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Abstract

Weeds are one of the major causes of yield losses in rice production. The understanding
of weed species and their specific occurrence can improve an effective timing for weed
control which is an important component of integrated weed management. The objectives
of this study were to determine effect of different weed control timing on weed species
and weed dominant species and to evaluate effect of weed control timing on growth and
yield component of rice. The experiment was laid out in RCBD with four replications.
Seedlings of SPT1 rice variety were transplanted in the paddy field that was arranged into
four treatments; T1 weed-free, T2 weed control before maximum tillering stage (MT), T3
weed control after MT and T4 weedy. At the ripening stage of rice, weed species, weed
density, weed dry weight and summed dominance ratio (SDR) were recorded and then
growth and yield component of rice were estimated. The results showed that T2 had the
most weed species consisted of swamp morning-glory (lpomoea aquatica Forsk.), yellow
bur-head (Limnocharis flava Buch.), water primrose (Ludwigia adscendens (L.) Hara.) and

torpedo grass (Panicum repens Linn.), while T3 and T4 was covered by swamp morning-
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glory and T4 was highest weed density. Weed dominant species in transplanted rice
cultivation were swamp morning-glory and yellow bur-head which they were aquatic weeds
and highly tolerance to submergence. Every treatments of weed-rice competition decreased
growth and yield of rice comparing to T1, especially in T4. The competition of weed and
rice at before (T3) or after (T2) MT stage had no difference on plant height, number of
filled grain, number of unfilled grain and 1000-grain weight. However, T3 showed more
severe decreasing of tiller numbers and grain yield than T2, suggesting that the sensitive
growth stage of rice to weed competition was vegetative stage.

Keywords: Transplanted rice, growth stage, aquatic weed, weed competition
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agALue, 2559; Anwar et al., 2012)

1ny SDR = (relative density + relative
dry weight) / 2

4 relative density (%) = (density of a
given weed species / total weed density) x 100

relative dry weight (%) = (dry weight
of a given weed species / total weed dry
weight) x 100
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niinuislndlAgaduiazainnil T3 sy
wiayin (Table 1) iflesaniyisusiazyiia
fanwaen1FugIUINe a1 LAULe

'
= 1

AN TURRRaGU T NUAUAIENITAL I
AnanAUIUTIN 38 summed dominance
ratio Sawuilu T2 matinsgEiduiuiividen
AssNTigadie 53.4 Wedldud sesamn
Fonddunin Ands wazuneweth dedidn
ALY 30.6 13.8 waz 2.2 1Uosldud auaey
yaupd T3 uaz Td wuiessiniadsdiananaisy
100 \Woslgus (Table 1)

Density, dry weight and summed dominance ratio of weeds in the presence of

different timing of weed control in SPT1 rice paddy field

Density (no./m?)

Weed species

T1 T2 T3 T4
Ipomoea aquatica Forsk. - 108 +24 325+72 520=+13.1
Limnocharis flava Buch. - 45+ 1.1 - -
Ludwigia adscendens (L.) Hara. - 1.3+04 - -
Panicum repens Linn. - 4.2 +0.9 - -
. 2
Weed species Dry weight (g/m’)
T1 T2 T3 T4
Ipomoea aquatica Forsk. - 171 +£28 587+35 1072162
Limnocharis flava Buch. - 662+ 75 - -
Ludwigia adscendens (L.) Hara. - 28+ 09 - -
Panicum repens Linn. - 38.0 £ 3.8 - -
Summed dominance ratio (%)
Weed species
T1 T2 T3 T4
Ipomoea aquatica Forsk. - 13.8 + 3.7 100.0 £ 0.0 100.0 £ 0.0
Limnocharis flava Buch. - 534+ 1.9 - -
Ludwigia adscendens (L.) Hara. - 22+ 04 - -
Panicum repens Linn. - 30.6 + 5.1 - -

T1 = Weed-free; T2 = Weed control before maximum tillering stage (MT); T3 = Weed control after MT;

T4 = Weedy. Values are means of four replicates + SE.
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Wisudleuiu T1 wieilianadasiade 10.0
Wodldud dwu Ta fihmdnusediumiionu
anawnnfiananidu 16.8 Wedldus (Table 2)

Table 2 Growth of SPT1 rice variety in the presence of different timing of weed control

Tillers Height Shoot dry
Treatment

(no./hill) (cm) weight (g/hill)
T1 Weed-free 106+12a 93.5+09a 778 +55a
T2 Weed control before MT 10.1 + 0.7 ab 87.7+05b 69.8 + 3.6 ab
T3 Weed control after MT 9.5+ 1.6 bc 882+ 14b 70.2 + 10.6 ab
T4 Weedy 87+09c 89.3+34b 64.7+ 113 b
mean 9.7 89.7 70.6
F-test * * *
LSDg s 0.60 3.45 12.43
CV (%) 23.37 7.7 35.58

Values (means of four replicates + SE) in the same column followed by the same letter are not

significantly different at p<0.05. * = significantly differences at p<0.05.
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= al w a
nIalonsinisanasvesnanamdu 22.1
Wasidus (Table 3)

Table 3 Yield and yield component of SPT1 rice variety in the presence of different timing

of weed control

SR Filled grain  Unfilled grain 1,000 grain Grain yield
(no./panicle) (no./panicle) weight (g)  (kg/m?)

T1 Weed-free 1522 +59 128 +5.0 304+02 077+x0.1a
T2 Weed control before MT ~ 152.8 + 8.1 19.7 £ 5.6 305+£05 073+0.1a
T3 Weed control after MT 151.0 + 10.7 22.8 +3.8 292 +0.6 0.69+02ab
T4 Weedy 139.2 +95 18.0 + 4.8 289 +05 060+.01b
Mean 148.8 18.3 29.7 0.70
F-test NS NS NS *
LSDy o5 11.99 7.46 0.87 0.04
CV (%) 16.30 82.12 1.83 28.52

Values (means of four replicates + SE) in the same column followed by the same letter are not

significantly different at p<0.05. NS = not statistically difference; * = significantly differences at p<0.05.
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Abstract

The research aimed to investigate the effect of modified culture medium on growth
of in vitro seedling of Dendrobium orchids. The modified culture media were prepared
by using organic matters including potato extract (150 ¢/l) tomato extract (75 ¢/) fish
extract fertilizer (2 mU/\) supplemented in without and with KNO,. These modified culture
media were compared with VW medium (Vacin & Went) for in vitro growth of Dendrobium
moschatum (Buch.-Ham.) Sw. and Dendrobium primulinum Lindl. The growth of seedling
was investigated for 3 months after culturing. The results showed that VW medium was
better and suitable for long time of growth in these 2 species but the cost of medium
was high (about 60 Bath per liter). Whereas, the growth of these orchids in modified
culture media which including the potato extract [medium supplemented with potato
extract (150 g/l) + KNO, (1.25 ¢/1), medium supplement with potato extract (150 ¢/l) +

tomato extract (75 ¢/) + fish extract fertilizer (2 ml/l) and medium supplement with
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potato extract (150 ¢/1) + fish extract fertilizer (2 ml/1) + KNO, (1.25 ¢/1)] were not different
to VW medium. While, the cost of these modified culture media was low (about 25-28
Bath per liter) but they have limitation on culturing period when compared with VW
medium. However, these modified culture media can be applied for in vitro culture of
these orchids because of save cost and simple practice.

Keywords: Orchid, Dendrobium moschatum (Buch.-Ham.) Sw., Dendrobium primulinum

Lindl., organic supplements
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WedhAnyds dAatennugruliuTugegaly
VW fi9 1.06 wufins duaAladeaiuiulud
WiAugegaluy VW fe 2.40 Tu galvinaunnsing
neadfeglivtsdAy druraduaueIly
A a X ! = 1% A a X |
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AULANFN9EDRA (Table 1)

Table1 Seedling growth of Dendrobium moschatum (Buch.-Ham.) Sw. at 3 months
after culture initiation on modified culture media
Shoot length Shoot width I[::\g/f; Leaves width Nul:at\)g; of
Treatments increase increase increase increase increase
(cm) (cm) (cm) (cm) (leaves)

VW 1.06° 0.06* 0.34 0.08 2.40°

P 0.85% 0.06™ 0.37 0.06 1.30°

T 0.88% 0.02° 0.23 0.04 1.90®

F 0.50™ 0.04° 0.17 0.05 1.00

P+T 0.28° 0.10° 0.11 0.06 1.20°

P+F 0.54" 0.10° 0.23 0.09 0.50°

T+F 0.51™ 0.06* 0.22 0.09 1.00

P+T+F 0.77% 0.07% 0.25 0.10 1.60°

P+K 0.67% 0.08% 0.24 0.09 1.90®

T+K 0.58%° 0.00° 0.19 0.05 1.30™°

F+K 0.51 0.03> 0.21 0.06 1.90"

P+T+K 0.92%° 0.01% 0.18 0.08 1.80%°

P+F+K 0.69™ 0.03° 0.19 0.06 2.00%

T+F+K 0.50™ 0.03°% 0.14 0.07 1.10™

P+T+F+K 0.43" 0.03% 0.09 0.06 1.60™
F-test * *x ns ns *

Means in the same column followed by the different letter are significantly different at P<0.05 when

comparing the means value by Duncan Multiple Range Test.

ns = not significantly different
* = significantly different at P<0.05
** = significantly different at P<0.01
VW = Vacin & Went (1949)
P
F

= Potato T = Tomato

= Fish extract fertilizer K = KNO,
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W P T F P+T

P+F T+F P+T+F P+K T+K

F+K P+T+K P+F+K T+F+K P+T+F+K

Figure 1 Growth of Dendrobium moschatum (Buch.-Ham.) Sw. at 3 months after culture
initiation on modified culture media
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nsasgivinvesdugaundaelifides  doddnis fanedemmuenlufifistugean
e Tu VW e 0.40 wufing Selraunns1mia

wu3rRugeundaslifidesaeiied  adfedaliodiy dwAnadoninuniied
ARAsugeuiintugeaaluvw Ao 122 ity anunheluiiiintu wagdualud
wuRns dednauanaiomieadfognedl  utuduldfienuuansnmneadi (Table 2)

Table 2 Seedling growth of Dendrobiun primulinum Lindl. at 3 months after culture
initiation on modified culture media

Shoot length Shoot width I[::\g/f; Leaves width Nul:at\)g; of
Treatments increase increase . increase .
(cm) (cm) INnCrease (cm) INcrease
(cm) (leaves)

VW 1.22° 0.12 0.40° 0.11 0.90
P 0.36° 0.14 0.26™ 0.10 0.30
T 0.41° 0.14 0.29° 0.14 0.30
F 0.18“ 0.08 0.21%* 0.09 0.40
P+T 0.59™ 0.20 0.11 0.23 0.50
P+F 0.69™ 0.19 0.13%* 0.08 0.50
T+F 0.00¢ 0.12 0.30°* 0.07 0.30
P+T+F 0.42° 0.14 0.09" 0.17 0.60
P+K 0.44° 0.17 0.09" 0.18 0.40
T+K 0.53> 0.14 0.01° 0.10 0.50
F+K 0.38° 0.14 0.12° 0.08 0.20
P+T+K 0.14 0.12 0.28%* 0.06 0.30
P+F+K 0.87% 0.20 0.28%* 0.14 0.60
T+F+K 0.36° 0.13 0.09" 0.09 0.50
P+T+F+K 0.61™ 0.11 0.37% 0.12 0.70

F-test ** ns * ns ns

Means in the same column followed by the different letter are significantly different at P<0.05 when
comparing the means value by Duncan Multiple Range Test.

ns = not significantly different

* = significantly different at P<0.05
** = significantly different at P<0.01
VW = Vacin & Went (1949)

P = Potato T = Tomato
F

= Fish extract fertilizer K KNO,
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W P T F P+T

P+F T+F P+T+F P+K T+K

F+K P+T+K P+F+K T+F+K P+T+F+K

Figure 2 Growth of Dendrobiun primulinum Lindl. at 3 months after culture initiation on
modified culture media
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Table 3 Cost of modified culture media (Bath/Liter)

Treatments Bath/Liter
VW 60
P 23
T 21
F 18
P+T 27
P+F 24
T+F 22
P+T+F 28
P+K 25
T+K 23
F+K 20
P+T+K 29
P+F+K 26
T+F+K 24
P+T+F+K 30
VW = Vacin & Went (1949)
P = Potato = Tomato
F = Fish extract fertilizer K = KNO,
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Factors Affecting Farmers’ Needs for Promoting Vegetable
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Abstract

The objectives of the study were to investigate:1) farmers’ needs for promoting
vegetable growing under good agricultural practices and 2) factors affecting farmers’ needs
for promoting vegetable growing under good agricultural practices. The sample group in
this study consisted of 112 famers growing vegetables in the area of Mon Ngo Royal
Project Development Center area, Mae Tang district, Chiang Mai province. A set of
questionnaires was used for data collection and analyzed by using descriptive statistics
and multiple regression.

Results of the study revealed that, as a whole, the respondents had a high level of
needs for promoting vegetable growing under good agricultural practice system (X=3.42).
In this respect, application of pesticides was to have the highest average mean score

(X=3.51). This was followed by produce holding, moving in plantation area, storage and
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collection (X=3.48); preharvest processes (X=3.42); plantation area (X=3.41); and water
sources/data recording (X=3.40), respectively. However, harvest and postharvest handlings/
personnel hygiene (X=3.35) were found at the lowest average mean. Gender (female)
(Sig.= 0.034), training and education trip (Sig.= 0.034) had statistically significant relationships
with needs for promoting vegetable growing under good agricultural practice system of
the respondents.

Keywords: need of farmer, vegetable production under good agricultural practice system,

agricultural extension, Mon Ngo Royal Project Development Center
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duyaraiirademiiui 3.35 Tnewdu 2 sy
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A1adAlu (Table 1)

Level of needs for promoting vegetable growing under good agricultural practice

system of farmers in Mon Ngo Royal Project Development Center, Mae Tang

district, Chiang Mai province

(n=112)
Needs for promoting vegetable growing
under good agricultural practice system of X SD. Description
farmers

1. Water sources 3.40 0.55 Moderate
2. Plantation area 3.41 0.57 High
3. Application of pesticides 3.51 0.55 High
4. Preharvest processes 3.42 0.57 High
5. Harvest and postharvest handlings 3.35 0.60 Moderate
6. Produce holding, moving in plantation area,  3.48 0.63 High

storage and collection
7. Personnel hygiene 3.35 0.60 Moderate
8. Data recording 3.40 0.75 Moderate

Total 3.42 0.60 High

Remarks 4.21-5.00=Highest 3.41-4.20=High 2.61-3.40=Moderate 1.81-2.60=low 1.00-1.80=Lowest
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Table 2 An analysis of factors affecting with needs for promoting vegetable growing

under good agricultural practice system of farmers in Mon Ngo Royal Project
Development Center, Mae tang district, Chiang Mai province

Independent Variables

Dependent Variable

Factors having relationships with needs

for promoting vegetable growing under

good agricultural practice system

B t Sig.
1. Gender 0.190 2.160 0.034*
2. Age -0.002 -0.434 0.665
3. Education attainment 0.013 0.135 0.893
4. Marital status 0.021 0.121 0.904
5. No. of household workforce 0.042 0.999 0.321
6. Income from the agricultural sector -1.232E-7 0.905 0.368
7. Farming size 0.014 1.556 0.124
8. Agricultural news perception -0.010 -1.705 0.092
9. Participation in agricultural traditions 0.030 0.494 0.622
10. Agricultural extension worker contact -0.012 -0.214 0.831
11. Training/ education trip 0.136 2.156 0.034*
12. Experience in farming -0.005 -0.547 0.586
R?=0.468 (46.8%) F=1.619 Sig. of F=0.039

Remarks  * Statistically significant level at 0.05

** Statistically significant level at 0.01
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Abstract

The objective of this research was to study suitable stage of date palm female
inflorescence which able to give the highest fruit setting for increasing efficiency of farmer
pollination program. The experiment was taken on the-8-year-old KL1 date palm tree
which was planted in Chiang Mai Agricultural Research and Development Center, Pong
Nam Ron Sub-district, Fang District, Chiangmai Province in January-March of 2019 and
2020. The experimental design was a randomized complete block design (RCBD) with
four replications. KL1 date palm pollens which collected from fully opened male
inflorescence were used for hand pollination on five different stages of female
inflorescence: on first day the spathe began to open, and on 2, 4, 6 and 8 days after
spathe opened. In each year, after 3 months of the pollination result suggested that the
highest percentage of fruit setting was observed in pollination on female inflorescence
at the first day of spathe opened and 2 days after then (in range 77.5-83.5%). However,
pollination on female inflorescence at 4, 6 and 8 days after spathe opened gave the
lower percentage of fruit setting respectively.

Keywords: Phoenix dactylifera L., pollination, planning pollination
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Figure 1 Date palm alive pollens showed red color that stained by 1% acetocarmine,

which observed under light microscope 10x objective
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1. Mature female 2. Female inflorescence 3. Collecting pollen from
inflorescence covered with spathe began to open male inflorescence
plastic bag before

pollination

4. Pollination of date palm 5. Female inflorescence 6. Date palm female
by hand covered with paper bag after  inflorescence on 15 days
pollination after pollination

Figure 2 The process of date palm pollination in the experiment
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Figure 3 Date palm ‘KL1’ fruit bunches at 3 months after pollination in 2020 which derived
from 5 female stages pollination; T1: first day the spathe began to open, T2: two
days after spathe opened, T3: four days after spathe opened, T4: six days after
spathe opened, and T5: eight days after spathe opened

Figure 4 Date palm ‘KL1’ fruit spikelet at 3 months after pollination in 2020 clearly showed
difference fruit set which derived from 5 female stages pollination; T1: first day
the spathe began to open, T2: two days after spathe opened, T3: four days after
spathe opened, T4: six days after spathe opened, and T5: eight days after spathe
opened
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Figure 5 Average temperature of Chiangmai Agricultural Research and Development

Center in 2018-2020

Table 1 Fruit setting percentage of 5 pollination treatments in date palm at 3 months
after pollination in 2019 and 2020

Stages of female inflorescence

Fruit setting

percentage (%)™

Fruit setting

percentage (%)"

(2019) (2020)
first day the spathe began to open 77.5° 82.7°
2 days after spathe opened 83.5° 79.6°
4 days after spathe opened 71.8% 70.3°
6 days after spathe opened 52.4° 57.9°
8 days after spathe opened 54.2" 47.9°

CV (%) 17.1 7.0

" Means within the same column follow by different letters showed significantly different between

treatments by DMRT test at P < 0.05
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Abstract

The main objective of this research was to study the factors related adaptation of
Chiang Mai dairy farmers to Free Trade Area (FTA) impacts. The samples consisted were
164 dairy farmers who are members of dairy cooperative in Chiang Mai province. The
research data was collected using interview schedules between September to December
2020. Data were analyzed by using descriptive statistics including Percentage, Mean and
Standard Deviation. Hypotheses were tested using Enter multiple regression analysis. The
results showed that the majority of farmers are male with an average age of 50.3 years
with a primary level of education, had 14.5 years of experience. In 2020, farmers had an
average net income from dairy farming of 90,817.07 baht per month and an average
outstanding debt of 499,330.77 baht. In addition, in 2020, it was found that farmers

received information about the free-trade area an average of 4.48 times per month.



@ 9. WARNSSUNSINUAS 3(2):43-55
J. Agri. Prod.

However, farmers had a moderate level of the overall perception of the free-trade area
(FTA) and farmers had to adjust to cope with the impact of the free-trade area (FTA) was
at a moderate level. The hypothesis-testing results were education level and perceptions
of free trade area (FTA) were positive statistically significant related with the farmers’
adaptation to Free Trade Area (FTA) impacts.

Keywords: Adaptation, free trade area, dairy farmers
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Table 1 Results of basic characteristics of individual farmers, economy, society and
some dairy farming operation (n=164)
Variable X >td.
Deviation
1. Gender (1 = male 0 = female) (X,) 0.76 0.43
2. Age (years) (X,) 50.34 11.08
3. Education Level (years) (X) 8.73 4.70
4. Experience in dairy farming (years) (X,) 14.46 8.93
5. Have heirs in their dairy farm (1 = ever 0 = never) (X,) 0.68 0.46
6. Labor in dairy farming (number) (X,) 3.60 1.61
7. Income from dairy farming (baht) (X,) 90,817.07 75,959.89
8. Debt (baht) (X,) 499,330.77  625,352.36
9. Social status (key stages) (X;) 0.06 0.24
10. Received information in the last year (times) (X,) 4.48 6.89
11. Contact with the government officials in the last year (times) 5.84 6.86
(Xip)
12. Number of diary (cattle) (X,,) 22.40 12.80
13. Size of pasture (Rai) (X,,) 4.30 7.08
14. Cost of concentrated food (baht) (X,,) 52,10591  41,967.80
15. Perception of Free Trade Area (FTA) (point) (X,) 1.82 7.42
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Table 2 Level of adaptation to Free Trade Area (FTA) impacts

Adaptation to Free Trade Area impacts Mean S.D. Level

Economic 2.06 0.594 moderate
Social 1.79 0.615 moderate
Dairy farming operation factors 1.90 0.528 moderate
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Table 3 Regression coefficient of independent variable with adaptation to Free Trade

Area (FTA) impacts

Unstandardized

Variable t Sig.
Coefficients
(Constant) 26.861 3.072 0.003
Education Level (X,) 0.718 2.332 0.021*
Perception of Free Trade Area (FTA) (X,5) 0.836 5.159 0.000%*
R=0575 R?= 0330  SEE=13470 F=5.244 Sig. of F = 0.000

Remark: * Significant at *0.05 and lower that
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Abstract

The main objective of this study was to develop media for the transfer of knowledge
about rice farming in the community case study in Khuan Ru Sub-district, Rattaphum
District, Songkhla Province. The sample group consisted of the chairman and committee
of the community rice mill group, local wisdom men and the community rice mill group
committee by purposive selection. The sample group used in the media experiment
consisted of 120 people living in Khuan Ru Sub-district, Rattaphum District by simple
random sampling. The research instruments included group discussion, an interview
structure, a media quality assessment form, a learning achievement test, and a media
satisfaction assessment form. Data were analyzed with descriptive statistics of frequency
and percentage, E1/E2 (85/85) efficiency index and t-test. The results showed that the
community needs to used poster, brochures and video. The quality assessment of the
developed media by the experts revealed that the multimedia was appropriate at the
high level with the rating mean of 4.18. The developed media was efficient at 84.22/85.50

which was higher than the 85/85 criterion. The comparison result of learning achievement
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scores before and after learning from the media revealed that the post-learning mean
score was higher than its pre-learning counterpart at the .01 level of statistical significance.
The satisfaction with the multimedia for the knowledge transfer of the community’s rice
farming was at the highest level and the mean is 4.23. It can be concluded that the
developed media for the knowledge transfer of the community’s rice farming can be
applied with the target group efficiently.

Keywords: Media development, transfer, rice farming, Songkhla
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(Table 1)
Table1 Need of media for the transfer of rice farming knowledge (N=22)
Media* Frequency Percentage
Brochures / Leaflets / Posters 18 81.82
Video 18 81.82
Exhibition 2 9.09
Line 2 9.09
Facebook 2 9.09
YouTube 2 9.09
Radio 1 4.55
Website 1 4.55

Remark:  * More than 1 answer
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Table 2 Media quality assessment results by experts (N=3)

Quality level

Media
Average (Interpretation) S.D.
Video 4.14 (Good) 0.08
Brochures 4.17 (Good) 0.19
Posters 4.22 (Excellent) 0.34
Total 4.18 (Good) 0.20

Remark:

4.21-5.00 means Media quality is excellent.
3.41-4.20 means Media quality is good.

2.61-3.40 means Media quality is moderate.

1.81-2.60 means Media quality is low.

1.00-1.80 means Media quality is lowest.
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NIN5IS8UTNEITU (Table 3)

Table 3 Comparative analysis of learning results from media

Score n Mean S.D. t df sig
Before 120 25.27 14.77
0.92 119.00 0.00**
After 120 25.65 4.25

** Significant difference at probability level 0.01
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Table 4 Satisfaction of the participants (N=120)

Satisfaction

Media
Average (Interpretation) S.D.
Video 4.20 (Highest) 0.46
Brochures 4.33 (Highest) 0.46
Posters 4.42 (Highest) 0.44
Total 4.23 (Highest) 0.39

Remark:

4.21-5.00 means Highest level of satisfaction.

3.41-4.20 means High level of satisfaction.

2.61-3.40 means Moderate level of satisfaction.

1.81-2.60 means Low level of satisfaction.

1.00-1.80 means Lowest level of satisfaction.
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Abstract

One of the breeding strategies to shorten a breeding process is selecting on early
growth stage with correlated secondary traits. /n vitro screening method with Polyethylene
glycol 6000 is widely used due to it is more controllable and convenience for inducing
osmotic stress to plants. Our In-house screening system was used to find the proper
concentration of PEG solution on maize seedling which was the objective of this study.
The experiment was conducted in Factorial in RCBD with 2 blocks. The first factor was
7 different concentrations of PEG solution in which caused different osmotic potentials
of solution. Whereas the second factor was 4 maize varieties: 2 inbred lines and
2 commercial hybrid varieties. Maize seedlings were treated with the protocol of in-house
screening system and were collected for 10 phenotypic traits. The results showed the
significant effects of PEG 6000 concentration, maize variety and their interaction on many
traits. Moreover, it was found that PEG concentrations that causes statistical changes of
treatment means when compared with its control (0% PEG) were different at each trait.
For example, the proper concentration was 20% PEG for root to shoot ratio while that
of the other traits was different. However, PEG of 25% was recommended for being the

effective concentration since this level of stress showed the statistical effect on 8 out of
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10 traits. However, in case that a list of phenotypic traits might be changed, the effective
PEG concentration for the new list of phenotypic traits should be re-considered. In addition,
this study showed that two characteristics, shoot area and primary root length, which
were extracted from image processing, shoot area showed strong relationship with leaf
greenness (-0.42), shoot weight (0.93), root weight (0.63), total fresh weight (0.89), shoot
dry weight (0.66) and root to shoot ratio (-0.50). Therefore, it is another interesting trait
that might be used in seedling screening because it was easy to extract from the image
processing whereas primary root length contrarily had weak correlation with the other
9 traits of seedlings.

Keywords: In vitro screening method, osmotic potential, image analysis, early growth

stage selection

Introduction

Crop breeding for abiotic stress
tolerance is a challenging work for plant
breeders. Genetic improvement of
phenotypic traits contributing drought
tolerance is laborious and time-consuming.
In order to shorten time of the breeding
process, integrated selection strategies
need to be considered i.e., selecting before
flowering time to reduce the unnecessarily
numbers of cross, implementing indirect
selection through secondary traits, selecting
on early growth stage of plants and so on.
Critically, it is essential that those secondary
traits need to correlate with primary traits
so that selection process is efficient. For
early growth stage selection, it occurs during
plant establishment and is generally

conducted under controlled environment.

Association between seedling vigor
and its tolerance to drought stresses have
been studying in many species i.e., maize
(Ramzan et al., 2019, Akinwale et al., 2018),
sorghum (Bibi et al., 2012), wheat (Dhanda
et al., 2004), soybean (Kim et al., 2001),
cotton (Basal et al., 2005) and so on. For
example, Akinwale et al. (2018) studied the
responses of different maize hybrid varieties
under drought at seedling stage. Their
results revealed some traits at seedling
stage i.e., fresh shoot biomass, total fresh
biomass, moisture content of root etc.,
should be included in selection index for
drought tolerance. Moreover, Salungyu et al.
(2020) also suggested that primary root
length of maize seedling is the predictive
trait for mature maize performance in the
field. For selection on early growth stage,

in vitro screening method is widely used



due to it is more controllable and
convenience. Since osmotic adjustment is
a desirable trait for selecting genotypes with
drought tolerance (Bolafios and Edmeades,
1991), therefore various types of in vitro
screening system for drought tolerance
have been inventing for screening germplasm
and breeding population. Many different
cultivations system by using Polyethylene
Glycol 6000 have been reporting in drought
tolerant screening, i.e., wheat (Marcinska
et al., 2012), maize (Mohammadkhani and
Heidari, 2008), sorghum (Bibi et al., 2012),
rice (Wani et al., 2010; Biswas et al., 2002),
soybean (Sakthivelu et al., 2008), potato
(Anithakumari., et al 2011) and so on. Also,
different organs of plants i.e., seed, callus,
seedling etc., have been using in this type
of research.

Polyethylene glycol (PEG 6000) is the
hydrophilic polymers (H(OCH,CH,),OH) with
broad range of molecular weight (200-
10,000). PEG with higher molecular weights
(>4000) cannot penetrate to the plant cells.
This leads osmotic potential of solution
increases. With this qualification, PEG of high
molecular weight could induce plant water
deficit. Therefore, PEG 6000 is considered
as an osmotic agent and likely used in many
studies about plant responses under
osmotic/water stresses. However, osmotic
potential could be changed with increasing

of PEG 6000 concentration and changing of
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solution temperature (Michel and Kaufmann,
1973). Therefore, the PEG 6000 concentration
that could induce osmotic stress to plants
is a criterion. Michel and Kaufmann, 1973
proposed the equation for evaluating
osmotic potential (¥,) from different
concentrations of PEG 6000 and
temperatures. However, many publications
have been reporting about osmotic potential
only for few traits in which they focused.
That strategy might not be effective for
plant breeding works due to plant breeders
need to consider many traits simultaneously
in order to select the superior genotypes.
Hence, this study aimed to find the proper
concentration of PEG 6000 solution for using
in our in-house screening system, which is
simple, cheap and rapid system. Moreover,
this system has no requirement for nutrient

culture and expensive instruments.

Materials and Methods
Experimental design

The experiment was designed by using
Factorial in Randomized complete block
with 2 blocks and the hidden 3 replications
in each block. The first factor was maize
variety, which were two commercial hybrid
field corn and waxy corn and two field
maize inbred lines (Takfa 1 and Takfa 3). For
the second factor, it was 7 different
concentrations of PEG 6000 solution e.g., O,
5,10, 15, 20, 25 and 30% w/v. Two blocks
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were conducted in consecutive periods of
time. In total, 168 experimental units were

included in this experiment.

In-house screening system

Maize seeds were soaked in distilled
water for 24 hours for imbibition and
subsequently transferred to a moist
germination paper for 48 hours until radicle
was observed. In order to receive the
uniform growth speed, seeds with the
radicle length in range of 5-8 millimeters
were taken (Figure 1A) and wrapped with a
piece of sponge sheet by letting the radicle
protrudes (Figure 1B and 1C). For this step,
it is important to avoid damaging the radicle.
A piece of Styrofoam that fit well with the
container was prepared in advance to have
5 holes with 2.5 centimeters in diameter
and hole spacing of 2.5 centimeters. Then,
inserting those wrapped seeds into the
round cut Styrofoam as shown in Figure 1D.
Styrofoam used in this study fit well with
the 1-Litre beaker (10.5 centimeters in
diameter), in which contained with 500
millimeters of distilled water. Then, placing
all beakers under LED grow lights (Figure
1D) for 5 days at 16/8 light/dark cycle until
reaching V4 leaf stages. The LED light used
in this current experiment consists of 12-
blue, 22-red, 2-white, 2-infrared and 2-UV
LEDs (30 watts). After that, water in the
beaker was replaced with PEG 6000 solution

with desired concentration. Maize seedlings
were grown in PEG 6000 solution for 48
hours under the same light condition. After
48 hours of PEG 6000 immersion, all
phenotypic traits were collected. This in
vitro screening system has taken 10 days

for completing the whole process.

Preparation of Polyethylene glycol 6000

For osmotic stress induction, PEG 6000
with different concentrations (0, 5, 10, 15,
20, 25 and 30%) were prepared from 500
gram.kilogram™ PEG 6000 stock solution.
Three hundred milliliters of PEG 6000
solution with the desired concentration
were used and replaced into a cultivation
container (1-Litre beaker) as described
above. Osmotic potentials for those 7
different PEG concentrations were 0, -0.45,
-1.38, -2.78, -4.65, -6.99 and -9.80 MPa,
respectively. These values were calculated
by using mathematical model of Michel and

Kaufmann, 1973 as shown below.

‘Ps = ‘[(1-18X1oiz) CPEGéOOO] - [(1'18X1074) Cees
60002 1 + [(2.67x10™) Coes 600011 +
[(839)(1077) Cees 60002T]

Where Cogg ¢o00 IS cOncentration of PEG
6000 in gram.kilogram™ H,0 and T is solution

temperature in degree Celsius.
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Figure 1 Process of in-house maize screening system against osmotic stress
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Data collection

Nine out of ten characteristics were
directly collected from all 168 experimental
units. Those were leaf greenness (SPAD),
total fresh weight (tFW), shoot wight (Shwt),
root weight (RWt), total dry weight (tDW),
shoot dry weight (ShDW), root dry weight
(RDW), shoot area (ShA) and primary root
length (PRL). SPAD was measured by using
SPAD-502 plus meter (Konica, Minolta).
A SPAD read was taken in average of 10 data
points. The seedlings were cut to separate
shoot and root by cutting above nodal
roots. Shoots and roots from the same
experimental unit were laid and separately
taken photo for image analysis. After that,
those shoots and roots were weighed for
tFW, Shwt and RWt in gram. Dry weights
e.g., ShDW, RtDW and tDW were collected

after drying at 70°c for 48 hours in the oven.
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Images of shoot and root were analyzed for
extracting ShA in squared centimeters
(Figure 2B) and PRL in centimeters (Figure
2A) by using open-source ImageJ software
(Abramoff et al., 2004) and SmartRoot
(Lobet et al., 2011), respectively. The last
data was the root-to-shoot ratio (RS) which
had been mathematically received by

dividing root dry weight by shoot dry weight.

Statistical analyses

All 10 phenotypic traits as described
above were evaluated for normal distribution
and transformed with mathematic function
if a skewed distribution was observed. Two-way
ANOVA was conducted to test the significance
for all 10 traits. Furthermore, Post-hoc
analysis (Least Significance Difference at
01=0.05) was carried out to compare the

treatment means in the further step.

Figure 2 Data measurement with Image processing for A) primary root length (PRL)
B) shoot area (ShA)



Results and Discussion
Descriptive statistics for all phenotypic
traits

In order to illustrate how maize
seedlings responded to osmotic stress, the
appearance of maize seedlings after 48
hours of osmotic stress at each different 7
concentrations of PEG 6000 was shown in
Figure 3. At higher osmotic potential of
solution (-6.99 and -9.8 MPa) or at 25 and
30% PEG, maize seedlings were wilt and
the stems could not stand upright. Different
leaf greenness and leaf rolling could be
seen in few varieties as shown in the Figure 3.

All ten phenotypic traits were checked

for normality of data as shown in Table 1.

0% 5%

————
§ ,

'\\":’\“": ) W
T

10%

.

15%

&EWWWﬁx
b
ML LLE

9. WaNNSSUNISINUAS 3(2):69-84
J. Agri. Prod.

Data of root to shoot dry weight ratio (RS),
shoot dry weight (ShDW) and primary root
length (PRL) were right-skewed distribution
(skewness with underlined in Table 1).
Therefore, data transformation was
subsequently done to avoid the violation
of ANOVA assumptions. Square root function
was used in this case and noted as sqrtRS,
sqrtShDW and sqrtPRL elsewhere in this
article. Moreover, it was noted that 2
symmetrical data e.g., SPAD and ShA
showed the high degree of variance when
compared with the other traits whereas high
variance of PRL data was decreased
dramatically after data transformation
(0% pr. = 0.49).

20% 25% 30%

Takfa1

Takfa3

Field corn

Waxy corn

48 hr.

Figure 3 Overall responses of 4 maize varieties under different PEG 6000 concentrations
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Table 1 Descriptive statistics of maize seedling for 10 phenotypic traits

SPAD ShWt RtWt tFW ShDW RtDW tDW RS ShA PRL
Mean 2329 219 0.90 a.17 0.26 0.16 0.62 0.66 1570 11.97
Median 2340 2.15 0.88 3.93 0.25 0.16 0.53 0.65 1572 10.29
SD 4.68 0.76 0.28 1.34 0.08 0.05 0.29 0.20 4.72 5.26
Variance 21.88 0.57 0.08 1.80 0.01 0.002 0.08 0.04 2228 27.65
Skewness  0.03 0.56 0.53 0.46 2.21 0.37 0.88 125 0.49 141
Min 11.30  0.75 0.29 1.55 0.13 0.07 0.01 0.26 5.70 4.43
Max 33.80 4.17 1.91 7.67 0.80 0.31 1.73 1.54 2856 28.30
N 168 168 168 168 168 168 168 168 168 168

Test of significance and pairwise mean
comparisons

Two-way ANOVA revealed that all 4
sources of variation e.g., block, PEG
concentration, maize variety and their
interaction showed the significant effects
on many phenotypic traits (Table 2). Firstly,
the block effect influenced only 2 traits,
which were tDW and sqrtPRL (P<0.001). This
might suggest that these both traits were
sensitive to micro-environments that might
be different at each time of testing.
Secondly, Table 2 showed the strong effect
of maize variety on almost all characteristics
(P<0.001). This indicated that some tested
maize varieties had different sensitivity
degrees to osmotic stress across PEG

concentrations. In this study, check varieties

(control) e.g., two commercial F1 hybrid
varieties: field maize and waxy corn were
used to compare with our main materials
(inbred lines: Takfa 1 and Takfa 3). According
to Table 3, it was noticed that commercial
waxy corn was higher sensitive to osmotic
stress than the commercial field maize
based on their phenotypic means. Generally,
maize inbred line is known that it tends to
suffer from inbreeding depression
phenomenon, which contradicts heterosis
that generally exists in F1 hybrid variety,
which in this case was 2 check varieties.
Based on our prior information, Takfa 1 and
Takfa 3 have been considered as drought
susceptible and tolerant inbred lines.
Therefore, it is fascinating to find that in the
early growth stage, Takfa 3 (inbred line)



showed the better performance than the
check varieties, which were F1 hybrid (Table
3)whereas seedlings of Takfa 1 phenotypically
performed worse than the commercial field
maize but better than commercial waxy
corn. This might be because of differences
of genetic background between field maize
and waxy corn. Thirdly, the effect of PEG
6000 concentration was found to be highly
significant on all traits (either significance
level of 0.01 or 0.001 as shown in Table 2)
except only total dry weight (tDW) (P>0.05).
Once comparing responses of maize
seedlings between conditions with and
without PEG 6000 (0% PEG) (Table 3), it
found that PEG 6000 concentration that
causes statistical changes of treatment
means when compared with its control (0%
PEG) was different at each trait. Phenotypic
means with underline as presented in Table
3 were consider as the proper concentration
for each trait. For example, 15% PEG caused
means of ShWt (2.35 g), tFW (4.33 ¢) and
RtDW (0.17 ¢) statistically different from that
of 0% PEG, which were equal to 2.63, 4.97
and 0.14 ¢, respectively. Our result was
similar to Pannim et al. (2020) which

reported about physiological responses of
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rice at different levels of osmotic stress.
They induced osmotic stress to rice plants
by using 12.5 (mild), 22.5 (moderate) and
35% PEG w/v (severe) in which osmotic
potentials were -0.3, -1.0 and -2.8 MPa,
respectively. Only severe stress could
observe a change of stomatal conductance,
net and maximal gross photosynthetic rates
comparing with control whereas mild and
moderate stress levels showed the limited
ranges of plant responses. Therefore,
besides varieties of maize, a list of phenotypic
traits that would be measured is another
important factor for determining %PEG for
the purpose of osmotic stress induction.
Lastly, the interaction effect between PEG
concentration and maize variety was found
to be statistical significance on 5
characteristics e.g., SPAD, ShWt, RtWt, ShA
and sqrtPRL (Table 2). In order to illustrate
them clearly, the interaction plots for these
traits have been displaying on Figure 4.
Different types of interaction i.e., exponential,
cross-over etc. could be seen on Figure
4A-4E. However, only crossing points at
effective PEG concentration across

phenotypic traits would be attentive.
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Table2 Two-way ANOVA showing the effect of factors on 10 phenotypic traits of maize

seedlings

Mean square

sov df Sart Sqrt Sqart
SPAD ShWt RtWt tFW RtDW tDW ShA

ShDw RS PRL
Block 1 55 013 013 021 001 0.001 526 000 9.6794 587
[PEG] 6 7397 6047 6047 1475 001" 00117 0.02 0.147 26095 457
Variety 3 58137 11.04° 11.047 5064  0.11° 0.004 1.06  0.22° 34156 257
PxV 18 1747 0337 033" 054 0004 0.002 003 001 1341 042
Error 139 83 0.5 015 036 0003 0002 003 001 632 024
Total 167 6864 17.68 17.68 665 0.14 1.03 640 037 631.92 13.66

¥, ** and *** indicate statistical significance at P<0.05, 0.01 and 0.001, respectively

Since our in-house screening method
has been using in different types of maize
for the purpose of screening, hence %PEG
that could cause the changes of most of
phenotypic traits across 4 varieties would
be considered. To do so, treatment means
for each phenotypic trait were considered
(Table 3). Interestingly, means of leaf
greenness (SPAD) were gradually higher
along with higher PEG 6000 concentrations
and leaf greenness of maize seedling that
immersed in 25% PEG solution showed
statistically different from the control
condition. This finding is uncommon and
difficult to explain here since no any other
physiological parameters were measured in
this study although low chlorophyll content
in wheat leaves has been suggested as an

indicator for drought susceptibility (Li et al.,

2006). Another interesting trait is root to
shoot ratio (RS). It was the adaptive trait
that was commonly used to measure
adaptability of plant genotypes under
abiotic stresses (Ogawa and Yamauchi, 2006;
Xie et al., 2017) i.e., drought, salinity etc. In
our maize breeding program, RS ratio is also
one of the criteria for assessing genotypes
against drought stress. According to the LSD
test (Table 3), it suggested that 20% PEG
was the proper concentration for assessing
RS ratio of maize seedling. However, as seen
in Table 3, 25% PEG caused phenotypic
mean difference between conditions of with
and without PEG 6000 for 8 out of 10 traits.
Additionally, no interaction effect was
found on 25% PEG. Therefore, 25% PEG has
been recommended for using in our in-

house screening system as an effective



concentration of PEG. However, in case that
a list of phenotypic traits might be changed,
the effective PEG 6000 concentration for
the new list need to be re-considered.
Furthermore, according to our results, it is
worth to note that regardless of PEG 6000
concentration, measurement of shoot dry
weight and total dry weight of maize
seedling might not be helpful for the
purpose of drought tolerant screening

during seedling growth stage.

Relationship among phenotypic traits of
maize seedling

Pearson correlation coefficients for all
pairs among 10 traits were estimated and
presented in Table 4. Interestingly, leaf
greenness (SPAD) had negative relationships
with many traits (Table 4) in which their
correlation coefficients were in range of
-0.19 to -0.49 with significance level at Ol 5.
Moreover, when considering two
characteristics, ShA and PRL, which were
extracted from image processing, it was
observed that ShA showed statistically
significant strong relationship with SPAD
(-0.42), Shwt (0.93), RtWt (0.63), tFW (0.89),
ShDW (0.66) and RS ratio (-0.50). Therefore,
ShA is another interesting trait that might
be used in seedling screening because it
was easy to extract from the image
processing whereas PRL contrarily had weak

correlation with the other 9 traits of
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seedlings. However, Salungyu et al., (2020)
has been suggesting that root traits of maize
seedling could be used as an indicator for
assessment of mature plant performance.
They reported the significant correlation
between primary root length and plant
performance in the field test (r=0.29).
Therefore, PRL might be included in the
further study in our breeding program in
order to evaluate whether or not PRL is

useful for screening against osmotic stress.

Conclusion

According to our results, PEG
concentrations that causes statistical
changes of treatment means when
compared with its control (0% PEG) were
different at each trait. For example, the
proper concentration was 20% PEG for root
to shoot ratio while that of the other traits
was different. Twenty five percent of PEG
was found to be an effective concentration
for using in our in-house screening system
because this concentration caused the
changes of 8 out of 10 traits e.g., leaf
greenness, shoot weight, root weight, total
fresh weight, root dry weight, root-to-shoot
ratio, shoot area and primary root length
and importantly had no interaction effect
between maize variety and PEG
concentration. However, in case that a list
of phenotypic traits might be changed, the

effective PEG 6000 concentration for the
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new list need to be re-considered.
Furthermore, our study also found that
shoot dry weight and total dry weight might
not be helpful for the purpose of drought
tolerant screening during seedling growth
stage while shoot area is recommended
because it is easy to observe and measure.

Additionally, our in-house screening
system that was used in this study is the
simple, cheap and rapid in vitro screening

method for maize seedling screening against

osmotic stress. This system has no
requirement for nutrient culture and
expensive instruments. Moreover, it has
taken only 10 days to complete the whole
process. Also, the amount of tested sample
is adjustable depending on the available
space under light bulbs. Therefore, this in-
house screening system with 25% PEG
concentration as a proper concentration
would be used in the further maize breeding

projects.
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Figure 4 Interaction plots representing the significant interaction effect between PEG

concentration and maize variety on 5 phenotypic traits
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Table 4 Pearson correlation matrix among 10 parameters

SPAD ShWt RtWt tFW ShDW RtDW tDW RS ShA  PRL
SPAD 1
Shwt  -0.49*% 1
Rtwt  -0.25% 0.66* 1
tFw  -0.33*  0.94* 0.69* 1
ShDW -0.29* 0.74* 0.47* 0.70% 1
RtOW -0.06 0.12 0.38* 0.11 0.39* 1
tDW 0.05 0.28* 0.22¢ 036* 036* 0.2 1
RS 0.07 -0.52* -0.10 -0.53* -0.44* 0.57* -0.17* 1
ShA -0.42*  0.93* 0.63* 0.89* 0.66* 0.07 0.21* -0.50* 1
PRL -0.19* 0.22*  0.22* 0.1 -0.02 -0.15* 0.02 -0.14 0.19* 1

* indicates statistical significance at P<0.05
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Abstract

The purposes of this study were to: 1) study social impact of farmers on off-season
longan production, 2) forecast influencing factors to social impacts among farmers and
3) develop of a policy recommendation on resolving the social impact of off-season
longan production. 303 farmers who live in Ban Hong district, Lamphun province and 12
stakeholders were participated in this study. The data were collected through
guestionnaires, non - structured interview, and stakeholder participatory workshop. Data
were analyzed by descriptive statistics and content analysis. The results indicated that
social impact on off-season longan production was high (mean = 3.76). When analyzing
the predictive power of the social impact from off-season longan production of farmers
found two variables that can explain the variability of social impacts. This includes the
number of agricultural workers in the household and the amount of land held for
agriculture. Both of them could significantly predicted social impact of farmers from off-
season longan production by 34.6% (p — value = 0.014 and 0.000, respectively). In this

regard, the process of the workshop of the stakeholders suggested policy recommendations
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on the alteration of social impacts from off-season longan production by reducing
production costs, migrant worker management, and water resource management.

Keywords: Social impact, off-season longan, farmer
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Table 1 Social impact on off-season longan production of farmers
n=330
Social impact Social impact level
Mean S.D.

Population 3.75 0.25 high
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Total average 3.76 0.31 high
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Table 2 Factors predicting social impact among farmers

Factors b bata t P - value*
Constant 3717 13.345 .000
Number of in — household labor 0.038 135 2.462 014
The entire farm holding area -0.060 -.276 -5.022 .000
R* = 0.346 SEE = 0.420 F = 15.660 p — value = 0.000
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Guide for Authors

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

by at least 2 independent referees.

Submission checklist

Manuscripts submission must include title page, abstract, keyword, text, tables,
fisures, acknowledgements, reference list and appendices (if necessary). The title page
of this file should be include the title of the article, full name, official name and affiliations
of all authors and E-mail address for corresponding author. The total manuscript should

not exceed 10 pages.

Preparation of the manuscript

AWl manuscripts submission for publication in the journal should followed the

following guidelines:

1. Manuscript texts must be written using high-quality language. For non-native
English language authors, the article should be proof-read by a language specialist
before submission.

2. The manuscript text, tables and figures should be created using Microsoft Word.

3. If possible, all text throughout the manuscript should be used 15 pt ~TH
SarabunPSK except the title topic using 16-pt, otherwise, Browallia new would
be replaced.

4. Manuscript texts should be prepared as single column, with sufficient margin (2.5
centimeters for each side).

5. Abstract should not exceed than 300 words and provide only 4 key-words for

each manuscript.
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6. All measurement in the text should be reported in abbreviation, using metric
system.

7. Tables and figures should each be numbered consecutively.

8. Acknowledgments should be as brief as possible, in a separate section before
the references.

9. Citations of published literature in the text should be given in the form of author
and year in parentheses; (Pawin et al., 2012) or if the name forms part of a
sentence, it should be followed by the year in parentheses; Pawin et al. (2012).
All references mentioned in the reference list must be cited in the text, and vice
versa. The reference list at the end of the manuscript should be listed

alphabetically. The following are examples of reference writing.

Standard journal:

Shternshi, M., O. Tomilova, T. Shpatova and K. Soytong. 2005. Evaluation of ketomium-
mycofungicide on siberian isolates of phytopathogenic Fungi. J. Ari. Tech. 1(2): 247-
253.

Books/ Textbook:

Steel, R.G.D., J.H. Torrie, and D.A. Dickie. 1997. Principal and procedures of atatistic-
abiometric approach. 3" Editon. McGraw-Hill Publishing Company, Toronto.

Section in Books with Editors:

Kubo, T. 2003. Molecular analysis of the honeybee socially. pp. 3-20. /n: T. Kikuchi, N.
Azuma and S. Higashi (eds.). Gene, Behaviors and Evolution of Social Insects. Hokkaido
University Press. Sapporo.

Thesis:

Chantrachit, T. 1994. Anaerobic conditions and off-flavor development in ripening banana
(Carvendishii spp.). M.S. Thesis in Horticulture, Oregon State Universtiy.

Proceeding/ Conference:

Yamagishi, Y., H. Mitamura, N. Arai, Y. Mitsunaga, Y. Kawabata, M. Khachapicha, and T.
Viputhamumas. 2005. Feeding habits of hatchery-reared young Mekong giant catfish
in fish pond and Mae Peum reservoir. Precedding of the 2™ Internationl Symposium
on SEASTAR 2000 and Asian Bio-Logging Science. Kyoto, Japan. pp. 17-22.



Internet:

Linardakis, D.K. and B.I. Manois. 2005. Hydroponics culture of strawberries in Perlite.

Available: http://www.schunder.com/strawberries.html (April 21, 2005.)
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