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NMFILATIZNANMNINNUEN A UENTTHUD
Doritis pulcherrima Lindl. AuwAse Tngmatinaisiann

ez laagdlagdans

Genetic Relationship Analysis of Dwarf Doritis pulcherrima

Lindl. by RAPD and ISSR Techniques

o a 1 1/ o o e a  d
NAANT ANLULA mg’: T‘Wﬁ’)ﬂﬁ‘m BasItuW Ltunaeg
Mallika Duangkhet", Nuttha Potapohn” and Weenun Bundithya”

Abstract: Doritis pulcherrima Lindl. belongs to Orchidaceae family. Phenotypic variation within species is great
making it difficult to identify plant using morphological characteristics. In this study, RAPD and ISSR were used
to determine genetic relationship of Dwarf D. pulcherrima Lindl. with similar leaf shape and spot. Twelve of the
80 RAPD and 13 of the 115 ISSR screened primers yielded 98 (87.5%) and 160 (85.1%) polymorphic bands,
respectively. The genetic similarity coefficients ranged from 0.44 to 0.96 by RAPD and 0.46 to 0.93 by ISSR.
Cluster analysis based on UPGMA clearly resulted in grouping of Dwarf D. pulcherrima Lindl. globose leaf with
spot, and the dendrogram generated with ISSR markers clearly separated D. pulcherrima Lindl. from Dwarf D.
pulcherrima Lindl. and could group Dwarf D. pulcherrima Lindl. globose leaf with spot. The molecular
classification based on RAPD and ISSR technique agree with morphological identification of Dwarf D.

pulcherrima Lindl.

Keywords: Dwarf Doritis pulcherrima Lindl., RAPD Technique, ISSR Technique
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Figure 1 Characteristics of D. pulcherrima Lindl. (a = globose leaf with spot dwarf, b = oblong leaf with

spot dwarf, ¢ = oblong leaf without spot dwarf and d = D. pulcherrima Lindl. of normal size)

Figure 2 Genomic DNA extracted from leaf samples (M: molecular ladder; A: Dwarf D. pulcherrima Lindl.

globose leaf with spot; B: Dwarf D. pulcherrima Lindl. oblong leaf with spot; C: Dwarf D.

pulcherrima Lindl. oblong leaf without spot; OG: D. pulcherrima Lindl.)
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NSNS N A LA ULamAEATIA RAPD
ISSR

LA

nmadaulnawes RAPD  iileeku 4ruau
80 Iwswaf wudndllwawes 12 aila Aa OPAO1,
OPAQ2, OPA03, OPAD5, OPAQ8, OPA09, OPA10,
OPA11, OPA18, OPA19, OPA20 uaz OPC19 7
ansnduansiununiduelévnsaetng unuasds
wazfinuauawzlunsauunngusiaesne i ise

A ALOLAE e TILANFNT (polymorphic bands) &4
Faansiuoumdwelivanun 112 uou fune
sz 73 2109 g Wuuwnuf S weiiuansiig
S 98wy Andlue7s wesidud delnswes
OPA02 uaz OPA1T iflulnaimef A iuaud Buiagege
A 15 wou luanedilnswas OPA10, OPA11 wuae
OPA19  flulefifudnsluoudSuediunnsnaiy
qeqaia 100 wlefifus (maedt 1)

Table 1 Polymorphism of RAPD and ISSR markers in Dwarf D. pulcherrima Lindl. and D. pulcherrima

Lindl.
No. of polymorphic
Primer Primer sequence Total no. of band % Polymorphism
bands
OPAO1 5'-CAG GCC CTT C-3' 5 4 80
OPAD2 5-TGC CGA GCT G-3' 15 14 93.33
OPA03 5'-AGT CAG CCA C-3' 10 8 80
OPAO5 5'-AGG GGT CTT G-3' 3 2 66.67
OPA08 5-GTG ACG TAG G-3' 6 5 83.33
OPA0D9 5-GTG ATC GCA G-3' 12 10 83.33
OPA10 5-CAATCG CCG T-3' 10 10 100
OPA11 5'-CAG CAC CCA C-3' 15 15 100
OPA18 5-GGG TAA CGC C-3' 12 11 91.67
OPA19 5'-CAA ACG TCG G-3' 7 7 100
OPA20 5-GTT GCG ATC C-3' 11 9 81.82
OPC19 5-GTT GCC AGC C-3' 6 3 50
ISSR16 5'-(CGC),A-3' 10 4 40
ISSR18 5'-(CGC),T-3' 13 11 84.62
ISSR19 5'-(CGG),A-3' 6 5 84.62
ISSR25 5'-(GAG),A-3' 10 5 50
ISSR30 5'-(GCC),T-3' 10 8 80
ISSR67 5'-(ACA),A-3' 15 15 100
ISSR68 5'-(ACA),T-3' 14 11 78.57
ISSR69 5'-(ACA),G-3' 16 13 81.25
ISSR83 5'-(CAC) A-3' 9 8 88.89
ISSR84 5'-(CAC),T-3' 25 25 100
12 5'-(ACA),T-3' 18 17 94.44
UBC866 5'-(GCC)A-3' 13 9 69.23
B10 5'-(CAG).-3' 29 29 100

5
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C2 C3 C4 C5 OG

Figure 3 DNA banding patterns amplified by OPAOQ2. (arrow: 771 bp fragments; M: molecular ladder; A1-

A-5: Dwarf D. pulcherrima Lindl. globose leaf with spot; B1-5: Dwarf D. pulcherrima Lindl.

oblong leaf with spot; C1-5: Dwarf D. pulcherrima Lindl. oblong leaf without spot; OG: D.

pulcherrima Lindl.)
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Figure 4 DNA banding patterns amplified by OPA18 (arrow: 340 bp fragments; M: molecular ladder; A1-
A-5: Dwarf D. pulcherrima Lindl. globose leaf with spot; B1-5: Dwarf D. pulcherrima Lindl.

oblong leaf with spot; C1-5: Dwarf D. pulcherrima Lindl. oblong leaf without spot; OG: D.
pulcherrima Lindl.)

M A1 A2 A3 A4 A5 B1 B2 B3-B4 B5 C1 C2 C3 C4 C5 OG
3000bp

500bp

Figure 5 DNA banding patterns amplified by ISSR83. (arrow: 639 bp fragments; M: molecular ladder; A1-
A5: Dwarf D. pulcherrima Lindl. globose leaf with spot; B1-5: Dwarf D. pulcherrima Lindl. oblong

leaf with spot; C1-5: Dwarf D. pulcherrima Lindl. oblong leaf without spot; OG: D. pulcherrima
Lindl.)

3000bp

=

500bp —

Figure 6 DNA banding patterns amplified by 12. (arrow: 421 bp fragments; M: molecular ladder; A1-A-5:
Dwarf D. pulcherrima Lindl. globose leaf with spot; B1-5: Dwarf D. pulcherrima Lindl. oblong leaf
with spot; C1-5: Dwarf D. pulcherrima Lindl. oblong leaf without spot; OG: D. pulcherrima Lindl.)
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M A1 A2 A3 A4 A5 B1

B2

C2 C3 C4 C5 OG

B3 B4 B5 C1

Figure 7 DNA banding patterns amplified by ISSR19. (arrow: 473 bp fragments; M: molecular ladder; A1-

A-5: Dwarf D. pulcherrima Lindl. globose leaf with spot; B1-5: Dwarf D. pulcherrima Lindl. oblong

leaf with spot; C1-5: Dwarf D. pulcherrima Lindl. oblong leaf without spot; OG: D. pulcherrima

Lindl.)
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Figure 8 Dendrogram obtained with Jaccard’s coefficients using RAPD data of D. pulcherrima Lindl. Node
support was estimated with 1,000 bootstrap replicates. (A1-A-5: Dwarf D. pulcherrima Lindl.
globose leaf with spot; B1-5: Dwarf D. pulcherrima Lindl. oblong leaf with spot; C1-5: Dwarf D.
pulcherrima Lindl. oblong leaf without spot; OG: D. pulcherrima Lindl.)
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Figure 9 Dendrogram obtained with Jaccard’s coefficients using ISSR data of D. pulcherrima Lindl. Node

support was estimated with 1,000 bootstrap replicates. (A1-A-5: Dwarf D. pulcherrima Lindl.

globose leaf with spot; B1-5: Dwarf D. pulcherrima Lindl. oblong leaf with spot; C1-5: Dwarf D.

pulcherrima Lindl. oblong leaf without spot; OG: D. pulcherrima Lindl.)
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Evaluation of Male and Female Parents for F, Hybrid

Production of Leaf Mustard

Soamd Avav’ uaz wdians dnsiug’

Teerawat Seetong” and Maneechat Nikornpun”

Abstract: Seven F, hybrids, male and female parents of leaf mustard were tested in comparison with commercial
varieties. A randomized complete block design with 3 replications was used. Yields of the varieties ranged from
2,016 to 4,435 kg./rai. Which was significantly different. Variety 2M gave the highest yielding variety. The F,
hybrid BC9(4-4 x 2M) x 40R was the highest yielding variety among the F, hybrids, it gave 3,468 kg./rai. Head
weight of four F, hybrids derived from BC9(4-3 x 19H) x 2M, BC9(4-4 x 40R) x 19H9, BC9(4-4 x 40R) x 2M and
BC11(4-4 x 40R) x 2M ranged from 350 to 450 g./head and they were significantly different from other F,
hybrids. These sizes of heads were the desirable size by processing factory. However, trimming percentage
was not significantly different. Results showed that most of the F, hybrids exhibited negative heterotic effects on
yield over their mid parents except the F, hybrid BC9(4-4x40R)x19H9 which expressed promising negative
heterosis effect on yield, head weight before and after trimming, percentage of trimming and stem shape index,
at 16.7, 33.5, 16.7, 17.8 and 21.9% respectively. Positive heterosis effect on solidity and head shape index at
42.5 and 1.6, respectively. The F, hybrid BC11(4-4x40R) x 2M, BC9(4-4x40R) x 2M, BCI(4-3x19H) x 2M,
BC9(4-4x40R) x 19H9, BCY(4-4x2M) x 19H9, BC9I(4-4x2M) x 40R and BC11(4-4x40OR) x 19H16 which
expressed promising negative heterobletiosis effect on yield, heterobletiosis value of 50.6, 50.5, 41.3, 35.1, 27.2,
16.0 and 13.9, respectively. The F, hybrids BC11(4-4x40R) x 2M, BC9(4-4x40R) x 2M, BC9(4-4x40R) x 19H9,
BC9(4-3x19H) x 2M, BC9(4-4x2M) x 19H9, BC11(4-4x40R) x 19H16 and BC9(4-4x2M) x 40R which expressed
promising negative standards heterosis effect on yield, had standards heterosis value of 47.4, 47.3, 38.6, 37.5,
31.1, 23.8 and 16.9, respectively.

Keywords: F, hybrid, leaf mustard, heterotic effect
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v Department of Plant Science and Natural Resources, Faculty of Agriculture, Chiang Mai University, 239 Huay Kaew Road, Muang,

Chiang Mai. 50200
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mmﬁLﬁiummqﬂmmu‘ﬁ'mﬁ@ndflmm?{mmw'mm AINHANITNAAR (mmq‘ﬁ' 1) ds1ngdn
AuRRLTRgnHAN eI e Tangeuar  Anmadenyavomeluinunandataaauansinei

I = A 4 o o = | A o o aa = = = =
pNAwmidend Ui wiseiuindgniiln edelidedAyneatia Inelnandneds 2,016 09
n1sAY 4,435 Alaniusials Ineviug oM Winandnunngn

Table 1 Yield and yield components of leaf mustard in winter 2011

Head Weight (g./nead) , Solidity”
Yield Trimming " 5
Variety Before After (gm/CC HSI SSi
(kg./rai) (%)
Trimming Trimming M)

Hybrids
BC9(4-3 x 19H) x 2M 2,605.7°" 1,362.57"" 430.9™" 66.6° 147" 09 0.69™"
BC9(4-4 x 40R) x 19H9 2,560.3°% 830.0° 423.3% 47.4° 1.56% 1.0° 0.6
BC9(4-4 x 40R) x 2M 2,197.4% 1,106.7°°% 363.3° 66.5° 1.63% 0.9° 0.5°
BCY(4-4 x 2M) x 19H9 2,872.8°% 1,454.2°% 475.0™° 65.3° 1.06% 1.0° 0.8
BCI(4-4 x 2M) x 40R 3,467.57°  1,310.8" 573.3% 59.3° 1.51% 1.0° 0.8%°
BC11(4-4 x 40R) x 19H16  3,180.2°%°  1,337.5™ 525,87 59.4° 1.1% 1.0° 0.7%
BC11(4-4 x 40R) x 2M 2,192.4% 1,060.0°*" 362.5° 64.5° 2.1° 0.9° 06
Female Parent
BC9(4-3 x 19H) 3,381.8™°  1,394.0™° 559,27 59.7° 1.33% 0.9° 0.7%
BC9(4-4 x 40R) 2,197.4% 890.8" 363.3° 58.4° 1.1% 0.9° 0.8%
BCI(4-4 x 2M) 2,545.2°% 1,404.2°% 420.8” 68.1° 1.27% 1.0° 06
BC11(4-4 x 40R) 2,016.0° 670.0' 333.3° 47.6° 1.53% 1.0° 0.7%
Male Parent
19H9 3,046.3™° 1,606.7° 652.5°° 56.9° 1.1% 1.2° 0.8%
19H16 3,604.3 1,489.2%° 638.3"° 58.5° 1.17% 1.1° 0.7%
40R 4,127.8% 1,564.2° 682.5" 52.4° 0.98" 1.1° 0.8%
2M 4,435.2° 1,604.2° 733.3° 54.2° 1.06% 1.1° 1.0°
Control variety
Yeam 4,032.0° 1,472.2°%° 666.67°" 52.8° 2.9° 2.2° 0.6°
MAX 018 4,223.5% 1,487.5° 698.3%° 52.1° 0.8° 1.0° 0.8%
M-ONE 4,258.8% 1,463.3° 704.2%° 49.1° 1.25% 1.1° 0.9°

" Mean within column with different letters differ at P<0.05 according to least significant difference and ns = non significant
at, respectively

Z Percentage of Trimming = {(Before Trimming - After Trimming)/ Before Trimming} X 100

¥ Solidity = MHW / (0.524 d, °d.)
MHW = mean head weight, d, = mean length of head, d, = mean width of head

“HS| = Head shape index = (Head length)/(Head width)

° sSl = Stem shape index = (Stem length)/(Stem width)
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Figure 1 F, hybrids gave positive heterotic effects on yield over their mid parents
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Figure 2 Head shape of F, hybrids, male and female parents and commercial varieties of leaf mustard

after trimming
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Adaptation to Aerobic Condition of Upland and

Wetland Rice Varieties
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U e iluas wsnavie” uas iugadssas gnnsn’
Puthapong Manokamm, Nattinee Phattaraku/", Sansanee Jamjod”,

Chanakan Thebault Prom-u-thai” and Benjavan Rerkasem”

Abstract: Root system of rice genotypes differ in their adaptation to aerobic condition, both in water and nutrient
uptake. However, studies of root system are time consuming and labor intensive. In Experiment 1, two rice
genotypes Buebang (upland rice) and KDML 105 (wetland rice) were tested in 8 treatments to identify suitable
growing media for screening genotypes of rice root system. It was found that Sansai soil and black loam soil
were suitable for rice root study and Sansai soil was used further in Experiment 2. In Experiment 2, three each of
upland (BueBang (BB), R258 and Seiw Mae Jan (SMJ)) and wetland (SupanBuri1 (SPR 1), Chainat1 (CNT 1)
and Pathumthani1 (PTT 1)) rice were grown in two growth conditions (aerobic and flooded). Under aerobic
condition, total root dry weight of BB, CNT 1 and R 258 varieties were increased. Root distribution of all wetland
rice decreased at 0-30 cm depth but those of upland rice increased at 15-30 cm compared to the flooded
condition. For shoot growth, shoot dry weight and number of tillers of wetland rice varieties were increased but
plant height was reduced while those of upland rice were the same as in flooded. Thus, the root / shoot ratio of
all upland rice varieties in aerobic were increased and all wetland rice, except CNT 1, decreased. For nutrient
accumulation, nitrogen was increased only in PTT 1. Phosphorus of upland rice was decreased and wetland
rice was not changed. Potassium was increased in PTT 1 but decreased in SPR 1. Calcium was increased in

CNT 1 and BB, and magnesium decreased only in SPR 1.

Keywords: Adaptation, aerobic, upland rice, wetland rice, screening method
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Table 1.1 Root dry weight (g/plant) of two rice varieties Bue Bang (BB) and KDML 105 in 8 treatments

at 0-15 cm, 15-30 cm and 30-45 cm depth at 45 days after germination

Treatment 0-15cm 15-30 cm 30-45cm

BB KDML 105  Mean BB KDML 105 BB KDML 105
T 1.95 1.67 1.81B 047Ca  0.32Cb 0.89Aa  0.60 Ab
T2 1.26 1.03 1.14C 050Ca  0.37Cb 0.58Ba  0.40Bb
T3 0.47 0.33 0.40 DE 0.16Da  0.12Da 0.27Ca  0.13CDb
T4 0.54 0.44 0.49D 021Da  0.19Da 0.22Ca 0.12CDa
5 0.45 0.21 0.30 DE 0.18Da  0.10Da 020Ca  0.04Db
T6 0.27 0.29 0.28 E 0.17Da  0.09 Da 0.22Ca  0.12CDa
T7 2.60 2.44 2.52 A 0.77Ba  0.52Bb 0.00Da  0.00 Da
T8 1.74 2.0 1.87 B 0.92 Ab 117 Aa 025Ca  0.23Ca
MEAN 1.16 a 1.06 b 0.42 0.36 0.33 0.21
F-TEST v T VxT™ Ve T VXT™ Ve T VXT™
LSD .. 0.1 0.19 - 0.04 0.08 0.12 0.06 0.12 0.11
CV (%) 17.06 20.89 19.18

ns, *and **. non significant, significant at P<0.05 and significant at P<0.01. V,T and VxT indicated F- test for variety, growth condition and variety and growth

condition interaction effects, respectively. The differencesbetween varieties in the same column indicated by lower case letters. The differencesbetween growth

conditions in the same row indicated by upper case letters. T1) Sansai soil, T2) black loam soil, T3) black loam soil: silk (1:1), T4) black loam soil: sand (2:1), T5)

black loam soil: sand (1:1), T6) black loam soil: sand (2:1), T7) nutrient solution, T8) nutrient solution + O,

Table 1.2 Total root dry weight (g/plant), Shoot dry weight (g/plant) and root/shoot ratio of two rice

varieties (BB and KDML 105) in 8 treatments at 45 days after germination

Total root dry weight

Shoot dry weight (g/plant)

Root/Shoot raito

Treatment (g/plant)

BB KDML105 BB KDML105 BB KDML105
1 3.30Aa  2.59Cb 1.50Db 2.05Da 1.78Aa 1.09Ab
T2 2.35Ca  1.80Db 2.12Cb 3.04Ca 1.17Ba 0.58Cb
T3 0.90Da  0.58Fb 0.61Ea 0.80EFa 1.07Ca 0.71Bb
T4 0.97Da  0.76Eb 1.20DEa 1.22Ea 0.88Da 0.60Cb
5 0.82Da  0.36Gb 0.52Ea 0.59Fa 1.11BCa 0.66BCb
T6 0.65Ea  0.50Fb 0.83Ea 0.67Fa 0.68Ea 0.66BCa
T7 3.37Aa  2.96Bb 8.57Ab 9.26Aa 0.38Ga 0.32Eb
T8 2.91Bb  3.40Aa 5.39Bb 7.07Ba 0.60Fa 0.48Db
F-test a T WT A T WT A T wT
LSD , .. 0.04 008 0.1 0.16 0.33 046 0.03 0.07 0.09
CV (%) 13.77 11.47 16.05

ns, *and **. non significant, significant at P<0.05 and significant at P<0.01. V,T and VXT indicated F- test for variety, growth condition and variety and growth

condition interaction effects, respectively. The differencesbetween varieties in the same column indicated by lower case letters. The differencesbetween growth

conditions in the same row in indicated by upper case letters. T1) Sansai soil, T2) black loam soil, T3) black loam soil: silk (1:1), T4) black loam soil: sand (2:1),

T5) black loam soil: sand (1:1), T6) black loam soil: sand (2:1), T7) nutrient solution, T8) nutrient solution + O,
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Table 1.3 Plant height (cm) and number of tiller (tillers/plant) of two rice varieties (BB and KDML 105) in

8 treatments at 45 days after germination

Height (cm) No. tillers/plant
Treatment
BB KDML105 Mean BB KDML105

T 56.88 63.25 60.06 D 4.3 CDb 6.1 Ba
T2 70.38 66.50 68.44 C 5.3Cb 7.8 Ba
T3 55.25 59.13 57.19D 3.4 Da 3.8 Ca
T4 67.13 71.63 69.38 C 4.5 CDa 4.4 BCa
T5 53.25 62.88 58.06 D 3.3 Da 3.0 Ca
T6 62.88 68.38 65.63 CD 3.5Da 3.5Ca
T7 92.13 87.75 89.94 A 13.5 Ab 15.5Aa
T8 84.25 84.13 84.19 B 9.0 Bb 15.5Aa
F-test V™ T V™ A T VT
LSD ;06 - 5.73 - 06 1.2 1.7
CV (%) 13.38 18.20

ns, * and **. non significant, significant at P<0.05 and significant at P<0.01. V,T and VxT indicated F- test for variety, growth

condition and variety and growth condition interaction effects, respectively. The differences between varieties in the same

column indicated by lower case letters. The differences between growth conditions in the same row indicated by upper case

letters.

T1) Sansai soil, T2) black loam soil, T3) black loam soil: silk (1:1), T4) black loam soil: sand (2:1), T5) black loam soil: sand

(1:1), T6) black loam soil: sand (2:1), T7) nutrient solution, T8) nutrient solution + O,
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Table 2.1 Analysis of variance results for root dry weight at 0-15 cm, 15-30 cm, >30 cm and total root

dry weight of water condition (W), variety (V) and W x G interaction effects

Root dry weight (g/pot) at

Source
0-15 15-30 >30 Total
Watercondition (W) * * ns *
Variety(v) ** ** ** **
W>< V *% *% *% *%
CV (%) 15.88 17.58 13.68 11.85
** F test significant difference at P<0.01, ns not significant
18 -
e ] a) Total b)0-15cm LSD g 05 TV = 1.36
14 1 | Aerobic
12
10 | OWet
8 -
6 -
4 -
: il 1
D _

1 ¢)15-30cm LSDoosTV=042 1 4y 304 ¢m LSD .05 TXV = 0.40

Rootdry weight (g/pod)

W Aerobic

OWet

PTTL CNT1  sPR1 BB SM)  R258  prr1 cnr1 spR1 BB SMJ R258

Figure 1 Total root dry weight of wetland (PTT 1, CNT 1 and SPR 1) and upland rice varieties (BB,
SMJ and R 258), (a); root dry weight at depth 0-15 cm (b); 15-30 cm (c); and 30+ cm (d); in

aerobic and flooded condition at 60 days after germination.
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Table 2.2 Analysis of variance results for shoot dry weight, tillering, plant height and total root/shoot

ratio of water condition (W), variety (V) and W x G interaction effects

shoot dry weight Tillering
Source . Plant height (cm.)  Root/ shoot ratio
(g/plant) (tillers/plant)
Water condition (W) ** * ** *
Varlety (V) *% *% *% *%
WxV *x ns ns ok
CV (%) 18.86 20.58 10.20 12.01

** F test significant difference at P<0.01, ns not significant
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Figure 2 Shoot dry weight of wetland (PTT 1, CNT 1 and SPR 1) and upland rice varieties (BB, SMJ
and R 258), (A); Tillering (B); Plant height (C); and root/Shoot ratio (D) in aerobic and flooded

condition at 60 days after germination
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Table 2.3 Nitrogen, phosphorus, potassium, calcium and magnesium contents (mg/plant) in wetland
(PTT 1, CNT 1 and SPR 1) and upland (BB, SMJ and R 258) rice varieties grown in aerobic

and flooded conditions at 60 days after germination

N (mg./plant) P (mg./plant) K (mg./plant) Ca (mg./plant) Mg (mg./plant)
Varieties

Wet Aerobic  Wet Aerobic Wet Aerobic Wet Aerobic  Wet Aerobic
PTT 1 234Bc 585Aa 829Ad 86.7 Ac 427 Bc 704 Aab 101 Ac 102Ab  34.6Bbc 54.0 Ab
CNT 1 315Ac  347Ab 107Ac 922Bc 495 Abc 626 Ab 72.7 Bc 112Ab  29.6Bc 54.5 Ab
SPR1 513Aa 334Bb 178Aa 909Bc 879 Aa 655Bab 265 Aa 120Bb 754 Aa 62.4 Bab
BB 422 Ab  309Bb 167 Aa 143 Bab 603 Bb 779 Aa 134 Bb 170 Aa 36.7 Bbc 65.2 Aab
SMJ 362Abc  331Ab 171 Aa 148 Ba 518 Bbc 713 Aab 164 Ab 147 Aa 43.3Bb 72.8 Aa
R258 443 Ab 366Bb 149Ab 133 Bb 485 Bbc 720 Aba 134 Ab 152 Aab  32.1 Bbc 64.9 Aab
oot v I N o v R N —
LSD,os 481 - 4841 13 76 185 95.7 55.2 135 23.2 - 327 842 49 11.9
CV (%) 10.61 11.6 12.7 13.9 13.6

ns, * and **. non significant, significant at P<0.05 and significant at P<0.01. V,T and VxT indicated F-test for variety, growth
condition and variety and growth condition interaction effects, respectively. The deference between varieties in the same column in

indicated by lower case letters. The deference between growth conditions in the same row in indicated by upper case letters.
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Site-specific Fertilizer Management on Growth, Yield, and
Agronomic Nitrogen Use Efficiency of Rice Grown in

Sapphaya Soil Series

9l5a550 loeigassol”

. 1/
Auraiwan Isuwan

Abstract: A field experiment was conducted in the farmer field on Sappaya Soil Series with the aim to determine
growth characteristics, grain yields and agronomic fertilizer use efficiency of Pathum Thani rice variety. The
experimental design was a randomized complete block design with six replications. Treatments were five
fertilizer management practices: (1) no fertilization (control), (2) farmer practice’s fertilization (F), (3) site-specific
fertilization (SSF), (4) fertilization at two folds of SSF (2SSF) and (5) fertilization at three folds of SSF (3SSF). The
results showed that the numbers of tillers per plant at 30 days after transplanting and the heights of plants at 50
days after transplanting of the F treatment were significantly highest (P<0.05). The numbers of tillers per plant of
the 3SSF treatment at 50 days after transplanting was numerically greatest (14.25 tillers per plant) but did not
significantly differ (P>0.05) from the F treatment (14.04 tillers per plant). However, both were significantly greater
(P<0.05) than the others. Grains per spike (99.38 grains) and grain yields (1,195.25 kg/rai) of the rice were
significantly highest (P<0.05) in the F treatment. However, with regards to agronomic nitrogen use efficiency and
economic returns, the SSF treatment significantly outweighed (P<0.05) the other treatments. In conclusion, soils
must be evaluated chemically before growing Pathum Thani rice on Sappaya Soil Series and with the SSF

fertilizer practice, the rice can provide increased grain yields and subsequently economic returns.

Keywords: Rice, Sappaya Soil Series, site-specific fertilizer management
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Table 1 Effects of fertilization regimes on height and tiller numbers of rice plant at 30 days and 50 days

after transplanting

At 30 days after transplanting

At 50 days after transplanting

treatment Plant height Tiller number Plant height Tiller number
(cm) (tillers per plant) (cm) (tillers per plant)
control 57.82 11.58° 71.63° 12.95°
F 57.82 13.83° 81.66" 14.03°
SSF 58.36 12.18° 74.31% 13.23"
2SSF 56.63 11.60° 76.07° 13.13°
3SSF 57.75 12.60° 74.79° 14.25°
%CV 8.33 25.79 8.12 13.15

Values followed by the same letter in the same column did not significantly differ between the treatments at the 5%

significant level
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Table 2 Effects of fertilization regimes on grain yield and yield components of rice

Treatments Grain number 100-grain weight Infertile grains (%) Grain yield
(seeds per spike) (9) (kg/rai)
Control 76.58° 2.53° 16.92° 784.50°
F 99.38" 2.64° 17.17° 1,195.25°
SSF 93.78° 2.72° 14.33° 1,117.75°
2SSF 93.95° 2.73° 15.42% 1,127.25°
3SSF 96.38" 2.75° 16.33° 1,116.25"
%CV 3.23 4.79 13.41 3.75

Values followed by the same letter in the same column do not differ significantly between the treatments at the 5% significant

level
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Table 3 Effects of fertilizer regimes on agronomic fertilizer use efficiency (ANUE) of rice

ANUE
Treatments

(kg rice grain/kg N)
F 13.34°
SSF 66.69°
2SSF 33.97°
3SSF 22.19°
%CV 15.09

Values followed by the same letter in the same column do not differ significantly between the treatments at the 5% significant level
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Table 4 Effects of fertilizer regimes on agronomic fertilizer use efficiency (ANUE) of rice

treatments Fertilizer cost Income Income after correcting fertilizer cost
(Baht/rai) (Baht/rai) (Baht/rai)
control - 8,629 8,629
F 1,784 13,147 11,363
SSF 450 12,295 11,845
2SSF 900 12,399 11,499
3SSF 1,350 12,278 10,928
Provided: Fertilizer 15-15-15 = 17.96 Baht/kg Fertilizer 46-0-0 = 18.22 Baht/kg

Fertilizer 16-20-0 = 16.96 Baht/kg
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Using Endophytic Actinomycetes to Induce Leaf Disease

Resistance of Strawberry by Tissue Culture Techniques

AsuA der’ uas inadu AanAnaNa”

SirimasChaichom” and Kaewalin Kunasakdakul”

Abstract: Diagnosis of strawberry leaf diseases, leaf spot and leaf blight were caused by Colletotrichum sp. and
Pestalotia sp., respectively. Antagonistic endophytic actinomycetes were studied for controlling the pathogens.
A total of 102 isolates were obtained from herbs and Rosaceae after isolations on IMA-2 medium. All of the
isolates were used to determine efficiency in controlling of the pathogens using Dual Culture method. Six
isolates were selected including ERY2, MET4, POL4, DUC2, PRU2 and ROS7 which showed highly inhibitory
effects more than 70% of Percent Inhibition of Radial Growth (PIRG) on both pathogens. The highest
percentages inhibition against Colletotrichum sp. and Pestalotia sp. at 92.50% and 87.50% were obtained from
the testing with isolates MET4 and PRUZ2, respectively. Colonization tests in strawberry tissue culture plantlets of
the selected isolates were performed in order to induce the leaf diseases resistance of the strawberry tissue
culture plantlets. The endophytic actinomycete cell suspensions were inoculated by dropping on the strawberry
tissue culture plantlets. Re-isolation for the ability to colonize in strawberry tissue culture plantlets of each
selected isolate was done after incubated for 14 days. Percentage of recovery for each isolate from the
inoculated plant parts were 96, 56, 70, 100, 100 and 93 percents, respectively. The majority was colonized in
leaves. Induction of leaf diseases resistances in vitro were evaluated. The plantlets was colonized with the
endophytic actinomycete for a certain period of 21 days before the pathogens were separately inoculated.
Disease severity levels were scored comparing with the control treatments, pathogen treated plantlets with non-
colonization of the antagonistic isolate. The results revealed that, the antagonistic colonized trials reduced
average disease severity levels between 0.44-1.88 which statistically different from control treatment which were

3.78 10 4.00 of disease severity level. The best induced resistance isolate was MET4 for both pathogenic fungi.

Keywords: Endopytic actinomycetes, strawberry leaf diseases, induce resistance, tissue culture
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Figure 1 Conidia of Colletotrichum sp. (a) and Pestalotia sp. (b) which were isolated from infected

strawberry leaves, leaf spot (c) and leaf blight (d), respectively after culturing on PDA for 7

days
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Figure 2 Growth inhibitions of Colletotrichum sp. (a) and Pestalotia sp. (b) after dual cultured with 6

isolates of endophytic actinomycetes on IMA-2 medium for 7 days

Table 1 Inhibitory percentages of Colletotrichum sp. and Pestalotia sp. after dual cultured with 6 isolates

of endophytic actinomycetes on IMA-2 medium for 7 days

Inhibition percentage (%)1

Isolates
Colletotrichum sp. Pestalotia sp.
ERY2 80.00 80.00
MET4 92.50 82.50
POL4 82.50 82.50
buc2 82.50 77.50
PRU2 73.75 87.50
ROS7 77.50 82.50

1Average of 4 replicates
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Table 2 Percentage of recovery for endophytic actinomycetes 6 isolates from the segments of

inoculated tissue culture strawberry

Isolates Part of tissue (pieces)w Re-isolation (%)
Leaf Stem Root

control 0 0 0 0

ERY2 9 10 10 9%

MET4 9 7 1 56

POL4 10 10 1 70

buc2 10 10 10 100
PRU2 10 10 10 100
ROS7 9 10 9 93

v Averageof10 replicates (pieces)
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Streptomyces sp. MBCu-56 VlLLF;lﬂVmeﬂLLm\‘mfnLL@”
Wnnas uﬂi”mwﬁmwiumiﬂumﬂ’]imim%\iLfﬁfa
Colletotrichum orbiculare @14 ﬁﬂﬁ‘ﬂ PPN

Wamsznauwss Iaeiin cotyledons 189uAINIWE T
G LLﬂQu@’afmmLﬁﬁ”ﬂ Streptomyces sp. MBCu-56
flunan 144 dewianansuuens IMA2 anmiy
Ugnide C.
NU41 AIN13DAANITAALIAKNAAINNITEN1A 8
weademanmn e Baufieiugarun

orbiculare 11 cotyledons  UR9LLENNIN

Table 3 Disease severity level of strawberry tissue culture plantlets which were colonized by endophytic

actinomycete isolates before inoculation with Colletotrichum sp.,

leaf spot disease

Isolates Symptom category1 the average disease severity level
0 1 2 3 4

Control” 0 0 0 2 7 3.78%
ERY?2 3 3 2 1 0 111>
MET4 5 4 0 0 0 0.44°
POL4 2 6 1 0 0 0.89%
DUC2 4 3 2 0 0 0.77
PRU2 2 5 2 0 0 1.00™
ROS7 2 3 3 1 0 1.67°
LSD, o 0.2516
%CV 23.38

v Average of 9 replicates

# Control: untreated with endophyticactinomycete

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

Table 4 Disease severity level of strawberry tissue culture plantlets which colonized by each isolated of

endophytic actinomycete before inoculation of leaf blight disease

Isolates Symptom category the average disease severity level
0 1 2 3 4

control 0 0 0 0 9 4.00%
ERY2 0 4 3 1 1 1.88°
MET4 5 4 0 0 0 0.44°
POL4 4 4 1 0 0 0.66"
DUC2 4 3 1 1 0 0.88°*
PRU2 3 2 4 0 0 1.11%
ROS7 3 2 2 2 0 1.33%
LSDgs 0.2792
%CV 23.18

" Control: untreated with endophyticactinomycete

Z Average of 9 replicates

¥ Values with different letters within a column were significantly (p<0.05) different according to the Least-significant difference (LSD)
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Reaction of BC,F, , Backcross Rice Lines

((Abhaya/KDML 105) X Chai Nat 1) to Rice Gall Midge

in Lower Northern Thailand
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Abstract: Host plant resistance is the preferred management strategy to control rice gall midge (Orseolia oryzae).
The total of 7 BC,F, backcross rice lines ((Abhaya/KDML 105) X Chai Nat 1), potentially resistant to rice gall
midge, were evaluated their reactions on 5 rice gall midge populations collected from paddy field in lower
northern Thailand as Phitsanulok, Phichit, Kamphaeng Phet, Tak and Phrae provinces, under greenhouse
condition. All BC,F, backcross rice lines, Muey Nawng 62 M, RD1, Abhaya and TN1 were planted in seedling
box in insect cage and mated gall midge females were released. The reactions of rice (silver shoot) were
determined and calculated at 30 days after planted based on standard evaluation system for rice from
International Rice Research Institute (IRRI) and then elite lines were selected. The result revealed that the total of
one backcrossed line, A12-26-201-436, was significantly high resistance to gall midge populations from

Phitsanulok, Tak and Phrae, and no resistant lines was found in case of those from Phichit and Kamphaeng Phet.

Keywords: Rice gall midge, Orseolia oryzae, resistant rice, Abhaya, KDML 105, Chai Nat 1
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Table 1 Reactions of 7 ((Abhaya/KDML 105) X Chai Nat 1)) backcross lines and 4 standard rice
varieties responded to rice gall midge (RGM) collected from Phitsanulok at 30 days after RGM

released

Rice varieties Silver shoot (%)

Damage rating Reaction scale

A12-11-165-359 11.25
A12-11-170-381 10.91
A12-11-171-401 10.50
A12-11-171-402 9.54
A12-26-201-428 14.12
A12-26-201-436 10.00
A15-107-383-723 11.25
RD1 10.50
Abhaya 6.67
TN1 9.17
Muey Nawng 62 M 3.95

5 MS
MS
MS
MR
MS
MR
MS
MS
MR
MR

R

= W W o 0o W o W o O,

R=resistance, MR=mild resistance, MS=mild susceptible

Table 2 Reactions of 7 ((Abhaya/KDML 105) X Chai Nat 1)) backcross lines and 4 standard rice
varieties responded to rice gall midge (RGM) collected from Phichit at 30 days after RGM

released

Rice varieties

Silver shoot (%)

Damage rating Reaction scale

A12-11-165-359 100.00
A12-11-170-381 100.00
A12-11-171-401 100.00
A12-11-171-402 94.44
A12-26-201-428 93.33
A12-26-201-436 100.00
A15-107-383-723 95.65
RD1 100.00
Abhaya 100.00
TN1 92.66
Muey Nawng 62 M 93.33

9 HS
HS
HS
HS
HS
HS
HS
HS
HS
HS
HS

© © © © © O O © © ©

HS=high susceptible
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Table 3 Reactions of 7 ((Abhaya/KDML 105) X Chai Nat 1)) backcross lines and 4 standard rice
varieties responded to rice gall midge (RGM) collected from Kampangpet at 30 days after RGM

released

Rice varieties

Silver shoot (%)

Damage rating Reaction scale

A12-11-165-359 86.21

A12-11-170-381 96.30
A12-11-171-401 100.00
A12-11-171-402 100.00
A12-26-201-428 93.10
A12-26-201-436 88.24
A15-107-383-723 100.00
RD1 93.33
Abhaya 100.00
TNA1 32.14
Muey Nawng 62 M 100.00

9 HS
HS
HS
HS
HS
HS
HS
HS
HS
S
HS

© N ©O O © © © © O ©

S=susceptible, HS=high susceptible
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Table 4 Reactions of 7 ((Abhaya/KDML 105) X Chai Nat 1)) backcross lines and 4 standard rice

varieties responded to rice gall midge (RGM) collected from Tak at 30 days after RGM released

Rice varieties Silver shoot (%) Damage rating Reaction scale
A12-11-165-359 5 1 R
A12-11-170-381 10 3 MR
A12-11-171-401 4.44 1 R
A12-11-171-402 10.91 5 MS
A12-26-201-428 4 1 R
A12-26-201-436 8.33 3 MR
A15-107-383-723 8 3 MR
RD1 4 1 R
Abhaya 1.82 1 R
TN1 7.48 3 MR
Muey Nawng 62 M 0 0 HR

R=resistance, MR=mild resistance, MS=mild susceptible, HR=high resistance

Table 5 Reactions of 7 ((Abhaya/KDML 105) X Chai Nat 1)) backcross lines and 4 standard rice
varieties responded to rice gall midge (RGM) collected from Phrae at 30 days after RGM

released
Rice varieties Silver shoot (%) Damage rating Reaction scale

A12-11-165-359 31.91 7 S
A12-11-170-381 5.95 3 MR
A12-11-171-401 26.32 7

A12-11-171-402 42.15 7

A12-26-201-428 28.57 7 S
A12-26-201-436 6.67 3 MR
A15-107-383-723 15.49 5 MS

RD1 10.39 3 MR
Abhaya 6.41 3 MR

TN1 9.88 3 MR
Muey Nawng 62 M 15.00 5 MS

MR=mild resistance, MS=mild susceptible, S=susceptible
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Survey of Mulberry Thrips and Their Entomopathogenic Fungi
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Nuttagan Ngamsaengrit”, Jiraporn Kulsarinﬂ, Siriya Kumpiro”

and Saowanee Apinyanuwaz‘z

Abstract: The survey and collection of thrips infested on mulberry tree were conducted in 7 mulberry plantation
areas in Chiang Mai province. The most outbreak thrips was Pseudendrothrips sp. and found 30 thrips per
mulberry shoot in Fang district. The monthly thrips survey was conducted in mulberry fields at Queen Sirikit
Sericulture Center, Chiang Mai (Maejo) from October 2013 to February 2014. The heavy thrip infestation was
found in Febuary as 64.06 thrips per mulberry shoot which caused serious losses to mulberry leaves. Currently,
many high effective microorganisms have been used to control the sucking insect pest and safe to environment.
The entomopathogenic fungi infected on thrips found in mulberry tree were collected and isolated. The totals of
four isolates of Verticillium lecanii and three isolates of Isaria fumosorosea were detected from thrips cadavers
and their growth was compared. The results showed that the growth of three /. fumosorosea was greater than
those in V. lecanii at 25 +2°C and room temperature (30 +0.84°C). The highest growth of fungal colonies was
found in I. fumosorosea isolate CMU-IsFa 2 at both 25°C and room temperature at the average of 7.58 and 7.47

centimeter, respectively.

Keywords: Entomopathogenic fungi, mulberry tree, Thrips (Pseudodendrothrips sp.)
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Figure 1 The average of thrips found on the shoot of mulberry trees at The Queen Sirikit Sericulture
Center Chiang Mai (Maejo) from October 2556 to February 2557
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Figure 3 Characteristics of entomopathogenic fungi; (A) Conidiophores of Verticillium, (B) Conidia of
Verticillium, (C) Conidiophores of /saria, and (D) Conidia of /saria (400X)
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Table 1 Comparison of entomopathogenic fungus growth on Potato Dextrose Agar (PDA) stored in

incubator at 25° C and at room temperature

Periodic diameter growth of entomopathogenic fungi

Isolate Species (centimeters) +SD

25 £2°C 30 +0.84°C
CMU-VeFa 1 V. lecanii 7.12 +0.10 abc’ 517 £2.27 f
CMU-VeMh 1 V. lecanii 5.78 £0.20 cdef 523 +1.565f
CMU-VeMt 1 V. lecanii 5.55 +0.63 def 5.32 +0.43 ef
CMU-VeMt 2 V. lecanii 6.62 +0.32 abcde 6.05 +0.05 bedef
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"Means within the column and row followed by the same letters are not significantly different according to LSD test (P<0.05).
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Effects of Crude Fibrolytic Enzymes from Pleurotus ostreatus
Spent Mushroom Substrate on the In vitro Digestibility and

Nutrient Utilization of Broiler Diet
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Wanaporn Tapingkae”, Sureerat Thuekeaw” and Mongkol Yachai”

Abstract: Pleurotus ostreatus (oyster mushroom) can grow on agricultural waste with their ability to produce the
fibrolytic enzymes including cellulase, hemicellulase, and lignin-degrading enzymes. The objective of this
project was to evaluate the effect of spent mushroom substrates (SMS) supplementation on the in vitro
digestibility and nutrients utilization of broiler diet. The experimental diets were divided to 5 groups including
basal diet (CON), basal diet supplemented with commercial fibrolytic enzymes 1 and 2 with endo-glucanase
activity at 500 U per kg diet (CFE1 and CFE2) and basal diet supplemented with Pleurotus ostreatus spent
mushroom substrate with endo-glucanase activity at 250, 500 and 1,000 U per kg diet (SMS 0.5%, SMS 1x, and
SMS 2x, respectively). SMS contained various fibrolytic activities including cellulose (549.6 and 615.94 U/g for
pH 3.0 and 6.8), xylanase (90.75 and 101.71 U/g for pH 3.0 and 6.8), and endo-glucanase (496.42 and 486.14
U/g for pH 3.0 and 6.8). Besides SMS also showed the laccase and protease activities higher than both
commercial fibrolytic enzymes (P < 0.05). Fibrolytic enzymes supplementation improved in vitro digestibility and
nutrients utilization compared with basal diet (P < 0.05). SMS 1x and SMS 2x showed higher in vitro digestibility
and nutrients utilization compared with CFE1 and CFE2 (P < 0.05). It can be summarized that SMS of P.

ostreatus have the potential for a source of enzyme supplement in animal feed.

Keywords: Crude fibrolytic, Pleurotus ostreatus spent, in vitro digestibility, in vivo digestibility, broiler
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Table 1 Composition and chemical analysis of the diets for the in vitro and in vivo digestibilities experiment

(as fed basis)”

Ingredient (g/kg)
Yellow corn Thai B 578.1
Spent malt 80.3
Acid soybean oil 40.0
Full fat soya 50.1
Argentine SBM (High) 190.3
Pork meal (50-55% CP) 40.0
Salt (dry) 1.6
Monocalcium phosphate (Biofoss P 21%) 5.9
Calcium carbonate 5.6
Betaine Hydrochloride 96% 1.0
DL-Methionine (Alimet 88%) 1.1
L-lysine 98.5% 0.7
Sodium bicarbonate 2.0
Mineral Complex (poultry) 0.6
Copper sulfate 25% 0.5
Vitamins (BT 1-1) 0.2
Choline chloride liquid 0.9
Monensin (Elancoban G200) 0.5
Antioxidants (Luctanok 2072-Z) 0.1
Antimold agent (Luctamold 1491 Z) 0.5
Analytical nutrient components (g/kg)
Dry matter 892.6
Crude protein 190.0
Crude fibre 36.3
Ether extract 85.0
Ash 51.5
AME (MJ/kg) 20.4

# SMS 250, 500, and 1,000 U of endo-glucanase/kg diet were added as each treatment
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Figure 1 Activity profiles (U/g enzyme) at pH 3.0 and 6.8 of spent mushroom substrate (SMS) produced
by P. ostreatus, commercial crude enzyme 1 (CFE1), and commercial crude enzyme 2 (CFE2).
Mean values with different letters in the same parameter indicate significant differences (P <
0.05)
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Table 2 In vitro digestibility (%) of dry matter (DM), crude protein (CP), crude fibre (CF), ether extract

(EE), and ash in broiler diets supplemented with and without enzymes

TreatmentA
Parameter
CON CFE1 CFE2 SMS 0.5x SMS 1x SMS 2x
DM 30.38 +1.37°  42.37+1.83° 43.32+2.40° 4538 +1.34° 4413 +1.64° 45.35+2.24°
CP 22.1241.29° 37.58+3.38° 37.68+1.52° 38.42+123° 4456 +1.53° 44.64 +2.47°
CF 24.02 +2.92° 3229 +3.47"° 31.20+1.35° 35454323 3564 +3.24" 37.24 +3.16°
Ash 24.32 +1.74°  29.38 +3.67° 30.42 +2.32%° 30.74 +2.42%° 3246 +3.27"° 34.63 +3.02°
EE 2237 +1.27° 2527 +2.73° 2957 +2.47° 28.03+2.27° 28.12+1.78° 28.78 +3.93°

Mean values with different letters ( o ) in the same row indicate significant differences among all treatments tested (P < 0.05)

" CON = control, CFE1 = commercial crude enzyme product 1, CFE2 = commercial crude enzyme product 2 (same fibrolytic
activity as CFE1), SMS 0.5%, SMS 1x, and SMS 2x = crude fibrolytic enzymes from P. ostreatus at 0.5 times (250 U of endo-
glucanase/kg diet), 1.0 times (500 U of endo-glucanase /kg diet), and 2.0 times (1,000 U of endo-glucanase /kg diet) of

fibrolytic activity to CFE1, respectively

Table 3 Effect of fibrolytic enzyme on CTTAD and AME of broiler diet

TreatmentA
Parameter
CON CFE1 CFE2 SMS 0.5x% SMS 1x SMS 2x

Phase 1 (Day 21-28)
DM 0.686 £0.005°  0.702+0.005°  0.700 £0.004°  0.722 £0.004°  0.74110.005°  0.742 +0.005"
cP 0.680 £0.006°  0.697 £0.008°  0.695 £0.004°  0.724 £0.002°  0.731 £0.007°  0.734 +0.003"
CF 0.233+0.019°  0.33321.462° 0.343 £0.003° 0.362 £1.061®  0.379+0.008"  0.374 +0.005"
Ash 0.233+0.017°  0.264+1.383°  0.266+1.202°  0.292 £0.005°  0.3321.162°  0.324 +1.222°
EE 0.589+0.006°  0.617 £0.006°  0.608 +0.005°  0.628 £0.008°  0.642 +0.004°  0.646 +0.001°

AME (MJ/KQ) 10.46 +0.002°
Phase 2 (Day 35-42)

DM 0.700 +0.002°
cP 0.685 +0.003°
CF 0.315 £0.011°
Ash 0.262 +0.004°
EE 0.608 +1.291°
AME (MJ/Kg) 11.03 £0.15°

0.121 £0.26"

0.727 £0.001°
0.697 £0.003°
0.356 +0.006"
0.286 +0.009°
0.627 +0.007°

12.00 £0.15°

12.06 £0.27°

0.729 +0.005°
0.718 £0.003°
0.353 £0.006"
0.292 +0.006°
0.619 +1.651°
11.73 0.23°

12.26 £0.30°

0.739 £0.005"
0.740 £0.007°
0.364 +0.006"
0.317 0.009"
0.646 +1.332°
12.99 +0.26°

13.25 +0.17°

0.756 +0.001°
0.758 +0.008°
0.381 0.002°
0.347 0.002°
0.680 +0.005°
14.07 +0.11°

13.01 +0.18°

0.757 0.004°
0.753 £0.006°
0.386 +0.015°
0.347 0.006°
0.679 0.001°
13.64 +0.09"

Mean values with different letters (*°) in the same row indicate significant differences among all treatments tested (P < 0.05).

" CON = control, CFE1 = commercial crude enzyme product 1, CFE2 = commercial crude enzyme product 2 (same fibrolytic
enzymes activity as CFE1), SMS 0.5%, SMS 1x, and SMS 2x = crude fibrolytic enzymes from P. ostreatus at 0.5 times (250 U/kg
diet), 1.0 times (500 U/kg diet), and 2.0 times (1,000 U/kg diet) of fibrolytic activity to CFE1, respectively
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Replacement of Soybean Meal with Yeast Fermented Palm
Kernel Cake in Concentrate on Digestibility and Rumen

Volatile Fatty Acid Concentrations of Goats
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thu quqw’ uaz gaas) iwany”

Pin Chanju/a” and Ashara PengnooZ/

Abstract: Five crossbred goats with average liveweight 25 £1.0 kg were randomly assigned according to a 5x5
Latin square design to receive five concentrate diets at 2% BW, containing 0, 25, 50, 75, and 100% YFPKC,
respectively. Plicatulum hay was offered on ad libitum basis. Based on this experiment, there were no significant
differences (P>0.05) among treatments regarding DM intake, whereas apparent digestibilities of DM, CP, NDF
and ADF were affected (P<0.05) by inclusion of YFPKC in diets and tended to be slightly lower for goats fed the
diet T, containing 100% YFPKC as compared with other treatments. The ruminal pH, NH.-N and volatile fatty
acids were similar among treatments (P>0.05). It could be concluded that the optimal level of YFPKC in

concentrate replacement of SBM should be 25-75 or 5-15% in concentrate diet for goats.

Keywords: Yeast fermented palm kernel cake, digestibility, yeast fermented process, goat
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Table 1 Ingredient and chemical composition of goat rations (% DM basis)
Composition Dietary treatment (% YFPKC levels in concentrate)1
Replaced soybean meal, %DM basis T1(0) T2(25) T3(50) T4(75) T5(100) YFPKC
YFPCK levels, %DM basis 0.00 5.00 10.00 15.00 20.00
Ingredients, %
Ground corn, GC 60.00 50.00 50.00 52.87 50.00
Broken rice bran, BR 13.00 23.00 22.95 20.00 22.81
Soybean meal, SM 20.00 15.00 10.00 5.00 0.00
Yeast fermented palm cake kernel, 0.00 5.00 10.00 15.00 20.00
YFPCK
Urea - - 0.05 0.11 0.19
Molasses 4.00 4.00 4.00 4.00 4.00
Salt 1.00 1.00 1.00 1.00 1.00
Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00
Mineral and vitamin mix ° 1.00 1.00 1.00 1.00 1.00
Chemical composition3 (% of DM)
DM 85.92 84.17 85.81 84.58 85.67 88.61
Ash 6.45 6.55 6.13 6.43 6.53 3.88
oM 93.55 93.45 93.87 93.57 93.47 96.12
CP 15.56 15.20 15.42 15.36 15.33  41.67
EE 3.96 4.22 417 4,74 582 540
NDF 17.96 20.49 23.51 25.62 27.70 47.98
ADF 5.97 7.03 8.00 8.69 9.44 3250
ME Mcal/kg DM"* 2.92 2.90 2.92 2.91 290 3.01

1

T, =YFPKC 0%, T, = YFPKC 5%, T, = YFPKC 10%, T, = YFPKC 15%, T, = YFPKC 20%.

® Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 I1U;
g; Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10 g; Se: 0.1 g; 1: 0.5 .
DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; ADF: acid

Fe: 50

detergent fiber
* Estimated: metabolizable energy (ME) = TDN*0.04409*0.82. (NRC, 2001)
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Design Inald Proc GLM (SAS Inst. Inc., Cary, NC)
LL@%L‘LG‘F;I'LILﬁ?;l‘]_lﬂ']’]lll,l,ﬁmﬁi’mﬁﬁLﬁlgﬂﬂ’adﬂduwmﬂm
2235 Duncan’s New Multiple Range Test UAZANE
wnliinnsneUdLe eI fiNszFU PKC  Haeida
Orthogonal polynomial (Steel and Torrie, 1980)

HANITNAANBN LL’&S%’Q’HL{!

#audsznaumaANIaIaNMTNARRY
HANNIRLATIETEIALIENAUNIUANUBIERAT
AW 1F lunmaaes Sedinniitelumdaidu
ﬁﬁﬁwﬂﬂ%ﬁ(YFPKC) FEALFN 7 (mmq‘ﬁ 1) WL
fAnadsresTaquie 8523 iefidus uaciasing 7
Anilusenazaesinguiteieil Ae aurdadng 93.58
1En 6.41 TlsAumeny 15.37 lasiu 4.98 1eladila
avantlugnananazaneiiunan (NDF) 23.05 ua
wayladniiu (ADF) vitauilelufiliazaneluansrlen
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wazizaglaAnTunLn euansineiu Tnef Ay
Pzl lusdnduni e sy
lugmnsaiuns %x‘iﬂ'ﬂNLLMﬂﬁiNﬂJﬂQQM?@’]W}?@’W
LﬁmmmnmmLu;mﬁiwm@\i'ﬁ’mqﬁummizﬁ’mfiﬁﬁ
dudautszneavlugnsans

Banamsiuannsls uasdudszanansdasls
HaNTT U YFPKC naununindaimaeslugns
anmsfiusaiBunnnisiuinguitslietne@aszann

avnan uarenameuluunzgnuasiilesing
Lwi@zﬂziﬁi%%’umgﬁwﬁmem‘fmﬁq (ma’mﬁl 2)
wudnBunounsAva gl (kg/d, %BW g
glkg W™ waelTiANuLANFNaT (P>0.05) Minued
WwenAul3unaunisnulnaue (OMI, CPI way NDFI)
wudmnnaudAingiAeeiu  (P>0.05) waviile
ﬁﬁ-u%‘quﬁ“uﬂﬁzaw‘én’mfjm%’mﬁmqLLﬁq (DMD)
swiding (OMD) Tulsfiu (CPD) wilals (CFD) nns
dlae/lf 109 NDFD uway ADFD amauwennngaiilisy
2 Ne AR YFPKC 9xusing 7 Tugmsavns tsng

Table 2 Effects of yeast fermented palm kernel cake (YFPKC) on feed intake and apparent digestibility

in goats fed on plicatulum hay as roughage

Attribute Dietary treatment (% YFPKC levels in concentrate)1 Contrast’

Replaced SBM, %DM basis T1(0) T2(25) T3(50) T4(75) T5(100) SEM L Q
YFPKC levels, %DM basis ~ 0.00 5.00 10.00  15.00  20.00
DM
Plicatulum hay, kg/d 0.334 0281 0248 0276 0286 003 NS NS
%BW 1.18 0.99 0.89 1.01 103 0413 NS NS
glkg W*™ 2719 2288 2054 2312 2364 274 NS NS
Concentrate, kg/d 0.518 0.517 0.499 0.502 0.513 0.04 NS NS
%BW 1.83 1.82 1.78 1.83 183 022 NS NS
glkg W*™ 4225 42,09  40.83  41.88 4212 009 NS NS
Total DMI, kg/d 0.852 0798 0747 0778 0799 0.06 NS NS
DMI, %BW 3.01 2.82 2.67 2.84 286 020 NS NS
DMI, g/kg W*™® 69.45 64.98 6138 6501 6576 449 NS NS
OMI, kg/d 0794  0.747 0710 0706  0.742  0.05 NS NS
CPI, kg/d 0.097 0.092 0.086 0087 0.088 0.01 NS NS
NDFI, kg/d 0439 0425 0417 0489 0497 0.03 NS NS
Apparent digestibility, %

DMD 7315°  73.02° 7429 7478 67.35° 156  0.07 *

OMD 7456° 7419° 7586° 76.14" 69.09° 147  0.08 *

CPD 68.52° 70.18" 7271  69.63° 61.01° 197 . NS

NDFD 67.42° 66.71° 68.32° 73.03° 62.26° 141 NS *

ADFD 59.92" 57.22° 6126 63.39° 5364° 240 NS  0.12

! T, =YFPKC 0%, T, = YFPKC 5%, T, = YFPKC 10%, T, = YFPKC 15%, T, = YFPKC 20%

““Within rows not sharing a common superscripts are significantly different (P<0.05

* P<0.05
= linear, Q = quadratic
SEM = Standard error of the mean (n = 5)
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71 A1 DMD, OMD, CPD, NDFD Lag ADFD) 289N
NANT 1-4 (0-75% YFPKC) Tlumnsingrius (P>0.05) us
fannuuansaiuedeldadAyneada (P<0.05)

ﬂ“‘un@juﬁ' 5(100% YFPKC) AAdnlss@nanistias
15ﬁﬂﬂdﬁﬂdm%uaﬂ'wﬁﬁﬂéﬁﬁmmmaﬁ (P<0.05)
yatenaiiasann seauiEele uazlasiuig L‘WNZN‘]J‘L&[FI’]N
396U YFPKC mwmﬂmmmmi (n3ad 1) $inld
nstiatlfanas Insanzuiausad uazimayladniiu

FandunuslumaauduiFuiunisnuetnisld was

n13tiae lAUe9911NT 49AARATLNNIANHNURIR T

790U LAZAUY (2554) 978911491 N9 AN ITUN
Fdnuilsznavaasninidia lumanl N dutingusnnngn
30% N Wi dNUsAninnsdesliaealnmue iesann
o A v o o < =
seautiale wazladuniingedu wanannil NRC

(2001) 18197191 U3nnaulasiuinnnngn 5 wefifus

lugnsa1uns aradanasaliniunisfiuauislé
AmaNnsalunistenls nsvuaunisun uaznis
WwinyAulnuesuuAR e (bacterial growth) 1
NIENZFENY 4 Devendra and Lewis (1974) zﬁ?ﬂdﬁ
a A o v o - A a
anafiaiiasan 1) lasdudinlidiu vsandeuiinaas
dll o Y a - 4 1 14 A 1 ¥
walennliqawisddindaslfiann visaldaunsadin
deantialels 2) lavuenaidluisieqduvisdusaiin
Wunaniliidszansqauvisdainiuanasiinnig
= ° a A
wasuudasauaulszansqauriTdlunssiniz iy
) naelauenallinasendawmas (cell membrane)
18998 UYIENN N UaAaT war 4) nealudi
aneeea gy cation sy insoluble

dl = | o . dl a A o
complex 9 nalaeATIFnR1UIU cation NA[UNTE

1Mz Temd vizeluanedensadinudlunge-
anslunszimnzgmuninliinnsdeslfanas vinuag
LRI | Cheng et al. (1991) 38197 ezl
\deLAEva W liiELSannstatang Tnelides
ﬂfmmfmmmlfmmaumﬂ mm@u”l,ﬁnmm@@umw
fuufinens @qm‘mn@w 5 mmmmm@mu I

{7 m@miwmmm;\mimﬂu Windn YFPKC
aansalineununndandeslugaslilussdy 515
wesidud  TneldlnaduseFuiunisAvenmsld

duilsz@ansnisdasld nsdaslfvaslnauy 1se
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ansInNnLeIdng adalafinu wudiaauanunenlu
nsdetlfaesinauziafugegalungui 4 Nszdunng
NAUNU 75% YFPKC ieiRauiauiungsau < 814
Wasnangadmasudinldunsdanldnseguli
Baanenluginulimnizan warain1saiis
dszanslunguidesaaiefialylfadeiisdAny
‘Em;ﬂ‘ﬂ@mummﬂumﬂmmLmuimi‘umq lag phase
wazFaTadasf maudaanuumainiul e
Tl lunaesoyiuinsall (Girard and Dawson,
1995) ARAARBINLNITANENUDS Chaucheyras-
Durand and Fonty (2001) AANEINILETNTASE A5
T30 U NUNENINTLINNZFINUANAIWENLN LAZW WA
% 1 1 ldl Yo & v v
wlonudn ngunliFudiadanunsanszguliinazinngg
A o o o L ° A
WURWEWIN 13930 TaagaInauIuLLAT FaT
' = aAa & oA o A A
tlaeiganaitialeNiaduilon Fauiuldidsue o

AUNDA WAZATAMNITIUNSA-ANTRIIRIUAT LU
NTELNZTINY

NATR9TEAL YFPKC nauwnuuvaallsiuann
mmﬁ"om%fa\'im'fammﬂ?ﬁuuﬂmmmqmuqmu
NITNNZFNLLBUNEIULARTTNIA 0 uas 4 dala
PAINIT RS (mm\iﬁ' 3) WU R ANBANFNG
fuluwsiazngu (P>005) lanfldnadnreudnna
(39.3-39.4 a4ANTIALTA) FaflussAulnAfivunzan
FANN9NULBIARUNTEIUGLNY (3840 BIAN
wiadeag) (Van Soest, 1994) daupnaaudunsa-ang
Wi pH - Aaluginuaasuny luusasdaananf il
mmLLmnmmmNﬂaumuﬂu(P>005) Tmﬂﬁ
AaAtAaud1eAan (6.53-6.61) mLﬂui mm
mmmummi‘wNqu*’uﬂnauvﬁ‘ﬁmammﬂm'a‘lm
waznnseleaaasllsiiu (6.0-7.0) (Hoover, 1986) LA
SeuReniaudn pH ludaanan 0 uaz 4 dnluavds
N31H81NT WL AN rumen pH AARAY (6.18-6.31)
‘lwmimw 4 &zl feenaiiesananniiiu
mmm‘wmmﬂizmummmgqqm atnelsfimu An
pH anagnauAnlnaadindureszAuwen Tl
lunssmnzgi fvenaiaduidedimstenaaneg e

Tneqauwrsdlsidu co,  wazuanluiile (2-NH,)



15 = o =y [ ¢ & @ S P v ' 1%
ﬂ']‘i'ﬂﬂLL'Vluﬂ']ﬂﬂ'JLM@’I’]\?ﬂ')ﬂﬂ'\ﬂLu@iulu@ﬂlh’ﬁNu']Nuv‘Nﬂﬂﬂﬂiuﬂ'\“’]i‘uuﬂ@ﬂq‘iﬂﬂﬂlﬂ
lLﬂzﬂQWNL%Nﬁum@0ﬂ5ﬂ1mﬁuizL“ﬂlmuﬂﬁzlwqgglﬂuT@ﬂLLW%

Table 3 Effects of yeast fermented palm kernel cake (YFPKC) on rumen fermentation characteristics in
goats fed on plicatulum hay as roughage

Attribute

Dietary treatment (% YFPKC levels in concentratef Contrast’

Replaced SBM, %DM basis ~ T1(0) T2(25)  T3(50)  T4(75)  T5(100) SEM L Q
YFPKC levels, %DM basis 0.00 5.00 10.00 15.00 20.00

Temperature, °C 39.4 39.4 39.3 39.3 39.4 0.16 NS NS
Ruminal pH 6.61 6.53 6.57 6.55 6.59 006 NS NS
NH,-N, mg/dl 16.71 16.71 14.43 15.86 1414 113 NS NS
BUN, mg/dl 2064 21.08° 19.18° 21.05° 20.85° 1.10 NS NS

' T, = YFPKC 0%, T, = YFPKC 5%, T, = YFPKC 10%, T, = YFPKC 15%, T, = YFPKC 20%

“® Within rows not sharing a common superscripts are significantly different (P<0.05)

L= linear, Q = quadratic, SEM = Standard error of the mean (n = 5)

(Van Soest, 1994) damnp&a4iiul Roman-Ponce et al.
(1974)  #inanadn ngaladi 5oy Ba duuvaslilsiu
deqduntddndenazanaialiuvanluilsatig
29139 Faueniluilediqna Husnsiein Ay
nsa-AnaiageTy inueaREarTl Pimpa et al. (1996)
et desssuuen T lulngay (NH,N) T
ﬂizl,wwxgmuzgﬁ”uﬁﬂﬁmmﬂmﬂumm—m’wLﬁmg\a
Touding
Avanlule-lulasiauuazssaugde-lulnsiay
lunszuaiaan

pudindvaesuanuile-lulngau (NH,N)
"Luﬂi:l,ngl,uuﬁ 1987 0 waz 4 Faluamdanasliiewng
uazAadnsan wodnldfauuansineii (P>0.05)
Tuusaznguiilifugnaamns  TnedAedsmures
wanlsnfle-Tulnsiauegludae 14141671 mg/dL
([31’1?’1\1‘171' 4) %uﬂwﬁq\i‘ﬁmmmu 10-30 mg/dL
(Ferguson et al., 1993) AuFUNI9iastyLALIAUA
qawisd uarn1sdAsziqauradllsiu  finuaes
{89/ Preston and Leng (1987) fisenudn 3=
wenTuile-lulpsaufimunzausenisineuses
qawiTlunszmnzgiuuie 525 mo/dL a0z
Mehrez et al. (1977) 918113 EluA1 15-20 mg/dL

atinalsfima Audinivaeauenluile-lulnsaud
Y EUREAEY "ﬁ”ufafgjﬁuumﬂﬂ@fﬁ’ﬂ vy HAeNdnd ain
18981917 Inelanizunasanfiulamen Bunaullshiv
FAuls (Lewis, 1975) Anan Wlun1sAANTZLALNNT
MIN28981917 ANE1N1TD luNTeedanlFans
Tilshin menqwﬁmﬁmﬂum‘qu:gmuﬁ WNNzan
(Erdmen et al., 1986)

dqurranuiinduaesy Fe-lulnsiauly
NITUALABA (BUN) A0 uay 4 Fluandenisli
81917 UarANRATTINNLd A NLAn ANy
(P>0.05) tniSungui 3 (50% YFPKC) Rfnmnd
ﬂ@iuéuﬂﬂwﬁﬁﬂéﬁﬁmmmﬁﬁ (P<0.05) wAfgalAn
@gi”lummeﬁﬁﬂﬂﬁ‘luuwz %qiﬂ&’LﬁﬂaﬁUiﬂmqumﬂmﬁ
LATANE (2554) iAnEAmNsdalATiTadenunsd
Aeslunialdanslszmalng uag Lioyd (1982) 7
71897197 sauLnAed BUN Tuwneag lutag 11.2-
27.7 mg/dL farnpudiiiuaes BUN Unfaziuuls
ANuaelade [u 81 §RsaIuIg snnulilsiiud
Auld uazseAtmed NH,AN lunssimnzgiuu aanndes
# Preston ef al. (1965) Mis1e41U97 ARe BUN 4]
anduugge (highly correlation) AU Bunulisiiug
Auld wasdurusiuszAunisnanuantniiely
NITINNZFINY (Lewis, 1975)
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Table 4 Effects of yeast fermented palm kernel cake (YFPKC) on volatile fatty acid profiles in goats fed

on plicatulum hay as roughage

Attribute Dietary treatment (% YFPKC levels in Concentrate)1 Contrast’
Replaced SBM, %DM basis T1(0) T2(25) T3(50) T4(75) T5(100) SEM L Q
YFPKC levels, %DM basis 0.00 5.00 10.00 15.00 20.00
Total VFA, mmol/ L 75.5 78.1 75.0 79.2 76.3 4.58 NS NS
Molar proportion of VFA, mol/ 100mol
Acetate (C,) 62.3 62.3 62.3 62.6 61.7 0.84 NS NS
Propionate (C,) 27.1 26.9 26.2 26.2 26.9 0.41 NS NS
Butyrate (C,) 10.7 10.7 11.5 11.3 1.4 0.32 NS NS
C2:C3 ratio 2.3 2.3 24 24 2.3 0.10 NS NS

1 T, = YFPKC 0%, T, = YFPKC 5%, T, = YFPKC 10%, T, = YFPKC 15%, T, = YFPKC 20%

*° Within rows not sharing a common superscripts are significantly different (P<0.05)

L= linear, Q = quadratic
SEM = Standard error of the mean (n = 5)

ANl NTwanInsalatussinalalunssinng
FLNU

uann3ld YFPKC mawnunindawmaessen
ANl ndureansa lsiuszweld aannnsmaaaanLdn
Aleds AUl ndvaesnsaluiussmelEvianun
nenezdnn nealnsieenin nsadafin uazdndlnues
nanazdRnsensatnsiaadin lunmaaesiAneat
LN 75.0-79.2 HaRINAGAART 61.7-62.6, 26.2-
271, 10.7-115 Wl f i udaansnlasuiisz e 14
Favan unzdndauiidn 2.3-2.4 WemnAnlaidaow
WANFANAUNINADATTUINNGNNAALI (P>0.05)
TR LT 891 199t wazg Aty (2555) @
AneuavesssUEe L Anenann uazniniiiely
Luﬁmﬂ’]ﬁuﬁﬁﬁﬂuqmmmﬁu G4 France and
Siddons (1993) 378797 ANENTueInselusiy
i:m&”lﬁiﬂzwum'lumquxgmuﬂﬂﬁﬁm’wwdmﬁ 70-
130 mmol/L 98 Audaniusiun Banaunnsivly uay
durlszAninistesliveduinedng aenndesiy
Sutton (1985) Ti3nenTdn nsedAnaalasiussive |3
yanun Saauduiuslagnsatunauannsnlunis
doslfrasduriedng Aelanruanansnlunistes
Vaesdwiedagiiady  asfinainldinisuannsa
lasussmellF findudosiduin
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asluaztaiauanus

el dmhduinumsindafanunn
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25-75 Wasifus  visalfli 5-15 wlafidus lugms
amnsune Tnglddenansenuseddunaunisinlé
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nEmINg Feld
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Effects of Dietary Protein Levels on Digestibility,
Blood Metabolites, and Production Performance of

Lactating Dairy Goats

Ty duqwr” Wasuns AnAauaw’ A5imd NAnAT"
UAL ANNWY nALlszang”
Pin Chanjulaﬂ, Patcharin Pakdeechanuany, Siriwat Wasiksiri”

and Sompong Tedprasit”

Abstract: Eight 75% crossbred Saanen dairy goats (BW 50 +3.0 kg) with 60 +10 days in lactation were randomly
assigned to a Switch-back design to evaluate the effect of 4 dietary protein levels in concentrate i.e. 16, 17, 18
and 19% on digestibility, blood metabolites and production performance. The goats were offered the treatment
concentrate at a ratio to milk yield at 1:2. Ruzi grass was given on an ad libitum basis as roughage. The results
revealed that total DM intake, milk production and milk composition were similar among treatments (P>0.05),
whereas CP digestibility and milk urea nitrogen increased as increasing dietary protein levels in concentrate
(P<0.05). It could be concluded that the optimal level of CP in concentrate should be 16-17% for dairy goats

without altering feed intake, milk yield and milk composition.
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wanue ey uaziAmnaenanasalfinie  duemzidaisermismiludoudsznauvestiiun
nanersliiiuie uazunidannng daqiiuun aeardeary Sanz Sampelayo et al. (1998) N2
= = = o & P ] ' a o o A o o o ~
wnelnITHAR wazn s3lnaiinaw ilesannd 491 nsiussAuTdsRunmnnzanazia lidauad
ansemedndynidsrlumisonyed uaslnniantd  wandngelu Aviu GrdndliFuliinaameazinasie
wanglsznianaund e wu fdmiuuacussns dsnnisiuld Ussdninimnisldeuns naenau

1 a o 1 3 =3 o =3 =2 ° v | a 1 =3
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axnsngasaansuaznaglfing (Murry et al., 1999) mumwm@ﬂmmnmmuiﬂmu‘lummmum
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pwnsdiufifllefiua szdu Ae 16, 17, 18, uaz 19
wedidusd muandy Ineeminsdiunngmeiiingussing
ATNANINFABINITIBILNEATNATLUET1289 NRC
(1981) (mmﬁ 1) NN1INAABY 3 199 14z 219U B
sznavfoaseezdfusa (adaptation period) 14 4%
LATTZLNAADY (experimental period) 7 Ju Tnelu

szzlFum il uvd g Tanuundiaf daafy
mslianmnsiunudadauresenstiudetin 1:2
Fuaz 2 A%a e 07.00 wax 16.00 W1ANN 1inneda
Bunnienmni i wazanvnafimaelutaadi uas
ﬁﬁfmLﬁumaqnﬂfuLﬁauﬂiﬁuﬂmﬂﬁiﬁiﬂﬁ waztiuin
BrnninudlEannunsunusazsa Gafnana) lu
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Table 1 Ingredient and chemical composition of dairy goat rations (% DM basis)

Dietary protein level (% CP)

Nutrient composition Ruzi grass
16% CP 17% CP 18% CP 19% CP
Ingredients
Ground corn, GC 54.31 51.45 48.59 45.74 -
Palm kernel meal, PKM 10.00 10.00 10.00 10.00 -
Soybean meal, SM 19.69 22.55 25.41 28.26 -
Rice bran, RB 10.00 10.00 10.00 10.00 -
Molasses 3.00 3.00 3.00 3.00 -
Dicalcium phosphate 1.0 1.0 1.0 1.0 -
Mineral mix’ 1.00 1.00 1.00 1.00 -
Salt 1.00 1.00 1.00 1.00 -
Chemical composition
DM’ 91.2 90.3 90.1 90.3 33.32
Ash 5.31 5.30 5.29 5.28 6.62
oM 94.69 94.7 94.71 94.72 93.38
CP 16.27 17.47 18.40 19.43 7.37
EE 412 4.24 4.96 5.12 1.30
NsC’ 54.99 53.84 52.56 51.61 17.06
NDF 19.31 19.15 18.79 18.56 67.65
ADF 6.67 6.54 6.43 6.12 44.67

' Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 IU; Fe: 50

g; Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10 g; Se: 0.1 g; 1: 0.5 g

> DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NSC: Non-structural carbohydrate; NDF: neutral

detergent fiber; ADF: acid detergent fiber
® Estimated: NSC = 100-(%CP+%NDF+%EE+%Ash)
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polynomial (Steel and Torrie, 1980)
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Table 2 Least square means for feed intake, nutrient intake and nutrient digestibilty affected by

increasing dietary protein level of dairy goats fed on ruzi grass as roughage

Attribute Dietary protein level (DM basis) Contrast P-value'
16% CP  17%CP  18%CP 19%CP  SEM L Q C
DMI, kg/d
Ruzi grass, kg/d 0.520 0.534 0.541 0.546 0.01 NS NS NS
Concentrate, kg/d 0.758 0.966 0.872 0.718 0.12 NS NS NS
Total DMI, kg/d 1.27 1.50 1.41 1.26 0.12 NS NS NS
%BW 2.50 2.98 2.88 2.80 0.23 NS NS NS
glkg W°™® 66.81 79.38 76.33 72.60 5.63 NS NS NS
Total-tract apparent digestibility (%)
DM 72.50 74.28 73.80 72.64 0.82 NS NS NS
oM 74.44 75.90 75.46 74.55 0.80 NS NS NS
cP 64.92°  71.07° 7277  73.60° 196 004 NS NS
NDF 58.40 58.44 59.60 61.75 1.00 NS NS NS
ADF 52.33 53.35 53.45 54.76 1.18 NS NS NS
Digestible nutrient intake, g/d
DOM 90543  1082.21 100422 88846 9164 NS NS NS
DCP 106.51  150.11 14649 13574 1603 NS NS NS
DNDF 324.84 35649 34593 35479  16.71 NS NS NS
DADF 149.34 16430  160.20  159.67  6.59 NS NS NS

“® Within rows not sharing a common superscripts are significantly different (P<0.05)

L= linear, Q = quadratic, C = cubic; SEM = Standard error of the mean (n = 6)

uiArAana1aet luwnusidnA luuny daenadesiy
Lloyd (1982) e seduLnFres BUN luune
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|
=
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WANNTN 1.028  AINANSU T EnsanEAnlad
upnengiues weldadAtyneala (P>0.05)

Table 3 Least square means for rumen fermentation characteristics and blood metabolized affected by

increasing level of protein of dairy goats fed on ruzi grass as roughage

Attribute Dietary protein level (DM basis) Contrast P-value'
16% CP  17%CP  18% CP 19% CP  SEM L Q C
NH,-N, mg/d| 16.67°  18.30"  19.02®  21.35° 085 002 NS NS
BUN, mg/dl 16.91°  19.71%° 1934  2172° 095 004 NS NS
GLU, mg/di 63.14 67.51 66.48 6589 209 NS NS NS
PCV (%) 28.10 28.45 29.67 3051 115 NS NS NS

*® Within rows not sharing a common superscripts are significantly different (P<0.05).

'L = linear, Q = quadratic, C = cubic
SEM = Standard error of the mean (n = 6)
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Table 4 Least square means for milk yield and milk composition affected by increasing level of protein

of dairy goats fed on ruzi grass as roughage

Attribute Dietary protein level (DM basis) Contrast P-value'
16% CP 17% CP 18% CP 19% CP  SEM L Q C
Milk production, kg/d 1.50 1.92 1.73 142 0.24 NS NS NS
3.5%FCM, kg/d2 1.93 2.55 2.36 1.90 0.31 NS NS NS
Fat yield, g/d 79.44 104.13 99.57 82.01 13.27 NS NS NS
Protein yield, g/d 66.87 84.00 76.87 66.25 11.11 NS NS NS
Milk composition
Milk fat, % 5.28 5.44 5.75 570 0.13 NS NS NS
Milk protein, % 4.44 4.36 4.42 4.61 0.10 NS NS NS
Lactose, % 4.26 4.00 4.37 437 0.16 NS NS NS
SNF, % ° 8.83 8.93 8.68 8.56 0.19 NS NS NS
TS, % N 14.10 14.37 14.42 1425 0.13 NS NS NS
pH 6.61 6.53 6.58 6.78 0.19 NS NS NS
Specific gravity 1.40 1.33 1.27 1.43 0.08 NS NS NS
Total ash 0.80 0.89 0.71 0.78 0.09 NS NS NS
MUN, mg/dl 15.83°  18.93"°  20.37" 2255° 151 0.04 NS NS

“® Within rows not sharing a common superscripts are significantly different (P<0.05)
L= linear, Q = quadratic, C = cubic

SEM = Standard error of the mean (n = 6)

?3.5%FCM (fat collected milk) = (0.432 x kg of milk/d) + {16.23 x (% fat x kg of milk/d)}
*SNF = Solid-not-fat

*Ts = Total solid

G NIATFIUAUAUNBATUAZBINNTUNNTR
(aulaw]). unasdioya: http:/acfs.go.th.pdf.
seFullsRuvanzan gl ounia 16-17 Frudle 5 unmaw 2556.
wefidus ilesanbifiuansznusioBinmnsiuly  qnedl AiTena quid fesnedlnana anifesh
NANAR uazeIALlsTneLTaN  uaztanese ﬁ@qw%r WAT WLENT AUNIIT. 2556, BYNENA
AHABINNITIBUNETAUN Btinglafinn AvgarldT wa3dununisliienuisseliunnuay
nsfnseluszduieaiudammsnisiaios avfUsznaumainfizeainuaung. ansans
f791N1TAADA ﬁquﬁmwnmamamﬂmw: it NERT 29(2):107-116.
UEINUNTBIGNUNG UATQINIWUNUNE (s afttassns fluas Ty dugin Sudand vadasla
WAz BNTF UABINTS. 2554. WANITHENIN
LANANFANNBY Welumdahdniuiulugasemsdiusde
nstiagls uaztinminenlunszmnzgwnes
NIATFIUFUANNEATUATBIVNTUNNTIR (HBNT.6006- WNE. 29ANTINLAT 27(1): 87-99.
2551). 2551, tiununEAL. d11neu
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Alternatives to the Use of Antibiotics as Growth Promoters for

Livestock Animals
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Abstract: Due to the concern about the problem of antibiotic resistant bacteria, the European Commission
decided to ban all commonly used feed antibiotics. In the past two decades, an intensive amount of research
has been focused on the development of antibiotic alternatives to maintain livestock health and performance.
The most widely researched alternatives include acidifiers, enzymes, plant extracts, zinc oxide, probiotics, and
prebiotics. The purpose of this review is to summarize the efficacy and mode of action of alternatives as growth

promoters on the health and performance of livestock animals.

Keywords: Antibiotic, growth promoter, livestock animals
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uanunadmd (Cogliani et al., 2011)
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S - Starter phase, pooled data from 378 experiments

G - Grower phase, pooled data from 276 experiments

G-F - Grower-finisher phase, pooled data from 279 experiments

Figure 1 Effect of growth-promoting antibiotics on weight gain and feed efficiency in swine (Hays, 1969)
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Figure 2 Model antimicrobial action of SCFA in the stomach of pigs (Morz, 2005)



545N AT 30(2): 201 - 212 (2557)

LAB) %qﬁ@dwLﬂuﬁum’%ﬁﬁﬂi:‘imiﬂumqLﬁu
awnsreddiiafiaunuiuunniu (Saki et al., 2012;
Hassan et al, 2010) faualifliide ¥ sl miann
81917 lEuna Y uardidnInnisuaniingnia
(Ogunwole et al., 2011)mummﬂmn‘lﬁmumuw
AnsnInas A ulauaY FRsINITLaNiN A
WiruwinnainenUdaue (Guiloteau et al., 2009)
uenani nsLdsunsaduvise uewnsdadan isya
dnffidueanunfinduanas wazdonannaumely
dNgN7 (Babol and Squires, 1995; Claus et al,
1994) atislafiau pasdiunend i dauiiguds
wuzHn nasgrNna luen sl azdanali
dniiuemslitionas inminan uavilszansaim

NNINANAARIAN (Partanen et al., 2007)

wiinNsuannsad nsLE N luaunsdng

909199 Nl esnaAvaNTie LANBWANT
=l d’l o =R K o 1 A v U
wentandsantedeiladsing < uazaasiaanldnanli
winnzan el lfuaaanuandmnilsrad e
Ao ' ~ o A a a &
ngan e uinainansanidunsndunsduaznss
alunizsl neanmnnzanlunisldnanluamsdmndin
Wlunsadwiae waziflunsmaet Inasan1snuang
198 miiay Ae ANLINAY (palatability) 289871907l
d‘ o a o I3 =l 2
waguwlasunnin luunsedansigianainisldnss
afluyiadunefafiag i nsanaanesn  (phosphoric
. A 2 ) o A qu
acid)  visadnIsARaLANT 1w Tusiu e liiAes o
andassnsnaanuiniawlsluanléddnviseanld
g daiuniadenlinsaivenaunuenddous aqs
Nangunaenliasamnnzan e liilidsc@dnsnn
4940

Fehaanldn
a s . A o a e 1 d‘ 1
WA (zinc, Zn) vize dansAdundsnndonlu
nauzeaenladsing - Anesdesiunszuaunig
= dd‘ a ﬂy 1 a g ° o
nTaRnAnTuNelusane Inaddaudnanylu
N9ALIANNITLIUNININLEATNTDNIAD N TuLAL
Tushiu doalifimaditioynialunisfiuaiisiinaia
wlensuiuNNIu uazdaalfiaadnnedaeylu
NI9LAUBINS (microflora) @115 AN 1NN LH

204

Andnd aunsndudinisigreadenelsald
yananniu anstlernenaesdansd ity Saftamn
(zinc sulfhate) F9RLaTU (zinc lysine) wazdeAwnle
Ta%iu (zinc  methionine) 93 AnANLR UN19NTEH 1
NI NNULRTAR I AAeAT A (Van Heugten et
al., 2003) z%m%u’luﬂqmmﬁﬂssunfm‘tﬁyﬂqqm Heu
Fefeanlas (zinc oxide, ZnO) TuszAugs (2,000-
3,000 Ha@Ansusenlaniienmns) Weliuls=Ansnm
nssiinuazanilyviends saudeloyun
anlddniavlugngnandamenun
AsAnEUsE@ninanees  ZnO Wisnudu
AGP  wudn gngnenguiiléiu zno Fémanas
L@?r:yLﬁu‘ﬂmLmzﬂ?‘mmmmiﬁﬁuic’-ﬁmrj“uiﬂu,mﬂm'w
ﬁmmﬂm@'uﬁiﬁ%’u AGP uslide £ co//@’m@ﬂ@ﬂi‘ﬁl
185U zno ummmmmiumammumﬂgmuv
panTANAT AR WeN 67% Weaauiude E. coli
mn@unqﬂswimu AGP fignunsnlunissadiuen
UfTouzeandemmalarauldl 100% (Shelton et al.,
2009) aginalsAmnIu NNIATUUIENRF 7] TQNVi‘i ZnO
1A R luBunuge a1 aaaLRIAINNINUNAS
A Nsdufiaresansman iR unomnn vlide
floynuanmazredauanien Tuilaqiiulafiniswmuwn
WIFGHAN ] Uies g dmsanunsarinl Vs T
Pannduuazannistuiald wu ussrgiifawadn
AU IUNAT (nano) LAY farfu pasidenld
HA B W memwimumiwmmimﬂuiﬂmrm
gzt lF 15507 Aeflunistiaananui@essa
muﬁmﬂmmmqumamqm@@u WATARFIUY Y

AaNINFasgnydellangion

vauledsl

AYTHUANGNNYBNTELLNNTEBHBIUTTR
dnfafiasing 4 sanfeszaenalfuaudafiuansaaiy
Aanalidns Al (‘iﬂﬂ@ﬂ) TssFURUANATY
Haqiiunguinanenmsdniauainieuladluaims
&t iedaelfidnsannsateninguatadasly
atiaiiulszAvann iewlndfiduacluemednddon
M NAAAINAAUNTS LNT1TATNII0AILAN



maaanlunsnaununisldendiuzifuasss
nsiasaAutad uiuLlARRA

nszuaunsHaalAuasnan i luszdugnaiunssu

Tanszasfresnadinenlafluenedn uels
d9/

i

e

1. msiasnaultIndnInanlalussau

AN LULNENZ NANINAMENUNTININAG oUW lTs]

N faﬂm"luszﬁuﬁﬁ (m‘wﬁ' 3) dlelEFuamsaan an
gnsldainnsndesdngiuainisdndliadnel
UszAvsnm uazgainansanslifien derelsnd
ag/lumaiuensanansn e mnsiivaeuazinli
Wnanisfiaads naaduteuwlad 1w azluas
(amylases) lsAiea (protease) wazlaila (lipases)
dtdiaevslugnansvdadunlianndedu fan
Sannewsdusuidenalse wazdaeliigngns
BryHulalEaTy

2. maduaylaindninsziwnzifean
(monogastric  animals) WA antyle iy LIAY LAY
(cellulase anzmum (xylanase) LL@JL‘NLM phytase)
maenelusruumanuemslifiqauidiinan
wulgslsing o denanalimilaudndnszinizaan
(ruminant animals) iRqawRTlunszmzusingas
don doiu iwefinndsuewlningai wu laawa
Wuddpdnszmzinen audlunadiusnistes |y
waziamaneinanse gl s T lanndo

Wean

Relative enzyme activity

WAL AUTIIARDIN9TIB9599UBIgNT Failingnz
msi@eulmdazdaiosnamadi ugoulsynen
2129imnAva1Idnd doelidndainisnlissland
AN@N38WNT A BEN9NLEANBAN (Tapingkae et
al, 2008) wanannvis fawudn IiitedlEsunndsa
wulmaTluanvng Simindauazilezdvaniwnngld
ansguiteuwiniuliilen s Acp Bnvienanw
niAU89811NT (viscosity) Maluniaduanmisaesin
detlasueulniastioandnliilerlésn AGP il

Jalagnnsonaiinaisenmslinnda (Owens et al,

2008)

Tnaagiudo nagduanladluausdns
doeNUsz@nsnnniseeaanuis n11H4nS

a a ol o g o a a

wingiulalandu anedafuntsantTunm

A A o o A Aa a
anemsiwasdviudeasuanizenalsaluniamu
21917891LaNe A9EINITDAANTI TN ARINNTRLALA
18 wana1niiu sl @@ uieulmsiifianaunnisden
Ufgauzdsdanaliindandmeinlfiandnd wu laln
ﬂmﬂmmmmnﬁwwmmﬂﬁ%qu: (Dipeolu, 2005)

a o =R A | d‘

madrueulmdluemnsdndasiadlunisanianiadn
azfiannsanAwaesenUfaus lundndneiandn iy
v a %
frstnald

Lipase
Sucrase

Maltase

Protease

Lactase

10

Week of age

Figure 3 A composite illustration of digestive enzymes development (adapted from Manners et al., 1976;

Lindemann et al.,
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1986; Veum and QOdle, 2001)
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Figure 4 Some probiotic mechanisms whereby induce several beneficial host responses. Most effect

consist on 1) Exclusion and competing with pathogen to epithelial cells adhesion, 2) innate
immune stimulation, 3) competition for nutrients and prebiotic products, 4) production of
antimicrobial substances and thereby pathogen antagonism, 5) protection of intestinal barrier

integrity and 6) regulation of anti-inflammatory cytokine and inhibition of pro-inflammatory

cytokine production. IEC:

(Saad et al., 2012)
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IL: interleukin; M: intestinal M cell
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