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This research compared two crops for intercropping with papaya: banana and custard
apple; and two types of soil cover: dry rice straw and natural grass, on organic farms in
northeast Thailand. The research was conducted in Ban Bor Yai, Borabeu District, Maha
Sarakham Province from October 2018 to September 2019. Data were collected on the
prevalence and level of papaya ringspot virus (PRSV) and quantity and quality of
papaya. Statistically significant differences were found in yield, weight per fruit, flesh
thickness, total soluble solids, disease incidence and level of disease. Banana as a
companion plant promoted papaya yield, while custard apple could minimize PRSV

infection. Dry rice straw was the most suitable type of mulch.

Introduction

Economic and technological changes, and the rapid
rise in the human population, are forcing small-scale
traditional farmers to adapt their practices. When faced
with expanding market opportunities, promotion of
agricultural chemicals and household economic
problems, many farmers give in to the temptation to use
more chemicals for quick returns without thoroughly
considering the impact on the natural environment and
the balance of the agricultural system. Most agricultural
research and agricultural extension work in the humid
tropics has emphasized modern agricultural methods
that rely on external inputs such as chemicals, hybrid
seed, and machinery, with the aim of increasing yield.
Modern agricultural methods have indeed been able to
increase the amount of food produced on the earth, but
in most cases this has come at the cost of decreased
quality of life for small-scale farmers. In later years,
more people have become aware of the social and

*Corresponding author
E-mail address: juntasri@hotmail.com (R. Janthasri)

environmental
agriculture.

Meanwhile, small farmers have started to encounter
problems from environmental degradation. Developers
have thus shown interest in new alternatives to develop
agriculture and upgrade the livings of small farmers, as
well as halting further degradation of natural resourses
and improving the state of the environment. This is the
origin of “Sustainable Agriculture” (Panyakul, 2004).
“Sustainable Agriculture” is a system of resources
management for agricultural production which meets
human needs, while simultaneously maintaining and
reviving the environment and conserving natural
resources (Panyakul, 2008).

Papaya ringspot disease is the most important
problem in production papaya and it is caused by the
papaya ringspot virus (PRSV). Once a tree has the virus
it cannot be cured, but whether it will produced depends
on the timescale of infection damaging the tree. PRSV
is epidemic in the world’s important commercial

impact of post Green Revolution

Online print 28 June 2021. Copyright © 2021. This is an open access article, production and hosting by Faculty of Agricultural Technology,
Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2021.1
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papaya growing areas such as Hawaii, Brazil, Mexico,
Malaysia, Taiwan and Australia. In Thailand the
disease has spread to every region of the country with
a severity of 100%. farmers deal with the epidemic by
moving the cropped area, not growing papaya in a
previously infected area for a year and a half, or
uprooting and destroying infected trees. The Northeast
region of Thailand is the country’s major source of
papaya, as people in this region consume “somtam,” a
type of salad made from unripe papaya, as a staple food.
Almost every household in the Northeast grows papaya
for subsistence. The PRSV epidemic has reduced
production until it is insufficient to meet demand,
causing more growers in the Central region to try to
produce papaya commercially, shipping unripe fruit to
sell in the Northeast and ripe fruit to sell overseas.
However, the severe PRSV epidemic in the Central and
Southern regions soon caused the fruit production
volume and fruit quality to drop. This meant the supply
of raw material for fruit canneries was insufficient and
substandard. Growers stopped growing papaya and
turned to other crops, or moved to new growing areas,
such as in Chonburi, Rayong, Chantaburi and Trat. It
became an urgent problem, just like in other countries
that suffered impacts to the export of fresh papaya.
Thailand’s papaya exports had previously reached as
much as 4,088 tons in 1987, and dropped to just 8 tons
in 1995 and only 1% of the country’s agricultural
production in 2002. At present, despite state agencies
and private organizations improving papaya cultivars to
resist this disease, they cannot eradicate it entirely.
Surveys of papaya growing areas, marketing and
processing in three northeastern provinces found that
farmers growing papaya commercially on a large scale
used the method of moving the growing area or making
a moveable papaya stand every year to avoid this
epidemic.

Research of production in an integrated growing
system by Jantasri (2002) found that growing papaya in
an area surrounded by big trees had a prevalance of
PRSV reduced by 10% compared to an open plot,
where it is found to be approximately 100%. Research
was conducted in the same year testing the planting of
marigolds around the papaya trees to reduce the
depredations of threadworms. It was found that papaya
surrounded by marigolds had less threadworms and
threadworm eggs than papaya without marigolds.
Research into producing papaya organically by Jantasri
(2007) found that organic papayas grown integrated
with other crops showed prevalence of PRSV of only
1%. Papaya grown with rose-apples and bananas in an
organic system did not suffer from PRSV.

Jantasri (2009) tested the effects of various
materials to cover the base of the main papaya stem and
found that mulch made from dried Moringa oleifera
leaves could reduce damping off disease and increase

fruiting per plant better than any other covering
materials.

Jantasri (2010) found that mycorrhyza fungus on
the root systems had the effect to increase essential
trace elements absorption by the plants, and so increase
production of fruit from healthier papaya trees that
were better able to endure PRSV infection. Besides
this, applying the local techniques of managing the soil
by protecting the dry soil surface with natural grasses,
reducing herbicide use, and growing herbal plants with
a strong odour can prevent an outbreak of PRSV by up
to 90%. A local technique among papaya growers in
Srisaket Province is to cover the base of the plants with
dry straw to increase trace elements in the soil and
increase the vigor of the papaya plants to reduce the
prevalence of PRSV.

Therefore, this study aimed to build on local soil
management techniques to reduce PRSV together with
chemical-free planting, to contribute to the body of
knowledge about papaya growing in Thailand. We
chose to compare ‘Kluai Namwa’ banana (Musa ABB
group) and custard apple (Annona squamosa) as
possible partner plants for intercropping to see which
was more suitable, and we compared dry rice straw
mulch (a readily available agricultural by-product) with
natural grass mulch. This study provides a guideline for
developing a future sustainable system that can be
applied for producing papaya or other crops.

Material and methods

The research was conducted in Ban Bor Yai,
Borabeu District, Maha Sarakham Province (16° N,
103° E) from October 2018 to September 2019.
Plowing and plot preparation: The experimental plots
were laid out in an open area with rows running North
to South to maximize exposure to sunlight, which is an
important factor for both photosynthesis and pathogen
reduction. Each plot was 2 metres wide and the length
according to the size of the area in each place. Legumes
such as mung bean (Vigna radiata) and pigeon pea
(Cajanus cajan) were planted as a green manure cover
crop. Then anti-insect herbs were planted around the
outside: neem tree (Azadirachta indica), climbing
wattle (Acacia pennata), citronella grass (Cymgopogon
winterianus) and galangal (Alpinia galanga (L.)
Willd.), planted about 2 metres apart around the area.
Inside, the insect repellant planting at the next lowest
level consisted of holy basil (Ocimum tenuiflorum),
Thai basil (O. basilicum var. thyrsiflora), and citronella
grass (Cymgopogon winterianus) planted every 3
metres, alternating all around the inside area. After the
anti-insect plants were established, the plots were
plowed to created raised berms and the soil in the
growing area was treated with dried manure raked in
throughout the soil and left for 7 days before planting.
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Integrated planting system and mulch: the
experimental plots were plowed two more times before
manure and fresh compost were applied all over the
growing area. Holes were prepared for planting the
alternating companion plants (banana and custard
apple), with the size of the hole matching the size of the
plant. The soil was left to dry in the sun for a week. A
soil mixture was prepared for filling in the holes
comprising compost, burnt rice husks, dried rice husks,
bonemeal and a 1:1 thorough mixture of bat manure and
dolomite. Then the intercropping plants were planted
and the soil was covered with mulch (natural grass or
dry rice straw) as specified all over the planting holes.
Manure and compost were applied in alternating
months throughout the experimental period.

Papaya seedlings were prepared by soaking papaya
seeds in warm water at a temperature of approximately
50°C for 24 hours. The seeds which floated were
discarded. The remaining seeds were wrapped in thin
white cloth or stored in tightly closed plastic bags, and
stored in the shade for 3-5 days. When the seed casing
started to break and show the white radical protruding,
the seeds were then germinated in black 2 by 6-inch
plastic bags, each bag with one seed planted at 1 cm
deep in the germinating material soil, burnt rice husks
and manure, in a ratio of 2:3:1. After 20 days, they were
nourished with liquid organic fertilizer at the rate of 5
cm?® per plant. They were transplanted to the field when
the seedlings were 40 days old. A 50 cm planting hole
was dug for each papaya plant (between the previously
planted companion plants) and left to sun-dry with soil
for a week. A soil mixture was prepared for the hole
which comprised compost, burnt rice husks, dried rice
husks, bonemeal and a 1:1 thorough mixture of bat
manure and dolomite. Then the papaya seedlings were
planted with two seedlings for each hole. The hole was
completely covered with straw or grass. After the
seedlings were aged 4 months, hermaphrodite plants
were selected to leave one plant per hole. They were
watered and given fertilizer every month. Before the
daily watering, a natural insecticide was administered
consisting of shredded citronella grass leaves, holy
basil leaves, Thai basil leaves and galangal leaves.
Extract of neem tree was sprayed on every week until
the fruit was harvested in the 8" month.

Experimental design: The experiment was
planned as factorial in RCBD, with two levels of
factors: Factor A: Type of mulch: natural grass and
dry rice straw Factor B: Type of intercropping plant:
bananas and custard apple Therefore, there were 5
treatments using the experimental plot of 400 square
meters as follows:

1. Planting papaya alternating with bananas, dry

rice straw mulch

2. Planting papaya alternating with bananas, natural

grass mulch

3. Planting papaya alternating with custard apples,

dry rice straw mulch

4. Planting papaya alternating with custard apples,

natural grass mulch

5. Planting papaya alone in open soil with no mulch

(control)

Data collection:

Unripe fruit

Data were collected on the quality of papaya fruit
being consumed unripe. Three fruit were collected per
plant, harvested randomly during the unripe phase at
about 2 months from anthesis. Data were collected in
respect of: Number of fruit per tree, Weight of each fruit
(kg), Length of each fruit (cm), Thickness of flesh (cm)
, Percentage of hollow space inside the fruit, Number
of seeds per fruit,

Ripe Fruit

For collecting data on the quality of papaya fruit
when consumed ripe, fruit were randomly harvested in
the phase that yellow tips appeared, covering about
0.5% of the skin area. Six fruit were harvested per tree.
Two harvests were made, each one collecting three fruit
as follows:

After storage at room temperature until the skin was
yellow in 75% of the total skin area: number of days
from harvest to when the fruit was ripe for
consumption, the shape of the fruit, the weight of the
fruit, the percentage of the skin which was diseased, the
colour of the skin, the thickness of the flesh, the amount
of total soluble solids, and the colour of the flesh.

For recording the results of resistance to PRSV, the
amount of PRSV was determined according to the scale
of Prasartsee et al, 2009, where PRSV has five levels as
follows:

Level 0 = (no symptoms) Very good resistance to PRSV

Level 1 = (very mild mottling) Mottling at only 1-25% of
the leaf area. Leaves have the symptoms of ring
spot.

Level 2 = (mild or moderate mottling) Average motlling
of 26-50% of the leaf area. Small ring spots on
the fruit, smooth skin of fruit, may or may not
have bruising or streaks on the leaf stems,
medium resistance to PRSV.

Level 3 = (mottling) Leaf area is 51-75% mottled, clear
ring spots all over the fruit, bruising or streaks
on leaf stems and main stem, small resistance to
PRSV.

Level 4 = (severe mottling) Leaf area is 75-100% mottled,
leaves brittle or distorted, leaf area shrunk to
just the leaf stem (severe leaf distortion), clear
ring spots all over the fruit, blisters scabbed
over, distorted shape of fruit, rough skin, flesh
hardened with bitter taste, no resistance to
PRSV (Prasartsee, 2009)

Number of infected plants X 100
Number of plants planted

1) % disease prevalence =
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2) Levels of PRSV in papaya
Level 0 = No symptoms of PRSV
Level 1 = Very mild mottling at only 1-25% of the leaf
area. Symptoms of PRSV unclear

Level 2 = Mild or moderate mottling of 26-50% of the
leaf area. Small symptoms of PRSV, smooth
skin

Level 3 = Mottling of 51-75% of leaf area. Clear
symptoms of PRSV

Level 4 = Severe mottling of 75-100% of leaf area. Clear
and thorough symptoms of PRSV, Blisters
scabbed over, distorted shape of fruit

Results

Suitability of the intercropping plant types and
mulches for PRSV control

We studied two other tropical fruit crops to be
grown in an intercropping system with papaya: namwa
bananas and custard apples, with insect repellent herbal
plants also grown in the plots. In most typical farms,
papaya is normally grown as a monocrop in small or
large stands with only natural grass growing between
trees and rows. It was found that alternating namwa
bananas with papaya caused the papaya to develop
better than planting custard apple as the intercrop. This
is likely because banana is a plant with broad leaves
which shade the papaya plant when it is small, reducing
damage from solar heat which may even burn the
leaves. Also, banana has the ability to trap moisture
around its stem at a high rate, allowing the papaya to
receive some parts of this moisture. Even in an area of
water shortage, papaya can grow well when planted
close to banana. However, the banana plants should be
planted 3 months before the papaya, so the banana plant
has time to establish itself and produce leaves to shade
the papaya.

As for the appropriate mulch for papaya, dry rice
straw should be chosen, as it degrades into organic
materials that are more beneficial for the development
of the papaya than using natural grass (Table 1). A
covering of dry straw also traps more moisture in the
soil, enabling beneficial micro-organisms in the soil to
thrive and help make the soil friable and suitable for the
plant’s development. This is consistent with the
research of Jantasri (2009) which studied the viability
of growing papaya in an organic system at the Ban Lad
Organic Agriculture Center in Mahasarakham, which
found that planting organic papaya alternated with
‘Kluai Namwah’ banana using a dry straw mulch could
increase the survival rate of papaya when seedlings
were transplanted to an area of water shortage, with
growth continued and not curtailed, while also being
able to increase the amount of fruit per plant and the
weight of each fruit, compared to planting papaya
alone.

Table 1 shows that between the different
intercropping systems compared, there were significant
differences at a level of 0.01 in the amount of fruit per
plant and the weight of each fruit, while the size of each
fruit and the number of seeds per fruit were not
significantly different in all 5 systems. The system of
growing papaya alternated with banana with dry straw
mulch and alternated with banana with natural grass
mulch gave more fruits per plant and greater weight of
each fruit than other treatments. This may be because
when papaya is grown alternated with banana, it
receives moisture from the base of the banana plant,
and there is reduced damage from the heat of sunlight,
enabling the plant to grow better than when alternated
with other plants. Thus the number of fruits per plant
was higher, because in an integrated growing system,
plants help each other. Banana is a plant which can trap
high rates of moisture (Badillo, 1983) enables the
papaya to receive moisture from around the base of the
banana plant and some shade from the banana leaves,
which promote the growth of micro-organisms in the
soil. This enables the papaya to grow better than when
it is planted alone (Jantasri, 2004).

Amount and quality of papaya fruit, both unripe and
ripe.

The amount and the quality of the papaya is
considered from thickness and density of flesh, hollow
space inside the fruit, and the amount of total soluble
solids. It was found that all 5 formats of integrated
planting yielded statistically significant differences of
thickness and density of flesh, and amount of total
soluble solids. As for the percentage of hollow space
inside the fruit, there was no difference between the 5
growing formats (Table 2). Papaya mulched with rice
straw received nutrients from the degradation of the
straw, enabling growth to be higher than all the
integrated formats, resulting in large fruit, thick and
dense flesh, and higher amount of total soluble solids
than a natural grass mulch. As for the percentage of
hollow space inside the fruit, this quality is genetically
controlled and does not change with the environment,
so no differences were detected among the
intercropping systems tested. This study on buildings
on local wisdom to manage soil resources to prevent
PRSV in an organic production system for papaya in
Mahasarakham found that it was highly possible to
reduce or eliminate chemicals at every stage of papaya
production and manage soil resources by replacing
chemical fertilizers and insecticides with organic
compounds or micro-organisms. The most important
infectious disease in growing papaya is PRSV. When
the papaya has this disease, it cannot be cured. Initial
prevention is possible by preventing papaya from being
infected when the plant is still young. If this cannot be
prevented, the papaya may still grow to give fruit, but
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Table 1 Number of fruit per tree, fruit weight, fruit length and number of seeds per fruit of papaya grown in various integrated states in the

growing area of Maha Sarakham

Intercropping format Number of fruit per

Mean fruit weight

Mean fruit length Number of seeds per

tree (kg) (cm) fruit
papaya alterna_tlng with 95.10° 1.50° 42.40 367
bananas, dry rice straw mulch
papaya alternating with 90.58° 1,207 4134 361
bananas, natural grass mulch
papaya alternating with
custard apples, dry rice straw 76.50% 0.54° 40.16 365
mulch
papaya alternating with
custard apples, natural grass 71.42° 0.21° 41.20 362
mulch
Papaya only, no mulch 60.18° 1.03* 40.10 361
F-test ** ** ns ns
CV% 18.12 8.10 8.36 431

Note: Mean values in a single column with the same superscript are not statistically different by Least Significant Difference (LSD) at

confidence level 0.01

the quality will not be as good as that from papaya
plants without the disease. The five integrated papaya
production formats we tested (intercropping with
banana or custard apple, with or without dry rice straw
mulch) may help avoid the disease in papaya and enable
the production of organic papaya with no reliance on
insecticide. As for the efficiency of preventing PRSV
in all 5 formats of organic papaya, the research results
are as follows:
Level of PRSV damage
Statistically significant differences were recorded
in the prevalence of PRSV and the levels of infection
among the 5 intercropping systems tested. Growing
‘Yellow Krang’ papaya alternating with custard apples
and mulched with rice straw gave the lowest incidence
of PRSV (66%), and the level of PRSV was less than in
all the formats studied (2.25 points). Growing papaya
alternated with ‘Kluai Namwah’ banana and mulched
with dry rice straw was able to prevent the disease
better than growing papaya alone (Table 3). The key
factor to disease control in the intercropping system in
which papaya was grown with custard apple and
mulched with rice straw may have been the prevention
of aphids, which are a vector of PRSV. The custard
apple tree is not a habitat plant of this type of aphid, and
custard apple leaves have a distinctively strong odour
that is disagreeable to aphids. Thus it is possible that
these insects were deterred from coming into the
papaya stand, or when the aphids entered the inner plot
of papaya they did not carry the PRSV, so the papaya
showed only small symptoms of the infection (Purcifull
et al. 1984). Meanwhile, large stands of papaya as a
monocrop can become infected easily and quickly
compared to training the plant and planting it alternated
with banana (Jantasri and Jantasri, 2005). In the
prevention of PRSV, it is highly possible to be able to

reduce or eliminate chemicals in every stage of papaya
production and use organic substances or micro-
organisms instead of chemical fertilizer and
insecticides. However, this must start from considering
the selection of the growing area, which must be free of
PRSV. This is most important because papaya is very
sensitive to this disease and it may spread to the whole
stand from just a few plants (Janthasri and Katengam,
2007). For instance, the area must also be free of insects
such as termites and ground beetles, as well as
earthworms and nematodes; and it should be an area
surrounded by forest on all 4 sides. After that, the
papaya plants must be nurtured to be strong by applying
arbuscular Mycorrhyza fungus for the roots to increase
the efficiency of phosphorus absorption. After that, the
plant must be mulched with rice straw to cause the
breakdown of food for micro-organisms, and the mirco-
organisms will promote the development of the papaya.
Papaya plants should be fertilized every month, with
cow and ox manure, or other organic fertilizer at 2 kg
per plant. Bio-fluid fertilizer or liquid compost should
be put in furrows next to the plant. If a plant is found
with PRSV, it should be uprooted and destroyed
outside the plot, which greatly reduces the incidence of
infection.

Discussion

This research on utilizing local wisdom of soil
resource management to prevent PRSV in an organic
production system found that suitable management of
the soil together with intercropping could prevent
PRSV efficiently. The application of suitable mulching
material and the planting of suitable companion crops
promotes papaya growth so the plants are vigorous and
more resistant to PRSV. Our results indicated that
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Table 2 Flesh thickness, flesh density, percentage of seed cavity, and total soluble solids of papaya grown in different intercropping systems

in Maha Sarakham

Intercropping format Flesh thickness (cm)

Flesh density (N)

% of hollow space Total soluble solids

inside the fruit (B%
papaya alternating with bananas, 3.5° 4.3 61.35 13
dry rice straw mulch
papaya alternating with bananas, 3.3® 5,52 60.78 11%
natural grass mulch
papaya alternating with custard 3.6% 5.7% 65.01 10°
apples, dry rice straw mulch
papaya alternating with custard 2.3 6.9° 60.29 11%
apples, natural grass mulch
Papaya only, no mulch 2.1° 6.1° 64.32 10°
F-test el el ns el
%CV 7.12 10.38 7.38 5.39

Note: Mean values in a single column with the same superscript are not statistically different by Least Significant Difference (LSD) at

confidence level 0.01

growing papaya alternated with banana and mulched
with dry rice straw could promote higher yield and
increased fruit weight more than growing papaya
alternated with custard apples with a dry rice straw
mulch. Overall, dry rice straw gave better results than
natural grass as a mulch material. As for planting
papaya with custard apple and dry rice straw mulch,
this system could reduce destruction by PRSV more
than growing papaya with banana or as a monocrop.
Besides helping reduce the destruction of PRSV,
integrated growing, or managing the growing of
multiple crops in one stand, can also reduce production
risks. Alternating papaya with banana can reduce the
farmer’s risk because if a papaya becomes diseased and
cannot fruit, there is still additional income and food for
the family from banana. Indirect benefits are also
obtained after harvest, because papaya fruit harvested
from this growing system tends to have a longer shelf
life, because the fruit received less sunlight than when
grown alone without the shading from banana plants.
However, planting integrated crops requires more
complicated management than growing only one
variety. Increased production costs may accrue from
the need for specialized management of fertilizer and
nutrients for each crop. In the first phase of
development, there may be competition for nutrients,
which is solved by choosing crops that are in symbiosis,
such as the large leaves of banana and its moist stem
base being beneficial for newly planted papaya
nurseries. The leaves can be used to shade the papaya
seedlings and improve soil moisture retention during
the first phase of growth. When the banana has grown
a large leaf area, it can prevent and resist some kinds of
insects coming into the papaya stand. Therefore, when
choosing the crops to grow in an integrated stand, they
should interact beneficially and not compete for
nutrients, or impede each other’s development.
Growing papaya by training the stem is another format

that can prevent PRSV to some degrees, as changing
the growth to be small and short can help avoid some
groups of insects, enabling papaya to be free of some
diseases. It also reduces risk in areas with the problem
of high wind speeds. This technique was adapted from
papaya growing in Taiwan, where it is used to control
the risk of PRSV and broken stems from a storm. This
growing method has the drawback that production may
be less than an untrained papaya, as the training tends
to reduce the area of flowering and fruiting in a papaya
to be less than a free-standing plant, giving less fruiting
flowers. This can be solved by looking after the stem to
grow longer than usual, to give more space for fruit.

The problems of growing papaya are mostly the
prevention and elimination of disease, especially
PRSV. Thus most papaya production emphasises the
ability to prevent this disease. Intercropping with
suitable companion plants and herbs with insect
repellant properties may help prevent this disease. This
must start from choosing a growing area free of PRSV,
which is important as young papaya are very vulnerable
to PRSV, which can spread throughout the stand from
just a few plants (Janthasri and Katengam, 2007).
Ideally, it should be an area surrounded by forest on 4
sides. For better soil management, the area around the
stem should be mulched with rice straw to cause
degradation into nutrients for microorganisms which
will promote growth of the papaya. Monthly
fertilization may comprise cow and ox manure, or
various organic fertilizers including bio-fluid fertilizer
or liquid compost. If a plant is found with PRSV, it
should be uprooted and destroyed outside the plot. The
format of papaya production driving this research can
respond to the problems of papaya production in the
future.

Producing crops in an organic system makes the
elimination of diseases and insect pests much more
challenging, because it is not possible to use chemicals
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Table 3 Prevalence and level of PRSV in papaya grown in different intercropping systems in Mahasarakham

. Prevalence of Level of

Intercropping format PRSVY PRSVZ Note
papaya alternating with bananas, dry rice 85¢ 3.320 Other diseases found such as bacterial stem rot
straw mulch
papaya alternating with bananas, natural grass 80° 3.58° Bacterial stem rot present
mulch
papaya alternating with custard apples, dry 66* 2.25° Other diseases found such as bacterial stem rot,
rice straw mulch mottled leaves
papaya alternating with custard apples, natural 70° 2.44° Bacterial stem rot present
grass mulch
Papaya only, no mulch 904 4.18° -
F-test *% *k
% CV 13.70 6.32

Note: Mean values in a single column with the same superscript are not statistically different by Least Significant Difference (LSD) at confidence level 0.01

as in a conventional farming system. The fruit obtained
may be outwardly unattractive, with worm channels
and unattractive skin. However, the selling price, is
usually higher than for fruits produced using chemicals.
In this experiment, when papaya was infected with
PRSV we used the method of uprooting and destroying
the plant at any stage of its development to prevent
infection to other plants in the stand. This required a
large amount of repair planting, which caused
harvesting to be out of synchrony, and this may have
affected the data on fruit quality. Therefore, for future
research we recommend choosing the location very
caretully to ensure that the experimental plot is well
prepared in terms of climate, disease factors, insects
and labor availability.

The main factor for all organic crops is the
environment, whether the weather, moisture, amount of
rain, wind, diseases, insects and the fertility of the soil
in that area. Choice of a suitable environment should
contribute more than half to the success of the venture,
because factors apart from these can be controlled, such
as cultivars, nutrients, production volumes, fruit quality
and harvesting.

Conclusion

Statistically significant differences were found in
yield, weight per fruit, flesh thickness, total soluble
solids, disease incidence and level of disease. Banana
as a companion plant promoted papaya yield, while
custard apple could minimize PRSV infection. Dry rice
straw was the most suitable type of mulch.
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Figure 1 Rainfall (mm), maximum and minimum temperature (°C), and relative humidity (%RH) at Khon Kaen Field Crops Research Center, Sila, Mueang Khon Kaen, Khon Kaen

during 2019 to 2020
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Table 1 SCMR (SPAD-unit) of various sugarcane varieties at 6 and 12 months after plantation under different irrigation managements at Khon Kaen Field Crops

Research Center, Khon Kaen Province in 2019-2020

SCMR value (SPAD-unit)

No. Variety 6 months after plantation 12 months after plantation Average
Irrigation Non-irrigation Average (a) Irrigation Non-irrigation Average (b) o)
1 KKO7-250 38.12 37.16 37.64 abAl 25.71 20.47 23.09 bcdB 30.37
2 KKO7-599 42.32 40.90 41.61 aA 27.20 26.27 26.73 abB 34.17
3 KK08-051 35.21 34.78 35.00 bcdA 28.46 25.93 27.19 abB 31.10
a KK08-053 39.52 35.52 37.52 abcA 28.28 23.61 25.94 abcB 31.73
5 KK09-0358 35.01 35.70 35.36 bcdA 22.90 18.17 20.53 cdB 27.95
6 KK09-0844 34.89 32.60 33.75 bcdA 26.30 29.52 27.91 abB 30.83
7 KK09-0857 36.53 37.50 37.02 abcA 27.70 28.81 28.26 abB 32.64
8 KK09-0939 33.52 29.73 31.63 cdA 24.24 21.46 22.85 bcdB 27.24
9 KK09-1155 35.94 35.88 35.91 a-dA 30.19 27.23 28.71 abB 32.31
10 KK10-226 32.34 33.96 33.15 bcdA 25.90 22.57 24.23 a-dB 28.69
11 KK10-308 35.50 34.78 35.14 bcdA 26.63 21.18 23.91 bcdB 29.53
12 KK3/E09-1 38.63 37.47 38.05 abA 31.34 28.84 30.09 aB 34.07
13 LK92-11 31.23 29.36 30.30 dA 17.84 20.47 19.16 dB 24.73
14 K88-92 37.04 36.81 36.93 abcA 27.99 24.72 26.36 abcB 31.65
15 KK3 34.82 33.22 34.02 bcdA 26.09 22.22 24.16 a-dB 29.09
Average 36.04 35.02 35.53 26.45 24.10 25.27 30.40

C.V. (a) = 11.93%, C.V. (b) = 10.57%, C.V. (c) = 9.12%

F-test: Imigation management (a) = ns, Variety (b) = **, Collection time (c) = **,axb=ns,axc=ns,bxc=**axbxc=ns

Mean in the same column followed by different lowercase and mean in the same row followed by different capital letters were significantly different at the 5% level of

probability by DMRT. *=Significant at p < 0.05, **=Significant at p < 0.01 ns=not significant.
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Table 2 Plant height (cm) of various sugarcane varieties at 6 and 12 months after plantation under different irrigation managements at Khon Kaen Field

Crops Research Center, Khon Kaen Province in 2019-2020

Plant height (cm)

No. Variety 6 months after plantation 12 months after plantation Average
Irrigation Non-irrigation Average (a) Irrigation Non-irrigation Average (b) @)

1 KKO7-250 138.05 81.43 109.74 efBY 290.43 185.83 238.13 efA 173.94
2 KKO7-599 155.05 93.76 124.40 defB 326.57 220.87 273.72 deA 199.06
3 KK08-051 189.71 141.33 165.52 a-dB 353.23 268.70 310.97 bcdA 238.24
4 KK08-053 198.19 126.10 162.14 a-dB 377.37 258.10 317.73 bcA 239.94
5 KK09-0358 189.95 144.86 167.40 abcB 366.53 264.57 315.55 bcdA 241.48
6 KK09-0844 181.05 149.90 165.48 a-dB 331.73 274.63 303.18 bcdA 234.33
7 KK09-0857 175.33 111.33 143.33 b-eB 313.07 243.30 278.18 cdeA 210.76
8 KK09-0939 196.71 147.43 172.07 abcB 379.83 269.80 324.82 bA 248.44
9 KK09-1155 211.48 149.76 180.62 abB 380.97 302.73 341.85 abA 261.24
10 KK10-226 214.19 174.19 194.19 aB 401.43 335.23 368.33 aA 281.26
11 KK10-308 193.43 142.76 168.10 abcB 351.43 298.23 324.83 bA 246.47
12 KK3/E09-1 187.76 128.57 158.17 a-dB 359.23 252.30 305.77 bcdA 231.97
13 LK92-11 123.38 76.95 100.17 fB 255.57 166.43 211.00 fA 155.59
14 K88-92 163.67 114.95 139.31 b-fB 312.80 239.47 276.13 cdeA 207.72
15 KK3 166.10 94.57 130.33 c-fB 303.80 195.03 249.42 efA 189.87
Average 178.94 aB 125.19 bB 152.07 340.27 aA 251.68 bA 295.97 224.02

C.V. (a) = 16.91%, C.V. (b) = 11.90%, C.V. (c) = 6.11%

F-test: Imigation management (a) = **, Variety (b) = **, Collection time (c) = **,axb=ns,axc=*,bxc=*,axbxc=ns

YMean in the same column followed by different lowercase and mean in the same row followed by different capital letters were significantly different at the 5% level of

probability by DMRT. *=Significant at p < 0.05, **=Significant at p < 0.01 ns=not significant.
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Table 3. Stalk per stool of various sugarcane varieties at 6 and 12 months after plantation under different irrigation managements at Khon Kaen Field Crops

Research Center, Khon Kaen Province in 2019-2020

Stalk per stool

No. Variety 6 months after plantation 12 months after plantation Average (a-
Irrigation Non-irrigation Average (a) Irrigation Non-irrigation Average (b) )

1 KKO07-250 4.36 3.99 4.18 efA 393 3.14 3.53 fgB 3.86
2 KKO7-599 242 2.85 263¢g 2.34 2.63 249 ¢ 2.56
3 KK08-051 6.18 534 5.76 abc 5.92 5.44 5.68 ab 572
[ KK08-053 6.02 5.99 6.00 abcA 5.41 4.09 4.75 b-eB 5.38
5 KK09-0358 4.96 4.79 4.88 cdeA a.47 352 4.00 defB 4.44
6 KK09-0844 6.30 5.80 6.05 abc 5.64 5.26 5.45 abc 5.75
7 KK09-0857 522 4.78 5.00 b-eA 4.14 3.99 4.06 defB 453
8 KK09-0939 6.66 557 6.11 ab 6.22 5.73 597 a 6.04
9 KK09-1155 5.30 4.81 5.05 a-e 5.28 4.89 5.09 a-d 5.07
10 KK10-226 593 5.17 5.55 a-d 5.78 5.40 5.59 ab 557
11 KK10-308 6.23 6.17 6.20 a 5.99 5.89 594 a 6.07
12 KK3/E09-1 5.38 4.78 5.08 a-eA 4.44 4.23 4.33 c-fB 4.71
13 LK92-11 4.05 2.89 3.47 fg 3.52 3.14 3.33 fg 3.40
14 K88-92 4.42 3.88 4.15 ef 371 3.69 3.70 ef 3.92
15 KK3 4.43 4.50 4.47 defA 3.95 321 3.58 efgB 4.03
Average 5.19 4.75 4.97 4.72 4.28 4.50 4.73

C.V. (a) = 16.50%, C.V. (b) = 14.59%, C.V. (c) = 9.64%

F-test: Irrigation management (a) = ns, Variety (b) = **, Collection time (c) = **,axb =ns,axc=ns,bxc=*axbxc=ns

Mean in the same column followed by different lowercase and mean in the same row followed by different capital letters were significantly different at the 5% level of

probability by DMRT. *=Significant at p < 0.05, **=Significant at p < 0.01 ns=not significant

afid lngdosiug/laau KKO7-250 KK08-053 KK09-0358
KK09-0857 KK3/E09-1 uay KK3 flang 6 Liiou fdnuaudisie
nogendnfleny 12 Weundsgn feililewIsuifivussning
Wud/laaudieny 6 ioundsugn wuisudidensvesdes
Taau KK10-308 engsiign wiriu 6.20 dsione vaugil KKOT-
599 fiS1urudwienadiian iy 2.63 dsie waziiong 12
Woundalgn wud deulaau KK09-0939 uay KK09-308 i
Juudraneagega Wi 5.97 uay 5.94 ddene Aua1Ry
(Table 3) #adl A8 BNENAVRIAN¥AENITUENTTY (Chongkid,
2014) o1adlualiiug/laaudosfiunnnsiuiisiuiudsions
uwansneiy uenani Lﬁmmﬂﬁﬂé’aLﬁuﬂaﬁaéwﬁ@ﬁamumﬂ
nevasdes Tneidlodesldsuihluuiinaiifsmorstioduaiy
TWigesunnnof (Field Crops Research Institute, 2011) Usznau
futhilauddnsenisindeureasermsneluriednies
BIMTAINNUNAINGR (source) gunasldarse1nis (sink)
(Kasemsap, 2008) fatfumnsasldsuineninervamalisoss
uavieneanal aizReItuNUNITUIINa18edlIARERN

Tuv wagnueuns (liuanadeya) Aty Sedinaliidruiudrse

noveddesiiany 12 Wweundslgn dmanauilewIeuliisuiu

91¢ 6 WaunaaUgn

HANGAUAL DIFUTENOUNAHAR
fufunsifuiiemanandestgnieny 12 ieundsugn
wut msdanisnslidvdenud/leraudesfumndstulinali
nandndosfiaunnastuegrefitodfybimneads lnedos
laau KK08-053 Tinandnasan winiu 16.12 dusals se9a3n
fio KK08-051 (15.76 susials) vial \iodinsngvienamamaniy
vumIea1 C.CS. nuin fiug/lnaudosfiunnsinsiuiinaliian
A meIvLdA AN Tueg1eTiTud AyBanaaia Tne
lAau KK07-250 dei1 C.C.S. gaga iU 17.5 509891179
LK92-11 KK07-599 uag KK3 #ifiein ity 17.3 17.1 uay
17.0 iy uandlovssiiusmandnthma wuih n13dnnag
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Table 4 Cane yield (ton/rai), C.C.S., and sugar yield (ton C.C.S./rai) of various sugarcanes varieties at 12 months after plantation under different irrigation
managements at Khon Kaen Field Crops Research Center in 2019-2020.
Cane yield (ton/rai) C.Cs. Sugar yield (ton C.C.S./rai)
No. Varity Average Average Average
Irrigation Non-irrigation Irrigation Non-irrigation Irrigation Non-irrigation

1 KK07-250 12.73 6.79 9.76 bed¥ 17.6 174 17.5 a¥ 2.22 abcAY 1.18 aB 1.70
2 KK07-599 793 4.21 6.07 d 17.1 17.1 17.1 ab 1.36 cdeA 0.72 aB 1.04
3 KK08-051 18.49 13.02 15.76 a 9.3 7.1 8.2 de 1.66 a-eA 0.83 aB 1.25
q KK08-053 20.05 12.18 16.12 a 9.2 8.0 8.6 de 1.85 a-dA 0.98 aB 1.41
5 KK09-0358 13.23 7.49 10.36 bcd 75 8.1 7.8 de 1.04 deA 0.60 aA 0.82
6 KK09-0844 14.33 13.23 13.78 ab 11.0 10.4 10.7 cd 1.54 b-eA 1.42 aA 1.48
7 KK09-0857 16.06 8.77 12.42 ab 16.9 15.7 16.3 ab 272 aA 1.38 aB 2.05
8 KK09-0939 17.09 9.51 13.30 ab 15.2 13.1 14.1 abc 2.57 abA 1.26 aB 1.92
9 KK09-1155 16.66 10.79 13.72 ab 45 9.4 6.9 e 0.75 eA 1.02 aA 0.88
10 KK10-226 16.20 12.12 14.16 ab 11.4 11.5 11.5 cd 1.85 a-dA 1.40 aA 1.62
11 KK10-308 14.96 10.91 12.93 ab 12.3 8.9 10.6 cde 1.85 a-dA 0.97 aB 1.41
12 KK3/E09-1 16.34 891 12.63 ab 16.0 15.7 15.8 ab 2.60 abA 1.41 aB 2.01
13 LK 92-11 10.73 3.35 7.04 cd 16.9 17.6 17.3 ab 1.84 a-dA 0.60 aB 1.22
14 K88-92 13.60 8.84 11.22 abc 13.6 13.7 13.7 bc 1.85 a-dA 1.19 aB 1.52
15 KK3 15.06 7.19 11.12 abc 16.4 17.6 17.0 ab 2.49 abA 1.27 aB 1.88
Average 14.90 a 9.16 b 12.03 13.0 12.7 129 1.88 1.08 1.48

CV. (a) = 3.53%, C.V. (b) = 20.43%; F-test: Irrigation CWV. (a) = 21.73%, C.V. (b) = 14.20%; F-test: Irrigation CV. (@) = 17.57%, C.V. (b) = 24.96%; F-test: Irrigation

CV. management (a) = **, Varieties (b) = **, management (a) = ns, management (a) = **,

axb=ns Varieties (b)

=* axb=ns

Varieties (b) = **,axb =*

“Mean in the same column followed by different lowercase and mean in the same row followed by different capital letters were significantly different at the 5% level of

probability by DMRT. *=Significant at p < 0.05, *=Significant at p < 0.01 ns=not significant

Winfu 2.72 fiu C.C.S. Aals sosasunfe KK3/E09-1 KK09-0939
way KK3 fifldwananiina wiiu 2.60 2.57 way 2.49 §u
C.CS. 6ols mugdu egrdlsiniu areldidoulavesnis
waﬂgﬂimmﬁaﬁmuwudw Taau KK09-0844 KK10-226 uag
KK09-1155 ansnsalinandniinia wiifu 1.42 1.40 uas
1.02 fiu C.CS. dold audeu Feliuansrafunisaddsuns
UgnillsiFumsiauth (Table @) wanslififiuidoeita 3 Tnau i
wliifazansnsomnedgnldflunvalssmunasiunede
iy Fan1suanseandinannetagnaiugulaednume g

NWUTNITU YNU
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uwag 13.10 diusials 1.50 uaz 1.92 fiu C.CS. dals uag 11.58
way 14.36 mud1fu vl Office of the Cane and Sugar
Board (2015) 51891411 Wug LK92-11 liinandnluianiiud
iy Wiy 10-16 Fusiols A1 C.CS. sewing 12-15 wax
wangavdwiumnzUgnlumendeinvalseniu dmiudes
Tnaudisuiegszninsnisvaaey 1wy Jungpol (2020) 516471
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Figure 2. Simple correlation and simple linear regression among SCMR and yield (A,D), C.C.S. (B,E), and sugar yield (C,F) of various sugarcanes varieties at 12 months

after plantation under different irrigation managements at Khon Kaen Field Crops Research Center in 2019-2020
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The farmer has demanded high yield sugarcane variety under rain-fed condition or
limited in irrigation; therefore, the aim of this study was to study on agronomic traits
and cane yield of sugarcane promising clones under irrigated and rain-fed conditions
for sugarcane varieties selection in rain-fed area. This experiment was carried out
with split - plot in RCBD in 3 replications, the main plot was different irrigation
management; (1) furrow irrigation (irrigated) or (2) non-irrigation (rain-fed) and 15
varieties/clones were used as sub-plot. The results showed that at 12 months after
plantation, plant height of 15 varieties/clones under rain-fed (251.68 cm) were lower
than irrigation (340.27 cm) with highly significant. While various sugarcane
varieties/clones were highly significant in SPAD Chlorophyll Meter Reading
(SCMR), plant height, stalk per stool, yield, Commercial Cane Sugar (C.C.S.), or
ton C.C.S.. Moreover, KK09-0857 and KK09-0844 could be selected for cultivating
in irrigation area and rain-fed area as 2.72 and 1.42 ton C.C.S./rai, respectively.
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o

(0]

Vv '

Taddnsrodu dumalinnunitunulugegad 10.07 lwudiuns

Vv

wabdflaunanatanun1shRusunaidn 770.0 Tadanssany

v

wawituSunanslsiin 770.0 577.5 uaz 385.0 fadanssesy v

Srundlugeanil 68 68 wag 67 Tu Ay (Table 1)

Table 1 Effect of irrigation on growth, plant length, leave width and

number of leaves.

Irrigation Plant length Leave width Number of
(mUplant) (cm) (cm) leaves
962.50 231.09 10.07 a 63.68 b
770.00 244.89 9.88 a 67.50 a
577.50 249.75 931 ¢ 67.67 a
385.00 228.94 9.60 b 66.83 a
F-test ns * *
CV. (%) 7.72 231 3.79

a,b,c Difference letters in the same column indicate significant differences. (p<0.05)
ns = not significantly different. (p>0.05)
* = Significantly different at 95 % level

a a

Fanrsatyiavlnanueauresuasluiugiusnlv

Y3 Aeane19 iy nuIduania 1 - 4 Juudlduianig

wentuarduaui 4 - 7 Tunsldusunanin 385.0 faddnsee

a o

fulinulduanugndugsiantunnszauusuianisinun

Y 1 q

(Figure 1)
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Plant length (cm)
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Time (week)

~4—-962.5 (mU/plant) 770 (mU/plant) —a—577.5 (ml/plant) ——385 (ml/plant)

Figure 1 Growth curve indicating the growth of plant length.
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(Figure 2)

Leaves width (cm)
N

Time (week)

—9—-962.5 (ml/plant) 770 (m/plant) —4—577.5 (ml/plant) —¢-385 (mU/plant)

Figure 2 Growth curve indicating the growth of leaves width.

waznsisivlasnuluresnduiugiualiumadi
uAnANafY w1 denidl 1 - 4 Suualdufiemaferiuuas
a1 5 - 9 Fuunludnulugefiamadediuvesnisls
Uuaiih 962.5 findanseodu uaz 577.5 fiadanssody
sesaunAe wuldudwulugeiiamadeiiuresnistiiuu

11 770.0 fiaddnsnedu uay 385.0 ladanssonu (Figure 3)

Number of leaves

Time (week)

~4—-962.5 (ml/plant) 770 (mU/plant) —&—577.5 (ml/plant) —¢385 (ml/plant)

Figure 3 Growth curve indicating the growth of number of leaves.
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HaveIUTUIAONANARNLAL AN NNANEAYD ALY
dunsgwugiuslulsasou nulnusuiuans Chlorophyll A,
Chlorophyll B tag Total Chlorophyll laifinnuunnaeiu

y19adif (Table 2)

Table 2 Effect of irrigation on Chlorophyll A, Chlorophyll B and Total

Chlorophyll.
Total
Irrigation Chlorophyll A Chlorophyll B
Chlorophyll
(mUplant) (g/cm?) (g/cm?) (g/cm?)
962.50 23.75 597 29.72
770.00 24.22 572 29.94
577.50 24.86 7.14 31.99
385.00 25.87 6.20 32.08
F-test ns ns ns
C.V. (%) 7.50 9.10 7.83

a,b,c Difference letters in the same column indicate significant differences. (p<0.05)
ns = not significantly different. (p>0.05)
Yhuinnauazanuenalifimnuuanseiuneadin dauan
ATNHA AINENITEUINE JUSIME UarAUULUGRNHATDY
unaluusAusiauunn1siuegalidedrfgynicada
(p<0.05) Tnefiusurunisivin 3850 fadansdedu liainu
ﬂ%magjqqm‘ﬁ' 10.32 Wwufans waldnuanuuanansiunsle
USunaud 577.5 uaz 962.5 fadanssedu nslisunah
962.5 fadansrodulialiug11seulrINagIgail 29.67
wuins wildwuanuuanseiunnsliu3nath 577.5 uay
385.0 flaaanssefu waznslvusinani 385 Sadansroduly
mnwmmﬁaﬂqqqmﬁ 0.38 LUALUAT LLaﬂﬁ'gUiNmaqnqmﬁ
1:0.91 duanunuidenuazsuinamaliunndieliainnis
TS 962.5 fadanssedu (Table 3)

Table 3 Effects of irrigation on physical productivity, fruit weight, fruit width,
fruit long, fruit circle length, fruit shape and fruit peel thickness.

Fruit Fruit
Fruit Fruit Fruit
Irrigation circle peel
weight width long Shape
length  thickness
(mUplant) (g) (cm) (cm) (cm) (cm)
10.09 1:0.87
962.50 463.81 11.58  29.67a 0.42 bc
ab ab
1:0.84
770.00 420.07 894 b 10.65 26.59 b 0.44 b b
9.29 1:0.85
577.50 466.05 11.08 2957 a 0.54 a
ab b
28.57 1:091
385.00 435.87 10.32 a 11.33 0.38 ¢
ab a
F-test ns * ns * * *
CV. (%) 9.30 9.94 0.84 8.44 10.79 6.06

a,b,c Difference letters in the same column indicate significant differences. (p<0.05)
ns = not significantly different. (p>0.05)
* = Significantly different at 95 % level

duuuiuionazUinaansusznouiiuednsalifiaana
waneafuegefitedfynieeda uianuuargrdsiy
auyadaszvauwasluiugiuiinuuanssiuegeilidod Ay
M3EdR (p<0.05) Tnefiusuaumsliith 577.5 faddnsreduls
ANNIIUgeanl 12.90 *Brix usliiusndnaluainnisliuium
ih 770.0 fiadansdesu wazfivinunislii 577.5 Sadans
sesulvidmuanunsaiueyyadaszlianandmianes
ECs, §94A71 1.19 mgx, L (Table 4)

Table 4 Effects of irrigation on yield qualities firmness, total soluble solids,
antioxidant activity and phenolic compounds.

DPPH Total
Total
scavenging Phenolic
Irrigation Firmness Soluble
activity Compound
(mUplant) (N) Solids
X (ECsp : (Mgeae-Srw
°Brix
megru L) Pl
962.50 10.07 1233 b 259 b 0.41
770.00 9.95 12.54 ab 5.66 ¢ 0.43
577.50 9.14 1290 a 1.19a 0.42
385.00 9.13 11.75 ¢ 337b 0.46
F-test ns * * ns
CV. (%) 9.78 2.86 10.50 13.08

a,b,c Difference letters in the same column indicate significant differences. (p<0.05)
ns = not significantly different. (p>0.05)
* = Significantly different at 95 % level
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Effect of Irrigation on Growth, Yield and Yield Qualities of
Organic Watermelon Kinaree Varieties in Greenhouse
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Received: 7 May 2021 The objective of this research was to study effect of irrigation on growth, yield and
Revised: 31 May 2021 yield quality of organic watermelon Kinaree varieties. There were four levels of drip
Accepted: 6 June 2021 irrigation such as 100%, 80%, 60% and 40% (962.5, 770, 577.5 and 385 ml./plant
Online published: 28 June 2021 respectively). This experiment was designed by RCBD with 6 repetitions and 6
plants in each. The result showed that the four levels of irrigation affected to
Ke-yvv-ord . statistically significant difference (p < 0.05). Applying 577.5 ml./plant had the
Antioxidant activity highest in number of leaves, fruit peel thickness, Brix and antioxidant activity
Total phenolic compounds (EC50) (68 leaves, 0.54 cm., 12.90 °Brix and 1.19 1.19 mgrwlL-1). Therefore, the
Watermelon Kinaree varieties drip irrigation in 577.5 ml./plant for 2 times a day (morning and evening) was

appropriate amount of irrigation for growth, yield and yield quality of organic
watermelon Kinaree varieties.
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nigansuandly Table 1

Table 1 Effectiveness of bio-fertilizer from soybean seed mixed with

sliced pineapple fruit fermentation on height of Chinese kale yields

Height (centimeter)

Treatment 14d 21d 28d 35d 42d 49d 56d
Sprayed with 338 7° 865  122° 142° 1865  224°
Plain water

(Control)

Urea (25 kg. 38 86 11.6° 163 236  261°  29.6°
/rai)

Biofertilizer: 36 87 1L7P 161° 2428 259®  290°
water (1:100)

Biofertilizer: 39 86 10.7° 1617 2307 256™ 28.17
water (1:200)

Biofertilizer: 38  82° 101" 155"  206°  25.1°  265°
water (1:300)

FTest ns P P P *x *x *x
CV. (%) 131 3.1 4.0 24 34 22 2.3

ns = non-significant difference
** highly significant difference at 1% probability level by Least Significant
Difference (LSD)
a,b = different alphabet in a column showed highly significant difference (P<0.01)
o P
2. Prundlupzih

o o Y A

nsldderindndaninaindmieswasdulesnly

a

gnsnduisiunazdogise TnareAnadeduailuaieves

v o

Aztifieny 21 28 35 42 49 uar 56 Ju lagnuiinig
THpgiFefidnadedinulugiign uansaeedlifitoddny
nsadid (P>0.05) eFeuifieududualuvesiuagiii
Teihuiindanmandundeuasdulssafiszduainm
G

Table 2 Effectiveness of bio-fertilizer from soybean seed mixed with

sliced pineapple fruit  fermentation on leaf number of Chinese kale

yields
leaf number

Treatment 14d 21d 28d 35d 42d 49d 56d
Sprayed with Plain 2.7 3.3¢ 4.1¢ 5.1¢ 5.8c 6.4° 7.0¢
water (Control)
Urea (25 kg./rai) 27 3.9° 5.5° 6.0° 7.2° 7.8° 8.3°
Biofertilizer: 27 3.8° 5.4° 5.9% 7.2° 7.8° 8.1%
water (1:100)
Biofertilizer: 27 38° 47° 58 67 75> 79°
water (1:200)
Biofertilizer: 28 35 44> 56> 64> 73 78
water (1:300)
F-Test ns * *x P *x *x *x
C.V. (%) 8.6 4.6 4.0 45 3.4 2.6 2.4

ns = non-significant difference

* significant difference at 5% probability level

** highly significant difference at 1% probability level by Least Significant
Difference (LSD)

a, b = different alphabet in a column showed highly significant difference (P<0.01)

1:100 (N3 3) luraeInIauuad 1 (nguaAluaw)

lailde fnnulutieeiian dawanslu Table 2
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Houiign fauansly Table 3

Table 3 Effectiveness of bio-fertilizer from soybean seed mixed with

sliced pineapple fruit fermentation on leaf width of Chinese kale yields

Leaf width (centimeter)

Treatment 14d 21d 28d 35d 42d 49d 56d

Sprayed with 1.6 244 33° 46 519 54 61°

Plain water

(Control)
Urea 17 32° 420 570 65 69°  81°
(25 kg./rai)
Bio-fertilizer: 1.7 30%  41° 568  66° 69° 82

water (1:100)

Bio-fertilizer: 1.7 29%  40® 55 63> 66° 7.9

water (1:200)

Bio-fertilizer: 16 27 37°  52° 55 61°  75°
water (1:300)

*% *% *% *% *% *%

F-Test ns

CV. (%) 11.6 5.6 4.4 29 2.7 2.4 3.0

ns = non-significant difference

**highly significant difference at 1% probability level by Least Significant
Difference (LSD)

a, b = different alphabet in a column showed highly significant difference (P<0.01)
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Houiign fauanslu Table 4

Table 4 Effectiveness of bio-fertilizer from soybean seed mixed with

sliced pineapple fruit fermentation on petiole length of Chinese kale

yields
petiole length (centimeter)

Treatment 14d 21d 28d 35d 42d 49d 56d
Sprayed with 1.6 14° 23¢ 31° 379 39° 42°
Plain water

(Control)

Urea 16 25 35 45  50° 54  62°
(25 kg./rai)

Bio-fertilizer: 1.7 257 34% 45 49® 54 617

water (1:100)

Bio-fertilizer: 1.6 23 32 g45b  g47% 500 53
water (1:200)
Bio-fertilizer: 1.7 7% 32°  42° 45 49°  51°

water (1:300)

F-Test ns *% *% *% *% *% *%

CV. (%) 11.7 100 6.0 3.8 3.5 2.9 4.8

ns = non-significant difference

** highly significant difference at 1% probability level by Least Significant
Difference (LSD)

a, b = different alphabet in a column showed highly significant difference (P<0.01)
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Table 5 Effectiveness of bio-fertilizer from soybean seed mixed with

sliced pineapple fruit fermentation on weight of Chinese kale fresh tree

yields
Treatment Chinese kale fresh yield
(gm./tree)

Sprayed with Plain water 29.8°
(Control)

Urea (25 kg./rai) 46.3°
Bio-fertilizer:water (1:100) 46.6°
Bio-fertilizer:water (1:200) 38.6°
Bio-fertilizer:water (1:300) 33,9
F-Test **
CV. (%) 7.1

** highly significant difference at 1% probability level by Least Significant
Difference (LSD)

a,b = different alphabet in a column showed highly significant difference (P<0.01)
drulssnevdfafiaunsagesiuszilulndueslusauly
windavdesliduulindaedu 9 uaznsaexiludaszyh
Timsldusglomivedusiuiifsnmlulasiouannindaundes
WaBey dwalvusinaansswidluiminganmainnis
windandesuazdudzsafiuuniy (Waraphan et al,,
2004; Downrung and Jantasara, 2014) gqu Waraphan et al.
(2004) 181U AuFUUEsansiniiuszans anlunis
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ABSTRACT

Keyword
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Bio-fertilizer

The objective of this research is to determine the efficiency of bio-
fertilizer from soybean seed mixed with sliced pineapple fruit
fermentation on growth of Chinese kale (Brassica oleracea L.) and to
study its appropriate ratio for replacing the urea fertilizer. The
experiments were conducted on field to determine the growth of Chinese
kale in response to bio-fertilizer as a supporting medium. The treatments
were arranged in a completely randomized design with 5 treatments on
4 replications as follow. 1 plain water (0:1), treatment 2 only Urea
fertilizer (25 kg/rai), treatment 3: Bio-fertilizer:water (1:100 v/v),
treatment 4: Bio-fertilizer:water (1:200 v/v) and treatment 5 Bio-
fertilizer:water (1:300 v/v). And then, data were investigated and
recorded on growth parameters; stem height, leaf number, leaf width,
petiole length and weight of Kale fresh tree. It was found that the ratio
of bio-fertilizer of soybean seed mixed with sliced pineapple fruit
fermentation and water and urea fertilizer had influenced on the growth
parameters of Chinese kale at 21, 28, 35, 42, 49 and 56 day after planing.
Chinese kale in treatment 2 only urea fertilizer had the greatest influence
on stem height, leaf number, leaf width and petiole length of kale with
no significant difference (P>0,05) when compared with treatment 3
(1:100). In addition, kale at 56 day after planing in treatment 3 (1:100)
was the highest of weight of fresh tree (46.6 g) with not significant
difference (P>0,05) when compared with the treatment 2 (46.3 g). In
this research, it can be concluded that the percentage ratio of bio-
fertilizer of soybean seed mixed with sliced pineapple fruit fermentation
and water as the ratio of 1:100 showed the best result as same as the
result of using Urea fertilizer, and bio-fertilizer has an influence on the
growth of Chinese kale
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Table 1 Seed germination and speed of germination of Khao Dawk Mali 105 after coating with plant nutrients.

Treatment Germination (%) Speed of germination
Laboratory Greenhouse Laboratory Greenhouse

Control 982 96 19.573¢ 17.85°
Polymer with 0 ml of nutrients 98 96 19.535¢ 15.87¢
Polymer with 0.25 ml of nutrients 98 97 19.50°¢ 18.58%
Polymer with 0.50 ml of nutrients 100* 95 19.922 18.51%
Polymer with 0.75 ml of nutrients 992 97 19.68% 18.84°
Polymer with 1 ml of nutrients 992 98 19.80% 18.72%
Polymer with 1.25 ml of nutrients 992 97 19.80% 18.17%
Polymer with 1.50 ml of nutrients 96° 95 19.22¢ 18.85°
F-test * ns * **

CV (%) 1.1 2.7 8.8 5.4

Note: ns, * and ** = non significantly different, significantly different at P < 0.05 and 0.01, respectively

#¢Mean values in the same column with the same letter do not differ significantly (P < 0.05) according to DMRT
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Table 2 Root length and shoot length of seedling of Khao Dawk Mali 105 at 14 days after coating with plant nutrients.

Treatment Root length (cm.) Shoot length (cm.)
Laboratory Greenhouse Laboratory Greenhouse

Control 9.6°¢ 5.54 11b 4.4°
Polymer with 0 ml of nutrients 10.8° 9.72b 110 4.9%b
Polymer with 0.25 ml of nutrients 10.7° 7.5¢ 12.22 4.9%b
Polymer with 0.50 ml of nutrients 14.352 112 10.85¢ 4.6%
Polymer with 0.75 ml of nutrients 7.9« 7.6 10 4.8%0
Polymer with 1 ml of nutrients 10.2° 8.0b¢ 10 4.6%
Polymer with 1.25 ml of nutrients 10.2° 9.8%b 11.3° 5.22
Polymer with 1.50 ml of nutrients 7.54 9.23bc 9.64 5.1%0
F-test *% *% *x *x
CV (%) 11.1 23 6.6 4.1

Note: ** = significantly different at P < 0.01.

a-d Mean values in the same column with the same letter do not differ significantly (P < 0.05) according to DMR
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The objective of this experiment was to enhance Khao Dawk Mali 105 seeds
quality by seed coating with plant nutrients. The data of seed germination,
speed of germination and seedling growths were evaluated in this experiment.
The experiment was conducted at the Faculty of Agriculture and Agricultural
Industry, Surindra Rajabhat University. This experimental design was a
Completely Randomized Design: CRD with 4 replications. There were eight
treatments including non — coated seed (control), and seed coated with
polymer and plant nutrients at a rate of 0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50
ml. The coated seeds were tested for seed quality. The results indicated that
the seeds coated with 0.50 ml of plant nutrients had higher germination which
was 100% under laboratory conditions and seed vigor was between 19.80 and
19.92 plants/day higher than the control. For the growth of seedings at the age
of 14 days after sowing seed coated with polymer and plant nutrients at the
rate of 0.50 ml tended to give root length and shoot length longer than other
treatments. But, when the nutrients were increased to 1.50 ml, the seed
germination and the seed vigor were lower than the control.
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mustard #aUsgnaueImsianalsy sulsenuanla

widlsasndvn e wazdindumdiuden Felonthuinasnsis
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Randomized Design (CRD) 3 4 Awinaes (gn) il
a3t 1 dunmadnideaninlaeiBsssund (Fegrsmuny)
gmﬁ?‘i 2 duinnainideruaninlaeisund dons LP86a
gnsfi 3 duihmednieauaninlaedSunditons LPST7
gnsl 4 FuinnadniBeaansinlaeiasund itons LP864 Na

fu LP877 Tusmsndiu 1:1

wiargnsiinssuTBNITNEN Wanads Fig. 1

MsI9NganITIln

Yadrnnadunsa - A1 (pH) wagn1UsuInTa
wanuaitlnmsald (Titratable acidity, TA) sewinemsindu
Fnneudeuann 9 12 9alus aunsediadien pH BEIENIN

a

3.5 - 3.6 wazilUTunas TA 9g521319 0.8 - 0.9% Fsdieqnei
asusin Tadundnsusidudnaindedud Jufinszesinan
Tun1suitn Tneen pH uavuSuna TA fenan T duae1eda
ffaunanegedudnnindeavandnlaeissssuenf
fpasanuarldnzuuugafignannsaae UMIEENSY
Ms¥aAn pH Jnanihdudnnadeudmerdesin
pH (@%@ Sartorius 3u Docu-pH+ Meter) Saflgaungiivies
MsmU3ne TA ¥hnnadsves AOAC (2019) Tnedinridy

o I~

AnnalieIuaysuins 5 daddns ldluriaguuunauin 250
fladans Wunauidulafwensueulasenles uddedly
Wy USunas 25 fadans vieaflueduimau 2 — 3 viea lnnse
melaidoulansonlanidudu 0.1 uesuea aulsansazaned
yuyasiu 3 3unit Guiinuesledoulansenloddly
a1y TA Aadu % nsauanin Aeaunns
FTUA
N x V1 x 90.8 x 100

J3uew TA (% nsawan@n) =

. V2 x 100
Wo N = enududuvesarsavareluideulansonlun
V1 = USuesvesansazaneluiieulonsenlesiily
Tumslnnse
V2 = Usumssesadild

Preparing 1 kg of mustard leaf, cleaning, take out the leaves, washing, airing
g
Take the first step of squeezing: sprinkle 200 g of table salt on mustard leaf,

squeezing, wash 2 times, gather together, squeeze the water out

Take the second step of squeezing: sprinkle 100 g of table salt on mustard leaf,

squeezing, wash 2 times, gather together, squeeze the water out

Take the third step of squeezing: sprinkle 50 ¢ of table salt on mustard leaf,
squeezing, add 200 mL of water, soaking 20 min
g
Wash 2 times, gather together, squeeze the water out, add 8 ¢ of sugar,

add 2 g of mDnPsodium glutamate

[ I [ 1

No added powder Add 1 g of Add 1 g of Add 05 g of powder
powder inoculum powder inoculum inoculum LPB64 mix
LP864 LP877 with 0.5 g of LPBT7

(Treatment 2) (Treatment 3) (Treatment 4)

inoculum
(Control sample)
(Treatment 1)

Mix together

g
Put in the container, add 400 mL of cooked rice water (cooked rice water: cook 200 g of
rice / 2000 mL of water)
4
Sealing the container, incubate in incubator at 37 °C until the end-paint

fermentation

g
Sorm Pak Kad Keaw Plee products

4

Sampling the sample to quality analysis

Fig. 1 Procedural flowchart to produce Som Pak Kad Kaew Plee samples.
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\lodura (@ve Stable Micro Systems 3u TAXT.plus)
T4 ¥a8ulufinifen (HDP/BS Batch No.11711)
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gaumgdl 37 °C u1u 48 Halus  MIMIIVATIE VAN
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India) Yluunfigamgil 37 °C uu 48 T fuduny
Talaflunumwizide wazsionunady  Senlalail/
n3u (log CFU/9)

3. NINAFBUNNUTEA AU

Usziiuniseeuiumadssamduda lngldduslne
ludldrinunisilndusiuay 35 au Uszidulugiu
dnwairUsnng (Ransananmsiifivies dlidadn) ndu
Ro15an97nnAuninvesinees) sanR Me15a191n
sa3en) (oduda @arsanannanunsey liduas)
wazauvaulaesan laeldis 9 - points hedonic
scale fmuslvinziuu 1 Ao liveusnilan azuuu 9

a

g YauuNign tnedmeganvdnautiagaginismvdn

9 9

€

De
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I dundndusidudnnindeiud dianedruimdudy
vosdudn ldldurvesdudn @snlddranaradinlig

NAFDUTUTZLLU Lhanasa Fig. 2

ananldlun1side
N1TIATIENAUAINNNNIEATNLALNIYEUNTE
AIUUNUNITNAADILUU Completely Randomized

Design (CRD) ¥1NN1391aaad 3 91 N1INaaaun1euszay

FUE MIULNUNITNAABILUU Randomized Complete
Block Design (RCBD) Téinaaoudulu Block S1uaug
NAAOUTN 35 AU NTIATILRAINAT ATIZAAIAIN
wUsUTIUN9E@DALAE Analysis of variance (ANOVA)
LazIsuifisumnuuansavesaadesEninngy
naanilaeldArai@ Duncan’s multiple range test
(DMRT) fiseduifad1fyneada 0.05 dreluswnsu
a1 L%ﬁ]g"d SPSS version 13 for Windows (SPSS Inc.,
Chicago, IL, USA)

Fig. 2 The product of Som Pak Kad Keaw Plee in a plastic container.
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Table 1 Fanud A1 L* vasiulududnidesuansd gns
Ldunnenaiunneadi (P>0.05) deegsening 35.32 -
37.26 LAASDSHAWY duAn a* vaenuUlUANNNNIATE)
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A19g5¥1319 0.22 - 0.80 wanataldnndntioy way

(A)

pH
MW B w o =

—=—Natural fermentation

—=—Fermentation by LP864
% Fermentation by LP864+LFBTT

~Fermentation by LPBTT

0 12 24 36 a8 60 72 84 96
Time (hours)

o Natural fermentation o Fermentation by LP864

—&Fermentation by LPBT7

—sFermentation by LPB64+LPETT

04

TA (% Lactic acid)

Time (hours)
Fig. 3 Changes in pH value (A) and TA amount (B) of Som Pak Kad Keaw Plee

samples during fermentation.

A1 b* vasnulududnninl@eduiing 4 gas fiAey

Y

581319 20.79 - 25.54 uansfadldmaes muluduinnie
WerUdansnminlaeiaSunayeninausening LP864

uaz LP877 fiAn b* geflanuansineanngnsdu 4 (P<0.05)

oA 1A

wWaTNUIN ANdvedluduinninleduddenndeenuaid

AMulududnnialenld Teean L* vesludunnidedva

i1 4 gns lsiusnansiuneadd (P>0.05) fAdu fideg
5¥MI19 21.14 - 24.55 daudn a* vesluduinninden
AT 4 gms Liunndeiuniaadn (P>0.05) Fauns
dntios fA1egsening 0.95 - 1.19 uavA b* vadludy
fnmadenuaia 4 gus Saoudhavdes fdegspming
13.57 - 17.17 luduinniadedgnsiminlaoiadund
onamauszying LP86d uay LPTT fifn b* gendngnsd
sinlapTBsTuIA (P<0.05) arn b* wpsitaiuluuas
TuduinnaiBruagnsiindnlaeiasund wdensua
ﬁﬁmﬁamazﬁmqmdﬁqmﬁu q Wadenadunauiain
Uszﬁm%mwmaaﬂ’]ﬂ%ﬂé‘]L?z‘}lamauﬁLﬁmﬂmmwms%ﬁﬂ

F9lUTUNBUNISNINENABIRELAANT VA UBUASE

v
a a o

9131fina1nUfise1duinia (Browning reaction)

TagtanizgUisenfiiannnuiainnisesndlag
ansUsznevilusalaofiieulvinduwediiueasendina
(Polyphenol oxidase, PPO) tlu fai3sUfjAsen (Sapers,

1993) uarUffzenduiniaanunsagnuzasnisiinlaann



P. Phupaiboon et al. / PRAWARUN AGRICULTURAL JOURNAL (2021), 18(1): 48-57

Table 1 Color and texture analyses of Som Pak Kad Keaw Plee samples.

53

Treatment

Natural fermentation

Fermentation by LP864

Fermentation by LP877 Fermentation by LP864 + LP877

Color value of petioles

L*m 36.98 + 1.48 37.26 + 1.44

" 0.80 + 0.24 0.75 £ 0.55

b* 21.25 + 337° 20.79 + 1.90°
Color value of leaves

L*e 21.26 + 1.68 2240 + 1.99

" 1.14 + 0.60 1.19 £ 0.20

b* 13.57 + 2.38" 15.33 + 1.22%
Texture of petioles

Firmness (N)™ 57.86 + 7.76 64.97 + 2.79

Toughness (N.sec)™ 58.27 £ 5.53 61.18 + 2.78

3570 + 1.76 3532 +3.63
0.22 £ 0.37 0.75 £ 1.55
21.02 + 1.30° 25.54 + 1.95°
24.55 + 1.12 21.14 + 2.65
0.95 + 0.35 1.40 + 0.13
14.74 + 1.70°° 17.17 + 1.66%
58.46 + 6.02 62.65 + 6.65
59.45 + 6.43 61.19 + 6.61

All values are the mean + SD.

2P Means values in the same row with different superscripts are significantly different (P<0.05).

" Means values in the same row are not significantly different (P>0.05)..

a15Usznauiiuean (Arab et al,, 2011) 2915189 1UVBS
Septembre-Malaterre, et al. (2018) 1951891431015
nindnaeameuwuaiiiieaiansawanin toulednglad
wa (Glucosidase) indnanuuaiiseadiensauanin

a

danalviarsusznauiluedniidegludnaesaunsagn

Y

a

Fauvasluiduansuszneufluedndidgninisdanan
a1ansnidneyyadasy (Radical scavenging) lad duwa
somsvasmaiaUfizedtnma uanuduivdes
wAEANAAINA1ISIEEAARIULIATFILENANNTIULAY
ipsugLTLIesinaes Ainnanesiiidvdouasd
anla SroifiuamAImvesinn1nnes (Zhang et al,
2019)

Snwnzidedudavosduinnalenud uansds
Table 1 Fawut AAnuuimiiowazAaumioies
dufinmadeudgnsfiviinlaeiadunditonsia 3 gns
LiunnsnafugasininlneiSsssuend (P>0.05) Taudian
auuduiouasArnunilen agsening 57.86 -
64.97 N uag 58.27 - 61.19 N.sec Ay anendile
wansisdnuas doduiavesdudnnndenddn a gns
nsouneans liflumay Geinnanesidenanuuduiod
a9 1usdefiunaninussinninnes (Zhang et al,
2019)

HANITIATILYAN NN NIAUNTE
$rauLUATlSeToLn Safuars) waruuailile
a%19n5AUAARN WARIFI Table 2 Fawudn $1uau
wuAidetmuavosduinnindeignsfindnlaoiaiy
nédudonsiia 3 gns Liluandnstugasiindnlaeds
555U (P>0.05) lngdduIuagsening 8.42 - 8.69
log CFU/g $munuuuaiideranunvesduinnindoiua
gnsivinlagFsssuvdsisruiudiliunndafudy
r;‘ifﬂmm%EnﬂﬁqmﬁmﬁﬂimLa'%zmé’%%am aifona
ilesnanszeznanmvsindudnniadeiudgmsivin
Tne3TsssumAdszozinaiuiuds 96 Falus viliinns
WiniulnvesuuniBoiatustniminuazdsnaldd
$raunuafiSenuaiuty vasfisuudaduay
maﬂﬁmﬁﬂmmLs‘ﬁmﬂﬁqmﬁwﬂﬂimma%ﬂé’%%ﬁlmﬁu’a 3
03 Twaudesningasiiviinlagitsssumni (P<0.05)
duinniadealdgesiindnlaeaiundidonsiid o
garuazs1egsening 4.75 - 5.01 log CFU/g duinnia

o

\Jegnsiiviinlaeissssumnadsuiubaduagsiegi
5.78 log CFU/g ﬁamaziwmé’mﬁﬂmmL%mﬂﬁqmﬁ
winlnewasundndonsdisuiudesnindaduaysvesdy
r;TﬂmﬂLS’TJmﬂﬁgmﬁwﬁﬂiﬂﬁ%ﬁﬁmwa watlens
\i09u191nUsEANS A nesndndenlududanas

L3 LAULRVRBERLAEIITENINNTIIN dORRRDIAU
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Table 2 Microbiological quality of Som Pak Kad Keaw Plee samples.

Treatment

Natural fermentation

Fermentation by

LP864

Fermentation by

LP877

Fermentation by

LP864 + LP877

Total bacterial count 8.42 + 6.48
(log CFU/g)™

Yeast and mold count 5.78 + 3.52°
(log CFU/g)

Lactic acid bacteria count 8.69 + 6.48

(log CFU/g)™

8.69 + 6.56 8.67 + 6.48 8.50 + 6.41
5.01 + 2.78° 4.89 + 2.36° 4.75 + 2.68°
8.74 + 6.57 8.62 + 5.76 8.46 + 6.44

All values are the mean + SD.

b Means values in the same row with different superscripts are significantly different (P<0.05).

" Means values in the same row are not significantly different (P>0.05).

318911883 Abouloifa et al. (2021) fisssuing e
wuAlEasnIALanfinuananazdunumaAgylunis
wilnuan Sallnuaudfduingfudenesssui (Food
bio-preservative) g L. plantarum 23, 46, 49, 61, 62,
71, 72 Algvhmsfausnunainuznenudnivssananm
geluntsdufadad (Candida pelliculosa uas
Rhodotorula sp.) & @& ¢ 51 (Aspergillus niger,
Penicillium sp., Fusarium oxysporum Wa ¥ Rhizopus
sp.) 91 Wei et al. (2020) Ts1891u31 L. plantarum
13M5 AifAuennanemsninitudiosdiusansamly
nsvianegau (Patulin) Suduansfivainsiligeds
43.8% vilenvnsminiinanainnddesnaniiaan
Uaoads d1udiuiunuaiissasiansauanfinyaydy
s"IﬂmmL%mﬂﬁqmﬁuﬁﬂima%%ﬁiimwaﬁﬁ%muhi
LL@ﬂﬁiNﬁ’UgﬁmﬁmﬁﬂImLa%mm’hLﬁ'?'?amﬁu’q 3 gn3 (P>
0.05) lngdldnuIuegsyning 8.46 - 8.74 log CFU/g &y
s"IﬂmmL%’Jﬂﬁqmﬁuﬂﬂimai'ﬁﬁiimwaﬁﬁmaul,mﬂﬁﬁa
afansauaniniidoudnegs udliunnsnsfugasiviin
Tnoiasunddens wileraflosnansseznainismin
dunniadaagnsiindinlaeiBsssuvAtssoziom
msnsiniiung lrinsesgdulnvesuaiiSeadng
nsauandnivt szt Tnenuafiieadnansaua
aRnLugdunigitunumlunsusindnaesfiendenns
wiinnqAun3dlusTsund dauuaiiGeairansauann
méflﬁwmmﬂi’mqauLLaxﬁﬁLﬂﬁa (Zhang et al., 2021)
dunnadeaUadinanii 4 gns Tnuuaiiseaing

nsaLanfnAoudneEs (W1nnin 8 log CFU/g) Ymdu

gmsfiiusleninesnenie WewnuuaiiSeadianse
waninlasuniseeusuindusuaiidefivaonde
( Generally recognized as safe bacteria, GRAS)
(Kumoro et al,, 2020) 1o g Lawwuwmaﬁuﬁ:‘uad
wuafiseasansaLaninluana Lactobacillus vy L.
plantarum o dulnslulefin (Probiotic) §a1du
QauvEEnTustleviiesnenie dreduaiussuugiduiu
wazn1sdesa mstiduuni (Wei et al, 2020) wag
Usgniansznsnanssagy atuil 346 we. 2555 14
szunslilnstulednluems astidnuaulnsluledin

néliiney auvdseylitesnin 6 log CFU/g

NANIINAFAUNINUSEAMNAURE
INMINAFBUANIUYDUADAMANWULATY 9 D9
duinnaligaud (Table 3) wudt AzluuAuveUlay
delunndnuazeing 9 Adnusgrinsdudinniadea
ansfiviinlneiaiundidonaia 3 gns Aududnninde:
Uagnsindinlag Ssssund liuanersiumaada (P>
0.05) Ineflazuuunnuveulngiadurednuazusng
nAu sawd LHoduia WArAUTAUIAYTINBYTENTIN
7.40 - 7.63, 6.20 - 6.94, 6.34 - 6.77, 7.11 - 7.26 ey
6.86 — 7.26 AzUUL AUEIAU wanaliiuiinsiasy
néons LP864 vide LP877 vie LP86 wanify LPST7
Lifnalunsaudenudnwurusing nau savd wag
dedudavesdudnniaideaud lnogmaaeudud
AnuveulneTNseduinnInleIUGeglussAureuUu

ARAN
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Table 3 Sensory acceptability of Som Pak Kad Keaw Plee samples.

Treatment

Natural fermentation

Fermentation by LP864

Fermentation by LP877 Fermentation by LP864

+ LP877
Appearance™ 7.40 = 1.54 7.63 +1.31 7.60 £ 1.31 7.40 £ 1.22
Odor™ 6.51 + 2.01 6.20 + 2.04 6.74 + 1.29 6.94 + 1.51
Taste™ 6.77 £1.93 6.46 + 1.72 6.63 + 1.85 6.34 + 1.98
Texture™ 7.11+1.88 7.26 £ 1.40 717 +1.47 7.14 +1.42
Overall acceptance™ 6.86 + 1.83 6.89 + 1.62 7.26 + 1.27 6.91 + 1.46
All values are the mean + SD.
" Means values in the same row are not significantly different (P>0.05).
a5UunanisIdY Arab, F., Alemzadeh, I, & Maghsoudi, V. (2011).

nnwadildannsineid ansoasuldindtons
LP864 o LP877 vide LP864 naufu LP877 Suwildiuiid
Tun1sihlundndudnnia@enud wmsginvinlissezinanlu
msvsindaniies 60 - 72 $alus Tnstawzndidens LP877

v
v A

fszogatlunismin 60 Talus uenanil nale LP86A

&

naufu LP877 datnaifinanududivdeitu dusnnin
FeUd ndndensiis 3 vila Sedawadidseinuunile
wazA1Aumide wasdallquandiiiuingiudenis
537095 FreannisiadgiAvlnvesdaduaz s lnglaniznad
\ors LP864 nauify LPS77 vinlsifaduays anaseydl 4.75
log CFU/g sauviadsdenalifuundli3oadrensananingadu
QAuvEgintsuugs nslamizndtons PAS6A fid1uu
LLUﬂﬁL%EJﬁ%NﬂﬁmLaﬂaﬂagJ:ﬁ 8.74 log CFU/g n1sLasunan
denwhlinzuuuanuveuluguidnuaesng 4 vosduinnn
Werldldusnansainnisndnlagissssued wazlasuns

gausuagluszauyoulunans

finAnssuUsEnIA
i138veveunseAnlATINITYITUeNET Vauuseunn

WA, 2563 Ninsatuayun1TIduassil
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ABSTRACT
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The research aims to an evaluation of fermentation assisted by
Lactobacillus plantarum (TISTR 864, TISTR 877) on the quality of
Som Pak Kad Keaw Plee (northeast Thai pickled mustard). Powder
inoculum of L. plantarum TISTR 864 (LP864), L. plantarum TISTR
877 (LP877), and L. plantarum TISTR 864 mix with L. plantarum
TISTR 864 (LP864 mix with LP877) was prepared and used in the
production of Som Pak Kad Keaw Plee in 3 samples. The quality of
the sample was studied in comparison with natural fermentation
(control sample). The results revealed that fermentation by inoculum
of LP877 had a short fermentation time of only 60 h and natural
fermentation had the longest fermentation time of 96 h. Fermentation
by inoculum of 3 samples had lightness (L*) and redness (a*) no
difference with natural fermentation (P>0.05), whereas fermentation
by inoculum of LP864 mix with LP877 had yellowness (b*) higher
than other samples as b* of petioles and leaves was 25.54 and 17.17,
respectively. The firmness and toughness of fermentation by inoculum
of 3 samples were high between 58.46 — 64.97 N and 59.45 — 61.18
N.sec, respectively. The enumeration of total bacteria count and lactic
acid bacteria of fermentation by inoculum of 3 samples was not
different with natural fermentation (P>0.05). However, fermentation
by inoculum of 3 samples reduced the population of yeast and mold
lower than natural fermentation (P<0.05) especially fermentation by
inoculum of LP864 mix with LP877 had the lowest yeast and mold
population at 4.75 log CFU/g. The overall acceptance scores of
fermentation by inoculum of 3 samples were the like moderately.
Therefore, 3 samples of inoculum have a promising to be used in the
production of Som Pak Kad Keaw Plee.
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Figure 1 Antioxidant activity of rice wine from various glutinous rice varieties
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Table 1 Physicochemical properties of rice wine by difference glutinous rice.

Parameter Treatment
T1 T2 T3 T4
pH 4.74°¢0.01 4.55°+0.01 4.929+0.01 4.68°+0.00
TTA (%) 9.5°+0.01 7.4°+0.06 7.1°+0.04 10.2°+0.09
TSS (°Bx) 92+0.00 10°+0.00 92+0.00 10°+0.00
Alcohol % 14.61°+0.10 12.91°+1.90 12.16°+4.23 14.03°+0.06
Reducing sugar (g/L) 10.38°+0.76 18.619+0.41 8.66°+0.11 15.08°+0.82
Data are shown as the mean + SD, derived from three replications.
Table 2 Sensory analysis of rice wine produced by difference glutinous rice.
Treatment Color Clarity Flavor Sweetness Overall acceptability
T1 6.00°+1.11 5.87%+0.82 5.87%+0.78 7.07°+0.98 6.20°+1.03
T2 6.00°+1.02 5.87+0.73 7.70°¢0.75 7.03°+1.03 7.10°+0.99
T3 6.00°+1.08 6.00°°+1.05 6.10°+0.85 5.73%+0.78 6.53%+1.50
T4 8.17°+1.18 6.43°+0.86 7.97°+0.77 6.07°+0.74 7.93540.91

Data are shown as the mean + SD, derived from three replications.

a, b, c means with different superscripts letters within a column are significantly different (p<0.05)

yadnity aruuivenuion saumall wazszeziian
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ABSTRACT

This research aims to compare the physicochemical and sensory
characteristics of rice wine from four difference glutinous rice verities
including red glutinous rice (T1), Luempua glutinous rice (T2),
Homphukaew glutinous rice (T3) and black glutinous rice (T4). The
experiments were investigated pH, total titratable acidity (TTA), total
soluble solid, reducing sugar, alcohol content, antioxidant activities and
sensory test in four glutinous rice wine of 30 untrained panelists. The results
found that T2 shown the lowest pH and the higher than reducing sugar other
rice wine formula with a statistically significant difference (p<0.05). Total
titratable acidity indicated that T1 and T4 higher than T2 and T3 were a
statistically significant difference (p<0.05). Moreover, T4 exhibited highest
antioxidant and had higher than overall acceptance other rice wine formula
with a statistically significant difference (p<0.05). Total soluble solid (TSS)
and alcohol content of each rice wine formula no statistical difference
(p>0.05). The findings of this study indicate that physicochemical
characterization and sensory properties of each rice wine formula are
different especially T4 showed highest antioxidant and overall acceptance.
It could be able to establish the functionality as a healthy beverage.
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ann1sUuouvestianesinliléen pH fiugiugn dauns
Wiusnedralaeldveaannszinizennis (stomach tube)
Judsnsiiazmnuazine widesaniinsiidunisaen
vigrutasUnviaeneims felureanarfigaiiulatinng
Yudeusuiranedeiian pH g9 ¥il¥An pH A3aldan
§19819909M82910N5ELNENTA LR UR2833Ha AN
ﬂmmmé"auﬁqa%ﬂﬁ (Duffield et al., 2004) wagdn1sAnw
nsnsrasziunsaluiuiisymeldanndiegieingg delvna
msfnwiiundedolslunisirlulduselewd Jacobi et al,,
2009, Ward et al,, 2011, Lean et al,, 2013, Stockl and
Lichti, 2018, Lee et al., 2019)
fnsAnensliwetieauninsalnUdunisagulng
(Near-infrared spectroscopy; NIRS) ALas1giaAUsEnaU
YOINUDIMTENTULaLDIAUTENOUATULNTUL VB INTOINT
&0 1wy seaulusiu Bele seavlaiu sedundeauly
IngAvesdnd S2uvaen pH Tuewsniin Fslimanis
pszifieuuLdede (Corson et al, 1999) 1¥nsram
TspAladauuulilans®InisaInnIsnsIaIATIZi1e8 19
¥uy (De Roos et al, 2007) 1¥ns5193LAss sz fuans
AlauludenIsuitouivdadiulututelusauludiu
Wieadsaunisvunesesuvesasalauluslladauungs
AaonA (Van Knegsel et al, 2010) 18A99In153LATIEY

freg1alaeldimada NIRS Aa 418ABN15IATENAIDENS
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finnnusimiilunisindn ldnafiududnazgndos
nsnsvaeulunuulidvhatesieds ldneldiAnuany
wazazaINean13lau (Stermer et al,, 1994)

Fatu nsmsaadansesnzanudunsalunsamnie
winTulaunlaensldmadiavsensosiofifinnuuaiugn
wazsaasalunisnsaa wunisldmadadesdunise
aalngalnt (Near-infrared spectroscopy; NIRS) @529
seiuadudurensaluiuiisemelduazan pHain
fhethemadlunszimzudn Wukwmeiaulalunis
denTafansesnnzanudunsalunssimguinuaslse
Maunuedn (metabolic disease) Tulauy msanwniizadl
Tnquszasdiiouszondlfinadadesdunisaaualnsalnd
Tunsnmataranududuresnsaloduiismeld waven
Anudunse-ang nfegrsweamarlunseimizudn lne
A1sMIALEUTLSsEnI1eA A ure snsalusiud
szinela wazgA1mudunsn-A1e 31nN15ATIINN
wewfuRnisfumanududuveansaluiufisemeld uas
Artdunsn-aA1e 91nn1sadsaun1IinuneaInnng

wseimewmadadesdunsaadalnsalnd waziivewdu

D

Jayadmiunisimuiasesiiefilinsiadiasziuazfn
nseannzaulunsalunssimizndnuazlsania

wwnusantunsusall

Ye/AN1539Y
dninaaes

Tausnagiusloaalningidougnaay Tuwmidndh
(body weight) Uszunas 250 Alansu o1gUszanay 14 Wwiau
guamudauss vhnsirdiafie anszmgnsinuuuaing
(permanent rumen fistulation) USiaaUdudne Wi
insiiudiegrsesnaiainnssinizwiin (rumen fluid)
Feludrsdudunisnaasslaazgnidodlulsuiouda o
audifouazimurviesiutiunia uminerdesivdy
gnsondl Inendsanieldgmgiaanadon Tnsusnidesly
ponVARBLABIuABUNIAaEAY ffufivune 3x5 a3
w3 f9vonauavethiuuenluronides

nsfnu3ded IESuinsandiuseunnamenssuns
5T IUTIMLARIRS U SHsuar sl d R e U
Ingreans 1ninerdesvigenssrll vineiaalasanisi
1a5un1sfiansun as 0543.7/358 laaUjURn1undn
sssoussumsldniifionumeinermanivesaniise

WeR Useinelng

osildnnasuiemidonhliiianignutunsaly
NSUWIEHINUUUANBIUNSY (subacute ruminal acidosis;
SARA)

3282NAUNIINAABY (pre-experimental period) (17
$u) Juszeznaiililauudsufsensnvaasuaznn sl
o3 Tussogiifimadeudladoudidsvesnnaes dail

Tausluszognaunisnaasalasunisiie M shuukenty

v
=1

9IMTTUAUDIMINYIU (separate feeding) Tneluszezil
Tannasdldsuamisdu (concentrate) Faduprmisdui
Usgnoutulushsy U3um 1.1 Alanduvesinguia (dry
matter) sesfronss uUsdel 2 A%t (Fuasu) iy
YSunm 2.2 AlanSuvesinguis dedldeiu lagd
drulsznauingAuuaretAusenounmuaiinanifa Table 1
uay Table 2 lannasslasuomsveruiluniadawuulal
1% (ad libitum) sauuiithislnasaan
5¥8¥N5NAABY (experimental period) (16 Ju) 1Hu
SrezLa1TiInIsNAaeIwazLiuR1eg199 1 lANAana
alananosgninieniliAnanizanudunsalunseing
wifnuuuiadeundu Tneidnistiemistusentuemns
ey Afdndruresenmsiuiigesiniunsdidauiua
91NV (FndiuermsweueaIm sty 20:80) 3la
IFsupmstuiivssneuiuannisualngldedusznay
naadvesingfisiesiulag National Research Council
(NRC) (2001) U3aau 4 Alansuvesinguiia desaronds
wiedneld 2 ads (141 6.00 wIRnT wazmewdy 16.00
RN TS 8 AlanfuvesinguiisoiisioTu wayld
Wisdndunnaseimsvenu Usanw 2 Alansuvesinguiis
somneiu 1nelalasulLnaImsneIURaIRINALBIMNTUIU
Uszanad 30 w1¥ (Pilachai et al., 2012) dauﬂisﬂaui’mqﬁu

wazasrUsenaunaall wandly Table 1

NSAUR9E19YNA 1IN TN IE N AYIAESY

lurreszernimaaes yinsiiureunalInnnsemenn
vaslanmaomniu Aeauidiuu 8 adsdetu naon
SreelIan 16 YU veUl9sEeEnIMnaed Inaliufetgianou
nsTwemstulagiad @lusdl 0) wazndanlernns
Fugaad lusii 2 4 6 8 10 12 uay 14 audsu
U IMSTU InsifufegisvimuiSves Wang et al.

(2016) Ingnsveasulalugasterudnd vnsilana
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Table 1 Ingredient composition (%dry matter; %DM) and chemical

composition of the dietary feed ingredient.

Ingredient/Chemical composition %DM
Cassava ship 46.3*
Soybean meal 35.2%
Rice bran 17.1%
Premix* 1.4%
Dry matter 89.37**
TDN 81.24**
ME (Mcal/kgDM) 2,94
Crude protein (CP) 20.39**
Fat 5.20%*
NDF 11.92%
ADF 9.56**

*The ratios of feed ingredient (Pilachai et al., 2012),

**Calculated using measured DMI, composition and feed analyses (NRC, 2001);
TDN = Total Digestible Nutrients, ME = Metabolizable Energy,

NDF = Neutral Detergent Fiber,

ADF = Acidic Detergent Fiber

rumen fistular 1¥gUnsaivie a1ee1e uazgle3eA
J3uns 60 daddns gareuunalnnsstnnzndnusiu
ngaf1LEns (ventral sac) U3u1ns 30 §iadans 91ntuw
19819784 NAINNTLNIERINEILWAERN LagyinnIs
Yarraudunsa-anasiuil Inedied19v091a291n
nsvwnevinusasfogaasinnsingn 3 ade ewededdle
Taararudunsa-arswuunnniilddidninsmden
( portable pH meter SevenGo FK2, Mettler Toledo,

Switzerland) FanaunsintuLfasAsIazyinnis calibrate 2

a

seiu Frothennasguiiiainnudunsa-iig 7 uas 4
Tagaraudunsa-arefidmunduardasudaeu
(threshold value) vaan13zAnadunsalunszinizundn
wuuAudeundu dmualid pH doendn 5.5 (Plaizier,
2008, Danscher et al, 2015, Stefanska et al., 2017)
pas YN sIamAlunsa-A1e YBLMalINATEINTY

ningnnsesiuifiosduiy 4 Tu Induiveunalain

a

ASTLNIERANTNIUNITNTDIUTUINS 10 Dadans Uruay

v o

faensadamasn (H,50,) AMULTUTY 1 Tua Yu1as 1.5
faddns uaziiuigamgl -20 esrnealded Wiesons
Fasrgvmanududuveansaladuisyineldnig
MoaURURANS druvednadInNNITNIendniNIuN1INTDe
| P a A aa ° y a v =
dumde Usums 10 fadans agvinstiuunesiensad
Jundee Aus7 3,000 sausoundt MHan 15 w1 wie

I | P = a
uenaznoulaziuveunalduilangumgi -20 o3m
waldealanelaui@unsadafiasn (H,50,) Winn15m529

Fesrevenamatiadesdunsaadalnsalnd

N1595IIATILYH 108 19Y0INAIVINATLNILNLN NI
WesuguanIg

o '

f19819089L 18231 NTELNIE NI NALANNIATaT SN

< =

wagliunguungil -20 esAlwalded gniinlvazaley

J0dn g
qmmﬁﬁaqLLaz‘fjuﬁwLﬂéaaﬁumﬁlmmmﬁa 10,000 58U
Aol w1l 30 ur¥ veumaddula (supematant) gnaa
WALNTBINIU disposable filter fiflounn 0.45 wag 0.22
TuAsou MUAIRU threamaifiiiunsnseuds Usunas 1
fadansiivlunasaiumed1sdmsun1snIaIAT 189
aududuresnsalusfuiissneldtanun (total volatile
fatty acids; Total VFA) #eia3euialasuilngnsail-
wuaatyalnsdined (Gas Chromatography-Mass
Spectrometry; GC-MS) (Variance CP-3800, USA) (Mathew
etal, 1997, Hall et al, 2014, Xue et al.,2018)laa
AN YIEY8IN1591AT129 (analytical condition) Fail
fogavennarnnszmgusindlaszgniuarsazane
wnsgIudmiuanalinszinsaluiuiisziveld (Fatty
Acid Methyl Ester; FAMEs) U118 10 pl Pnthehnisan
Freeraidngiades GC Audnmdaans (injector port) 7
gaumgfl 50 °C dradutivunadn (capillary column) Fadu
wlanadi (stationary phase) filndeudie 5% diphenyl
cross-linked 95% dimethylpolysiloxane dA211 812
300 mm. flvwardurnAugnaianigly 250 pm wagiaiy
AUIVDILRNULARBULYINIAU 0.25 um (J&W Scientific,
Folsom, CA, USA) Tagldufadideu (Helium; He) Wunia
Fannang (carrier gas) Liten1susnasdUsznaunuall d
\Huaipdeudl (mobile phase) nefidnsnisinavesans

' =~

meluneduiigaan Wiy 3 Taddnsdeuryt wagdidnsinig
Inavesifamnidiunedud Wi 20 addnsroui 1ae
Usnuvesansiiniaielusiegnagnindeiniesaiunlng
fwesyiiniuia (Mass Spectrometry; MS) lagdnannisae
asfieanuianaedutivuiadn (capillary column) Fadu
\wansl (stationary phase) avgniibviusndadulossudae
BidAnsau (electron impact mode) aniiu lesauvetans
9NN TI199UAIBdINRTI9TuleBY (ion detector) uay
wansraduaiunmsu (spectrum) 109N13QANAULAIUDIUS

o 1 v v =)

A¥F9819 AMUTUTUVBIA1TNNTITALAAILIUNANNATIY

& de v ° Y
Wunlins A1 uINAUaNN15YINIINEITUINTFIY

(standard reagent, Sigma-Aldrich, USA)
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N1TAATIZA10819Y0UNA 191N TLNIENINA 181NATIA
lysounnseainlasalnd
Ydegrvennarannsuinsndniilalldfunse
FaWa3n uniesigimemaiadesdunsaadalnsalnl
Wenszdmanuduiusvesanadusar At du
nsn-ane wazansalutuiiseneld Inevnisnsaniesei
u AMzIAINSSUAEnsuazannenssudans @10
FAnssundnisiiuviistnarulsanin un1inende
walulads19u9nadau IMeUIRVBULAY 1ABILASIZA
Frogrevonmarannszmizrinfiiiunsnsosas Ly
nsadafia3niitevanidesnissuniunisiesgianluiana

YRINTATAY AT 1EIEI0E 9IS et Bur e Un

'
o

Tasalnd lawn vAS@9 Fourier transform near infrared

spectroscopy (FT-NIR) ﬁﬂmamﬁai’mmmi@@ﬂﬁuuaﬂﬁ
MMENIAAY 1,000-2,500 nm Tngnsiainisganduuas
usiazAeg199svnNsUaMmeTaniuasiou (path length)
LLaxi’mmmi@mﬂﬁuLLaw};w 3 adq iileweafUsyneu
Tusmedrsuagiihaunisyusanuidudurosaianudu

nA-A9 wazANIabuTunsEwiele

NMsUATILIYTOYaNNaDH

muualsLUs9ase (independence variable) tag
fiaUsnu (dependence variable) ABNANISILATIZIRAT
N13QANTULAIIINFATIDE19VBUMAINNTELNIE TN ALY
wisndefBurisaaalasalnUudazin3esuaznanis
Aaszidneissujiinisasiamaanudunsa-ans waz
Arnsaluiufiszmeldnuddu doyaalaniuannig
AATIEATIDE19VBURAIINATEINIZULN WES19ENNIT
Funearrudunsa-ne wagansalutuiisemeld a1n
awnasun1sganauuas meIsNTiATIEin1sanaesinas
ﬂaaﬁqﬂmqmu (partial least squares regression; PLSR)
Woymauduiusseninsdaandunisganduuas (6
wUsBase) fumanudunsa-ms wasansalasiufissmels
MAszvnsiesufiinag (Fauusanm) Tnelden Root
Mean Square Error of Cross Validation (RMSECV) Lagan
SuUszansandusius (coefficient; R) seminsAitldainnns
As1anvesUfiAns Auardildainnisiunedeiaies
Wesdunsnaalasalnd Wuwnasilunisdadenaunis
(William, 2007; Sukhontarad and Yawongsa, 2020)
msusuwsisdeyaaunaduiloannnuuususiuvesdoya

Taglgluswnsu Unscramble version 9.7

NANITINY

MM 1wsraIINnTEIEinaInlALN
wusleaalndvEiFeugnuaniidainnszmnemsin wagnsie
maesUfuanislaglfinies GC-MS nanisAnwinyuin
ATmvesnsfiufiegrmdaniuemsdu (il o,
2,4,6,8,10, 12 uay 14) nasaszezn1sfnyl 16 Ju
Anadensalutuiissmeldnanun (Total VFA) 9es0g1a
YDUNAINNTEIWIZULN U 105.82 mM/L (105.82 +
39.74) fiAnenan winfu 46.68 mW/L uaziidngsga Wity
255.03 mM/L (Figure 1 A) Aiadeauifunsn-ang (pH)
vasiegvssuallunszimizudn da1vindu 5.4 + 0.44
Tneslrmnudunsa-ansiiiign wiriu 4.77 uasfiiainy
\unsa-ansgeiian Wity 6.83 (Figure 1 B) Wlofiansan
WisuiieuAnade pH vesfetsvesmaslunsamnzusin
wazAuaie Total VFA 91nveawmadlunszinigudinly
syl 16 Suvesnsanw wuin Suiifiianads pH ves
fegsveamallunszinizudn Ueunimiewindu 5.5
(pH<5.5) fafudl Yuit 7 8 12 13 (Flusdl 0-8 n&siu

o o

21159) TUN 15 (TN 0-6 NaIAUBINTIU) wazTun

e

16 FeAade Total VFA Suuilduauluiun 7,9, 13 uay

'
a

16 (Figure 2) HaAN15ILATIEVINITAADBEAGIdRYNAN
U198 (partial least squares regression; PLSR) Hiaa$na
aunsvhueanaduduvensalaufissmeld wazan pH
Tuf19819909L9a191ANTLLNIENITN HANISILATIEA
AuduRusvesAaUnasunIaanfuLasgnallailes
sursnaalasaln? wazaranududurensaludui
seweld wazaranudunsa-ane ludedrsveunalann
ATLNNETIN INNTIATIENAI0G1IVDUNAIIINATELNNY
wiinfegeduin 128 feg1s faewades FT-NIR taed
ATINENIAAY 1,000-2,500 wa 901.54-1,101.37 sugd1su
mslnseinsganaunadduiieg1siegsweanaiain
nszneuinusariaegn 1w 2 ads (2 ©) Tédeyad
awnaunisgandunasaniadeadesdunisaaalng
alnTusazia3od S1uIU 256 FeEe N15as1InT DU
Wisumugnaeswesannis (calibration curve) Faduns
wanIALduRLSIEnIawAY Y Aidvualisudsdase
(independence variable) Anlagnan15iLATIERAINIS
AANFULALIDE19M18E1990UMAINNTEINIE NN AIY

winadesdunsaalalasalnUunazased wagwknu X
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Total VFA (mM/L)

Total VFA A

Collection (hour after feeding)/Period-Day

pH vale

Collection (hour after feeding)/Period-Day

Figure 1 The overall distribution of rumen fluid Total VFA (A) and rumen fluid pH (B) of 128 Holstein Friesian dairy cow rumen fluid samples taken by

0,2,4,6,8,10, 12 and 14 hrs. after fed for 16 days period.

200.00
b
E; 150.00
£ 100.00 /\‘
= ~ o
= 50.00
0.00
1 2 3 4 5 6 7 9 10 11 12 13 14 15 16
——pH 5.90 5.59 593 6.40 6.68 5.85 543 5.58 5.75 5.80 5.35 5.39 5.88 5.87 492

—g—Total VFA ' 7930  103.67 7891 7832 7617 @ 7965 153.36

126.13  96.16 | 100.11 A 100.88 14561 | 9393  99.81 @ 158.50

Period-Day

=@=pH =—=@=Total VFA

Figure 2 The comparison of rumen fluid pH values (mean) and Total VFA (mean) in 16 days period of the study.

fitmualidudiulsaiu (dependence variable) fowna
NIl fURN1InTIIIAIANTNTUYDIN A
Tushufiszinels waraanuunsa-ma lusegsweuvan
NNITINIZIMIN Tagwudn 35n153LAT1z94 PLSR Tingau
YBIAUNTUARIANNFNHUSTENINAUNATUNIRANAULE
feiedes FT-NIR fuaanududuvesnsalusiuiiseeld
Wianun (Total VFA) wazeanudunsa-se (oH) Tushegne
yoamannszzmin Amnzauiian duandly Figure
3 uay Figure 4 mudduanniutifoyafuysdassuasia
wdsmnniesginisanassidsiesfigauisdan (partial
least squares regression; PLSR) Wieadsaunisiiune
aududureansalutuiisemeld uazaaudunsa-ang

Tushegnsvaanaiannsemnz i nlagRANTUIANUFURUS

Y9I11331A5 19 2 38 A nAduUsEAnSanduius
(correlation coefficient; R) wagmRanatnuInsgulungu
@519aun195 (root mean standard error of calibration;
RMSECV) man1sAnwniinudn anaduiidiunisusuusa
#7979 2nd Derivative SA1nutnizaud1nsun1siiuig
aududunsalusiuiisemels wazmanudunse-as oy
aunsildvuieanududunsalafuiissineld wazen

4

Anudunsa-ang Turaamalannseinigndin 1A
1nA3849 FT-NIR §A1 R 111U 0.93 wag 0.85 muaifu
wazdlA1 RMSECY winfu 0.43 way 0.35, a1uansu (Table

2)
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Table 2 The statistical analysis of rumen fluid Total VFA and pH values
using FT-NIR analyzed by partial least squares

Spectrum Total VFA pH values
modulation R RMSECV R RMSECV
None 0.89 0.73 0.76 0.43
Smoothing 0.81 2.04 0.72 0.43
method

1" derivative 0.87 0.38 0.88 0.11
method

2" derivative 0.93 0.43 0.85 0.35
method

SNV method 0.88 1.01 0.88 0.03
MSC method 0.89 1.05 0.85 0.34

regression (PLSR)

d5U uazadusena
amzaudunsalunszimzninuuuiadeundy
Aannnsavauvesnsaludusyme liSdemaliianudu
n5a-AglunsEgrinanas (Owens et al,, 1998) 3515
Usameaudunsalunssmsninuuuiadeundudign
gausu Aon13TnA1Audunsn-ane (pH) vosdaaga
Y9UNAIIINNTENIENITA (ruminal fluid) Fad33n9ifiu
Frog19uarn1simuaadaisudsy (threshold value)
vasmaadunsa-ne lunstmuannsidunsauwuuis
deunduiiwananaiu wu menudunse-swesweuman
Tupszinznindiivlaeniseiznssimendniiumeada
F89793U3304@371YU (rumenocentesis) #i5¥#U pH 5.5
(Krause and Oetzel, 2006, Stefanska et al., 2016) AN%uA
fiszdtu pH 5.8 TuABnsiiuaingaadiuans (ventral sac) ves
AsELnIEndnlnemse (Beauchemin et al,, 2003; Krause
and Oetzel, 2006) @u Fleming et al. (2020) n&17171 A1
pH 7lUsdnnaz SARA lulaun Aetosnimsewiiu 5.5
(pH<5.5) WHuszeziiatediaties 4 4alus (240 und)
(Fleming et al,, 2020) Taglunis@nuil wudn en pH lu
YounaInInNnIEwIEndn fiflen <5.5 wulusseznisdne
Suil 78 12 waz 13 (lusdl 0-8 wdsiue st Tuil 15
(Fluaft 0-6 ndsAueMTY) wazuil 16 Faaeandaafiy
Asuiudues total VRA ffivduludiefudentu Tage
Total VFA Sluusldundfis@uluiuil 6-7, 12-13 uaz¥uil 16
YDITLYTLIANANYI %agﬂwumaamﬂﬁm%umm VFA
TndiAvsuazvasnnaosnun15An®I99s Fleming et al.

(2020) FadArnsalvTuszmelaanunaziiuIuluiun
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Figure 3 The calibration curve of rumen fluid Total VFA analyzed by

partial least squares regression (PLSR)
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Figure 4 The calibration curve of rumen fluid pH values analyzed by

partial least squares regression (PLSR)

11-12 uaz16-18 V095282N15ANY 20 U (Fleming et al,,
2020)

AsANWASINIIRaUSE AN AN NAURUSURINIS

q

v

ns19¥aszRuaudutuvensalutufissmeld wasen
Anudunsa-ane lushegiswaanalninnseimigvsin Loy
Junisadsaunsvhueenududuvesnsalasiuiisenelé
warArAdunsa-Ane memada NIRS maNnuduiusiu
FBnsnTIamnsgIunaiesUfURnng Jawanisaiisaunis
Funganududuveansaluiufisemeld wazaraudu
A5A-A19 TUAIBE19A88 19984 UNAIINNTLNIEALN WU
ana¥ufiniun1susuuss (modulation) Tnen1sanaan

wususruvesdeyaaunasunisaanfulanignisaiing

adaa

aun13uuy PLSR Ingd3 2" Derivative LJu387fiA31
wangaudmiunsiueanududunseluiuiissmeld
wazAnILdunsa-a d93Snsuuudsteyaaunady 1
TafReaunTninAeiAlTENRUNILATINARTINTUTaYa
aunasumganauuas uagannsaUssduamaad vl
113983 UIANNKYTUTINTRTayaYsTluAImMILATlla

Tunadeadu danalviaunisvinuiean (Calibration) ke
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21038 PLSR Useifiuamaniilégnieainty iiosan
aunsfldiuteaududunsalofiufissmels wazan
Anudunsa-ane Tusegisweumaiainnssiniz ndnd
Jpsrevisnemaia NIRS lngldiades FT-NIR fiananduil
(R) 171117 0.93 wag 0.85 M1uUafyu wazdAn RMSECY
Wity 0. 43 ua 0.35 muddu Weisanaanduius
R) Feldfunasilunsiueamuduiudvesaunisiiadng
Fuanmsiaseiinegasmaia NIRS fuisnisnsae
MU URN1TInTgIU N A1 R vesAududunsa
Tusfufisvmeld wavananudunsa-sma lushegseanan
Pnnsssntnidessianedes FT-NIR awnseulle
Wian13n919/Anses (screening) tdad1aaunisviiune
(calibration) wazldiiieadrsaunisviunglunisanu3Isols
Tnge R Aflandlng 1 viowihiu 1 uazArauinnain
1751U (RMSECV) 183A1miuansinssenineaiildainnis
Jiasiziniaaiifua1iilédainnisiiutedae NIRS
(calibration) fifiitos Usdihaunsviunes (Calibration)
fadreduanunsatunldlunisesureawiuneangin
SvisnavesUsdase (X) fuwusau () ideuduiug
fiuan (William, 2007)
nsAnnadiiaenadastunisdneives Lean et al
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ABSTRACT

pH value and volatile fatty acid (VFA) measurement in ruminal fluid
samples are the standard markers to diagnose rumen acidosis in dairy cow.
The previous studies showed that VFA measurement in various samples
by using Near-infrared spectroscopy (NIRS) technique is a reliable to
implement as analytical instrument. The objectives of this study were to
assess the relationship between laboratory Total VFA concentration and
pH value in ruminal fluid samples of dairy cow compared to Total VFA
concentration and pH value in ruminal fluid samples of rumen-fistulated
dairy cow by applied NIRS for generating the calibration equation. One-
hundred and twenty-eight ruminal fluid samples from rumen-fistulated
crossbred (Holstein Friesianxnative) dairy cow with ruminal acidosis
induced and were collected by every 2 hours after fed concentrate ration
with seven times per day of 16 days period. All samples were analyzed for
Total VFA concentration and pH value by using Gas Chromatography-
Mass Spectrometry (GC-MS) and portable pH meter, respectively. NIRS
was used for analyzed and generated calibration equation. The results
demonstrated that the mean concentration of Total VFA and pH were
105.82+39.74 mM/L and 5.4+0.44, respectively. The statistical analysis to
predict Total VFA concentration and pH value demonstrated the
coefficient (R) value were 0.93 and 0.85, respectively. The application of
NIRS to analyze Total VFA concentration and pH value in this study
reveal the moderate reliable for study and research scale, thus more data
collections are required for higher accuracy of the analysis.
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Table 1. Means for body weight, body length, survival rate feed conversion rate and daily weight gain of appropriate stocking density of common

lowland frog in cage culture during January 2020 to February 2020 (Mean + SD)

Treatment Final body weight Final body length Survival rate (%) Feed conversion rate Daily weight gain
(g/frog) (cm/frog) (FCR) (g/day)
100 68.29+8.45° 8.28+0.30° 64.00+4.35° 0.90+ 0.11° 1.05+0.13%
200 55.24 +10.50% 8.21+0.55% 54.00+5.34° 0.67 +£0.15 0.84+0.16™
300 53.49+6.29 *° 8.0+0.29° 43.1147.89° 0.58+ 0.08° 0.81+0.09"
400 48.5146.50 ° 7.39+0.30° 31.16+7.50° 0.66+0.09° 0.73+0.09°

Note Means within the same row with different letters are significantly different (p<0.05).
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at 100, 200, 300 and 400 individuals in 1 square meter (m?), respectively. The
results found that the growth of common lowland frogs in body weight and
body length, feed conversion, survival rate and average daily weight gain
were statistically significant difference (p<0.05). The 100 individuals/ m? of
common lowland frogs in cage culture during winter season showed higher
growth performance than other experimental groups. The average of body
weight, body length, survival rate and daily weight gain of 100 individuals/m?
of common lowland frogs were 68.29+8.45 g, 8.28+0.30 cm., 64.00+4.35 %
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optimal population of common lowland frog in culture cages was 100
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Table 1 The general information on farmers who raised Khaolak Black Bone

chicken

Item Frequency  Percentage
Occupations
Agriculturist 27 90.00
CompanyEmployee/ Officialdom 2 6.67
Other. ex. businessman 1 3.33
Incomes per month
Less than 10,000 baht 2 6.67
10,001-30,000 baht 24 80.00
Over 30,000 baht 4 13.33
Loan
Have 22 73.33
Not Have 8 26.67
Loan Source
Bank for Agriculture and Agricultural Cooperatives 16
(BAAC) 7273
Agricultural Cooperatives 2 9.09
Community (village) Funds 4 18.18
Experience of rearing chicken
1 -3 years 21 70.00
4 -5 years 4 13.33
Over 5 years 5 16.67

Total 30 100

Sources: Interviews and calculations
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A1NSenay 36.74 Andulaniaussnunsiseusasay 33.91

wawAug Seuay 18.84 amddiu Aauansly Table 2

Table 2 Cost-Benefit of Farmers that rears Khaolak Black Bone chicken (ba

ht/kilogram/ production cycle)

Item Value Value Percentage
In cash Non-
(THB) cash
(THB)
1. Fixed costs
1.1 Depreciation of Poultry Structure
15.17 56.71
and equipment
1.2 Opportunity cost for land use 7.40 27.68
1.3 Opportunity cost for capital 4.17 15.60
Total fixed costs 26.74 100.00
2. Variable costs
2.1 Cost for chicken breed 27.19 18.84
2.2 Cost for chicken feed 53.03 36.74
2.3 Cost for drug and vaccine 2.18 151
2.4 Cost of floor laying materials 3.98 2.76
2.5 Cost of structure repairs and
574
equipment 3.97
2.6 Others, such as water and
3.26
electricity bills 2.26
2.7 Household opportunity cost 48.95 3391
Total variable cost 144.33 100.00
Total cost 171.07
Total cash cost 95.38
Total revenue 200.00
Net profit 28.93
Profit is above cash costs 104.62
Return on Investment (ROI) 16.91

Source: interviews and calculations
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Table 3 Economic Impact of Khaolak Black Bone chicken production

Economic Impact X S.D. Level
1. Rearing of chicken results to an 383 101 high
increasing income.
2. Rearing of chickens reduces the burden 3.13 0.73 moderate
of debt.
3. Rearing of chicken promotes job security.  3.73  0.82 high
4. Rearing of chicken improves the 3.60 1.10 high
breeder’s well-being.
5. Rearing of Chicken increase career 376 043 high
opportunities in the community, reduce
unemployment.
Total 3.61 0.68 high

Source: from interviews and calculations
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Table 5 Environmental impact of Khaolak Black Bone chicken production

Environmental Impact X S.D. Level
Fredlostunisvinuaauems sedldswndnduiluunds L Rearing of chickens allow the 3.19 088  moderate
pnslusAuliuiguoy fMunmsmnsiieginansenufny  PeoPie to stey more within the
. v . . environmental conditions of the
dpuannisuanlanivan (X =4.01) Aswanstu Table 4 community.
2. There is a beneficial use of 3.49 0.70 high
Table 4 Social Impact of Khaolak Black Bone chicken Production natural resources in the
Social Impact X S.D. Level community.
1. Family members have more opportunities 412 0.76 high 3. Recognizing the importance of 3.25 0.51 moderate
to participate in activities. conserving the community’s
2. Encourage family members to have good 3.96 0.88 high resource.
emotional health. 4. Rearing of chicken results in an 223 0.43 little
3. Reduce social problems in the community 388 085 high increase of waste in the
such as drugs. community.
4. There are meetings, idea exchange and 4.19 0.78 high 5. Rearing of chicken cause 2.26 0.44 little
opinions with each other in the community. unpleasant smell in the
5. Promote food security in the community. 3.88 0.92 high community.
Total 401 0.14 high Total 2.88 0.81 moderate

Source: from interviews and calculations
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Table 6

Table 6 Impact Assessment on the Economy, Society and Environment from

the Production of Khaolak Black Bone chicken

Impact of producing Khaolak X S.D. Level
Black Bone chicken
Economic 3.61 0.68 high
Social 4.01 0.14 high
Environmental 2.88 0.81 moderate
Total 3.50 0.54 high

Source: from interviews and calculations
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ABSTRACT

Keyword

Khaolak Black Bone chicken
Cost

Benefit

Impacts

The objectives of this research were to study the production potential and
economic, society and environmental impacts of Khaolak Black Bone
chicken in Trang province. This research focuses to analyze the cost and
benefit about Khaolak Black Bone chicken. By studying from farmers who
raised Khaolak Black Bone chicken in 16 weeks per production cycle. Data
were collected from 30 farmers by using a structured interview. The result
shows that farmers who raised Khaolak Black Bone chicken have a net
profit per production cycle at 28.93 baht/kilogram, profit over cash cost at
104.62 baht/kilogram and return on investment at 16.91 percent. The total
cost of raising Khaolak Black Bone chicken is at 171.07 baht/kilogram,
which were separated into fixed and variable costs. The most fixed cost is
depreciation, which is not cashed, in the amount of 56.71 percent. The total
variable cost at 144.33 baht/kilogram. The three important variable costs are
chicken feed, with the highest percentage at 36.74 percent, opportunity cost,
non-cash household labor accounting for 33.91 percent and the chicken
breed accounted for 18.84 percent, respectively. As for the economic, social,
and environmental impacts of Khaolak Black Bone chicken production, the
result showed that farmers are most affected by society (x=4.01), especially
there are meetings, idea exchange and opinions with each other in the
community. Followed by economic impact (X = 3.61), especially in issues
relating to rearing of chicken results to an increase in the breeder’s income
and environmental impact from raising Khaolak Black Bone chicken
(X = 2.88), especially in terms of beneficial use of natural resources in the
community. The impact assessment on the economy, society and
environment from the Production of Khaolak Black Bone chicken has high
level (x = 3.50).
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Table 1 Cassava Growers’ opinions Towords Implementation on Collaborative Farming Project in Khon Kaen Province.

Opinion

Opinion issues Interpretation ?

Mean' S.D.
1. Implementation guidelines (10 sub-topics) 1.74 0.34 very appropriate
- Area manager is the manager of the collaborative farm 1.32 0.61 Less appropriate
2. Qualifications and conditions for participating in the project (6 sub-topics) 1.74 0.34 very appropriate
3. Knowledge transferred (19 sub-topics) 1.69 0.29 very appropriate
- Must be sell within 4 days after harvest 1.25 0.81 Less appropriate
4. Learning and technology transfer (5 sub-topics) 1.66 0.44 very appropriate
- Using the chopper machine 1.33 0.72 very appropriate
5. Meeting and training (4 sub-topics) 1.58 0.47 very appropriate
6. Input support (6 sub-topics) 1.55 0.43 very appropriate
7. Coordination with other agencies (3 sub-topics) 1.54 0.47 very appropriate
8. Public Relations and communication channels (10 sub-topics) 1.54 0.47 very appropriate
9. Production Planning (6 sub-topics) 1.53 0.47 very appropriate
Overall 1.61 0.41 very appropriate

Note: ! average is calculated from the comment level as follows, very appropriate = 2, less appropriate = 1, inappropriate = 0

2 Interpreting as follows, the average 1.34 - 2.00 means very appropriate, 0.67 - 1.33 means less appropriate

0.00 - 0.66 means inappropriate

v
LYK

aanulunisussrduiuslagsenisnisldisnisdaasuniu
doansiuyaratiiesainidunisdeas wuu 2 neawisa

TAnau dnanuuazuanimuaniu taluriui Jeeenadaaiy

a =

HaNISVAAeUANYAgIUTINUIIAIRAEAIUANLAUYEY

<

NYAINIAIUNTUTEMFURUSTATINSH LR YARAAEEINT

BN15UY

AnAnssuUsena
vouaunsEAMLNYAINIHUgnTudUzndsludimia
' ' e v ' = Y]
vouununnviruiliausiuiielunislvdeyalunis
¥191u3d8 srududminfdinauinenssnatiuls
wardinaunuasdaniaveunnuyniituilideyaidu
JsglemisaanuidaiiuenansdfusSneinazamiansg

A1U17TVIAITAILATUUATWAIUINITLIABAT AME

= o

LNEATANEARNS UMNINE1a8aULAY NlFALUEYN naenaU

] = a o '

n1saduayuluiiueng q sauddddaufeitesyniiui

U
%

o § v P $ Xo & ' Yy o
lrnsAneaseiidSaaarelumen

q

References

Bangwaek J. et al. (2018). Post-harvest management
and quality assessment of cassava. http://www.
doa.go.th/research/attachment. (in Thai)

Department of Agricultural Extension. (2019). Collaborative
farming project guide 2 0 1 9 Bangkok.
http://www.agriman.doae.go.th/home/agril/.(in Thai)

Rickard, J. E. & Gahan, P. B. (1983). The development of
occlusions in cassava Manihot esculent Crantz.)
root xylem vessels. Annals of Botany 52: 811-821

Sethasook, J., Srising, S., Chankham, J., & Sonlaksab S. (1997).
Study of shelf life and quality deterioration of
industrial grade tapioca root. Rayong Field Crops
Research Center Field Crops Research Institute
Department of Agriculture Ministry of Agriculture
and Cooperatives. (in Thai)

Srisa-ard, B. (1989). Preliminary research. 3 edition. Bangkok.
(In Thai)

Thongdeerawisuraket, P. (2019). Factors encouraging the
participation of farmers converting agricultural land
in Kanchanaburi. Academic Journal Kanchanaburi

Rajabhat University.8(1): 107-118. (in Thai)



K. Chaleepleam et al. / PRAWARUN AGRICULTURAL JOURNAL (2021), 18(1): 88-94

Wongpichet S. and Chusilp, S., (2005). Development of
Harvesting Process. Cassava with a cassava digger.
Research Report: Faculty of Engineering Khon Kaen

University. (in Thai)

93



K. Chaleepleam et al. / PRAWARUN AGRICULTURAL JOURNAL (2021), 18(1): 88-94 94

Research article

Cassava growers’opinions towords implementation on
collaborative farming project in Khon Kaen province

Kanitta Chaleepleam, Krailert Taweekul* and Fakjit Palinthorn

Department of Agricultural Extension and System Approaches, Faculty of Agriculture, Khon Kaen University,
Mueang, Khon Kaen 40002, Thailand

ARTICLE INFO

Avrticle history

Received: 2 November 2020
Revised: 2 February 2021
Accepted: 11 February 2021
Online published: 28 June 2021

ABSTRACT
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Opinion

This research study was to study the opinions of cassava farmers towards the
implementation of the collaborative project in Khon Kaen. Sampling was selected by
cassava growers who participated in the collaborative project in Khon Kaen, totaling
9 districts and 166 respondents were interviewed. The result revealed that the opinions
of cassava growers were at a high level in all 9 topics (69 sub-topics), with the overall
average of 1.6 1. The ranked in descending order, namely 1) Implementation
Guidelines (mean 1.74+0.34) 2) qualifications and conditions for project participation
(average 1.74+0.34) 3) knowledge transferred (mean 1.69+0.29) 4) Learning and
technology transfer (average 1.66+0.44 ) 5) meeting and learning (Mean 1.58+0.47)
6) inputs support (mean 1.55+0.43) 7) Coordination with other agencies (mean 1.54
+0.47) 8) Public relations and communication channels (mean 1.54+0.47) and 9)
production planning (average 1.53+0.47) which indicated that farmers realized the
importance of agricultural extension projects. Farmers cooperate in their operations.
This implements the project objectives and farmers will likely follow the continued
implementation of the project and the production of cassava in the next year is likely
to be more efficient.
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Table 1: Scores of pure technical efficiency with classifying by farmers'

experience in cricket farming

PTE score level Farmers' experience in Unit Percentage
cricket farming
<5 5-10 > 10

years years years
PTE(CRS) = 1.00 35 13 5 53 68.8
Mean of PTE < 1 1 0 2 2.60
PTE < 1.00
PTE = Mean of 0 0 0 0 0.00
PTE
Mean of PTE > 12 8 2 22 28.57
PTE
Total 48 22 7 7 100.00
Mean of PTE 0.95
Standard 0.09
deviation
Minimum 0.64
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Table 2: Determinants of pure technical efficiency by Tobit regression model

Maximum Likelihood

Variables
Coefficient Std. Error t-ratio P[|Z|>z] Marginal Effect P[|Z|>z]
Constant 3.0625 1.1219 273 0.008 3.0625 1.1219
LNAGE -0.2031 0.1479 -1.37 0.175 -0.2031 0.170
LNEDU -0.0322 0.1808 -0.18 0.859 -0.0323 0.858
GEN 0.0006 0.0540 0.01 0.991 0.0006 0.991
LNIA 0.2912%** 0.0847 3.44 0.001 0.2912%** 0.001
LNYELL -0.0046 0.0060 -0.78 0.439 -0.0047 0.436
LNEXP -0.1459* 0.0579 -2.52 0.014 -0.1460** 0.012
LNAREA -0.1003 0.0629 -1.59 0.116 -0.1003 0.111
LNLF -0.2355*** 0.0716 -3.29 0.002 -0.2355%** 0.001
LNL -0.0098 0.0075 -1.31 0.194 -0.0098 0.189
LNTVC -0.0570 0.0559 -1.02 0.312 -0.0570 0.308
LNTFC -0.1077** 0.0463 -2.32 0.023 -0.1077** 0.020
TECHPRO -0.1897* 0.1061 -1.79 0.079 -0.1897* 0.074
TECHMAR 0.0236 0.0682 0.35 0.730 0.0236 0.729
Log-likelihood -8.054142
Lower 0
Upper 1
Pseudo R? 0.6901

Note: *** Significant at P < 0.01, ** Significant at P < 0.05, *Significant at P < 0.1
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ABSTRACT

Keyword

Young farmers

Farm productive efficiency
Data development analysis

The objective of this research are 1) to study the general information and
production system of young farmers in Maha Sarakham Province; 2) to study farm
productive efficiency of Maha Sarakham young farmers; and 3) to analysis the
factors effecting the productive efficiency in the farm of young farmers in Maha
Sarakham Province for 77 farms. The data was collected in production year 2019-
2020. The efficiency analysis was used the Data Envelopment Analysis (DEA) for
analysis the factor of production focusing on Input Oriented under the assumption
Variable Return to Scale (VRS). Then, a Tobit Regression Model was applied to find
the factors affecting the efficiency in farm production. The result of the study has
found that young farmers who have efficiency in farm production are 53 persons,
consider as 68.8 percent. The analysis of factors affecting production efficiency of
young farmers have found in 5 issues and p value as followings; total income
(P =0.001), experience in agriculture (P = 0.012), household wage (P = 0.001), fixed
cost expenditures (P = 0.020), use of technology in production (P = 0.074).
Therefore, the farmers should reduce some production factors, in terms of studying
cost reduction and the use of technology which proper with production size, for the
efficient performance.
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Table 1 Percentage of farmer’s behavior on plant production

Farmer’s behavior Number Percentage X S.D

How long have you known and used pesticides?

<1 year 1 6.25 0.06 0.25
1-5 years - - - -
6-10 years 2 12.50 0.13 0.34
11-15 years 1 6.25 0.06 0.25
15-20 years - - - -
> 20 years 12 75.00 0.75 0.45

Are you currently using pesticides?

everyday - - - R
1-2 time/month 12 75.00 0.75 0.45
3-4 time/month - - - R
> 5 time/month - - - R
never [ 25.00 0.25 0.45

Do you know good agricultural practice (GAP)?

Yes 9 56.25 0.56 0.51

No 7 43.75 0.44 0.51
Have you ever trained about GAP?

Yes 7 43.75 0.44 0.51

No 9 56.25 0.56 0.51
Do you have household count?

Yes 6 37.50 0.38 0.50

No 10 62.50 0.63 0.50

Do you record the vegetable production?

Yes 6 37.50 0.38 0.50
No 10 62.50 0.63 0.50
Agricultural model
Integrated 10 62.50 0.63 0.50
agriculture
Monoculture 4 25.00 0.25 0.45
Joint plantation 1 6.25 0.06 0.25
New theory of 1 6.25 0.06 0.25
agriculture
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ABSTRACT
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The objectives of this research were to study general information of vegetable
farmers in Banchean Sub-District, Hun-Kha District, Chai Nat Province and
to evaluate their knowledge of practice on standard of good agricultural
practice (GAP) of vegetable farmers. The sample were 16 numbers of
vegetable farmers in Banchean Sub-District. Data were collected through
structured questionnaire interviews and focus group discussion. There was
analyzed by using values of frequency, percentage, mean, and standard
deviation. The results reveal that most of the vegetable farmers were female,
average age 41-60 years old, primary education or lower, marital status, one
child, household members with 3-4, their average income from growing
vegetables was 4,457 baht/month. The average experience of GAP vegetable
growers was 11.6 years, crop pattern was mostly integrated agriculture with
62.50 percent (x = 0.63, S.D. = 0.50), and planted area were 1-30 rai. Their
product was sold by themselves. Mostly of the area used for cultivation the
GAP vegetable was lowland, sandy soil, irrigation system access in some
areas and doughtiness. Most farmers known GAP cultivation but more than
50 percent (x = 0.56, S.D. = 0.51) never training from agricultural extension
officers. It showed that the most of the farmers were female. The average age
was 41-60 years old and cultivation experience more than 10 years but they
have no knowledge about GAP agricultural practices. Overall, they had a few
basic of GAP of perspective and practices for vegetable production on GAP
standard. For further research, the farmers should be additional training for
GAP cultivation and pest management, soil and water analysis, more
extensive using of biofertilizer, and certification
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N15A18 100% dauAn LCs, hay LCy, Tunsallaifitnagnd windu
1.57 way 4.12 mg/L waglunsailvnnand indu 10.89 uaz
47.62 mg/L mua19u (Table 2) wagwuin1snagaunTian
SEAUANILINTY 0.441 mg/cm? Fuluiuszansainluns

Table 1 Contact toxicity of L. angustifolia EO against Sitophilus granarius

adults after topical application. For each set of experiments, mean mortality

values followed by different letters are significantly different at P = 0.05

test).
Dose % mortality (mean * S.E.)
(ug/adult) Exposure time 24 h Exposure time 48 h
449.05 91.7+30a 100.0 + 0.0 a
224.52 8l7+52a 91.7+30a
112.26 533 +6.7b 633 +54b
56.13 46.7 £ 6.7b 583+52b
28.06 133+37c 21.7+46C
Control 6.7+28¢cC 11.7+39c¢c
LD 5 = 8 3.8 LD 5 =58.3
(68.2-101.3) (28.6-91.7)
(95% F.L., ug/adult) (95% F.L., ug/adult)
LD ¢0=379.7 LD ¢0=208.3

(124.3-854.4)
(95% F.L., pg/adult)

(283.0-580.1)
(95% F.L., pg/adult)

Source: Germinara et al. (2017)

Wuanslamanadianduinnit 80% (Table 3) saudeanin
2 "y % = v v A
NMIMN8L5INT19299219071798738 Tuvz g nadiiann LT50
aglutae 4.30 Tl Nanudutugegn way 4.93 Hilus ey
Wudusnan (Fisure 3 uag Table 4) uananidalisngauves
Souza, Carlos, Claudia & Daiany (2016) aAnwrauduiy
mMenssuvesthduneNsyive nsew O. basilicum wazailes
Aud M. spicata nenand11tUden R dominica Tuiinua

ATANYVDILUAIARINNAFOUN 48 TlUmUITN15U89

Table 2 Fumigant toxicity of L. angustifolia EO against Sitophilus granarius
adults in the absence and the presence of food substrate (100 g wheat

grains).

Dose % mortality (mean + S.E.)

(mg/L volume) Substrate absence Substrate present

47.52 100.0 £ 0.0 a 100.0 £ 0.0 a
23.76 100.0 £ 0.0 a 46.7+1.7b
11.88 100.0 £ 0.0 a 200+ 29c
5.94 933+33a 10.0 £ 0.0d
297 333+60b 10.0 £ 29d
1.49 283+6.0b 5.0+29dc
0.74 6.7+1.7c 1.7+ 1.7 dc
Control 17+17c 00+0.0c
LD 50=.57 LD 50 =10.89

(1.05-2.37) (5.45-40.60)

(95% F.L., pg/adult) (95% F.L., pg/adult)

LD o= 4.12
(2.66-10.89)
(95% F.L., ug/adult)

LD go= 47.62
(18.89-1897.4)
(95% F.L., ug/adult)

Notes: For each set of experiments, mean mortality values followed by different
letters are significantly different at P = 0.05 test).

Source: Germinara et al. (2017)

Coitinho, Jose, Manoel & Claudio (2011) #A1AnaLduie
(TR) Tnelgen LCs, Suamfﬂﬁ’wamsmaﬁﬁmmﬂuﬂwﬁaaﬁqm
wag LCs, maaﬁwﬂuwamzmaﬁmﬁaagj Wioymeranandudusi
THMAANIIANY (LCs, uay LC,o0) wutemuiduduresiifunen
sumplnszniintuilisnsnsaenendiudeniuiy
Tnefiaududu 30 waz 40 pL/L air Widnsan1saie 100%
druthifunenssmeadesiudilinsinisaefiagudu

LEUATIAUDS 20 pL/L air laatAnn1saiedia 70% (Figure 1B)

Table 3 Percent repellency (PR) (+S.E.) of L. angustifolia EO against Sitophilus granarius adults in filter paper disc bioassays after different exposure times.

Exposure time (min)

Dose (mg/cm?)

30 60 90 120

3.531 950+5.0a 100.0 + 0.0 a 100.0 + 0.0 a 950+5.0a
1.765 950+5.0a 100.0 + 0.0 a 950+5.0a 100.0 + 0.0 a
0.883 100.0 + 0.0 a 950+5.0a 100.0 + 0.0 a 950+5.0a
0.441 85.0 £ 9.6 ab 100.0 + 0.0 a 90.0 £ 5.8 a 90.0+£58a
0.221 55.0+ 126 b 60.0+0.0b 550+ 126 b 450+ 171 ¢
0.110 60.0+82b 250+ 9.6 c 150+ 126 ¢ 50+9.6c
0.055 200+8.2c 250+ 9.6 c 25.0 + 9.6 bc 200+ 116 ¢

F 15.65 41.68 25.73 18.81

Df 6 6 6 6

P <0.001 < 0.001 < 0.001 < 0.001

Notes: Values in the same column followed by different letters are significantly different at P < 0.05 (Tukey HSD test).

Source: Germinara et al. (2017)
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Figure 1 Mortality of Rhyzopertha dominica following fumigation with
different concentrations of the essential oil of Ocimum basilicum: (A);

Mentha spicata: (B). Source: Souza, Carlos, Claudia & Daiany (2016)

Singh (2016, pp. 2249-626) lanaasuaitutIuiiy
mansdudialunisifuansauiamwesitfunenssmelsauss
R. officinalis Jeafuindaduiuiomaguazmailovossiisd
e C maculates wazueawtla T. castaneum finnnududu
20, 40, 60, 80 waz 100 pL/mL Jufinnanisnageudi 24 2lua
wuiisRuauduty 60 uU/mlL vliiAnn1smevesen
wila 100% A1 LCyp winfiu 35 pl/ml lumgfianududu
g9gn 100 pL/mL vosfuneusymelsaund Iensinisae
Yaustaleniies 50% waglsnsnismeanas 22% fiszéiu

AULINUY LCs, (Figure 2)

b
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Figure 2 Contact toxicity of essential oils of Rosmarinus officinalis against
Callasobruchus maculates and Tribolium castaneum. 24 h after.

Source: Souza, Carlos, Claudia & Daiany (2016)

Jarrahi, Saeid & Sohrab (2016) la@ns1aut T ufi e
ennssuvestnunenszmeainlsy T. daenensis Hoefiu
MdnFufiuievesiednden C maculates wasaaadiand
S. granaries Tigamnfi 27+1°C AvuFuduiing 65+5% Tuanw
fin Tusuuuasiimendmageud 24 dalus ieUsedium
A1 LGy 4aE LGy F98MI1N15010 7 LFFUNIMAGRUTIRI N
LUNTUA19AY (28.12, 40.62, 53.12 Wag 65.62 pL/L air) Lay
nafiuan1siy wuinfienandudugean (65.62 pL/L air) ¥
THAnn1s8veIRaedndends 90% ndanisduda 3 Halus
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Figure 3 Percentage mortality of Callosobruchus maculatus and Sitophilus

granarius exposed to essential oil from Thymus daenensis for various periods.

Table 4 LTss of Thymus daenensis essential oil against Callosobruchus

macolatus and Sitophilus granarius.

Insect Concentration LTso (h)! Slope + SE Chi-square
species (uL/L air) X df =4
C. maculatu 28.12 1.93(1.71 - 2.14) 3.55+0.41 0.71
40.62 1.61(1.42-1.82) 3.02 £ 0.35 1.05
53.12 1.28 (1.09 - 1.46) 279 £ 0.32 0.37
65.62 0.94 (0.78 - 1.10) 252 +0.28 0.49
S. granarius 28.12 3,07 (2.84 - 3.30) 4.93 + 0.58 1.4
40.62 2.82(2.60 - 3.04) 4.66 + 0.56 0.77
53.12 2.54(2.32 - 2.76) 4.25 + 0.55 0.41
65.62 2.36 (2.15 - 2.56) 4.30 £ 0.52 0.53

Notes: 195% lower and upper fiducial limits are shown in parenthesis.

Source: Jarrahi, Saeid & Sohrab (2016)

Arsmaraufuiiveesisuildlunissy wazszezian
Andeiifinadenisvilminnsmelusuasildnageu 50%
(LTsy) nndaussdudoalaenemisfumenssimeaududu
2.18, 2.81, 3.43, 4.06, 5.00 uay 6.25 ul/L air TUSIUIUFI
PEMdINIVaEeU 1-10 Flus vassfignsnsdmandduiuteld
Ysumouszivefimnudud 5.31, 5.93, 6.56, 7.18 uay 7.81
LWL dmugaaiuay (Control) THuanwan nuindedaden
gounarettunoustmelsiunnifieeedied (LCy, =
4.22 uay 6.55 pL/L air AUAIRU LCyp = 8.21 Way 8.73 pL/L
air Myd"sv) (Table 5)

Saeidi & Saeid (2013) laAnwin1siduaislauuasvos
dhifumenszivelsauu’ R officinalis uay 3us M. longifolia
fonenutl T, confusum Tufinnandmedaudi 4 42lus wui
drfuneuszveiudiiusansamlunislavenudsiisy s

Wudusi (50 pL/L ain) agwiulainusednsainnisifuansla

v
a

Yastnsiureusewediuntiuseavnsunnnintnsuredseivelsan

o v o

A v g o =K% Y A @
WIE]G]’JLG]JJ’DEJ”U@Q&IE]@LLﬂQ@EJNJJHEJﬁWﬂiyVﬁ%ﬂUﬂ’J’]QJL“Uallu 99%

(Table 6)
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Table 5 LCg, and LGy values of Thymus daenensis essential oil to Callosobruchus maculatus and Sitophilus granarius.

Insect species LCso (UL/L ain) * LCyo (WL/L air) Slope £ SE df  Chi-square (X P-Value
C. maculatus 4.22 (3.90 - 4.63) 8.21 (6.95 - 10.72 4.44 + 0.56 q 2.68 0.612
S. granarius 6.55 (6.30 - 6.81) 8.73 (8.11 - 9.90) 10.27 + 1.50 3 1.07 0.783

Notes: 195% lower and upper fiducial limits are shown in parenthesis.

Source: Jarrahi, Saeid & Sohrab (2016)

Table 6 Percent repellency (mean + SE) of the essential oils from Artemisia
khorassanica, Rosmarinus officinalis and Mentha longfolia on Tribolium

confusum adults using treated filter paper test.

Plant Concentration of essential oil
species (u/food)
50 75 100
R. officinalis  9.00 + 0.58a (B) 11.50 + 0.50b (B) 16.50 + 1.26b (A)
M. longifolia  7.50 + 0.50a (B) 29.00 + 3.00a (A) 24.00 + 0.82a (A)

Notes: 'Means followed by the same letter in a column (small letters) and
within a row (capital letters) are not significantly different using Tukey’s test
atp <0.01.

Source: Saeidi & Saeid (2013)
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ABSTRACT

The use of essential oils from Lamiaceae that have toxicities by contact, fumigant
and repellency, are another option for protection in various stored insect pests,
including wheat weevil, red flour beetle, cowpea weevil, lesser grain borer. The
study of the toxicity of essential oils from Lamiaceae such as lavender, rosemary,
thyme, basil, spearmint and mint. It was found that the lavender essential oil had
contact toxicity to wheat weevil at 48 hours, with 449.05 pg/adult. It had fumigant
toxicity in the absence of wheat contained with 11.88 mg/L and in the case of
containing 100 g of wheat with 47.52 mg/L. They gave 100% of mortality. And then,
it had repellent toxicity more than 80% on wheat weevil, with 0.441 mg/cm2 or
more. For 60 pL/mL of rosemary essential oil found to cause mortalities with 100%
of red flour beetle and 50% of cowpea weevil. As for the fumigant efficiency of
thyme essential oil with 28.12 pL/L air was the killing agent which caused 90% of
cowpea weevil mortality but the mortality of wheat weevil was 75% after 4.5 hours
of exposure. It also found that 30 and 40 pL/L air of basil essential oil gave 100%
of lesser grain borer mortality. The spearmint essential oil with 20 pL/L air caused
only 70% of wheat weevil mortality. For mint essential oils with 50 pL/L air had
repellency effective on red flour beetle. It can be seen that some of Lamiaceae
essential oils have the potential to prevent stored insect pests. It can be used to
develop insecticides and to replace the use of harmful synthetic chemicals.
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Extending indigenous knowledge on organic soil management to reduce Papaya Ringspot Virus in Maha
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