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Abstract
This study aims to investigate: 1) the community context in Songkham river basin;
2) the use of local wisdom and community knowledge to utilize and create value added
from ecological diversity; and 3) to determine the featured community products raised
from the wisdom and knowledsge creating value added for further commercialization. The
group samples were consisted of knowledgeable people in community to represent as

the purposive sampling with 29 people. Date were collected through exploration,
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participatory observation, non-participatory observation, structured interview, and semi-
structured interview.

The results of the study revealed that the community context was the flat plain
with 2 main rivers: Yam, a small river flowing from Phu Phan mountain, and Songkham,
a rather big river flowing from Phu Pha Lek mountain. There were 4 ethnic groups: Tai
Yoi, Lao, Yor and Phu Tai. Mostly, people were farmers and their additional occupations
included cattle rearing, local weaving and fish aquatic animal catching. The featured
wisdom and body of knowledge in 3 villages (Tha Lae Dong Pla Pak, Tha Khwai, and Tha
Khon) were weaving, preservation of food from aquatic animals and mat weaving.
Additionally, the featured products generating their incomes to the communities were
cloth weaving, indigo dyed fabric and natural dyed fabric, shawl, scarf, bag and other
decorations.

Keywords: Wisdom, body of knowledge, creating value added, ecological diversity
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Table2 Local wisdom and knowledge utilization from ecological diversity of the

songkham river basin

Local wisdom No. of products Percent
Indigo dyed fabric 6 38
Mat weaving 1 6
Food preservation 5 31
Basket making 4 25

Total 16 100
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Figure 2 Local wisdom and knowledge in community
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Abstract

This study was conducted to investigate: 1) socio-economic attributes of farmers;
2) knowledge, attitudes, and readiness about organic agriculture of the farmers; 3) factors
affecting the organic agriculture of highland farmer; and 4) suggestion about organic
agriculture of the farmers. The sample group consisted of 276 highland farmers in Chiang
Mai province and they were obtained by two-stage sampling. A set of questionnaires was
used for data collection and analyzed by using descriptive statistics: frequency, percentage,
mean, standard deviation and multiple regression analysis.

Results of the study revealed that most of the respondents were male, 45 years
old on average, single, and elementary school graduates or below. The respondents had
4 household members and 2 household workforces on average. They had 3.5 rai each

of organic farm land with an income earned from it for 45,984 bath per year on average.
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They mainly grew vegetables and had 11 years of experience in organic farming. They
were two group members in the community. The respondents contacted agricultural
extension workers 6 time per year and attended an organic agriculture training once a
year on average. The respondents received information about organic agriculture through
various media 0.4 times a year on average. They had a high level of knowledge about
organic agriculture and attitude towards it. Also, they had a high level of readiness about
organic farming. The following had a positive statistical significance level of an effect on
organic agriculture: marital status, income earned from organic farming, agricultural
extension worker contact, information perception about organic agriculture, attitude
towards organic agriculture, readiness about organic farming, and knowledge about organic
agriculture. However, the following were found to be negative: educational attainment,
experience in organic farming and group member in the community. The following were
problems encountered in organic farming of the respondents: their farmlands were in a
reserved forest; lack of capital for purchasing needed materials and equipment; seedlings
were expensive but not perfect; lack of knowledge about pest and disease management;
yields did not meet standards required by the market; inconvenience in transportation;
and inadequate marketing channels. The following were suggestion: revision of land title
to the farmers; low interest capital support; extension of new knowledge and innovation
for organic farming beginning with production, processing and marketing.
Keywords: Organic agriculture, highland farmers, agricultural extension worker
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Table1 A number and percentage of farmer on the basis of a level of knowledge about
the organic agriculture of highland farmers in Chiang Mai province

(n=276)

a level of knowledge about the organic agriculture - "
of highland farmers in Chiang Mai province

Low 1 0.4
Moderate 43 15.6
High 232 84.1

X =17.01 Min - Max = 6 - 20

SD = 3.192
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Table 2 Anaverage mean score, standard deviation, and a level of attitudes towards the

organic agriculture of highland farmers in Chiang Mai province

(n=276)
Attitudes towards the organic agriculture of — o
highland farmers in Chiang Mai province * >0 Description
Health 4.51 0.544 Most Agree
Ecology 4.39 0.514 Agree
Fairness 4.21 0.527 Agree
Care 4.22 0.612 Agree
Total 4.33 0.455 Most Agree

Table 3 An average mean score, standard deviation, and a level of readiness towards

the organic agriculture of highland farmers in Chiang Mai province

(n=276)
Readiness towards the organic agriculture of _
X S.D. Description
highland farmers in Chiang Mai province

Physical 3.86 0.569 More
Economy 3.41 0.896 Moderate
Society 3.78 0.797 More

Total 3.68 0.615 More
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Table 5 An analysis of factors affecting the organic agriculture of highland farmers in

Chiang Mai province

Dependent variable

. Organic agriculture of highland
Independent variables . ) . )
farmers in Chiang Mai province

B T Sig.
1. Gender -0.061 -1.397 0.164
2. Age -0.004 -1.677 0.095
3. Status 0.200 3.418 0.001%**
4. Highest level of education -0.188 -3.418 0.001**
5. No. of family members -0.022 -1.220 0.224
6. No. of household workforce -0.019 -0.691 0.490
7. Income from organic farming 2.407E-6 3.668 0.000%**
8. Farming area -0.004 -0.498 0.619
9. Experience in farming -0.009 -2.995 0.003**
10. Joining a Village Group -0.042 -2.308 0.022*
11. Contact with agricultural officials 0.009 3.297 0.001**
12. Joining training on organic farming -0.002 -0.131 0.896
13. Educational trip on organic farming 0.046 1.779 0.076
14. Receiving information on organic farming 0.001 3.031 0.003**
15. Knowledge about organic farming 0.019 2.433 0.016*
16. Attitudes about organic farming 0.336 6.458 0.000**
17. Readiness for organic farming 0.363 8.734 0.000%*
Constant 1.303 4.682 0.000**

R’= 0.782 (78.20%)  F=22.414  Sig. F=0.000**

* statistically significant level at 0.05; ** Statistically significant level at 0.01

Remarks:

B is to show the regression coefficients of each independent variable along with the
constant values to be used in constructing the forecasting equations.

T is the statistical value and the test probability of which independent variable should be
used in the equation. If the T value is significantly high, it can be used in the equation.



Usynn guassa uazdaauanuglunisi
invnsBuvIsvaanunInsuLiiuiigiluimia
Wealual

nnsAinwdeynuaz UalauatuznITi
inwnsdunddvennunansuuiiuiigdludmin
ol wudn 1) Muivhiuegluwathany
luanunsansevasondunssudnild 3nvis
Tuiuiifaueindenisvelufusesnnsgiu
nensdunsd sadadulivadoiilideny
aunlun1svinnynsdunid 2) viawaau
yunindlunisdndeangunsallunisuuseily
Tunvasugn 19y 1eFesama 1n3esnsIuAy

o & A

3) narugiviismunsiazlinsiuunas

° ' a o 2 = Y o ea Yo
e Invsdnvsenaiugiinunanslasu
ligauanysal 4) vInANINITIANISLIATY
o = U = a |l v
Angity wazuiasdngity 5) nandnldlanmnn
PUNHDINITVBINAIA 6) NFVUAITLINGIUIN
& A % A o
vuiuiigedtenisiflaninauuidugnss
7) ¥2aanN1snaanbiissnedaliausonan
oMU lAUINMIUNADINTG AITUNEATNS
9 vaLauokuLNf oINS IANUIBUVRIST
LONTY WALUUIBNUTNLNLIVDINNTABEULAY
WAILINISNEATIUNTE 991 1) AITINNTIA
LNERSNS e sUANSluNAULiad 186 BN15UD
luSuseanunsdunid 2) aduayuunasyuide
o A a o & A ' Ao &
ALNEMYUESUNTInTRLAT oY UL TINT T Y
way 3) MsatiuayueAALIuayIMeIN1sin
Tun1591NYASAUNT T BE19ATUIIITH LA
N3EUIUNITNER N15UUTIU LATN1TAAIN
I v
Wunu

9. WanNssuNIsINUnS 5(1):13-26
J. Agri. Prod. 2023

d3UNaN1539Y
nsAinwdededifinadonisvinnuns
Suvddvoanumsnsuuiiuiigiluimindedusl
aansaagUnanIfelein Jadeiidnasionns
vhununsdunIsifindu WWud aomunw eld
InwRsBuN3s nsdnderuldmiiiinienns
nERs NM35UTeYaTaIIMTINERTBUNIE
vimuaRiAgtunsviinunsdunEe anumdeu
Renfumsiinunsdune wazausifei
mMsiunuasdunie wazdladuiisinadonisvin
nunsauvsdanas laun seAunsfinygee
Uszaun1sallun1sviinunsdunsd uazns
dhsnanduanndnngulumydou
Tudrureesdgmison1svinnunsdunss
vounumINTULUTIge Ao AuvihAueglun
Unasu lianunsnaseunseadunssudvdle
vianaaununinglunisindofangunsal
TUNTYULTI NANAUTHBITIA NG wagnaniug
filsiauysal Bnfanunansnaauimsdanis
L3y ARy wazluasdng ity denasanmnIn
wanaslalldnanm Addytemnansnaiad

1A AiUMmNENUYDeST LeNYU UATUILIU

]
¥ =

MN8N TANATULALHAILINITVINLNBAT
BUNSY AITAINNISIANERTNT A SUANS TUNARUY

0 '

auayuuramulginiionyuasunisinge

3
'
' a

wsosjuusandndu uarvatuayuesdaiug

q

D

& a 1 o a al 6 1
3 nenstrdlun1svinnensdunsdedns
ASUNATHILANTZUIUNINER N13UUTIU ez
A3mane Wudu



@ 9. WANNSSUNSINUAS 5(1):13-26
J. Agri. Prod. 2023

LANE1591984

AMENTTUNTAMUNAYATIUNTT WY U7,
2563. WHUYNTAIANTNITHAUUNNYAT
SuvduvisrAatiun 1 w.e. 2551-2550.

Fnsmay wasemdu wustand wudes uay
noudsy UI9u. 2559. AuNTeuuay
ANNABINTVBUNBATNTIUNTALATY
n1sUgniivemisdnisdunid dmsu
lsanuewsdnidunidnnmilensuuu.
115815398 UALAULATUIVINITINYAT
33(3): 35-45.

wsddl undlvaun gsna wAsuguns yas
fufifunsna uazUssyufing nszaa.
2560. adedisinasenisuouiunisin
\NYATBUNTEVDUNYATNT FIUALIVENTE
gunauiung Janinleslna. 115819
LNWMT 33(3): 387-395.

Unm 3301 liasd wedorn wia dndngviem]
wazanuana Mesya. 2561, Jaduiliiuasie
nsvinneasnssuluseiuvadisouniy
WUINUSTYIATYEAANeL Y U89
\NEANIIYANAUIAAIUARLINA §1LN8
Wied Jmrindnnu. 13aTITowAzdLETY
FMsineas 36(1): 55-67.

Usean g3nA. 2501, msdudegiaiionside.
FATRAUIUINITANENS 38(3): 103-
130.

wia Andngiial wogndiasse o, 2560,

9

{ v o &

Yadeidlanudunusiunisiaenyinnns
LNYATLUULANNRIDULUUBUNT Y VD
WNenINstudanindeslul. 1381539
UaraLasIIINITINERT 34(2): 66-77.

a 13 A o a v o = Q’IIQ.I ¢
WAETIA LATDAT NITY AN kazUNN 3R

LY a

2562. Ua3uNduNUs NUNALARRBNIS

'
v a

agnenuinnssungidaynviesiuy
X o
YDUNBATATYULN VLN UNgaluNu?

1ASININAN. NTATWAANTTUNTINYAT
1(1): 29-41.

Alan 1ASY Seassa Ealuded wazauis
Funsne. 2560. suLJe U758 NnUUIFa
nquignaUfoR. Sidagiadu, ngamme,

nls vieadad. 2553, affivszenddmiuns
Wemadsnumans. giseanduy, nganne.

antuitouasimuniiuigs (asdnisumnaw).
2562, wumsidouagimuniuiigs,

qu i UsyAvsiaug. 2545, mildadmluanu
Wyegregndeuaslauinsgiuaina.
o WU, ngamme.

aflny deiituzia awang Weoswa wilassd
3o Unm 35m] unn3msl 1edvisdsse
wazyvide fvid. 2562. tadeiidinasionts
seuumealuladnisugninlnaidesdnd
vonnunanslufiufidiuangae 81uno
wldan FUTARIN. ITATNAANTTY
Manens 1(1): 43-53.

Yamane, T. 1973. Statistics: An Introductory
Analysis. 3. Harper and Row

Publication, New York.



021581SWANNSSU
n InNnvAs

JOURNAL OF AGRICULTURAL
PRODUCTION

0. WamNssuN1SINUMS 5(1):27-40
J. Agri. Prod. 2023

N15NeRULRIvaINgUI AT VU U WIn e v

Self Reliance of Community Enterprises in Chiang Mai Province

919 Sryeyiaey Aeanna nunved* wua AnnAziial wag aeana wasya
Jiranuch Thanyajaroen Kangsadan Kanokhong* Phahol Sakkatat and Saisakul

Fongmul

A1YIVINNSEUATULAZHBAITNTNYAT ALENARNTTUNTNEAT UNINe1EeLlY Jainlealnd 50290
Division of Agricultural Extension and Communications, Faculty of Agricultural Production, Maejo
University, Chiang Mai 50290

* Corresponding author: kangsadan@hotmail.com

(Received: 4 January 2022; Revised: 8 June 8, 2022; Accepted: 13 June 2022)

Abstract

This study was conducted to investigate: 1) socio-economic attributes of community
enterprises in Chiang Mai province 2) a level of self-reliance of the community enterprises
3) factors effecting self-reliance of the community enterprises 4) To study the problems,
obstacles and recommendations on the self-reliance of community enterprises in Chiang
Mai comprised 253 groups in 7 districts (unit of analysis). Each group consisted of the
president, secretary, treasurer and member. A set of questionnaires was used for data
collection administered with one representative of each group. Obtained data were
analyzed by using descriptive statistics and Multiple regression.

Results of the study revealed that each community enterprise group had 15.56
member on average; The average age of community enterprise members is 45.81 years
and they were upper secondary school graduates. They had established the groups for
5.33 years on average and 31.35 percent were agricultural groups. More than one. Half
of the community enterprise groups 64.82 percent were basis ones in terms of a level
of business. Most of the community enterprise groups 83.39 percent gained capital through
fund assembly with the group. Each group sold products of their group and 24.08 percent

focused on made to order. They had an annual circulating capital participation for
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231,181.82 baht, and 36.36 percent, participation of members of the community enterprise
groupres. There were communication and opinion exchange within the group 72.33
percent. More than one-half of the community enterprises 64.82 percent joined a training
but 63.63 percent no work binding. In terms of sell-reliance of the community enterprises,
as a whole, it was found at a high level: Spirit(Mind), socially/culture, natural resource,
technology and economy, respectively. Age of group members a level of business and
participation in operation had a positive relationship with self-reliance of the community
enterprises. However, group type had a negative relationship with self-reliance of the
community enterprises. Some groups of the community enterprises lacked of modern
technology for production and food preservation. Besides, the COVID 19 pandemic had
an effect on worriness and decreased incomes. Some community enterprises group did
not have enough raw materials for production while some did not have knowledge
transfer to new generations. For suggestions, the public sector should support technology
and the community should hold encouragement activities such as flea market. In addition,
it should have the extension of networks between the community enterprises and raw
material producers both inside and outside the community. People in the community
should be promoted to produce raw materials. Lastly, the Agriculture District office should
promote new generations to be aware of local wisdom conservation.

Keywords: Self-reliance, community enterprise
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Table 1 Level of self-sufficiency of community enterprises in 5 aspects
Self-reliance X SD Description
Technology 3.88 0.62 High
Economic 3.60 0.87 High
Natural resource 4.08 0.57 High
Spirit(Mind) 4.24 0.68 Very high
Social-cultural 4.16 0.64 High
Total 4.02 0.67 High

Remarks: 4.21-5.00=Very high, 3.41-4.20=High, 2.61-3.40=Moderate, 1.81-2.60=Low, 1.00-1.80=Lowest
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Table 2 Mean standard deviation and interpret of self reliance level on technology

Self-reliance X SD  Description
Technology
1. Community enterprise groups have sufficient 3.94  0.85 High
knowledge to fix problems or repair tools when
problems arise with their own groups.
2. Community enterprise groups can use appropriateand  3.85 084 High
valuable tools.
3. Community enterprise groups use the existing tools  3.84  0.80 High
appropriately to reduce production costs.
4. Community enterprises use tools to improve 3.88  0.79 High
operational efficiency.
Total 3.88 0.62 High

Remarks: 4.21-5.00=Very high, 3.41-4.20=High, 2.61-3.40=Moderate, 1.81-2.60=Low, 1.00-1.80=Lowest
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Table 3 Mean standard deviation and interpret of self reliance level on economic

Self-reliance X SD  Description

Economic

1. Community enterprise groups have mobilized stocks 3.72  1.02 High
or working capital within the group.

2. Community enterprise groups have mobilized stocks 3.48  1.08 High
or working capital within the community.

3. Community enterprise groups provide liquidity 3.67  0.90 High
management.

4. Community enterprise groups have accumulated 355 0.93 High
reserves for emergency use.

5. Community enterprise groups have been accumulating 359  0.98 High
their savings in an orderly manner and continuously
over a long time.

Total 3.60 0.87 High

Remarks: 4.21-5.00=Very high, 3.41-4.20=High, 2.61-3.40=Moderate, 1.81-2.60=Low, 1.00-1.80=Lowest
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Table 4 Mean standard deviation and interpret of self reliance level on natural resource

Self-reliance X SD  Description
Natural resource
1. Community enterprise groups use natural resource 4.11  0.59 High
knowledge to carry out activities.
2. Community enterprise groups are aware of the 4.19  0.70 High
community’s cost-effective and optimal use of natural
resources.
3. The raw materials provided by community enterprises  3.97  0.71 High
do not depend on other communities.
4. Community enterprise groups can natural resourcesin  4.06  0.74 High
the community in order to increase the value of
products or services.
Total 4.08 0.57 High

Remarks: 4.21-5.00=Very high, 3.41-4.20=High, 2.61-3.40=Moderate, 1.81-2.60=Low, 1.00-1.80=Lowest
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Table 5 Mean standard deviation and interpret of self reliance level on spirit(mind)

Self-reliance

X SD Description

SpirittMind)
1. Community enterprise groups care and encourage each  4.28  0.70  Very high
other.
2. Community enterprise groups are harmonious. 425 0.81 Very high
3. Community enterprise groups help solve problem together.  4.17  0.84 High
4. Community enterprise groups forgive each other. 421 0.83 Very high
5. Community enterprise groups use the principle of self- 4.29  0.73  Very high
reliance.
Total 4.24 0.68 Very high

Remarks: 4.21-5.00=Very high, 3.41-4.20=High, 2.61-3.40=Moderate, 1.81-2.60=Low, 1.00-1.80=Lowest
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Table 6 Mean standard deviation and interpret of self reliance level on social-cultural

Self-reliance

SD Description

Social-cultural

1. Community enterprise operations can develop 425 0.65 Very high
communities.

2. Community enterprise operations makes community 4.10  0.75 High
members generous and help each other.

3. Community enterprise operations is consistent withthe  4.19  0.67 High
lifestyle of community.

4. Community enterprise groups brings together between  4.11  0.79 High
traditional and international knowledge to develop
products or services.

Total 4.16 0.64 High

Remarks: 4.21-5.00=Very high, 3.41-4.20=High, 2.61-3.40=Moderate, 1.81-2.60=Low, 1.00-1.80=Lowest
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(Table 7)

Table 7 Factors affecting self-reliance level of community enterprises in chiang mai

province

Self-reliance

Independent

Beta t-value
Overall self-reliance
Constant 3.147 14.660
Average age of group members 012 2.945%*
Type of business .303 4.715**
participation in the operations of members within the 397 2.754
group
type of group -.106 -3.253**

R’=.192 F value 14.745

Remarks:  * Statistically significant level at 0.05,

** Statistically significant level at 0.01
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Abstract

In order evaluate the relationship between soil microarthropod community and soil
properties across forest restoration areas within the Huai Hong Khrai Royal Development
Study Center, Doi Saket District, Chiang Mai Province which differed by rehabilitation
methods, included, forest restoration area with rainwater, forest restoration area with
irrigation system, forest restoration area with reservoir and forest restoration area with
rainwater outside the center, the soil samples were collected with a spade, from 15x15
centimeter quadrats at 5 centimeter depth on 8 March 2018 (Dry season) and 7 September
2018 (Wet season) for each study area with nine soil samples each. A total of 8,113
individual soil microarthropods were counted and were classified into 21 different taxa.
Acari were the dominant taxa in all study sites and had the highest population density-at
2,496.3+3,921.3 individuals per meter’ (41%), followed by Protura at 1,103.1+5,162.3
individuals per meter” (16%), Collembola at 388.9+553.2 individuals per meter’ (15%)
and Hymenoptera (Formicidae) at 377.8+493.6 individuals per meter” (14%), respectively.
Population densities of soil microarthropods in the dry season (8,753+11,042 individuals
per meter’) was significantly higher than those of the rainy season (1,113.6+740.1 individuals
per meter’) (P<0.05). Forest restoration area irrigation system where there was an irrigated
water flows throughout the year, had good quality soil with some favorable physical
chemical and biological properties, and had highest population density of soil
microarthropods (11,901+14,400 individuals per meter?). This was followed by forest
restoration area with rainwater outside the center (5,316+4,208.7 individuals per meter®),
forest restoration area with rainwater (1,614+1,360.1 individuals per meter”), and forest
restoration area with reservoir (901.2+643.2 individuals per meter’), respectively. Despite
the low quality soil properties and having the lowest population density of soil
microarthropods, the forest restoration area with reservoir had the highest Shannon and
Evenness Indexes indicating higher level of diversity compared to other areas.

Keywords: Soil microarthropods, biological diversity indexes, soil properties, restoration areas
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FINIAVDUBAY FHITUITETU

(aly wazAny, 2551)
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a1 =2

UHIANYIUNEN

a

o s v i o L A Y
dndvudes 4 ngumaninuluiundnwivingu
guldun uuayy 1A Uain uazaae il

Table 3 Mean and standard deviation of population density (individuals) of soil micro-

arthropods between four forest restoration areas of the Huai Hong Krai Royal

Development Study Center, Doi Saket District, Chiang Mai Province
(Abundance/15x15 cm®+SD)

Dry Season (8/3/2018)

Wet Season (7/8/2018)

Class Order

Al A2 A3 Ad Al A2 A3 Ad
Arachnida Acari 46.4+269 23011958 18.2+5.8 131544 1.3x1.6 6.4+3.4 2.1+1.4 9.7+3.1
Arachnida Araneae 1.1+1.5 3.4x74 0.4+08 1.1x1.3  09x1 1+0.8  0.3£0.5 0.9+1.3

Arachnida  Pseudoscorpions 0 0.6+0.5 0 0.1+0.3 0.4+0.7 0.8+0.6 0.7+1.3 0
Diplopoda  Unidentified  0.1+0.3 0.3+0.5 0.1+0.3 0.2+0.4 0 0.2£0.4 0.2+0.4 0.1+0.3

Chilopoda  Unidentified 0 0.1£0.3 0.1+0.3 0.4+1 0.3+05 0.6+0.7 0.2+0.4 0
Symphyla  Unidentified 0 4+6.1  0.4+0.7 1.1x1.1 0 0.3+0.7 0 0.3+0.7
Pauropoda  Unidentified 0 22+56 0.1x0.3 0.7+1.9 0 0.8+1.5 0.1x0.3 0.1+0.3
Malacostraca Isopoda 0 0.1+0.3 0 0.1+0.3 0 0 0 0.2+0.4
Entognatha Protura 0 1939+2743  0.6+1.6 2.7+3.1 0.2+0.4 1.1x1.9 0 0.1+0.3
Entognatha  Collembola  0.8+0.8 31.2+147 2+2.4 22.2+85 22+1.6 7.1x25 13x19 3.1+2
Entognatha Diplura 0 0.1+0.3 0 0.1£0.3  0.8+1 1.1x19 0.2+04  0.8+1

Insecta Zygentoma  0.1+0.3 0 0 0 0 0 0 0
Insecta Blattodea: 0.1£0.3  0.1+0.3 0 0.3+0.5 0 0.1+0.3 0 0.1+0.3

Cockroaches
Insecta Blattodea: 0 1.9+2.1 0 0.1+0.3 0 3.3+2.1  0.3x0.7 0
Isoptera
Insecta Psocoptera  0.4+0.7 0.9+1.1 0+0 0.3£0.5 0.2+0.4 0.1+0.3 0 0.2+0.6
Insecta  Thysanoptera 0.8+1.2 1.7+25 0.4+0.7 1.6+1.1 0 0 0.1£0.3 0.1+0.3
Insecta Hemiptera 0.1+0.3 6.7£7.3 2.4+28 10.1+4.3 0.1+0.3 0.3+0.5 0 0.2+0.4
Insecta Coleoptera  3.2+1.4 4.6+13 14+16 22+1.8 4.1+31 39+3 1.3+1.8 11.8483
Insecta  Hymenoptera: 4.6+10.6 5.8+6 3+6.4  27.2+131 3.8+58 13.6+7.7 1.7+23 8.4+53
Formicidae

Insecta Lepidoptera 0 0.2+0.4 0.2+0.4 0.1+0.3 0 0 0 0

Insecta Diptera 0.4+0.8 2.8+2.2 23+25 1.2+l 0 0.1+0.3 0 0
Total 58.2429.1 494713268 31.9+10.9 203+62.8 14.4+8.1 40.9+134 8.7£5.5 36.2+8.8

Remarks:

Forest restoration area with rainwater (A1), Forest restoration area with irrigation system

(A2), Forest restoration area with reservoir (A3), Forest restoration area with reservoir (A4)
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(Table 4)

Table 4 Number of average individuals per m?, Shannon-Wiener index, Evenness index

and Dominant index soil micro-arthropods were found in four forest restoration

areas of the Huai Hong Krai Royal Development Study Center, Doi Saket District,

Chiang Mai Province

) Shannon Evenness Dominance
Average Individuals/m
Sites Index (H) Index (J) Index (Do)
Dry Wet Dry Wet Dry Wet Dry Wet
Forest restoration  2,587.6+1,295.4bc 642.0+359.3b 0.86 191 0.19 061 065 0.19
area with rainwater
(A1)
Forest restoration 21,985+14,525a  5,345.6+5,888.2a 1.25 204 0.17 0.45 0.38 0.18
area with irrigation
system (A2)
Forest restoration 901.2+643.2¢ 1,417.3+4839b 159 208 0.35 0.67 0.35 0.15
area with reservoir
(A3)
Forest restoration  9,022.1+2,793.1ab  1,609.9+3929a 1.25 167 0.18 0.35 045 0.24

area with reservoir
(A4)

Kruskal-Wallis 28 53%**

chi-squared

25.64%%%
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WA (Hemiptera) waglal (Thysanoptera)
Asfte (Diplopoda) nueuilide (Lepidoptera)
Uain (Isoptera) laziuasaiuln (Blattodea)
ﬂﬁjﬁi 2 (Group 2) Yadesmutanalulnsiau
(biomass N) wazdiuaanisuel (biomass C)
fauduiusnon15UsIngues A9hu
(Coleoptera) douua (Protura) fanzd
(Isopoda) mzu1Uee (Symphyla) AYUIUT

Symphyla

Protura
Isopoda

Coleopte

Archeogn

Dry season 2

(Pauropoda) Wil4sy (Araneae) wusUasiiey
(Pseudoscorpions) wilsde (Psocoptera)
LNAEDI9Y (Diplura) waznuauluaIiy
(Diptera) wagnguf 3 (Group 3) wudidszavs
Usinaunleanesadiduusslowd famuduis
MaNSUTINUasasEnuiuUn (Zygentoma)
(Figure 1A)

(o}
J (p Coleopt Araneae
x<
B = Psocopte
Blattode
— Diplura
Acar]
Protura oM
: DiterAXi {1
10 [ AN 20 ;
: hﬂ" eqipter BBI’Vé
Thysanop Chilopod SmI
-1 4
Symphyla Isopoda
Hymenopt Collembo
Pseudosc
3 Pauropod
) Wet season

Figure 1 Redundancy analysis (RDA) model plots of the effects of the environmental

variables on soil microarthropod abundance A in dry season B in wet season
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Monte Carlo Permutation Test Wui1 Uadediu
8 Uadednenuiinasianisusinguesdniviaes
nadnluAuluiuithmosmus Rty
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Abstract

This study proposed the effect of agricultural land uses on soil organic matter (SOM),
soil organic carbon (SOC), and labile soil carbon fractions (LSCF), and the relationship
between organic carbon fractions and SOM and SOC agricultural soil in the upper northern
region. Soil samples were collected from the difference of crop-land use types (i.e. paddy
soil, maize, and longan plantation) from the upper north of Thailand (i.e. Lampang, Phrae,
Nan, Payao, Lampoon, Chiang Rai, Mae Hong Son, and Chiang Mai) were sampled by the
grid method (1 grid = 10x10 km?) at a depth of 0-30 cm, and then the SOM, SOC, and
LSCF were analyzed by reference methods from soil samples. The soil data were analyzed
by Two ways and One way ANOVA, and the relationships between LSCF to SOM and SOC
were calculated by the Principal Component Analysis method. The results showed that
the higher means of SOM and SCF (e.g. WSC, C-FPSF, and C-LPSF) contents in maize soil
than rice soil. Meanwhile, the longan soil had the highest proportion of SFC/SOC (% of
SOQ) (P<0.05) (about 13.398-17.814%), which was higher than that of rice and maize soil

samples. As for the location effects, Phrae province had the highest content of SOM,
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while Chiang Rai province had the highest content of SOC. The LSCF were related to the
SOC and SOM, which differ according to the crop-land uses. In this study, the amount of
SOM, SOC, LSCF, and LSCF/SOC in rice soil (i.e. paddy soil) was lower than longan soil.
As a result of soil management such as tillage and synthesis fertilizers could affect the
LSCF a higher than longan plantation. The rice soil was plowed and contributed to a high
decomposition rate. Meanwhile, possibly a hish SOM formation rate in maize soil, there
was high LSCF content and corresponding hish SOM content. There was the highest
percentage of LSCF/SOC which was consistent with hish SOM content. Because the plant
residues were continuing input in the longan plot area, there were minimum soil
disturbances also. There was a combination of organic and chemical fertilization, that
enhanced the Negative Priming. These could be the reasons that the amount of SOM
and SOC in the longan soil was higher than in the paddy soil. Additionally, these soil data
were the spatial study. They came from many pieces of information (i.e. soil type, quantity
and type of clay mineral, geography, soil property, climate, and geomorphology of various
provinces). These affect the formation and decomposition of SOM, SOC, and LSCF within
crop-land types and in the condition of various provinces. The SOM, SOC, and LSCF could
be assessing soil health indicators. Moreover, they were the capability of the modulators
of Carbon cycling, which could be contributing to the carbon sequestration in the
agricultural soils. That could be for soil health improvement and the mitigation of climate
change.

Keywords: Soil organic matter, labile soil carbon fractions, management, abiotic factor
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ANTUBUBDUNITAIUNN 9 (Soil carbon
fractions) F1huna1udnumzvedtunITgn
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govaanelaganinsauusls 3 ngu lowd (1) du
fiesetouaans (easily decomposable wie
labile soil carbon fraction (LSCF)) (2) nga
figndnalilududsnalnnieninuasiadl
(Stabilized by physicochemical mechanisms
%38 semi-labile organic carbon) wag (3) nay
Fennsemseesaans Biochemically recalditrant
%39 recalcitrant organic carbon fractions)
(Qin et al., 2021) msﬁnma%ﬁiﬁﬂmsm
UNUINUBIATS UBUBUNI I UY8AANI1Y
w38 (LSCF) (Chen et al., 2009) Failou3anm
SOM waz SOC Wity Feduiusiunsifiatu
Y94 LSCF Tududgndn (AnSan uazUInlyy,
2561) dmsuiinnves LSCF dmlnaiunain
wwniiafidligovaats wSearanIung
JoUaaUINgIUNEIU LaTD1TINDIETOUNSE
fldainsniie 1wy ndueaaislss My
diuusznevvewniugadgiunid wls uay
weilwaglaavasayyniiy (Rovira et al., 2012)
Faazifiunsvzasinainisudesaiiuoug
ussendle lneanigludiuues Recalcitrant
pool fiensasldnanduiuilunisdesaas
(Qin et al., 2021) A5 LSCF fidnwmse
novausseuitstalusisgULuUNslE Ay
szenSuauBuYEduiduduTiasuuUag
lhdne nevaLBIRE19TIAST wazasio Ul
5ammgumwaqmﬂ%‘ﬁﬁu (Aumtong et al.,
2009; FANBA1 UazAE, 2562N) Faanansarian
Tduszifiunannesiuld wazanunsauiuns
novaussegUuuuNsliffulddmauniinig
1A SOM (Rahmati et al., 2020) naeAau
aunsauseifiundnninvesdululseiiunng
MU 9IS lRBnee (Kooch et al.,
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2020) wazn159AN15AU (Kara and Bolat, 2008)
NAsTUUNSUgRTvsoUTInaves LSCF fiflse
V31164 SOM wag SOC Tng LSCF wnannadaui
Thu (570) wardwiimieiu wu wwsnly
i Aefu du Hudu warsiuftuduiiin
N138EEANEUINEIUIINAINTTUVOIRAUNTE
wazdnslufuungraiamis inliAnnis
Wasuulawwensdussnaunadulasadig
veuAwgInfivsnanlUiiesunsdu 8 LSCF
druil léun Particulate organic matter (POM)
FunnnusNBuY3sNo AR TUMLYe
dniuazqdun3d (Bioturbation) ¥3en159AN1S
U998 19U N1slansau i C-LPSF (Large
particle size fraction) wag C-FPSF (Fine
particle size fraction) lWs1g@1uw9e POM i
wnsnegilafuwuIng1e 9 (Aumtong et al.,
2009) dmsuansduvissauiiazansls (Dissolved
oreanic matter, DOC) {umnansduviidiens
flassadulinanauuslgvidotudnlnana
gelvaulasasraluianaruiaidn 1wy @13
lunguvas WSC (Water soluble carbon) ua
HWSC (Hot water soluble carbon) Wage13
Wugin (Humic) wagin (Fulvic acids) Jshu
nsndun3d wazaslulensn 1Wudu lae
dnilvig) LSCF lorhunszuiunmsgosaaiaudy
azilnanaUsuna SOC (Gmach et al., 2020)
wazUsuI SOM (Angst et al., 2021) ot
ATeiliingusrasdiiefnyinaresguuuy
nsldiiAulgndm d1lwadesdnd uazaily
esuUndaminnamiionsuuuvesuseimale
meUsuNaL SOM, SOC uay LSCF uag@nwaig
FURUTILNI SOM, SOC wag LSCF Tupu
LNYATHUUAN 9

L4 ad

aunIULAZITNIT

ATAUAIDEI9AY 9N ULUU Factorial
in Randomized Complete Block Design
(RCBD) TneAudiagafusia 8 9anin town Unu
WS welen aUne i Wedlnd Weesne wae

" ° 2 a vad A

wigasaau MuuANITAUTULUUNIALNAUN
10x 10 A15790 aLURS ANTULBWHUNNTITNRAY
oA n1sugndn dlwadesdnd wavdle
UMUK UTNGUYARY Lagidonanudusiuwsn
Aad A ~ ° ° ° ' a
AANUNUINAGA YIINTITUAAIWIL (aeFgn
waraesdgn) Waluiegeiu lnefiudedng
NILAUANUAN 0-30 LWURLANS (USTNaunie
U 3-5 F9g198a8) tAuRINUALA199In
° I Ao P & o
AU lAUsENNM 1-3 1WAs 3nUuLn
fhegeRudassanauTIumudu 1 fegenu
(Feen9Tse 1 n3A) Feeibunsiiusioeamu
TugaRausuINeu 2561 D9iiunAL 2562 dnsu
ANSIANITAUBALLAYIINNYYDIVI? U1ILNA
& o ¢ ° & A P
Beadnd wazdrleluiunaiauiisnauuy
INN1TAUAIalNERINSWazdoyaRe il

1 1 v 1 =1
wiaerne 9 lagnisugndadlngdugn
40939 AoY g guukagguat Lidin1swigIn

) P ° A a A \

padaazlifinnsieanluiiiaNanssudu weay
lanausadiwarn19917a99u dmsudlng
X o e L oim oo
WesdnituazUgnassnsweliguiu fnisle

v =l v al 1 =1
wwd ukaziUdond1alne dnisldduiad
Jedun3d waviinislanay wazualeinisi
el A wazdulAlunuivazliiinisiieanty
nudasugn sauneiinislddedunsduas
Joindl wudld 3 nguanuiuidanin (Table 1)
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The pattern of soil and crop residue management of soil samples

Soil . L. Burning Stubble
. Fertilizer Applications
preparation stubble management
Location Plant _ ' Mixe-'d Removed
No-  Chemical Organic Chemical Incorporated
Tillage . " . X urn from )
tillage fertilizer fertilizer and Organic burn feld In soil
fertilizers
Chiang Rai, rice / / / /
Nan, Phayao,
Phrae, Mae Maize / / / /
Hong Son,
Lamphun Longan / / / /
Chiang Mai rice / / / / /
Maize / / / /
Longan / / / /
Lampang rice / / / / /
Maize / / / /
Longan / / / /

nsATIzRUSUIMAISUBUDUNSELAY
daure o vasasuaulufu: Insiet LSCF
Y99619819AU Permanganate-Oxidizable
Carbon 0.02 M tag 0.03 M (POXC 0.02 M
waz POXC 0.03 M) (Anuiasann Weil et al.,
2003), Water Soluble Carbon (WSC) Wag Hot
Water Soluble Carbon (HWSC) (Ghani et al.,
2003), Carbon in Large Particle Size Fraction
(C-LPSF) wag Carbon in Fine Particle Size
Fraction (C-FPSF) (Nelson and Sommers,
1982), Soil Organic Carbon (SOC) (Nelson
and Sommers, 1982) wag Soil Organic Matter
(SOM) (Walkley and Black, 1934)

nsAaszidaya: 1A1e9 Analysis of
Variances (ANOVA) 983983an1uununig

nAaed Two ways ANOVA wWisuifisuaniade
Y9eMINeTANe q lunsdinavesgiwuy
nsUgnuagiiul dmfumslieseideyana
voesruUNIsUgnitysiaiesidudves LSCF/
SOC ¢eis One way ANOVA ¢nefis Least
Significant Difference (LSD) fisgfiuainu
Fertu 95 wWesidud wanuduiussening
LSCF ¢4 9 maU3una SOM waz SOC Il
NTIATIZY Principle Component Analysis
Tnglglusunsy SPSS version 26

NAN15I98UAZITa]
Havesgluuun1sUgniivnauIuim

SOM, SOC uag LSCF: 21nn153LAS1E%Mm

AeAsRUTisTRUANEN 0-30 WuRwAs WUt
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fudalnadsedn i iusinanaises SOM,
SOC, POXC0.02, HWSC gagaviniu 2.46
wWoasidud, 1.59 wWosidus, 686.20 Taansu/
Alansy, 1069.30 Aadnsu/Alansy, 51.68
fiadnsu/Alandy mudidu (P<0.05) iile
Lﬂ%ﬂmﬁauﬁuﬁﬂqﬂ%’nLLﬁzé’ﬂ&J WSC, C-FPSF
wag C-LPSF vasnuanlesdanadawiiu 37.65,
186.64 uag 344.4 Jadnsu/Alandu muaisu

(Table 2) luvazdidulgndninuin SOM way
SOC san uaziilefiansandadiuyes LSFC/
SOC (Waskdud SOC) wunaualeddndiures
WSC, HWSC, C-LPSF, C-FPSF g4gn (P<0.05)
dlewssuiisuiudnuarauininadodng
9199znanlanfAualedl LSCF/SOC (13.3980-
17.8140 Wosidus) ganiAudiuwazd1ilng
esdn s (Table 3)

Table 2 The mean of SOM, SOC, and SCF contents from Paddy, Maize, and Longan soil

POXC

POXC

e SOM  SOC oo ooswm  WSC HWSC  CLPSE  CFPSF
% (mg keg-1)
Paddy soil n=1014 2.33 b 134 b 639.44b 966.10b 30.47b 4421 b 131.04b 23577c
Max 4.93 2.99 951.79 1761.43  127.14 138.06 1179.36  1263.99
Min 0.07 0.09 0.62 54.78 3.90 5.46 1.30 10.14
Longan n=459 227b 1.57 a 636.02b 106440a 37.65a 49.27a 186.64a 344.40a
Max 5.24 3.25 971.27 2022.61 111.54 122.46 927.68 1037.40
Min 0.07 0.09 53.04 53.48 3.90 7.80 8.19 22.36
Maize n=1015 246 a 1.59 a 686.20 a 1069.30a 37.13a 51.68a 180.09a 286.94b
Max 5.54 5.33 990.22 2080.86  134.94 130.26 1465.75 1456.78
Min 0.07 0.09 77.56 19.64 2.34 5.46 2.99 19.63
Remarks: The difference of lower-case latter within a column is land use which means the treatments

differ significantly (P<0.05)

fufinsugnizvasdeniadig q do
U3ana SOM, SOC wag LSCF: lilaiSeuiiioy
3w SOM maqauﬂqﬂﬁ%ﬁgﬂmmﬁmm
Janinnamilonsuuuegluyie 1.84-3.26
Wesidud Fswuin SOM geanedamindiyu
(P<0.05) d@1miuysuia SOC Wudendn
\Foasefienefemindy 1.89 wWedldud gan
Jen¥adu 9 (P<0.05) wardwsu LSCF wui
JaninedludiiuSunaues POXC 0.02, WSC,

HWSC wa C-FPSF genindsnindu 4 fusana
\ABwiiu 756.58, 73.07, 81.79 wav 449.93
Jaansu/flansy a1ua1au d@ruvesusunn
POXC 0.03 M WU InunsiuTinngegn
(P<0.05) dlawfleuiusanindu ua C-LPSF vaq
Jawinanune (250.35 fadnsu/nlansu) wagil
USinaugegn vazfidsninmeienduasia
(87.91 fadnsw/Alansy) (Table 4)
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Table 3 The proportion of percentage of LSCF by total organic carbon (SOC) from three

types of land uses

% of SOC Paddy soil (n=1014)

Longan (n=459)

Maize (n=1015)

POXC 0.02 5.4312 A 4.7642 B 5.0244 AB
POXC 0.03 8.7046 A 7.8156 B 7.9207 B
WSC 0.2591 B 0.3473 A 0.2895 B
HWSC 0.3851 A 0.4499 A 0.3892 A
CLPSF 1.1868 B 1.6070 A 1.1868 B
CFPSF 2.2011 B 31781 A 23474 B
LSCF 0.02 9.4721 B 17.8140 A 9.4012 B
LSCF 0.03 12.7360 A 13.3980 A 12.298 A

Remarks: The differences of upper-case latter within a row that means differ significantly in land use
(P<0.05); LSCF 0.02 calculated by POXC fraction, and LSCF 0.03 calculated by POXC 0.03

Table 4 The content of SOM, SOC, and LSCF from each province from upper northern

Thailand
POXC POXC
SOM SOC WSC HWSC C-LPSF C-FPSF
Treatment 0.02M 0.03M
% (mg keg-1)

LP n=339 2.05 DE 1.78 B 682.01B 191.20F 22.65E 4170 E 222.43 B 229.90 CD
Max a.17 5.33 990.22 588.4 81.9 97.5 1184.56 898.56
Min 0.09 0.39 317.53 19.64 3.9 11.7 3.51 22.75

PH n=228 3.26 A 1.71 8B 663.19BCD 1369.40 A 34.42B  48.03D 14553 D 149.89 E
Max 5.54 377 917.98 2080.86  62.4 124.8 797.94 923
Min 1.17 0.39 329.15 534.04 7.8 15.6 3.38 21.19

NN n=234 1.96 EF 131 CD  637.21CD 1040.30D 24.59 DE 57.97C  139.12D 262.28 C
Max 3.43 2.6 952.94 1742.08  52.26 119.34 841.23 1163.76
Min 0.07 0.26 121.2 197.84 5.46 10.14 3.77 19.63

PY n=198 212D 1.32CD 59443 E 115050 C 33.44 B 74.89 B 8791E 209.92 D
Max 3.65 2.56 971.27 1725.43 70.2 109.2 406.38 825.37
Min 0.29 0.09 17.24 263.89 7.8 15.6 1.95 30.68

LN n=201 1.84F 1.24 D 570.00E 952.80E 31.54 BC 2581 H  250.35A 389.79 B
Max 3.65 2.38 932.16 1700.18  60.06 46.8 663.78 1263.99
Min 0.07 0.17 0.62 492.17 5.46 7.8 12.74 43.63

CR n=513 243 C 1.89 A 629.07D 1149.00C 25.51D 31.55G 10741 E 25522 C
Max 3.52 2.38 932.16 1700.18 60.06 46.8 663.78 1263.99
Min 0.38 0.17 1.56 177.72 0 5.46 1.3 36.92
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Table 4
Thailand (Cont.)

The content of SOM, SOC, and LSCF from each province from upper northern

POXC POXC
SOM soc WSC HWSC C-LPSF  C-FPSF
Treatment 0.02M 0.03M
% (mg keg-1)
MS n=468 2.69 B 1.07E 668.70 BC 114820 C 30.27 C 3895 F 186.55 C  248.49 C
Max  4.93 2.1 927.95 172153 78 101.4 1465.75  979.55
Min 0.45 0.1 138.26 183.25 0 7.8 5.07 10.14
™ n=354 234C 1.36 C 756.58 A 122340B 73.07TA 8L.79A  159.95D 449.93 A
Max  4.19 2.43 911.58 1764.49  134.94 138.06 652.6 1456.78
Min 0.16 0.1 138.26 183.25 0 7.8 5.07 10.14
% C.V. 31.81 33.72 29.60 29.60 42.49 36.81 89.15 69.67
Remarks: The difference of upper-case letters within a column means a difference significantly in

location (P<0.05)

LP=Lampang, PH=Phrae, NN=Nan, PY=Payao, LN=Lamphun, CR=Chiang Rai, MS=Mae Hong

Son and CM=Chiang Mai

Ufduiugszudneiiuil (feuda) Au
sULUUNITURNNY: ANKATLATIERUTUI
SOM, SOC uay LSCF W 8 fam¥a nuing
Ugnaleludamdnunsiviuia SOM, SOC,
POXC 0.03 uag WSC gedn 1Ay 3.67
Wasidus, 2.28 wWasidud, 1879.20 fiadnsu/
Alan3u uag 45.50 Tadnu/Alansu audiu
Tugduas POXC 0.02 uag HWSC n1sugndn
Tudwineslal (781.27 uag 82.593 Tadnsi/
Alandy auddu) egendndenindu g
Tuyauzifiediuysuia C-LPSF 99e3Uuuunis
Ugnaleludainuaigesasu uag C-FPSF vas
n1sUgndinadesdnigefigaiaviafy
328.68 uay 332.53 Tadn3u/Alansu muadu
wipgnalsfimnunavesUfduiussauiusening
fuiifaniauarsuuvunisugniivlaifinam
(P>0.05)

o w aa

uanaNAUeE 19l TudAYNI9ad
(Toyalallsnaue)

AMUFTUNUSTZUI19 LSCF fauSuneu
SOM uaz SOC Tufu: 1NMTIATIEiveya
f1878115 PCA WUIIANUFUAUS 81U
USuneu SOC Wag LSCF fmnuduiusnausuna
soM TagRugnd1uazailonuin Ysuiu
HWSC wag WSC duiusiuusunm SOM iy
26 uag 30 Wasidus muaeu (Figure 1 a, )
FrSUANUEUNUSTENING SOC, POXC 0.02
wag POXC 0.03 fiu SOM lufudgnidniuas
anlewindu 20 wag 23 wWesidus (Figure 1 ¢)
AU Uay C-LPSF uay C-FPSF dAnudinus
fudsunas SOM lufiuvandnuageanlewiniv
19 uay 20 Wosldud muddiu dmsuiuuan
Flwmdeedninudn POXC 0.03, C-FPSF,
HWSC wag WSC finudunusse SOM winiu
28 Wosidud Tuvaigil SOC uaz POXC 0.02
Wiy 23 1Wesidus d@u C-LPSF Sannuduius
iU SOM winfiu 17 Wesidus (Figure 1 a, ¢)
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luAudgndny LSCF Tudiu WSC uag 1 d, f) wudn HWSC, WSC, POXC 0.02 uag
HWSC (30 wWaskdus), POXC 0.02 wag POXC  POXC 0.03 fanuduius SOC (39 wag 39
0.03 (22 Wesifus) way C-LPSF uay C-FPSF  1Uasidud auadu) uagnuin C-LPSF uag
(20 Wasi@us) (Figure 1 b) d@wiSuvesany  C-FPSF flmuduiusiu SOC (25 way 25
Fuiussewing LSCF Aiflanuduiusiu soC  wWesidus)
wuiAulgndlouazdnnlnadesdnd (Figure

Rice cultivation

Rice cultivation

Unexplained

35%

Longan cultivation

. .
Unexplained Component 1

39%

Maize cultivation Maize cultivation

a POXC 0.03

Unexplained

; POXC 0.02

)

N <>
.‘Q %

Cend

e

Component 3

Figure 1 The principal component analysis (PCA) of relations between SOM, SOC, and
LSCF from agricultural soils (1-a (rice), 1-c (longan), 1-e (maize)=SOM; 1-c (rice),
1-d (longan), 1-f (maize)=SOC)
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wiulddn LSCF duflauduiusiy
U301 SOC e SOM Fsazuandnafunuguuuy
Yaan1sUgNivusazyiln Lare1ainNUENIuS
ffumMsdanshiu iy uaele naenauaudRvesiu
othiadevesiuiiiliugniieiiy 1 dhe

sunuun1sugnilynausuiuaIsuay

v u

a ad¢. a ' s
BUN FuNgagaagsLazUIuIAITUDY
3

wnsd: USuna SOC Tuduluwpagssuunis

3
G
3
Ugnitwliufinainanuduiusniiaududeu
! a N a Noea v

symINUIuLarlavea s unId Nty
(Input) nszvIUNSAvILARNISIaResagluAuy
wagnszUIUMTgelUINAL HansAnwil
falanani1esuIn Usuna SOM, SOC, LSCF
wag LSCF/SOC Tuduugndimnindudile
(P<0.05) wagdusuAuTmlnaEssdn UL
Y949 LSCF gauazaannaodiuuTunn SOM me
PnMsAnetionRaznamli Usinaewen
dunsdluduniofuuayldnu dunumdfgy
AaUTUNAY SOC YRIAUTUUY B39371897UB3 Vos
et al. (2019) Inasea1unuaun SOC Tuushu
a I o | o \a A&

AUTUUNAIWINGINTT 2,500 MogaRuiiiy
1NNNUNYIINTINEAT kazdiseauiusum
soc TuAuiuduraanguuuunsugniivdnene

& wa Yaa a

wondnil UseiRnslonau Ysuaueunia
a = i ° a aa '

Aumtley wazAnsunlniveshiu Adnase
USunad SOC wiuiy (Vos et al., 2019) Tuuaue?
Qy 1 =) = o [ 1 a

FudrusinisliunuimdiAgae SOC Tuduy
Fua (Qin et al., 2021) ANNNTIANITAUVD
sruun1sUgnitusazUseianuu (Table 1)
8199na1IladszuunsUgnanledivsunm
s weasdunidnganinAulgninuaziu
Ugntalnadesdnd Tuvaziinislansiu

A5LAUAMUTULTINAINTIT1INAE 1IN

[Aoednd wonanil unumaes LSCF sonns
a$suazgopaans SOM fiugniteng 4 910013
AnwiafadinudAudgndafinislansaudu
wilsifmsthavennmedsosnanniuiuaylaiil
A15W1 (Table 1) 913tin1sgesaansves SOC
figanidulgndlouasiulgninilnaifedng
wzAudanmiinnn N dlefinnslanauwrwenn
sadstniFwilvindunidnansled N Juseluly
N 990 SOM Fsnnslanautrududqudialaian
dudidunsonnaninsansedunisaaes
299 SOM 161 (Kuzyakov and Domanski, 2000)
wszUsinaansusuiidnlUussuuRuiiley
QaunEdfeinssnosinduiiuiulag
dWlugesaaneain SOM Tudu (efiSeni
Positive Prime Effect) SsviliiuSunas SOM
anas FaaziiiuldainAuugnd il
e LSCF/SOC (Table 4) Faanndasiu
U3uas SOM ¢ndne 1ileann LSCF Tunsedu
v sdunisaugenaas SOM lufiu sais
dusndntiusniilinsdesaans SOM [dane
(Shahbaz et al., 2018) %naawaﬁaaﬁ’mwam
MAwgnindidnenmnisuaesfing CO, 10de
andRulgnaleuasiulgndrinaissdn
(ANSAT wazAy, 2562%) 81adnaliing
ade SOM 9ndudgninidues Jewudn
U3unal SOM way SOC @?ﬂuﬁuﬂqﬂﬁﬂ’n
uen9nil nslddenearieda (Phosphorus)
a313avin Iy WSC wag HWSC Tuansazvanaiu
duTunazsihl¥insdosdats SOM 1iindu
(Spohn et al., 2022) uspgnalsina N5ass
SOC AdunanIaINNNTIANSIAYYINNTUDS
nsUandI Wi MsTaAwrnaedayhdin
wdlonavluuvas sauiadinislddedunid



anansaduunames SoM Tdwuiy Tuvasd
nsladeiadianansadin SOC Tagarnnsiiia
1T NVoIdIuRTILAr N1 LR
NNl uEsenansaduumames SOC 14
saianmnstaiduamnddailiEing
avay SOC figsninfudgniivdu (Qin et al,
2021) dmduduvgndledunuiifidndou
Wasidurves LSCF/SOC gegn wavd3uim
SOM gawtuify enananldimsdanisiiaey
gnfigluitufiulasdlefinadousuna LSCF
Fanann iesenUsinamestududunsdid
USunaunnlaelifinnsiieeanannudasanle
MIdnnsiawdenanunslufuUgnaile
Tnonnsldendunazsingineioatuidu
nau Indndumsdaasunisasnaes SOC
Tnenszurumstosdansves SOC anaufisdu
Tnswamzudl 0-7 nMendansladunssidnly
Tufu wI9158N91 “‘triggering” effect” WANAS
Fufi 7 WJuduluniseesaaisazanas
eansBuvsfimdluduluifiesnanssdu
nsgUUMIATUATLveIgAUNISAumiaty
wiotdunismevauesroUsuuasaunse
Tutnaiifisadntosnieusunagsdeoitas
THnandudalusdmansty TnsarnnisAne
§838n13 Mass Balance @sldwadalelsiny
C yudUszana 50 Wedidusues 1“C fldas
Tofudusiiasng g wunaenainislaly 60 u
“C fignlddnllvilsianansaiinszieensnld
TneiFonansduv3dnguiii Microbial residues
mass faudaeiinisiiuglasa (Sucrose) wae
waglaa (Cellulose) Hludnlailévinlsing
gosdatres “C Lfinty (Aumtong et al.,
2011) §1 Mass residues fananiaziiluasns
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Ju som sely nissumuAuldinnmsiglid
nslonsauuagldfinigan sueiiniglade
Suvduas il SnitidnunsuaresdUsznoy
maaiiaviudufiofiinadanisdevaans
fiAndudilaiiouitoutuiuugninouasiu
Ugninnaidssdn Tnetudniludilowassn
aledianslungu acid-insoluble fraction,
anfiu unuilu visegiuesau Uusu (Bertrand
et al., 2006) agduvidauldvoumsivani
iesanillassairsluanatudouisinliia
U3nHanIn Negative Priming Effect (negative
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TuAudgnarlewasiutgndninadssdnd
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aonAdaafuy3anm SOM gene enailesain
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Wenunuas finadenisevaansuay
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¥99d1uves LSCF 91nn1sAnwilaenis
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A nAUlAlngLAEaiU SOM (ANSAN wazAnse,
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LLazﬂ%mmﬁmmmiﬁqa WU N, P, K, Ca, Mg
Feonalmdtudennsdnasunisadne SOM 210
U57n4n1358 Negative Priming effects (Liu
etal.,2018) LLazﬂalﬂmi@mﬁm LSCF i WSC
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NAYRITIRINRBNSIAALAZN SR EANY
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anudnvesiu daduanmfinuluauise
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Fmin) Jefivdadu (MauynRumEedusuAv)
fifmnuvainuans Fedafuiiunuimddey
lunszuiunsasne (Formation) n1siiusnen
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wAN#19AY (Kogel-Knabner and Amelung,
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Entisol tay Alfisol Wudiulve) waznszany
Tuiuvgnivunazyin dmSududuau
Ultisol @13n5anULsAunten s anoaannmy
¥UAAN9 ) LU Fe-oxides, Kaolinitic hag
Gibbsite Faudunsaspadnuniinnuauisalu
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= =

F93 Al waz Fe Wudumnilavean1sdudn SOC

.

o
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WuU (Kogel-Knabner and Amelung, 2021)
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y S - ‘
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Abstract

The main objective of this research is to study the production and marketing of
farmers in the beekeeping farmer group in Phatthalung Province. Based on a sample of
130 people, data were collected by questionnaire. The results found that the most
farmers in the beekeeping farmer group were males with an average age of 54.65 years,
and graduated from primary school. Beekeeping was a supplemental income of the
farmers. The average of household members was 3.88 people per household with an
average of 2 workers per household and with an average area of apiculture of 14.07 rai.
There are two types of beekeeping: traditional and an innovative beekeeping. The popular
type of honey production was a traditional beekeeping. An average number for honey

harvesting of the traditional beekeeping and an innovative beekeeping was 1.46 and 2.63
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times per year, respectively. Honey Bee farms were located in rubber plantation area
with sufficient food sources. Overall, honey was manually harvested using equipment to
protect beekeepers. Products of honey have distributed to customers through the direct
farm and online shops. A 750 cubic centimeter bottled honey was distributed for retail
price of 500 baht and for wholesale price of 350 baht. A 250 cubic centimeter bottled
honey has distributed for retail price of 250 baht and for wholesale price of 230 baht.
However, these honey products are not branded. Moreover, the average incomes of the
traditional beekeeping and the innovative beekeeping were 11,905.70 and 18,337.50 baht
per year, respectively. Therefore, relevant agencies should transfer knowledge of
production, marketing, product processing including increasing or creating opportunities
for beekeepers to learn and practice skills and has continued to develop marketing.

Keywords: Thai honey bees, production, marketing, beekeeper

UNANYD

MApliiinguszasdiioAnwinsndnuazn1snainvesnunsninguiiaesisnsdlne
Tudawrinivgs anngudegnedmuan 130 518 uTuTudeyalnewuudouny nans3de wuh

q
¥ [

nwnsnsgiaesisnsdlvedndngdumeavie anewde 54.65 U aunisfinwnsedudszaufinm

£ <

= & a a o a o A = i o A =
fimsidesialuedneaty IwumninluaiaiFeuads 3.88 AudeAITaw WIKWARY 2 AU
] o A ad A A LA & X A & X & a Y
sonfieu duiiade 14.07 15 insihess 2 JULUY Ao NMsIReELUUALALLAZLUULIANTTY
A X X B 4 Y g oo d Y &
fimsidegeianuuaufunign Sunuasiunmsiunanindeliafe 1.46 ASY uaznsREwUY
Y o o I a A A g A a =~ i
winnssu Innuasdlunsinunandadetinde 2.63 A3 anunaaduusnuaIuems dund
gnsfiiisane dn1sfiufemandniiienues Taunsallunistesiunisduits nandn
uradmieludagnariminulegasauasiuueoulal WEUTIIVIATWIA 750 gauaed
wuFwes M mhedmsureuansan 500 vm uagdmSuriedasan 350 UM uaguIks
UTIRVIAVUIA 250 gnUIAALUALLINT 19T mthedmiunguingan 250 um uagdmiuvieds
511 230 U egslsinundndaeiunieddilifinsdui venanisglannnisifesdalngs
Ineguuuunafumds 11,905.70 umsiel uazgluuuuinnssuiaie 18,337.50 umsied Ay
hgnuiingIteemIsiiaignennusaunIHEn N13RaR N1SWUTFUNEATMA TIN5
wseaslenaliiuinuasnsgideaislaizous lernnuliiAavinue wasdinsimwimunisnain
GHANRIDER
Adfiny:  Hdlnsalve n1swdn N1IRA1R INYATNIHELIS



@ 9. WARNSSUNSINUAS 5(1):80-90
J. Agri. Prod. 2023

AN
X ¥ . 2 X 4
NSIAEIENTANAAYLINS TS oE 9
Weosaniadunnaasegia Nauisaiia
yarnsaeentiiulssing dnviadilagnin
1MUY IININSILALNDDY TUNWATNT
° & a = a P
ausaiunUsznaududn weriusiele
Tituasaursa Wulselevdsonisiiunananieg
TunanisinunswasNslusssuwd Junuin
drAglumnuaunavesszuudnammsziaiy
LUAINANLNAST LU LANIEL12 AL DN
2.; = Y] Yal o a
a1msnaeniall Jaguulatinsimuiuaznie
NANNUN DI TNA8VUANL AT UNANVDIUNH
WU LATDINUNTOUAN UUNWAN NANADTNIN
U3l NANAUNVULBY LALLAIDINULDANDEDA
Judu (afins wazauz, 2560) Inensuduasy
n1anens (2556) laseydn n1sideerelu
Uszinelneg wuslaidu 2 Uuuu Ae 38n1sides
TAEITHUUAWAY waEN1SLR8eneswuuln
(WinnTsn) FeneaesislnsauuaLau dnlg)
Qs{ @ al a [ al Y dy o
zassuowasy lireeiinanlviuiaunnidn
) h v X 2 v oA ' Y A Ao
Tannldhewatuianivmnneluriedu danuuy
& vX v | oY & a P
Julnsalviadegendeld dflanmlndifes
UsTIUVRNNTIgR NsiResiawuuiian utioy
winlanaNantesnie @ nsunIsAuNaNan
ALFALDIMIUNNILALAIDDURN LUMETITa v T9A
dy LY 1 v 1 aa dy aa
Nashaaunglusme d@uisnisiaealaeiSwuu
Tl (WInNT5U) NSRS LN NS INILALABU
NI JLAssansadanisieislaagain
AINToNTITEN TSRS anansadsuunangn
wenssevenese vudresaluluwrasanmsia
azan wazlenananinkaunty agalsinu
\nwasnIRAesHwautnlaTuRe LIS aiAes
~ D o & kg
Mgndednslszauanudisalunisiies

5 aill a’lj d’( Ly o I
atinsidesiisludagduaiunsavindu

al a 2= [~ = 1
913masule Fadunisdenludvennuynsns
1A8HI9E 119191159 1N NV IAENITAULINIUY

PR ' A

wazisey Fuduunasemsiiduanslulewse
wazlushunaAgnldlunisanssdin dmsu
nsiagstislnsdlngludagdu laveiediau

A & oA '3
nUlaganzluiunigauanysaliviinzas
& ' P &5 £
Wuog19uniiaan lunISLA LIRS N Uy
Liddunulunsides iesavihdarddieglu
aaunald Wy @ aednes Taan S
du Wusu falnsealrnandnnasnnalasna
seladudmiunnn Fefmiaivqguiuumes
a | ) £ ] | ' = = S
Nogofevasiaunadluguvimils Wuilles
LYATNITUNLAINUNAINAANYNNSNYINT

& ) a A | '

LAYANINVBINUN LA WIEMS8AI1 w1 U1
1@ LAgdn15USENBUDITNNIINISINEATBE NS
PAINVAYAUANIWAUN LA §1TNYILN du
walsd e19m131 Uneindndiu Ugnitedin Jaivsneay

1 dy dy < al o G a a
winsaesialngdlneg S InudnviseanTnasy
a P v o & A
Nanunsaasanelalituinuasnsluynitud
\9991nHiANNEANANY TV ILMATD M THS
nI¥YaYNadmin waziinsdearadukuy
sy3ud Inedinsvinadesiarianiniagimle
Tuiun waziluraluuSiuiunidwia
91sigane Fudun1sinnisnsnennsuay
STUUNITHARLUUAGLAY WA LNYATNSII
YRINNANAYUTTAITIUNISHNEAR N1FINNUNEY
LANSINDIRaR F9keRIUNISANBINISHER
WaEN1INAIAYDUNYASNINGUFAEElNTtlng
Tudmiafings weiduwumndunisidesis
Inselvensdeyaniunindn n13nain wag
N15uUs3U lhegramunsauuazgnied uaz
dielilddayandulssleviundminivie



| a A P PR )
PUILNUN VDN DL T UBLING I UNITHAILN
warduasununsnsne by

ABAliunside
n9adelunfeiliiofnuinisndnuas
n1saIAvedNEnININaNgIAsialnzdlng
Tudwrimivgs Ussrnsiflflunmsideluasd
Ao nwmansnguiidsitalnsdlneludanin
finqs U . 2562 Fefidruauviann 17 neu

= g o
PNU ’Jﬁ’WIﬂﬁ]‘q&l‘UUNQIWNW]Ua{jULLW 38 918

¥ ¥ ¥
1 a

nasLaeEalnsalauafIy 17 518 NGUIRENHS
Insalanidae 48 519 nasideralnsaudeay
. XX < :
27 519 NFUABHINTIIUING 33 18 g
desralnsestinuyenu 22 18 Jamiaguungy
g ¥ va by s .
Wesldnsaadulsadiudunia 12 519 ngu
y ¥ o 5 < ¥
desdalnsdlneddus 17 1o nguiesiiang
U1uAaeanss 27 518 nguderaulaslng
g11ABUNLAY 40 518 nguidesilsUadlng
gunenglvan 40 318 NGIaeIRnTIt uIYS
27 919 nguideRalnsuiige 17 518
TAMAYUPUFLIRINTIUTTNA 12 518 NGyl
y ¥ 4 .
Wesildnsaitoguam gunenslun 20 518
=S4 B ] =g
NANEEBINTItNIEN 27 18 NEuEY
Halnsatungunu 9 918 SIVavINA 433 578
(@innununsiminimgs, 2562) lneride
AMUATWIANGNAI9E1991NT08aY 30 VDY
nunsnInguiiasaralnsslngludminings
vande wagldiinsguilegiawuunuitugil
pgradudndau (proportional stratified
random sampling) tieiigudaaung
A798199 1NN ¥ATNINGUE LB Hlnselne
ludamindimaudazngu dell Jamiayuou
Halnse sfuaduun 11 519 nguIdesialnss

9. WaNNSSUNISINUAS 5(1):80-90
J. Agri. Prod. 2023

Thundu 5 518 nduidesidlnadlaniig 14 518
nguiFpstIns N doa 8 118 nguAsilngs
yulnd 10 519 ngudssialnsadugeiy
7 919 Famiagurunguassidinsuatuls
Srudunin 4 519 nduiieinsdlnedaud
5 918 nquidssislnsaduanomis 8 31
nauidsRiauUadlug suneuteuia 12 51
nquidssRauadlug sunenzlvun 12 51
nguABafidlnsad el 8 918 ngades
Aalwsstuiadng 5 519 JamReguauidion
Adlnsanussiin 4 118 nguissisinsaiio
qunn Sunamslvun 6 18 nuAERalngg
e 8 916 nguiFssHns Rz
3 18 Taungusogndlunisiseiiodu 130 91
Idewihnsdudnegnalagisnisduegiadng
(simple random) Aen1sduaaIn (lottery
method) uuulsildfumusedeudaznguuite
nsfiusausandeya waglduuuasunuiy
iwsesiiolumsiiusiusudoya

isesilalunsiususiadeya
w3oedlefldlun1site Ao wuuasuny
Fausznause fanulaneila (open-ended
question) A1a1uUateda (close-ended
questions) Flunsasraeesdietsearyinnis
Anwnunfangud wozeuideiifeades
Fefidelsvimsmeaeuindosdiofnlilunside
TngnsamadeununiaTesile NMIRTIRERY
mmgﬂﬁmmwamamﬁam finsinAu
iomsannanilem (content validity) #1A1
ANNABAARBITENINTMAUTU TN Usyaed
9949n15398 (Index of item objective
congruence; 10C) MNEITEINIRY 3 18 léidn



@ 9. WARNSSUNSINUAS 5(1):80-90
J. Agri. Prod. 2023

IOC 1¥11AU 0.60-1.00 1ANITNAADUAIY
Feruwuu (Cronbach’s alpha coefficient)
fuinumsnsiilallinguinedns $1u 30 51
MsleTERiANuEesiuriatiu wu S
Fesfuwinfu 0.73 Fawnndn 0.70 3edeldand
endesiulusyiugs (v 15RanuRsana,
2553)

mafusIusindayansive
ARdevinmaiusiusindeyanisideain

wiasloya 2 Usean o 1) Teyaugund

Toelduvaouauithuesosielumsiiusius

(%

T0Ya1NNGUAIBL1UNYATNINGUH LAY

=

Helnselneludmindngs 2) doyanieqd

R

SENLﬂ‘L!ﬂ']iLﬁUi’JUi’JﬁJ‘ajaﬁJuaﬁ]’]ﬂLQﬂﬁ’]iLLﬁ%

AR 9 19U WD Ut Inentnus

av o 4 v A o Y & v
ware1uIdenestenioiruldidudeya
fugulunITeasall

nsAATIEtaYa
thieyamnuuuaeunudld 1insies
Teyameaiifldanssann (descriptive statistics)
Lﬁaa%maé’ﬂwmmaﬁagaﬁugm NSNER
n1snaIATesnERININgulIABRdnsilne
Tudainings FhensuankaInd (frequency)
Aeuay (percentage) ALARY (mean) way
a"gw,ﬁmmummg'm (standard deviation)

NAN15IYWATIT
1% & =1
Jeyanugruvesnunsnsnguiifeislnsdlng

u

ludamdanmas

nwnInsnquiiaesiisinsalngludania

AV
9

nadlngdunave ongwde 54.65 T

= o = q' a I
WNIANYITEAUUTZONANYINNTER ARLUY
Sovay 44.62 Jo1TNUANNYINUAUNITINBAT
Anludesaz 76.15 Aswldedy 94,950.00

| A 1 ' '
vwisial inwasnsnquiaesiiansdlnedilng
lufminimasdeiaduondnasy Andu
Saway 80.00 fs1elaarno1Twasuainnis
SwhetrafesRdnsalne wae 11,738.42 UM
el Fuuaundnluaiuseuludwminings
A | U A o A ° )
1238 3.88 AUABASISBU WIMUASISDUASU
aansneasludwminivnguade 2 ause
U oA ad o A \ ad A
AU TNuway 14.07 15 1nunsnsiinui
msinwastesnin 5 13 Andusesas 33.08

- o XX
N1INANYDIUNBATNINGNL AL IR TN Ing
ludmdannas

1 v d’j g o o
inwAInInguaesisnssngludanin
ANGUAUNIMUALFEIRIAI8FURUUNISLRES
wuunsis (lddmew) Anludesas 93.85 uaz
d’j L% ¥ v

NMsdgRuURIANTSN (Wrew) Sewas 6.15
g1aLllpanninunINInauiaaRalngalng
drulugaunisAnerszavdszaudne 9l
A Ny o o A o 4
rruslaiiiieane uavlidedninluSasTangunsal
o & & A i = v
suyulunisifesisnsdneninadenisseus
wagn 1 sUSULUABUgULUIUN SRR NS WUy
winnssu BeaenadeaiunsAnyves lan1issa
waAnle (2556) NANYIToINSIGIRdlngslng
YOUNWAINT FUAATELNI SNNBYNANAT J9937
UASASEITUINY wagNUI nunsnsliufias
ANUFILLANINUIB N UTI9NSILUTA
a3 winwasnshilansauoalaluuiades
Wi NsinABY awniNwRsnsivedninises
91g wayianaunsal inunInsysniunsndniive
Uselevtlludanunsuasivaauna liiugsuu



HaNdAR uARoIN1IElAANINUSINUNTAR
Yo Raluwsiazl warAaInNIsANIINLLAY
I A % ~ o 1
PMNUIBNUTALITD oM Iveeralugigu
i.ldl 1 U ild’J
anvauuazinaulasioly inunInsnquiiies
Halnsalneludandnivngs aunsouenusiag
sUBuuladadl 1) JURUUNISIEEUUALAY
(lsiiipew) Anduseway 93.85 Sruiudsaeis
VOUNYAINILRAY 15.98 &9 TuIUATIIUATT
& a 1 & A & A
WNunandnsatiody 1.46 ASY 1HUBIAINNYATAT
A T X A v a @ o X
W91 UHLADUE (Puuwew) WulRs
Aaa I \ vy v o X dga P~
N G e PRV N VI KRR AR TR B

ANLTUA harUSunaNAntnNarasauNITAY

Table 1
province

9. WaNNSSUNISINUAS 5(1):80-90
J. Agri. Prod. 2023

Wiy 2.69 Alandu 2) JULUUNISIALIUY
YINNTSU (U1ADY) SRR 6.15 INUIUNIADN
d' [ o 5 I3
YDUNEATNTHAAY 9.13 89 3MUIUASIUNITAY
NAKARAULRAY 2.63 AT USUNUNANUNRIMD
< a = o = P Y
SAUNNSIULRAY 3.57 Nlansy Ysdannananu
NIUALEIHNTINYAT (2556) 15U NSLRES
Ralnsalyewuuwinngsy (Waew) danuasain
TunsifuiiasazUsendanain1syinauesie
Tunsasesslval wazanunsaiuiiniangslne
saUle 2-3 Whveansideawuunaay (iihaaw)
(Table 1)

Production patterns of farmers in the beekeeping farmer group in Phatthalung

n=130

Traditional Innovative

Subject matter

quantity percentage quantity percentage

Thai beekeeping model 122 93.85 8 6.15
Number of bee bait crates for farmers
less than 5 crates 28 22.95 7 87.50
6 — 10 crates 36 29.51 0 0.00
11 - 15 crates 18 14.75 0 0.00
16 - 20 crates 20 16.39 1 12.50
21 - 25 crates 6 4.92 0 0.00
26 - 30 crates 6 4.92 0 0.00
more than 31 crates 8 6.56 0 0.00
Average farmer’s honey bee crates 15.98 crates 9.13 crates
Standard deviation (S.D.) 19.29 12.72 s
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Table 1
province (Cont.)

Production patterns of farmers in the beekeeping farmer group in Phatthalung

n=130

Traditional Innovative

Subject matter

quantity percentage quantity percentage

Number of harvesting times per year

1 time 66 54.10 0 0.00
2 times 56 45.90 4 50.00
3 times 0 0.00 3 37.50
4 times 0 0.00 1 12.50
Average number of harvesting times per year 1.46 times 2.63 times
Standard deviation (S.D.) 0.50 0.74
Amount of honey production per harvesting cycle
less than 2 kg 65 53.28 3 37.50
3-4ke 56 45.90 4 50.00
5-6 ke 1 0.82 0 0.00
7-8ke 0 0.00 0 0.00
9-10 ke 0 0.00 1 12.50
Average amount of honey production 2.69 kg 3.57 ke
per harvesting cycle
Standard deviation (S.D.) 1.36 2.77
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Table 2 Adistribution channels of farmers in the beekeeping farmer group in Phatthalung

province
n=130
Honey distribution Yes No
channel quantity percentage quantity percentage
Farm 119 91.54 11 8.46
Online channel 28 21.54 102 78.46
Sell through group 18 13.85 112 86.15
Community market 13 10.00 117 90.00
Trade show 9 6.92 121 91.54
Middleman 1 0.77 129 99.23
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Abstract

The operation of most community rice centers still encounters numerous obstacles.
As a result, the establishment of the community rice centers failed to achieve its intended
objectives. The purpose of this research was to study the conditions for success of
community rice centers in lower northern Thailand. Collected the qualitative data from
community rice centers that won awards from the community rice centers contests by
group discussion with committees of 6-8 people per center, one center per province, a
total of 4 centers in the four provinces: Nakhon sawan, Phitsanulok, Kamphaengphet and
Phichit. Analyzed the data using content analysis and analytic Induction from group
discussions to conclude. The study showed that the community rice centers were able
to operate according to the objectives of the community rice centers establishment.
There were rice seed production and rice seed distribution to help reduce farmers’

shortage of good quality rice seeds with four conditions that led to successful community
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rice centers as follow: 1) management, operational planning, risk management, selection
of committees to match their abilities, a good leader, member participation, regular
meetings, sufficient budget, and support from the government and private sectors. 2)
quality rice seed production, knowledge and skills in rice seed production, facilities and
equipment for rice seed production, rice seed production technology, rice seed quality,
and rice seed production standard. 3) network building, creating a network of production
and marketing, and knowledge exchange and 4) group development for sustainability,
an extension of activities, and development of new generation farmers.

Keywords: Success, community rice center, rice seed
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Table1 Operational Context of Community Rice Center
Thung Ruan
Context Dong Man 1ns ruans Pha Rang Mi Bueng Pradu
Thong
Year of establishment 2001 2011 2000 2009
Number of members 20 75 67 34
GAP for rice seed Pass Pass Pass Pass
Production technology Soil Fertilizer Soil Application of
highlights cultivation application ~ amendment granular
according to  with green organic
soil analysis manure fertilizers
Seed quality standards Pass Pass Pass Pass
Learning center in rice Yes Yes Yes Yes
seed production
Recurring revenue  Processing  Production of Rice Rice
activities and organic processing processing
contracting fertilizer
for seedlings pellets
Prominent point Leadership, Seed Leadership, Leadership,
collaboration  production, community member
with agencies ~ marketing engagement  involvement
network

nszUUMIANivIYesAudd1IYN Y
AudtgaLk 4 gud Audiunasdauay
nszaneludniuginnunmiedwieios uaz
HuanSeuslunsiannyaulilanuainse
Tunsndanasnsaanndaiuginald 91nn1s
aunuinguAnenssuNIsAug YUy
4 Fanin Wlsitoyain inussnsduandnuan
wiariug lsunisatenenauslunisudn
wipusinandmiiddnaunasua
AudiAaiiuging sdsnsuanUdsuieusiu
melunguuazaeuenngy NsanaRLGIm

Sudausnsfaideniiu liud Banahidiome
Auflenuvsnzan winusiliisnaingud
waniudimvensunsdn mswSeumu fins
lowdsufuegietion 2 50U wasUFuuilli
Fovadnaueifiodnodenizauauseduii
Tuuvas fnsasaaiuiteinsudngnsTade
n1smuAusERuifiomuauisiivuaziiie
ALUNZANADNI LT YLAUTR VR IUAAY
itug msdaiusUuegetios 3 ads Tussesndn
szozuAnne wazdeumsiiuies dn1siFeus
$UAUAIUNNTIANITLIALATUUAINIUNAN



3971015 Mstmeluladnnseanadelng Wy
saau a1nAeulsaudy (Iasu) dunsu
=1 1 = al o 6 Y 4 1
nsaaviuansiaiivaziadae nslddenuan
AATILHAU N1TAANITLTAITLALAIBAT LY
e NaINITAUAEIIEVINITAINTI N
& P A o & I
anAINA WnUTTINSEaRuMiedaululsuAY
\wanuguedud

N13UINIIANTINEGY
INNITAUNUINGUVBIAUENTTUNNT
Augtumuia 4 gud Idlioyad nisuims
nqudesdidrusaniuinssunisuazaundn
Fausazgudiinisutsthiivesanznssuns
Wudhese § adeadeiu wu densiaudas
Fhenamu dhgn1snain lngAnenssunsHes
afanuundetioliunandn danadevy
fmnuidvaay Wauaulosogsainane uay
Hugfuszanunuitn Usesiugudndniudniiug
drthulssegnandn “sruhmiinsed
ninevihlimnindedosasliioa newnfery
MANYITININ nTIUNTSHE gL
et Banailulvmudnii ndrsvilivratiu
AN AR AU NTII959” auddnguu
fnsutsmifinaznssunisaunuaNna
1n919uKUNIHERTINAY Iagdinsaanisal
dremiifFomdniugdnluggniadnly
foamslddaiusiniuglat 9nduded
msUsEgaiionausunsHan Tngluusazud
wiinswanudaiuginiuanmeiusonly 1wy

v ¢

AudduaSuLazHanTUST I YLTU I UH Fand

o a @ £ e‘:/ = £ & a =
NINTIARRLUAANUTUVIINGINUGLAYIAD

Y1INeNULE 105 uagiiuniiesdag 1 A3
dudn 3 Aud Inmsudnwuiaiudnmanvane

9. WaMNSSUNISINUAS 5(1):91 -105
J. Agri. Prod. 2023

aneiug 1wu na 41 na 49 TaevhTay 2 ads
nguiinsussynaiiaueiiesesudeya
Usnwwdeuagvnuisauiu sauvisiing ey
fifaau

leaeuanafissnunisnan AznsIUNNg
Tfnoudn fmsudathiligFuiaveusiu
manaaduisraunuianglusasnisuen
nqu fimsuszanunutudelidmi Tag

vl dE o

dulvgdudfonteiululsed mszitioiu

Y

Tupunimdaiug laun neasnsvisluuag

Ll
3 v ¢

WONYUYL AUGUAATUTT1IVRINTUAITTN

9

wazUIENeNYY Usesuaudduasuuaznde
wanTUEITIYNITIWTIMBINETII 497
daudonarei iioauntnssaulaymiviugs
lisiusnasgiu mgmsalsuudaradali
i ieailsudeivainnay”

Twmimsusmsdnnsnesu laenssins
guanssuuazsangszidovvonemu Tny
nauldsunisatduaywudaiuginineaud
winiugd1rveinsunisdnn Suuauday
3,000 Alansu wazdnasslaundninlulgn
udrthifunduanAuliungudndsanniiuie
T1uda wethundunesyudmiuduiy
Aanssuvesngy wazdimsawiuiteliiAnaanu
Sndudesiutu saisgldaniansm
f19 9 insdnassidineamueig lnevind
AuIndudeddtiuvenanmu axlinsusey
aundnifiedndulesiniu Uszsruguendn
waniugimtndseg nand “suneldu
newyuludoagunsalvesgue ins1zua
sz IngIwnIsliiiesne” uaydala
Inassuauselomiliaundniedunanauum
anee



@ 9. WAaMNSSUNISINUAS 5(1):91 -105
J. Agri. Prod. 2023

AuNsHdINsINTesETn auBnladl
dusalunnianssu AadnsUsEYl M3l
MauHy aduAdym SaunansrNAnLiy
SwuUsglevd aunansseussmiulua
MINAALANTLS FauBnusaysnevsUszay
Ygymfaneneiy dunfinagsauduui ey

o Y a a Y1 % =) 1d3
hbiiAansSeusuiu viemnitulym
Aldanunsawdtald nguazdszauanulyds
v A v : Y
Amigataslunissaniuuiludem

FeulvarudiFavesguddiguy

INNITAUNUING UVBIANTNTTUANT
gutnguruia 4 gud Tugrudeulvaay
dSvesguddigury AugnssuNIsiteya
ol

Auddaasuuasnaniug t1Yuvu
Urunein duaduiay 8nenad Jandn
UATEITIA

nsffiAf deaay Tn15919uNUANT
Aliuny ansnsawdladymle angnssunis
viunilandndn “Usssruwndeaazeniinu
Faudalifiduiidague tieliynaulduily
Usrlewd Laresnesls wilvaurinvienu
dnaule” anuireanInlunsuanuaniiug
AUENTIINSYIUNT a1 “WatiannFnig
drniSoaiuudnriuge q A Seusnme
Wonaulsinees” nnsuanidsusuinisnan
widaritug vanelunduuazaneuonngy dudi
wazdanaunsal AunImvenNdAug N3
atfUaYLINIILUIIVNNT SUUTEIRT
Weame Usesunanin “nguisidmdieay
na1guu LT 10 IguakarFTUAYUAADN
iamawg sudssana Fdymifusnviiu’

NSHEIUTIUVBIENITN NSNS IV
wnuasnssulnd Usgsunanin “dngulny
Tzt lungu isr5raudueudou diila
osedaliiduntiuandn auguidivioza
FHe9Ini51” wagn1siAanssudy o uenwile
INMINARUEARUGT7
Auddaasunazndnuannusinryuyy
UMUI}85299184 ATUALNATE DNNBNTUNTEAY
AMIANUNIUNYS
MsfiffinuaAznTIINSAR NsUTEY
ogsasiiane Ustsugudnandt “5dised
ovlsiurUseyuny vieduan vagniudnaule
uvomiiiduiy” madannsanudeaidlugu
N1IHAALAZAIUNITAAIN UTEEIUNEIIIN
“unTisuaatlhym auBnuNAUNENIAR TSl
sinsasrsisnmsg (5 uRTI94Uas Ustu19nsa
or0dAmmmmsalinauaululs s naedounsen
gaotnalivany 9 17 maasaeTeriemanan
uaznsRAAARNLS ANEnsTINIYINUMTls
nah “siliForeniilusiniauassinedini
parisIIewdmig viasdiym 1595
vaevaeny uaIngslersrseainumiinerae
slvimusiungusinae Adeinthuesoreny
Aawr91AwAu” mMsatiuayuainmuiey
F19N1THAzeNYU MR ALAIRTEILNTS

v 6

HANWARTUE UaTANNINVDINEATLS
Auddaasuuasnaniug U1Yuvuy
thurnfanil dvalnsdes dunaiiiuuzusa
Jwmdaiwalan
nsfldudaslunsudlotgmiieury
Mt RdeE nsnsuwun vy
Sy AuEnsTNNSIuMTang 1291 s

INUNUTIIAUNBUATEY AaumSuAUluYN



Aanssu 18msuszauierionuan idile
A3INu” Nseatengsuideuvengy AmnIw
YoUUANNUS Usesuna il “Waniiugrens)
KMy InwsnIAeiuiiuideluiwela
ndusdariudn” mswanymsnsulmiie
MIFUNDADIAN U3 1NaI “Aéfnﬁ’z/;’wzmﬁy
vl laldiSeumide iwifuusinulian
Faemousving s 1siiAuYeIT N0 U
oglpendallo1Tnanga lInuhuaIEAU
lavaeriouuseusise lsigoslumaiou”
nssegenfanssuivanviats Usestunanai
“surlotiymiaguou Suangudin degen
lWAsnssud oy wissuhiiudmians armn
ARLIAMITIE” warn1satuauuaINNYIBey
31N
AUGHAMUAAN LT Ty YUR AU
Uudelseg fAualiundu dunanzwiuiiu
AWIANING
MsfnEeNANENTIINMTINATIIGE Y

o

luwsiaganu Usgsugudnain “nssunds

9. WaMNSSUNISINUAS 5(1):91 -105
J. Agri. Prod. 2023

UAAEAUYIINITURUAITO 0E9TTNATID
uvaedniu 3 Au 1IAmsIRlaIInynuUag
uvaslmudasUsudsunlvegls nssunises
wuzihAuazuya” NsdIUTINVeENITN
nsthmalulagidnnly 1wy sasun 91n1eeu
Baudu (nasw) nsldtiasmawnunisldansadl
oamsuyuMHEn Mstrensnsulsidnan
WuaanBn Usgswildnanad “ausulimi 9 ineg
Tungu ereripeiignd 28-29 T wuaeluvieIu
NFUNN UFHDNNAULIUANDUY L2717279)
wianiugiugue il dunssun e
PIg9ulaa” Misenenauiiiuiiniseu
Tugnvuiiietgnilaordnnisinuns nsaiis
\A3BYIENTHEALAYNIIAAIA N1TATuayY
NTIVNITUALLBNIU WAENITAREDANANTIY
fieadestumsnananiug
Taodeulunudisavesquitnisuy

4 4 Aud nnsaunuINgs asnsaasule

[

mﬁ (Table 2)

Table 2 Conditions for success of community rice center

Subject Conditions for success

Management Operation planning Regular meeting
Risk management Sufficient budget
Committee selection Support from the public
Good leadership and private agency
Member involvement

Quality seed Knowledge and skills in seed production Seed quality

production Location and equipment for seed production  Seed Production

Seed Production Technologies

Standards

Network building

Production and marketing network

Exchange of knowledge

Group Development
for Sustainability

Activity extension

Development of a new
generation farmers
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Abstract

A study on the distribution of soil order in Chiang Mai University Education Centre
“Hariphunchai”, Lamphun province aim to invent soil survey and determined soil
morphology in the field, physicochemical, mineralogical properties and evaluation included
soil fertility assessment and their relationship with plant diversity. The result revealed
that soil in the area was classified 4 soil orders (8 subgroups). They are Ultisols (pedon
1: Typic Paleustults; pedon 2: Typic Haplustults), Alfisols (pedon 3: Ultic Paleustalfs; pedon
4: Ultic Haplustalfs), Inceptisols (pedon 5: Typic Dystrustepts; pedon 6: Typic Haplustepts)
and Entisols (pedon 7: Lithic Ustorthents; pedon 8: Typic Ustorthents). They are very
shallow to very deep soils, while the subsoil in Entisols was absent. Residual soil formed
by parent material of shale and sandstone. The gravel content in topsoil of Alfisols has
less than 15%, while the others show higher number. The soil reaction of Ultisols in
subsoil range from very strongly acid to strongly acid (pH 4.7-5.2) while the others showed

higher alkaline. The soil organic matter and available phosphorus in topsoil were higher
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than subsoil. Alfisols order, the soil fertility levels were higher than the others order and
there are found mixed deciduous forest, while others order are dry dipterocarp forest.
For mineralogy class, most of the orders are classified as mixed, except pedon 4 is classified
as kaolinitic. Most areas are complex slopes. Moreover, the gravel content in subsoil is
higher than 35%, which the soil is unsuitable for agriculture. Furthermore, the soil capacity
should be conserved as a forest and natural resource protected area.

Keywords: soil order, soil survey, soil morphology, physicochemical properties
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5,527.0 15 Tl ne. 2563 lddudulasens  Saviumudiau wuiy ¢ Sudfu 8 ngudos (193
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LAYARY, 2563) Aiaun bl .A. 2564 unTINeay
Fedlmildawaiium 256.7 15 meluiiungud,
& & Ao ' & | Ad a 4Ada
FanunaananwdulsssuvRnaRunday
9ANANYT0] AUV INYANENITINNYBINY
NITULAZERNTU 9 PNULALNSAUNL A TUA
Tdunununidnnsnensiiioausmnsessnis
Tulasesnsausndiugnssuivduliowan
NILIIVAS amﬁﬁmﬁzmw%’muiwqmﬂ AIOREY
UsUT19NNT3 (en.as.) wazldaiiiulagenis
« ° a & A ) ¢
msdsnauluiunundnninenns uaudnis
Anwuninendeidednl “visnylve” Jania
Ay’ dhrafusEauLu (order 2-intensive)
FIUIU 9 NADU WURAY 4 BUAU 5 naNgay uay
° a & A ¢ v sa A a
drsiuluiuigudsiusiusiviuiunag
wUaIUNERs WU 80.0 15 FuIu 2 fineu
ieyadaviinssanisdanandlugudvoya
PNSNYINT BW.A5.-1%. USENDUNIY WNATNAARL
(soil monolith) LandugIuIng1vesiulday
naugey uazununQiuseimaauils (three
dimensional topographic map) WanIN1T
nIzemveInguges (U130 uagauy, 2564)
oatuayuauldy nsfnwgay uagnis
a v o X A '3 Py
Seuininenslunuigudnisfiney

aunIaluazisns
nsfnwdulunirsuiuuaziiudayaviia
Wugldl
dsruasinudeyaifosiulagl i
55NN IEIN 1:250,000 (NSUNSNEINT
53, 2550) wHuflanaisEna tesEI
1:50,000 (NSULAUTNMNS, 2502) uagldisnig
dsraRunuunIa (grid survey) Tdunasiau
n3dnsraRusERUlY (1 gaunuituil 10015)

YANGUUTFAFUIUINA 1.0x1.0x1.0 4. (NF19x
g12xEn) siFeaufisiuiiudiu (nsdlldwududiu
fuagvhnisAnuidnlngldainuagiuaud
AudEn 2.0 u. wdovufstuiiuiiu) S1uu
58 Winau Tuiindayadugnuinerauuvesiu
danTuUNAUTEAUNGNERY (subgroup) (Soil
Survey Staff, 2014) LLﬁ’;ﬁﬂLLmuﬁﬁumazmjm
g0y uazlienvquAumIuuNgugeyay 1 finau
YnQUITFARUALYLIA 1.5%2.0x2.0 81, 9139
ufeduiuii Anudugnineauimeshu
wagtuindeyailu anduiusegisduiign
sumuuarlignsumunudusdaiu (Soil
Science Division Staff, 2017) \iudeyauin
#ugldl (plant species) laen13313uUas (plot)
WA 40x40 1. Wishununguges 8 finou u
guSnansveia 8 was Jaduseursdiu
ﬁizﬁummzﬂmﬁmaﬂ (girth at breast height,
GBH) 38 1.30 . 9niiufuvedlifusiuyneu
flnnugannndt 1.5 3. fannugevesiulsl
waurunIdsianud1Agyn1slnaine,
(ecological importance value index, IVI)
FUINIIINNATINYBY AL (frequency)
AULAU (dominance) WaAINNUILLY
(density) “Uadﬁuﬁ:lﬁ (Krebs, 1985)
nsAesziiag1eiuluiesufuinnis
Wieg s eiluressl Jufn1seny
WUWIFIU IATeanTAnInIen ey
U5¥N0UAIY N1THANNTLINLVUIADUNIARY
(soil particle size distribution) Uu1unsIn
1neUSHRT (gravel content) AIUNLLULT
v99AU (bulk density) mwm;mm%uﬁlﬂu
Uszlewsuaaiy (available water capacity)
ﬁﬂmmmﬂmamwmmmﬂm}mm%uaum



(field capacity) LLﬁ%ﬁ;ﬂLﬁ&l?m’li (permanent
wilting point) aud@nisativesiu Usznause
Ufse1au (soil reaction; pH 1:1 H,0) Usanau
duvseing (organic matter content) g3
Walkley and Black Titration Usinauneaneasa
fiduuselewt (available phosphorus) Tngs
Bray Il USunadlwunaideudiduusslowd
(available potassium) mma;uamﬂ?iau
uAnloeal (cation exchange capacity) uay
AU (bases saturation) TAsnevivdia
uazUSuvensAumilen (clay minerals)
FeisnaeuLsEiend (Xray diffraction)
(National Soil Survey Center, 1996) ka2
naasgimaadl wrngtuiduiu (solum)
wuadufuuu (topsoil) wagAuas (subsoil)
wUseillusgauaugauanyIaivessiu (soil
fertility assessment) Belduatinszsinnand
Usenausme Usinadunie ing Usinuveavlea
Aduuslen Usuadnunadeniidulselon]
mmay,t,amﬂ?{aul,t,ﬂmiaaau wazANUBUF LA
(NBIFITIILALTIILUNALY, 2543)

HaN15ITeuazINTal
anwnaluuazdugiuinenaunuveshu

an wiiluvesuTinuiiinsdn
(Figure 1) 58 ARau (AU X: A-H, wnu Y: 01-14)
fiufl 5,527.0 13 fduuidutagandiean
Wupznay (uAuaulagiunsie) nu 4 suau
Usznaumey 1) datwead (Ultisols) AsEs
NTEAUNBaUIUNAI 345-439 4. Tdnuay
Qﬁﬂszmmﬁuqmﬁuaaumm (undulating) 14
gatuann (very steep) (@anuaintuegluyis
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Souazy 5.2-64.9) 2) woallwoad (Alfisols)
ALEIRINTEAUNZAUIUNATY 339-495 .
fidnwagiivsemadugnaduasuainidnios
(gently undulating) fegetu (steep) (A
anatueglutidasay 3.5-44.5) 3) BuwUfivead
(Inceptisols) MNUGRINTEAUNLAUIUNAN
372-460 41. ﬁé’ﬂwngﬁﬂizmmﬂuqﬂﬂ?uaau
antegeduinn @anuanduegluiisdesay
7.0-62.5) 4) oufiwead (Entisols) AUFIN
sgaunglaUIunane 372-517 4. danwag
gisemadugnaduasuaaidnifosfiegedu
wn @auanatueylurieiesay 3.5-62.5)
aﬁﬂﬁuﬁﬂﬂﬂiﬁﬂwimaLﬁaﬂmjmia&laz 1 finou
smAnw 8 fimeu (Figure 2) (Table 1) leun
finou 1 (Go7) WUuduanuIn (very deep soil)
finou 2 (E02) WJuaudnuiunans (moderately
deep soil) finau 3 (FO9) \Wuaudnun fineu
4 (802) tufiusu (shallow soil) finou 5 (C06)
Duiusu finou 6 (813) Wuduiu fineu 7
(God) uiufiuann (very shallow soil) waz
finou 8 (E09) Wuivuiuinn dew3euiiteu
mMsfnwRuTinansnfunselulneds
figudAnunmsiannrheseslaiduionnan
W3z51wa13 Tentadealud wuraAudid
Wannmsteafusususuefivoaddunuiy
ffaunsanun (very gravelly) f3dinaunsin
mﬂﬁ?jﬂ (extremely gravelly) (§o8/ay 58.23-
66.61) druAufidiauIn1sgeninAedusy
danweadluauanunnuaglififeunsia (non
gravel) fedinaunsInunn (Sesay 2.24-41.85)
(ANTNIY warAY, 2562)
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Figure 1 Soil profile and pedon location map of Chiang Mai University Education Centre

“Hariphunchai”, Lamphun province



Pedon 1 Typic Paleustults

Pedon 2 Typic Haplustults
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Pedon 3 Ultic Paleustalfs

. 2023

Figure 2 Soil profiles of 8 pedons in Chiang Mai University Education Centre
“Hariphunchai”, Lamphun province

Table 1 Location of pedon and soil grading classes in Chiang Mai University Education
Centre “Hariphunchai”, Lamphun province
Pedon _ Elevation (m) o _ Soil
(Land Coordinate material? Soil profile classification
use?) Slope®(%) ' catl
1 0514324E 439 RES from A-BA-Bt1-Bt2-Bt3-Btd-Bt5-Cr Typic
(DDF) 2049155N 38.0 SHA/SST  5-15-36-74-100-130-155-210+  Paleustults
2 0513773E 448 RES from A-Bt1-Bt2-BC-C-R Typic
(DDF) 2051142N 57.7 SHA/SST 7-28-57-70/80-110/120-160+ Haplustults
3 0513860E 418 RES from A-BA-Bt1-Bt2-Bt3-Btd-BC-C Ultic
(MDF) 2048437N 10.5 SHA/SST 12-25-42-74-98-125-152-200+ Paleustalfs
4 0512320E 357 RES from A-Bt1-Bt2-C-R Ultic
(MDF) 2051196N 18.0 SHA/SST 7-25-43/50-56/64-90+ Haplustalfs
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Table 1

Location of pedon and soil grading classes in Chiang Mai University Education

Centre “Hariphunchai”, Lamphun province (Cont.)

Pedon . Elevation (m) Parent . Soil
(Land Coordinate material” Soil profile classification
use?) Slope?(%) ! sthcatt
5 0512750E 433 RES from A-Bw-C-R Typic
(DDF) 2049650N 571.7 SST 2-32-50/70-120+ Dystrustepts
6 0512273E 372 RES from A-Bw-C-R Typic
(DDF) 2046782N 7.0 SST 5-30-58/70-72+ Haplustepts
7 0514332E 517 RES from A-C-R Lithic
(DDF) 2050290N 50.0 SST 3-40/56-90+ Ustorthents
8 0513460E 422 RES from A-CA-Cr-R Typic
(DDF) 2048438N 62.0 SST/SHA 6/10-22/25-73-75+ Ustorthents
Remarks: YLand use: DDF = dry dipterocarp forest, MDF = mixed deciduous forest, ZSlope (%):

5-12 = undulating, 12-20 = rolling, 35-50 = steep, 50-75 = very steep, YParent material:
RES = residuum, SHA = shale, SST = sandstone

aAUUANIINIBNINYDIAY
ANUANIINIININTYDIAY VDIAUAILNU
naugontie 4 Susi (8 ndueos) uandlu Figure 3
NUIINTWANNTEABIUINBUNARY TuSUU
Sadiwead: wuAuvuiidenuduiiusiudy
1518 (sandy loam) wagAusIUNteIUUNTIY
(sandy clay loam) Auaradufusiulune
fefumilen (clay) dusunoaiigead: Auvwdu
AuTIUNTY) (clay loam) uaghunilen Auai
vl it 2 SUAUTOUNATANTIEARAY
AUANEN (Figure 3a) aUMATUIANTIBLTS
(Figure 3b) USinaupsiinaeaningaiu fins
Lﬁwﬁuﬁumaymﬂaumﬁm (Figure 3c) anu
AEn uwansdinsndeuiedena (essivage)
ﬁuaqawmmmmLéﬂLLazﬂizuauﬂWiLﬂﬁauﬁﬂa

1%

Fain) (eluviation) 3ndAuuuldavau (illuviation)

Tufuane dwalifuaefiouniavuiadn
TAYRNIEAUMTEWANTY LU NUNTUAUE
aa % fa a . . . . .

JUAYD133aan (argillic diagnostic horizon)
Jusudulfivead: Auvuduiusiulunse

a 1 =1 a 1 < a 1

LAZAUIIUNULIVUNTIY AUALUUAUTIUUU
71918 WAAIDINTEUIUNTALAUTAATULIDE LN
InauTuAUaTINagsLANTN (cambic diagnostic
horizon) dusiuloufiwead: AuuuduausIuUY
NINYLBLAUTIUVTEIUUNT Y FaRuluduaul
& a Y] P ) & a | aa o

WuRuwsngalifinswauntuiuasidadela
Aelu 100 9y, NRINUIAY (@19nanu
vUgnedan, 2562; Buol et al., 2011)
Usununsin (Sevazlneusnims) (Figure 3d)
BUAUDATNTRAE: AUUULNOUNTIAUIUNAN
(gravelly) fladinaunsiauin (Sowaz 31.0-41.2)

a 1

fuasldifounsindeinounsiaunn (Savay



3.9-42.9) dusuLoatlead: Auvukiiinaunsin

= a

fafidounsiaanios (slightly gravelly)
($onag 3.2-10.2) Auarsiineunsinuiunaneds
fifounsinunniian (Gevay 15.9-63.4) Sudu
dulrUfwead: Auvudnsunsiaurunalsdedl
NOUNTINANN (FpEay 33.3-38.2) Auarsineu
N30 (Seway 42.1-45.3) Susuleuiivead:
AuvuiinaunsnUIuna1sdslineunsInuIn
(Joway 33.4-36.2) USunansinfiuansnady
TULA Ao UAULANIDINAUINITVBIAY
fiuansnaiu (Brady and Weil, 2017) A3y
NUUUTINTOAU (Figure 3e) duURUSaTITORE:
Auvureudaialiunans (1.3-1.5 wnzndu/
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aual) Audnsroutrsfsdoutnegs (1.3-1.6
WNENSU/au.d.) dusuLeaiwead: Auuy
Aoudnen (1.2 wnzndu/aus.) duaieis
Urunane (1.1-1.5 wngnsu/av.a.) susu
SusUfivead: AuuuAoudnes (1.3 wnend/
au.a) Auansdiunans (1.5 wnznsu/av.a.)
Susuleufivead: AuuusasAoutne (1.0-1.4
Wngnsu/aual.) iuauﬁﬁmwwmuﬁuiwqﬂ
sinfiazreulodlulufuenn drunilsduiug
fuillenulnesnivveuludlulupumien
IgnnnAunedledeumnuiusiuvediu
Wity (Buol et al., 2011) ArwRATIALALTY
Uslenisofiy (Figure 3f) AouSuauilufiui

Bulk density (Mg/m?) Available water capacity (%)
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Figure 3 Distribution of soil physical properties with depth in the 8 profiles sampled at

Chiang Mai University Education Centre “Hariphunchai”, Lamphun province
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fvanunsarhlduselovils iWunamasgming
mma;mm%uaum (Figure 3g) LLazﬁ;mﬁm
a7 (Figure 3h) dususaliwead: Auvuiovay
7.8-14.6 fiuasiovay 7.5-12.1 dusuloaioad:
AuvuSoay 12.1-12.5 Auansiesay 11.8-12.4
JusvduUgead: AuUUSaua 9.6-13.9
fuaisdesay 7.8-9.9 sufulauivead: AuUY
Sovay 10.2-11.8 Gedenadosunsanuves
SUNT wazAy (2557) iéﬁﬂmmiﬁ’mﬁuﬁw
TuAudududng 9 ludufsusnngudfinm
MINEUINEgadlad™ nuhAudusuSaTivead
fanugarduaunigenindufudugiivead
uaglounivoad

auUANIANvD IR

audAmaaiivesdiu (Table 2) Ufizensiu
sususanivead: Auuulunsadniensaliunans
Auaaliunsadnunniansndn susuLeaTivoad:
Auvudunsadndosiadunats Auaradu
NINIRERNIAUNUNGN SURUBUILUTItORE: AUl
wazAuaradunsauiunans susulouivead:
Auvudunsndatalunans Usunabunieing
lufiu dududaiivead: AuuuAsuTIgIiege
fiudnas Sufuneailvead: Auvugs Auans
Aoudesdaiiunans Susudueufivead:
fiuuge usnesnferouineh susduiouiivead:
Auuugs NNSUAY AuuuiivSunudunieTng
gendduanadesannduuuldsudninasn
wwnTindisasasnaates (Brady and Weil,
2017) Ysunaleanle¥aiiduusslov susu
Fafiwoad: Auvudoudsinfisge Auaias
Sufuneailvead: Auvuuaziuaiwin Sudu
Suisuiivead: Auuusferoudnegs Audiei

Susuieuiivead: Auuureutnwinisgs esn
Audneiiufizenfummoaminazyhufizendu
Fe™ way AU Tuansazanefiu dwalinnnudu
Usrleniveseanedalufiuanas (Sanchez
et al., 2003) Usinadnunaideuiidulsslomd
dududalivead: AuuuLazAuaIge Sudy
LoaTlvead: AuuLgs AuaAsutNfsgs
FusuBuimUiivead: Auuugs Audrsdeutish
faUunae Sudulouiigead: AUUWE AN
uaniasuunsiloseu Sususarivead: Auuusm
fathunans Audadeudnesh susuueaiivead:
AuuuuAzAUa1 AUt g SuiuduaUi
woad: fuvuAsutnags Auarsidsiiunang
Fusulouiivoad: Auuutiunansiags deang
uanasuuaslooouasandesiuiuauas
yiavesounafumnile uarUsinuduniedng
Tufudsiszgauinnuann ilansquanuaeu
wanleoaugnuluaiy (AM1915901AT91
Ugitinen, 2548) pBLSLUE SusUSaTwead:
AuvuuazAuanein Sufuleaiivead: Auuy
wazfuaaIunanafianaud19ge dufy
SulwUiivead: AuvuUiunans Auansinds
Aoutnege Sudulouiigead: Auuuliunansis
Aoudnags inusinsdnunfulddufugag
Iedueniiaan Susudaiiveadinudui
wasni1fesar 35 sufuneailveadiiniy
dufiuageninudewiniusesar 35 (Soil
Survey Staff, 2014)

N15UsHUTZAUAINNDANENYTIVD AU
NsUsELluTEAUANLEANANY TIYDIAY

(Table 2) dusudafivead: Auvuiineu 1

Uunans uagiineu 2 Aoudiege diuiuang



Aoutnesh Suffuneativoad: Auvudeutnags
dufuaUuna Suiuduuivead: fAuuu
Aouinge dhufudesisroudieii uagdusy
uivead: AuuuAeulNgatieas dAmsudusu
LeaTigaadTEAUAINNRALANYTHIYDIAUEINT
Susudu oniufuuuiineu 7 iesaniviinm
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duvdeing mnuquaniUdsunanlossu uaz
AradnsudluUTnasnsRuULLAE AU
Faudumiuanifanrmgauanysaivesiuuas
anululszlevivedsine1msiv (Brady and
Weil, 2017)

Table 2 Soil chemical properties and soil fertility assessment with depth in the 8 profiles

sampled at Chiang Mai University Education Centre “Hariphunchai”, Lamphun

province
HY CEC¥
Depth P OM?  Avai. PY Avai. KY BSY Total  Fertility
Pedon Horizon gl (cmol/ ;
(cm) (g/kg)  (mgr/kg)  (mgrke) (%) score level”
(H,0) ke)
1 Topsoil 0-5 5.4 29.5 (4) 9.0(2) 103.6(5 4.7(1) 17.8 (1) 13 M
Subsoil 5-155 4.7-5.2 4.2 (1) 1.4(1) 1324(05) 7.8(2) 1.7.(1) 10 ML
2 Topsoil 0-7 5.7 88.9 (5) 31.6(5 2069(5 134(3) 188(1) 19 MH
Subsoil  7-70/80  4.9-5.1  87(1)  1.4(1) 1298() 68(2)  67(1) 10 ML
3 Topsoil 0-12 6.1 48.7 (5) 54(1) 321.1(5) 19.3(4) 48.1(3) 18 MH
Subsoil 12-152 5.4-5.9 13.5(2) 0.7(1) 137.1(5) 17.6(4) 43.7(3) 15 M
[ Topsoil 0-7 6.8 58.7 (5) 26(1) 1346(5 49.2(5) 69.2(4) 20 MH
Subsoil ~ 7-43/50  5.7-6.0  22.2(3) 1.1 (1) 457(2) 39.1(5) 55.8(4) 15 M
5 Topsoil 0-2 5.6 520(5) 17.2(4) 1231(5) 153(4) 41.0(3) 21 MH
Subsoil  2-32 5.7 6.4(1)  23() 71503 25(1)  54(1) 7 L
6 Topsoil 0-5 5.6 85.5 (5) 47(1) 1452(5) 19.5(4) 49.7(3) 18 MH
Subsoil 5-30 5.8 14.4 (2) 1.9 (1) 57.5(2) 143(33) 63.1(4) 12 ML
7 Topsoil 0-3 6.6 63.8(5) 31.3(5 344.2(5 236(5 509 (4) 24 H
8 Topsoil  0-6/10 5.4 41.2(5) 78(2) 3185(5) 125(3) 47.4(3) 18 MH
Remarks: “ pH 1:1 (H,0): 4.5-5.0 = very strongly acid, 5.1-5.5 = strongly acid, 5.6-6.0 = moderately

acid, 6.1-6.5 = slightly acid, 6.6-7.3 = neutral, Z0OM = organic matter (g/kg): <10 = 1, 10-15 = 2,
15-25 = 3, 25-35 = 4, >35 = 5, % Avai. P = available phosphorus (mg/kg): <6 = 1, 6-10 = 2,
15-25 = 4, >25 = 5, % Avai. K = available potassium (mg/kg): 30-60 = 2, 60-75 = 3, >90 = 5,
¥ CEC = cation exchange capacity (cmol/kg): <5 =1, 5-10 = 2, 10-15 = 3, 15-20 = 4, >20 = 5,
9 BS = base saturation (%): <20 = 1, 35-50 = 3, 50-75 = 4, (1) = low, (2) = moderately low,

(3) = medium, (4) = moderately high, (5) = high, ¥ Scoring is used for the assessment of

fertility level (the score is presented in blanket within the table) where score <7 = low (L), 8-12
= moderately low (ML), 13-17 = medium (M), 18-22 = moderately high (MH), >23 = high (H)
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aUUANIIINE1VDIAUY
autamaTinelusunpvnfumie?
(Figure 4) lugsduniuau (control section)
(WA9Y 1: Bt2 36-74 @.; Waaw 2: Bt2 28-57
il.; WAOW 3: Bt1 25-42 %al.; Aow 4: Bt2 25-
43/50 wa.; Waow 5: C 32-50/70 @4l.; iU 6:
C 30-58/70 @ul.; Wnou 7: C 3-40/56 wu.;
ey 8: Cr 22/25-73 %31.) WULSTHINUA 6 FTn
loun a3alaunlas (cristobalite) dunlna
(hematite) dalas (illite) talodlugl (kaolinite)
wounuasalalud (montmorillonite) uag
AI90% (quartz) inaudUIngTIuUNTZAUNA
(family) Fuusinen (mineralogy class) 1Ju
109 (mixed) sniufiney 4 Wualedlsn

Pedonl 5.4%

Pedon2

Pedon7 2.6%

26.5% 25.8%

M Cristobalite M Hematite M Illite ™ Kaolinite = Montmorillonite M Quartz
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Abstract

Cannabidiol (CBD), a cannabinoid component of Cannabis sativa that does not exert
any psychological effect, has been widely utilized for several medical purposes. CBD is
known for its analgesic, anti-inflammatory, and osteogenic properties. Periodontitis is a
common oral disease that ultimately leads to alveolar bone destruction and tooth loss.
This study aimed to investigate the proliferative and differentiative effects of CBD in
human osteoblasts harvested from alveolar bone. To determine the cytotoxicity of CBD,
primary osteoblasts, collected from alveolar bones of six healthy patients, were treated
with various doses of CBD for 24 h and then analyzed by an MTT assay. Furthermore, the
proliferative effect of CBD was determined by a Bromodeoxyuridine (BrdU) assay.
Differentiation and biomineralization of treated osteoblasts were examined by alkaline
phosphatase (ALP), Alizarin Red, and von Kossa staining, and confirmed by mRNA
expressions of runt-related transcription factor (RUNX2), osteocalcin (OC), alkaline

phosphatase (ALPL), bone sialoprotein (BSP), type | collagen (COL1A1), and transforming
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growth factor-betal (TGF-31). No cytotoxicity was found in the osteoblasts upon treatment

with CBD up to 10 puM. The mean percentages of proliferation in the osteoblasts were

significantly increased by treatment with CBD from 0.01 to 10 uM (p<0.05). The staining

revealed significant increases in osteoblastic differentiation and biomineralization (p<0.05).

Moreover, mRNA expressions of several osteoblast-specific genes, including RUNX2, OC,
BSP, and TGF-f31, were significantly up-regulated by treatment with CBD (p<0.05). The

findings from this study indicate that CBD can induce proliferation and differentiation of

osteoblast cells, isolated from human alveolar bone, resulting in promotion of

biomineralization.

Keywords: Alveolar bone, cannabidiol, osteoblast, periodontal disease

Introduction

Cannabis sativa (marijuana) has been
widely used in medicine for centuries.
Cannabis consists of a number of potential
bioactive compounds. Its two principal
components are tetrahydrocannabinol (THC
or A’-tetrahydrocannabinol), with a
distinctive intoxicated effect, and
cannabidiol (CBD) that does not cause any
intoxication (Burstein, 2015). CBD is currently
one of the most studied cannabinoids and
possesses a wide range of therapeutic
effects, including anti-inflammatory,
immunomodulatory, antipsychotic,
analgesic, and anti-epileptic properties
(Larsen and Shahinas, 2020), antidepressant
and an antiproliferative effect against cancer
cell growth (Pisanti et al., 2017). With
respect to the connections between CBD
and bone, a previous study has shown its

anti-osteoporotic effect in ovariectomized

mice (Idris et al., 2008). Correspondingly, a
recent study has also demonstrated that
CBD can reduce bone resorption, while
enhance healing of bone fracture (Raphael-
Mizrahi and Gabet, 2020). In addition, CBD
is considered an effective treatment for
arthritis via an oral administration (Malfait
et al., 2000).

Periodontitis is a common chronic
inflammatory oral disease, caused by
accumulated bacterial plaque biofilm that
induces a myriad of host inflammatory
responses, which can eventually lead to
destruction and loss of tooth supporting
structures, particularly alveolar bone
(Cochran, 2008). Bone remodeling is a
normal and physiological process in
maintaining human bone mass by a
homeostatic balance between resorption
and deposition by osteoclasts and

osteoblasts, respectively. Nevertheless, this
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balance is lost during the progression of
periodontitis by shifting towards more bone
resorption than bone deposition, resulting
in continuous destruction of alveolar bone.
Consequently, it is of our great interest to
search for a phytoactive compound that
may exert its proliferative and differentiative
effects on osteoblasts that could result in
enhanced bone formation to cope with
alveolar bone loss in periodontitis.
Osteoblasts are differentiated from
mesenchymal stem cells and function in
bone formation by synthesizing organic
matrix of bone, which is followed by
mineralization on that matrix (Alghazali et
al., 2015). With the potential enhancement
of bone fracture healing by CBD as
aforementioned, we, therefore, aimed to
determine its proliferative and differentiative
effects on primary cultured Osteoblasts

harvested from human alveolar bone.

Materials and Methods

This study was approved by the
Human Experimentation Committee,
Faculty of Dentistry, Chiang Mai University
(No. 19/2020). Cannabidiol (CBD; formula
C,,H5,0,; molecular weight 314.46 Da) was
obtained from Cerilliant® (Cerilliant
Corporation, Round Rock, TX, USA). CBD was
supplied in absolute methanol at a

concentration of 1 mg/mL.

Isolation and culture of primary human
osteoblast cells

Osteoblasts were harvested from
mandibular alveolar bone of the six patients
(18-22 years old, three females and three
males) under general anesthesia during a
surgical procedure of an orthognathic
treatment. Written informed consent was
obtained from all eligible patients prior to
collection of alveolar bone, and a protocol
of cellisolation was conducted as previously
described (Pathomburi et al., 2020). In brief,
bone specimens were rapidly transported
to the laboratory in a sterile container with
transporting media. Bone tissues were
washed with HEPES-buffered saline several
times in order to remove blood cells until
the buffer is clear. Bone fragments were
transferred to a sterile Petri dish and cut
into smaller pieces (about 0.5-1 mm in
diameter). A sequential digestion was
performed by incubating the pieces of bone
at 37°C for 30 min each incubation, including
in 1 mg/mL of Collagenase/Dispase®
solution (Sigma-Aldrich, St. Louis, MO, USA)
in DMEM twice, in 0.25% EDTA trypsin (Gibco
BRL, Grand Island, NY, USA) once, and lastly
in the Collagenase/Dispase® solution. After
each incubation, the bone pieces were
flushed with the digesting solution, and the
supernatant was collected in the same 50-
mL centrifuge tube, containing an equal

volume of DMEM, supplemented with 10%



fetal bovine serum (FBS; Gibco BRL) and 1%
penicillin/streptomycin (Gibco BRL). The
mixture was centrifuged at 650 g for 5 min,
and the supernatant was carefully removed
leaving the cell pellet to be resuspended
in enriched DMEM, supplemented with 10%
FBS and 1% penicillin/streptomycin, in a
75-cm’ culture flask. Cells were incubated
at 37°C in a humidified incubator with 5%

CO,, and medium was replaced every 2-3 days.

Characterization of primary human
Osteoblasts

In this study, the Osteoblasts from
passages 2 to 5 were used to determine

the proliferative and differentiative effects
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of CBD. To first characterize these cells, their
potentials to differentiate and mineralize
after treatment with the osteoblastic
induction agents were assayed by ALP,
Alizarin Red, and von Kossa staining.
Moreover, mRNA expressions of several
osteogenic genes, including runt-related
transcription factor 2 (RUNX2), alkaline
phosphatase (ALPL), bone sialoprotein
(BSP), and collagen type 1 alpha 1 (COL1A1)
(Tripuwabhrut et al., 2013) for molecular
marker characterization, were analyzed by
reverse transcriptase-quantitative
polymerase chain reaction (RT-gPCR) using
the specific primer pair of each gene as

summarized in Table 1.

Table 1 Oligonucleotide primer sequences for gPCR

Gene Forward primer Reverse primer
RUNX2 GCCTTCAAGGTGGTAGCCC CGTTACCCGCCATGACAGTA
oC GAAGCCCAGCGGTGCA CACTACCTCGCTGCCCTCC
ALPL(TNAP) ACTGGTACTCAGACAACGAGAT ACGTCAATGTCCCTGATGTTATG
BSP GCAGTAGTGACTCATCCGAAGAA GCCTCAGAGTCTTCATCTTCATTC
COL1A1 GATTCCCTGGACCTAAAGGTGC AGCCTCTCCATCTTTGCCAGCA
TGF-[31 CCCAGCATCTGCAAAGCTC GTCAATGTACAGCTGCCGCA
GADPH GTCTCCTCTGACTTCAACAGC ACCACCATGTTGCTGTAGCCAA

Cell viability and proliferation assays
Osteoblasts were seeded in 96-well

culture plates at 1x10* cells/well in 100 pL

of DMEM, supplemented with 10% FBS and

1% penicillin/streptomycin, and incubated

in a humidified incubator with 5% CO,
overnight. The medium was then removed,
and the cells were incubated in the
medium, containing CBD at various

concentrations, including 0.01, 0.03, 0.1, 0.3,
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1, 3, 10, and 30 uM at 37°C for 24 h. Cell
viability was evaluated by a colorimetric
assay to measure the cell metabolic
activity using tetrazolium MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; Sigma-
Aldrich) dye. After treatment with CBD for
24 h, a 20-uL volume of MTT dye at the
concentration of 5 mg/mL in PBS was added
to each well and incubated for 4 h. The
medium was then removed, and a 200-pL
volume of dimethyl sulfoxide (DMSO,
Sigma-Aldrich) was added with gentle
shaking on a shaker at room temperature
for 10 min. The absorbance was measured
by the Magellan™ microplate reader (Tecan
Sunrise™, Mannedorf, Switzerland) at 540
nm wavelength with the reference
wavelength at 690 nm.

Cell proliferation was evaluated by the
colorimetric BrdU Cell Proliferation ELISA
kit (Roche Diagnostics, Indianapolis, IN, USA).
After treatment with CBD for 24 h, the BrdU
labelling solution was added and incubated
for 4 h. After medium removal, the cells
were fixed with 200 uL of the FixDenat
solution to denature DNA for 30 min at
room temperature. Then, a 100-pL aliquot
of anti-BrdU was added and incubated at
room temperature for 90 min. Thereafter,
the cells were rinsed with 300 pL of the
washing buffer to eliminate an excess

antibody. A 100-pL volume of the substrate

solution was added to the cells in the dark
for 30 min at room temperature, followed
by addition of 25 uL of sulfuric acid to stop
the reaction. The absorbance was measured
by the microplate reader at 450 nm
wavelength with the reference wavelength
at 690 nm.

Differentiation and mineralization assays

Osteoblasts were seeded in 24-well
culture plates at 1x10° cells/well in 1 mL
of DMEM, supplemented with 10% FBS and
1% penicillin/streptomycin, and incubated
at 37°C in a humidified incubator with 5%
CO,. At 80-90% cell confluence, the
medium was removed. Some cultured cells
were incubated in the non-induction
medium, containing basic osteogenic
medium that included 50 pg/ml of ascorbic
acid and 10 mM (3-Glycerophosphate, while
the others were incubated in the basic
osteogenic medium as mentioned above
together with 0.1 uM dexamethasone, or
called the induction medium (Kurzyk et al.,
2019). Furthermore, various concentrations,
including 1, 3, or 10 uM, of CBD were added
into these cultures at 37°C for 10 days.
Thereafter, the medium was removed, and
were fixed with 4%
paraformaldehyde in PBS at 10°C for 15 min,
followed by washing with 0.5 mL of PBS

twice.

the cells



Alkaline phosphatase staining

A 0.5-mL volume of CHAP buffer (100
mM Tris, pH 9.5, 100 mM NaCl, and 50 mM
MgCl, in distilled water) was added to the
fixed cells for 30 min at room temperature
in the dark. Then, the buffer was removed,
and the cells were stained with 0.5 mL of
the BCIP/NBT solution (5-bromo-4-chloro-
3-indolyl phosphate 4-toluidine salt/4-
nitroblue tetrazolium chloride solution;
Ameresco, OH, USA) in distilled water for
30 min at room temperature in the dark,
followed by washing with PBS twice for 5
min. The digital images of ALP staining were
recorded by a stereomicroscope.

Alizarin Red staining and von Kossa
staining

Biomineralization was determined by
Alizarin Red staining and von Kossa staining
to monitor calcium ion deposits. For Alizarin
Red staining, the fixed cells were stained
with the 2% Alizarin Red solution (Ameresco),
pH 4.1-4.3, for 45 min at room temperature.
Then, the cells were rinsed several times
with distilled water to remove the remaining
stains, followed by rinsing with 0.5 mL of
PBS to stop the reaction. For von Kossa
staining, a 0.5-mL volume of the 1% silver
nitrate solution was added to the fixed cells
and incubated for 3 min at room temperature
in the dark. The solution was then aspirated,
and the cells were rinsed three times with

distilled water, followed by addition of a
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0.5-mL volume of 5% sodium carbonate in
10% formaldehyde for 3 min at room
temperature in the dark. The cells were
then rinsed with distilled water three times,
and 0.5 mL of the 5% disodium thiosulphate
solution was added for 3 min at room
temperature in the dark, followed by
washing with distilled water three times.
The digital images of Alizarin Red and von
Kossa staining were recorded by a
stereomicroscope.

For a quantitative analysis of Alizarin
Red staining, a 0.2-mL volume of 10% acetic
acid was added to each well and incubated
for 30 min at room temperature with shaking
to solubilize the red stains. Then, a cell
scraper was used to scrape all the cells in
the well, and the mixture was then
transferred to a 1.5-mL centrifuge tube. The
mixture was vigorously vortexed for 30 sec,
and the tube was sealed with parafilm,
heated at 85°C for 10 min, and incubated
on ice for 5 min before being centrifuged
at 12,000¢ for 15 min. Subsequently, a 100-
pL volume of the supernatant was
transferred to a new 1.5-mL centrifuge tube,
and a 30-pL volume of 10% ammonium
hydroxide was added. A 100-pL aliquot was
pipetted and transferred to a 96-well black
plate with clear bottom to measure for its
absorbance value at the wavelength of 405

nm by the microplate reader.
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RNA extraction and RT-qPCR

RT-gPCR was performed to analyze
the effect of treatment with CBD on mRNA
expressions of RUNX2, OC, ALPL, BSP,
COL1A1, and TGF-B1 in primary human
osteoblast cells. The cells were seeded in
6-well plates at 1x10° cells/well. After
reaching 80% confluence, the cells were
treated with CBD at 1, 3, or 10 uM at 37°C
in a humidified incubator with 5% CO,. On
day 3, total RNA was harvested from the
cells using the Cytiva Illustra” RNAspin Midi
Isolation kit according to its protocol. The
amounts of total RNA were quantified
using the NanoDrop 2000/2000c
spectrophotometer (ThermoFisher
Scientific, Rochester, NY, USA) at 260 nm
and 280 nm wavelengths. Thereafter, one
pg of total RNA from each sample was
converted into complementary DNA (cDNA)
using the RevertAid cDNA Synthesis kit
(ThermoFisher Scientific, Waltham, MA,
USA). Quantitative PCR was performed using
the SYBR NO-ROX kit (SensiFAST", Bioline,
London, UK) with a specific primer pair for
RUNX2, OC, ALPL, BSP, COL1A1, TGF-[31,
and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), as a housekeeping
gene (Tablel). PCR was conducted for 40
cycles with the denaturing, annealing, and
polymerizing temperatures at 95, 60, and
72°C, respectively, using the LightCycler 480

instrument Il (Roche, Rotkreuz, Swizerland).

Statistical analysis

All data were found to be normally
distributed by the Shapiro-Wilk test. One-
way ANOVA and Student’s t-test were used
to determine statistically significant
differences among the treatment groups
with CBD at different doses and the
untreated control group at P-values less
than 0.05. The statistical analyses were
performed using SPSS 17.0 software (SPSS,
Inc., Chicago, IL, USA).

Results and Discussion
Characterization of primary human
osteoblast cells

Osteoblasts, isolated from human
alveolar bone, were cultured for two weeks
to expand their cell numbers. To first
characterize the differentiative and
mineralization potentials of these cells,
they were incubated in either the induction
medium containing three osteogenic
factors, including dexamethasone, ascorbic
acid, and f3-glycerophosphate, or the non-
induction medium as a control. It was found
that the ALP, Alizarin Red, and von Kossa
staining were increased in these cells
incubated in the induction medium for ten
days, compared with the cells incubated in
the non-induction medium (Figure 1A).
Moreover, significantly enhanced mRNA
expressions of RUNX2, ALP, BSP and COL 1A1

were demonstrated in these cells incubated
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Figure 1 (A) Representative images under a light microscope of osteoblasts showing
enhanced staining of ALP, Alizarin Red, and von Kossa. (B) A bar graph showing
significantly up-regulated mRNA expressions of osteogenic genes. Error
bars=standard deviation; n=3; *P<0.05; **P<0.01; **P<0.001

in the induction medium by RT-gPCR
(P<0.05; Figure 1B).

Effects of treatment with CBD on cell
viability and proliferation

By MTT assay, it was found that CBD
treatment at any concentrations from 0.01
to 30 pM for 24 h had no significant
cytotoxicity on primary human osteoblasts,
compared with the control untreated cells,

consistent with the result of a recent study

which demonstrated no significant reduction
in the cell viability of oral cells upon
treatment with CBD up to 10 uM (Pagano
et al., 2020). However, at 30 uM, CBD
tended to decrease the mean percentage
of cell viability (Figure 2A). BrdU assay
shown that the mean percentages of cell
proliferation were significantly enhanced in
a dose-dependent manner by CBD treatment
at 0.01, 0.03, 0.1, 1, 3, or 10 uM for 24 h

(P<0.05), whereas the mean percentage of
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cell proliferation was significantly decreased
by treatment with CBD at 30 uM (P<0.001;
Figure 2B). These findings correspond well
with those in human dental pulp cells, in
which treatment with CBD at 1-5 uM enhanced
cell proliferation, while treating at 50 uM

A
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w ~ 8
o (8] o

N
[6,]

0
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0.01 003 01 03 1 3 10 30

diminished cell proliferation (Qi et al., 2021).
Therefore, the findings suggest that the
concentrations of CBD at 1, 3, and 10 puM
would be suitable for subsequent experiments
to demonstrate the differentiative and

mineralization effects of CBD.

200
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Figure 2 Bar graphs demonstrating the mean percentages of cell viability (A) and cell
proliferation (B) after treatment with CBD at indicated doses (0.01-30 [LM) for
24 h, compared with the control untreated cells (-), set to 100. Error bars=standard
deviation; n=3; *P<0.05; **P<0.01; **P<0.001

Effects of CBD treatment on differentiation
and mineralization of primary human
osteoblast cells

ALP staining

To determine the effect of CBD
treatment on osteoblast cells differentiation,
they were stained for the expression of ALP.
It was demonstrated that treatment with
CBD enhanced ALP staining in the osteoblast
cultures in a dose-dependent fashion,
compared with the untreated control
(Figure 3A). By ImageJ analysis, the mean
ratio of positive area for ALP staining in the
osteoblast culture treated with CBD at 3

UM was found to be significantly increased,

compared with the control untreated
culture (P<0.05; Figure 3B), that is in line
with treatment with CBD from 0.1 to 2 uM
that can enhance osteogenic differentiation
in human dental mesenchymal stem cells
(Petrescu et al., 2020). The intensities of
ALP staining were stronger in the cultures
with the induction medium than those with
the non-induction medium (Figure 3A).
Consistently, the mean ratios of positive
area for ALP staining were greater in the
cultures with the induction medium than
those with the non-induction medium (data

not shown).
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Figure 3 Effect of CBD on primary human osteoblast cells differentiation. (A) Representative

images of ALP staining in the presence of CBD treatment at 1, 3, or 10 UM for
ten days. (B) Bar graphs showing the mean ratios of positive area for ALP staining
in (A), as quantified by ImagedJ analysis, set to 1. Error bars=standard deviation;

n=3; *P<0.05

Alizarin Red staining

In the osteoblasts cultured in the
induction medium, treatment with CBD
increased Alizarin Red staining in a dose-
dependent manner compared with the
untreated cells, indicating an increase in
calcium ion deposits in the CBD-treated
cultured cells, whereas no Alizarin Red
staining or no apparent increase in this
staining was found in the osteoblasts
cultured in the non-induction medium
(Figure 4A). By ImageJ analysis, the mean
ratios of positive area for Alizarin Red

staining were significantly enhanced in a

dose-dependent fashion by treatment with
CBD at 3 or 10 uM (P<0.01 or P<0.05,
respectively) in the osteoblasts cultured in
the induction medium, while no significant
increase was found by treatment with CBD
at any doses in the cells cultured in the
non-induction medium (Figure 4B). Using
10% acetic acid to solubilize Alizarin Red
stains, significant increases in the mean OD
ratios at 405 nm were consistently found
in the osteoblasts cultured in the induction
medium (not in the non-induction medium)
and treated with CBD at 3 or 10 uM (P<0.01
or P<0.05, respectively; Figure 4C).
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Figure 4 Effect of CBD on primary human osteoblast cells biomineralization. (A)

Representative images of Alizarin Red staining in the presence of treatment with

CBD at 1, 3, or 10 UM for ten days. (B) Bar graphs showing the mean ratios of

positive area for Alizarin Red staining in (A), as quantified by ImageJ analysis,
setto 1. (C) Bar graphs showing the mean OD ratios at 405 nm after solubilization

of Alizarin Red stains deposited in (A), set to 1. Error bars=standard deviation;

n=3; *P<0.05; **P<0.01

von Kossa staining

Compared with the untreated cells, it
was apparent that CBD treatment in the
osteoblasts cultured in the induction
medium increased von Kossa staining in a
dose-dependent manner, indicating an
increase in phosphate ion deposits in the
CBD-treated cultures (Figure 5A). The
intensities of von Kossa staining were stronger

in the osteoblasts cultured in the induction

medium than those in the non-induction
medium (Figure 5A). By ImageJ analysis, the
mean ratios of positive area for von Kossa
staining were found to be significantly
enhanced in a dose-dependent fashion by
treatment with CBD at 3 or 10 uM in the
osteoblasts cultured in the induction
medium (P<0.05) and by treatment with
CBD at 1 or 10 uM in the cells cultured in the

non-induction medium (P<0.05; Figure 5B).
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Figure 5 Effect of CBD on biomineralization of primary human osteoblast cells. (A)

Representative images of von Kossa in the presence of treatment with CBD at

1, 3, or 10 UM for ten days. (B) Bar graphs showing the mean ratios of positive

area for von Kossa staining in (A), as quantified by Imaged analysis, set to 1.

Error bars=standard deviation; n=3; *P<0.05

Regarding the mineralization effect of
CBD, our study demonstrated increased
calcium ion deposits by showing significantly
enhanced Alizarin Red and von Kossa
staining, upon treatment with CBD at 3 or
10 pM. These findings agree with the
induced mineralization effect upon
treatment with CBD in the osteoblastic cell
lines, Saros, MG63, and U20S (Kang et al.,
2020). However, it is noteworthy that our
study used primary bone cells that were
harvested from patients’ alveolar bone,
which could better represent normal bone

cells and osteogenic responses than the

immortalized cell lines. Therefore, it is
reasonable to conclude that CBD has an
inducing effect on biomineralization in
primary human osteoblasts in vitro.
Nonetheless, it remains to further elucidate

the mineralization effect of CBD in vivo.

Effect of treatment with CBD on
osteogenic gene expressions

To confirm the differentiative effect of
treatment with CBD in primary human
osteoblast cells, the degrees of mRNA
expressions for osteogenic markers were

determined by RT-gPCR. It was demonstrated
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that treatment with CBD at 3 uM significantly  was not significantly enhanced by treatment
up-regulated mRNA expressions of OC, BSP, ~ with CBD at any doses (Figure 6C and E).
and TGF-31 (P<0.05; Figure 6B, D, and F), The gene expression findings correspond
whereas treatment with CBD at 10 uM  with afew previous studies (Kang et al., 2020),
significantly induced mRNA expression of  demonstrating up-regulated expressions of
RUNX2 (P<0.01; Figure 6A). By contrast, these osteogenic markers by treatment with
MRNA expression of ALPL or that of COLIAI ~ CBD in U20S and Saros cell line.
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Figure 6 Bar graphs showing the mean degrees of mRNA expressions for RUNX2 (A),
OC (B), ALPL (C), BSP (D), COL1A1 (E), and TGF-P1 (F), relative to those of
mMRNA expressions for GAPDH, as an control, in the primary human osteoblasts
treated with CBD at 1, 3, or 10 UM for three days, compared with those in the
untreated cells, set to 1. Error bars=standard deviation; n=3; *P<0.05; **P<0.01



Conclusion

This study demonstrates the proliferative,
differentiative, and biomineralization effects
of cannabidiol in primary osteoblasts
isolated from human alveolar bone. It is
probable that cannabidiol will be beneficial
for future clinical trials in dentistry, especially
for bone regeneration as a novel therapy
for periodontitis. However, there are still
some limitations in our study, including the
few sample sizes and narrow age range.
Therefore, additional in vitro studies, such
as the appropriate concentration(s) of
cannabidiol to other primary cells together
with the underlying signaling mechanisms
are needed before future clinical

applications.
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Abstract

The purpose of this research was to study the chemical properties of aerated compost
teas on growth and nitrate content of lettuce in hydroponics. The aerated compost teas
were prepared from each manure compost with water (compost and water ratio was
1 kg per 5 liters). The liquid used as compost teas were prepared as a nutrient solution
for lettuce in the hydroponics system with deep flow technique (DFT). The experimental
design was a completely randomized design (CRD) with 5 replications 5 treatments as
1) standard inorganic fertilizer (control) 2) mealworm waste compost tea 3) cricket frass
compost tea 4) vermicompost tea and 5) Chicken manure compost tea. The results
showed that the properties and nutrient content of the compost teas were related to
the type of compost and affect the growth and nitrate accumulation of lettuce. The

highest amount of nitrogen was found in cricket frass compost tea (970.85 mg/l). When
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the highest amount of phosphorus was found in mealworm waste compost tea (1,414.39
mg/L), no significant difference was found comparing the potassium content of both
compost teas (573.05 and 515.73 mg/|, respectively). The lettuce in standard inorganic
fertilizer had the highest fresh weight of lettuce (33.18 g¢/plant), but not statistically
different from that lettuce grown in mealworm waste and cricket frass compost tea (32.57
and 32.44 g/plant, respectively). In terms of nitrate accumulation, the nitrate content of
all treatments of lettuce was between 984-1,304 mg/ke. Lettuce grown in standard
inorganic fertilizer solution had the highest nitrate content and was statistically significantly
different from all treatments.

Keywords: Compost tea, mealworm waste, cricket frass, hydroponics
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flgaumnTivios 24 s thantumdesiinms)
2,000 59UABUNT 1381 30 WY WazUUB A"
fusnduunilsiunss (oH 2.0) fensadarn
fddannzneulurnuiinduian 24 $alug
Yndusieafinanga 2,000 seuseund ran
30 unit Svdnuinnmzne 3 aadnetusAan
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Table 1 Chemical properties of the composts and compost teas
Compost o EC Humic acid  Germination E. coli
(mS/cm) (g/kg dw) index (%)  (CFU/ml)
Mealworm waste 7.08a 4.53a 3.27b 108.45 -
Cricket frass 7.14a 4.98a 3.18b 106.02 -
Vermicompost 6.82ab 3.01b 5.50a 10591 -
Chicken manure 6.69b 3.04b 2.93b 104.73 -
F-test *x *x ** ns -
CV% 3.37 5.26 10.41 6.95 -
Compost tea o EC Humic acid  Germination E. coli
(mS/cm) (mg/\) index (%)  (CFU/ml)
Mealworm waste 8.10a 2.84a 195.56b 84.32 ND
Cricket frass 8.28a 3.16a 181.44c¢ 83.80 ND
Vermicompost 7.33b 1.93b 246.28a 81.56 ND
Chicken manure 6.98b 1.21c 123.70d 82.47 ND
F-test *x *x ** ns -
CV% 4.29 5.48 13.76 8.52 -
Remarks: mean within the same column followed by the same letter indicated no statistical difference

by DMRT and ** indicated significant difference at P<0.01, ns=non-significant difference,
ND=Not detected
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Table 2 Macronutrient concentration of the composts and compost teas

Total N  TotalP  Total K Total Ca Total Mg Total S

Compost
g/kg
Mealworm waste  37.63b 34.25a 22.08a 669.73a 9.36a 3.94a
Cricket frass 43.07a 27.98b 20.75a 554.58b 8.59a 4.12a

Vermicompost 21.25c¢ 10.90d 6.63C 352.31c 5.94b 2.72b
Chicken manure 23.19c 22.43c 14.91b 256.52d 4.70c 3.05b

CV% 8.95 10.27 7.43 5.06 4.71 8.34

Available N Available P Available K  Available Ca  Available Mg  Available S

Compost tea
mg/L

Mealworm waste  884.54b  1414.39a 515.73a  590.07a  168.96a  79.80a
Cricket frass 970.85a 1104.65b 573.05a  488.21a  144.47a 77.53a
Vermicompost 501.26c  787.82c 49.84c  248.68b  54.25b 42.21c
Chicken manure  522.97c  793.53c  214.62b  302.31b  80.3db 56.47b

CV% 11.44 8.94 15.07 9.26 17.35 7.68

Remarks: mean within the same column followed by the same letter indicated no statistical difference

by DMRT and ** indicated significant difference at P<0.01

Table 3 Micronutrient concentration of the composts and compost teas

Total Fe Total Mn Total Cu Total Zn Total B

Compost
mg/kg
Mealworm waste  835.06a 223.83a 162.33a 196.90a 50.44a
Cricket frass 658.17b 207.83a 165.49a 212.453 47.93a
Vermicompost 16.09d 81.47c 12.25¢ 37.03c 5.81c
Chicken manure 443.19¢ 149.36b 155.91b 168.27b 39.50b
F-test *% *% *% . .

CV% 3.40 5.18 797 6.31 4.52
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Table 3 Micronutrient concentration of the composts and compost teas (Cont.)

Available Fe Available Mn Available Cu Available Zn Available B

Compost tea

mg/l
Mealworm waste 105.37a 76.84a 4.11a 39.49a 0.56a
Cricket frass 82.06b 69.33a 3.85a 42.71a 0.51a
Vermicompost 38.91d 14.20c 0.19¢ 0.95¢ 0.28c¢
Chicken manure 64.22¢ 39.56b 2.07b 22.62b 0.43b
F-test *% *% % *x *x
CV% 5.67 4.39 3.20 3.95 4.88

Remarks: mean within the same column followed by the same letter indicated no statistical difference

by DMRT and ** indicated significant difference at P<0.01

Table 4 Height of shoot, weight, chlorophyll and nitrate content of lettuce

Plant Weight Chlorophyll  Nitrate
Fertilizer height fresh dry (SPAD-  content
(cm)  (g/plant) (g/plant)  unit)  (mg/ke fw)
Inorganic fertilizer 17.05a 33.18a 1.20a 20.78 1,304a
Mealworm waste compost tea  15.63b 32.57a 1.243 19.65 1,129b
Cricket frass compost tea 15.61b 32.44a 1.21a 19.30 1,107b
Vermicompost tea 13.27c 28.93b 0.68b 18.63 984b

Chicken manure compost tea  13.34c 29.05b 0.69b 18.29 1,073b

CV% 591 4.73 1.05 3.82 10.36

Remarks: mean within the same column followed by the same letter indicated no statistical difference

by DMRT and ** indicated significant difference at P<0.01
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Abstract

This study investigated nutritional compositions, characteristics, and effectiveness
of biomass pellets from rice straw, rice bran, and rice husk used as planting material for
lettuce var. green oak. Three formulae of biomass pellet treatments and a planting
medium control were laid out in a completely randomized design with four replications.
Formula 1 had rice straw, manure, and water at the ratio of 7: 2 : 1. Formula 2 consisted
of rice straw, manure, rice bran, and water at the ratioof 5:2: 2 : 1. Formula 3 included
rice straw, manure, rice husk, and water at the ratio of 5: 2 : 2 : 1. Formular 4 (control)
was a normal planting medium (not pelleted) consisting of peat moss and manure at the
ratio of 8 : 2. The nutrition and characters of biomass pellets were evaluated. Plant height,
plant canopy, shoot weight, root length, root weight, leaf number, leaf width, leaf length,
and leaf color (L*, a* and b*) of lettuce were measured. All biomass pellet formulae had

higher total macro nutrients (N, P and K) than formula 4 and could be pelletized without
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fracture and decay. All growing media were significantly different for all traits of lettuce
(p<0.01 and p<0.001). Formula 2 showed the greatest for all characters followed by
formula 4, formula 1, and formula 3, respectively. Lettuce planted in formula 2 for
45 days had plant height of 4.8 cm, plant canopy of 16.8 cm, shoot weight of 18.8 ¢, root
weight of 5.2 ¢, leaf number of 15.1 leaves, leaf width of 8.7 cm, leaf length of 11.3 cm,
and greener leaves as indicated by the low hue values (L* = 54.0, a* = -7.1, and b* =
31.5). The formula consisting of rice straw, manure, rice bran, and water at the ratio of
5:2:2:1 was appropriate for making biomass pellet and using as growing media of
lettuce var. green oak.

Keywords: Planting media, biomass pellet, rice straw, byproduct from rice production
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Table1 Nutrients and chemical characteristics of the four growing medias in the
experiment
EC OM
Growing pH Total N Total P Total K
) (1:5 H,0) (Organic
medias  (1:5 H,0) (%) (mg/kg) (mg/kg)
(dS/m)  matter) (%)
Formula 1 6.22 5.01 41.98 1.67 3,516 16,620
Formula 2 5.63 4.71 55.89 1.35 6,166 13,517
Formula 3 6.38 3.97 50.97 1.10 3,610 15,387
Formula 4 5.39 3.23 71.28 1.22 1,105 5,919
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Figure 1 Characteristics of biomass pellets and growing media: formula 1 rice straw :
manure : water (7 : 2 : 1), formula 2 rice straw : rice bran : manure : water
(5:2:2:1), formula 3 rice straw : rice husk : manure : water (5:2:2:1) and
formula 4 peatmoss : manure (8 : 2) (not pellet)

Table 2 Property of the three biomass pellets in the experiment

. . Forming Fracture and
Biomass . Pelletizing Pellet .
Ratio . pellet X Tightness  decay (Soak
pellets ability . skin .
ability in water)
Formula 1 Rice straw : manure Fair Fair Less Tight Unbroken
cwater (7:2:1) smooth
Formula 2 Rice straw : rice Good Good Smooth Tight Unbroken
bran : manure:
water (5:2:2:1) Unbroken
Formula 3 Rice straw : rice Good Good Smooth Tight

husk : manure :
water(5:2:2:1)
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Figure 2 Plant height, plant canopy, and root length of green oak lettuce (45 days) grown

on 4 growing medias
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Table 3 Shoot and root traits of green oak lettuce planted on 4 growing media

Growing Plant height  Plant canopy  Shoot weight Root length Root weight

medias (cm) (cm) (9) (cm) (9)
Formula 1 3.1+0.34 bY 11.2+1.27 b 3.7+1.74 bc 10.3+0.61 ¢ 1.2+£0.46 c
Formula 2 4.8+0.22 a 16.8+0.51 a 18.8+1.56 a 13.1+0.72 b 5.2+0.32 a
Formula 3 2.4+0.17 b 7.9+0.68 ¢ 1.3+0.14 ¢ 9.9+0.46 ¢ 0.7+0.09 c
Formula 4 4.4+0.38 a 12.3+0.95 b 8.0£191 b 18.8+1.34 a 2.4+0.31 b
C.V. (%) 16.0 14.9 38.0 13.1 27.5

Remarks: “ Data are presented as mean + SE (n = 4), values with different letters within the same

column are significantly different at P<0.05 probability level by LSD.

*** Significant at P<0.001 probability level
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Table 4 Leaf traits of green oak lettuce planted on 4 growing media

Growing Leaf number Leaf width Leaf length
L*value a* value b* value

medias (leaf) (cm) (cm)
Formulal 8.4+0.83bc 59+056 bc 85+0.55b  53.8+0.87 c -7.3x0.20a 32.0+1.14 bc
Formula2 15.1+0.37 a 8.7+0.22 a 11.3+0.25a 54.0+0.43c -7.1+0.05a 31.5+0.31 c
Formula3 7.2+0.22 c 4.2+0.24 c 6.8+0.17c  56.6£0.30b -6.9+0.12a 34.8+1.37 ab
Formulad4 10.32084b 6.3+093 b 9.2+0.75b  60.1+£1.00a -5.6£058b 37.0+0.66 a
C.V. (%) 123 18.3 11.0 25 10.3 5.7

Remarks: " Data are presented as mean + SE (n = 4), values with different letters within the same

column are significantly different at P<0.05 probability level by LSD.

** *¥x Significant at P<0.01 and P<0.001 probability level



AYNUAUNUSTENINENYAULNITRTYLAULA
29AUITENDUNANEN HANAN UAZAMNINYDY
Anniaveunugniulda
MTAATIZAANUATUSTDIN AT YRUL
BIAUTENDUNANER LaTAMNINVDINNN NV
fugn3ulda wuin arwigedusidndudszans
andunus (correlation coefficient, r) WeuUan
a8t AYNIeEnA (0<0.01) AuAUATIN
Y159 (0.82) Ywtinandfu (0.83) a3 1N
(0.65) thwiinsnan (0.88) $1uanlu (0.89)
Aund1slu (0.80) wazAr1usalu (0.86)
(Table 5) @9nAd@eiU Wiangsamut and
Koolpluksee (2020) finupnuduiusniauan
FENINANBAULAIINED WAAIIUNTIINTINY
(0.62) hwirnduan (0.38) wazsuaulu (0.15)
suaqﬁﬂmmmwéjﬂ (Brassica chinensis L. var.
chinensis Mansf.) wazHnNIAneNnIulen Lans
Wiiud1 envasduiinuduiusiudnvuy
DIAUTENDUNAHANLALNANER MINAUTAINES
A2y AlaN vz 09AUTZNOUNANAALAZHANER
datudag arwnimsajuiididuussans
ANnFuNUsLTIUINeg 19l Ted1AgyNIvais
(p<0.01) Futhminduan (0.93) dudnsinan
(0.88) 4117ulU (0.92) AuNI13LU (0.96) waz
ANEILU (0.96) d@onAaesiu Wiangsamut
and Koolpluksee (2020) finuaruduiug
NVINTENTNANYULAMUN TN TINUAY
dinguan (0.67) warsuauly (0.73) v
HNN1AN1eauaginnIaveunsulen diu
daninansuiiinduussandanduiusidouan

9. WAMNSSUNISINUAS 5(1):149-164
J. Agri. Prod. 2023

o a

1 = a U 901 L2
p19ldud1AYN19ads (p<0.01) Aulntn
snan (0.94) 3ruulu (0.97) ANUAIGLY
(0.92) warmanue13lu (0.94) wagwuln
1 U a Q( U % iOI U U
AduUseansandunusvesiintnsinaniu
1ty Aunely anuenilu danvindu
0.97 0.85 LAz 0.87 AUAIRU TINAIUEUNUS
a 1 a v o o aa
LYIUINDY AU AIAYNEDR (p<0.01)
UAAIIINNNIANENNTTINVUIALAY U1AZTIE
TunIIM181915 UazaadusgeImns il
o v Aav v a
NNAANBUL A NN UNALe LaesInNY
zsAvlalafianUgnifidnwagszuie
9INALAR LAUAUTY UATRALAILEINBINS
wonanillunvanduius (p>0.05) Ve
AINE1ITIAAVUINTNSIN (0.38) EMIIN
AMUYITIN ANARBLBEMADUNNINTIN NNST
o a a P A
Hnnavesiisiniienienaag liifivunluguie
NN @nsuIUIUlUNUIN Tandunus
a 1 = o U aa U
LUINBYNUUYAIAYNEDH (p<0.01) NU
ANUNINGLU ALY FILAINAU 0.90 Lhay
0.93 AUAIAU AIUSUAINUNINGEU WUIN
Handuiusiisvineg 1Wlded1Agyn19ais
o Y a £
(p<0.01) Auaruelu darduusednd
U o 6 1 U a Q{ U %] 6 1
AVEUNUS 0.98 ANEUUTLANTANFUNUSTLNING
AN L* AUAn a* wagen b* 11 -0.86 way 0.86

o w aa

wavdandunusiaulnag1eiivvdrAnniedd

)
s

(p<0.01) MUAINU UagAENUTEANTANAUNUS
Y99A1 a* LazA1 b* AU -0.56 (p<0.01)
WaAeIen a* wazan b* Huefifinanunys
NARUAY



9. WAMNSSUNISINUAS 5(1):149-164
J. Agri. Prod. 2023

©

Table 5 Correlation coefficient of growth, yield component, yield, and quality of green

oak lettuce
Agronomic  Plant Plant Shoot Root Root  Leaf Leaf Leaf L* a*
traits height canopy weight length weight number width length value value
Plant canopy 0.82**
Shoot weight 0.83** 0.93**
Root length  0.65** 0.26ns 0.32ns
Root weight ~ 0.88** 0.88** 0.94** 0.38ns
Leaf number 0.89** 0.92** 097** 0.33ns 0.97**
Leaf width 0.80** 0.96** 0.92*¢ 0.22ns 0.85** 0.90**
Leaf length 0.86** 0.96** 0.94** 0.31ns 0.87* 0.93* (.98**
L* value -0.05ns -0.39ns -0.32ns  0.66** -0.25ns -0.32ns -0.43* -0.38ns
a* value 0.02ns 0.22ns 0.23ns -0.55** 0.1dns 0.21ns 0.33ns 0.29ns -0.86**
b* value -0.12ns -048ns -0.39ns  0.49* -0.34ns -0.39ns -0.49*% -0.43ns 0.86** -0.56**

Remarks: ns, *, ** show non-significant and significant at alpha 0.05 and 0.01 levels, respectively
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Abstract

The objectives of this research were to study personal, economic, social characteristics
and factors affecting the perceptions on internal control system of good agricultural
practice groups. The sample group was 188 farmers of Doikham Co., Ltd. The data were
collected by interviewing form and analyzed by percentage, mean, maximum, minimum
and standard deviation. Hypothesis testing by using the correlation coefficient and multiple
regression analysis. The results revealed that most farmers were male (53.72%), average
age of 49.28 years and finished primary school (73.94%), the average experience of plant
production was 8.21 years, the average field area was 2.08 rai, the average number of

workers was 2.14 persons, the average net income was 49,326.11 bath per year, the
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expense of agriculture chemicals was average 1,647.42 bath per year and most of farmers
had not state of society (80.85%). The contact with agricultural extension and development
officer was average 5 times/year and to participate in training of Doi Kham course was
average 3 times/year. Most farmers had highest score of knowledge of good agricultural
practices was (17.24+1.49). The overall score of perceptions on internal control system
of good agricultural practice groups was high level (1.88+0.12) The result of the hypothesis
testing found that the age (P<0.01), education background (P<0.05), experience of plant
production (P<0.01) and knowledge of good agricultural practice (P<0.01) are positively
correlated to the perceptions on Internal control system of good agricultural practice
groups. And, the multiple regression analysis showed age (B=0.058) and knowledge of
GAP for plant production (B=0.834) related to the perception on internal control system
of GAP groups (P<0.01).

Keywords: Grower groups, agriculture extension, stepwise multiple regression analysis
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analysis)

Dependent variables

1. Personal factors
1.1 gender
1.2 age
1.3 education background
1.4 experience of plant production
1.5 participate in training of Doi Kham
course
2. Economic factors
2.1 Net income from agriculture
production
2.2 expense of Agriculture Chemicals
2.3 planting areas of plant production
2.4 Number of workers
3. Social factor
3.1 state of society
3.2 contact with agricultural extension
and development officer
4. Knowledge of GAP for plant production

The perceptions on
internal control system of
good agricultural practice

groups of growers in

Doi Kham Co., Ltd.,

Figure 1 List of independent and dependent variables
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Table 1 Personal, economic and social factors of the perceptions on internal control
system of good agricultural practice groups of growers in DoiKkham Co., Ltd.
Variables Mean S.D.
1. Gender (1=male, O=female) 1.46 0.50
2. Age (year) 49.28 12.04
3. Education level (year) 6.79 3.87
4. Experience of plant production (year) 8.21 8.26
5. Planting areas of plant production (rai) 2.08 1.67
6. Number of workers 2.14 1.68
7. Net Income from agriculture production (bath/year) 49,326.11 42,574.47
8. Expense of Agriculture chemicals (bath/year) 1,647.42  2,390.56
9. Sate of society (level) 1.22 0.49
10. Contact with agricultural extension and development officer 555 5.00
(times/year)
11. Participating in Doikham training course (times/year) 2.96 1.99
12. Knowledge of GAP for plant production (score) 17.24 1.49
13. Perceptive on internal control system of GAP Groups (score) 1.88 0.12
Jadvitiinasionsiudszuumuauneluma X, = o7y
nsUfURINEAsTIRmuIzaNLUUNgNYRY X, = SzfUnIsAnK
inumsnsitldsunsdassulagusvnaesdn X, = Uszaunisainisugn
mylassimdulssantaduiusuuy X, = suuwssouildlunisinuns
\iesdu (Pearson) senineduusdaseiunts X, = Teldansannisdanandniivduasy
fuszuumuaunslununsufoRinensia filssunmsdaaiuidlsanuman
manzauuuunga sumsimuadadeldly X, = sedwensldased
nsleswideya il X, = vuaiuiiugn
X, = @NIUNIWNINEIAL
Y = msfudszuumunumelunumsufii - X, = nsfnseidviiidaaduuasiimn
Lﬂwmﬁammzamwumjmaamwam NYATVDIUTENADYAN
flegunsduady Tneusonness X,, = NITOUTNYDIUIUNADYAT
a = fAsii (constant) = mmj”luL%"aamiﬂgjﬁﬁmwmﬁﬁ
X, = Lne WANEL
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Table 2 Pearson’s Correlations between independent variables with the perceptions on

internal control system of good agricultural practice groups of growers in

DoiKham Co., Ltd.

X, X, X, X, X, X, X, Xy X, X1 Xy, Xy Y
X, 1.000 -260** -0.033 0.055 -0.076 -.162* .234** -0.090 -0.141 -0.136 -0.109 -0.049 0.041
X, 1.000 -0.026 .223** 0.028 0.008 -0.044 0.070 0.091 0.132 0.003 .306** .330**
X5 1.000 -0.134 0.119 0.105 0.118 -0.086 0.049 -0.032 -0.094 0.097 .150*
X, 1.000 -0.112 -0.043 .151* 0.008 0.025 -0.13¢ -0.045 0.142 .215**
Xy 1.000 .172* .147* 0.046 0.099 0.035 -0.034 0.051 0.092
Xs 1.000 0.103 .311** 0.009 0.112 0.055 -0.048 0.033
X; 1.000 0.032 -0.018 -.227* -172* 0.084 0.109
Xg 1.000 .156* .151* -0.025 0.096 0.050
X, 1.000 -0.003 0.050 0.036 0.016
Xio 1.000 .185* 0.083 0.032
X,y 1.000 -211% -147*
Xip 1.000 .476%*
Y 1.000

Remarks: *and ** show significant correlation at 0.05 and 0.01 level, respectively, bold numbers show

significantly positive correlation
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Table 3 Regression coefficients of independent variables related to perception on internal

control system of GAP groups

Variables B SE® Beta t Sig.
Constant 0.831 0.184 4.510 0.000*
Age (X,) 0.058 0.019 0.218 3.097 0.002*
Knowledge of GAP (X,,) 0.834 0.155 0.370 5.383 0.000*

r = 0.561 R?= 0314  SEE., = 0.15969 F=668  sig.ofF=0.000

Remarks: * significant at the 0.01 level., B and SE° presents unstandardized coefficients their standard

error, Beta presents standardized coefficients
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Abstract

The study investigates the effect of gamma irradiation on germination and survival
percentage of rhizome shoot after 8 weeks of exposure. The gamma ray at 0 to 200 Gray
doses was emitted from the Cobalt-60 source at Applied Physics Program, Faculty of
Science, Maejo University, Chiangmai, Thailand. The results showed that dosages of gamma
radiation to obtain lethal dose 50 (LDs,), base on survival percentage was 50.24 Gray.
After that, the effect of gamma rays on growth, morphological characteristics and curcumin
content of Curcuma longa rhizomes treated with gamma rays at eleven different dosages
(0, 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 Gray) were studies at Maejo University Farm,
Chiangmai, Thailand, during the period from 2018 to 2019. The results showed that the
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gamma more than 10 Gray dose decreased the pseudostem height and number of shoots,
more than 35 Gray doses decreased leaf length. The highest average number of leaves
obtained by 0, 20 and 30 Gray doses. The rhizome harvested after 32 weeks of exposure
showed the rays more than 40 Gray doses decreased rhizome fresh weight, more than
50 Gray doses decreased the dry weight and more than 30 Gray doses decreased curcumin
content. In addition, the results showed that all doses caused some morphological
variations such as dwarfism character, leaf chlorosis, twisted leaf margin, wrinkled leaves,
abnormal storage roots and small size of rhizome.

Keywords: Turmeric, gamma ray, growth, morphology
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Figure 1 Radiosensitive test curve demonstrating the effect of different dose of gamma

rays on survival rate of rhizome shoot after 8 weeks of exposure
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Table 1 The effects of different doses of gamma irradiation on the pseudostem height,
pseudostem diameter, leaf size, leaf number and shoot number of Curcuma
longa after 20 weeks of exposure

Gamma  Pseudostem Pseudostem .
. L. . . Leaf width Leaf length Number of Number of
irradiation height diameter

dose (Gray) (crm) (erm) (cm) (cm) leaves shoots
43.2740.76°  2.65+0.025° 17.89+0.34  58.46+0.59° 12.10+0.14° 4.54+0.044°
5 45.5040.64" 2.41+0.023° 17504023 58.21+0.76° 11.12+0.13° 4.12+0.045°
10 40.03+0.61°°  2.5840.027° 17.03+0.32  51.09+0.87° 11.04+0.13° 3.92+0.041°
15 41.0040.55°  2.57+0.020° 17.20+0.29  58.07+0.84° 11.2140.09° 2.48+0.041°
20 40.2140.43°  2.41+0.020° 17.34+0.16  55.2640.75° 12.23+0.1* 2.95+0.046°
25 39.37+0.35°  2.51+0.028° 17.0240.15 57.47+0.64° 11.01+0.18" 2.58+0.036°
30 39.4140.59°  2.39+0.026° 17.1240.23  56.87+0.67° 11.87+0.19° 2.31+0.030™
35 39.56+0.83% 2.3140.028" 16.48+0.26  49.64+0.79° 10.96+0.20 2.12+0.027°
40 38.45+0.87%  2.18+0.029° 16.12+40.28  49.08+0.79° 10.45+0.19° 1.47+0.017°
as 39.0140.79°  2.41+0.027° 17.01+0.32  48.0240.85° 11.13+0.21° 1.62+0.020°
50 38.32+0.99°  2.24+0.033° 16.76+0.30  45.75+0.98° 10.64+0.22° 1.22+0.014°
F-test s * * ns * * *

Remarks: *; Significant difference (p< 0.05), ns; No significant difference (p< 0.05), Mean values followed

by the same letters within a column are not significantly different according to DMRT.

Table 2 The effects of different doses of gamma irradiation on rhizome yields and
curcumin content of Curcuma longa harvested after 32 weeks of exposure

Gamma irradiation Rhizome fresh weight  Rhizome dry weight Curcumin content
dose (Gray) (9) (9 (mg g™
0 274.25+4.50° 61.50+0.76° 2.3240.023°
5 253.25+4.31% 58.25+0.45° 2.2240.016°
10 276.50+4.83° 63.50+0.79° 2.15+0.018
15 264.50+4.55° 60.75+0.67° 2.39+0.028°
20 256.75+4.01° 61.75+0.54° 2.47+0.030°
25 279.75+5.06° 64.75+0.88° 2.19+0.021°
30 271.25+4.23° 61.00+0.68° 1.70+0.015°
35 287.25+6.32° 62.00+1.05° 1.66+0.019"
40 252.50+4.42°" 59.50+1.02° 1.57+0.014°
a5 228.50+4.56" 58.25+0.91° 1.64+0.012°
50 230.25+6.78" 41.50+0.79" 1.65+0.015°
F-test, os * * %

Remarks: *; Significant difference (p< 0.05), Mean values followed by the same letters within a column

are not significantly different according to DMRT.
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Figure 2 Morphological variation on pseudostem, leaves and rhizome induced by gamma
irradiation of Curcuma longa; (A) normal pseudostem and leaves, (B) dwarfism
character, (C) leaf chlorosis with yellow lines (arrow), (D) twisted leaf margin
(arrow), (E) wrinkled leaves (arrow) (F) pseudostem and leaf sheaths deformation
(arrow), (G) normal rhizome, (H) small size rhizome and large storage roots
(arrow), (1) small size rhizome (arrow)
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Abstract

The main objective of this research was to study the extension strategies for
geographical indication (GI) production of “Mae Jai Phayao Lychee”. The research was
conducted during 2021-2022 using a mixed-method design. The quantitative research
was conducted using an interview schedule with 155 lychee growers that were obtained
by Taro Yamane’s formula, with the error value of 0.05 and simple random sampling
method by drawing lots proportionally. Focus group that was conducted with 15 key
persons obtained by purposive sampling. The obtained data were analyzed by using both
descriptive statistics consisting of frequency distribution, percentage, mean, standard
deviation, and inferential statistics is Paired Sample T-Test. As well as, the SWOT analysis
and TOW Matrix method were applied to create the extension strategies for Gl Production
of “Mae Jai Phayao Lychee”. The results revealed that 1) 50.3% of lychee growers had
never heard or received information about Gl, 44% had heard or received information
about Gl from training/government, and 66.5% had never been trained in lychee production
management. 2) After attending the training or joining the education forum, it was found

that the lychee grower had Gl knowledge at a higher level (X=13.69) than before
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participating (X=9.97) and had statistically significant differences (p<0.05). 3) Sixteen lychee
growers have passed the lychee yield quality assessment in accordance with the
requirements of the Gl “Mae Jai Phayao Lychee”. For the result from SWOT analysis and
TOWS matrix in qualitative research in order to obtain strategies to promote the production
of Gl products “Mae Jai Phayao Lychees” production was concluded to 4 strategies e.s.
Attacking strategy (SO strategy) for developing and creating a distinctive point for Gl
products “Lychee Mae Jai Phayao”., Preventive strategy (ST Strategy) for promoting lychee
growers to produce production factors for their own use., Solution strategy (WO strategy)
for developing knowledge about the quality lychee production process according to the
Gl product standard “Lychee Mae Jai Phayao” for lychee growers and Reacting strategy
(WT strategy) for studying consumer demand in order to know the market direction and
trend of demand for GI products.

Keywords: Geographical indication (Gl), lychee, Phayao
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Table 1
155 lychee growers
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Auviligugnaud lasdntanisiled uazifn
rraulasiedeyaiiugu oWy mstungsLdey
Gl AanwUEYasEuA Gl kazUseleviannnis
Annsdgdnual Gl denrassnu Ausl (2552)
asungd AnudAnyveInisiui viliAnns
Seu3 uarn1siseuiinarenisiuiasalnl lag
nsas1anssusliungugnaudnmeTsnisene
W daniiainnisiui msdnadssnduiug
2 v & v 9 vy 24 a a
sy 1Wumsnsedulviguanaud inawwifn
TunsHaniualrAMANAUIIATFINELAN G
“ng dl 1 2 A 4
auauilangien” vien1svesuyInly
ATdanwaldus Gl Aaly

Perceptions of the Geographical Indications (Gl) ‘Mae Jai Phayao Lychee’ of

No. of lychee

Data about Gl ‘Mae Jai Phayao Lychee’ %
growers (person)
1. Listening or learning about Gl information
Never 78 50.3
Ever 7 a9.7
2. Hearing or receiving about Gl information
Radio 10 6.5
Television 6 39
Newspapers/pamphlets/Brochure 0.6
Training/ Information from government 69 44.5
Internet 1 0.6
Others (Leader) 1 0.6
3. Training about GI standard
Never 103 66.5
Ever 52 335
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wisirneusugUanauddiulvgiiisviuanug

i Y] ~ P -
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v Ay L A ° o v
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N13ANBUTHALINUTEUUNITATUANAMAIN
WnsgIUEUA Gl “Guiudlangien” vaufuan
AU JANYINU 9.97 way 13.69 ATWLUU
AUAaAU (Table 2)

Table 2 Level of knowledge about Gl standard of 155 lychee growers before and after

attending the training or joining the

education forum

Pre-test Post-test
Level
Correct % Rating Correct % Rating

1-3 score (very low) - - - - - -
4-6 score (low) 5 32 4 - - -
7-9 score (moderate) 53 34.2 2 1 0.7 3
10-12 score (more) 88 56.8 1 16 10.3 2
13-15 score (most) 9 5.8 3 138 89 1
Pre-testMin = 6 score Max = 14 score Mean = 9.97 score

Post-testMin = 9 score Max = 15 score Mean = 13.69 score

INMIUTEUTIEY SEAuAUSnouLaL
ydsmsdhsuEineusiiafussuunseugy
AuNNIIATEIUALA Gl “Auduailangien”
v0af{Ugnaud (Table 3) wudn seduAINg
RN N TIRNDUTU (X=13.69) @anT15eRu
ANHINBUNSIENIINNOUTUY (X=9.97) B8
fiTaddyBaneadi (P<0.05) Thiifiug
nsineusuinaviiliugnaudinnudiindu

laglun1sineusuifeafussuunisaIuny
ANAINLIATTINAUAT Gl “Buiuilanzien”
v 2 Ay 1% a N I Y

Augnaualannuinnivensisianudineaiv
WnsgIuAUAT Gl laiun wannssaaRviag

v 2 dda

Yougnaudniuszaunisallunisvesygn
ldnsdyanual Gl insiiaueteyaiiediu
duen Gl TuilReng 9 NN SNEREUIAMAINANL

WM Gl Yerviunvesdu Gl “auiula
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Table 3 Comparison of knowledge levels about Gl standard of lychee growers before

and after attending the training or joining the education forum

Pre-test Post-test P-value
Iltems — —
X S.D. X S.D. t Sig
Knowledge 9.97 1.72 13.69 1.07 -24.50 .000*
Remarks: * = significantly different at p<0.05
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2020
B Number of applicants 16

B Number of permission 1

2021

57

16

Figure 1 Number of applicants and permission to use the Lychee Mae Jai Phayao’ GlI

standard during 2020-2021
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Tabel 5 SWOT analysis for “Mae Jai Phayao Lychee” Gl production

Strength

Weakness

S1 Mae Jai Phayao Lychee is unique.

S2 Mae Jai Phayao Lychee is Gl product of

Phayao Province.

S3 Lychee growers have wisdom,

knowledge and highly experienced

about lychee production.

S4  Lychee growers are grouped into large

agricultural land plot.

W1 Lychee growers lack knowledge about

the production process and procedures

for applying to use the Gl logo.

W2 Lychee grower lack of motivation for

Gl lychee production.

W3 The Gl lychee yields are not enough to

meet the demands of consumers.

W4 Lychee growers cannot set the prices

of the Gl lychee products.
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Tabel 5 SWOT analysis for “Mae Jai Phayao Lychee” Gl production (Cont.)

Opportunity

Threat

O1 Mae Jai District has the geography and
climate suitable to produce the
premium lychee fruits (weather and
soil).

02 Mae Chai District is an important and
main area for lychee production in
Phayao Province.

O3 Both public and private sectors have
support and promote about knowledge
for lychee cultivation.

O4 Consumers are increasingly demanding
to consume Gl lychee products.

O5 Technology enables lychee growers to

directly sell to consumers.

T1 The process for applying for the Gl is
complex and restrictive.

T2 There are few inspectors to monitor
the quality of Gl lychee products and
causing delays.

T3 Natural factors that contribute the
quality of lychee production such as
inclement weather, drought, heavy rain,
disease, pests and insect.

T4 Restriction of Gl lychee product quality
control “Mae Jai Phayao Lychee”,
especially, the specified of sweetness
value is 16-17 (°Brix).

T5 Market demand study for GI products

is less.

PMnmTIATIzilagly SWOT analysis
thangmsimunnagng TOWS matrix (e
wuNsaEIMIRERAUA Gl “Audualle
w1 wuadunagns 4 au laun
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Abstract

The management of local agricultural waste is important to reduce the impact on
the environment and also encourage farmers to have more income. The objective of this
research was to study the production of oyster mushroom (Pleurotus osteatus) by using
3 types of local agricultural waste as follows: rubber wood sawdust, rice straw, and
sugarcane leaves as substrate materials. The experimental group was divided into 6 groups
according to the mix ratio of the substrate material as follows: 1) rubber wood sawdust
100:0 (control group) 2) rice straw 100:0 3) sugarcane leaves 100:0 4) sugar cane leaves
mixed with rice straw 75:25 5) sugar cane leaves mixed with rice straw 50:50 and 6) sugar
cane leaves mixed with rice straw 25:75. All groups of substrate material added rice bran,
gypsum plaster powder, lime and epsom salt at the ratio of 6, 2, 1 and 0.2 kg/100 kg of
substrate material, packed in a 10x15 inch plastic bag, weighing 900 grams/bag. The results
showed that the days of complete mycelium running in spawn in all experimental groups
were not statistically different (p>0.05). The group of sugar cane leaves mixed with rice

straw 75:25 had the highest average individual weight of the fruiting body at 5.89 grams,
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the highest stalk length at 6.42 cm. and the highest cap diameter at 6.18 cm. (p<0.05).
In addition, the biological efficiency of the rubber wood sawdust 100:0 was the highest
at 27.67%, followed by sugarcane leaves mixed with rice straw 75:25 and sugar cane
leaves mixed with rice straw 50:50 at 19.44% and 19.89%, respectively. The nutritive
value of the oyster mushroom found that the sugar cane leaves mixed with rice straw
(50:50) had the highest dry matter, crude fiber and ash at 8.35%, 19.87% and 10.65%,
respectively. Therefore, sugar cane leaves mixed with rice straw 75:25 result in size, weight
and the perfection of the fruiting body meets the market demands. It is an interesting
alternative agricultural waste to reduce the production cost of farmers.

Keywords: Oyster mushrooms, agricultural waste, substrate material
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Figure 1 Substrate ratio: (T1) Rubber wood sawdust: RWS (100:0), (T2) Rice straw: RS
(100:0), (T3) Sugarcane-leaf: SL (100:0), (T4) SL+RS (75:25), (T5) SL+RS (50:50),

(T6) SL+RS (25:75)
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Table 1 Percent mycelial growth of oyster mushroom on different local agricultural waste
substrates
Percent (%) Mycelium growth Complete Mycelium
Treatments s
il 8 12 15 Running in Spawn

RWS (100:0) 9.42° 28.14° 30.74" 60.37° 28.14°

RS (100:0) 8.10% 20.78° 37.89° 60.41° 20.78°

SL (100:0) 9.78° 16.91° 35.78" 58.73° 17.65°

SL+RS (75:25) 8.47° 18.35° 43.12° 60.23° 18.35°

SL+RS (50:50) 8.98" 20.10° 34.55° 60.47° 20.10°

SL+RS (25:75) 9.14° 17.65° 48.54° 67.24° 16.91°

F-test >0.05 <0.05 <0.05 <0.05 <0.05

%CV 0.32 14.00 34.28 7.56 14.01

Remarks: The means with the same column do not differ significantly as per LSD test (p<0.05); RWS:

Rubber wood sawdust; RS: Rice straw; SL: Sugarcane-leaf
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Table2 Number of fruiting body Per Packet of oyster mushroom on different local

agricultural waste substrates

Number of Fruiting Bodies Per Packet

Treatments
1% Flush 2" Flush

RWS (100:0) 12.15° 10.24°
RS (100:0) 5.64° 6.02"
SL (100:0) 5.53° 2.24°
SL+RS (75:25) 6.17° 7.44°
SL+RS (50:50) 6.11° 5.62
SL+RS (25:75) 11.25° 10.10°
F-test <0.05 <0.05
%CV 7.69 7.63

Remarks: The means with the same column do not differ significantly as per LSD test (p<0.05); RWS:

Rubber wood sawdust; RS: Rice straw; SL: Sugarcane-leaf
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AnuvuwemsnnaenTanilimngluidazadia  0.27-0.41 wuRiluns uazsuadUsugUENaNs
Tufianuwsndnsfuegefidoddyn1eadan  vesmanaen sewing 5.07-6.03 wufiuns
p>0.05 UagkanANIUTl 2 fieuenvesnu  uazAINNLIYBINEINABNIIAT 0.11-0.19
YAONHUAITENIN 4.75-6.18 LQURIAT hay  LUURAWIAT Faflanuunnensiuegnadituddy
uRuANENA19Y0IN1UYABNTAITENIN NNeEDR (P<0.05) (Table 3 uag Figure 2)

Table 3 Size of fruiting body of oyster mushroom on different local agricultural waste
substrates

First Flush (cm) Second Flush (cm)

Treatments Size of Stalk Size of Cap Size of Stalk Size of Cap

Length Diameter Diameter Thickness Length Diameter Diameter Thickness

RWS (100:0) 6.19*° 037" 5.67¢ 0.22° 6.18° 0.41° 5.18° 0.19°
RS (100:0) 5.44®  0.37° 5.61° 0.22° 5.35° 0.31° 5.27° 0.15°
SL (100:0) 5.65%  0.34° 5.61¢ 0.19° 5.42° 0.29° 5.26° 0.17°
SL+RS (75:25)  6.42° 0.39° 6.18%" 0.19° 537°  0.37" 6.03° 0.19°
SL+RS (50:50)  5.35° 0.34° 5.96" 0.21° 5.31° 0.29° 5.42° 0.11¢
SL+RS (25:75)  5.20° 0.31° 6.30° 0.18° 4.75° 0.27° 5.07° 0.11°
F-test <0.05  <0.05 <0.05 <0.05  <0.05  <0.05 <0.05 <0.05
%CV 7.69 7.63 0.20 0.01 0.08 0.00 0.17 0.05

Remarks: The means with the same column do not differ significantly as per LSD test (p<0.05); RWS:

Rubber wood sawdust; RS: Rice straw; SL: Sugarcane-leaf

Figure 2 The characteristics of mushroom on the substrates: (T1) Rubber wood sawdust:
RWS (100:0), (T2) Rice straw: RS (100:0), (T3) Sugarcane-leaf: SL (100:0),
(T4) SL+RS (75:25), (T5) SL+RS (50:50), (T6) SL+RS (25:75)
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Iifenanis (100:0) Tvwiisnniigais 2 fu
fio 62.08 Lag 43.41 ASURDNBU MIUAIAU
(Table 4) 9199zilpaun91nn15ATTuIY
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a a

3ne (Biological Efficiency: B.E.) WuU7"

@

3
anunzdidosliionamns RWS (100:0) frge
flanwiniu 27.67 Wesidud sesaunlen Ja
wglugesnaniuniedng (75:25) wagluvsy
NauAUNI9U17 (50:50) dAAnvindu 19.44
Woesidud way 19.89 Wesidud aud1du
(Table 4) Triribhuvanamala et al. (2012) L&ng
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Table 4 Yield and biological efficiency of oyster mushroom on different local agricultural

waste substrates

First Flush (g)

Second Flush (g)

Biological
Treatments Individual Weight of Individual Weight of Firianey
Weight of Fruiting Bodies Weight of Fruiting Bodies (%)
Fruiting Body Per Packet Fruiting Body Per Packet
RWS (100:0) 5.11° 62.08° 4.24° 43.41° 27.67°
RS (100:0) 4.69¢ 26.45° 4.32° 26.00° 16.09"
SL (100:0) 3.19¢ 17.64° 2.95¢ 6.60° 10.38°
SL+RS (75:25) 5.85° 46.80° 5.31° 39.51° 19.44°
SL+RS (50:50) 4.66° 28.47° 438" 24.62° 19.89°
SL+RS (25:75) 4.16° 36.09° 3.25¢ 32.83° 15.32%
F-test <0.05 <0.05 <0.05 <0.05 <0.05
%CV 0.67 21.35 0.61 14.37 47.51

Remarks: The means with the same column do not differ significantly as per LSD test (p<0.05); RWS:

Rubber wood sawdust; RS: Rice straw; SL: Sugarcane-leaf
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Table 5 Nutritive values of oyster mushroom on different local agricultural waste

substrates
Dry matter Crude fiber Protein Ash
Treatments
(%) (% of dry matter) (% of dry matter) (% of dry matter)

RWS (100:0) 7.96" 17.71°% 21.03" 6.88°
RS (100:0) 8.01% 17.21° 16.82° 10.21%°
SL (100:0) 8.26° 15.36° 22.53° 8.65"
SL+RS (75:25) 6.85° 17.73°% 21.81° 9.50%
SL+RS (50:50) 8.35° 19.87° 19.30° 10.65°
SL+RS (25:75) 6.74° 18.59%° 17.26° 9.23%
F-test <0.05 <0.05 <0.05 <0.05
%CV 7.58 30.45 25.78 27.05

Remarks: The means with the same column do not differ significantly as per LSD test (p<0.05); RWS:

Rubber wood sawdust; RS: Rice straw; SL: Sugarcane-leaf
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Guide for Authors

The submitted Manuscripts should be of high academic merit and are accepted on
condition that they are contributed solely to the Journal of Agricultural Production.
Submission of a multi-authored manuscript implies the consent of all the participating
authors. All manuscripts considered for publication will be subjected in a process of

double-blinded peer-review by at least 3 independent referees and it is free of charge.

Submission checklist

Manuscript submission must include title page, abstract, keywords, text, tables,
figures, acknowledgements, reference list and appendices (if necessary). For a title page
section, a title of the article, a list of author, affiliations and E-mail address for corresponding

author need to be provided. The total manuscript should not exceed 10 pages.
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2. The manuscript text, tables and figures should be created using Microsoft Word.

3. If possible, all text throughout the manuscript should be used 15 pt ~TH
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