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THE POTENTIAL OF CHEMISORBED PHOSPHATES AND THEIR
CAPABILITIES FOR SUPPLYING PHOSPHATES TO PLANTS
Suphot Totrakool ', Nawarat Thepsuwan ' and Kanokpan Pansombat '

ABSTRACT : About 1080 %, 2030 % and iess than 8% o! phosphate ltertilizer which was
added to the soil series, were retained in the forms of fernc and alurmnum phosphates,
calcium phosphate, and clay phosphales respectivaly. Water soluble phosphate was amounted
to 2-10% The added phosphates were mainly first adsorbed by clay , then slowly replaced
and precipitated as ferric and aluminum phosphates. When apphied phosphates according
1o the general recommendation rate (8- kg/on,J/ras) lo soybean grown in Renu soil series,
there would be adequate phosphate for two cropping

unfints © lukugeissy Woavetefflaast Mwaoslvgussnm a0 % segnmd slugtse umdnegSitunoamn
awfivBelniznm 20 % seannznawlugyves Ca (PO,), ussvistnit 8 % vzgrmdalaveend  aos/Sam
Wornedoflocaiolild axflun 200 % i nislawemedno sl lsdSn sUgnimGdsarozuan «  Wosviedn
dalngrzgnanduegfifunadien  ooamluinednslafiwesvedas b unatorns anazneuluite
wdnegfiluomweroly  nslawoavindalvuniduoliomm wem Wausiolantslude o0 .0, relaifinawe
nm11n’mmu[mmt'hxuﬂmﬁﬂqn’lﬂw«nqﬂe 2 oy ‘

fIUN

wWoareigluanazansnstuszogliquvoswonm  Falazyan  wnidinayinfuis
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wedaszgnetslilududoonszuswnafiu q vmne . sumssFaamssusiTonagy. folyvintuion
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' Depantment of Soil Science and Conservation, Faculty of Agriculture, Chiang Mai University.
Chiang Mai soc0z,
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warssvniosfiomnzanfissgneddlnouifwnsissfiogluiwion  (Bohnetal, 1w ; Greenland
and Hayes, 191, Lindsay, 1979 , Waish and Beaton, 1573 ; White, 1980) s s twalazlow
soavoavpaluiuss Sungiivnaaonsisssen azauonivsaves e fignedslygUang @ #a
sunanmaouedionlne wismaBoselasgUvevioavedofigneddhalnoiivionien  nao
fo Panmeeahy afu qomg® amn Ulsavnavninn wazaaaunIn s sh
us\%umzluw‘lumﬂmnw!omsm:Lnunﬂu.ﬂmh:Iumlmaﬂuuﬂaf«'luunmnnn‘m1: 9w
Auld.

guUnIBILaEATNI

" nrannasludugn S ansasaTRfe e 1 waesilolnneivsssninnduy
vomvedafogudl 1 wnqufl 1 ssBamazfuvssnislavioaveiash ke s asdu Lew
sxfuwantinadnrfwetiontaly Ssldun s 0 nn. P,O, ity winlszaw 14 ppm.

Table 1.  Properties of Renu soil series.

Chemical Properties

CEC Ca Mg OM K P(Bay Noz Toal P
%

pH
me/ 100 gm . pem
5.4 35 0.5 0.4 0.6 47,0 a 8.5
Physical Properties
Bulk density Moisture content (%)
grmymi
v3aatm. 1am aatm
164 9,45 6.32 472

* Total P in this case mean the sum of Al-FeP, CaP, Clay P and H,OP

nuneanslwissuimn sinflélunameanss s dsdoie

nyilavoaviela (P) 8 5 sxdufls 1, 24, 31, 425088 % ppm

- ansuma-cusyo st (pH) § 4 3xFuFo 45 55 65 uar 7.5

i (M) § 3 1efy Reflusefssunsun iy va, 1 ans % vatenoe
- qunnf (T) 3 sedufo 34, 20 was 22C

- nTImUdnde (T) § 3 sshufin 15, %0 was 45 Ju
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Hyperbolic equation Y = %ﬂ
.x\

Genersl recommendstion

T"”"'aos"" _? _,Aa-—f?""
— ‘-

e

A

-
9

r‘, =
A~
OJT

086 286 4.68 8.08 12.1
P in solution, ppm

Figure 1 Phosphorus adsorption isotherm

mMamesoasl 7 nImeass ananeassauy Factorial Tapiausknmimeansuuy Randomized
complete block design §1mam 3 41 wrazrrmeaosfevnativte dawnli nvaveassf 1 Stlviu
Pusz pH nmvecosft 2 Siwin Puns M nuavesnsft 3 Silvin P usx T, naneasifl ¢
Giledo P uar T nrmeansf 5 Silsdn pH use M nmivesesst 6 Sifledn pH uax T, nm
vnansfl 7 Stiade pH uas T douflvdufiue #n 2 dvin  Solaldlinesnsbianacnminanoss:
Wisliwmafdasdl P=1appm pH=65, M=1 ysstima, T =2Cuax T=1s%  Aonisliu
wosurazh iU (Treatment) \:Qm'nmmmmmmﬂouﬂo{mu}ﬂmaq (lawnzne, 256).

1 n-ogiviomne (Fe-A-P) = womwedadaldlan NaOH o0 M audian
vioaviniafiatinldlny NHOAC 0.0 M 61 pH7

2. unsBus-viemnn (Ca (PO, Ca-P) = emrnslafinldlny HSO, 005 M ausiau
vioavnflatieldsn EDTA ot M wazvin NHOAC 0.1 M # pH 7

3. wnat-Womnn (Clay-P) = vemvinflarinlilan NHOAC 0.1M # pH7

o vomwnflezsiosh (HOP) = winsonfiafinlélaoyi

ATINAREI L HEHIN
§ 3 mMIinasny

nammasafl 1 : Uandavlios Mousunmamaassuuy Spit plot $1ian 3 91 laodinpslavoaneis
n Main plot waztamwesnmUgntenids Sub plot  &wiudlvinu ¢« Vnovlingluanw
sTINT W Mamelwu:ﬂﬂﬁunwnawaom:ﬁmbn‘}ms:qn.ﬁnmmmuuwuaﬂm;ﬂn’tuw
Mo o uazviomrffeanthantd  wonvniidlsdiend 2 wasdiont! 3 fssiudoneafuaes e
Ui,

maneenaft 2 euwunmIeessuyy  Randomized complete block design $wam 3
iReflssnuavnsszduntilanoavoafiinnastatiamiog.

nmveaesf 3 - dandanSsssslWndiudimationmaanadt 2 Taolillatjovioavioda wiediven
wannfswasn nuamlsoovomodrsnn udeely.
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mInessdluvisslJrinnng

waMIMAREITs 7 nrimeans  wastivini o s Hsiolunanandosfiudad
Dvioutomnmlavooneda wasiisinonuduninus  Suaniafiod fyme sy som
Wuqueine o (Clay-P, N-Fe-P.Ca,(PO{,, HOP) amilviunrndu guva® wazizailunii
UgnTrwuiliSeadot o omnluln  sonvmisbimnldndorion (Interaction)  u
1zvnnvostlislioeng 9 .

weyoLdumnslanasvodnsie Clay-P, Al-Fe-P, Ca(PO),, uss HOP

savntanTlavoawsiadogine q soadosoirluin  luaniwnanifgilin
vetvunnietuuondl Sluqufl 20 22 23 war 2a

5, COncentration (ppm)
LD 08 - 437 Al-Fe-P
P . LUBD 06 =~ 438 Ca-P
L8O 06~ 108 Clay-?
asl J.lf_— L8O 08 - 0m upo'

I1 - AlFeP
4aar - Ca-p
20 - mo-»

O Cuy-#
20}
A

140 240 310 426 880
Added phosphate levele (ppm P)
204 M4 304 808 844
Total phosphate present (ppm P)

Figure 21.  Amount of various phosphate forms when phosphate levels and pH are
variable factors.

gammm (ppm)

- LBD 08 ~TB8 AlFa-r
L8D 08 488 Ca-P

70
b f— L:.ﬂ'tﬂ o?.-:
l L8D 08 - 128 W,

50 III’{_ "

Ab-Fa-P
“f / o car
2
20

L 8- no-r
&= Clay-#

'J : _ __‘__.-&-\\/’/

40 240 Mo 428 680

Added phosphale levels (ppm P)
2R 4 124 204 s00 LIR)

Total phosphate present (ppm P)

Figure 22,  Amount of various phosphate forms when phosphate levels and soil
moisture are variable tfactors.



Figure 2.3.

Figure 2.4.

Ao TWEnIW ARG namN I L AZ # N TR TATA RIS DE RN T

nConomﬂ’ﬂbﬂ(ppm)
[ LBD 05 = 783  Al-Fe-P
ok L8D 05 « 481 Ca-P
=23 &
sof 444 i_ e . i
11 R
~ & Ca-P
20 & no-r
-5 Ciay-P
20
10
14.0 240 310 428 580
Added phosphate levels (ppm P)
224 a4 304 508 044
Total phosphate present (ppm P)

Amount of various phosphate forms when phosphate levels and
soil temperature are variable factors,

Concentration (ppm)
70 r

LBD 06 - 738 Al-Fe-P
L8D .06 - 4690 Ca-F

' |F' o

! (o ot

) ¥ s /- " ArFep
i Ca-P

- 8- HO-P
& Clay-P

g & & 8

140 240 310 428  seo
Added phosphate levels (ppm P)
224 324 304 509 844

Total phosphate present (ppm P)

Amount of various phosphate forms when phosphate levels and tirme of

reaction are variable factors.
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virpufsnavafammseiwiuiedivinuendiniowtin  wisantimasesifunabinlflu
mafieatu Ao fefinilanoaveimantutinafignedalaenazuaumsnn 9 IniwAssannty
Aanlambizan 6071 % voavioawsiafiuseanecnow luguves Al-Fe-P, 2030 % seanmznevlu
e PO, wazviounit 8% sxgnefalujteny Clay-P aaunsaveiafazs ot lhsivizan
2:10 Yo AN THN.

neyosnwdunan-unein Clay-P, Al-Fe-P, Ca,(PO), ussz HOP

WA 3032 33 war 34 wonannwnInamedunIn-cuRnIRARAIANG 9 YDIWBEHR
Tt foifusnlinliupemaiotuiomn Ao namudly nmin-uosnsfuiongy €5 tisun
7079 % weﬂomﬂnﬂﬁmnuaa'lﬂs:qnniﬂu}xhsa Al-Fe-P  wEsvnviudin mlunn- uawn ks
a1 65 martsluguies A-Fe-P fssansasinavinog@iuuazivinszanaz novlygveslansen-
9 unn  WomwetoufiaBovinmagnefslugtees Al-Fe-P Aezgnedslugiuns PQ), %
fhzann 820% aom Clay-P siwfivioondy 1% uazinio woaredaogluqufiszaosiilisnon
210 % s dvdunterfavemnlugy Ca,(PO), sifudummnamiluninusfifsgadsh
aonndoatiungwl un'lum*mnanmfadwun'nunoﬂnammv\ﬂoaagﬁanmmﬂumn-mmmﬂwa
N 9 (7.5 nduwuinBan Ca(PO), sray Selinudulild  Aolusungeniniuleunfitin
Sumwblonnvinlzantamflanassaninflindn Ca(PO), Wembaruniuninivags  Yof
wzanIaune gl ivn U dnteriulensentaloeeufifognnlums Alluasosn
afin Ca,(PO), somuildvae snngmisnanwsssadin ofvsanglfl 32 ssodwindlanm
wWoeredmianunsinnlizane 23 pom o Afidef a5 55 Wi 65 weTimsinduonlnfin 17
ppm Af-dy 7.5 fauomsUtinaeanetavanly s pom  AaluSsapilliurivsuds 5 ppm
soavsanliiewlun Ansnglugy Ca(PO), Flumafmannu ldwnn (ossnariadin
L s Ansaw Anawe s,

nc«mmmbn(amv)

r LBD 05 -~ 381  Al-Fe-P
”}> LBD 056 ~388 Ca-P

L”.O.:O.:;w

of || B

I=* B AP
or & Ca-P
:oT_‘ Pl

‘—.\\. —O-W
fof

Figure 3.1, Amount of various phosphate forrms when pHand phosphate levels are
variable factors.
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Concentration (ppm P)
[ LBD 06~ 126G Ca-P
LBD 06~ 031 Clay-P
[l—_ HyO-P (non)
0 IT= Al-Fe-P (non)
. ALFeP
~ Ca-P
20 F - - -
e \ O WOP
1o
‘-——-—_'_’“\L
g/—:g———ﬂ——‘d
o
45 &6 66 786
pH

Figure 32.  Amount of various phosphate forms when pH and soil moisture are
variable factors.

n(_:onoonmuon (ppm P)

LBD .06 ~ 747 Al-Fe-P

L8D 08 - 163 Ca-P
‘ol| L8O 06 - 038 MH0-P
II— L8D 06 - 0.37 Clay-#

I--

”.1 - AbFa-P
- Ca-P
-8 Cuay-P

- - W

10

45 56 as 76
pH

Figure 33. Amount of various phosphate forms when pH and sol temperature are
variable factors *
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sooncentration (ppm P)

LBD 08 » 6.84 Al-Fa-P
L8D 08 «~ 2 Ca-P

‘ L8O .06 = 2.60 Clay-P

“”i IF m.oo-:amu,:-r

”_:[I.- - Al-Fe-P
- Ca-p
& Clay-P

“i———o-"'/.\ - npo-r

e

48 L% ] a6 768
pH
Figure 3.4 Amount of various phosphate forms when pH and time of reaction are
variable factors.
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mmmnanafl 1 5 ona w0t lavieanedauaz e fiSineyUang q woanpavsia
TuhuuazsinnngannasiclilivesRis Jsnguadsmolud -

wnwBLinnTlaweaneiasis Clay-P, Al-Fe-P, Ca,(PO,),H,O-Pusz Cr-P"

UhomnslansavefalnadoSaouees  Al-Fe-P uar Cr-P luvs thosaanin
(UR 4 TnovsoiwadlanoaviodaluSnnfdn (< 315 ppm) Utnusaneiadfeenlldw:
ninmondooielafignedsluz)  ALFeP  widlawoaedmnnand soavedalnoegRi:
Win ﬁ\:mnn':'wmmmﬂﬂmn{mi wonyiniudawuinBanmnavoiafifiveeli I now
Suruslumem s fnaoewodof. Auas luuensieasdy 31 ppm i WSeafoufiou
nranfarsavedalnouminuazogbftvnlumonfulwinnfiin s wuainmedslaemdn  was
eafilumionihuionnitbiesfifn - suvedissnnoaredeunssougnfsnece i/l

P (ppm)

“0

- Al-Fe-P
& Cr-p
-B-N.o.p

o — .
140 240 30 . 426 680

Phoaphate levels (ppm P)

Figure 4 The effects of P levels on the amount of Al-Fe-P,CrPHOPIn the first month.

*CrP feuhinusesweavodafifionn i1y iny
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naYBAINIIBININLfnIse Clay-P, Al-Fe-P,Ca (PO), HO-Puas Cr-P:

30
Time (days)

Figure 5. The eftects of time on Clay-P, Cr-Pand HOP.

U 5 uandlihwaluazes 15 Tawan woavsdofidaadluaanlngssgnetihques
ClayP  $surmenaymusnmasesloiesifunnm - faaulngoanedassgnedslaomdnogdvs
vrnamasiuessdissnsiounmaansfiiilay Tamens sasews (257) dsbathnw Clay P
Tumuliazoruininas Dussanssanoavodasignefalnoinadyls q furesrnfignanduogfivin
A2veannt udnﬁaonnﬂamﬂnﬁqnqn!uo@uuﬁma;naﬁmunnﬁw:qunnn‘l AINALVLIN
nasenBenszyay  Aswliosnn 15 SulusdAntulinoareimontu Winow Clay-P v
ansntaTmd g unefl  danutinm AFe-P tusiiwe lueanamidio i gnio
fnsfmoanly) unlnawiduudassoiwimoswesasflan i ivua g v gnedsluguany AFe P
favziiluunas vy Mlvivoanedoundis (awei uasnms, 2527).

yinwanineesafl 1 1:!aumxﬂmwmmnmnqn’liﬂuuﬂnfmmﬁﬂ:ﬂuuuﬁummm
mildyjoweaviemenazlwdiosasnninin lunmuandliunsietings e slEnoaroda
wnlgfifingos  @enpeondunsindulinslifanas Fastumilalevsavinindnaila
Fauruimignie.

nrinnaeafl 2 shufonmovanfonntrlanoadodsnonastia  1nga lawueas
WANANIIEWIHOKAE  wand T IUSmn s lanoareiousaun 14 ppm (o nn. PO, nola) Hadu
sedufdenesililalnet IS Roswe Ansdoviumatgutulpenafio  gawnanegesd 3 du
(Ronuannfsusstjludnelufiwyiausinamueniefivlusastin  Sauandbidwrsdureaneds
Asunziomulnenaly)  elaaslyLmursonoioussawezgnaddiuasandsssooniiiiunfie
st Rosweludnolunan.
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Woaredalyugueing o ufuddsinnugnAssduwuibazosuansnsnislm)e ﬂo«v!ofm:gnn.n!uaﬂ
wiRunatiinagmlng  iooarulufssspaveoa¥olifli  AilviansiBosessmmac
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noorpimMnngs  Aeiuanaslayevinavedaluszozuamign.
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SORPTION AND DESORPTION OF BORON IN SOILS
AS INFLUENCE BY PHOSPHATE, SOIL ACIDITY,
MOISTURE, AND TEMPERATURE

Suphot Totrakool ' and Kanokpan Pansombat '

ABSTRACT : The studies ol boron retaining and releasing of sandy loam soil (Renu soll
series) and factors influencing the processes were conducted The soil was collected from
Mae Hea Agricultural Research Training Center, Faculty of Agriculiure, Chiang Mai University
The results indicated that the boron sorption isotherm of this soil tollowed the Langmuir
equation only on the range of 130 ug of added boron/g of soil However, the isotherm was
fitted with the Freundlich equation in all ranges of addd boron studies. Morecver, the boron
sorption and desorption of this soil showed hysteresis charactenistic

The preadded phosphorus 10 soil in order to fill Ihe retention sites of soil
minimized the retention of applied boron to the soil.  The effects of the increase in moisture,
lemperature, and soll pH were found to increase the boron retention by the soil However,
there was no significant effect on boron retention at low maoisture levels. The recommended
treatments from interactions between and among lactors influencing soil baron retention
of this experiment are also suggested.

unfintn nafinenmgausznnoluiesas s wanenizuawn 1 dinasse sy et s
v nnen @3 uasgudnouumanwuafios aasinmesmond s e dodndlvy wudt lelamedy
nagaluzenssturtind  (Dulummmmiressafirflusasmanaluzes -2 Wlnindunemmtandvrintu
erlafimn elmmeindenanaditumnsseaenitdlémntaoveslusenfiy  wonyinsis NAALBSNTINY
TuznuvestusfintdAdauanidnres Ponotta.
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mndualwiuin  wuan AlinnetalutowsestuAntn  oorsbifm s nbulwiusen s ntsluseslug

{u;mv{nﬂwanmmmswlum:ﬁunawuﬁdw Sumartumzvinageesiiviy  wesngueesaiofieaniWlen
uwonald

A%

lvowdusmwdaly 6 smfdudwienasty®ulnmsie  wifwdoonsluoly
Yhnisean ﬁq\fumuﬁdwﬂu’luwniou}ﬂuiaﬁﬂmvmumm’h g nuezinTITed g w
Sutinalusewflezanndldogion  wifwifontgulengle Tususstefidumusdonewsing
R wasfimlgnfishededuduszesiaesw 9 UhnmeslurevlussasaioPuesands
ssetan  nyavanfsflaionnreluies viofefdenmluinilaong  $anrnduds
siodlot]rlusenmaliifady (Tisdale and Nelson, 1ses) erndlsfima nslaajolusowinsldna
zdimaz Sadufiny ﬁaﬁsmn:’iﬁ'm:ﬂmmfmnu‘lxmw:monuﬂ1:ﬁﬂv’smmnmmwmaa:
dhfwbudutasauinn  navfinfaessluiodbufiarendild - fafioafuameiwivie
Tumaavioondy 1 Ay Tusoefutinafise i ifianadsfsmoReiusanm 3 Rt
w0y (Hesse, 1971) famwntl nstnymgfnissnasauaznninluzounolifntnansanin
wandonms 7 Istueduiluonrata fefseladnn s lilusesluiuonnesi s s &nnm,

nuizasivessniie  dosmavautineniznusssnyaromdn - asilunTn-
SF. 3 LN SR wazgennfrenmnauasnInusoyyaluanluin . Fasenibinsutieting

fazdanmatuuosih Fuszidnunanilun i fun s Tl lonivdannts dufmeosluaowis
Furinfis.
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Aufflflunmnnoadumsgeion Avo RV ousrmudfinovannminesmundne JafioandRey
Lar et RS

Table 1, The fundamental data of Renu soils,

Chemical properties Value Physical properties Value
pH 5.9 Texture Sandy Loam
OM (%) 272 Bulk Density (grmvmi) 1,96
CEC (me/100gm) 11.04 H,O holding capadity (WW) .
Al (NH,OAc pH 4.8) (ppm) 24,7 at vabar 19.36
Free Fe,0, (%) 11 at 1 bar 16.62

at 3 bar 14,52

lelanedunsgauaznnmelusow

lolumedanigalifn o nin nasezaolrmdssinoniuindaun oo Tl
i wonsoue. e 2 afanar 2wl Whiae 7w wdavnsiuinly centrifuge
wdamgremaavaooonly 15 w8, ofe Ansvivnaluoufioliony  wassniudvalolaneds
nameeely Tauds 1530, 908 0.1 M CaCl, udahnfuninan Centrifuge USRS HANIIOEALDEN
1sua. Muvlisduntsmlelensiunign onmiuds@unwilslameisnsendneluin 3 nis.
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mInaseuilsineig  Aduareninawasaoluson

manmanamisyauy Factoria Experiment in completely randormized  design
msin 5 41 § 4 i InofcesiBondad

1. pH 3 3xfu flo pH(5). pHJE), PHL(T)

2. qunn® 2 3xhy Ao T (20 C). T,(x6C)

a. awu 3 3ofu fie M (vabars), M(1bar), M (3 bars)

o, levunmlalusowsasvieavioda 3 %8 #io BP, Tuses wer wearlsiandoufiv),
B8P, (laluaounow 14 Sy b lavnavistaealy), BP, (o voanedanow @ T wdlalusaunnily)
Tnobnrnsluseufllaszidionsan  Sorption isotherm (1 nn. B1) sz fimnananeavsdalan
Frunssila 1laodald (1onn. POMG).

ﬁvamwnazhﬂunnmgon:ﬁﬂi 0 %% wErvnthemhnaluiesdtogeo
azenPulno iU idnadasnatunony = 101

matimaslusowluanezane  §Atn T innagealiveasyaasifitiaion
Rubrocureumin Aufinyinlusen wax Curcumin (Jackson, 1965).

NANNINANDILAZTNTO

lolanefunineaunzaolusou

samavalolnneinnmienusalusen  mEunIIey Langmuir (1) uas Freundlich
(2) WspUspsmunaidunay

C 1 C

adadusnstuinsiluasszenndounad (lalaaniaae)
Tusewfignandu (lalemriunty)

Tuanwsigneedaligegn (Wlennaniy)

fim st v innds sz e aluseniufiu

XU§0
T L L

log (xm) = logC +10gK i (2)
n

nK= nmf

C soluSownruansbioinluqudt ues 2 vngaft o wwwndmenaeduluion
anshufifnineanadrlumumeniss Langmuir lusasfun 130 Llesndamn, wsluioud
Muadly) wisvinsdusanluudadioyanianedy linousifiosameent  Haanandnafinaniamaans
oy Biggar and Fireman (1960) wax Elrashidi and O Connor (1982) aanglfl 2 wanalviiduon
soyanripnduluonsatueatmalflafivasnims  Freundich Tinannn 2w Sniudivn
nmneans %9 Elrashid war O’ Connor (1962) Alinaniinnag s vevwianing,

awﬁnm'mannﬂunﬂn'uufmowoaﬂm:.mndﬁn‘anmhummmﬂauu (Desorp-
fion index, DI) #smmminimwintdlaglifimaiues Freundich slop (vn) yssnipnrb
madamlasy  (Nge/Nyg) Swninen Di= wansimsussnaandusss Uanso Tz
nyifundula e Dist fuamemanedusesniaamianuanangnii  hysteresis

vhmwiwmamaﬂanﬂamﬁmnuﬁu\émwmwmﬁmmon':'m!wuua ndandent
Tinewdynflaluzoufiszfueing q Kensllife 10, 20, @, 7, © Wlendsan,  Inofidoyedang 2
wanal3lusnadl 2
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Added boron Cocentration 10 0 50 70 %0 X
(ug/mi)

vng, 0444 022¢ o020 027 02w g2y

YUl + mmaduensniendy (1 ) = 0503 A A7 DI = 0.9030.267 = 3.
uam7‘mnﬂanﬂduu'[mwluﬂwﬂnduamm1narmm Hysteresis  #avonadnafunantimaang
vy Okasaki and Chao (1968) uar Elrashid and O'Connor (1982)  MawuinMients
UamaouTuanulumvalwgidvuyn, Hysteresis.

Regreestion equation
Y= 0072 X 2994
R~ 0063

— . —teee )
o 20 L

0 s 2 A
C (ug/mi) C (pg/mi)

Fig. 1. Sorption isotherm of boron Fig. 2. Sorption and desorption isotherm
according to langmiur equation. according to Feundlich equation.

meau&wn nnmunIndius Aoy uazgmnnfl AlrenInaunzns
RS TRLANET T

InBwsvaavemwe
. e a uana'lmﬂw:"um‘ldﬂauﬂn!thriaunwldtumu Tusnsszqnetasionsiqn
Lﬁmﬂnﬂamﬂdﬂnnmmv‘l'\wuoﬁ'{unmzqnn’!dﬁnou Inyous ieilatijovl snnawdenfindinz sin g

wssdumlunrignedy ﬁw'lﬁ'[mnuﬂ'[omugnmamu{u Aot nrslayovinavindasslunesiyaos
o 1 S szenmantslusswlsun an .
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6mo-a(mn»o 'GHaO‘mel)
1.8, 8,
LSD 0,01~ 0.02 LSO 0.01 « 0.02

4 - x
1.2 : &

1 » ]
0.8 | 0.8

o or2 ops s K ?
pH
Fig. 3. The effect of phosphate on Fig. « The eftect of soil pH boron
boron sorption. sorption,

1.6

1.2

0.8

ANBWaYBIAINLDUATA-L LN

, nnuf 4 stoiwISieesunie-ue Waduen & willa 7 e sluseufies
o Semeeednefiusantimesnives Hatcher et al (we7), Sims and Bingham (1967)
usr Okasaki and Chao (1968.).

Karen and Gast \mss) ‘lv’ummum:(u:ﬂnm-.ﬂummuu%o'ﬂmfu sl
lorsorleitinulvy  wacoa@inlerannleid findulysiilnaenosondslusouldfiuan iy

.

Bndwavnsgunnd

Wegomnfgefunn 2 C w ¥ C manddlusenienifatudon (Ui 5) dinng-
masidnaenanndosfunguiindasnnisdn  usssanTIveaniuns Bingham ef al. (1971) A
Tugemsaneerfilusoioonitugeion. Hibihandusnazanisda il lomicofe
wntu.

H2 O-8 (ug/mi) ‘OH:O-BW-IQ
LSD 0.01 - 0.02 = LSD 0.01 - 0.02
T =
12
1
oe |
20 : 0 . va ! 3
Tempersture ("C) Moisture (bare)
Fig.s. The effect of soil temperature Fig.6. The effect of soil mosture on
on boron sorption. boron sorption.
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BnBwazosnnfu

Ut 6 AudSinadususegelindhnamurntiu va uri srawnosdslusouls
wnnimsfuiandluszAulu q erafioddgroath FabAdiesn Sl Bt
Aufntu  AlaRuAR iUty lusew Asannty
Brdwavesduninion (Interaction)

Bumintuvosiiviveng q fvbiksanetshuaouliladondan  viogluaowegluem
szaefann  SlidwslonireRmonfgs lauandflunied a

Table 3., The best treatments in reducing boron retention by soils.

Interaction among factors Suggested treatments

Two factors :
pHxT pH, x T,
BPxT BP,x T,
pHx M pH, x M,
lex M?
pHx BP pH, x BP,
BPxM BP, x M,
BP x M,
Tree factors : '
TxpHx BP T,x pH x BP,
TxMxBP T,x M, x BP,
Four factors
TxpHxMxBP T,x pH,x M,x BP,
T,x pH x M,x BP,
TxpH x M x BP,
§3UNaNIINANSY

nragauaznTnnlueslutugangdaduiwinalune  uansdnwoasfluBome-
% femnonowi muefiadfualinftveefslusenl slarouiisious Mllusensignanegly
awmnfigniansosnnnlfoifinrmEsvnfifmeluion tnssasluarazaetlE Iunads
Aosnszannatalizouenstu wisdosntailaluzesiea vz lomiontu forssznaz
faonslarjonseviotonly imriounalaelusssazanm 1 3n senvmiuna s dunin-us
voshufinrsogluing 56 wdwrsaunsfefissgn  Bslinanfududwhilidersesgnfigluand
ﬁqquﬁhm’o‘lunoﬁaumeuqqduwﬁoqu.u'n
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THE STUDIES ON LITCHI SINENSIS SONN IMPROVEMENT
THROUGH INDUCED MUTATION. |. THE RESPONSE OF
SEEDS VARIETY HONG HUAY TO GAMMA RAYS.

Adisorn Krasaecha ' and Tavatchai Radanachales '

ABSTRACT : The sradwation of gamma rays at 10, 2, %, ®, % and 60 Gy at the dose rale ol 668
Gy/min 1o the fruit of Litchi sinensis Hong Huay and then the seeds were germinated
Seed germination was reduced from 80 % in the controlled 1o 60 % i the o Gy treatment  The
irradiation at &0 Gy led to less than 20 % seeds germination. All levels ol gamma rays
induced abnormal leal shape However, leal chimera was lound at the irradiation |evel
from s Gy

unfinie . nareoteluman Tutvim 0, @, 0, © % wes @ Gy Taoffmdal ces Gyt Tddusa

SutWusesoan  wimiudalionn:  wud) AUtuadd 20GY Milkdeddudnaonasanutizne @
wefined  Tusoe Aada Ml OnrweenUszuw o (edinud adeflATurtndaf & Gy ssfinomaeen

liosioen 2 wedidud  Uhnadayrmzfunibilusesdund fjuinaeunt g afndneeslusmatufia
u Aot © Gy hily.

1 ;
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L Dept. of Horticulture, Faculty of Agriculture, Chiang Mai University, Chiang Mai seoooe,  Thailand
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8wt (Litchi Chinensis Sonn.) iwlinafleglu Family Sapindaceae Sifiwfinfn
AL ISR EIRAL | TRRY, (ORI LI DN RUIC R S PR KT TRTIIE IV SR B
Inoadiedaulnfund (Einammsgfsninnem, 2535  wwsalgnfldrfiguenyinfiuzzmemivuds
FafiumasgnivsBnnaoundafivhzing tow 1indn, Budte, Sv3Inild, sndgenoodszinnaniy
awint  aabaliznalnofuinngndfaninmmaseniw faflosdgniugvesdnSon wioens
danmadgniwmantetndgnn i insuslmiuasdoee  Wuiflougniio  Wugoeea,
fands, Toue (womznandng, 2s22).

fdun s manmeondoynstiviiy  Sutison o lalidudh oz
Win Vegetative dormancy  Ianawizomsfislusaefifioanimds  cRonvinssdAnlifamnen
Tnoludssnagamaiznan 1015°C uaztBnouidssioondt so80 an. Tussgaminn $ady
Auvinflign Tuszninanmsoneomiuiubininmominougunatisnm (Rotanbisinn e
i safiimuuszuidluiswianmunenamossunontfiess aouEwAiuslUSaase
mafienon anwemeissbu e mAdn momnzaunen I Y gee s wazn 1 vig ulnynadiy
armwn i nrlidusdouuszqungiudlunafl aunsonifinseunn wozSisoronaste
SuiluAvfinouminsron o Eowesssnmmwaandon srnaalnoih A nfvsAnnadiiiy
fuliutinsmasnimiusezuidlugasgeamun  (Redniilifn  Vegetative dormancy now
nresnapnuazAnIn eI MBLENlNIZNIIINTIsENAEN  LazAnIN TN INGREN 1IN
(Subhadrabandhu, 1990).

mafudpoiugRslneBnsdubidaninendug  (OndBniudiaiugRedings
Alagnmugimmdulisedissmumeoetin  Ino Broertjes and Van Haren (1978) lé1ausa
s lne sz sl iifimn anaaeiug Tudisnnan Vissan sy nluundite,
o l, 1o, 1oot, Todw, vio washu v wacluliandimoiouBnnanefin ceu ndan, du, o) wes
Ahlzan FavrandiiolAdudinnanaewsilUfivsslonilunaniad.
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Wands®izdiung q (Reutufugmenaawitedindu g sl

gunIBiasITNINeAne

Towaluiifovinownenin # owaty wlosdl Alvwaacandiaelio 20 .
poenelo 36 . wesiminaselis e nn WWiun et Bunuyyin Y Cs Taoundng
Gammator et datizgniuezisleiny rosimemand s inedonsasman foofan
$98 10,20, %0, 0, %0 uor 60Gy Inpfdmial 668 Gyl unzifiovnsnativinnanaviafflady
warlilid iy oRonnaosinlivoslunszusnsne TnoBaadnimbizanm + 49 Sodufl 2 wownex
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Table 1. The effect of gamma irradiation on the germination ability of Litchi chinensis

Hong Huay seeds, % days after starting the experiment.

Treatment | No. of No. of No. of Germinated | Mean Mean
(GY) iradiated | germinated | germinated | seed with shoot root
seeds seeds, seeds with | roots only length | length
percentage | shoots and
in paren- roots
thesis
Control 50 45 (%0) 44 1 7.7 135
10 47 45 (as) 44 1 250 136
20 a8 39 (81) 3 3 25.2 14.0
30 % 34 (74) 26 8 236 13,7
e 41 34 (83) % 8 22 132
50 % 31 (67) 20 1" 218 12.3
80 k] 14 (38) 0 4 4.0 10.2
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Figure . Germination percentage of Litchi Chinensis Hong Huay seeds. Fruits
were irradiated with gamma rays.
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Table 2. The effect of gamma irradiation on the induction of leat chimera of Litchi Chinensis
Hong Huay seedling, = dyas after starting the experiment.

Treatment No. of Cbserved No. seedling No. seeding

(GY) seedling with maltormed showing leaf
leaves chimera
Control 45 0 0
10 45 5 0
2 , 3 6 0
30 34 4 0
40 34 n 1
50 aNn g Bl
B0 14 1 1
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Broertjes, C. and Van Hartan, AM. (1978) Application of mutation weeding methods in the improvement

of vegetatively propagated crops. Development in crop scence (2) Elsevier Scientilic Publishing
Company. #1é pp.
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THE STUDIES ON EUPHORIA LONGANA (LOUR.) STEUD.
IMPROVEMENT THROGH INDUCED MUTATION
Il. THE DEVELOPMENT OF THE PLANTS GENERATED
FROM THE GAMMA RAYS IRRADIATED SEEDS.

Adisorn Krasaechai ' and Tavatchai Radanachaless '

ABSTRACT : The development ol Euphoria longana Daw plants generated from gamma
rays Irradiated seeds from s70 Gy. & months after planting is sludied. There are
difierences in height, canopy width and stem diameter in each level of radiation However,
there are no differences between levels of radiation when means ol those paramelers are
considered. There are two plants which are morphologically dilference belween the
conttrolled, Flowers of these two year-old plants are not yet observed.

unfinns  nafnsnavesosesiudlosugaofiinnnadefaiuistuman fwn 57 Gy wlavindgn
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Winufouvineslioseaniu wasynidefifinebuwnncizfusesia®  wunbsieonunneeiv wues 2 fu
ffdnwoe movanflunnsisluvindunaungy  ilimusunnanslalinenined 2 o
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floduftlwomougu  ASmmdgneglslszinalnelidonis e awds  Tee
Gulgnbauen¥vdavasues suyd sy wesmymmerny wazdnnliunssoshmanimonsio
Tnefinaugnssnnfign A¥andinSodmi wasdmn (EWinawmegfsnmnem, 2535) wiugaile
Tnoaluluvisnentdidu 2 vhzinmfie &losssuey wazdlomzlvan Tnodlonszlvan wase-
wftealiuslnn InuSwugene g Laisiounan 10 viug (g | 2528) wnbivaugnmariafiddy « viugde
Wugen wioBee Yuguia Wufifiondion werNugom

fgmidgflenannlzousgifise  nmoonnen ussfnuslusinasenng v R
nmsannenuazhasa®  wrutabiliooneenies  BafaansznunizAonlutisnelivesnwngugn
uatnabs (ofimadof sy, 2510) wastigwidadanssiononnSoauslluilvgiu,

dlodulinaflogly Family Sapindaceae Sf8wAwdaluutiamfiiuisenfizine
B wffEInT wain was¥unould (3e0erinef, 2528) vfwn mBvUTasulnonifnaniugsin
wonvmbsneSwsds Hfifthznelng Mivde wazsedgvieetin  avdgoadnifinadneiy
ooy TnnfiymUszasdvdnynanmadindoniioilinovoning  saend nfwven Jfosamey
VM BonmenminaNe waswandege dviugmbzasdit  AinsanililAun nfiaziion
oyusinldivon  werliniuBoiomevdeaniufios  senvinidluilegtin wadloamnoialy
viTynzUnafnadalwSgrammild  adosnmflad ot fhitera (Subhadrabandhu, 1990).

i nmsiuupaRngfldmlnotndsnslnedn Sz w259 wn
mahzninfindenniugitlofgnidunmaiy  whscRuianTInoennonRRKann LB HESHIN T
e 0 Inolvignmfandafesiotiu 3 O (aznose, 2528)  oenalsfisn nesome wssdaines
(2s28) 1Alvieamindy Mnvadanavatiuindulefi®  wenssdndonduiondlodsroz.udin
waiunzadnteutlonananiuglison  faewidlildvganfmdh  Sosvinnafindond
iy indudlefidgnenfanewdy Tonofissiimudlv 9 cousiviomnn  Awdidngiontdnislaily
Anfllvinannainuousiwizdnensvoning  whdianfiosyinnasuedngsniwba  waziaou g
fudloiufiduld  $emafufl  Subhadrabanhu (90) ne1aan Aufildvinniaonnsudneed
rmulssouioninegs  wisiieldofinesinafivondn  Inofidnwasfanaragnasunainetin
N

s miuaRuginems il mifinnnaswnd b loviu nizuade usspme
(2534) Ve nalfamnonat S snodaBununy Amenawmsvossdndlovugon  Tneaaod 8daue
0 Gy ¥l yildntrsendos wazdvowiufeonlfanas  TnofiSnad s 70 Gy sxfiuds
masonwsaadn daslufanowin wuanBaiad¥faun w0 Gy fal1) Snsaontngsenvnaringoay
oo wozme wozwusdalunssinyinliin Leal chimera visludundn uazfonew.
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dmnIfnmn il owuiling  TneBnasdnlitnmanaiowudludiohn q s wuarls
m3fn Gene mutation luusthfla (n = 2x = 2a) wuj Golden Delicious MilWusdaumug
ASooncnduluns  Granhal (1953) wudt WHolitsfendfl s KR fu Scion ool Oadiny
Dazesinds wuswsfifasfulmbilon an ey on somwiodduodsflinnna s 2n aasidn
%1 Scion AlAhdafluRnuwives  wuiSnawEdnEa s 9% Weflouiungs Control
finddnhzne 0% dwnminsmeivnmlifamenin wuan nalifefiogbazesiin
fafliny 70 S e sax 0® QamowanAnf 2 utanan 28 $al wdasiluny
fanisly) iliAndnwoe Bifurcation snnandaend 2 oi1 oo o8 Ao,

Campoell was Lacey (1973) 18¥nmnedsfumsn 510 k rad AusIsoonyes
fund iy + 0 Tnosiusaulalifiasusmesiia Lacey (1977) 14%98unusinen © Co Trusidnn
T3 15 k raddalue fufeiug wéa¥oialumem weslidiufinaoiugluh duwde.

msfiunmfnilurieds Hough ez Weaver (19ss) 1#¥slunsninnn ® Co Taqy
wuuves gramma field wasldviuiufiininnainmowsinaioin  senvindfsfnoaweenm
Winnananeing TnodBnasdudlulinetu g i oo Todv et wasluliinaBu 9 Snvaioets.

mbzavivosrsametutifiifein s nmatgulnessisd lofivmsoaen
wiiinflitudoBuninitluytanowing « M

guUnsBiLaz AT INAae Y

e aldndloussnranoumosvo aadnd losoUSa ot sl furag q fwr s
Gy - o Gy VyliothsasBonudolu nmzusdo wasene (254) mitwgnduflogenlai
wilaalgn 1¥Mnmgnuuuundg Tnefazesaewingin 150 amI LATITUSITNINLOT 20 eI
Inum:un:quumq‘ 280 ey feranaeionzunedining s . uorln 60 T Ugn
fudloismueuy Completely Randomized Design (unequal replication) Mnduioys
nn9a 3 (o

NN INARDILEZ 1T

masigule

mafmevioyonaitgiiuln  newdavnnrsdweansdsesmesssiina 2
Wion  wuTlifiaasuenenansitun g ATWNINVOINTINY  LAZENRIIRINA IV IAAU
wosiudlofiinnvinednfla oo g wasivnauns fwiudnruyigiule
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Figure 1. Growth rate (height) ot Euphoria longana Daw plant, ) year after planting.
a) s@ Gy and b) w70 Gy treatments.
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mfiunTmgdlutoy 1+ 8 uemdlunwfl 1 dommaniavemsane wanslunndl 2 Bauang
Widwin  fuflananadafllifuntnad® 70 Gy Swoensswsfivannidils Treatment
Bu o esssflosnvnnmfifinondfaonte  Soliorenegfios 1+ fw Redeyedluandly
el 1 yeidssnmudnaissnad i yinnmfuioye 3 edslvaey 7 dlew Susolisfl
wendliiiusy  Aufiviusnnadeflifinmine © Gy Sworlngnidwle  treatment B 9
dnvies Fauamalun w3,

Table 1. Number of Euphoria longana Daw seeding 5 weeks after germination and
young plants after % months in the experimental plot.

Dose No. of No. of plants remaining after 1
(Gy) Seedlings months in the experimental plot
0 46 3

5 a4 34

10 a3 35

20 4 38

30 40 a

4 25 23

=0 7 6

80 3 5

3

ottty Sausiwufvimsoinynadnfliiutnaddeaetn selinuan
woanwgfllndtu  warlndifoediu Control  Tuusinsvaosmsnmvigiulnims  wilyuilas
neandwivud  Aufivessnvnadeflituduiings q wderngevesindinewinsszunn
fafin Fourgagnantiviogn Fauarslunmd 4 Badunngensn sined sagrunsiunniv Ty
huhnadaingy o
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Figure 2. Growth rate (canopy width) of Euphoria longana Daw plant, 1 year after
planting. a) 5% Gy and b) %70 Gy treatments.
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Figure 3.  Growth rate (Stem diameter) of Euphoria longana Daw plant, 1 year after
planting. a) 53 Gy and b) 4070 Gy treatments.
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Figure «. Plant height of every single plants in each level of irradiation and control
at the last measurement a) from 530 Gy and b) from &0 Gy.
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mifnsdnwaefrtalyUsindu Control

ynmadaviibwlssgn ilemdnmns Aunnmslunndsnouns vindwoniug
tgnifavan 211w wudy SiufiRms iU ond sl 2 Gy 1 fin usz % Gy Bn
nilsiufuansdinune mouesnfiuandrsoonisinduliv g fo nwocludndn wesS8Sedy s
vinnmadn Compound leaf 1 gn wamdliiiiuay luszndrssioonatludn®  Tnefinw s ingie
qIUVBINTNTT © AN Aflagendn Aaniedl 2

Table 2. Length to Width ratio of leaves of Euphoria longana Daw generate from
gamma rays irradiated seed and controlled.

Treatment Length Wath /W Ratio
(mm) (mm)
30 Gy 16.0° 42" 38
Controlled 16.4* 50" 29

mean of 8 leaves
* mean of 12 leaves

NILANAIL YUY

ynnIdufindnenennuenfuessssiunnsssiovin  mwmoiaungeueng
nmuenuawseanliidn 2 qliuy Ao Auflatinnuenfsete cvigdulinddwdio q iy
Endnmoevdafio Snriumnusus SaAnuss T avmunnLYHIEANY YT 0708 183038 W foy6
o suanfisurnauanslunand 3

minennen uweasfans

doyansfuniseneen wasResadludoyadiiing by fexviolugn s fimdonwug
Wouremdnwoefifndiduogtn  doavina Hgmiddgflanveansatng lo.dunmdy Al
masennoncin 1 0 wioveol andnwocBu g Adudioanntennanife dnwacsaln was
wanfvomdn dnwosdwin Snwocfefindos vunenIlnmn sy inaaniy wasdnweBy v,
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Tabie 3. Branching of the irradiated and controlled of Euphona longana Daw, 21
months after starting the experiment.

No. of plants with sideshoot
Treatment No. of Plants (Percentage in parenthesis)
(Gy) recorded
0 ' 2 3 4
Control 3 9 (29) 14 (45) 5 ( 16) 1(3) 2(6)
5 34 10 (28) 15 (44) a(12) 5(14) -
0 35 7(20) % (45) 11(31) 1(3)
« 38 11 (20) 9(23) 13 (34) (7 2(5)
30 38 8(21) 16 (42) 1 () 3(7)
“ 23 7 (30) 10 (43) 3(13) 1(4) 2(8)
50 6 1(16) 2(3) a(%0) .
60 5 3 (60) 2 (40)
70 1 - 1(100)

wrintindlaA® Innmivnansedasitemuof 2 Aolilidvmmansdnlefiunssononlioin
$atunugueranfldndglunnimeaes.

padmen Rl saz s sonnonbits ngdofign  Selinandndvonnabs
Fodn Tunmafineaed sl Atadne Tan s Dl lAd e dooonvesiunnanshwns: - Treatment
Tmufufssesindflisvinnanes  Sesvnliwundufignyinfenesannsisbinenldlussos
veddenn Ssmniumolutidieatu dRefneiiBnmfnan sz s o idufvmsaEuaen
wimonneonlavioli,

Al Atnlgnivdolovmfarenaslustoogn  Aauridondonen (i wes

eI ufsunssoneesivly Treatment #1s q Lwdiowauniien 25 (Rofnenm
Wanownsiwdanats $aveldaormenyafine o nsmetivasll).
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i ok, S o, U, Mlans, an M uas guss, onade. (2995) naldmoninSivseiedenazdunm
ponvenonsedily, IR 2(4) | 253
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EFFECT OF PLANTING DATES OF BLACKBEAN (VIGNA
UNGUICULATA L) ON GROWTH AND YIELD AS RELAY
CROPS IN CORN UNDER RAINFED UPLAND AREA

Annop  Kanachareonpong '

ABSTRACTS : The experiment was conducted at Mae Hia Agricultural Research Station and
Training Center, Chiang Mai University. The objective of the study was 10 invesligale on
the effect of blackbean planting date on growmth and yield in corn/blackbean relay cropping
under rainfed upland area. Planling dates ol blackbean were 60, 70, 80, 90 and 100 days
after corn emargence. The result showed that yield and yield components of corn in all
relay cropping planting dates were not significantly different, average yield were 5,703 1-5,828.6
kg/ha.  Blackbean in relay cropping of s0 days gave the highest yield 8781 kg/ha and at
60, 70 days gave higher yleld than that of the sole blackbean in all planting dates.
Growth in terms of dry matter, crop growth rate (CGR), net assimilation rate (NAR) and
leal area Index (LAl) were markly reduced as the crop planting date was delayed.
The land equivalent ratio (LER) of all relay cropping planting dales were more than

unfinte nunasssldmen s @i¥uecquiBneussnainenuafo: assineemeaed  wvInede
Modlmi  Tno@¥nguazaedi Aofmanase s Tulgndad Wgnintiesd vilwason ovigiule oz sastine sReds
seamoldonndinoue Wshaulnougntaduvlossalee® 6o, 70, a0, 50 ez 00 Jundsinalwasen  wa
NTINANGIWL T INaRBRLAT oL NOURaHBRse 15 lwesoanugninlesfinn Sulgnlufnoseanmisfun antn
Inilvinostinogazwing 570 586 ndenmyd  madgndadnvlessialnefl @ fu MinosSngege 78
nnAenmd waznginlenfl o, 70w Tisestegandinsugniasiowefivotuugn  nosoetgitulnlsens
rmemivineds  fernayigitule  Smmnvigiiulasiefuily  wosdedufly  Deiannseoiaada
mwiulgnfiardioen ) fiv LER finndudgnfiiwonnds

) s R e mudfnauaun inemui oz, aasinemmeed, v Iinedoosivg
Mae Hia Agncultural Research Station and Traimng Center, Chiang Mas University, Chiang Mai 50002
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Aufinounrdihdulusnnncnfionsuusss izinalnoSfnymenamonmn - dm
Ingrsznoudigmasanufingsin  Sfhuvsminuesssomnasnizyvisogialy  (TAWLD,
1985)  wAmItmnneluRuifnafdeinfrognaetin n mmousveaiun i
waznTINIE LIy Yaznoufuaaminfismo¥aiTbitugnesdanmzaanldse  Duonly
niweniuasBonandoniouiny  ofls niovzdanfisanlng seanifisand sdn st annas
wizisintnssstasnagnitlinmagnfieBu sénwmeensionduwlilien  (Yee and
Sujanil, wes) Aaewwel  ndgnfsiamensdumimemiafinnountuiignisiana il
poWlsfimumrlgnReiadiueiin e s Aol it vinm anamu ndom AusnTy SDonad.
1963) uArrussiuasanalivoninaienafimnzen vw nalgnfecemyuiusas iuluoand
fiariy 38 naadfomaiueRsessnadandgniniieniufiondn  inaizemznads
g wie A mgnumngsivedfuld  Inowoseuosnredslulmom  (ynink, 262)
fafu  Wanmitnwnfafifinguszmifom Sulgndaa Sorgnovloss Innflomnzas Viathiie
samnmussinfuinalne  wocnafuflin linassnvssinalwnanasonvioansalyizdufl
mansasnnnsasineesdait  ewilugmsliRudnuldod e ans sty

gUnIBlLREATN1INARDY

manaaoamey oo owesauiBnaaanTinweiusifer  ateinenImaed
i dodlmi  szwdtadeufinwonu 2532 - fuen 258 uswnIvmassuuy  RCBD
§ 441 winsdSiugn s Tulgnfie  dendofumsznaniniaIneflize = e, 70, 50, %0 uas
00 Fundasalwesen  wazdgndadnlnodwaduutsemsaveoy  misdgndanelevugeranm o
fnzpzvviunouezdiwiu 75 uas 25 M Fow 0 Awvgy  EwmTuluszuungnivBonss
dgntmusmizwingiuininalnoldnsgRudnfrz oy dgniawdeatuinalnn - §wom 3 fwvas
dauliutnstifgnlnud oot ol rzesUgnuns S nowiwnan owhoafiv Yomagadangaa
Aofovmihwinuis wazfiufluyng 0 Tnnfuivedauanmdsnintinionud s © i
Narevivadrannyigihule (Crop growth rate, CGR) dwtiiusflu (Leal area index, LA)
pranmscmntmtinuiefudlly  (Net assimiation rate, NAR) uwsstiufinwdsawensuns
Wohmannusiimwintisnsnusssuastisiudam (Light penetration) Yinfinussden pefvsznau
wonln Avlnafufing (Harvest index, HI) savisfwame Land equivalent ratio (LER)
unzen Area time equivalent ratio (ATER) dwdudvilwevinasmavinaasliv  uozns
thenounastin.

NRNIINARDILEZ IO

RELI LRI TOR) (ﬁﬁuﬂ%, ﬁmm:uuﬁwmznuﬁ«zaﬁuﬁﬁu (CGR),
frsniaeansIinuisieAufly  (NAR) usx Asfifufiiu (LAI)

, maazmrminulagegnupafiaaf fugnn g o) Secwuaneatueossiinindigag s
By (P<0.0) Wanavgrivlion wastgnleed i welionfoufiouizwinansugnonissdiu
navgnined e (Ahalenifeafing  wun ndgndainlaod W ssisaiilinnessimsinuds
ganimiafilsddiyenisbs  (P<0.o1) Tuadsosfimnmazmaimvineisrefudifn (CGR) wun
A1 CGR gegaunnsitstiufuriviulgn  TnoansSutlgnuanengean wazgondt dngnBin o ool
dfgorndy (Pwon)  uadisnfoufevubarwinmmlgnonieutunisdgnlnedne - (fiwgn
Woafiu) wudmne Iwdgnlvien CGR gaaalsiunnmsfiunantifl (Pso.os) & wdunstivesdngd
naezmiwminuvisrofwudlu (NAR) wuirflansisgnasnlin NAR gagruazunnsiasiniugn
Buq ainlvuinfigoniBy (P<.01) Manmgmivlon wastgninod v unSonloufoudin
Ugnifisafiuwuimniadgnivonfionalgnuingien NAR  gananadanlnsd oo ssiledndy
otly (P<o.o1) Tawdunsdafdiusfly (LA wu’hﬁﬁﬁuﬂuqaqmoﬁu&gnmaq Srumneiafiv
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msadRlaomn st gnuanSagaanfensUgnonBion wazgnined i wndinalioufious Sugn
Woafunuiienson TugnesniiisAfaan g i fugninsiweiteaiufluggngann
mrtgnindonstnefiteddy  (P<oos) (m3nefl ).

Table 1. Maximum dry matter accumulation (DM), crop growth rate (CGR), net assimilation
rate (NAR) and leaf area index (LAl) of blackbean at five planting dates in
corm/blackbean relay cropping and sole cropping.

Planting date DM CGR NAR LAI
(days after corn (g/m?) (g/m/d) (g/mvid)
emergence)
Relay cropping
60 503,52 13,57 34,32 3,28
70 482 90 12.74 3275 323
80 173.55 471 2,18 2.29
%0 42,78 1,14 7.26 0.93
100 37.03 0,99 6.48 0,91
Sole cropping
& 571,85 12,43 %2 459
70 520,00 11,70 25.10 4.53
80 224,52 4.44 9,62 363
o 94,38 2.42 854 1.73
100 70,15 1.74 6.% 163
F't%t .. - - -
LSD 0.05 272 1.36 2,48 1.22
LSDo.o1 3.67 1,84 335 164
CV(%) 0.68 14.25 9.55 31.36

" significantly different at 1% level

nIneEIuYBILKy (Light penetration)

Suwalivimniwlgnenanagniveslusasusn 9 seamsatgitulaiiaifng
ngnleedvs  uezSeansadudAunmmgfifatu  (Fedfudflufedy)  Hanmgnuion
aoztgnlned vy uidnarvosnianssusnsrsfiulnewudnistgniniiousivweDinanadludn o
fufwsrainee  Tususffnanassitndavnnsdenieed s (nwd )

Howle uarpIftTEneuNGARAYe i Inal oL gnunBiontan was Ugnlnoiiwe

wumagniafliouinabneffulenae q Tasilvinastingnsivalnasane e
withiznln wosBeegiEnans 57000 5050 nnAened BannarislgnAnaaniilizesaand!
flwn  wesddndnantgiiulndndlamaiu  naussdinfinadiion  (Francis er al, 1989)
fviuniinsftienousnanasfefs sz noumaoieontindin. Swsindln wasyimin 100 e
wuilifinowuenietumaet®  (P>0.05) ludinsaBoufeulwzwananguesanmlgninion
viodgninodiafiew  (nmnafl 2).
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Figure 1. Light penetration (%) at five pianting dates of blackbean in (a) cornblackbean
relay cropping and (b) sole cropping.

Table 2. Yield and yield components of com as alfected by different planting dates of
blackbean in cormblackbean relay cropping and sole cropping.

Planting date Dryseedwt. No.of podpt. No.of seedpod 100 seed

(days after com (kg'ha) wt.(g)

emergence)
60 5,703,1 1,10 457,63 24,45
70 5,758.0 1.08 450,74 2427
80 57213 1.05 443 85 24.35
90 5,765.0 1.05 470,24 9.2
100 §,805.0 1.03 468,39 24.42
sole cropping 5,828.8 0.9 464,62 24,30
F-test ns ns ns ns
CV(%) 8.45 8.43 2.0 350

ns = no! significant

39



TIWTINENT K1) © 642 (2536)

wonln  pfUsEnouNsHBRIt AT wasATinIsAuAL?

wui Fudgntiaddunnersiutinainlinasbrs i Fiugniviondn s newanaiaiy
ot esivudfigan1aby ‘}[Pa.m) oniisansiugngevine Suwaliawestinvnstaiansadudfy
nTurlgnfiariroonlulneaaslnegizning 8781644 nnionnyd edgrivlien  uas 7513756
nnAsnn i xﬂpﬂﬂ;ﬂﬂﬂhﬁ'eﬁuﬁu‘mﬂqn dulwy i fugnuan g Snacmalmineaganad
ey uhdionSoufioufi Sudgniioativiinu masdeeestivinnaugninion Julgn 6080
Fundsinlwmonganimmgnlesd iatszam 14586 % mudfuiudiuhalgn  Hasfinnag
maeleninouasipnamemIvingy uazly (Fwvinusia) Wialn wazindnliting) Baukinee
S winuishoninfinm  (Donald,we2)  fwivluasmnsithsnounsslnsionfou foud i
Ugnidioatiu  wusmadgniiaaBesitalnefinniudgn (encndsdgnanyie) Seanilvdiowou
Hna iimin Siengenaomatgnlaeé wiantafiinddgls (P01  visinmandizinfigniviien
rlwaldo i alwmdwidlvidiooiutn  fednsmsinsinililmanisve v aabiodwan
fonmansEensuarnzrlum e liin  wenyin€l  ndgninBesdaifiusia e 1
(G Alnowdulaneddnalnduing sonns BaemandsaefiviTbiimaniing” wos
taiuSiodgnivloninlnegendy aeandosfiurwswees (Davis et al 1984)  unzfawuBndy
Poulina’  Srnamssduddumnhalgnfindoenty  HaamadainduRiviudusitoua
Inghthzane 2 $aluafiSuanlvinonnonidweAfiutaegedn  (Summerfield, 1980)  Aavn@
Sulgnuan 4 S9aaoaninetgfulamediuszlunounisesaliinondina® ganaiu
dgrvds 0 dwiulwssssdetinondufos (H) wunflesshalgnaoniimiign  sazusnein
vinfulgrifu q aiailoindgeineBs  (P<0o1) Manisdgnindessarigninodvisenninfulgn
win g SnmezmihwinediagendtiutenBu 9 fseraiibiAenzussiuniouniunaeemn
szwinsndoazd i dusontntudmftsinnusgulamsddsesly  Innamasvmaosgnds
Wiseufidunontrludndonfianas TaviildedisinrafuiooesTugnuaan 5 dnariulan
iy 7 aoendosfiuTiowves Vergaras and Visperas (1977)  waudloafpuifioiazvang
nUgninionuasUgnlnodwe (ﬂﬁuﬂqmﬁmﬁw{) WU aWEmN TRUgnuInenanTIlgninien
oininA SR AL RuagenaisUgnined Wasnafisivdnfgonists  (Por) b
mm’mnxjgnﬁuhmluui'\1‘[wnﬂ%mm‘hnmmmu (nvyn aszdoaiowesly)  Hedman
FenIanssnsnsmuarnIs ol vl ifn  Baereisanibivszivsawlunneiondiouss
tmmemamrvingy wosly  (Fwinuis)  WislinuazidngenihuessenndosfiuTisanuns
Davis et al. (1e4) (a319f1 3).

AN TOIUNTIRER wazUszBnEnwessssuunmIUgnie

prnfl 4 vinmsdisfun i lomiditud e Biwane  Land  equiv alent
ratio (LER) uwazein Area time equivalent ratio (ATER) wuanhagnfizhnioninzlvndt
unnenafulaifinarnlviny  LER safunmisatil  (Pso0s) yndwdgnlien LERganan 1 ¥y
wwnwinmlgnitnfinniwlgnlithzlesimteninmlgnieimes#ion q sasofiveoon
wyazfivudanunm LER sosnlna (L) wandnsfiulanntin uein LER woefioln (L)
Sinamasdsddunawlgndiarioenty  Swmosearfienmetsivaznanitilwesezdoh
Tudnwazfiininalfntioundt (Ofori and Stern, 187) undlefivianciluadeinn  ATER
ndunwudmnisen (onciudwlgngarion) Tven ATER ganat 1 somsnoe i naugniiam
wlloulne#! 0o Jundsivalwasonbithzlomimflon nadgniotaeoafes 9.

NIUNSNIINARD

C Swlgnifamnfiusnnemsligsaniz nunonsslauss sz nounasiinunincine
dgnindeudaounntialn  wesluuansinslvininainefiuanlnodwalindonlnbineslinogiznans
5703.1-58050 nn.Aened  udlinaniznunsuesBnuazssnstnausasin naonsum I vigiule
sadiafn wawBevaatanfugninionialweansaduddumadiulgnfiniieenty  Tanduigndt
&0 Jundsinalwmnnlvuandngeqn 8781 nnasneyd  Ssafnufouizwitssasinuoadiadfiugn

40



saynyiuLgndainfiugntiesdlnmienaiguuln

Table 3. Yield and yield components of blackbean at five difterent planting dates in
cormbiackbean relay cropping, sole cropping and harvest index (H1)

Planting date Dryseedwt.  No. of pod/m’  No. o seed/ pod 0o seed HI
(days after (kg/ha) wi.(9)

corn emergence)

Relay cropping

60 878.1 2215 17.75 17,46 0.16
70 786,3 20.00 17.50 17,25 0.7
80 a78.8 9.75 15.75 16,53 0.21
a0 688 7,25 15.75 16,34 0.2
W0a 64.4 3,75 15,50 6.3 0.23
Sole cropping

60 7513 6.50 17.5%0 12,47 0.14
n 88.8 425 17.25 1723 (.14
80 34683 375 15,25 16.42 0.19
%0 114.4 2.50 15,25 16.37 0.23
100 7568 2.25 15.25 1617 0.23
F‘test - .. . . .
L.SDo.05 70.2 2.55 .73 1.18 0.01
LSD 0.0 75.8 3.45 23 1.5 0.02
V(%) 12.6 212 7.31 485 4,40

** significantly different at 1% level

Tablea. Land equivalent ratio (LER)and area time equivalent ratio (ATER) at five
planting dates of blackbean in com/blackbean relay Cropping

Planting date

(days after

COorm emergence) X L‘ LER ATER
60 0.88 117 215 1.40
70 0.96 1,14 213 1,32
850 0.98 1.0 2,08 1.22
90 0.93 0.86 1.85 1.04
100 1.00 0.85 1.85 0,96
F-test NS e
LSD 0,05 0.4 0.21
LSD n.01 0,58 0.29
CV(%) 13,32 11,20
Lj= partial LER of com NS = not signfican
L,= partial LER of blackbean * = significantly ditferent at 1% level
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DRYING OF WET SEASON JAPANESE RICE WITH HOT- AIR
DRYER

Supasark Limpiti ' and Viboon Changrue '

ABSTRACT : Four drying methods using forced-hot air bateh type dryer wire studied at the
Postharvest Research and Training Center. Faculty of Agriculture, Chiang Ma University The
crop dried was Japanese paddy grown in rainy season ol 14542

It was found that drying the paddy continuously with hot air at a0-42"C with the
drying rate of 1.0-1.5% per hour gave better results in term of drying lime used Milling Guality
was found 10 be not alfected by all the drying methods 1ested. The head rice yisld was in
the range of 6/-65% while broken percentage of milled rice was +/%

Test resull aiso indicated that percentage of grain cracking tound after drying
had no correlation with broken percentage of milled rice |.e. high percentige of cracking did
not lead to high percentage of broken grain.
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! Agronomy Department, Faculty of Agriculture, Chaing Ma Umversity. Chiang Ma. e
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Table 1. Treatments used in the experiments.

Treatments Details

1 Drying with hot air at 40-42"C, pressure 2.5 inches of water until final
moisture content reached 14%

2 Drying with hot air at %38"C, pressure 2.5 inches of water until hinal
moisture content reached 4%

3 Drying with hot air at 2042’ C, pressure 2.5 inches of water until moisture
content reached 18% followed by aeration until final moisture reached
1%

- Intermittent drying with hot air at «0.42'C, pressue 2.5 inches of waler,

Using ratio of drying time to aeration = 3.1 hour alternately until final
moisture reached 14%

NENIINAND ARSI 10

FrsnIaan I NT Y

drBenfisnnannats Seondutiiueoninigs Yedndinaahaailsa o
Fuiownaersniwstnhznm 68 19lue  Tursswanldnmnassfinadadleimdwaomtislun
Terndew  (Rolismsonunsguunfsssdostinduenn  anbngwnsisfidlua
Tinndonldgene  SofmaoarldunoudwdoBammiy  nossneaaduddhonis
i wEdinivesnnimanudnags (maef 2) goavnfialinmielunsagsaynnaandilinn
siound 0 "9 usrguvigfanioweesnyzd i gmnafaaiouy i Winanrlueme iz
genvnnosinldnnnsudewedslunsasoisomts  biguvafedoianss  wenviniy
nndesdnmtarsinlinesie  Ailvinosinasigennfaefudan  sTuaaniansa v
sosizYogmnglunnsibillviganll Aeliliduiun oensdn,
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Table 2. Drying temperature and relative humicity.

Treatment  Inlet air temperature  Pacdy temperature Outlel air temperalure RH
Mean Range, 'C  Mean Range, 'C  Mean Range, 'C  Mean Rarge %

1 a1 40-42 36 34-38 34 32-36 63 54-84
2 37 3538 34 30-3% 3z 20-34 72 57-88
3 38 30-41 ES) 30-36 33 27-29 89 65-77
“ 38 34-40 30 2538 2 2532 73 62-87

InotliSntnaneondy  guvgflunosinaesfishigariuguuafasiowy i
arivefion  ifaduoinei q Ailuamd 1 fauamano i Bouenagomasunosiniesgunng
susonyoImI B 1 dadwitnmndigMlifulunmennafuadnfiels  woduagoontiy
nesirisazguomnfanoenfufununaofliornindy  dasuin 9 wssnsann dugvMnf
ansonYaRaIR NI LNy Dau Wnavinnadousauntassgnaiinnlugudeds  wasBndon
wihnzgrlillunmazivehoenyinadn  vinnrmmeassnfiwuin Sonandunssdnana v
o win  gunpflunesinsasgamafeniovroentisligefurifuguuaSanynin Ao
Talrnwlufndiun orionizsonenssdn  aoslafinm wandnmsenesndhson o peunnillunes
rewtuneifugamsfeurndy waclunslnduinnBonaomng 7 wwansuzeiing i
fufinly) (Over dry) warerwiwiunanenudn Safnarzdnas Satufns.

”Tmpnm(c)
w | 4
D e IR N i e
”»
'o A A A 4 L 1 L i
[ 1 2 3 4 & 8 1T 8 @
Time (hr)

T lnletak " Paddy % Outhet air

Figure 1. Paddy and outlet air temperature.
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Temperature (C)
50

T 712 *7T8 —— T4

Figure 2 Change of paddy temperature during dynng.

Fesnmianeaniuslovnsin Senlussinsnrimaansingenindn - gmnfiaiond
Vivzgneaum Ll 42" faTugungsfitioilainisnunsnueenisiadien (Iauma-
ny, 2529) wnemefl 3 wud TR fEmnmisannduolugagnfin 101%N, 303880
Varinm B9 5, 4 was 2 $effmnriannawusliooiviu 097, 078 uaz 0.85%/TN. ANEAL.

Table 3. Mean moisture content and drying rate (dMidt) of paddy

Treatments Drying time, hours. dWwa
0 2 4 8 8 4 " 13 %o 1.

1 24 207 18.2 €3 150 14.3 . 1.01

2 242 283 219 WS B0 V74 15,7 1.9 069

3 B9 23 WL W) 16, 1 0.97

1 238 2289 20 98 1wz 0 15,9 YAk 0.78
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Figure 3. Relation between moisture content and drying lime.
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Table 4 Crack percentage and milling quality

Treatments % Crack % Broken % Head nce
1 98 50 67.4
2 KIA 44 .45
3 K bl a7
a w7 Al s
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NHAM PRODUCT DEVELOPMENT USING MIXED
BACTERIAL STARTER CULTURES
1. SUITABLE SOURCE OF CARBOHYDRATE
FOR NHAM PRODUCTION

Pairote Wiriyacharee ', Lakkana Rujanakraikam ' and Ampin Kuntiya '

ABSTRACT : & types of carbohydrate sources. cooked rice. siicky rice. soya bean flour
tapioca, wheat flour, and corn starch; were usec lor this study  This expetiment |5 1o
investigate a suilable carbohydrate source lor Nham production using mixed baclerial
starter cultures. For this experiment, it was found thal 6% ol cooked rice used in Nham
formulation made the good quality of the product. The Nham is composed of high reducing
sugars (1.0120+0.080/%) which was suitable for the growth of nitrate reducing bacteria and
then the culture elfectively reduced nitrate to nitrite (187.4067+1.3004 ppm)  Additionally,
the lactic acid bacteria used the residual reducing sugars fo produce lactic acid.  After
48 hours of fermentation, the product had tctal acidily as lactic acid (1120040 0200%), pH
{4.5440.02) and residua! carbohydrate (2.7640.08%). The panelisis accepled the final product
with colour score, lirmness score, Sourness score. spiciness score and overall acceplability
score of 4.1240.72, 2,6740.60, 3564051, 21840.66, and 1.6240.62 respectively

UNARLD | wmsemdlilaean 6 vszum Viun  $idn Soamfon  eflsfintios  aaidussnds
wiainamBunsuileiilne vlsdwdiyiveesnafnefaenaon dlule mnflom s mon o atingmalaold
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fnmawdf  Tugmdanaiaf Uhawbma¥fodeeninags  Amdwdeuas om0 famzmmefiszhide
wunfidodsziamflersniotadlwemdulilmvioigtule  woso/Boslimmdslulmyilan naafewurom
WlmavidintonglugrnSanantntinaty @ a6741 91 dodludmeon  wosy sl iadadesus e

' moepmmvnananens, o modntoslve, Sodlwe soow
' Faculty of Agro-Industry, Chiang Mai University, Chiang Mai, 502
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Table 1. Ingredients and quantity for Nnam production made with mixed bacterial starter
cultures (Carbohydrate source as the main studied factors).
Ingredients Quantity

Meat system :
Ground lean pork (%) 80
Sliced pork skin (%) 2

Curing agents: % of meat system
Sodium chloride (NaCl) 3
Sodium nitrate (NaNO. 0,03
Sodium nitrite (NaNO, 0.02
Sodium tripolyphosphate (Na.P,O,) 03
Sodium erythobate 0.08

Starter cultures: ctu/g of meat system
Lactobacillus plantarum 10°
Pediococeus cerevisiae 10°
Micrococeus varians 10°

Carbohydrate source: Y% of meat system
Glucose D5
Cooked rice, sticky rice 3
Soya bean flour, tapioca,
Wheat flour, Corn starch

Seasonings: % of meat system
Minced garlic 4
White pepper (powder) 0,05
Minced bird chilli 2
MSG 0.2

* Studied factors,
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Table 2. Reducing sugars content after Nham production and after 48 hours of Nham
fermentation using mixed bacteriad starter cultures (Carbohydrate source as
main studied factors).

Reducing sugars (%)+Standard dewiation

Treatment
after production  after 48 hours ot fermentation

1 1,386440,03317 0.8540+0.017 17
2 1,012040,0897° 0,4316+0.0124°
3 0.514140,010° 0.0000+0.0000°
4 0,828340,0475% 0.4450.40.0085
5 0.907940.00257 0.224440.0058°
6 0.705840.0137" 0. 1448+40,0078"
Total 0,802440.2813 0.350140.2620

Note . mean within colunn wath different superscripts differ sigrificantly at Pecus

Honadtode: gniUBodunnuaatetiaaibin s dumaiommfisdn vinnm
nnanarin I dumny manfn Aounasuaenudannnisaladnfinduiona: 0586140000
Rt lsdopas 1108300005 whavinnaviinld a8 $3lus  Banvavesosliunasnilulownad]
unnﬁwﬁu\:'lﬁﬂmdpnnLﬁsﬁwnemnﬁawunnmagﬁnéﬂmmanm (rmefl 9)  Hannslinuas
whovinwiintd a8 $3ln domtesyindesunfidnfirinananuaneld Seowesold
wimedhdRnaiowiuniowontnldluiziunis  Slewsoonwo dushmsdfadninee
wBnmnlAnnu.

Table 3. Total acidity as lactic acd after Nham production and after 48 hours Nham
fermentation using mixed bacterial starter cultures (Carbohydrate source as
main studied tactors).

Total acidity as lactic acid (%)+Standard deviation

Treatment
after production  after 4 hours of fermentation
! 0.573340.0289 10967 40,0285
2 0,5500-+0. 0458 1, 1200-440,0200
3 0,5067+0.0150 1,093 40,0451
4 0,5800+40.0458 10800 40,0200
B 0,583340,0156 1. 126740.0451
6 0.6235+0,0231 1.123340.0116
Total 0.586 140.0350 1. 1063400305
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Table 4 pHof Nham after production and after 48 hours Nham fermentation using mixed
bacterial starter cultures. (Carbohydrate source as main studied tactors).

pH+Standard dewviation

Treatment :
after production  after 4 hours of fermentation
1 6. 1640.02* 45440019
2 6. 1340.02" 45440 029
3 6.1540.02 46040030
B 6. 16+0.02° 4.6940,03°
5 6. 144002 4.5040,02
6 6.0840,04° 45040519
Total 6.1440,03 4.9940.08

Note - mean within column with different superscripls differ significantly ar Pauos
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Table 5. Carbohydrate content after Nham production and after 4 hours ol Nham
fermentation using mixed bacterial starter cultures (Carbohydrate source as
main studied factors).

Carbohydrate (%)+Standard deviation
Treatment

after production after 4 hours of fermentation

1 2.483340,2442° 21367 40,2274
2 3,4967+0.4051° 2760040 0851°
3 11,123340.3951° 9,2700+0. 5927
4 4,196740,375F 3,95%340,0864
5 4,183340,345%° 3.7000+40, 19007
6 4,6700+0.0700¢ 4. 180040.2750"
Total §,022242.9116 4.333342,39682

Note: mean within column with different superscripts differ significantly at Peoos
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charee (10) Fawmemi¥s Mcrococcus varians sSinnwinmauBosarioshananivhiy
Tl rflsgasuinsesnninoeieftiodndgramisetd  Aensssseadolinuiodbesmdy
Llrvituesneduasnine 26 aluasnvoanswinidnsonialy (Deidel et al. 1951) Hudw
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Tabie 6. Residual nitrite after Nham production and after 4 hours of Nham fermentation
using mixed bacterial starter cultures (Carbohydrate source as main studied tactors).

Residual nitrite (ppm)+Standard deviation

Treatment , —
after production after 48 hours of fermentation

| 180.9667+2,4 1507 21, 176740,6986

2 187, 406741.39 140 20,4533+ 15544

3 120, 193342513 19,8700+ 1 4762

4 122,606740.6986° 10,6467+ 1,275

5 137.9000+2.5 1487 20.6133+0,4850

6 129.0467+2.4150° 18,6800+, 4800

Total 1403533428, 2442 20,0900+ 1,2268

Note - mean within column with different superscripts difter significantly al Peuos
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Table 7. Sensory evaluation of Nham made with mixed bacterial starter cultures and
difterent carbohydrate source.

Tretment Colour Firmness  Sonmess Spiciness  Overall
aceptability

1 3.8140,54% 2684048 38840507 3.2541,00° 331410™
2 4124072 36740600 35640510 3.1840.66% 36240629
3 3884062% 3564050 3444059 2944099 3.0640.99°
4 3624060 3504070 294409 3,1040.75% 3, 1841049
5 4124034 3564072 3504082 4.06+0 68 412407240
6 3504063 3444057 30640970 2944077 3,340,791
Total 3.8440.62 3.44+0,68 3.3040.79 3.2640.87 3.4440.91

Note 1 use 6 general panelists
2. maan within colurmn with different superscripts differ significantly at Peo os
3. large score means better altribute than small score
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NHAM PRODUCT DEVELOPMENT USING
MIXED BACTERIAL STARTER CULTURES

2. EFFECT OF COOKED RICE AND STICKY
RICE ON LACTIC ACID PRODUCTION

1

Pairote Winyacharee ', Lakkana Ryjanakraikarn ', and Paryit Kunchavaree

ABSTRACT :  1.3% of cooked rice and sticky rice was used as carbohydrale source for Nham
production using mixed bacterial starter cultures. It was used by the cultures tor jachc acd
production affecting the good quality of Nham For this expenment, it was found that 4% of cookeo
rice and 1% of sticky rice were suitable for Nham production. The carbohydrate was changed into
reducing sugars rapidly at s hours of fermentation. The reducing sugars then decreased later since
they were used to produce lactic acid As a result of this, the Nham was composed ol 1otal acidity
as lactic acid (1.03%), pH (4.95), and residual carbohydrale (1, 205%) after <8 hours of fermentalion
Additionally, the product was accepted with the mean ideal ratio score of 0 86+0. 1/ It was also 1o
be high quality interms of many attributes except colour and saltiness which was higher mean

ideal ratio score

UNAALD | sradwssiiavorioos: 3 fwilddwvnendiiloesn aaduginzatiewsadaiio
Tulafertgvitaineon (Arlidommnoiilustmdunsn saetnlifusinioe aliuainntn i Frnestin i
yinnrsveasswuNIlEE i douas 0 TafiuianGoriones | lugmanalinenasz Dugra o aaen
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6l



TNNTUNAT 9(1) © 61 - 74 (253)

whe  Tonfenonouwstasmflileiml s lautnmsmathodnewi iy 6 faluaanunanaviingss
W lunsasann iz sioyy Amduuhnsmmfsanfnfioumausefeicnss @ ardwnandung 4%
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lative lactic acid bacteria usz Heterofermentative lactic acid bacteria xnIniinam
Tooalt wuslwazer ¢ Suasnessntansin sy iUBnmmags¥u  Snondmusiuenns
anasves pH wiswnizzhinoraudain pH sensfilaodansinueimmnfisds  nafis
vnInsennseduwuituey  pH afi2098n WA UL IHLas TOnn s yiund Ty nane
naniinday uﬁagﬂnrmm‘:’nwuuﬂﬂﬁuﬁmfml\un!ﬁﬂﬁodmmwnﬁ VIneuvafiina 7%
ﬁ)'lﬂsguanﬂn'nmlucﬁunnnlmiouhoqa nmisfinunasefadnonmluasinaue DL LSS
nivasvesntndnrifnmufuiowiann  weslimsminnoun e flglinastn ¥y
grmafifinTale 1wﬁesfnﬂwn!dummﬂn‘lummnﬂﬂwﬁaumﬁuﬁmﬁu Fav I fin
nossiunndgtuln flidefiwdulunrivwinnmvtgulrlifoingingg - Bnssnawin
wuufuisIn wilosrnnamaleon Anvns AT anun s s s lessnaawanfion
Tunhzmwludnwonciu.

milfinalulainsudoutanfituin  Solddwntunumnon 1asdnemisviinngs
Inonawzluetinfimicmio Truunnnrilifeutanimuiugiies #io Lactobadiius sp. win
Pediococcus  sp.  Tustinfaiumys Inoldvntanmanslut 2 (H-kittikun et. al., 1988)
ol A Y imnon mlun e A Eama il sfunndname 8 Wiriyacharee ef. al
(1000) Vhnmonslifomoy Safviznie  Lactobacilus plantarum (NHI 110) Pediococcus
cerevisiae (NZDRI) uaz Micrococcus varians (ATCC 15308)  wudwwInUivyanmnm
wmlld  TnonlinAarifinssdnnindin wmsdlnuniaonluesdnene lodudouasd  uas
slnfirifinawnloondogs  nanuanpafifintiihutinmnn Lactic acid bacteria 18uvesns.
Dilmranfilunsly (feviily pH ansanerezands (Pezacki, 17s),

nameansedatifiosnfisenunessssaenviiuloe sl lle $9m80s
was/min 1981 Swesonmanleminuonfn  Tnooutant tadivson el noriunsen1sls?
Qaﬂuuﬂoqnmmwwua:mwﬂowugs}uﬂmmnﬁnmﬂm 1?7 adwawamslunsiasges
nassaumialnolinalulafifoutant S umusmmely).

guUnIniLaEIBn1Inanes

WHUNTINARDY  n1aHondslliawusmnrimnesiuy 2 Factorial design Tnefin2.41 wa
nsioadudlstowdnlunfine Ao

i A = (Cooked rice; CR)
a, = ooz (3zhum)
a, = jepeza  (1zfiugy)

fide B = sumiles  (Sticky rice; SR)
b, =domaz1  (3xhvi)
b, =douer3  (3zfiugy)
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Table 1. 2 Factorial design and 2 center points with cooked rice and sticky rice as
carbohydrate source at 3 defferent levels using mixed bactenal starter cultures.

Treatment Coded level Factors
Cooked rice (%)  Sticky rice (%)
. 3 3
0 2 2
. 1 1
(1)
a +
b +
ab + +
CP, 0 0
CP. 0 0

.

a = cookednce; b = sticky rice; (1) = contral , cp = centerpaim

nizuaumantruvunlalsinaluloBidoudantiduiunen

wnfigwyunsianziendiuayeen 69 waziibinsiAnsidaliuialnolidnazen Saun
Aanedssun atiluiduluissivguvg@ihsanm s ssmcrmlon Saumiamyianeze8win
ponbinnflge Svodvuas Mudubudn 0 s 0.1 x 2.4 cowBuees uluieaiwesiu ins
wlonmizifiuuanun winlnety winSwyue $1mfles wiednadun nglea inBoens Indion-
Twean Tnfelulesy Tofod8lnun  sogse wozlofunleinivoacis Tnowdosludnaouds
wanslumaf 1 el 2

. Wendawsmui ot uR et oskenfina i © souriend thouom 1w Sk
dovtgrddudunmfiintnduludnaawdrnefl 2 sadliiisioneinmannanis 0 seune
wift iz 2 wnfl Shdmmmeiamanladlwatos Stuffer sazdndnggenenainqunssnizuen 3n
dsolviuvinioen win Clips inén iiufigomaff 2 narsafon.

nraedmndoudanBidusiumss
Lactobacillus plaritarum uwaz Pediococcus cerevisiae grindunTudidedasinly
owadnado MRS TnutawzBsludoy 2 semuamfon w26 92lus waw Micrococeus

varians 1hetuandwdotuwisluowmmduade BHI (Brain Heart Infusion Broth) Tasvuswzi¥e
Tudiou 20 ssmiaaon w4 $3lus,
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Table 2. Ingredients and quantity for Nham production made with mixed bacterial stater
cultures (cooked rice and sticky rice as the main factors).

Ingredients Quantity
Meat system:
Ground lean pork (%) %0
Sliced pork skin (%) 20
Curing agents: % of meat system
Sodiumchioride (NaCl) 3
Sodium nitrate (NaNO,) 0.03
Sodium nitrite (NaNQ,) 0.02
Sodium tripolyphosphate (NaP.O,.) 0.3
Sodium erythobate 0.05
Starter cultures ctuig of meat system
Lactobacillus plantarum 10
Pediococcus cerevisiae 10f
Mcrococeus varians 10
Carbohydrate source: % of meat system
Glucose 0.5
Cooked rice or sticky rice 1-3
Seasonings : % of meat system
Minced garlic 4
White pepper (powder) 0.05
Minced bird chilli 2
MSG 0.2

riowflszsiiluumdluu s Sor S duivdnsiuasaniog oy dlidng oz m
wazm b uanluewmslinats MRS agar fdudoyiuntifanmostianinuanfield uas
Tuowadivasde BHI agar dwidy Micrococeus varians etinslafen e wzgn
il SunounInBaun N was LA AL RRLAE PO DYV FE PP, R PEv
a.mﬂuua'lum:mumﬂnnﬁmﬁmmm%.

uwmiadioanmiln P cerevisiae 1 cluig #siu 1 Alanduvesuvs Fosnsdotis
10° cfu ueily Stock culture ¥ms P. corevisiae $ 0° cu mi favin Tw oo Wy Stock
cuture vx0i¥n P. cerevisiae 0° cfu 1w oinalafimn o.1ml ey Stock culture pnee
REI TP T FYLIE ST O 10 R0 N D vty ruten FaduSamnindufisnfoudosluBnlsene 2 m
AoswAunalunIzy NIl

NIUATIEUIATULAY

wwﬂwﬂuu‘lﬁnw{mauﬁanmﬁmﬁ\wumn T Rmeansenfivldludey (Incu-
bator) figuvad 3 s tun varguiasisemnin e e fo me s iunn
n.}]m‘w (PH) fwmuadunanfomuntinfinumecantn (Total acidity as lactic acd) 3um
Wimathad (Reducing sugars) uws=1Bw e dlulnase {Carbohydrate) wt¥wns AOCAC
(1984), Miller (198), Pearson (1976), Wiriyacharee (1990) wor %3nv73 fiy Vunsritinfina (253,
2535) Tutasamfiinmuals o, 6, 12, 18, 24 uas 48 $la
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MINANBUN MU TSR INENE

nmmaseuedsthzidunmeasunadnahzamdsdavsiut e fiivednwocin g
wosntnfouy Tudndesssdnfor (Colour) dnwusfinfiviing (Visual texture) AW e
(Firmness) mw*.;udfn (Juiciness) rwfiondle (Smoothness) aowifs  (Sourness)
awifin (Saltiness) namsinwndsaunn (Spiciness) warn iumSuIInRAosEAfkm {O/erall
acceptability) Tmenanesovsssofangrefwinld @ $2lus  sovomavesevty IeelEiinns
Ideal ratio profile #ildEvmceuNdly dwman 8 v AnmensuwsraziueWang1o
(Wiriyacharee, 1990 uas 3uwnd, 253).

MIATIZARASL L THE

doyaflAvinnamnonussdon i nelio  wermudosuse g LazNINN
Wnzvimeine®® 9w Analysis of variance usz Stepwise regression analysis nul$
Stat-Packets Package (Walonick, w987)  #ailsiesflslunihnszn’ Stepwise regression
analysis sxvinms coding #sfl Hladnfifiasdudt nons wosge Tadany 10 was o1 iy
Bnviedoyaluazwinanmiminens ) szgriiwnaiaen i ReAnmusalisen s Uioueysdln
Rannan ).

NANINARD RS TV 1T04

unnnfintnlnolfina lulatidoutaniituiusmasvin  Ladtic acid bacteria 2 s
Yuf uat Nitrate reducing bacteria ' mwwug  wudvnnisliumaaniilulewmae 2 tszann
fio 9139 waziantles  Mbidedanaalnmewzdoydurdilssim  Lactic acid bactenia
annanlfundsnilulaminsdndunisuanfold s inniveasssiafurisssinm o wadunindy
Amntain (pH) thenme 6016.12 wazfimeruauiuminavunfnfouninsaniniona: 05405
Tazvinmamingss 6 Hluuin  nafosaosyssndanaainssstefulisonin sz
1 pH samssoteran o lutamds 6. Falwe wssamasoenaty q wwnasis as $alasves
maviin_ $avudain pHA a8 $alue Sen axase fafimomdavustumafatvenninom
dumadavun  Taemsawumnosismedsmefindouninaantle #rdwiovar 020109 u
Fluafl a8 (Housmslunwdl 1) Sevinnamessssny  Wiriyacharee et al (o)  Inolsdo
VIS dainnen  wuwBndnriinsdaninlangoits ﬁinu‘!qn%ﬁm’mﬂ::mn Lactobacillus
Plantarum s iisgrontaenayeny pH aoeStndfgeatflutrswanveantavinums laonas
Winwuwsinrilulowmnlvindunincentin Se pHaonsadon 9 sevililstugniawly &
nfiecsatu MbidontndntSuaisadssazintiea ¥ Bniiawunfo Pediococcus cergvisiae
Suorndnwme Aodudavo w il usravdsvninwin fainmivigumnsaoutignves otz oy
pHizatw 50 (Buchanan and Gibbons, 1©74)  Aaviuan wd L InGenteIn Twine v
Sumnzonfiliofanadgitule  owzvaanBasnindn pH wnswmsadintingfosfiue)
pH Fdoramioadgiuleld®  cosrlisindomavsntionnnds asasimsladosgnt
uiunmnswing Lactobacillus plantarum  ans Pediococcus cerevisiae  $alingnpnmanad
wa pH wionmfadnenananndunin  wasfsemsyuandneme Sdudaun somale

nmsnnsvoInsiiunImdiuing  (pH)  veanBndniriamus s Buogive s $Elun
winotwiisdfign ettt P<wor  navifio  dbafaasezomnmminanisain s iiunin
lurinaszBaanss Aswansnmannts (Coding equation) #afl

1

— = 0,65 4 0001 (Time) ; R = 0.87%
pH
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Figure 1. Chemical changes during 48 hours of Nham fermentation by use of mixed
bacterial starter cultures (Carbohydrate source as main factors).
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sazwumeunIndunig  (pH) Ga¥wtfuuvsenriluleran #e 904 we
unfiiliazwinvin 48 3l oeeSisodfignantif P<os Assansiuinined 3 as
WU RDITHAABN TIORSIY03 PH ABWIINININTIINIBINTINIMED 89l sesn1san
advns pH MugasnanauazsrsinunanTiven unseysaawileantaannsess pH lussdnenans
win.

Table 3. Coded equation of pH during 4 hours of Nham fermentation with ditferent
carbohydrate source using mixed bacterial starter cultures.

Response variable Coded equation R

PH (& hours) = 6.0850 - 0.0075 (CR) 0.5852
+0.0875(SR) + 0.0375CRSR)

pH (12 hours) = 5675 - 0.0500(CR) 0.9974
+ 0.0850(CRSR) - 0,01000{CR)*

pH (18 hours) = 4955 - 0.0275(CR) 0.9768
- 0.0775(CRSR,) + 0.0225CR)’

pH (24 hours) = 4.7650 - 0.0250(SR) 0.7857
- 0.0200 (CR)*

pH (48 hours) = 43950 - 0,027%{CR) 0.9944
- 0.0275SR) + 0.0524(CRSR)
+0.075CR)’ .

CR = cooked rica ; SR = sticky noe

vinnEneasIwuIImTIsnsves pH  wniluliedisromidaf e Salnawmanmaven
(Fanmfl 1) wazsinmasienwenSRwu i dwnfinmlisaifhisdugy (Goves 3)  uas
auvfluaszfui (ooar 1) vefien pH 497 Tomanssindmd 9579, §7i08: 1 ws=i03meies
ouaz 3 wxfien pH soz (amfl2)  Aashulmudlulides sl Ausigedones 3 was
nanfinaflizAuivdona: « ugranvsBrumaninlvifinn pH anssluasfusionzay,

nANugsan munInSn AU NI aneeTes pH Tsazwaanrawinumwy
TnilinelulaBfouSantitavinemn  navafe nomdunanfomnflfings  Susgiunsfisases
vanssnawdniinntu  Bnaiafuintanmsrnir e luarn adnonriuinfgnig
afAf P<o.or famun1i (coded equation) #aff -

Acidity (%) = 04497 + 0.0625 (Cooked rice) + 0.0831 (Time + 1)
R = o0.9204

. wonvinuvasvsmilulamsnfiduina i tinanenn ednnnasnin  lan
Linuﬁqnm‘!»duuuu'lumau'mwammﬁn emianilnsssSaslugrangis a1 wYenTg
INEvuN ot ENBAAYIntRA  Paoos (Ramgafl 1) Banatlasifnnm s s miuntisnas
L LT RRITE Ty TRy (VO RRDRPY T

vnranneaaoansdemasantn  Inodoudonbituiusan? 6 $alwe wud
ymFinnilanndooe: 3 uasiamfiesdioses 1 yeSmnsdwnintomsniooe: 08 #a
Liumnssondinynmaliiiads wazirambosionss 3 sadulsgraniaste saudmnldsn
wWidones 1 weziawfiosioon: 3 sfiinadsnanfiefiong fe denar o072 (Fyuany
Turwd 2).
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Table 4  Coded equation of total acidity (%) during 48 hours of Nham fermentation with
different carbohydrate source using mixed bacterial starter cultures

Response variable Coded equation Re

Acidity (6 hours) = 0.7400 + 0.085(CR) 0.9700
- 0.105(CR)®

Acidity (12 hours) = 0,6800 + 0,0800(CR) 0.9760
+0.0150(SR) + 0.0550(CR)*

Acidity (18 hours) = 0,830 + 0,0700(CR) 0.9821
+0.0200(CRSR,) - 0,025 CR)”

Acidity (24 hours) = 0.8450 + 0.055{CR) 0.9053
+0.0350(SR) + 0.015(CRSA)
+0.0600(CR)”

Acidity (48 hours) = 1,085 + 0.065(CR) 0.9673

+ 0,0500(CRSR,) - 0.070(CR)*

CR = cockedrice ; SR = sticky nce

nmfidn Lactic acid bacteria liundsnvilulaimrlunntianinuaniiniy e

Fandnaer Snmarsutssavasnrilulsmae dwinatfadnoudiss Liwatfad o Bowunin

wonhnBnedonts  fafimanilyiUSnoniwnatfade fatuorsond i & Falsawanweona

wiin Amduionas 1.078-1.59 wazeranadBtInNNluey 12 Falusvnan ivinmlioioyas 0.506-1. 122

sanaadonn wmzvs 4 $alue  oliovienathadlusBaiae Uiz oxo0set (Fauanilu

am A1) neuvedananSsaniedluleeinanaadon g vindeoer 20575705 seasvli
Foons 1.0962042 wiavn 48 Falusveaniwin (ol 1)

YNNI RATE AR Smaenaindiady Pashmetkodezanasdors s
i Saenon 1 Anduresimatnaden sy natitd Pl Asansluaunt (Coded

equation) #afl :

1 1.0750

= 03550 + 0,013 (Time) +

Reducing sugars(%) cookedrice + 2
R? = 0.5226

. oiwlifealuazwing e Faluwosmawiniduarinamiios  wiinanon iy
Suvnainathadoinaitdfign atRd Pwos (Famaad ).

wazwudtlugas 8 Falusseanamin Wanmhaatfadesiintiluazuy Sooas 1048
dmnsinalsinaiuaziantiosdoses 3 Iniluam s Tt 3 p PORTNYR R b T
Visandnpes 0704 fawnsinii i ameslerdugsione: 3 sasiiaiionas 1 wnviniiin
fnnlEiniiones 3 waziramfisaioeas 1 seiibilincalwnednadlens e daluaveanm
wiin thzanndona: 083 (Fauanslunnd 3).
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Table 5. Coded equation of reducing sugars (%) during 4 hours of Nham fermentation with
different carbohydrate source using mixed bacterial starter cultures.

Response variable Coded equation R’

RS (s hours) = 1,3255 +0.1292(CR) +0.0852(SR) 09967
- 0.1018(CRSR) + 0.0687(CR)?

RS (12 hours) = 0.9480 +0.2118(CR) + 0.0963(SR) 0.9560
- 0.074%CRSR) - 0,0578(CR)*

RS (18 hours) = 09625 +0.2118CR) + 0.0063(SR) 0.9571
- 0.1842(CR)?

RS (24 hours) = 09240 - 0,1788(CR) + 0,0742(SR) 0,9895

. - 0.2283 (CR)

RS (48 hours) = 0.8580 +0.184%CR) + 0.0963(SR) 0.6

- 0.2448(CR)’

RS = Reducing sugars ; CR = Cooked rice | SR:Siickynoe

sralafenlvazniunawinld s $lis nlianseniTulseedanslasius
goipvas 3 Iaufluge  sxfmafuandlulommoBongrioninagahssnmioas 208 uas
nalhaniedens: 3 wazdvaindaees 1 SUSnmeillamImoBengann i Tle
unflnafiesdons: 1 dwfuiraindoser 3 navf Sfne s lulawmse sneginoas 162
uor 1453 mndu  (afl 3)  euvefidweusiotlonnsinnafle saitsse s ntisuss
uEnwunniafu sariraniisaflnsseiufidudounaiady  naoafie  $rauntinad
InsariauazmainizMeninglaouuy o -1, s-glucosidic linkage w918 EnInEAIne
nqtnqwu o -1, 4glucosidic i nna $erbiSosisewlmivdneaa el sant
nflumneafiu SuerniiSanandlulonindofooguaninsfiio.

Uhnandlulomefonionglusdnfariszansnion q  oissioifyynabs 4
P<0.01  munmfnfusesszozionmnmiminumuy  whevssdaiuss it Ssanenting
winnundlulsesalwsiusdusnaSnifigmestid Poor fasandivaunn (Coded
equation) uwazeIwd s

Log (Carbohydrate %)

24

0.8229 + 0.0524 (Cooked rice) + 0.0854 (Sticky rice)
02650 (Time 4 1)**
0,9088

vinmanese e vdlulaisefifussl lugmasegnadforsgrtiol i flunamionan
$oqrvinovdis @ Falusvnanawin Wnwedluloeenezanss naninegluatindr  #5luna
wlsogantn iwszfeyduntitezioniug  eredialilE dsuvssndlulsnancfions. vdgiule
1 TnowsvoSolariunzunnfl3nfin-lianlns.
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Table 6. Coded equation of carbohydrate (%) during 48 hours of Nham fermentation
with different carbohydrate source using mixed bacterial starter cultures.

Response variable Coded equation R

CHO (& hours) = 23115+ 0.2713(CR) +0,218(SR) 0,0066
+0.0033CRSR) + 0,5112(CR)’

CHO (12 hours) = 2,0125 4 0.2455CR) + 0.6445SR) 0.9998
+0,340(CR)?

CHO (18 hours) = 1.9260 + 0,1420{CR) + 0.27SR) 09946
+0.0800(CRSR,) - 0.2085(CR)”

CHO (24 hours) = 1,61%4 +.0,2808(SR) 0.8081

CHO (48 hours) = 13730 +0,1407(CR) +0.3322(SR) 0.9053
+0.0873(CRSR) + 0, 1088 (CRY’

CHO = Residual carbohydrate ; CR = Cooked nce, SR = Slicky nce

Table 7. Mean idea ratio score of Nham after 4 hours of fermentation with different
carbohydrate source using mixed baterial starter cultures.

Attributes Mean ideal ratio score + Standard deviation
Colour 1.1540.28
Visual texture 0.9440.27
Firmness 0,9840.21
Juiciness 0.9440.14
Smoothness 0.96+0.25
Spiciness 0.9740.23
Sourness 0,8740.19
Saltiness 1.1040.32
Overall acceptability 0.8540.17

vnnmnassumeinalizemsdan i laefirednmme i vosslinduring
WEnmunninssieiioinfigysatiludinenedns f  wssuwewsnidle dinginldumns
milylowmn $1908 waziamGoafiuanimeis fanuamsdinin s fuovotiedor  ssiinn
Mean ideal ratio score iy 0874019 wasAm e Sosien iy 0884021 e 9
Fauanalunsnafl 7 szduddnwmee vannfariumsssinting Ao siudnmoe A% 8nseosln.
fort #1100 Ldnwozidofiusng  arwwiutls aanintln seowdiewsis Snfiweatnane
nwafinn eavdinwos Arinndaqaee sdinmoe Ao s duio vad g uasnd uANEILMNL V1N
nramnsnsrdainysnmdussadutlnns usiosBnfnriavantinn Mean ideal ratio score pewi
fio 0.8640.17

72



W b Aorie gl gone st Sousan it asune
NIUNRNTINARDY

wvrnfntnlaolanaluladfousaniiwinaa unasrriluloimamtiuaninaw
ifgronstminanfnlandoghuridifndny  ndldivaiiluasduions: 5 Fafuniilding
wfierdonas 1+ Tugramasdaumisaziugrifirioninod falnanonaasannusafalitizindonas
108 waz pH tazanm 436 wisnnnvintd @ Falueinlildsdefariffouam Snmoosdu
fiendn9g9 wazfiutnnedlulaman olongrouinavionluste fnriume.

Afnssydsznaa

L AT TH RN Ao nuss N maniuasinnlulal wwtinende
Boslwl wezmuiwuimamanuazinalulaiSan wavies ® Eina Wi Ing M uezine-
TulaBunar®  Adaumymn e 3 o lonatiian .

LONEITO 9B

Movd, Inlaml (255). nmansumsuss e isvimednalazmmdndn.  amiiing maedaazinelulalinm
LIV MmN ITIAMENS W Ing i Bodlne

Aoy, Inlawi was Yuwadfedna, edgy. (50, 258)  UiURmagaewnszunawiEn. e ineeaniues
ielulafnaomy augeawnszanens avInyidn Sl

AQAC . (tmsa). Official Methads o! Analysis (,3‘ded) Association of offical Analytical Chenmsts,
Washington, D.C

Buchanan, RE, and Gibbons, NE. (w74) Bergey's Manual of Determinatve Bactenology The Williams
and Wikins Compang, Baltimore.

H-kittikun, A, Wiriyacharee, P, and Ruanakrakarn, L (1988)  Nham (Thai fermented pork) making with
starter cultures, p @745, In . Proccedings dath International Corgreess of Meat Science and
Technology. Brshane | Australia

Miler, GL. (w58). Use of dinitrosalicylic acid reagent for determ-nalion of rteduaing sugar Analyhical
Chemsiry, i <8

Pearson, D. (wm), The Chemica! Analysis of Foods. Churchill Livingsione. London and New York
Pezacki, W. (1978). Technological contrdl ol dry sausage npening VIl Effect of predrying oo ine

dynamcs ol carbohydrate changes taking place at the begnning ol npening Flelschwnschall,
58:124-126, 129-132, 135,

73



TNWTINENT 9(1) 674 (2606)

Walonick, DS (). Stat-Packets. Walonick Associates Inc, Minneapols, MN

Wiriyacharee, P (w0). The Systematic Development of a Controlied Fermentation Process Using
Mixed Bactenal Starter Cultures for Nham a Thas Semi-day Sausage Ph.D Thesis in Product
Development in Food Fermertation . Massey University, New Zealand

Winyacharee, P, Brooks, JD, Earle, MD, and Page, G (1w0) The improvenent ol a traditonal
Thai lermented pork sausage by use of mixed staner cultures  In  Fermentation
Technologies : Industrial Applications Conference, Massey University, Palmerston North, New
Zealand.

74



MIFNILNBAT 91) : 75-83 (2536)

Journal of Agriculture 9(1) : 75-83 (1993)

anssamwnIninedinlifiliesdanevniagnlagd
psfisznavyeInInes AluLaned1aiu

A Sty | ues Yaef rmuwneen ¢

PRODUCTION PERFORMANCE OF LAYERS FED LEAST-COST
RATIONS WITH VARYING AMINO ACID CONTENT
Wandee Jearcharearn' and Prateap Rachapaetayakom®

ABSTRACT : A total of w2 laying Hisex hens, 22 weeks of age, were divided into & groups
ina replicate groups of four birds each The bird were housed in individual wire cages and given
feed and water ad libitum. Eigh! replicates of four birds each were randomly assigned to
one of six test diets containing different amino acid levels as follows = Conlrol diet according 1o
Suwan, 75, 100 and 125% of the NRC recommendation (198s) and 7% and wo% ol Scott
recommendation (1982). The experiment was divided Into six periods of four week each The
results indicated that the diet in which the level of amino acid 1s 100% of NRC recommendation
gave the best resulls because it gave the least cost of feed per dozen &ggs, high egg production
and satisfactory egg weight, leed consumption and feed consumplion per dozen eqgq Between
the laying hens which received the rations with 75 and 100% of Scott's recommendation there
was no significant difference in egg production, egg weight and feed consumption per dozen of
eggs. The diet containging /5% of recommendation had lower cost of feed per dozen eqg
production than that with 100% of the recommendation

umfinnn © Irilswudlowninon e &9 oz 8umi Feuvseeniin e wane oz 8§16z ¢ A2 urinsdagn
Wolumauiados  Shuscownldifunsorcnsmusuminaeesauy Completely randomized design rila
useswinldfuemmAtizfusnniaesily mud e TovesyTim unsne (298] LDwwanafoudio, /5 100 was
126% weahunsiiney  NRC (1964), 75 uns 100% 909 aetinses Scott wasnme  (192) 32z lumavinges
srsvenidu 6 9730 ox « Ui wenvvesoaduldan eI duseeninosiily 0 ek RIIe
NAC Wunkfign VsthtasvinGdununimwaneninalinly 1 lve grflee wozlvaastnleftt  suaisiminly
Uhnmewafifu uncuSwsemrsfironiiaely « D (OufhiowelsBnd oo deamizéusnanisesflslue s
rnfuciiees Scott aawBe 7% weuiingd seelely Soniols wesUhoow wrniflisonnstely o Tee
wnnsiisou s ldndndgrentittiuwonfldue v fifizAuaeansmes Ol 00% vosfuustioses Scott $atlune
Wikunumewasenautely « Tna gnnaifhizdy 0% wosfusssin

! mnnidnaune, susinemmend, ) IngdnSoslwl, (Bualw S0

2 et dn e, At Inedm e e e, NIANWT 10800

" Department of Animal Husbandry, Faculty of Agriculture, Chiang M Urniversity, Chiang Mar 5oz,
Thailand

% Department of Animal Science, Facully of Agriculture, Kasetsan University, Bangkok oum, Thailand,
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o o
UM

Inoyilunadmongeaomaldlads  grapwmfinwomestinmiBussdulysmily
Wosweranwdosnreesinly  ifessiolWlivslondluionmelads 3 e Ko o Tuadw
dvtunmlinastinly 2 Tabwfionafnedn o [ssdwdunavignasiodioass nyasism
(Scott et. al, we) Szduwshibtuflifuoginouduinnn  Suegiuermmnzmiy
arhunasln uazduruluntandels  wdodolafien eaaeisanslihseesinlyfuegfiveastinly
(wnuazvwnlooialio) snnonaRuensiontinds  aswnan Uit s
2-4 n¥u uﬂmwﬁmmﬂﬂ:ﬂu&wfunna'm'luqma 0-12 nin (Peterson er al. i) %
Thayer et. al (973) swewlin Wikufsshy 1419 nIndasn Sz inTmaRANYD IR
sefililuarozazmilibin . Inliduswnndnfbignmidnlnoszdunds s msgasily i
sxfudanaraufinaworionbileluess o Amvicinesnulily  walnlessdontuemndizsdy
Lt 15 nfuiadn dwszdudiogn  swhoafiufl Morris and Blackburn (1e82) 370amilian
UilafflétunwafigsAulusmalafioomes: Ausrmalinndfioon, sosaalUsindiealy
whrzfuvesnaslnfdsnshniwanfladulismarfuganiy  mwszdutomdssin  nsdn
manammesdayodlils  nldzduseshibfy  wlowdsrwiludaiomunlifinginislidn
damwnandsaiuinlsfu  (Pesti, 1090)  sinslafimn nafwasgasemtneldssdulysig
insomadieadulaiomuein. yuefieviliszdusnaneezSlilugnssmminewdsinisls
fodumnomiammghy ooy nludlvgdnguevmsdnianagsiulnoaras amaalysfiv
wannfinmfwangersevs silvyiudnomuesnomoanty Snsimsalusunsmoafomeinid
Tanmdmnngrownelildgmevmfinmgnfign  usriinsdszneulnmenmnauisin
iflugrinmn  nldnawiosnmannez@luandsdanmselunf s sgaio wmsessilas e
danmafninTinienzuunncdoin  WisinnAnsmnseslinmon  ssnanensionn
Wlammnrmmwizen  Insesmrointudunwdndgosmineztly  Inesiamlslotiv oz dafy
vilwnsmozluflidindubuuin (First limiting amino acid) wazvdu/lans (wnnez8ldrin
fwduans  aangmo v Az amwinbntuTnodwdunines SludiiAndudivaan 8%
wnlalofuuastuludumnetlufidfindudiuans  (Morris and Blackburn, 19&2)  namesiludl
Pindudven wortfie  Tugmomvrinalwanindamios fio Yolea®u sazualin (Colnago and

Jensen, 1991),

Table 1. Essential amino acid requirement in layer ration

Crude Amino acid Reference
Amino acid Protein (%) requirement

Methionine + - 0.533% Or
Cystine (SAA) 5310 mg/day/hen Harm and Damron (1969)
- 750 mg/day/hen Schutte et al. (1983)
6.0 0.81% Wiseman (187), Calderon and Jensen
( 1980)
19.0 0.67% Calderon and Jensen ( 1wu0)
130 0.54%
6.0 0.65%
19.0 0.75% Victor et al. ( wx)
Lysine 0,700-0,750% OF

800-850 mg/day/hen March and Biely (1a72)
666-788 mg/day/hen  Jensen et al. (1974)

6.0 0.75% Wiserman (1987)
0.70-0.80% Omar ef al. (199)
Tryptophane 1.9 0.11% Bray (198s)
16.0 0.7% Wiseman (1987
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Table 1. (Continued)

Crude Amino aad Reference
Amino acd Protein (%) requirement

Isoleucine 13.5 0.61%

16.1 0.75% Hurwitz and Bornstein (1978)

13.0 0.67% Colnago and Jensen (19)
Valine 13.5 0.67%% Hurwitz and Bornstein (1978

16.0 0.65% Wiserman (1987)

13.0 0,61% Colnago and Jensen (191)
Treonine 16.0 0.4%% Adkins et al (1958)

18,0 0.5%% Wiseman (1967)

13.5 0.515%

16.1 0.625% Hurwitz and Bornastein (1978)
Argining - 0.610.7% Adkins et al. (161)

yinTasaandanImnesQinurecefntiy  (wandlilummd ) wodulin
unnsnafuudausnmamnsmiuanazin q ew UBownmfsewmaMiadv  ssdulusdly
g warizdunaninfidesnts  fadimfatfeemamwsAwdluiududosiwingrieims
W wnanezlulugmemrigegemun s wsisan e McODonal and Moris (1985) 309
'i'n:ﬁumno:ﬁtwﬂﬁ\:ﬁuaﬁan'nqmmﬁ111q41nﬂ'lﬁu\m Anlyflinsntinlng. Ao siunosingagn
&% Gous and Kleyn (19) 1wawn naisumnesSlviinduiuuingage Snalilaiunin
vAludilu ;aqnﬁ'zmwﬁu WaavinawvBovssolindsndndunueeaninos Sludaies
wlovinvans 4 A Seadsutieuin ninosQlufifiaavliovns wlindsvindindununinoz s
gz dwiadnfimdniinandnly  Anhitalaudaduinsl e wm i duvsanano: Alugetian oin
saninemanghy  SenosanszduvssmnnsSlunaleolinsmos Sluddnduduasn s sunsnsdy
nyiulie.

Ao Tunnfnemesssfeliinnihzmdfodnymasnnmntsstinvosinlyilis
fangrowisfiimanliimgn  Inolizduvesmmefhudwiatmun  wasfvmntieaw
Nz AN I RA LT AN A,

gUNIBILAZATNNS

lownglowme (Hisex) d 1w 192 &3 oagdameses 22 §Unov 2ausunIneens
wuugunsen (Completely Randomized Design) Tnowysdwinmansonn. iy ¢ nay ngues 32 A7
vuriaznguauniin 8 ngueon  whasnauinsssnoudanliladnen « & Hnailnlvliae
azngafiuoIInnansgnaingmntls Atk

grsfl 1 pwnlsufioy  Tngligrsnmmagnsldegiuileyoneawrindnd
NANDIYOININITIERILE  ansinseeand v Inednnsesmand Inpueeuinsw s
WHIWINOS III00 LASATLS (258),

gt 2 3 uer ¢ Mo wmIfdeedvsznouvesnines Sluaafinunzsinres NRC (1984)
wrlignsdvvsaninnzflunni 75 100 wny 125 alodirud seafLeTO.

i 5 uwas e liewmafissithznouvesnines Slwinfuns ey Scot el al,
(982) uwrldfrzdusssnmnezflunnda 75 uoz 100 WediTwe’ YBIA LK.
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dmvzznouysa e msues s vasnmimnans Fuandlumaned! 2 s 3
Avangmenn  Inolilunuennfareiinggy  Ewdulflunmadsongeomns o
vieidu 20 (CAFF, Computer Aided Feed Formulation) #autlwABrnadsangmasivig 19aagn
win Least cost ration formulation (gvin uazeni, 2533) wmespanazif Wrdineadnivnan
mediaous aosineer avinedonweimand  mewsmoaes Inodanesosfauiion
woEney 2534 9 woenaow 253« nadufindoyndwsantely 1Bume Wity e aioun
azgnneasy (¥20r 2 Ju)  somdnlafeniaslinndesses 2 Sugeieluerazsas B
wmiindalnfintudunnans ;uqnﬁ'maw“ﬁ 3 uazea s,

Table 2. Composition and nutrient contents of the experimental layer rations

Ingredients Treatment
(%)
1 2 3 4 5 3

Corn 3825 6488 5210 4746 BL® .16
Ricebran 2700 1500 1500 1500 1500 1500
SBM (24% CP) 1200 33 8% 1840 486 1584
Fishmeal (5% CP) 800 300 600 600 B0 6
Leucaena leaves meal 4,50 400 400 4,00 400 4.00
Oyster shell 600 800 770 77 170 770
Dicalcium phosphate, DCP (18% P) L0 05 - - - -
Bone meal 2.00 - - - - -
Salt 025 025 025 025 (026 025
DL-methionine - - 0.05 0.10 : 0.05
Premix 1.00 1.00 .00 1.00 1,00 1,00

Total 100.00  100.00 10000 10000  00.00  100.00
Calculated Chemical composition (% As fed Basis) :
Crude protein 69 1100 WK 18.00 1300 17,00
ME, Kcal/Kg 206 2819 2771 2665 87 26%
Crude tat 5.1 484 ag2 453 495 461
Crude fiber 565 428 4.50 493 43 481
Calcium 3,32 3.44 3.45 3.47 3.44 3.46
Phosphorus-avail 0.44 0,36 0.5 0.40 0.38 0.29
Feed price, (Bahtkg) (Period 1-3) 520 417 a7 520 451 5.05
Feed price, (Bahtkg) (Period 4-6) 540 428 496 55 467 5.35

WANIINARDILEZ 9100

maflulnliliduowmmtsdulibtuosmnnstlumsty  Inoldszdudunsinlae
NRC (1984) [75, soouax 125%] mammszpziasonvaneans 68 94 [6 $29n1Imnans, Periods) wn
Fouanalilunmadt « thngin Weamzdunineshilusmananle 75% uanBrlsaazsimin
LianasinimwanEuniafioddigniatif - (P<ot) lunneasynantimeass 39 s s 8nEnm
nIlEewsfindongay « 'ﬁa%ﬁm“nmmmmna:ﬂ Wi Roanedmivlvinonts  noienns
latsdsflupmnlalinosion  SofoufuewsaSonfioy  (Fssanslummsad 3) 19
UNBnarIWladu cunlalefiu + Sefiu %3 Morris and Blackburn ( 1082) 390371397 dwnaneslin
frfntudunts sazandlugranmmlisfuin Adoglsainadoniiemogmbueg fnfien uas
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Tablea. Essential Amino acid contents of the experiment layers rations.

.
Amino adid (%) Treatment
1 2 3 4 5 3
Arginine 1.08 0.65 .89 115 0.78 1.08
Histidine 0.42 0,30 0,38 0.46 0.34 0.44
Isoleucine 0.78 0.50 0,67 0.84 0.5 0.80
leucine 1,45 1,18 1,39 1.60 .30 1,54
lysine . 0.95 0.50 0.74 0.98 0.64 0.91
Methionine + Cystine .., 062 0.45 0.59 0.72 0.50 0.65
Phenylalanine + Tyrosine 1,42 0.79 1,08 1.38 0.95 1.30
Treonine 0.65 0,42 0.56 0.69 0.5 0.65
Tryptophane 0,19 0,12 0.15 0.20 0,13 0.19
Valine 0.90 0.61 0.77 0.95 0.70 0.0
1 Control diet

2 75% of The NRC (134) recommendation
3 1% of The NRC (1984) recommendation
4 12% of The NRC (1982) recommendation
5 75% of The Scoft (&) recommendation
.. 6 100% of The Scott (%e2) recommendation
... Halt-Cystine
Halt-Tyrosine

SoiRaszAuvssmans Qluvinduustinees NRC (1982) oilw 126% woalinly stz dvdainnild
pwsliuaniavnngafliduev At fuseiniaes iy 0% mowfunstiees NRC (19s2)
ua:no‘qmﬂzmxﬂnu wnntnalsfimn ngafllAidus vtz dusesnieessilu 125% Suwalinons
wanlrlififinalungnsasvosniameces  fauwsithzintamnyildnmalaaansnaioannin - faaen
ndnaffusisemyes Slagter and Waldroup (1984) fivdinldommnfloaiviznevsnaninnzOlud
fuand wazanszAunsnlio 70, a% (HoalrlylvinasBnlvanasnsafituinfigniatt (P<o.os) unfl
whu 100, 120% uaryssiunsines NAC (1977)  wofllAuandoosrslasituddonoatit - un
yinmaneanss LeliowmfSisAuvnnineslu 100% veafinunsiows NRC (1982) Tanakianie
usgaguinyosnmnnans Hathfioannlyn 3 $0un mwnamesmothsimugueslnly  Inlvee
mumnbinenelsfiosfugagn Aol Soinafaenee SluluaswsinBovesonioaiely
nilolinedon  fobimamoliees®nfBld  wineizoz 3 voovdavenmvnans Udnm
mnfluluanudeisnsiamedaiosss  wlimwsoBsowoldlunmainlslien daunn
oxfiluluowafinsetnakeaivchifvanofonivbinastnfifoelild  dofivoomisiwiuns
aowaiomandnls 1 na  szomildanlefliunmmdSasdusoninesln 0% Shwnuin
flgn faaonndnetiu McDonald and Morris (1985)  #awemlian  maflsdfladusnintuite
Selnlalidumwftnndinoaligs dusnsmans ludv il inastelylng du st usostingagn.

Weudliliduewnaflesulafn  wozninozfluwmmficwetises  Scott et al
(182) Flazdy 75 wer 100% wadauamalumisofl s Vingn  dneerrzAvvseminn: Sluaa vl
7% woafruusin sudulddlun 3 r0uan wadldunndtniludiinidg resti duwenaio
Aoy waswonflldduomafifisdumesmnesflu 0% wosfuusin  Fadmudafiuainauess
Slagter and Waldroup (1984) YafimwitinaurvmM8anninine: Sludanesolslan  Scott et al
(o62) Twazhu 0%  yedusToRawingan I fiziunaniaes i 0% # Slagte and
V\Ieﬂdrmp&saa Wlwnmneans Fodusisamsfiurnfuussiomms Scott et al  (1982) aswlie
7% SafsinlVinosBmonln 3 $aauin  wsnnnéllngsossofaorsesnanes Shluaawwes
Woriemmalflunmaialalitn  chnlililseamoadelslitiosfugegn  awawenn
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Table 4. Production performance of laying hens fed diets containing various levels
of amino acid- from the NRC recommendation (1984),

Average production performance Feed Body

Period Treatment Eag Eqg Feed Feed cost/ weight
Production weight  intake efficiency doz.eggs change
(%) (@) (kghenPeriod) kg/doz.eggs (Baht)  (g)
1 To 3 1 71,218 54,15 2,762 1.70P 8.84 34,25
2 49,01 51,90° 2.20P 2,100 8.76 -3.98
3 70,59 5290 2 ag® 1,589 7.52 45.00
4 72.178 54,272 2.7 1.65° 8.73 75.09
: (P<0.01)  (Pwo1) (Pwo1) (Pwo1)
4To s 1 8031 57,47 2.86% 1800 9.72 40,37
2 40.60F 55.5% 24P 2598 10.78 26.56
3 5810 ss79% 2P 1.8 9.16 7.81
4 69,967 57.69°7 2,868 1.780 9,90 26.88
(P<0.01) (P<0.05) (P<n.01) (P<0.01)
1To 6 1 70,269 56,81® 2818 1,759 9,28 74,62
2 sag 5372 2.30P 2,37 9.78 22.58
3 54.322 54.00% 2500 1,70 8.34 5281
) 71.07 56,068 2,807 .70 9.41 101.97

(P<.01) (Pwo1) (Pw.01) (Pwo)

&€ means wathin column with different superscripts are significant different (Paos) or (P<0.01)
See 1able 3

Table 5. Production performance of laying hens fed diets containing varous level of
amno acid from the Scott recommendation (1982).

4 Average production ormance Feed Body
Period Treatment Eqg EQq Feed Feed cost/ weight
Production weight  intake efficiency doz.eggs change
(%) (% (kg/hen/Period) kg/doz.eggs (Baht)  (9)
1Toa 1 7121 54,15 278 1.70 8,84 34,25
5 60.94 5283 2.5 1.85 8.34 .25
3 68,86 54.28 2,648 1,72 8.60 170.68
4Tos 1 69,329 57.47 2.8 1.80 972 237
5 52,74 57.66 2.61 2.12 6,90 %88
6 61,640 58,22 267 2.12 11,34 0.1
1Tos 1 70,269 s8.81 28W 1.75 9.28 74.62
5 %84 65,25 2.5 199 912 83,13
6 65.267 58,25 2.66® 1.92 10,02 170.79

3¢ means within column with different s uperscripls are significant different (P<n,os)
See table 3
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theiiug uillenecoafis 3 govds unsfeaonnen 6 ¥o0  weoinldmastinledandiwon
wWisuflountedloddgnieat®  (Pwos)  warfiuwsliufidnwanglddunimssidiss v
vosnsnasQln 100% woefuusiily 3 $aamds  wresuanealuiloddgsatie GReRann
nTMAeey 6 $3us  AanBRlidnaonflduommfsissAuvaininez Qln 100 % wwafunsin
ot ST AYNIOR (P<o.0s) Matl lmanniafnonaBumnnns vbasdu 79% sesfiuusin
UhnnininozflwioBuy q Afsnsgeoy oncin la®wamlslofndtomn  viulmny sasfAfass
arflusinlaty  Temawar mlslofin e waevduflas Hatioonfuninoz Qludinfnly
pmiln (Morris and Blackbum, 182)  #aiu  Safweuwenfinibimainnmnisialuenss
fana  whnelafmalainanesiwinly sasuszBnsamnlsomsanendle.

fvdunenaiwisnuaewrisennbely 1 Ins  wuin samasduseamn
pxfluauvlin 75% wsosfunsinns Scott ef al. (1982) Awnwiewmgnnat islinvd
Ixfuvnaninezfln 100% vaafu ity 9.87%

Sevonanmineassvsswanflaiusmm Az Avaoinisesilwahunsins NRC
(1984) Fazdiu 100% wosfnunerin Selvimarafinanssnmwn snlaluduomely uasdunn m
pwmmifignfige  foufnuiussnymeapadielviomfiizAveosnine: Al 100% o sfiansin
yos Scoot et al. (1e2) FeflmayaAiumssammnissdaludufiuonelouin  woinlionm
Mo wmmfifizdusnimensOln 0% veefuusyiores  NRC (1984)  toudinimiaf siunuan
ewlunmiadeli 1 Tva  SagnndBausimaronmnstelsluunnaamenniinism

 deRyanlaszasnseaninesesis 6 333487 solA el Dul Uy
soanfiinants  AefRvswizimopenemaipsd e lnoifatiswen lavla  nosls
nerivliznayvonIres lumwdiuseviivny  NRC (1984) Tuazfiu 100% voafianusiin A Woaweuds
fvdunmlvinaninloraon 2¢ §nv wndisamsbislalnlylinantnlyuas Sowinludi - 32a0h
funuam i Aliawanin Anrseussassanyiewmsenddy 2 939 #o 12 §UR LI a2
WewfisheduresninesQly 0% vosfiusstioons NRC (1984) fuditannads  dmiviness
2&nvinds ssfnsdusanmiansOlulus s 25% wosfunsyi vos NRC (1984)  Hausl
ol mragetiaing unfilynefiontof easiely saswmiinle,

§7UNaNIINARDY

Tunriliowmmifisinsfisznousssnimee il fiufumnmanu Tulnls sanze:
WINEBIn WY (00 22-46 AUnwi) awnagUnannesslidenelydiie

1. eamsdureanisezQluyinAusetioues  NRC (1984) suwle 75% nolaauyin-
amnmistialyanay (P<0.01) Wonanlely USnmemnfldnonatialy 1 Ina  wsst wwalviad
yliiominlsenastindoe  WinfaazdusnananosSlurinAusssine: NRC (98q) T 125%
wTInANmIIn el eorlrlY  (P<o0t) wewizlh 3 saamdstsaninmanaoninn
warSifpswsalinfiind o fnu founsonntinnans & 133 Auvondlatusmafssdy
voaninnzflu 100% woshuussisey NRC (1984  whonidlifiew  nyliswafidisdvesnmn
oxfln 100% 100 UneT  asvnsmaIna N I8l Yiowaslinlyln 3 wo3uIn Aalionsen
sEN NNty wasilame v afidsonaatinly 1 Ive  Adenalimedlniiomolvontn 1o
AunueewsnonIslely 1 lnsiflgaean.

2. Wosmrduvnenminezfluendwusinwes Scott et al  (192) savle  75%
i unsin  MlmIsan wnIalalsanny (P<0.0s) oWy 3 930mE9 wezHeRn  ARBANT
neapy 6 T A wTusaslaltlu 3 9auan  somtinlyaas oo mmilEan nstiely o
e Femdlinekifouonfudis e fssdusseninestily 0 wnsfnuuesiene  Scott et
al. (1982) wazdunwammaeonmsinly 1 s gnnaatisziu 0% Hnkan
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TRINTNET K1) 75- 83 (25.)
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