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Allelopathic Effect of fresh and dry Cleome rutidosperma DC.
Extracts on Seed Germination and Growth of Echinochloa crus-galli

Beauv. and Amaranthus spinosus L.
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Abstract

Allelopathic effects of fresh and dry Cleome rutidosperma DC. extracted by water at concentrations 1, 5,
10 and 15 mg/ml on germination and seedling growth of Echinochloa crus-galli Beauv. and Amaranthus spinosus
L., The results indicated that the concentrations of extract from fresh Cleome rutidosperma DC at 5, 10 and 15
mg/ml can completely inhibited seed germination, root length, shoot length, and dry weight of Echinochloa
crusgalli Beauv. and Amaranthus spinosus L. at 100 percent. While, at the concentration of 1 mg/ml stimulate
seed germination of Echinochloa crus-galli Beauv. and Amaranthus spinosus L., at 80 and 78.64 percent
respectively. Root length, shoot length, and dry weight of Echinochloa crus-galli Beauv. are promote, 14.05, 59.52,
and 63.34 percent respectively. Root length, shoot length, and dry weight of Amaranthus spinosus L. 9.83, 51.27
and 57.43 percent respectively. The concentrations of dry Cleome rutidosperma DC at 15 mg/ml, the extract
shows the best result in inhibited seed germination and growth. The effect of Echinochloa crus-galli Beauv. and
Amaranthus spinosus L. are as followings inhibited the germination 61.47 and 77.63%, respectively, inhibited the

root length at 78.56 and 82.71%, shoot length at 63.19 and 79.61% and dry weight at 87.15% and 72.24%
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respectively. Allelopathic from fresh Cleome rutidosperma DC. has more efficiency in inhibited the seed
germination and growth than dry. The low concentration of fresh Cleome rutidosperma DC. can stimulate and
promote the seed germination and growth of Echinochloa crus-galli Beauv. and Amaranthus spinosus L., where as
the high concentration can inhibit the seed germination and growth. Amaranthus spinosus L. which is a broad leaf
weed will be affected more than Echinochloa crus-galli Beauv. is narrow leaf weed.

Keywords : Allelopathic, Seed germination, Growth, Inhibit, Promote
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82.71 % ANLELDA 79.61 UAT 87.15 % WazLminuRs 63.19 uag 72.24 % auddu (Table 2 and 4)
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315N
wan1svaaesnumsldansatnindnidsuiiamdudugeiignilunissudinmsenuasmaaiydulaves
wehdunuazdnluavu widldandutuiagignslunsduasunissenuaznisiaiyiivia dndsuiuand
Uszdnsnmiininduuis Tneiluluduiivesilarsdadlan3nuanewin Sasildiviuflarsasaiidqniniedadla
WIBNUNT Y \dleftwgnvinliuisansdadlanidnuiadiionaaasly Foilfasatmnindsuduuiadussansan
founinarsatnaindnidsuduan uasdndsuduanideifiuanudutugeaduuszdniamlunissudagedu e
denndoafy Einhellig (1985) wuiassadlanBniifruditugaiwldudumssudmasyiulmesit duenu
duduienaaziduansnszdunisaigdulavesiinld adauazany (2552) 91891091 Msifiuanududuresans
anna1nug1menu (Leptochloa  chinensis  (Nees.)) ﬁﬂ,ﬁmiﬁugamiaaﬂu,asmsLfﬁzy@uimaﬂﬁuﬂﬁmajmﬂ?ﬂmm
(Echinochloa colana (L) Link. & (Macroptilium lathyroides (L.)) wazdouis (Ruellia tuberosa (Linn.) Wiy
uenaniinIageUasatavesiananesilasefitnagou wu nisldasataandilsd (Secale cereal) fiszsunny
LT 1.4 un./ua. navinlin1seen ANgen LasANeITINTBIRUNAIMANNIT (Cucumis Sativus (Linn.) waginyes
(Cucurbita  moschata  Decne) gndusannnitmsldansatnandmlad fssduarududu 02 0.6 uaz 0.8 un /e,
(Burgus and Talber, 1999) IinLLazﬂmz (2551) Anvnavesansaagethanlutunemenum (Suregada multiflorum
(AJuss.) Baill )(Giamiﬁuév’qmsaaﬂLLazmiLQ%@L@UImmaﬁﬁﬂiﬂuuaau (Amaranthus tricolor (Linn),) wuinsanisdudanmssen
warmswsyduinvesinlamuiintudiornududuweasataiudu dnlvumndaduisialunicldSunanseny
wnmimgimundaluteirlusaudniios denadosiuiviunazane (2555) menuin mslfansatndethaindly
A1Ises (Tagetes  erecta  (Linn.)) mmsaET'Uév’amiaaﬂLLazmiLﬁzy@uimaamwéjﬂ (Brassica  chinensis  Jusl var

parachinensis (Bailey) Tsen & Lee) leifinimgj1dmun

Table 1 Inhibition of seed germination, root length, shoot length and dry weight of
Echinochloa crus-galli were extracted from fresh of Cleome rutidosperma DC

at different concentrations.

Concentration of fresh of Inhibition of seed Inhibition of root Inhibition of shoot Inhibition of dry
Cleome rutidosperma DC germination (%) length (%) length (%) weight (%)
(mg./mlL.)
Control 0 0 0 0
1 -78.64b - 9.83b -51.27b - 57.43b
5 100a 100a 100a 100a
10 100a 100a 100a 100a
15 100a 100a 100a 100a
F-test * * * *
CV. (%) 5.38 8.45 7.63 7.56

In the same column with the same letter indicates no significant difference at 0.05 level of confidence by DMRT. Positive values

indicate that the effect of the inhibition. Negative values indicate that the effect of stimulating or promoting.
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Table 2 Inhibition of seed germination, root length, shoot length and dry weight of

Echinochloa crus- galli were extracted from dry of Cleome rutidosperma DC at

different concentrations

Concentration of  dry of Inhibition of seed Inhibition of root Inhibition of shoot Inhibition of dry
Cleome rutidosperma DC germination (%) length (%) length (%) weight (%)
(mg./ml.)
Control 0 0 0 0
1 35.72d 40.14d 48.59d 39.65d
5 47.61c 52.73c 54.57c 48.25¢
10 55.37b 60.92b 65.17b 56.34b
15 61.47a 78.56a 79.61a 63.19a
F-test * * * *
CV. (%) 7.74 6.53 8.58 6.81

Table 3 Inhibition of seed germination, root length, shoot length and dry weight of

Amaranthus spinosus were extracted from fresh of Cleome rutidosperma DC at

different concentrations

Concentration of fresh of Inhibition of seed Inhibition of root Inhibition of shoot Inhibition of dry
Cleome rutidosperma DC germination (%) length (%) length (%) weight (%)
(mg./ml.)
Control 0 0 0 0
1 -80b - 14.05b - 59.52b - 63.34b
5 100a 100a 100a 100a
10 100a 100a 100a 100a
15 100a 100a 100a 100a
F-test * * * *
C.V. (%) 6.68 7.54 8.92 7.63

In the same column with the same letter indicates no significant difference at 0.05 level of confidence by DMRT. Positive values

indicate that the effect of the inhibition. Negative values indicate that the effect of stimulating or promoting.

Table 4 Inhibition of seed germination, root length, shoot length and dry weight of Amaranthus

spinosus were extracted from dry of Cleome rutidosperma DC at different concentrations

Concentration of dry of Inhibition of seed Inhibition of root Inhibition of shoot Inhibition of dry
Cleome rutidosperma DC germination (%) length (%) length (%) weight (%)
(mg./ml.)
Control 0 0 0 0
1 44.15d 47.38d 50.16d 48.51d
5 57.75c 59.84c 61.43c 56.17c
10 68.26b 75.80b 79.91b 63.84b
15 77.63a 82.71a 87.15a 72.24a
F-test * * * *
CV. (%) 8.52 6.37 7.45 7.34
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4. d3Una
NANI99aalan 1S UpINNAgUADNUIIAUARTUSLANT AN UATUNITTUTILALAILESUN1TIBNWALNIT

a a a

WwIgAUlaveIng 1T UNLazINlINNUIL @15annnRNERUADNINAUERALIUTZANEAIMNI99aalaNIENUINNTET

ANAANNNLAIUNBNLIIALLI HNdsunanUI9auLaliUse@anSanlunisduds TneaiuaNULIUIINIUUSEENS AN

Tumsdudegadu wehimundadutitlusauldsunansenuinnnidnlummnudaduiasiisluniadniles

5. LONH1T919D

Wuiuda Wued. 2551, anuduiusvesansusenauiiludnd duauaiunsasdlunisiueyyadasyluie.
fviulaninermans. U7 8(2):114-124.

da nywndleu waz Usilund wigien. 2553. Msuszanud1dnsIiugnIsuedsuauvasdnyuzHalulsyyIng
uzsrlunaniuiiiuiiies. NsaIfeuninerdemeluladsuuinany fusen 37 3(2): 89-95.

U573 euseiy Ansiue luRuas Wi Lieyss way J13ey w@dudaiun. 2551, navesarsannainluduneangium

fonITIRNLarnIslasAulnveslnlanal. 2. g nw. 39: 488-491.

(3

v3u Fansaszns wuiid 891309 Wall 3B uag digry AT, 2555, nalun1sdudenissenvesans
aﬁ’m{fﬂmﬂmaL%ﬂLLasmiLLaﬂﬂEjmmiaaﬂqmé 119819 NYAINIZI0LNEAT. 30:3 (87-94).

Alln atafniga. 2556. navedasaiaeiumgienIueadInivayulng 6 vlindeniseentaznisasyiiule
yosinTefiac. Tu N15UTEYUNIIYINITVRIUNING T BN ATANER S adadl 51.
UNINGIFBLNYATANAAT NTUNN. N1 319-328.

ATn atannigyatl JuanTI JaNIuN wag AsSeu Asnslwena. 2552, navesasadnIInaIungInenY1Ee
nssenuaznIslasAvlavesivie 3 ¥la. 2. Ind Aw. 40 : 1 (WAwl) : 157-160.

dma auysel. 2550, grsnedininvesarslufivana Cleome. spp. fouuasinginnasdnssssumAuasin,

IneninusuSvgrnuiadin a1v1iginen Tudininede. uniineideveuwiy

911nd NAg Uag Wag WInuwITawIm. 2545, n133anTivieluundnl. lenansusznaun1TuTIENY N1sHneUTY

o«

a1 a £

Wnthfduasy wazinwasnsgudl nsdanisteiivluwndn, audidediunusid a.Unusidl. 57 i,

91Uy A3y Ay AngN duiusing 9305 waawil wasAfss a Aide. 2556. Anunannateyinvesiugled
warUSuAS U LA ANV YUYUTIUNIULN §1NBUNNTU JINTAUATATSITNIIY. 1581539
wningrdemaluladsvusnany fuoen Ui 6(1): 56-62.

Burgus, N.R. and R.E. Talbert. 1999. Cultivar and age differences in the production of allelochemicals
by Secale cereale. Weed Sci. 47(5): 481-485.

Cheng, H.H. 1989. Assessment of the fate and transport of allelochemicals in the soil, pp. 209-216. In
C.H. Chou and G.R. Waller, eds. Phytochemical Ecology: Allelochemicals, Mycotoxins and Insect

Pheromones and Allomones. Academia Sinica Monograph Ser. No.9, Acad. Sinica, Taipei, ROC.
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Nawas TDZ BA uaz GA, Nflsan1siniziagailiaaduaiusvag

WUGITER9 5 92809 72 Uag 53899 7
Effects of TDZ, BA and GA; on Tissue Culture of Cassava

(Manihot esculenta Crantz) cv. Rayong 5, Rayong 72 and Rayong 7
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Abstract
The effects of plant growth regulators, TDZ (thidiazuron) BA (Né—benzytadenine) and GA; (gibberellic

acid) on tissue culture of cassava (Manihot esculenta Crantz) cv. Rayong 5, Rayong 72 and Rayong 7 were
studied at tissue culture lab, Faculty of Agriculture and Natural Resources, Rajamangala University of
Technology Tawan - ok. The cleaned explants were cultured in liquid MS medium supplemented with 0.02
mgl'1 TDZ for 6 days before subcultured in media supplemented with a combination of 0.2, 0.4 and 0.6 mgl'1
BA and 0.1, 0.3 and 0.6 mgl’1 GA;. After 10 weeks of incubation, the results revealed that shoot number, shoot
height, number of nodes per shoot and leaf number of cv. Rayong 5 were highly significantly different. The
maximum shoot number (33.50 shoots) was observed from media with 0.6 mgl’1 BA and 0.6 mgl’1 GA,, while
media with 0.4 mgl’1 BA and 0.6 mgl’1 GA; gave highest shoot height (1.34 cm.). The maximum number of
node per shoot (5.50 nodes) and leaf number (5.75 leaves) were observed from media with free growth
regulators. The shoot number, shoot height, number of node per shoot and leaf number of cv. Rayong 72
were highly significantly different. The maximum shoot number (6.88 shoots) was observed from media with
0.4 mgl’1 BA and 0.1 mgl’1 GA,, while media with free growth regulators gave maximum shoot height (4.39
cm.), number of node per shoot (5.38 nodes) and leaf number (8.63 leaves). And the shoot number, shoot
height, number of node per shoot and leaf number of cv. Rayong 7 were highly significantly different. The
maximum shoot number (21.00 shoots) was observed from media with 0.2 mgl’1 BA and 0.6 mgtf1 GAs, while
media with free growth regulators gave maximum shoot height (2.10 cm.), number of node per shoot (5.25
nodes) and leaf number (6.13 leaves).

Keywords: Cassava, Plant tissue culture, Plant growth regulators.
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Fuuthidn 1 du e 19 azldvioustugifies 10-30 vieu dwiuluiudiadurdousiusluas dinsusuugeiugiiy
duzndiifiongduas vhlilu 1 Yamnduual 1 Fu anansovenevewiugléf 000 vieuriug uafdumndaduegnann
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(Somatic embryogenesis) lagianiglusnslssinaistenuideduiuuin uwilpgasuudidamuitluruiuniseasun
Tuada itedninfugen (Shoot) Yywmnimude fugnssudidnmifstesiuruiunstmirflazszaunadisauasly
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2. FFN1NAa9

vhAsgeusiuduzndaiusszees 5 52809 72 wagsrens 7 NauysaiudusauarUsanlsauazisasunIu 3ndng
shetherdenusulailiazenalaeriuiilvae udmensindeseanesendiianuidudy 15 Wosidusd @ufuviu - 20
23 wem) Wunan 15 wit $1uau 2 ads werdnihundeeinduiitehdeudsn 3 adig ax 5 il datudiuden
Asgousiudusndseniusann 0.5 lwudiuns ﬁwlﬂl,?ﬁyslﬂummsmmqm MS 7idis TDZ ansndiadiu 0.02 fiadnsusedns
Tnersuuedoungimmidaseu 120 seuteud iunm 6 fu ninduthtudndetudendslufenuennaudegns Ms
Fdin BA ewdudu 0.2, 0.4 uaz 0.6 fadnsusednssauiu GA, avududu 0.1 03 uwa 0.6 fadnsusedns laean
WHLNSYIARBILUUANAADN (CRD) S1uw 10 Ameaeaq ag 8 91 WHunan 10 #Uanvi Sufindiuausen egesen $1uu
Foroven drumnily wazdnuazinly nieudufinnin JinsizsideyauazasisaeuanuuanavesAindelags DMRT

(Duncan’s new multiple range test)

a 3
3. NANITNAADILALIVNTUNEG
nn1singudludedudrUsndaiugszens 5 Minizideslueinisivalgns MS Aliu TDZ A3y

Wudu 0.02 adnfusiedng WWunan 6 Ju wdnhuumesidesvuemsulsgns MS Tdu BA anududu 0.2, 0.4 uaz

U 1 a

0.6 fadnsuredns TImAU GA, ANMTNTY 0.1, 0.3 way 0.6 Saansudedns Wuan 10 a9 Arenis Subculture

VN9 2 dUa9) wud Iwiueen ANugeen Iuiudesisuen wardiwiulunianuuanaiueglidedAyganis
adf (Table 1) Wganmsi@udindentimaiiosuuemsudagns MS Mifiu BA anududu 0.6 Tadniusednssuiu

GA; At 0.6 fadinsusiedns Iiuiusenwdvasanyiniu 33.50 van uilivenfineud9diu lursudiadn

wardoroudad nauAadaunuldinsn (Figure. 1 J) Fdliumnsnsiuudndefinzidesuuemsudegns MS iy
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a

BA AUWNTY 0.4 Hadnsunodng S2UAU GA, AUTNTY 0.6 Hadnsuredns TMi1wiugenadeinnu 21.50 gan

v
1 a ' v

wazuuewnsudsgns MS liinansmuauniseiaiuln T wusenadsmgawiidy 1.00 sen uazwuingudIud
fumiieauuomsudeges M i BA ity 0.4 fednsusednssaniu GA, andutu 0.6 fadn3usiodns 1
ANgIenRATgsEnnAy 1.3 lwuRwns (Figure. 1 1) uazuuaimnsudagns MS Aliiuansmuaunsiadyiiula 1
Sruudeseseauazdnaulundegagaindu 5.50 4o way 5.75 Tu suddu (Figure. 1 A)
nwanismaasafuiidaunnin mﬂmnwwm%a%udau%ﬁuﬁwﬂwé’dﬂ’uﬁﬁwaa 5 Tsnaingidesly
91MNIVAIGAT MS Tin TDZ Anuidiudu 0.02 fadnfudedns iunan 6 fu wéniuumisidssuuomsudegns
MS Fiiis BA  Anududu 0.6 uaz 0.4 fadnsuredns sy GA, anududy 0.6 Sadnsusedns lhsuiugen
AWy 33.50 uag 21.50 g0 MUY Fedenndastunnasdues Basdeo, et al, (1996) fisneeulian a1nnns
ziAsdududeliudsndaiug 6C 1 - 56 iledniweslnsttudiudeimnsideduomaiaigns MS fiiu TDZ
A 0.1 - 0.22 Tulasluans Wunan 6 - 8 Ju uddefududeuimedssuuoimaudagns MS i BA
Aty 2.2 lulasluans saufu GA, anududu 1.6 Tulasluans 107 asnsedulitudiudedinisversiuay
stuundunguuesmuagiamuniusendodsuinetudiutoatomslmiyng 2 et Wunan 8 &Unsi wud

Tuiiug GC 1 - 56 Tidwiugentadeydu 31.50 vendetudiude wasluiugdudlenasduy 8n 7 sWug duudldy

q

nsmeUAuBTLAEIiY LardfinTunsnsdssdudiuteunemsudagns MS fin BA avdudu 2.2 1
Tastuand saufu GA, aududu 0.1 Tulasluand Fefldnsnaruszning BA uaz GA, asiunin aziinavhliin
wAadaUTuIUIN %qNaﬂ'13‘1/1maadﬁaamﬂé’mr"f‘umswmamLWWsL?ﬁyﬂq%udau%’aﬁuﬁﬂﬂwé’qﬁuﬁjiz&Jad 5 UUBINS
udsgns MS Min BA mnadudu 0.6 fladnusiedns $auAU GA; mududu 0.1 dadnsusodns iinunada
Uimamnnivinalaueen (Figure.  10) wasifufindunadnidinsidesiudutovuomisgns MS fiiu BA
aanduduanndu (0.4 wax 0.6 fadndusidns) ks urusenfintu (21.50 way 33.50 soARIUAITY) wATAIY
gevonanas (1.34 wag 1.29 lwuiwnsmudfu) Geansmuaunisiaiyiulnyialelnladulnoews BAP duduly
Usmasnnia 1.0 lulasTuan$ aedinavilianueisenanasuazazdndesinidedesnisiudsueims (Michael,
et al, 1986) wazilefiorsunienisimzidssdududosudrsndavueimsgns Ms  lifuansrauaunis
wigivlniinavh it udiudoiinseauarluunfudidedoud el ldinuaadautiinsndiuauan (Figure. 1 A)
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SINLaTENESNN198AB1IUD95InLA (Gasper and Coumans, 1987) wislulileidevestudiudetiudusnasiiseau

vesansAuANNIssyiulnlunguesnduiindaliandiusanadiisaneden1snsedunisiingin (@ned, 2546)
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Table. 1 Effects of BA and GA; on shoot formation from the explants of cassava (Manihot
esculenta Crantz : cv. Rayong 5) after 10 weeks on solid MS medium.

BA GA Number Shoot Number Number
! l?l of height of nodes of General characteristics
m m
$ $ shoots (cm.) per shoot leaves
b a R R normal shoots and leaves,
0 0 1.00 1.30 5.50 5.75
abnormal nodes, no callus, many roots
a little abnormal shoots and leaves,
0.2 0.1 1.13° 0.76™ 369 481"
abnormal nodes, a little callus, no roots
a little abnormal shoots and leaves,
0.4 0.1 2.00” 071" 321" 473>
abnormal nodes, medium callus, no roots
be be be abnormal shoots, nodes and leaves,
0.6 0.1 6.00 0.80 2.90 4.30
many callus, no roots
b b be be a little abnormal shoots and leaves,
0.2 0.3 3.25 0.94 3.56 4.57
abnormal nodes, medium callus, no roots
be B be a little abnormal shoots and leaves,
0.4 0.3 7.63 0.80 2.74 4.33
abnormal nodes, many callus, no roots
b . d . a little abnormal shoots and leaves,
0.6 0.3 1.13 0.61 1.88 3.94
abnormal nodes, a little callus, no roots
b . d B a little abnormal shoots and leaves,
0.2 0.6 1.75 0.64 1.92 3.96
abnormal nodes, a little callus, no roots
s 5 be b a little abnormal shoots and leaves,
0.4 0.6 21.50 1.34 3.40 5.03
abnormal nodes, many callus, no roots
5 5 be B a little abnormal shoots and leaves,
0.6 0.6 33.50 1.29 3.32 3.81
abnormal nodes, many callus, no roots
CV. (%) 66.11 27.51 25.08 20.07
** significant at P < 0.01

MS + BA 0.2 mgl MS + BA 0.4 mgl"' MS + BA 0.6 mgl ' MS +BA 0.2 mgl"

+GA, 0.1mgl" +GA, 0.1mgl" +GA, 0.1 mgl” +GA, 0.3 mgl"

MS + BA 0.4 mgl MS + BA 0.6 mgl

MS + BA 0.6 mgl MS + BA 0.2 mgl

+GA, 0.3 mgl" +GA, 0.3 mgl’" +GA, 0.6 mgl” +GA, 0.6 mgl’" +GA, 0.6 mgl"
Figure. 1 Effects of BA and GA; on MS medium on shoot formation of cassava

(Manihot esculenta Crantz : cv. Rayong 5)
11
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Mnmsthiududesiudsndsiugszees 72 fungideddusimamaigns MS fiin TDZ arwidudu 0.02
Taansuredns Wuwan 6 Ju LLﬁ?ﬁWﬂﬂLW”IBLgEqumMﬁLL‘ﬁﬂqm MS Fiiial BA Andadu 0.2, 0.4 waz 0.6 dadnsu
Aofing iy GA; avadudu 0.1, 0.3 waz 0.6 Jadnsusedns Wuwan 10 d&Uanvi (aenisSubculture vne 2
FUnh) wulduugen Anugesen duiutedesen uazdiuly Allnnuuandsiusgisilfoddydameaia
(Table. 2) lasanmsthiudiudesmzdssuuomnsulsgns MS fdu BA anududu 0.4 fednsusedns iy
GA; ity 0.1 Tadn3usiedns Iiduugennduguanuintu 6.88 ven uilseniidoutrsdiunarillureudradn
fited iAnumadasiuaumnnudlsitinsn (Fisure. 2 Q) ﬁ?faiu'Lmﬂsi'mﬁ’w“uyuaiawﬁaﬁl.wwL??&Jauummmﬁﬁnqm MS 7
BA Anuidudu 0.2 uaz 0.6 Tadniusedng sauiu GA; Anudindu 0.3 wag 0.1 fadniusedns uaruuemsulgns
MS s BA anadiudiu 0.2 fiadnSusedns sauiu GA, mnududu 0.6 fadniusedns IS uiusenadswiniu 5.63,
4.13 uaz 4.00 von sudiy vuensudegns MS Aliduansmusumsisiydulalidnuseandsiigainiu 1.00
gon wilvinrwgasen Sruaudesiosen wardnnuly wlsgeaauintu 4.39 wufins 5.38 9o uar 8.63 Tu Audiiy

Inglwaauazlunddnwazund ddosnund LilauaadausAnsINGIWIUNIN (Figure. 2 A)

Table. 2 Effects of BA and GA; on shoot formation from the explants of cassava (Manihot
esculenta Crantz : cv. Rayong 72) after 10 weeks on solid MS medium.

Number
BA GA Number | Shoot of Number
L'l ;1 of height nodes of General characteristics
m m
$ $ shoots (cm.) per leaves
shoot
0 0 1.00° 4.39° 5.38° 8.63° normal shoots, long nodes and leaves, no callus, many roots
0.2 0.1 2.25° 3.45° 4.28b 6.86ab normal shoots, nodes and leaves, a little callus, no roots
a b b be | @ little abnormal shoots and leaves,abnormal nodes, many
04 0.1 6.88 1.77 3.46 6.13
callus, no roots
abe b c « | abnormal shoots and nodes,normal leaves, medium callus, no
0.6 0.1 4.13 0.73 1.48 4.10
roots
ab b c « | abnormal shoots and nodes,normal leaves, medium callus, no
0.2 0.3 5.63 0.73 1.38 a.67
roots
be b c « | abnormal shoots and nodes,normal leaves, many callus, no
04 0.3 3.63 0.72 1.42 4.66
roots
c b c « | abnormal shoots and nodes,normal leaves, medium callus, no
0.6 0.3 2.00 0.94 1.63 4.09
roots
abe b c « | abnormal shoots and nodes,normal leaves, medium callus, no
0.2 0.6 4.00 1.07 1.60 4.66
roots
be b . q abnormal shoots and nodes,normal leaves, medium callus, no
0.4 0.6 3.00 1.01 1.75 3.51
roots
. b . « | abnormal shoots and nodes,normal leaves, many callus, no
0.6 0.6 1.88 0.92 1.55 4.63
roots
CV. (%) 83.15 77.71 37.62 35.74
F-test *% *% *% *%
** significant at P < 0.01
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MS MS + BA 0.2 mgl" MS + BA 0.4 mgl" MS + BA 0.6 mgl" MS + BA 0.2 mgl"

+GA, 0.1mgl" +GA, 0.1mgl" +GA, 0.1 mgl" +GA, 0.3 mgl"

- . -] -1
MS + BA 0.4 mgl MS + BA 0.6 mgl’ MS + BA 0.2 mgl MS + BA 0.4 mgl MS + BA 0.6 mgl

| ]
+GA, 0.3 mgl’ +GA, 0.3 mgl’ +GA, 0.6 mgl" +GA, 0.6 mgl +GA, 0.6 mgl"

Figure. 2 Effects of BA and GA; on MS medium on shoot formation of cassava

(Manihot esculenta Crantz : cv. Rayong 72)

nnsiTududeiudvzrauiugszens 7 wunizidesduemismaigns MS fiin TDZ avududy 0.02

a a o 1

fiadnsusedns Wuna 6 Tu udrhwimisidsauuemsudgns MS Miiiu BA aandudu 0.2, 0.4 uaz 0.6 Tadnsu

[

feans SufU  GA; Anadudu 0.1, 0.3 uay 0.6 Aaansuredns \Wuian 10 &asi (laenns Subculture N9 2
dansh) muilvduiugen anugssen Sruutedesen wagdiuauly AleuunnsirsiusgisiitedAdmnaana
(Table. 3) lasanmsthtudiudesmzdssuuomnsudsgns MS i BA anuidudu 0.2 fedniusredns iy
GA; mutiutu 0.6 Tadn3usedns liduiugenadsgeaniniu 21.00 von wilvisenorudiu Jeroutnad IAnuaada
Sruausnnualdiinsn (Figure. 3 H) Bslsiumnansiuiudiudofinzidssuuemsudegns Ms du BA arandudy
0.4 wa 0.6 Dadn3usedns TIufU GA, mandudu 0.6 Tadnsudedns W uiusenadewinfiu 19.75 way 17.38 van
mudU uazuuesudsgas MS lsiiuasmuaunseiaiulaliuusenedemgaviniu 1.00 sena usliinny
gewen Sruudesenen wazdiuanly wasgwEawindy 2.10 wufwns 5.25 9o ez 6.13 T mudidv Tnglvveauazly

N o

Y
a a Sl Yy A | a Y] | a o & v .
NUANBULUNH LATDADUVIND iuLﬂfﬂLLﬂaaaLL(ﬂLﬂ@ﬁﬂﬂmu’ml,aﬂua‘a (Flgure. 3A)
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Table. 3 Effects of BA and GA; on shoot formation from the explants of cassava

(Manihot esculenta Crantz : cv. Rayong 7) after 10 weeks on solid MS medium.

Number
BA GA Number | Shoot of Number
l_l ;1 of height nodes of General characteristics
m m
$ $ shoots (cm.) per leaves
shoot
. R R R normal shoots and leaves, abnormal nodes,no callus, a little
0 0 1.00 2.10 5.25 6.13
roots
b be b normal shoots, abnormal nodes and leaves, many callus, no
0.2 0.1 8.38 1.10 277 3.47
roots
0.4 0.1 5.25bc 0.81COI 2430bC 25.07b abnormal shoots, nodes and leaves,medium callus, no roots
0.6 0.1 4.75bc 0.85Cd 1.99Cd 2.69b abnormal shoots, nodes and leaves,many callus, no roots
0.2 0.3 8.13” 1.11% 2.864° 3.09” abnormal shoots, nodes and leaves,many callus, no roots
0.4 0.3 1.13° 0.83Cd 1.44d 2.63b abnormal shoots, nodes and leaves,many callus, no roots
0.6 0.3 2.00™ 0.78° 1.36° 2.96" abnormal shoots, nodes and leaves,many callus, no roots
0.2 0.6 21.00° 1.16b 2.825b 25.40b abnormal shoots, nodes and leaves,many callus, no roots
0.4 0.6 19.75° 0.95de 2.41bC 3.47b abnormal shoots, nodes and leaves,many callus, no roots
0.6 0.6 17.38" LOBde 2448bC 25.18b abnormal shoots, nodes and leaves,many callus, no roots
CV. (%) 70.93 25.40 27.25 33.25
** significant < 0.01

MS

MS + BA 0.4 mgl”

+GA, 0.3 mgl’

MS + BA 0.2 mgl"

+GA, 0.1mgl"

MS + BA 0.6 mgl"'

+GA, 0.3 mgl’

MS + BA 0.4 mgl” MS + BA 0.6 mgl" MS + BA 0.2 mgl"

+GA, 0.1mgl" +GA, 0.1 mgl’ +GA, 0.3 mgl’

MS +BA 0.2 mgl" MS + BA 0.4 mgl" MS + BA 0.6 mgl"'

- -1 -
+GA, 0.6 mgl" +GA, 0.6 mgl +GA, 0.6 mgl"

Figure. 3 Effects of BA and GA; on MS medium on shoot formation of cassava

(Manihot esculenta Crantz : cv. Rayong 7).
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91NSIMAIFNT MS Miin TDZ avundudiu 0.02 fadndudedns 1Wuan 6 fu LLﬁaﬁwmwangaauuaWMWiLL%qqms MS
fu BA waw GA, lutianasne fu wuihdududesiudsvisiugsvees 5 vuemauds MS fifiu BA enuidudu
0.6 waz 0.4 fadn3usiodng $3uAU GA; ATy 0.6 TadnTusiodns anunsadnirliAnsenadsligegauas
99A3INAY 3350 Uay 21.50 san Muawy Fandnoadstuluiussyees 7 wuihiududesudsndaunoimauds
gns MS ffia BA anadudu 0.4 uay 0.6 fadnTuredns T GA; Auudu 0.6 fadnduredns s uuwen
dssosawnidu 19.75 uay 17.38 von mudiy Tasfitududedudsndsiusszees 7 uuemsgns MS fiiu BA
ANULTNTUY 0.2 HaAnNTUADANT TIUAU GA; ALTLTY 0.6 LaanTunadns Iﬁﬁi’WUQUS@ﬂLQgBQqu 21.00 gon LU
eluusiudusndaiugszens 5 uazszoes 7 fimsneuaussiegasemsdmiunmsiniheeniindoadstufovy
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Genetic Divergence and Correlations with Heterosis of
Inter-Varietal Hybrids in Waxy Corn
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UNAnga
M3fnuITngUsvasdliieUssinauAIANuuANF1vNeiugNssy (Genetic divergence) Yo NNANTINTEVINGUS

28 ey MNMHaNTuwuunUiuselaglifinssavaduvestilnatieiugnanda 8 g Insugniiugweusiuay

anwanluunun1sMAaeeuy Randomized Complete Block Design (RCBD) 41w 3 91 UszaNauAIAILLANAINYNG

Y

o v

WugnssuvesgnuandulaenTiiATEsian Mahalanobis  distance (D) Pndnvarmsivauidanuuandety 11
dnwar Tesesiamnufiiuresgnasmionadvasiows (MPH) uasUseanamanssauglunsnasams (SCA) Tu
Snvanananiniaddenyes 28 AWEN  M1UITN1S Gardner-Eberhart - Analysis-i wagdiesziAdulsyavisavduius
(Pearson correlation coefficients) 5ewingdn D', MPH, SCA LavsananilnaUaen nan1sNAaeINUINAT Mahalanobis
distance (D) fiFngeamlugnan Synthetic-2 x Max white (21.62) uagsnanlugres Huaplee-20 x Pumpui (4.69) laiwy
ANUFUTUS (P > 0.05) S¥1inee Mahalanobis  distance fUAIAMUALALYDINNEN AIALTTOUENTNANRIE WawiU
NawAnKnTden Ima@mamﬁﬂwauﬁlﬁuﬁ Synthetic-2 X Pumpui @4flenasuansnansiusnssniunas (0° = 12.01)
HnandniinvdadaniUdenas (15.09 dusielanmd) dAaussaugnisauanzvosHanangs uagideddguasiinnusisiy
vosgnuaNwioARAtveaw (37.60 Wosidus)

o o w '

ANEARY: AUUANANNNTUTNTINUALANUAUTUS T2agynaaiugNITH ANURLAUYBIGNNEX

Abstract

The purpose of the study was aimed to estimate genetic divergence of the 28 inter-varietal hybrids of waxy
corn obtained from a half-diallel cross of 8 open-pollinated parental varieties. The hybrids and parental varieties were
all planted in a randomized complete block design with three replications. Genetic divergence of the crosses was
estimated using Mahalanobis distance (D) based on 11 horticultural characters. Mid-parent heterosis (MPH) was
calculated for un-husked ear yield. Specific combining ability (SCA) estimates of the crosses were also analyzed
according to Gardner-Eberhart Analysis-lll. Pearson correlation coefficients between D2, MPH, SCA and un-husked ear
yield were obtained. The results revealed that the highest value of Mahalanobis distance was 21.62 in the cross of
Synthetic-2 x Max white, and the lowest was 4.69 in the cross of Huaplee-20 x Pumpui. Pearson correlation
coefficients between D’ and MPH, D’ and SCA, and D’ and yield were not significant (P > 0.05). The promising cross
was Synthetic-2 x Pumpui which had moderate genetic divergence O = 12.01), high un-husked ear yield (15.09t ha_l),
high specific combining ability in yield, and high and significant mid-parent heterosis (37.60 %).

Keywords: Genetic divergence and correlations, Genetic distance, Heterosis.
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nddguanszuunsiienalilaaeiusng Ussansnunaniugruandalnevialiudidnasiiguiugnssuninedeuing

sala !

nsthuntidudsgensiiugiulunsadaaneiug nswaudiussninaiugidanuwandrsiunisiugnssugavsed

3

Heterotic ~ pattern sinefu ¥ilfislenalunisdnidenaeriugiiaglinnudiiuvesgnuangsld Tasfimsuansoenyes
gnwaniszrinsiugansnsaldiduiiansuanseenlneiadsvesgnuannsuuuUIINAIHANSE IS NS e
wazusl fefugnuandnuiudelailinandngearaunsamaldingnuaudwaeiuguesssannsg tuaslinandngasuiu
(Souza and Zinsly, 1985) anavannvangyaiugnssufiunumiidfglumsusudsaiugiin mszqauanildannisses

¢l

dusgninangiugnianuuwanirsiumeiugnssuasiianufiuregnraugindgnau sz saeiugnlanulnagaiy

q

Y4

yartugnss uagiusgnuauaslinandnldgduanmituiiignuauysal (nsfinduasay, 2555) meleseideyaiuy
v auUs (Multivariate analysis) LuAsmsid1dglunislidaszogvinemaiugnssu (Genetic distance) Tngnslideya
Mndnuagmeiilulndvesiiv  mAlnneidiszesieneiugnsssrindulnliduismemidunsuszanumi
uangnamaiLgnssusEnsgradlunsdenguandlvanzas (Arunachalam, 1981) lag3Bmsiiasiesien Mahalanobis
distance (DY) Lﬂuﬁ%‘miwﬁaﬁﬁmsﬁmﬂﬁuﬂﬁﬂs:mmﬂ'ﬂmmLmﬂ@mmaﬁuqﬂiiu (Genetic divergence) Tuiamge)
yanevle (Makinde and Ariyo, 2010)

Frlnedmiles (Waxy com) Wudnineilinasifiunumddaiununsnsine finsugnuazdmnenaend Ju
dlneilnanfitenuslnafuseaunsvany ImsﬂisLwﬂlmaﬁﬁuﬁ'ﬂqﬂéﬁ’ﬂiwwﬁnmﬁmhﬂ 2556 311U 53,163 13 (N5u
duasun1nnems, 2557) MswaUssnsiusnandailinandngadudunouiidrdgyuesdusunsuy fugeiug g
uennazUsErnstanalignldlneiuiiuds manauiuserieusdadutuneuddguesnsiannmss

@

dadadnfdnunegmeiundviiiannsoainaenuguinfandssensdanaila uenaniludidiaunsaldusslonild

N o

MNAVILAAUTRINNALAIINMSRENTsEnIRusludtangay Tuusemalnensugnialnedrmiedvusuaudn

v
=

FUIUNNTIINAIBNUTIVNTWELHUENNIAN Jaedllenuvannvanevesiugas dsulunisnaaesiidal inguseas

Da,

WeUsEUIMAIAALANAIVINT UGN STYRIANEaNTE I T Uesi AT ImTleD UAgATIRdRUANNELTLSYBIARINGT?

Ny

@

UANAINRAUTDIgNNEY ANENTIAUYNTTINA AN waznandnvasgnray uazdudunisussifiudnenimuesiu

s

q

lfdunsussansiiugulunsdadenaneiugifsely

2. /N15NAADY

Im&ﬂ@nﬁuﬁﬂamj 8 ‘ﬂ'uﬁ: leun Synthetic-2, Huaplee-20, Ratchata-1, Pumpui, Synthetic-1, Max white,
Rachata-2 way Namtam waggnuasuuuunuiuvunvesiugaanaiilaglinauadu 91w 28 guan Tuwiunsvmaaesuuy
RCBD §1wau 3 Uden seezseninauaen 0.50 Wns wlatgaeviiennasuunn 3.75 m31euns & 2 uglgn o1 2.5 was
TPUEIENINNAT 0.75 AT Se82Ienineguuan 0.50 wns veenwdauazaouwentidnuiu 2 dusenqu Juiindeya
SnvanandnuavesiUsynauvomanan 1iun nandninaatounasudwenuden (fuienms) (Wevanimidnilnanse
wasgey) tindnanneunasudweniden Arunitwasmnuemilinieutasudwenden arwenilnduiinnwdn
Funusndaneiin Suuwdariown engadanasuazetgeaniny 50 Wesdud anugwiu waveugsdln eseving
NERAALIATIZIANULUTUTIUMLURUNITNARDS ﬁwmmﬂais‘z‘juﬁmmﬁm'uﬁuaqqﬂwammﬁaﬁmé"aﬁumwaLL@J"«QO
% mid-parent heterosis = [(F, - MPY/MP] x 100 Ingnaaauiisd1Atyaeid functional analysis of variance (a5wa, 2528)
AATIERAENTTOULNSHALLANIEAILIDN5Y Gardner-Eberhart Analysis lll (Gardner and Eberhart, 1966) Wagas1esi
fin Mahalanobis distance (D) Tnelldlusunsudngag SAS uas SPSS
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3. HANITNAADILLASIVNTU
HANITIATIENANULUTUTINAINTIY 13 Snwaly (Table 1) nuinflilesdnuuregadangs uazengeanlmuilll

| o = 6§ U o o I o ) o | a ¢ 1 . . 2
ﬂ’l"lllLLG]ﬂG]’NﬂUiSW’J’N‘ﬂIuVLV]‘U (91\‘]‘14!‘1450\‘1111‘14’1 2 aﬂwmamﬂm’mﬂﬂummmew‘mm Mahalanobis distance (D )Iuﬂ’ﬁ

UTZANAIALUANAS UGN TTH

Table 1 Means and analysis of variance for horticultural characters of 28 inter-varietal

crosses and their 8 parental varieties in the half-diallel cross.

Mean square

Characters Mean Genotypes Error CV (%)
Days to anthesis (day) 42.06 237" 4.20 4.88
Days to silking (day) 45.01 3.84" 4.39 4.65
Plant height (cm) 154.88 401.70** 105.73 6.64
Ear height (cm) 69.19 174.93** 70.87 12.17
Un-husked ear weight (g) 246.05 3,267.87%* 1,298.44 14.65
Husked ear weight (g) 162.33 1,873.33** 447.19 13.03
Un-husked ear width (cm) 5.38 0.44** 0.11 6.16
Husked ear width (cm) 4.46 0.30** 0.07 5.93
Un-husked ear length (cm) 23.25 24.69%* 3.58 8.15
Husked ear length (cm) 18.53 6.19%* 2.80 9.02
Kernel row length (cm) 16.18 9.67%* 3.36 11.33
Number of kernel row (row) 12.96 10.93** 1.55 9.62
Number of kernel per row (kernel) 30.68 34.26** 11.95 11.27

™ and ** not significant and significant at P < 0.01, respectively.

v
o

f1 Mahalanobis distance (D) (Table 2) fifnsiaust 21.62 waegsaal Synthetic-2 x Max white Fsdiauuansins
panlUa1nAINaTs (Centroid 138 Multidimensional mean) mmﬁ'qm U 4.69 VBIANEY Huaplee-20 x Pumpui Fail
AAnssInnguoeTian granfidanuuanmaaiugnssIanTige Synthetic-2 x Max white) lrinanangandi
Andevesiow! 2.93 fuienmi Andurufiduresgruaumiionadvemious 2574 Wosidus (Table 3) uasenand
firnuumnsnaneifugnssutiosiian (Huaplee-20 x Pumpui) TWiandngeninAuadevemisus 1.16 fu/ienms Andy

Anufiuresgnraviionuadsromou 8.26 Wedidust dufudlefinnsanaindr Mahalanobis distance 911 Table 2
wagArANuAiduTesgnNaNmioARABvemies (Table  3) wuinimaneguaniifirndsnanaonndesiu egrslsfiniud
vianegnanil 2 A1 fanan Aeutnslidonndesiu 1wy guan Max white x Namtarn Zaliinandnunnnitdindevesviouss
4.01 #w/ens uazdmufiiuresgnuanniloradsvesiows 35.99 wWedldud uAfidrnnuuansaTugnssly
seAuUIUNa1e (Mahalanobis distance = 11.01) Wuifenfiuiug Synthetic-2 x Namtarn 91ndeyafinanuandiiiiuin
3ATUNNNAIANLANF M STUGNTH (Genetic divergence) ilgaatnafen 1alsiifisamod msunisiarsanguan
wsnzanlumsusulseius e Hallauer and Miranda (1988) nanyinmswasdwserinsSlulndilyinanangauaziiany
uansinafumaitugnssutiunans sswsngauninssandussrin S lulndilinandnuunanauasinnuuansitsiuma
WUFNTTUES f\]’mmi‘wmaaawudw@wauﬁiﬁwawamqq (Table 4) wariitedAnyveinudiiuresgnuay (Table 3) leun
Pumpui x Max white, Max white X Ratchata-2, Synthetic-2 X Ratchata-2 Ua¥ Synthetic-2 X Pumpui lag 3 guiailein

ATIUUANANIN LN TINUIUNANS (Table 2) Astuiugivanifaduiugnassiluldlulusunsuysuusaiuglunisadn
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aneviugiendngnuausialy lnefl Usilumduaensfing (2555) §15181313 NN 1SHANUUNUAUINAYEY 8 RUGAINET?

WU Max white uaz Synthetic-2 daduiugndeaufiviuvesiug (variety heterosis; h) Tumsuandndney

Table 2 Values of Mahalanobis distance (DZ) based on 11 horticultural characters
(above the diagonal), estimated for genetic divergence of the 28 inter-varietal

Crosses (probability values below the diagonal).

Synthetic-2 Huaplee-20 Ratchata-1 Pumpui Synthetic 1 Max white Ratchata-2 ~ Namtarn

Synthetic-2 13.98 17.50 12.01 11.95 21.62 13.65 8.85
Huaplee-20 0.77° 9.85 4.69 7.74 10.10 4.92 8.35
Ratchata-1 0.91 0.46 7.89 5.02 8.49 7.57 10.80
Pumpui 0.64 0.05 0.28 10.88 19.06 6.49 14.61
Synthetic 1 0.63 0.26 0.07 0.55 5.17 8.74 10.80
Max white 0.97 0.48 0.33 0.94 0.08 10.83 11.01
Ratchata-2 0.75 0.07 0.25 0.16 0.35 0.54 11.45
Namtarn 0.36 0.32 0.54 0.80 0.54 0.56 0.59

‘ Probability of Mahalanobis distance according to chi-square test.

m"1Laé"&Jmmwawamﬁlﬂﬁ’qmﬁaﬂmaqﬁuﬁ:mmLLaza_jﬂwﬁu warAENsTUYlUNMIHALAN T VR IUARARAY (5) AARS
Tu Table 4 \fiorAnANLUANANMISRLENTIY (Mahalanobis distance) Anaussnurlunssasiame Aadonananiinis
Waen wagArAuRiAutesgnuaLmienladsrasrou voeis 28 guaw wmamduiusszainaiy (Pearson
correlations) WU31A1 Mahalanobis distance laifiauduiusivailag fanan (P > 0.05) uansinnsldan multivariate
parameters o19lsianansatiwineguaniilvinandngsldiausly Tuvasiiaaussourlumsnauames Anadonandniin
faden uavAmuiiduresgnuanionadevesios] fanudiniusiulumeuings (P < 0.05) (Table 5) Fsaenndos
AUMINARBIYRINITaLaTAME (2555)

nslinutioddyesmnudiugsewinein D° fu s, Bufulfiinguauwes Huaplee-20 x Pumpui Fafien D7
#gn (4.69) uazdlan s; Wintfu 1.58 Fareudnegs daugnan Pumpui X Max white fiAn D’ figs (19.06) uaziien s; wiriu
1.75 uazgNay Synthetic-2 X Max white 34ilein D gean (21.62) usislein s; windu -1.09 uagiilefinnsansemine1 D° Ay

a £y ° = Y v & o ' v o ¢ ' ' 2 o a LA )
nanAnA ikaluyuaafediu (Table 2, 4) adudslinuanuduiusseningdn D™ funandsauieniu (Table 5)

Table 3 Mid-parent heterosis of un-husked ear yield of the 28 inter-varietal crosses

obtained from 8 parental varieties.

Mid-parent heterosis Mid-parent heterosis
Inter-varietal crosses =1 Inter-varietal crosses =]

(tha) (%) (tha) (%)

Synthetic-2 X Huaplee-20 0.57 4.26 Ratchata-1 X Synthetic-1 1.93 16.43

Synthetic-2 X Ratchata-1 1.59 13.74 Ratchata-1 X Max white 0.70 5.55

Synthetic-2 X Pumpui 4.12 37.60%* Ratchata-1 X Ratchata-2 0.18 1.45

Synthetic-2 X Synthetic-1 1.46 13.90 Ratchata-1 X Namtarn 1.88 16.64

Synthetic-2 X Max white 293 25.74% Pumpui X Synthetic-1 -0.98 -8.79
Synthetic-2 X Ratchata-2 4.03 36.44%* Pumpui X Max white 4.30 35.75%*

Synthetic-2 X Namtarn 2.85 28.33% Pumpui X Ratchata-2 -0.12 -0.99

Huaplee-20 X Ratchata-1 0.08 0.55 Pumpui X Namtarn -0.72 -6.72
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Mid-parent heterosis Mid-parent heterosis
Inter-varietal crosses = Inter-varietal crosses =

(tha) (%) (tha) (%)

Huaplee-20 X Pumpui 1.16 8.26 Synthetic-1 X Max white 2.33 20.15

Huaplee-20 X Synthetic-1 -1.92 -14.21 Synthetic-1 X Ratchata-2 1.75 15.62

Huaplee-20 X Max white 0.55 3.82 Synthetic-1 X Namtarn 223 21.81
Huaplee-20 X Ratchata-2 -0.19 -1.33 Max white X Ratchata-2 3.55 29.27*
Huaplee-20 X Namtarn 0.26 1.97 Max white X Namtarn 4.01 35.99%*

Ratchata-1 X Pumpui 0.95 7.78 Ratchata-2 X Namtarn 1.64 15.16

*, ** significant at P < 0.05 and P < 0.01, respectively.

Table 4 Specific combining ability (s;) (above the diagonal) and un-husked ear yield
(t ha_l) (below the diagonal) of the inter-varietal hybrids, and un-husked

ear yield (t ha™) (on the diagonal) of the parental varieties.

Synthetic-2 Huaplee-20 Ratchata-1 ~ Pumpui Synthetic 1 Max white Ratchata-2 ~ Namtarn

Synthetic-2 10.33 -0.48 -0.59 1.70 -0.64 -1.09 1.25 -0.14
Huaplee-20 13.92 16.37 0.73 1.58 -1.18 -0.64 -0.12 0.11
Ratchata-1 13.17 14.68 12.84 0.24 1.53 -1.62 -0.89 0.59
Pumpui 15.09 15.15 13.17 11.61 -1.61 1.75 -1.42 -2.24
Synthetic 1 11.95 11.59 13.67 10.15 10.65 0.09 0.77 1.03
Max white 14.33 14.97 13.35 16.34 13.88 1246 0.64 0.88
Ratchata-2 15.08 13.88 12.48 11.57 12.96 15.66 1177 -0.24
Namtarn 12.92 13.35 13.21 9.99 12.46 15.15 12.43 9.81

91nwansanerluasatinandliiuina1nuuangd19n19iugNTsN (Genetic divergence) 91nn15UszaN8
' v . . 2, = a ¢ ' Y] ' v v =
AlagldA1 Mahalanobis distance (D7) Fadun1siiasiziainanuunnesvesdnuuzage vesdnalnadnmie,
11 dnwasz (Multivariate parameters) lalau150tuvuN8auT30ULN1TTIANANY HANAATDIAHA LavAIY

Avviwvasgnuanly widnazlinenulutiinalsindanuduiusgeseninalnuanufuresgnuan (Heterosis)

fuAILLANAIINIITUENTTUTBIN BRI RUGARIN aTlenaduiivgiulainainnisiidnvazaenarndudnvauznia

3
1

Ysurudagnaduaulagdudiuiuvaie quu onadinisvuvesdunsazdluiianisinsadudiuiy (Bidirectional
dominance) (Falconer and Mackay, 1996) uenaIANULA? TUUNANWULNLLILEINARDAIIUUANFAIIAUNI
Wugnssuredlulnd @innansliasigianuwlsusiu) uienvdwmatssdenandniinndsleniuionvestilnndin

WNEIRINED

Table 5 Coefficients of linear Pearson correlations between Mahalanobis distance (Dz)
based on 11 horticultural characters, specific combining ability (SCA), un-husked

ear yield and mid-parent heterosis of the 28 inter-varietal crosses

SCA Un-husked ear yield Mid-parent heterosis
Mahalanobis distance (D°) -0.088 0.146 0.371
Specific combining ability (SCA) 0.714** 0.664**
Un-husked ear yield 0.647**

** significant at P < 0.01.
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4. &3y

A1ALLANA1aNIugnIulugranvestlnad1andes 28 anau agldnisuseuiuaindl Mahalanobis
distance (D) WuidlAngeando 21.62 vasguan Synthetic-2 x Max white Wazd1gafe 4.69 vasguay Huaplee-20
x  Pumpui wagliaunsathuniueaaussouglunisuauaniy Aadsnananilndauden wazAinuRiiuTes
@Jﬂwammﬁamt.a?{asuawiat,t,;immﬁ'q 28 guasls Tnguaniiiraulalaun Synthetic-2 X Pumpui Fsfieannsuansng
MaRugNTINUIUNA1N (Mahalanobis distance = 12.01) finandninudavaniufionas (15.09 fusaianni) 1

o o

Aadgvaaneul 4.12 dussianais Iuvddyvesriaufinuresgnrariioaadevesroud (37.60 Wosidud)

o

wazdAausInuENITHALLA N

5. 1ONAI5919Y

NTUALATUNITINEAT. 2557, SEUVAITAUIANIINAANI9A1ULAEYAT. online.
http://production.doae.go.th/report/report_main2.php?report_type=1. dududle 20 Wy 2557

Uslung wagsen way wiling wsgsen. 2555, maUSeuliisuiugdilnavanugnaay 6 wug Tu 2 gouan.
131938 waninedemealuladsivusnangTueen 37 5(1): 23-34.

W3y v3Elans Wae a31T way nua WEATALL 2555, ANUANTUSTENINNAINALAUYRIgNNAN LAY ANTTAUL
Iumﬁwﬁaﬁawawaﬂusﬁwﬂwm%’nmﬁmqﬂwawﬁm. WAULNEAT 40 atuiilasy: 212-217.

W3ng wsgse1 Usilund wegsen wae Ufgns viyeeu. 2555 nsnadeuiuitnilnaninugnuanlunisugnuuy
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o
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Physical Properties of Paddy and Parboiled Paddy
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Abstract
The purpose of this study was aimed to study investigate the physical properties of raw paddy and

parboiled paddy. The long grain paddy (Oryza sativa) of Khao Dawk Mali 105 variety was used for this study. It data
for design and development main element for husker machine and other. Moisture contents of paddy between
from 10.30 to 10.51% w.b. and from 11.58 to 11.93% w.b. for parboiled paddy. The dimension of paddy length
breadth thickness length/breadth ratio and equivalent diameter ranging from 8.51 to 11.94 mm. 2.10 to 2.97 mm.
1.44 to 2.23 mm. 3.24 to 5.19 mm. and 4.07 to 3.37 mm. respectively. In the case parboiled paddy 8.90 to 12.00 mm.
2.02 to 3.46 mm. 1.58 to 2.96 mm. 3.06 to 4.81 mm. and 4.54 to 3.35 mm. respectively. The thousand grain weight
28.30 ¢ for paddy and 28.90 g for parboiled paddy. The bulk density 533.50 kg/m3 for paddy and 410.26 kg/m3 for
parboiled paddy. The angle of friction 67.75 for paddy and 66.07° for parboiled paddy. The angle of repose 21.86°
for paddy and 28.01° for parboiled paddy.

Keywords: Paddy, Parboiled paddy, Physical property
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1. unun
Ffaldgninnldiduiinsuussuwdalaeisinunlunasdunai looniUiiunasindnluedeld fe Uszne

dudededinmmihindenuusiudilmnuouteufiagyidliudndmdenuiud dniluied Yssmalnedodndu
Hesoonselvavesnisdsoondnunuazdnis (nsudmmsinums, 2508) lunaszTusenidsavilovedlve Wuildmin
anaues ¥insudssuiridenteufieryinnsansmeidensenliduinisndewdeBondemunmduglyindnes
GﬁdlﬁﬁmmﬂsgﬂLﬁau%IﬂﬂIuﬂ%’uﬁaumwﬂmm (e, 2550) Laﬁmﬂizaaﬂ%mimﬁmLﬁalﬂumiﬁiﬂmﬁaﬂmnaﬁa
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v A A

s ivduUsestinluneu Wednlumesnsisiaumaaluuszann Sevay 70-85 nwnsnsaviunkdndmuay

dedmniauudnlluszinaiosas 85 Julunwasnsazrdndudnes Weliiuienisuslaaneundiazanun Jagiuih

drvenugdurdnwe (uefslddriugluiediv)

I a

@mauﬁamqmﬂmwmaqLuﬁﬂ%’zyﬁsm,l,azL:uﬁﬂﬁmﬂfﬂﬁuﬁmmﬁﬁ@aquLflusﬁ’aaﬂac?hLLﬂﬁﬁﬁﬁﬁgmﬁmﬂﬁﬂumﬁ
sonuuUIATasinang lassainenszuaumsuayisnmsmuny uasmsleneidaduaussonwasmanmeul anudesnisiids
nuuarUsEAvEAMRNASasdng siieIBMansTUIUMsMsTUBRara NG BaARS Ty (Nalladurai, et al, 2003) A3
Aenfunaautivemenmitddaunnssns wu suisuatiinesiuiiisdmiinudedenteiumdaaumnuiuen
WILLALH LA NNDBLAASyRvTiuanAnafy Sudusg1sBsdmiumIsenuuuiBmsfauen A3msvunie FEmaiu
S UAY S UUNMIOUM IS N3 Tiumnsneii (Reddy and Chakraverty, 2004) Aennamiuiuvessida i@ msuseniuy
Talanavdauiusnwman (Tado, et al, 1999) @mé’ﬂwmzﬁmﬂum@LLasg‘Ui'NmaaLuﬁﬁﬂfﬂumiaaﬂLLUULLaszmLﬂ%"aﬁﬂs
dmivAnvnauwazAninsa (Tado, et al,1999 and Nalladurai, et al, 2003) yuAwENNNBY (Angle of repose) Huendi
anunsaszyfageanvesnasudnsayiatuuuszuny suludsiddgyibimsuilumsussqudaaduiaiy wdaozling
amwasﬂﬂua"mmzswwmuﬁuﬁumﬂzmamwmuLﬂuaammau pauAsEnMNBBT ARt (Reddy and Chakraverty,
2004) yjsudean (Coefficient of friction) vomdnsayivuuiiuiaey Tavsuarlsidurdhudsmadmnssdlddmiunis
ponuuudaussy lelauarlassaddlssdmiufvinwiudn wagldoonuundesninneuinanisive maedouiily
nsEUINM RS osdnsNanBAufes msvusne ZLquJLﬁEJ@V]’]UEQJ’dﬁﬂ’J’]ﬁJﬁ’]ﬁlﬁgﬁ’lM%’Umiﬁ’IU’JZuW]LLNﬁLuﬁﬂﬂigﬁﬂﬁvwﬁﬁﬁdlﬁu
wazlala (Nalladurai, et al,, 2003)

MnmsAnwienanssdlinuintinmsfnunauauifvsmenmdnidenieutswasvdalatuginunnenugd 105
usiogsla ?jaLﬂusﬁa;ﬁaﬁﬁ’]ﬁﬁy@iamiaaml,wﬁ'@umm%ﬁmﬂaﬁLﬁ'msﬁaﬂumiﬁﬂmﬁ%ﬂﬁmmmﬂ JUS9 (Aue1 A
A ) urnugudnansasya (Equivalent diameter) twiinuidngie 1,000 Wi ey Bulk density) Ag
anmned (Angle of repose) wazyulavauiin (Angle of friction) maﬁmﬂﬁandauﬁmawﬁnLﬂﬁaﬂué’qa’mﬁqﬂ’uﬁ:ﬁu’n

AoNKzd 105 (algauduazaaiy, 2557)

ad
2. 1NN
FrddeniihwndAnwidutndendiuginuneenugd 105 newdsdridensendugesdinuing i lnedu

i 2 avihmsmswsanmannddensssundudniudenis TneliinensnsiifuszaunsallumsudndnidasSedls e
FBUftRunAvoununsng Jaudseendu 3 fupeuiivieidlasiu fo (1) maut drdnBenunvheruazenn udniluudy
sygzaTlumsud 15u iU 1 fu (24 $9l9) (2) Msiie thimwdeniiiumsutuds Tuidumediwiedls wilounsiletn
wileaiiouslaa lneflsszana 60 wifl (3) Mavilusisid i wdaluliurdasmsmnuanuaziisiufisy g1y
BnsEnwamauTEIMEnI®

1. msfnwaraduadedndonuasinivdendsdufuieiddenuastnidendsilldanturounis
wisndmilenuAsmstieiy uwdhideniiduldoeneas 5 519 ax 100 nu Tdlunwusindngou feamgiieu 103 +
1 sernwaidea iuamun 72 $2% (United Nation Industrial Development Organization [UNIDOJ, 1995) arnthutuiin
dwifrdmdenudey LLﬁaﬁwsﬁa;ﬂaﬁlﬁlﬂﬁﬂmmmLﬂaﬁ‘L%uﬁmm%u(mmg’m@&Jﬂ)

2. MIANNALGEIUIN (Size and shape) ajmﬁuéﬁa&hﬁnLﬂﬁaﬂLLaz‘ﬁnuJﬁaﬂﬁﬁasmaz 1,000 WAAYNINNTTA
yualknui oML (b, breadth) Avmena (, length) uae Avamun (t thickness) lumisefiadiuns sewes
Jesuadesuuuiinea e Mitutoyo Mé’qmﬂﬁ?uﬁ'whm?%&JﬁlﬁmﬁﬂmmmwmmLe’i’umuquéﬂmnamﬂa (D, Equivalent

diameter) fveinTs (1) Fesiarsanangusneniennasiveasdnd
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3. msAnwtsinwEade 1,000 wWaa (Thousand grain  weight) dudieguudadalienuas
Fradentls S 1,000 wia wdavinisdaimin

4. mafinwATIvILLY Bulk density) Tnsdsimiinuesdindenuasdhiudendsdeuimnsuse
feussphanlisatiuiiasnelu 0.026 gnuiaiiams ladhiudenadufussgliAuveudaussy 1WlsiRaBeuiifany
gnifudsussgUnddwAueen wdwhnsdaimidn

5. M3ANYILLNDS (Angle of repose) yinasvasinaiUFenuaztiudenils afrendeslifdnuum 0.3
. x0.31.x0.3 u. WwizdonUaduarndugrnansuiaduiiuguinais 12 qu. fansusulidmsula - Ua ERMAGH
54l%) ﬁﬁnmﬁaﬂﬁiﬁmﬂmidu Tdaudiunass niulatenaeelidnuaenlnasgesinga (Reddy and Chakraverty,
2004) Taauganeadnn (H) uwazidurugudnansvesgiunesdns (0) ndvnneuudnegluaninauna uAwInmIy

NBIUINIAUNITN 2

Z)
O tan’ B (2)

6. M3fnwadsaMIUYet1UFeN (Angle of friction) dufeeawdatiudenuazdiudenis
Uszana 30 n3u neadutuunsuuiuiivaneduniwesulanefidannue 50 wufuns wiaresq snuaneduiid
wiindhuuFentuinyutuuusedu sunsesiaudaidulvaasiuaisiieussisgeuadlan Yaaugevosusiulany (h)
wavsvezveiuLsiudnd iudentuiunuuuuuushdans (0 WAIAUINIANYILEEAN Y

ANSIATIEINE ¥IN15USHUTEUAINULLANANITBIALRRESENI1991 U aRnkard 1 Uaanila flean

Independent samples T- test lulusunssinsgvidoyanisadifnie SPSS

3. NANISNAARLLAZINTAINE

1. Msfnwesduiuuienarutusdaiidenuardmdoniviivundnmanautinisnisnwluadad
wuhaudusdadridonagszning 10,30 - 1051 Woesidud (wnsgruden) Anede 10.41 Weddud Grnsg
Wen) uazarmtumdatdonilegsemine 1158 - 11.93 wWeddud Gnasgruden) Aiads 11.83 Wosifusd
msgruden)

2. vnauazgUsIveudn d1adendauend Anunie anuv SasiduanueRenunig wazduy
rugudnansaya (Equivalent diameter) agjsening (Aade) 8.51 71911.94 fiadiuns (10.52) 2.10 fs 2.97 fadlns
(2.60) 1.44 f9 2.23 Tadiuns (1.98) 3.24 f1 5.19 (4.06) way 4.07 fa 3.37 fadluns (3.80) drwddeniedanuem
A1UNTN AUTILN §RTIEIUANENINEANNNTIN UasduRugUENa1saNYa  (Equivalent diameter) 8g5e%ing
(A1ade) 8.90 §912.00 Fadwng (10.34) 2.02 e 3.46 fadluns (2.75) 1.58 4 2.96 Tadwns (2.16) 3.06 fs 4.81

a

(3.78)ua 4.54 §i 3.35 Hadums (3.96) Awandlumsned 1 9nmse wiedadeniugeninenued 105 NAny1dn

s al

agludwdaeniuin fefianueriadeninndy 750 fiadwns 1innInAuevetudntIveNNd 105 SR
Tenulaen3aTad (2534) fie 7.40 Tadwes jUsdendny d3Usnusen FsdunaldanAdnsdiusenitening
gnsenunieieninndt 3.0 Tafuns (unsdnfuazamy, 2556) wandudeniiniunisdnueiwdninegly
v I A Y & | = | a I a a Y

I RUAANRTULRLITUTIUFBNNBUTE WHANNENIRALANAIIN 10.52 1T 10.34 JadUnT ANUNINLALANUTAUN

wanwdeingun 2.60 Ju 2.75 Taduns way 1.98 100 2.16 fadwns sUsaninces Gadunaldainadndiu
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gsANEeAN AN 3.0 uiAdndudnanidedeutuidendeutiudmuieuearanann
406 wie378  dlefesanuuinvedinudeniiiumsimuimuenuderdunin uianuniesniieningle
WReuiteuiuindentoutls luvnsfiduihugusnaandiintu Saaonadostumenumes Rhaghavendra and Juliano
(1970) wag Otegbayo, et al, (2001) TuATUANLETIVBLANIYVINDBNANL BELARLVENEDBNLNNNITIUAUAUNT 1 YN
fnsaniUisuiisuAnnudsiuunnsgiu vemuannuem anuniauazaumundndentuiniudentlauinen
andeannsguresanueniideniaunnninddeniiie 045 was 0.42 uanvimuaeNgTdUEoNUANGNS
funnninanuendrdenis dudenudeansssiuresnnuning uazanumundidendadesnitdndenis fe
0.10 U 0.18 uag 0.08 fu 0.17 wanyimunvesrLniuazA ML U enilsunndefiuannni TnemzAeLm
madL;Jﬁﬂ%'n%ﬁﬁ'maﬁmu’mﬁqm Famneauindndeningfamnesdminiiunisiunneenssinssessaien
g (Lemma) Auidenian (Palea)
MM 2 HamTleneiteyaisufisuuandnesri e edsvuauarsU e donuasd i donis
338A7 Independent samples T- test WuTPNET AL RarA e IUdsnuazt denilaunndnatiueged

o [ aaa

HedAueadAnszeu .05

o

Table 1 Length breadth thickness length/breadth ratio and equivalent diameter of Paddy
and Parboiled Paddy

size and appearance
Type
length breadth thickness length/breadth ratio equivalent diameter
Max 11.94 297 2.23 5.19 4.07
Min 8.51 2.10 1.44 3.24 3.37
Paddy Mean 10.52 2.60 1.98 4.06 3.80
SD 0.45 0.10 0.08 0.22 0.10
CV (%) 4.26 3.73 (.85 5.45 2.66
Max 12.00 3.46 2.96 4.8l 4.54
Min 8.90 2.02 1.58 3.06 3.35
Parboiled Paddy Mean 10.34 2.75 2.16 3.78 3.96
SD 0.42 0.18 0.17 0.29 0.17
CV (%) 4.09 6.60 792 7.69 4.40

Table 2 The statistic test compare difference between average size and appearance
of Paddy and Parboiled Paddy (t - test;n = 1,000)

size and appearance t-test P
length (mm.) 9.555 0.000
breadth(mm.) -23.290 0.000
thickness (mm.) -30.434 0.000°

) Significant coefficient for confidence limits of 95%

ns . .
non-significant
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3, Phwinuidasie 1,000 wida dviinadese 1,000 winnas vedindsnuasiniudeniarindu 2830 ndu wag
2890 n3u mud iy minuEese 1,000 widnwasveriiddenisdiaunmirden dlenssudleunnuuansiems
adnveniminudnse 1,000 winfern Independent  samples T- test fauanslunssedi 3. dinuidednudenuas
Fradents sie 1,000 win Lifieuunnsnsiuesnaiteddymaainfisedu 05 Fsaenndasiunisfinuves Raghavendra
and Julinao (1970) Al nilsliivaeudwiinuesie 1,000 win

4. MsAnwATIILLL ravuiuedsvesiiUEenuasdriuRendarindu 533.50 uay 41026 Alanfusie
ANUIANLIAST MUFWY aavuiueasveiudeninnnindriudenis diawSeudisuemuuansnmnsadfvesnany
wnutundsvesidenuazddentadaedn Independent samples T- test fauandlumisnedi 3 AvavuuTes
Frvdenuasdmidenildimuunnsntiuegafitud et ffisyau 05

5. MsFnwyadsamu yudsemuiaievesiidenuasindeniliuliumdnvnaeainiu 67.75 way 66.07
99 MUAFU yandsmnuseminadadentuuiumdnneassadeinnninpidesmuadesewindiden-duazndn
uiuvaaes WolTeuiisuanuuandrmsaiivesmndeamuedsvesiivdenuazdidenisingan independent
samples T- test fauandlumadl 3. ypudeamuedsvesiivdeniasindenildlifinnuunnsinsiuegeidodwams
adRTisziu 05

6. MaAnwBmNes YuneuRAsvesiMFenuarimdeniluviiiy 2186 way 28.01 esrm MUy sunesade
maa‘ﬁ'muﬂaaﬂﬁaaﬂdmmmmﬁ'&Jsumﬁﬁm.ﬂﬁaﬂﬁq Lﬁam?amﬁﬂUﬂawwLLmﬂﬁiNmaaaamammmmﬁ'aﬁuaaﬁﬁ'nmaaﬂuaz
Frudentla feen Independent samples T- test fauandlumsnail 3. spnesestmidenuazinidentddimiuuansis

o o w a

AustslitudAgyveanfanszau .05

Table 3 uansAade AdlBLUUNINTEIU wazAERAN IYluNSNATRUANNAFINYDS
nsiUssuiisuaanUinIenienInuslsEnMsvastlaanuasd1aaenils

Paddy and Parboiled Paddy
Physical Property t-test P
Mean S.D. Mean S.D.
The thousand grain weight (g) 28.30 0.46 28.90 1.14 -0.973 0.368"
Bulk density (kg/m’) 533.50 8.24 410.26 6.04 26.958 0.000
Angle of friction(degree) 67.74 1.94 66.07 1.26 1617 | 0.145™
Angle of repose(degree) 89.15 0.02 89.86 0.002 -63.160 0.000

*Signiﬁcant coefficient for confidence limits of 95%

ns . .
non-significant

4. d3Una
1. anuTuiandraudenagsewing 1030 - 1051 Wesilud Gnasgulen) Anede 10.41 Wesdus wwsgaden)

worrutusdednuudontseyseiring 1158 - 11.93 wWosiiust anespudlen) Aade 1183 Wedidud erasguden)

2. PrUdendai1ug1d ANUNINE AIUNUET BRTIAIUAINEIINBAIUNTIN LazlduiIugUdNaTaNya
(Equivalent diameter) agszwing (Anade) 8.51 §911.94 Tadiuns (10.52) 2.10 fis 2.97 Hadwns (2.60) 1.44 fa
2.23 fadwns (1.98) 3.24 §3 5.19 (4.06) uay 4.07 89 3.37 faduns (3.80) drudaudeniafinnnuens aruning
AUV SnsdunNeIfonuning uasiduruguénaaNya (Equivalent  diameter) agsgninadade)
8.90 §1912.00 fiadtums (10.34) 2.02 4 3.46 fJadwuns (2.75) 1.58 04 2.96 Tadwns (2.16) 3.06 09 4.81 (3.78) waz
454 §9335 fadwns (3.96) wuiannuniewasauITeLdnddenwardadenis iurinadiiy

dwiuldimunszesinvesgnenslunsfinuuageeniuuiaiesnginigiviioniuugnes
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3. dmtnwdese 1,000 wanwde veririldenwasdridentavindu 2830 nfu uer 2890 3w mud1dy
Y] 2 1 < a o A A v P N =
umilinw@asie 1,000 kaawdgvestiiuFeniiddesnitiiuients

4. AnavnwiuRasvestUdenuazdIRentuviniu 533.50 wag 410.26 AlanSusieanuiAfumng Aua1ey

! N v d v A

AMITLNLLURAsvRstIAsNINNI T IAeNile

5. yudeanmuedsvesindsnuazddaniaiuwiuminnaaearindu 67.75  uaz 66.07 83 AUAIAU 4
deamussrinddeniuwuminveaeuadsinnniyudsanuadestind rudeniuasmanuiueaes

6. yunandsvesiTionuasinientaviniy 21.86 way 28.01 B3 MMUAIAU Yunavnievesiiieniley

nimunesadgvesdTIden

5. 1@NA1581989
nsAvINBnms. 2548, 91384, fonlinel. 191491 http:/mww.doa.go.th/dataagri/RICE/6pro02.html : Fuduidleiuf 19

damnay 2548

wSolad SnnzdSeza. 2534 At IIMEA M uazmsuUsaNWER. a01TLATed naRnITnums

Bee dnnma. 2550. duntwal. Usssnundalanviiayusuinivesmauasudssy. anauns. FunualdleTuil 20 Avnau 2550

digaug nesaaioaed sstand e was Tnan Newning. 2557. 1nTesdnuendadetusenanndn. Nsenside
wnivedewalladrwuseany Tuoen U7 702) 1-6

uoyafni 1fluds Tafing Nivds way esiy Nivda. 2556, Yadeiiidvsnaronszummssantiiiandasie
P IRUNaILATRg. 13an93TE avinendomelilad s rsaany Tueen T 6(2): 15-20.
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malBeuiisumsissufisenssinaddenlalniu Caco, Tunszurumsuinasiuaslsds

The Comparison of Catalyst between the Egg Shell and CaCO,

in the Pack Carburizing Process
1 o £ a2 al
255047 NBUITUN USIAANA 535ULUR~ LaT UgAN NIA

Wanna Homjabokl, Narongsak Thammachot” and Naruedom Thadee'
‘avivimnssuian ‘a1viviminssugaannis
AgAmNTsumanskavandnunssumans univerdemalulagsvuenadau Jminuassvdun
E-mail : whomjabok@hotmail.com ns. 087-7769920

v
unanga

mAdemMsssuiisunisldasssfizerseninaddenlaln fu Caco, lunssuiunisuiinansiueslsde dndqu
asuinansueslsdesenoudg asiseUiiten 10% waz aldgansauda 90% ngldimanndnsususinusinu
nszvuMsLRinA$ueslsds gamgil 950°C 1an 0.5 1.0 wag 1.5 dalus yuudeiigumndl 780°C 1ian 20 unit waveudy
dflgamnd 180°C i 1.0 Falus anthnirluneaeuanuudsdudndelilasinnesa naouusinszunniuuusd uay
anaaeulnEiganAmendesanssmiLuuLas Nanmsvaamuin dldanseAzeniina 1.5 dalu azldAmnu
uisgefian Tae Caco, Winnuudeitinn 743 HMY wazidenlalA Teiananuudeiing 738 HMY dwsuauannsalunissu
LSINSPUNN CaCo, vzfianunsafuusinssunnld 17 J uaswdenleldasiianunsaduussnssunnld 29 J uenanidamuin
Tnssasgameafiiavesdunuild Caco, uazdenliln UssnoudenmulsiuasBiulng wudeatu demgiiudenls
Indsanunsathunldiduansissuisenlunsuinansestsidaduogned

AdAgy : uinAsiUeslsde Waenlaln waadeumsuoiun

Abstract

Research comparing the use of a catalyst between the egg shell and CaCOj; to pack carburizing process.
The pack carburizing process was made up from 10% catalyst and 90% charcoal by using low carbon steel and
processed though the pack carburizing temperature 950°C for 0.5, 1.0 and 1.5 hours. The hardening 780°C for 20
minutes. The tempering 180°C for 1.0 hours. The specimens were checked for case depth and hardness by Micro-
Vicker testing, charpy impact testing and microstructure inspection. The results showed that the using catalyst 1.5
hours to get the highest hardness. Surface hardness of CaCO; was 743 HMV and surface hardness of egg shells was
738 HMV. The ability to impact of CaCO; was 17J and egg shells was 29J. They also found that microstructure on
surface both CaCO; and egg shells were martensite and cementite. For this reason, egg shells can be used as a

catalyst to pack carburizing as well.

Keywords: Pack carburizing, Egg shell, CaCO;

o
1. unun
nszwIuN1IAsUeslsTe Wunszwauntsifiunsuauluiiinvesdunuwasiiluinisyuuduazoufiud welin

Andfianuudegasidinsnnumieangluiuay Feaansasuusanszunnled (Lakhtin, 1990) vistinszuiunisasiveslds
fiegnateuuy Maliduwuureswds veavad uavuiia widdfiligeenn azan wagldfunusi Ae wuuveads Bendn
“nguiumswinansiueslsde”  Tagendenalnnisunsvesaiveudndginuetiuau uwiasilianisueue1auainau

Wnvsea 1wl thinuakagnauivan s aze dsnsunsvesnsveuanintulanlugieamaliseamululngs uasdes

e INNee AN suNIeg ANyl Gsewauazany, 2557) MNNMIANWITIENUNMTITengosiunsiiy
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ASusulRaTN asuiinansiuslsTaUssneulumeaniliieza nldnduansissuizeniinnne) @nsuazads, 2561)

a v

= & ada o  w o o - o A i v vy an = A o
GUQLUU'JﬁWL‘Vill']%a']‘l/ﬁ‘uqmﬁ’]ﬂﬂﬁill LLWaTWTUSQlIGUUW5@ﬂ5']Liauaqg\]wqﬂ'WUIﬂﬂ‘lﬂEﬂﬂ ﬁizLWULLEWWﬁUm, 2547) 4NN

-

mMsneaedlnglyn1uldiieweeufgITRNNHANSNARBINUINTIUSEENS MNARIWAY (USIAENR, 2555)

gaumgleoanululndeezlenldigamgd 950°C druldmhunldlunszuiunisuinansiveslsgadudunli

1a

AFvauiaungtgi Ny Inealdiniiussansamanniigalaun anldyasauda (82.97%0) sesrwnpie anldusuy
(79.20%0) fuwinsiud1Usnas (79.019%C) sungamzning (78.38%C) warauliili (77.979%C) mud1du (usadfnd, 2556)
o W a I jaaa Ao < s a v ao o & I o a < =
dmsuvlinvesnasafisendunldlunsuinensveslstadudadendday mraduuwmdaiuliavesnsveiun (CO,) &
o aaa v s a & s '3 ) [J aaa v 2 a & ¢ 3 [
winfiseiueniven aluasveuseunenlad (CO) MnuwIgyUfsentumaniailudwulaviuazasuouunsidng
Tnssasseoamiludsely Insansissufisendidedldnaluiivanesiin wu CaCO,, Na,CO, waz BaCO; {usu (Wesy, 2541)
winnnsAnwansusgnevveadientulniowiunuit lassadwdndveidundn  Caco; gadies 97.0% Iaeniwiln adu
ansUszneuiianusauandadunsvesld anmsfinwidesiu AnvidSsuiieunsidasssjiselunssuinisuinens
woslstaszminadenlalniduTagwielifietumusssun fu CaCo, Fadisimadia 1,300 vn/Alaniu Faduasise
Ujisernidedld Wneldindnndmsvensngunsadianemanussinssluaiasdiofidesnmsisarunduaseumiles i
HunsyUIunTsuiinAsiueslstaigamgl 950°C 1ian 05 1.0 uaw 1.5 43l Milunufiniunssuiuniswiinasiueslsds
Judurzdowirunsyunduazaufiuda WsliAnmsisundamilasasisgamalivnzauiunisidnuasa lnewn
v 1% Y o A o saa 3 v 2 a ] o Y&
fossilassainnaninannedrama odunlndntaruulagne i o uulnyieamlisening A, uag A, MTITuAsall

Joimsguudeiioamadl 780°C 1ian 20 Wil uaveuRudIeanAIAUANATIRaMAT 180°C 1ian 1.0 Fala

2. AsN1SNAaal

2.1 NSAYNTUIY

a o 2 < v s o a1 =1 & o o o
E‘U‘VI 1 anmuwmﬂumannmmsuaumwmumimugﬂLﬂumm‘wwmswﬂam
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5Ufl 2 waenlaliun

Twdnndasueusinfvuguilulovn @edld) viun 56 Tadwns dwandluguil 1 uaeldansuinansiveslsdei

Usgnaurenliiymauia 90% warensissufiizen 10% oA CaCo, uamuiianlyla snualilduunaliiiu 0.2 fadums Ui 2)

< 4 a
2.2 NSTUIUMSURNATSIUBS 5T WasN1IBUYY

900, 950, 1,000°C
1,000 0.5, 1.0, 1.5 9.
780°C 20 uit
800
@)
?_‘ w
= 600 M W
[=]
=
=
=3
400
180°C
200 1 .
""""""" Y e S DM
wirAnaiuaslsda yuuda avfiudn \
0 -

L3810

a ) < 1 a
:,J'U‘VI 3 ﬂuﬂauﬂ’]ﬂtwﬂﬂﬂiLUE]ﬂi"?NLLﬁSﬂ'ﬁE]U‘QU

|
o

anmeildlunszuiunmsuinansiueslsdedeld gaumgldl 950°C 1ian 0.5, 1.0 uay 1.5 Falus wavUdeslmdudn

@

Tuerna aniuhunguudsiigamadl 780°C a1 20 Wit wazdudalui wasniseuRusifignmgll 180°C vian 1.0

]
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2.3 NMINAGULLATNIINTIAEDU

TumsvegoumsnasgyihmsvageuAanuudaelslasininesa (a3esdse Matsuzawa fu MHT2) Tagazsinns
"‘g'mmﬁaL%’lqjmaiwﬁa%umuﬁﬁwz 0.1 0.5 1.0 1.5 2.0 2.5 taz 3.0 HadlumT dIUNTNAABULIINTZUNN LVNNITNAADU
wuUSy (wSesdvie Leeds LS102DE England) Ima%umuﬁﬁwmwmaauLmﬂszumﬁgtlmqmmmﬂﬁﬁmm%a ﬁqgﬂﬁ a4 uay

hnsesnaeulasaisganmalaglindesganssaiuuuwea (Optical microscope) (NGB38YR OLYMPUS 31 BX60M)

v

4 ANYAZIATUIIUNAADY

=D

U

3. NANTSVIAABILAZINTAING

3.1 HANISNAFBUANUALTING

3.1.1 ANULYS

wiannanAsuewin NdslirunszuIunMswinansueslsBweliannuudaiify wihiu 199 HMV n3Ul 5 wana

LY AN ' ' < = a < v 3 o A < s P o)
ANNFUNUS ST AL IAE SEaLANINNRT TOUMANNAIANSUBUATINIUNTEUIUMSUANATSLUBSTSBe 950°C 1ian 0.5,

a0 I3

1.0 waz 1.5 Falue yuuds uaveufiu Weldansseufisende wWienlaln fu Caco, nudnfiRaeediieuuduiiug iy wae

v A

sranaaiens Nszozanifiunnndy Meilidumszdvinannnisunsvasnsuaudaziinfinalanign newdenlalnazlen
PNUUTATIFNNTT CaCo, MnszaveLEn Wisnantes Weswnnuwdenlylniiviunm CaCo, figadis 97.0%
drunamildlunisuiinansivestsds wud 7 1.5 42lus (U 5 n) awilildrauuduazsserdndnunnniai 1.0

wag 0.5 Tl (§UN 5 2-A) enuddu Fadulunamaufvesnalnnisuns

3.1.2 4SINTEUNN
JUT 6 wananudUiUss2I A LA SalUNIT ULSINTZUNN TBANANNAIATFUDUATINIUNTZUIUNITLAN
A5waslsBe 950°C a1 0.5 1.0 waz 1.5 Falus guuds uazoufiudy sevinsansissufjisen wWaenlaln fu CaCo, naan
msnagey wuIn Waenlilnlanuaansalunssuusanszunalafnin CaCo, lnsnafildlunswiinansiueslsgenifidinn

FUALAAANUAILTOIUNTTULSINTZWNNERAY FUTUNANANARBITUAIAINLLTY NaATIET 1.5 T7lug aziian

ALdsgenan uiazlinuaninsalunmssulsnseunnlisnfan
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W CaCo3
W uianlyld

(HMWY)

=

]

AT

n. wiinAsiuaslsds an 0.5 Flus

01 0.5 1 15 2z 25 3

W CaCO3
W wenlalld

a7 e (HAY)

=

. wiAnA1SUBsTsTe 1380 1.0 Falus

0.1 0.5 1 15 2 25 3

M CaCo3
o wienldld

A. wiinAsiuaslsds vian 1.5 Falus

aruL e (HMY)
g 8 8 8 8 & 8

01 0.5 i 15 2 25 3

FemEAn ()

JUN 5 AUFUNUSIENI9AIANMNLTUALS2EEENINRY YauraNNAIAITUBUAN

FBIUNTTUIUNSWINNASIUBSLST9 950°C 1781 0.5, 1.0 waz 1.5 F2lus
UL wazaududa Waldarsissufjizende wWaenldld du CaCo,
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35
W CaCo3
.30
Pt wionlld
=
& 25 —
Ul
=
S
e
=
=
% 15 A —
L'
5
T 10 —
=
Ly
[
= 5 I
0 A T T 1
0.5 1 15

L7817 (1)

FUN 6 AUFUNUSIENINIAIANNEINITATUNITFULTINTZUNN VBUUANNEIATUBUAI

ANIUNTZUIUNSWINNANSUDSI5T9 950°C 1@ 0.5, 1.0 wag 1.5 F2lug
< =1 o 1 [ aaa = [ 1 o
YUK wazavAU szrinasseufiisen wWhenldla fu Caco,

¥

3.2 Naﬂ'ﬁﬁli')ﬁ]ﬂaUIﬂiﬂﬁ‘J'Nﬂlaﬂ']ﬂ

=y i o & < s & & v ¢ s v o v v % a¢

Fununeswinuinefieslsduluvanndraivewin lassaiiunnguseneuiielaswasianeslsduaeiisa
lasl Fawandlugun 7 deriunszuiunsuiinaniueslsds guuls uageufum nuidunuildassajisenduddentvln
way CaCo, auinlassasauumiles uasdumlngd lae CaCo, (5UN 8 n.) aslivsinalasainnuleduasdanlng 7

' o < = Yy = m ot P o d' - = a

nnniuaeiidnvamianasdeauaznszaedmilaaninldenlald (GUN 8 v.) sgrsaau uavaranauiens Nsvereudndiy
N nngiiiafiownsvesnsveugadenunsyusddsldeudulssadunmules weeiflaswesduulndmszld
vaguslseglugn A, (U A, eeuwilimweanmilsduasduulndzanauazialaswasiameslsduaniisaladiiininnyu
4 = & X 20 v & < 1% s o -
detlailenutadularaieiureavannaimsuewsi (Ui 9)

diadilassasananiasansuiunaresaufining amsoesuieladn s CaCo; Walassadauumilys

= I3 ' = M 1= o6 va 1 2 o ' oA v o 6 !
LL@%‘UL@JUIMM NqﬂﬂaqLUaaﬂ‘lﬁU‘lﬂ f\]\TVI'ﬂﬂﬁllﬂ']ﬂ’J']MLLSU\?quﬂﬂ’J']LLmﬂgiJﬂ"lﬂ'ﬂﬂc‘numquuiﬂﬂigLLV]ﬂ'V]C‘]"Iﬂ']"I
NS . o LD

JUT 7 TA5985199001AYRIBUNURBURIUNTEUIUNSUANATSUDS ST
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Martensite Cementite Cementite Martensite

A, CaCOs 2. WaenldlA

5UN 8 laseaf1eganiaiiia (0.1 wa. 31NHI) VIBUUNHIUNTZUIUNT

wnAsiuaslsBesendeassaufjizen CaCo, Au wWienlyld guuds wazaufuda

Ferrite Pearlite Ferrite Pearlite

n. CaCOs 2. Waenlaln

5U1 9 laseadreganianielu (10 wa. 31NHD) VBIFUMUNHIUNTZUIUMS

winA1SUaslsde sEndneasiseuizen CaCo, Au wWienlala yuude uazaudusa
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4. d3Una

1. mildidenlliduasisauitelunssuiumauiinanfueslsds aelimanuudedisind caco, dnies
Lwiﬁmmmmmiumi%’vLmﬂﬁmmﬂﬁgm’h CaCO; DYNTALAU

2. nanillflumsuinarfiueslsdeivinlilimamnuudegean svosdudngsan Ao 1.5 Falua winisduuse
n3EUNNaZATign

3. lnssadnsganiaesiidunuiiiiunssuiuntsuiina fiveslsdsternmuleduasduning uazansluasia

TassasawastsAuaziinsalan

5. 1BNANSD1999

o

ws9AANG s3ulef. 2555, UszAnsmniaissufAtenvesansdesinnieg lumsdulinaasueuiiiiveandnndd
ansuouslunszurumsuiinaniiveflsds. msUssguAvinsssdunAiionsiannduideegiadaiu
UM INGIREATUATUNTILIAL : T6T-T78.

ussAdng s35ulvR. 2556. navesgumgiinaziailunsiinafusuiiiadeaudininavesiindndosiyuudeie

ﬂi%U’]uﬂ’]iLLﬁﬂﬂ’]gLUﬂﬂi%ﬁ. mwix‘qﬁﬁmmiu,azﬁwLauamamumﬁmﬂimmam%uaxmmiuiag

v
o a

AN 4 213-221.

Doy

v a U a § o

Bsewa TuAnd nigyaun Tuans Wandnd lasaude Sgned Sunlen gauuni 91l 2551, Svdwavesnis
wdouihiufisronmnnlaln. 13a1539s aninerdemeluladnuusaany Susen 39 1(1): 79-83.

sziay gnde uay AIn quata. 2507, msAnwundnndmaunulunssdasianirluaiuFou (nilnd) famia
uATTIFN. Inerfinusimnssumansdudia a1913vIMINTsNgaaInnig. unIngdumalulag
FNYUIAADAU.

ASNT AINLAY WAL 25 R8I, 2541, dineunaudmiuldlunisiuafueuiinuman,
MIFATIVINTNTEIDUNANITUATIWNTD 8(5) : 19-23.

WBBgy WaR1a. 2541, nsneaeUSeuifisudiunauvesansuinasiveslsdslunszuiunisyuiiauddane.
IginusumUdin @1913AINTINNAIMNNT TFInINeIae. AnIng1duinynsa1ans.

Lakhtin Y.M. 1990. Engineering Physical Metallurgy and Heat Treatment. Mir Publishers Moscow: Russia.
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’o’ v A a = a 174 dy a = ¢
HavaINIHANUMinTIn nayUlnsuazgdunsdlusiulennTuamstudedauudunsd
Effect of Biologically Fermented Herb Juice and Probiotics Bacteria Mixed

Concentrate Feed for Feeding Organic Dairy Cows

v Aa 1 o = n‘z
UUNY %j’)iim‘ﬂiy}ﬁyﬁ LAy 31L38U ﬂ\??jl‘lllﬁ
. 1 . 2
Nunthiya Suwanpanya and Jumrian Kongsut
‘srvFvunaluladnisudadn ‘e uneluladnisuaaive

pauzinAluladenamnssunyms un e Iaemalulads1vaseadaiy e nvnnImaug
E-mail: nunthiya284@email.com 3. 0817697428

UNANED

a

wanswant g anwayunauazAusiuslulednluewnsduiedeubuidiudledlninEidouaaideon
75% Srenanensiiungag 135 + 12 Ju 919U 12 f Massuneaedluuduudenduysad (Randomize complete block
design, RCBD) $1u3u 3 ngumsnaaes nauay 4 M Tnengumsvaaesd 1 o3t (AuAs) nANMIMARRIT 2 D193ty
Namﬁmﬂﬂ%ﬁmwagﬂm i 39 (Zingiber officinale) % (Alpinia galangal) aglas (Cymbopogon citrates) uagslzngn
(itrushystrix) nauAsMAABIA 3 enstunasgduvIdlusluledn vinmisvaaes 60 Yu anmsmaasswuIlausilésy
gmInnnaun1Inaaesdinsiulainguialnnuuansiueg1sided Aeymneada (P<0.05) nanamiualailanuuansis
fusghafituddynmeada (P>005)  mardatiuuduluty 3.5% wuileiuuiianuuansieiuegiedifedfaymeain
(P<0.05) pasznautuamy Iomnatunaudwiindanmayulnsdluduugs 4.219% (P<0.05) szwienguniananes
osdUsznouthudldudvesdslivulei ey eadenuds Tsiulddanuunnsstuegieddoddgymeada
(P>0.05) wazszuugfiAudukuusImgvesnandadonvrinuindanuuandisiuegefidedAyn1eada (P<0.05)
ownstuinangduisluslulefniivinudadenguusiviinaidnsagdundumannasdienmnstunaunimiin

FinmasulnsmevauswiosruugiAuiulaa

q

v
o o w ° a

AdnAny: Wmdndinwayulng duvsdlusluledn omstu Tauudunsd

Abstract

This study aimed to find the effect of biologically fermented herbs juice (BFHJ) mixed concentrate and
probiotic mixed concentrate feed for feeding organic dairy cows. Herb plants were Ginger (Zingiber officinale) ,
Galanga (Alpinia galangal), Lemon Grass (Cymbopogon citrates) and Kaffir lime (Citrus hystrix ).Twelve mid-
lactation (135 + 12 day) Holstein Friesian 75% crossbred. Cows within each block were randomly assigned to 3
dietary treatments according to the Randomize Complete Block Design (RCBD). Treatment 1 concentrate (control
group). Treatment 2 was mixed biologically fermented herbs Juices (BFHJ) in concentrate. Treatment 3 was mixed
probiotics bacteria in concentrate. The feeding trial lasted 60 days. The results showed that total dry matter feed
intake were significantly difference among dietary treatments (P<0.05) Milk yield was not significantly difference
among dietary treatments (P>0.05). Milk fat (3.5% FCM) was significantly difference among dietary treatments
(P<0.05) Milk fat was slight increased by BFHJ over control and probiotics. Milk composition were not significantly
difference among dietary treatments (P>0.05). Treatment 3 had the highest white blood cells while Treatment 2
had highest neutrophil numbers (P>0.05) and shown greater innate immune response.

Keywords: Biologically fermented herbs juice, Probiotics bacteria, Concentrate, Organic dairy cows
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1. unid1 (Introduction)

Usznalnglutiagtuldfsunnunsdunisduulouisss s ik wa. 2548 Sguialdussnaliinues
Suvsbifumnszuiend SdeimunuadnBuns (Organic livestock) ndnfiugnuladnidunsae maugniteildidedod
fims¥nwanugauaiysalvesiu mslderen Jeviin Jefivanegsioilos Udeelaunzidy (sznauavane, 2554) ayam
Wildansiesulusluledin (Probiotic) teulusigdunid Muldenufduesuasarsuszneululasiauduasiz vieansuseneou
Non-protein nitrogen n153aN1srhsulausddamnsgu TrusBunideedosiimaissiiunemn Jo gnghuias a5l e
U{Taue anssensiasyiulavioswandntasaisusznoululnsaudunssivseansusenau Non-protein nitrogen %30

giseluansa1ms nanusudsudmsunisuasliasu 90 Tuka191NtU 6 W NandnutuLaraIunsasusanlundana

] U

a v

un3dld  TmpRuseanannisugnlussuudunid 75% veamtinuia ansenuvedlve i (2553) navin wmdin

D

Fan Wsluledniluuaiisenanunsanannsawaninvisonsaunuallawu wuaiSelaninuidada wuwelsrorrawazdila
wueiiise mulumaiuensvesusardmiuadluomsminaewine WunsedunsenfivselevianunsanseiussuugiAuiu

o3 uMelaiinTu andugwisevinategaunidnelse Gelunsgesld amnsadnlgiunsdednila 4uidn (2551) nam

= a Pl

31 Wslulefin Aeduvidnquitliusslevisesinevesmudvisednd Inenadnuazddguedusluledniasinunldiaty

q

61

Tundndunansidegwasnsiewaziinusslovisoaunn fe ianevsendnasinuqdunsdnelsn ineinuilaaldla
nunsauaztnils Usinadusiulefnflazaisusslomiliiuiemeld evsivssnamidiueed aunidluslulefndidnly
Tuemaniinlaun wupfiSeanauwanlnuiada (Lactobacillus) uazTllanuailisey (Bifidobacterium) Raun3egluslulesin
HuuuafiFenguiiadunsauanin duvefidelunduifnmluewnsUssnvmineesifisaien taglusswinanmavdnoms
wuaitBedagimihiflunawdsuansensunsdalidunsauanin siliomsdisanio: nieudvasrsansilindumen
Mnderimuanadedauuuuudunisiodiingavomstududunis 75% vesiwiinui dafunsuszneugasems

nAaedlilongsueen 9NITIRsUEILINNUMA AR unEiTluTuTRINYNTBUNIdnudenivun Tnglauumnda

v
o o o

Iesungdun3dnlddenindanmanyalanasinensdunauivimdnTniwayulnsdnuaudmduasasudue

' ' '
A v aa o ' o aa '

Wisuisuivemstunasqaunisluslulefnviianaueaussniifidminevild Welildundunidifamemisems
Uaondforefuslnauariuudldiduiidoansvoafngunin fnqussasdifleAnwinavesmsldtinindinmainayulns
Wisuiisuivqdunislusiulefnaaluomstudsdaundunds Womuiinaruunayesduszneutesiiua efnw
mameuaussonidutuandiadenyn namsnaenduuumanslivsslesiamiwinayulnsssandlungunsd

o

sluledndumadenliiudiaedauudunss

Y

2. 7n15MAaa9 (Materials and Methods)
Tsniusleaalaindidougnuaussiuaeidon 75% dwiinduaie 498 + 5 svernansnsifusmag 135 + 12 T
$u 12 f Dulruildusunmsdedauuuuiundumsifsuuuduidssesna 2 3
wrunvaaedlaedanUsngulaundy 3 nguvaaes nquaz 4 67 TagaununTnasssisdl Ao
ﬂfjmmimamﬁ 1 91Ms9u
naunavAaes 2 enstunauimiindanimayulng @ 9 azled ueng)
nauNTMAaesdl 3 ovnstunauqduvisiusiuledn

91MNINARDY
gnsostulauniluansemsdunseingivinanunadndunsdlasulususes thanussneugns 75%

Yot Ineldnduvasingavemsdninei
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a =Y o/ a v
N13199 1 Uimmamqﬂuqmmmwu

aeAUsENaY % INQUAY
dudu 14
nfvEes 13
e 13
nsziu 14
1819 30
199U 12
W35 0.2.A wilAns. 1
wnaevu 1
AU 1
Tuaaidouneamia 1
374 100

Magfiue 15,000 U, Taenfiud 3,000 1U, Lannfind 25,000 1U e 3.5 ¢, Tenfiud 125 ¢, lenfiudsim 2.7 ¢, nsamulnsdian

11.04 g, n3nlulafdin 35.0 g, nsmlwan 1 g, luledu 15 mg, AB33U 250 me, wunthfiew 60 ¢, wian 1.6 g, lelodu 400 mg, Faiden 150 mg

ANSLASEUUIMLANTININ

dnEIUUTENOUAIY wvayulng @ U1 : denansie o didnnenes
3 10 1 : 1

v
[

Yupaunmiin dritvayulng loun Bsldmdn ldmin eeladldou uengaldlu sauayulng 3 d dnandeiali
dxn ﬁwnwaﬁuiﬁﬂu%mﬁm Tdadudamin anuduinnanse 1 dw waziadulusas 10 dw ddneeaduiidess
1 daw adufslarh shludiuiidesiiteindaielinsmingtu Wevesnm 2 Wou vnfuihlunseshedwmuaiull
Tneldlaundunigduau 12 i seezia 60 Tu flszezUiuda (Preliminary period) Aeudvinmeass 14 Ju 1ums
Ususwedlauuiuemsmaaes Tremsvenumevgsdlasudasngunsmaaedsiuiuuidad (ad  libitum) mslses
omnstrlungumsneaesd 1 undueuaulfownsduduns nqumavnaesd 2 Tasmsidmsinganmasyulnsuwea
fuemmstu Sasrdauesdu 100 Alansu sethwitn 5 Alandy TnensnaunoudAunoudy neaunouduiuneud T
ToAuomnstuuuudia fas 7 Alandu ndunimmnaesit 3 msliewnstusaluslulefnulanwesuisnindwineidy
msfn T4lusluledn 500 nfumanestu 100 Alansu Insnswaumouiiuneudu naupsuduiiuneudi nsliemns
Fuuvdlauuay 2 adsite 07.00 u. uay 16.00 u. fovdnun mudiu

tuinmardminaildnnlauudasdluneuduuazmeudmnfunseanismnaes duiuiegsemmstu e
#egrsar 500 n3u Tuusagyviaud nq Ju ey 5 Tugavinevesnismnaes wagva1sTYinnsouls 500 ndu ety
Tnzimesrussneunaed lawn Inguiia (Ory matter, DM) win (ash) Tudu (Ether extract, EE) uaglusfiunenu (Crude
protein, CP) m351m33114v83 AOAC (1997) Jpseimidelefiavangluanswendidunsa (Acd detergent fiber, ADF) wa
Feoleazaneluansweniidunans (Neutral detergent fiber, NDF)

iudeghadon e 0 way 4 lumdimsliomnslufuaeinevesmsmeass lnetunnidudenslvajuinnme
Uugular vein) Tdansiudonuda (EDTA) danduwies (Centrifuge) fiariusa 3,000 seusewd 10 uiiuasfiudu Plasma
detuienesimanududuredliinady (Ho) Guesdadenunsautiy (Ho) Siuudindesum WBC) waddinsiia

(Neutrophil) adaulles (Lymphocyte) wadlululesi (Monocyte) wiaddledluila (Eosinophil) wadiuleila (Basophil)
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Lﬁuﬁaa&haﬁmﬂm?jmLﬁU‘qu'N 5 Yugavnevasmsveaadlaeiiulunewmduasmoud dnansuiunudadiu
huufild udafulilunedi Potassium dichromate 250 fiadn3usletiua 100 faddns wesnyanmussisuaniiull
Tugamgll 4 esrwalea iesodinmsimesdusznaufidrdnyléun Tusiu (Protein) lufu (Fat) Arasvinutuvesiu
(Milk density) f\;m@amvﬁwaﬂfmu (Freedzing point, FP) uaztesudaiilisalusiu (Solidsnot fat) fewedes Lactic Check
Aummwesiwitn Tagldszaznanaviin 60 $u Tasmsdufuiaegsussiivludn @ ndu savi JadpH Usinaunsauan
fin nInedan (Cy) nsalwsilelln (C) nnda93n (C)) Ethyl alcohol, Methyl alcohol, Lead (Pb), Mercury (Hg), Cadmium

(Cd) wazdSanadumse Lactobacillus spp.

nsAssideyan1eain

Foyarfiulura 8 dUnivesnamanes UFusesaudsi (Covariace) doyaillilumsususaudssuiodminiiu
VBanaiewnsiinuse iy nanantnu s1uaufy Vsinadindenm Tnzianuwdsumilusunsneassuuduluuden
amgizﬁ (Randomized complete block design, RCBD) Inglt Proc. GLM (SAS, 1998) Wag AT 1ghAiLANANNSeEiaA 1nead

Duncan’s new multiple range test (Steel and Torrie, 1989)

3. NAN1SNAABILAZIA158INA (Results and Discussion)

3.1 dnwgnesnenuaziafivasdingin
mnmsthioayulnsaeyin 1¥ud 39 91 agled Tusengn dsmsindudmindanin dnuuemsmenn
yosdwiinanmasulnsorgnsviin 2 Wou Aldneaesiidumeu aaintiniaem Snduuieuss fsaien fanudu
n5A-Ang (pH) 4.1 mﬂmﬁLﬂiﬁzﬁ@mnwwiuﬁwwﬁﬂ%uﬂww firadvesesrUsznoumaniifie UTinunsauaniin nineydin
(C,) nsAnsRlefin(Cy) nsndafisn (C) Fawandlumsnad 2 USnafinuasnndasiusmenuveslesiand (2553) 210073

umniwiindtensuilaaiussma qadnuvaslaensisangduvidnelsanudn Lactic acd 0.028 - 1.244, Acetic acid
0.052 - 0.550 kg Propionic acid 0.310 mg/ml

M19199 2 Ysuaunsaduniduiinengs awuludivdinayulng

nsA Y3u1au (mg/ml)
nsakanin (Lactic acid) 0.089
AIABERN (Acetic acid) (Cy) 0.052
nsalwsiilatin (Propionic acid) (C5) 0.30
N33 (Butyric acid) (Cy) 0.94
Lactobacillus sp. x 10° CFU/ml 23
pH a1

o A oA

nmimdinFinmivTinunsagisaien luetand (2550) MenuinsaduEdiunumddnlafunidnguings

AR q

o

nIALANAN WnlnTanndswaneni1sdugin1sasayiuln vien1dngdunidvatesiln lnalanizngunelsaliaunse

1 o 4

WigRulsluannzwndedluanngifianudunsa-sndesndi 4 uastiensziussuugifuiu  gviniiuazangdl (2550)

q

0w deluslulefindngsnme duziunssnsdluasgdulmameAntunisldidnynd lnsnnenmsuwnsn

a

fegmusedila (VL) veshlddniimsgesamenmnesuda ainsnuaniin niauaninazrhaeviesudigaunidelsn
mameAnuesauisiusiulefin msfnuimuuanlmndadaiviinm 23 x 100 CFU/ml ludmdndanmalng
donndesiuTudn (2551) enuin Winadlustilefnmsivileduead lveian (2550) derimusnasgiunandumigu
vosimiinfiafensiiofiouennesed siiuosas 3 usvifiaueanesaddedliifiu 240 fiadnusedns MnHamNAGDY
(et 3) ssnuimiwinfivayulnsiiuTinoseniiausanesed 0.16 mi/100 ml waxfiaueanosodUTIm 0.81 mU/100

ml Fegarnnindenmuanngg iy ansindieuuaense
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PNATNT 3 Unaseniiaueaneseduaimiiaweanesed TUSIN 0.16 war 081 mU/100 ml SU3unm
Uanafoingiy ‘Wm‘d%mmLLaaﬂaaaémdﬂﬁgwsﬁNaﬂﬁwwiai"mmsﬂmmawwswuﬂiga’mﬁﬂﬁmma minUTu
winzanasiilAneMINauRate nseAuNMIEINe ™I nsedunsyuiswladin (lvedan, 2553) MsAinvinuin3unu
Tangmindimnsasnsvsiolauuiilasu Fdavsduasiinuoginly leedand (2550) enuilavsusiniinnuduiiv
wihagldFusimnaios vieindulangiisumedesmsiiensaioduln uidldumnnazifediv ausnsgiusdngdas
1N sUeIUsEAneansId sreulrliUsinauandloulus91a 0.20 me/kg mﬂmamﬁmLmﬂLﬁaﬂuﬁmﬁﬂ%umwayﬂm
wuindiviinas 0.0032 me/l WlanFeuifisuudidnunnidoldiinvasady SedlinusenuiivanSinadsendivasnse
PnnsAnwUIEvSinaUsenvestimiin 0.0043 me/l waznzia 0.023 me/l AMIAILAENTIAT (2543) NaviIUsEnA
NIENTNATITUEY atufl 98 ne. 2529 Taveminludulimsiiu fadnd - ewns 1 Alandu fe sefa 1 Usen 0 5

daned 100, veawad 20 fadu wudthudmiin@inwayulnsiivsinalifuunesgulsemansensnaansaauimualy

a ¢ @ H v o
M99 3 U‘%mmueanaaaaLLaﬂawwuniuu'mmnmmw

518013 Usune
levfialeanagea (Ethyl alcohol) (ml/100ml) 0.16
wvfiaLeanesea (Methyl alcohol) (ml/100ml) 0.81
Jsan (Mercury) (mg/l) 0.0043
wanley (Cadmium) (mg/) 0.0032
mei (Lead) (me/) 0.023

3.2 99AUTZNAUNILANVRIDIMNTNARBIATUSUauNSAULe
NAI5NT 4 WU 9N STUlUIAY 16.06% e mstunanuimidnginiwayulng JlUshu 16.69% uay

pstunaniunsdlusluledn JlUshu 18.06% F3aeninngunaaes

A13797 4 aeAUTEneUMAANivaI M TTULaE 13T

dauusznaumainil VENUUA 2 W SYUREN 33
%DM AUAN ﬁﬂuﬁﬂ%qmwaqu‘lm Tuslulafin
Tnquaks (OM) 88.78 61.32 70.84 25.50
11 (Ash) 5.27 5.86 7.30 7.20
Togiu (EE) 3.90 3.71 3.85 1.66
U@ (CP) 16.06 16.69 18.06 7.50
L‘EﬂJIQIEJ NDF 24.62 26.51 28.99 62.20
ngﬁﬂﬂ ADF 18.46 21.10° 22.73 35.55

asrUszneumaail flUsiiuveny  (CP) vasngunaassydunidluslulefingegnrie 18.06% sosaslumangs
naaonimindanmayulnan 16.69% warnguenunu 16.06% nus iy dslndgnsunnsgiu NRC (2001) Aelaiflsiua
waminuu 13-18 Alansuseusedldsulsiulugnsomns 16 Wesidust wumenisdsdauuuuudunisioenisiila
$Suamstution uadliermaneuanniu omnstuillivesusazndumaaesiian NDF uag ADF szwinangunanoiuas
wudwn&jumuauﬁLﬂaisﬁuﬁﬂﬂﬁauﬁwmfWﬂejuﬁ'mawfwwﬁﬂ%aﬂ’lwagulwﬁuqauﬁﬁﬂﬂuiaaﬂwmfw ﬂfjwmaaqwamf'l
windhnwaslnsinideaenndesiuaans (2546) Menuinsssudely NOF luonsverudusiivuny3inaunsiu
16 vnemsvienuiishiele NOF g Tauuagiiusanansiiulén waneiluomnstuiiinisesudmindnmannsarae

Tilauudanuanansatunisiulige wuit ADF vedngunaassewnstunamindndinine finanenistosldvete1nis
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o

Aninguedurdluslulefin laundslasunasdnaeniulnenghsiiosdusznaumand (%DM)  fo fiTngusts 25.50
WsAunenu CP 7.5 NDF 62.20 wag ADF 35.55

3.3 nsiuld YSunadiusuazasAusznaulium
37l 5 wuilewRvensivuadaluefidud Uinamsiuldaesinguieindu 12,61 12.32 uay 12.66

AlanSusasine iy snuanu U%mmmﬁu"lﬁmaﬁmqt,t,ﬁa 252 2.44 4ag 2.50% Uanung) nasnseey 60 11 NaNARUNUL

sofunuinguneass lfianuuandniuegsdidedfayniata  (P>0.05) uinqunanesiiviivdnasulnsiiAgean nau
Wslulefinuaznguenuauiinandainuuseadlumuddufie 16.60 15.95 way 15.03 Alansusiausnua1su sadusenaures

s i i ' o I A v o W aa @ P s - A v %)
UWUNW‘U"]’WJﬂﬂfjll‘mﬂaaﬂ,llllﬂ'ﬂﬂLW]ﬂGl’NﬂuE}EﬂﬂﬁJu&Jﬁ’]ﬂﬁy‘mqﬁaﬂ(ﬂ (P>0.05) ﬁ]gLMUIW'JWaﬂﬂﬂigﬂaUuquNWVl’ﬂ5‘UE]'TV1']?U‘U

o a

wasvinTannayulnsarlissAussneviuasingunaaesilasuydursdluslulefnvasusdnlaun ludu 4.21% &9

wngereinuuAuieesdudluiu nsdedlaudlrensesudminganmayulnsaglihudesidudluiuguazes

felilushugadnee vowdslivaluiu 9.95% Arumuiu 33.81% 9aBonuds 64.83% waglushiu 3.64%

M1519% 5 wavasnsiasudmanayulnsluasdudenandnuiuiuasaidusznaulug

18N17 mms%'uwau

AUAN dwiinayulws Tusluladin SEM
msiulddnguits (nn/ev/ ) 12.61° 12.32° 12.66° 0.15
nanulATnguite (%reu.u.ei) 252° 2.44° 250° 0.06
HaNARtL nn./Su 15.03 16.60 15.95 0.26
wanAnt LUl 3.5 % nn./Su 15.67° 18.50° 16.68" 0.50
asdUsznautuy ( %)
Lusfu (Fat) 3.76° 421° 378" 0.06
TUsfu (Protein) 3.59 3.64 3.54 0.14
vaaudalsisnlusiu (SNF) 9.88 9.99 981 0.19
AUMUILLL (Density) 33.78 33.81 33.36 0.20
udenuds (FP) 64.56 64.83 63.93 0.70

3.4 N3RRUEURIABNNANNY

spuunfduifu (mmune  system) vossamefivimiiiinesdestulslmdolsaviodaudantaouidusune
davindunsiesesame szuugiiuiuasneevinaeiinduantasslsvusluansamelaeidregediusyavnm
Bnsrdndsulantaeusenannitinewtseantdidu 2 stuulug) Ao Non- specific immune response un1sidnas
wanUasueenansmelngismsieintuiiessmeldsududantasuiufundusn vieudlasudnluasdenn
Ieunidaidenvaviinfneg uag Specific immune response  umsidndsulanuasuiifesendenalniigsenninis
wsn Wntuidiesienegliannseld3 nonspecific immune response  findwUanUasutusenlUldeadiidniing
SurlaveuA® Lymphocytes mﬂmsﬁﬂ‘mLﬁ'aﬁwLé‘a(ﬂlﬂm’sﬁLﬂiﬂzﬁmamﬂﬁaaﬂﬁﬁaﬂﬂiwudwﬁﬁiﬂﬂaﬁu (Hemoglobin
determination, Hb) wua1liifinuuanasiuse1sdtdedngnsedia (P>0.05) wirvesdlulnaduvedlaunfinuemstud
idumindanmasdianganiinguamunuuazndumnasie st unangaunidluslulefin Ae 10.16 9.28 waw 8.75
muadu wanadadulusiuiiddnludadenunwessnnednd dnthfivudwendiauludusadeanig lusnnie Y
diadenunsdaui (Pact cell volume or Hematocrit, PCV or Het) wuidwnngunaaedlaifanuunnsinsiuedefitded iy
(P>0.05) AwaY Het wasvianust ieduiminFanmayulnafirganinguvaaesdug wutu Viinadndensm White

o w

blood cell, WBC) 31nn5An®1 WBC HUseanad 6,500-25,000 cell/cumm  wuinhifianuuwananeiusgedvedfay

7
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[ Y

(P>0.05) Fan1sAnwnnnauveaesiszaulnitilun1sfinglAuiuwuuliemzia1zawessene (innate immune) ey

q

lﬁ’fﬁLLazWUd’lmm‘isﬁ'uﬁNaﬂﬂ'ﬁlﬂaaﬂiﬂuuﬁﬂ?mmqq 18,028 sosastUfionguaiunu LLazLa?mfwﬁﬂayulmﬁa 18,028
wag 15,125 wadnegnuiAniladiums ?jaasﬂuamwﬂﬂﬁ #OARRDINUNNTINBIIUTOY Roger, et al, (2004) T1891UINTa8
dindenuilulafiusuna 46,500-25,500 wadregnuiAndadwns Usinesdadenuns wazdnnudadenun lifiaa
wanANsTUNeEnd (P>0.05) Windenvnvialaluled (Monocyte) fimnuuana1aiunieaif (P<0.05) A 2.76, 4.10 uag

1.76 Wesud Fegeaaduleuunlasuihminayulnsnuadiu uarnenuinwaddadenuivialulules (Monocyte) 3

LVANRE ]

AU 4.4 Wesiud wadudindenvnvialeia (Basophil) laiflmnuuansnsiunieaia (P>0.05) Ae 0.00 0.26 uay
0.26 Wasifuanudisu aflawindudsde (2528) wulwulaila dewindu 0.00 Wesidusd waddindenunviadilngia

(Neutrophil) waawfiadenuziadulnlesd (Lymphocyte) waziwadidiaidenviuia 8lodluila (Eosinophil) laifiaanu

aa o

uAnAuEia (P>0.05) A3de (2528) Menuinnudindenvnviedulnled oglugas 24.0-76.0 Wesidud Ysunaudin
donuivdialulules fanuunnssiuegradiduddamieediv (P<0.05) Ao NunnaeinIuANLaENGUVIAREY NaNUIvEN

warngunaaesdunidlusiulefnluuandneiunieada (P>0.05) usnguiaSuvdndinmagulnsiivsinalululedandy

dudsinaudadonvnaiiawleita Talnsila Aulvled wagdlodluin  luusnareiusdedivedAgmieada (P>0.05)

Y o ' ¢ 1 13

JedunanuiTunadilnsinlulaunifvemstuinaumeuinindinmilusunngianae 31.76 lwadsegnuian

faduwns Fadiadenvrnedadilnsihiniiddnlunisiiuiukaradelsaiiulanuasy  (Phagocytosis and  killing)

v

@anAaeInu Shank (2002) 3’1&1&’1‘14@‘1331‘1/15?\1:1Lﬂud’;wﬁwmiwugﬁﬁmﬂuuwm‘wéhﬁaﬂ,uﬁzwﬂﬁﬁuﬁ’uhiai”n,wwlmzm

a o ]

v A a

waz Smith, et al, (1999) 1e91uin siaveudadenundivanevinUSinanfdisgiAuiufe T neutrophils 15-45%,
lymphocytes 45-75% monocyte 2.7% eosinophils 2-20% W&z basophils 0.2% ’«J']ﬂ’iﬂamu%adqi’mﬂuazﬁ)ﬁﬂj (2550)

msimilindinngenseduniiduiulsala

A15197 5 asrusznauludannazviinvaadindanyn

18013 NINUUR SEM
AUAY wesuthwsindanm Wsluladin

HB (%) 9.28 10.16 8.75 0.19
Hct (%) 26.71 28.86 2241 217
WBC (cells/curnm) 15,125° 13,175° 18,028 0.09
Monocyte (%) 276°" 4.10° 176 ° 0.05
Basophil (%) 0.00 0.26 0.26 0.1
Neutrophil (%) 26.10° 31.76° 23.76"° 0.03
Lymphocyte (%) 61.51 56.76 66.76 1.76
Eosinophil (%) 9.51 7.26 8.10 0.42

4. @34 (Conclusion)

ﬁmﬁﬂ%amwagﬂwaﬁmmLﬂuﬂim—mﬂ 4.1 Usznousmensakanin nsnezdfn nsalwsiledin nsndafisn 1u
naaluifuiisudulunsdunseidiun fuinaeniioueanesed wmiicueanesed lave Uson wandlon nxi Tusesy
Uaonfelumaiiluidsdauy onnstudunidlungumaasmauqauvisiuslulefinasli % Protein gagn Uiy
wud1 dwiindanmasulnsliuTinagean sesadluluslulefnuazaiunu 16.60, 15.95 uag 15.03 nn/fu mudduns
wauiwsindanmasulnsluomstulfesdusenauvesiungdldun Fat 4.21% SNF 9.99% waw Protein 3.64% way

o A

movawesosyuunlifuiuAe Usinaudadesunvinidivnsilgeant 31.76%

q
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NAYB9ZAUAULANAINSSUIAUTALAZN55aAA8YBIUAINAAT
Effect of Salinity Levels on Growth and Survival of Asian Redtail Catfish
(Hemibagrus wyckioides)

= L = 1 =) 2 o = d3
Hasnd ineas auned aadluansuins wee audedal gues
. . 1 . 2 . .3
Nisarat Tippayadara , Sompong Doolgindachbaporn and Aumnuaysilpa Suksri
1fﬂﬂﬂﬂ'ﬁ"diﬁllﬂ Zmﬂimﬂﬁzm 3ﬂ’1ﬂ’j’U’Wﬁ“Uﬂ?ﬁG]%LLﬁz‘W%WEHﬂiﬂ’ﬁm‘lﬂ(ﬂi

ANTINYATANERS  UMNINYABVBULAY

E-mail: sompng_d@kku.ac.th lnseny: 043-362 109
v
Unanga
nsAnwmaTessTRUAIALtemssaiuln nMssenne warmstuemsluifidsyiund 7 suu de 0
1.25 2.50 3.75 5.00 6.25 waw 7.50 ppt W 14 dUawi dugnuandiuau 10 67/15 &3 i minede 123132 n¥u uaz 3
ATMEMITINAAY 5.20-5.36 lWuRnS & paluguung 440520  LwuRALAg MaLKUASYIRRDIUUFLANYsal (Completely
Randomized Design) luusiazyansnaaesd 3 1 wui ‘UmmmiaLﬁyaﬂmfﬂﬁﬁmmﬁuagﬂuﬁm 05 ppt wavUanazmenie
Aoy seiuamuda 6.25 uay 7.5 ppt lutae 1-4 dak madedhunhiifisssuenudialugae 0-5 ppt Liflenuuansses
ALV TINEAYINE fmﬁﬂé'hqmﬁw Samnaasyiuladinng mswdsuemaduile wasdsvansamnisle

U o W

8195 WA condition  factor  (K) USunaue1vnsivaniu wagdnsinsnueImslanuLansa1en ueg 19l tednaay (P<0.05)

7

d [

seAuAUANTIINZaNdmsuNsdedluszezan 10 dUaii Ao 2.50 ppt avviliuaniinisisqiulagafian weann 10

q

dUani maaseyiiulnAdnenasiu Control treatment (0.0 ppt)

o o w

Addgy: NsLasayiiuln N1330AN1 Uanads szRuAILLAY

Abstract

An experiment was aimed to investigate the effect of salinity levels on survival, growth indices and
feed intake of Asian retail catfish (Hemibagrus wyckioides). Seven salinity levels were used, i.e. 0 (control),
1.25, 2.50, 3.75, 5.00, 6.25 and 7.50 ppt. The fish were cultured for 14 weeks. Ten fingerling fish per/15 litres
were cultured in the aquaria, each with a dimension of 44x25x20 cm’. Initial mean weights of fish were 1.23-
1.3 ¢ with average total lengths of 5.20-5.36 cm. A Completely Randomized Design (CRD) with three
replications was used. The results showed that the fish were able to tolerate well to salt levels in water
between 0-5 ppt yet a severe mortality rate was observed at 6.25 and 7.5 ppt after being cultured from 1-4
weeks. At levels between 0-5 ppt, there were no statistical differences found with regard to final body length,
final body weight, weight gain, specific growth rate, feed conversation ratio and feed efficiency ratio.
Nevertheless, significant differences were observed in terms of conditional factor (K), total feed intake and the
rates of feed intake. The optimal salinity level of 2.50 ppt gave the highest growth performance for the
fingerlings when cultured within a 10-week period. A further number of weeks gave growth performance
similar to the control treatment (0.0 ppt).

Keywords: Growth, Survival, Hemibagrus wyckioides, Salinity levels
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o
1. Unun
Bagridae tJunsauasavamilsilng fige wuldvinluisluinde wazinses Tue@auaziensmidiuauunnniy

200 ¥fialu 17 ana Yanads %3e Asian Redtail Catfish (Hemibagrus  wyckioides) \luvamindnfiuiiesveslveagly
o . < Aa I’ = a o v aa ' A | Y Ao
A8UATY Bagridae Julaniivualugiinaueiede 50-60 wudmng a1filidmiseusuivsedietuznen diumissdld
979 ATUDN ASUVIBY ASUMNSAYASUMALIALAanIoddNan iaurmuuveuasumsdiuvumilioularnasindu wuls
wlUluwiduagluumanivualgvesing danlusisUsemanuiusemean duy win uazdu Yaneliaillduinfey
Y ' ! o ! < © 'Y o w d' d, o aa & 4Av
deosiuegraunsuatelunseds Tueranuiuazluwiviavdrgludsemalve Weenndulaifisavds [undesnis
vouuslnAuay dsaasnituatila (Oreochromis niloticus) wagua1an (Clarias sp.) (De Silva and Amarasinghe, 2014)
Anuhuduladonisiiinansenudedsddinludy ludiAusssunaindennuadulugssdundelafounas
156 (NaCl) Tlwfaudoou (Na') wazaaslsidesu (C) WWuesrusznou anududureslszquan (Cation) uazusygau

(Anion) HazgnAIUANAIBNIZUIUNTS Osmoregulation waz Salinity stress Jaduszuufisnwaunaveauinastssis

U q
v '

sennadniiwardwinday TuuaninInn1siiuTuvesysuaUALIzdnaliinn1sasuwUamIeasseaInenelu

o
[ YR k%

¥83Ua1 (Hyperosmotic) muuﬂaﬁqﬁmmﬁﬂLi‘]uaEJNSqﬁ%maﬂ%wé’ﬂmuiumimu@mmméﬁ’uaaaiuaﬂ (Osmotic
pressure) Lﬁa%’ﬂmau@amaqiwmsllﬂﬁt,t,ammrmﬂw S?fq5’11/1’1ﬂquLLiqﬁawazﬁﬂﬁﬂmmEJ"L@” (as1EUazAMY, 2551)
unumiidfyreseududenisinziiesdn i fe (1) unumsenissenneuaznsasaivlavesdniin luida
deflnnudinifistuerssnifunsiiunandndn i Tagenatisandmsnsiinlsauazifiunisgaduansomsluanld
(2) unumsienIsasadduRULasTazIaIn sURaus (3) unumsenisilneenilui uaznisianvesiseu uax
(4) U‘Vlmwiawqaﬂﬁmmwa‘uauawmﬂm LU WqﬁﬂiimmiaWSW Tuvan Chum Salmon, Oncorhynchus keta

(Choi, et al.,, 2014) Wudu msiadyidvlanaznisseamenielaaniaznsdsunvasmnuAuiiunisusedfiudanm

a

waaesRu (bio-energetic basic) lunsuseiliudssansamnisideslan anuasenannsivasunlassyiuaiuifl

[

avdsnanenisiasivlnuaznnssonnevesUal (nedendinduavaunay, 2552) AsdunisAnuietuseAuauLANT

v
o '

winnraudnsunisiassUatus adunuin1elunisiiyse NS A nunasAneN1nY9sEUUNISHARER TN Feg1uty

nsfnwilunguuaIvia (catfish) ONeal and  Weirich  (2004) lauugi1in avsidesvainaewiEiu (ctalurus

L4

punctatus) luthfidaanudu 3 ppt lugeiguszana 4 dami hwinuszuna 10 n¥u) azvilainisasayiule

v
°

Andndedluinda dwdainamios (Mystus nemurus) misideslutfinnnudneglugas 4-6 ppt Tuseny 2 dUai

= o

(Wminuszanas 0.02 n5u) Jzvilitinsesayivlauazsonnefiign (@51suazane, 2550) UnAvanadudulai

o

onnissenmeiuazionsnissyduladiannlugisiegeu lumsdnwasiiildumsanwnisideslainadesyey
danil Tudhdfisyduanupussiuiie@nwinasenissennie wazn1siasaiaule TussAvvesauAunvataunsa
m3e¥inegld FadeyailidauisaldidudeyaniugrunisadsinewesUaneds wasiiiedunuimddunsmeides

Y Y

Uanarsbiiuseansanseldlusunas

2. AFN1SNAABINTDITNITANE

2.1 MIwsBINUgUan

Ungnuanadeniivuinauensmedy 5 wuiles Suivdnsuduade 1.0 n3u 99w 300 /3 91nwTy
MR ENTBENTU 1NBYUEUBRBUNTA YA 2 M1519ns Tdindauseana 1 gnuiaiuns Wuna 1 dam wielign
YanUSusdniuanimnisvaass Ineliennsiuas 2 19 (9.00 U. waz 15.00 U.) ownsitnduamsdinauinfiwseudy ey

gnIuA¥ISN15Ves Tippayadara et al. (in press) fia TidunuAudnasUszim 2 fadwns Ussneumelusiu 45.23% Ly

11.82% 11 14.67% Wele 4.35 WagAuaiy 7.21% (5190 1) ndudstalminlauazduasgnaaeniianuainafs 11
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dnineglugas 0.94-1.70 n¥u (19de 1.23-1.32 n¥u) uazmuensiuegludis 480572 wufilums (1@@e 5.20-5.36

\WURALIAT) IuLLGiaséqmﬂ1§mmaan

M13199 1 dauusznauvesingau (nFu/Alansu) wazasdusznaumaall (%) ¥899M1INARLY

daudsznau Adilg MsAATIERBIAUTENBUNN LAY Aile

(nFu/Alansu) (%)

Uatu (59 %lUshiv) 710.129 ALY 7.21
uwilsand (9 %lushu) 100.000 TUshu 45.23
$190u (16 %lUTH) 142.000 gy 11.82
Yrfudu 40.000 hi 14.67
wisg T’ 7.637 ole 4.35
Fanfiusm(Niacin-free)” 0.188 NFE® 23.95
waglaa’ 0.046 DE (Rlaga/n3u)’ 14.79
P/E (@adn3uw/dlaga)” 30.58

%ﬁuuamﬁﬁmmau (nSw/Alansuewns): Vit A 1.0 MIU, D; 0.2 MIU, 0.030 g; E (50%), 0.018 g; K (50%), 0.011 g; B,(98%), 0.004 g; B, (80%),
0.008 g; B6 (96%), 0.007; By, (0.1%), 0.045 g; Pantothenic acid (98%), 0.011 g; Folic acid (10%), 0.008 g, C (98%), 0.046 g, FeSO,.7H,0, 0.03
g; CuSO, .5H,0 (25.00% copper), 0.006 g; ZnSO,.7H,0 (22.50% zinc), 0.6 g, MnSO4H,0 (31.80% manganese), 1 g; Kl (3.8% iodine), 0.001 g;
CaCOs, 6 ¢

o

Hi-media Laboratories, Mumbai, India.

NFE (nitrogen free extract)=100—(protein%-+lipid%+ash%-+fiber%)

a

Digestible energy (DE) calculated based on 16.7 KJ/g for protein and carbohydrate, and 37.6 KJ/g for lipid (Tippayadara, et al., in press)

P/E: Protein to energy ration

2.2 WRUNIINAADY

MIUNUNMINAABILUY Completely Randomized Design (CRD) il 3 81 Inendoaanluthviiaranda 7 sesu
fi9 0 (gnA2UAN) 1.25 2.50 3.75 5.00 6.25 Wwag 7.50 dalusiudan (ppt) Uaseuansiuau 10 #1/61 neasaidedlug
A3EANUM 44x25x20 wuRiums Fut 15 ans titldlumsmaaeansenludsliuednatauuin 500 ans 1w 1 &
Tnethlmdsunaslsdvioindouns (Nacl) 15 Alansu azangluihdnfikiugenses (wuieni 20 lunseu) Uias 500
ans aldmnanda 30 ppt udvhMsaTeEsUALANYEwINGY Refract meter (3u FG 201) dwndeandlifiauay
sedusnag Tngisnsfuaneinaunis nivi=n2v2 (aefi n1 fe Fuasadi (Normality) vesasavanawdudu n2 e
Auesiadrvesansaranefifiosns vi Ae Usuasvesasazanaduduiideniunld uay v2 fie Usunasvesansavanei
#osn9) ldludsliuesnanavuin 250 das S1uau 7 & wazthuislugnaasadedeanisly Iemsnisnisves
Tippayadara, et al, (in press) lusnsn 5%vesiwminga/Su uw 14 §Uai Fsnouliiorsmniufinsganzneunas

Wagumetlugng 20-25 %vesUsunanilugnaaes wasdufinduiunismevesvaluusiayg

2.3 Aaunwin
Tadngaumgiven wavdSuueandiauiiazansu Ingldia3ed YSI (model 52, Yellow Spring Instrument

Co., Yellow Springs, OH, USA) @nunsnnsans (pH) 1aely pH meter (Digital Mini-pH Meter, 0-14PH, IQ Scientific,
Chemo-science (Thailand) Co., Ltd, Thailand) weuluiilesiu #e38 Phenate-hypochlorite method (APHA, 1989)
ANNANTIN LAAIUNTEANTI fET EDTA Titritatic method (APHA, 1989) n 2 &Uanyt wuin ﬁwgmuqﬁmmﬁw
Usinmeendauitazanetin oH weulinfleTin AN meneTIN wasAunszineTIY SAnds 26.16 °C 6.33 fadnsu/ans

8.43 0.25 1aansu/ans 357.83 Haan3u/ans way 247.17 48dnsW/ans Aua1au
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< v
2.4 NM3NUIIUIINVAYA
nyinAnssgRulaatiunsinedsinTueIUats e Iast Aoy 2 Ul uarinAINEITING Y

v
v = Y o £y

weiildileduganismaass (wliewnsneudsdmiln 1 u) uiindeymiwinumiiiaduy Snnularfimie wagdimin

a

pnsivaIiu e luAunamuninIisdy 6nT1MsasgAulnd g LagsnsIN1smenIuisues Joseph, et al,
! " ad .. = H R 3 o
(2014) A1 Condition factor, K #1375984 Migiro, et al, (2014) A K = (100x Wnidnguan)/(mnueisineesual)” amsinis
SeARaISes Enyidi, et al, (2014) dnsnsiasuemsduile wasUsyansanmsiiennsnaiSues Chiy, et al, (2013)
a ¢ v
2.5 ﬂ']i')Lﬂi"l&’Vi‘Uaﬂ;lja
APTIRAIANLUTUTIU (ANOVA) haziuTauiisuanuumne19uesa1tadenisis Duncan’s Multiple range

test Aiszfuanudesiu 95% Tneldlusunsudndagy SPSS (version 16.0)

3. HANISNAADILAZINTUINE

3.1 NaN1INNABY
dledugnnsnaael wuii gnuainafs anansanuanuhtegiuga 0-5 ppt waelidnsnissen 100 % usiluiiu

dunadnfiszdiuanandy 6.25 ppt wae 7.50 ppt gnuansumeluiud 5 uaziuil 3 vesmsidewnudiu dnsnisaeas

igail 100% wudledugansdedludueaviv 4 (3199 2)

a v o z?{’ (% & o 1 (Y [ o ¢
A3V 2 AMANUNIUVBIUAINAAY VILaEJ\ﬂ‘IJi&‘ﬂUﬂ'J"IﬁJLﬂﬂJVILLG\ﬂGﬂ\‘iﬂ‘NLﬂUL’Ja"I 14 a1

sEAUAALAL (ppt)
0.00 1.25 2.50 3.75 5.00 6.25 7.50
Srunulaniivdes (#1/4)) 10 10 10 10 10 10 10
SuflSumunisane (uil) - - - - - 5 3
i»j”mwmiiaﬂLﬁa?;uqmmiwmam (%) 100 100 100 100 100 0 0
8031N15018 (%) U
FUnvidi 1 0 0 0 0 0 16.67 63.33
FUn Wil 2 0 0 0 0 0 46.67 86.67
FUnvidl 4 0 0 0 0 0 100 100
FUniifl 6 0 0 0 0 0 100 100
FUnvidl 8 0 0 0 0 0 100 100
FUnifl 10 0 0 0 0 0 100 100
FUawidi 12 0 0 0 0 0 100 100
FUnvidl 14 0 0 0 0 0 100 100

= a1 I

AMueMTILazi i sBudureslainads ldunndnafunisada (P>0.05) ﬁidumagluﬁdaq 5.20-5.36
WURWAT way 1.23-1.32 n3U mud1eu (ns1eit 3) ndenndssandusseziam 14 §Uai wud eamemis fienld
uanAefunneadin (P>0.05)  Aefidnaglutiag 9.11-9.73 wufiuns (3197 3) dwiindaade daluunndrstunisada
(P>0.05) AafiAnaglutag 7.08-7.38 n¥u (Mesfl 3) dmdinfifisdusieluunndrsiumedia (P>005) fidnagluga 5.85-
6.13 n¥u (M3197 3) A1 Condition factor, K Slauuansnameadd (P<0.05) laidssuaniisysunaudiu 0 ppt Azl
LANFNSNIABR ST UALEY 3.75 ppt Wag 5.00 ppt WazA1 Condition factor (K) qaﬁqw fio 1.00 Mdeduifiszau

ANAY 3.75 ppt (9737 3)
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ANS199 3 ADINYITIURAY UINTNLRAY UNNUNTANTY wazA1 Condition factor (K) vasUainang
massluarnuAuszauatany Wuan 14 dUani

SEAUAULAY AUEITIURALRDN Siniaderasi Thutinfiiudy Condition

(ppt) (1gUALUAT) (n5w) (n5w) factor (K)
Busiy gaving Busiy gavig
a a a a a ab

0.00 5.20 9.11 1.23 7.08 5.85 0.96
1.25 5.24° 9.73° 1.25° 7.28° 6.03° 0.79°
2.50 5.21° 9.72° 1.25° 7.38° 6.13° 0.80°
3.75 5.30° 9.18° 1.24° 7.26° 6.01° 1.00°
5.00 5.26° 9.49° 1.28° 7.16° 5.87° 0.85°
6.25 5.36° - 1.29° - - -
7.50 5.34° - 1.32° - - -

Y ' o

' a saa v o o " A v aad 4 o
AnaduluanuANIMBNEIAIUAAULERSIEANLANANAUNER AN ST AUAINIT DAY 95% (P<0.05)

FnsnssAUlnT IR IuTeIUaINAAIRRINNTEEZANTIAYY WU ISUTANLANAIINISERR (P<0.05)
luduavinl 2 vesmsides wazdnmsasuiulndmngae il uiiodeduifissauanuiu 0-2.50 ppt

WNSEAUANUANNINAGT 3.75 ppt dasimaiasyiulnsimngaoTuliuuilinanas ludUanvinn 4 6 8 waz 10 6051013

—

a a

Wigiulad R TuvesUafideslurnudusisiudnsiivunldumioutuluduaviv 2 Adnsmaasqdulndume
soTuvesUarfiideluauAuluyag 1.25-5.00 ppt gend1fidesfiseiu 0 ppt uiludUavil 12 waz 14 031013

3
14

o—

wulsdnzsioTuresUandalidauunnsneiy (P>0.05) dsasnsinissgrulainnizaoiuluduamin 12 was

o
fneglunag 1.76-1.98 %/3u uag 1.75-181 %/Fu auardtu (msnail 4)

a %3 a a o 1 [ [ [ a dy [ <3 1 [
M990 4 'e]@l'i']ﬂ']iLQ'iQJ’LﬁUIﬂQ']LW'WGIa'Ju (%/9u) YIUaINnAY WL@UQiUiZﬂ‘Uﬂ'J']&ILﬂSJWNﬂu
Tuszoziaan 14 dUavi

1381 sEAUATALAN (ppt)

(EUnif) 0.00 1.25 2.50 3.75 5.00 6.25 7.50
2 267" 275" 3.85° 3.75° 3.37° 157 1.19°
4 253" 285" 3.37° 288" 3.09° - -
6 2.01° 2.09” 2.56° 223" 2.49° - -
8 1.88° 2.06™ 2.28" 1.98™ 216" - -
10 1.82° 208" 214 1.92% 203" - -
12 1.76° 1.98° 1.97° 1.78° 1.87° - -
14 1.79° 1.80° 1.81° 1.80° 1.75° - -

o

AadgluwaINTMsnyssnatuifuLanIIlnuwAnA1eiuNIEn ANsEAUANULERIIN 95% (P<0.05)

Vinaunishuemsveslmnadsiidssunnudusysuseuiirnuunnsieiu (P<0.05) Ao fisssiumudia 2.50
ppt ﬁé’mwmiﬁummigaﬁqm fie 16.15 n3u/sf wililsenniidesiisyiuauia 5.00 ppt wag 1.25 ppt WazansINIg
ﬁummiﬁ'wﬁqm fie 0.93 n3u/ih Mideefisedu 7.50 ppt (M3l 5) Sasn1siuensvesmnadauansnaiy (P<0.05)
slodsduhiidanudusnetu fie fiszduanudy 2.50 ppt ﬁé’miwmiﬁummsqﬂﬁqm Ao 0.17 N3/ Fu waldsinaanni
Aesisyiumnuida 5.00 ppt Way 1.25 ppt LLazé’mwmiﬁummiﬁwﬁqm fie 0.01 nu/s/fu Midesitssiv 6.25 ppt Lay
7.50 ppt (13741 5) Samswasuemsduiievesanadideduisssuanuduvenifiszdu o ppt ﬁmﬁaaﬁqm
fie 1.86 uslliunnsing (P>0.05) nmsidsannadsitsyiumnuda 1.25 ppt 2.50 ppt 3.75 ppt Waw 5.00 ppt (M1574715)
warUsyavsnmnsliormsvesannadsiidesusesumuduvenifissiu 0 ppt fipnsniian fe 54.14% usilsl

uAnAng (P>0.05) 9mnmsiassannaddusysiunaiy 1.25 ppt 2.50 ppt 3.75 ppt wag 5.00 ppt (AN514715)
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a a = a [ P I .:’.’ a a 4%
AN519% 5 YSunaueunsivannu ansinisilasuainisiluile wazdseansninnishiennns
gasvarnansfiassluauAuseauaesny Wunan 14 dUani

5¥AUAMUAY (ppt) USanaensiivaniu 9MIIN1NUBINNS Sasnsaeuenms | Uszansammsidenms
(5U/6) (NSW/A/ ) WDuile (%)

0.00 13.21° 0.13° 1.86° 54.14°
1.25 14.88° 0.15™ 2.04° 48.94°
2.50 16.15° 0.17° 218" 45.85°
375 14.10™ 0.18> 1.94° 5151°
5.00 15.48”" 0.16" 2.16° 46.37°
6.25 1.32° 0.01° - -

7.50 0.93" 0.01° - -

o Y

AadglugnuARIfSnusAeR Uit ULERIINTA NN LANAa U sEd ATsEAUAINILTRNW 95% (P<0.05)

3.2 39150Ka

Pnmsneassiswanafduififaudnsyausneiu Wunan 16 §Uai nuiiiisyiuanuda 57,50 ppt
Uanuuansenmsnioauariinmsneinty veioradummessiuanudureshiiiatwihlivadnewasuwiams
dsanenelu nanfe anﬁlagﬁluamwmé’ammmmLﬁmfwmaium“'ﬂwaaaﬂuaﬂiwma wardlindedusnudigsnene
Wi (Hyperosmotic) Feuanfauddudodindsnilunmimuauanuduesdludn ielifidinsesluanimuindou
fenana usiludainnanu (Clarias - batrachus) AILAT AL ULARSTITEAUATUAY 4-10 ppt N3AeTesanduiiseiv
AMLAN 6.25 ppt waziindoly 7.50 ppt WUIEANUENTUSLUUNNAUTETI TR UAUANLAT AL TOATDIUAT e
seiummuislu gy SovazveinURY EATRIUATANAY ARAARBITUNISANYIVDS Luz, et al, (2008) fdsames
(Carassius auratus) lutinfufiszsu 0-10 ppt iWunan 3 dUnnsi L?ﬁymﬂmqﬂé’m’(,uﬁﬂﬁﬁmmlﬁuagﬂuﬂm 2-10 ppt 1Ju
1181 30 Ju (Sahoo, et al,, 2003) LLazL?iV&NUmﬂmmﬁm 07y 1 wag 14 Tu Junan 15 uay 33 Jumuasu Tuﬁ’rﬁ'ﬁmm
wialugiag 0-8 ppt waz 0-10 ppt MUAINU (d5135uazAME, 2550) anufuinasensasydvlnvesmnadaiodeadu
sxeza1 10 dUai ﬂa'nﬁaﬂmﬂmﬁaﬁé’mwmm%ag@uimﬁwwmLﬁuﬁﬁmﬁaLgadiuﬁwﬁﬁmwmﬁmﬁummﬁu WAMRIDIN
Fawint 12 PusilUssiumnudurenilifinadesnsmsasaiivln nuiaunsadesanadduiiidilugs 1.25-
5 ppt Iineluszevam 10 §Uawi widhdealunannnnda 10 dUamimsdeduide 0 ppt) masSydivlnvesUanss
anenuadlaeladneluruisseuuUssamaiunans seuu Endocrinological wagusyam Endocrinological meldaniie
madsduiuiy asdulandedimavsuilidrtuanmiiides Suzdeseglussduiivaansonuld mnmsfnmves
Sahoo, et al, (2003) WU Lﬁafﬁy&mﬂm@ﬂﬁwuﬁizﬁummﬁuqm’h 6 ppt Wvilnaesaiulranas fensifusedu 0-5 ppt
mmsauﬁqmﬁiamil,ﬁﬁg@uimLLaxmﬁ'ﬁafﬂma ¥94Ua1 African sharptooth catfish (Clarias gariepinus) wsiUan
Heterobranchus longifilis iﬁﬂaiLgﬂﬂuﬁﬂﬁﬁmmLﬁumﬂﬂi’l 6 ppt (Fashina-Bombata and Busari, 2003) wag
a3175uazAME (2550) wurmsiascanmndesiissiuanufia 4-6 ppt Sevilivariinsesyiviauas
fi§nsseniifian

A1 Condition factor (K) dngnunanliuseiiuaivingwasm mszannsansndeuldieuagsinga Ao devuan
fsndfiuanndu anueAasiisty f9en Condition factor, K vesUanaAsilA1Aau19g4 (0.79-1.00) nitvan C.
cariepinus Aidanmsiuluwdaiessund uazainszuumsiaes dusuienadumseauannsalunsususialad

AuanmunaauYesUal (King, 1995)
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4. &3y
Pnuan1snaaeuisslanaddlul A 7 seav (0-7.50 ppt) lussezian 14 dav aguldanssauanudad

wihgand msumsiaedlussesiian 10 dUanii fie 250 ppt  awviivaniimsasivlageiagn wden 10 dUans s

WwsegAulardenderiu Control treatment (0.0 ppt) uazUaliannsaddissenegluinffeuduiissiu 6.25 ppt Wusiuly

5. 1PNE1591994

Widefing Yoo way auney AadIumuuIns. 2552 navesseRUNSIndRmnzarenseyUIaanamaes.
MN3ansiTe wninendemalulanuusnang Susen 37 2(1): 58-66.

45175 AWM duney AaddumuuIns wazdsznng Taaniussinl. 2550. HavedsziuAIANseNSeYUIagNUaT
NAWAD. INeNTnusivermansumUngin awnsuszas Tadimvnendy. uiniveiasuouwny

437795 AINY AU AadRuATUINg wasUsznnad laaniussi. 2551, navresssiuauAusaNseYUIagnUa)
nAwidet. M3anTITe wninedemeluladsvsnany Jusen T 1(2): 32-39.

APHA, American Public Health Association. 1989. Standard Methods for the Examination of Water and Wastewater.
17" Washington, DC.

Chiu, A, L. Li, S. Guo, J. Bai, C. Fedor and R. L. Naylor. 2013. Feed and fishmeal use in the production of carp and
tilapia in China. Aquaculture. 414: 127-134.

Choi, Y. J.,, N. N. Kim, H. S. Shin and C. Y. Choi. 2014. The Expression of Leptin, Estrogen Receptors, and Vitellogenin
mRNAs in Migrating Female Chum Salmon, Oncorhynchus keta: The Effects of Hypo-osmotic
Environmental Changes. Asian-Australasian Journal of Animal Sciences (AJAS). 27(4): 479-487.

De Silva, S.S. and U.S. Amarasinghe. 2014. Status of reservoir fisheries in five Asian countries. NACA Monograph No.
2. Network of Aquaculture Centres in Asia-Pacific, Bangkok, Thailand.

Enyidi, U., J. Pirhonen and J. Vielma. 2014. Effects of substituting soybean (glycine max) meal with Bambaranut
(Voandzeia subterranea) meal on growth performance and survival of African Catfish (Clarias gariepinus)
Larvae. Ile. 9(21.40): 31-30.

Fashina-Bombata, H.A. and A.N. Busari. 2003. Influence of salinity on the developmental stages of African catfish
Heterobranchus longifilis (Valenciennes, 1840). Aquaculture. 224(1): 213-222.

Joseph, O. J,, I. Innocent, N. O. Daniel and A. V. Nneka. 2014. The effect of Leucena leucocephala (lead plant) on
the growth performance of catfish (Clarias gariepinus). American Journal of BioScience. 2(4): 111-114.

King, M. 1995. Fisheries biology, assessment and management. Fishing News Books, Oxford: England.

Luz, R. K, R. M. Martinez-Alvarez, N. De Pedro and M. J. Delgado. 2008. Growth, food intake regulation and metabolic
adaptations in goldfish (Carassius auratus) exposed to different salinities. Aquaculture. 276(1): 171-178.

O'Neal, C. C,, and C. R. Weirich. 2004. Effect of Low Levels of Salinity on Production Characteristics of Channel
Catfish Ictalurus punctatus Reared in Multiple = Crop Ponds. Journal of the World Aguaculture Society.
35(2): 284-290.

Sahoo, S., S. Giri, C. Maharathi and K. Sahu. 2003. Effect of salinity on survival, feed intake and growth of Clarias
batrachus fingerling. Indian J. fisheries. 50(1): 119-123.

Tippayadara, N., S. Doolgindachbaporn and A. Suksri. (in press). Effects of feeding rates on growth performance, feed
utilization and body composition of Asian Redtail Catfish (Hemibagrus wyckioides), Cultured in Northeast Thailand.
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nsdlfine : whsmwidedndinge aasinenmaniuazsmaluladnnsuszas
nIINeaemAlulag TvNIAaA3ITY INBNVANTI
Indigenous Microorganism in Aquaculture Area Based on Natural Farming
Principles, Case Study: Freshwater Aquaculture Farm, Faculty of Science
and Fisheries Technology, Rajamangala University of Technology Srivijaya,
Trang Campus

2959 WaUTe was ¥1Asen aann’
Worawut Koedprang1 and Chakhriya Chalad’

1 = 2 a s
avmaliladnisuseas ~ aninendmansainw
AugINeAanstazimAlulagnisussne drInenduwalulagsvnerarside Ineunnse 2. s

E-mail: cchakhriya@smail.com 3. 089-9826771

%4 1
unanga
= A a Aev a s g o % A o a aA¢ & v ¢
msfinwwiegdunidvedulunsumsiedniuieduiumalunsinqdundatunldUsslesinnuns
wzdesdniuinundnnenssssueIf vnsiiudieg 1ngdunidusnariumizidsdriiniavesnusIvenmansuas
wialulagnisuseas 31w 6 90 ngldtmiedisanuszanns 100 n$u TdlunwuUanensemuiloveuiionniaaunse
Wudheanly M i sluliluinazge ldnaussna 5 Ty duisdasasaduiovtmesdnmiles dovihms
FuunviinueqAunsdny wuafise 3 a1enug fe Bacillus sp. 2 @neWug waz Enterobactor sp. 516 @1ewiug Ae

]

Aspergillus niger, Aspergillus sp., Rhizopus sp., Penicillium sp., Mucor sp. Wag Neurospora crassa Wagiad Pichia sp. R

oA '

Runsdvaildneglunduadunidienanaliinusslevd Feordwnldlummsmeitsdniu Wy msmuauamuni

q

ay o

mMsUsulgsnuningAvens manseiugiAumlsauwndniin wazdug wiegelsimumsiqfursdwaniunldasinw

ANEARY: PEUNIENRINU NMTINBESERINN NENNYATETINYA

Abstract

The kind of indigenous microorganism in aquaculture farm was studied in order to use them for
aquaculture based on Natural Farming Principles. Microorganisms were collected from freshwater aquaculture farm
of Faculty of Science and Fisheries Technology. Six stations around the fish ponds were assigned. The 100 ¢ of
steamed sticky rice was put in container covered with air flowing paper. The containers were placed under the
weed or fallen leaves in each station for 5 days. The microorganisms observed on sticky rice were identified. There
were 3 kinds of bacteria, 2 species of Bacillus sp. and Enterobactor sp. and 6 kinds of mold, Aspergillus niger,
Aspergillus sp., Rhizopus sp., Penicillium sp., Mucor sp. and Neurospora crassa and a kind of yeast, Pichia sp. All of
them are effective bacteria and possible to use in aquaculture as water quality control, feed ingredients quality
improvement, immune stimulation and etc. in aquatic animals. However, the utilization potential of them should

estimate before appropriate and effectively usage in natural aquaculture.

Keywords: Indigenous microorganism, Aquaculture, Natural farming principles



o

http:/ird.rmutto.ac.th N3aIdy U7 8 atudl 1 unsiau - fguieu 2558

o
1. unun
AUVEE (Microorganisms) WuAWTAmuadnsdausniitudatuulanuasdaduosduszneundnlussuuiom

Fetlgturlinvesqduvienanuuasdunisdnildnawiies 10 Wedduivesgduvidvinme Sssznouse avsevundn

U
v

(Microalgae) wunfiise wes uazhiia uazdsmfnuniuegwaillieaiiadmldmmsinunsuasaaanvnsstetamuyay
oA Je¥anm (Biofertilizer) M3nsgun1siasaydulsludnd (Growth promoters) Msgeyaa1en1s®inim (Biodegradation)
&3 INNAALLAY (Biopesticides) M3UTnnsTIn1m (Bioremediation) f%iAN19W3INN (Bioindicators) wagn1swUssy

@3 (Food processing) {usiu (a3nsaluazgss, 2555) Jagiumnliuvasnsvinsinunsazydlugnssuiunmsiduliasiu

N6 1 6 = =2

E‘NLL’]G]BE]ZLI LLa“’ﬂ’ﬁLﬂHﬁiWENEJU Tnevi WﬂﬁiLﬂHﬁifﬂ’Jﬂﬂ’]iGUVﬁEﬂﬂNﬂ wnunsldasadNiEenin inunseunsg Fesmtens

4

L‘W"Iul,aENﬁG]’Ju’W]&Jﬂ’ﬁ‘H']LEﬂﬁWSEJUVl I'Ns] LU ‘UEJEJ‘LW]iEJ laun maam ‘LIEJ‘WlIﬂ ‘LJEJ‘W‘Uﬂﬂ Tumsas 199 sIUMREMTU
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2. msUstanavestion Tnensmndeunedguingmesa Rose (1979) uaz Webster (1970) Tngfinw
Snwnlalall Snunzdulanzuiuieynrrefiinuowaisnde Fvenduly vesales Anvdnuuemedugnine
Tnel#idudedounzasuu Lactophenol cotton blue flaguudlad Tndaenszandadlad iludesgiondosanssm
Funadulednfinteiundoll dileiiuvvidela snvazavesuuullondemeaduwuu Conidia w3e Sporangiospore  Tauits
anueuY (Sporangiophore)

3. msUsanaveateBan Tnunmavadeumnedaneiny Kreger-van Rj (1969) Ine@nwdnunisleladvesdotadlu
uemnadsade dunnuun uardlalad AnvdnuuemedugninelasgdnunegUitmesad msduiusuulionds
e msadnadalledunuu True mycelium wae Pseudomycelium msadnsiin anaananselunswsintina Araannsely
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3. WAN1INAADILASIIITUNEG
n1sAnwelingdunsdviesduusnarsumzidesdniunda vesaugingrmansuazinalulagnisuszas

wmivendemeluladsiuusearside Inenunnss nudegdwisdsndinu 10 aeiug Suwundu wuaiiSe 51 uezdad
Inenguuuntiise (Bacteria) WuLIU 2 @na 3 aefiug Ae Bacillus sp. 2 @eug waw Enterobactor sp. (TN 1) (N9
1) ngus1 (Mold) wuinuwiu 5 ana 6 maﬁuﬁ: 79 Aspergilus niger, Aspergilus sp., Rhizopus sp., Penicillium sp., Mucor sp.

waw Neurospora crassa (0 Wil 2) Naxgas (Yeast) wudnwau 1 anewiug A Pichia sp. (1 3)

A15197 1 wan1snadauNIsTalivesidia Bacillus spp. waz Enterobacter sp. (Ent.) uanla 210
USarsumnziagsdniunde vasausInadanseazsimalulagnisussue unnIneas
MALULATIIVUIAAASITY INYNIANT

IMVIC Sugar fermentation

Type Shape Spore  Gram Motility  Catalase Oxidase — TSI
I M VP C Glu Mal Suc Fru
Bacillus | rod + + + + + - -+ - A/A, HS + + + -
Bacillus 1l rod + + - + - - -+ - A/K + + + n
Enterobactc  rod - - + + - - -+ o+ A/A + - _ .

hUEe): I=Indole, M= Methyl Red, VP= Voges Proskauer, C=Citrate, A=Acid, K=Alkaline, H,S=Hydrogen Sulfide, Glu=Glucose,

Mal=Maltose, Suc=Sucose, Fru=Fructose
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] o A % a s =1 ° o a a
aInn 1 LL‘Uﬂ‘VILifJVILLEJfﬂﬂﬁ]']ﬂUiL'JmW'ﬁ&lLW']%LafNﬂﬂ'Ju']ﬂﬂ ‘UENﬂmzqﬂﬂqﬂqﬁﬁﬁlLazLﬂﬂIuIaEJ

N15USENY WiNINeamalulagsnvusnadsite mennse : (A) Bacillus sp. |,
(B) Bacillus sp. Il and (C) Enterobacter sp.
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AT 2 519Nt AANNUSIUNITUNIZIA9ERIUNN VBRI INEAIERSazinAlulagn1sUsEUa
WINIRUMATULAEIIVUIAAAIITY INTNUAASS : (A) Aspergillus niger, (B) Aspersilus sp.,
(©) Rhizopus sp., (D) Penicillium sp., (E) Mucor sp. and (F) Neurospora crassa

=

A 3 BaanwenlaannusiianisunziagsdnIundn vasnuzIneAansazimalulagn1suseus
WAINB1ANALUIAENVUIARASITY INYNIARASS : Pichia sp.
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ue lundnoushimals wasiiddey P, notatum waz P. chrysogenum ananseldnaneunuildau 37@nNa Mucor ¥inlwt
Annsiidevesuy iodnd 1o dnuaznalsl uiusedaldlunssuiunmiiiolfiinnsadun3s 1wy nsaynin wa
nsauamiin Mavihemsitudleos masninindesiuueanased M. miechei Wlumsranouladusuum Rennet) vieldlu
mMaramueuds dwden Neurospora crassa Wusasadiledilinelfiinlse wandufialslumsanumedudfinen
fugrnans war3iunluady (Metabolic pathways) veudiest (Rahim, et al, 2009) uazdadluana Pichia Lt P
auilliermondii Simstuddestumsnidsvemalfiuassafivwarddoniiomnden
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licheniformis U3inas 200300 fiadn3u wawewns 1 Alanfu annsoiiuufAzevesouleivlsgosemmitagiiuns
WSeyulaweaUan Crudian carp a3 Kim, et al., (2009) 18131 Uaunuia (Oplegnathus fasciatus) filéuewnsnaunn
Svdesdimindiedien A onzae wavensuaNSosTnumse Hnavinlidaniinsiasgiiule Ussdvsnwnisidomis sauau
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A Review of a Prototype Alpha Configuration Stirling Engine from an Air Compressor
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Abstract

A review the development of a prototype Stirling engine. Alpha type of air compressor is an external
combustion engine. Can be used for various types of heat, but also perfectly controlled burns more easily than
internal combustion engines. Development of an external combustion engine, which is beneficial to use renewable
energy to solve the energy crisis and environmental future.

Keywords: Stirling engine, Air compressor
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wAngdeliAuis erafumszilulssmalnediliduastuiniossudviniuazvinnisfnyiddonazinalulad
maduiluruziinsinuidelumsssmaldtaniiesanidueiossudiddnsammaiulssansnmgauandy
iesudinulisunazaren indossudianesduiinaaodutagtuiianududemenuanssouglussiuiiimela
mnmslilanssaasesinuanuiougsnalnduuuulminislinouiumesiisesnuuugunsaiianidsuniuiou uaz
U55998 Helium %38 Hydrogen ﬁﬂamﬁuqqtﬂumﬁﬁwm Lﬁﬁ'm&Juﬁama‘%ﬁﬁﬂmimmiaﬁ’mﬁwLﬂ%'awuﬁﬁ”ﬂezﬂsaﬁu
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a a

wFauanudeulinelufaieninisiauesnes (Recenerator) d13lauiuaismesiusyavsua 100% Usyansam
yesindnsamesdzmiriuinginsmslud (Camot cycle) Fuduniosudmnuioudiiiuszavsnmanuiougeganis
nqud uiluanuduatudwnngitlifflemumsnaiaedowudasluilunnldoueield fdunsinuduatuay
Waisessudamesadadummahlugnsahaeiosudimmuieuliiiussansnmasaniiidululy
inesudameiadlutagiuiinamnlnminmeuenvilimuguaanime niadeldtiussavsamannniinisun
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Hyymandefianamvesnsudnuasdedrinvesiagsumiafioruazmnuazandunulunisaiianiosudlnetauein
nalnvesAdesdnenmauuuassgnguannsafaulaiioairurdessudanosdsuudaniliidesaindaiy
wanganluiivesnisinnngngulneazdesaiveunsaiuanivdsuanuouiieldudemnaudeudedmivaisinay
sewingngundesdiulszneuiindudug Asuduiionmhauldvesndsssudamesadasazlifmunnisesniuy
dutsznausgienmsinnsidestunmaneslilauninduasinefianasldvhnstaaussoundesiureniosudi
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2. 3nsinen
suianeanduniowudmiuieudwmmauiudasihaunuiginsaneiawieigdnsidautanuuss
Mniginsawesds ddlivedlvarisndlditu ermea lelasiou Bidew lulssauvdolotiluasviau Working  fluid)
wdoseudawesasimmuiullfdmiuniesoudifivssdvs nmgslaeivaivliosilonssuiisuiueiosudduny
meluedessuianosaduaioneulsifiussavsamganntn wildfimsuiuussdounniaesing fumieseudamnesasdnom
snlusnawesnaulfiefeswnuiiifivssarsnmgedosas 32 Mstuanifuiesas 2 Wesidud
RwuianesAsaritlmiivsyaviamennminedsseuiaiainiilesantanlivigUnsalveardeseudiinaiamn

v

guwazausnituviaamgiiaden Aldiesewudanesialuaseswudidunumeuen mszaziuieninsaldunanony
o i v ' ' = o o o < ' & 1% Y A ada
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AN UAEINLARIIBUTING LAZNANIULEIRIAY IenannILaILATaIsUAARND AN NTORNLUULAZNITES W98
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Lvﬁmquﬁw (Senft, 1993)

2.1 WUUANYUENIINAYIUATILUARLAD TR
sunvudnuunsessudLuudarh ldldgnauindeudreudlignguidsaesgnisendignguiou (Hot piston) uag

anguiu (Cold piston) eglunsiazdrswesvadlianuiou JnuuammosiaswEsrIBANLSaugNgUARstiay
wdeuiiegwaiaueluiamadiensy WevlnAnnsianuseunionsssuisanudouresansinauiivsinnsasd e
miﬁwmuﬁwmgﬂmsmLsﬁ'wlﬂa&ﬂuﬂizﬁuaﬂq‘tﬂ,mﬂswaﬂqwﬁmy’wmué’a Qﬂquqﬂﬁﬁa%agﬁ’uﬁ Qﬂquﬁﬂqﬂwﬁm
wasuifieviliAnNsvEef S en1se ATesEsYineI mumﬂmiﬁuEJWEJGT’;%LﬁmﬁﬁuimEJEJJﬂQU%JauLLazqwuluﬂWié’mﬁaﬁlz

nswilaegnidunuguil 1

Compression Cooler Heater Expansion
S pace Fegenerator Space

Compression Expansion
Fizton Pizton
 — ———

Alpha Engine
JUT 1 wuuLATessudnmasasLuudan (Ohio University, 2008)
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LUULATBEUAdan (Two-piston  engine)  siaffuluuaunsugnguiasssnuiuenaieulilvaiugunsal
waniaguanuseu inseeudameauuudarh Aellangu 2 sulunsvuenguiueniungndeuwuueynsulaelignmesiay
Aaeed IBwusweiludmlrneuresasadlunsiundsnuaudeuanvasinginnulussninnszuiuuazaiem
Auguastevinuludnnszuiumaniadunaliuszdvsnmussaisseuddiiudy dugnguluwuuunid 2 Sudesinad
o v A2 a & A v v a P v P Ao & v v o
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awasasmatnavinanuiduieivaiseg1aiaunsaldlaiu e waz S1au aun1sASeIuRANasaIRaLAS R URAINY
Souruilasunannisueneiuasnisaiivesniuieu ewngamalimsiingamgiluazanvesing aenndeiung

voawlugauaf (Ideal gas) wiogamadl (T) Anudu (P) Uuns (V) waz Number of moles of gas (n) funuaunis fail

PV = mRT (1)
ij@

R AerAsfiainavesing (8.314 kJ/kmol K)

Usgdvsnmideanueudmiuindnsuuu Isothermal aunsamilaain Ohio University (2008)

mRT, In(yv)(r_l)
T

T = (2)
mC, (T, T, )+ mRT In(y,)
e
MNw Ao UszAniawdeaanuou
C, fo  ANNYANTEUYTUINTAN

Y, f9  8nT1dUNITIRRNTIUIIING

Usz@nsnmdannudeudmsuindnsuuu Adiabatic aunsaniléain Ohio University (2008)

[ N
T

1-k

Thn =
mGT, (1—5)(1—i)+mQTH -y, %)

K fio Ansfionnie (1.4)

T A Arpaiiu (1)
€ fio duuszdnsanuouing

NugnsnaeainInsdmiunisindieuniuuuaisueiin (Ohio University, 2008)

W=7 p [ AN, sing s -] @

Vee +2§-§-cosx+£
L) T T T,

C
b:—:
S (Ve Vo VITT) VeV

7T -1 T T,
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P= MR (6)
Ve Ve Vo Ve Vo
S+ Nt +
TE TR TC TCP TP
e
P fio A8Ivse8n
& ' d'

R fio ANPSTIUDIDINA

Meng Ao 12881591914

Vv R Usung

T Ao gauniiveauia

c Ao AUIAINTEUAIIUAUAIN

p

o v o 4 . .
2.2 WUUINRRIININTAMBIAIUY Schmidt analysis
Gustav Schmidt {Wuiauswuudiaesiiniazanin Schmidt Analysis auaun1sf (4) Wedmsziininsiag
Adsfsnsindeudivesgnaulunisinuaidadunisiadeuiiuuvasuednaznuiunndrsainigdnsuuuldeal

Isothermal muasN159 (2) agjaptegeie 1. SlRuLsneT IR NauYTal 2 gnguindouiiiuugsuain

2.3 WUUT18093INTAMDIAIUU Adiabatic analysis
JuwuudaeseSurenszuiunmsiiinlilndidesninuaseiigauazasinnsanligamgiluvinnsdnduay

aaa s

YSunsvenediflAduainunszuiunig Adiabatic sy T = gamgiifinaiaes uas T, = eamglingnnesiiAnlined

Jadunszuiunisiuu Adiabatic analysis #N@uN15% (3)

LYY o a 4 o (3 sa
2.4 'J{]f\]ﬂinE]iIﬂJlﬂu']ﬁJﬂﬁ‘UE]\iLﬂiaﬂﬂumﬁlﬁaﬁaﬁ
maleseimavesiulauiindleefingusvasdiiionsmavesddswu T.=  suvglininames was T, =

q U U

ada s

oampiifnwesdlumsimemsyiueseieseuiuuuiaesiliesune ipinsveneieeusiame sasivareguuuulag
Wi aesiihefiganeudieliaunsoinseildlasherniuinsuBsunssummsiianluiginslilndides
fummudusianntulasuszneudemaiinesdadiouuusaesginsanesamuy lsothermal waskuy Schmidt
Analysis  (Pearce, et al,1996) uanantussimaiuefdmoendeaunsfildinnnmsuszinakaannnaaes
(Empirical formula) suldunaumsues West (West CD.) uazi5nsues lwamoto (Shoichi, 1999) maianns Adiabatic
analysis (Walpita, 1983) Tnglunisilaglevinismeaeuamuannsalunmsviuneaussauzvesuuusaesinge fuireseus
Funvueiemildadideyamnifimeiagrhmsdnaldlufitadldnanimaaomes Noboru (2002) deldvhnmasey
AnswimaeslilaunindudSaiuuuaesiulUdlutuedsseuflasnuifdnsdildaniginsuuy Schmidt way
Adiabatic Tidnids 1.138 W filndlAssiunasiirnsnnnimanisvaaeseginnlurasiinaainaunisannsvaaeses West

2 lNA 100N TrdAMNaINTWaNITNAADINITAIMMAE W lumMmgef agdamnnnimd @ ialaainns

£
adaANY o

NAaIlsTIn 2 Winilsnisaedsiiivanmunluniseuininnavewmiandiliinss@uasliinmsauduanusuly

ey
Jommuiuvewiauseslsinaziniasinaniuldusanamd widveariseuslud ssdunoudouultusnaluny
Tarlgusvdiumga dideanindsdl 50 wWesius va933 Adiabatic analysis drufdmesnazUssdivinethid st
aufurdadeamuiinaseddmamidseisme Sududuiiondessiisniufomauauiisoumsimudenouss
wihlUdunamidmneenliddunseeniuusdsnslifirrudseuiesdlunmsdmnautudulgmédaylasamsiu
AIMENNSVBY West Lﬁ@lﬁlﬁmﬁwmaﬁwé’ﬂmaaﬂﬁLLaJushﬁm%Uﬁiymf‘:wuﬁﬁ%‘suaa wamoto (Shoichi,1999) mnualn1g

6 Wunsdauemsnessiifiemiduezarusiseulunious dulagldiudsiugiiluniseenuwuusige g
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a‘ﬁ’mLﬂuﬂgjﬁlﬁa&ﬂugﬂﬁqLL‘Uﬂ%'wu'quLw’hmaumsmmé’uﬁuéﬁuaaﬁaLLUsma'wﬁimamﬂmsmaauwudwmiﬁ'wmmmﬁwé’m
20n310 LU@%L%uﬁsumﬂ"]ﬂ’nmammﬁlauﬁg_jmwﬂﬁﬁwﬂismmm’mﬁaiavﬁﬁsﬁu FeduashAsnstuldsnamenu
sovagldiiBmafananlvssdiumniweslumsesnuuurenessssudiaweasagldinnuivldnnisdesdnemeaely
Tneludunsniudnuassunsvouaiossnonmadueiosoguslind (vType) fduwiugudnaanssuangu 65 u. szoy
50 . yushaavewa ey 90 esndniuUiinasnnvensesuindu 235 Falagludowu el
wiesuawesadunmenestivhauierudy 2 visenagamgimslfnudnuioumath Bnmesilldarliamuteudt
ansvienliuszana 300 esrwalsauazgamginisldauiuduiassnm 30 esnwaldealsunsvesgunsal
uaniAsunnufeulamudiiuslagasstusnndmunssadadesinesie y, LLazUizﬁw%m'wL%qm’m%auqaqmsLﬁm?ﬁu
17, = 2 uag 3dwndesnsliszuuiidnmnssaminiu 3 axdeseenuuilisyuuiuiunsas (Dead volume) winfu 50
% FadudesiilfenlumaftRsmeewsenuuulissuuidnnnssaanasfowinty 2 dufedoniliiinsadives
szuuiidintu 170 #8laglududuimusliBvnesiviineg 80 Figawmesiviingg 45 Fuasiiuuasnosiviims 16
8 Aenungu winfu 05 anshawiltiuesesuianesdsidelifefedidelslanauiemivoulasonluduslunis
nasestiadldomadumshnuiiomminuasssvdanndeyadaiuiiuanismamanuisseurewiliusyan
asiseuiididsneongeaals 460 5auﬁau1ﬁmmL%’;iauﬁmmlﬁ%ﬁﬂiﬂ%ﬁmwiat.ﬁamﬁwé’qﬂq%gjqqmmﬂmi
AIUARILUU Schmidt waw Adiabatic Tsiua 69.55 Yasfuag 55.00 Sasfnudiu ansefldssvanuimdsdfindowudais
awhlalaelidananadlusn 50 Wesuiandwiung 9135 Adiabatic fio 27.5 Tasnduanmmeaeuidesunuinids
Aormuainuouaiossaoimeaegil 5.7 sl deanngiitmualudusiundnierusuldnuwinty 2 v Buesvened

winiu 166 3 samalidnuSewnintu 573 waiu gamgisuduwiiu 313 wau Wemaduasimueisseusasagli

q U q

v ¢

MasneengEn 21.8 Inf

3. NSNAILLAIDIYUAFLNDSAY
3.1 HALINVDIATDILUAALADIE

a o

Robert l#andnsunsindesudamasas (Patent no.4081) (Walpita, 1983) Lﬂ%‘laqsuﬁﬁa%ﬁﬁuuuﬁugmﬁum
nsUssRvguesameaignatsdunatssuuuLasatsTuInIunsetsdugaanssy eanniadosuiame A
Tassaduitlidudounasdianutanadelunisufoinu aunsnidueieseddsunivlasldidemasiiwnlviildnnede
azoraniuarillssAninmganiufeisuiisufuniesdnslom ndessudamesasdaldfuanuiouninni
iwdossusiamesadugaiiioundnuasnaniidslds (100 Tndds 4 Alatad)

John laashanIeseudoniaseu vunlngdmiuise diduiuaudnasvegngy 4.2 wWnsivndn 1.5 wns

v
a

aunsandnniasla 220 Aladndn 9 seusieundl (Trayser and Eibling, 1967) ALSNTBNATRILUAANDSAIAUANAS
esaniauinsedesinisweaniesseuddumunelunariawmaslvii

3.2 yATIHDIYDIATDIUAALADTAS
WawnsveunissewiawesaduyaalivsesnliSudulssanal aa 1937 deirseswudiamasagnimuliiigg

Y

szaumaluladgalagn1sAuni’ideves Philips Research Laboratory 7 Eindhoven, Holland (Walpita, 1983) wazd

ANUATYNegsalpauRs T duduin adelusaulsnidunisvauduedasdtuda Wi indsuanusauuuig

o a

dndmiuinguazaUnsalussnmipenuiieldluiuiinidlnadludlwiily (walpita, 1983 and Rizzo, 1997) Jaquila

T dunguafidrdglumnudiiavennieseudamesasiinauideves Philips I4ianudalvi wu wdnndlsaiy

o W '

(Stainless steel) neyuavesnudsafidAgegsdunfe nsliaufifesiuinenmansmenmiuanuiousazvesvad

N o w

Andnlugausnlul a.e. 1952 wFedeuAgu 102C IMasdume (Specific power) 1Ny 30 wisvetaIaeu U
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aufvilumstaunsandianudeavunelunszusnguindeutie Displacer cylinden) sioxnlastiosUfdAnms
%94 Philips UazsMsgaemnssdug Saufumudosmsuamdsnufinduvilimiannnmeiedsseudanosaduged
aaagﬁumﬁﬂﬂmﬁu (Walpita, 1983)
3.3 \n3assudanasasdmiuaugaamngsy

meidsegminlumsiauiedssudanesawes Phiips  wazamsgaamnssuauiliasonaALeE oausd
awesasnadniiiiusyavsnmgsfiedoas 30 Wosidust uazganiilid A 1952 Philips ai1aeleseusiesemildldlalasion
Lflumiﬁmumﬁlawuﬁm%lamfmmsamamﬁwé’ﬂéquqm 30 AlaTndTigamniigsanvesining 97neaiu TnefiussdvEnmany
$oudonay3s WesiuirounldtinausunssavBnmueusdosuiisdosilifgduauldfosne ssefidudldlimsfnuid
vamesTUIATBsEUAULAR1STgaTa 336 Alatad (Rizo, 1997) IWianumeenalumsianniedssudameasonlnegduds
nswritumeldaedvives Phiips Tusewingl e, 1958 fe . 1970 Taeu3shn General Motor Qﬁmmmﬂﬁﬁm%m’émm
Philips Sedufeussnsuivensesiuny unndsusenaudig MAN fu MWM Tl e, 1967 wae United Stiling AB Wi
Malmo, Sweden Tufl .. 1968 Tl A 1973 uiavuismildinutanildlumsosnuuuiinumueugdusazandian
Goavnuvesgngu Displacer cylinder) tadoseusiamosasdmiunaaeddiusnoudsy Philps/Ford 4-125 ai1dudsalaed
Maedungeannndi 300 Lvhf?hsuml,ﬂ%qauéal,ma%aﬂuﬁmLLﬁﬂ (Walpita, 1983)

3.4 psAnwITuvaATsBudaInaSAe

Uudinuazaniy (2549) Ieiauonanisdnudnenmvenissgudanefadnlnimduaserindluuszsine
vy ngAnwdsenumueduanmglionidluidazginiaresUsendlngnanisinynudiuuinassanmnisinny
Yondinasorinduaanioseud Kockums 4-95 483 McDonnell Douglas Wa 1A3838UA SOLO 161 @BNIHARWAS

WAIRNRGIUIR 25 Aladrdnazauia 10 Alated liseansainsiuads 17.7 Wasidudsel way 13.6 Wasidudnal

s o | s & &

wanliile 23, 739 Alatassetaluasel 7 Plant Capacity Factor (PCF) 8.8 wWosidus uaz 8715 Alatndretaluase

v
7 '

T 7 PCF 8.0 Wosdudmudfuuazssuuisansadliussavinmgetauditou we. fa na. lunngfinie (eniiunald)
Uszavisnmazsluiieu f.o. v o.a. Fadurieqeru

U1 (2551) lsauendnmsiinsziiesessudamesadluguuvuimlilnsuuuirassuvgnmgiing la
gaumafivszavdravessiauueiswesiduvesgamaliansinuiuiouiuiuiu nsfinvmansznuainUszavsnaves
JlauueinneiuarUinnsmenuitnugrivennisssudano Az iuegfuuiuasneiisodiuies Tag
Uis?ﬂw%mwmm%’auﬁ’wﬁyuagiﬁ’uﬁgnﬂ%mmmsJLLagﬂizﬁm%masuaﬁLﬁ]umaLima% Uaywn (2551) Iewaueuuudnass
nndamanidmiurdsweudanesamduaefindlifnuiduuuanmslua uasihmssiasmnandamans
sfhensfmuadinUsvesnisagvieuderinduazmanuituvesdidnsaliiiansi lnsaflseneureanigios
wUsiaBueglutas 0.3-0.7 uazdnsiduseninssregliifadeiduinugudnansvosaumsluauusiuasueglugae 0-1
NAIINNTINRDWNIAdAmannUIaLsTauIUsEAE A mANLTuIaNgIaeUsEIN 0.9 Wadldudd 619 sausio
wiiazifigaulodsnndiuseninssseglndasoidurinugudnarsvesaumsiluandy 0.25 Snmesuazgatansnisiiiu
anufeunazrinliiuastasinesidouiatulussninsduvesipinsuasBines uay gaiaedasdesnszrinnisogis

o

sowliesdavussaradusalaluniivunligamgisewtdu (Th) wazangiinndu (To) dmduinTessud F8n1393eq

wa o

sosnsiagligamaiigaivanmginunneaiuinne uilaeniluisnieujunnufelignmgifiuaniasviniugmgd

o

dwndeu TneTsNavyilvigaumgivesingyineu (Working gas) Anasuuudies Inenisiiainuieu (Heat Conduction)

NLATDIYUR
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JUN 2 MIUUIUTUINTVBITEUULALNITNTTANLAIVDIQUNAWUY Schmidt analysis
(Ohio University, 2008)

N1SYIULUY  Isothermal kuunisuaniasuainuseulasn1svenefiivesgaumginuiiseylilunmiuuy
IngudulsynoureunsoseudTivruaiduUszneuiidAyausulnedudnuaznsloussuuueunsuusznauniy
druresiiuinsdudn (¢, k) @uszuisanuisunazalininiou (R) waziiuiinisueiemves (e) lnsdifuusndAgy

Aogaumgl (T) Usums (V) uazuswiu (P) Niinasiegunsaiiiliudiulsznasvenniossud (c, k R, H,) uaz ()

Compiession  Cooler Fegenerator Heater Expansion
A Space c s r h Space e
k| ] ™ TEI

Temperature
l—

=

&

-

i

* -

JUN 3 NTUUIUTUINTVDITZUUKALNINTTANBAIVDIUNYIAUUU Adiabatic analysis
(Ohio University, 2008)
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NFUTRULAAINIINTELRANYITgnTudauazn1sveemluteding (TawasTe) Tneflgamgilinsdiny
nsvihnuvesiginsesifeuuinuaziinisvenefvesinsiiietuluiiuivinusuafvuadaseluil
if mck' > 0 then Tck = Tc else Tck = Tk

if mhe' > 0 then The = Th else The = Te

Tuszuvazlifinns$iluavestneulasiuvesing (M) druainusulussuuduainibiidnisanasveinnusuiui
AADANITEUUNITYIINIU (W) 9890 NS2UINNSNTUSUIRSRLANA199IN WA (Vo) way (Ve) way (Qk) mnusau way
(Qh) azgnanewisnanauieuIndsnadeuneweniinuieiiegnelunszuenguidudunisisunmsvinuvesiging

AMDIAMUVBLRLURNLAYSTUUIEINSNANLSaulAiunNe (Vr) Tuseuunusnsaussas (Qr)

4. d3Una

MATefifetesfifunsiauesstsudanesasnin3sssnennasuusanwazldussiliuaussaus e
wdseudawmesadasfunmsmmdnistanuuuiaesieiginsmesluleudinduas mamidinsenannnismaaes
wErimguiundisuiisuiunanisilénismaasiaieasiiuinindng lsothermal  agildunniganianndeindng
Adiabatic Gi'mﬁﬁﬁ’lﬁmdmﬂﬁhmwmamas_jﬂismm 30 Wasidus Lﬁaﬁmsmwmamimﬁauﬁuwa’l%uaﬁﬂﬁ’ui’g%’ﬂiﬂ”’d

apdlukuUYad Schmidt wag Adiabatic Ussifiurndanaslulnaifesrinnasaussana 10 Wasidud

5. 1BNANSD19D9

1%

WY1 AMTENA. 2551, WuuTaeanNAdinaansdniunIeseuRanosAawMaIeing, N15UsEYNTIYINT

€

wdetnenduniszinelnendai 4.
Toudin auillonde Wity Sunden war saue asiianl. 2549, Aeawvenaieseud STIRLING naslwiinds
wasainglulseindlng, miﬂissquL%ﬁsmmim%mhawé’muumﬂismﬂlmﬂ%u’aﬁ 2.
auem 117U uae oAdnwal Indsuy. 2544 nseenuvuAdesudame A uUlTANILANA YR sg AT
Mo, Tnsanudmnssumans Male1iamnssuesena Anglmnssumans unninendees
UATUNTILIW BIANY.
Ohio University. 2008. Stirling Cycle Machine Analysis. Available at:
http://www.ent.ohiou.edu/~urieli/stirling/med422.html.Nov 6, 2008.
Rizzo, J.G. 1997. The Stirling engine manual. Somerset:Camden miniature steam services, pp. 1-160.
Senft J.R., 1993. Ringbom Stirling engines, Oxford University Press : New York.
Noboru Kagawa, 2002. An experimental study of a 3 Kw Stirling engine, Journal of Propulsion and
Power. 18(3).
Shoichi lwamoto, 1999. Performance of Stirling engine (Arranging method of experimental results and
performance prediction). Transaction of the Japan Society of Mechanical Engineering,
635(65): 361-368.
Trayser D.A, and Eibling J.A., 1967. A 50-Watts portable generator employing a solar-powered Stirling
engine, Solar Energy, Vol. 11, pp. 153-159.
Walpita S.H., 1983. Development of the solar receiver for a small Stirling engine, Special Study Project

Report no. ET-83-1, Bangkok: Asian Institute of Technology.
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wavasnsUuludildionswisiisierddnvasdy
Effect of Improvement of Para-Rubber Wood Fly Ash on Compressive Strength

S = 6V a = = =
DIUAU ASLLYAILUNY g’l’]’iw’]% ALY 919NS UDIA Y1y iyJ
wq%‘euz UAUSHANS LAY g131LT a6kl
Abedeen Dasaesamoh, Yawareeyoh Kabae, Ateekah Nialee, Sareeyah Reebu,

Paesah Mamataeha and Yawahea Samae
AEAINeAansinalulaguarnIsinuns unInendesvigeva e.ade 2,01

E-mail: abedeen.d@yru.ac.th 1ny 089-6569681

%4 1
unanga
TngUsvasdiiiaisinsiaufisenveslsanuesuduuivedgnildiunauvai o dens

@

nsnAdei
Ysudsailiienamnsiieansed lnedenansialinguidamalann Na,SO, wa Caso, uaranswingusanlas laun NaOH
uag Ca(OH), Anwfimnududu 8 10 uaz 12 mol ansamsIdemuin msusulgailifnsmsisansifingusanilas
Tneamz NaOH flenantudu 8 10 waz 12 mol fiAniassageninunnsgiu uen. 15052501 uazfimsidaduves NaOH 7
10 uag 12 mol HeisafAzeenlsauvilifiaidsnganiagiilildsunsuiulsmeadiliomn deagdlsinns
Usuusadlsfonsmnsig NaOH anandudiu 10 uag 12 mol ansnsaiinAnfindssamesdstildumamoud lifenamnsils

o o w

Aandgy: URiseleglaau anliisnanns

Abstract

The aim of this research was to accelerate the pozzolanic reaction of cement bricks with a mixture of para-
rubber wood fly ash by chemical improvement. The sulfate group of Na,SO, and CaSO, and alkali halides group of NaOH
and Ca (OH), with concentrations of 8, 10 and 12 mol were used to study. Results show that only a para-rubber wood fly
ash improved with 8, 10 and 12 mol concentrations of NaOH higher compressive strength values than TIS 1505-2541
standard. Moreover, the compressive strength of brick with 10 and 12 mol concentration of NaOH was higher than the of
bricks that was not improved para-rubber wood fly ash. It can be concluded that the improvement of para-rubber wood
fly ash with 10 and 12 mol of NaCOH increase the compressive strength of para-rubber wood fly ash containing brick.

Keywords: Pozzolanic reactive, Para-rubber wood fly ash

o
1. unun
TanUegltanu (Pozzolan) {wianilenlilumsedndy wnuiudnves/udund lnetelumsanduyuues

A o

KAV aLeUTUU TR auauT AuNUsensvedginty JanUsslaaumudA1dninauvingresngg i ASTM C - 618

a9

el Janfizanvseddnmuazegiiunluesivseneundn lnemluudTanUedlsanuaglifnaeandflumsBauszan us
danUeglvaniiiuasd sninnuasiiuvieruduiieme awannsavinuisenduweadenlansenles (CaOH)) 9
gamgiiund vilnlaansuseneunilauandRlumsBaussanu Evanauazuniy, 2554) Ussnnvesian Uegleauiminuamriv

J0dng)
YUTUATinnung W sa i unau wWaey FlunAseilddlionmnsiidunanassldanmsuannsyudlniirves
Tsdlwtiindad szanniu Feuszneuseeenludusiussinineg vanevia lWud Faneulneenlest (S0, apdlueaniun (ALO)
wessneenlen (Fe,0,) uazwralesaanlas (Ca0) Wussrusenauvdn Lﬁaﬁwmwmﬁuqu%LuuG?LLazﬁwsLﬁmﬂﬁﬁ%mmﬁﬁ’ﬂﬁ
Anauansilunstefiumadeutssahlidguionysraufinnuudusanniu (e15fusazaue, 2550) UFATeN
vasleau (Pozzolanic reaction) 1Huufisenfiintunisndsannmahuiftolansturesyufiuudiuinlagld

waadeulansenled a1nujisenlawmsduduarsaaiuiasyiufisesiuduianieenleduazegivisenled ludan
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Yogleau nanduainlianujiservetleaiu A wealouddnalawmsn (C-S-H) wazuaalouogiiunlawmsn (C-A-H)
faaunsi (1) uag (2)

Ca(OH), + SO, + H,O —»  xCa0.ySi0,.zH,0 (1)

M1 x, y uae 2 Tuaumstl 1 uas 2 Huaniiwdslunumiavesueadendanalamsn (CS-H uazuraiFenegiiuslensn
(C-AH) FatsnsusznauiieaiiAnrnuffsewedlvatl SanmniFlumsdausyan vileuansdlunsiuidsadatu
WaEanYaYINeTEiteUNATeI LT vilreunimioutiuiy Qe sduaystiven, 2552) MMNNUITEVENTINT (2554) 1o
mnueraileunslundsd CaOH), Wusnunnuraufud g uiuged SO, uwas ALO, indwianUszanulunueeunaum
Y Tnsofeufizendeslsan veadduiiuwas mauaa@eumslud wuirreuniaudeniindnanninueaidesmslud
wandaeedinsiannndsSaugasy Ewlutosni 7 1) drmiheouninudeniindmanyuiu fuumiseiitdsdi
msUfulsadlionmnniisinareridsdnvesdy lnevimsfinymasafiseedleau veudldfensmnmieismsmand

waglunATeillafinsnanaseingudamnuazngudaniladiiers sffsevesleanuninlvidgiiniddnuasiinnuamu

I3
NINYON

ad
2. I{N1INNADY
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Design and Development of a Real-time Telemetry Flow Meter
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Abstract

Flow meters are essential tools to study water in the earth, which is a major human resource. Mechanical
flow meter has been developed for the past decades to improve its performance and contain modern data logging
and telemetry systems in real time. A design and development of a low cost propeller mechanical flow meter is
presented. Rotation of propeller shaft with magnetic strip and Hall effect sensor translates the linear motion of
water into the angular motion of its shaft. The response of flow meter gives a linear model. The test, calibration
and validation results of the developed flow meter show the error with in + 3% compared with a commercial one,
which proves its performance with acceptable error. The telemetry link transmits flow rate data to be recorded in a
host computer. It is designed to be incorporated into an Autonomous Underwater Robot (AUR) to measure water
flow rate across a river or canal. In addition, the flow meter is developed using affordable domestic material, which
reduces the necessary expensive import equipment and help the water planning and management of the country.

Keywords: Flow meter, Water flow, Real-time, Telemetry

1. Introduction

Water covers about 70% of the earth surface and has a great influence over human living. It is used for
drinking, industrial processes and farming. Hence, it must be studied to be properly managed and efficiently used for
human welfare in order to avoid disasters with climate change and human activities. Over the past few years, many
regions around the world have encountered floods, whose effects must be mitigated. For this reason, the water
planning and management is essential and the water flow data must be accordingly recorded to estimate the volume

of water flow in each year.
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Flow meter performance has been studied extensively (Thibodeaux and Kirk, 1992). Although flow meters
have been developed from the traditional mechanical type touse more advanced technologies e.¢. acoustic Doppler
types, the mechanical propeller type is still in use and continually improving in response as well as modern data
logging systems in real-time (William, et al., 2008 and William, 2011). In addition, the mechanical flow meter is simple
in structure, has good repeatability and linearity of response. Most of the low cost mechanical flow meters available
commercially are conservative. Although they have good characteristics already mentioned, they still lack modern
technologies to record and transfer data wirelessly in real time, which is essential in the application of an autonomous
underwater robot. The modernacoustic Doppler devices, which include telemetry for real-time data recordable
capability, areexpensive.

A design and development of a propeller type meter to measure water flow in real-time is presented. A
telemetry system is used to send the data stored in an onshore host computer. In section 2, the design philosophy
and principles, housing and sensor including system description are described. Finally, test, calibration and validation

results are discussed in section 3.

2. Materials and methods
2.1 Design philosophy and principles

The flow meter described here was principally designed as a water flow sensor for an autonomous
underwater robot (AUR). The key requirement was to be integrated into the AUR to measure water flow during its
survey mission. It should have a simple low cost design. Data logging and telemetry system was designed to send and
record the measured data to the onshore host database. The housing was designed for operating in open river and
canal at a depth not greater than 30 meters. It should be durable, easily maintained and simple to use under various

environmental conditions.

2.2 Flow meter housing and sensor

The flow meter was designed to operate in the harsh environment of an open river or canal; hence its
housing must be durable and hazardous resistant. Superlene nylon was selected to serve this purpose. It is
economical but has high mechanical strength, stiffness, hardness and toughness, good fatigue resistance, water and

abrasive resistance, chemical resistance and excellent wear resistance. The Superlenenylon housing is a simple

cylinder compartment 260 mm. long X 70 mm. diameter as shown in Figure 1.

+H

|
| /277 .

| 7 —
T - ]
T e

1 %{

Fig. 1 Flow meter housing and sensor
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One end of the propeller shaft was installed with small permanent magnet as depicted in Figure 1 and 2(a), (b).

(a) (b)

Fig.2 Propeller shaft with magnetic strip installed at one end: (a) side view (b) top view

MAGNETIC STRIP
The magnetic field generated by the magnetic strip is sensed by a Hall effect sensor. The propeller was

designed to sense the water flow in its center of axis direction as shown in Figure 3(a) and (b).

(a)

120 mm
(b)

10 mm

Fig.3 Flow meter propeller
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Components of the flow meter are shown in Figure 4 and the complete assembly is shown in Figure 5.

Fig.4 Flow meter component

Fig.5 Assembled flow meter

2.3 System description
The propeller of flow meter rotates and translates the linear motion of water into angular motion of its

shaft. The magnetic field from a permanent magnetic strip at the other end of propeller shaft is sensed by a Hall
effect sensor and sent to an amplifier and voltage comparator circuit, which generates a pulse train for an Atmega
1280 micro-controller. This pulse train is used to calculate the water flow rate and transmitted to_an onshore host

computer via a 2.4-2.52 GHz wireless signal. The overall configuration gk%@k&%mSﬁAFT

are shown in Figures 6 and 7 respectively.
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Fig.7 Complete system

3. Results and discussion

3.1 Test and calibration results
The developed flow meter was tested in a laboratory water channel and calibrated wit"® &8ffmercial

mechanical flow meter, General Oceanics Inc. 2030 series as shown in Figures 8 (a) and (b) respectively.

(a) (b)
Fig.8 (a) Laboratory testing and (b) Commercial flow meter used for calibration
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The flow rate in channel was adjusted by a water valve. The water flow rate read from the commercial flow

meter was plotted versus the angular velocity of the developed flow meter as illustrated in Figure 9.
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Fig.9 Water flow rate read from the commercial flow meter versus angular velocity

of the developed flow meter

By least square linear regression, the water flow rate is
Vp = 55.4w + 20.8 1)

where V, is water flow rate read from the developed flow meter.

@ is angular velocity of the propeller.

3.2 Validation Result

In order to validate the generalization of the obtained model, the water flow rate was calculated using
equation (1) and compared with the commercial flow meter at the operating point other than those used in Figure 9.

The validation was depicted in Figure 10 and Table 1.

TEST AT 20 cm DEPTH
90 I I I

I
| |
9] COMMERCIAL FLOW METER : : 6
80H e e B -
|
|
|

* DEVELOPED FLOW METER

VELOCITY OF

WATER FLOW RATE cm/s

0 0.2 0.4 0.6 0.8 1 1.2 1.4
PROPELLER ANGULAR SPEED OF DEVELOPED FLOW METER,(rpm)

Fig.10 Flow meter model validation
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Table 1 Deviation between commercial (General Oceanics) and developed flow meter

Commercial Flow Meter Developed Flow Meter Error
(General Oceanics) V(cm /sec) Vp (cm /sec) (%)
0 0 0
27.2 28.0 29
35.0 354 1.1
37.2 37.2 0.0
41.8 40.9 -2.2
46.7 46.4 -0.6
49.0 49.3 0.6
50.8 50.1 -1.4
58.0 57.4 -1.0
68.6 67.4 -1.7
77.5 78.0 0.6
81.1 83.0 23

i r
D_IC

Note: Error = C Ve

):-: 100%

3.3 Discussion

It was found from Figure 9 that the response of the developed flow meter is linear, of which the model was
shown in equation (1). Offset in the equation was due to initial friction of the propeller, which must be improved in
the future. Figure 10 showed the response of the obtained model at a value that was not contained in the
experiment set, for example at @ = 0.36 rpm, the model could still produce a flow rate close to the commercial
one, so the model generalizes well. From Table 1, the water flow rate obtained from the developed flow meter
conforms to the commercial one with an error within +3% over its full range. This was acceptable for the target

application.

4. Conclusion

A mechanical propeller flow meter was designed and developed. The rotation of propeller with a magnetic
strip and Hall effect sensor translates the linear motion of water into the angular motion of its shaft. A linear model of
the flow meter was obtained after it had been tested, calibrated and validated in a laboratory. Its responsed conform
to the commercial one and generalize well. The water flow rate was calculated and sent to the host computer via
wireless data link. This prototype flow meter will be integrated into an autonomous underwater robot for its survey

mission in the near future.
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Abstract

Rongrien rambutan fruits are popular in consumption. This research aims to study the quality of
pretreatment frozen rongrien rambutan fruits and study of consumer acceptance on rambutan cakes that
made from dehydrated frozen rambutans. The research methodology used was to prepare flesh of rambutan
then packed in different concentrations of sugar mixed with calcium chloride solution and stored at -20°C.
The sample was examined on day 0 (pre-frozen) and every 10 days for 90 days compared with frozen
rambutans which were not packed with sugar solution. The frozen rambutans packed with sugar solution
showed a soluble solid increased with storage time increased. The frozen rambutans packed with sugar
solution, concentration of 40 ° Brix with the addition of 0.4 % calcium chloride had low drip loss after thawing
throughout the storage of 90 days. On day 90, frozen rambutans is packed with sugar solution, concentration

of 40° Brix with the addition of 0.4 % calcium chloride showed higher cutting force than day 0, while the
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other samples were showed lower cutting force. For the lightness (L) showed that the L of frozen rambutans
increased in day 10 and decreased on days 20-90. Frozen rambutans packed with sugar solution are likely to
decline less than frozen rambutans are not packed with sugar solution. The results of this study show that
the sugar mixed with calcium chloride solution has helped maintain the quality of the frozen rambutans. The
sugar could reduce drip loss after thawing and reduced browning during frozen storage. Calcium chloride
made the flesh of rambutan more firmness. When all samples of frozen ranbutans were dehydrated to used
in the manufacture of cake compared to the normal cake. There were found that no statistically significant
difference in terms of color, odor, texture and overall liking. The rambutan cake samples were scores slightly
like to moderately like. The results show that dehydrated frozen rambutans can also be used as a
component of cakes and rambutan cake was accepted as the normal cake.

Keywords: Quality of rambutan, Frozen rambutan, Rambutan cake
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Rabies Immunity Titer of Dogs in Bangpra Sub-District by ELISA Method
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Abstract

The study of rabies immunity titer in dogs was evaluated by ELISA method. The total sera were
collected from 152 dogs in Bangphra sub-district on March 2013, and divided into two groups; vaccinated
and unvaccinated dogs. As mentioned, 110 samples (72.37%) from vaccinated group had protective titer
at 59.87%, but 12.5% had not. In addition, 42 samples (27.63%) from unvaccinated group showed natural
protective titer at 24.349%, but 3.29% failed to prevent rabies. Refer to this study, it revealed that rabies
immunity of dogs in Bangphra sub-district were not complete protection. That might causes from many
factors such as individual dog, vaccine, route of injection, and preexisting diseases. Mostly unvaccinated
dogs were young and maternal immunity might exist in collected sera that which decrease gradually till
puppies were 4 months old approximately. In case of permanent rabies control and prevention, dogs
must be vaccinated by proper vaccine, route, and program. In further study, prevention of rabies disease
in Bangphra sub-district will be concern and this research can be the preliminary study of other endemic
diseases.

Keywords: Immunity against Rabies, Bangpha sub-district, ELISA method
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Abstract
Research on efficiency of using pineapple waste as roughage cassava by-product as based energy and
local legume as protein supplement for feeding beef cattle was aimed to study suitable feed stuff for feeding
beef cattle. The experiment lasted for 252 days. The subjects of the study were 62.50-75.00 % Brahman hybrids.
Those 16 heifers were divided into 4 groups (treatment) and 4 replications. The result showed that T4 was the
highest weight increase among all four groups at the growth rate of 129.25 kg./day or 0.60 kg. T2 127.75 kg. or 0.50
kg/day Td 125.75 kg./day and the lowest weight increase was T1 117.50 or 0.46 kg./day respectively. Statically

there was no significant difference T2, T3 and T4 as same but significantly different from T1 at the significant level
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of p<0.01 for the feed conversion rate the highest rate was T1 and T2 has the same weight as 61.30 kg. T4 61.14 kg.
T3 60.05 kg and the lowest rate was T2 59.45 kg. which T2 , T3 and T4 were not significantly different but
significantly different from T1 at p<0.01 Total feed consumption per day T4 was the highest consumer at 94.97
Baht, T2 93.94 Baht , T3 92.45 Baht And the lowest was T1 74.24 Baht respectively. There was no significantly
different among T2, T3 and T4 but T1 significantly different with T2, T3 and T4 at the significant level of p<0.01.
Counting the cost of feed conversion rate, it was found that T4 used the highest cost at 94.97 Baht. Respectively,
T2 was at 93.94 Baht. T3 92.49 Baht. and the lowest was T1 at 74.24 Baht. Statically, T2, T3 and T4 were not
different. However T1 was significantly different at the significant level of p<0.01. The experiment revealed that
local legume can increased growth rate of beef cattle and also increase the cost of feed conversion too. So, must
be the price of local legume by save the labeur cost this feed stuff will be more useful for feeding beef cattle.

Keywords: Pineapple waste, Cassava by-product, Local legume, Protein supplement
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fwrregnavedvewazinisugniuegrannineananlume (sedy, 2541) FefudUsndsazdsznoumelusiu ludy

wagUSnamingadiuliunareudismuiiidiuusznevvednduaniingna Fuluunasemandanuiigngesliing

= o I

dmsudainsuingesin neanuaunsavedunidnondueglunsemngvdnuedla (sena, 2549) Mandneniuealy
Uszmalnganfiendanusiigeg fvfideuhunduingfuvdnlumssdneniuead effudendaiosnndvianusnn
Wissweron1sinwdmenuea nanzdmialuniansTuesnduunasdniudUzndsiidfyvecusyine Tngla
denansenusielassadisenaimnssy nandauwtsfudivends Jagtudsemalneinandndiuiuaindudivends
Uszue 4 Srudu annsadianadsenueakisiniy 2 S udnssetuldmaeeiiod Tetuindumsunsnuessieuazan
YgywnsludUznasaunainiie naannsuaneuealzlananasylaveiud Uz nasannsuaneyiuea 1againns
JipsviesdUsEneunmanil (Proximate analysis) SAuiu 8.44% Tsiuneuay 9.61% lusiu 1.37% dely 26.30%
161 13.00% wazdludlavasmienguszaunn 40.64% Tnstmidnuss Semuirdviinuadus Yiinalusiusazutige
nilusiudUends Wesannldrusuiunisvingad ?N“Lh%ﬁ'lmLfluf?mﬁummﬁwé’muﬁw%ﬂﬂLﬂfavl,vﬁ” Fofunis
Femnaodlasiudendulzsadadunanassldanlssnudulzsanslesdeiiogegannuneluumiminvays szoes
wazlndiAes wldiduensmetu nanaeslsvosiudzndmnmananemusaiduwmasemdanuuasivnszgai
viesiu wulunssiuan Fuddauimdmaiuilnuesmdaudisailuaugd ildiduewnaasulsiu Gaena, 2555)
Fadunanassldannnianuns 5’mﬁumﬂlémLLazmawaasﬂﬁmﬂisamuqmamms:uLﬂwmm‘lﬁmaaﬂumiLﬁymiﬂLﬁa
Wiovhnsanwlunstsandemnisuaueauensdaiieldiluumasomsnety enmdanuaniuundioms
sy efunsidefiodun i ingiuevnsdn fanuanassldangnannssy lamam mengnwdosiady
nsanLanMEINIAve Y TvAeRIna Il As e w%’auﬁ’dLflul,l,mmqaqLa?mLﬂwmﬂﬁ@,gﬁﬂﬂﬁﬂﬂ%’ﬂﬁﬁ’aﬁa
Uszgndldlunisdudufanis earudustlumsanfuyuuazieliianariils lunisussneueninnisisdadusiely
I5luoupnegnedidu (szna, 2556)

duuzsn (Pineapple) Ananas comosus (L) Merr. 3nag/lu3id Bromeliaceae Faduivludendersinan

lhilegounfiongwated dudzsmduliinansvgiafiflauddyedonis Saduiivnunulutausouremivewsn

finluredfivszana 1,400 vila fdudzsnviafernfinualunisldiduemsld dudzsaunseiiavgnidunisiiiie
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Iduszlevdanndulelulu warlddulduszau aen Tu flarsnuudanat dudzsnaunsadiwuneanainfivanadu
Iilnegann dnvarvemailunasinfauinnnuagesvatenaniguousoiuaugilunas Wed
Fsewa (2551) 18unann1sidenisididdendudzsadusmsdnideniealn) nuindniaiuise

wigivlalanlvnansunnufAuaAiianiskayle lidedaunalised

q
v

1. aouidealaliaisinaannlseurindulssanseUed 1aUsendnaILIIIULALAYUES

2. asdgdlaiusimunzatwazmunsiazlfiudondudssauamsneulawazadsiiaoiden

yipafiu
3. Waendugsailimsgnildimdosmelaveuumnnindulesnaudiden

Fsvnauazane (2557) Anwwanistinedn sendes wazwWdendulzsaningise \Wusimsmevdmiu
Aeslaanalugguds 2ann1svaaes 90 Fu wuingulafidssdieudendulzsanin F8nsn1aaiagega Wil
610 n¥u/fu fszAnsamnisiasuemisgean Wiy 9.05 Alanfu uaziidunuiemsidigalungunismaaes
fanun Ufvguaganiy (2535) Idmoanunisqulaiuggnuanussisumagnoutmin 220 Alanfu 14.W8en
Fudzsnaniduomsverundn flormstu 3 gas Fsldfuunaamdsnusiistu fo fudu d1lnauauazdaisdn
onstuilusiusan 13 Wesibud wiililuusinuemsfiviifudssanm 2 Wesidudsdedmindamngns nuis
TAazddnsinisasgiAule 0.51, 0.57 uag 0.59 Alansu auasu fusinaownsanuldAnduo fidudiming
Windu 1.78, 1.76, uay 1.75 wWesidusd wavUseansnimnisiuasues miswiniu 9.52, 8.70 way 8.37 muasy 5z
wa (2539) Anwinavosnsldvnadiaming e wWiondutzsauazudivu dodamddiunlugguds Tagliemis

PY1UBEINAUN warlio11159U AuUSUIuNIsIREILL TudRsIdIutiuNsAeeInIsTu 2:1  91NN1SNAaas 160 Ju

o

nud nguladesmgngvukarnguiisamedulssa duwildunislihug gandinguilidesenisdindngse

wazwosidudluduluiunliwansesiunieada (P>0.05) winquiiessiaiiondulysn TUsz@nsnmniswaey

a a v 1%

amsiluiungean sedawnguiifesmeng1vusasnquidesiieniadrmdngise Juwindu 1.54, 1.65 way

'
v a

1.89 ARdsuanaanuogeiitedAgyan1sada (P<0.01)
ﬂiuﬁ'@umwﬁqmuwmLmuLLasaq%’ﬂﬁwﬁwu (2549) 518974731 NMNTUANULUAINLNEBINNNTTUIUNISHANLDNI

I a o sav v o P I ! Ao’ 2 o 2
u@aLﬂumaﬁﬂm%%iﬂﬁ]’]ﬂﬂ?ii’lllﬂWUENﬂ']ﬂ‘VlLUU’W]E]@UGNGM FUUUAIUVDININANUUVDULTS NUAIUVDILVIVIAZANY

1

laluhamainisnaukenieniues wdvihuie welrianudumdeyssannsesas 10 89 12 Tudssmaansgawsni

o a

Faslnsldtnlnaduingivlunisudnieniuea aviin1swan DDGS (Dry distillers grains with solubles) #il#a1nAnsi

q

D

nMnuieTiuvewdemauiuduveudsiiazarsdly eldidesdnd Tns DDGS exduundwodusiunazndanui
d ”fgﬁm%'uiﬂumt.aﬂmﬁa Snaduunasasiiuasuazlearesavesdnismandilildndifondes suuidniUnuas
Fith Sumoumsnda DDGS wiensuarnnsudUsndsiimdennnszuiunnanenueassdsyneusenisuendiu
Pduvesnatuazvosudseanainiu (Separation) lnaip3estiuwies thawiduveanarfimiendsanndunenion
woalUsyive ieviliduduiuEvaporation) thlnaufudiuvosudsudwiliuis Orying) wazifushas (Cooling) Tne
gﬂLstuaqwamﬁmsﬁﬁwamaamﬁ'mu’waﬁﬁammﬂﬁﬁy’ﬂugﬂﬁuaamLLﬁq uazlugusauin mnemueafindnannsiudiusvdsasdl
Usinalusiiutszanadosas 10 Tasdhmidnuie deindn DDGS #ldandralne Feillusiudssanadosas 25 e
Yominudts

Yo <

n3¥diu (Leucaena leucocephala) Wudiwnsynamiununsanfuduogedluwsiladuemsdnd Wesand

U U

d o ¢

ANAMNINEIMTERIR TanuhAukarnisgesligs amnsaldnssiudesdninslugudaliiuan Jaselidniwziduiu
w0 Mnauiunghviiemdn videldlugunssiuwie IHuuwmadusfiuluomnstu dudduresnseiuiuldiaednilaild

msldteuldlugureansziuduieliiludmysznoulugnsomnsiauuuaziaile (ansuasuazmnz, 2548) lunseiiuwi
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v oy
& o o =

Usfuagsening 14 §3 30 Wesidud Medduegivindnisusduvesimuunndeaiisdda Tunseiuwisdiug Sluseu
30-33 Wefidud Mdeledeuiren lunssiuifiaunmAazdasiudualsiu Saduuvdwesiniue wagdilasiou
lnslad Tunszfudansiivlulu@u (Mimosine) Tuladnldldlalidiiu 10 Wesidudlugnsemsaenndosiv Iszna
(2549) AsgaruirdlilaiulunseiuuinfnsdefuazvilfiAnemsvuiisuagsoslnsesdvenslninuni 1ieann
nsgAuduitomsdninilusiugenn (27-38 Wedidud) annsadeslaine wevandssiymluludu msdesdni
wisdunsviudundsaduiunmsudesTauwnsiduluwUame

fisnuiafunisliduibaiis (fasineen) seadadas (912 1 Wnangen) Wsdnuazrstiaiude
ontadsidnadonsiukaznstosldvetunsdedl fe Ysnanisiulfuardulsyandnisdesldveddnvusangg
yasfuidaiLazseniidawiilndiAsaiu uinisldeendidasuiaaiunistnludnsdi 111 agviilinsld
Usglmiufudutulnaamenisdesldlusius uslivilfinisdesldueslarus sty egrdlsfimuindniiu
Wiausefuidaediaduiui ddasiuldunninisiunegafewilifinasonafiundsnuidn Tlésy
Fugatie Feandulsrlenidedninnnt menuisatumaesududfauidudnm 1 Wosidusvoshminglviun
Tnfudlesiildzumstnsssua wutlafinsseslfuasdinnaiagiulafinhiivissusig e dunguilldduredn
UsausiaegSeuasiasusesuiaaus ansavilviiinsdeslduazaussanimlunissdnlvinaiiian

[

nnUszaedvaINsiaY
1. Anwiesruseneumalnvurwaznisgeslavaslianduiyse nanasslnvasiud1uenadainnisuan

lomusauaziivnszgaiviestiulunsuszgndldiduemsla

2. AnwSinainsiu msdesldwardnvarsammseiyiulvedaiiefiaswisemsmnass

3. Wuwumslunsfnwinistnanaeslianuandavianisinunsuldduuaemsneu
pININANLLATUTE T ILESHIUIY dnFuiAesdninssngsan (Ruminant animal)

4. Anwdunu namls-vnnuLazRaneuwUnIsUAsYgia Tunsldudenduuzsaduommey
nanasslfvesiudusvdanmsndnemusaiduemmdsnunaziivaszgadiviestudueims

wsulUshu

aa .
2. 919N13nnaa9 (Materials and methods)
nMsnRaIBUsEANS AMNNsIdildandulzsaluemnsueu nanasslsvasiudUzndannisuaneniuea

uuraemnmdsnusaziignszgadvieduduunaemsiasulusiulunisidedaie WunmsvaaeudSeudieuiion

- o & S v ° U oA D] H o v ¥
nsnwgadldiaeda ngldlanveuuudlunisnaaesdnnu 16 1 dadenlidiue 91y vuna dmlinindifedlagly
WHUNI9AABILUY Completely Random Design (CRD) Inauusmsnaasseanidu 4 mvaaes (Treatment) WARENAUNNT
vaaesUsznausieln 4 5 Tngldlaveuuwalisengsening 12-16 Wewlulagnuauusiidu (Brahman) aneiden 62.50-

75.00 Wasiius Ingliusazngunismaaadldsuammnnansdsil

naunSvIAaRsd 1 (T,) wWaendulrsn + nawaeeldvesuiudenas (Control)
nauMsMnaesfl 2 (T)  waendudzsn + nanaselsvesudsnds + lunsiuan
nauMIAael 3 (T  Waenduuzsn + nawaeslfuesiudiuznds + fudidaaus
nguMsnaesfl 4 (T)  waendudzsn + nanaselsvssiudends + Tuanugs

yinstufinumdnlalivadunng 2 damilee davdnlayndluseudineunisiiemnmnase auduanns
VAARINTBUN IV ATV UV NYE N AT I lus ARl
TnAsge (Height of wither) AUEMAA (Body length)

ANMNEMTOUDA (Heart girth) ALENITOUYIDN (Barrel girth)
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‘1/1ﬂﬂ%u’qsuaamssi'f’qLLazi’m‘LuLwiasﬂ%gwaﬂﬂnﬂ@h‘lmj"aqLsﬁwdaﬂﬁmmmﬂﬂ% Tagluusiay Fuivihmsvaasslannd
sglsuemandenu Mnuanassldvouiudsndmnmsianenues w2 Wesiudredming lnewden
duursavioamavenu (Roughage) Tiiuagnadiul (Ad libitum) dadlunsefiuan/fufdaurs/luaugasaiailuuinm
1% sevming ei’;uiﬂv;ﬂﬁa%agi‘luﬂaﬂmamLawwght,l,uwffdﬁm (Confinerent) it wssmneu Wiunaeaia wae
I§$uemmaaesaadn (7.00 ) A3widwartaadu (17.00 w) BnAsmils nsveasafutoyailuszeziia 1 U
nMsfnwUnansiuensldveda Tngnstauiinuemsililafunnuiauazdruivasiuuias iu iednnandy
JoyaUsinunsiuemsvedarnennsaaes NATIERNAINNe M TIAaYYiln 1AgTs Proximate analysis (DM, CF,
CP, NFE, EE, Ash) waanunasmussansnnlunisgesanmsianvade Usgans awnsiasuormsiduiming dwing
ﬁLﬁu%uLLazé’ﬂwmsﬁﬁwﬁfgwwqmﬁs@ﬁf\]ﬁLﬁwumﬂéﬁu muﬁwamammuﬁ”wumwﬁa Auu MlsvinnuuazanImma
iswgRafidAyaue LLéaﬁﬁa;daﬁlé’uﬁLﬂiwﬁmmLLUiﬂsaquLLmuﬂWimmaaqLLUUfjmaam (CRD) hagtUSyuiisumnu
uandnsresARdelagds Duncan’s New Multiple Range Test (Gomez and Gomez, 1984)

daudisinisnnaes Aununlauy - Tl anwndvd@aamand AaznunsAEnsLaEnsNeInssIHTA

wmivensemalulagsvusmanyiueen 1.98Y3

3. NaN1SNAaRLasiansal (Results and discussion)
M19199 1 LEAIAMAIMNININIIARLTTEAINNTIATINLALAS Proximate analysis (air dry basis)(%)

Iltem DM. CP CF NFE EE Ash.
Waenduuzsn 58.05 5.32 20.12 27.96 0.05 4.6
AngiudUznas 87.06 7.04 26.34 40.75 1.38 11.55
Tunszdu 84.44 17.59 10.31 46.04 3.68 6.82
FutaAaaui 86.12 15.22 12.78 44.82 3.21 10.09
Tuus 85.55 15.41 11.56 47.29 3.52 7.77

ANANNEWNSUAAZYTA INNTIATIEALTS Proximate analysis (Air dry basis) InguaninmAIIe NIy

wiin uamTeazidenduUsznounee) Tumsni 3

A15199 2 dninla dausnee vassenmeiiindunazsnsnsiUasuansiluiminga 1 Alansy

Treatment
e | Il I \%

Jz8ZAMAADY (T1) 252 252 252 252
Tuudaineass (@) il il q a
dhminiSuduntsveass (nn.) 171.50 172.00 171.25 171.75
dwiinduganismeans (nn.) 289.00" 299.75" 300.50" 297.50"
dainiuaunaannisnaass (nn.) 117.50" 127.75" 129.25" 125.75"
dhaiutuedesesset (hn.) 0.46" 0.50" 051" 0.50"
dugeiliintucen) 75.25" 101.50" 105.25" 101.00"
mmmwmLé’uiauaﬂﬁl,ﬁu%u(%u.) 46.75" 58.75" 57.75" 59.00"
A ve T (L) 72.75" 85.50" 82.75" 85.00"
mueTduse Ut i) 80.00" 95.25" 97.25" 99.50"
Sasmsdsuemsdudming 1 Alansu 59.45" 61.30" 60.05" 61.14"

v o

v o A0 o N v oA v a
fhonesinnesiuluwuiueuiinulanasiuegsiltedn fuee P<0.01
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wminSudunmmeaedlifinnuuansaiu dunminduganimeass NauNseaad 3 NTLNINTAEA 300.50
Alan3y se%auNABNgUNVIARBIW 2 299.75 Alansu NquNvVAaedW 4 297.50 Alansy wavmindugaNsARDILTY
Wewiianfie nqunvnaedil 1 289.00 Alansu lnengdumsvaaesil 2 3 uag 4 WTAMULANARAIULANGAIRINNGNNT
vae 1 egdltdudfniin p<0.01 Umniindunaennsvaaed NguNIMAee 3 Wisduunnitgn 129.25 Alansu vise
051 AlanTusiaTu sesRunARNgUNVIAaes 2 127.75 Alansu 38 0.50 Alansudeiu nqunisnaae 4 125.75 Alansy
%39 0.50 Alanfusietu uazdwiniiululeengarendunisvnaesdl 1 117.50 Alansu vise 046 Alansusiaiu leengunis
a P | o ' ' | a I A v o v a a
NARDIN 2, 3 LY 4Immmummmmml,l,mﬂ@mmﬂﬂqmwwﬂaaw 1 ag1suugaEIng 8N p<0.01
gasmaasuamnsduiminga 1 Alansu saenn1svnass ngun1vnaedil 2 WxTuuniign 6130 Alaniuy
iadaqmﬁaﬂejzumimamﬁ 4 61.14 Alansy ﬂEjiJm‘iWﬂaENﬁ 3 60.05 Alansy wazsnsnsilasussidulmings 1
Alansu NnAuleefianfendunsnaaed 1 59.45 Alansu lnengunsmaae 2, 3 way 4 Lifianuuansnaiuuswneng
' a I A v o v a A v 2 vy U v oa a & a 0§ va 9]
PNNFUNTINGRIN 1 egniltdudfglin p<0.01 wandiiuimsldnwnsenanwioduaiuluensiusi vililinsly
Ysnaewnsiiisanniu wagyidbideifuewnsldfisanniunnninisliistuivnsenan Snsivemnslaiiuinniuvede
neaesuaziliAawlinlaneassionnmsis g uladinundukes i luuenantud winlisyuunsiuenmsues

msgegomslavinnueg waiauedwsilidnivaaeigunmiau Gsewa, 2556)

M19199 3 YSHIUN15AUMNT (INQUIa)

Treatment
1915
| Il Il v

Waendulrsanaannisnnaad (nn.) 5,827.50 6,048.00 5,985.00 5,922.00
wWaendulzsanaiu (nn.) 22.88 24.00 23.75 23.50
Waendulzsasewodidusithming 9.93 9.83 9.93 9.98
nawasslsveaiuduzndinannnisvnass (NN.) 1,159.20 1,184.40 1,165.50 1,171.80
nanasulavestudsrassodu (nn.) 4.61 4.70 4.63 4.65
nanaesliiudzndseiosifumiming 2.00 1.99 1.96 1.98
flwmsznatinasansmaaes (nn.) 0.00" 598.50" 611.100 592.20"
fmsznadsiotu () 0.00" 2.38" 243" 235"
flwnsznataaiesidusidining 0.00" 1.00" 1.02" 1.00"
SN IvLARaeAnIsMIAGes (Nn.) 6,986.70" 7,830.90" 7,761.60" 7,686.00"
amshauesiedu (in.) 27.73" 31.08" 30.80" 30.50"
amsaussewediduddming 12.04" 13.17" 13.05" 13.00"

Y Ao o

“enwsisnsiulutuueulimuunnssegsiitdeddgds P<0.01

USinaumsiivemsianuanaennisvaaes (NN.) innfianfendunisnaassi 2 7,830.90 Alansu e 31.08
Alansusodu sesaanAengun1svnaesi 3 A 7,761.60 Alansu #3e 30.80 AlanSusiedu ngummeaei 4 7,680.00

Alansu w38 30.50 Alansusoiu nguniue s vuAteeTian AoNgunTMAaes 1 6,986.70 Alan3u vive 27.73 Alansy

'
1 ' v a

Aadu lnengunismeaeed 2,3 wag 4 Lifianuuwansaiuneeadiiusinanngunisnaaed 1 egrelided1Atygan p<0.01

o

dlefadulsinunisivennsivusdeesiduduming nauiinuunfigafienquil 2 13.17 sosafenguil 3 13.05
Nqul 4 13.00 uartesiignfanguil 1 12.04 Inengun1snaaeil 2, 3 uag 4 lidAnuunnaiusia1RInngunsvnaes

o a A

7 1 ety AYdN p<0.01
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P v 1 1 = <) - v W a [
M19199 4 funuAtemsuazA1saBWUudmiinga 1 Alandu (um)

Treatment
8N
| I 1 \Y;
Andendulzsanaannimaasy (Um) 5,827.50 6,048.00 5,985.00 5,922.00
AnUdendulzsanaiu (L) 23.13 24.00 23.75 23.50
Ananasyladud Uz ndinasnnisvaass (Um) 2,897.75 2,961.00 2,913.75 2,929.50
Ananasylitudusrdewiaiu (Um) 11.50 11.75 11.56 11.63
ffivnsegadiviesiunasansneaes (U1n) 0.00" 2,992.50" 3,055.50" 2,961.00"
Afiwmsznadiesiusios (um) 0.00" 11.88" 12.13" 11.75"
AN HILANADANNINAGDIABA (UW) 8,725.2" 12,001.50" 11,954.25" 11,812.50"
Aemsauasety (Um) 34.62" 47.63" 47.44" 46.88"
Aemnsidsududming 1 Alanduum) 74.24" 93.94" 92.49" 93.97"
snusiwanssulusuueudauuansistueeelisesutddai P<0.05

PNNANIVIABDINUIIALURaNEUUE SAnaenNan1Inaes ﬂajmﬁﬁum*mﬁqmﬁamjmmsmaaaﬁ 2 6,048.00 um
9158 24.00 UMAD T 3aﬂaamﬁamjumimaaqﬁ 3 6,048.00 U %38 23.75 UMRDTU ﬂq’umimaaaﬁ 4 5,922.00 UM
738 23.70 UmRe iU ﬂejuﬁﬁuﬁaaﬁqmﬁaam&jumﬁmaadﬁ 1 5,827.50 U vi50 23.13 vnsiatu lneynnaunisnaaeslad
AIUANAITUIERA Aensnnsanassliudsvdimaennisvanes ngumaveaesildinniianfie naumvaaosi

22,961.00 U %38 11.75 Uwisioiu 589891PRNENNINARDIT 4 2,929.50 U %38 11.63 UMABTU NGUNISVIAGDN 3

2,913.00 U %38 11.56 Umsieiu NguNiulesNgaAengunNIsaaesn 1 2,897.75 um vise 11.50 unsedu lneynngu

q

1A

MavnaedlifinuwANA UNEtR ANYNIZNANYBIDUAREANISYIAGEY NGUNISVIAARITUNTIgnABNGNNINARE

U

3 3,055.50 U 30 12.13 V1D TU S998911AD ﬂ&jumimaadﬁ 2 2,992.50 UM 30 11.88 U MisioTu ﬂ&jumﬁmamﬁ il
2,961.00 U %38 11.75 Vvsedu daungunsnaassit 1 WWunguaugu (control) HldAuiivnszgadviosduuemsds
dansiudsanaemnswindu 0.00 Um Imaﬂ&jumimaaqﬁ 2 3 uay 4lzu'ﬁmmLLmﬂﬁi’mﬁuLwiﬁiNmﬂﬂejuﬁ 1 ¢4l
toddyBefl p<0.01 Vinmunshuownsvisuanaeanisnaaes (nn) wnfigaRenaunmsnaaesdl 2 7,830.90 Alan3u vie

31.08 Alansusiedu seaanABNgUNITVAaes 3 AB 7,761.60 Alansu v3e 30.80 Alansusieiu nqunsaaesi 4
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