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Normal (left) and small (right) pregerminated seeds from mature fruits of Miyauchi Iyokan X Kara.

+H a a +H e o dy et o
e Huduniguazijudimm o Manauuganlaifinga
o < = W L = & A‘
o Inuganis MUY o MINAAUHUNGINYOUITGNS

ISSN 0857-0841



INIATIUNHAT

Journal of Agriculture

19vey

AUTINVATAMIAAT
S G iy q
U InnduFua vy
Wil 50200
Tns. (053)221699 @p 4013

Tnsms. (053) 225221

TagUszaan I

inuAsMans

Publisher

Az iugideu

Faculty of Agriculture

Chiang Mai University

Chiang Mai 50200, THAILAND
Tel. (053) 221699 ext. 4013
Fax. (053) 225221

IHUUNTHA U ITOHAaz UNANUMIII¥ I 1)

2. INUIWSINYI ARRIVENTNITY

RATIMNTTUINYAT 1Az ¥Inn

1. (Foafinnun

1.1 HanuIvY

2.1 duny

3. afuanudniussudssnhnindse

yssanims oy w3mAs
= i i
NBIUTIONTMS  ARNesEdNIanuIE 22 Auntulis
AUINBATANAAT W INoduTuahni 2.3 szymoe (
24 MIN
a ja i - rs ’ ' & e e
f3nm AN AIWAS, W0 Josdms,  ouud Tnwe 2.5 mmisznou
uns  w oanha, Nu wiswAs, Sua Sunioeu
. ' 4 W ) - o 26 ns N
AHUAIHBINI @ounumius  dnuou uezaany tar 3 sy 2.6 N3
27 10nmId 16
@ a - a
u8aTuI M wsanimInsmsinuas win

Auilans

BITUM

uImsauIsuasiann

AULINYASMAAT  umiImuauFua i

wualmi 50200

2.7.2 Tl

nuIsn

NIAIUNHAT lﬂuanmﬁﬂmnw 4 nﬁau VOlﬂN:lﬂNﬂﬁﬂTﬂﬂ{ UMIINAY-
v 4 a . a
Foalu mwu'n'mmmmmmmnﬂnuﬂ'mmumman{ YATTHNTIUINYAS

%
uaz¥ine  annnwlutazmuuenumIinudo

- - *
1.2 unanuiin/inmi

2. Min3ouAuatiy

o R Ry e | - P
nasdaduntuRsanunA lulnsnounniaes
TUsunsus 138 u30 thai wite Ao ludu 10

¥ - Ao ya v~
Wi vstiandatinualil 70 A38nvs uos

%,

wmiar 12 uIiiA dRusuinum sl uRnas

y i
vunsEAIy Ad 1 ya nipusuduiindoua
wiwmdaten i Ing naznimdingw
4 . -ch - -
ndex word) wpain: wendlun Inouasmwdingu

- -
W@UIUuUMINIoINOY

U uAN I N0 N

lunimuassiosuiunin
AIMDTNOR 9 om0 3 nmisou 1 duinadou

vunszaweianu wisnsrawidouiuy
; acd
HaWoyadumead s uuyTUdw

o ddwenmsnn Inemudisenmsnwnsingy
& T 5.5 -
frtusnasluniodealuszuudodu uasdl (wa)

1¥U WITU (253K) WU NTO. (Wi, 253%)

Tunsdidunndangy Wszumnuanauagil e )

(¥4 Jone and Smith(1995) Tunsdiniguarainy

3

Sl wavnaende o ar Aefioduainuusn
' “ o o av 4 A

uahniyFienasdrad oo ldvonuannny
Yy a v A Ve o 4 »

BNMITH B0 « WEonuiande-anawn i

R R 0 e 4 Neig a3
hignaldiavi Sus e Inudedosos gy

1) @M3UIATAIEIIAIALAI -

BT I | - , 3 4 )
Auas (o, Fane T o iadihun b gyl Soecs Fodu e

12

4.4 - A - - - 3
Foidns wilsinghiasms) S el TR evuF D

A0t

1IN0 Ny (&8

2) am

waniaa AFws (2524) nudnadR R TUII

193 196

FUATINETHIAADA N
d.p A R R T D »
YORUAINA (AN ) FOHUITE TIUOALN  WOIMMUN §IUTUNY
NANMS nFLMYT (2527) wAnnTEeu wiun s Tioaes Inodnug

Amn

mingmaad wmnisaun Soaleg

3. muauaiol

v A - »
ausoaamun Idaanaal

f UIIRNENIININTINYAT

MM INnas AN

a Jla . o 4 o
WUXA  vulonurneaisn

- v o= T '
um innanFuahni Wualmu

aninamyiyms

50200

Tns. (053) 221699 @0 4016

b AWUSINHAT
AUTINHATAMIAAT

- - v o~ '

an3 UHYJ"U]K\UIVU"1“U
- - ot 4 A

noauTTanimsvar i lunsasendludosfimueimodud

Wwoalmi 50200

Tums@fisidu szvomwshuyoueindiSoudnes inoudnu



Un 10 a1uN 3 (2537)

I1IANIILNHOT
JOURNAL OF AGRICULTURE

Volume 10 No.3 (1994) 2SDSTAOMSIARAN-NBoSMADS umInedsidaniny
Mty Contents
SELECTING DIPLOID POTATO CLONES 209
SUITABLE FOR TRANSPOSON TAGGING OF
ALA ﬂ i ﬂ q = Qoo N THE R-GENES AGAINST LATE BLIGHT
ansnay VDI ' 0 )
NEEDVENANABNTININHNEVEDGMAMININN. 218 (PHYTOPHTHORA INFESTANS) YSELECTING
S Ul GENOTYPES CARRYING R AND R_
Niti ‘Thaisantad
oy =y a < o o d
MIDIYUAHANAAVDINTEAUMIIANAZNTZDUTNY 226 Rl
.l u&ﬂ%ﬂl%ﬂﬂﬁﬁ EFFECT OF CATTLE MANURE ON ALUMINUM 216
N9 - . : TOXICITY IN SORGHUM (SORGHUM BICOLOR L.)
0 quinyy ¥an ¥lans  Qaw wnan uoe Surae ;
Lo = ! ¢ Surasak  Seripong
NIYg1 D3 IaA
GROWTH AND PRODUCTION OF ACACIA AND 226
a B e 5 e g LEUCAENA IN CHIANG MAI
ﬂ'ﬁﬂﬂH]lﬂﬂ'Jﬂ'l]']ﬁn]iﬂﬂllﬂﬂﬂﬂﬂ]l!ﬂi:)'i]‘llﬂ"l!'hu]:ﬁﬂu 235 . . ’ )
o . W ¥ . Charoon Sukkasem  Chavalit Chalothorn
LA ’!ﬂ'l Dusit Manajuti and Kanita Aoungsawad
U ouudn  Bssay winwnd sy deeu
STUDY ON PRUNING METHOD FOR OLD ARABICA 235
y = COFFEE TREE
ﬂ]Sﬂﬂllﬁuf)d‘llﬂQﬂ'!'Jﬂﬂﬂﬂﬁ’lﬂ]W 244 . .
- p Narnt Yimyam  Theceradej Promwong
DITUN ALUVTYNIY
¢ Prasert Khamon
P w A a o W o aw ISPONSE OF RICE TILIZER 244
swuazihmindlofudandausnvednaugondiu - 252 RESFONSE/OF RICETO BIOFERIMIZE
¢ w Aunop Kanachareonpong
UYITHUU
S Rine R B AGE AND WEIGHT AT PUBERTY IN AMERICAN 252
. T BRAHMAN HEIFERS
Nipol Vityakorn  Paicharin Sondhipiroj
a LY ] o ey W Pagy Bt
msfanmeiuganlhitindalasiBnsemiug 259 i
50 nane DEVELOPMENT OF SEEDLESS CITRUS CULTIVARS 259
BY CONVENTIONAL BREEDING METHOD
yhauazSnamuniinlvanuilunsaiiine 267 Eichir' Taohipang
woulgnisuaudimiuldlumsuanunu TYPES AND QUANTITY OF CHEMICAL ACIDULANTS 267
[!‘nﬁﬂ] Ufynuau 'IWI'J'WU/ )‘:j'”ﬂ)',‘ He .‘\Fl“RCTlNG ()N STARTER CULTURES FOR NHAM
durm Surlssiiug PRODUCTION
Suthaya Boonthanom  Pairoie Wiriyacharee and
v aca v a Vv A A Aa Yy Ninnart Chinprahast
mslymsminivanuilunsasanuvouSgnsisuau 281
| Hr VR R UTILIZATION OF CHEMICAL ACIDULANT AND 281
anse yanuoy sl atend e MIXED STARTER CULTURES IN NHAM
- & . Suthaya Boonthanom  Pairote Wiriyacharee and
uuum yuilseyivyg .
* Ninnart - Chinprahast
o o ¢ EFFECT OF SODIUM NITRATE AND SODIUM 296
novedlw@anlunsniazlmdenlylnsdonmnin 296

uuunnanlauly Glucono-delta-lactone 331y
X = aa v
WaUIEVNBIINAHHTY

qnser yyouoy  Tnlsod G5p07 naz

Huum yurlszivg

NITRITE ON NHAM QUALITY PRODUCED WITH

GLUCONO-DELTA-LACTONE AND MIXED

STARTER CULTURES
Suthaya Boonthanom  Pairote  Wiriyacharee and

Nmnart _Chinprahast

ISSN

0857-0841



UNUIIANEMI.
MIA UL luTeeTy m‘cmls auilomialnndieszes 10 7 fdnan Tusda
in3tudszauiansywanaunueiensite wdmuiisnniualssnauduauiiteoinn
i Tas sze RS eTidnuaihudoduan
TionwwannIasimsisowine v 18 xa ‘;'..’?'“‘A'-'J"‘i’:'fxir‘,“.’u"":l'uDJlla“’ﬂﬂmﬂlﬁﬂ‘ﬁiﬁfnﬂ“u'l'h.l
w31 nnss~u1141Jszmﬂnsamnsgma
Jewenwe muoiniu - 019 luaussneudemisud

L e

wazanaoa I mivaw

UUA1A  uvaouisouninalvalnsuhinatne:
anysemmilunandandne: Wnuaiua
Hayminwoluilszme

oniu Uszmatine Idinniu Ussnnsine 1edorsimusunalss mﬁ‘bw'lugmmi‘lu

Uszmronvuuazdevtimudnas il sulssinedionauramumalszmasanann luvasi

vinoau mda lsnAnansnan o g ms’gu* :.e‘mumwmﬁmmmsaw‘lﬂﬁuumu
Tt

59
wlsznaiomnnniy Tavsiuesdnsuas aonimino19o: Tasans3toninalvgyanaisdu
duum aunsoianniuld TaoedomiSionolulszme Tasams3soieudilymuasiamn
Uszmaldsunsnssdulifiinmiannfuesidiums Tao idnsinahey hiflansznadoaivanyy
odnlsfay msduiiumdiodmaimsiusudy Jywman hilsawdssnu udiduiSeamsva

YAINIIVYNUADN I

*‘i]tuumf':sflum?aw{admﬁxsmnﬂu“lug11::17n3‘mn15ua:17n3%ﬂ’;iﬂ“’ﬁ'ﬂﬁ'mﬁaﬁum
maud ly msﬁma11‘Iﬂf56'05:u7ﬂﬁTﬂrJﬁﬁﬂ%"umﬂmi‘luﬁxﬁuuﬂuﬁnum Lﬂuunnaimiuiﬂsami
M3sdenunan TnsansdnpusanaIuInay/mMsoavaniiy maivﬂumwmmnns"%ﬂ
nszawegluunasie q madalsy Tomiumlszmmnfstuiui - aaoavumsnamiudani
ﬂmﬁuumﬂuumﬂam mmumuﬁ‘lwunmmowmmm'hﬂnm1mwmuﬂauuﬂmﬂs'lé'nﬂu
szozdunazszozon dosmsdeasud audale anuiidrimg wazanwswile” Wiy



Selecting Diploid Potato Clones Suitable for Transposon'

Tagging of the R-genes against Late Blight (Phytophthora
infestans ). Selecting Genotypes Carrying R and R,

Nithi Thaisantad ™

tuberosum L.) clones for
infestans resistance genes-R. was applied to various potato genotypes.

Abstract : The process of developing and selecting diploid potato ( Solanum
transposon tagging of the Phytophthora
The plants carrying allele R , or R were selected for possessing the following characteristics: diploid genome,
high fertility, straight segregation of the R-allele, efficicient regeneration in vitro and high rate of transformation
by the Agrobacterium tumefaciens carrying genes NPTII and GUS interon. Three of eachR -and R -carrying
clones performed those desirable characteristics.

Index words : potato, late blight, Phytophthora infestans , breeding for resistance, genetic transformation

Introduction origin. Although there are many ways of

genetic transformation, however, microbial-

Genetic transformation of plants has become a
major topic among all genetic improvement of
plants and soon far more progressed beyond the
conventional counterpart during the pass two
decades. The genetic  transformation specifi-
cally and efficiently introduces foreign gene  into

certain plant genome regardless the species of

mediated one has been intensively employed.
T| orRl plasmid of a  bacterium genus
Agrobacterium functions as a carricr to transfer
the gene of interest into the target plant genome
via the process of infection (Draper et al , 1988).
The transferred gene expresses  itself normally
as it does in the original species and can be

" Faculty of Agriculture, Chiangmai University, Chiangmai 50200
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detected as  traits or chemical reaction of the
so-called ‘marker genc’ in the host tissue. Such
marker gene is, for example, drug or antibiotic
resistance genc which can be screened by cultur-
ing the host tissue in  medium containing the
drug in

killed while resistant ones survive. In this gene

vitro . Susceptible genotypes will be
tagging scheme, a marker gene employed is
categorised in a group of ‘transposable element’
or transposon : a chromosomal fragment that
can insert itself into certain chromosome
arrangements thus inhibits the gene expression.
These transposons are Ac and Ds clements of
maize found in 1945 by McClintock.
(McClintock, 1945). They will tag for the R-
gene, resistance gene of potato against late blight,
of which its protein products are unknown. In
the second step of the scheme, splicing and
manipulating of the R-gene will be made pos-
sible. This

potato genotypes carrying a particular R-allele

study aimed to select a group of

and required characteristcs that facilitate the

R-gene tagging.
Material and methods

Potato ( Solanum tuberosum L., 2n = 4X = 48)
cultivars carrying RI orR \ allele were diploidized
by crossing with a dihaploid pollinator,
S. phureja cv. IVP 101 (Hutten et al., 1990).
The dihaploid progenies, characterized by pur-
plish spots of anthocyanin accumulation were
collected as described by Hougas and Peloquin
(1958). The dihaploids were rechecked to

210

ensured ploidy level by counting chloroplast
number in stomatal guard cells as described by
Jacob and Yoder (1989). Detached Leaflet
inoculation was employed to screen late blight
resistant plants according to Toxopeus (1954) with
(Lapwood, 1961; Mooi, 1965;
Umaerus, 1969ab; and Umaerus and Lihnell,
1976). Defined P. infestans pathotypes were

courteously provided by the Institute for Plant

modifications

Protection, Wageningen. The genotypes per-
forming hypersensitive resistant : susceptible ra-
tio approaching 1:1 were kept for futher study,
otherwise discarded. Flowered  resistant
dihaploids were crossed with fertile diploids, ie.
IVP 1024-2, SUH 3711, IVP 1031-29 or IVP
1030-9, to improve fertility and vigor. Diploid
progenies were rescued according to Singsit and
Hanneman (1991) and Neal and Topoleski (1983).
This step was repeated if the result was
unsatisfiable. Derived diploid progenies were
brought from in vivo to in vitro following
Old and Primrose (1989). Axenic diploid plant-
lets were multiplied in 8-cm. jars of MS medium
(Murashige and Skoog,(1962), 30gl ' sucrose, 8

gl " agar) .

Testing for regeneration ability was done as
described in Visser et al (1989 ab) and Visser
(1991); stem segments were cultured on ZCV
medium (MS inorganic salts, 1 mgl " zeatin,
200 mg! "' claforan, 200 mgl ' vancomycin, 30
gl ' sucrose, 8 gl " agar). Meanwhile transfor-
mation test was done the same way but the stem

segments were soaked in culture suspension of
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A. tumefaciens strain LBA4404 (Hockema
ct al, 1983) carrying plasmid p35SGUS-interon
and NPTII gene (Vancaneyt et al , 1990) then
transferred on the selection medium. The
expression of the plasmid was resistance to
kanamycin and production of enzyme B-glucu-
ronidase (GUS). The transformation method was
modified from Visser (1989 and 1991) as
described in Thaisantad (1992). The sclection
medium was ZCV with 100 mg! "' kanamycin.
The B-glucuronidase histological assay was based
on Jefferson et al (1987).

Results and Discussion

Five R ,and 9 R , diploids were obtained after
repeated crossing to reduce ploidy level and
improve vigor. Those diploids performed much
better compared with their dihaploids in terms of
fertility and vigor which was found also in the
The
histological reaction of GUS test was seen as
cut surface of 10-day-old
explants where callus tissue initiated.  This
al (1987).

After testing for regeneration ability, expression

study of Hougas and Peloquin (1958).
blue spots on the
result is resemble to Jefferson et

of kanamycin resistance and activity of B-glucu-
ronidase, the result is summarized in table 1.
From table 1, among R clones, J92-6448-2

performs the best when compared with other

genotypes.
(12.5% of the explants produced shoots), high
GUS reaction (5 positive spots) and moderate

It shows high rate of regeneration

211

kanamycin resistance (18.91% viable calli on
selection medium). On the other hand, J92-6448-
10 shows highest GUS reaction (33 positive
spots) and kanamycin resistance (68%) but no
shoot was differentiated. Nevertheless, it pro-
duces viable calli in  high rate (35 explants with
calius/40 total explants, data not shown). J92-
6448-11 shows high rate of GUS reaction (5
positive spots) though low rates of kanamycin
resistance (4% viable calli) and regeneration
(149 shoots). For the rest, J92-6448-5 and J92-
6448-7, their
tests.

performance is poor in all the

For R _-clones, J92-6453-9 shows high GUS
reaction (11 spots), high kanamycin resistance
(37.5% viable calli) though low regeneration rate
(7.5% shoots). On the other hand, J92-6449-6
shows high kananmycin resistance (26.31%
viable calli), high regeneration rate (22.5%
shoots) but low GUS activity (1 spot). Unfortu-
nately, in J92-6450-5, GUS reaction is high (5
spots) but kanamycin and regeneration rates are
nil. For the rest of R group the rates of
kanamycin resistance and GUS reaction are
low though some have considerably high
regeneration rate.
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Table 1 Transformation (kanamycin resistance and GUS positive reaction) and regeneration
(% number of shoots/explant) rates of R and R clones.

clone kanamycin+/- ' GUS+/-* % number of *
(%) (spot) shoots/expl.
ll
192-8448-2 18.91 5 12.50
J02-8448.5 0 0 0
J02-6448.7 714 0 0
J92-6448-10 88.00 83 0
JO2-6448.11 4.00 5 250
l'l
19264401 0 1 0
J92-6449-8 26.31 1 50.00
J92-6450-5 0 5 0
19284538 0 0 22.50
J02-8458-9 8750 n 7.50
J92-8454-37 0 0 0
J92-6454-38 0 0 5.00
192-6454-40 o 0 16.00
J92-6454-47 0 1 55.00
control
IVP 1024-2 0 2 17.50
' = percent number of explants with callus survived per total (4-37) explants

? = number of GUS positive reaction spots per 5 explants tested
* = percent number of shoots per total (40) explants

212
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Discussion

GUS reaction and kanamycin resistance are, in
principle, the indication of successful transfor-
mation. Theoretically, the genotype that shows
positive GUS reaction should also shows high
ratc of kanamycin resistance because these genes
are linked (Hockeme et al, 1983). From the
result, some genotype did not follow this theory,
for example, J92-6449-1, J92-6450-5, J92-6454-
47 of the R , group shows GUS reaction but no
kanamycin resistance. Even in the control, [VP
1024-2, which always shows high rates of GUS
and kanamycin reaction, also has low kanamy-
cin resistance. There are two explanations for
this phenemenon. Firstly, testing of kanamycin
resistance and GUS reaction was donc indepen-
dently. Moreover the sample size was small  so
there was higher chance that some explants
escaped the infection of Agrobacterium
tumefaciens . Secondly, there might be some
amount of  kanamycin left from the initial
inoculum of Agrobacterium , therefore kana-
mycin did not inhibit only susceptible explants
but also do to the resistant ones. The problems
can be overcome by increasing the sample size
to 40 or more and the initial inoculum of
Agrobacterium must be rinsed by resuspend-
ing in fresh medium without kanamycin and
recentrifugating the cuture 2-3 times prior to in-

oculation.

In conclusion, the genotypes that performed
chracteristics facilitating for further R-gene tag-

2138

ging, from the most to the least are, J92-6448-
2, 192-6448-11, J92-6448-10 for R , group, and
J92-6449-6, J92-6453-9, and J92-6454-47 for
R . In the nextstep of this scheme, transposon
taéging for the specific R-alles can be done in
homozygotes (RR) of these lenghtily developed

genotypes.
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Effect of Cattle Manure on Aluminum Toxicity in

Sorghum (Sorghum bicolor L. )

o o 1
qIfAna I
Surasak Seripong !

Abstract : A greenhouse experiment was conducted on February, 1994 at Faculty of Agriculture, Khon Kaen
University to determine the effect of cattle manure on growth and mineral composition of sorghum seedlings grown
in Yasothon soil (Oxic Paleustult) treated with varying amounts of AiCl,. The treatments consisted of four Al rates
10, 1, 2 ¥ 3 me AI/100 g soil and four cattle manure rates : 0, 2, 4 L1812 6 ton/rai. The experiment was factorially
arranged in a randomized complete block design with four replications. In the absence of cattle manure, increasing
amounts of Al in the soil significantly decreased dry matter production and P concentration in plant tops. The
addition of cattle manure to pots containing Al significantly increased dry matter yield of sorghum plants. Increasing
the cattle manure application also suppressed the reduction in plant growth, which accompanied Al stress. The
significantly decreased in Al concentration in plant tops as a result of the application of cattle manure were shown.
The beneficial effect of cattle manure was also significantly increased in the P, K, Ca, and Mg contents of the
sorghum tops. The cattle manure treatment also significantly increased pH but significantly decreased levels of
exchangeable Al and % Al saturation in soil used in the study.

1 - - . .
madenlgimond. nuziouamaas, U InodsseuIny, Youwiu 40002

' Dept. of Soil Science, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002

216



BnBwaverijunendsnnuihimuvessrgihfuludiohe

UNAAL® - yimimaaesludsunaasuieifeununiiug 2537 finaunuasmand uninndoveuuny
TaeiiinquszasinoAnyiBninavesijsnendensieiyduTn uazeadiszneunisiguesdinfeiilgnludy
yrolassde 1Ry Al szduann miumimaasalsznoudisesqiniu 4 Sa91Ae 0, 1, 2 1Az 3 me AVI00 g
Tugdves Alcy, uazijonen 4 amma 0, 2, 4 uaz 6 #u/19 MWKUMINARBAIVY Factorial in Randomized
Complete Block Design il 4 91 wamsnanealsingide hiimsldiunemininuavesduuazsinves
SrvhaezanuiduduvoaieaieialududivheaeaesniishdgynaadadedinRvergiiuludu
mimm';uﬂuﬂonm'hﬁfmﬁ'nuﬁwmi’wmz':1n10417m'h«i‘u~fuadwﬁﬁuﬁﬁmmwﬁi s ldtjoneniilims
annsveaiminusvesdunazsniinfosauile 147ins 1desqiviu luAnsas iy uazas lddunemin i
Wutuvesesgiiylududivanasedaihivddgmniaadd msldaenemi i ihaiinsgalfussgems
P, K, Ca liny Mg ﬁ';mfuorhaﬁﬁumﬁmmmﬁi uanmm‘fnw'leiﬂununﬁam'lﬁ pH wsRuAMBE Tl
AgMedA uAn 1¥52AY ves Exchangeable Al 1182 % Al saturation 1MANARBIBININTUMAYNEDA

Index words : 913714, junen, 0QiViy, Sorghum, Cattle manure, Aluminum

LAy Suaswasmsnd i Taveasinfivann 34
sInezildnuurduuazdau (Sanchez, 1976)
aulunnaziuoenimvamilodaulng  avhaiuisinuuda1885aninsiiezlgn
fhifiunsa nanfownnd 50% § pH dindr  lumanziuesnifvamileudiiszsingiin
5.6 uazilszana 30% i pH oflug23 5665  vhudhuityi iseonunusdemsi Alnaludu
(Suwanarit, 1985) AudMIMDVIAANIUGAL  (Foy, 1973)
auysaiiioaninanmunsa Aevziiuisig
oMIWINTITUANBYH 13U Ca uaz Mg iTudu FUfUAlumsasnuiunsaves
usziiminussigiinzaneldaludunsa wu  Audifionduia ) 18udmsldyu Evans and
uISIMBZQINTY (AD) DY HaTYANTEITNIN  Kamprath (1970) wuhms laajugaovilims
swilufviuisin1d fugaslossihiduild  wig@uTavesdninadtuy oauiimn
gnitrlilumanz Susendsanilodnliwonda  Budadau Al eggand) 70% uamanudu?
firoudhach Feomiiosnnduilfiioniunsa &0 Al Aszuansiannziiiudunsodeny
Gafind (2525) IdMimsitonunaunsage  Tududngiuszuandraniu WU3IM TR
vTassTulsnaasavesumiinudoveunny ﬁun?uiﬂq‘luﬁunmv'lﬁnaﬁwhﬁums'lﬁﬂu
il Alegguilundens nazwandaveadrvha 'lumsanmmti'luwu'um Al Tuiiandea
sranaIsthaniioAuiinLBURIRI0 Al (% wenNi Vityakon et al. (1988) fldwui
Al saturation) wnnd1 15% dull Pmnuas msmudunioingludulaslfioaenszyie
ﬂsmm (2532) wmwnﬂnmlqn'luamm A pH VoA
ulassdua (pH 3.91) 'lumsq;muhmmsm
finnuilunuves Al Tudu Taoi Al il nsnaassiliiingUszasdiezdnyn

217



MITVINWAT 10(3) © 216 - 225 (2537)

sninavesijonenlunisaannuiluinves
- o 1 A - A
szguninludvhemlgnlufuyaoTass e

wRihARmsUsimleRunsaiimsaaqusne Ty

gUnsaiaz3Bms

winsnaassluifeunaasailoidon
nuaius 2538 TaoldauyaoTass (Oxic
Paleustult) 3afiumnuinaIndviiaduuazie
AUSINBATMANT SunBiiios Yaninveuunu
@ull pH 4.6, OM 0.7%, Exch. Al 0.15 me/100 g
i sk uswerusseuriuaznsnng
dusguina e 2 vy, FeAui o 4 nn.
Tgmmadnudnihld Blunsymeduisnng
durigudnarainnszons 19.3 aw. uasd
AU 20.0 3. MIuMinaasalsznoudn
82y (AICI3) $1uIM 4 8A51AD 0, 1, 2 Az
3 fiadanfueruyad AVAY 100 N34 (me Al/100g)
uazilonen (yady) 91U 4 6As1 Av 0, 2, 4
uaz 6 Au/ls YamINAABIUL Factorial in
Randomized Complete Block Design 1 4 %1
‘lﬁﬂusmﬁ'u (logns 15-15-15) 6A31 50 NN.VES
N, P,05 uaz K20 ae'ls agnilufi la 1iweiy
Austiniad smfflﬂiuﬁ'zmi’msmlﬂunm
7 Ju nﬁammfumamuﬁwﬁnﬂnﬁug' PB
Hegari 31424 10 AAABNITZ01 ABVINIU 10
Juvinsoeuuonfinide 2 Audenszon
s IWAuTANu U sTIne 70% Y8 Water
Holding Capacity AADAMINARDY IHVINGINY
iefieng14 30 Su TodaduisissauiAanu
wazuondausinoonsinaulaoldiid
hwesaiy llouniaiioangil 70°C uda¥

218

wnhmineds saziduduis e
Ansimuniuazinudlednauluudas
nsvarandsaniiuio Rsud ez
maniiae 1

msdnsziisitenIm P, K, Ca, Mg
uaz Al 1o In15908A203TINIAID8 1IN Y
figaungil ss0°c iunm 3 v, uazazaw
a2 N HO aseaasi limsazaell
USinas 100 uafaerindu e p 42033
Vanadomolybdophosphoric yellow color (Jack-
son, 1958) dniy K MIAIAWID Flame pho-
tometry (Pratt, 1965) U@y Ca LAy Mg WM
#2093 Atomic absorption spectrophotometry
(Thomas, 1982) &3V Al mimlasl¥itvea
Aluminon (Chapman and Pratt, 1961)

msdinssiaunduiufoi)senou
A20men pH (ﬁu:ﬁ’1 = 1:1) Taol¥ pH meter
MM K, Ca, Mg 1@z Na nuanndou'ld
TaumsafiaRudls | N NH40Ac 3a Ca uaz
Mg #2078 Atomic absorption spectrophotom-
etry (Thomas, 1982) 112¥ K 11a2 Na #2078 Flame
photometry (Pratt, 1965) w1 H uaz Al
finanlaon1dTavadadudls 1 N KCl
UazvIM H uaz Al @078 Titration (McLean,
1965) MM Effective cation cxchange capacity
(ECEC) Fuflumavanlumiiovos me/100 g
¥94 K, Ca, Mg, Na, H 1az Al daunlofidua
anwduRId Al i 1Rus  Sasrdaiiy
nJefiFuAVDL Exch. Al (me/100 g) A ECEC
(me/100 g)



wamsNaaeIazIoinl
msniyAulnvestnarg

nsdfliims lailoneniminuiaves
funazsnveatniimsanasediannuas
uuuﬁmq;mmnmuoumsmu Al Tu@u
(M3NN 1) nanfe umunuﬁwmﬂuaam
90 8.71 NFU/MIYONTATZAY 0 me AVI00 g
iy 0.06 NTW/MITNTITEAY 3 me AVI00 g

Snnavesijonansonmuihufwvesszgiiuludianha

wazthminuisveasnanasein 2,01 i 0.04
n$u/NTZ01RLAY 0 AT 3 me AI/100 g
awddy msi Al nnludussdudamsuis
wanmlawsmﬂﬂﬁmsmtymu'lmamnaﬂm
uon9Ind Al Gavavanamsgamandeud
uazms 195z Tomives Ca, Mg, P uaz K A2
(Clarkson, 1965; Foy et al. 1978) éiﬂhfﬂi
NAABATiTEARABIRYTIVMYBY Shuman ef al.
(1990) Finunnuiuiuves Al luAunsa 4
viiah imsin3gdvTaveadinanas

Table 1 Influence of aluminum and cattle manure treatments on sorghum growth in Yasothon

soil.

Cattle manure added (ton/rai)

Aluminum added (me AV100 g)

0 ) 2 3 Mean

0 8.71 8.18 0.74 0.08 8.17
2 1143 6.26 4.10 0.78 5.64
4 11.40 10.38 8.05 3.99 8.46
6 13.54 11.82 11.49 8.95 11.45
Mean 1127 7.01 6.10 3.45
LSD (0.05) : Aluminum = 1.08

Cautle Manure = 1.08

Aluminum x Cattle Manure = 2,16

Root )

0 2.01 0.58 017 0.04 0.69
2 217 0.86 0.95 012 1.08
4 2.27 1.62 1.28 0.71 1.47
-] 2.28 1.78 1.04 1.42 1.88
Mean 218 1.20 1.09 0.57
LSD (0.05) : Aluminum = 0.31

Cattie Manure = 0,31
Aluminum x Cattle Manure = 0.62

219



MmINAT 10(3) | 216 - 225 (2537)
nstiudjonenin himinutaveady
un.s1n~uow1wlumm'fuomwuuﬁmq;
nada M3nh 1) Ao minuavesdu
MuduIn 8.71 nsu/ns:mms.,ﬂuﬂunon 0
du/ls il 13.54 ndwnszoriisyduilonsn 6
du/ls nasiminutaveasniuiunn 2,01
i 2.28 nsu/ns.,mms.ﬁuﬂum)n 0 uaz 6
au/1s mwday uannnuﬂnnqnﬂuaonum
Al TiBnBNas Wi (Interaction) NAINBMIINY
sanijsremi limsanasvenimintaves
Aunazsnvesdimihaiidesauileiimsld Al
annmuﬁummnuamwmmﬂuﬂannmuaﬁ
anuniluiinvesozgifufiaenyii ludnjy

n A5 umauiRuaniy (Seripong, 1991)
Ynawssgermslududnavhy

A ' '
il 18 1donennnududuves
a &
azquuuluauﬁ'uﬂNmuwmuﬂsmqu

.
- o

Al mnwu'[ﬁumm.,ns.,nu 3 me Al/100 g

peninfodngmeada mai 2) uaie1d
imlddoneniuiusziliannduduves
a~quuu1ué’uvnﬂnanammmuodmty
meadaiewdhanszhnsadunioi an
asarawmvesijoneninlfisouiiumsilsenen

. - a 4 o 4
Wadouny Al TuAudai il Al Anyezga

Table 2 Influence of aluminum and cattle manure treatments on Al and P concentration in

sorghum tops.

Cattie manure added (ton/rai)

Aluminum added (me AV100 g)

[§) 2 3 Mean
Plant Al (ppm)

o 247.64 229.22 885.39 906.62 420.47
2 208.97 197.95 281.90 663.69 324.38
4 192.42 189.82 196.30 24643 205.92
8 180.69 179.68 201.68 186.62 189.13
Mean 208.43 199.16 24132 499.09
LSD (0.05) : Aluminum = 202.42

Cantle Manure = 202.42

Aluminum x Cattle Manure = NS

Plant P (%)

0 0.43 0.44 0.14 0.34
2 0.47 0.46 0.38 0.28 0.40
4 0.51 0.32 0.33 0.39
6 0.44 0.36 0.81 0.38
Mean 0.46 0.40 0.38 0.27

LSD (0.05) : Aluminum = 0,07
Catle Manure = NS
Alumioum x Cattle Manure = NS

220



< aaa da 4 a
118 Teoas Fudulfisorinavuludu
RN U5 1091UYD3 Hue and Amien (1989)

msiiy Al Tuaudai Idanududuves
vlamlam'lué’uﬁnﬂnaamamqnuorhﬂq;mq
a8R (39 2) Feoiitoaninmanil Al
sginnlumsazarwAuudriimsinljasedu
Woaveimdailumsilsznousrginiunemma
Fluazmni i Iiauiineanesaiinyer
195z Toni1ATosas Tan and Binger
(1986) Aldmui i ludn Tnadledinnududu
vo1 Al gaudreziinnududuvoaeares s
WUIRYINUY

fearulSinunsgaldissigenns (V-
trient uptake) Tudavhaldun P, K, Ca uay Mg
uu'dsmg'naamauuuuuﬁmtymmnmuau
msiy Al TuAu (#1379 3) Malkanthi et al.
(1995) 1&mnsdnuuivafumsganazms
nABUIBII B eI VDTSRRI Al
uanmaﬁﬂnum:qah Ca waz Mg Tdriovaq
uomnnu Tan and Binger (1986) i 1éwuiuile
i ALdnh IR Tnaiiniseald p 14Teuaq
uReziinaioudnmiesiunisgald K dimiy
msldijononazin iddaiingalduisg
2IMIININ P, K, Ca uay Mg WiRuduotied
ﬁuﬁwﬁq;mmﬁi uaziidoiidunah m‘m‘iu
Fulumisgald K, Ca uaz Mg sziifovas iile
1d Al Sasunniu mtimwhumszilonen
$roUTuluaniavesdu uazvinljnin

221

sninaveaijonendennulufiuvesszgivailudiome

dumlszneuddouiy Al ludu Faeh
Wil Al lumsazaeauiiiuRuiuniooas
uanmni’fﬂunon&'«ﬁus’smmwwvhqmﬂumﬁ
UszneusyimIuInAIY (Tisdale et al., 1993)

pueuiAmauniivestumdsmaiuine Ny

msiny Al Tufia 1 pH vesduansaq
uam ¥ Effective CEC, Exchangeable Al LaY
% Al saturation maeﬁut'?imfuminﬁﬁodﬁ'q;
NNABA (A15190 4) ﬂmi’umsnﬁ‘uﬂunaﬂﬁ
Bnawarh ¥ pH vosmuR LBt oYy
naada uA 1 Exchangeable Al taz % Al
saturation v\laaﬁuaamadui’:ﬁuﬁm’mmmﬁi
uennniilsingirjonenuas Al Hinina
smmmeqmﬂuunmqmwemumuno M3
etjononyin v pH vosrumu dToonaile
Yina Al lumanndunazmsldiloneni i
MMIAAAIVOI Exchangeble Al AT % Al satura-
ion fifoonaiefiyiuu Al luAunniu
Tisdale et al. (1993) 1@ oinuamnlsz Tond
voailoneniivii ¥ pH vosRuHuAY uaz
Takahashi et al. (1995) Ald510anufeIfy
anEwavpsmssunidnideTinu Al fiazaw
1@ lumsazawanldun Humus a2 Allophanic
materials TUAY TagansBundmariiszi
BGECALIT Al waumssznom¥adou
#luazmminiu FaeehM Al fozaold
luensazaivAuanny



MIMAIUNYAT 10(3) 216 - 225 (2537)

Table 3 Influence of aluminum and cattle manure treatments on nutrient uptake of sorghum

tops.
Aluminum added (me AV100 g)
Cattle manure added (ton/rai) ) — —— 5 - —
Pu (mg/pot)

0 37.83 12.64 2.87 0.07 13.23
2 52.85 28.14 14.41 244 24.34
4 58.35 3$9.97 25.67 16.12 35.02
) 50.84 49.08 41.10 27.88 44 .48
Mean 51.97 32.46 2110 11.63

LSD (0.05) : Alummum = 5.55
Cattle Manure = 5.55
Aluminum x Caitle Manurc = NS

K uptake (mg/pot

0 496.68 200.26 43.88 2.62 185.86
2 711.98 400.538 232.33 45.50 347.59
4 766.15 681.24 585.05 255.85 5560.57
a 039.68 838,99 792.16 568.48 784.81
Mean 728.62 530.26 400.86 218.1
LSD (0.05) : Aluminum = 75.18

Carde Manure = 75.18

Aluminum x Cattle Manure = 150.36

Ca uptake (mg/pot)

0 39.28 16.22 3.74 0.38 14.66
2 46.04 26.01 18.75 4.61 23.85
4 46.64 46,09 37.78 26.02 3018
é . 55.61 50.51 55.40 50.76 538.07
Mean 46.89 34.46 28.92 20.44
LSD (0.05) : Aluminum = 5.02

Cattle Manure = 5.02

Aluminum x Cattle Manure = 10.04

Mg uptake (mg/pot)

0 24.30 5.48 1.39 0.14 7.82
2 35.38 20.39 12.96 2.06 17.88
4 46.62 46.65 8107 2.06 17.88
6 46.62 40.59 49.54 38.80 46.22
Mean 40.54 28.27 28.74 1413

LSD (0.05) : Aluminum = 4,73
Cartle Manure = 4.73
Aluminum x Cattle Manure = 9.46
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Table 4 Influence of aluminum and cattle manure treatments on some soil chemical proper-

ties of soil used in the study.

Cattle manure added (ton/rai) Aluminum added (me AV100 g)
0 1 2 3 Mean
Soil pH
] 0.48 3.88 3.490 s.10 3,63
2 435 4.20 3.54 3.30 3.85
4 4.64 4.19 3.70 3.58 4.02
6 4.92 4.53 3.96 3.51 4.23
Mean 4.50 4.19 3.67 338
LSD (0.05) : Aluminum = 0.07
Cattle Manure = 0.07
Aluminum x Cartle Manure = 0.14
Effective CEC (me/100 g)
] 143 1.88 2.29 3.58 2.28
2 1.44 1.93 2.36 3.07 2.20
4 1.64 1.78 2.18 2.85 2.11
6 1.08 1908 2.21 298 2.28
Mean 1.61 1.88 2.26 8.2
LSD (0.05) : Aluminum = 0.17
Cattle Manure = 0.17
Aluminum x Cattle Manure = (.35
Exchangeable Al (me/100 g)
0 0.18 0.32 0.52 1.40 0.61
2 0.09 0.14 0.38 0.76 0.34
1 0.02 0.10 0.29 0.49 ‘ 0.23
6 0.00 0.01 0.14 0.48 0.16
Mean 0.07 0.14 0.33 0.78
LSD (0.05) : Aluminum = 0,04
Cattle Manure = 0.04
Aluminum x Cattle Manure = 0,08
% Al saturation
0 18.09 18.06 22.56 3010 23.20
2 6.76 7.72 15.47 24.33 13.57
4 1538 5.69 14.01 17.42 .68
8 0.05 1.26 6.54 16.14 6.00
Mean 5.36 8.18 14.64 24.25

LSD (0.05) : Aluminum = 1.53
Cattle Manure = 1.53
Aluminum x Cattle Manure = 3.06
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Growth and Production of Acacia and Leucaena in
Chiang Mai'
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Charoon Sukkasem , Chavalit Chalothorn , Dusit Manajuti, and Kanita Aoungsawad

Abstract : The study on growth and production of Acacia sp. , ACACAU QLD and ACACAU PNG and
Leucaena sp. , LEUCHY Kx3B and LEUCLE K636 were carried out for 3 years on Plinthic Paleaquults at Mae Hia
Agricultural Research Station and Training Center, Faculty of Agriculture , Chiang Mai University.

It was found that LEUCLE K636 was the most promising multipurpose tree, It had the highest height and
stem dry weight 11.19 m. and 24.9] kg/tree respectively. ACACAU PNG was the lowest growth and production.
Thinning method cncouraged to decrease the height but to increase the size of stem. However, there were no
significant difference of biomass among them which ranged from 2.29-3.24 kg/tree.

1 - - - .
unfnge MIANMIMIIT YUATHANDAYDINTZDUNTIANUE ACACAU QLD , ACACAU PNG liaz
ndudn¥Wuf LEUCHY Kx3B wiay LEUCLE K636 Taduiiunmsuuilune 3 1 uudu Plinthic Paleaquults
faoiiTenozguidnousumsinuasiniios AuziInuasMaas uniinndudosln

1. Forest / Fuelwood Research and Development (F/FRED) Project.. Financed by the Winrock Intemational Foundation
2. mndmlgimansuazeyinumoad auznwasmaad woinodedesmi 50202

Department of Soil Sciencd and Conservation , Faculty of Agriculture , Chiang Mai University , 50202
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nnuanInaasaliing il nszfiudndWug LEUCLE K636 iludulfiounyssaniimnzeauiiga
Taolinnuguede 11.19 was uaz iminuds 2491 Alanfuwdu  diunsziuusiARug ACACAU PNG
wigiav Tanaz wandadiga msdanssivaaniugavesdull uivoiuninavesdidu  sdnlsfnm

" N g : -~ A I J - -
ifiauuand emeatdveniminudveslu aen uazsa Faegszning 2.29 - 3.24 Alaniy Au

Index words :
AN

e Aanadon azmsiams
ﬂﬁ'us*ﬁunfm?owmmumnﬂmls~mﬁﬁ15’q
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( Kinch and Ripperton, 1962) 1ioumlszaan
funndsemsdaiidwe '(aomqugum
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(Nitis et al. , 1989) sl lfoumlszaansed
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anudlumsianis
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undszaanuiniy Sanaseddaies 14
wewsdeyaiichAggaeinoanu iounlszasd
ABINEATNS TALIMMILBE1ID3 DIVBIALE

NISOUWIIA, NIEOUSNY, Acacia, Leucaena

fuazanudesms silauasiugimmnzeay
fuanmadeuniomssamsiiszaninmw
Sudu Hailiesinlgszuumaiivhiy
nuuNanuies nazl¥wadeduuninyasns
mIfnunianse NIz funsd (Acacia
auriculiformis) ﬁaaﬁ'u{ﬁa Wenlock,
QLD(ACACAU QLD) 1 Bensbach, PNG
(ACACAU PNG) uaznszouiiny (Leucaena)
ADINUGAD Leucaena hybrid (LEUCHY Kx3B)
11 Leucaena leucocephala (LEUCLE K636)
wAmn TuuRsm us e Taos
Saquszaan iosuiumsiguaznanan
Tugd oo TR fa oz uay
amisdai(lu Aon uazka) YoINTERUUTIA
uaznszdudniliarAugmoldmsfamsaaiu
iimossthanomalumsdaaiulinuasns

Télgn lhoumlsyasn 13195z Tonine T

NUNANE

¥ Ruiivesnmilisouarguifnousy
NSINNATUNIN Y AUTINYATANAAT
wTIneiiFeslni mmqnmszﬁ’mfm:m
312 1uAs 1uUAY  Plinthic Paleaquults
mrﬂuauam:1nummqauﬁuumﬁou€nm
wazmasznineudiuar Tnviinadinsied
uananafdnduazinlivesduldnads
waras Ty Table 1naziilTmanivundo 1099.5
Al Tu Table 2
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Table 1 The results of soil analysis at MPTS plot, Mae Hia Agricultural
Research Station and Training Center, Chiang Mai University.

Parameter Soil Depth (cm.)
0-20 20 - 40
pH 5.76 5.40
L.R. (CaCO3/rai) 173.16 202.02
OM. (%) 1.47 0.75
N Total (%) 0.077 0.085
P (ppm) 11.00 11.00
K (ppm) 15.00 12.00
Fe (ppm) 3.7% 4.75
S (ppm) 46.20 44,60
Texture Sandy Clay Loam | Sandy Loam
Sand (%) 54.60 54.60
Silt (%) 27.80 25.80
Clay (%) 17.60 19.60

Table 2 The average meteorological data (1986- 1991) of Mae Hia Agricultural Research
Station and Training Center, Chiang Mai University.

Month  Air temperature, C  Air Humidity, % Rain E-pan Wind  Sunshine(hrs) Solar rad.* PET
max min _mean max min _mean mm_ mm/d  km/d _ act. _ poss. act. poss. mm/d

Jan 2902 111 186 1868 085 24.1 16 4.1 2.0 8.8 11.0 71 114 2.2
Feb 312 125 125 204 9880 218 2.7 5.0 58.8 9.1 114 80 128 33
Mar 84.1 165 1656 240 936 218 2.4 6.2 815 81 119 83 145 4.0
Apr 355 212 212 278 906 257 439 7.0 1.3 8.0 124 88 157 48
May 388 216 216 266 055 366 113.4 5.9 08.2 75 129 86 16.2 4.9
Jun 307 217 21.7 2568 065 501 126.9 4.1 96.0 8.7 131 65 16.2 4.0
Jul 303 216 216 258 965 507 1258 4.1 85.8 28 180 61 162 3.7
Aug 209 214 214 261 965 ©68.0 38828 8.7 690.8 3.6 127 65 169 3.7
Sep 303 214 214 252 968 535 1569 34 64.3 4.6 121 6.7 149 8.7
Oct 208 201 20.1 242 974 493 1102 3.9 50.5 8.0 116 68 134 33
Nov 286 167 16.7 218 907.7 408 526 3.6 50.7 6.9 111 65 117 2.7
Dec 271 122 122 185 988 275 305 3.45 48.7 71 109 6.2 109 22
Total 1099.6

Mean 308 182 236 604 379 672 916 45 715 6.3 120 72 141 35

*  Solar radiation : equivalent to evaporating water (mmy/d)
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Table 3 The average height of Acacia and Leucaena species at 6, 12, 18, 24,

80 and 36 months after transplanting

Height (m.)

Treatment mo 6 12 18 24 30 36
1 ACACAU QLD 1.64 872 520 7590 814 9.70
2 ACACAU QLD 1.85  4.10 5.34 785 915 1012
8 ACACAU QLD 154 8.32 430 637 718 8.06
MEAN 1.687 3N 405 7.27 8.14 9.20 ™
4 ACACAU PNG 152 3.17 4.10 6.57 7.42 8.59
5 ACACAU PNG 1.56 3.16 4.36 6.34 6.72 8.40
8 ACACAU PNG 1.73 331 4.57 6.75 7.05 8.24
MEAN 1.60 3.21 4.34 6.55 7.08 8.41°
7 LEUCHY Kx3B 1.49 4.57 5.54 7.70 8.72 0.38
8 LEUCHY Kx3B 176 4.75 5.74 7.62 917 8.71
9 LEUCHY Kx3B 1.85 4.48 5.51 7.58 8.32 10.47
MEAN 163  4.60 5680 7.62  8.74 9.85°
10 LEUCLE 636 188 566 6.78 914 1080  11.87
11 LEUCLE 636 1.71 5.06 6.44 9.16 10.08 10.82
12 LEUCLE 636 187 598 6.82 809 1010 10.88
MEAN 1.80 557 6.68 9.09 1038 1119
LSD. 0.05 117

2. ifurhgudnaradifiv

2.1 dusiguinanalauAu  LEUCLE
K636 ﬂrhqan'iﬁu{suodnﬁﬁuﬁ'lﬁ'q; (p=0.05)
Tavfivuimnds 12.69 su. ieery 3 1
58909810 ACACAU QLD , LEUCHY Kx3B
waz ACACAU PNG #afivunaman 11.40
10.71 uag 10.52 BN, AWAAY (Table 4)
anidsnssams hidwa Widureudnana Taudu
uAnARUMaaBAR 4 Wug At T

msdrevenoszuzyi hnnaveudurhguina
Taudannaimsniugu uaz dans dmiy
BATINITNTYNVINAURLOATIMIINT YT
luszozanatlusniasnseiudniiisnsimsieiy
wnannnsziuusnuilusn Tav LEUCLE 636
idnsinisniugeiige  ualuiiiaes
nsyiumsnlansIMIniyganinsedudng
Tau ACACAU QLD iisasimsiniygaiiqn
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Table 4 The average basal diameter of Acacia and Leucaena species at 6,
12, 18, 24, 30 and 36 months after transplanting.

Basal diameter (¢cm.)
Treatment mo8 12 18 24 30 36
1 ACACAU QLD 178 4.62 7.51 0.30 1199 1220
2 ACACAU QLD 197 4.73 7.36 9.24 10.66 1171
8 ACACAU QLD 162 398 6.30 7.74 9.98 10.28
MEAN 177  4.44 7.08 8.79 1088 1140°
4 ACACAU PNG 1.79  4.42 6.98 8.17 982 1017
5 ACACAU PNG 195 412 6.61 7.70 8.06 10.07
8 ACACAU PNG 193 425 7.08 8.03 1021 1131
MEAN 180 4.26 6.88 7.97 9.50 10.52°
7 LEUCHY Kx3B 1.57 47 6.41 8.00 928  9.96
8 LEUCHY Kx3B 1.94 522 7.85 8.26 9.97 10.61
9 LEUCHY Kx3B 171 459 8.27 7.49 8.32 1157
MEAN 174 4.84 6.68 7.92 919 107"
10 LEUCLE 636 179 542 7.59 9.04 1049 12.78
11 LEUCLE 63868 . 181 520 6.88 8.97 9.562 1186
12 LEUCLE 636 198 508 7.99 9.45 1067 13.97
MEAN 1.84 552 7.49 915 10.28  12.69 "
LSD. 0.0 1.23

2.2 wurhguinaniziuen 195yden
ndoafuiduriguinatsInudu Tas LEUCLE
K636 Tganimiugauatnihiodin (p=0.05)
wasdvimaman 9.16 ¥y, poiy 31 see0au
fis ACACAU QLD , LEUCHY Kx3B uaz
ACACAU PNG #ilvuamae 834 , 7.83
UaY 7.79 wN. MUEAY (Table 5) AIUITMI
dams hidawaldiianuuandaluynwug
uiti Tduhmsdaaeveeszo Tani s
idurIguina1sTAUBNUINNIINTAIVAN
uaz dans

3. 3a%am Anvuilenng 311 Taouns
wveoniilu 3 dau fle ddu | Av A uaz Ty
ABDN M (Table 6)

231

3.1 somvinusddu  LEUCLE K636
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Table 5 The average diameter breast height of Acacia and Leucaena species
at 6, 12, 18, 24, 30 and 36 months after transplanting.

Diameter breast bggh_l{cm.)

Treatment mo6 12 18 24 30 36

1 ACACAU QLD 062 295 4.25 6.82 7.69 888

2 ACACAU QLD 061 815 4.99 6.74 782  8.64

[ SACACAUOLD | 058 238 821 558 660 751

MEAN 0.60 283 4.15 6.38 750 834 %
4 ACACAU PNG 057 250 8.08 6.64 6.80 7.26

5 ACACAU PNG 0.64 2.44 4.05 5.78 680 7.79

8 ACACAU PNG 072 256 4.15 5.6 7.49 838
MEAN 0.64 250 8.76 6.11 7.08 7.79"
7 LEUCHY Kx38B 062 323 3.75 5.97 689 735

8 LEUCHY Kx3SB 0.88 354 4.49 6.06 728  7.82

9 LEUCHY KxSB 0.85 838 8.53 5.68 656  8.32
MEAN 078  38.37 3.92 5.90 6.91 7.83"
10 LEUCLE 636 0.84 4.02 5.08 7.62 778  9.01

11 LEUCLE 636 083 370 47 6.68 6.90 8.00

12 LEUCLE 636 090 462 5.26 7.13 9.32 1038
MEAN 085 4.11 5.03 7.14 800 916"
LSD. 0.05 1.00

Table 6 The average dry weight (kg/tree) of stem , branches+twigs , foliage+flowers+

fruits of Acacia and Leucaena species at 36 months after transplanting.

Treatment Stem Branches+twigs Foliage+Flowers+Fruits
1 ACACAU QLD 18.37 5.70 2.64
2 ACACAU QLD 18.30 4.89 2.23
8 ACACAU QLD 11.88 3.02 2.01
MEAN 16.10" 454 ° 2,29 *
4 ACACAU PNG 15.02 6.42 3.14
5 ACACAU PNG 12.32 853 2.58
8 ACACAU PNG 18.78 7.30 3.62
| MEAN 18.71* 5.76" 3.11"
7 LEUCHY Kx3$B 18.91 6.26 2.04
8 LEUCHY Kx3SB 19.32 7.79 431
9 LEUCHY Kx3B 18.81 4.77 2.26
MEAN 17.85"° 6.27" 2.87°
10 LEUCLE K636 25.72 4.44 2.00
11 LEUCLE K638 2268 4.08 2.04
12 LEUCLE K636 26.48 8.34 5.68
MEAN 24.91" 562" 824"
LSD. 0.05 5.87 1.80 1.42
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Fallifundo 5.75, 5.62 uaz 4.54 An/Au A
d1Ay uA luinuanuuanaaduluniaada
Maliavesiuguarimsdans

3.3 mmmuﬂ'a 1u qen uaz pa mm
LEUCLE K636 uumunummaumnnqﬂn
3.24 NNJAU  599A3UIA0 ACACAU PNG ,
LEUCHY Kx3B uay ACACAU QLD
Fafidundo 3.11, 2.87 uaz 2.29 nn/du
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nwumamuq uazIEMIIANS

4. anwwuniwiie B nszduing
HAMNNNIINTEDUUTIALAZTIANULIANANBIN
Mivdfy (p = 0.05) 1Ay LEUCHY Kx3B
fifunniigai 0.65 niw/av.aY. TesuNRD
LUECLE K636 , ACACAU PNG 1182 ACACAU
QLD il 0.63 , 0.55 uaz 0.50 NI/,
AudIRy daudItnmisians hilinaneny
wuuniuio 1Y (Table 7)

Table 7 The average specific gravity of
Acacia and Leucaena species at 36
months after transplanting.

Treatment Specific gravity
g/cm3
1 ACACAU QID 053
2 ACACAU QLD 0.48
8 ACACAU QLD 0.52
MEAN 0.50 *
4 ACACAU PNG 0.52
5 ACACAU PNG 0.57
8 ACACAU PNG 0.56
_MEAN 055"
7 LEUCHY KxSB 0.64
8 LEUCHY KxSB 0.64
9 LEUCHY Kx3B 0.69
MEAN 0.65 "
10 LEUCLE K636 0.68
11 LEUCLE K636 0.63
12 LEUCLE K638 0.59
MEAN 0.63 *
LSD. 0.05 0.05

=S
ajwamsfinm

M guaznanannin liloumlszaen
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LynWugidasimsiniygaluanadl
usn ninmsnlSeuifsuiiieniy 3 3 wuh
LEUCLE K636 winqeqe lasiinundoves
AMMADA 11.19 was duriguinaInudu
12.69 . nazIdURIGUINANTLALDN 9.16 .
@74 ACACAU QLD t1a LEUCHY KX3B 1959
55AUNA1N  vwEAi  ACACAU PNG
wigeunmniug

2nananlugl il Faeonaz Tiiy
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fiqait 24.91 nnJ/Au dIu ACACAU PNG
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Study on Pruning Method for Old Arabica Coffee Tree

win duudy ' Fizey winwaed ' Usza3g Aweu *
Narit Yimyam ' Theeradej Promwong ' Prasert Khamon '

Abstract . Four methods of pruning;stumping,side pruning.clipping and no pruning(as control),were carried
out on 8 years old coffee tree ( Coffea arabica L. var. Caturra ). After 4 years of the experiment, stumping
and side pruning showed maximum rate of height increase and number of primary branch which were
significantly differences from no pruning. Stumping promoted the maximum result in the yield components(number
of primary fruiting branch, number of node/primary fruiting branch, number of berries/node, fruit fresh weight
and bean weight from 100 berries), Moreover the percentage of grade A bean from stumping method was also
significantly highest.

UNAALS © sinmiInassamimasaudsnanuesiffivuzay Sa18unsmsdaudsfamn Stumping
Side pruning Clipping a2 idag s (Control)  fudunuesfifhmoRuguanys Aoy s 7 néaen
minanedld 4 7 wmnnnné’mmmlmu Stumping 1182  Side pruning vld'ommumq;muhmmq
Fuanuge uozs RIS | mu’u’uu'mnmm-uamnomuuuthmgmefma fitmsd T lddausany
dmiuludwewilsznouvemanin wyiiEmsfauAsaIY Stumping e-"lﬁ’nummlwuaﬁ 1 i Iinandn
imnudei Winandnsonamuail | Snunadede diminiada uazasnunan 100 wnfiga wazHANAI
omwuod’nﬁmnv'ﬂmmu'} dndufnvesmarandanu it msdaudsn ay Stumping sxIhiwmin
vosnata unzensmudeAugeiiga uasluvas@nduisliilofmudmanutinsg A qeilqa uazuane
otihiodigmendatuImssaumanauuybug

Index words : NMUWBIWAY, NISAAUAL, Arabica Coffee, Prunning, Stumping
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nMunes 1A (Arabica  coffee) 1T
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dszanu 75 fadet (1900 wuAeThuddesnn
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Helght(cm.)

120

OM’\M

Jan May Aug Jan May Aug Jan May Aug Jan
Mouth

= Control + Stumping * Side pruning < Clipping

Fig. 1 Rate of incremental height from different pruning methods.

1.2 Sanmaisveanawuai 1 Table 1 Rate of height increment and
iiemimsmasosnaudans s number of primary branch at 4
4 3 wuhdanmaiuvesi oy w1 years after pruning.
YoIMIAAUAIAUIY Stumping szmni‘nqn
fio 46.82 iy Fawanaedeihioddgma Treatment | Height (cm.)’ | Primary branch
ADANUITNIIARUAWIY Clipping UALITMNS Coatrol 40.98* 85,64 °
#i i 18R auAsnas ua ludannmsaausan Stumsping 9450 " 4682"
11UV Side pruning (!l‘li‘Nﬁ. 1) Side pruning 98.50 ° 4334 °
Clipping 0.00° 848"

" means within column with different superscripts differ
significantly at P<0.05
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2. aanlsznouveINaNEn
2.1 S1uaudavH 1 Mnanan
NAI9INNARBIRAUAIAIRIAROL
MO 2535 YUDAADUNNTIAN 2539 WU
MIRAUAINIIYY  Stumping 921w
v 1 Alinandngaiigano 33.0 A 3
wanseedifed iy meadatuismstug
Troli3Emsdaudaia LY Side pruning, Clip-
ping uaz lidaussnuas S muA WY 1
#ildna wanfe 27.6 ,11.2 1az7.0 Mmud iy
@313 2)
2.2 Snaudeiilinanannenauvuai 1
WU T msAAuAINLY Stumping
s dinudeiigeiiqa e 10.4 Jorons Tao
vzuanaes oAy matanuisns
FAuAINUVY Clipping tos hifaudAsnauag ug
vz hinanA 1A UM SAAUAIR MY Side pruning
390 2 )
2.3 S aunanuvineve
Wy lumsAAuAINLY Sumping
WS naunanedonniiga fi1.2 wa 9

LUANANBININITHAYNIADAN LIS MIAALAY
Auudug Taolissmsdausanauudug W
$uHaRDYBAD LUUSide pruning, Clipping
uaz hidaudsnaas IS mIunanets 9.2 5.2
HaYd.8 MUMAY 13190 2 )
2.4 vimiinwaaa 100 wa

wuhwanuaa 100 wa 11400
MIRAUAINILY  Stumping <Whimin
WInfigate 162.6 NFY Faezunnseoieihio
fymardanuitnstug Tavdimsdaus
AV Clipping, Side pruning taz TudauAIN
wlimin 100 wa Ao 153.5 ,150.5 uas
138.9 ¥y MUAINY (A13190 2 )

2.5 yhminarsmunenmaaa 100 Na

WUIIEMIRAUAINAULY Stumping
srlhhminmsnurgagane 2091 nu
Favzunnaedninioddgnadatuitms
Fausanauudug  TaoTsmsdauashaiuy
Clipping ,Side pruning llﬂﬂﬁﬁ'ﬂllﬁif‘%ﬂzlﬁ
yminvesmanuanaaiiy 28.46 28.18 uaz
25.68 MWUARY (M50 2)

Table 2 Yield components from different pruning methods.

Treatment Primary fruiting” | No.of node No.of berry Weight of 100 | Weight of coffee bean
branch /branch [node berries from 100 berries

Control 70° 42° 48° 1889 ¢ 25.68°

Stumping 83.0" 10.4° e’ 162.6" 29.91"

Side pruning 276" 10.0* 2" 1506 2818 "

Clipping 112° 58" 52° 1585 " 28.46 "

¥ means within column with different superscripts differ significantly at P<0.05
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3. HaNan
3.1 ihminwanmumlaaiad

WU NHAININNMTNARDINTARUAY
WihisndnsAnudedauny Stumping 358
Tildnandndaumssausanwuy Clipping
wlinandndodugeiiqa Ao 4.684 n3u
seeaant RuAdsmsuuy hidaudsnuas tay
Side pruning AiD 4,373.8 LAY 1,066 NFUAWMIAL
WMl 2 T madaudatauy Stumping
(azSide pruning Tudanvesd A lmifiuan
panuinesziulinanda Fedaleoniins
FAUAINIVY Clipping uaz hidauasnuay

Yield(x 1000 g)

umiderd Ui 3 uaze ndanndn  udsna
WUIIEMIRAUAIRMYY Stumping WAYSide
pruning seWinanaminiy  Tuvaziing
FAUAIAIUY Clipping naz lidaunshaias
s Wwondnanas (i 2) dmiuludnives
wandananuaaRaRusae 4 T wdaen
NIINAABIRAUAININYTIITN 1SR ANAIR
UWUY Stumping 13’u'ltfnnuinnuqmn
fio 14,070 nfude  uanmaeedreinfod iy
MDA IIMIUUY Side pruning Clipping
uas hisaunsiaae 7912,182.0 11,907.0 uay
9.251.8 N¥u MUY (MT1eH 3)

1994

1993

i

A b

SR Y

e

Year

M control Stumping M side pruning O Clipping

Fig. 2 Average fresh weight of coffee cherry during the 4 years of studying
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- v
3.2 wmtinasnuin Ay
. A * | -
nuenInaanald 41 3ms
' i
AAUAINNUY Stumping 92 i ninasnu
- - | ' '
sWgigane 2,874 niu FIeTUANAINBEN
-~ W e aa W et - Al ﬂ' A
s AgmuatanuIsmsAauaInuBuY
TRo3Tn1sAAUAINIUYY Side pruning,
Clippinguaz ludauaanuaoez 1¥iimin

A Tuvnsiisman lide uasnuaoes Itens
AMUNGA A X Y uazYy iilu 544 4.4 402
HaY 0.8% MUAIAY (M51N 4)

Table 4 Percentage of coffee bean with
differrent grading from coffee
trees treated with different prun-

aismunfe 2436 2,339 waz1,775 niy ing methods.
AMUAINY (amqi’i 3)
Treatment Percentage of coffee bean grading
Table 3 Total berry and bean weight per A X Y YY
trees after 4 years of the experi- Control 544° | 44" | 402° 08"
ment. Stumping 899" | 18" 78°¢ 05"
Side pruning | 862" | 88" | 102" 05"
Treatment | Fresh berry weight(z)” | Bean weight(g) Clipping 854" | 286" 114" 05"
Contrsl 9,251.8 ° 1,775 " means within column with different superscripts differ
Stumpling 14,073.0" 2,814 significantly at P<0.05
Side pruning 12,182.0 2,436 "
Clipping 11,007.0° 2839 J913niNaNINARLY

" means within column with different superscripts differ

significantly at P<0.05

4. ARUMNNIMUMIAUNIAVBIA 1IN

WUIITMIAALAIAWYY Stumping
srensnumfidhunsa A nnfigats 89.9 %
Famnarsedsihisdrdgmaadasuisng
Faudanauuaug Tao3snisdaudanan 1y
IN5A A 5991 1AUA Side pruning, Clipping
uazlifauds Haao A 86.2 85.4 UaL 54.4 %
mwddy ilefinsan lumsfansa Tavsau vea
ABENITUTRVOIMSAALAININL TN AAUAIN
Wiy Swmping sz Idensnud A A X Y
HAZYY fD 89.9 1.8 7.8 Uaz0.5 % Ay
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Response of Rice to Biofertilizer

ossam  Aariesgmay I/
Annop Kanachareonpong i

Abstracts . The response of KDML.105 to biofertilizer (pig sludge from biogas digester) under different
seedling numbers/hill was conducted at Mae Hia Agricultural Research Station and Training Center,Chiang Mai
University during dry season 1993. The result showed that increasing seedling numbers/ hill signifigantly affected
tiller number/hill, shoot dry matter and leaf area index except height. Three seedlings/hill provided highest yield.
All rates of biofertilizer application significantly increased in growth and yield production as compared to the
control but gave the same level as official recommended chemical fertilizer. Three seedlings/hill provided higher
panicle/hill and spikelet/panicle than that of 5 seedlings/hill, but lower than | seedling/hill in spikelet/panicle. There
was no significant difference in 1,000 seed weight.

The interaction effect of both biofertilizer rates and seedling numbers/hill was on tiller number/hill, shoot
dry matter, leaf area index, grain yield and yield components except 1,000 seed weight and harvest index (HI).Three
seedlings/hill and biofertilizer application at the rate of 1,400 kg./rai produced grain yield about 441.3 kg./rai that

were not significantly different from recommended chemical fertilizer.

UNAALD : minouauetvestIvouiuiuIugd 105 Aoljoedanm agnsimumsminlutiemedanm)
moldammmisiainudundyiv fuandreiul&nssiiicnriiite uozquilnousumsinuasuiio
Auzinyasmaad umiinodndoalni lugeund wa 2536 wanisnaasanuiivaundyiy
Fuduiinam I¥nsSg@duTaluuives Suoumiome iwinuds uassyinuily onduniugs

1/ woniiiie unzquiRnousuNEIYATIIGTLE AuznwAsMTAT unIinndoFoalmi
Mae Hia Agricultural Rescarch Station and Training Center,Chiang Mai University,Chiang Mai. 50200
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ilndr 1 dannd doudjuniigas 16-20-01d509
wuneuilndr 1 Ju ludasr 25 nn./ls
uazilogise (46-0-0)lduramingas 10 nn/l3
sﬁaﬂm%zuﬂfmudau fiszozumavenenddy
mumamemmauunnmmm MSUANH1ID
s wunlummmﬂmmﬂwwun'lu
(Leaf area index,LAI) muns~u~xn1unm Junn
uauanua.mmlsvnaunaunnswmamﬂ"wm
mmnmnumm (Harvest index,HI)

Table 1 Some properties of the soil at
Mae Hia Agricultural Research
Station and Training Center,

Chiang Mai
pH 5.5
Organic matter{%) 13
P (ppm) 10.0
K (ppm) 45.0
Soil texture Sandy loam.

Table 2 Rate of biofertilizer application and amount of accumulation

Treatment Rate of application(kg/rai) Rate of nutrient (kg/rai)
N Py05 Kg0
1. Control 0 0 0 0
2. Biofertilizer 1,400 5.9 53 35
3. Biofertilizer 2,800 11.8 10.6 7.0
4. Biofertilizer 4,200 17.7 15.9 10.5
5. Biofertilizer 5,600 23.6 21.2 140
6.CF (16-20-0,25kg/rai)+46-0-0(10 kg/rai) 8.6 5.0 0

Biofertilizer contains

NANINABDINAZID 1‘56‘
L= o 4 w Jv -
ﬂlﬂiiﬁgﬂﬂiﬂ%@ﬂ?ﬂﬂﬂﬂlﬁi1mﬂ05

AINIG HRZE UMD/

VInAs e 3 muimnugeiiszozum
voaen ilaNuuanAAuMInta (P>0.05)
Tusznadnaudundyiy fuandaiulaei
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0.42% N, 0.38% P,05, 0.25% K,0
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Table3 Height,tiller number, shoot dry matter and leaf area index(LAI) of KDML. 105 as
affected by different seedling numbers and rate of biofertilizers application

Seedling no. __Rate of BF(Kg/rai) Rate of BF(Kg/rai)
(no/hill) 0 1,400 2,800 4,200 5800 CF mean 0 1,400 2,800 4,200 5600 CF mean
Height(cm Tiller no. (no/hill)
1 7n5NS748 778 797 780 828 772 91143 161 167 188 195 156°°
788 771 797 783 807 838 788 161 18.4 101 169 205 185 183
5 699 734 748 799 79.6 826 767 120 206 222 260 265 185 21.0
mean 718" 749 773 793 794 8290 776 12.4°7178 191 195 219 188 183
LSD 0.05 (Seedling numbers,S) NS CV(a)% 7.8 LSD 0.01(Seedling numbers,S) 5.0 CV(a)% 15.8
(Rate of BF,R) 2.8 )% 6.2 {Rate of BF,R) 82 ()% 13.2
(S*R) NS (S*R) 75
Shoot dry matter(g/m2) Leaf area index(LAI)
" =% -

L - I

507.7°"687.8 709.8 750.0 733.8 762.4 6835
590.8 656.8 856.3 8505 857.9 827.4 778.2
798.8 816.8 045.11,044.0 1,050.0 966.1 938.2
mean  632.3°°7035 837.0 8815 883.6 852.0 798.3

1.6 27 3.4 3.5 4.2 33 31
24 38 3.6 31 3.0 3.5 3.4
27 4.0 43 40 46 44 40

22 856 3.8 35 42 3.7 35

LSD 0.01 (Seedling numbers,S) 234.8 CV(a)% 12.6
(rate of BF,R) 2213 (D)% 1638
(S*R) 2155

LSD 0.01 (Seedling numbers,S) 0.8 CV(a)% 11.2
{Rate of BF,R) 1.7 (b)% 10.4
(S*R) 1.0

Note: To compare means of each factor treatments in each parameters by LSD at | and 5% level

*4 ¢ NS = significant at 1%,5% and not significant respectively for analysis of variance in each factor treatment

CF = Chemical fertilizer BF = Biofertilizer
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Table 4 Yield components and harvest index (HI) of KDML. 105 as affected by different
seedling numbers and rate of biofertilizer application

Seedling no. Rate of BF.(Kg'rai) Rate of BF. (Kg/rai)

(mo/hill) 0 1,400 2,800 4,200 5600 CF mean 0 1,400 2,800 4,200 5600 CF mean
Panicle no.(no/hill) Spikelet noJ/panicle

1 48° 78 83 84 85 98 79" 882° 981 1028 1054 1012 988 90.0"

3 82 185 172 175 162 180 1568 783 905 0168 912 900 9022 881

5 52 128 127 124 122 120 112 47.0 757 749 734 711 815 708

mean 60" 124 127 128 123 183 116 605" 881 89.6 900 874 90.8 859

LSD 0.05 (Seedling numbers,S) 2.8 CV(a)% 14.6

LSD 0.05(Seedling numbers,S) 146 CV(a)% 10.3

(Rate of BF,R) 25 (b))% 16.8 (Rate of BF,R) 164 ()% 105
(S*R) 8.7 (S*R) 10.2
1,000 seed ﬂgg) Harvest index (HI)
1 23.0NS238 230 238 238 237 23.8NS 040NSo42 042 043 0.42 0.43 0.42NS
3 225 286 238 287 288 288 235 044 043 042 043 042 0.44 0.43
5 223 222 225 218 217 285 223 040 041 0390 041 042 043 0.41
mean  220NS232 234 231 281 287 232 0418042 041 042 042 043 0.42
LSD 0.05 (Seedling numbers,S) NS CV(a)% 3.5 LSD 0.05 (Seedling numbers,S) NS CV(a)% 8.6
(Rate of BF,R) NS (b))% 4.6 (Rate of BF,R) NS (b))% 9.7
(S*R) NS (S*R) NS

Note: To compare means of each factor treatments in each parameters by LSD at | and 5% level

*** NS = significant at 1%,5% and not significant respectively for analysis of vanance in each factor treatment

CF = Chemical fertilizer . BF = Biofertilizer
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Grain yield of KDML.105

Grain yleld (kg./rai)

500 —

400

300

200

100

2,800
Rate of biofertilizers(kg./rai)

0 1,400

LSD 0.05 = 48.4 , Seedling no.(S)

4,200

5,600 CF

M 1 seedling/hill £113 seedlings/hill 5 seedlings/hill

LSD 0.0] = 55.6 , rate of biofertilizers (R)

LSD 0.05 = 34,5 , S*R

Fig. 1 Grain yield of KDML.105 as affected by different seedling numbers and rate of

biofertilizers
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Age and Weight at Puberty in American Brahman Heifers

fimus Smenmst/ viviund audnlaon Unsel gifsziaig”
Nipol Vityakorn'/ Patcharin Sondhipiroj'/ Pagorn Bhuprasert'/

Abstract : The average age at puberty (Age-P) of American Brahman heifers was 707.07 days and the average
weight at puberty (Wt.-P) was 341.32 kg. The birth weight, weaning weight at 205 days (WW.),preweaning ADG
and postweaning ADG were 24.83 kg., 162.45 kg., 668.34 gm/day and 280.21 gm/day respectively. The influence
of sire on Age-P was significantly different (P<0.05), but age of dam and calving seasons did not significantly affect
(P>0.05) the two traits studied. The correlation between Age-P and Wt.-P was 0.75 (P<0.01). The correlations
between postweaning ADG on Age-P and Wt.-P were -0.27 (P<.05) and -0.83 (p<0.01) respectively. The Regres-
sion of postweaning DG effect on Age-P was -1.30 (P<0.01)

UNAALD: vinmsAnyITodnyasidAgmansugie Tnm‘im1sﬁnu1mqua:ﬁ’mﬁmﬁmﬂuﬂnnfmsmmq
Tnemiugendfuus i fguiitouazihzaiuidadioalminudy nunde tidy 707.07 Ju uas 34132
Alaniu awddy Shmiinusnidia, dminmgnande 205 Sudasmaeiyiy Tatounasndmenuhiiy
24.83 Alaniu, 6245 Alan3y, 668.34 ni1y/5u uaz 28021 nfuAu Ay AnvBninavesiledeiiiinase
mquazti'mﬁmﬂmi'luﬂnm"uun MRun viewug, owgaiiug uax gafiia wudn wewug Whiladefiilanine
ﬁuav’n'lﬁmqtfm1ﬂud’nn§’cutnuml‘nmaﬁmmLmnmqﬁuadnﬁﬁnéwﬁm (P<0.05) doumqun’ﬁutf
ua-'qqnLﬁn‘luuammmmqua:wmunmmﬂuﬂ’mseusn (P>0.05) md’uwuﬂrmwmqm"muumumﬂu
d’nnnum WL 075 (P<0.01) douanduiuizendn nassyduiavdentu ﬁumqua-'u'munmmﬂuﬁn
pFausn v -0.27 (P<0.05) uax -083 (P<0.01) Amd sy Tauilaunitnnosussamnaiyduiavdaedn
#ﬁuaﬁamqnﬂmﬂuﬁ’m%«utn winriu -1.30 (P<0.01)

Index words : DI AIUUTIMIY, mqmmﬂummqum. v miniieiudAnTausn, American Brahman, Age at
puberty, Weight at puberty.

V nguandfennzi$inlganug quédiounsihyafuidadidoalmi, Soalmi. 50300
Livestock Research and Breeding Group, Chiangmai Livestock Research and Breeding Center, Chiangmai. 50300
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Table 1 Mean of various traits associated with puberty

Traits N Mean  Std. Dev.
1. Age at puberty (day) 53 707.07  72.68
2. Welght at puberty (kg) 52 341.32 22.78
3. Birth weight (kg) 83 24.88 3.00
4. Day of birth!"/ 8s 32.52 25.09
5. 205-day weaning weight (kg) 47 162.45 20.45
6. ADG before weaning (gm/day) 47 668.34 92.43
7. ADG affer weaning (gm/day) 52 280.21 36.88

v Day 1 is 12 Febuary (first day of calving season)

amwaumnnwuﬂﬂnuuanamqua"
umunmmﬂuﬁaﬂsausnﬂae@nﬂn viu WU
wom{iﬂ'lummnhumumwuﬂuﬁameum
UANNUANANAUNIADTA (P>0.05) UATLIHA
ﬁﬂﬁmquﬁmﬁuﬁ'm%@usn ANUNANANNAY
poNIuAIAY (P<0.05) ABAAABINUNMTANM
Y99 Arije AT Wiltbank (1971) #957097
Jiowu Iniidnswadeergilodiudaniusn
vaalnamedwiniodny (P<0.05) 1INA15N
#i 2 szitu & vewug Tavuoay 81727V
unz IAnuoiay TKR9/242/ v~‘lqummu
umunmmi’luﬁaﬂmunqqqaua:mqammu
379.46 Uy 266.46 N laniy  dlanuviay
MK 66/23% UaTHINoIAY TK89242/ 9z
Qnmmumqmmﬂuﬁammsnqaqmm.mqn
MY 839.68 uay 520.22 i MudIAY

mumquuuuq qgmnﬂ Laiwudail
amwanaowumumunmmﬂuﬁ'ﬂnsausmaa
TaeewTiuus vy

255

vzmﬁuﬁu{s:u'iwﬁ'num:ﬁﬁnafiamq
wasrimindiosiudaniausn weae B3 lumna
i 3) andniussznieguanimindeihs
Fantausn vy 0.75 (P<0.01) tarasii Tnam
oudiusninidsiogdediudaniasnun
seihiminganndo IndiRueiuit Arije uaz
Wiltbank (1971) 51091491 avFuWuEIEnIN
oy nanimindledudaniausnveslawug
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Table 2 Age and weight at puberty by sire groups

Sire no. Weight at puberty (kg) Age at puberty (days)
LSMEAN S.E. LSMEAN S.E.

Al1-28 358.80 15.67 801.89 45.29
suzV 379.46 21.80 £19.22 63.01
106/26 378.84 17.09 791.44 49.40
MBRO2 352.69 26.55 679.14 76.74
MBR201 326.46 26.55 642.22 76.74
MK111/26 363.69 17.40 £33.14 50.30
MK138/24 338.34 17.09 763.94 49.40
MK187/26 315.46 15.67 632.22 45.29
MK14/27 370.46 21.80 768.22 63.01
MK27/27 339.34 17.09 709.94 49.40
MK28/23 327.21 18.60 700.33 49.10
MKG56/26 327.08 22.20 668.68 64.17
MKé6/28Y 366.58 16.22 830.68 46.89
MK77/27 351.84 17.09 777.94 49.40
P12/22 354,58 16.22 808.68 46.89
P18/28 330.62 20.97 633.84 60.62
P28/23 336.71 15.20 719.03 4394
P79/27 3317 18.60 724.66 53.76
SK16/27 377.71 14.72 831.22 42.56
TKS9/27 343.21 277 735.66 65.80
TK43/22 33321 2.7 749.66 65.80
TK48/24 338.46 26.55 672.22 76.74
TK83/27 368.69 21.80 654.14 63.01
TK89/24% 266.46 21.80 520.22 63.01
TK98/26 353.46 21.80 755.22 63.01

Table 8 Correlations among traits associated with puberty

Traits WeP | DB Preweaning Postweaning wW.
ADG ADG
Age at puberty 0.75 0.01 0.14 027" 0.18
Weight at puberty . 002 0.15 083" 0.13
Day of birth(DB) . . 0.15 0.02 0.19
ADG before weaning . - - 0.29 0.98**
ADG after weaning . - - - 0.30

* P<0.05.** P<0.01
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Table 4 Regressions of age and weight at puberty on day of birth, weaning weight, gain

before weaning, and gain after weaning

Independent Variables Age-P (days) We-P (kg.)
Day of birth .07 .08

205 day weaning weight -0.47 0.15

ADG before weaning <011 0.03

ADG after weaning -1.30"* 0.03

** p<0.0n
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Development of Seedless Citrus Cultivars by
Conventional Breeding Method.

Win gawad I/
PichitToolapong!/

Abstract: The seedless (triploid, 3x=27) citrus cultivars can be produced through conventional breeding
method by crossing tangor (Miyauchi Iyokan) and pummelo-like fruit (Hyuganatsu) as seed parents with tangelo
(Minneola), hybrid mandarin (Kara), hybrid orange (Nova) as pollen parents. Triploid hybrid seedlings of 80%,
29.41%, 28.60%, 25%, 20%, and 0% of total hybrid citrus seedlings were produced from small seeds of Miyauchi
Iyokan X Kara, Miyauchi Iyokan X Minneola, Hyuganatsu X Nova, Hyuganatsu X Minncola, Miyauchi Iyokan
X Nova and Hyuganatsu X Kara, respectively.

unAnge: mswdnmonugduhifinde (riploid.3x=27) annsonszii 1R Taenmsneuiugein dugnuey
(Tangor-Miyauchi Iyokan) unzduiinandwdyTo (Hyuganatsu) huisinuguns HugnuenuA1I9 (Tangelo-Minneola,
hybrid mandarin-Kara, hybrid orange-Nova) l'ﬂuioﬁui ﬂnnqi\g'nau Miyauchi Iyokan X Kara
Wdundrdugnueuiiily iploid 80%, Miyauchi Iyokan X Minneola 29.41% Hyuganatsu X Nova 28.60%,
Hyuganatsu X Minneola 25%, Miyauchi Tyokan X Nova 20% va3$1:m Aundai Idnndaduvinaén
unsiiguenniey (Hyuganatsu X Kara) 7 leunsondndundrdugnueuiiiy wiploid 18

Index words: U, NMIHAWWUY, gnAaw 3x, hilliudn, Citrus, Conventional breeding, Triploid hybrid,
Secdless-citrus.

1/ v lo mwniyeou nusadanssumanens soumaluladmamuasai1d o, dunsw s Fealni 50290
1/ Division of Pomology, Department of Horticulture, Faculty of Agricultural Production, Maejo Institute of Agricoltural
Technology, Sansai, Chiangmai, Thatland 50290
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AN

nslSulenug iwalihifiuds Tao
iz duiufioulsvenindfmlyaiug uay
Hunnudeansvesnarnediass hitweily
msiwadunys Innaa (WEa, 2537; Gmitter
et al1991) Anussynszilea (ndvvesdy
ihitndavuannnnd sewinnszuaums
ussynszdles) mswamirdumu (sxsiAnn
sauiitannmsasuiususmudasznig
MINAA)  LAZARNITRATUTIABIMITUIYIIA
NINAY (Iwamasa, 1966) WynszRadui ufinde
Asadumonufinsugasitiouiiognarome
ﬁuﬂé’uﬁ Washington Navel, Satsuma manda-
rin, Tahiti (Persian or Bearss) Lime #30a0Wu1
fifiudetos 9y &y Valencia 10z Shamouti,
Eurcka lemon, Marsh grapefruit (Esen andSoost,
1971) Asanudngainarvh Iinslsnlga
Wufduhifudafaiy

Plaut (1947) 181995 1AR00mnasANilY
ponnURNZ NI WareBANTIHI IR Soost
(1958) wag Krezdorn and Cohen (1962)
1215 uuesisaduiudy Mandarin nazdu
Clementine mwéay aounlull n. A, 1984
Hearn lAndaoioWugdunaz Grapefruit
Ahitudalaol9598 Xoray woneIniidui his
wadunflser 1dunnndudy 5 Tas Tulew
3 9A [3x-triploid, x=9 (Frost, 1925)] lag
i Temanfia 1di0a Tauss sun@miseuin sgasu

Tuuzun Tahit JopiuldTimsAadonaenuyg

- ° o A
Fuimmnzamiinmay fune i 1dgnuey

fdsmuIasTulawilu 3 g0 snmonug

\ ld- -
viouaziaini Ins Tulaw2 gamiloudu (2x X

2x) NIOA AU 19U 2x X 4x H30 4x X 2x (Esen,
1971) iy uadudugouei 185 uezii Toma
wiilu 3x diseiloiianinudan 185ums
HANTEMIN MoNufWeuazaeRugIing?
ARTIABIIVUIAEN1/6-1/3 (Esen and Soost,
1971) ¥39 0.4-0.3 iveIvIAAALNA
(Oiyama and Okudai, 1983) WaiiRdUiBNN
mnmsﬁmmmmazmsa'uqamsﬁmmms
il Medrasraidrveamdaii Tns TuTay
veainae 3 gannIns TuTeuves unasazoy
o 5 ya wie inavumee hifimsis
WARUUY Meiosis szozit 2 Tuitlenieifa
mnﬂ11uzh'§1‘lummﬁuswi1«§oi’w§unzdo
Fadle Wudalim Winsmud a1 1
du 2 Wea (Ram, 2537) wenmnfigasnsa
nz'm'lﬁmnmnmvmum'fmo‘ams (Zhang, 1985)
MSINEIB0ANEIDIMTIROIRUBOUYDITY
1991) nazmsl¥matiani
Somatic hybridization (Protoplast fusion)(Grosser
et al., 1992) vwiuldhiimananumatians
nandulitiudau Tavnaoa neAnvuda
Yegiiu

(Gmitter et al.,

: ¥
uAnIsAnyImaaesnithiiundy
- < » & re o
wornuiisvnaameonugdulitinaa laoms
neruiugszninduganauiazduiiinandie
dulouduninugiudugnuaude

gunsamazIsms

i a. #1992 @ounguman TAney
- o 4 - -
Wujdumewuiaeg Frunisaaaenud?
i
Aatine Miyauchi Iyokan (Tangor, Citrus iyo Hort.
ex Tanaka) 112 Hyuganatsu (Pummelo-like fruit)
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(C. tamurana Hort. ex Tanaka) X Minneola (tan-
gelo), Kara (hybrid mandarin) 122 Nova (hy-
brid orange) ™ Fruit Tree Research Institute,
Kumamoto Prefectural Agricultural Research
Centre, Matsubase, Kumamoto, Japan Tau
HauRUTHAIINIBUNASHIRBONINABNTIY
wary udNenqudlenszamnaeuly feariu
nsasuuvesaresanasi hideanisia
maannrauni IRiuRo luidouwgasmou
1992 mdnimiinTaomiseonidiu 2 nquite
viamnuazvualnd wiavuimanezi
vhmimfeoninimitieswinalnd 1hwda
duitinnadni Idfanua e lumands
maomssins.muiugunm 2 Hu "lmj’ﬁa
AIUANRUHAIT 25 C ndanneuldenna 2
Fuveandaoonuduiiunar 7 u saihl
Ugnaalunizonn Aumrussyneiiglanlu
Founsyan  auminidvasuiulasu-
Towvesdundrdugnuaniuri 8 lasmarie
Parssinseuvesdundrdudondsyuu
10 wy. u¥asluaisazailv 0.0 02M 8-
hydroxyquinoline 18 é’ﬂm i';qumgﬁ 150C
udvah Iusrluaswens 99% s 1uea (etha-
nol) NUNTADLTAN (Acetic acid) '1uam1mu
3:1 w24 $2Tue Higumpiiies ADIINIIRS
foudidI0 1% A150LMUBLTAN DIIFU (Ace-
tic-orcein) UAAAN IN HCI 1 woa figungil
60°C UM 5-7 Wi udwuinlawiinoou
AT M hnToualadmuisnsues Love and
Love (1975)
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manmsnmoRugdhiladalaBnswemnivg
wanmInAaDazInIal

MINAADINYI MSAAKA $IUIULAY
VAveaEn Sumdadona hminves
waauaz)ofiFudyes 3x TAuaailu Table 1.
nlefiFud 3x (Triploid) 1InMInTIvaey Tav
msaoginmu Tns TuTausnlawsinvesdu
nd1dugnnay (Figure 2.&3.) WUITA (80%)
VINFHANITENIN Miyauchi lyokan X Kara
fNAUTTH TN Miyauchi Iyokan X Minneola 1y
Hyuganatsu X Nova W 3x Uszuw 30%
(29.41119228.60%) ArugNey Duq oniuguns
Hyuganatsu X Kara (0%-'111'39714051) 9 3x
BYSTHIN 20-25% 90 SIMVBIRUNATT
mrznnwdaduiiivinadn (Figure 1) Tu
Y= Esen and Soost (1971) 1831 24.21% 6.
78% WAy 0.41% INAUAIWNWUT Sukega
(Orangelo) Temple (Tangor) {1a2 Clementine
(Mandarin) AWAAY @94 Undecided seedlings
fludundritluimseiydva (1nuazven
DOUNYANITINFTY éaanszui‘luﬁunﬁﬁw?m
asRannnmaaitivuadn # lauysel
¥599 SuilldiAnvinmsduganisisigedi
saaduiu Tlvewdauadhumseauinnd
Tudas1a2u 3:5 Y93 Embryo : - Endosperm (W¥a,
2537) mnmanaaeslunisil sziifuldi
nlefiFuadumdadniy 3x hilianuduius
Feiuuaziu omFuguansznin Miyauchi
Iyokan X Nova (Table 1.) 'ﬁ'aﬁifuaq'ﬁumo
wugmin iluwewuguaziniiug Tungy
yosduiiinandiodu Touazmonug dugnacy
ANuBUDa 3x 9x 1N (25% uas 29.41%
yossnaudundy deilmewugrefimilouy
(Minneola) usnz Idwauanarefuiiold Kara
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LA Nova
et al., (1995a) NAABDINAUIZTHIN Banpeiyu X
Ruby Red grapefruit 14 3x 01 80.70%
vessnudundr neifudreznandudulis
TasTuTan 3 gasuiludesfnuiuaznaaey
ansnitu T 1Aidoneust 3%y Toolapong et al.,
(1995b) 1@AnMMuNFugnHaila (Open pol-
lination) @10WUR Minneola Ay Nova

Toolapong (1994) a2 Toolapong

amnsolidund it 3x 18 6.25% uax 2.94%
mudwuidiudy dumsnausznimonug
Hyuganatsu U Kara p259s0nsnaaouiie
6u6uﬂa'6nﬂs°”wﬁﬂﬁommzmuﬁui Kara
MINAUT MIVDIBUINATUNITHAUNA (Nito
and Iwamasa, 1985) WBN9NTI AN IR REMITY
A uAguMaiigenvziinansznuAsms
HEUINT5UBIRUAIY (Nito and Iwamasa, 1986)

Table 1 Development of small seeds and 3X seedlings from crosses, using tangor andpummelos-

like fruit as seed parents

Crosses No.of Fruit No.of Small No.of | Av.seed wt.
Female Male X Flowers| fruit settings | total seed small seed (%) [seed- Large |[Small
settings (%) seeds |per Fruit | sceds lings
X Minneola 50 16 32 160 | 10.00 18 11.25 17 0.116
Miyauchi
X Kara 50 10 20 160 2.90 6 20.69 5 0.285| 0132
yokan
X Nova 50 10 20 22 2.20 5 22.78 5 0.187
X Minneola | 60 27 54 1010 | 37.41 8 0.79 8 0.073]
Hyuganatsu
X Kara 50 2 4 7 3.50 1 14.29 0 0.372| 0.06
X Nova 50 21 42 630 | 30.00 7 111 7 0.0‘IJ
Table 1 (Continue)
Crosses Range of Seedlings Percentage of
Female Male small seed undecided | 2X |8X fruits/T.seeds/seedlings
wi(g.) produced SX
X Minneola |0.037-0.19% 3 9 5 195 318 | 20.41
Miyauchi
X Kara 0.0384-0.136 0 1 4 4.00 18.79 80.00
Iyokan
X Nova 0.094-0.168 0 4 1 1.00 456 |20.00
X Minneola |0.050-0.006 6 0 2 0.27 0.20 25.00
Hyuganatsu X Kara 0.067-0.000 0 V] 0 0.00 0.00 0.00
X Nova 0.041-0.120 1 4 2 0.45 0.30 | 28.60

262



Arravemnd o g duaiiioniala 580 Mu g

ljig._ 1  Normat (top) and small (helow) pregerminated seeds from mature fruits of Mivguchi

Iyokan X Kara.
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Fig. 2 Diploid (left) and 2 triploid (right) seedlings from Miyauchi Iyokan X Kara
13 months after germination).

Fig. 83 Chromosomes of root-tip cells.. Diploid deft) and triploid (righty of Miyauckhilyiokip
X Kara (x2000).
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Types and Quantity of Chemical Acidulants Affecting

on Starter Cultures for Nham Production

gsen yaouey” Mlsord FumT™ waz ihuum Surksoiug

Suthaya Boonthanomu, Pairote Wiriy.cham”, and Ninnart ahpnhutv

Abstract : Chemical acidulants, glucono-delta-lactone (GDL) and lactic acid, were varied to different levels
such as 0.25%, 0.50%, 0.75% and 1.00% compared with each control to study their effects on Nham's starter
cultures in model system. The fermentation time is 48 hours for Micrococcus varians (ATCC 15306) and 24 hours
for Lactobacillus plantarum (NHI 1100) and Pediococcus cerevisiae (NZ DRI). Tt was found that the effect of lactic
acid was higher than GDL's. Not only to their growths but their activities also, especially to M. varians. Further-
more, these effects depended on chemical acidulant concentration in fact that 0.25% GDL had the least effect. So,
it should be the most suitable treatment for Nham as it lead to more safty for consumtion,

“madunaTulodmeens auzinn lulobgaemnisunwas aoniuma Tuladmmnuanai 1 widsalmni 50290

" Food Technology Department, Faculty of Agro-Industry, Macjo Institute of Agricultural Technology, Chiangmai 50290,
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“Product Development Technology Department, Faculty of Agro-Industy. Chiangmai University, Chiangmai 50200.
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“Food Technology Department, Faculty of Science, Chulalongkorm University, Bangkok 10330,
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o 1 5 P - a -
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v d a 3 am s I - La v a - d' ‘
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Fig. l mcmummmrdduﬂnimumdpﬂdnﬂnglahoumof
fermentation in model system of different concentration of GDL
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Fig. b Pediococcus cerevisiae, total acidity as lactic acid, and pH during 24 hours of model
system with different concentration of GDL.
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Fig. 8 Pediococcus cerevisiae, total acidity as lactic acid, and pH during 24 hours of model
system with different concentration of lactic acid.
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Utilization of Chemical Acidulant and
Mixed Starter Cultures in Nham

I/ aa 2/ 3
gsen ygowes  Inlses 330017 uaz dusom Fudsorivg

Suthaya Boonthanom', Pairote Wiﬁyndnreey, and Ninnart Chlnpnhsty

Abstract : 0.25% of chemical acidulants, glucono-delta-lactone (GDL) and lactic acid, were used in Nham
production with/without mixed starter cultures; Lactobacillus plantarum (NHI 1100), Pediococcus cerevisiae (NZ
DRI) and Micrococcus varians (ATCC 15306). The use of lactic acid extremely reduced Enterobacteriaceae in 48
hours of fermentation time, GDL and control treatment were less respectively. pH differentation of treatments were
not significant (p>0.05) and there were only 3-4 ppm of residual nitrite left in finished products that obviously
lower than the limit ;not more than 200 ppm. In the otherhand, utilization of lactic acid led softer product that the
compression force was lower than GDL and control treatments. Most panelists prefered GDL use in product and
there were lower acceptance in lactic acid use in product. Nevertheless, there were no significant (p>0.05) in
acceptability of all treatments. In addition, chemical acidulants had more notify effects than mixed starter cultures to

quality of Nham production.
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Fig. 1 Chemical changes (pH and acidity as lactic acid) of Nham produced with chemical
acidulant and starter cultures during 48 hours of fermentation (Ctri=control, Lact=lactic
acid and 0.25%, GDL=Glucono-delta-lactone, 0.25%, All=Starter cultures, No=No
starter cultures).
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Fig. 2 Compression force of Nham produced with chemical acidulant and starter cultures
during 48 hours of fermentation (Ctrl=Control, Lact=Lactic acid 0.26%, GDL=Glucono-
delta-lactone 0.25%, All=Starter cultures, No=No starter cultures).
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Fig. 8 Residual nitrite, L* a* b* vaules of Nham produced with chemical acidulant and starter
cultures during 48 hours of fermentation (Ctri=Control, Lact=Lactic acid 0.26%,
GDL=Glucono-delta-lactone 0.25%, All=Starter cultures, No=No starter cultures).
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Fig. 4 Enterobacteriaceae in Nham produced with chemical acidulant and starter cultures
during 48 hours of fermentation, (Ctri=Control, Lact=Lactic acid 0.25%, GDL=Glucono-

delta-lactone 0.25%, All=Starter cultures, No=No starter cultures).
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Table 1 Staphylococcus aureus detected in Nham during 48 hours of fermentation.

Treatment

S. avreus (CFU/ml)

12 24 36 48

control + no culture
control + starter cultures
lactic + no culture

lactic + starter cultures
GDL + no culture

GDL + starter cultures

50

30

20

40 15

45 10
20 20
20 10

15 10

e © © © © ©
e © © © © ©

10 10

Table 2 Salmonella spp. detected in Nham during 48 hours of fermentation.

Treatment Salmonelia spp. (MPN/g)

0 12 24 36 48
control + no culture 29 24 12 72 3.6
control + starter cultures 29 19 11 <3 <3
lactic + no culture 28 12 72 <3 <3
lactic + starter cultures 35 11 <38 <3 <3
GDL + no culture 29 23 15 3 <3
GDL + starter cultures 29 21 11 3 <3

Tumsnageumasyamduda Taog

13 1A 20 AU (Semi-trained panelists)
I¥AZIMMIILIY Descriptive analysis 1@ 1deal
. A v oY Py
ratio score  FIRT1TMWNATDUIEISTOUOY
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FuauIMs (deal) uazlumsulannuvung

Vv ﬂ. v . 4‘4- -~
el iind 1 dumAsianuvinzaunie
1ndifsatvdanyazvowdatunununlu
JUAUINIS (Table 3) NNHANIITNATOUNWUIN
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509 6 Fananoseensiniuldeswiiis
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ildnsauondnaziing uuummﬂwamuqu
nay ﬂmaaamh GDL viufipssiinnuiinnn
namiues uammuqﬂmuﬂmuummtmuufa
TndiAsafudnyuzadadiua luFuauinsun
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Table 8 Mean ideal ratio score of Nham at 48 hours of fermentation.

Treatment Mean+ standard deviation
0 12 24 36 48
control + no culture 1.36+0.24 | 0.84+0.16" | 0.19:018 | 0.880+0.12 | 0.73:0.16
control + starter cultures 1.25+0.25 | 0.80+0.28" | 0.93:021 | 0.92+0.18 |0.7240.19
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GDL + no culture 1.20+0.25 |0.7240.22"°| 0.90+018 | 0.90+0.16 |0.69+0.15
GDL + starter cultures 1.18+021 | 0.82+0.16” | 0944015 | 0874021 |0.76+0.19

Note : mean within column with different superscripts differ significantly (P<0.05)

aglwaminaass

- a e 4 A !

Tumsuaanaasuunune i

- J = ada = '

Yasadosim¥eyaunidnii lfina Inuun
. & a - o

Famenunilaie mahmsedn i

49 o4
na a1 luiiine nglaTwaaauionTau (GDL)
nionsauananlulSuiudovas 0.25 1
' o P a & a

Uszgna 195 miuiFous qniisudunauved

Lactobacillus plantarum (NHI 1100), Pediococcus

cerevisiaze (NZ DRI) ua¥ Micrococcus

A ’ - L]

varians(ATCC 15306) ¥awui1du3inaly

anIauenmnAnganemsn/aouilasvea
gasmsnaniild opL 1Redraihfod g
adan p>0.0s Tuvaizfioansoiudanuand
'luqwsmmann'h’:’nsnuaﬂaﬂ'lué’manum"
maﬁuua mwmmmwunmnmﬂuqmms
HAADUA Wil aoandpaius Compression force
fidwas wenvniinslé GoL lugasmswan
arursnaalSuin Staphylococcus aureus
avlReo s adavunsae himy lush luamswingi
36 z'hmu'luuannmmqaﬁ'wns'qumlsmm
(¥ Salmonella spp. 1 MPN visunn 3 lu

2938



NININWAT 10(3) : 281 - 206 (2537)

psiaoade 1 niu Anemufnudely
mju Enterobacteriaceae 152300 Log N 1M1y
3 «nuaumﬂmmmvﬂuﬂszmm | Log cycle
mums'l#nsauamnsmnm%ausqnmsu&'u
weuthednhy wuhamnsaiununlasad
Tunsu3 Inaldisunulaoyvsanl5uu s.
aureus amuns10'lziwv'lu-§ﬂnan1snﬁni‘; 36
nnwuﬂsmmwa Salmonclla spp 'n MPN
Yoo 3 Tuermsiasaide 1 a3y mamsmm
syl 24 $Tue wazasrmulSnandelu
nfill Enterobacteriaceae 152318 Log N My
2 min"l:ﬁmu'lunnémaaaqmwwums
'lu'lmnmwaa (Residual nitrite) 1N 3
it wmmmumspumnua‘lnnn MINUA
ﬁmamawnmmn‘M'uﬁasuWﬂaumwa
darfu 'lumsmumqmmwamsma"hlms
'lummﬁmtg‘luuaqﬁwmaﬂnmwmuun
Hanvaz Indifsanudanyuz Tudumnmisves
Ju3 Tnnuniiaa wenuniidanuiims19ms
wiif amuilunsaiinansenudenun i
wnnmilfidousgnaBudunay dmiy
n1sﬁnu11uﬂs:qﬁﬁ'anaaaaﬁ1§ GDL s e
mq'ammmm 3 ¥iia 92 IR mvB MUY
nqus'[nﬂoaummnnqa

-4 ppm

- =\
feadAnIsulsemea

AurAITovevoUnm HUINUTIMINIIY
uazma TuTadF i muvama dninauiaun
InnenaaiuazmnTuToduvanan ldaniuemyu
Ao w Temadiaaw

1BNA15019D9

nlsnd 350973, dnwan goulnsmud uas siu
fusoz. 2536. MIRaRARIuSIIMY Tag
ine TuTaddouiqninudunmy 1. unds
Ty lamsafinunz audensnanumuY.
NIMINUAT. 9:51.

501 YYyouoy 2537. ms et lfanuiunsa
wazriudonay lundasuafiona. Snoriiwug
Yiggumniudia guanssiuninnde.

o3 (ean3Tmnt, 2533, wavean1s 1ndndouunitse
pandndo1a Tuuaa lumsnilinunuu,
InontinusUiggumiiudia  unineds
INUATANARAT.

AOAC. 1984. Official Methods of Analysis. (13rd ed.)
Association of Official Analytical Chemists,
Washington D.C.

Bacus, J. N. 1984, Utilization of Microorganisms in
Meat Processing. Rescarch Studies Press, Lid.,
England.

Barber, L. E., and Deibel, R. H. 1972. Effect of pH
and oxygen tension on staphylococci growth
and enterotoxin formation in fermented sausage.
Appl. Microbiol. 25:891.

Daly, C.. Chance, M. L, Sandine, W. E. and Elliker, P.
R. 1973. Control of Staphylococcus aureus in
sausage by starter cultures and chemical acidu-
lation. J. Food Sci. 38:426.

Klettner, P. G.. and Baumgartner, P. A. 1980. The
technology of raw dry sausage manufacture.
Food Technol. in Australia, 32:380.

Kiss, I. 1984. Testing Methods in Food Microbiology.

Elsevier, Amsterdam-Oxford.

294



Kotter, L. Palitzsch, A. and Geiger, G. 1969. The usc
of glucono-delta-lactone in the manufacture of
sausage products. FSTA. 1:78.

Maijala, R. L., Eerola, S. H., Aho, M.A., and Him, J.
A. 1993. The effect of GDL-induced pH
decrease on the formation of biogenic amines in
meat. J, Food Prot. 56:125.

Riemann, H., Lee, W. H., and Genigeorgis, C. 1972.
Control of Clostridium botulinum and Staphy-
lococcus

aureus in semi-preserved meat

products. J. Milk Food Technol. 35:514.

s miimauiudeuigradumilundaiaimo

Shank, J. L., Silliker, J.H., and Harper, R. H. 1962.
The effect of nitric oxide on bacteria. Appl.
Microbiol. 10:185.

Walonic, D. S. 1987. Stat-Packets. Walonick Associ
ates Inc., Minneapolis, MN.

Wiriyacharee, P. 1990. The systemetic development
of a controlled fermentation process using mixed
bacterial starter cultures for Nham, a Thai semi-
dry sausage. In Doctoral dissertation, Masscy

University.

295



wavealmAsnluasnuazlwdenlulasvdenaninumus

finanlael¥ Glucono-delta-lactone MR
WOUIgNTIINAUNAN

Effect of Sodium Nitrate and Sodium Nitrite on
Nham Quality Produced with Glucono-Delta-Lactone

and Mixed Starter Cultures
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Suthaya Boomhanomu, Pairote Wiriyachareeﬂ, and Ninnart Cbinprahastu

Abstract . For Nham quality, it is important to realize in physical, chemical and microbiological properties of
the final product. As a result, consumers accept not only its texture, taste, color but also their safety. Sodium nitrate
and sodium nitrite may affect those characteristics. In this study, sodium nitrate (200-500 ppm) and sodium nitrite
(100-200 ppm) were mixed together with glucono-delta-lactone (0.25%) and mixed starter cultures of Lactobacillus
plantarum (NHI 1100), Pediococcus cerevisiae (NZ DRI) and Micrococcus varians (ATCC 15306) incubated at
30 °C for 48 hours.It was found that in the level of 500 and 200 ppm of sodium nitrate and sodium nitrite
respectively, affect quantity of Enterobacteriaceae that found only log N = 3.39 (p<0.05) including Staphylococcus
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Food Technology Department, Faculty of Science, Chulalongkom University, Bangkok 10330.
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aureus and Salmonella spp. In the other hand, those treatments have no effect to color, residual nitrate, residual
nitrite, pH and acidity of the final product (p>0.05)
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7.00
—o— (1) ‘
& a
——- b
»— ab
x- cpl
T -e- Cp2
4.00 1 f % { —
0 12 24 36 48
Fermentation time (hours)
- e R _ I
o
® ]
© -a (1)
® - A a
o —>— b
8 —x- ab
£ -o- cpl
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R
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Fig. 1 Chemical changes (pH and acidity as lactic acid) for Nham produced with different level
of sodium nitrate and sodium nitrite during 48 hours of fermentation.
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Table 2 pH and acidity as lactic acid (mean) during 48 hours of Nham fermentation
produced with GDL, starter cultures and differrent level of sodium nitrate

and sodium nitrite.

mean + standard deviation

Factors for study Total acidity as lactic
acid (%)
Sodium nitrate : 200 ppm 5.04+0.71 0.58+0.21
500 ppm 5.04+0.71 0.80+0.28
Sodium nitrite : 100 ppm 5.04+0.71 0.59+0.24
200 ppm 5.04+0.71 0.59+0.20

> o oo s -

1NMSIAARAANUNUHULAWINTHY
Ja@ Chroma meter CR-310 wWuNAL* ninMm

a -t ' a o
Value 9195090 NU0N-00UY0IT  92VuiY
W Tdon lumsnuazanuduiussening
Tadon Twasnuoz Tulasy ednihivdAgni
A0AN  P<0.05 wediaimsnunru il 12
1 Tua danaasluaunsandunus (Coded re-
gression equation) Al

L* (12 hours) = 61.6063-0.6169 (NaNO,)
-0.8531 (NaNO, x NaNO,)
R = 08505

winmgamoveamaniin dananudi Lr
Fusuzulesdon luasn uazanuduius
sevanaTmdoy Tuwasnuas Ta@on Tulas
poaiiTod AN IEiA p<0.05 Awanslu
ﬁuf:'l‘iﬂﬂﬁ'uﬁu{ (Coded regression equation)
o d

AU

L* (48 hours) = 56.5688 - 0.2706 (NaNO,)
- 05194 (NaNO, x NaNO,)
R’ = 08701

ogn lsAmumves L* 19 Twasuduveans
wiineziiniegluga 54.40 - 56.59 ufe
HanRuaeiiAnouthadudemesiianesuas
TusrTuedi 12 Taoiimeglusia 59.80 - 62.78
uazszitutudnadnihinulundasusigaiio
HAuMny 55.57 - 57.22 (Fig. 2) Iaglu
Fanaaean 195 Tadou Twasnszdy
g3 500 ppm (Fanaanai 2) Aamaassiild
Vi Taden TuiasnszAga 500 ppm Sy
a3 105 Ta@onTulasilusydvuge
(Famaanai 4) seiii L* hiuandsedninio
ﬁwﬁmmmﬁﬁlu%ﬂmusmmamsm?n udLile
pawl 48 $2Tue wuirdananesiild
UanaTwdow lumsnuaz Ty Tas luszdud
sxiidnoudhasounidmaassouTaoiie L

winn Mg niiodigmatan p<0.05
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Fig. 2 Physical changes (L* a* b*) for Nham produced with different level of sodium nitrate
and sodium nitrite during 48 hours of fermentation.
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NNMIANTIZHAUR ALY L* Tuxdq 48
¥ TuauoIMInIAWLINM 56.97 + 2.25 Lag
57.60 + 2.64 Nizaums3 19 Ts@on Tuwmsn 500

ppm LA 200 ppm AIMAIAY Lazif L* 1y
57.49 + 230 UaY 57.09 + 2.63 Hizdumsld
TanidonTu'lasy 200 ppm uaz 100 ppm
MUAIAY ( Table 3 )

Table 8 L* a* b* values during 48 hours of Nham fermentation produced with GDL,
starter cultures and different level of sodium nitrate and sodium nitrite

mean + standard deviation
Factors for study
L* a* b*
Sodium nitrate : 200 ppm 57.604+2.64 9.63+1.88 11.2141.78
500 ppm 56.97+2.26 9.59+1.91 11.09+1.60
Sodium nitrite . 100 ppm 57.00+2.63 9.44+1.88 11.2041.57
200 ppm 57.49+2.30 9.79+1.89 11.1041.76

dmumsi)asunlasfives a* 3981 hue
4 . . 4’4 N - . =]
Fudumastamauas-oy Taomuineid

' a =

ponduaazmavvziuu lmadidon ¥wn
minaneal¥ GDL saufutuidouiqniisudu

v
WA 3 ¥HA TUNTZUIUMTHAALNUNAY N
Tus Tuasudunazd Tuai 12 yaamsnin
' 'Y U J (kY - - s
miafananeziuegiulsna TudonTulasm
nazanuduNus s Te@on lumsn uaz
Teidonlulasviedrdiivodrdgmiadan
p<0.05 UM AU (Coded regression

v

equation) Al

a* (0 hour) = 6.6883 + 0.1312 (NaNO,) +
0.2450 (NaNO, x NaNO,)
R’ = 09678

a* (12 hours) = 8.4708 + 0.2381 (NaNO,) +

0.3944 (NaNO, x NaNO,)

2

R = 09%9

Taoluda Tuausnueamsniing a* eziinreg
T 6.24 - 7.02 UL UG B 9 ouiile
pamsnindlyl 24 F2Tuerdananee
Aoudranait llsunasamsmin daiinieglu
¥4 10.55 - 11.73 Tundnduagaiie (Fig. 2)
fufie midunsvowndnfuatazinufuiy
pdnihiodngnnaia lugananmin 48
$1Tua i p<0.05 ﬁmupwmﬂﬁuﬁu{ (Coded

regression cquation) At

a* = 7.3603 + 0.0965 (Time)
R = 08033

NNMSIsTHAINATYeam a* Tu¥a
48 2 Tuaweamsmainwuiidien 9.59 + 1.91 uaz
9.63 + 1.88 hyzaumsl¥ladonTumsm 500
ppm LA 200 ppm MUMAY tazdif a* iy
9.79 + 1.89 uaz 9.44 + 1.88 AszAumsld
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Toinouulasf 200 ppm waz 100 ppm
AUAAY (Table 3)

#mTuA e b* 3o chroma Fuily
e ala A o 4 .
AnlaFtethindu-mans Tasmanialdtia
vanszuaannuiludmaes lunansatudin
S 1diduauieialumeihcu Jann
minaasald GDL SoufuideuaniGudu
weru Tusdnduaunuiimsfunsyne
Tm’n’uu'lumsmmu'(mﬁuu'lu'lnsﬁ?;i.,ﬁ'n
A9 q wuh wnmxsuawmmmun f1 b*
srdufuMITIreriandsntuiena
il 36 $9Taa BN b* VEAUFIES
Waewwiiauds Sadufuanuduiuisznis
Tadou Twnsnuaz Todou Tulasvedaiiis
Mfgyn1aadan p<0.05 #20 Araunis
anduNus (Coded rcgression equation)
ol

b* (O hour) = 12.8121 - 0.1356 (NaNO,) +
0.1819 (NaNO,)
R = 08716

b* (36 hours) = 9.9221 - 0.0575 (NaNO,) -

0.2500 (NaNO,) - 0.1050
(NaNO, x NaNO,)
R’ = 09933

TaoTugaa 12 ¥ Tuasnveamsmindidand
szuudnlaonn 12.258 - 13.253 1 12.990
- 13330 HazezaARIRNBY IuYN 9.070 - 9.720
amquuuﬁmtgmmnwn p<0.05 AIeUM3
andunut (Coded regression equation) ﬂi)'hlu

naveslydnuhuninuasTuidonTuInaviaenaun mimuad
wanlaold Glucono-delta-lactone s'mﬁ'u#eu?qni'ﬁ'u‘u

b* = 13.1946 - 0.0841 (Time)
R = 09933

HazINMIINTITHAIRAsYeRT b* Tuvad 48
F2Tuavoamaninwu il 11.09 + 1.60 1oz
11.21 + 1.73 Aiszdums 19 Txdon Twasn 500
ppm 1Az 200 ppm Muddunaziim b* Wy
11.10 + 1.76 uar 1.20 + 1.57
fisvaums ¥ laidon 'l las 200 ppm uaz 100
ppm ANAIAY (Table 3)

anransnaassluidsadvowandual
TaomsfunlsdSuaTx@onTumin  uaz
Todonulasn Tuwdnduatnui 1maind
FWamuiunse Saluiiiine GDL Famiufy
Forsemimdunmniunuhmavewdniust
TunniamaassiimIndifveiumnnuar I dsuy-
uas Tundaduaigamo sdalshamguam
YBIHAATUNTIADIDIHUAINIIAUNTOUDY
AmaniiduqsznouiulumsinsamlSnu
Tadou lunsmuas Ts@on Ty lasiimanzen
aohl

lumsaneiniai 183z
a5 luwsnuazens Tulasiimie (Residual
nitrite) TukAAA el Famufinaniuduves
msuinasenulfnuas lulasiimaslu
Ymnaftunndaiu Saroandestunfanei
9 unsar danaasaudndaiminduai
asranulundas Famaassvsiia Indinoaiu
mmm~1uummuanmwmwuuamqma
DA p>0 05 dwaTaFuMINLN (Fig. 3)
uaaiuiteanslulasn ag:luﬂnnv'numw
funsa @ lumnanesiiends GDL ¥
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wsuanuunsaveIndaiuuBnMiionn
FousamiGudunaudromanile sxnldou
duluainoonleduazdminjniondulule
Tnatiuduasvesluainoonled luTe Inatiu
unndasuat lavud 1unaldasromuas
Tulnsvnimde lundndusigame Mo 3.19 -
3.50 ppm. Wi uerfummldounlag
Yivams lumsnlusanainisuin 48
#21ue Faeriidranauiovn (Fig. 4) uag
dleramsmiinry 36 $2Tue v hifianw

uandeveaFinaans hussmuudasdamaans
oot Agmeadan p>0.05 dmiuly
nanduAgamonuaTInlTuIums
Tumsmileoniios 0.68 - 0.96 ppm MY
A TMIMMIY8a Micrococcus varians
Tumsuldoums luasnidumslulasi1d
poillszAnEam dnfusiaunseldine
Tandou Tumsnuaz Tadon Tulas luseduga
(500 ppm HAZ 200 ppm AW&RY) Tumam
wanfuaimuiild opL  fawfuideuind

- (1)

—&—a

—»-- ab

—x— cpl

- cp2

— =
|
i
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a

L
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Fig. 8 Residual nitrite in Nham produced with different level of sodium nitrate and sodium

nitrite during 48 hours of fermentation.
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Fig. 4 Residual nitrate in Nham produced with different level of sodium nitrate and sodium

nitrite during 48 hours of fermentation.

v L4
Gudunay1d Natinnmsinsizineada
' - P - ' -
nwu Sinues Tulasinmaesgezanaiie
- -~ o .‘ J 1

NAIMIMINYOINAANUNUNUBANTUBE13T]

o o ana i 4

HothAYNADAN p<0.05 AvaUMIaANTUNUS
v

(Coded regression equation) A3l

Residual nitrite (ppm) = 76.9572 - 1.9016 (Time)
R = 0.6990

wazSuaes Tumsniasranu lundaiuet
- & - - -
uruyszinuyumulTa Tsdon Tuiasni
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duaa lugasmswda uazihSinaasaaile
mnn1:mfmi'u#uoduﬁﬁumﬁqmmﬁiﬁ
p<0.05 AIAUMIANFURUS (coded regression
equation) oia‘hh‘i

67.1483 + 11.4099 (NaNO,)
- 1.5608 (Time)
R = 0.7615

nitrate (ppm) =

rh'ni'u'luﬁ’wmmﬂaanﬁunm%
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Twidowhunsn uaz TwidonTulariluszduge
(Famaanad 4) wmmsnaawo'lunqu
Enterobacteriaccae 83 1811nn1dmanndu

.o 3 ; d -
(Fig. 5) drudamaanfiaTIanuiBegdunis

Tunquasnanuinfigasiniiodignuata
- N —' - - .
fio Aanmane 19 TmAon Tuminszdugesu
o < 4 v e - -
fuTadou TulasnszAud (Fanaaoan 2) Tay
arony lullSua log N imifiy 4.26 uazen
a - o . - l o »
M3AATIHNRaANDN UTinandedinan
A - a 7 -
swanaulomunlSuna TedonTu'lasv uazimu
namIndnegnihiodAgmeaian p<0.05
AraumsamduRus (Coded regression equation)

i d
- e

AU

log No. of Enterobacteriaceae = 6.0740-0.2323(NaNQ,)
- 0.0486 (Time)

R = 09191

' - v o : -
uaash TeAonlulasn aansodudamsiniy
sl \J J ' N ﬂ.
wuTaveadelunguil1d daunmmsuini
.' J : - - ’ ; 4 ﬂ
muviuesinavin 1im pH aadias Fuilu

‘. . . Bl - J
amazh himnzauaemsiigiau Inveuye
. 2 4 4 ;
fnantiinardrolanauiiemunanminiu

Foyauniden 2 wiia fFamnlunsiine
Staphylococus aurcus (Table 4) Ila% Salmonella
spp. (Table 5) wunm3 ¥ lw@oylunm uay
TwRoululasiszaugs (Fanaaoai 4)
mmmamﬁmmtfa S. aureus 0318510
Fanaansdu q Msrannsoaannuidos
1M 3379 Enterotoxin 110«40 S. aureus
ynyviiaadld Fwanisnansidanainden
AABINUNIIANYIVEY Rhia 11 Solberg (1975)
ﬁ1umnﬁmﬁmﬁoﬁnsmu§a Salmonella spp.
wuludaTueh 24 veamsninezasaemy
USnaidewiiai ludanaassdand1ading
Aanaanadu naniernainisniadiuly
V337181 Salmonella spp. ASIINVIZAARIAIY
wunsialundadaatgaho assamuhnffna
Adnnndodis MpN feenh 3 Tuyndamaaea
sndudamaasai 1 #7119 Twdoulwasnuas
Twidow A luszauda A 200 ppm 1Az 100
ppm mumau as9nu NN Salmonella
spp. # MPN ity 3.6 Fadmil1$lums
wane3en10i Tommdvadesuns 1w Inide
fananla
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Fig. 5 Enterobacteriaceae in Nham produced with different level of sodium nitrate and
sodium nitrite during 48 hours of fermentation.
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Table 4 Staphylococcus aureus in Nham during 48 hours of fermentation.

Treatment Mean (cfu/ml)
0 12 24 36 48
) 140 106 80 30 10
8 106 100 7% 35 0
b 105 85 20 0 0
ab 100 50 20 0 ]
cpl 105 95 35 0 0
cp2 185 95 50 0 0
(n = NaNO,200 ppm and NaNO, 100 ppm
a = NaNO,500 ppm and NaNO, 100 ppm
b = NaNO,200 ppm and NaNO, 200 ppm
ab = NaNO,500 ppm and NaNO, 200 ppm
epl,cp2 = NaNO,350 ppm and NaNO, 150 ppm
Table 5 Salmonella spp. in Nham during 48 hours of fermentation.
Treatment Mean (cfu/ml)
0 12 24 36 48
Q) 23 19 1 9.1 36
" 26 15 1 72 a3
b 29 14 6.1 <3 a
ab 27 15 3 3 <3
opl 26 12 72 a s
cp2 28 14 73 a s
(m = NaNO,200 ppm and NaNO, 100 ppm
a = NaNO,500 ppm and NaNO, 100 ppm
b = NaNO,200 ppm and NaNO, 200 ppm
ab = NaNO,500 ppm and NaNO, 200 ppm
cpl,cp2 = NaNO,350 ppm and NaNO, 150 ppm
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ajUwaminaaes

waasuamuui 19 Tsdon luasn 500
ppm uaz Tdow Tulasn 200 ppm lumskaa
faudunglaTweanwanlau anududu
Younz 0.25 HAZIFOUT AN UAUNTIYES Lac-
tobacillus plantarum, Pediococcus plantarum Q2
Micrococcus varians fiumsniinfigungil 30
osrnaidue dhuna 48 $2 e sziinadeide
qﬁun"s'zi‘lumiu Enterobacteriaceae 8713111t
dfynadai p<o.os smlldafnu sa-
phylococcus aureus Wa% Salmonella spp. 1AU
Tyndasuaganionsrewnulinna  Entero-
bacteriaceae log N INAY 3.39 asa linuide
S. aureus 1@zAA MPN ¥D3 Salmonella spp-
Yooni1 3 uanail Lilnausadednyus
Uningludm@ Yinwes Tuaim WSunams
Tlasnimie aasasumanuilunsaai
unAndaa sorelsimunaasuaimuni 16
e AunAsTTiA Hue (a%) M1 11.4740.16
fi1 Chroma (b*) IM1AY 9.16+0.24 UAZA Value
(L*) MU 56.8240.10 asrewulsunmans
Tuiasn 0.68-0.96 ppm @131 lAN 3.19-3.50
ppm mAMuTunsaRaiiounsauanAndouay
0.80-0.85 tazmnuiiunsAAN (pH) ogluEe
4.49-4.52

fnfinssudscmn

nuzdITovovounm gUINUYIAINTIY
uazma TuTaddinmuvand dninauiann
InenenansuazmaTuTadurenan ldmivengy
it w Temaiigae
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