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Intersubgeneric Crossability of some Paphiopedilum Species

a C4 o 1/ e o1/* o o o a 1/
ALFALY NAIAT" UF7 Twsinsal’” uaz aunansal Ay
Wicharuj Tongkham”, Nuttha Potapohnv' and Chantalak Tiyayon”

(Received: 24 November 2014; Accepted: 26 March 2015)

Abstract: Intersubgeneric crossability of some Paphiopedilum species in subgenus Brachypetalum,
Cochlopetalum, Paphiopedilum, Parvisepalum, Polyantha and Sigmatopetalum was studied. Eighteen species
were selected to represent of each subgenus. Intersubgeneric hybridization of all those Paphiopedilum were
done as well as reciprocal crosses. It was found that crossability of Brachypetalum with Cochlopetalum,
Paphiopedilum, Parvisepalum, Polyantha and Sigmatopetalum were 100, 100, 60, 100 and 100%, respectively
and those of Paphiopedilum with Brachypetalum, Cochlopetalum, and Sigmatopetalum were 60, 100 and 100%,
respectively. Crossability of Parvisepalum with Brachypetalum, Paphiopedilum, Polyantha and Sigmatopetalum
were 60, 60, 100 and60%, respectively. Moreover, crossability of crosses between Polyantha with
Brachypetalum, Cochlopetalum, Paphiopedilum, Parvisepalum and Sigmatopetalum were 60, 100, 40, 100 and
100%, respectively. Additional, crossability of Sigmatopetalum with Brachypetalum, Cochlopetalum,
Paphiopedilum, Parvisepalum and Polyantha were 100, 100, 40, 80 and 100%, respectively. Incompatibilities
were found in Paphiopedilum with Parvisepalum or Polyantha and Parvisepalum with Cochlopetalum. The
studies of viable seed percentage were conducted. It was found that most of crosses could gave high viable
seeds except crosses of P. charlesworthii x P. bellatulum, P. jackii x P. villosum, P. callosum x P. primulinum,
P. callosum x P. jackii, P. bellatulum x P. primulinum, P. villosum x P. primulinum and P. philippinense x P.

Jjackii gave undeveloped seeds more than viable seeds.

Keywords: Paphiopedilum, intersubgeneric crossability, reciprocal cross
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K Department of Plant Science and Soil Science, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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Table 1 Growing media and ratio of Paphiopedilum’s growing media

Subgenus

Growing media and ratio of growing media

Brachypetalum

bark : pumice stone : break hydroton = 1:1:1

Cochlopetalum and Polyantha
1:1:1:1

bark : pumice stone : break hydroton: dry platycerium’s root =

Paphiopedilum, Parvisepalum and

Sigmatopetalum 1:1:2:2

bark : pumice stone: break hydroton :dry platycerium’s root =

Figure 1 Six species of Paphiopedilum used in crossability study (A) P. bellatulum, (B) P. primulinum, (C)

P. villosum, (D) P. micranthum, (E) P. philippinense, and (F) P. callosum.
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Table 2 Intersubgeneric hybridization percentage of 6 subgenus in Paphiopedilum

Crosses

No. of capsules/

No. of crosses

Crossability (%)

Brachypetalum (P. bellatulum ) x Parvisepalum (P. jackii)

Brachypetalum (P. bellatulum ) x Paphiopedilum (P. charlesworthii)

Brachypetalum (P. bellatulum ) x Polyantha (P. philippinense)
Brachypetalum (P. bellatulum ) x Sigmatopetalum (P. callosum)
Brachypetalum (P. bellatulum ) x Cochlopetalum (P. primulinum)
Parvisepalum (P. jackii) x Paphiopedilum (P. villosum)
Parvisepalum (P. micranthum) x Brachypetalum (P. bellatulum )
Parvisepalum (P. micranthum) x Polyantha (P. philiopinense)
Parvisepalum (P. micranthum) x Sigmatopetalum (P. callosum)

Parvisepalum (P. micranthum) x Cochlopetalum (P. primulinum)

Paphiopedilum (P. charlesworthii) x Brachypetalum (P. bellatulum)

Paphiopedilum (P. villosum)x Parvisepalum (P. jackii)
Paphiopedilum (P. villosum)x Polyantha (P. philippinense)
Paphiopedilum (P. villosum)x Sigmatopetalum (P. callosum)

Paphiopedilum (P. villosum)x Cochlopetalum (P. primulinum)

)
)
)
Polyantha (P. philippinense) x Brachypetalum (P. bellatulum)
Polyantha (P. philippinense)x Parvisepalum (P. jackii)
Polyantha (P. philippinense) x Paphiopedilum (P. villosum)
Polyantha (P. philippinense) x Sigmatopetalum (P. callosum)
Polyantha (P. philippinense) x Cochlopetalum (P. primulinum)
Sigmatopetalum (P. callosum) x Brachypetalum (P. bellatulum)
Sigmatopetalum (P. callosum) x Parvisepalum (P. jackii)
Sigmatopetalum (P. callosum) x Paphiopedilum (P. villosum)
Sigmatopetalum (P. callosum) x Polyantha (P. philippinense)
Sigmatopetalum (P. callosum) x Cochlopetalum (P. primulinum)

Cochlopetalum (P. primulinum) x Brachypetalum (P. bellatulum)

3/5
5/5
5/5
5/5
5/5
3/5
3/5
5/5
3/5
0/5
3/5
0/5
0/5
5/5
5/5
3/5
5/5
2/5
5/5
5/5
5/5
4/5
2/5
5/5
5/5
5/5

60
100
100
100
100

60

60
100

60

60

100
100
60
100
40
100
100
100
80
40
100
100
100
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femaleplant — - male plant

»100% compatibility
— — — —80% compatibility
- . =3 80% compatibility
...... >&40% compatibility
> 0% compatibility

Figure 2 Intersubgeneric compatibility diagram of 6 subgenus in Paphiopedilum

Table 3 Harvested time of hybrid capsules, and viable seed percentage of intersubgeneric crosses

Subgenus Crosses Harvested time of ~ Viable seed
capsule (weeks) (%)
Brachypetalum x Paphiopedilum P. bellatulum x P. charlesworthii 24 69.31
Brachypetalum x Cochlopetalum P. bellatulum x P. primulinum 24 37.82
Parvisepalum x Paphiopedilum P. jackii x P. villosum 32 12.90
Paphiopedilum x Brachypetalum P. charlesworthii x P.  bellatulum 52 39.73
Paphiopedilum x Sigmatopetalum P. villosum x P. callosum 52 73.30
Paphiopedilum x Cochlopetalum P. villosum x P. primulinum 52 34.00
Polyantha x Brachypetalum P. philippinense x P. bellatulum 20 57.30
Polyantha x Parvisepalum P. philippinense x P. jackii 20 37.44
Polyantha x Paphiopedilum P. philippinense x P. villosum 20 53.85
Polyantha x Sigmatopetalum P. philippinense x P. callosum 20 60.54
Polyantha x Cochlopetalum P. philippinense x P. primulinum 20 64.30
Sigmatopetalum x Brachypetalum  P. callosum x P. bellatulum 28 42.98
Sigmatopetalum x Parvisepalum P. callosum x P. Jackii 28 39.37
Sigmatopetalum x Paphiopedilum P. callosum x P. villosum 28 51.05
Sigmatopetalum x Polyantha P.callosum x P. philippinense 28 64.90
Sigmatopetalum x Cochlopetalum P. callosum x P. primulinum 28 30.68
Cochlopetalum x Brachypetalum P. primulnum x P. bellatulum 20 85.20
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Effects of NAA, IBA and Kind of Stem on Rooting of Physic
Nut Stem Cutting

a o o 1/ & o 1/
dﬂzmgg ANINIA UAE BUIANNT LUNAT

Piyanath Pagamasm and Anongphat Hemala"

(Received: 16 September 2014, Accepted: 10 July 2015)

Abstract: The efficiency of NAA and IBA on different parts of physic nut stem cutting were studied. There were
two experiments that designed in 3x4 Factorial in CRD. Semi hardwood stems were cut and divided into three
parts (distal, intermediate and proximal). All stems were applied with NAA (experiment 1) at concentrations of 0,
1,000, 5,000 and 10,000 mg/L and IBA (experiment 2) was 0, 1,000, 2,000 and 3,000 mg/L. Experiment were
determined in mist beds and during 30 days after cutting. The results showed that the proximal stems treated
with 1,000 mg/L NAA gave the highest roots number and fresh weight as 36.42 roots and 1.32 g, respectively.
The proximal stems treated with 2,000 mg/L IBA were the highest roots number (26 roots) and fresh weight as
26 roots and 1.84 g, respectively. The highest root length was observed on the proximal stems that did not

apply any NAA or IBA.

Keywords: Physic nut, cutting, NAA, IBA
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Table 1 Effects of NAA at different levels and the different sections on root number and root length of

physic nut stem cutting

Root number
Concentration

Root length (cm)

(malL) Distal Intermediate  Proximal Mean Distal Intermediate  Proximal Mean

total total

0 13.57 8.42 18.57 13.52c 5.72 4.65 1142 7.27a

1,000 12.14 12.42 36.42 20.33a 5.12 3.00 8.54 555b

5,000 17.57 11.85 2342 17.61ab 5.21 4.47 8.42 6.03 b

10,000 14.57 11.28 2242 16.09 bc 4.97 3.35 6.67 5.00 b

Mean total 1446 b 11.00 c 2521 a 526 b 3.87c¢c 8.76 a

Concentration * *k
Stem section * b
Interaction *x *x

* significant difference at P<0.05 level

** significant difference at P<0.01 level
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Table 2 Effects of NAA at different levels and the different sections on root fresh and dry weight of

physic nut stem cutting

Concentration Root fresh weight (g) Root dry weight (g)
(mg/L) Distal Intermediate  Proximal Mean Distal Intermediate  Proximal Mean
total total
0 0.05 0.06 0.58 0.23 ¢ 0.07 0.05 0.49 0.21a
1,000 0.22 0.68 3.06 1.32a 0.05 0.09 0.31 0.15b
5,000 0.50 0.80 0.94 0.75b 0.06 0.06 0.14 0.09¢c
10,000 0.45 0.45 0.63 0.51 bc 0.08 0.09 0.29 0.16 b
Mean total 0.30 b 0.50 b 1.30 a 0.07b 0.07b 0.31a
Concentration *x *x
Stem section * o
Interaction *x *
* significant difference at P<0.05 level
** significant difference at P<0.01 level
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Table 3 Effects of IBA at different levels and the different sections on root fresh and dry weight of

physic nut stem cutting

Concentration Root number Root length (cm)
(mg/L) Distal Intermediate  Proximal Mean Distal Intermediate  Proximal Mean
total total
0 13.57 8.42 18.57 13.52Db 5.72 4.65 11.42 7.27 a
1,000 8.42 11.00 20.57 13.33b 4.54 5.45 8.21 6.07 ab
2,000 11.28 15.28 26.00 17.52a 5.10 4.68 8.54 6.10 ab
3,000 9.57 14.71 16.57  13.61b 3.17 4.62 4.85 421b
Mean total 10.71b 12.35b 20.42 a 463 b 485b 8.26 a
Concentration o *x
Stem section *x o
Interaction *x *k

** significant difference at P<0.01 level

Table 4 Effects of IBA at different levels and the different sections on root fresh and dry weight of

physic nut stem cutting

Concentration Root fresh weight (g) Root dry weight (g)
(mg/L) Distal Intermediate  Proximal Mean Distal Intermedia Proximal Mean
total te total
0 0.05 0.06 0.58 0.23c¢c 0.07 0.05 0.49 0.21a
1,000 0.21 0.58 1.20 0.66 ab 0.04 0.08 0.25 0.12 bc
2,000 0.39 0.43 1.84 0.88 a 0.07 0.14 0.27 0.16 b
3,000 0.17 0.52 0.63 0.44 bc 0.06 0.08 0.16 0.10¢c
Mean total 0.20b 0.40 b 1.06 a 0.06 b 0.09b 0.29 a
Concentration *x *x
Stem section *x *x
Interaction * **

* significant difference at P<0.05 level

**significant difference at P<0.01 level
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Tendency of Salt Tolerance in Siw Gliang and Paya Luem

Kaeng Rice Cultivars Derived from Tissue Culture Plantlets
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Abstract: This research aimed to investigate the optimal media for callus induction and shoot regeneration in
Siw Gliang and Paya Luem Kaeng rice cultivars. In vitro evaluation for salt tolerance of these rice cultivars were
also studied. Rice seeds were surface sterilized and cultured on Murashige and Skoog (MS) medium
supplemented with various concentrations of 2,4-D and NAA. The suitable callus induction medium which
showed the greatest fresh weight of callus (111.00 mg) in Siw Gliang cultivar was the modified MS medium
containing 1 mg/l 2,4-D. In Paya Luem Kaeng rice cultivar, the highest callus fresh weight (148.00 mg) was
observed when seeds were cultured on modified MS medium containing 1 mg/l 2,4-D and 1 mg/| NAA. Shoots
were regenerated from calli cultured on the modified MS medium supplemented with various concentration of
BA, NAA and coconut water. The MS medium supplemented with 2 mg/l BA, 0.5 mg/l NAA and 10% (v/v)
coconut water was the suitable medium for shoot regeneration from the calli of Siw Gliang rice cultivar. The
average shoot number produced from calli cultured on this medium was 6.0. In Paya Luem Kaeng rice cultivar,
4.8 shoots/callus were successfully regenerated on MS medium supplemented with 1 mg/l BA, 0.5 mg/l NAA
and 10% (v/v) coconut water. The plantlets were selected for salt tolerance by culturing on medium
supplemented with 0, 0.5, 1.0, 1.5 and 2.0% NaCl. The results showed that the survival percentage of plantlets
decreased with increasing NaCl concentrations in both rice cultivars. The highest concentrations of NaCl that
plantlets of Siw Gliang and Paya Luem Kaeng rice cultivars could tolerate were 1 and 1.5%, respectively. Based
on these results, it seems like plantlets of Paya Luem Kaeng cultivar are slightly tolerate to in vitro NaCl stress

than those of Siw Gliang cultivar.

Keywords: Tissue culture, rice, salt tolerance
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Figure 1 Calli of Siw Gliang (a) and Paya Luem Kaeng (b) rice cultivars cultured on MS solid media

supplemented with various concentrations of 2,4-D and NAA for 3 weeks

Table 1 Percentage of callus induction and mean weights of calli of rice cv. Siw Gliang and Paya Luem

Kaeng cultured on callus induction media for 3 weeks

MS Callus induction (%) +SE Mean weights of calli (mg) +SE

Treatment 2,4-D NAA Siw Gliang Paya Luem Kaeng Siw Gliang Paya Luem Kaeng
(mg/)  (mg/l)

C1 0 0 0.00 +0.00° 0.00 +0.00° 0.00 £0.00° 0.00 +0.00°
C2 0 1 0.00 £0.00° 0.00 +0.00° 0.00 £0.00° 0.00 £0.00°
c3 0.5 0 93.33 +6.67° 66.67 +0.00" 48.60 +8.10° 62.00 +32.60°
c4 0.5 1 66.67 +10.54°  86.67 +8.16™ 51.20 +13.20° 80.60 +19.50°
C5 1 0 100.00 0.00° 93.33 +6.67" 111.00 £36.30° 94.20 £12.20%°
C6é 1 1 100.00 £0.00°  100.00 +0.00° 67.00 £9.70™ 148.00 £13.70°
c7 15 0 66.67 +0.00" 86.67 +8.16™ 59.20 +7.90" 124.60 +6.60°
c8 15 1 100.00 +0.00° 86.67 +8.16 75.40 £7.90% 113.40 £18.90%°
c9 2 0 86.67 +8.16 80.00 +8.16™ 60.60 +19.20" 103.80 +17.50%
C10 2 1 86.67 +8.16° 93.33 +6.67"° 43.40 +9.80" 109.20 +19.20%

Means followed by the same letters within the same column are not significantly different at p<0.05 (n=5)
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Figure 2 Growth of plantlets of Siw Gliang rice cultivar regenerated on MS solid media supplemented

with various concentrations of BA and NAA for 6 weeks

Figure 3 Growth of plantlets of Paya Luem Kaeng rice cultivar regenerated on MS solid media

supplemented with various concentrations of BA and NAA for 6 weeks
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Table 2 Number of shoots per callus of rice cv. Siw Gliang and Paya Luem Kaeng cultured on

regeneration media for 6 weeks

MS number of shoots per callus +SE
Treatment A (ma/l) AA (mg/l)  Coconut water (%) Siw Gliang Paya Luem Kaeng
S1 0 0 0 0.00 +0.00° 0.00 +0.00°
S2 0 0 10 1.20 £0.20™ 1.20 +0.20
S3 1 0.5 10 2.20 +0.37° 4.80 +0.86"
sS4 2 0.5 10 6.00 +0.95" 1.80 +0.20°
S5 3 0.5 10 2.00 £0.32° 2.60 +0.51°
S6 4 0.5 10 1.80 +0.20° 1.60 +0.40°
S7 5 0.5 10 1.60 +0.25° 2.60 +0.81°
S8 6 0.5 10 2.20 +0.49° 2.00 £0.53°

Means followed by the same letters within the same column are not significantly different at p<0.05 (n=5)
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Effects of Wood Vinegar and Manure on Growth, Yield and

Seed Quality of Hom Mali Rice

9ilan muwrgwna’”
Wanida Wattanaphayapkulm

(Received: 1 September 2014; Accepted: 4 August 2015)

Abstract: The effects of cattle dung, chicken dung and wood vinegar on growth, yield and seed quality of Hom
Mali rice were investigated using two varieties i.e. KDML 105 and RD 15 in the greenhouse. Six treatments
consisted of 1) un-treated control 2) diluted wood vinegar (300 times dilution) 3) chicken dung 300 kg rai’ 4)
cow dung 1,000 kg rai’ 5) diluted wood vinegar and chicken dung 300 kg rai’ 6) diluted wood vinegar and cow
dung 1,000 kg rai . The treatments were arranged in a 2x6 factorial randomized complete block design with
four replications. The rice variety (factor 1) consisted of KDML 105 and RD 15 and wood vinegar and fertilizer
management were assigned as factor 2 in this experiment. Application of diluted wood vinegar and cow dung
resulted in significantly higher plant height, number of tillers and grain yield of KDML 105 and RD 15.
Application of diluted wood vinegar and chicken dung promoted the highest grain yield of 224.5 g pot’1 of KDML
105 and RD 15. Application of diluted wood vinegar and manure did not have significant effect on seed

germination and seedling vigor of rice.

Keywords: Cow dung, chicken dung, wood vinegar, growth, yield, Hom Mali rice
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Table 1 pH, electrical conductivity (EC), total nitrogen, available phosphorus, exchangeable potassium

and soil texture of the soil (Satuek soil series) used in the experiment prior to planting

pH (1:5) EC(dSm’)

Total N (%) Available P (mg kg’1) Exchangeable K (mg kg%) Soil texture

5.13 0.002 0.030

2.70

48.65 Sandy loam

Table 2 pH, electrical conductivity (EC), organic matter, total nitrogen (N), available phosphorus and

exchangeable potassium of the soil after rice harvest

Rice variety pH EC Organic matter Total N (%) Available Exchangeable
(dsm’) (%) P(mgkg) K (mgkg')

KDML 105 5.10 0.002 0.43 0.02 2.67 41.75

RD 15 5.10 0.002 0.44 0.02 2.68 41.26

CV (%) 9.2 4.5 5.2 6.8 5.4 7.6

Means in a column without letter are not significantly different (P<0.05 DMRT).
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Table 3 pH, electrical conductivity (EC), organic matter total nitrogen (N), available phosphorus and

exchangeable potassium of soil treatments after harvest of varieties KDML105 and RD15

pH EC Organic Total N (%) Available P Exchangeable K
Treatment 4 i A
(dSm) matter (%) (mg kg ) (mg kg )

Un-treated control 5.1 0.003 0.45 0.02 2.40 45.12
Wood Vinegar 5.8 0.004 0.47 0.02 2.70 46.36
Chicken dung 5.8 0.002 0.52 0.01 2.68 47.24
(300 kg Rai")
Cow dung 59 0.004 0.51 0.02 2.66 46.51
(1000 kg Rai™)
Chicken dung + 5.7 0.002 0.48 0.02 2.67 48.13
wood vinegar
Cow dung + wood 5.7 0.002 0.49 0.02 2.66 47.23
vinegar
CV (%) 9.2 4.5 5.2 6.8 54 7.6

Means in a column without letter are not significantly different (P<0.05 DMRT)

Table 4 Plant heights and number of tillers per hill evaluated at 60, 90 and 120 days after transplanting

(DAT) and grain yield evaluated at harvest of rice varieties KDML105 and RD15

Rice Plant height (cm) Number of tillers per hill Grain yield
variety 60 DAT 90 DAT 120 DAT 60 DAT 90 DAT 120 DAT (g/pot)
KDML105 97.5b 109.6 b 1356 b 10.1 10.1 9.40 173.85b
RD15 113.7 a 119.5a 157.8a 10.6 10.0 9.20 184.60a

CV (%) 8.00 8.90 7.20 31.80 32.19 22.10 0.15

Means in a column followed by the same letter(s) are not significantly different (P<0.05 DMRT)

Table 5 Plant heights and number of tillers per hill evaluated at 60, 90 and 120 days after transplanting
(DAT) and grain yield evaluated at harvest of rice varieties KDML105 and RD15 treated with
different combinations and types of farm manure and wood vinegar

Plant height (cm) Number of tillers per hill Grain yield
Treatment

60 DAT 90 DAT 120DAT 60 DAT 90 DAT 120 DAT (g/pot)
Un-treated control 106.8 ¢ 109.3d 137.5¢e 8.5f 83e 8.2e 120.0f
Wood Vinegar 103.2d 1135b 140.3d 12.7b 125Db 124 b 157 .4e
Chicken dung (300 kg Rai") 101.2e 1075e 141.7 ¢ 105e 10.5d 10.4d 181.3¢
Cattle dung (1000 kg Rai’1) 104.3d 1128 ¢ 146.3 b 11.5d 11.3¢c 1.2c 171.8d
Chicken dung + wood vinegar 108.0 b 1153 b 149.7b 123 ¢ 12.3b 12.2¢c 224 .5a
Cattle dung + wood vinegar 1102 a 118.7 a 158.7 a 12.8 a 12.8 a 12.7 a 187.2b
CV (%) 8.00 8.90 7.20 31.30 32.19 22.10 2712

Means in a column followed by the same letter(s) are not significantly different (P<0.05 DMRT)
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Table 6 Means for grain yield (g/pot) of two rice varieties treated with six methods of fertilizer

application

Treatment KDML 105 RD 6
Un-treated control 119.046 f 124.267 f
Wood Vinegar 158.500 e 167.800 e
Chicken dung (300 kg Rai’) 181.778 ¢ 197111 b
Cow dung (1000 kg Rai’) 171.911d 184.344 d
Chicken dung + wood vinegar 224.800 a 237.189 a
Cow dung + wood vinegar 187.111 b 196.900 ¢
CV (%) 18.83 19.03

Means in a column followed by the same letter(s) are not significantly different (P<0.05 DMRT)

Table 7 Means for number of panicles, number of filled grains, number of un-filled grains and 1000-

grain weight of two rice varieties

Variety Number of panicles ~ Number of filled Number of un-filled 1000-grain weight
(plant’w) grains (panicle'w) grains (panicle'ﬂ) (9)
KDML 105 12.60 a 163.20 a 11.77 27.89a
RD 15 1244 b 158.40 b 11.77 27.77b
CV (%) 12.31 15.25 9.83 15.78

Means in a column followed by the same letter(s) are not significantly different (P<0.05 DMRT)

Table 8 Means for number of panicles, number of filled grains, number of un-filled grains and 1000-
grain weight of rice varieties KDML 105 and RD 15 treated with different combinations and

types of farm manure and wood vinegar

Treatment Number of Number of filled Number of un-filled  1000-grain weight
panicles (plant‘1) grains (panicle’1) grains (panicle'ﬂ) (9)

Un-treated control 10.33 f 155.63 f 13.33 a 26.94 f
Wood Vinegar 1145¢ 163.17 d 11.75e 2712 e
Chicken dung 1216 b 169.67 c 11.75¢ 27.30c
(300 kg Rai")
Cow dung 11.70c 158.67 e 12.08 b 27.21d
(1000 kg Rai")
Chicken dung + 11.53d 179b 11.50d 2745 a
wood vinegar
Cow dung + wood 12.50 a 182.50 a 11.25¢ 27.39Db
vinegar
CV (%) 12.31 15.25 9.83 15.78

Means in a column followed by the same letter(s) are not significantly different (P<0.05 DMRT)
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Table 9 Means for germination percentage and seedling strength of two rice varieties

Variety Germination percentage Seedling strength (g/seedling)
KDML 105 98.0 0.007
RD 15 97.0 0.006
CV (%) 2.33 16.37

Means in a column without letter are not significantly different (P<0.05 DMRT)

Table 10Means for germination percentage and seedling strength of rice varieties KDML 105 and RD 15

treated with different combinations and types of farm manure and wood vinegar

Seedling strength

Treatment Germination percentage
(g/seedling)
Un-treated control 96.7 0.006
Wood Vinegar 98.0 0.006
Chicken dung (300 kg Rai") 98.0 0.006
Cow dung (1000 kg Rai”") 97.7 0.006
Chicken dung + wood vinegar 97.7 0.006
Cow dung + wood vinegar 98.3 0.007
CV (%) 2.33 16.37

Means in a column without letter are not significantly different (P<0.05 DMRT)
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Abstract: Diversity of rice insects and spiders in irrigated rice paddy fields at Phitsanulok province was carried
out during October 2010 - September 2012. Rice insects and spiders were collected from irrigated rice paddy
fields of farmers at tiller stage by simple random sampling method using sweep net at 30 times/sampling spot.
The total of 3 sampling spots were randomized in each time of the sampling. All rice insects and spiders were
identified, species biodiversity and distribution (Shannon-Wiener) were calculated and the relationship to biotic
factor (insect natural enemies and spiders) and abiotic factor (temperature, relative humidity, wind speed and
rainfall) were determined. The total of 78 species of insects and spiders composed of 6 orders 12 families 24
species of rice insect pests, 6 orders 27 families 47 species of natural enemies and 1 order 4 families 7 species
of spiders were identified. The species diversity (H) and species evenness (EH) of total insects and spiders
were 2.53 and 0.58, respectively, rice insects were 1.47 and 0.46, while natural enemies and spiders were 2.24
and 0.56, respectively. The species number of insect pests was not related to abiotic factors but related to the

species number of natural enemies (r = 65.9).

Keywords: Diversity, rice insect pest, natural enemy, irrigated rice paddy field, Phitsanulok province
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Figure 1 The ratio of species number of insect pests, insect natural enemies (predators and parasitoids) and

spiders found in rice paddy field at Mueang district, Phitsanulok province during October 2010 -

September 2012
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Figure 2 The ratio of numbers of insect pests, insect natural enemies (predators and parasitoids) and spiders

found in rice paddy field at Mueang district, Phitsanulok province during October 2010 - September

2012
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Figure 3 Taxonomic diversity of insect pests in rice paddy field at Mueang district, Phitsanulok province,

species numbers (light dot) and families numbers (dark dot)
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Figure 4 Taxonomic diversity of natural enemies and spider natural enemies in rice paddy field at
Mueang district, Phitsanulok province, species numbers (light dot) and families numbers (dark
dot)

Table 1 List of rice insect pests and natural enemies in rice paddy field at Mueang district, Phitsanulok

province during October 2010 - September 2012

Status Order Family Scientific name Numbers
Insect Coleoptera Chrysomelidae  Dicladispa armigera (Olivier) 5
pests of  Diptera Cecidomyiidae  Orseolia oryzae (Wood-Mason) 121
rice Hemiptera Alydidae Leptocorisa oratorius (Fabricius) 9

Pentatomidae Scotinophara coarctata (Fabricius) 3
Cicadellidae Recilia dorsalis (Motschulsky) 914
Cofana spectra (Distant) 81
Nephotettix cinticeps (Uhler) 105
Nephotettix malayanus (Ishihara and Kawase) 108
Nephotettix nigropictus (Stal) 297
Nephotettix virescens (Distant) 471
Delphacidae Nilaparvata lugens (Stal) 8,162
Sogatella furcifera (Horvath) 562
Derbidae Proutista moesta (Westwood) 2
Lepidoptera Noctuidae Spodoptera mauritia (Boisduval) 4
Spodoptera sp. 2
Crambidae Chilo suppressalis (Walker) 1
Chilo polychrysus (Meyrick) 4
Scirpophaga incertulas (Walker) 23
Pyralidae Nymphula depunctalis (Guenée) 216
Susumia exigua (Butler) 1
Cnaphalocrocis medinalis (Guenée) 741
Orthoptera Acrididae Locusta migratoria manilensis (Meyen) 13
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Table 1 (cont.)

Status Order Family Scientific name Numbers
Oxya japonica japonica (Thunberg) 113
Thysanoptera Thripidae Stenchaetothrips biformis (Bagnall) 845
Total 12,803
Predator  Coleoptera Carabidae Ophionea ishii ishii (Habu) 82
Coccinellidae Coccinella transversalis Fabricius 10
Micraspis discolor (Fabricius) 756
Staphylinidae Paederus fuscipes Curtis 207
Diptera Dolichopodidae  Medetera sp. 36
Syntormon sp. 5
Ephydridae Ochthera brevitibialis (de Meijere) 301
Tipulidae Tipulides sp. 83
Hemiptera Miridae Cyrtorhinus lividipennis (Reuter) 6,222
Tytthus chinensis (Stal) 117
Reduviidae Polytoxus sp. 1
Hymenoptera Formicidae Odontoponera transversa (Smith) 84
Odonata Coenagrionidae  Agriocnemis femina femina (Brauer) 170
Agriocnemis pygmaea (Rambur) 221
Agriochemis sp. 240
Ceriagrion coromandelianum (Fabricius) 19
Ischnura aurora (Brauer) 86
Lestidae Lestes sp. 50
Protoneuridae Elattoneura caesia (Hagen) 5
Orthoptera Tettigoniidae Conocephalus longipennis (de Haan) 31
Gryllidae Metioche vittaticolis (Stal) 111
Total 8,837
Parasitoid Diptera Pipunculidae Pipunculus sp. 10
Tachinidae Argyrophylax nigrotibialis Baranov 197
Hymenoptera Braconidae Macrocentrus philippinensis Ashmead 5
Tropobracon schoenobii (Viereck) 1
Snellenius sp. 7
Opius sp. 1
Macrocentrus sp. 18
Apanteles sp. 79
Bracon sp. 54
Dryinidae Pseudogonatopus hospes (Perkins) 28
Encyrtidae Copidosomopsis sp. 6
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Table 1 (cont.)
Status Order Family Scientific name Numbers
Eulophidae Tetrastichus sp. 103
Tetrastichus schoenobii Ferriere 83
Gasteruptiidae Gasteruption sp. 1
Ichneumonidae Xanthopimpla flavolineata Cameron 89
Temelucha philippinensis Ashmead 35
Mymaridae Anagrus optabilis (Perkins) 190
Gonatocerus sp. 33
Mymar sp. 31
Platygastridae Platygaster foersteri (Gahan) 11
Platygaster oryzae (Cameron) 18
Pteromalidae Obtusiclava oryzae (Subba Rao) 120
Scelionidae Psix sp. 10
Telenomus rowani (Gahan) 227
Trichogrammatidae Trichogramma sp. 74
Oligosita yasumatsui (Viggiani and 612
Subba Rao)
Total 2,043
Spider Araneae Araneidae Araneus inustus (L. Koch) 181
natural Lycosidae Pardosa pseudoannulata (Bésenberg 20
and Strand)
enemies Oxyopidae Oxyopes lineatus Latreille 94
Tetragnathidae Tetragnatha javana (Thorell) 56
Tetragnatha maxillosa Thorell 67
Tetragnatha nitens (Audouin) 325
Tetranatha mandibulata Walckenaer 69
Total 812
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Screening on Potential Metarhizium anisopliae (Metschnikoff)
Sorokin for Controlling Brown Planthopper in

Paddy Field
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Araya Bunsak", Weerathep Pongprasertm, Sawai Buranapanichpan” and Jiraporn Kulsarin”

(Received: 23 December 2014, Accepted: 16 June 2015)

Abstract: The objectives of this research were to search for entomopathogenic fungus, Metarhizium anisopliae
(Metschnikoff) Sorokin against brown planthopper (BPH), screen for potential isolates to control BPH and evaluate
specificity of selected isolates. The BPH sample infected by M. anisopliae was collected from rice paddy fields in
Phichit province, and then spreaded on media. The total of 50 fungal colonies (isolates) were sampled, numbered
from MRT-PCH-01-01 to MRT-PCH-01-50 and applied on seedlings of susceptible rice variety, Taichung Native 1
(TN1), at the concentration of 10° conidia/ml. Subsequently, the total of 30 BPH nymphs (3rd instars) were
released into each experimental unit. The experiment was based on completely randomized design with 4
replications. The total of 4 isolates: MRT-PCH-01-03, MRT-PCH-01-08, MRT-PCH-01-38 and MRT-PCH-01-48,
were the highest potential caused 100% BPH mortality within 6 days after exposed to the fungi. The median lethal
times (LT,,) of those isolates against BPH nymph were 3.38, 3.24, 3.31 and 3.12 days, respectively. Then the
specificity of all four isolates on insect pests and natural enemies found in rice paddy fields were determined. The
result revealed that Recilia dorsalis (Motschulsky), Nephotettix spp. and Aiolopus sp. were found infected,

meanwhile others natural enemies and rice insect pests were not infected.

Keywords: Metarhizium anisopliae (Metschnikoff) Sorokin, brown planthopper, host specificity
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Figure 1 Trend of cumulative mortality (%) of Nilaparvata lugens (Stal) on 1-7 days after contacted to
four Metarhizium anisopliae isolates, MRT-PCH-01-03, MRT-PCH-01-08, MRT-PCH-01-38 and
MRT-PCH-01-48 at the concentration of 10° conidia/ml and 75% RH
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Table 1 Cumulative mortality (%) *SE of Nilaparvata lugens (Stal) on 1-6 days after contacted to four

Metarhizium anisopliae isolates at the concentration of 10° conidia/ml and 75% RH

%Cumulative mortality £SE/Days

Isolates
1 2

3 4 5 6

MRT-PCH-01-03 6.48 +0.97b 19.03 +0.48¢c 35.70
MRT-PCH-01-08 9.24 +0.40ab 23.67 +0.70b 40.83

+0.52c 53.33 £0.88b 93.04 +1.12a 100.00 +0.00a
+0.90b 58.33 +0.88a 90.00 +0.00b 100.00 +0.00a

MRT-PCH-01-38 8.20 +2.18ab 20.56 +0.35c 38.10 +1.01c 55.00 +0.00b 93.32 +0.89a 100.00 +0.00a
MRT-PCH-01-48 10.68 +0.42a 25.89 +0.55a 43.63 +0.72a 60.00 +0.00a 93.32 +0.89a 100.00 +0.00a

Note: Means with same letter in the same column are not significantly different (P>0.05), by ANOVA followed by DMRT

Table 2 The LT,, (days) of Metarhizium anisopliae isolates MRT-PCH-01-03, MRT-PCH-01-08, MRT-
PCH-01-38 and MRT-PCH-01-48 at the concentration of 10° conidia/ml and 75% RH on

Nilaparvata lugens (Stal)

Isolates

LT, +SE (days)

50—

MRT-PCH-01-03
MRT-PCH-01-08
MRT-PCH-01-38
MRT-PCH-01-48

3.38 £0.05
3.24 +0.04
3.31 £0.05
3.12 £0.05




M5A15N=AT 31(3): 291 - 299 (2558)

Table 3 Species of Rice Insect Pests and Natural Enemies infected by 4 fungal isolates of MRT-PCH-
01-03, MRT-PCH-01-08, MRT-PCH-01-38 and MRT-PCH-01-48 and 2 commercial products

Infected insects

MRT- MRT- MRT- MRT- M. anisopliae™ M. flavoviride™
PCH- PCH- PCH- PCH-
01-03 01-08 01-38 01-48

Rice Insect pests / natural enemies

Dicladispa armigera (Olivier) - - - - - ;
Orseolia oryzae (Wood-Mason) - - - - - .

Leptocorisa oratorius (Fabricius) - - - - - -

Nilaparvata lugens (Stal) \/ \/ \/ \/ - -
Scotinophara coarctata (Fabricius) - - - - - -
Recilia dorsalis (Motschulsky) \/ \/ \/ \/ - -

Cofana spectra (Distant) - - - , - )
Nephotettix nigropictus (Stal) - \/ - - . .
Spodoptera mauritia (Boisduval) - - - - - -
Scirpophaga incertulas (Walker) - - - - - _
Chilo polychrysus (Meyrick) - - . - - }
Nymphula depunctalis (Guenée) - - - - - -
Cnaphalocrocis medinalis (Guenée) - - - - - _
Locusta migratoria manilensis (Meyen) - - - - - -
Oxya japonica japonica (Thunberg) - - - - - -
Stenchaetothrips biformis (Bagnall) - - - - - -
Aiolopus sp. \/ \/ - -
Ophionea ishii ishii (Habu) - - - - - .
Coccinella transversalis Fabricius - - - - - -
Micraspis discolor (Fabricius) - - - . - -
Paederus fuscipes Curtis - - - - - -
Cyrtorhinus lividipennis (Reuter) - - - - - ;
Tytthus chinensis (Stal) - . - - . }
Polytoxus sp. - - - - - -
Odontoponera transversa (Smith) - - - - - ;
Ochthera brevitibialis (de Meijere) - - - - - ,
Agriocnemis femina femina (Brauer) - - - - - -
Agriocnemis pygmaea (Rambur) - - - - - ;
Elattoneura caesia (Hagen) - - - _ - .
Conocephalus longipennis (de Haan) - - - - - -
Metioche vittaticolis (Stal) - - - - _ _

Medetera sp. - - - - - -
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Table 3 (Continued)

Infected insects

. . MRT-  MRT- MRT-  MRT- M. anisopliae™ M. flavoviride™
Rice Insect pests / natural enemies
PCH- PCH- PCH-  PCH-
01-03 01-08 01-38 01-48

Syntormon sp.

Pipunculus sp.

Argyrophylax nigrotibialis (Baranov)

Bracon sp.

Apanteles sp.

Copidosomopsis sp.

Xanthopimpla flavolineata (Cameron)

Temeluca philippinnensis Ashmead

Pardosa pseudoannulata
(Bosenberg and Strand)

Oxyopes lineatus Latreille

Tetragnatha javana (Thorell)

Tetragnatha maxillosa Thorell

Tetragnatha nitens (Audouin)

50

ANHANITATENUINE 9911 T BT iunng
Faaaniis 4 lalman a1ansnasinaneinaenszinng
sl senpdesTunanides B0 UAZ UOHA
(2537) WAz Bandara and Ahangama (1994) Taaiaanu
dsiuresdefimnzaniunisruauinaanszlnnd
fnpnaliadiefisz@nsnanie 10° conidia/mi
ARAARENNLIINENIUNNTIARIRY Pham et al. (1994) i
wuiniile 1% @031 M. anisopliae Aeanadiadiu 10°-10°
conidia /ml mmmﬂ@\mum@mL‘W@ﬁm‘ﬁmmmma
155 @099 4 leloian arunsoainwasnsyland
vmanelFatinemnGaniely 1 5u uasliikadany
AamAEme AL 6 Tundeanndudadas
Teszesna T liimannsslannmansscand
%ogay 50 W 3.12-3.38 1 1A TeT 0
Toeialyl fisTnwadnglen LT, a5 9 fie 10 5 (Geng
and Zhang, 2004)
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ANEANNTITEITeTa 4 lelnianiuun Tl
s Mdselanllueuanld atnalsfinin nsld
L%”faqﬁum?ﬂ"l,ummfmﬂuLwﬁyﬂm"‘immﬁi{mmiu
uuuummwmwmﬁwmﬂmmmmmwm i
wdinntis ArstinnsdnEndananssnLeuLaTTinaY
wmﬂmaﬂuuwmmmmumemmmmawmw
wnzanaunan s lanilfesnufiadanazeaiiy
(Burge, 1988) TN 9 alE RN MmaaaLAIL
rNZANTaseades v 4 Talnian Tuusasluuding
WAy nudndesna 4 leloiantuilaany
LQW’]”L@"I”@QH‘ULLN@\‘iﬁ/ﬁlT‘ﬂWQI%ﬂ@NLW@EIﬂ?”I@@LL@”
Lwammu (memﬁmmmmma asdnduEinane
VEM AEsNALATe0) Lmvmmmwmmuiuwurﬂs
mmmmmmﬂmgmq@u 7 iy vwewialy wueu
f0ule ULHAIMAN UNAIFS MUOUNTNUND UNaTe
muﬁqﬁmgﬁﬁmﬁﬁluj i Fraisinsiasin unaale
WA WATLNINN A8nRAREITLNIWIS DY

INTSVYE LAY BARsIng  (2550) ANUINEAs)
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M. anisopliae annagnsLlnndtinaa aunsavinli
Anlsnrumansndud Baadndusels snliuaaiy
Tsaldseaay 662 LWAAALATANENAAEIR
Bandara and Ahangama (1994) WAy Pham et al.
(1994) ‘wwumm@mmmmmmmwmmv‘lﬁmm
Armna Tannuleanis m@ﬂ@mmm@ﬂ T nAe
9 1AANEI1M WATINAEANAUA T a0 1Tludu way
Ium@‘lumimmmmmy 30-90 m”quymyufamumm
dudiureade uavan mianden  annuannsANe
Fanananaliinasdnidesi 4 lelsangnasld
ﬂix‘llmﬁi‘fummmm@mqmmmﬁmg%ﬂun@u
wdesing 7 1 usvnsdludiespnunuuasimgiing
'luﬂziu?;u“] U wuauiide LuasAs LuAIUEn
aune 104 Afudeiinisnanudes@eaane
g I fianunsnaeinaneunasinginanguay I
wiatiusandig Lﬁﬂiﬁmm?murﬁluﬁ'm@mquﬁmg
f1qlAetingwnnzan

G

NsAREaNEa M. anisopliae TEFNEAMN
"Lum?muﬂmwayﬂmzimm%ﬁﬁma (N. lugens) Tuun
9 wLiEes M. anisopliae 4muau 4 lelnian Ae
MRT-PCH-01-03, MRT-PCH-01-08, MRT-PCH-01-38
WATMRT-PCH-01-48  Hilsz@ninnlunisasunu
waenszlandtinmagegaanansaininaensying
FrhmamentamalFnnelu 6 Fumdsmindudadon
Tatisveizioan T lHnaene 50% (LT,) P 3.38,
3.24, 331 Uar3.12 AURINAIAL LaziEa M.
anisopliae 714 4 laTT1aR T ANNIENIZIANTAIT LIRS
ﬁmﬁm‘lumjmwﬁyﬂm:‘ﬂmm INAESNAY uazAnLAL
mnnduiniy

nARngsNUsEnA
1022 UAM A1UNITUAILNITNNIIIAY

] a A o = aa
WNTNR (39.) AUEIaALANARINT IR uYiTe]
LWASTIRA NAMLARAUANY NNINUIAULIANT

[
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2/ a
PNAITRNAN
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Efficiency of Antagonistic Bacterium Bacillus megaterium
Strain No.16 for Controlling Sheath Blight Disease of RD6
Rice Variety
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(Received: 15 May 2015, Accepted: 31 July 2015)

Abstract: The potential antagonistic bacteria Bacillus megaterium strain No.16 for controlling sheath blight
disease of RD6 rice variety caused by Rhizoctonia solani was evaluated. Four isolates of R. solani RSLPN-1,
RSLPN-2, RSLPN-3 and RLSPN-4 were obtained from experimental rice paddy fields of Lamphun Land
Development Station, Si Bua Ban sub-district, Mueang district, Lamphun province. Dual culture test was
determined to investigate the ability of antagonistic bacteria to inhibit mycelial growth of these pathogens for 4
days. This antagonistic B. megaterium showed significantly inhibited of all R. solani isolates at 41.65, 26.78,
26.08 and 42.35%, respectively; especially isolate RLSPN-4 had shown high percentage of growth inhibition.
Whereas, the antagonistic B. megaterium showed significantly against mycelial growth of R. solani isolates
RSLPN-2 and RLSPN-4 more than 95 % by pour plate test. Mycelial growth inhibition by B. megaterium was
observed under compound microscope in either dual culture or pour plate tests. For control of rice sheath blight
disease, spraying the granule formulation of B. megaterium on rice plants in the greenhouse was significantly
suppressed sheath blight disease of rice caused by R. solani isolate RLSPN-4 when compared to control.
These suggested that the antagonistic bacteria B. megaterium have an excellent potential to be used as

biocontrol agent of sheath blight disease in rice RD6 variety in laboratory and greenhouse conditions.

Keywords: Sheath blight disease, Rhizoctonia solani, antagonistic Bacillus megaterium, biological control
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UNARED: m@wmmuﬂimmmwmmmﬂLLummiﬂﬂ{]ﬂnw Bacillus megaterium AneNUg No.16 LW@V’W’J‘LI@NIM
nuluutisaesdinniug na6  awmeinain@es) Rhizoctonia  solani LﬁJ’ﬂLLEIﬂLL@J‘Q‘LI?’]‘LILﬁ’ﬂﬁ"]@’]mm@’]ml’ﬂ@ﬂ
m@mﬂ@umﬂwmmmuwwmwmummu AuadsianIg anailed Samdndiyu lFauu 4 lalaian Ae
RSLPN-1, RSLPN-2, RSLPN-3 uaz RLSPN-4 tharmaaavemugsnsatesdewund denfilng 8. megaterium
sLum?ﬂ‘Llﬂ\imimim“ﬂﬂ\iL‘ﬁ@iﬁmmmuummi potato dextrose agar (PDA) TneAT dual culture Wuan 4 Ju
WL Lﬂ]@LL‘um‘wLiﬂﬂgﬂmzrmmmﬂummimmmmLﬂmm R. solani usiazlalmanlfunnsatredidadrAnynig
57 Ineflulefifudnnsdudawinti 41,65, 26.78, 26.08 uay 42.35 WeiFud AU AL F WL AgeLEeRE
pour plate WL9N L%y@LLmﬁSﬂﬂﬁﬁﬂﬁﬁ'ﬂiyaw’%nww‘lunwﬂ"mfmwm?mmmL%Dfam R. solani lalman RSLPN-2
Uaz RSLPN-4 mﬂm‘mummmummmmm 95 \lajifus Lmnm\mmmuﬂmmmmmam Lu@m\immﬂimmm
aNIIAtl T1lanediulereadon R, solani aMNAaNNIMAgaLa 2 33 HdnmnsRinndmileudy antiumeaeinis
ﬂQUQNISﬁﬂWUSLULLM\W]Lﬂﬁ"\’]ﬂlﬁ'ﬂﬁ"] R solani'lolmian RSLPN-4 TaeAsnswudasnside B. megaterium 14
ANNEaUNAREY Wud1 Tainusinenatnainnsnananuisaaeslsan uluwislfunns wanngarauaNes 19
WednAtyneada uanslifiiuindeuynd Geufiing B. megaterium annnsapsuAnlsan L luwisresdineiug na
6 lusnmiiesdfiRnsuazeunnaadls

AdAty: Teanuluudie e Rhizoctonia solani iswuanBefjiiny Bacilus megaterium nsAauANInt@9E

AN Tranuluuieresing anvmiinainidan

R. solani wmzmmiumeﬂ@uﬂ%nﬁa?ﬁﬁtyluT@ﬂ uaz

412 (Oryza sativa L) ihufimemneudnuar  viaynniavesiszine duidulsamiedinelifaeens
ﬁmLﬂmﬁﬁfaﬁéﬂﬁﬂﬂmﬂmmﬂim wazdafluii  @ewenniige dvinaneludauniulu wuennislu
KeannsrasnaievanelulszmAuassinalsznd W svezuanneaudsindszaznfiuien mnnunsszune
meamilesadng U wa. 2555/56  Awdamodludl  guussgnatufisluse asinliindiiunnuasaninim
il gniinauitiion 455425 '3 wandn 279,084 veanaNARAARS Haus 620 ilafifus uazenagaits
AL éﬁm@ﬁﬁﬁyuﬁﬂ@dﬂ%mum MHun 81wnausieny 50 Lﬂ@i%ﬁ"Luﬁuﬁﬁmﬁﬁ@mmmim (Ou, 1985;
AUNUN W LAAREAZLAA @zﬁ’]ﬂﬂi‘ﬂ@]ﬂ?‘ﬁ’]’Jﬁq/IQLLﬁi Teng et al., 1990; Savary et al., 2000 ) NFTLUALAY
AeunnemaNauiudeunaantemnil  Taqiu  szdumsuguussvesisAazLANAneTuRNNA LT
Wyuﬁﬂzgﬂ%mzﬁﬂrﬁTaufluﬂixmmmm MM WNALARAnAY  ANINWIAREN ANNANYTDITR9AY AneTugEing R
@ninewassgianiainuems, 2557) anflufiesdinne wanug uaztBanunisldieluinnau L%”’ﬂi’mﬁl,ﬂﬁl
Lﬁmﬁyuﬁmf]:ﬂgﬂLL@:Lﬁuﬂa‘:aw%mwmmmmam Wl aunsnuninszanelneln sclerotium enAustflunu
aginalafm :mm@zﬁwﬁtyﬂixmwﬁﬁﬁﬁﬂﬁmmﬁm RN WsanITuAN (WATIE, 2540) Sanumans
?'ﬁﬁf.)@m@dﬁﬂ@’mﬂ’]il,?‘llj’]ﬁ’]@’]ﬂ“ﬂfmL%y’ﬂ@’]m{iﬁiﬂﬁﬁ] dalunjfanliansilestuinda@en wu aanns
lsafidnAyredinfidsuasaiunnuazgunimaes du wiufla sensa uazifulonsen iy (Chin and
nanam hwn Taalugl (blast) Aaaniden Pyricularia Bhandhufalck, 1990) AIANAITUILUINNAANITLE

oryzae laannuluwiia (sheath blight) Ananida aapTinEmsanatansnAnslimdaine i was
Rhizoctonia solani WazlsAARAAY (kernel spotting) AU iANansznUAaInEmINg fLiina LazAanden
[AAaNnid a3 manein 111 Cunvularia lunata, L‘W@I‘wmmﬂ@mﬂuu‘iﬂmmmiﬁma%ﬂmmmLmu
Bipolaris oryzae \lusiu memmﬂmmammwmﬂmwmuu mspauAxlsAi
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Tunsaruaalsaniuluwiisrasinawug nae

Tmﬂmﬂm@umﬂﬂgﬁﬂmﬂmﬁm?wmmmm
ﬂmﬂgmim‘wmmummﬁiimmmmmﬂﬂmmuma
pruAn i naesAeliEiaiiasing o Fasfuiesat)
WA0 (@N8T8 LazdNiiR, 2550) dAEnsTRed T
sanfuuaniuiindlaniaguiie Ui dunagnily
nstlaaiusndntan e d i naraud e luszay
miﬁﬂ (LININN, 2551; Cook, 1993) mﬂmmmﬁﬁﬂmi
1% L‘ﬁfaLLUﬁmiﬂﬂ{]ﬁ Nt Bacillus - megaterium e
puAn A Uluudieresdng Bususnimeagesuaz
ﬂmmmmﬁ‘wLﬁ‘ﬂﬂgﬂﬂwwmﬂ@vwﬁmwiumiﬂum
189 R. solani A uaw 323 lalaian wvl,mmnmulum
dnresdandasioe o lunald wudn Aeuuaiide B,
megaterium Sqnalunndulfingliqegn
(Kanjanamaneesathian et al., 1998; Pengnoo et al.,
2000) AounlERantewmudasueiide B,
megaterium gt lunusing ) e limngiunisldtas
NIININUMTINY AZAINFABNITTUAN ANNNIOLRILITNEN
fiquunddies inwmsnsanuisnldliineg wasd
dsz@nsnmlunisaoumnlsaniuluuiisaesdin e
indaiusifnalinagaunismuaulsaniului
189819618WUEFANS ] 11U 119ARNNER 105,
Aenylan 2, na1 uaz n123 alfanmieunnaes
uazutlasunluiudiSoinsing I fanell nanans
waznamitenausne  fudiu wudn Sasousiide B.
megaterium @ xnsapauANTsAnLluuiaesdinglé
wanadeiug tnaliinaniduwnaiunisldaisnd
al., 2007, 2009;
2013) o nsindeya
ﬁqrm'wu’fl,%sl,uﬁyuﬁslﬁlﬁ pitlaz el 'ffiqﬁmﬂuﬁmﬁmi
mmmmmmmmamwiiﬂ Wugdinn memwwu‘w
T l mimmmmmmmﬂi aafiilannany
ﬂimmmwmmm@LmeiﬂﬂgﬂﬂH B. megaterium
Tunspauaulsemuluuisedinniug nae fidaan
@ R, solani i Tnemaaauluanniiealjusing
LazHinT i B, megaterium m‘l,mw'amwm
lsanuluufisesinnluan ndaunnaes a1k

(Kanjanamaneesathian et

Wiwattanapatapee et al.,

v . . a gy
fayanarnnsotinluuzininemsnaisegnanlaly
o o 1 o o v a !
Fmdndesvsiuazdamdnlndinesialy
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o as
aUnsaluaglisnsg

NMSANEANHULAINITURIITA NTATIAUATNNT

uweniFasvalsanuluuis
frnnsdnsmalsaniuluudidinaflifaiuiig

ug n26 anudainaaestlgnitavesanitiwmun

a 3

NAUKTNY ANLIAATIALNY 8NaLiiag @\T‘WJWZW‘WLL

N

L=

o

WAN8E191999199ug n16 flugasenisaeslsniy
nul thiindnwuzenmsuazasmamideanig fow
% tissue transplanting method WaZ¥NMNsLEN@AATN
Wi ulufiuansennisredlsn Tnesinduiiansinu
msesifu%y@ﬁafm,ﬁqﬁqa 3% sodium hypochlorite 214
Uummﬂ@mm‘ﬂ potato dextrose agar (PDA) zﬁmm
@ﬂwmwmfam”fawmmi@u I Winauiledeis aani
mmﬂmnmawummﬁmmﬁ hyphal tip isolation 1114
aVN3RENITe PDA Wiude 15Tl stock culture We

Tuﬂﬁiwmm‘*ﬂ’umuﬁi@iﬂ

NSNARALANMNEINITO LUNSINALSA
Vinnsigni@as R, solani mmmu (agar
disc) asuunuluresdingiug nue fiazezumnna 34
FALLAINIANNATNNURY Park et al. (2008) duTn
o ., a o v o P
pauANA WA uUA 1T Wiuenms PDA i e
awip dunsanisaeslsayniundainnisigniae

msnagaulszAnimwraadauy AL filne
Bacillus megaterium °lun'1'a‘€|'u€i¥an'1'sm?m~mmﬁyfa
anualsAnuluwns luanwiasljiinns
Yo R. A 4 laloen un
nageuNTUSanIsIaT e et udeuuaii e

solani

UfjiIn (antagonistic bacteria) B. megaterium &1t
WG No.16 ‘1’71'151%mmmmawzﬁ@’m@Juﬂ‘%ﬁﬂmuqu
Angialasddundduraanfininls 1109w
AMLNIINNITANLUVNTN /AL NTNYINTTITHTA
NWANLIRLAIIATUATUNS B UNAWIA TR mmm
aera Taednun  streak plate UL WNSIAENITD
nutrient agar (NA) LWﬂm”Lﬂwmmwmummm‘Lu
ﬂﬁi‘Lﬂuﬂﬁﬂﬂﬁﬂﬂx‘iL%”’BLLUﬂﬁG‘?_I B. megaterium 1
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ﬂwffug\inwm’?m&mmﬁ”@m R. solani awnlsANIL
luutieding K283 dual culture uaz pour plate 274
LNWNITNARBNLLUL completely randomized design
(CRD) i1 2 Nsssids usinensssidng 3 in Tmmamma
LL‘LIV’WIL??;I B. megaterium \Junan 2 Ju mﬂumww
qum@m@mmm (culture disc) ‘].I‘LA@’]W]?L@FNL%@ PDA
UNRANTBLATUBIMNILIZNIUL 2 LIURLNAT UN9aN
qnAudnansasde 5 auRns Undelsa
fouunavies a4 U 4 wduganiuANiinig
nasedueafuualFinndusindeunununai Ge
Ufilned Tfinualagdnanniadsesalatizedda
awnlanluganeaeuuazgapauay tndiasyad 1
ﬁﬁmmmLﬂ@i't,%uﬁmaﬁug”qmim’%m (percent
inhibition of radial growth, PIRG) mQQL%yfammrﬁlmn
gn9 PIRG = (R1-R2)/R1 x 100 Ine R1 e §ARNg
\Bnyresdenawnluganiuay waz R2 Ae SARNNg
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WAen

N99MART 4 WudT@e B, megaterium uas
Ugniden R. solani

Lﬁ'@ﬁwﬁmmﬂ 50 44 sinnswEa T ae

B. megater/um ﬂauﬂ@ﬂm@mmmmﬂumm 3 du
mﬂuuﬂ@mﬂmmmmmmmmﬂmmmﬁmmm Park
et al. (2008) ne/ld cork borer mmuqummi PDA
HuoenanawaEusinuAutng 0.5 [EUFNAS o
@891 R, solani ryifinauemnsiaedeiiung 7
Ju Lﬁ@ﬁﬂ"l,ﬂﬂ@ﬂﬁny@uumulu%m mﬁ“ﬁmﬂﬂ@mﬁy@m
mmmmwumnmmma B. megater/um an2 mq
m\mummy 39U LL@kuuqﬂmuiuﬂs?uaﬁﬂQUﬂu
Mmﬂqﬂmmﬂumm 7 Tu dunmpansnizain1sadisa
LL@:ﬂuﬁﬂ%faH@ﬁqﬁmmiL@?mLﬁu‘ﬁm wazhulan Ing
f;”ﬂmmmmmﬁwﬁqq Hudauuulesiane IAANNES
mfmLLm@mﬂWﬂmmmmmmﬂ qmmmmmﬂ\mwﬂm
uiazve uasTLSuIwieTRalen anntiuingn
AuoafiiuiANuLsaeelsn (% relative
lesion height, %RLH) ANNATURY Anh et al. (1986)
uazilefiFusunioRinlsn (% of infected rice tillers)
fqnsnsAnuans feil

v . ANNEI YDA/
wWedldusinanugu

v v
ANNITDIALLN (1)

a8415A (%RLH)
x 100

RUIUUBNLARS

wlafidudmianiialsa ansedisa/ AN .(2)

PUBVIINNA X 100

ﬁﬂ%@ﬁi@ﬁiﬁm%Lﬂm:ﬁmmuﬂiﬂmu
(analysis of variance) WATLFELWLLANNLANAN
mmﬁhmﬁﬂimﬂ% Least significant difference (LSD) ﬁ
cFUANNE I 95 1o FiF (Gomez and Gomez,
1984)
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Figure 1 Natural infection of sheath blight disease in RD6 rice variety (A), cultural morphology of the

pathogen, Rhizoctonia solani on PDA (B) and cultural characteristics of R. solani (C). Darks

arrows indicate septa and constricted hyphae (10X)
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B.  megatenium @190 LSINTIATIR4TAN R,
solani a4 lalmanldunnsneiu nelnlesidudnng

fugainny 41.65, 26.78, 26.08 U 42.35 wedidus

ATNANA L sn\'imemq@m\mummmmmmm
(P<0.05) Lmuﬁﬂumﬂmmmmmu ‘Emmm@m R.
solani lal@ian RLPN-4 mﬂmmummmum@.qmm
(T 2A) TmﬂﬁmL@?iﬂmuﬁm%ﬂﬁmm‘tmiaﬁnn%h
LANUANFAINANTAAILANDENNHTEAATYN9AT A
(P<0.05) (mmqﬁ' 1) Aaudlia s umnistudailias
AndnsAdeay X wlmLLUﬂmL?ﬂmﬂ@ Bacillus  1neidl
Lﬂmlfﬁummiﬂumm@mLW]@H‘LWNSO 90 L‘]Jfailfﬁum
(Akgul and Mirik, 2008; Ajilogba et al., 2013) LLlﬂL:LJ@
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1/]\‘1 4 VL'E]I"‘IJL@V]LLMHMWQ@EHQN‘L&EI@’W’WUWVMQND[51

(P<0.05) WauBauiiaunugaaLAN Imﬂﬁmaﬁ%uﬁ

ma‘aumm’lumq 96-100 wlafifud (M9nefi 1 uaz
AT 2B) duFUiE e R. solani Telmian RLPN-1
LAz RSLPN-3 3a ] wsnyaslianunsndnaunnlalall
1% Fesenpdeatumenniddaas Pengnoo et 4.
(2000) U@ Chumthong ef al. (2008) [@auuAfife
ufilne B. megaterium ﬁﬂnﬁw’%mwﬁu&mﬂﬁm

e dulenTas R. solani IHNINN4N 85-99 wlasidus

AR LNENUAS a8 Kildea et al. (2008) 11NN3
naaaulszAninintendauuai zadjiing B,
megaterium @8Wug MKB135  ffuglannsiase e

L%”mﬁ Mycosphaerella gram/n/'co/a FneiaT dual
culture Wag culture filtrate WL memmmmﬂgﬁﬂw
"Lummmmmma‘mmua"[@mmummsmmmmm@m
mmmim‘ﬂmmq wAilenaaaLlngds dual liquid
culture Wu9N meal,l,mmiﬂﬂgﬂﬂw B. megaterium
anenug MKB135 mmmmmma‘a‘vmwmqwﬁﬂum
mmmﬂmm@m M. graminicola lEuansnaaeinell
WadnAtyn1eadia Tnefilesdusnsdiudawingy 43
wefidud uanaliidiudn annmadeudsz@nsnin
sedauuAfiFeiinanenistssiiuanugiunsnly
mﬂﬂuﬁyfaﬂﬁﬁﬂﬁ

lesmlarediledan R, solani lelmian
RLPN-4 figndusedaanielindesqansse] wudn 1
negaulneds dual culture wa pour plate L“‘ﬁbﬂ
wueiiEeUfng B, megaterium uansnisiiluisdn
rﬁ“mfny@mmLM&;‘EM@Q?@U‘}J@WL&@LH M Wdulaves
demildnunirAalng uinadgndensaiauazan
Ty LﬁmﬁﬂuﬁmmmumL&?uslﬂﬁa”ﬂwmxﬂﬂﬁ (Wi
2C, D) uaxidies R. solani a0 3 lelnian udnsea
mummnu Lummﬂmmmﬂmm‘m@ﬂ@ Bacillus

mummmmmmmﬂgﬂﬂw B. megaterium #1190

Table 1 Growth inhibition of four isolates of Rhizoctoniz solaniin dual culture and pour plate assays with

antagonistic bacteria Bacillus megaterium on PDA at 4 days after inoculation (DAI)

R solani Dual culture” Pour plate”
. solani
solat Radial growth of % inhibition Radial growth of % inhibition
isolate
R. solani (cm) R. solani(cm)
Control 4.78a” 0.00c 4.50a 0.00c
RSLPN-1 2.78¢c 41.65a 0.00c 100.00a
RSLPN-2 3.50b 26.78b 0.15b 96.73b
RSLPN-3 3.53b 26.08b 0.00c 100.00a
RSLPN-4 2.75¢ 42.35a 0.13b 97.03b
LSD, 4 0.15 3.19 0.02 0.15
CV (%) 2.40 6.42 1.24 0.10

1/Average from 3 replicates for each isolate

“Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test
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Figure 2 In vitro antifungal of antagonistic bacteria Bacillus megaterium strain No.16 against Rhizoctoniz
solani isolate RSLPN-4 on PDA at 4 days after inoculation (DAI) in dual culture (A) and pour

plate (B) tests. Optical micrographs of the inhibition of fungal growth by No.16 in dual culture at

4 DAIl. The control culture with only R. solani isolate RSLPN-4 (C), and R. solani isolate

RSLPN-4 mycelium from the edge of the inhibition zone. Dark arrows indicate hyphal

deformation (10x)

Table 2 Efficacy of antagonistic bacteria Bacillus megaterium in suppressing the development of sheath

blight disease in pot test

Treatment Height' Tillers/pot  Tiller with sheath blight ~ Severity
(cm) symptoms (%) (%RLH)
Control 53.37b” 3.94 0.00c 0.00c
R. solani 51.58b 3.68 84.00a 60.60a
B. megaterium 56.80a 3.68 0.00c 0.00c
B. megaterium+R. solani 58.52a 3.60 48.00b 47.00b
LSD, 4 2.86 0.33 9.48 5.84
CV(%) 3.87 6.67 21.43 16.18

1/Average from 5 replicates for each isolate.

“Means within the same column followed by the same letter are not significantly different at the 0.05 level by LSD test.

rameulaanesia arsfdaussing o Aflualunig
ﬁuﬂz\mﬂm’%ﬁymmauﬁﬁﬁm °| (E-Banna,  2005;
Chakraborty ef al, 2006) BNV aENONARGNT
heat-stable antibiotics squT”\m']m?n&mmﬁy@m R.
solani (Larkin et al., 1998; Pengnoo et al., 2000)
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Effects of Marigold Extracts for Controlling Root-knot

Nematodes of Tomato
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Abstract: Effects of the extracts from three marigold varieties, i.e. King Yellow, Galore, and French for controlling
root-knot nematode (Meloidogyne spp.) of tomato (Lycopersicon esculentum) grown in the greenhouse were
investigated. Extracts from whole plant, stem and leaf, and root of those varieties were used in the experiment.
The extracts were dispensed twice to 30 days old tomato stem base in pots every 2 weeks. Records were done
in 1 and 2 months after treatments. The results showed that after 1 month, all extracts not reduced the gall
number. However after 2 months trials, Kings Yellow extracts showed the best results, especially the extract
from the root, gall number percentage increased to 5.31 while the inoculated control reached to 300.30%.
Moreover, the effects of the extracts on the growth of tomato were also investigated. The result showed that all
extracts were promoted the height and fresh weight of treated tomato plants. When comparing among the
extracts from each part of each varieties, plant fresh weight but not height promotion effects were considered to

be difference.

Keywords: Root-knot nematode, marigold, plant extract, biological control
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Table 1 Effects of the extracts from marigold varieties; King Yellow, Galore and French on the root-knot

number after application of the extracts for 1 and 2 months

Root-knot no./plant (knot)’

Increasing percentage of root-knot

1 month 2 months no./plant (%)

T 135.67%°% 331.67% 144.47
T2 239.00%° 550.00° 130.13
T3 269.67° 284.00° 5.31
T4 107.00% 557.00° 420.56
T5 232.00%° 823.00° 254.74
T6 178.00% 487.00° 173.60
T7 240.67%° 781.00° 224.51
T8 260.00° 957.00° 268.08
T9 133.67°° 518.00™° 287.52
T10 223.67%° 895.33° 300.30
T 0.00° 0.00° 0.00
cv 44 .54 22.70 -

! Average from 3 replications for each treatment

*Value with different letters within a column were significantly (p<0.05) different according to the Least-significant difference (LSD)

T1 = Controlling by King Yellow marigold extract from all parts and nematodes inoculated

T2 = Controlling by King Yellow marigold extract from stem and leaf and nematodes inoculated
T3 = Controlling by King Yellow marigold extract from root and nematodes inoculated

T4 = Controlling by Galore marigold extract from all parts and nematodes inoculated

T5 = Controlling by Galore marigold extract from stem and leaf and nematodes inoculated

T6 = Controlling by Galore marigold extract from root and nematodes inoculated

T7 = Controlling by French marigold extract from all parts and nematodes inoculated

T8 = Controlling by French marigold extract from stem and leaf and nematodes inoculated

T9 = Controlling by French marigold extract from root and nematodes inoculated

T10 = inoculated control

T11 = non-inoculated control
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Table 2 Effects of the extracts from marigold varieties; King Yellow, Galore and French on the height,

root length and fresh weight of tomato plants after application of the extracts for 1 and 2

months
Height (cm)1 Root length (cm) Fresh weight (g)

1 month 2 months 1 month 2 months 1 month 2 months
T 67.33% 62.00° 22.70°° 19.33° 33.63° 16.43%
T2 62.67° 56.337°% 20.80° 19.33° 33.33° 13.01°
T3 56.67° 60.67%° 26.80%° 20.67° 27.82° 17.00
T4 59.33%° 62.00° 21.00% 18.00° 17.91° 32.10%°
T5 60.67°° 52.00" 20.00° 18.00° 21.85° 33.00%°
T6 57.00% 61.00% 25.00™° 17.00° 18.84° 28.00%°
T7 63.33° 52.00" 22.67°° 19.33° 33.70° 34.20°
T8 65.33° 58.67° 24.67%° 21.00° 26.95 27.89°
T9 59.67% 51.00° 27.67° 22 .50° 17.91° 20.80°
T10 43.00° 64.00° 20.80° 24.33° 18.80° 19.91°
T11 50.00" 49.00° 20.66° 20.67° 21.50° 13.16¢
cV 13.22 9.07 14.92 25.29 37.29 31.34

! Average from 3 replications for each treatment

? Value with different letters within a column were significantly (p<0.05) different according to the Least-significant difference (LSD)

T1 = Controlling by King Yellow marigold extract from all parts and nematodes inoculated

T2 = Controlling by King Yellow marigold extract from stem and leaf and nematodes inoculated

T3 = Controlling by King Yellow marigold extract from root and nematodes inoculated

T4 = Controlling by Galore marigold extract from all parts and nematodes inoculated

T5 = Controlling by Galore marigold extract from stem and leaf and nematodes inoculated

T6 = Controlling by Galore marigold extract from root and nematodes inoculated

T7 = Controlling by French marigold extract from all parts and nematodes inoculated

T8 = Controlling by French marigold extract from stem and leaf and nematodes inoculated

T9 = Controlling by French marigold extract from root and nematodes inoculated

T10 = inoculated control

T11 = non-inoculated control
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Application of Yellow Sticky Traps and GAP Recommended
Insecticide for Insect Pest Control in Green Soybean

Production in Chiang Mai Province

Vinly viagassas’” anseA waanal” seNA inuasgUNs”
nuaIL 882" uAaz kIITUNT WIAAUA"
Tupthai Norsuwanm, Jaturong Poungmanee", Rapeepong Kasensoontrony,

Kularb Utasuk” and Waewjan Pongjanta"
(Received: 29 January 2015; Accepted: 6 July 2015)

Abstract: Green soybeans (Glycine max L. Merrill) were planted in dry and rainy season at Irrigated Agricultural
Research Station, Multiple Cropping Center, Faculty of Agriculture, Chiang Mai University in order to compare
between application of yellow sticky trap and GAP (good agriculture practice) -recommended insecticide for
controlling infestation of insect pests in green soybean. Infestation of seven species of insect pests was found.
Infestations of bean fly (Melanagromyza sp.) and pod borer (Etiella zinckenella) under application of yellow
sticky trap reduced to 68.5 and 51.6% of untreated treatment, respectively. However, aphid infestation (Aphis
glycines) under application of yellow sticky trap increased over untreated treatment 28.0% at 40 days after
planting. In contrast, infestation of aphid and pod borer under application of GAP-recommended insecticide
reduced to 7.3 and 1.1% of untreated treatment, respectively. In addition, two and three-seed pod weight under

application of yellow sticky trap could be damaged up to 41.1% of GAP-recommended insecticide treatment.

Keywords: Yellow sticky trap, GAP, Insect pests, green soybean production
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Table 1 Pest and natural enemy insects from all plots of green soybean

Common name

Scientific name

Bean fly

Tobacco whitefly
Leafroller

Soybean aphid
Soybean podborer
Soybean pod bug
Green stink bug

The mealybug destroyer

Bemisia tabaci*

Melanagromyza sp.*

Omiodes diemenalis*
Aphis glycines *
Etiella zinckenella™
Riptortus linearis *
Nezara viridula *

oA
Cryptoleamus montrouzieri

* Insect pests attached on yellow sticky trap

1/
Natural enemy
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Table 2 Insect pests and percentage of infested green soybean in dry season (January 22 to April 5,

2010)
Percentage of infested green soybean”
Days after GAP- F-
. Insect pests Untreated- Yellow CV% o

planting recommended test

control ) o sticky trap

insecticides

18 Melanagromyza sp. 48.6 a 31.0ab 16.6 b 24.6 *
24 Melanagromyza sp. 56.2 a 34.3 ab 178 b 15.0 *
Omiodes diemenalis 156 a 0.0b 16.6 a 30.2 *
32 Aphis glycines 11.0 29.0 23.3 40.5 ns
Omiodes diemenalis 12.0 7.6 22.3 75.9 ns
40 Aphis glycines 69.0 b 0.0c 89.0a 10.6 *
Omiodes diemenalis 9.0b 17.6 a 3.3b 36.0 *
48 Aphis glycines 100.0 a 7.3b 100.0 a 1.6 *
Omiodes diemenalis 10.0b 243 a 6.6b 38.0 *

v Thirty green soybean plants were randomly selected, means in a row followed by the same letter were not significantly different
(P>0.05)
S significantly different (P<0.05), ns = not significantly different (P>0.05), ** = significantly different (P<0.01)

Table 3 Insect pests and percentage of infested green soybean in rainy season (May 25 to August 5,

2010)
Percentage of infested green soybean”
Days after GAP- F-
. Insect pests Untreated- Yellow CV% o

planting recommended test

control . o sticky trap

insecticides

18 Melanagromyza sp. 51.0a 31.3ab 186 b 23.5 *
24 Melanagromyza sp. 59.6 a 36.6 ab 18.6 b 23.2 *
Omiodes diemenalis 16.0 a 1.0b 176 a 26.2 *
32 Aphis glycines 14.0 30.6 27.3 40.5 ns
Omiodes diemenalis 13.7 11.3 23.7 40.2 ns
40 Aphis glycines 69.3 b 7.6c¢C 88.0a 10.5 *
Omiodes diemenalis 93b 20.3a 7.3b 31.1 *
48 Aphis glycines 100.0 a 7.3b 100.0 a 20.9 *
Omiodes diemenalis 27.3Db 44.0 a 24.7Db 321 *

v Thirty green soybean plants were randomly selected, means in a row followed by the same letter were not significantly
different (P>0.05)
= significantly different (P<0.05), ns = not significantly different (P>0.05), ** = significantly different (P<0.01)
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Table 4 Green soybean yield and percentage of infested pod in dry season (January 22 to April 5,

2010)
Yield of 12 green soybean plants K Percentage of infested pods v
Treatment 2/
Pod number Pod weight (kg) Etiella zinckenella Other insects
Untreated control 418.7 0.58 b 4.4 a 5.3
GAP-recommended
371.7 124 a 0c 5.6

Insecticides
Yellow sticky trap 403.7 0.63 b 23b 2.3

CV% 17.1 214 15.0 38.6

3 * *%
F-test ns ns

" Two and three-seed pods were gathered, means in a column followed by the same letter were not significantly different

(P>0.05)

Z Aphis glycines, Riptortus linearis and Nezara viridula

= significantly different (P<0.05), ns = not significantly different (P>0.05), ** = significantly different (P<0.01)

Table 5 Green soybean yield and percentage of infested pod in rainy season (May 25 to August 5,

2010)
Yield of 12 green soybean plants K Percentage of infested pods K
Treatment - . ] . o
Pod number Pod weight (kg) Etiella zinckenella Other insects
Untreated control 420.7 0.63 b 49a 6.4
GAP-recommended
391.8 1.12a 0.1c 5.4

insecticides
Yellow sticky trap 405.2 0.75b 25b 5.6

CV% 211 21.5 18.2 30.2

3 * **
F-test ns ns

" Two and three-seed pods were gathered, means in a column followed by the same letter were not significantly different

(P>0.05)

Z Aphis glycines, Riptortus linearis and Nezara viridula

= significantly different (P<0.05), ns = not significantly different (P>0.05), ** = significantly different (P<0.01)

fdaunasdngRauunaNngulun AR A
fnanduvidfludsewaliniu famnsnanniadin
nnatgaasnuananzidnlifes 56.9 209n39133
PALAN (Srinivasan et al, 2009) luausiinielians
AILANNNIAARINATLUEEN TUITIL GAP @11N3nan
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aslay A o o o o o A
68.5 289n35:3 a7 WENsTleaiundnuuasdngine
=2 0w | e Ay Ny o o o
aelfinaminiunssudsnldannaiilasiunidpnuuag
AngiasnuA iz luwszuy GAP uanatniinisldiu
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UNNURY Recombinant Saccharomyces cerevisiae NNYU

Fatty Acid Desaturase 2 (FAD2)

Omega-3 Fatty Acids Production and Ruminal Degradability
of Recombinant Saccharomyces cerevisiae Harboring Fatty

Acid Desaturase 2 Gene (FAD?2)

Tan5net vung19” Andias iuwaie” uaz i@19ansal udnuduera”

Soparak Khemarach”, Supamit Mekchay” and Saowaluck Yammeun-ar”

(Received: 30 December 2014; Accepted: 18 May 2015)

Abstract: The objective of this study were produce recombinant Saccharomyce cerevisiae harboring fatty acid
desaturase 2 gene (FAD?) isolated from Saccharomyce kluyveri, then evaluated omega-3 of recombinant S.
cerevisiae and ruminal degradability of roughage supplemented with recombinant S. cerevisiae. Total DNA
extracted from S. kluyveri was used for PCR ampilification using FAD2 gene primer. PCR products was cloned
using plasmid vector pTA2 and transformed with S. cerevisiae. The fatty acids were analyses by gas
chromatography. The ruminal degradability by in vitro gas production technique was designed as 3x3 factorial
in completely randomized design (CRD) arrangement of 9 treatments. The factors were type of roughage
(guinea grass silage: GN), rice straw: RS and napier grass silage: NP), and yeast supplementation (control: C,
S. cerevisiae :SC and recombinant S. cerevisiae harboring FAD2 gene from S. kluyveri: SCSK). The rumen fluid
was collected from four fistulated Thai native cattles. Gas production were determined at 2, 4, 6, 8, 10, 12, 24,
48, 72 and 96 h of incubation while the microbial biomass yield (MBY) were determined at 24 h of incubation.
The results found that the Linoleic acid (C18:2, LA), Alpha-linolenic acid (C18:3, ALA) and Eicosapentaenoic
acid (C20:5, EPA) content of recombinant S. cerevisiae higher than S. cerevisiae (P<0.05). Gas production at 2-
12 hours of napier grass silage was significantly highest. Gas production at 24 and 48 hours of roughage
supplemented with SCSK was significantly highest. It can be concluded that recombinant S. cerevisiae
produced LA, ALA and EPA higher than S. cerevisiae. The roughage supplemented with recombinant S.
cerevisiae have highest OMD and SCFA.

Keywords: Omega-3 fatty acid, S. cerevisiae, S. kluyveri, fatty acid desaturase 2 (FAD2), ruminal degradability
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UNAnga: f’fmqﬂizmﬂ’iumiﬁﬂmm%\ifj {ewan recombinant Saccharomyce cerevisiae ﬁﬁ%”umummﬁuﬁgﬂ
ARLENNNAN Saccharomyce kluyveri wazlsziiutFanninsalesiulawin-3 aan recombinant S. cerevisiae
s lsvfiuAnnnsdesaane lunssmnsmsinaeae e UR 1§31nn163a recombinant S. cerevisiae DNA 7
arfim AN S. kluyveri tilvinUfjisen PCR amplification tneld fatty acid desaturase 2 primer (FAD2) WANAR
PCR 1l Traulag pTA2 nanafiaunnimes udanindinlie S. cerevisiae wdsaniidnssinsslasilaeld Gas
chromatography  wazmANstiaeaaialunszinzmsinlaeds in vitro gas production technique HN193ANAX
NARDIRIEARD 3x3 factorial TuunwnamasesLLguinanaan (CRD) sznaufon 2 ilade fladedi 1 Ao TAv0d
a1vvey dsznaudog nijruadeswin wmafuiindn uaz Wieling Taded 2 Ae nsidsuEas Usznaubag
ﬂ@;&lmurﬁ;u (0), ﬂ@'m:flll,m?u S. cerevisiae (SC) Lmvn@mmmu recombinant S. cerevis/ae ﬁﬁau FAD2 ann
S. kluyveri (SCSK) tlaznaufiag 9 nguNAaes ‘vm1amuuwwnm%wvnmumn‘lﬁmwumm@wmu 4 A7 NNN9IA
BnuuRaf 2, 4, 6, 8, 10, 12, 24, 48, 72 uaz 96 Falus uwazdmEunniq@auyiael (microbial biomass yield, MBY)
vdaannnsvsingasi 24 dalie annsiamzingalasiy wudn neelasii Linoleic acid (C18:2, LA), Alpha-
linolenic acid (C18:3, ALA) lay Eicosapentaenoic acid (C20:5, EPA) 184 recombinant S. cerevisiae A IEEalal!
aNMin S, cerevisiae atailiiadndty s BinnuRaqvannaulualied 2-12 semdwudlefuinengs
‘ﬁlzgm Ll?mmuﬁ”mm%ﬁ' 24 1090NIVENLT I uEAE recombinant S, cerevisiae %ﬁﬁmmuﬁ”mgw%qqﬁqm
a311§i91 recombinant S. cerevisiae A1NNIONAG LA, ALA UaY EPA lHiunnndn S. cerevisiae @VNIVENLT L
Rl recombinant S. cerevisiae axH1F1N0w OMD uay SCFA zgjqﬁlqm

AdAt: nanladilewiin-3 S cerevisiae S. Kluyveri fatty acid desaturase 2 (FAD2) nnseiaaiaane’lis
nIENIEMN

AN Yadnmalufuniamnziass Lﬁmmnmuamquﬁ'
wanzansenisatAslalionn anieqdurid

nselusiuliansalowin-g (Omega - 3; W - Fananaflgnaninmulnna luilaqiiuaslainng

3 PUFAs) iU eicosapentaenoic acid (EPA, C20:5) NAABIAALEINEIL fatty acid desaturase 2 (FAD?2)
WaY docosahexaenoic acid (22:6 W-3; DHA) B %QmmmmﬁmLauisﬁﬂﬁLﬁﬂﬁ@\‘iﬁ’ur}’]maﬁmimhﬁu
pnddydananainisaasisaiala leaveudin - lawkn3  1Kun desaturase wnldluqAuviidaud
Ao uaslndiudensulfimnas vadmuandn  aunsoBAuIRlEANGn U S, cerevisiae 343
nelasiulamin-s fdaufandiestunmiaunanes @mmuﬂ”ﬁLﬂuaauﬁﬁﬁﬂixaw%mwmexmmﬂ'@

Tsanzi3 lsnanlédniau lsafiadniauguinas lsn n31E9N1 (Chemler et al., 2006: Watanabe et al.,
griindn wazlsafnandeadussuuilszann 2004) UBNAN S. cerevisiae #1130 1 U T1&TH
(Simopoulos, 2010) wywtuazdndliawnsaniaz  lueruiszeslaunls ilesandadazainisn

fupmzinsnlusfilewdin-sly sefddlanudniy WigAnTafinduauradlunssinizuazszuy
flazkeclffuainennns unaeees EPA Ly DHA  mnaiiuensvesdaduayldiemenanansiulawmsn
Fadaulnnjaznnainunasiiiugssueii gy dan waziiiele (fiber) Tedndanansngoauas s lamily
NALATAMEINENZA uenanideRaauEdineiia mummmammwmeummﬂmmmmv"lm

7I8N8NT0NAR EPA LAY DHA 151 Saccharomyces  @nsenvnstisiufinduding Sasriintazlszneudag
Kluyveri (Kajiwara et al., 2001)  usiqauvizdAINa9s wulsdauaunnuedaugndusanunlualéuas
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nseannsalusiulainni-3 waznmstasdanglunssinizulinaas Recombinant

Saccharomyces cerevisiae ﬁﬁgu Fatty Acid Desaturase 2 (FAD2)

goengdniaulainiagudq lun1amuainisasdos i

a
(7

nsnanseios B AT ( Denev et al., 2007) Favius
qmqﬂ@:mmmmmﬂmmm Aalfadauaniuy
FAD2
S. cerevisiae wartsuiinasmlsynauresnsaladule

NS, kluyveri  waaninlusasaldiy
% . . Ao

LHNN-3 A8 recombinant S.  cerevisiae NU&Y FAD2

LLNWU?WLNuﬂ’m’)iﬂ@ﬂ@@ﬁﬁllum‘wm’]yﬁmﬂ‘llﬂ\‘i‘ﬂ’]‘vi’]ﬁ‘

umum”lmumil,mu recombinant S. cerevisiae 'Vm

giu FAD2 1neiR3 in vitro gas production technique
o aa
AUnsluazIaNg

1. MIWZIAETaqauvEE

o & a o L .

UTREAR S. cerevisiae WAL S. kluyveri 1N
gontfuaseAnenAngnsuazmaTulat wislszmealne
AR TUINLAEIUUDINITLA LT AAINITUDS
mmuuwmwmmmmu@ m@‘lﬁu‘lﬁmml,mﬂi”mﬂim
Tnedasay mqu”mmuummimmmﬂ Yeast
extract/Peptone/Dextrose (YPD) pH 7.2 Vl@qm‘wqu 25

aANTAIEA ('C) Frazinan lunnTLN 48-72 daTig

2. MeanAmAuaLazNIsINUET AU
Taginlji5en polymerase chain reaction (PCR)
YN@eTaf S Kluyven AlFaNnMsNAes
wafnmduelaeldgaain  DNA  &13agdl
NucleoSpin “ tissue (Macherey-nagel gmbh & co.
Kg, Germany) mﬂuummmmqmmmmwu@wqm
131089 DNA AF99ANNENIARLIUAS 260 nm 1Az
280 nm  TeaAdnudindiuresasazatamiduie
A198vA"8 DNA (100 ng/ul) 1e3q@auvisd gnlfidlu
DNA  Auuuy (template) lulfjisen PCR e
130100 DNA 219484 FAD2 (forward primer 5-
GAGGAATTCACAGGCAGCATGGGGAAGGGA-3,
reverse primer 5-GACTGCGGCCGCTCTGCTGCTT
CATTTGTGGAG-3) lmsildsunsuatuangmmuntiaes
Ufjisa1 PCR AR 95 C3 w1i/95 C30 Auil/
54-58 C 30 AWM AU 35 381/ 72 C3 W/ 72 C

5 U LEIRIATIRAAUNANAR PCR T
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polyacrylamide gel electrophoresis NAnudingiv 6%
uazdasn g lFuas ultraviolet

3. nMalAauEy

uouASuesesiuusiazBugninunidensie
Audiniumamas pTA 2 vector (TOYOBO CO., LTD.,
Japan) w&sa i lE recombinant vector uiatinlill4
1w S. cerevisiae (transformation) $n8ids heat shock
MAINTAUFN YPD broth S 19w 950 ul uaztinly
weifiAnaEa 200 rom AU 25 °C WU 1 dala
PNEUNANLUAT 3B WA 200 i 11l spread aguu
A WNTAENIER YPD Agar finas ampicillin, X-Gal uay
IPTG a11914 20 pl (A2sdindin 10 mg/mi) AT
tnlhinlugunignugd 25 °C i dentalaili
@211 adlu 1X PCR buffer AU 40 pl waz YPD
broth A uU 500 ul GIN'V]N amp|C|I|n 10 mg/ml !
m”l,ﬂmmwammm 25 °C W 3 Falue ummﬂuum
PIaaLlPALTITTUEIL8 58 FAD2 mqﬂm@um
fiu vector Aaetlfjizen PCR LU polyacrylamide gel
electrophoresis  AfiAAnudindin 6% nelEuas
ultraviolet
4. msamszidsununsalusiu (fatty  acids
analysis)

nsaAszdlTNNN e lesu Useneufag 3
Funen lEun nnaadalailaeia saponify Aael 0.5 M
KOH lwansnuea Inainaadnznaulisiadganqun
0.05g: vndu 1 Haaans (ml) NLAN 0.5 M KOH 1
\@51484 80% 4 mi Unqnliiuiuy whafsdneninien
100 °C (I8 30 wiFt Wensuiwuanain iy
A9 AN 1 HCI 5.0 ml lag isooctane 5.0 ml ginaging
usatlazanms 200-300 A%s annviufudalatunls
(8293123504, 2530) N5LATEM fatty acid methyl ester
(FAME) szimeignnslanls aulErinin 0.5 N3 Tuaan
AUNAN 1WA 250 ml lFNa9azae 0.5 M NaOH Tu
methanol 5 ml Wk reflux igouvnd 110-120 °C
5 uni aulignsazaneflwiiodendy il
mﬂﬂq’lwﬁa\l 20% boron-trifluoride 11 methanol &2
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reflux e 5 W17 ATl 1L mansazaneiilEadl
NARANAREITWIA 50 ml AN hexane adlil 5 ml uaz
inAeausadll 10 mi e WidinAuuasiels Wendy
(Morrison and Smith, 1964) Lﬁ‘i_lmmmm%uuum
1l am“ﬁ%ﬂ'ﬁi‘m Gas Chromatography (GC) (SCION
436-GC, Bruker, Germany)

5. NMIWIAINNTERARANL L UNTELINIZUNNTIALA S
in vitro gas production technique
AANANNAABIFIEAT 3x3 factorial TuLHLNNS
wm@ﬂdLLuudumugiﬂi (completely  randomized
design, CRD) Usznaufing 2 tady fladeit 1 Ae Tl

2109819199810 Usznaufae nguitlafndn

uenuiivein uaz Wneding tladad 2 Ae nadsudas

dsznaudig nquaruAy Aeliidiudas (), ngui
@3N S, cerevisiae (SC) WATNANLATH recombinant
S. cerevisiae RilEW FAD2 AN S, Kluyveri (SCSK)
dsznaufiog 9 nguvAae
fureamarannnssmzsinaeslafiuiied
Esunsrinsaldviaiiuaatnsfinszinnznin (umen
fistula) 411494 4 A7 dhwinieds 218 +28 nilansu
Flsuevstutuas 1 Alanu uazawnsventiily
WaendedinatnaldAuuuudud laananisify
aamatanNnIsinnzinnau e s LA NI NAN
fuansazans liquor buffer mmu 30 NadanIse 1
N8 IR AIUNANDS 1] mﬂ@u 14 ml, Buffer solution
10 ml,

solution (0.1% (w/v)) 0.025 ml, Micro mineral solution

Macro mineral solution 5 ml, Resazurin
0.0025 ml, Reduction solution 1 ml L&z Rumen fluid
10 ml. aslunaesiiilidasatnauid uaciating
Feran994RF AUARUAZUNTS 1 DAAINAT Uszanny
200 fiaansu i ldafigamafi 39 °C duuia
a1 2,4, 6,8,10,12, 24, 48,72 WAz 96 %LQINQLL%\JJQE\?
WnAIALRA4YE, AWAIuwmEUalaY (ME),
nstiasaaneIesauiednT (OMD) Uinnnnsmlasiu
Haziwelly (SCFA) muAg284 Blimmel and @rskov

(1993) angm3
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(V-V,-GP,) x 200 x (Fh + Fc) / 2

GP, (ml/200 mg DM) =
W

Metabolizable energy: = 2.20 + 0.136Gv + 0.057CP +
(ME, MJ/Kg DM) 0.0029CF
Organic matter = 14.88 + 0.88Gv + 0.45CP +
digestibility: (OMD %) 0.651XA
Short chain fatty acid = 0.0239Gv - 0.0601

(SCFA, mol)

mmfuﬁﬁmﬁmm”ﬁﬂ?mmwauﬁﬁﬁ' \Aim
AINNN9IUEN (microbial biomass y|e|d MBY) lagivin
ﬂW?UNﬁ]QﬂﬂWQW‘H'ﬂ’]ﬁ’]?@W]W 24 °11']<|:3~I\‘1 LLZ\\'D‘H’]
fantiafimasannistaliinesnannsaesnaBud
Jlmmi_l?émmmm?wﬂ@mmﬂﬂmng (apparent
degradable substrate) mnuummuﬂmmmmﬂ
(apparent undegradable substrate) NFNAU neutral
detergent solution daviwaeaziulnmusd lignees
AANLRENILARIY (true undegradeable substrate) Lfi'a
ANl neenandaesnazubuazldAn True
degraded substrate ANUATWAT Microbial biomass
yield m1NT5289 Blummel et al. (1997) Angms
Microbial biomass = True degraded substrate -
yield (mg) Apparent degradable

substrate

MFIATIEMTRYAN AT A
fayansnladuasiinndipsnzinois
171991 (analysis of variance, ANOVA) ANHLHLNNT
Vlﬁ@'a\'iLLﬂ_l‘l_lziumm_qlli‘ﬂi (completely  randomized
design, CRD) uazdiayanistataaielunszinizuain
FamANTAATZi AL I7199% ALELNN TR
WL 3x3 factorial TulHuNsAaeLLLgNANYsal J
ﬂ@jmmmﬁwm 9 NGNNAAEY uazIRELWHIAYN
WANFN9ALERT Duncan’s New Multiple Range test

(Steel and Torrie, 1984)
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Saccharomyces cerevisiae ﬁﬁﬁu Fatty Acid Desaturase 2 (FAD2)

N@ﬂ'\iﬂﬂﬂﬂﬂllﬂzaﬂ'ﬁfﬁ
1 NMSHAR recombinant S. cerevisiae ﬁﬁﬁu FAD2
N S. kluyveri
Fugau DNA zesihu FAD2 il e
dindunnees pTA2  uazgniinlunsuefudiniy
S. cerevisiae #2873 heat shock Mzﬁv\‘lmmfuqnﬁﬂﬂ
Taauuaziindingu S. cerevisiae lidN5a Tneazuans
saniilulalaiidanauueindesda  YPD
panageLlAlaTivaiing 6% polyacyalamide gel

agar

electrophoresis  wavdadnelf ultraviolet FaelLAgas
gel documentation (N7 1) NLTUAVBILOLALELE
184981 FAD2 NQNARUINKNIAIN S. kluyveri 1335 bp

2. nsmlusiusINURA recombinant S. cerevisiae
VilEly FAD2 ARLENAINAUYIEE
nnstszifiunsaladuboairtes Gas
Chromatography 184 S. cerevisiae Wa¥ recombinant
S. cerevisiae WaasluAWR 2 wudndunswaes
recombinant S. cerevisiae ﬂi’m{]@mﬁm"mm‘iwm
nsalasiu C20:5 (EPA) §17i retention time 56.57 min
(mwﬁl 2B) uslu S. cerevisiae lruansqnlusumis
AINAND (mwﬁ' 2A) Tnue iR uanes naslasiy
Elaidic acid (C18:1t, EA) uaznanlusiis ALA fitdsing)
Tudunaaes recombinant S. cerevisiae lusyALIAN

wimumisreansalesiy LA - dsngudunsinaes
ﬁﬁLLM‘Li\iﬁ\‘de@jﬁ retention time 47.37 min.
(Wil 2B)

Bunounsalesiis LA 209 SCSK - Hiffunmu
NINN91 SC etneiilednAnyde (P=0.002) (33.80
Weiuiu 0.52% of total fatty acid) TR
namladis ALA 299 SCSK ARLBuNMUNINNG1 SC aen
fiednAnyle (P<0.001) (2.66 Wieny 0% of total
fatty acid) wanaNTuga Bunnananselaii EPA
999 SCSK F1Bsnnuannndn SC eeinefiifedndnyds
(P=0.012) (4.31 WLy 0% of total fatty acid)
(A13197 1) AN AnEATIT LA Al L i
FAD2 fifouenann . Kluyveri qnﬁﬂﬂﬁ@mﬁ@ﬁu
nnmeslauazindinldlugs S. cerevisiae lRdN1Ta
waz Recombinant S. cerevisiae ANN1TOHAB LA, ALA
uaz EPA 1annndn S, cerevisiae Seaanndesiy
n3AnE Ak uNT s Aananiy FAD2 ann
Kluyveromyces lactis ‘17;@’134’1?& pamewlad A12 fatty
acid desatulase tdnlUEs S, cerevisiae Wuan
asnsawaen c18:1t iy LA 1xTnefidu FAD2
duilufiaansnaanauieulsd A2 faty  acid
desatulase (Kainou et al., 2006) vadanldey  ALA

il EPA  1me Ab-desaturase waz A5-desaturase
(Gregory et al., 2011)

Figure 1 PCR production of recombinant S. cerevisiae harboring FAD2 gene from S. kluyveri (SCSK)
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Figure 2 Gas chromatogram of total fatty acid. (A) Gas chromatogram of fatty acid in S. cerevisiae (SC)
(B) Gas chromatogram of fatty acid in S. cerevisiae harboring FAD2 gene from S. kluyveri
(SCSK)

Table 1 Comparison of fatty acid profiles between S. cerevisiae (SC) and recombinant S. cerevisiae
harboring FAD2 gene from S. kluyveri (SCSK)
% of total fatty acid

Fatty acid SEM P-value
SC SCSK

Myristic acid C14:0 7.57 6.67 1.359 0.781
Palmitic acid C16:0 19.50 18.08 4.394 0.892
Palmitoleic acid (PA) C16:1 31.32 22.97 7.479 0.633
Stearic acid (PA) C18:0 4.87 3.79 1.152 0.817
Elaidic acid (EA) Cc18:1T 0.52 0.74 0.178 0.413
Oleic acid (OA) C18:1C 13 6.70 3.949 0.483
Linoleic acid (LA) C18:2 0.52° 33.80° 7.695 0.002
Gamma Linolenic acid (GLA) C18:3 0 0.29 0.146 0.374
Alpha-linolenic acid (ALA) C18:3 0° 2.66° 0.595 <0.001
Eicosapentaenoic acid (EPA)  C20:5 0° 4.31° 1.054 0.012

*®Means within a row with different superscripts differ (P<0.05)

334



nsuannsalasiulawni-3 waznisdagaanslunssinizusinaas Recombinant

Saccharomyces cerevisiae ﬁﬁﬁu Fatty Acid Desaturase 2 (FAD2)

3. MIwAINNTdaadag lunNTEINIEuNNIlAA S
in vitro Gas production technique

ann1sAnENIseiasdanalunszinzvsin
989819119811 AuFuiladalunisiaduiada
dszneusiog nguAtLAN ngu SC Uazngu SCSK
Wil led 24 waz 48 @MU AR SCSK
%ﬁiﬁ‘mmuﬁ”mw%qﬁzgm (119797 2) tile9ann
S. kluyveri asiltlss@nEnnlunseiosaanerinnaly
nedlflaifleandaunnnnin Scerevisiae a4
Usz@nininlunisnaanasanuldalunszinieusin
(Jean-Luc, 2012)

ludalia 48 miummuﬁaﬁmmuﬁmw%ﬁ
Ifll’m']"m@:M SC uazngu SCSK atailtdndyds
(P<0.001) FemanpdastunenEN N unnielu
wdnUduinfumindafluunsgnuasiuies-
waslnayidien 50% Anudnnsedduniniielumdn
Uhdsinafumsindamluevnsiiufisziu 75% aziing
daslfvelnguziadagendinguau o et
HadnAny @huuazans, 2557) yatlitie snannilas
s ldunsdanlinsgfuliitinainenluguuli
winzan uazanansafialszannslungafdenaant
delelfedne Adeddylneluanszazinanly

Table 2 Effect of roughage type and yeast supplementation on gas production (ml) and estimate

parameter
Roughage* SEM Yeast™ SEM P-value
ltem
GN RS NP C sc SCSK R Y RXY
Gas production
2 2.01° 1.94° 519° 028 278 2.96 340 028 <001 0313 0.582
4 416"  2.78° 8.19° 050 4.93 4.93 527 051 <001 0865 0.758
6 5.84° 3.56° 1007 051 6.8 6.32 6.56 047 <0.01 0918 0.554
8 8.90° 524° 1285 046  9.36 8.71 891 043 <001 0614 0.033
10 11.98° 7.87° 16.04° 061 1201 1146 1241 056 <001 0507 0.176
12 14.13°  10.13° 1845 070 1369 1369 1533 070 <0.01 0.207 0.668
24 2412 2341 2535 073 2243 2369° 26.76° 078 0207 0.005 0.248
48 37.99° 3391° 3956 059 33.38° 33.87° 39217 079 <0.001 <0.001 0.002
72 48.00 4562 4291 2.04 4880 4369 44.04 216 0210 0.255  0.972
96 50.54  47.01 4598 188 42,65 46.24 4665 1.88 0.076 0.084  0.396
Parameter
ME 6.15° 566 636" 009 592° 598 6277 090 <0.001 0030 0.053
OMD 4751°  47.22° 4963 042 4800 4760 4875 051 0.001  0.179  <0.001
SCFA 0.52° 0.48° 056 001 048" 051° 0577 001 0001 0001 0.011
Microbial biomass
mg 0.06° 0.04° 0.04° 001 0.04 0.04 0.05 0.01 <001 0.081 0.036
% of true digested  66.16°  49.79° 50.50° 098 5564 5471 56.09 098 <0.001 0.615  0.003

abc
*

*k

kluyveri (SCSK)

Means within a row with different superscripts differ (P<0.05)
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roughage type = guinea grass silage (GN), rice straw (RS) and napier grass silage (NP)

yeast supplementation = control (C), S. cerevisiae (SC) and recombinant S. cerevisiae harboring FAD2 gene from S.



M5419N1A5 31(3): 329 - 338 (2558)

a a 1 o o=l rd‘
nawsuAuialutog lag phase UazAIAREAGT

v [~ 1 a a = dl 1
Arsataziluunaad m i ud deazludaelunnsg

wseysAnimsialy (Girard and Dawson, 1995)
dnfuidadastinaesaiuisuany (on

= ' o Y a a o v 1
witleFudn veganutven waznaeding) wudTuang
wAagnaniisauludaluag 2, 4, 6 uaz 12 2091989
p o a0 ' % N e o Y a
ABunanagnanndwejtlaiinuasusnuil
win (19799 3)  @amgEanesinalniaadn
Uszneusiag ianglag 30-51% ialisaglaa 6-28%
wazanin 4-10% Annnsdeslfesismadwindy 35-
4w C wydd A . em
50%  dafluainiseasl@naiiasannnilaunaass

anfudeazliinizes fuiadwaglaain 1 ligneen
dane uananiians phenolic acid Aegludniuiiua
fudemsinnuzssenlmiansdwidansinanna
Taanstuidnmiiewlsiazidinldind §izen
(wnadnunl, 2542)

wana i geanudanistesdanues
Burisadhn (OMD)  wazifinnunsalasiusemels
(SCFA)  aewmtgleinindargandiniadinouas
wend et lsfimunistiensarsrasduisdingaas
e mdesuazudininilunsfnenased SAsndn
nnstleaaanavesduvsdinguesnjiulaiuay

Table 3 Gas production (ml) and estimate parameter of roughage* supplement with yeast**

Control S. cerevisiae recombinant S. cerevisiae SEM P <Value
ltem GN RS NP GN RS NP GN RS NP
T T2 T3 T4 5 T6 T7 T8 T9
Gas production
2 1.92° 1.63° 478" 1.91° 224 596  2.20° 1.96°  6.05° 0.35 <0.001
4 407" 2.26° 8.66° 345"  3.47° 8477  495° 292° 794 052  <0.001
6 6.47°  2.82° 1045 494 405° 998"  6.11° 3.80° 976" 060  <0.001
8 10.86" 392"  13.31° 757 561 1295 825" 6207 1229° 069  <0.001
10 13.33"  6.11°  1658° 10977 811° 1529° 11.63° 937" 1624 076  <0.001
12 13.65°  8.46° 18.96° 13.14™ 10.30° 19.30° 15.60° 11.62° 18.76°  0.81 <0.001
24 2248 19.89°  24.91° 2257 2369™° 2481° 27.31° 2665 26.32" 058 0.020
48 3552°  26.91° 37.70° 41.38° 34.54° 4068 37.08° 40.27° 40.28° 092  <0.001
72 5232 4743  46.66 4508 4484 4116  46.60 4460 4092  1.16 0.533
9% 6118  4847°  4823° 47.10° 4561° 46.02° 59.34° 46.94° 4368°  1.33 0.001
Estimated Parameter
ME 607" 525  6.44®° 587 577° 630" 6517 59 634" 085 0.001
OMD  48.39°  44.61° 51.00° 45.43° 47.95° 49.43" 4872 49.06" 48.47°  0.41 <0.001
SCFA  050™  040° 054 047" 0497 056" 058" 055 056  0.01 <0.001
Microbial biomass
mg 0.05°  0.04™ 0.03° 006" 004 003 008 004 005° 000  <0.001
%oftrue 66.20" 5258  48.15%° 62.40° 52.64° 4910°° 69.89" 44.14° 54.24° 201 <0.001
digested

*°°Means within a row with different superscripts differ (P<0.05)

* roughage type = guinea grass silage (GN), rice straw (RS) and napier grass silage (NP)

** yeast supplementation = control (C), S. cerevisiae (SC) and recombinant S. cerevisiae harboring FAD2 gene from S.

kluyveri (SCSK)
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Survey of Sheep Production Situation and Nutritive Value

Study of Plants for Sheep Raising in Pattani Province
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Abstract: The purpose of this research was to study the nutritive value in plant that used of raising sheep in
Pattani province. The sample of 360 farmers was randomly selected from the population of 3,632 farmers in
twelve districts. The research tool was a structural questionnaire and collected by interview. The statistic employ
were frequency, distribution and percentage. The results revealed that most of the interviewed farmers were
male, and 36-45 years of age. They were graduated in primary education. All of them which raised their sheep
1-5 heads per family. The farmers raised their sheep access to pasture. They usually utilized Leucaena
leucocephala, Purple guinea, Napier Pak Chong and Para grass. The dry matter, crude protein, neutral
detergent fiber and acid detergent fiber of the forage were 8.50-29.12, 36.72-71.10 and 27.27-39.44%,
respectively. Furthermore, The farmer utilized natural plant to feed sheep such as Chinese Violet, Buffalo grass,
Ginger grass, Water grass, Avicennia alba, Alyce clover and Portia tree. The dry matter, crude protein, neutral
detergent fiber and acid detergent fiber of the natural plant were 8.10-19.78, 26.05-56.72 and 17.73-32.28%,

respectively.

Keywords: Sheep, forage, Pattani province
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Table 1 Number and percentage of farmer divided by personality

ltems Number (holder) Percentage
Sex Male 221 61.40
Female 139 38.60
Age 25-35 years 69 19.30
36-45 years 95 26.32
46-55 years 88 24.56
56-65 years 76 21.05
66-75 years 32 8.77
Education No 57 15.79
Primary education 215 59.65
Secondary education 44 12.28
High vocational certificate 25 7.02
Bachelor degree 19 5.26
Status Single 44 12.28
Marriage 259 71.93
Widow/Divorce 57 15.79
Area No area 171 47.37
1-5 Rai per farmer 126 35.09
6-10 Rai per farmer 25 7.02
>10 Rai per farmer 38 10.53
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Table 2 Number and percentage of farmer divide by factors of raising sheep

ltems Number (holder) Percentage
Number of sheep 1-5 heads 183 50.88
6-10 heads 101 28.07
11-15 heads 32 8.77
16-20 heads 25 7.02
>20 heads 19 5.26
Management Intensive management 32 8.77
Access to pasture 183 50.88
Tether in natural pasture 133 36.84
Access to pasture and Tether in 12 3.51
natural pasture
Purpose for raising For consumer 38 10.53
For buy 89 24.56
For consumer and buy 233 64.91
Buyer Sold at their farm 316 87.69
Delivery from alive 19 5.26
Delivery from carcass 25 7.02
Farmer want to raising sheep Increase 303 84.21
Decrease 13 3.51
Equal 44 12.28
Feed Roughage 272 75.44
Roughage and concentrate 88 24.56
Pasture Management Yes 88 24.56
No 272 75.44
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Table 3 The chemical composition of forage as fiber source for raising sheep

Pennisetum purpureum X  Brachiaria
Chemical composition Panicum maximum SEM
Pennisetum americanum mutica
Dry Matter 21.41° 22.67° 16.55" 0.36
Crude Protein 12.04° 8.61° 8.50° 0.20
Neutral Detergent Fiber 66.16" 61.00° 71.10% 0.37
Acid Detergent Lignin 39.44 33.16 38.54 0.52
Ash 9.32 10.20 10.34 0.60
**° Means within the same row with different superscripts differ (P<0.05)
SEM = standard error of the mean
Table 4 The chemical composition of forage as protein source for raising sheep
Chemical composition Leucaena leucocephala Arachis hypogaea L. SEM
Dry Matter 25.31 28.73 0.66
Crude Protein 29.19° 18.78" 0.25
Neutral Detergent Fiber 36.12° 48.56° 0.37
Acid Detergent Lignin 27.27 28.96 0.42
Ash 6.52 8.70 0.26
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Table 6 The chemical composition of plants for raising sheep

Chemical Asystasia Paspalum Paspalum Hymenachne Avicennia Thespesia SEM
composition gangetica (L.)  conjugate distichum pseudointerrupta alba BI. populnea (L.)
T. Anders Berg (Linn.)

Dry Matter 13.13° 26.13° 25.95° 24.65° 27.00° 28.64° 0.13
Crude Protein 19.78° 8.33° 13.50° 8.10° 18.94% 17.67° 0.21
Neutral 37.06° 52.54° 48.54° 56.72° 38.28° 26.05° 0.21
Detergent Fiber
Acid Detergent 17.73° 24.43° 32.28° 29.25° 28.62° 19.73° 0.19
Lignin
Ash 14.35° 11.70° 10.96" 6.87° 15.08" 7.90° 0.21
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Effects of Synbiotics Supplementation on Broiler Productive

Performance and Economic Return
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Abstract: The experiment was conducted to examine the utilization of synbiotics (Synbac®) supplementation in
drinking water of broiler chickens on productive performance, apparent nutrient digestibility, small intestinal
histomorphology, cecal microbiology, carcass characteristics, meat quality, fatty acid composition and
economic benefit return. One hundred and eighty boilers (Ross 308" 90 male and 90 female) of one day-old
were used in this study. Chicks were raised under ambient temperature and assigned to complete randomized
design (CRD) with three treatments and three replications per treatment. Drinking water treatment were,
synbiotics supplementation program with control, program 1, and program 2. During experiment, diets and
drinking water were offered ad libitum to the birds. Results show that the inclusion of the synbiotics increase
apparent digestibility of crude fiber and gross energy (P<0.05) also effected to apparent crude protein and
ether extract digestibility (P<0.01). Supplementation of synbiotic had effect on villous height and surface area in
duodenum (P<0.05). In addition, bird from different treatment shows increasing significant on lactic acid
bacteria (Lactobacillus + Bifidobacterium spp.) and Enterococci in cecum (P<0.05). However, Experiment diet
did not affect other productive performance, carcass percentage, cutting percentage, physical meat quality and

economic benefit return (P>0.05). In addition, supplementing synbiotics in drinking water of broiler resulted in
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significantly decreasing of cholesterol content in meat. Furthermore, a result also shows that synbiotics has
effect on increasing of MUFA, PUFA omega-6 and omega-9 enrich in meat. The highest essential fatty acids
were obtained from program 2 supplementation of synbiotics in drinking water. This study shows that synbiotics
(Synbac®) has the beneficial effects on nutrient digestibility, duodenum morphology development, improved
cecal microbiology, decreased cholesterol content and increased omega-6 and omega-9 fatty acid enrich in

meat of chickens fed program 2 of synbiotics in drinking water.

Keywords: Synbiotics, drinking water, productive performance, and broilers

unAnsa:  MamaaestiAn R ndNulleAnd @uuue®)  lwinanvedlddedeanssauznisnan
nasegliunnpradlngus dugiinenaesdnlidin qawidlulisu snvocan aunwile esfilszney
189N97 BN UNATNARALUNUNNLATEFNA tnellriWug Ross 308° Anuau 180 Bio (WAE 90 6 uaz A
90 20) 'JNLLNuﬂﬁiVlm@'amumm_lim (completely randomized design: CRD) N‘w\i‘vmm 3 YIS ViInudas 3
$n oudiavan 9 witamaaes mallsunsunnndiudulutesind @uuna®  luiinanaesliile TEud
Tsunsuauau TWawnsud 1 uae Tsunsndl 2 TaeldifesslEfminuazanvnsosnafiud sanmmaaesmidnng
ﬂaﬂimﬂﬁﬂmmLﬂfa‘l,wmumewmmumﬂummﬂﬂ Luml,ﬂmumwﬂmmuLmufﬁuiu‘l?ammﬂummmmiﬂLua
naU (P<0.05) @ﬂmmmﬂqumaﬁ@ﬂi@ﬂiﬁﬂgmm‘ﬂﬂmumuLL@JLmNumN”Lummﬂﬂ ifa (P<0.01) nenanil
m‘wmmmmwnu”luiﬂmmummm@\ﬂ,ﬂLu@mmmmﬁwammmmvmuwummqmmmmimmﬂmumu
SNty Lu@ (P<0.05) i'.)ﬁwl\‘imﬂwummu Lactic acid bacteria (Lactobacillus + Bifidobacterium spp.) WAL
Enterococei Wl vnnudnagduluTefndluinauaesiile S nasegussousn1nan (P>0.05) o809 siH
Larewlasiiufan wefiumudon @OAQWWVINHWHJWW‘M\?L‘?:@M WATHARBLUNUNNIATEFAA (P>0.05) N3
dndululenddaellsunsnd 2 Tusinaumesliidesuisnan Bunureiaanesen udaziansssaunsalasi
Liansdaden nanlaiubituideiendden mutinsaladusia omega6 uaz omega-o luileligega
(P<0.01) m’;‘mmmffmﬂiﬁdﬁLzﬁu%u”l,ui@ﬁn@’ﬁw‘lﬁﬂmmuﬁl 2 luindumedliifie Sdnanwlunaiuniseesly
1a9inaurlue s doeRmudugwinatzedn lidndausiu Uiutnainegn sesqauvisdlulésiu anszau
ABIALART0A WA IRz ANNs TR omega-6 WAz 9 il

AdAty: Fululefnd Unhu aussouznIsan waylnidle

AN likenifermis \Elugiu NdmdRdnl S azdaelFuilye
waza3NaNAaqauYITlunIuAuem LN zan
Fululednd (synbiotic) UuNeidie N19T9NT Tmﬂ‘ﬁﬂﬂuiﬂ'ﬁﬂ@’@ WA ulaLaza NI UL

gaslslulefnd (probiotic) waznslulemng Lsﬁm@umwn@‘la‘ﬂ Lw'amlmmmmuummLmuTmVLm
(prebiotic) (de Verse and Screzenmeir, 2008) Tag Iummmm@ummimmmm\mummi Anvadian
WsluleAnditeansidindouz fe deqauwidaain ummmﬂmvﬁlmzuuqu@uﬂummmqmmﬁfar}ifa@;ﬂu
(live microorganism) I Lactobacillus acidophilus, L%ymﬁum?‘ﬁﬁﬂuﬁumm duinllgnisdadsuganan
Lactobacillus plantalum, Pidiococcus pentosacius, gaednitne lHFdnINTuunsnulE Use@ninan
Saccoromyces cereviceae, Bacilus subtilis, Bacillus nsldaning Ll,ﬂzmil,fﬁq;lLﬁuimﬁumn"{u duny lu-
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Nﬂ‘ﬂ’ﬂ\?ﬂ’lilﬂiﬂ%u‘lﬂi’ﬂﬂﬂﬂ m'aﬂuﬁnmwmsnamvlmu'a
LL‘NZN@W]@ULLVINVIWQLﬁiHEﬁQ

Tafndiseamnadisd@oue Ao dhgaveimedasily
ansnsnsiaslf (non digestible) (Ghasemi et al.,
2014) daunnaziluanslunguaesiedinuaaniflas
(oligosaccharide) 1114 B1yaw (inulin) W3ntnlaain-
wrAAN§1ss (fructo-oligosaccharide) Nuanlnledin-
LLﬁﬁﬂmfﬂiﬁ(galacto-oligosaccharide) unLuulaaln-
LLsnﬁﬂﬁﬂ?ﬁ(manno—oligosaocharide) wae lalaledln-
wIAANSLae (xylo-oligosaccharide) 1l usiu tnaladln-
wapAnFlsdasnulunansumessuafiilnseained
smnzienlmTlud 1K Enaesdndnszmnzinen i
gannsndes i ludiuresanléi@nneuuu (upper
intestine) (Jung et al., 2008) uaa T Mz laemiil
miﬁ@ﬂﬂixﬁumﬂﬁmﬁuim (Gibson and
Roberfroid, 1995) La¥NNIN19ULa9LLAT FeuneTiln
sy lamuenafiuerns iy luilauuaiiGe
(bifidobacteria) ‘ﬁlﬁﬂﬂdﬁ Bifidogenic factor (Gomes
and Malcata, 1999) Tne/luTnuuARBauazuLAT Gt
nsaLamMRAn  (lactic  acid  bacteria) TTiean
azgnunrawisieilunsnnzauesiaanld (competitive
exclusion)  iuqauvisdnalsa doansesiuniAuAY
Asifiunsuannaalasiuanedu WAZNITAILANNIT
N19ULR9a" & (Sako et al, 1999) Fuiilunnggae
AnasugINNYesdnd (Hassanpour et al. 2013)
flaquiufinnsdszeniflitedlnusaenlsfuanesiing
ﬁﬂﬂ%‘lumﬂﬂumamﬁmeﬁlﬁ@qmmwﬁLLM@?‘&%L?}@
lage warnsldiduansTnaundasioed oA
wsandnduliflAsaiRenfunsfinansnszunis
W YLAUIAGIINTNA (natural  growth
(assauns,  2557)  uazdululedndaadludnuile

A dl 1 o d’j v & di !
naaannuraulanisiiunsaesdnd inadaelu

promoter)

mﬂﬁuﬂizaw%mwmwamLmzzﬁ'ﬁm’%‘mqmmw
(Farnworth, 2001; Hassanpour et al. 2013; Zubillaga
et al., 2001; Silzewska et al., 2010) atialsfimnugidn
fululefindazidienedann vnnusidedaulutefnd
wnldszneugmsanmnsdniudatinluuamiluems
dnseauda nudn nswanemsiiilesauisaziinag
Vmelulagnmesaulndasanaeuiauriuansduly
QREGEIET ?ﬁqﬁfqmmﬁﬂi:mm 88-90 BFANTAITHA
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danaliildsluleRndNniAnaslue i@ aNaN N
p % = %
Wasannaantaulunszuauni1suanls (Amerah
et al, 2013) tlaqiiulafimonunenennlunisfum
TdsluTemndnudeu saudannsvadin (costing)
sluTeRndiialiil Aannannnsalunimuaanusau
Binaandaaninlunisldss lamisannanaundinami
wiiflifludsnnsfAeudinsesennduden uaziluniaiin
fuvunisnantladns Auluniaduiululefndntin

F oA 2 @ =< P A
wian luunanaaduanuilaniauaanindne azaan

5 v o o v d; al dl
s9U99anTea1 A 1NN 1E9N W A NANLAENLATAR
tymmadenaninaasilslulefnd A dumaani
3 dilﬁ‘ =2 v

AanaaasmsaniflunnsAnsTilsunsunisld
sz lermilFraanansined Fuwua® AnanluinANaed
Inilleseanssouznanan nsdeslidanguesinauy
Az uinenaesan lidn aaunadluléiu dnwoy
#n AN NLATedALsTnauaednsa lsiuluiie §u
unldgnisimuiuasdsce nildnaniuaiatng
winnzanuazldlselamigegalunisuandmnitnly
AUNARNBLANTAAIINAINTD LN TR 9T WY B
tszmasiall

o as
adnsaluagdsng

AmARag
Funue® duflunandnsansdiudulule-
Andaiimeadsznaudiag wiilulednd Ae lalaledln-
wzAA1513K (xylo-oligosaccharide) 100 Nn¥u Fauriu
NsluTafindsan 4 4l (Bacilus subtilis 1.0 x10° CFU
1.0 x10° CFU
10  x10° CFU upg
Saccoromyces cereviceae 1.0 x10° CFU) mu?ﬁ;@w
Asu 1 Alansu wanlnetsEnaduilulemasnia

Pediococcus acidilacticii

Streptococcus faecium

LAUNITNARDY

ﬂﬁimﬂ@ﬂdﬂ%ﬁﬁ'ﬂxi%LLNuﬂ’]iV]@@’ﬂ\‘iLL‘LI‘LIZiN
@N‘].Imﬁ‘ﬂi (completely randomized design: CRD)
71 3 NS NGRS 3 91 SNuLMLREM AR
Vamun 9 Winemaaas Aail
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w1 Msunsuldiingazannd
Usrpanansraasu (llsunsuaaunm)

w2 Tsunsulitingzeannd
ﬂfmﬂmnmm@mummmﬂui@[;mz? (Fuuun % 7
i‘“ﬂ‘]_l 1 niwmm 5 am9 (0-14 F%) LL@"‘V]?‘“@‘LI 1 nfu
mfam 10 amsrady mmu 3 aummﬂm’m ’lumq
Faus 15- 42 1 Ae Suft 19- 21, Fuit 26-28, Fuii 32-
34, uax F471 38-40 Te9naReN) (Mlsunandi 1)

v 3 Tsunsulditingzeannd
UAanansnaeusanuiLlulesind @uuua®) 7
3£ 2 nFusatin 5 Ans (0-14 ) LAZRITAL 2 NEN
fatin 10 Amsady S1uau3 Jusedian (lutag
Faus 15-42 §u Ae Fufi 19-21, Fuf 26-28, ST 32-
34, Ay il 38-40 ﬂlﬂdﬂﬁﬁ‘tgﬂx‘i) (T‘ﬂﬁ‘LLﬂi‘N‘ﬁl 2)

&n3 aNs uAzNSAENERINaAa
ﬂﬂiﬂm@@dﬂ%ﬂﬁimﬁL‘fj’ﬂ@’mﬁuﬁfﬂ’]i%’] Ross

308" 818 1414 A73u 180 Fia (A9 90 A uaz AL

90 #in) guiEinguLienNAAed AU 20 FasauLae

' d” o o ] <
naaad Tnagnlimenidpiuncuguisanind

Aululs vaesandniaulazinaataiaainiseinlu
ST 0 uazTnTATUsILVRRRANENIALUAL IR
T A7 7 soudeindrdutululslusud 14 aesnns
nAaesmNANAL Inednsaedliidieluaen aue
20 x 30 s melulseBeuuuudlaiiinndnns
WALATAUUYAATNANINUI AR N TUTI9Lh DY
mmﬂumm‘ﬂgmu 2557 Tnglliflaas | 5uavng
uasilinaranaliAuuLiafinaennan (ad libitum)
aeliings 231 alus Tnewiksnnsliannslnite ity
A40497v8y AD Tzazwan (1-21 Su) TsAunany 22
wlasidud wianunlFssTemllE 3200 Alaunnaes
sanlaniueyng svevaed (21-35 1) TsRumeny 20
wlefifusd wasnui sz lenils 3,200 Alaunaass
FanlanTuaINITLAY TaTaNN (35-42 F1) TulsRu
v 18 ilefifud waaewiildls=Tanild 3,200
Alaunnasisenlaniue nImuA uL=sinTes NRC
(2003)
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ANTTOUSNNTHARURILALED
Anaaesialaaldnatianum 42 du
wiiaifli 3 4aa Am 0-21 14 22-35 du Ay 3542 45U
TaeazlanunsnaziingsainatuinnaniUsunsy
o = da yy & o >y
antfunniBunuaunwls waviinaasliile uay
AMUIUART ANLAADATINNITNARDS WAIAIUITUN
feed

BFunnisnuléiefefady (average
intake: ADFI) 11insin Nin2wads (average body

daily
weight gain: BWG) ﬁmmﬂa‘m?ﬂ;ﬁu‘ﬁmfagwi@d“u
(average daily gain: ADG) Usz@nsnmnislianuns
(feed conversion ratio: FCR)#1ann  (ADFI/ADG)
Zhao et al. (2003) NRA NS RINAENIon
(viability) #11ann [(Sualifivae x  100)/47uauld
Bukiu] uazATilsrANBN1NN1IHAR (productive
index: PI) #1an [(ﬁmf]mi@yﬂﬁ@mx {WﬁﬁﬂﬁQﬁ
Fidu 100)/ (FCR xffiﬁmufj“uﬁ@”m)] ANNA DU
Khaksefidi (2005) nWsAnUanIN
N@mmmuw’mﬂﬁ:@ﬁ@ (economic benefit return)
muﬁ%mmq% FIULAZADLY (2558)

and Rahimi

mssiagldaadnruzluawnsliiie
MadaannstieelFvnslnmusluamsldidle
Alug095uR 14-21 289n1IMAans nanlasindaan
lat (Cr,0) 0.3 lefidus adluawnsldiaiie
nagaunnsdesldvesinausluaimnsliiile uianns
naaeeanidly 2 daalnedaei 1 Ae Suf 14-18 a0
nNaneaas udaediudns (adjustment period) 1mg
Inifleldsuevnmasesnaulasindeanas 03
wlefifus 49971 2 Aa SuR 19-21 Tasmmaanaily
WiLsaetne (sampling  period) §NALBIMTUATHA
sasliideitlEsuemmasessalasiindaantad 0.3
wWeddud tnenfiusaetnayaadlugs fiflnsadatidin
(H,80,) A sdindn 3 wefifud
Mountzouris et al. (2010) aMnvhusindaaensamsuas
yaflfanauiiguugi 60 esrnmaidea wazusiive
inldAmsrziun A Tnguiie Tsfiuveny e las
lu3Tu9qN 181 LATWA99NY AINATURI AOAC (1995)
wazatarviulBunaulasindeanlas nuAgaea

aal
ATNIDURN
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AOAC (1995)  L&2UNNIATUIIMNAINNTeiae lEang
MR uiiesIn (apparent dry matter digestibility) 111970
[{(% Cr,0, 34 - % Cr,0, luam1s) x 100}{% Cr,0,
Tuya)]  uazAnstienlfiveslnauzsan  (apparent
nutrient digestibility) 11310 100-[100x{(% Cr,O, T
813/% Cr,0, Wya) x (% Inmurluya/% tnauzly

819119)}] ANAFU84 Sharifi et al. (2012)

ﬁmgmﬁwmﬁﬂinﬁnmm"lﬁLﬁy'a
ma‘f‘fmzﬁymgmﬁwmﬁﬂz’iLéﬁnmmin'L‘f:@ leld
a1 21 Su lenensasinetien 6 dali qulriile
2 fn RevHiNENAfes et umazIas AR I0EN
al&Lan 3 d9u A anl&LandquFv (duodenum) an L&
BNgaUNaN (jejunum) wazanlddndauilans (leum)
A1NA3289 Danshmand et al. (2011) Taainngiiy
faneinaanldidntin azdnan i usiasdauenatlsznny
2 URAT Waaut e 4 wWaeiiius buffered formalin
Fhunan 48 Falus pnaAEaes Awad ef 4. (2006) LAz
WiuFnesaeenelu 50 wWefidus Ethyl alcohol ANKAT
984 Sharifi 2012 ietinlAiAzing
froslfimnnssely dail Fumesnes|&dndauiu

et al
Hangennanedfidndousiu fufethed g
L@“nmuﬂmau?mmamﬁlaﬂmﬁ:udw Bile duct entry
il Mackel ‘s diverticulum uaztiiLisnastean 1&ian
daufingtBians Distal end of lower ileum aMniiuas

A. Villous height and villous width

AreuFag1iedLAseilagazianig seral
dehydration Fpawiianun 5 lalAsimms (§1au 6 T4
AausazdIuanl&) fae microtome nazaFuioT
uua ladudafian@foe Hematoxylin waz Eosin A
3909 Awad et al. (2009) N3 71 mmma;wﬂxﬁmvla
(vill) aonwanaasrziaanlaiuasau (crypt
lieberkuhn) TneAmmsiianun 10 3alaseslas s
linfdesansariuuulfuas gu Olympus BX 50, 20 x
optical magnification)uaz 1R En"93 AN NENe

of

fnailsungu Image-Pro plus Version 3.1, Media
Cybernetics MNA5284 Tsirtsikos et al. (2012) Ingl
N99AANINEATBIAAE (villous height) 9AA1N Villus
tip 94 Villus-crypt  junction TAANNNAN91R3 A8 @
(villous  width) u?“l,qmﬁ'mmwmmm@.w@ﬁ@ﬁm
wazdnaananvasasiieanlaiwaiqu  (cryptal
depth) TaadAAINNANTZIGNG 2 Eaiaﬁﬂfgﬁmﬁuﬁq
wandlunmd 1 uaRnuaniuiiinTeRads (Vilus
surface area) ANA3U89 Sakamoto et al. (2000) Ims!
fuiAnTesiada =  x Peauninevediade x ANGY
SN ANG]

a o Py " a
aauvistluldauaaslniia
nsaasziauanqauvise Wl (cecum)
1 dﬁj dl g dy o ¥ ] v
1aslnifle Waldifleay 21 i Wenennsetndies
6 daluaufaquliiie 2 dosembanaaesEaguas

B. Cryptal depth

Figure 1 Morphometric analysis of small intestine
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Fiaie) Wegindunas uiuAufetvredanly
5 iileTusuauqauntdlng 1433 Conventional
microbiology techniques Inelld Selective agar media
ANKNATURY Giannenas et al.,, 2010 a8l Lactic acid
bacteria (Lactobacillus sp.+ Bifidobacterium sp.) 4
MRS agar + 0.02 lefifusd NaH, + 0.05 waiidus
L-Cystine hydrochloride monohydrate, Enterococci
1% m Enterococci agar, E.coli % EMB agar, LAY
Salmonella % XLD agar 4uautasdusidildann
nsduneiestjuFnisaesianisutlasdeya
(transformed) A8l log argralithm 3110 ezt
%ﬂﬂg}@iﬂmm"]xﬁwlmﬁa (statistical analysis) #u
A%nN19289 Abdalgader et al. (2013)

An¥mzaIn AEAIWNNIEN WIS uaz
asnlsznavaaansalasiy

TAANBUTEN qmmwmqmﬂmwmmlﬁ@
uae aedtlsznataesnselasiu Ineleliidanaans
81¢ 42 JU anaWNIRENatiat 6 i LLé’qziuVLriﬁ:@ 2
Fasiavanenes (Fafuaziidle) esihdumas
meﬁmLwiﬁyumwﬁm”mmLﬂ@ﬁ%uﬁmmmmmmw
e Taedarivmingnn dmingugan ieA uanAn
weafifusain (carcass percentage) uazALUaS G s
gnifii (chill carcass percentage) mmquﬁfmqmm
AnlefifuiTudausmuss (cutting percentage) AN
33904 Hossain ef al. (2012) Wudatnaiieanaasld
Lﬁym‘fv'@?amm:ﬁammwmf@ Taen1sdnptmnTu
N38-AN9 V0LTANTNENT 45 17 (pH 45 min.) LA
24 il (pH 24 h) Teelld pH meter §upH 211,
Hanna, Padua, Italy ANNADUR Zhou ef al. (2010) Wiy
Snuifleaniif 4 asAimaides Wi 24 $alue ieda
Andanaiiell 1Hun Anuadng (lightness: L*) @uaa
(redness: a*) LATR AR (yellowness: b*) ANNATUD
Ao et al. (2011) wanaNREaT AN AN NN l1NNT
éuliﬂ (water holding capacity) Usznaufiag dip loss,
boiling loss, thawing loss LLAZ roasting loss 111 ANAAT
199 Ao et al. (2011) way Liu et al. (2012) ?QNVi’i
Arrziudiunnineiadinesealdis C45,994.10

354

ANKABUE9 AOAC (2012) Lazn1sdmInziedstlsznay
409n30 1237 (individual fatty acid content) &agl GLC
ANNATU04 Lepage and Roy (1986)

N3IATIENTRYAN AR

thdeyafildudinsziAranuulatsou
(Analysis of Variance: ANOVA) ANHNLNUNNTNAARS
il completely randomized design (CRD) hae
WBeniflsuanuuanseAedssudnnguiaya
fingl Duncan’s new multiple range test (DMRT) A
35989 Steel and Torrie (1992) TasldTilsunsn R (R
Core Team. 2013)ﬁmummﬁm‘hﬁmmﬂumi
NAGALIT P<0.05

NALAZIANTO

uaraansidsndwlulannd @Fuuua®) luwinnw
aaslnidananisdaslalsinguasdanuslu
25
madnTuluTesnd @wwua®) TukiAnees
Tndladaellsunsnniaddunuanmnens 3 Tdsunsu
siannseiaelitsngresinausluams wuda e
IasuinpndNEvluleing @wuua®) Tlsunsud 2 ay
A | Iy py ' , & Ay
frnsdeslitanguetielusngandn e lisy
TpsgNTululennd @uwua®) [Wawnsui 1 wazla
\HanguALAN (P<0.05) daunistoelfuaanasanu
| , & Apve o o a a a
saunudntifleflafunnmadndululefind
(@uuwun®) %92 TlsunsuilAnstesligandings
AAUAN (P<0.05) wanatnidawuanliianlfisuninau
windululefind @uuua®) Tilsunsud 2 azdAnng
dolfivsnguedladusnuasitsmuveugigaiie
~ o A ' L & Anye o
wWheuweuiuliie nquasuanuazliiiendiumn
Auddndululednd @uwua®) TUsunsui 1 (P<0.01)
dauAnisteelilsngaesdnguiivssudnangs
NAARIN AN lwAnANail (P>0.05) Aauandlumiga

a 09// dydel Y & K o
N 1ann1maaasAT T IR udIAnanInaag

a

Fululafndn g lun1naaesnsainisznaufoe
walulesmnd Aa lalaledlnuaani5las saudw
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Table 1 Effects of synbiotics (Synbac®) supplementation in drinking water of broiler chickens on apparent

nutrient digestibility

Synbiotics (Synbac®) supplementation in drinking water of

Apparent nutrient

broiler chickens SEM
digestibility (%)
Control Program 1 Program 2

Dry matter 80.32 +0.64 78.78 +0.52 80.73 +2.13 0.44
Crude fiber 30.67°+7.85 31.78°+3.46 38.89°+0.89 1.66
Ether extract 94.57° +0.54 95.96° +0.20 98.20" +0.08 0.11
Gross energy 87.62° +0.41 89.09%° +1.20 90.63"+0.83 0.29
Crude protein 82.05°+2.06 79.73°+0.43 85.97"+1.13 0.46

ab

Mean in the same column with difference letter are significantly difference at P<0.05 by DMRT,

"5 Mean in the same column with difference letter are significantly difference at P<0.01 by DMRT.

slulamnd 9qu 4 7l Aa Bacilus

Pediococcus acidilacticii, Streptococcus faecium

subtilis,

WY Saccoromyces cereviceae FAAINAINNTO LY
nasinnistenlidsngaesinauslueinis tne
Fululefndiu daoianiiflunisdaasunisg
Wwanyuiule (bifidogenic  effect)
ANa A - aal o Ny 4 Py
wuazedulsslom Tnauupiizaluan1ddouiing
eineiunANaNNsn lunnssiasdanetialananedly
namlasiuanedis (short chain fatty acid: SCFA) it
nIAasT@RA (acetic acid) wsi-latia (propionic acid)
a _aa . . @ v =& = ~
waziioNga (buteric acid) WluFin F9ND9lNTUZRUND

LAZLNHANUIN

1510130139737 d9naliin1maaeIaAia wuqnnIg
winaululafndazldnamennsanisiiunistias 1@
gaslnauzuuulsngluliiie Geliinafiaenniosiy
AsAN®NURY Apata (2008) wusgsnidsluleding
a ' ¥ = o ,
anwnsnivuneteslfeaslusmuuaslodilulnidienng
o Al yoe Ay o P =
33 dunlEFuanwidninawazdomanailu
d’, d’lv 1 a a
nugu yananiganudnniagdullslulenndly
anusgNsativunstiaalians Snguiis uaaEes
Waane¥a lskiu uaznsnevillululimieany 21 uay
42 U (Li et 2008)
Mountzouris et al. (2010) wudnnad@snidslulamnd
avdqsiiunssias ldaaslnausiarnasnuluannisg

al., BRZANNNITNAADITDN

Tnilewedanaient 25-28 Ju wana Nt wilaily
warAnY (2557) Samneanudnnindsuiysiulesngd
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an3agiuunlauga (Bactosac”) lunanaaliiiie

s 1 1% aa// o v a
wudrdanisdaslaastngueis daguiic Tshiu
weu elason uazladusonngendnlniangs
AYLIAN (P<0.05)

naaasnsiasndululasng @uuua®) lutna
vasliidanaqduviadluldsu
nnadsndululesnd @Fuwua®) T ANTe
iitfesaeTsunsunnaidsufiunnsnet 3 Tulsuny
saqauvisdluldrunudnliide s bsuiauesy
sululaAndlusunsudl 1 wae Tusunsnd 2 S8uau
2189 Lactic acid bacteria (Lactobacillus Wa
Bifidobacteria) way Enterococci 114 ﬁu@;\m'ﬁﬂﬁ
Lﬂ'ff@ﬂz\jumuau (P<0.01) ifiavnnssns1uITes
E.  Coli waz Salmonella  spp. Wudﬁiﬁﬁ:@ﬂzﬁu
AruANilauIuTeuLAT BeieaeengsluldFug
ndrliled A FutinAuasuiululefndia 2
Tdsunsn (P<0.01) FauandlupiseR 2 a1nnng
nanasA TN LI uieAnanmaesdulule AndT
mmmmLzﬁmmﬂ@?‘mLﬁuimmuﬁluﬁﬁmumm
Lactic acid bacteria A8 Lactobacillus Wa%
Bifidobacteria $98%a Enterococci fanA&asiunis
NAABITRY Alander et al. (2001) WLHNATUIULD
Bifidobacteria azifisduniely 1 danvindsann

TH5udululefndndsenaudaanglaladln
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Table 2 Effects of synbiotics (Synbac®) supplementation in drinking water of broiler chickens on cecal

microbiology

Synbiotics (Synbao®) supplementation in drinking water

Cecal microbial ecology

of broiler chickens SEM
(log,, cfu/ml)
Control Program 1 Program 2

Lactic acid bacteria c 5 A

, 3 , 11.92° +0.09 12.20° £0.01 12.32" +0.01 0.02
(Lactobacillus and Bifidobacteria)
Enterococci 10.11° £0.07 10.39" £0.01 10.45" £0.01 0.01
E. Coli 9.26" £0.01 9.15% £0.01 9.06° +t0.0003  0.003
Salmonella spp. 2.43"0.37 0.00% £0.00 0.00° £0.00 0.07

*2€ Mean in the same column with difference letter are significantly difference at P<0.01 by DMRT.
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(lumen) 898 &EnTae 1Enantszuno 48-96 T
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ﬁi@miﬂ'@mms@]m%mLL@:ﬂﬂ?ﬁ@fﬁﬁquﬂﬂu?LfamLﬁl@uﬁq
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Table 3 Effects of synbiotics (Synbac”) supplementation in drinking water of broiler chickens on small

intestinal histomorphology

Synbiotics (Synbac®) supplementation in drinking water of

Small intestinal

broiler chickens SEM
histomorphology
Control Program 1 Program 2
Duodenum
Villous height (mm) 0.74°+0.15 0.98"+0.15 1.02"+0.23 0.06
Villous wide (mm) 0.16 £0.01 0.15 £0.03 0.21 £0.04 0.01
Villous surface area (mm?) 0.41°+0.13 0.51%°+0.28 0.72°40.49 0.11
Cryptal depth (mm) 0.18 +0.01 0.22 +0.04 0.23 +0.06 0.01
Villous height :crypt depth 4.12 £0.85 4.45 +0.45 444 £1.78 0.42
Jejunum
Villous height (mm) 0.72 +0.38 0.82 +0.10 0.88 +0.19 0.08
Villous wide (mm) 0.11 £0.02 0.13 £0.01 0.13 £0.02 0.01
Villous surface area (mmz) 0.26 +0.23 0.36 +0.05 0.39 +0.04 0.04
Cryptal depth (mm) 0.16 +0.04 0.18 £0.04 0.22 +0.05 0.03
Villous height : crypt depth 4.58 £2.41 4.55 +1.48 4.06 £0.05 0.49
lleum
Villous height (mm) 0.62 £0.20 0.74 £0.16 0.63 £0.14 0.05
Villous wide (mm) 0.13 £0.02 0.12 £0.004 0.13 £0.01 0.004
Villous surface area (mmz) 0.28 +0.10 0.31 £0.07 0.28 +0.06 0.03
Cryptal depth (mm) 0.14 +0.01 0.17 £0.05 0.16 +0.05 0.01
Villous height :crypt depth 4.42 £1.32 4.36 +1.38 3.93 £1.14 0.43

Mean in the same column with difference letter are significantly difference at P<0.05 by DMRT,

ABC Mean in the same column with difference letter are significantly difference at P<0.01 by DMRT.
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Table 4 Effects of synbiotics (Synbac®) supplementation in drinking water of broiler chickens on

productive performance

Synbiotics (Synbac®) supplementation in drinking water of

Productive performance broiler chickens SEM
Control Program 1 Program 2

0-21 day
BWG (g/bird) 725.50 +42.54 709.72 +8.04 713.61 £17.08 8.96
ADFl(g/bird/day) 46.55 £3.78 43.71 £2.37 43.62 +2.24 0.96
ADG (g/bird/day) 34.55 +2.03 33.79 £0.38 33.98 +0.81 0.43
FCR 1.35 +0.03 1.29 +0.08 1.28 £0.04 0.02
Viability (%) 100.00 100.00 100.00 -
Productive index 256.52 +9.67 262.07 £+19.96 264.91 £5.50 4.40

22-35day
BWG (g/bird) 838.72 +13.07 897.37+58.30 903.90 +48.23 14.78
ADFl(g/bird/day) 116.86 £3.25 116.43 +6.24 120.08 +2.59 1.44
ADG (g/bird/day) 59.91 +0.93 64.10 +4.16 64.57 £3.44 1.06
FCR 1.95 +0.07 1.82 £0.09 1.86 +0.08 0.03
Viability (%) 91.11 £3.85 90.89 +4.23 86.67 £11.55 2.48
Productive index 279.78 £2.53 322,12 +45.48 301.03 +45.84 12.44

35-42 day
BWG (g/bird) 514.50 +40.97 498.72 +55.60 502.61 +56.45 17.17
ADFI(g/bird/day) 209.08 +10.69 199.69 +22.30 201.96 +18.92 5.99
ADG (g/bird/day) 73.50 £5.85 71.24 £7.94 71.80 +8.07 2.45
FCR 2.86 +0.35 2.83 +0.43 2.82 £0.24 0.12
Viability (%) 91.11 £3.85 90.89 +4.23 89.67 £11.55 2.48
Productive index 238.35 +54.38 233.11 £49.23 219.48 +22.90 14.79

0-42 day
BWG (g/bird) 2,078.73 £70.23 2,105.80 +68.84 2,120.11 £91.46 25.85
ADFl(g/bird/day) 97.07 £2.70 93.95 +6.47 95.50 +4.50 1.60
ADG (g/bird/day) 49.49 +1.67 50.14 +1.64 50.48 +2.18 0.62
FCR 1.96 +0.98 1.87 £0.09 1.89 +0.09 0.03
Viability (%) 91.11 £3.85 90.89 +4.23 89.67 £11.55 2.48
Productive index 230.05 +16.39 243.23 +0.62 230.86 +26.49 6.00
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Table 5 Effects of synbiotics (Synbac®) supplementation in drinking water of broiler chickens on carcass

and cutting percentage

Synbiotics (Synbao®) supplementation in drinking water of

Carcass percentage

broiler chickens SEM

and cutting percentage (%)
Control Program 1 Program 2

Thai carcass percentage 83.85 £2.31 81.36 £2.01 84.20 £1.73 0.68
Carcass percentage 73.82 £1.80 76.89 £1.51 75.30 £2.05 0.60
Chill carcass percentage 71.60 £1.45 74.58 £1.36 73.04 £1.86 0.58
Breast 26.87 +1.66 27.04 £1.03 26.58 £0.92 0.42
Fillets 5.19 £0.26 5.24 +0.52 4.99 +0.31 0.13
Thigh 17.86 +0.68 17.84 £1.37 18.32 £0.52 0.31
Drum strict 12.50 £0.49 12.44 +0.80 12.79 £0.17 0.18
Wing 12.37 £0.50 12.39+0.43 12.06 £0.22 0.13
Skeletal 23.59 +0.90 21.90 £1.38 24.24 +0.87 0.36
Neck 4.38 +0.37 4.58 +0.43 4.04 £0.35 0.13
Head 3.19 £0.19 3.12£0.28 3.12 £0.02 0.07
Shank 4.68 +0.05 4.82 +0.53 4.76 £0.19 0.11

mwmuz&ummmmmmmi@ Laﬂ‘wwmmmmu uay
9L umuqum@w@umm Pifulslamilulé sy
sl LB uanInaR FuT A NI NTHARIAY
ANHULIN

narasmsiasndululaind @uuue®) lukau
m'aa‘l,ﬁLﬁyfas'raqzumwmamﬂmwm'auﬁyaLmz
asdlsznaunsaladuluiia

naganduluTennd @uuua®) Tar e
rifladaelilsunsuniadsuiiuansinaiu 3 Tilsunsy
ﬁi‘ﬂﬂm.ﬂ’]WWNﬂ’mﬂﬁW%’ﬂ\‘iLﬁy‘ﬂLL@z@dﬁﬂi:ﬂ’aum‘ﬂ
lisfuliile wudnna@uiuilesndluinaedi
L‘ﬁl‘ﬂiﬁiﬁN@ﬁiEQMﬂ’]W%Nﬂ’mﬂ’]W‘ﬂ@\ﬁL‘iﬂ (P>0.05)
Fauanslumed 6
Zhang et al. (2012) AlEvnadiugyulelenndd
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sy lnidlefid@ugululefndgaelisunsyd
2 uazlilsunsud 1 finselastuaile omega-6  uaz
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Table 6 Effects of synbiotics (Synbac®) supplementation in drinking water of broiler chickens on meat

quality
Synbiotics (Synbac®) supplementation in drinking water of broiler chickens
Meat quality SEM
Control Program 1 Program 2
pH 45 min. 5.563 +0.10 5.82 +0.19 5.87 +0.12 0.05
pH 24 h 5.47 +0.21 5.48 +0.22 5.64 +0.02 0.06
Color at 24 hour after chill storage at4 °C
L* (Lightness) 54.83 +1.55 52.71 £1.70 54.60 +2.35 0.63
a* (Redness) 0.67 £0.23 0.91 £0.32 0.46 +0.05 0.07
b* (Yellowness) 13.34 £0.75 13.59 +1.34 12.78 £1.01 0.35
Water holding capacity (%)
Drip loss 5.562 £0.90 5.17 £0.68 4.80 +0.07 0.22
Boiling loss 23.61 £1.37 21.62 +2.88 25.36 £3.14 0.86
Roasting loss 33.24 +2.05 31.61+2.79 34.84 £2. 20 0.82
Thawing loss 7.91 £2.56 6.47 +0.37 9.14 £1.70 0.90

Table 7 Effects of synbiotics (Synbac®) supplementation in drinking water of broiler chickens on fatty acid

composition in meat

Fatty acid composition in meat  Synbiotics (Synbac®) supplementation in drinking water of broiler chickens

(/100 g total fat) Control Program 1 Program 2 SEM
Cholesterol 70.18 +2.26° 68.76 +2.12° 63.93 +1.98° 0.7100
Monounsaturated fatty acid 0.97 £0.03° 1.34 +0.34° 1.60 +0.05" 0.0130

Palmitoleic acid (C16:1c) 0.09 +0.03° 0.16 +0.01°° 0.17 +0.01" 0.0010
Veccenic acid (C18:1w7c) 0.05 +0.00° 0.07 +0.00" 0.07 +0.00" 0.0060
Oleic acid (C18:1w9c) 0.82 £0.03° 1.12 +0.03° 1.36 +0.04" 0.0110
Polyunsaturated fatty acid 0.49 +0.02° 0.61+0.02° 0.72 +0.02° 0.0060
Linoleic acid (C18:2w6c) 0.43 +0.01° 0.56 +0.02° 0.65 +0.02" 0.0050
Eleostearic acid (C18:3w3):ALA 0.02 +£0.00 0.02 +£0.00 0.03 +£0.00 0.0002
Eicosatrienoic acid (C20:3w6) 0.04 +0.00 0.03 +0.00 0.04 +0.00 0.0003
Saturated fatty acid 0.78 +0.02°° 0.71 +0.02" 0.82 +0.03° 0.0079
Myristic acid (C14:0) 0.02 +0.00 0.02 0.00 0.03 +0.00 0.0002
Palmitic acid (C16:0) 0.56 +0.02" 0.46 +0.01° 0.49 +0.02° 0.0050
Stearic acid (C18:0) 0.18 +0.01° 0.22 +0.01° 0.29 +0.01" 0.0020
Heneicosanoic acid (C21:0) 0.01 £0.00 0.01 £0.00 0.01 +£0.00 0.0001
Omega 3 fatty acid 0.02 +0.00 0.0 2+0.00 0.03 +0.00 0.0002
Omega 6 fatty acid 0.47 +0.01° 0.59 +0.02° 0.69 +0.02" 0.0061
Omega 9 fatty acid 0.82 £0.03° 1.12 +0.03° 1.36 +0.04" 0.0115

ab,.c

Mean in the same column with difference letter are significantly difference at P<0.05 by DMRT,

*2€ Mean in the same column with difference letter are significantly difference at P<0.01 by DMRT.
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Table 8 Effects of synbiotics (Synbac®) supplementation in drinking water on economic benefit return of

broilers chicken production

Synbiotics (Synbao®) supplementation in drinking water

Economic benefit return of broiler chickens SEM
Control Program 1 Program 2

Feed cost per gain1 (Baht/Bird) 62.37 +2.88 60.60 +2.20 60.14 £2.76 0.65

Salable bird return” (Baht/Bird) 84.78 £3.52 85.80 +2.98 86.40 +£3.12 0.45

Net profits return per bird” (Baht/Bird) 22.41 £1.27 25.20 £1.32 25.26 £1.09 0.36

Return of investment” (%) 35.93 +1.97° 41,58 +1.87° 42.00 +1.77°  0.89

'Feed cost per gain (FCG) =(FCR x feed cost x BWG)

*Salable bird return (SBR) = (Price of live chicken (40 Baht) x BW)

*Net profits return per bird (NPR) = (SBR - FCG)
‘Return of investment (ROI) = (NPR /FCG) x 100
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Key Points to Improve Sow Longevity and Productive Life
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Abstract: Sow longevity is very important in pig production. Sow longevity affects production cost and
production efficiency in pig production systems because it associated with the lifetime productivity of sows. Sow
longevity is a complex trait and definition can be different depending on purpose of study. Longevity can be
selected from direct selection such as length of productive life, lifetime production and stayability. Additionally,
Longevity also can be selected from indirect selection can select by a genetically highly correlated trait as feet
and leg soundness. Heritability of longevity has ranged from low to moderate (0.03-0.27). Estimated breeding
value of longevity traits can divide into two types of data 1) Continuous database lifetime productivity, which can
be analyzed by proportional hazard model or survival model. 2) Binary data as stayability, it represents the
probability that a sow is in herd at fixed parity. Molecular genetics technology and genetic markers to assist in
the selection of longevity, which associated with sow longevity such as Keratin 8 (KRT8), Fas-associated factor
1 (FAF1) and Parathyroid hormone type | receptor (PTH7R), which this gene associated with leg weakness and
bone mineral density. It is possible to improve genetic for sow longevity. Moreover feeding and other
management are important to increase sow longevity. The aim of this review was to investigate the factors that

influence the sow longevity and approach to improve production efficiency in pig production.

Keywords: Longevity, lifetime productivity, sow
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Table 1 Definition and measurement of sow longevity traits

Country Trait definition Measurement References
Finland 1. Length of Productive life Number of days from the date of first Serenius and Stalder,
farrowing to the date of culling or censoring (2004)
2. Lifetime production Number of piglets (born alive) produced
during the LPL of the sow
Germany Stayability STAY12 and Stayability from first to second litter and Lépez-Serrano et al.
STAY123 Stayability from first to third litter (2000)
Spain Length of Productive life The difference in days between the date of Tarrés et al. (2006a)
culling and date at first farrowing
Spain Length of Productive life Time interval between the first fertile mating Sevilla et al. (2008)
and culling or death
Sweden 1. Length of Productive life Number of days from the first farrowing to Engblom et al. (2009)
2. Lifetime production culling
3. Stayability STAY12 and Number of piglets born alive during the LPL
STAY13 of sow
Stayability from first to second litter and
Stayability from first to third litter
Switzerland Length of Productive life Number of days between first farrowing and ~ Tarrés et al. (2006b)
culling
USA Length of Productive life Time from sow entry to the breeding herdto  Serenius et al. (2006a)
culling or censoring date
USA 1. Sow lifetime Days from birth to removal or termination of Nikkila et al. (2013a)

2. Lifetime reproductive traits

3. Removal parity

data collection
Lifetime total number born, lifetime number
born alive, number born alive per lifetime

days
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puberty) vlgwmmzﬁ'qm@ﬁimmmmaﬂmmqm (Gaughan
1995) 1lsz@AnsnnnsiaseytALle (growth
performance) ﬁmﬂNﬁuﬁuﬁ“ﬁﬂuwmuﬁum@m@ﬂ
m@imﬂudwmLLumﬂiLL@mﬂimqwu‘Emmmwm
afiudaussgonninegnisldamaeauigns (Lopez-
2000) NIARANIANWINAUNY
uanainazliipanudiAyrasdsz@nsninnig

et al,

Serrano et al.,
waiulnudadefiasAnfieneanerizauudansg
eI uazALandaY nMawastyRLinlutaessazgnagy
Hualunvauiuszazinains inananaaantdadi e
wireangnsldureduiigns (Lopez-Serrano et al.,
2000; Tummaruk et al., 2001) aeinalsfimnnu (Yazdi
et al, 2000) 13JWUmmmﬁmmmm?m;Lﬁuimmﬁ'ﬂ
(ADG) siaangnsldnunasuignesiiguausion adion

a1gn19lEuresudgnaiunisliiaiuns
wisuge i indaesgneanaiadugaill
ddm@lﬁ@ﬂi@WQQHﬁﬂﬁydﬂﬂﬂm’]Lﬁﬁl‘ﬂ’]LLZ\]Zﬂ’]ﬁ‘LauvLﬁ

Table 2 Proportion of removed sows by removal reason

Reproductive Oold Locomotors Low
Death Miscellaneous References
failure age disorder productivity
33.6 8.7 13.2 20.6 7.4 16.5 Lucia Jr. et al. (2000)
30.4 35.7 5.8 - - 28.1 Sasaki and Koketsu, (2011)
25.1 36.6 9.0 4.5 - 24.9 Sasaki and Koketsu, (2008)
26.9 18.7 8.6 9.5 4.3 32.0 Engblom et al. (2007)
31.9 34.9 9.0 7.9 - 16.3 Knauer et al. (2006)
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anvidsdananansEsyIaasiuNangae (Han et al,
2000) ‘LumﬂiwuﬁmammmqwmwmmLmu‘ﬂmm
m%mﬂmmmmu (Tarrés et al., 2006a)

2. 218fTERTYNUS (age at puberty) WAz D187
ARBANIAYLLSN (age at first farrowing)
angdvitRInuRufuazenyNinaantiauIny

o

ANMNANAU ALY N9 I UTRUNgNT Inud

d
a o o

KX o 24 Y @ @ O v
gnatvdrastyinguaznaangniiaausnléiiofivinlii

(7
'

TananusigneBnliinandnsiusienyfiesadanasie
A dﬁl 14 o 1%
a1gn13auesNngnanauuauld Tnesialludn
nsNangnsfiadnsliigneaading eiaseywug g
AEAIELANIERZIIANT W ANRALAZAINAGERET
HANATIUINTDIGNIANNANTWANN 209229 1ilu
272-365 AMUIUGNHTINAEATWTINAAAIAN 18.2
w153 #in uazaAufieaadeNAnTivanasan 4.8
o o A & ey ' = M \ .
flu 4.1 Ving sl daseenundanandunan (Saito
2011) 818 2894NIANNHAURNANH WAL
Auangnisldauresgnsuaziinlanialunisdniia

et al.,

(Schukken et al., 1994) 38ZANNT AHANRAAADA
mmﬁmmwmwuﬁmqwuﬁﬂﬁmumm:rmvmmu
@ﬂumumm”mwm@mmqLLiﬂmuﬂmq anueilsl
WUANANAUEURITLE LN AN TUNDINANA L
928121 ANNT I ALRRRABATISTR (Serenius et al.,
2008)

3. Tntug (nutrient)
msudgnaldFulngusiieanedenana
ﬁ@dﬂﬁilu“ﬁwﬂ’]?éuﬁfmLL@:“ﬁQdﬂ’]i‘Lgﬂx‘iﬂmﬂ'ﬂzﬁfm
dadsaliuignafiongnisliendiunduiazdanase
Usz@ninmnisuan delngugluanmsitliifiaane
ganaliiiiaainisznduluusigns (ameness) Faiflu
anauilslunisdniegns doulilsiin laduuazeni-
Tulawamluemsdslinsunalnudds winsanlu
awnafipmifieniiesiunszan (Van Riet et al, 2013)
wpadanuaznaanafaluaiuisusigneduanszny
Tnemsasiaangnisliaiaeuigns Inefinnuduiug
fiuemsgnlaiduzacuaigns (downer sow syndrome)
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FamnuagneliFuneadonuazvlagradaliiiies
annsiuemstianas unadanuazaanaaazgn
AANYBBNANNIZAN eIz d@anEaanuINAINEILT
Lﬂuﬂix@ﬂ%%i‘ﬂu@xﬂ?:@]ﬂL‘Qﬂ\‘iﬂ‘mu (rib and pelvis)
finl¥idlanafinszandeunauazanauaniaglfdnn
usignaifnenisqnlsiduld (Rozeboom  and
Johnston, 2001) "Lumizgm‘?iﬁﬁﬁuﬁnﬂ@@numuumﬂ
N9 60 NN. A 21 31 sl FuueaIE A= aaWasa
ﬁLWm‘Wﬂ (Mahan and Newton, 1995) mifn\m@qwﬁ
mslannslunsiinlasiudnsesessnnesiuns
doaiinengnsldnulusignetihudideunannls
(O'Dowd et al., 1997) yananTinslfinvnawg ey
zg\ﬁwdw[;13\1‘1%@\1LLmLﬁ”ngﬂmmm@mffiﬁmmfumh
wnnadludnld (Coffey et al., 1994)

4, %‘zalul,'a'a’ﬂun’l'a‘tazlx‘mn (Iactation Iength)
wignafiesnnsnasanufisanniuiieldlu
nanaRAmLn luEaaAEegn mnusignsiinsazas
lasfwidefiniaiulilugadnsgninazdananiliiu
anslifunasauldiisanasiananufiaanisas
] =2 o [ b4 o o dl v v dl
sanngasausiastindsaunazanliunli e
a31euun wndnisaans laduuasllsaulusnenie
wniiull analinasamaiuanysaiiug Tnawudnu
a - Y a s =
gnangaydeimindannniiullluganaegn azd
dravieiniafludneniund (Clowes et al., 2003)
mmnﬂmmmuiummwwmmaﬂmmmLLmni‘Wﬂﬂ
lugerln@ Tneusignafianegn 7 Swsidetieandnd
B S
waeliiudgenazndudnlidnflamauiuulansi
RENgN 14-16 41 TaszaIzna R g N AU a9 L
siaag N3 Eaureugns (Xue et al., 1997; Koketsu
et al., 1995)
and

[ a
5. AMALASLTIVRIULAZNU  (feet

leg
soundness)
aqiiugnslsignmuniiunlgeingnasalin
Usz@nBnmnisnanuaznsaunug liinaw ansiali
ANANATY 78981 N9 I UNE1IUIUTY AN
@ a @ o 14 = o < o
wiaussresnuaziufiluanwnrlnedonanduniien
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Wlunefmdenyfudlpeliignatengnisliauiiens
@Du%qﬂmmmmeﬁuﬁLﬂuﬁﬂmmmmmiﬁmﬁy\mm
LmvummmmLmﬂmmmﬁmmm@mﬂmuﬂ%m
AUl nAsesRINNNIAATS (Tarres ef al, 2006b) i
famwwu@mim@mm:rm:‘llmmmwmmmm
11Unan9 0.07-0.31  uariANduiuslunneauiy
AT T BT RIT CHT-ITRITT TP R PIIRRN EEVCIY: SOV
(Nikkila et al., 2001) ?ﬁlx'i
anwoignsasgiuTauwazaimn laduinasaany
nsldeugnaiuii (Yazdi et al, 2000) Faviunns
ﬁmLﬁ@ﬂqmmqwmLmuﬁ'ﬁﬁﬂwm:mmLLﬁ@LLNm@m
A ud ATy mngnsanamaunui tassasnganlyl

2013a; Serenius et al.,

uwisusanadnasialsydansnmnisduiug il Tag
‘llmm’éwww,@“ﬁuﬁiﬂLﬁ\aLLNLﬂummmnmﬁmﬂmm
AU lugns aIneUed (Pluym et al, 2013)
WL9N @ﬂ?VlLﬂ%LLN@V]ﬂUNT@ﬂ’]’&WUN:LI%J (mummified
fetuses) mﬂqumwuqmmwmmmwm a7n19
utlananuuaT AL LA LEASALAL (inflammation)
a1 il gnInue M sanasdINasa ATULg N9
(body condition) el Anuduius iU aAnsTuilly
udgns (Knauer et al., 2006) %ﬂﬁqﬁqmmmmﬂmm
anwouzaenanhldagugnld Tnaannsluesqnaten
Wug LL@”mmm'ﬂmﬂmﬂmmimum (Nikkila et al.,
2013b) u@n@’muﬂmmmmu (lameness) uaz W7
Ay (claw lesion) ﬂLﬂuﬂﬂmmm”lummmmwmumm‘
Aeufiasfednsuiiod 3 ﬂnuﬂummmmmmmw
u@mmzqﬂmmmn@uwLmqﬂa‘@ﬂm@mmqmm (Anil
et al., 2009)

msiudganugansazaigmsldnuaaiuigng

nedFudgeiugansarengnisldaiuaes
wsigns W lFgniin U luunuwnisdFudgeiugunnin
wilutlaq Uil Wanadndoyannia iesainangms
euaesusignedenasiafiuuuazlss@nsninnig

rae asgnindiniudounieluwaunisyfuganug

=2 o PPy o A &
FTIRNITDULNANNA NN 1 UNN9A AR aNYTaLEIN
ANNAT NN 1 lunsAAsest
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anunznldlumsAniaananuuzananisldau
URIUNGNST

nsAndanFulgeansnizangnisldau
‘ﬂmLL;JQﬂimm’lﬁ‘ﬂﬁmLaﬂﬂTmﬂm\‘i (direct selection)
annanunizsauiufia s ddufiasiidnia it
NTHALARRARATNTIR Lay NTARAeNInadaN
(indirect selection) ANANEULTIT ARSI
ugneaugs 1 n1sasaeitellaglugdaludaed
ANUUA LAY ANEBULETRIN LAY uHw n1g
AnpananAnEUElnLR f%ﬁmm”uﬁ@@ﬂwgqfu
azsmien T il nanGn (non-productive days) @]
Koedaihderienlideans anialdszazinanindli
mMafudieyanaandasdinagns Seanansautla 1
Tnamaliansadauaslunafililun1s3ins i
mmmﬁﬁ*ﬁmg@ﬁﬂ"ﬂﬂm%mumrﬁ (censored)
1199u1uNN99LAT Al (Serenius and Stalder,
2006) nneAmaenandnuusinadeniionde
mmﬁuﬁuﬁ’mqﬁu@ﬂﬁmwd'Nmm@“m:rm:‘ﬁ'
anansndalivausdasiuresgns delianflufesse
Lﬁ‘u%@g@Lﬁ@@‘ﬂigﬂﬁmﬁyqﬁfaLf;m'ﬁlﬁmum WU
ANBUZANNLTILTITRITN (leg soundness traits),
ANWUEN1NI9A LA (reproductive traits)
ANNNANNUTIDIANE UL AN LT IUITIURITT LT
AnmnuzaeediermiinfilEwe (bucked kneed) Wa%
YANAIBDULE (Weak rear legs) NAMNENNUEN19AL
Aunslinanannaantaedan (Lopez-Serrano et al.,
20000  ANWUENINNNSAUNUTHANANAUS 1Y
nauaniueignislauudans mﬂ%mm
pfausn (age at first farrowing) dasveinuadaiiudn
PRINLUN (wean to estrus interval) (Serenius et al.,
2008)

wmallALazIEn1sNlTlun1sARIAaNANHUE N
M5l anupRugNg
Tunisdszifiudnagnuudsdsauunazen
anduiuinisiugnasuiva i lunislsailiuguainig
HANWUG (estimated breeding value; EBV) anwuy
[ oy o A o a ' [
a1gn19 1l un g luntsAniaenfainananuga
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mm&mmﬂmmnwmvmmmm@m"l,m 2 LU P
LL'LI‘LI‘V] 1 @ﬂ‘i:rmmmum'aummummum (continuous
tralts) Lﬁumimm@mLﬂumm“ummum EiN mmu
Tususduiinaandiasusnieuiifanaitedviud
Anwn visadnunduns inanannaantadin §3de
suflufeafuiuiindayafuiignadingdwieduiigns
ﬁmmﬁmLLiﬂLmzfu‘ﬁ'menmﬁuﬁ@mgﬂﬁmm
ANE WL 2 Ao windeyauuy Tuwid (vinary
traits) tlunsliisiadayailu 0 vive 1 Taeiisvia 0 e
wignatanset Lulwvitepsasiainduiodd 1, 2 uaz 3
dausiia 1 e uslqnaf daseslugwitear lfedsy
fiaefl 1, 2 ua 3 1w nMauanamsaseevive as s
Tusnaiinuue (stayability) (Mote et 2009;
Serenius et al., 2006b) ?ﬁqzﬁ“ﬂwmﬁ@g@ﬁqn@iwq%gﬂ
W 1lUAmnssifae lunantegdd (statistical
Lﬁ@ﬂixLﬁuﬁuﬁniiu&iﬂiﬂ

al.,
model)

TunsirmzisaalumanwatAuesansue
angnsleuanunsaduunld 2 uun Ae wuud |
nsaAszdfaalunaidadu (inear model analysis)
Fudsnnafililunsdenifiudnwnizengnislieu
aunsnld nnsaAzibnaluinadndvalaanene
(multiple-trait  animal model) Iu%g@ﬁﬁuﬁmmu
stayability  ¥59 Tunis Tuimansatisan (stayability
model) m@uzmumﬁ‘uuwﬂmmmmuﬂﬂmLmﬁm
@mwsm (repeatability) 199 Tmmmmﬁfnum (random
regression model) un1531Ased linear model g
wlanapuAN snaNiugar lndoadum oty
mifmmmzi“ﬂwmmfuj (Meuwissen et al., 2002;
1999) ULILT 2 N5ALAT=R e

lunng

Veerkamp et al,
Tmmm?@ﬂ'mm (survival model analysis)
faLﬂmvumﬂmﬂmm@”aﬂmmwmmwiﬂmmm
LLmﬂimﬂmmLmammmmrmm (failure rate at time t)
LufaLmmnmmmwmiumm’luﬂlq F9luluing
sunsnldandnamaiising ij”mem'JLmﬁmmw
vy Wugdng - 1- qmmmmwmwmmmwﬂ B}
Hu uanannieiaiunsnasnisaiAsniae
1199 survival  model

proportional hazard model

analysis Ttlsunsud 1 lunnsaiaszdlnasialulFandn
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Survival kit (Ducrocq et al., 2010) vananniiead]
ATN199ATILA UL Multivariate Bayesian analysis of
Gaussian awnsoihdndiidnserluwielianiu
soslunnstlszfiuld was Vs Tomiandnuniiify
WU categorical  trait lun19UszldU (co)  variance
parameter #agl AnvagaaninanlunnIfnEn A
2003) AMNANINT 3 AR

WUGNTINANUE LPL Uag LTP 289udgnInudnain

(Korsgaard et al.,

NM9IATIEABERENNT survival analysis MR8 R
igNeTNgINIAATEITENER] near model 5438N13
survival analysis azlunnzaunInlun1sdssidu
snmnizengnslinugnaiiesainaiunsnienieys
mmLLsiqmﬁﬁquaJﬁmmmmq\i (censored)  gn¥n
3\1’1?'@3\1?.)Lm’]zﬁﬁ/‘i_lLLﬂZﬁﬂ?ﬁQﬂﬁmﬁ”ML?ﬂ’fJ (uncensored)
wazidatlrsfiunniAnianguiugsnsozang sl
SUALEARTANT survival analysis Az liiAannLsugN T
nnedsziingandn udedn9lsfinanaanng survival
analysis Hdaa1inlunisAatuauiluinadniuans
ANEE 17{ﬁmﬁﬂLmzi“ﬂwm:mqmﬂ?ﬁmuﬂ?uﬁu
éauﬁuzﬁ"ﬂwm:ﬁ'z’hﬁﬂ;mqLﬂiﬂiﬁﬂﬂﬁluj F9a1nnns
UsziiugiaedBnng linear model AMMN3NALRLATIZN
Tnadninansanenzls uaznudnaneizangnig
THerudaranduiuinisWugnasu (genetic
correlation) AUANHUZUUIAATAN FLUZUNNNITARDA
LAZANEUZIATIAFI92N (leg conformation) (Serenius
and Stalder, 2004)
nsldmatulatiniefnuangiugaans i
m@ﬁu%’nﬁ%‘@mmmﬁuqnﬁm (genetic makers)
dmfudmaenaignisldanuaecuignany
mmzﬁ“wﬁuﬁﬂ%wmmﬁuqmmﬁu Chemokine
(C-C motif) receptor 7 (CCR7) @nungnsinsnliilu
Lﬁ%wmﬂumiﬁmLﬁ@ﬂﬂ?ﬂﬂgqﬁﬂwm:mimﬁm
vequslgns feddufiasd 1 uaz Bu Insulin-like growth
(IGFBP1) I

factor binding protein 1 MNnendeaiu
ANHUENIINITAUAUS

LL@ gu Cammne

o

palmitoyltransferase 1A (CPT1A) wumf]muwuﬁm

.

ﬂﬁ?@%?@ﬁ“ﬂﬂ\‘iLLNQﬂ?LL@Z@ﬂHm&W’Nﬂ’]?@UW%QWJEJ
(Mote et al., 2009)
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Table 3 Analysis method to evaluate sow longevity

Country Breed Trait Analysis method h References
Finland Landrace Length of Productive life Multivariate 0.22 Serenius et al.
Bayesian analysis of (2008)
Gaussian, right
censored
Finland Landrace, 1. Length of Productive life Survival Analysis, 0.16-0.19 Serenius and
Large White Linear Animal Model  0.05-0.10 Stalder (2004)
2. Overall leg action Linear Animal Model  0.06-0.07
Germany  Landrace, Stayability Survival Analysis Lépez-Serrano
Large White - STAY12 0.07-0.08 et al. (2000)
- STAY13 0.10-0.11
Spain Duroc Length of Productive life Survival Analysis 0.05-0.07 Sevilla et al. (2008)
Sweden Landrace Length of Productive life Survival Analysis 0.11-0.27 Yazdi et al. (2000)
Sweden Crossbred 1. Length of Productive life Linear Animal 0.06-0.12 Engblom et al. (2009)
Model, 0.04-0.05
2. Lifetime production Survival Analysis 0.03-0.08
3. Piglets born alive in parity 1 Linear Animal Model  0.06-0.12
4. Stayability Linear Animal Model
- STAY12 Linear Animal Model ~ 0.03-0.04
- STAY13 0.05-0.06
USA Commercial 1. Lifetime production Linear Animal Model  0.14 Nikkila et al. (2013a)
2. Removal parity Linear Animal Model  0.16
3. Lifetime reproductive Linear Animal Model
Traits
- Lifetime total number 0.16
born
- Lifetime number born 0.17
alive
- Number born alive per 0.16
lifetime days
Finland Landrace Overall leg action Linear Animal Model  0.02-0.19 Serenius et al. (2001)
Large White Linear Animal Model  0.01-0.19

u@nmnﬁyﬁﬂwmzméauu@ (leg weakness)
‘17'{Lﬁmmnmzmuma‘tﬁ@ﬂumz@ﬂLmu‘ffmﬁ'@quﬂ
g1 (osteochondrosis) SN T U RendasAe
Keratin 8 (KRT8) Fas-associated factor 1 (FAF1) Way
Parathyroid hormone type | receptor (PTH1R) TneiEin
KRT8 HANANANUSTUAINNUILUBNIANTZAN
(bone mineral density) WaLEiW FAFT HANENRLE
fUAZUULABY osteochondrosis  MEANNN13AN399
waziu PTHIR  HiladnAtyiunisuansdfisendon
5219198U (dominance  effects)  ABATUULLEY
osteochondrosis (Rangkasenee et al., 2013) %xﬁmm
Wwiuananungald Marker-assisted selection lunng

Anpeniulpeansuzengnisldauaeaudgnslé

anauldlalunsWawaewuglviiaignis
Tafau

Tunsfuilpsengnisldauaesisigns an
NN3A9IABNAITHNIIINENIUAI IS UENeINaL Tu
svAUANEatunana (mmqﬁ' 3) LAANINANEEUTNY
nsldanudanadlullalunnslfutlgeiugness Tu
nsdssiuiugnIsnanLreny NI I INgNs
awn3nlinsdinsnziifion linear  model  ¥i3anNg
AATEiAae survival model  analysis CRLT oY
wdugnluntstszidundn usadnelsfianu lunns
Usziiupazaztindiayaansuens nanuaransEUE
N uiugdinndanTunnsdssifiugon ienaw

gnéiaspesAnisdmes nslfrseamuieiigness
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(genetic makers) fanluAnidanatgnsliameu
anslpgannzanszANLdLs e ntanLiulga
Tiaaufinautimisiugnesuliisanidouaziinou
wsinganniu dnvietae ilEusignad aansudause
MU (robust sow) @I liRARARTHENM
N

G

ﬂﬂTLﬁNﬂ’]ﬂﬂﬂi‘ﬁ\ﬂuﬂJ‘ﬂ\‘iLLﬁi’QﬂiLﬂuI@ﬂ’]’sﬂu
mﬂﬁuﬂizaw%mwn’]mﬁmqm Huanaifadadanasie
msﬁmﬁ”\nmqm‘ iy Inguy annuandanlseGou
WUGNIINUAZNIIIANITFN ) Franuniiifuaaatin
mﬂ‘lumaﬁﬂﬁa’mmﬂgﬁmummLL@JmﬂiLﬁIﬁ”u vt
s maulag AunsyFudgeiuganlilunng
memﬂmﬂmmmmvmmammﬂmmmmmummu
Aandlille uazuenanil faaliipudndynig
@es nslitensuazniasanisa 1 iauflunietog
dudinlignesnansauansdnaniweanunliuniige
anding

mimqqL'aﬂmsm%ﬁywudqmﬂqmﬂ%mumm
LLﬂqﬂ?Lﬂuﬁﬂwm:‘ﬁ'ﬁmmﬁu%uﬁumnmwﬂﬁa
'1'71|mﬂLﬁlmgﬁmﬁum@Nammam%mqmmLLsJ'zgﬂi v
nayuadArylunisdiueengnisldauuasnanan
m@uu\iqm‘lﬁmqmufu Aansliulgeiugnesngns
LmzmﬁmmmmwLLqmé’@umu@ﬁuﬁ”\aﬁmaﬁuﬂgq
Wugnesugnaanansnidananeasi 1 luneyfulgs
vslnemsuazinedandauiunislmaiialunis
FATITVAAINITHANNUG anvadaanunnly
walulatiniueniugaaniundaaliinnsdag@en
qn11Bate (leg weakness) MAAANNIZLALNTG
Lfdﬁl‘ﬂﬁ\lsluﬂi‘zvj]ﬂLL@tLﬁy’ﬂLé’aﬂi‘x@Jﬂ‘ﬂ"ﬂu
selection
1 Keratin 8 (KRT8) Fas-associated factor 1 (FAF1)
WAL Parathyroid hormone type | receptor (PTH1R)
daalinnsuFudseiuglisaniiadu n1sdanas

(osteochondrosis) 108114 Marker-assisted

annundeniluiaziaeliliaanslianud Aty
nefulnauzgneanamslifunaaldianuas
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waarteFaliniaame anmuandenlsdeuninaag
uazn199ANNIEN 7 iU mﬂmmummwmﬂmm
gnsenaviamedinu szuuduning dhwing mmwa
g Tasiniug uazAaidangnearanaunuiil
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