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ANSLALLALAENITENUDY

Effect of Bagging on Growth and Ripening of
Litchi Fruit cv. Hong Huay

6AT Y55NH" uas Wnen asINAST

Wuthidech Bureerak” and Pittaya Sruamsiri1”

Abstract: The experiment was conducted based on factorial (2x5) in CRD comprising 2 factors. The first factor
was the fruit age after fruit set (1 and 2 months) and the second one was the bagging material (newspaper bag,
remay bag, carbon bag and transparent plastic bag). The study was carried out at farmer's litchi plot on
highland of Mae-Rim district, Chiang Mai by random the ‘ Hong Huay’ litchi’s fruit clusters (with average 20
fruits/cluster) at 1 and 2 months after fruit set. Total of 10 clusters (replications) per treatment were then bagged
by studies material. Fruits were harvested at the time that control fruit riped. The result revealed that bagging at
two months fruit age significantly reduced the number of fruit drop, i.e. the remay bag and carbon bag. The
remay bag could also solve the problem of fruit browning and fruit cracking. The red color of fruit peel was
however the best by using the transparent plastic bag and remay bag. All fruit ages and bag types had no

effect on fruit size and fruit ripening, which indicated by total soluble solid (TSS) and total tritable acid (TA).

Keywords: Litchi, fruit, bagging, Hong Huay
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Table 1  Effect of bagging on percentage of fruits per cluster.
Percentage of fruits per cluster
Treatment Fruit age after fruit set
Average
1 month 2 months

Non-bagging (Control) 40.50 bed"? 40.50 bed 40.50"™
Newspaper bag 46.50 bc 55.00 abc 50.75
Remay bag 54.00 abc 58.00 ab 56.00
Carbon bag 28.00d 70.50 a 49.25
Transparent plastic bag 37.50 cd 46.50 bc 42.00

Average 41.30 b” 54.10 a -

ns . e
non-significant

"Means in the same column with different letter are significantly different (P< 0.05)

“Means in the same row with different letter are significantly different (P< 0.05)
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Table 2  Effect of bagging on percentage of fruit grade in cluster.
Percentage of fruit grade in cluster
Size A (>25 g/fruit) Size B (22.1-25 g/fruit) Size C (20-22 g/fruit) Size D (<20 g/fruit)
Treatment
Fruit age Fruit age Fruit age Fruit age
Average Average Average Average
1 month 2 months 1 month 2 months 1 month 2 months 1 month 2 months
Non-bagging (Control) 125" 125 125"  14.50™ 13.08 13.79™  40.89"  42.32 4161™  43.35"° 4210 42.73™
Newspaper bag 0.00 1.93 0.96 2.86 17.95 10.40 33.34 25.29 29.31 63.80 54.84 59.32
Remay bag 11.67 11.50 11.58 6.79 14.57 10.68 16.89 27.70 22.29 64.66 46.23 55.44
Carbon bag 14.10 2.31 8.20 8.86 17.75 13.30 25.86 30.47 28.16 51.19 49.48 50.33
Transparent plastic bag 2.73 1.83 2.28 3.93 7.00 5.46 40.17 14.71 27.44 53.17 76.45 64.81
Average 5.95™ 3.76 - 7.39" 14.07 - 31.43"™ 28.10 - 55.23"™ 53.82 -

ns . o
non-significant

"Means in the same row with different letter are significantly different (P< 0.05)
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Table 3  Effect of bagging on percentage of good quality fruits, brown peel fruits and bad quality fruits.

Percentage of good quality fruits

Percentage of brown peel fruits

Percentage of bad quality fruits

Treatment
Fruit age Fruit age Fruit age
Average Average Average
1 month 2 months 1 month 2 months 1 month 2 months
Non-bagging (Control) 70.97 ab”® 6954 ab 70.26 a" 26.35cd"?  2653cd 2644 b" 268" 268 2.68™
Newspaper bag 84.94 a 50.08 bc 67.51 a 13.52d 44.03 abc  28.78 b 1.54 0.00 0.77
Remay bag 69.12 ab 88.78 a 78.95 a 30.17 bcd 7.25d 18.71b 0.71 3.97 2.34
Carbon bag 39.52 ¢ 40.87 c 40.19 b 60.48 a 57.67 ab 59.07 a 0.00 1.47 0.73
Transparent plastic bag 84.88 a 52.87 bc 68.87 a 9.29d 4546 abc  27.37 b 2.50 1.67 2.08
Average 69.89™ 60.43 - 27.96™ 36.19 - 1.49™ 1.96 -

ns N el
non-significant

"Means in the same column with different letter are significantly different (P< 0.05)

“Means in the same row with different letter are significantly different (P< 0.05)
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Table 4  Effect of bagging on color of fruit peel.

L-value C-value H-value

Treatment Fruit age Fruit age Fruit age

Average Average Average

1 month 2 months 1 month 2 months 1 month 2 months
Non-bagging (Control) ~ 50.25b"*  50.25b  50.25c" 17.53™ 1753 17.53™ 50.11 bc"? 5011 bc  50.11b"
Newspaper bag 58.89 a 5125b 55.07b 23.50 19.73 21.61 65.56 a 43.50 bcd 54.53 ab
Remay bag 48.65 bc 50.01b 49.33 ¢ 21.8 46.17 33.73 28.73 e 34.99 de 31.87c
Carbon bag 57.95 a 60.75a 59.35a 21.97 24.25 23.11 53.88 ab 66.56 a 60.22 a
Transparent plastic bag  48.98 bc 45.7 3c 47.36 ¢ 18.22 17.00 17.61 39.31 cde 40.05 cde 39.67 c
Average 52.94" 51.60 - 20.50™  24.93 - 47.52" 47.04 -

ns N o
non - significant

"Means in the same column with different letter are significantly different (P< 0.05)

’Means in the same row with different letter are significantly different (P< 0.05)
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Table 5 Effect of bagging on total soluble solid (TSS), total titrable acid (TA) and TSS/TA.

TSS (brix) TA (%) TSSITA
Treatment Fruit age Fruit age Fruit age
Average Average Average
1 month 2 months 1 month 2 months 1 month 2 months
Non-bagging (Control) ~ 17.24 b 1724b 17.24a" 027ab"? 027ab  027a" 64.48d"? 64.48d  64.48¢c"
Newspaper bag 15.66 ¢ 16.98b 16.32 b 0.25 bc 0.23 cd 0.24 b 64.50 d 73.48 bc  68.99 bc
Remay bag 16.15 ¢ 1795a 17.05a 0.24 c 0.28 a 0.26 a 67.23 cd 67.14 cd 67.19 c
Carbon bag 16.95 b 1563 c 16.29b 0.23 cd 0.23 cd 0.23 b 7549 b 69.67 bcd 7258 b
Transparent plastic bag 15.67 ¢ 15.66 ¢ 15.67 ¢ 0.19 e 0.22d 0.20 c 82.21 a 73.33 bc 77.77 a
Average 16.33 b 16.69 a - 0.23" 0.24 - 70.78" 69.62 -

ns . o
non-significant

"Means in the same column with different letter are significantly different (P< 0.05)

’Means in the same row with different letter are significantly different (P< 0.05)
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Effect of Potassium Chlorate in Combination with

Paclobutrazol on Flowering of Lychee cv. Chakrapat

Jsswa F9vnu "was susds Wusinungy”

Watcharapon Singhagun Yand Tanachai Pankasemsuk "

Abstract: Effect of potassium chlorate in combination with paclobutrazol on flowering of 2 year-old layering of
lychee cv. Chakrapat. The experiments were carried out during June 2004 to February 2005 at the Department
of Horticulture, Chiang Mai University, Chiang Mai, Thailand. The concentrations of potassium chlorate :
paclobutrazol were 1.00:9.00, 1.25:8.75 and 1.67:8.33 g compared to the untreated (control). The results
showed that potassium chlorate in combination with paclobutrazol at 1.25:8.75, 1.00:9.00 and 1.67:8.33 g gave

flowering with percentage of 75.00, 87.50 and 100 % respectively while the control did not show flowering .

Keywords: Potassium chlorate, paclobutrazol, flowering, lychee cv. Chakrapat
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”Department of Horticulture, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Table 1  Flowering time, flowering percentage, number of panicle/tree, panicle length and panicle width
of lychee cv. Chakrapat
Treatment Flowering Flowering Number of Panicle Panicle
time (days percentage panicle/tree length (cm)  width (cm)
after treated)

control 0a" Oa Oa Oa Oa
KCIO,:PP333(1.00:9.00) 17585 b 87.50 b 230 a 465b 275b
KCIO,:PP333(1.25:8.75) 17433 b 75.00 b 5.80 a 517 b 293 b
KCIO,:PP333(1.67:8.33) 175.00 b 100.00 b 9.00 b 5.08 b 279b

"Means in the same column followed by different letters are significant difference by LSD (P <0.05).
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Improvement of F. Hybrid Chili Using Male Sterility

mMNIE ANTE" uaz wdians AnsWug.

Jutamas Kumchai” and Maneechat Nikronpunv

Abstract: F, hybrid seeds are expensive and the uses of male sterility to produced F, hybrid seeds would
decrease cost of production. Three female lines (Smsms) were crossed to two male lines. Six F, hybrids were
obtained. It was shown that F, hybrid variety, 2735BC, #16-1-4 x PG. 5-3-1-1, gave the best yield, 1,538.47
kg/rai and the highest heterosis among the 6 F,. PG. 5-3-1-1 variety was used a male line, the F, hybrid varieties
yielded range from 1,081.13 to 1,538.47 kg/rai, which were not significantly different from PG. 5-3-1-1 which was
the male parent (1,376.87 kg/rai) and commercial varieties, Maeping 80 and Chakrapat (1,346.81 and 2,076.81
kg/rai) respectively. When varieties PG. 25-1-1-1 variety was used as a male line, the F, hybrids yielded 545.06 -
987.56 kg/rai which were lower than their own male parental variety (1,157.91 kg/rai) and commercial varieties
Maeping 80 and Chakrapat (1,346.81 and 2,076.81 kg/rai) respectively.

Keywords: heterosis, male steility, chili

UNARED: Lué‘imﬁuﬁr@ﬂmmu%ﬁ1 1A ﬁ"\ﬁ’fuaqﬁﬁmﬂﬁuﬁlmﬁlﬁﬁﬂwm:mmmmr:?l,ﬂuuﬁummuimgu
wazlamnwandusn i unsudnmaaiuggnuas nnlkamnsoansuyulunisuasls Imm‘lmwwummmmu 3
aneiug Hatulni Smsms nanfuaeRUge 2 Wug IHNNANAIUIU 6 AHAN W‘JJ'J’]W‘LAﬁ@ﬂN'&N‘MV] 12735BC, #
16-1-4 x WA. 5-3-1-1 ‘L‘Mmmmmmm (1,538.47 Alanin/ls) meuLﬂfamummmmmuzﬂazﬂmhnqu@ﬂmmum6 A
aneiug wa. 53-1-1 Wiuaeiugie Ignuasdafi 1 fuandeegludes 1,081.13 -1538.47 Alansuls Tl
HANAR I UWANFNAWNNARA TUANYRUE Wa. 5-3-1-1 ﬁﬁlmﬂummﬁuﬁfw'ﬂ (1,376.87 filaniw/ls) uaziugnsdnwug
Wit 80 wazUEANIWESR (1,346.81 e 2,076.81 Alaniu/ls) sradniy iWeaneniog wa, 25-1-1-1 iflugneniug
welsignuasdaf 1 fuardn egflutas 545,06 - 987.56 Alandu/ls Fesnndnaneiugie (1,157.91 Alaniu/ls) uay
WUENNIAUNTI 80 uasWugaNIWesh (1,346.81 uaz 2,076.81 Nlaniw/ls) snuansu

AdIATY: ANNAWIBIgNEAN naswATwTL Winidn

"ppRTNTAYY AsnEmIANans anendadealus A, @eelud 50200

1’Department of Horticulture, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Table 1 Horticultural characteristics of male parental lines.

Horticultural Plant Plant Plant Male Fruit set Fruit Fruit Fruit Fruit Fruit
characteristic growth height  width  sterility colorin  color in position  length  width
habit (cm) (cm) imature  mature (cm) (cm)

Line stage stage

PG. 2-2-1-1 compact 72.67 71.67 absent intermediate green green declining  12.10 1.90

PG. 4-1-1-1 compact 75.67 69.00 absent high yellow yellow  declining 15.00 213

PG 5-3-1-1 compact 71.33 66.67 absent high green green declining  15.33 2.1

PG. 6-1-1-1 erect 79.67 62.67 absent intermediate  yellow yellow  declining 15.40 1.89

PG. 06 branch 63.33 65.33 absent high black black declining  13.30 1.83
green green

PG. 07 compact 75.67 69.33 absent intermediate  yellow yellow  declining 14.96 213

PG. 25-1-1-1 erect 85.00 62.67 absent intermediate green green declining  13.89 2.01
PG. 27-1-2-1  compact 80.67 61.67 absent intermediate green green declining  12.10 1.90

F-test - ns ns - - - - - ns ns

CV (%) - 13.01 14.06 - - - - - 8.43 19.63

ns = not significant difference

Table 2 Yield, capsaicin content and pungency levels by panel test of male parental lines.

Line Yield (Kg/rai) Capsaicin content/fruit Panel test

weight (Scoville unit)”

PG. 4-1-1-1 8,239 13,030 a 34
PG. 06 6,600 12,130 a 4.0
PG. 6-1-1-1 5,883 10,550 b 3.8
PG. 5-3-1-1 5,708 9,790 bc 0
PG. 25-1-1-1 4,970 9,645 bed 5.2
PG. 07 4,831 9,230 cd 2.1
PG. 27-1-2-1 4,319 8,610 d 1.8
PG. 2-2-1-1 4,318 8,585 d 1.8

LSD,, ns 1,050 -

CV(%) 48.88 5.88 -

"Same letters within column are not significantly difference at P< .05 by least significant difference.

AMNMIAARBNNENTIY 8 AELE WUFNNE  Msneaasd 2 gnnesaugnuandan 1
AwFunwsnunuuastinan il uaneiugwe degf 2 ANANN ITHANRRTBIQNHANTIN 1 ANgATY
ANENUE AD WA, 5-3-1-1 WAL WA, 25-1-1-1 (MW 1) naNgnRaNdan 1 v 6 aneug  ldun 2735BC #
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Figure 1 Parental lines, commercial varieties and F, hybrid varieties of chili.

1="PG. 5-3-11 2 =PG. 25-1-11
5= 2740BC, # 10-3-3 x PG. 5-3-1-1
7 = 2735BC, # 14-2-1 x PG. 5-3-1-1
9 = 2735BC, # 16-1-4 x PG. 5-3-1-1

16 14 x W, 5-3-1-1 Bslsirandn 1,538 47 Alansu/ls
(mmﬁ 3 uaYNW 1) i W nanA R I uanF1eTuNIg
ADANLUNUEANINIIR (2,076.81 Alania/ls) Wuguaitls
80 (1,346.81 AlanFu/ld) uazanaiugne wa.5-3-1-1
(1,376.87 Alansu/ls) Lmuﬁ@mﬂﬁuﬁ na. 5-3-1-1 1l
weug Ignuauiiiuandngs (1,081.13 1,538.47
Alansu/ls) Gldunnsnanead Afuaeiugne dou
ANEiUg NA. 25-1-1-1 Lﬁ'mﬂuﬁuﬁw'ﬂ ‘lﬁ@nm@u"ﬁ”@ﬁ 1
Iuandnlugog 545.06 - 987.56 Alansu/ls Tana
ANANNANR mr;‘i'ﬂnfjﬂmﬂﬁuﬁw'ﬂ NNATUANINALALTE
QneaN (heterosis) TUATUNANAR ANANTEY
2735BC #16-1-4 x WA, 5-3-1-1 Hiafidusinanunisiu
VDIGNNANIINTL 1176 % andnguandnuan 5 gea
navnBinmansueylsduedssedminug 1 nu
m@qmﬂﬁuﬁjw?ﬂﬁmmmuﬁwmﬂgﬂwﬁw 6,875 -
7,318 Scoville unit (AN37 3) 3¢laiTANuuANFnay
NNATER LATAIINALAUIBIYNNANA AN ADE]
Tuia9 -0.43 119 5.37 IneiguANT8Y 2735BC #14-2-1 %
A, 25-1-1-1 %Q\mdwﬁuﬁ:ﬁ'u 7 WAL 5.37 % Uaznng
TprpnuiiialnelfAuTa 10 AW fuaNed 2735BC,
#16-1-4 x WA. 25-1-1-1 Wi 6 HAnIndimsiuiug
§nsnaaA BaTlAYINAL 6.1 (mmﬁ{ 3)

3 = Maeping 80
6 = 2740BC, # 10-3-3 x PG. 25-1-1-1
8 = 2735BC, # 14-2-1 x PG. 25-1-1-1
10 = 2735BC, # 16-1-4 x PG. 25-1-1-1
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4 = Chakrapat

a L4
19U

mnm?ﬁmLﬁ@nmﬂﬁuﬁ:w'@mnw?nﬁq 8 Wug
Tnensdndenanansnisnsiaau Hanuidaiu
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FeRadndenaneiugreaniugRiinauididen
wardiBunouansuadladualudos 8,500 - 9,645
Scoville unit?ﬁqL‘fluﬂ'wmmLﬁmﬁﬂqslmzﬁuﬂmﬂm\i
Lmzﬁuﬁﬁmqmummﬁmrmﬁfa ANEWUE WA, 5-3-1-1
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HAKA m”l,siﬁmmnﬁuﬁ'ﬁ'u y mﬂmiﬂqnwmam%\aﬁ
WERAINTILINTUAANNTNATINITINE AT (2548) 91
AutRdENTauNans lFTmEnanewug wa. 5-3-1-111
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uaZMEYALLE WinTH e R dEaaneiug na. 5-3-1-1
Winanangs anaiuinda@ants 2 wug fnannas
weng waenalaisiangn 14 wuRwms NTINNG
Faus 71 enRamstuluasiiannandaremsaaer)
Tt 62- 67 ruf s Fadlunsdnidenidudiei
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Table 3 Yield, capsaicin content and pungency levels

and commercial F, hybrid varieties of chili.

by panel test of F, hybrids, male parental lines

Variety and Line Yield" Yield/plant" Heterosis  Capsaicin content/  Heterosis Panel
(kg/rai) (9/pt) (%) fruit weight (%) test
(Scoville unit)
F, hybrid
2735BC #16-1-4xPG.5-3-1-1 1,538.47 ab 240.39 ab 11.76 6,875 -0.43 2.6
2735BC #14-2-1xPG.5-3-1-1 1,083.90 bc 170.42 bc -21.25 6,935 0.43 3.8
2740BC #10-3-3xPG.5-3-1-1 1,081.13 bc 173.24 bc -21.48 6,975 1.01 5.2
2740BC#10-3-3xPG.25-1-1-1 87.56 bc 154.31 bc -17.24 6,975 0.43 4.8
2735BC #16-1-4xPG.25-1-1-1 905.39 bc 141.47 bc -17.65 6,965 0.29 6
2735BC #14-2-1xPG.25-1-1-1 545.06 ¢ 85.17 ¢ -52.92 7,318 5.37 3.7
Male parental line
PG. 5-3-1-1 1,376.87 b 21544 b - 6,905 - 22
PG. 25-1-1-1 1,157.91 bc 171.90 bc - 6,945 - 1.3
Commercial variety
Maeping 80 1,346.81 b 21044 b - 6,950 - 0
Chakrapat 2,076.81 a 324.82 a - 7,045 - 6.1
LSD, 605.7 94.64 - ns - -
CV(%) 29.19 29.19 - 3.57 - -

Same letter within column are not significantly difference at P< .05 by least significant difference.

NASWALLNR WHANIARIABNAINENING ATABNKNEA
alalnngn 15 uRiums Aageasiillining 8o
IURNAT wazAIINNT1NTRINTINKaE luTa9 50 - 60
LIURALNRAT
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Enhancing the Viability of Sweet Pepper Synthetic Seed
Using Abscisic Acid

Dade 1lsuag1uusi”’, @9IUANA SUINTWUNIY UazgTIa1 1385AR1]"

Piyachai Preamvaranon”, Sa-nguansak Thanapornpoonpong”and Suchada Vearasilp”

Abstract: The somatic embryos obtained from callus culture were treated with 0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 and
1 mg/l ABA in MS medium (maturation formula) for 21 days. Then the seed encapsulation and the synthetic
seed dehydration were pursued until the seeds lost 80 percent of their moisture contents. The results showed
that the survival percentages were 33, 36, 47, 43, 55, 73, 83 and 37, respectively. Therefore, somatic embryos
treated with 0.5 mg/l ABA improved survival rate of synthetic seeds dramatically. The ABA treated somatic
embryos encapsulated with 3 percent w/v sodium alginate and 75 mM calcium chloride could prolong their
germination for 6 weeks after storage at 25+2°C, with 16 hours photoperiod. The 6 weeks stored synthetic seeds
had 63% survival rate after 6 days planting in MS media. The experimental results suggested the possibllity of

ABA for germination and storage improvement of dry sweet pepper synthetic seeds.

Keywords: Sweet pepper, synthetic seed, abscisic acid, seed encapsulation
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Introductin

F1 hybrid of sweet peppers are not only
expensive, but they are also produced in low number
from many crosses due to problems of inter specific
incompatibility and F1 hybrid sterility. (Harini and
Sita, 1993). Moist synthetic seeds had many weak
points. One of those was; they should be stored in
the condition of low temperature, which was
problematic in storage. Moreover, the seeds had
short storage period while their conversion rate was
also low. There was high respiration rate of somatic
embryos in hydrogel, causing moist synthetic seeds
to dry quickly in room temperature (Redenbaugh
et al., 1987). It was found that dry synthetic Brassica
spp. with  ABA

desiccation tolerance before dehydration could

seed production to induce
enhance the longer synthetic seeds storage up to 6
months without controlling temperature and moisture
during the storage. It could also be germinated in
soil and it had seedling comparing to moist somatic
embryos (Takahata et al., 1993). ABA took role in
somatic  embryo

development by defending

precocious germination, inducing desiccation
tolerance and deteriorating chlorophyll in order to
decrease oxygen production (Elstner, 1982). Thus,
the objectives of this research were; a) to use
abscisic acid (ABA) induced desiccation tolerance
of sweet pepper, b) to improve sweet pepper

synthetic seed production technique for higher rate
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of germination and viability and c) to improve
technique for prolonging sweet pepper synthetic

seeds storage.

Materials and Methods

The

embryogenesis of sweet pepper from mature zygotic

protocol  for indirect somatic

embryos had been already established (Buyukalaca
1996). This study,

proceeded further experiments

and Mavituna, therefore,
using somatic
embryos as followed:

Experiment 1: Analyzing appropriate growth stage
of somatic embryos in induce desiccation tolerance
by using ABA.

Somatic embryos at late torpedo stage
were transferred to 50 ml MS liquid medium which
was the maturation formula containing 0.5 mg/l ABA
for 3, 6,9, 12, 15, 18, 21, 24 and 25 days in the dark,
placing on a rotary shaker at 100 rpm at 25+2 °C
(Buyukalaca and Mavituna, 1996). Synthetic seeds
were then produced from somatic embryos before
dehydration was pursued until the seeds lost 80% of
their moisture contents. The next process was to test
the survival rate and speed of germination by
culturing at 25+2 °C and 16 hours/day photoperiod
for one week. The survival percentage and speed of
germination were recorded. This process was

repeated three times, ten synthetic seeds for each.
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ABA

concentration to induce desiccation tolerance before

Experiment 2:  Analyzing appropriate
synthetic seeds production.

Somatic embryos at late torpedo stage
were transferred to 50 ml MS liquid medium which
was the maturation formula containing ABA 0, 0.05,
0.1, 0.2, 0.3, 04, 0.5 and 1.0 mg/l concentration,
respectively for 21 days in the dark, placing on a
rotary shaker at 100 rpm at 2512 °C. Synthetic seeds
were then produced from somatic embryos before
dehydration was pursued until the seeds lost 80% of
their moisture contents. The next process was to test
the survival rate and speed of germination by
culturing at 25+2 °C and 16 hours/day photoperiod
for one week. The survival percentage and speed of
germination were recorded. This process was

repeated three times, ten synthetic seeds for each.

Experiment 3: Testing synthetic seeds germination
after storage.

Somatic embryos from the maturation
medium containing 0.5 mg/l ABA_for 21 days in the
dark, placing on a rotary shaker at 100 rpm at 25+2
°C. Synthetic seeds were then produced from
somatic embryos before dehydration was pursued
until the seeds lost 80% of their moisture contents.
They were stored in 250 ml Erlenmayer flask, 5
seeds for each then sealed with parafiim storage at
25+2 °C and 16 hours/day photoperiod for 0, 1, 2, 3,
4, 6 and 8 weeks, respectively. After that, those
seeds, which were stored in different length of
storage, were rehydrated and the final process was
to test the survival rate and speed of germination by
culturing at 25+2 °C and 16 hours/day photoperiod
for one week. The survival percentage and speed of
germination were recorded. This process was

repeated three times, ten synthetic seeds for each.
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Statistical analysis
All

completely randomized design with 3 replicates per

experiments were arranged in a
treatment (10 embryos/replicate). Data was analyzed
using analysis of variance and mean comparisons
made by protected least significant difference at the

5% level of probability.

Results and Discussion

The
Culturing 21-day-old embryos was found to 93 %

results from experiment 1 was;
survival of all seeds while there were only 4 % of
abnormal seedling. The germination took only 3 days
and its germination percentage decreased in more
than 21-day-old embryos, which could be because
the longer the accumulation of ABA, the more
stimulation of somatic embryos into dormancy stage
(Table 1).

The results from experiment 2 suggested
that increasing ABA concentration gradually could
increase survival percentage. On the other hand,
seeds were variable which might due to the effect of
ABA to emzyme activity in some plants. 0.5 mg/l ABA
would lead to as much as 83% synthetic seeds
survival while there were only 4 % of abnormal
seedling, comparing to survival without ABA which
synthetic seeds germinated only 33% and had as
much as 13 % abnormal seedling. However, survival
percentage would decrease again when the
concentration of ABA was more than 0.5 mgll
because the very high ABA concentration resulted
more in dormancy than inducing desiccation
tolerance (Table 2)

The results from experiment 3 suggested
that survival percentage would decrease every week

and so as the speed of germination.  However, the
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Table 1 Result of growth period on synthetic seed survival percentage and speed of germination after

dehydration was pursued until seeds lost 80% of their moisture contents.

Growth period (day) % Survival Abnormal seedling (%) Speed of germination
(Normal seedling) (day)
3 0" 0° -
6 0" 0° -
9 17 3¢ 7
12 14° 16" 6°
15 46° 17 6°
18 76 4 4°
21 93° 4 3
24 73° 10° 4°
25 56° 14% 6°
CV (%) 16.73 13.18 8.84

YNumbers with the English alphabets in the same column represents the statistic significantly different (P<0.05 ).

Table 2 Effect of ABA concentration on synthetic seed survival percentage and speed of germination after

dehydration was pursued until seeds lost 80% of their moisture contents.

ABA (mg/l) % Survival Abnormal seedling(%) Speed of germination

(Normal seedling) (day)
0 33"" 13" 3
0.05 36" 10% 3
0.1 47% 6 4°
0.2 43° 10% 4°
0.3 57° 9® 4°
0.4 73° 4 4°
0.5 83° 4 4°
1.0 37" 16 5°

CV (%) 13.61 14.22 7.29

"Numbers with the English alphabets in the same column represents the statistic significantly different (P<0.05 ).

survival percentage would decrease obviously in the
eighth day of storage. The survival percentage
decreased to 43% while there were 10% abnormal
seedling at that time. Considering the result in Table

3, the most suitable synthetic seed storage period
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was 6 weeks with 63 % survival and 7 % abnormal
seedling. This was considered to be the satisfied
(1996)

suggested that the viability would increase more if

percentage. Nevertheless, Binzel et al

applying 3.8 uM ABA before encapsulation with
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Table 3 Result of storage time on inducing desiccation tolerance synthetic seed germination percentage and

speed of germination after dehydration was pursued until seeds lost 80% of their moisture contents.

Storage time (week) % Survival Abnormal seedling(%) Speed of germination
(Normal seedling) (day)
0 93*" 3° 3°
1 83" 7 3°
2 83" 3 3
3 67" 13% 4°
4 66" 7 5°
6 63° 7 6°
8 43’ 10° 6°
CV (%) 10.13 13.82 6.52

"Numbers with the English alphabets in the same column represents the statistic significantly different (P<0.05 ).

sodium alginate and dehydration. This leaded to 57 %
synthetic seed survival. The storage by inducing
desiccation tolerance with 0.5 mg/l ABA was done
for 1, 2 and 3 weeks whose results were 48, 47 and
32 % of germination, respectively. Therefore, this
result demonstrates the possibility of inducing
desiccation tolerance by applying ABA into somatic
embryos, conforming with Takahata et al. (1993) who
could produce the most inducing desiccation
tolerance when applying 100 yM ABA, developing

into 27-48 % plantlets.

Conclusion

Use of ABA 0.5 mg/l in dried synthetic
seeds production did improved their survival rate
dramatically, which was higher in percentage than
previous researches. This technique was also able to
prolong synthetic seed at 25+2°C, resulting in low
expense for the storage. Moreover, this technique
can further be applied for other plants in order to

increase yields in limited crop fields.

29

References

Binzel, M.L., N. Sankhla, J. Sangeeta and S.
Daksha.1996 . Induction of direct somatic
embryogenesis and plant regeneration in
pepper (Capsicum annuum L.). Plant Cell
Reports 15: 536-540.

Buyukalaca, S. and F. Mavituna. 1996. Somatic
embryogenesis and plant regeneration of
pepper in liquid media. Plant Cell, Tissue
and Organ Culture 46: 227-235.

Elstner, E.F. 1982. Oxygen Activation and Oxygen
Toxicity. Annual Review Plant Physiology
33: 73-96.

and G.L. Sita.

embryogenesis and plant regeneration from

Harini, 1. 1993. Direct somatic
immature embryos of chili
annuum L.). Plant Science 89: 107-112.

Redenbaugh, K., D. Slade, P. Viss and J.A. Fuijii.

(Capsicum

1987. Encapsulation of somatic embryos in
synthetic seed coats. HortScience 22: 803-
809.



M9419N1AT 23(1): 25-30 (2550)

Takahata, Y., D.C.W. Brown, W.A. Keller and N.
Kaizuma. 1993. Dry artificial seeds and
desiccation tolerance induction in
microspore-derived embryos of broccoli.
Plant Cell, Tissue and Organ Culture 35:
121-129.

30



NSWRIUUNARANITHA BILNAARILATIZUNT NI

Development of Sweet Pepper Synthetic Seed

Production Technique
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Abstract: This research demonstrates the improvement of sweet pepper synthetic seed production technique
by using somatic embryos from indirect somatic embryogenesis method of mature zygotic embryo explants.
The seeds were cultured in developed MS liquid medium whose nutrient concentration and growth regulators
were modified in order for high embryogenic frequent callus, which could be transformed into strong somatic
embryos. Mature somatic embryos were encapsulated in calcium alginate gel using different concentration of
sodium alginate 2, 3, 4, 5 and 6% w/v and calcium chloride 25, 50, 75 and 100 mM. After having synthetic
seeds from this process, the synthetic seeds dehydration were pursued until they lost 80% of their moisture
contents. The experimental results suggested that ; encapsulation with 3% sodium alginate and 75 mM calcium
chloride was most appropriate in dry sweet pepper synthetic seed production. The survival reached 87% and
calcium alginate gel in seed encapsulation was stable bead rigidity and shape after dehydration until losing

80% of their moisture contents. Moreover, synthetic seeds will have high flexibility and germinate within 3 days.

Keywords: Callus, sweet pepper, synthetic seed, seed encapsulation
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Introductin

F1 hybrid production of sweet peppers are
limited by many factors. It is not only produced in low
number from many crosses due to problems of
interspecific incompatibility and F1 hybrid sterility,
but it is also expensive (Harini and Sita, 1993). Fourre
et al. (1997) found that sodium alginate 4% wiv
would inhibit the somatic embryos germination while
using 1, 2 and 3% w/v concentration of sodium
alginate helped much in improving somatic embryo
germination rate. However, 1% w/v concentration of
alginate would bring about weak encapsulation of
synthetic seeds which made them difficult to be
transported. Moist synthetic seeds had many weak
points. One of those was; they should be stored in
low temperature condition, which was problematic in
storage. Moreover, the seeds had short storage
period while their conversion rate was also low. Thus,
the objectives of this research were; a) to find out
the most efficient process in producing dried
synthetic seeds and, b) to improve sweet pepper
synthetic seeds production technique for higher rate

of germination and viability.

Materials and Methods

The protocol for indirect somatic
embryogenesis of sweet pepper had been already
established (Buyukalaca and Mavituna, 1996),

following this protocol.

32

Plant material

The surface of mature seeds of Capsicum
annuum var. Ace were sterilized by soaking in 70
%(v/v) ethanol solution for 2 minutes, then they were
immersed in 10 %(v/v) clorox for 15 minutes and
finally rinsed three times with sterile distilled water for
24 hours. Embryo explants were aseptically removed

from sterilized seeds.

Somatic embryogenesis

Five mature zygotic embryo explants were
placed on MS medium ( Murashige and Skoog, 1962)
in a 50x80 mm sterile glass bottle which was sealed
with parafim for embryogenic callus formation.
Zygotic embryos were kept at 25+2 °C under
continuous illumination provided by white fluorescent
lamps. One-month-old 1-1.2 g embryogenic callus
was suspended in 50 ml MS medium containing
1 mg/l 2, 4 — D in a 250 ml Erlenmayer flask and
placed on a rotary shaker at 100 rpm for further
development. Embryogenic suspension cultures
were subcultures every two weeks for two months.
The

transferred as inoculum to the bioreactor for further

embryogenic  suspension  cultures  were
growth for two weeks. The medium of the suspension
cultures was replaced by liquid KNO, - free MS
medium containing 2 mg/l 2, 4 — D and 6 mgl/l
K-citrate for 1 month for pretreatment. The medium of
the pre-treated cells was replaced with the basal
medium modified by reducing NH,NO, concentration

from 20 mM to 10 mM and including 6 g/l L-proline



NSWRIU AT ANISRARLNA ARILATIZUNTNUINY

for all the stages of embryogenesis, from globular to
torpedo shape, which took 1 month. After embryo
formation, half-strength basal medium containing

3 % sucrose was used for embryo maturation.

Synthetic seeds production

21-day-old somatic embryos from the
maturation medium were isolated by sieving through
a 0.3 mm stainless steel filter and transferred to
sterile distilled water. Sodium alginate was added in
the range of 2-6% w/v to the MS medium with 2 g/I
sucrose, 1 mg/l IAA, 1mg/l KIN and autoclaved.
CaCl, solutions at 25, 50, 75 and 100 mM
concentrations were prepared using basal MS
medium with the same growth regulators as above
and autoclaved. For complexing, somatic embryos
were individually dipped in sodium alginate solution
and then dropped into the magnetically stirred CaCl,
solution for 10 minutes. After solidification, the beads,
each containing a single somatic embryo, were
removed and washed with sterile MS liquid medium.
After that, dehydration were pursued by using silica
gel until synthetic seeds lost 80% of their moisture
contents. From this process, synthetic seeds with a
single somatic embryo were chosen for testing the
survival rate and speed of germination by culturing at
25+2 °C and 16 hours/day photoperiod for one
week. The survival percentage and speed of
germination were recorded while the resistance force
was measured by using the texture analyzer. This
process was repeated three times, ten synthetic

seeds for each time.

Conversion into plantlets

Encapsulated somatic embryos were
germinated in in vitro. The in vitro conversion
medium consisted of 20 ml MS medium with 3%

sucrose and 0.8% agar in a glass bottle which was
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incubated 25+2 °C with 16 hours photoperiod provided
by white fluorescent lamp. This process was repeated

three times, ten synthetic seeds for each time.

Statistical analysis
Al

completely randomized design with 3 replicates per

experiments were arranged in a
treatment (10 embryos/replicate). Data was analyzed
using analysis of variance and mean comparisons
made by protected least significant difference at the

5% level of probability.

Results and Discussion

Indirect somatic embryogenesis of sweet pepper
Inducing callus from mature zygotic embryo

explants brought about four types of callus; white-

brown-friable which both

watery, were

nonembryogenic, green-compact with low
embryogenic frequency and yellowish-nodular-friable
with high embryogenic frequency (Figure 1) following
Buyukalaca’ s and Mavituna’ s report in 1996.

High embryogenic frequency cultured in
liquid MS medium modified by Buyukalaca and
Mavituna (1996) for one month would developed into
homogeneous cell suspension, composing with
obvious small compact cells with cytoplasm and
nucleus and high cell division rate (Figure 2)

After one month of the homogeneous cell
suspension pretreatment, it was found that single
cells had been enlarging. When transferring single
cells into embryo initiation medium for one month,
cells transformed into globular shape, heart shape
and torpedo shape, respectively. (Figure 3)

In the late torpedo stage, somatic embryos
were cultured in embryo maturation medium for 21
days in order to have somatic embryos for synthetic

seed production.
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Figure 1 45-day Yellowish-nodular-

friable embryogenic callus

of C. annuum var. Ace.

Figure 2

Homogeneous cell suspension

transferred from callus.

Synthetic seed production from somatic embryos of
sweet pepper

Encapsulating somatic embryo with sodium
alginate and CaCl, in different concentration brought
about synthetic seeds (Figure 4). Then, dehydration
were pursued until the seeds lost 80% of their
moisture contents. The result was; sodium alginate
and CaCl, affected survival percentage, speed of
germination and gel flexibility. Encapsulating seeds
with sodium alginate 2, 3 and 4% w/v concentration
would bring about stable-shape seeds, rather hard.
After dehydration was pursued until seeds lost 80%
of their moisture contents. Encapsulation with 3 and

4% w/v concentration of sodium alginate would
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Figure 3  Single cells transformed into
globular-shape, heart- shape

and torpedo-shape.

stabilize synthetic seeds’ shape and the germination
rate would still be high (Table 1).

The germination took only 3-5 days which
could be because of thin and soft encapsulate gel,
helping embryos to germinate easily (Table 2). When
considering gel’s resistance force to pressure force,
it was found that the resistance force were 7 and 12
newton (Table 3). This showed the high rigidity of gel
encapsulating seeds which affects germination rate
to decrease and germination period to increase
when using high concentration because it was hard
for somatic embryos to germinate through the thick
gel. This result was similar to the experiment of
Fourre et al. (1997) which proved that 4% w/v
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Figure 4 Synthetic seeds after planting in MS medium
for 4 days.
a. Encapsulate with sodium alginate 3% wi/v
and 75 mM calcium chloride.
b. Encapsulate with sodium alginate 4% w/v

and 75 mM calcium chloride.

Table 1  Effects of sodium alginate and calcium chloride concentration on synthetic seed germination

percentage.
Sodium alginate Germination percentage (%)
(% wiv) Calcium chloride (mM)
25 50 75 100
2 53" 43" 60° 33
3 70° 70° 87° 46"
4 63" 50" 67" 30’
5 13" 16 23" 13"
6 0" 0" 0" 0"

"Numbers followed by the same English alphabets in the table represents no statistic significantly different (P<0.05 ).

sodium alginate would inhibit somatic embryo found to affect speed of encapsulation reaction 25
germination while 1, 2 and 3% w/v sodium alginate and 50 mM concentration took 20-30 minutes while 5
brought about very high germination of somatic and 100 mM concentration took only 10-15 minutes.
embryo. Nevertheless, 1% w/v concentration would The speed of reaction also affected synthetic seed
gave weak encapsulation of synthetic seeds. survival percentage. In other words, shorter time in

Another factor of sweet pepper synthetic encapsulation by magnetic stirer  would less
seed germination was the CaCl, concentration. It was destroyed somatic embryos.
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Table 2

synthetic seed.

Effects of sodium alginate and calcium chloride concentration on speed of germination of

Sodium alginate

Calcium chloride (mM)

(% wiv)

25 50 75 100
2 5b 1/ 5b 5b 5b
3 3° 3° 3° 5°
4 3° 5° 5° 6°
5 6° 6° 7° 6°
6 0 0 0 0

"Numbers followed by the same English alphabets in the table represents no statistic significantly different (P<0.05 ).

Table 3
dehydration.

Effect of sodium alginate concentration on

resistance force to pressure force after

Sodium alginate (% w/v)

Resistance force (N)

o O B~ O DN

2

7
12
18
24

Conclusion

Sweet pepper synthetic seed production
was successfully developed in this experiment. The
survival rate of dried synthetic seeds was as high as
87%. The high level of seed vigor had been shown
by their speed of germination which was only 3 days
after sowing. The seed viability after longterm
storage (2 months) or transport in ambient
temperature (25+2 °C) was also the satisfactory

result.
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Genetic Analysis of Native Silkworm, Nangnoi

Si Sa Ket 1 Variety, by RAPD-PCR Technique

A1995504 AUNG1” A5INS ALAANA” BIAUT BATWAIR” NING5Hl LAUEIA
uae Inw wirlsuasy”
Jaruwan Chantra”, Jiraporn Tayutivutikul”, Angsana AkarapisanZ/, Tipanee Senawongy

and Weerathep Pongprasert‘”

Abstract: Thai native silkworm (Bombyx mori L.), Nangnoi Si Sa Ket 1, one of the certified varieties from
Department of Agriculture, has been extensively distributed to others research stations in Thailand for sericulture
promotion at farm level. Due to rapid multiplication rate, the genetically alteration and contamination within the
variety presumably occurred. Accordingly, genetic analysis of native silkworm, Nangnoi variety based on
Random Amplified Polymorphic DNA-Polymerase Chain Reaction (RAPD-PCR) Technique was carried out to
determine variation of this variety collected from various sericulture stations including Chiang Mai, Mukdahan,
Nong Khai, Roi Et, Sakon Nakhon, Si Sa Ket, Ubon Ratchathani, and Udon Thani. Three native silkworm varieties
including Kiewsakon, Nanglai, and Nangluang and also one wild silkworm (Samia ricini Boisduval) variety were
selected and assigned as corresponding referenced band patterns. DNAs of those silkworms were extracted

from haemolymph and 18 RAPD primers were applied to random amplification. RAPD products were spreaded

" mARTRganen Ansinumngns wanendedadlu A, dedluad 50200
?madnlaaie Anszinemarnans swanendedeslval a. @eslvad 50200
¥ anfuveuliuuienAeiumssiRsRaudanssunaddinm wazusuediiung agdns naaym 10900
Y MARTINENANARSNNTINERT ADUSINEATANARS NINNTEITNTNG LLm?{\iLLqmﬁﬂu WPNINLNAEIUIAIT A, ﬁwnﬂm 65000
K Department of Entomology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
Z Department of Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
“The Queen Sirikit Institute of Sericulture, Chatuchak, Bangkok 10900, Thailand
Y Department of Agricultural Science, Faculty of Agriculture Natural Resources and Environment, Naresuan University, Phitsanulok
65000, Thailand
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on agarose gel-electrophoresis and polyacrylamide gel-electrophoresis to generate polymorphisms of DNA
band pattern. RAPD primers OPO-07 and OPD-11 produced specific bands at 430 and 100 bp that specified
Nangnoi Ubon obtained from Roi Et from others. Meanwhile, RAPD primer, OPN-02, also produced 2 specific
bands. First band, 985 bp in size, differentiated between Nangnoi Si Sa Ket from Nong Khai from others and
second band, 434 bp in size, separated Nangnoi into 2 groups: Nangnoi Ubon and Nangnoi Si Sa Ket. The
combined analysis of band pattern generated by all those 3 primers supported that Nangnoi Ubon and Nangnoi
Si Sa Ket was genetically related and recently diverged from each other perhaps caused mainly by the

screening process during mass rearing of Nangnoi Si Sa Ket 1 in various research stations.

Keywords: Genetic analysis, Thai native silkworm, Nangnoi Si Sa Ket 1, RAPD-PCR
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Figure 1 Genome fingerprinting of silkworms, Nangnoi Si Sa Ket group,

Nangnoi Ubon group, and out group composed of Nangluang,

Nanglai, Kiewsakon, and wild silkworm based on primer OPO-07 of

RAPD technique and specific band at 430 bp for identifying Nangnoi
Si Sa Ket : M = 100 bp DNA ladder, Promega, 0 = Negative control,

1 = Nangnoi Ubon from Chiang Mai, 2 = Nangnoi Si Sa Ket from
Si Sa Ket, 3 = Nangnoi Si Sa Ket from Udon Thani, 4 = Nangnoi
Si Sa Ket from Nong Khai, 5 = Nangnoi Si Sa Ket from Sakon

Nakhon, 6 = Nangnoi Ubon from Mukdahan, 7 = Nangnoi Ubon from

Si Sa Ket, 8 = Nangnoi Ubon from Roi Et, 9 = Nangluang, 10 = wild

silkworm (Samia ricini Boisduval), 11 = Nanglai,12 = Kiewsakon.
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Figure 2 Genome fingerprinting of silkworms, Nangnoi Sri Sa Kate group,

Nangnoi Ubon group, and out group composed of Nangluang,

Nanglai, Kiewsakon, and wild silkworm based on primer OPD-11 of

RAPD technique and specific band at 100 bp for identifying Nangnoi
Si Sa Ket : M = 100 bp DNA ladder, Promega, 0 = Negative control,
1 = Nangnoi Si Sa Ket from Si Sa Ket, 2 = Nangnoi Si Sa Ket from

Udon Thani, 3 = Nangnoi Si Sa Ket from Nong Khai, 4 = Nangnoi

Si Sa Ket from Sakon Nakhon, 5 = Nangnoi Ubon from Chiang Mai

6 = Nangnoi Ubon from Mukdahan, 7 = Nangnoi Ubon from Si Sa Ket,

8 = Nangnoi Ubon from Roi Et, 9 = Nangluang, 10 = Kiewsakon, 11 =

Nanglai, 12 = wild silkworm (Samia ricini Boisduval).
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Figure 3 Genome fingerprinting of silkworms,
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Nangnoi Si Sa Ket group,
Nangnoi Ubon group, and out group composed of Nangluang,
Nanglai, Kiewsakon, and wild silkworm based on primer OPN-02 of
RAPD technique and specific band at 985 and 434 bps for identifying
Nangnoi Si Sa Ket : M = 100 bp DNA ladder, Promega, 0 = Negative
control, 1 = Nangnoi Si Sa Ket from Si Sa Ket, 2 = Nangnoi Si Sa Ket
from Udon Thani, 3 =
Nangnoi Si Sa Ket from Sakon Nakhon, 5 =

Nangnoi Si Sa Ket from Nong Khai, 4 =
Nangnoi Ubon from
Chiang Mai, 6 = Nangnoi Ubon from Mukdahan, 7 = Nangnoi Ubon
from Si Sa Ket, 8 = Nangnoi Ubon from Roi Et, 9 = Nangluang, 10 =

Kiewsakon, 11 = Nanglai, 12 = wild silkworm (Samia ricini Boisduval).

Tundzazing AuiRdtuieulungnssiil aniinases
udaulunnuespag uazaniiinaaaansionlng
anauAs NaNy 2 dsznaudan Tuniugunsliasguad
1fann antinasesdaulunidadlud aoniineaas
ulaulnuynang guiidundeuluniasing uaz
aniineaesieulunfesfn uazainisauanean

o & = ¥ o o
annluniufulFauiiay Usenaudan Tuuwuguis
Waed wwang Wanana uazluwil aananngulng
AWugunsdanlfetinedaian

lungulniuguisiaaaiazing dunudn
ar o 2 A dl ¥
wugnssntesnRuusieaiaving 1 Aldan
Arazine Tdaduiugauin drnulndiatuans
AUFNHUNAIAINGAIBITNNTGA AINAHANWUTN
=

HUVAIRINUUBIAE WATANAUATATNANAL HIUNGH
Tuniuguntesguaanuuas@edlud Hanulnddn

45

fuRLARR ANy NI T g NF AU
UARIANNATAZNHANAAL Imﬁuﬂwﬁmmmju
drefiuianaiufuredesgquaainfesdaiiuso
FeuremnuduRus  Auuilsilsuniendny
anmwﬁLﬁm%ulumﬂﬁuﬁ:ﬁ‘qmﬁum?ﬁzﬁ'qumm
m’m‘l,ﬂz’ﬁmr"fu@ﬂ'Nmmﬁxudwﬂ%\mmnzjumﬂﬁuﬁ:
ﬁquaﬂﬁqm?ﬁLmdmmﬁuﬁﬁuﬁ%ﬁmﬁmﬁu uaz
miu,mmemmawuﬁmmlmvﬂ Gudumintu
mummmLmnwﬂmngwuumwmmmmnmn
n9vLNUNIRAEen L AEIN TN R RNA
L‘W@Lmﬂ@'ﬂmm:mﬁLLwéwu{luuLLﬁLﬂHMiﬂﬁmqmﬁﬂ
FugTulsUsaumanduliiunsadenetwseiies
Tuusazuasin AN A UIeIN s LIAUMS
LLﬂﬂﬁQﬂl@ﬂ@ﬂﬂﬁuﬁuiuﬁQQ



MTATINBAS 23(1): 39-47 (2550)

Table 1 Genetic distance among Thai silkworm: Nangnoi Si Sa Ket group, Nangnoi Ubon and out group
composed of Nangluang, Nanglai, Kiewsakon, and wild silkworm calculated from combined data of
RAPD genome fingerprint generated from primers: OPO-07, OPD-11, and OPN-02.

Varieties 1 2 3 4 5 6 7 8 9 10 11 12
1 0.00
0.00 0.00

3 0.14 0.14 0.00

4 0.16 0.16 0.18 0.00

5 0.29 0.29 0.30 0.33 0.00

6 022 0.22 024 026 030 0.00

7 0.30 0.30 039 024 026 030 0.00

8 0.36 0.36 029 023 033 036 026 0.00

9 0.60 0.60 064 054 050 052 041 044 0.00

10 045 045 052 039 062 064 050 045 031 0.00

11 0.33 0.33 042 036 050 052 048 043 050 028 0.00

12 0.67 0.67 072 068 065 078 060 060 076 073 062 0.00

Remarks: 1 = Nangnoi Si Sa Ket from Si Sa Ket, 2 = Nangnoi Si Sa Ket from Udon Thani, 3 = Nangnoi  Si Sa Ket from Nong

Khai, 4 = Nangnoi Si Sa Ket from Sakon Nakhon, 5 = Nangnoi Ubon from Chiang Mai, 6 = Nangnoi Ubon from
Mukdahan, 7 = Nangnoi Ubon from Si Sa Ket, 8 = Nangnoi Ubon from Roi Et, 9 = Nangluang, 10 = Kiewsakon, 11 =

Nanglai, 12 = wild silkworm (Samia ricini Boisduval).
I: Nangnoi Si Sa Ket from Si Sa Ket
Nangnoi Si Sa Ket from Udon Thani

— Nangnoi Si Sa Ket from Nong Khai

Nangnoi Si Sa Ket from Sakon Nakhon

Nangnoi Ubon from Chiang Mai

——— Nangnoi Ubon from Mukdahan

Nangnoi Ubon from Si Sa Ket

Nangnoi Ubon from Roi Et

Kiewsakon

Nanglai

Nangluang

wild silkworm
Figure 4 Dendrogram showed the relationship among Nangnoi Si Sa Ket group, Nangnoi Ubon and out

group composed of Nangluang, Nanglai, Kiewsakon, and wild silkworm (Samia ricini Boisduval).
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Efficacies of Plant Essential Oils in Controlling

Bakanae Disease of Rice Seedling

ae7a Tude” uas ANn A579A"

Saichon Nochai” and Sombat Srichuwong”

Abstract: Blotter method was used to detect Fusarium moniliforme, the causal agent of bakanae disease on rice
seeds cv. Khao Dawk Mali 105 (KDML 105). Only 13.50% of seeds were contaminated with the fungus. Another
trial was dealed with 5 essential oils extracted from 5 different plants and they were incorporated with PDA and
tested for their ability to cease the growth of F. moniliforme. It was pointed out that essential oils from clove,
cinnamon and geranium at the rates of 400, 500 and 1,400 ppm, respectively, gave 100% inhibitive results.
Among them, clove oil had the abilities to reduce the incidence of the disease and increase seed germination,

seedling emergence, shoot length, root length, fresh weight and dried weight.

Keywords: Rice, bakanae disease, Fusarium moniliforme, essential oils, control

UNARLa: mﬂmimwmmmw Fusarium moniliforme #nwmlapnandnany anndadnitganinenuzd 105
TatABmnzLUNsEN S WLd R F. monilforme $atiaz 13.50 tmm?'wmmuﬂim‘wﬁmwmmmmuwamvmmm
i 5 9iin lunstudamssiyivinvesden £. moniliorme nemageuLMEMIREEE PDA naminsumen
FEMEl wud%‘fﬂﬁumnmuwg auTELAzAe I HanTiANNdY 400 500 WAz 1400 ppm dnansadudenis
L@?‘ﬂ;Lﬁ‘u‘immLz’ifuiwfam%y@mml,mvlé’ 100% uaziierindunenszmaanniieia 3 silalludwdaienagey
sz@vnnmsianinueanaadman nsaruanlsaLazn sy FAuTnIeiunal wudnfliReaiuiumenszmeann
muwzgtwhifuﬁ‘lﬁmﬁﬁ@m Tannsnanefiduinisinderecndn uazdsuiailesifuiaanusenaeanin
AmasanluuLlas AnEnadEL ANENaaN viinan uasivinudfeesdiungn

° a [ . . & o o o o
ﬂ"lﬁ']ﬂﬂ&li w19 Iﬁ‘ﬂﬂ@ﬁﬂ’ﬂﬂq‘u Fusarium moniliforme WMNUNANTELNE ﬂ’]ﬁ‘ﬁ‘ﬂﬂﬂuﬂﬂ@ﬁ

"npdmnlsafia AnuzinEnsAnans NunAnandedaalud . @ealud 50200.

"Department of Plant Phthology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Table 1 Percentage of fungi associated with seed of rice cv. KDML 105

Fungi Percentage”
Aspergillus glaucus 0.25
A. niger 0.50
A. flavus 4.00
Bipolaris oryzae 2.25
Curvularia lunata 0.50
Fusarium moniliforme 13.50
Penicllium sp. 2.25
Trichoconis padwickii 0.50
Trichoderma sp. 1.00
Xylaria sp. 1.25
Unknown fungus 0.25

" Each value is a mean of 4 replicates of 400 seeds.

Table 2 Effectiveness of 3 essential oils at different concentrations mixed with PDA on growth inhibition of

Fusarium moniliforme after 10 days of incubation.

Growth inhibition (%)"at different concentrations (ppm)

Treatment
500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
PDA + Geranium oil 67.11 90.22 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PDA + Lavender oil 49.78 54.56 57.33 60.67 64.67 64.67 71.89 75.44 81.11 86.11
PDA + Marjoram oil ~ 57.89  60.78 67.44 73.44 74.33 80.78 86.11 89.00 89.00 93.33
PDA (Control) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LSD, 45 6.71 CV,, (%) 15.21 CV,, (%) 13.39

" Results showed the average of 5 replications.
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Table 3 Percent inhibition of Fusarium moniliforme grown on PDA mixed with 3 essential oils at 5 different

concentrations.
Treatment Concentration Percentage of inhibition"
(ppm) (%)
PDA + Clove oil 100 19.22 g%
200 23.44 g
300 90.22 b
400 100.00 a
500 100.00 a
PDA + Cinnamon oil 100 18.78 g
200 30.33 f
300 48.89 e
400 62.11d
500 100.00 a
PDA + Geranium oil 1,100 79.78 ¢
1,200 80.11 c
1,300 84.89 bc
1,400 100.00 a
1,500 100.00 a
PDA 0.00 h
LSD, 45 = 6.57 CV (%) =8.10

" Results showed the average of 5 replications.

? Means in column followed by the same letter are not significantly different at P = 0.05 according to LSD.

Cinnamon Geranium

control 100 control 100 control 1,100 1,200

300 400

1,500

Figure 1 Growth inhibition of Fusarium moniliforme 10 days grown on PDA mixed with
clove, cinnamon and geranium oils at 5 concentrations (ppm).

54



szAnBnwaaniiunanszivaaniiglunisaiuau
lsanandnamurasingluszassunan

Table 4 Effect of 3 essential oils on seed germination, seed infection and abnormal seedling of rice seed

inoculated with Fusarium moniliforme in moist petridishes.

Seed germination”

Seed infection ' Abnormal seedling

Treatment
(%) (%) (%)
Control (uninoculated) 99.50 a” 10.25 ¢ 0.76 bc
Control (inoculated) 97.25b 95.25 a 4943 a
Inoculated + water + Alcohol 99.00 a 4550 b 2.03 bc
Inoculated + clove oil 98.75 a 13.50 c 1.53 bc
Inoculated + cinnamon oil 67.50 c 0.00d 4.04 b
Inoculated + geranium oil 0.00d 0.00d 0.00 c
LSDy s 1.29 7.95 3.62
CV (%) 0.97 19.52 25.30

1 . .
Each value is a mean of 4 replicates.

?Each value is a mean of 4 replicates of 80 seedlings.

“Means in column followed by the same letter are not significantly different at P = 0.05 according to LSD.

QI o % % v va dl = o
WNAMNENANEUTBHUNAN IR WauFaumaufy
N7INABEU 7 (MN91971 5) A mFunmaseLNATes
YT UNBNIZUEANNT AR TR AR DAY INENIIINUD
% % v = Qadl
FuNa1919 annFe U UNaNNAD AN AN
{8311 95% WUFNITHABNUTINA AR 8NN UNg
dsgAnBninadaaiinaanensnuesiuninlinngs
4 o . i 4
Werauieuiunssuizau o) (A19199 5) d9unis
NARDLNATAN NN UNDNILIUEFANTLATOYUAIAUNA
419 Tnen1sTnannuImIndAwas I NN WA WLaN
nesndnlgnieimanuazugddnfosnsiunungli
uinanresiiundnllusnsites wldad Ay
ANNNNITNAD EniutAPUANNUgNEES (A19197 5)
ANUANIANEAZiL A INTURaN T e
aniueiafilsz@vsnmwlunsdugninasoyaes
7831 F. moniliforme WAz g8 NANNLILIIUIFL
nanEnqAae atlanadlunaiiiaaniainlutindunan
semedaslszneundnAnyuneaiiaid g uanis

Aunsndudanisasyaeqauvisd i lnaansmanil

Ny thymol, carvacol, cinnamic aldehyde LLag allyl
isothiocyanote s (Basilico and Basilico, 1999)
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Table 5 Effect of 3 essential oils on emergence and seedling vigour of rice seed inoculated with Fusarium

moniliforme in sterilized soil.

Treatment Emergence” Shoot length” Root length”  Fresh weight”  Dry weight"
(%) (cm) (cm) (9) (9)
Control (uninoculated) 93.50 b* 27.63 b 8.80 c 3.50 ab 0.55b
Control (inoculated) 88.25 ¢ 2742 b 7.85¢c 3.24b 0.52 b
Inoculated + water + alcohol 98.75 a 28.27 ab 13.64 a 3.70 a 0.62 a
Inoculated + clove oil 97.00 a 29.43 a 11.89 b 3.87 a 0.66 a
Inoculated + cinnamon oil 80.75d 2949 a 8.82 c 3.58 ab 0.62 a
Inoculated + geranium oil 0.00 e 0.00 c 0.00d 0.00 ¢ 0.00 ¢
LSD 446 2.19 1.54 1.22 0.38 0.05
CV (%) 2.56 4.38 9.67 8.62 7.28

1 . .
Each value is a mean of 4 replicates.

? Means in column followed by the same letter are not significantly different at P = 0.05 according to LSD.
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ANAAL
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Efficacies of Plant Essential Oils in Controlling

Bakanae Disease of Rice Seedling

ae7a Tude” uas ANn A579A"

Saichon Nochai” and Sombat Srichuwong”

Abstract: Blotter method was used to detect Fusarium moniliforme, the causal agent of bakanae disease on rice
seeds cv. Khao Dawk Mali 105 (KDML 105). Only 13.50% of seeds were contaminated with the fungus. Another
trial was dealed with 5 essential oils extracted from 5 different plants and they were incorporated with PDA and
tested for their ability to cease the growth of F. moniliforme. It was pointed out that essential oils from clove,
cinnamon and geranium at the rates of 400, 500 and 1,400 ppm, respectively, gave 100% inhibitive results.
Among them, clove oil had the abilities to reduce the incidence of the disease and increase seed germination,

seedling emergence, shoot length, root length, fresh weight and dried weight.

Keywords: Rice, bakanae disease, Fusarium moniliforme, essential oils, control
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"Department of Plant Phthology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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L“‘}j”'a 31 Fusarium moniliforme 13.50 % LA EWLU L%”’ﬂ 71
ﬁlu ] B+ \‘1‘1{ Aspergillus flavus (4.00 %) Bipolaris oryzae
(2.25 %), Penicillium sp. (2.25 %), Xylaria sp. (1.25 %),
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Table 1 Percentage of fungi associated with seed of rice cv. KDML 105

Fungi Percentage”
Aspergillus glaucus 0.25
A. niger 0.50
A. flavus 4.00
Bipolaris oryzae 2.25
Curvularia lunata 0.50
Fusarium moniliforme 13.50
Penicllium sp. 2.25
Trichoconis padwickii 0.50
Trichoderma sp. 1.00
Xylaria sp. 1.25
Unknown fungus 0.25

" Each value is a mean of 4 replicates of 400 seeds.
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do asa o8
anwpnnWinalsanesdnauuazlsaluqpdtinnia
1uin9 MNAIFL ATRINITDRANIALLNA AT 1A
LANS (dNAR, 2532; Ou, 1985)

MINARBIR 2 NMIANERATRIENTURaNSEIE
anfigsanisdudanisiadyaaaduladas
Fusarium moniliforme
annMAaeLsYANE ARt ey
szmzaniia 5 1fia Wun Sunung eve
WAOUIN AUARS Laziaes ey lunnsduganis
mmmu‘immmmﬁ F. monilforme TnenAGELIALN
a3 LW PDA mumuuu@m”mamnwmumv
afinlusnTANUEL R LANAN SRS iR
500 — 5,000 ppm WU 11 12T 1a 8 59715 & i
'ﬂizaw?ﬁmwiuﬂwfﬁ’ugmwm?mLﬁuimmlﬁﬂmm
e F. monilforme g anefpaadiadiu 1,500
ppm Lﬂﬂﬁ%i&ﬁﬂﬁiffﬂf%ﬁﬂ@?ﬂgLﬁuimwudﬂﬁ
wasiFusnnasudaldfaus 67 — 100 % sadaeunAe
N15RDUIN (58 - 93%) LAZANLIULADS (49 - 86%)
(mmﬁ 2) ANNAAL nasfiaadindiv 100 - 500

52

£

ppm wudﬂif’]ﬁumuw@mmamﬁug\m’]ﬂﬂ?mmmL%
5714 100% A A3 a1 400 ppm mu@umﬂuu
mmmﬂummﬂmmmmmmﬂm 100% AA2TN
Windi 500 ppm (AN3797 3 UAZAWA 1) LAY ANMIs
Finfuaesiflausuns e duinnsduganig
EATICRE 100 % finnudiadufies 1,500 ppm A
mmmmuwamvwm 1,000 — 1,500 ppm TneiBudi
# 1,100 -1,500 ppm wmﬂmﬂmmummmumm
100 % 'l luAansdisdng 1,400 ppm (A7 3)

n1sNAaasi 3 N1TANMINAAANITIaN N9
WwsauAule waznsinimlemlussazAunan
MawIzUUNszA Y
mmmmmmzuumzma:r%yummnﬁﬁ%ﬂqﬂ
Aefwdnkaiden F. moniforme uay udimialy
dndunenszmaanfians 3 4fia nudrmiisud
ﬂizamﬁmwﬁfmLﬁmfnmﬂniﬁLLﬁLuﬁm%’mﬁ‘ﬁlqm
LLmﬂmq@fjwﬁﬁﬂzﬁﬁﬁmmmﬁﬁmnﬂﬁuﬁ‘%ﬁluj flud
i mdnsinuvesszmedouiy ﬁm‘iﬂﬁumuwg e
1A NN 1eUNAAgINe 99 % wslaluansineann
Nz regarUAN i iLgndeuaznssiaidgn



Table 2 Effectiveness of 3 essential oils at different concentrations mixed with PDA on growth inhibition of

Fusarium moniliforme after 10 days of incubation.

Growth inhibition (%)"at different concentrations (ppm)
500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
PDA + Geranium oil 67.11 90.22  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PDA + Lavender oil 49.78 54.56 57.33 60.67 64.67 64.67 71.89 75.44 81.11 86.11
PDA + Marjoram oil 57.89 60.78 67.44 73.44 74.33 80.78 86.11 89.00 89.00 93.33
PDA (Control) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LSD, 6.71 CV,,) (%) 15.21 CV,y) (%) 13.39

Treatment

" Results showed the average of 5 replications.
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Table 3 Percent inhibition of Fusarium moniliforme grown on

concentrations.

Concentration

Treatment

(ppm)

PDA + Clove oil

PDA + Cinnamon oil

PDA + Geranium oil

100
200
300
400
500
100
200
300
400
500

1,100

1,200
1,300
1,400
1,500

PDA

LSD, = 6.57

V (%)

" Results showed the average of 5 replications.

? Means in column followed by the same letter are not significantly different

Cinnamon

—_—

N
200

! \V

control 100 control

- -

300

100

400
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Table 5 Effect of 3 essential oils on emergence and seedling vigour of rice seed inoculated with Fusarium

moniliforme in sterilized soil.

Treatment Emergence” Shoot length” Root length”  Fresh weight'  Dry weight"
(%) (cm) (cm) (9) (9)
Control (uninoculated) 93.50 b* 27.63 b 8.80 ¢ 3.50 ab 0.55b
Control (inoculated) 88.25 ¢ 2742 b 7.85¢c 3.24b 0.52 b
Inoculated + water + alcohol 98.75 a 28.27 ab 13.64 a 3.70 a 0.62 a
Inoculated + clove oil 97.00 a 2943 a 11.89 b 3.87 a 0.66 a
Inoculated + cinnamon oil 80.75d 29.49 a 8.82c 3.58 ab 0.62 a
Inoculated + geranium oil 0.00 e 0.00 c 0.00d 0.00 ¢ 0.00 ¢
LSD ;45 2.19 1.54 1.22 0.38 0.05
CV (%) 2.56 4.38 9.67 8.62 7.28

1 . .
Each value is a mean of 4 replicates.

? Means in column followed by the same letter are not significantly different at P = 0.05 according to LSD.
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Efficacies of Antagonistic Fungi from Rice Seeds cv. KDML

105 for Controlling Bakanae Disease in Rice Seedling

q127a [ude” uaz aNLE ATTIA"

Saichon Nochai” and Sombat Srichuwong"

Abstract: Detection of seed borne fungi from seeds of rice cv. Khao Dawk Mali 105 (KDML 105) was conducted
by using Blotter method. Fusarium moniliforme at 13.50 % tested seed was detected and other ten species of
fungi were also isolated from the same seed lot. They were brought to test for their antagonistic effects against
F. moniliforme by Dual culture method. It was found that Trichoderma sp., Aspergillus niger and an unknown
fungus gave the best results, respectively. The selected antagonistic fungi were again challenged with the
F. moniliforme on rice seeds. Among them, Trichoderma sp. had the abilities to reduce the incidence of the
disease and increase seed germination, seedling emergence, shoot length, root length, fresh weight and dried

weight of seedlings.

Keywords: Rice, bakanae disease, Fusarium moniliforme, antagonistic fungi, biocontrol

UNARLa: ANNSAAMITRs Fusarum moniliforme anwinlsanandnauanmandaiuganenusa 105
TREA RN IUNT= AU WU F. moniliforme Usndna¥enas 13.50 uazidesay 1810 siadierinden
¥4 10 aiin Auenl§nnageutssAvanmnstiudeniasydvlnueadesn F. moniiforme 1neiA Dual culture
Wi 3e9 Trichoderma sp., Aspergillus  niger &g unknown fungus Iﬁl:ﬂ'ﬂﬁfﬁuﬁmiﬁué/ﬂaﬂ'ﬁwﬁﬂﬁlu°'|
uddL WetindenTidndenudlinageutlss s nwlunstlesiuindndes £, moniiforme tuEadng
WLdTe31 Trichoderma sp. WraRnindean 2 1a Wneanunsnanulesifudnnsiiadereanda uastaeiiy
wefifusinnaenaeauda Anssentunlag AINNEANEY AMNENIIIN Tnvings LAzt e g

Adaty: 419 Teanemiinany Fusarium moniliforme \iasnUfiing nistleariuindnlaedans

"nedanlsaie AnsinRIANARS NunAnandedaelud . dealud 50200.

1/Department of Plant Phthology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Table 1 Comparison of effectiveness of 10 fungi in inhibiting the growth of Fusarium moniliforme in Dual

culture test.

Fungi Growth inhibition " (%)
Aspergillus flavus 52.40 ¢”
A. glaucus 40.00 b
A. niger 68.80 f
Bipolaris oryzae 34.80 a
Curvularia lunata 58.40 d
Penicillium sp. 42.00 b
Trichoconis padwickii 39.60 b
Trichoderma sp. 81.404¢g
Unknown fungus 63.60 e
Xylaria sp. 35.20 a

LSD ;s 3.31

CV (%) 5.54

1/ . . .
Each value is a mean of 5 replications.

“Means in column followed by the same letter are not significantly different at P = 0.05 according to LSD.

Aspergius niger

B

Figure 1 Antagonistic effect of Trichoderma sp. (A), Aspergillus niger (B) and unknown
fungus (C) on Fusarium moniliforme.
Left plate : F. moniliforme culture

Right plate : Dual culture of the fungi
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Table 2 Effect of antagonistic fungi on seed germination, seed infection and abnormal seedling of rice seeds

inoculated with Fusarium moniliforme in moist petridishes.

Germination” Seed infection” Abnormal seedling Z
Treatment
(%) (%) (%)
Control (uninoculated) 99.50 a” 10.25 ¢ 0.76 b
Control (inoculated) 97.25b 95.25 a 4943 a
Inoculated +Trichoderma sp. 99.50 a 31.25b 0.51b
Inoculated + Aspergillus niger 100.00 a 31.25b 150 b
Inoculated + unknown fungus 99.75 a 3250 b 1.26 b
LSD, s 1.99 8.14 2.1
CV (%) 0.80 0.13 13.09

1/ . . .
Each value is a mean of 4 replications.

?Each value is a mean of 4 replicates of germinated seedling.

¥ Means in column followed by the same letter are not significantly different at P = 0.05 according to LSD.

Table 3 Effect of antagonistic fungi on emergence and seedling vigour of rice seed inoculated with Fusarium

moniliforme in sterilized soil.

Treatment Emergence” Shoot Root Fresh Dry
(%) Length”  Length” Weight'  Weight"
(cm) (cm) (@) (9)
Control (uninoculated) 93.50 a”  27.64 b 880bc  350bc  0.55cd
Control (inoculated) 88.25 b 2743 Db 785c¢ 3.24 c 0.52d
Inoculated + Trichoderma sp. 95.75 a 30.16 a 13.30 a 413 a 0.66 a
Inoculated + Aspergillus niger 95.75 a 27.70 b 11.30 ab 3.64b 0.62 ab
Inoculated + unknown fungus 96.50 a 2759 b 11.00 ab 3.62b 0.58 bc
LSD, o5 3.02 2.22 2.68 0.33 1.95
CV(%) 213 5.25 17.03 6.17 5.44

1/ . .
Each value is a mean of 4 replicates.

# Means in column followed by the same letter are not significantly different at P = 0.05 according to LSD.
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Impact of a Lecture-based Intervention on Knowledge and
Awareness of Plant Growth Promoting Rhizobacteria as a Biological

Control Measure Among Farmers in Phitsanulok, Thailand

ATa vafzguwy’ Ay iwWagwunge” was Dassad dntvinswed”

Kanchalee Jetiyanon”, Pinyupa PIianbangchangZ/ and Piyarat NimpitakpongZ/

Abstract: Misuse and overuse of pesticides have long been a serious problem in Thailand. Plant Growth
Promoting Rhizobacteria (PGPR) has currently been a promising environmental-friendly alternative to synthetic
pesticides in controlling plant diseases. The objectives of this study were to (1) investigate the effect of a
lecture-based intervention on farmers’ knowledge and awareness; and (2) examine the relationship between
prior conditions and their knowledge and awareness of PGPR as a biological control measure. This one-group,
pre-post, quasi-experimental study was conducted in Phitsanulok, Thailand. The intervention consisted of a
one-day lecture/discussion and a field demonstration, with one-, three-, and six-month follow-ups. Thirty-two
farmers participated in this study. The results indicated that the intervention significantly affected farmers’
knowledge. In addition, the gain of knowledge was consistent in farmers of different age, gender, educational
level, and frequency of pesticide use. However, the intervention could not create a significant difference on
farmers’ awareness, except a minor improvement in the awareness of pesticide harm. Changes of knowledge
persisted to six months. Education was an important prior condition that determined the level of knowledge and
awareness among participants. In conclusion, the lecture-based intervention had a significantly impact on

farmers’ knowledge of PGPR as a biological control measure.

Keywords: Diffusion of Innovations, intervention, Plant Growth Promoting Rhizobacteria, knowledge, awareness
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Introductin field crops. The majority of farmer in Phitsanulok was

found to use pesticides aggressively and without

The use of chemical pesticides for plant proper protection (Kanato, 1998).
disease control is widespread in Thailand since most In  recent years, microbial inoculant
farmers believe that they are the only option for technology involving plant-beneficial microorganisms
maintaining the quality and quantity of their such as Plant Growth Promoting Rhizobacteria

produces. During 1999-2004, the total quantity of (PGPR) has drawn substantial attention from

imported pesticides increased from 51,344 to 99,839 scientists around the world as a more
tons, causing the escalated values from 6,417.46 to environmentally-friendly method to regulate plant
10,372.07 million Baht (Office of Agricultural diseases compared to chemical agents (Kloepper
Economics, 2005). Besides negative economic et al., 1986; van Peer et al., 1991; Wei et al., 1992;
impacts to the country, continuous misuse and Glick et al., 1994; Raupach et al., 1996; Zhang et al.,
overuse of pesticides cause dramatic impacts on 1996). This innovation is currently one of the
human health and the environment (Food and Drug promising tools for sustainable plant production.
Administration, 2004). Greenhouse and field studies in Phitsanulok have

Phitsanulok is located in the lower-northemn found PGPR to be effective in plant disease control
region of Thailand. The province has the area of (Jetiyanon and Kloepper., 2002; Jetiyanon et al.,
10,815 sq km. The main source of incomes of its 2003). The technology was ready to be transferred to
people come from agriculture, especially rice and farmers in the area. Unfortunately, numbers of
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initiatives  from  both governmental and non-
governmental entities to promote the adoption and
diffusion ~ of  more  sustainable  agricultural
technologies among farmers have been so far
disappointing. Experiences from a large number of
projects indicated that the problem of such failure lie
in the incompatibilities of the innovation introduced
with the adopters (Laper et al., 1999). Appropriate
knowledge and awareness of the innovation must be
established among the adopters prior to the
introduction of innovation.

The objectives of this study were: (1) to
examine the effect of intervention on farmers’
knowledge and awareness of PGPR as a biological
control method; and (2) to examine the relationship
between prior conditions (i.e., age, gender,
educational level, and frequency of pesticide use)

and knowledge and awareness of PGPR as a

biological control measure among farmers in
Phitsanulok.
Materials and Methods
This one-group, pre-post, quasi-

experimental study was conducted between October
2004 and May 2005, as parts of an on-going project
which attempts to persuade vegetable growers to
switch from heavy chemical use to the adoption of
PGPR technique. The study protocol was approved

by Naresuan University Institutional Review Board.

The Intervention

Public outreaches to announce the
intervention were conducted by the research team
one month prior to the scheduling date. All farmers
who expressed their interest were invited to join a

one-day lecture/discussion and a field demonstration
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at Naresuan University. Transportation was provided
for those who had difficulty traveling to the location.
The one-day intervention consisted of two
parts: (1) a lecture and group discussion by the
2) a field

These activities were aimed at

researchers/innovators, and
demonstration.
increasing knowledge and awareness of the
The

lecture/discussion was designed to include three

innovation among participating farmers.
types of knowledge about the innovation: awareness

knowledge, how-to knowledge, and principles
knowledge. Awareness knowledge was defined as
information about the existence of an innovation.
How-to knowledge was the information on how to
use such innovation properly. Finally, principles
knowledge was the information to
the

innovation. The lecture/discussion began with the

required
understand functioning principles of the
principles knowledge including plant diseases and
disease control, as well as general information on
PGPR. The lecture/discussion then proceeded to the
existence of the innovation (PGPR) and how it
worked; the outcomes and advantages of PGPR in
terms of plant growth promotion, disease resistance,
and environmental friendliness. At the end, the how-
field

demonstration was carried out. All aspects of the

to  knowledge was introduced and

lecture/discussion were made in lay terminology.
the field

demonstration, farmers were given opportunities to

During lecture/discussion and
discuss their ideas with the innovators and their

peers.

The Measurements
Knowledge and awareness were examined
by a brief questionnaire which was administered by

a group of trained interviewers at pre-intervention,
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immediately after the intervention, and at one, three,
and six months after the intervention. The instrument
was pilot tested to assess its reliability and validity in

a sample of farmers in Phitsanulok.

The

questions on knowledge:

revised questionnaire comprised of ten

1. When is the appropriate time for safely

harvesting agricultural produce after chemical
application?

2. Can some fungi, bacteria, and virus in
the environment be the cause of diseases in plants?

3. Can plants be induced against diseases?

4. What is “biological control?”

5. Can some fungi, bacteria, and virus in
the environment be beneficial to the plants?

6. Is there any measure besides chemical
application to control plant diseases?

7. What is “PGPR?”

8. What is the benefit of PGPR to the plants?

9. What is not the benefit of PGPR to the
plants?

10.How should PGPR be applied to the

plants?

Ten questions assessing awareness of the farmers:
1. In general, pesticides do not harm the
farmers who apply them.
2. There should be some other alternatives
to pesticides.
3. Pesticides can be resided in the soil and
environment after application.
reliable in

4. Pesticides are

highly
controlling pest.

5. Pesticides are cost-effective.

6. Pesticide-contaminated vegetables can
be consumed without any harm.

7. Pesticide residues can be degraded

rapidly in the environment.
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8. Currently, farmers already have a good
measure for plant diseases control.

9. Any alternative method does not affect
the current use of pesticides.

10.In general, farmers appreciate their use
of pesticides for plant diseases control more than
any other measures.

In addition, farmers’ characteristics and

prior conditions were explored.

Data Analysis

Changes in farmers’ knowledge and
awareness as a result of the intervention were
analyzed by Wilcoxon Sign Ranks or paired t-tests.
Independent samples t-tests were utilized to assess
the differences in knowledge and awareness scores
among farmers with dissimilar characteristics and
prior conditions. The level of significance was set at

0.05.

Results

The Participants

Thirty-two farmers consented to participate
in this study. The majority of them were female (23,
71.9%). More than half (21, 65.6%) had some
primary school education. The rest (11, 34.4%) had
at least some of secondary school background. The
average age of the participants was 4431129 years
old (range 23-70).
Impact of the Intervention on Knowledge and
Awareness

At

participants (60-75%) accurately answered questions

pre-intervention, the majority of
1, 2, and 6, whereas approximately 30-40% had
already comprehended questions 3, 4, and 5. Very

few were able to answer questions 7, 8, 9, and 10,
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which were specific knowledge regarding PGPR
technique. Immediately after the intervention, every
question in the test was correctly identified by more
than 75% of the farmers, except for questions 3 and
4, which were related to general knowledge about
pathogens  and  biological  control  where
approximately half of the farmers obtained correct
answers. However, this was significantly higher
compared to pre-intervention (50.0 versus 31.3% for

question 3, and 53.1 versus 34.4% for question 4).

Correspondingly, total knowledge scores increased
significantly (P<0.001) after the intervention. This
level of knowledge appeared to persist at follow-ups
(Table 1).

Before the intervention, the majority of
participants exhibited positive feelings about the use
of pesticides (Table 2). For example, 34% agreed
that “In general, pesticides do not harm the farmers
who apply them.” Even though most of the farmers

(97%) believed that the residue of pesticides could

Table 1 Participants’ knowledge of PGPR as a biological control measure at pre-intervention, immediately

after intervention, and one-, three-, and six-months follow-ups.

Number (percent) correctly answered

Pre- Immediately after One-month Three-month Six-month
Question intervention intervention follow up follow up follow up
(n=32) (n=32) (n=14) (n=10) (n=12)
1. 20 (62.5) 27 (84.4) a 9 (64.3) 1(10.0) ¢ 10 (83.3)
2. 23 (71.9) 24 (75.0) 13 (92.9) 9 (90.0) 11 (91.7)
3. 10 (31.3) 16 (50.0) a 6 (42.9) 4 (40.0) 5(41.7)
4. 11 (34.4) 17 (53.1) a 2(143) ¢ 3 (30.0) 4 (33.3)
5. 13 (40.6) 26 (81.3) a 10 (71.4) 5 (50.0) 12 (100.0) ¢
6. 24 (75.0) 28 (87.5) 12 (85.7) 7 (70.0) 10 (83.3)
7. 1(3.1) 27 (84.4) a 11 (78.6) 7 (70.0) 10 (83.3)
8. 5 (15.6) 27 (84.4) a 13 (92.9) 9 (90.0) 11 (91.7)
9. 5 (15.6) 25(78.1) a 11 (78.6) 9 (90.0) 9 (75.0)
10. 4 (12.5) 30(93.8) a 14 (100.0) 9 (90.0) 10 (83.3)
Total scorexSD  3.63%1.98 772184 b 7.2111.80 6.2212.28 7.6712.39

Note. Question 1. When is the appropriate time for safely harvesting agricultural produce after chemical application?; 2. Can some

fungi, bacteria, and virus in the environment be the cause of diseases in plants?; 3. Can plants be induced against diseases?; 4.

What is “biological control?”; 5. Can some fungi, bacteria, and virus in the environment be beneficial to the plants?; 6. Is there any

measure besides chemical application to control plant diseases?; 7. What is “PGPR?”; 8. What is the benefit of PGPR to the plants?;

9. What is not the benefit of PGPR to the plants?; and 10. How should PGPR be applied to the plants?

*Wilcoxon Signed Ranks Test, compared with pre-intervention. °Paired Samples t Test, compared with pre-intervention. “Wilcoxon

Signed Ranks Test, compared with immediately after intervention.

*P<0.05 ** P<0.001
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Table 2 Participants’ awareness of PGPR as a biological control measure at pre-intervention,

immediately after intervention, and one-, three-, and six-months follow-ups.

Number (percent) agreed or strongly agreed

Pre-intervention Immediately after One-month Three-month Six-month
Statement (n=32) intervention follow up follow up follow up
(n=32) (n=14) (n=10) (n=12)
1. 11 (34.4) 7 (21.9) 3(21.4) 8 (80.0) 4 (33.3)
2. 27 (84.4) 25 (78.1) 12 (85.7) 8 (80.0) 12 (100.0)
3. 31 (96.9) 28 (87.6) 12 (85.7) 10 (100.0) 12 (100.0)
4. 14 (43.7) 16 (50.0) 7 (50.0) 5 (50.0) 7 (58.3)
5. 19 (59.4) 20 (62.6) 9 (64.3) 6 (60.0) 8 (66.7)
6. 8 (25.0) 8 (25.1) 6 (42.9) 7 (70.0) 5(41.7)
7. 16 (50.0) 6(18.7) a 6 (42.9) 4 (40.0) 6 (50.0)
8. 24 (75.0) 21 (65.7) 9 (64.3) 4 (40.0) 8 (66.7)
9. 11 (34.4) 8 (25.0) 6 (42.9) 3 (30.0) 1(16.7)
10. 22 (68.8) 16 (50.0) 10 (71.4) 5 (50.0) 6 (50.0)

Note. Statement 1. In general, pesticides do not harm the farmers who apply them.; 2. There should be some other alternatives to

pesticides.; 3. Pesticides can be resided in the soil and environment after application.; 4. Pesticides are highly reliable in controlling

pest.; 5. Pesticides are cost-effective.; 6. Pesticide-contaminated vegetables can be consumed without any harm.; 7. Pesticide

residues can be degraded rapidly in the environment.; 8. Currently, farmers already have a good measure for plant diseases

control.; 9. Any alternative method does not affect the current use of pesticides.; and 10. In general, farmers appreciate their use of

pesticides for plant diseases control more than any other measures.

“Wilcoxon Signed Ranks Test, compared with pre-intervention

*P<0.01

reside in the environment, half (50%) believed that
the environment would be able to cleanse itself
rapidly. One-fourth of the farmers understood that the
consumers would be safe ingesting these produces,
and about half (44%) believed that pesticides were
highly reliable. More than half of the farmers were
convinced that their current pest-control methods
were trustworthy (75%), and the use of pesticides was
cost-effective (60%). Positively for the aforementioned
reasons, only a few (34%) agreed with the idea of

replacing their current methods with an alternative.
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The intervention could not significantly alter their
awareness, except for the item 7, “Pesticide residues
can be degraded rapidly in the environment.” That is,
significantly fewer farmers agreed with this statement
(18.7% at post-intervention versus 50% at pre-
intervention, P<0.05). Approximately the same levels
of awareness continued to at least six months
Awareness items were then grouped into three
domains, namely (1) awareness of pesticide ham, (2)
awareness of ineffectiveness to costs of pesticide use, and

(3) awareness of alternatives to pesticide use (Table 3).
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Table 3 Domains of awareness among participants at pre-intervention, immediately after intervention,

and one-, three-, and six-months foIIow-upsa.

Mean£SD score

Pre- Immediately One-month ~ Three-month Six-month
Domain intervention after follow up follow up follow up
(item number) (n=32) intervention (n=14) (n=10) (n=12)
(n=32)
1.Awareness of 11931194 12071187 b 11431228 11202290  11.42%t1.78
pesticide harm
(1,3, 6, 7)
2.Awareness of 4.8711.41 4.4811.40 4.7911.81 4301170 2503067 c
ineffectiveness to
costs of pesticide
use (4, 5)
3.Awareness of 10.00%1.70 10.4511.99 10.08+2.47  13.2013.94  11.08%1.44

alternatives to
pesticide use

2, 8, 9, 10)

Note. *Higher scores indicated greater awareness, *Paired Samples t Test, compared with pre-intervention. ‘Paired Samples t Test,

compared with immediately after intervention. “Reverted scale.

*P<0.05 **P <0.005

Higher scores indicated greater awareness. Before
the intervention, the participants showed moderate
awareness levels in all domains, meaning that they
are indifferent of pesticide use. Immediately after the
intervention, awareness of pesticide harm increased
significantly (P<0.05). However, their awareness of the
ineffectiveness to costs of and alternatives to
pesticides remained the same after intervention. At one-,
three- and six-month follow-ups, the same levels of
awareness in all domains were reported. Interestingly,
however, the farmers exhibited significantly lower
awareness of ineffectiveness to costs of pesticides at

six-month follow-up compared with post-intervention.
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This drastic drop of awareness had not been evident

at all in one- or three-month follow-up visits.

Factors Affecting Knowledge and Awareness

Four prior conditions were hypothesized to
affect the level of knowledge and awareness among
40),

(male/female), educational level (some primary/some

farmers, i.e., age (under/over gender

secondary school), and frequency of chemical use
To

hypotheses, baseline knowledge and awareness

(frequent/non-frequent  users). test these

scores of participants of different conditions were

compared (Table 4).
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Table 4 Basic knowledge and awareness among participants of different age, gender, educational level

and frequency of pesticide use.

Mean£SD score

Hypothesized variable Prior knowledge

Prior awareness

Prior awareness Prior

(valid n) of pesticide of ineffectiveness  awareness of
harm to costs of alternatives to
pesticide use pesticide use
Age:
< 40 (n=11) 4.3611.80 10.00%£1.73 5.27%1.56 11.09%1.58
> 40 (n=20) 3.05%1.85 9.75%1.71 4.70%1.34 9401154 a
Gender:
Male (n=9) 3.5511.94 8.8911.45 4.5511.59 9.8911.83
Female (n=23) 3.6512.03 10.1741.64 a 5.00£1.35 10.04%1.69
Education:
Primary school (n=21) 3.05%1.86 9.38%1.75 4.7711.44 9.5711.69
Secondary school (n=11) 4731180 a 10641121 a 5.0011.38 10.82+1.47 a
Frequency of pesticide use:
Frequent user (n=17) 3.41%1.97 9.8811.61 4.71%1.49 10.2411.82
Non-frequent user (n=11) 4.0042.28 9.2741.49 4.8241.33 9.73+1.62

Note. *Independent samples t test.

*P<0.05 **P <0.001

Education: Educational level was a very
important factor to distinguish prior knowledge and
awareness levelsamong farmers. Farmers who
received at least some secondary school education
exhibited

awareness of pesticide safety and alternatives to

significantly greater knowledge and

pesticide use than those with primary school
education (P<0.05).

74

Age: At pre-intervention, awareness of
alternative to pesticide use notably differed among
farmers of dissimilar age groups (P<0.005). Younger
farmers were more aware of other options than their
older counterparts.

Gender: With regard to gender, female
farmers demonstrated considerably higher level of
awareness about harms of pesticides than males

(P<0.05).
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Frequency of Pesticide Use: Frequent users
were defined as those who reported applying
pesticides at least once a week. In this study, we
found no statistical difference between knowledge
and awareness among frequent and non-frequent

users.

Discussion and Conclusion

Before discussing the results of this study,
few limitations need to be addressed. First, the study
was conducted on one location, i.e., Phitsanulok. The
result may not be generalizable to farmers of
different locations. Second, due to the participatory
nature of this study, only a group of interested
farmers volunteered to partake in our one-day,
lecture-based intervention. This small number of
participants was the main disadvantage of this study.
In addition, loss to follow-up contributed to even
smaller number of participants. Statistical analysis
results must be interpreted with caution.

The inability of our intervention to shift
participants’ awareness was hypothesized to be due
to the fact that knowledge is only one among many
factors affecting the formation of awareness. As
Ajzen (1988) mentioned, awareness or attitudes
consist of the cognitive, affective and conative
elements. The cognitive component of attitudes is
formed by knowledge, direct experience and related
information about the object. The affective
component is shaped by the person’s assessment
(emotions or feeling) toward the object. Finally, the
conative component is shaped by the individual’s
absolute and relative intention to practice. In this
study, our intervention focused solely on providing
information, hence targeting the cognitive part. The
other elements need to be taken into consideration to

achieve awareness formation. Previous studies had
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shown that hands-on experience and participatory
activites were effective in changing farmers’
perception and awareness (Wadsworth, 1990; Bacic
et al., 2006). Likewise, regular visits by change
agents were proved to be effective in changing
farmers’ awareness and intention to adopt new
technologies (Williamson et al., 1988; Schuck et al.,
2002). Only when awareness is formed, one can
move to the next stage of adoption process, i.e.,
persuasion.

Farmers with more years in school were
more knowledgeable of PGPR as a biological control
measure than those with less schooling. We also
found that female farmers were more concerned
about pesticide safety than male farmers.
Additionally, younger farmers were more aware of
alternatives to pesticides than older ones. Our
findings were consistent with previous studies (Black
and Reeve, 1993; Morris et al., 2000; Reece and
Sumberg, 2003). In addition, these results confirm
the presupposition of Diffusion of Innovations Theory
that prior conditions play an important role in the
process of adoption (Rogers, 1983; Adesina and
Zinnah, 1993; Adesina and Baidu-Forson, 1995).
However, we did not find at pre-intervention any
difference  between

statistical knowledge and

awareness levels among farmers of different
frequencies of pesticide use. This finding may
indicate that some factors besides knowledge and
awareness were critical in distinguishing farmers’
Exit interviews with 32
the

revealed that, serious plant disease epidemic during

pesticide use behavior.

participating farmers on intervention day
that particular season was the main justification for
We

hypothesized, then, that lack of effective alternatives

them to use pesticide aggressively.

was the main factor in determining the use of

pesticides among these farmers.
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The last issue concerns the applicability of
the theory itself. Since Diffusion of Innovations Theory
was created in western culture environment (Rogers,
1983), there is a possibility that the theory may not be
appropriately applied in Thai culture. Future studies
should also address the issue about cultural
implications and applications of the theory.

In conclusion, this study was the first of its
kind to examine the results of a one-day, lecture
based intervention on farmers’ knowledge and
awareness of PGPR as a biological control measure
in the Thai context. The intervention exhibited a
significantly positive impact on Phitsanulok farmers’
knowledge of PGPR as a biological control measure.
This change was robust, and persisted at least six
months. However, the intervention was not enough to
increase farmers’ awareness of the issues, except a
minor improvement in awareness of pesticide harm.
Future studies concerning on awareness rising is
highly warranted to move farmers along the adoption

process.
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AWA DDRT-PCR

|dentification of Resistant Gene Against Escherichia coli

Causing Diarrhea in Pre-weaned Pigs Using

DDRT-PCR Technique

A5ANGSE UWTIWAR ANANT IuRR1E” Uas WITUNS AgIIdaY”

Chirapiphat Phraephaisarn, v Supamit Mekcha y1 and Pacharin Krutmuangy

Abstract: Diarrhea due to Escherichia coli (E. coli) infection is an important problem in pig production especially
in pre-weaned period. It is responsible for considerable high economic losses. The E. coli susceptible or
resistant pigs were presented or absent specific receptor on brush border of small intestine and associated with
adhesion or non adhesion of bacteria to the receptors, respectively. In this study, brush border adhesion test
was used to classify susceptible and resistant phenotype of piglets. Differential display reverse transcription
polymerase chain reaction (DDRT-PCR) was performed with 12 combination primers (dT,,VG anchored and
aribitrary primers) to identify differentially expressed genes in brush border between two phenotypic groups.
The results showed that adhesion values of the susceptible and resistant piglet group were 32% and 7%,
respectively. The results of DDRT-PCR analysis showed a total of 512 cDNA fragments and had band size from
150 to 570 bp. Average cDNA fragment were 42.67 cDNA bands per a primer combination. Twelve specific
bands revealed differential expression between two piglet groups. Out of these, 7 bands were only expressed in
susceptible phenotype where as 5 bands were only expressed in the resistant piglet group. Five cDNA
fragments were successfully cloned and sequenced. Three clones (ZP18B3, ZP24B2 and ZP18B1) showed
homology with Dipeptidyl-peptidase | precursor (DPP/),  S-Adenosylhomocysteine hydrolase (AHCY) and liver

" peRtdnadans AnuzinemsAans swanendadeslud . el 50200

“pafgnfiganen AnzinemsAnaas sanendedeslud a. deslud 50200

v Department of Animal Science, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200.

z Department of Entomology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200.
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porcine EST (AK232914), respectively. Two clones (ZP01B1 and ZP17B1) did not show any homology and were
identified as novel gene. These ESTs could be used as candidate genes for further investigating of the resistant

and susceptible to diarrhea in pre-weaned pigs.

Keywords: Brush bor, ahea, DDRT-PCR, E. coli K88, pre-weaned pigs

uNARsa: Tiﬂﬁma’qﬁﬁmmmmﬂéﬂ Escherichia coli (E. coli) Lﬂuﬁmmzﬁqﬁmhﬂmmv]ﬂﬁummﬁmmﬂu
ﬁvﬂmﬂwmuu liiinAngrdemaAssgialuseiugs Inadnenzaueeuue m@mmmumumm@
E. coli Iumniuu mmmnmsﬂmngm@hﬂmﬂgmaéu (receptor) 1 brush border 793usaN&1anI899NENT &4
fAnduiugiunnsd sy ldeiee 1Ereade £ coll WnaAnsARLE NI ANLEN UL AN BLLsE
e E. col Tugngnsszaznaume il gnauuningdd adhesion test uavmAtia Differential display reverse
transcription polymerase chain reaction (DDRT-PCR) mﬂmﬂﬂumiﬁ'uuﬁuﬁLLzﬁm@’ﬂﬂLmeﬁiNﬁ/ﬂu brush
border m@mﬂzﬁm‘mm\m@u Tmﬂmmiwsmmmmu 12 ﬂ (dT,,VG anchored Hag arbitrary pr|mers) HANT
NA@AL adehesion test wmmmmmﬂwmm@mmmLﬁm E.coli K88 Ttlefifusinsiininnzanaide £, coli fu
brush border Wiy 32% Elummvmnimmnwm FINUN1 ummmu 7 % (P<0.05) NARINNNTAANIEY
meawmm‘immm cDNA-DDRT-PCR el lnsesianane mmsmwummmmu CDNA 7ifaunalusgag 150-570
bp fuauau 512 unu mumvmmmnu 42.67 unusiag wsias wenaNuaL cDNA wﬂﬁﬂgummaﬂu
(differential cDNA fragment) svmﬁmmmm\m@u 21U 12 unu Tmﬂﬂmng@ﬂuﬂ@mm@ﬂmi‘wmmmw
B TNLLAZE ULOFBLTE E. coli KBS 411914 5 LAY 7 WOl ANLANFL Lm‘@mma‘lﬁumq@ DDRT-PCR #4na13 gn
TAaL LATAAETAN SRRl A Teilifiee 5 Taauiisvannanugnsa e 3 Taaw (ZP18B3, ZP24B2 uay
ZP18B1) wWudmilew (homology) fugin Dipeptidyl-peptidase | precursor (DPP/) g S-Adenosylhomocysteine
hydrolase (AHCY) way EST ?{ﬁma‘mm@@ﬂ‘mﬁm@mm (AK232914) mnua1sy g9uan 2 Taau (ZPO1B1 uay
ZP17B1) wudnfluginlug m”Lmﬂmﬂg@ﬂ‘luﬁmmumm GenBank mﬂummummh ] candidate gene
AMTLANENANEIUZAMNAIUNIU ViTRANERULAARLTS E. coli wLﬂummm@\ﬂmmmmﬂu@mnﬂmvwmu
nelnunsialy

AvdATy: 13A7189999 gnansnaueinun Brush border, DDRT-PCR, E. coli K88

AN miﬁuﬁmm%L@ﬂT‘wﬂ@ﬁﬂ@ﬂ@jﬁmdﬁwméﬂﬁtﬁﬂ

AMUIUNIN A gNENTAABINITIBITWAINNA
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ﬁﬁyma‘?wﬁmﬂﬂ'wémﬂfqmm‘wmmmmﬁmqm nel ﬁumﬂqéﬂﬁ%u@f;ﬂiﬁ”ummﬁuuﬂiﬂﬁqﬁuqniiumﬂq

fnldgnansluszaziounduuniageiie 27 gnedeanansarianasmisiugnesal (Francis et al,
wlefidus (Python et al, 2002) %qﬁé@mma An 1998) ﬁﬂwmxﬁmu@ué’qaﬁuﬁ@fguu@@‘imiaﬁm (Hu
Escherichia coli (E. coli) h antigen i1 K88- et al., 1993) %qmwﬁqgﬂixudwé’fq'méiuu‘im‘iuimuﬁ
fimbriae FegnusndianziLasy (receptors) 1’7{@@: 13 2894 n7 (Python et al., 2002) Lwﬂuﬁ@ﬂﬁuﬁ £ialal

UW  brush border 1asntiianldidnaesgnsliesng  awnsaszyadnlddnguladusveiuiazaaesannu
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(Promega) A7uau 10 units waziaulasl

reverse transcriptase (Invitrogen)
(invitrogen) ﬁﬂdqummu%\mmiﬂﬂmﬁqmmﬁ 50 °C
Wuiaan 1 4alu mﬁﬁumﬁﬂﬁﬁ?mmmmuhﬁﬁ
goAMNH 70 °C WU 15 W71 UAZIABANANTATAN first
strand cDNA #ingl RNase free water Tugisngdau 1 : 5
98819 cDNA gﬂﬁmmmmm%wmﬂiuL@Q@

DDRT-PCR fagilfjfizen PCR Intldlnsimas aqmau
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Table 1 Nucleotide sequence of DDRT-PCR primer.

Primer Nucleotide sequences Nucleotide sequences

ZP1 Forward 5-TACAACGAGG-3 Reverse 5-TTTTTTTTTTTTVG-3’
P2 Forward 5-CTTTCTACCC-3’ Reverse 5-TTTTTTTTTTTTVG-3’
ZP3 Forward 5-TTTTGGCTCC-3 Reverse 5-TTTTTTTTTTTTVG-3’
ZP4 Forward 5-GGAACCAATC-3’ Reverse 5-TTTTTTTTTTTTVG-3
ZP5 Forward 5-AAACTCCGTC-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP6 Forward 5-TCGATAAGGG-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP13 Forward 5-GTTTTCGCAG-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP15 Forward 5-GATCCAGTAC-3' Reverse 5-TTTTTTTTTTTTVG-3
ZP16 Forward 5-GATCACGTAC-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP17 Forward 5-GATCTGACAC-3 Reverse 5-TTTTTTTTTTTTVG-3
ZP18 Forward 5-GATCTCAGAC-3’ Reverse 5-TTTTTTTTTTTTVG-3’
ZP24 Forward 5-GATCTAGGTC-3’ Reverse 5-TTTTTTTTTTTTVG-3’

12 v;j(mmq‘ﬁ' 1) Ufjisan PCR gmm?‘ﬂﬂuﬂ?mm
20 S afldounandal CDNA WU d1uau 2.0 ul,
dNTPs 200 mM, MgCl, 1.5 mM, oligo dT primer 1
UM, arbitary decamer primer (lﬂ’]i’mﬁl 1) 0.2 uM ag
wulod Tag DNA Polymerase (Invitrogen) an191d 1
unit Ufjisen PCR Qﬂmu@uﬁ'fqmmﬁ 9 °C w3
wnft uazsudaafiguuni 94 °C w30 Aundl
grunnd 42 °C ¥ 1 Wi/gMOR 72°C w1 Wi
Taengndnuau 50 sau wazgavineUnlizen PCR
Sgnumnil 72 °C W 5 w7 wisanifuin loading
buffer (formamide 95%, NaOH 10 mM, bromophenol
blue 0.25% WAz xylenecyanol) U 6 wl adlu
NOHAR PCR  rioutinltuenaunatudan DNA 11
denaturing polyacrylamide gel electrophoresis (6%)
Tneldinaaln 50 W fluaan 5 dalus uazthusuag
lel&fandae silver staining uazauuLHwAaliufdae
Lﬂdﬁll‘ﬂ\'i gel dryer (Amersham Bioscience) cDNA
Sz e Bunnaneiugnesudmiulaaudng
pGEl\/I®-T easy vector (Promega) waaunldAinsnzsd
WANALTUENIIH
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N5 NUS NN LAY DRRT-PCR wazALAS1ZY
amuiandlalng

101 DDRT-PCR ?{ﬂmﬂgl,l,mﬂﬁmﬁmwdw
gnsfiitulnddunnu vilesenuesiaide £ coli gn
faanuduaa uazinldduluansazana 2 x  PCR
buffer Tignuugfl 95 °C lwnan 15 Wit uazial3i
g 4 °C fuAu ileuenuaL DNA 88na1niaa
ansazantuaL DNA 7114 anlfiduuduuy dvsLiiia
13304 DNA sl §3en POR Tl Inaiedaipa 7
AIIANLAMALANANITBUAL DNA  Tudumennnsg
31A9129i DDRT-PCR  HANARA PCR ﬁiﬁqniﬂawﬂ’l’ﬂ@j
pGEM-T easy vector (Promega) Wazalmsnziansy
‘W“uqmm (Nucleotide sequencing) équﬂ?}m
Automated  Sequence CEQ8000 Genetic analysis
system (Beckman-Coulter) %’ﬂﬂg@ﬁﬁﬁuﬁuﬁqmiumﬁ
gnilaBeumeuiugudeyates GenBank  fiae
T1lsunss BLAST (Altschul et al., 1997) IaeiNa13euN
ANNARNEIARY (identity) ANNAN E-value T9RaafiAN
Haendn 1e-10 uaz/v3al overlapping region 11NNIN
100 bp FiRAN identity 11NN31 80% Asazdiadndan
AEARITURENIIT A AN NETA
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HANITNARIRY

maesmunilulnidfisumunazsaunasaida
E. coli lugngnsnauneiuu

HANNINAGBL adhesion test Tugnansszey
AAUNLILHN (mwﬁfi 1) wudlafidusinistinnnzaes
e E. coli fufaiuaes brush border HABEsE1d
4-41% wazlesiduimsfiaimzrede £, Col Tugn
gnaddnmzeauLe WL wanseiuetned]
Wad1Atyn1eana (P<0.05) Imﬂgn@mﬁﬁﬁﬂwm:
gouueRelle HANAALLZINNI 32 % (25-40%) B9
wulugnaanewunieniadn luauziigngneiia
anunidumusiede E. col SAneagsznn 7 %
(4-9%) ?ﬁlqwﬂuqmﬁuﬁ:ﬁmﬁm Fanndi 2

msauwungulaevaiin DDRT-PCR

NIRRT EUT unseenLANANITY
lubrush  border 284gngnandii ulnilfiumuside
genuanelie £, coli K88 faeinaiia DDRT-PCR lag
¥lnswes S1u9m 12 4 wuuau cDNA  fidauin
lasting 150-570 bp S1AURWINA 512 wOL Tntwsiaze
Tnsied ansnn@muny cDNA WRaus 21- 84 uny
faflAmaawing 42.67 wnu/lnswed un1sfinm
p5ailmatla DDRT-PCR dnsnsnmsaanLiuay cDNA 7i
dsnguansineiussiinenguaesgngnandf tulng
Funuuazeeuuesiels £.
band 9138 specific  band) 911433 12 way (WA 3)
TpeFiaang DDRT-PCR 41uau 5 uny Usngaet
1uﬂz§u°n@q§ﬂzgﬂi17irﬁ”mumuﬁim‘%@ E. colikes dqld
anglwsies dT VG-ZzPe,  dT VGZP13  uaz
dT VG-ZP18 §7191u 1 U0l (340 bp), 1 WAL (460 bp)
LA 3 UDL (296, 230 WAz 220 bp) ANAAL 41T
Witesuang DDRT-PCR fisngranizlunguansgn
zgmﬁfd@w,mim%@ E. coliK88 Hanuau 7 unu tngmwy
angjlwsms dT VG-ZP1, dT VG-ZP17, dT, VG-ZP18
way dT, VG-ZP24 RUK 1 WOL (194 bp), 1 ko
(188 bp), 3 u0L (530, 297 UAY 262 bp) UAT 2 UOL
(350 WAz 309 bp) AMNAAL

coli K88 (non-shared

83

amuiiandlalnaaauau cDNA-DDRT-PCR

wisnsmanaly \ana cDNA-DDRT-PCR
wansaanuaNsaiuly brush  border 4899NgNINI
Ayl umnsiseseuuesaide £. coll K88 S

L =)

12 uny gninauidng vector  waZALATITIAIAL
Todlelng lunsfnuafeiimifies 5 (42 %) uow 7
szaupnudfalunislaau e ZPO1B1, ZP17B1,
Z/P18B1, PZP18B3 way PZP24B2 AINNANITIATIER
fduionaTelndreuny cDNA 11 5 Taaw i
ANNENITBILAL cDNA Bgj3eudne 162-283 bp Tael
andufionalalnsaeanny cDNA
Sequence Tags, EST) %ﬁﬁumﬂa"mgmimﬂfﬁd
anchor LAY arbitrary primer UaziianReuifien g
tiamdlalvsiaes EST mmﬁﬁugmﬁﬂyjm GenBank
NU4N EST  anuau 3 Taau (zP18B1, ZP18B3,
zP24B2) wileuiugwlugdeya Inalnau zP1883

(Expressed

wiaudy g Dipeptidyl-peptidase | precursor (DPPI)
ga9ln (GenBank accession no. XM_417207) 99 %
(identity) FalAn E-value  Winfu 9e-121 Tuanugi
TAaW ZP24B2 ARNafuE S-adenosylhomocysteine
hydrolase 1848N? (AJ427478) 87 % (identity) wazi
AN E-value Winriu 2e-14 413U EST-ZP18B1 AdNel
iy EST ﬁLL@ﬁx‘i’ﬂﬂﬂI‘LAﬁU"ﬂ@x‘iZﬂﬂi‘ (AK232914) 98 %
(identity) TneifiAn E-value Winfu 2e-140 d2w ESTs
AU 2 TAau (ZPO1B1 waz  ZP17B1) vuTandu
Hamalelnd imileudugu e EST lnlugudeya
U89 GenBank (mmq‘ﬁ' 2) Tnes EST ¥4 5 Tnaw fanana
T wuiennZlungaresgngnanaiiuindeeuase
L%’ﬂ E. coli K88

508

Tsaviasdaaniinannia £, coli lugngns
sraznauvenun dududuilnmndAnyatinaninias
nelfiinAngadeniapAssgiasegmamngsunig
nangns antloymasnanarinliinisldendfdoaus
S X g L gy = P Y
WnaY dvaanaliifiailyuinisnasnaaadalse
AN A usunwanamiisnazgaudlatiom i
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Figure 1 Adhesion of K88-E. coli to receptors on brush border (x40).
(A) Adnhesion of E. coli K88 to the receptor. Arrows indicate adhered E. coli cell.
(B) No adhesion between K88-E. coli and the receptor.

Percentage (%)
40 A

35 1
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25 1
20 1
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——

P<0.05

0 T
Susceptible pigs

Resistant pigs

Figure 2 Percentage of adhesion of K88-E. coli to brush

border on porcine small intestine.
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o

Faadnefszaunanudnga Aanisldieseanune
T&IL@QM@\W‘LA alpha 1,2 Fucosyltransferase (FUT1)
iefnEenAN I EINLRaTe E. coll F18 Ty
annnrelsATiadsaesgngnslussasudantun
(Meijerink et al., 2000) Lmemuﬁmmma‘mme

ﬁ@qéqq‘lugﬂqniﬁ@uuﬂmuuu ummmmnm@
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E. coli K88 Tnennstiainnzanaidasanaaiy fasw
(receptor) UU brush border yaaleanlidnldvive
Taflgsh Sannuduiusiudnenisaueete ie
mmﬁmmu‘ﬂmqmﬂmwan den Broeck et al., 2000)
2000) asislsfimalutlantiy delianunsaszyfeiiud
Wuanmnuesdnwueinanaliatiedaan lu
AnsAneATelldnenauA ne v auiugansaan
uansneruluag brush border tasgngnsfisii il
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1 2 3 4 5 6
(A) - .
susceptible  resistant
lL.ds il
> h..._ | —
dT,,VG-ZP24
Figure 3

1 2 3 4 5 6

(B)
susceptible  resistant
I BL 1

i-ﬂ.i;;; <
F ]

Y4t VGZP18

Differential display banding pattern of individual piglets obtained with the

primer combination dT,,VG-ZP24 (A) and dT,VG-ZP18 (B). Arrows

indicate

the position of differentially expressed cDNA bands of brush

border cells from susceptible and resistant pigs.

Table 2 Sequence similarity and characterization of differentially expressed transcripts.

EST* Length Homology Species % similarity E-value
(bp) (GenBank accession no.) (bp)

ZP24B2 283 Dipeptidyl-peptidase | precursor chicken 99% 9e-121
(DPPI) (XM_417207) (228/230)

ZP18B3 262 S-adenosylhomocysteine hydrolase Pig 87% 2e-14
(AHCY) (AJ27478.2) (84/96)

ZP18B1 273 EST expressed in liver pig 98% 2e-140
(AK232914) (264/267)

ZP17BA1 162 No homology - - -

ZP01B1 170 No homology - - -

* EST = expressed sequence tag.

Funn uareauuasiala £ coli K88 aNnHANA
NARAL brush border adhesion wudﬁ@ﬂzgm“ﬁ'ﬁ
Funizdeuue Tulefifudnnsdainzaesda £ col
(37 %) Q\mfjﬂ@m\gmﬂ@mﬁr?”mumuﬁifm%@ E. coli (7 %)
ae19TladAtyn19ada (P<0.05) Imm@mgmﬁﬁ
anwnizinumusiede £ coli K88 wulugnaiug
fudles  daugnansfislanumizdeuuasieda E. col
kes  wulugneseiugnenisdn fesanadasiu
189U AR Baker et al. (1997) 1ag Sellwood (1980)
flseudnnsfainyaeaiEe E. coli K88 #U  brush
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border lugngnsanaiugnianisAn duualifugenan
Augngnaiug e

duFunNIATN U LaAIRanUANFNlL
w188 brush border anutisan lfidnaesgnanslusses
Aauvtuy AR INT A unuLazdanLesalTe
E. coli K88 #aeimATian DDRT-PCR lunnafnen Al
WULV’]?:@\?MN’]F;IINL@Q@ DDRT-PCR ANUIU 12
iaeang uAtszauaudnsalunisinay uas
Fipszvidnd Tealelng sy 5 Taaw luduouil

3 {Pau (ZP18B3, ZP24B2 uax ZP18B1) Hansw
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AamalelnAuileuduiiu Dipeptidyl-peptidase |
precursor  (DPPI),
hydrolase (AHCY) waz EST ﬁLL@ﬁdﬂﬂﬂuﬁUﬂJ@mn?
PANANSY dau EST 4uau 2 Taau iwderiu srduil

g S-Adenosylhomocysteine

apdlena mieuiugu vive EST lalugudayazes
GenBank & wiUEuDPPI  videdndeuiGandn
cathepsin C il cysteine protease ”luﬂajmvl,@‘isﬂsnu ‘71'
Hauan i lunsdnTuianasesnsnezi luasssafing
aanannldsiuvizeagnsdyna s ( (Hsiung et al., 2005)
mﬁuummm &4 DPPI m@mwmwmmmmnum?
mw‘lﬁumq@miwuma brush border mu@mmum
Wulnalalilsmiu (Francis et al., 1998; Grange et al.,
2002) WALIMENEANABNIE AN IRaTR E. coli K88
futladn1fiAnresgnansluszazioundun aannag
T R TN TG RO N T (comparative gene
mapping) I¥UINALLAYANT WudEu DPPI lugns
aguulastulonii 2 dwiudu AHCY meaguu
Taslulondt 17q22 Fadselinsuumuinviing as
BvianasefIILTeLTAR brush border RETRATIELAN
1994 n39ei19dn1au atvlsfiann Tuaudiu AHCY
AYUANNITH amaulayd S-Adenosylhomocysteine
hydrolase %dﬁuwm%ﬁi@mﬂﬂﬁlﬂu S-adenosylhomo-
cysteine (AdoHcy) 11iflw adenosine (Ado) uaz
L-homocysteine  (Hey) lwifjfsenlalaslatalu
s19nnsuanatnidUfisenlalaslaiases
S-Adenosylhomocysteine £ Rendesiunsvuounig
DNA methylationiu?idﬁ%ﬁm%ﬂﬁ'm (Hermes et al.,
2006) FOUHANNIATIANLUOLEY AHCY  39inns
uansaaniugad brush border 1asgngnsfiiiitulni
fieeuuasiode £ coli Kss wansliifiuinduilena
A8 e9FINNTUEAI98NT0IFAFULWTAE brush
border 184gNANTIUITEZAAUNENUN AINTIENUNEY
WiB Qi et al (2004) &S uungufiRandeaiy
AnwnuzANEUNIUTadauLesaliatiasaslugn
ansluszavnauve N Aoemalln DDRT-PCR Tneld
fanfuedenzdiving  Fevuiufiuanseanuansing
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Nck
protein 1 AL human LINE-1 reverse transcriptase
ﬂmng]@ﬂiuﬂ@mm@ﬂmﬂm@@ummm E. coli iy

Lm@wma‘ﬂumﬂ@ GDNA-DDRT-PCR {11k
annsAneunufivanseenuansieiulugad
brush  border 789gngnsfi AU InII A umuuaz
deuuasiaite £. coli K8s lugngnaszavnauvenu

Aulugnaneanua A mammalian adaptor

Y o = Sao : =

W duaresnaluananlidnaninsenisAnsm
oA S 9 a o | &
guniiluanmnufiasereslsnfinans adslsfinn
NNTUARNBANTBIEUWTE EST AINa9 Azgneuduna

AaenAilm Quantitative  real  time PCR  maly
wanandalaznisimsed functional  genomics

WLILBY 81713 microarray $ANTNNTALATNZINNa s
Ao a . . =2 A aa
pladind (proteomic  analysis)  daLumaliand
ANEINTWFBNTTAUMN candidate gene TNendadize
AGLIANANEIZANAIUNIY YTadauuasalsn
Viaesaalugnansszaznountnuule Inedosling v
% | A A A o = o
fayaraenguauninasdasnianquauane iy
gananaladaRuNIng el
GE)
o a V a

MsANMEuNLgAseanuANA1ei Wl brush
border w83gngnsNAN Wi uazdauuasia
e E. coli K88 ImeinAila DDRT-PCR  annnsld
Wses A 12 # aIMNINRIIRNLILAL CDNA
AU 12wy Mlsnguensiaiuszndnegnevisaes
ngu luanuauiiiaseaunialuiana DDRT-PCR
A1UIU 5 Wl Uszaumaugndalunisinau was
a & o o a a v di
Tnzdanautiondlalndld Tnaesesnisluana
DDRT-PCR a1171 3 lAau Ae ZP18B3, ZP24B2 LA
ZP18B1  Hansufamalelndiuwmieusutiy DPPI,
AHCY uaz EST fuansaanlusuaedgns nuansy
AMWEST a1 2 Trau Nuae1u (ZPO1B1 WAz
ZP1781) Handuiapdalelng ldwieudusu vide
EST lnlugudeyaaes GenBank
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