain where postharvest damage mostly occurs at the 51.95
per cent. These losses include under-sized fruit of 23.79 per cent, inappropriate
harvest procedure turning the whole fruit into red at 13.18 per cent, plant disease-
effected for 8.94 per cent, distorted appearance of 4.21 per cent and, insect or slug-
destroying traces of 1.83 per cent. Duration time for movement along the supply
chain for strawberry reduced from total of 52 hours to 28 hours. The postharvest
survey of the strawberry breeding Royal Charity # 80 in moving along the supply
chain including farmland, packing house at the Development Center, packing house in
Chiang Mai, packing house in Bangkok, and the retail shop at the Marketing
Organization for Farmer in Bangkok, suggested that the loss percentage of strawberry
turns to increase with the suggested techniques. This negative result was assumed to
associate with different harvesting time in a day. The postharvest survey of the
traditional practice was applied was conducted from 13 — 15 February 2013, while the
postharvest survey of recommended techniques was carried out from 27 - 28
February 2013, even though both surveys were performed on the same farmland. The
increasing loss percentage occurs on the farmland including under-sized produce,
distorted fruit body as a result of inappropriate reaping procedures which turns all
fruit body into red, and damage for plant diseases. In order to minimize indicated
damages, farmers should develop an appropriate pre-harvest techniques and good
practices on farmland. They should be able to preliminarily identify and separate
faulty fruits before placing good ones on plastic trays. However, researchers were
interested in studying physical damage, which mainly takes place after the fruit was
initially screened and packed in plastic boxes prior to moving along the supply chain.
With the research postharvest suggested techniques, the physical loss of the
strawberry breeding Royal Charity # 80 substantially decreases from 18.06 per cent to
only 2.09 per cent. The technique was to contain the fruit on shockproof padded



plastic trays. The finding was consistent with the past research results (Danai et al.,
2012).



Research Conclusion
Activity 1: Research and Development on Identifying Appropriate and Effective
Postharvest Procedures throughout the Supply Chain of the Royal
Project

The postharvest loss survey of four produce namely broccolini, chye-sim, cos
lettuce and strawberry as they move along the supply chain including farmland, the
Royal Project Development Center, packing house in Chiang Mai, packing house in
Bangkok, and the Royal Project retail shop (the Marketing Organization for Farmers
Branch), suggested that

The postharvest loss of broccolini counts 33.96 per cent including under-
utilized parts and/or short of minimum quality standards and physical damages. The
stage where damages mostly take place was at the Development Center. The research
suggested techniques decreases the loss percentage to only 11.44 per cent.

The postharvest damage of the chye-sim reckons 48.18 per cent and major
damage was the physical one. The supply chain point which losses frequently occur
was the Royal Project Development Center. As the recommended techniques were
implemented, the total loss reduces to 34.88 per cent.

The postharvest loss of cos-lettuce was found at 86.24 per cent as a result of
plant diseases including skin flaws from spot disease, and other physical damages.
The phase in supply chain which damages were found was farmland and the packing
house in Bangkok. With the techniques suggested in the study research, the loss
percentage significantly goes down to only 30 — 40 per cent.

According to the survey, the postharvest damage percentage of strawberry was
found at 43.77, and the major loss found was the physical one at 18.06 per cent. The
supply chain spot where damages were found was farmland. However, after the fruit
was delivered to Bangkok, the physical damage was mainly found at 11.75 per cent.
The research suggested techniques could significantly cut down on the physical
damage to only 2.09 per cent.



Activity 2: Feasibility Study of Implementation of Appropriate Postharvest
Procedures for 5 Produce based on Information Synthesized from
Research Studies and Participation of Farmers and Relevant Workers
The feasibility of implementing the research suggested techniques for the five
produce namely cabbage, head lettuce, spinach, broccoli and baby pak choi was
conducted under the participation of farmers and relevant workers. The participatory
process was carried out through interviews and sub-group meeting of extension
workers promoting crop production, and the packing house workers at different Royal
Project Development Centers where each crop was growing. There were 72 farmers;
and total 26 crop production promoting workers and packing house workers
participated in the interview sessions and sub-group meeting; and the practical
postharvest manual was subsequently drafted.
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