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Livelihood Diversification Strategies in Post-monsoon Cotton

Production Systems in Rainfed Upland of Central Myanmar
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Abstract: This study investigates the contribution of livelihood assets to post-monsoon cotton production, and
examines the production constraining factors in three townships of Central Myanmar in 2010. A total of 150
farming households from Kyaukse, Myittha, and Wundwin townships were interviewed using sustainable
livelihood framework. The low cotton yield was due to several factors such as pest problem, inappropriate
fertilizer management, labor shortage during harvest, limited financial asset, and insufficient extension contact.
Climatic variation also reduced crop yield. The cotton farmers adopted various management practices to
sustain crop production including improved variety, good quality seed, appropriate pest and fertilizer
management, as well as crop rotation. Farmers followed extension’s recommendation, and effective labor use.
To achieve high income, farmers adapted diversification livelihood strategies involving combination of farming,
off-farm, and non-farm activities. Agriculture, through diversified cropping systems, still contributed the highest

household income.

Keywords: Livelihood strategies, post-monsoon cotton production systems, sustainable livelihoods framework,

rainfed upland, Central Myanmar

INTRODUCTION earnings and serves as a development strategy for

governments. Most of the cotton production is

Agriculture supports the livelihoods of the concentrated in the central part of the country which

majority of the population in Myanmar. The receives unreliable rainfall during the growing
agricultural sector directly accounted for Gross season. According to their geographical situation
Domestic Product (GDP) of 34 percent (2008-09), and farming systems, the rainfed areas are quite
154 percent of the country’s exports, and complex with a wide range of crops and cropping
contributed to the total labor force of about 61.2 system and livestock production. There are about

percent (MOAI, 2010). The total cultivated area 359,409 hectares under rainfed and irrigated modes

under various crops cultivation was about 11.87 of production as pre-monsoon, monsoon and post-
million hectares in 2008-2009 cropping season (i.e. monsoon growing seasons (CSD, 2010) contributing
17.5 percent of the total area) (MOAI, 2009). to 3.03 percent of total cultivated area of the country.
Cotton popularly known as white gold is Cotton is considered to be a difficult crop to
grown mainly for fiber and is an important field crop. grow because it is sensitive to drought, low
Cotton has been justified as an economically viable temperatures and vulnerable to various insects. In
crop that has possessed a significant and positive Myanmar, average farm yield is about 2,400 kg ha'.
impact on exports, economic growth and rural Although average cotton vyield has increased
development (Badiane et al., 2002). In both industrial gradually from year to year, it is still below the
and developing countries worldwide, cotton has also national target yield and is only around 30 percent of
been used as an engine of economic growth and the world average vyield (Tin, 2006).
gives income to millions of farmers (Wang and The upland cotton farmers have faced with
Chidmi, 2009). In Myanmar, cotton production forms several yield constraining factors which lead to lower
an important source of fiscal revenues and export household incomes. To sustain their livelihoods, the
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cotton farmers adapt different strategies to improve
their livelihoods. The objectives of this study are to
investigate production constraints of post-monsoon
cotton production and to determine the farmers’
livelihood strategies in post-monsoon cotton based

cropping systems.

Sustainable livelihoods framework

The sustainable livelihoods approach is a
method of thinking about the objectives, scope, and
priorities for development activities. It makes the link
between and the overall

people enabling

environment that affects the outcomes of livelihood

of local people and how they relate to one another.
The relationships between them are important to
mirror that people modify assets to activities and the
effect of the policies, institution and process to the
fundamental components (DFID, 1999).

Livelihoods compose of resources or assets
or capital (human, natural, social, physical and
financial capital and access to use these) that allow
strategies to be employed in order to survive and
fulfill desirable livelihood outcomes (DFID, 2001).
Thus, livelihoods framework is an appropriate way to
investigate about the livelihood constraints, assets

and strategies of post-monsoon cotton farmers. The

strategies. The sustainable livelihoods framework framework for their interaction is illustrated in
guides what are the main facts that affect livelihoods Figure 1.
Livelihood Assets
A

Vulnerability Context Transforming Structures
Shocks and Processes
- Droughts f Structures Livelihood Livelihood
- Pests outbreak H :> Government policy on: Strategies Outcomes
- Labor shortage - Extension services - Increasing - Increased
Trends S N and training production productivity
- Less farming land Influences| - Financial support - Pest protection - Reduced
- Market changes - Inputs support - Nutrient vulnerability
- Technological P E Private sector input management - More income

changes <:: supply - Crops - More
Seasonality % Processes diversification sustainable
- Prices Laws, policies,
- Production institutions, culture, norm

Key assets

H = Human Capital, N = Natural Capital, P = Physical Capital, S = Social Capital, F = Financial Capital

Figure 1 Sustainable Livelihoods Framework showing production of cotton-based farming systems

Source: Modified from Department for International Development (DFID) (1999)
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METHODOLOGY

Description of study area, data source and analysis

Mandalay Division is the largest cotton
growing area of the Central Myanmar and it has the
potential to produce large amounts of high quality
cotton. The cultivated area in Mandalay Division
under cotton is about 141,964 ha that is 39.48
percent of total cotton planted area of the country.
This study was conducted in Kyaukse, Myittha and
Wundwin townships under Mandalay Division with
the cotton cultivation of 23 percent, 20 percent and 8
percent of the total cultivated area respectively.

A total of 150 farmers, with 50 from each
village under each township was selected using
random method  and

multistage sampling

interviewed individually through the structured
questionnaire. Data were collected on production
constraints, five capital assets received by farmers
and livelihood strategies on post-monsoon cotton
production and farming systems. Different types of
descriptive statistical method were applied to
formulate percentage, frequency and average value

in this study.
RESULTS AND DISCUSSIONS

Households’ perceptions of production constraints in
post-monsoon cotton production

Rainfed cotton farming is a risky enterprise
and it has always been a challenge to sustain cotton
productivity. The average farm yield was 947 kg ha'
in Kyaukse, 770 kg ha” in Myittha and 891 kg ha " in
Wundwin, respectively. These vyields were
substantially below the potential yield of 1,647 kg
ha". Common production problems perceived by

farmers are identified in Table 1.

208

Majority of the farmers faced with pest
problems and they used seed treatment method and
Pest

occurrence depended on the weather factors such

pesticides to control pest infestation.
as temperature, relative humidity and precipitation.
The farm survey showed that 84 percent, 48 percent
and 94 percent of respondents in Kyaukse, Myittha
and Wundwin faced with pest problems. Lack of
seed treatment (72 percent of respondents) to
prevent sucking pests was one of the constraints in
Kyaukse. Therefore, seed treatment is essential for
pest protection. The spraying frequency of five and
more than five times per season was observed in 64
percent, 24 percent and 82 percent of respondents
in Kyaukse, Myittha and Wundwin, respectively. The
rest of the respondents in all areas used less than
five spraying times.

The application of inorganic and organic
fertilizer is an important practice to increase cotton
yield. Lack of fertilizers or insufficient use of fertilizers
is one of the constraining factors. Although farmers
possessed relatively fertile soil condition, it was
necessary to use fertilizer for continuously growing of
cotton. About 92 percent and 78 percent of
respondents in Kyaukse did not apply inorganic
Lack of

application of chemical fertilizer was the second

fertilizer and farm yard manure (FYM).

most important constraint facing by 62 percent of
farmers in Myittha and 68 percent of the respondents
in Wundwin did not apply FYM.

Myittha experienced the most unreliable
rainfall, and received the lowest precipitation in
October at the time of the peak flowering. There was
labor shortage during picking time across all study
areas. Other constraining factors included limited
financial asset and insufficient extension contact.
Low product price was particularly found in Kyauke
and Myittha.
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Table 1 The most common constraints perceived by respondents on post-monsoon cotton

Kyaukse Myittha Wundwin
Constraints
Frequency % Frequency % Frequency %
Poor land preparation 5 10 8 16 7 14
No optimum sowing time 9 18 12 24 1 2
No recommended spacing 0 0 13 26 15 30
Poor seed quality 7 14 1 2 7 14
No seed treatment 36 72 23 46 16 32
Lack of application of FYM 39 78 20 40 34 68
Lack of application of chemical 46 92 31 62 11 22
fertilizer
Pest problem 42 84 24 48 47 94
Unreliable rainfall 21 42 37 74 5 10
Labor shortage 28 56 20 40 18 36
Limited financial asset 14 28 12 24 6 12
Low product price and quality 24 48 19 38 4 8
Insufficient extension contact 15 30 18 36 17 34
Source: Survey, 2010
Farmers’ access to livelihood assets in post- Farmers in Kyaukse practiced higher
monsoon cotton production systems seeding rate to overcome climatic variability, but
Farmers in Kyaukse had the longest used lowest rate of chemical fertilizer since the soil

experience in cotton cultivation because of suitable
soil conditions and also their interests in cotton
cultivation. The total labor used ranged from 104 to
131 mandays/ha averaging 121 mandays/ha/season
(Table 2).

Farmer in Kyaukse had the smallest farm
size (3.57 ha), and vyet their invested 58 percent of
their land in cotton cultivation. While farmers in
Myittha owned largest farm size (5.38 ha), they only

used 28 percent of their land for cotton production.

was relatively fertile. In Myittha, farmers used the
highest amount of farm yard manure because they
mainly depended on cotton cultivation for income
and they cannot spend their capital for chemical
fertilizers. However, in Wundwin, application of large
amount of chemical fertilizer was found because soil
condition was necessary to put chemical fertilizer.
The average maximum number of contacts with
extension agents (3.24) was observed in Wundwin to
solve the pest problems as the area faced serious
pest problems, and to promote cotton production
though contract farming as means to increase cotton

productivity.
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Table 2 Comparison of main five assets of post-monsoon cotton production

Kyaukse Myittha Wundwin Total
Capitals

(N=50) (N=50) (N=50) (N=150)
Human asset
Age of household head (years) 52.02 49.54 56.14 52.57
Household size 4.92 4.82 5.70 5.15
Education (years) 5.10 4.40 4.70 4.73
Experience in farming (years) 27.06 26.32 32.32 28.57
Experience in cotton cultivation (years) 20.52 10.28 10.58 13.79
Total labor (man days/season/ha) 127.85 103.94 130.55 120.78
Natural asset
Total land holding (ha) 3.57 5.38 4.93 4.62
Cotton cultivated land (ha) 2.07 1.55 0.83 1.48
Physical asset
Transportation system (%) 60 36 60 52
Seed rate (kg ha') 20.29 18.26 15.41 17.99
Chemical fertilizer (kg ha’1) 7.82 22.09 91.62 40.51
Farm yard manure (kg ha’1) 845.98 2192 1367 1468
Pesticide cost (kyats ha'w) 38,329 35,943 42,321 38,864
Land preparation cost (kyats ha) 88,316 80,275 91,958 86,850
Farm equipment value (kyats) 419,100 518,020 644,360 527,160
Social asset
Labor network (%) 34 42 52 43
Extension contacts (no./season) 2.08 2.66 3.24 2.96
Financial asset
Total income (kyats year ) 1,931,960 1,770,645 3,052,851 2,254,485
Credit amount (kyats year ) 78,880 137,000 218,640 144,840

Source: Survey, 2010

With regard to financial asset, the average
yearly income per household was 3,052,851 kyats
(US$ 3,053) in Wundwin which was significantly
higher than that of Kyaukse and Myittha. This is

because in Wundwin, the mainly based on rice and
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chili and these crops gave the higher revenue than
the other crops. Also, accessibility of credit amount
was the highest in Wundwin because the Cotton and
Sericulture Department (CSD) supported capital for

inputs in order to increase cotton planted area.
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Livelihood strategies

Livelihood strategies are the combination of
all the different activities that people are performing
in the context of their livelihoods (Chambers and
Conway, 1991). The aim of livelihood strategies is to

achieve better livelihood outcomes.

Farmers’ production strategies on post-monsoon
cotton production

According to the sustainable livelihoods
framework, farmers’ expected outcome in cotton
production was increased vyield by sustainable
production. Farmers’ strategies in post-monsoon
cotton production systems mainly depended on their
inputs investment and management practices. Table
3 shows farmers’ production strategies on post-
monsoon cotton production systems in three
townships.

To decrease chemical pest control and
provide more natural control, farmers normally used
improved variety that is relatively resistant to
bollworm and hence reducing spraying frequency.
Seed treatment method was applied to prevent early
season sucking pests. By the utilization of this
method, additional pesticide spraying for sucking
pests was avoided until 45 days after planting. In
protection of bollworm and late season sucking
pests, number of right time application of pesticide
by selecting correct insecticide and correct dosage
was recommended to specific pests.

Majority of farmers used good quality seed
to provide the highest germination rate and strong
seedlings under certain moisture at growing time. All
of the respondents followed the recommended
growing practices in Kyaukse. With regard to the
effective use of labor, cotton farmers avoided on the
waste of labor use during the growing season

especially in weeding and harvesting time. They also
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gave attention on the recommended growing
practices and extension officers’ instruction to obtain
advanced technologies.

Higher proportion of farmers in Wundwin
used urea and compound fertilizers in post monsoon
cotton production, while farmers in Myittha applied
highest amount of farm yard manure (FYM) at an
average of 2,192 kg/ha. Majority of farmers in both
areas also practiced crop rotation, with less farmers
practiced in Kyaukse (Table 3). Farmers’ sown
rotation crops with cotton were mainly leguminous
crops such as chickpea and mung bean but
sometimes they used sorghum with cotton. They also
claimed that chickpea and mung bean contributed
to soil fertility and improved soil tilth.

Farmers’ livelihood strategies on cotton-based
cropping system and their incomes

In cotton-based cropping system, the
majority of farmers’ expected outcome was to get
more income for sustainable livelihoods and to
achieve more sustainable use of natural resource
especially maintaining soil fertility and reducing of
pest incidence. There were four main types of
livelihood strategies adopted by the respondents
such as only agriculture, agriculture and off-farm
activity, agriculture and non-farm activity and
agriculture, off-farm and non-farm activity (Table 4).
Off-farm activities carried by respondents were farm
wage labor, servicing draught power and machinery
Under the

government staff, selling commodities, carpentry,

power. non-farm  activites were
sewing, cow dealer and driver, respectively.

In Kyaukse, the average income by the
combination of agriculture and off-farm activity was
about 1,582 thousand kyats (US$ 1,582) that was
significantly lower than the other incomes. The

combined activity of agriculture and non-farm
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Table 3 Farmers’ production strategies on post-monsoon cotton production system in three townships

No. Strategies Kyaukse Myittha Wundwin
1. Good quality seed 43 (86%) 49 (98%) 43 (86%)
2. Recommended growing practices 50 (100%) 37 (74%) 35 (70%)
3. Plant protection

- Resistant variety 50 (100%) 50 (100%) 50 (100%)
- Seed treatment 14 (28%) 27 (54%) 34 (68%)
- Spraying frequency (no. per season) 5.12 3.86 5.66

4, Effective labor used (no. per season) 127.84 103.94 130.55

5. Fertility management
Chemical fertilizer amount (kg ha'w) 7.82 22.09 91.62
- Urea — side dressing 1(2%) 19 (38%) 38 (72%)
- T-super — basal 1(2%) - 1(2%)
- Compound - basal 3 (6%) - 9 (18%)
- Compound - side dressing - - 12 (24%)
FYM amount — basal (kg ha'w) 845.98 2192.04 1366.73

6. Crop rotation 18(36%) 44 (88%) 40 (80%)

Source: Survey, 2010

gave the highest income with the average amount of
about 3,230 thousand kyats (US$ 3,230). According
to survey results, 72 percent of respondents in
Myittha performed only agriculture followed by 14
percent used the combination of agriculture and
non-farm activity and 12 percent used agriculture
and off-farm activity. The highest income was
obtained by the combined use of agriculture and
non-farm with the average amount of 2,451 thousand
kyats (US$ 2,451) and followed by agriculture only
with the average amount of 1,766 thousand kyats
(US$ 1,766). In Wundwin, there was about 4,320
thousand kyats (US$ 4,320) of the highest annual

income from the strategy of the combined activities

212

of agriculture, offfarm and non-farm. The second
most important strategy was cultivation of agricultural
crops followed by the combined use of agriculture
and non-farm activity.

In comparison of the strategies across
townships, the highest incomes were obtained from
most of the strategies in Wundwin except yearly
income from agriculture and non-farm activity that
was highest income source in Kyaukse. Agriculture
alone gave nearly the equivalent amount of income
in Kyaukse and Myittha. The lowest income was
produced by the strategy of agriculture and off-farm

activities by 14 percent of respondents in Myittha.
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Table 4 Main types of livelihood strategies used by the respondents and annual income (thousand kyats)

Kyaukse Myittha Wundwin
Main strategies
% Income % Income % Income
Agriculture 20 1,701 72 1,766 48 3,258
Agriculture - off farm 56 1,582 14 1,115 34 2,512
Agriculture - non farm 16 3,230 14 2,451 12 3,128
Agriculture - off farm - non farm 8 2,366 - - 6 4,320

Source: Survey, 2010 (1 US$ = 1,000 kyats)

Agriculture is the dominant activity for
livelihood outcome and farmers’ used strategies to
obtain more income were mainly focused on
cultivation of diversified crops under different
cropping systems and patterns. The most commonly
used of cropping systems were cotton—sorghum-
oilseeds in Kyaukse, cotton-rice-sorghum-chickpea-
oilseeds, cotton-sorghum-chickpea-oilseeds and
cotton-rice-sorghum-chickpea in Myittha and cotton-
rice-chili-pulses-oilseeds, cotton-rice-pulses-oilseeds
and cotton-rice-chili-oilseeds in Wundwin.
Agricultural income was about 1,701 thousand kyats
(US$ 1,701) in Kyaukse, 1,766 thousand kyats (US$
1,766) in Myittha and 3,258 thousand kyats (US$
3,258) in Wundwin, respectively.

In  Kyaukse, agricultural income share
constituted about 86 percent of total income and the
majority of the crops grown were cotton, sorghum,
oilseed crops, pulses and chili. Cotton income was
accounted for 51.42 percent of agriculture income,
while sorghum was accounted for 17.83 percent.
The average amount of income from cotton was 825
thousand kyats (US$ 825). Crop production also
remained the principal source of income in Myittha
and there was about 95.71 percent on average and
the average amount was 1,695 thousand kyats (US$
1,695) per year. Among crop productions, cotton

income was also the highest and the average

amount was 583 thousand kyats (US$ 583) per year
with the income share of about 34.97 percent of total
farm income followed by chickpea with the amount of
534 thousand kyats (US$ 534) with the share of
31.54 percent. In Wundwin, cotton, rice, chili,
chickpea, oil seed crops and pulses were staple
crops. Among field crops, rice was the most
important income crop with the average magnitude
of 1,077 thousand kyats (US$ 1,077) and accounted
for 37.71 percent of total agriculture income followed
by chili (21.57 percent). Within the agriculture
income, cotton income was in the third position and
the average annual income was 399 thousand kyats
(US$ 399), which was substantially lower than the
income from rice and chili and accounted for only
13.89 percent of total crop income.

Under the off-farm income, it was found that
the average amounts of 130 thousand kyats (US$
130) with the income share of 6.74 percent of total
off-farm income in Kyaukse, 20 thousand kyats (US$
20) with the income share of only 12 percent in
Myittha and 73,910 kyats (US$ 74) with the income
share of 2.42 percent of total off-farm income in
Wundwin. About 10.25 percent of total income with
the amount of 198 thousand kyats (US$ 198) under
non-farm income was observed and income from
government servants was the highest with the

average percentage of 44.49 percent of non-farm
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income in Kyaukse. The lowest amount of non-farm
income was observed in Myittha with the average
amount of 56 thousand kyats (US$ 56). In Wundwin,
there was about 122 thousand kyats (US$ 122)
under non-farm income with the income share of

3.99 percent of total non-farm income.

CONCLUSION

The post-monsoon cotton farmers in three
selected townships possessed diverse range of
livelihood assets and livelihood strategies. The
sustainable cotton production practice was evolved
through application of integrated approach such as
usage of resistant variety, seed treatment, pesticide
spraying,
practices such as basal and crop rotation method.

appropriate  fertilizer ~ management
Farmers also gave attention to the recommended
growing practices and extension officers’ instruction
to improve productivity. In order to obtain more
income, farmers used the combination of agriculture,
off-farm and non-farm activities. Agriculture was the
main livelihood strategy and diversified farming
systems were adopted to minimize risk and improve
farm income. The combination of agriculture and
non-farm gave the highest income in Kyaukse and
Myittha and the highest income was received by that
of agriculture, off-farm and non-farm activities in
Wundwin. Cotton income was accounted for the
highest share of agriculture income in Kyaukse and

Myittha but rice income was highest in Wundwin.
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Soil Properties and Carbon-nutrient Storages in Natural Pine

Forest, Kunlayaniwattana District, Chiang Mai Province

1/* o 1/ A ea g

pIg)eu Lﬂﬁ‘LJJﬁ’UZ@ s zgum‘ AEIBN UIB BUNAT I

uaz sYTe naswna’

Trin Seramethakunm, Soontorn Khamyong”, NiwatAnongrakV

and Thanuchai KongkaeWZ/

Abstract: The research on soil characteristics, carbon and nutrient storages in natural pine forest of four subtype
communities was carried out at Ban Chan sub-district, Kunlayaniwattana district, Chiang Mai province. Three
subtypes were pine-dry dipterocarp forest of dominated Dipterocarpus obtusifolius, D. tuberculatus and Shorea
obtusa, and the fourth subtype was pine-lower montane (oak) forest. Soil pits were made in each subtype, and
soil samples were collected along profiles for analysis of physical and chemical properties. Soils under all
subtypes were classified into Order Ultisols with the depth of more than one meter, well developed horizons and
high clay accumulations in subsoils. Some small differences of physical properties among soils were observed.
Bulk density varied from moderately low to medium. Texture of top soils were mainly sandy clay/sandy loam and
soil reaction were strongly acid to slightly acid (pH, 5.4-6.5). Texture in subsoils was clay and soil reaction varied
from slightly to moderately acid (pH, 5.6-6.1).

Amounts of organic matter, carbon and nitrogen accumulated within 100 cm depth were the highest in
pine-oak forest (146.5, 85.0 and 5.11 Mg.ha’1, respectively). The lower amounts were found in pine-S. obtusa,
pine-D. tuberculatus, and pine-D. obtusifolius had the lowest amount. Amounts of extractable phosphorous,
calcium and magnesium were the highest in soil under pine-D. obtusifolius (29.1, 1,210.1 and 1,287 kg.ha'1)

whereas potassium was the highest in pine-S. obtusa (1,328.9 kg.ha™).

Keywords: pine forest, forest subtype, soil properties, soil carbon, soil nutrients
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10.32 8.02 7.14 wa¥ 6.02 % ANNAIAL qAnu
MWL 794 tree.ha’ NURVTFAGIE 17.13 mP,
ha" uazAtiiauuaInuanetiniiug 3.61

2. ANUAURIAY (Soil properties)
2.1 anHuzARITUAY (Soil profiles)
thaunauiisg: AUanuInndn 1wmg Anng
WAL TDITUANGY AuLL (AVAB/BA) Hillaswilumu
= =S 1 = a = =
winenUunnedegaumientunaig Amiuasdiuaea
wAa AYNMUILYUIaNUunaNe dsenauiunsg
1 unanenansadnties Auang (Bt1/Bi2/Bt3...) 1w
AT RUAIDNLASIN ANUUNLUUIINABUTY
A1 Upisenswdunaatiuna
TAUNFNNAIT AUANNINNTT 1 AT AL
11 (A/BA) Hilleaudufusiumiasilunss 18mn
= A aaa a o =K
wardwinesuss Ujisenfuiunsadatiansaunana
AUANY (Bt1/Bt2/Bt3...) ludwuilen Auasdalaads
dnisenauilunsatnina
PN AUAANLAS: AUANNINNGN 1 1M ALY
(AvBA) Tiilasudlufusauuilendamiatunse @
wnduuasuazduimauas Ujisenauiunsaiu
NANDNNIALANTIAE AUANY (Bt1/Bt2/Bt3....) Tiilamy
a = al = v aaa a
WuAuwilen dunsdunady diisenmuiunsaiiu
NANNDNNIALANTIRE)
thaunguna: AUANNINNGT 1 WAT Jnng
W10 TUALAY Auuw (ABA) Hilemwdumuiou
P} = =~ JRP 4 P
Wwitegqnefauuiaadunsiy HdN aawagdy
dnsenmawiunsatunans Auana (Bt1/B2/Bt3....)
aa =3 U = d” a a al aaa a
Haunaneunady Hefudumumiles Ufses
wWunsadunans
AulutausssnTfANe 4 1t Anatly
Order Ultisols tHla9anniinnsasanraamuimilenlumy
U B 170 UAHNTWEBLIDITURLES
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2.2 ANUAMMEIMENIN

NAN1TANENANTANIANIEAINTIBIAUAN
100 180, Turlanisia 4 Kepuuandlunsai 1

(1) AMNBULUUSIN (bulk density) Auln
AUNANTRANEN 0-30 1. HAnnamunwiuu
nane (1.41-1.45 Mgm®) uaz Aufinaia@n 30-100
gy, TiAnAeuAIs (1.36-1.39 Mg.m”) Aulutan
NANNAMAUT A NU U LU UL UNa19 (1.41-1.54
Mg.m™) finNAn 0-60 1. LAz AnAaudinen (1.37-
1.38 Mg.m®) FANNAN 60-100 T, Autlaungaga
AuflAn AR LI9RN (1244139 Mg.m?)
ReunaaatuAL (0-80 @3.) dauputnaunannad
AL LA 9AN (1.22-1.36 Mg.m”) fiAnu
AN 0-10 1. uazilANLuNaNs (1.42-1.55 Mg.m?) @
ANAN 10-100 .

2) Wsrnunsaauazaynianu  Auluiln
AUNANTES NaNNALaziazne AUTuuAeunn
TuduRudniesuaziiBunugeduluduauianadld
suefinuluausadedBunnmadndesie
AREATIAY LLﬁiﬁﬂ?mmgﬁqndﬁ%uﬁuﬁlu flsziupnnu
an 5-10 4. (13.7 %) dauilanniaynianul 13um
NNHUALLTNNUNTIA

(3) n’mnszmﬂm'ﬂaﬂun'\ﬂﬁu ('soil
particle-size distribution) @‘Lémﬂmmiuﬁuﬂmu%q 4
FanuiatiunnluAudun (0-20 3.) BAZAARI LAY
419 Inefi dndaudifuudsunnsnai Buiumse
uils luAuthaudery udndauiiten feunaandumy
Buresnuwien lulnauldsunmuwmilan 20-
40% Iuﬁu%uuu (0-20 «iN.) LL@&LWN%uLﬂu 40-60%
WAUA1S (ANNINNG1 20 3.

(4) \iiadu (soil texture): FuRLLLRANNED
0-20 7. vedtiNgus 4 TiiatesiitoRuasiani
peNULUNANN (clay loam-sandy loam) dupugned
aganaslil (20-100 @) filoAuaziBanuuUAy
witlen (clay)

2.3 ANURAMGLAN

LANNSANENaNTANILAT TeRu N aus
4 Fspainanslumaned 2
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Table 1 Physical properties in one-meter soil profiles under different subtypes of pine forest

Forest type Soil Bulk Gravel Soil Soil particle-size
depth density distribution
(>2 mm) (<2 mm) Sand  Silt Clay Soil texture
(cm)  (Mg.m’) (%) (%)
0-5 1.45 39 96.1 64.4 6.6 29.0 Sandy Clay Loam
Pine-D. obtusifolius 5-10 1.41 1.4 98.6 56.2 7.4 36.4 Sandy Clay
10-20 14 2.3 97.7 56.3 9.1 34.6 Sandy Clay Loam
(P-DDF1) 20-30 1.4 12.3 87.7 40.0 7.2 52.8 Clay
30-40 1.36 5.0 95.0 38.4 8.8 52.8 Clay
40-60 1.36 7.9 92.1 384 106 51.0 Clay
60-80 14 8.6 91.4 408 12.0 47.2 Clay
80-100 1.39 10.7 89.3 404 11.2 484 Clay
0-5 1.54 7.2 92.8 64 .4 6.6 29.0 Sandy Clay Loam
Pine-D. tuberculatus 5-10 14 8.2 91.8 56.3 13.1  30.6 Sandy Clay Loam
10-20 1.48 9.6 90.4 504 14.8 34.8 Sandy Clay Loam
(P-DDF2) 20-30 1.45 74 92.9 448 124 428 Clay
30-40 1.48 10.2 89.8 44 4 12.6  43.0 Clay
40-60 1.49 211 78.9 444 13.0 426 Clay
60-80 1.37 12.7 87.3 444 13.0 426 Clay
80-100 1.38 20.1 79.9 42.8 146 426 Clay
0-5 1.24 3.9 96.1 586 16.6 24.8 Sandy Clay Loam
Pine-S. obtusa 5-10 1.39 13.7 86.4 454 15.0 39.6 Sandy Clay
10-20 1.26 8.0 92.0 382 318 30.0 Sandy Loam
(P-DDF3) 20-30 1.34 3.0 97.0 344 20.0 456 Clay
30-40 1.33 3.0 97.0 322 118 56.0 Clay
40-60 1.33 4.1 95.9 306 126 56.8 Clay
60-80 1.38 6.5 93.5 324 148 528 Clay
80-100 1.42 6.3 93.7 236 256 50.8 Clay
0-5 1.22 1.0 99.0 540 236 224 Sandy Clay Loam
Pine-oak 5-10 1.36 8.4 91.6 464 248 2838 Sandy Clay Loam
10-20 1.42 4.6 95.4 36.8 27.8 354 Clay Loam
(P-LMF) 20-30 1.49 22 97.8 36.8 256 37.6 Clay
30-40 1.55 4.9 956.1 37.0 224 406 Clay
40-60 1.55 3.6 96.4 36.3 21.0 428 Clay
60-80 1.49 2.3 97.7 392 19.6 41.2 Clay
80-100 1.52 221 77.9 36.3 221 41.6 Clay
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Table 2 Chemical properties in one-meter soil profiles under different subtypes of pine forest

Forest type Soil depth  pH CEC SOM SOC Tota-N Extr. P Extr. K Extr. Ca  Extr. Mg
CN ratio
(cm) (cmolkg) (gkg’) (mgkg)
0-5 5.7 11.0 266 154 08 19.3 14.0 820 300.0 12.7
Pine-D. obtusifolius 5-10 6.2 92 121 70 04 17.5 19.0 725 170.0 108.1
1020 56 122 133 77 04 19.3 42 101.0 142.0 148.4
(P-DDF1) 20-30 57 12.8 69 40 0.2 20.0 0.1 80.0 76.0 17.3
30-40 58 12.4 45 26 02 13.1 nd. 795 56.0 40.3
40-60 6 1.2 47 27 02 136 nd. 725 64.0 103.5
60-80 5.2 10.3 22 13 02 6.4 0.1 575 68.0 97.8
80-100 6.1 1.6 18 10 02 5.2 nd. 53.0 76.0 90.9
0-5 57 14.8 344 200 11 18.1 6.7 112.5 98.0 101.2
Pine-D. tuberculatus 5-10 5.6 10.9 252 146 05 29.2 34 105.0 40.0 64.4
1020 54 9.0 165 96 05 19.1 09 935 32.0 55.2
(P-DDF2) 20-30 56 93 116 67 04 16.8 nd. 114.5 20.0 40.3
30-40 58 838 62 36 04 9.0 nd. 109.0 12.0 334
40-60 58 10.3 33 19 03 6.4 nd. 885 14.0 29.9
60-80 5.8 8.7 51 30 02 14.8 nd. 785 30.0 35.7
80-100 6 6.2 34 20 02 9.9 nd. 76.5 46.0 40.3
0-5 6.5 16.1 535 310 12 25.9 83 187.5 674.0 261.1
Pine-S. obtusa 5-10 54 122 356 206 0.8 25.8 nd. 158.0 78.0 69.0
1020 58 13.0 202 117 06 195 nd. 199.5 54.0 70.2
(P-DDF3) 20-30 6.1 13.1 129 75 05 15.0 nd. 154.5 46.0 108.1
30-40 6.2 131 59 34 04 8.6 nd. 1315 60.0 108.1
40-60 6 13.1 16 09 03 3.1 nd. 735 52.0 81.7
60-80 6 10.1 26 15 02 75 nd. 615 48.0 725
80-100 6 10.2 06 03 02 1.7 nd. 65.5 46.0 69.0
0-5 5.9 12.0 585 339 13 26.1 58 455 3280 95.5
Pine-oak 5-10 5.6 9.1 281 163 06 27.2 50 265 44.0 28.8
1020 55 10.2 210 122 05 24.4 09 18.0 320 20.7
(P-LMF) 20-30 56 10.4 134 78 04 19.4 nd. 135 36.0 21.9
30-40 57 96 75 44 03 14.5 nd. 16.0 54.0 27.6
4060 59 11.0 56 32 03 10.8 nd. 135 72.0 34.5
60-80 5.6 96 38 22 03 7.3 nd. 69.0 22.0 16.1
80-100 58 738 29 17 02 8.4 nd. 45 26.0 20.7
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(1) UpnFenuasmiu (soil reaction, pH) A
draunanftesfifian (0-10 2u.) AudldfFsandy
nraLuNaNs (pH, 5.7) Lmzﬁuﬁ@fﬁﬂmiﬂﬁﬂﬁﬁ?m
fundssendnadunsalunaneadansalantias (pH,
5.2-6.1) AULNAUNANNATIAINNAN 0-10 T4, &
Ufjfseitlunsalrunans (pH, 5.6-5.7) usilunsadn
(pH, 5.4) FasFUAINAN 10-20 T, mu%uauﬁ'@gﬁﬂ
adldiflunsaiunane (pH, 5.6-6.0) AuLNgUNANF
fupfselunsaaniias (pH, 6.5) TuAuTiANEN O-
5 4. WATEWKUIIEUININIASADeNTALANTIaE (pH,
5.4-6.1) TUAUAN dauRulNauNaNnaRaRAANAN
0-100 . unsaiunans (pH, 5.6-5.9)

2) mwﬂgLtantﬂﬁﬂuﬂizgmnmmﬁu
(cation exchange capacity, CEC) Aulutlngusia 4
ﬁjﬁﬂﬁmm@qLmﬂLﬂ?{ﬂuﬂa:@qmnﬁuuﬂﬂmzﬁuﬁm
nansilvAeuinegeluAutuLLge finnadn 05 T,

TnedA T uulsszndng 11.0-16.1 cmolkg”  WazAUN

atanaslUiArAaudnan1fedunans (6-15 cmol.

-1
kg )

(3) Bunsainguazaisuaulusu (soi
organic matter and carbon, SOM & SOC) Al
LUAATIAYINAN 0-5 93, T8t auNaN Az HaN
nandANdnduresBunzadngiuulseg lusziy
Aaudnege (26.6-34.4 g.kg") BnuspuiuLUgA N
AUNANIFUAZ N AUNANN BN ANTNIGININ ( 53.5-58.5
gkg") AWSUAUNANNAN 5-20 T, 1B 4
#HadAABLTN9A0949 (12.1-35.6 gkg') dauRun

1R aa = o = =3 o
aganasliBursednganasNANANAuRNTz AL
ATN1N A195UAN NI BaesAnFUaui wua itiunng

= — o a a o
wasuulasduaeaiuaurisedng

4) Tulpsiauninaumlumu (total-N) A
UUGA (0-5 TN.) VBILAUNANNAN NANFIUATNAN
rin Hlulnsiausanat]luszAuan (1.1-1.3 gkg”) uasll

£ % a dld a OI ] a [
AN Nt UanasluALNANAIN ANANNAN dauAuLn
aunandesiaNdRdue luszdununn

(5) andaumrsuaunalulnsiau (CN
ratio) AuTULLIRNAUNANiENRAT C/N ratio £

w99eudne 17.5-19.3  TUanENAUNILAUAINNAN
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LAENT U RUEANNAN LFdwazAN s ludna
19.1-19.3 @qldumnFneriu

6) Naanasananmle (extractable  P)
Nognasanans e s aunaniesiAaNan 0-10
. AArg luszaulunansderaudnegs (14. 0-19.0
mg.kg") mmxmuiuﬂmumummmuj fiAAmAn
= 1 E
faAaud19mn (< 10 mg.kg") mumumﬂmﬂmiﬂum
Aud AN Aulasvialinasineanesad
Wudlselamivdes deinazgneseldlugdnlalady
dsrlemiseialnense udazgnilantaesaanuii
azilay
K)
a :I/ 1| a Q; =
AUTUU UL 1A UNANTELAT A NAINAN 0-30

7) Inwnadannan: aler (extractable

. Hpondnduresinunadane lwszaulmnans
01944 (82.0-112.5 mgkg') uazduwaltinanasniu
TTAUANNNAN WANANERLU TN (53-114.5 mg.kg)
Ruthaunaafiafiszfuana@n 040 1u. SAnatlu
seAuABuTN9g4 (131.5-119.5 mgkg') UAzAUAWH
AL uNang (61.5-73.5 mg.kg ) AUt gt an
AefiAuan 0-5 1. fAAuazAnann iy

8) wARLTaNTAdnAle (extractable Ca) A
TnguaIINTRT 4 THRsesRaURaeATUANNAN
m@qmuummmmum\mmLeﬁﬂmwuuﬂifagimwm

'
o

ANNAN (< 400 mg.kg ) wazlunlinanasminag
d va L oo o . c e
an anAuUluFuAuAn 0-5 d1. 29t auNAN AN AN
11unas (674 mg.kg')

9) uwnnidaunannale (extractable Mg)
pndnduresmntidannanalflufuduiuga (0-5
730.) PAILNAUNANEN NANNANUAZHANAD HANAN
(95.5-112.7 mg.kg") wsimnduLugalunaunausiai
Aag luseAuLunana (261.1 mgkg') wazludumum
=< 1| 1 dﬁld £ =® al
anaslrastauman it lKuanasmNANNan §
AduuilsatfluszAuADeA kd (4.5-117.3 mgkg')
g AUIUANNIEALANNAN 10-20 . Ue9LNAuNAN
N
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3 .NMESAZANAUNIEIRG ATUAULAZENRRIMNS
Tumu

annlsuasspneanaia Twunadan upadouuas
wnnl@en TduANAn 100 3. 209 NAUETINTNG 4
Funudunssdeg (SOM) A1fuau (SOC) mineioeliuanslilu mnsei 3 917 1 uazgili 2

wazlulnsiausan (total-N)  NNIATANTBIEIABMNGT

Table 3 Amounts of soil organic matter (SOM) soil organic carbon (SOC) total-N and extractable of soil

nutrients (P, K, Ca and Mg) in one-meter soil profiles under different subtypes of pine forest

soil SOM SOC Total-N Extr. P Extr. K Extr. Ca Extr. Mg
depth
Forest type (cm) (Mg.ha™) (kg.ha™)
0-5 18.5 10.7 557.4 9.8 57.1 209.0 78.5
Pine-D. obtusifolius 5-10 8.4 4.9 278.1 13.2 50.4 118.2 75.2
10-20 18.2 10.6 547.1 5.7 138.1 194.2 202.9
(P-DDF1) 20-30 8.5 4.9 245.5 0.1 98.2 93.3 144.0
30-40 5.8 3.4 258.3 nd 102.7 72.3 52.0
40-60 11.8 6.8 501.1 nd 181.6 160.3 259.3
60-80 5.6 3.3 511.6 0.3 147 1 173.9 250.1
80-100 4.5 2.6 496.7 nd 131.6 188.7 225.6
0-100 81.3 471 3,395.8 29.1 906.9 1,210 .1 1,287.5
0-5 19.3 1.2 616.8 3.7 63.1 54.9 56.7
Pine-D. tuberculatus 5-10 16.2 9.4 321.4 2.2 67.5 25.7 41.4
10-20 221 12.8 668.9 1.2 1251 42.8 73.8
(P-DDF2) 20-30 15.6 9.1 538.9 nd 154.3 26.9 54.2
30-40 8.2 4.8 531.9 nd 144.9 16.0 44 .3
40-60 7.8 4.5 705.6 nd 208 .2 32.9 70.3
60-80 12.2 7.1 478.2 nd 187.7 71.7 85.2
80-100 7.5 4.3 440.9 nd 168.6 101.4 88.7
0-100 108.9 63.2 4,302.6 7.1 1,119.4 372.4 514.9
0-5 31.9 18.5 715.2 4.9 111.8 401.7 155.6
Pine-S. obtusa 5-10 21.4 12.4 480.1 nd 94.8 46.8 41 .4
10-20 23.4 13.6 695.7 nd 231.3 62.6 81.3
(P-DDF3) 20-30 16.8 9.7 650.1 nd 200.9 59.8 140.6
30-40 7.6 4.4 516.1 nd 169.7 77.4 139.5
40-60 41 2.4 765.4 nd 187 .5 132.7 208.3
60-80 6.7 3.9 516.0 nd 158.7 123.8 186.9
80-100 1.6 0.9 532.2 nd 174.3 122.4 183.6
0-100 113.4 65.8 4,870.8 4.9 1,328.9 1,027.3 1,137.2
0-5 35.3 20.5 785.1 3.5 27.5 198.1 57.6
Pine-oak 5-10 17.5 10.2 373.7 3.1 16.5 27.4 17.9
10-20 28.4 16.5 677.3 1.2 24.4 43.3 28.0
(P-LMF) 20-30 19.5 11.3 582.8 nd 19.7 52.5 31.8
30-40 1.1 6.4 4421 nd 23.6 79.6 40.7
40-60 16.7 9.7 896.8 nd 40.4 215.2 103.1
60-80 1.1 6.4 873.5 nd 200.9 64.1 46.9
80-100 6.9 4.0 473.8 nd 10.7 61.6 49.0
0-100 146.5 85.0 5,105.1 7.9 363.5 741.7 375.1
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Figure 1 Soil organic matter, carbon and nitrogen accumulated in one-meter soil profiles under different

subtypes of pine forest
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Figure 2 Amounts of extractable P, K, Ca and Mg accumulated in one-meter soil profiles under different

subtypes of pine forest
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(1) AunsadmguazA15uau (organic
matter and carbon) mmmm’aﬁuﬁﬂimqum
AfueuluAuaw 4 11 z\iaublmaifag"lu%uﬁuuu
AiRNEN 0-20 T, (uNNnTnFesias 50) Anususuian
avlliiBunnisazananas sunuaesdursedng
Lm:mé"mﬂuﬁuﬂmummﬂﬁmﬂﬁ'qm (146.5 uay
85.0 Mgha') seeacliAe Autlaunauie (113.4
WA 65.8 Mg.ha') Unauuaunand (108.9 uaz 63.2
Mg.ha™) meﬁﬂﬂ?{qmiuﬂmummﬁm (81.3 way
471 Mg.ha')

) Tulngiausau (total-N) lulpsiauiinig
arauan A UFULLAARAIIN AN ANT BRI
au Imﬁﬂ?mmmmmmmnﬁ@m‘luﬁuﬂmumuﬁa
(5,105.1 kgha')  sedasldAe Autaunanfa
(4,870.8 kg.ha) UNAUNANNAQ (4,302.6 kg.ha)
Lmzﬁ@ﬂﬁ@m"mﬂmummﬁm (3,395.8 kg.ha™)

(3) Waanasanansle (extractable P) 1
Authausssuandsinisazanlaanaiafiiulse Tomd
annlufuRuLy (020 3.  wariunliduanasniy
ANANTesAnLas il ntesnn luAuTIA AN
40-100 1. WegmlasaiusslmTludumnudn 100
g QTN uTuus5e1919 4.9-29.1 kg.ha' Taall
Sannutfesfigaluhaunauifouazanniigeluay
AN

@) Inunadaunannle (extractable  K)
Tuna@esfiiulslomiinisazausnnlufuduoy
uazanasmNANNangasaunan anduluauliau
nAnreTinIsazaNLNNTIgATiATINAN 60-80 Tal. AU
e TnunaFondflusslomdluduain 100 T,
fuutlsluiag 363.5-1,328.9 kg.ha ' TneflLBunouunn
ﬁlzgm'luﬂmumuLﬁm@:ﬁ@ﬂﬁzﬂﬂuﬂmumuﬁ@

(5) me?ﬁﬂuﬁaﬁ'ﬂ"l,ﬁ' (extractable Ca)
wpaFesiainldtinsarausnnlufufinaia@n 0-20
7. waziiBinudendnsasinaneludunuiiesanas
1 FudnaudiBuinueadoiaialdludusudn
100 g, HuutlengTutng 372.4-1,210.1 kg.ha” el
mnﬁlzgm‘luﬂmumuLﬁQLL@:ﬁ@ﬂﬁzﬂmiuﬂﬂaummu
WA
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(6) uNNALTANNANALA (extractable  Mg)
g A o yoa a A
wunii@ennanalainirazanninluAul g un A
an 0-20 ax. Aurlnaud
wnTld@eNRad A b luduRLan 100 . Hudlssendng
375.1-1,287.5 kg.ha " Ineidunningalunaunaniies
uartnengaluaunanna

WATAARIANNAINAN

NSAIANSTOINA

filadunanaatiianinaednmuzaes
Aulunausssuand iun 1lntesaasdenuive 36
FUAEARYL AW HBINIA ann)HUseine ng
sunauanuyedainne ALl nafa i dusiv
psmanuanzesiiaiug i lulasininaste
wnsladnezau tnan liifianisuyuidausig
AIMNIAIGAUAINNNITNUAUUATE BEANITBITNNT
jadoufiegwileAuuarluiu  (Pritchett
Fisher,1987) gl LT deud e

and

wazd inntl sansisdagnaunauannuyeiuazdnd
weafluilszan Inaannzlulnaunasnfasuazilau
e P 4,
HANNANNAN WAL e adunnn anieilnaunan
X X 4, Iy 1 P | N o g yaa
netuluiunAsuisguauuas I unel vl A
NgANANYIOININNG QUNTUAZARR (2549) AN
nansznuaesn uldesnesau SNl eanTRuesmiy
MAmannsdesdanaaassnluldfsaana wudn
audasly auauly 16 Wiae wane naasuazna
utl {AN pH Winiu 3.66, 3.37, 4.11, 4.48, 5.18, 4.17
uar  4.38 muaAU deazdanani liaudunsaly
sAuUANA19TUL wAnasialndeadanani 1
UAseauludalduansdreiuunn wesaingn
a a o = dl ] 1 £ g‘/ v
auvisdaasnansomauazgnina wdiluaidn Ao
WANANTBIRNEHUTAUTEMI R IANN T o a9l du
HANNFURAANBNENATINWBRLE T g 1
1inaunTLeg uaran ) lssmna
prfuaunazanlufudiulunjeglugtlang
Buredng Tewudn Bunaanfusulupuiinisazas
wnngaluthaunanne sesaaunliun dhaunanis
Thaungunasuazaunaudies (85.0 65.8 63.2
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luthausssudm 1nanagMIniud 99uInLdeaalu

WAT 47.1 Mg.ha' ANAAL) anTne (2555) TRANEN
N38ZANAFURUIUALAN 100 TN, 1R9RULNAUaN
luduangping o Wnnmiaednnissiuintewiofan
Auuleagiszndg 73.1-146.2 Mg.ha”

idfluiladendAiseFununisuau
Wmwlau el nnetululdnawis 4 aliatas
Lﬂu“LWEqﬁuﬁiuﬁmﬂﬁﬁjﬁﬁffawziw,l,azﬁ‘*nﬁuzm‘lumq
0RuAY wamqqmﬂuﬂmm AN AUV AL T4ag
‘wm‘wwLmLmvau‘mmmamummuvl,ﬂﬂumwvlmm
Ay Aunulutaunaul e Tl Feauay
WAMLAUN ANUUIUUNN WA AUA T WA WTEN
o § vl p Iy a A o a P
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Growth and Development and Effect of Growing Media on

Sandersonia aurantiaca Hook. Production in Thailand

a1 nuenad” was Tassen sausai”

. 1/ 1/
Wanwisa Kanyakrong™ and Soraya Ruamrungsri

Abstract: An experiment was studied growth and development of Sandersonia aurantiaca Hook. using 3-5 g
tuber weight. Plants were grown in plot with 70 x 300 cm plot size. The growing media comprised with soil :
sand : rice husk charcoal 1:1:1 by volume were used and plants were grown under plastic greenhouse at the
Royal Agricultural Station Inthanon. The result found that plant height and number of leaves increased and
reached a maximum at average of 51.4 cm and 24 leaves per plant at 12 weeks after planting. The flowering
occurred at 45 days after planting with an average of 3.6 flowers per plant, which was lower than commercial
standard. The tuberization occurred at 10 weeks after planting and increase tuber size until plant dormancy at
18 weeks. The nitrogen, phosphorus and potassium contents increased in above ground organs and under
ground organs along with the increase of plant growth. The effect of growing media on growth and development
of Sandersonia, using 3-5 g of tuber weight. Plants were grown in black bags. Four formulas of growing media
i.e. 1) soil : sand 1:1, 2) soil : sand : rice husk charcoal 1:1:1, 3) soil : sand : coconut dust 1:1:1, and 4) soil :
sand : rice husk charcoal : coconut dust 1:1:1:1 by volume were used. The result showed that the growing
media comprised of soil : sand : coconut dust with 1:1:1 and soil : sand : rice husk charcoal : coconut dust

1:1:1:1 gave the best results of vegetative growth, flower and tuber qualities.

Keywords: Sandersonia, growth and development, nutrient, growing media, flower quality
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K Department of Plant Science and Natural Resources, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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Table 1 Growth of Sandersonia during 4-16 weeks after planting (n = 10)

Weeks after planting Height (cm) Number of stems Number of leaves
4 376143 110 16+ 2
8 48.7+1.5 1+0 20+3
12 51.4+1.7 1+0 24+3
16 50.2 £ 1.1 110 24 +3
18 D D D

D = Plants entered dormancy

Table 2 Flower quality of Sandersonia at 6 weeks after planting (n = 10)

Quality of flower Average
Flowers per inflorescence 36+14
Inflorescence length (cm) 15.5+3.7
Flower hips diameter (cm) 22+0.2
Flower waist diameter (cm) 1.3+0.3
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Figure 1 Tuber growth of Sandersonia during 10-18 weeks after planting

i ,((\ /‘\i

Figure 2 Growth of new tuber

Table 3 Nitrogen, phosphorus and potassium contents in above ground organs (leaves, stem and flowers)

of Sandersonia aurantiaca (n = 4)

Weeks after planting Nitrogen Phosphorus Potassium
(mg/plant) (mg/plant) (mg/plant)
10 34.45 +£6.24 12.03 £ 1.60 21.87 £3.11
12 56.94 + 5.46 21.09+3.70 31.18 +2.38
14 62.17 £ 9.52 24.57 +4.24 35.49+2.73
16 52.11 £ 6.06 18.72 + 1.51 29.49 + 4.86
18 D D D

D = Plants entered dormancy
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Table 4 Nitrogen, phosphorus and potassium contents in under ground organs (roots and tuber) of

Sandersonia aurantiaca (n = 4)

Weeks after planting Nitrogen Phosphorus Potassium
(mg/plant) (mg/plant (mg/plant)

10 19.53+8.13 10.18 £ 0.83 14.40 + 2.34

12 37.18 £5.29 21.70 £ 4.51 32.41+7.33

14 53.34 + 2.31 30.04 +6.34 40.64 + 4.80

16 53.28 + 11.40 30.30 £ 2.81 42.52 + 8.60

18 62.91+2.18 27.27 £2.40 50.65 + 6.21

Table 5 Height, number of stems, number of leaves, leaf width and leaf length of Sandersonia aurantiaca at

8 weeks after planting in four growing media

Treatment Height (cm) Number of stems Number of leaves
Soil : sand 1:1 62.4Db 1 27
Soil : sand : rice husk charcoal 1:1:1 66.2 ab 1 27
Soil : sand : coconut dust 1:1:1 723 a 1 28
Soil : sand : rice husk charcoal : 71.7 a 1 29
coconut dust 1:1:1:1
LSD 7.7 ns ns

0.05

Means within the same column followed by different characters showed significant difference between treatments by LSD test at

P <0.05.

ns = not significant difference
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Table 6 Flower qualities of Sandersonia aurantiaca from four growing media

Treatment Flowers per Inflorescence Flower hips Flower waist
inflorescence length (cm) diameter (cm) diameter (cm)
Soil : sand 1:1 3.5 199b 2.3ab 1.4
Soil : sand : rice husk charcoal 3.7 19.7 b 21b 1.3
1:1:1
Soil : sand : coconut dust 1:1:1 4.6 24.6 ab 24 a 1.3
Soil : sand : rice husk charcoal 5.0 25.8 a 24 a 1.3
: coconut dust 1:1:1:1
LSD, s ns 5.0 0.2 ns

Means within the same column followed by different characters showed significant difference between treatments by LSD test at
P <0.05.

ns = not significant difference

Table 7 Tuber weight of Sandersonia aurantiaca from four growing media

Treatment Tuber weight (g)
Soil : sand 1:1 50c
Soil : sand : rice husk charcoal 1:1:1 6.1 bc
Soil : sand : coconut dust 1:1:1 8.1a
Soil : sand : rice husk charcoal : coconut dust 1:1:1:1 6.9 ab
LSD, s 1.3

Means within the same column followed by different characters showed significant difference between treatments by LSD test at
P <0.05.
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Effects of Mycorrhizas on Growth of Terrestrial Orchid

Habenaria erichmichaelii Christenson

unsa5s7 uganal” asssol AT’ uas alg Iwsrnsal”

Prawrawee Sangmanee” Arawan Shutsrirung" and Nuttha Potapohn”

Abstract: The effects of mycorrhizas on growth of terrestrial orchid Habenaria erichmichaelii Christenson were
studied. The experimental design was completely randomized design (CRD) with 6 treatments, 5 replications.
Tissue culture of Habenaria erichmichaelii Christenson plants of 3 cm long were planted in the media
composed of sand mixed with grounded dried monkey pod leaves, at a ratio of 1:1. Treatments were media
without mycorrhiza and media inoculated with different types of mycorrhiza preparing by adding 10° cell/gm of
media of each mycorrhiza, Humicola sp., Fusarium sp., Nodulisporium sp., Oidiodendron sp., and Trichoderma
sp. The results showed that media with Humicola sp. and Oidiodendron sp. gave the greatest average plant
length at week 12 after planting, whereas the average number of leaves per plant was not significantly different.
However, the average number of leaves per plant was increased with mycorrhiza inoculation. From week 16 to
28, the leaves number was increased from 167 to 706 percent with mycorrhizal inoculation compared with that
of the control. Compound microscope and scanning electron microscope were used. The results showed that

mycorrhiza hyphae grew well within the root cells in all treatments except for the control.

Keywords: Habenaria erichmichaelii Christenson, mycorrhiza, scanning electron microscope (SEM)
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K Department of Plant Science and Natural Resources, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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Figure 1 Average plant length of Habenaria erichmichaelii Christenson during the period of experiment.
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Table 1 Average number of leaves per plant of Habenaria erichmichaelii Christenson during the period

of experiment.

Average number of leaves per plant

Treatment Weeks after planting
12 16 20 24 28
1. without mycorrhiza 0 0.33(100) 0.33(100) 0.33(100) 1.00(100)
2. Humicola sp. 0.33 1.00(303) 1.33(403) 2.33(706) 2.33(233)
3. Fusarium sp. 0 1.00(303) 1.00(303) 1.67(506) 1.67(167)
4. Nodulisporium sp. 0 0.67(203) 1.33(403) 1.33(403) 1.67(167)
5. Oidiodendron sp. 0.67 1.33(403) 2.00(606) 2.33(706) 3.00(300)
6. Trichoderma sp. 0 0.33(100) 1.00(303) 1.67(506) 2.00(200)

() = percentage of the average number of leaves per plant increased from control (the control unit = 100 percent)
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Figure 3 Cross-section of Habenaria root A. without mycorrhiza B. with mycorrhiza (Oidiodendron sp.)

(100x) using compound microscope

Figure 4 Cross-section of Habenaria root A. without mycorrhiza B. with mycorrhiza (Humicola sp.)

(1000X) using Scanning electron microscope (SEM)
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Effects of Fluence of Low-energy lon Beam on Mutation

Induction of Butterfly Pea

noRAgws uagimus’ AWs 895NA" Uas aRAAT nTuaTe”

Kridtiyaporn Bowornwattana”, Siwapomn Thumdee” and Adisorn Krasaechai”

Abstract: : Mutation induction in butterfly pea by low-energy nitrogen ion beam at 50 keV was conducted by
giving ion fluences (dose) of 1x1016, 2x1016, 4x1016, 8x1016, or 12x1016 N-ions.cm’2 to self-pollinated seeds.
Survival percentage, growth, and qualitative characters of butterfly pea were recorded. The result showed that
ion beams at all fluences did not affect the survival percentage of the seeds. Only the highest fluence treatment
caused variegated and deformed leaves in some plants. Increased survival percentage was also observed in
the highest fluence treatment compared to the vacuum control. All plants from the highest fluence treatment
were grown as M, population for further comparison with the wild type population. Lengths of the 2" internode,
the 3" internode, and mature compound leaf were lower in the M, population than in the wild type population.
While number of branches was higher in the M, population than in the wild type population. Additional deviant
characters such as leaflet branching, compound leaf variegation, and petal malformation were observed in the

M, population. Thus it is possible that there were some mutants in this M, population.

Keywords: lon beam, butterfly pea, mutation induction
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unAnga: neiniinenaneiug ludydulaeldloeaudululngaundauan 50 kev  afiunstaaliiudn
AnannsuandaealaFuiunasleaan 1x10', 2x10™, 4x10™, 8x10™ 4138 12x10™ N-ions.cm® UUNEANUNE
wdniuindmannissandan nsiAuls uardnwosdagninwilasunlas wudn nlannlesawinlidnnis
aa [~ 1 1 indl M ¥ o ¥ d' a = dl E% dld 1
s0pT3RIBUNAR luANFN9aINNIsA TN I A dATestivlensy Hanivliunuleasugeqanlisunilusig
\ a' , a = ~ Xo g oo aa ' Aclal vo
wazgiswlunuansndlaning uazniFunuleasugengailvinliidnsnisseaTingendnssudsnldsuang
@m‘wmmmﬁmﬂlummm"[@@@u LﬂJ'ﬂu’]ﬂi‘ﬂ]’mi‘i‘u M, wmumimmﬂi@@@uﬂ?mmmamu TihlgnuBaudian
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g091l&ae7t 3 upzArnenTedludundngeslsz AN wiTduLAenndNS LR s e N Ry
mewmﬂwmmmmmwmLmeqq’mﬁﬂm‘wmmu Tun lugiaadnsuanuan 1UllsenauNanHusAng waznay
penilaeugtlll SuflulUlddndsunnaedugelulszansiu M, 1

o

mdany: lesaulu doydu nsdndnisnanaiiug

o

A1 wazausnlddninlfinansnateiug luiauans
TR 11 F1avennEd (Phanchaisri et al., 2007) W)
m@ﬂ?“uﬂﬁ;\aﬁuﬁjﬁﬂ]u@ﬂmmmmzﬁuﬁuﬁﬂtﬁq \lel (Krasaechai et al., 2009) LA (NUNNT, 2552)
mﬁéfﬁﬂﬁﬂﬁﬁmmanmsjﬁuﬁ:l,ﬂu%ﬂmqLﬁfaﬂuﬁq i UATANEFRY (AUAW, 2553)
Fninl@lae n1sldanseluaysed leaaududndlu ftyds Clitoria ternatea Linn. (Butterfly Pea)
Sa@neleasy (onizing  radiation) Uszinnuitedad] Wunalwanien agluned Fabaceae  ifluiug 1l
dsz@nsnmlunsineneanasnuiiAananega e Lgﬂﬂﬁmqﬂmmmﬁﬂ Hnanaannasntl (3w, 2532)
WeuiufdunusnuazS@8nd (Yamaguchi et al., Safluiahnnasss (diploid) Hanuaulasinlaon 2n =
2003) Taefivana 11329 UATNANNW (Wu and Yy, 16 (Morris, 2009) Lﬁmmnﬁmﬁmﬂuﬁmmmﬁqm
2001) M IAAANNUAINUAIELRINIINATENUE  (Morris, 2009) kazaENeiigAaENan (3ne, 2530) 11
(mutation spectrum) ﬁ@ﬁmmmﬂﬁuﬂuﬁﬂwmz‘ﬁ' Iﬁimmﬁﬂﬂﬁﬁuﬁﬂﬁmﬂu homozygous G441ei @
wlanlad snnndnuazuansnsanmsldisday (230, n1sAnwInavaenisinialiiinnisnaneWug
2550) wanannitleseuiludelaiiagnsfisang u@m’mmqmmmumuaumﬂun@m@namww

wileunsldasaddntinnisnaneiug Asiuleseu aFapuaeNiunaniaz s o ldanydu
= =3 = dl dd‘d a a £ o 2 2 o o 1 o 1 o :I/
fuaaduanuianalulagnilsz@nsningauas dulfidseauldudn ssadngasnanntanadoadugy
dasasielunsininldiAanisnaneiug luie ansrianzi39ls (Morris, 2009) windnnsu3utlganug
nstian leeaulundsnugs luseau Mev  drydulifidnwouznaen d19900n waTANHIENNS
'l luntsdndnliifianisnanewuglddszay WAL Imuane s lannian azgaawmunanyduli
o @ - a , . = o o A A o ada o
uaddAluNTUA 8 TiA WL WAL (Yamaguchi - et WulddsedunseanalddassnaAnHAnaninnig
al., 2003) WIIMg31 (Miyazaki et al., 2006) WAzeNgL A le
(Kazama et al., 2008) daunstlsvgnsldleaauis FatUN1INARINAIANHINATDILFHD
WAWIUAN ABlTNATIWAINGT 100 KeV adninld  leasudundssiusilunisiniinisnaneiugsenis
a o a4 o X A P \ Aa a o A
nANITNAER UG T Graundszmarudluuiauen saAT3m N19EUA LazaneenidaguLlagaes
IPeNNNmAaedld1g (Wu and Yu, 2001) ludszme Uszmnadnydu 31 M,
g wumndnendudaslud ldWmuiAsasssaynia
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Figure 1 Varian ion implanter and target chamber showing treatment target seeds and vacuum control seeds
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Figure 2 Butterfly pea seeds after ion-beam bombardment
A: control, B: 1x10'® N-ions.cm?, C: 2x10"® N-ions.cm?, D: 4x10"® N-ions.cm”, E: 8x10'® N-ions.cm?, F: 12x10'

N-ions.cm’
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Table 1 Survival percentage of ion-beam bombarded butterfly pea seeds at 30 days after sowing
Fluence Survival (%)1/
(x 10" N-ions.cm'z) Treatment Vacuum control
0 (control) 86 % -
1 88* 82"
2 79% 62 °
4 79" 64 °
8 9 ° 78"
12 90° 66

"Means followed by the same letter were not significantly different by Duncan’s multiple range test at 95% confidential level.

3.47

2.9ab0d i aho

249

Plant height (cm)
[ae]

0 2 4 6

3.4°
—4& Treatment'
——@ Vacuum control

3‘2ab

S.Sab

Sl»]ahc

Fluence (x 10" N-ions.cm?

"Means followed by the same letter were not significantly different by Duncan’s multiple range test at 95% confidential level.

Figure 3 Plant height of ion-beam bombarded butterfly pea at 10 days after sowing
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M1TER30E:8

Figure 4 Deviant characters of the first simple leaf of M, butterfly pea bombarded with 12x1 0'® N-ions.cm”

A: variegated leaves; B: emarginated leaf apex

I P
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e —
L1V !
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g s c
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f 5 - ’. l.t - f "- . o : \“ - .
P Tora0s 20 1B _ /S e 3

Figure 5 Compound leaf malformation in M, butterfly pea bombarded with 12x10"® N-ions.cm”

A: control or wild type (wt) plant with 3 leaflets per compound leaf, stalked ovate leaflets, and
entire leaflet margin; B: M, plant with sessile leaflets and emarginated leaflet margin; C: M,
plant with sessile oblanceolate leaflets; D: M, plant with sessile irregular shaped leaflets and
undulate leaf margin; E and F: M, plants with 2 leaflets per compound leaf, sessile leaflets, and

emarginated leaflet margin.
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Table 2 Quantitative characters of M, butterfly pea population bombarded with 12x10®  N-ions.cm?,

comparing to wild type population

Characters Number of plants Mean" Variances”
Plant height at 70 days M, 137 229" 176.6
(cm) Wild type 50 26.8 282.2
Length of 2" internode M, 137 30° 0.36"
(cm) Wild type 50 3.3 0.48
Length of 3 internode M, 137 2.7 0.83"
(cm) Wild type 50 3.2 0.64
Length of 4" internode M, 137 23" 0.64™
(cm) wild type 50 2.4 0.83
Number of branching M, 137 9.2 1.10™
wild type 50 8.5 0.74
Leaf length M, 137 57 0.56™
(cm) Wild type 50 6.0 0.49
Leaf width M, 137 3.6" 0.16™
(cm) Wild type 50 3.7 0.14
Flower width M, 137 35" 0.27"
(cm) Wild type 50 3.6 0.24
Flower length M, 137 3.6" 0.24"
(cm) Wild type 50 3.6 0.20
First blooming M, 137 75" 213"
(days after sowing) Wild type 50 74 23.5

" Means of each character were compared between M, and wild type populations by T-Test.

? Variances of each character were compared between M, and wild type populations by F-Test.

" Value of the M, population differed from that of the wild type population at 0.05 levels.

" Value of the M, population differed from that of the wild type population at 0.01 levels.

™ Value of the M, population did not differ from that of the wild type population at 0.05 levels.

M1T5R1-S21

M1T5R1-843

Figure 6 Deviant characters found in some plants of M, butterfly pea population bombarded with 12x10" N-

. -2
lons.cm

A : branching of leaflet; B: variegated leaf; C: malformed petal
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Investigation of Powdery Mildew Resistance in

Pisum sativum L. by Molecular Marker

a at/a_o e a 7 . a1/
naa ‘VI‘WT‘ﬂﬁ) AUU L7 eeg Lhas mj" Z\Wﬁ'l.ﬂ?m

Kamon Thippachote”, Weenun Bundithya” and Nuttha Potapohn”

Abstract: Powdery mildew is a major disease which causes losses in both quality and yield in pea. Improvement
for disease resistant varieties is an effective strategy to solve this problem. Sequence characterized amplified
region (SCAR) was employed for screening powdery mildew resistance in pea. Fang 7 (BC,F,) and Nong-ook
varieties were tested using ScOPD10 primer. The results showed that Fang 7 (BC,F,) had resistant marker
whereas Nong-ook did not have any marker associated with resistance. However, phenotypic evaluation
showed that both Fang 7 (BC,F,) and Nong-ook were resistant to powdery mildew. Crosses between Fang 7
(BC,F,) line and Nong-ook variety were made and the F,— generation plants were allowed for selfed-pollination.
Progenies of F,were planted and evaluated by both phenotype and resistance marker. The result showed that
phenotypic evaluation could not distinguish non resistance and resistance plants whereas molecular marker
could detect resistance plants.

Keywords: Pea (Pisum safivum L.), SCAR marker, powdery mildew
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Figure 1

TumeauNaNaAY (Cousin, 1997; Mc Phee, 2004:
Fondevilla et al., 2006) @4 conidia ¥@9@ain1998n
o o A Y ya | A o
germ tube Wvinanealsa ludosndenniauis (e
a3, 2550) vinlaaanme lsaaiANa o ung
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T3pgutlaBuin1sdNszuNaluSUN 38 naIRINmNg
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o £ U
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T3m3utlaianan (19799 1)

resistant and susceptible peas in Fang7 (BC,F,); (b) resistant and susceptible appearance on

leaves of Fang 7 (BC,F,); (c) resistant and susceptible peas in Nong-ook variety; (d) susceptible

peas in Fang 7; (e) resistant peas in P 309

Table 1 Powdery mildew assessment in 4 pea varieties at 42 days after seedling

Number of plants

Appearance of powdery mildew

Fang 7 (BC/F,) Nong-ook P 309 Fang 7
Resistance 42 46 100 -
Susceptible 58 54 - 100
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Table 2 Phenotypic appearance of powdery mildew within F, and F, populations in pea

Appearance of powdery mildew

Periods Generation
Leaves Stems

F, + +
May 2010 — August 2010 Fang 7 (susceptible) + +
P 309 (resistance) - -
F, (group 1) + +
F, (group 2) + -
Fang 7 (BC,F,) + -

October 2011 — January 2012
Nong-ook + -
Fang 7 (susceptible) + +
P 309 (resistance) + -

+: appearance of disease, - : no appearance of disease
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Figure 2 Banding patterns of PCR products of (a) Fang 7 (BC,F,) and (b) Nong-ook varieties; arrows : 850 bp

fragments, M : molecular ladder, R : resistant plants, S : susceptible plants, F : Fang No. 7, P : P 309
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Interspecific and Intergeneric Crossability of Some Habenaria

and Pecteilis, Terrestrial Orchids

1/ o @
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Chitchanok Kawchadee” Weenun Bundithya” Chamchuree Sotthikul”

and Nuttha Potapohn”

Abstract: Interspecific and intergeneric crossability of some Habenaria and Pecteilis were evaluated in order to
obtain a basic information for selecting good crosses that yield desirable hybrids. Six species of Habenaria and
Pecteilis were employed for selfing, interspecific, and intergeneric hybridization. It was found that number of
fruit set of selfing, interspecific, and intergeneric hybridization of these species were 84.7, 88.2, and 77.5%,
respectively. Seed pods were harvested and seeds were germinated under in vitro condition. Seeds derived
from selfing could germinate within 113 days at about 10 to 20% germination. Those of interspecific crosses
could germinate within 140 days at about 20 to 30% germination, whereas those of intergeneric crosses had not
yet germinated within 6 months. Seed viability was tested and it was found that viable seeds from selfing,

interspecific, and intergeneric crosses were 37.6, 42.0, and 12.6%, respectively.

Keywords: Selfing, interspecific hybridization, intergeneric hybridization
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A8 84.4 WWafifius dausnanted H. lindleyana x H.
rhodocheila Wae H. lindleyana x H. xanthocheila i
wiafiguysnflenifin 63 waz50  wefidud
PNANF uaviiatiudnu s luaniniaanite
wuIRUTNNNNTeeniee 20-30  wlafidus 14
sxizinanluNNsenIAE 140 54 (N 1)

NSHANTINANA

nMsANEIAINAINNTD luNNsNANT 1NAN A
weendae llAuanaau FauazananAmaa wudi
néneliRunsaesanaiinsindnede 7.5 wefidus
(mmqﬁ 3) anmisuanduanaveandon lihuusiay
7iln woininsfininiia Ae 66.7-100.0 wefifus 3
\WWeNFNANTDY H. xanthocheila x P. susannae il
wumsiiniin Wetwdsildannisuanduanann
mmmmmﬁmﬁlaumd Wudﬁﬁmﬁm'ﬁ'mgmﬁm
uazusauanfindefiauysnldugud W guay
WA P. sagarikii x H. xanthocheila P. susannae x H.

erichmichaelii  P. susannae x H. rhodocheila Wag

Table 1 Number of flowers, number of seed pods, number of bottles from seeds sowing, number of
contaminated seeds sowing bottles, percentage of fruit set, seed viability, seed germination, and
time from sowing to germination derived from selfing.

[2)
— @ T~ -
® D S 9 =% o _
o o Q _ n = < S O pa)
z 2 2% o B = g Tz 2&%
S g EL 28 8 > §8 =2
~ 3 © ~ = = ~
| 0 g 28 fg 3 s 3 8 <
Species o) o n = g 2 o 2 £ 2 o
2 » o 3§ 3% e S E 3 §%&
S 5 TE E2 3 > §8 g&
Y : o g 8 o2 L (9} o “6 ) S
(e} o = 7 = [ o 8 = 5
S = 2 5 2 @ $e Eo
> o ; n
z S °
H. erichmichaelii 72 62 10 9 86.1 34.4 20/1 113
H. lindleyana 4 2 2 2 50.0 38.2 * *
H. rhodocheila 78 65 14 11 83.3 251 10/3 113
H. xanthocheila 18 16 4 4 88.9 56.3 * *
P. sagarikii 2 2 2 2 100.0 17.9 * *
P. susannae 3 3 1 1 100.0 54.0 * *
Total average 84.7 37.6 10-20 113

*no germination due to contamination after seeds were sown
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P. susannae x H. xanthocheila WaZ\NBTNNAANN
wwazluanindaeniie WU ARANTE

H. erichmichaelii x P. susannae £4luiinns9anne’ly

AN 6 AU NNINTNAAD

Table 2 Number of flowers, number of seed pods, number of bottles from seeds sowing, number of

contaminated seeds sowing bottles, percentage of fruit set, seed viability, seed germination, and

time from sowing to germination derived from interspecific hybridization.

Y o) o) % 9o

2 g o5 8 _ g T é > 2

2 & E£§£ 38 ¥ Z §8 53

e 3 S8 8 3 3 fa %5

Mother plant Father plant g $ 25 E o 2 g £ Z E '%

o 5 BE£ ££ 5 s 2 £ £

N Z 3 2 S 2 UE- 8 5 5 o E

°© z B9 2 & » B g E o

@) O o O c (=

Z 3 S ]

pd

H. erichmichaelii  H. rhodocheila 78 75 28 23 96.1 62.1 20/5 122
H. erichmichaelii  H. xanthocheila 7 7 4 3 100.0 844 40/1 114
H. lindleyana H. rhodocheila 12 4 4 4 33.3 6.3 * *
H. lindleyana H. xanthocheila 5 5 2 2 100.0 5.0 * *
H. rhodocheila H. erichmichaelii 7 7 4 4 100.0 421 * *
H. rhodocheila H. lindleyana 5 4 4 3 80.0 475 10/1 205
H. rhodocheila H. xanthocheila 16 15 6 6 93.8 54.4 20/6 119
H. xanthocheila H. erichmichaelii 2 2 2 2 100.0 nd * *
H. xanthocheila H. lindleyana 1 1 2 2 100.0 354 * *
H. xanthocheila H. rhodocheila 24 19 8 5 79.2 40.2 20/3 139
Total average 88.2 420 20-30 140

nd: not done due to broken fruits, * no germination due to contamination after seeds were sown

Figure 1 An interspecific hybrid: (a) Habeharia rhodocheila, mother plant. Scale bar = 1 cm, (b) Habenaria

xanthocheila, father plant. Scale bar = 1 cm, (c) Seed pod. Scale bar = 1 cm,

bar = 30 um (4x), (e) Seedling. Scale bar = 1 cm
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Table 3 Number of flowers, number of seed pods, number of bottles from seeds sowing, number of

contaminated seeds sowing bottles, percentage of fruit set, seed viability, seed germination, and

time from sowing to germination derived from intergeneric hybridization.

— (] n 2
2 3 83 <7 2
S B8 83 8% = =28 s¢
o o Q@ c = ~ c B o ®
= & Ex g ¢ X > 6 8 93T
w T £3 8§83 T £ 3% e:
Mother plant Father plant 5 8 o 2° T E= O s 22 55
= » @ 9 £ 8 9o o S ES 5 ©
S 5 BL£ 8 o8 3 - =82 2c
- . 82 =22 o @ oy & E
° o w O uw= = ol T &
S 8 . O 2 o° o
pd o § @ » o
z z
H. erichmichaelii  P. susannae 30 28 8 5 93.3 30.8 ng/3 ng
H. rhodocheila P. sagarikii 3 2 2 2 66.7 nd * *
H. rhodocheila P. susannae 12 9 6 6 75.0 46.8 * *
H. xanthocheila P. susannae 1 0 nd nd 0.0 nd nd nd
P. sagarikii H. rhodocheila 3 3 nd nd 100.0 10.3 nd nd
P. sagarikii H. xanthocheila 1 1 nd nd 100.0 0 nd nd
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P. susannae H. xanthocheila 1 1 2 2 100.0 0 * *
Total average 775 126 ng/* ng/*

nd: not done due to broken fruits, ng: no germination was found within 6 months, *
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no germination due to contamination after seeds
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Induction and Proliferation of Embryogenic Cell Suspension
of Oil Palm (Elaeis guineensis Jacq. var. tenera) and

Evaluation of Genetic Variation by RAPD Marker

nssAdls dezna’ uwas aviag iageln”

Tassanee Niyakid” and Sompong Te-chato”

Abstract: Micropropagation of oil palm (Elaeis guineensis Jacq. var. tenera) from embryogenic calluses on
solid MS medium supplemented with different concentrations of plant growth regulators revealed that 0.3 mgl/l
dicamba together with 200 mg/l ascorbic acid under 14 h photoperiod at 27 +2 °C gave the highest callus
induction at 315 g fresh weight after 1 month of culture. Embryogenic callus was transferred to the 2 different
medium. It was found that cause cultured on MS medium supplemented with dicamba 0.3 mg/l. The higher
embryogenic cell suspension at 2.41 ml after 1 month of culture. Embryogenic cell suspension subjected to
induced somatic embryo in liquid MS medium supplemented with 36.434 g/l sorbitol gave a number of SEs at
5.6 SEsf/flask. Evaluation of somaclonal variation of the callus/SE by RAPD techniques revealed that primers
OPAB-01, OPAB-09, OPAB-14 and OPT- 06 provided clear DNA patterns and classified to be monomorphism.

This result suggestion that there are no somaclonal variation from these calluses or somatic embryos.

Keywords: Oil palm, plant growth regulators, sorbitol, RAPD
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wmalulagdannaasivalgn npdangaans Aoy
NINLNITITNTNG NUNINLNRLAIUVANUATUNT INEIN
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1. NISANEIAMNITNTUARIRITAIUANNS
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uwi9gms MS 1A dicamba manxdindu 1 Hadniusie
amg 1e) 1 Lhaw Q’NL%FN‘LM@’W’]?LL"]GNQME MS Tidi
2,4-D vi38 dicamba Wnd1 0.1 0.3 0.5 0.7 uaz 1.0
Jaanfusieans nsauedaesindudi 200 Naanfuse
ans ﬁmmsﬁmm 30 nINARARNT uAT AN 0.75
wafidus TunaannAaetnn 25 x 150 NARang
e 1 1deu Tufintamiingn uaiudiu
Buiislaiaunadafiaisuuunada Taadanaann
NAANeUIeENUTIaLaN 7] 28NNIAINUARAE
MEMEFIANNN TR IUNUNITNARBILLLAN
Zﬁu‘laliﬂi (completely CRD)
WBenFenAeanlaeAa DMRT (Duncan’s multiple

range test) N7=ALANNITBIU 95 % (P<0.05)

ramdomized design:

2. MsANMIgATIMSILUNIZANAANTTNIN
WAEMSANLE I TR T AL WU

vdutitaalaueafannviin 025  niu
ane s uaRigareenImaaesd 1 uaedly
BRI 2 gRT A MS WAy Y, (Kramut and Te-
chato, 2010) WAAzgATLAN dicamba dndu 0.3
Laanfusaans nsaLaanasindudu 200 Aaaniume
ang mmm‘ﬂmm 30 mm@am vssqluangLaNy
IR 125 NARAAT mmmuumimmmmmmmm
90U 110 3AUAAUNT UHAZQATAMINT 5 1 @y 1
190 TuAndmnanigasiAuinannsdnliuamsg
AznewWmag (Packed cell volume : PCV) % 7 3 414
LLI?‘;JULﬁﬂuﬁuiuuﬁi@mmmmmﬁqmﬂnmgﬂuﬂu
1981 1 AU 2NUEUNNINAREILUL CRD Wieuiiey
mm@ﬂimmﬁ LSD (least significant difference) 7
ixmummmamu 95 % (P<0.05)

NISANBILNRIAISLAUABNITWAI U AR
wanenuslaanmamnziasaauusla 1a
AR ARTAIWUTY

e embryogenic cell suspension 15u1m9
pznauad 1 faaans anewnsliaiigauesnis
NAADIR 2 NWL%EQI%@W%W?L%@QQMT MS A
dicamba it 0.3 finAnsusedns SuftnAaTes
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Tneaviernmauuyiines dudu 36.434 n3usiedns
uaznsanadAasinidudu 200 Hadniuseans Usesq by
1R 5 51 9vaz 1290 150 pH 111 5.7 uaz a9
[BeatuATsagN§aenuISsen 110 sausawd
Tuinlsnnnmeneuaadyn 3 9u uazlFauiiey
sanlmnAnduleieaesrernannAaand
amns MRINNASUTUIAN 1 e 1NUELNTNARES
WU CRD iReuifienAieanlnedd LSD sz
mmﬁ@ﬁu 95 % (P<0.05)

4. msdszdivanuulsdsiunaiugnssuing
\4iA3aamang RAPD

ARPA S UeANT U LLARAE (ﬂﬁi'ﬂm@@\‘i‘ﬁl
1) embryogenic cell suspension (mmmm‘ﬁl 2) LAy
ERRERIGISIRG (ma‘mmmﬁ' 3) ANABN17UY Te-
chato (2000) TnsAusinaseladin TE twas uaz
WA sodium dodecy! sulfate Unl#aziden il
@m‘mm 70 a9ALTAEeE WAN ammonium acetate Lix
mmuﬂm 20 asAIaldaa Bl uima e an
ansazaradiulaldvann vl A
fazlanuaa 70 wlasidus
qnuvndl 30 asrniadag arnviuildisnBunns

isopropanol A
PRl uda viuh

Wwelnansvin PCR Taelwswasld Wdun OPB-08,
OPR-11, OPT 06, OPT-19, OPAB 01, OPAB-09 LAY
OPAB-14. Fagrngiinesidens 3 svdu Ao
QUQAGNA 94 avrnmaies unan2 il
qruwni 37 evAigaidea Ban 1 Wil wazdumeu
qavingldaomnd 72 asmgaiea a2 Wi
SMIURAU 30 seU AmAatgnuR 93 BaAN
waiea 1an 1 Wi 35 asAaiia a1 Wi
WAY 72 B9ANEATEA 191 7 WINAN 1 981 UASHNNI
uonuou lneneaindidninsWidaldduaznalea
wisd 1.5 wefidus luansazans TBE twined uu
40 Wi thlflaswnumiduasiag ethidium bromide
anifutitusuasdegnialiuas ultraviolet
Tufinnmd3enfsuunufiSueiitnngszadng
cell

AbwenanalaanuAadad  embryogenic

suspension lazlaufAnduLsle

276

AANITNAANBN

1. NAURIAIINLTNTULRIRITAIUANNIS
winALlnsamainSnuLARaa

AanNsnFeuitUTiAI89419A9UANNIS
WnyAulafiaoudiudusing o lwemnsudeges vs
faufunIauadAasn Wudu 200 AaaniumAaans 1w
1nan 1 Feu AenaifitBunaimingnesunada
WL dicamba AN ND 0.3
faufunsaueanasindudu 200 Haansuseans 1

NAANTUARARNT

i’imﬂnmmum@ﬁaqmm 315 fiaanin Tususd
24D Audadn 0.7 faansusieans livinas
‘IJ@\‘ILLﬁﬂﬁ/@ﬁI’]@m 213 HAANFN uansi N a et
TdnAty (Md 1A) dmsnsairadiileniaug
LAAA®A WLIN dicamba ANNIENDY 0.3 Haaniuse
ans ”lﬁé’mqmﬁmﬁ‘ﬂ@mﬁmm@ﬁmaﬁmgm;m 13.2
Buiislaailamadse unadaENEY LANANINN TR
athefitoddy WeulRaufauiuaraududuiu -
FueuRenTULARR AR IdanawnsiEl 24D A
a0 7 ﬁ@am“ma A9 lanuuaNL3laaila
Lmemmmmmw 1.8 18uLlanilAmadfAaLAAAE
Liumu (i 1B) dnenuzaesdusilanilauaadan
Aatuildnenslasaiananna@nuasiidinaes
(mwﬁ' 2A) Amuiduisleatlauaadafiimmn b
@3RN 2.4-D Banmurlaseairanay Tdvdes
W uazflannaaninBinoda (Mwdl 28)

grsannsianzansansiniiuaznsLia
SICFVaT)Y embryogenic cell suspension
dsanmsmnziazualaniaunadaly
BIVNINAT 2 g9 AB MS UAT Y, AN dicamba AN
indu 0.3 Hadniudedns sandunsaueanasin
indu 200 HadnFusiedns ‘ﬁqmasg‘llma 30 niusie
ans 1uan 1 theu wudnanmsiuangmns MS i
Saenafindiunamenaumasldandiamaman
am7 Y, Tnelviffununznauiaadgeqn 2.41 Haaans
mm’%m&uﬁu‘ﬂmmLﬁmzﬂummimmqm‘ﬂumiﬁ 4

28T AD 728Y lag, log, stationary Warsrely death
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o =3 = PPN .
wanuiludunmnalnesrasnigadadnanssunITuLI
Lsﬁﬂ@ﬂ\i@\‘mﬂiﬂﬂﬁli"]ﬂ’\ﬁ‘lﬂi‘ﬂ_lLﬁ]ﬂtﬁ]@ﬂ@ﬂﬂﬂi%“ﬁ']ﬂ
')‘LW] 12 Mﬂ\?ﬂﬁi‘L‘W’]yL@ﬂQ LL@“’SLWT]"N’JHV] 18 menau

LIAR L?Nﬂi"]ﬂ{]@u’]m’m mm‘ummimm@.m Y3

maammmmimmmuimmmm@ﬂ‘lum\mum 20 uaz
Tunaduit 24 Wﬂﬂuwmmsuﬂmﬂgmqm@ (Wi
3) ANHUE embryogenic cell suspension JAwmdes
neiuaeinaadu < unguian o (mw‘?]' 4)

A
400 a
b .
cd bcd bc
s 00 d cd cd
k=
=)
‘® 200
=
=
28
= 100
[e] .
0.1 0.3 0.5 0.7 0.1
di di di di 2,4-D 24-D 24D 2,4-D 24-D
15 a B
= b
= 10 -
g cd cd cd
_g def ef f
g s 9
= g
=
=
o | ||
0.1 0.3 0.5 0.7 1.0
di di di di 2,4-D 24-D 2,4-D 2,4-D 24-D

Concentration of plant growth regulators (mg/l)

Figure 1 Fresh weight (A) and number of embryogenic callus (B) on media with different concentrations of

dicamba and 2,4-D after 1 month of culture

* Value followed by different letter in term of type of PGR and concentrations are significantly different according to DMRT-test at

P<0.05 level.

Figure 2 Embryogenic callus on MS medium containing 0.3 mg/l dicamba (A) and 0.7 mg/l 2,4-D (B) after 1

month of culture (bar = 3 mm)
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3.5

Packed cell volume (PCY)

—o—MS+ 0.3di

==Y 3+ 0.3di

Time of culture (days)

30

Figure 3 Growth of cells in suspension culture obtained from two different kinds of culture media, MS and Y,

supplemented with 0.3 mg/I dicamba for 1 month

Figure 4 Clusters of embryogenic clump from embryogenic cell suspension cultured on MS medium

supplemented with 0.3 mg/l dicamba for one month (bar = 5 mm)

NATDILUAIAISLAUADNITWRIUILBILENIAN
=3 A & =3 A a
nuslaannmsinnziagaanuslaailacias
TRNUTU
MAIAINNNTNNZLAEN embryogenic  cell
suspension ‘lummamngm MS #is  dicamba
£ % a a o 1 a A $% ¥
T 0.3 NaanTusaang neaLagAaslndNd 200
FaanFuADANT WS ULNAIANTUAL 2 WARY AD
% ca £ £ s 1 a = %
UAatasineadndi 36.434 NTUADARNT VTOUIAA
a v v o 1 a \ A o
LNUINaAITNDU 36.434 NFUARARNT ABNITENNANUIL
TaunANENL3 e 1WWaan 1 Bau Nud1 anunTuan
an3 MS intmaTesineadndu 36.434  niwusie
AmT F9uNU dicamba  WHNIW 0.3  HAANTNARARNT
AN UIBlINNANB N3 lawA 5.6 1EN1E e
anynautas 1 Jadans gandnluaivnsiiusoy
wmauNuines  uanAnansaiAetneliadnAny
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@3eh 1) launAnduuileNeTguuanmniiy

UIAATDSUNDA HANHULNAN AUADI TUIA 2
TARNAT (NN 5)

4. nMspsREaLANNLLssIunIRugnssalae
ldimalian RAPD

ASuefiafaannuaada embryogenic  cell
suspension  wazlaanAndnudla  HiFN1ougann
wariiaannazenn AdueaintaniAndnuiled
3N10Ug9dA N1NNI1 80 wlunfuilefeuiuuaui
Al i"mmmﬁ@embryogenic cell suspension %dfl
Fu1uunngn 40 Wlundu d9ulARRALUBMNS
ualiRdweiuanldfhBunnitesfigalszann 40
wnluniu Aiduednaniliaunmismesenedi
1Funusnematin RAPD (mwﬁ' 6)
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Table 1 Effect of carbon sources on development of somatic embryo in oil palm cell suspension culture

on MS medium supplemented with 200 mg/I ascorbic acid and 0.3 mg/l dicamba for 1 month

Carbon sources (g/l)

Number of somatic embryo

Sorbitol 5.6
Mannitol 2.0
LSD ., 1.65
C.V.(%) 33.80

Figure 5 Characters of somatic embryo in MS medium supplemented with 200 mg/l ascorbic acid and

0.3 mg/I dicamba after one month of culture (bar = 5mm)

A, 1 2 3 4 5 6 7

8

9 10 11 12 13 14 15}\.2

Figure 6 Qualitative measurement of genomic DNA from three different sources of plant material in

comparison with A DNA. 7\,1 =40 ng and 7\,2 =80 ng

different sources of plant material
lane 1-5 genomic DNA from callus

lane 10-15 genomic DNA from SE

AINNNTATIAABL AN T TIUNIN UG
nssumaelduintugnuaniiaiamidueldann
LAAAA embryogenic cell suspension WaZlTNNAN
Buiislesnamaiin RAPD TneldInsmasanuan 7 ns
was e OPB-08, OPR-11, OPT-06, OPT-19, OPAB-
01, OPAB-09 uay OPAB-14 W1 Ingies OPT-06,
OPAB-01, OPAB-09 Uaz OPAB — 14 A lsfunumifiuie
Ixdaan arunrninan Il szi@uannuuilslsaunig
WUFNITUUVRIUARRE wafFamudunaanaufusoud
WananMamzaedld (A3 2)
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lane 6-10

lane 1-10 are genomic DNA from three

genomic DNA from suspension cell

NNl sziiuANLLTLTIUN 1R UgN TN
m@qﬂqﬁuﬁﬁﬁu@.ﬂmu TneldiaTaevuny RAPD
TR RIE R INICITEAT CEtE RERPHIIER
wudn nsised OPT-06 fisisanauiduteldludaq
237/ 700 99 800 bp wouA g avue 1 wou (NN
7 7A)  lnswes OPAB-01 WinBu A weld
1899917 600 A4 1100 bp LOUTIATHavun 3
WOU (MW7 7B)  OPAB-09 Liis3un i fuleld
Tudq9a11m 300 D19 1200 bp LouAlaSfenun 5
WOU (MW 7C)Uas OPAB — 14 iiniiunaumifuLe
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1A luga9r11 A 600 D4 1200 bp koL IFRTIMNA 3 wazliTdAnNuAnsng Janerauzidi monomorphism
WU (AR 7D) TR ARanNAR A NaNLENe TANNA

Table 2 Amplificability or suitability of RAPD primers for amplification of genomic DNA from three different
sources of plant materials (calluses, cell suspension and somatic embryo) raised on MS medium

supplemented with 1 mg/l dicamba, 36.434 g/l sucrose, 200 mg/l ascorbic acid and 0.75% agar

Primers Base sequence 5 —» 3 Suitability
OPAB-09 GGGCGACTAC ++++
OPAB-01 CCGTCGGTAG +4+++
OPT-06 CAAGGGCAGA ++++
OPAB-14 AAGTGCGACC ++++
OPR-11 GTAGCCGTCT +++
OPB-08 GTCCACACGG ++
OPA-19 GTCCGTATGG +

++++ all genomic DNA samples could be amplified with high resolution
+++ all genomic DNA samples could be amplified with moderate resolution
++ some genomic DNA samples could be amplified with high resolution

+ very few genomic DNA samples could be amplified with moderate resolution

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

700 bp

M 1 2 3 4 5 6 7 8 9 10 1112 13 14 15

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

500 bp

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1000 bp

Figure 7 DNA profiles of genomic DNA extracted from callus (lane 1-5), suspension cells (lane 6-10) and
somatic embryos (lane 11-15) amplified by various RAPD primers
A: OPT - 06 B: OPAB - 01 C: OPAB-09 D: OPAB - 14 M: standard DNA (100 bp)
280
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anmsnlFauiauaiinuazaanuiduduns
an7AILANNNTRI YL IAABNI RN NUTNLARAS
29t ANTNTU WU dicamba AYYNLdHYW 0.3
Hadnfusieans  WNUTN i winanuAada (315

a a o v 1 ¥ ¥ 4‘ 2V = 1
Haaniw) andpanudnduay o wazliuanngd
24D wazlfawuduislaniiaunsdaanligagn
(132 BN TR LAIARADLAAAALTNFILW) UAIAIN

dﬂl A a o ]
wnziaeuna 1 heu negdaadunisimuung

v 1 1 a < a =X dl U
FulusilneeinunszuaunslmunmAnd Nz laasneades
AuansasuaNnIsasnAuin Tnaanazlungy
aandunsefuliiiauaadadnwueiuansaiu
aanARasiuanadmd (2553)  MseIunsdnn
wAAAAUNAN TN UueIMTuagnT MS
dicamba ANind 0.3 HaAnFusedans dadiunig

A a
NiRA

Ruiminanesuaada wazsuusuiilaiaia
WARAE1EANINMN AL 2,4-D peinglsfinm 2,4-D
daasnlfisaanrai19ansdseneuiuea
nelfiianisnaneiuglel (de Touchet et al, 1991)
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Te-chato and Hilae (2007) 91881191 dicamba
zﬁ'\aL@?uﬁ@mimmmqmaﬁqqﬁﬂwﬁﬂL?i@%uﬁﬁLm@ff
fia nusedan uazduitedesiviedvieans luanse
fi 24D m'\aL@?mﬁ@nﬁuﬂmmqLsﬁ@z&gﬂu%u%ﬁLm{?’
fawintiu Fedulunanimaassiiuanaliiuga
dicamba Lﬂu@@ﬂ%uﬁ'ﬁFTnﬂmwzgfLumizma?umi
NS HUUARSA LTAFUTIUABE AABAALNTTAILN
valmanindanlaluduring
Fletnuduisleaniaunadallmzidedly
BIWNANAIGRAT MS AL SRR AznewTa s 1E
ANI1DMNTNAIGAT Y, aenAdesiL  Kramut and
Te-chato  (2010) ldane9udn@msnaagms MS
mmmLﬁuﬂ?‘mma‘mﬂ@ummﬁqqndﬁmmﬂma@m
Y, %ﬂﬁﬁ@ﬂ@ﬁﬂﬂﬂﬁﬁim@’l@ﬁi MS HasAlsznaues
lulmsiange fedaaiunisimuiresadine
MuALaiY Thiruvengadam et al., (2006) e
dﬁ%w%‘w@a?zﬁu"l,u‘l:m?Lwﬁ'mﬁugﬂmmmmiznﬂu
BunId AUNUIMAIAYAANIZTLIUNITWRILN LD
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tmnfndnile  edelsfinueinamangns MS
dadzunisa¥eansdszneuiuealianine1misivan
ans Yy, TUNIREITARUAR  Hesaan
amnamangeas MS  Haaulsenavuaeinsnasiilugs
NINBWNINAGAT Y, fanseazfiluaaiiuasadain
n1saf1edsszneuiueantaluisasaneg L4
LRI
NNTANENN IR AN TR NNR B NLETe
TneAntnaaTesines dud 36434 niusedns
f9unU dicamba Wudu 0.3 RaanfufAaamns Masan
madsuung 1 1en AennswamalmanFn
dunileldgendnluemsidinmaunuinea i
ﬁﬂmm“mLﬂw,mzimqmi‘muﬁzﬁwﬁmhmﬁﬂﬁﬁsﬁ
wAnnL3la (Corredoira et al, 2003) iwiAgANL
$18197%4984 Hilae and Te-chato (2005) @ NNsadnTin
nesfrelmananidunsTeldn uuansudegas Ms 7
Futinenatesinoadiudy 36434 niudedns
desanninanazesiines duanmnuanyesnis
wasuulasszduresllsiiunelusaddanalimad
RURRAILAREATN A8 NIZLAUN AL TR
TrnAnduLETalunsmnsiasunadatduning
(de Touchet et al., 1991)
ANN19ANEIANLLIIUN 1R UG NTIN
gesthduninulne T udouueada embryogenic cell
suspension  warldunAndusile wudn Tnswes
OPT-06, OPAB-01, OPAB-09 uaz OPAB-14 1#unuf
duelddaiay fauainaue wazlinuminy
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monomorphism '1;1;\11/134@ ARARRBANLEUIR (2551)
PELMIATIageLAAL s s un gL I dning
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AU Thawaro and Te-chato  (2008) $18:47%497
Insiues OPT-06 A1NN30MTIR88LANNLLITLTIUNNG
Wuh;ﬂﬁmmﬁuﬂm’uﬁ’]ﬁumﬁmﬂmﬂwwLz'%m
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Selection of Endophytic Actinomycetes Against

Fruit-rot Fungi of Longan

iNIAU AaANAINa” uas Tans TARIATIN'

Kaewalin Kunasakdakul” and Chaiporn Kudsongkram”

Abstract: Fruit peels of Longan cv. Dor was used for isolation and gained 24 isolates of endophytic
actinomycetes. Their morphological studies, mycelia growth, branching and arrangements of spore chain
observed under microscope were possibly exhibited the genus Sireptomyces sp. To select the superior isolates
on mycelial growth inhibition for three genera of fruit-rot fungi of longan, screening tests were obtained in the
isolates of DIM8, DIM9, DIM15 and DIM19 on Pestalotiopsis sp., DIM4, DIM12, DIM15, DIM16, DIM20 and
DIM25 on Lasiodiplodia sp. and the isolates of DIM3, DIM5, DIM15, DIM25 and DIM26 on Trichothecium sp.
The inhibition effects on the pathogens were also compatibly compared with those of CEN26, COF4, GART,
HOUZ2 and NEE1 group of the isolates obtained from the previous experiment. In addition, their antimicrobial
substance productions in different media were also proved that dual culture testing on ISP-2 agar shown more
increasing of inhibition percentages than the testing on IMA-2 agar observed in both group of them. Particularly,
the DIM15 was the best isolate revealing very high inhibition percentages on Pestalotiopsis sp.and
Lasiodiplodia sp. at 87.10 and 73.82 on ISP-2 agar which were 86.43 and 80.58 percents higher than the testing
on IMA-2 agar, respectively. In case of Trichothecium sp., GAR1 isolate significantly showed the most inhibition
percentage at 89.68 which was significantly better than the DIM15 isolate. Moreover, GAR1 isolate is preferable
to produce antifungal substance on ISP-2 agar than the others. These results revealed that DIM15 and GAR1
isolates showed their potentials to be used as alternate means for reduction of agrochemical application in post

harvest disease control of longan fruit in the future.

Keywords: Endophytic actinomycete, longan, fruit-rot, biological control
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Figure 1 One week old conidia and colony of Pestalotiopsis sp. (a) and 2 week old Lasiodiplodia sp. (b) and

Trichothecium sp. (c) cultured on PDA
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Figure 2 Endophytic actinomycete DIM1 isolate isolated from longan peels (a); pale reddish yellow colonies

(125) grown on IMA-2 (b); and retinaculiaperti type of spore chain forming (c)
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Table 1 Inhibition percentages on growth of Pestalotiopsis sp., Lasiodiplodia sp., and Trichothecium sp. fruit-

rot fungi of longan in screening tests on IMA-2 agar with endophytic actinomycete isolated from

longan fruit peels

Inhibition percentage (%)1

Isolates
Pestalotiopsis sp. Lasiodiplodia sp. Trichothecium sp.
DIM1 43.36 cdef 54711 50.00 fg
DIM3 46.02 cde 61.77 cdef 65.00 abcd
DIM4 46.67 cd 63.53 bcd 47.00 g
DIM5 38.05 fg 60.00 defg 67.00 ab
DIM6 46.67 cd 62.94 bcde 60.00 bcde
DIM7 38.94 efg 57.06 ghi 62.00 bcde
DIM8 5044 ¢ 60.00 defg 61.00 bcde
DIM9 5044 c 62.94 bcde 62.00 bcde
DIM10 39.82 efg 59.41 efg 61.00 bcde
DIM11 41.59 defg 58.82 fgh 56.00 defg
DIM12 44 25 cdef 63.53 bcd 58.00 bcdef
DIM13 38.05fg 62.94 bcde 54.00 efg
DIM14 46.67 cd 62.94 bcde 54.00 efg
DIM15 88.50 a 70.00 a 74.00 a
DIM16 38.94 efg 64.12 bc 62.00 bcde
DIM17 37.17 g 55.29 hi 61.00 bcde
DIM18 37.17fg 62.94 bcde 53.00 efg
DIM19 63.72 b 60.00 defg 62.00 bcde
DIM20 34519 65.88 b 55.00 efg
DIM22 39.82 efg 61.77 cdef 57.00 cdef
DIM23 39.82 efg 61.18 cdef 59.00 bcdef
DIM24 46.02 cde 60.00 defg 50.00 fg
DIM25 46.67 cd 64.12 bc 72.00 a
DIM26 40.71 efg 58.24 fghi 66.00 adc
LSD, s 7.80 3.94 9.07
%CV 12.15 4.55 10.82

' Means within the same column followed by different letters were significantly different at £<0.05 by LSD.

doulunjgandnuuenms IMA2 Taglalaan GART §
ﬂ'ﬁLﬂ@ﬁe’ﬁuﬁm?ﬁu&ﬁLﬁufﬁu@;\iﬁzﬁmﬁq 229.81
wefidud & miuidas Trichothecium sp.  WUA
lelnan DIM3  awnsndudenisioyldaTigaum
g IMA2  Rilefdudnisdudawinty 5785
Aruuue g ISP2 - wudn lalsian  GAR1 &
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Table 2 Comparisons of inhibition percentages on growth of fruit-rot fungi by endophytic actinomycete

isolates testing with dual culture method on IMA-2 and ISP-2 agar

Inhibition percentage (%)’

Isolates Pestalotiopsis sp. Lasiodiplodia sp. Trichothecium sp.
IMA2  ISP2  diff’ (%) IMA2  ISP-2  diff’ (%) IMA2  ISP2  diff* (%)
DIM3 - - - - - - 5785a 83.78b +4482
DIM4 - - - 43.80cd 6597b +50.62 - - -
DIM5 - - - - - - 55.37ab 8525ab +53.96
DIM8 4599a 5242e +13.98 - - - - - -
DIM9  3358cd 58.87d +75.31 - - - - - -
DIM12 - - - 2847g 5340de +87.57 - - -
DIM15 46.72a 87.10a +86.43 40.88cd 73.82a +80.58 57.03ab 8451b +48.19
DIM16 - - - 3212fg 5550d +72.79 - - -
DIM19  2482f 5323e +114.46 - - - - - -
DIM20 - - - 5475b 52.36e -4.37 - - -
DIM25 - - - 3431ef 5131e +4955 57.03ab 77.88c +36.56
DIM26 - - - - - - 57.03ab 7861c +37.84
CEN26 4161b 8549a +10546 38.69de 5944c +5363 51.24bc 8746ab +70.69
COF4 3650c 6049d +6573 80.29a 1889g -76.47 4876c 2552d -47.66
GAR1  27.01ef 80.65b +19859 1533h 5056e +229.81 56.20ab 89.68a +59.57
HOU2 30.66de 28.23f -7.93 4599c 18.89g -5893 5455abc 26.25d -51.88
NEE1 2920e 6532c +123.70 5766b 47.22f -1811 52.89abc 8525ab +61.18
LSD, 6 412 3.57 517 2.90 5.90 4.67
%CV 8.08 3.88 8.37 4.05 7.45 4.46

! Means within the same column followed by different letters were significantly different at £<0.05 by LSD.

? Percent different values calculated from inhibition percentages of each fungal pathogen testing on IMA-2 and ISP-2 agar
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Figure 3 Inhibition effects of DIM15 isolate of endophytic actinomycetes on growth of fruit-rot fungi testing with
dual culture method on IMA-2 (a) and ISP-2 agar (b)
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Effects of Infrared Heating Combined with Vibration Screen

on Eliminating Rice Weevils in Paddy Storage

iseag s13iain” 83998 19195500 0A" anlnad garauns”

e o o a saat/
WAL TULUR AUNT AT
Pradit Ramatchima”, Thavachai ThivavarnvongsV, Somposh Sudajan”

and Chaiyan Junsiri v

Abstract: The objective of this research was to study the effect of infrared heating combined with vibrated
screen on eliminating rice weevils in paddy storage. The experimental unit was designed on a concept of
allowing the paddy to move horizontally with thickness layer over a vibration screen operated by a cam giving
vertical vibration. The paddy layer on the screen was heated using 3,600 W electric infrared bars at 5 levels of
temperature: 120, 140, 160, 180 and 200 °C. For a 1 kg of 3.1 mm paddy layer thickness and temperature
upward of 120 °C for 4-5 seconds, the adults death rate was 100%. But for a paddy layer thickness of 4.5 mm
the adult death rate was nearly 100% for temperatures greater than 160 °C for 4-5 seconds. Therefore, in order
to conform with the practically work the 10 kg of paddy was continuously flowed. The study of the heating effect
on the elimination of rice weevils in stored paddy showed the best results for a paddy layer thickness of 3.1 mm,
a temperature between 160 and 200 °C for 4-5 seconds. The results of the study show that the adults death rate
was 100% at temperatures upward of 180 °C. This does not make sense. For 2-3 months of paddy storage, the
adults growth rate was1.1-5.3% and 1.1-3.7% at the temperatures of 180 °C and 200 °C respectively. However,

the optimum temperature was 180 °C because the value of the head rice yield was the highest.

Keywords: Paddy storage, infrared, elimination
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Figure 1 Experimental unit for insect eliminating by infrared radiation.
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Figure 2 The effect of temperatures on insect death rate at 1 kg of 3.1 and 4.5 mm paddy layer thickness.
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Figure 3 The effect of temperatures on insect death rate (a) and the insect growth rate in 10 kg paddy during

storage for 3 months (b).
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Figure 4 The effect of storage times on the head rice yield (a) and whiteness index of milled rice.
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Rearing of Micraspis discolor (Fabricius) on

Artificial Food Sources
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and Jiraporn Kulsarin

Abstract: The objective of this study was to find out the suitable artificial foods for mass rearing Micraspis
discolor (Fabricius) in laboratory. The completely randomized design with 30 replications and 5 treatments
composed of honeycomb, honeybee pollen, honeybee brood, egg yolk and multivitamins was performed. The
complete development of M. discolor was found when fed on only honeycomb and honeybee brood with the
total development period from egg to adult at 36.25 and 37.00 days, respectively, longer than those fed on
Aphis craccivora (Koch) which was only 13.47 days. The partial ecological life table showed that the highest
mortality of M. discolor fed on honeycomb was found in the egg stage and first instar larva, meanwhile, the
highest mortality of those fed on honeybee brood and A. craccivora was found in the pre-pupa and pupa stage.
The survivorship curve of M. discolor fed on honeycomb, honeybee brood and A. craccivora was closely

related to type III, | and |, respectively (P> 0.05).

Keywords: Micrapis discolor, artificial food, techniques, biological control
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Table 1 Duration of various developmental stage of Micraspis discolor (Fabricius) fed on five artificial

diets and Aphis craccivora (Koch) under laboratory conditions (27 +2°C and 60 10 % RH).

Duration (days)”

Stage of
Honeycomb  Honeybee Bee Multivitamins A. craccivora
development Yolk
pollen brood

Larva:

Instar | 9.00™ 13.50° 6.50°  6.25° 5.50" 2.40°

Instar Il 8.25" 23.50° 6.50 - 7.00° 2.40°

Instar 11 7.00° - 6.50"° - - 2.40°

Instar IV 6.50" - 11.00° - - 1.80°
Prepupa 3.50° - 1.25° - - 1.80°
Pupa 2.00° - 525" - - 2.67°
Total developmental
from egg to adult 36.25° - 37.00° - - 13.47°
Adult 24.00° - 2150 - - 15.50"
Total 60.25° - 58.50° - - 28.97"

"Means value in the same row are not significant differences (P=0.05)

Table 2 Partial ecological life table of Micraspis discolor (Fabricius) fed on artificial diet base on honeycomb
under laboratory conditions (27 + 2°C and 60 10 % RH).

Stage of Number of Number of dying Percent mortality Generation
development surviving at the within X (100,,) mortality
(X) beginning of X (d) (100,,/n)
(L)
Egg 30 6 20.00 20.00
Larva:
Instar | 24 12 50.00 40.00
Instar Il 12 0 0.00 0.00
Instar Il 12 0 0.00 0.00
Instar IV 12 0 0.00 0.00
Prepupa 12 0 0.00 0.00
Pupa 12 0 0.00 0.00
Adult 12
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Table 3 Partial ecological life table of Micraspis discolor (Fabricius) fed on artificial diet base on bee brood
under laboratory conditions (27 + 2°C and 60 £10 % RH).

Stage of Number of Number of dying ~ Percent mortality =~ Generation mortality
development surviving at the within X (10qu) (100,,/n)
(X) beginning of X (d)
)

Egg 30 6 20.00 20.00
Larva:

Instar | 24 0 0.00 0.00

Instar Il 24 0 0.00 0.00

Instar Il 24 0 0.00 0.00

Instar IV 24 0 0.00 0.00
Prepupa 24 0 0.00 0.00
Pupa 24 12 50.00 40.00
Adult 12

Table 4 Partial ecological life table of Micraspis discolor (Fabricius) fed on Aphis craccivora (Koch) under
laboratory conditions (27 + 2°C and 60 + 10% RH).

Stage of Number of Number of dying Percent mortality Generation
development surviving at the within X (100qx) mortality
X) beginning of X (1) (d) (100,,/n)

Egg 30 0 0.00 0.00
Larva:

Instar | 30 0 0.00 0.00

Instar Il 30 0 0.00 0.00

Instar Il 30 0 0.00 0.00

Instar IV 30 0 0.00 0.00
Prepupa 30 12 40.00 40.00
Pupa 18 6 33.33 20.00
Adult 12
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Survivorship curve of Micraspis discolor (Fabricius) fed on artificial diet base on honeycomb

and honeybee brood under laboratory condition.
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Economic Threshold of Insect Pests
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Abstract: Economic threshold considered as a “tool” has been used to determine a decision making for
controlling plant pests, based on the relationship between pest abundance and crop damage. It's emphasized
on benefit/cost ratio with no consequence effects. This paper described concepts, definition and establishment

of economic threshold.

Keywords: Economic threshold, economic injury level, pest control
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