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Effects of of Rubber Seed Kernel and Palm Kernel Cake
Levels in Concentrate on Rumen Ecology and Nitrogen
Balance in Goats Fed Briachiaria humidicola Schweick

Hay-based Diet

th duaw” uaz gAgg 7la”
Pin Chanjula” and Supinya Chujai”

Abstract: This experiment aimed to study the effects of levels of rubber seed kernel (RSK; 0, 20 and 30%) and
palm kernel cake (PKC; 20 and 30%) in concentrate on dry matter intake, digestibility, rumen fermentation and
nitrogen balance. Six goats with average liveweight 22 +2 kg were randomly assigned according to a 3x2
factorial arrangement in a 6x6 Latin square design to receive six diets. Signal hay was given on an ad libitum
basis as the roughage. It was found that, there were interactions between RSK levels and PKC levels with
respect to total DMI and goats receiving 30% RSK had lower values (P<0.05) than those receiving 0 and 20%
RSK, respectively. Digestion coefficients of nutrients (DM, OM and CP), pH and NH,-N were similar (P>0.05) for
all diets and all treatments were within the normal range, whilst, volatile fatty acids, rumen microorganism
populations and nitrogen balance were similar among treatments (P>0.05). Based on this study, RSK levels up

to 20% incorporated with PKC at 20-30% in concentrate diet could be efficiently use for goats fed on signal hay.

Keywords: Rubber seed kernel, palm kernel cake, feed intake, rumen fermentation, goat
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K Department of Animal Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai Campus, SongKhla, 90112,
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UNARER: AT AL S AEN TN (RSK) 3 324111 (0, 20 ez 30%) saznNibe A mhduingu (PKC)
2 92AU (20 uay 30%) lugmsannsdusiadsunninisiuld nstenld nevuounsminlunssmnzgmuuazanna
Tulnsianluune TaAnE e minede 22 +2 Alansu Taedavanunsiuy 3x2 unnpeGealuusn1MAae
WLIL 6X6 @mzﬁmmu e ld s eV uiTiszsu RSK uaz PKC Tugmnsans 6 gns uazlaFuua Enunaui
atinafian mmiwmmwmﬁmmwammm RSK Uae PKC st Banaunsfuldvianan (P<0.05) uasunsiilasy
RSK 5261 30% SANANN9N (P<0.05) Aseéfi 0 uaz 20% Auandu dutlsyavaniseioaldaalnaue ( CLLNE
Suvieinguazlafiu) nan-snsuazuentinde- llpsaulunssimnzgumasmnngui A IndiAesiu aoisdi s
duduaesnaslasiuszmelEvamn dszansqdunsd naanaunisldszlamivaclulnsauianlduansineiu (P>
0.05) mnm@mammmﬁmmmﬁ RSK 3261 20% $aumiL PKC 336U 20-30% Tugnsatmsduune

o o s d’l =3 d’/ =3 o %’ Cd dla % o
ANHIATY: Waluwdaenanis nmniflalumdndrduineiy WBunnenmsiinuld nszuaunismdnlunszinng
U UNWS

A1 Lﬂummmmmevammw'ﬂmmnm loeiannzns
s difluennsdaiuune dadu nnmaaesiiaed
sranngudufiniassgRaidrdnyinanels FaqUszasdifeAnmsziuf manzanseaile luwde
Wuridszndlng Yazvanemiiudum anmenu e sasnnidfelumdadhduninislugrsenns
AiniAsmgianisinems (2552) Uszinalnaiinag sal3unnunsnuls nstasls waznszuqunimeinly
deaonenenan Tl w.e. 2552 A1 2,738,584 Fiu naznzgmluung
HyarADls  146,188.2  §1uum lunseuaunsuas

gransdnanase lERAAy AoNAAn1anT aunsaluazignig

(rubber seed)%'\1Lﬂum@waﬂﬁiﬁmnﬁumﬁwwm

(Hevea brasiliensis) Waneansauuislsznausog  ARINARDI WHUNITNARDI WASNISHATENNNG
waen Weluwdn (kernel) wazlasu Uszanos 37-40 NARDY

uaz 60-63 WAz 40-50% ARSI (4, 2528) 9 Munzgnuaniuiies-ueslnayifew 50
Babatunde and Pond (1987) serudn ¥nduiiarin wWefidusl a1g 17-18 thaw hwiiniade 22 £2
FannuApsemnndesfilssneurenanluduude  Alanfu diuaue i Mneduunglnasaviniud
13.9% uaznealaullidng 80.5% deganlfaenss  wwnaxe  urlnmedualdiumisamasesluunung
12371 linoleic uaz linolenic acid lutlFxnniga mnile  meaeswLL 6x6 ApFaANEY NnsAne 2 fadene
T anannendennsainnnsuaunsasin Uy sxfLv0a el NS AEnaNg (rubber seed kernel,
AR AR Lﬁmmﬂﬁ@mrﬁhmﬁmmmﬁ?@;q Tneid RSK) (0, 20 WAz 30%) LazsvATaInNite LR
Tsiugefe 2627% waziliilelonn 10-14% (F3ANA,  Uhdsninsdu (paim kemel cake, PKC) (20 uaz 30%)
2531) Tansiinnibe g adn furingiu (palm Fatlsynaudag 6 ngx Aa T,= RSK-PKC,, T,= RSK -
kernel cake, PKC) Tilfannnsnazimziennzaneanll  PKC,, T,= RSK,-PKC,, T,= RSK,PKC,, T.=
wdnandatnTudl CP 18-19%, EE 5% uaz CF 13% RSK,,-PKC,, 482 T,= RSK,-PKC,, MNAAL
MINRIAL (§5 WAZIANAHR, 2544) Faldifuuma e LL‘V\leLlﬂ'@xﬁ')gﬂLgﬂ\ﬂuﬂ’aﬂﬁﬂ‘lﬁﬂ’]i‘ﬂ@ﬂiﬁ
Tulsfiu uazndandluemedpdiaaniaeddda atndls (metabolism  crate) FaReaniy S21981MI9EL
finnn msdnmswdn  siedlelusdatnane GULVRES N LL@:ﬁ‘Lﬁ{iﬁ@gﬁwuuﬁﬂ aadui i lunns
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narasszauilialumingemisuazninilialumanihasiiulugasaimsdusaiivaainely

ay vor 3 v o
nsziwnzgiusazannalulasiauluunsilasung@nuuawiaiuarwsuan

NAABILITTNAUAIEBINIT 6 §AT s 1) Tae
AR AL TN TUE AN AN A BINTU RS LNE AN
ALUE1NT89 NRC (1981) NTNAASN 6 194 7] AT
21 §udalsenanda sva i (adaptation period)
14 U LazIsanAaad (experimental period) 7 9%
Tneiluszasdsuss unldsunaindnunaurouusiad
wine iU ungunaaeslussiu 2% et
fa AFuas 2 A%a liwaan 08.00 1. ua 16.00 w. 4m
Funniews il Lavanunafimaeralutasdi uas
°n'q<1Lﬁuﬂumnﬂfj”ul,ﬁﬂmﬂ?mmmiﬁu”lﬁ dauluseey
naaas uwnelFFuansmungunaaadiloussey
1518 udaaBune N LT I vAeLe 90%
vasB vl lugasrazdfus ALy aLAY
ﬁ@quﬁ’\mum (total collection) ANUAWAL 5 U

Apsaiultaewing1eIn1InAae

MsLAUAa819 N15ILATIERaYALsENaLNIeLAR
Lmzn'\ﬁmﬂzﬁﬂfﬁagammﬁﬁ
. = o y J
TTunnnslasunlastinndnaeduns Ineda
dmtinneudgeenimeseduarluiugainesesis
ATTINIINARDY ULALFAILEINBIUITNLIY WAL
2NN I uazenunsiwae  wnlldeud
qruund 100 asensaioa Wunan 24 dalus e
nmAeatreelaguie udatisnlfumBunn
AsnuldreednsluwAariusazd ndaunilatinluaun
grunnd 60 avAaaidaa e 72 dalus drliue
HNLAZUNIINNA 1 RAAWAT  ENERLATIZITUN
o a 1 o £% a v
agAdsznounaed iy dmguits TusAuveny i
(AOAC, 1990) LaziLAI1ey neutral detergent fiber
(NDF) oz acid detergent fiber (ADF) (Goering and
Van Soest, 1970) ¥innsguiAusaeenyauazilagay
WwatllddtasnsiAtasAdssnauniaAlnay
Auuunnssiaeld (Schnieder and Flatt, 1975)
°1mmwimmnmmmmmummqLm%‘wmmw

wil31391 (ANOVA) Taeild Proc GLM (SAS Inst. Inc.,

103

Cary, NC) LAz BT L ANUUANFANTRIATRAE
DINGUNARBIAILAT Duncan’s New Multiple Range
Test (Steel and Torrie, 1980)
guiAufqadarasmaslunszinizndn
(rumen fluid) 2e9dRiNAaBILFAAZNGN floan 0 uaz 4
dalusraanslfansing neld stomach tube $auL
vacuum pump IWAUATINEUBIUAALIZETNARDY
131101 100 1a. nndaAanudunsa-Ansiuiing
(HANNA HI 98153

microcomputer pH meter) Mmmnuu LL‘LI\'i‘lIﬂ\‘iLM@’J

1% pH meter instruments
annsznzTneaniy 2 dau fei douit 1 guiAy
Usen1nu 20 HAAAMT AN IM H,SO, AU
1 HARAATFABIBUUAIRININY 10 NARART Lﬁwam
naneuesqdursd dnlddumies (centrifuge)
A28AINIE2 3000 sausewnd unan 15 Wil iy
ILanIzda1la (supemnatant) 18dszunns 10-15
adans ﬁﬁVLﬂLLﬁLLﬁﬁllfqmmﬁ 20 asriTaiEeg (ive
san193tAziwaNInila-Tulnsiau (ammonia-
NH,-N) AntAansnaw (Bremner
Keeney, 1965) Tnel#1e309 KIELTEC AUTO 2200
Analyzer (Foss, TECATOR) gaamatandaumiiainlyl

nitrogen, and

Fipmzinaelasiussmeld i (total volatile fatty
TVFA)  waznsmlasfusyme lEd oy ldun
n3ARZTAN (acetic c,) ninlnsiesiin
(propionic acid, C,) waznsaliafan (butyric acid, C,)
Tael41Asaq HPLC (Hewlett Packard) sznevdag

acid,

acid,

water 510 pump (Millipore), UV Detector 210nm.,
OoDS 5y, 40x250mm)
(Samuel et al, 1997) unzdanf 2 iamedaiin 1
fiadans 1fin 10% formaldehyde 9 finans ol

reverse phase column

panatiulsvnngsqAuviee (total direct count) léuwn
= al i o X
LUANTE (bacteria) TusTmda (protozoa) uazidas
(fungi) Teelld Haemacytometer au1m 400 484
1989) nne/lsindesqanssasl  (Olympus
BX51TRF, No. 2B04492, Olympus optical Co. Ltd.,

Japan)

(Galyean,



M5A15 AT 28(2): 101-112 (2555)

HANITNAANRY Lmﬁmstﬁ

f2ulsENaUNIANTRIRTUNTNARDS
NANNTIATIEYBIALIIENaLNNAR B98N T
~ LA a o o
NAABY (AN 1) WUINNARALUTDNIAYLUS  (DM)
w3l (ash) Buvizadeg (OM) wazlisfiumenu (CP)
IndiReniiu e lUsAunenuat/lugag 16.15-16.60%
2ueht lusTu (EE) agflutag 5.93-17.98%
(NDF)  agflutag 35.24-41.74% Lag la@niiu (ADF)
WAZANHU (ADL) 2¢lutag 14.08-20.03% WAz 4.58-
6.42%  AINANFU duFuLFuaelusiu wudnien
WNTUANTZALLLE lUNARLN9NI9T (40.77% EE) 7
oo 4 d Y e, X
Wnaulugnamng easainnisAneafaildiilely
wWansnani 9 il ldadalusu (undefatted  rubber
4 A . v e
seed  meal) iaRansanAAsTulawms i Ll
TA398519 (NSC) WudnlAnanad warznniialuuan
UdntiTun ldlunnmeaeeniailesddssnauniia
ARAUINgININNGn 40%  Tegand9eNILYes
McDonald et al. (1988) wnuciiiialiuuanenannsnil
ANLTIUTARAINGNTIENNUYRY NATE (2544) 1318191
il lumdaenanRisaad 8-17 wafidus uwsil
wefidudlatulngAseiu Aelsyaunny 42.6-44.37

wasidus

dsunaunsnule wazdnlsc@nsnisdaslauag
Tntue

= ~ |

NANTFANELEASIY AN9197 2 WudIT

WAz PKC Aad3unasnisnuls

WA (P<0.05) Insianunafiszsiu RSK 30% HAAN

n41 (P<0.05) 3261 0 WAY 20% ANNAAL Tuunied

ANTNATINURY RSK

svmu PKC liualdwmnsnafi (P>0.05) ([51’1?’1\‘117; 2)
RuedAeafudINIaunsAuesinTuy (OMI,  CPI
waz NDFI) wudni A lndAeais mmuﬂ@mimu
9¥AU RSK 11NN 20%
Flasannawngiil RSK 1nnndn 20% uimuuiqmqqmu
AR T1E SN aenuiinay feilnasndalzuno
1964) ABAAARINU
find199n Bunnslasiug

Nﬂﬁﬁl’m')’]ﬂ@llﬂu a1

amnsunnwle (Van
(2001)

Soest,
71887189 NRC

NIILTIAR
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NN 5-7% slu@;mmmﬁﬁwm RRELNARIR
UFurunsiuld aanuainnsalunisdenls
nezuaunIudn waznisastyiAulnuesuuai By
(bacterial growth) Tunszimzgiau wananh anaLlu
wanzasial RSK ludaunansziugs (=20%) 3
AL LAYIATNA laiinfiu
efiansanduilsananisdesldaeslnme
dsngdnldflEansnasonaes RSK  uaz PKC uaz
Ansnatladeandnaes RSK  uay PKC siaduilsyana
mstlagldaas DM, OM uaz CP laennnguilen
IniAeariu (P>0.05) et anaulumnzqauvid i
N wazlulngay (N) WisNnasansvUun1Ivsn
melunszinnzging douduisr@nsnistienlfuas
NDF uay ADF Taunengudi idfuamneduiisl RsK
30% lugmeanvng SAndndngaiuetinediladdny
(P<0.05) T0usi ?”ﬁu PKC Tugnsanis IEREEN
ﬂu (P>O 05) m@mmmmnm"mummm@@ ¥ uazladu
mwmwummvmu RSK uaz PKC m‘wmmiumm
aWg (397 1) Pl Banansivld uaznnseios
Ixanas Tneanny NDF waz ADF Handusiusliuds
aufBunainsnule waznissieslduadaning (Hart
and Wanapat, 1992) AnviaFunaslasiuiunnndn 5%
‘Lu@;mmmiﬁwm (5.93-17.98% EE) 8194INAGD
ANdnNnnlunsetesld nezuaun1Ivaln waznns
wityiAnlpmeuuan G lunssimzgmu Hasanie
TuEnen T lunmaaesaseiitlasiulsyney
agluFunga (40.77%  EE) AR TR
Babatunde and Pond (1987) Feudniialuase
gena R lusTud seanns 47.3-49.5% dsenavlilsae
nenlasiuli@nsatlszanns 78.97% 1&un Oleic acid
(26.64%), linoleic acid (34.92%) LAY linolenic acid
(17.27%) (Nwokolo et al., 1987) @aAARENILITIENNY
284 Palmquist and Jenkins (1980); NRC (2001) ﬁ
Meewinelaiuliausief dusshunnndn 2
Wuse (polyunsaturated fatty acid, PUFA) Tmﬁﬂﬂﬁ
nalunausianszuaunisminlunssinnz g uay
naseeiduaaiielaannniinseleuduea (saturated
fatty acid, SFA)  visansmlasiuliausaaianiiauy
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Table 1 Chemical composition of the experimental diets, signal hay (SH), rubber seed kernel (RSK) and
palm kernel cake (PKC)

Chemical composition Dietary treatments' SH RSK  PKC
on DM basis, % T, T, T, T, T, T,
Ground corn, GC 59.71 53.19 48.86 4114 4175 31.75

Soybean meal, SBM (44% CP) 15.13  12.81 3.14  1.00 - -

Rubber seed kernel, RSK - - 20.00 20.00 30.00 30.00
Palm kernel cake, PKC 20.00 30.00 20.00 30.00 20.00 30.00
Molasses 3.16 200 5.00 486 5.00 5.00
Salt 1.00 1.00 1.00 1.00 1.00 1.00
Mineral and vitamin mix’ 1.00 1.00 1.00 1.00 1.00 1.00
Urea - - 1.00 1.00 1.25 1.25
Total 100.0 100.0 100.0 100.0 100.0 100.0

. " 3
Chemical composition

DM 90.33 90.78 91.08 90.71 9125 9135 9430 94.30 92.88
Ash 463 483 458 475 443 4.88 3.28 350 4.52
oM 95.37 9517 9542 9525 9557 9512 96.72 96.65 95.48
CP 16.57 16.50 16.60 16.60 16.15 16.52 3.01 23.64 18.72
EE 593 8.05 14.07 16.78 17.98 16.55 0.80 40.77  8.02
Nsc* 36.79 28.88 29.51 2191 2431 2202 11.70 20.21 1.54
NDF 36.08 41.74 3524 3996 37.13 40.03 8121 11.88 67.20
ADF 14.08 1528 16.08 17.81 17.86 20.03 54.01 6.35 44.63
ADL 458 525 560 617 529 6.42 1280 520 13.52

! T, = concentrate containing 0% RSK and 20% PKC, T, = 0% RSK and 30% PKC, T, = 20% RSK and 20% PKC, T, = 20% RSK
and 30% PKC, T, = 30% RSK and 20% PKC, T, = 30% RSK and 30% PKC.

® Minerals and vitamins mix (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 IU; Fe: 50 g;
Zn: 40 g; Mn: 40 g; Co: 0.1 g; Cu: 10 g; Se: 0.1 g; 1: 0.5 g.

* Al figures are calculated on dry matter basis except DM which is from original sample. DM: dry matter; OM: organic matter; CP:
crude protein; EE: ether extract; NSC: non structural carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL:
acid detergent lignin.

* Estimated: NSC = 100-(CP+NDF+EE+Ash)
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Table 2 Effects of levels of rubber seed kernel (RSK) and palm kernel cake (PKC) in concentrate on feed

intake of goats fed on signal hay as roughage

Dietary treatments’ P-value
Iltem
T, T, T, T, T, T, SEM RSK  PCK  RSKxPCK

Total DMI, kg/d ~ 0.716™  0.763° 0771 0.659° 0663°  0.580° 003 001  0.19 0.05
OMI, kg/d 0.686°  0.729° 0.739° 0631° 0636 0.603° 0.07 005 0.18 0.06
CPI, kg/d 0.084”  0.087° 0081 0.071° 0073° 0.072° 0004 001  0.39 0.23
NDFI, kg/d 0.371° 0421 0420° 0.380" 0.360° 0.343° 002 006 088 0.11
Total-tract apparent digestibility, %

DM 73.36 7348 7056 7094 7024 7099 126 006 068 0.96

oM 74.43 7444 7167 7205 7150 7231 125 008 070 0.95

cp 70.93 7397 7417 7387 7397 7242 154 060 075 0.32

NDF 64.06°  66.61° 63.63° 6358° 6005 59.87° 191 003 062 0.72

ADF 60.05°  61.99° 59.78"° 5970 5299° 5299° 270 002 078 0.91

' T=RSK;PKC,,, T,= RSKPKC,, T,= RSK,-PKC,, T,= RSK,-PKC,;, T,= RSK,-PKC,, T,= RSK,-PKC,,

““Within a row not sharing a common superscript are significantly different (P<0.05).

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

Wuﬁ:ﬁjlﬂil\‘mﬁ\‘iﬁuﬁx (monounsaturated fatty acid,
MUFA) iasnann Suasalunisausanisesoiuln
YRULATFENINNGN (Firkins and Eastridge, 1994)

NFEUIUMTUNN LUNTELNIETINULAZANNLTNTY
anasngmlasiuszivala

LT AL I A At (RSK) Waz
nnilelusiiathdaningu (PKC) Tugnsavnsunesie
AN UNIA-AN4 (pH) (6.14-6.28) LazianTuiile-
Tulmsiau (NH,N) (14.20-17.74  mg/L) (1anafl 3)
wudn iR A muanse (P>0.05)  luusiazngai
FFugmennns Ineflrnaderaudnend Saduszin
ﬁlﬂﬂﬁLL@:mmmmﬁi@ma‘ﬁﬂmmmﬁuw?‘ﬂu
NIENEZINY (Van Soest, 1994)

puidiadvaesnanlausmel§ e uas
namlnsAaeiin wuINNANENATINTeY RSK LAz PKC
wAaninazestladanan (RSK waz PKC) lifiAanu
WANFNaAY (P>0. 05) Tnangu T, HAraouiduduaes
mm"[wumwimmwmmmm (62.05 mmollL) uaz
ﬂzgmn T, mmmzﬁ;m (52.46  mmollL) @4 2 nqmu
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Lmnmaﬂu@mwuﬁmmm (P<0.05) wf laif19a1n
ﬂmmu l mmmnm‘twswa@uﬂummm (20.20
mol/100 mol) ‘luﬂmu‘w T, mumnmqq’mﬂ@m T, uay
T, otwHiludATy (P<0.05) daunsmaz@Anwudnyn
naulifaauansineiu (P>0.05) Tneflreslutas
1nfk 58.91-63.67 mol/100 mol (Hungate, 1966)
MuasAeaiuAnsadaiznnud lllaninasinees
RSK uaz PKC wiunznguilléfuewnaduiid Rk
20% Tigmneamns fAnNdTisEAu RSK 0 uay RSK
30% PN s aEL PKC Tugmsanms 1
WANFNAYW (P>0.05)  daumidndiuanuiduduans
nanlasduszwmald (C; C, ratio) memmhﬂuﬁluj
(isobutyrate, isovalerate and valerate) Wuan ldNA
WANFNT (P>0.05) aeinalafimu AnNdnduteansm
lastussineld uardadouresnselasuszve lduey
fuvanatlade i dadonesansiulamsmuaslysmiv
magaTNaeensa ladusswe i uNlan sz U
fnsn7uaNIU (ruminal passage rate) U84UR9LUAY
ldelanszinnzaslunndy (abomasum) (LOpez et al.,
2003) AnvadautUA I ud gL aR YR



narasszauilialumangenisuazninilialumanhaniiiulugasaimsdusaiiiaainely

ay vo t3 v G o
nszinzgiunazannalulasiauluunsilasung@nuuawiaduarwsuan

Table 3 Effects of level of rubber seed kernel (RSK) and palm kernel cake (PKC) in concentrate on volatile

fatty acid profiles in goats fed on signal hay as roughage

Dietary treatments’ P-value
Item
T, T, T, T, T, T, SEM RSK  PCK  RSKxPCK
Ruminal pH 6.28 6.14 6.19 6.28  6.19 629 006 012 017 0.77
NH,-N, mg/d| 16.31 17.74 16.19 1655 1430 1429 142 013 056 0.90
Total VFA 5584 6060 6205 = 55350 5246° 5478° 259 037 043 0.02
(mmol/L)

Acetate (C,)  59.10 59.82 6137 5969 5891 6367 161 025  0.11 0.43
Propionate (C,) 28670 24.80°  2580°  2647° 2816 2020° 206 054 026 0.03
Butyrate (C,) 739" 1004° 776 796" 662" 1092° 071 001 085 0.56
C,:C, ratio 2.38 261 261 243 241 329 035 027 030 0.62
Isobutyrate 1.21 1.41 1.21 152 167 127 088 058 091 0.13
Isovalerate 2.11 2.07 2.31 243 264 225 018 095  0.32 0.11
Valerate 154 1.86 1.56 196 203 178 034 061 074 0.30

' T,=RSKPKC,, T,= RSK-PKC,, T,= RSK,-PKC,, T,= RSK,-PKC,, T.= RSK,-PKC,,, T,= RSK,-PKC,,

“° Within a row not sharing a common superscript are significantly different (P<0.05).

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

(organic acid) V”TwumiunmwwzgLuuﬁﬁlq%u@gﬁmﬁm
9330 l0sn wavBunnAidn iy (Heldt et al.,
1999) suadndanan st LAz s L Fat
(Sarwar et al., 1992)

Suunuaiite lusladauazidasingdsnisiu
#1454 (Total direct count)

ANNNINAREIE WUTNANENATINTES RSK
LAY PKC souvisavianatesiiade RSK uaz PKC Taif]
ba Ao UILLlTLTNNIT09LLAT Y LaziE 091l
NITINZNULBIUNE (P>0.05) TnaflAneaeszming
1.83-2.65 x10'° LAz 2.94-4.95 x10° cell/ ml ANNATAU
(AN397 4) TegaAAdRYTU Hungate (1966) A3NENTLL
indszmnsmesuunize uazdes lunssmnzgin
Aeglutag 10"°-10" uaz 10"-10° cell/ ml FNaTAL
wanglsifiudn evnsuiilsssuiieluadaenmng
wazninitelumdatdunndulifinasenssuon
N19ndn AT ATNEN I UNITINITILNUIBIUNE
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fefansantlszannstilslada wudnavana
§90289 RSK uaz PKC uwazansvesilads PKC lafiua
sasuaulszanstislnga usiszd RSK 7 0% ilfn
gandn (P<0.01)171'35ﬁ1_| 20 uaz 30% ANANAU Lot
Uszrnstlsindaanasmuszaiu RSKﬁLﬁm%ulu@;m
8912 anenaiiasannnsflufimesnsalasuly
vsiuegeslssnnly RSK way PKC 34 Galbraith
and Miller (1973) s1en197n9a ks uanee1al AN
LﬂuﬁwiaLsﬁ@ﬁaﬁum’?‘ﬂ’uWﬂﬂdﬂﬂimhﬁumﬂé%u uay
ANNNINARBITRA lvan et al. (2001) FalERNnnIAnEA
MadEuisd anunyiluunenadn nnasad
pavinlsiauauli s g s aanasann 1,000,000
was/Nanans Lu 200,000 was/Nanans neli 6
U u‘ﬂﬂmmﬁ Abdullah and Hutagalung (1988)
#9197 TATTlE3L PKC e wnsudnduun s
dszansldsindaanas aanAdasiuIe9IUaIg
Abdullah et al. (1995) AinudntlszansTusindanna
Tuungnguitlésy Pre fuewnmsnifien ooy
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Table 4 Effects of level of rubber seed kernel (RSK) and palm kernel cake (PKC) in concentrate on rumen

microbes of goats fed on signal hay as roughage

Dietary treatments' P-value*
Item
T, T, T, T, T, T, SEM  RSK PCK RSKxPCK

Total direct count

Bacteria (x1O1oceII/mI) 2.33 2.28 1.97 214 265 1.83 0.24 0.41 0.74 0.60
Fungal zoospores (><106 cel/ml) 3.16 4.95 2.96 265 294 286 1.50 0.29 0.37 0.46
Total Protozoa(x10° cell/ml) 797" 516 277° 124° 029 048 1.04 0001 0.12 0.37
Holotrich sp. (x10° cell/ml) 246> 120° 068" 041° 003° 011° 032 0001 008 0.12
Entodiniomorphs sp. 551 3.96° 2.11° 086° 026° 038 074 0001 0.15 0.50

(x10° cell/ml)

' T, = concentrate containing 0% RSK and 20% PKC, T, = 0% RSK and 30% PKC, T, = 20% RSK and 20% PKC, T, = 20% RSK

and 30% PKC, T, = 30% RSK and 20% PKC, T, = 30% RSK and 30% PKC.

““Within a row not sharing a common superscript are significantly different (P<0.05).

* P<0.05; ** P<0.01., SEM = Standard error of the mean (n = 6).

o oA \ o W 1o P~ o
Aunguaw 7 wiimsuadslidaiau anadiuneiladelu
a3 lan virentandszansidsindalunszinng
g adnslafany dszansldsladarisunaiAnag
a9 0.29-7.97x10° cell/ ml TeganAdaafiy Hungate
(1966) Naneadn Uszanslilsladolunszmnz i
At/ lutag 10-10° cell ml arnnamaaestinudn
. v Ao d o e
Auutlszansaesilsindaaasfianen lungunlasu
waluwmdngnawialugmsaiunsduninndy 20%
. a o d oo . .
Nueadeaniy Weiarsunguiszansllsindalae
wiiseanilungu (Holotrich sp. waz Entodiniomorphs
sp.) WUINHAMNLANFANGAU (P<0.05) Imaidsyanng
Tslndranasmuszauilaluningnanis uaznn
Waluwdantdrdudduniinaulugnsainig
40AAABIILITNLNNUYDY Abdullah et al. (1995)
wudnluunen 1630 PKC luannsudnfidsyannangs
Entodiniomorphs ~ sp. 41nN91 Holotrich  sp. LAY
Tneivialingw Entodiniomorphs sp. Atlszanng
NNNINGH Holotrich sp. (Russell, 2002) FI31UIU
Tslndaiianuuilsdsnanedfusiinaese s uay
Hiaminenlunsuinnrgu naanizunaszes NSC
1187917 @9 Wiliams and Coleman (1992); Russell
(2002) 37873 Holotrich  sp. aL M soluble
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carbohydrate mmzﬁmﬁu Entodiniomorphs  sp. i
ANANNUSTU 2un2eedRnAulue s (feed
particle) waztau liuilannnngn

ANNANAATBILUTATIAU (N balance) waznsld
selamiaadlulngiau (nitrogen utilization)
Hauanslu meadt 5 angdn liffavana
F91U89 RSK AL PKC WANAMNWANFNGRL (P<0.01)
89927 RSK Tgiszfiu RSK 71 0-20% ﬁngmdﬂﬁ
3981 30% RSK lusnusiiszdy PKC laiuansinefi
(P>0.05) LFunaunisnulaaasluingianainanmnsdy
(N-concentrate)  waztannaunisnulsvesluingan
yavaim (Total N intake) m@mm:n@q’ﬁhﬁu RSK 71 0-
20% flAngandn (P<0.01) ngufil&Fuszil RSK 30%
Fatlenauiesann Bunaunisfivlétanunaesanng
41 Avnuanunsalunnsdesld wazdFunmnnsiuls
mfm‘[.mux‘llﬂaﬁu’lumms@mdm@:uﬁlu (ﬁl’]i’]\iﬁl 2) i
Brnalulnsauiiung 1350 SanuduiugsuBuno
nsnuldetinedassuazanuannsnlunistesls dqu
Furaenisnuldeeelulnsiananinenvisueny (N-
NIUBY

roughage)  liAnLANsNaiy (P>0.05)

WeniuFununisduluingan (N excretion) Widn
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Table 5 Effects of level of rubber seed kernel (RSK) and palm kernel cake (PKC) in concentrate on nitrogen

utilization of goats fed on signal hay as roughage

Item Dietary treatments' P-value*
T, T, T, T, T, T, SEM RSK PCK RSKxPCK
N balance, g/d
Total Nintake  13.42" 14.04° 13.08" 11.34° 11.78° 11.48° 0.65 0.01 039  0.21
N-concentrate 12.18%° 12.76° 11.46 9.99° 1043° 1021° 066 0.01 050  0.32
N-roughage 1.24 127 1.61 134 134 127 011 015 030 042
Fecal N 3.87% 365" 323" 293" 292° 291° 024 <001 037 083
Urinary N 188" 143" 143° 092° 1.14° 141" 022 009 021  0.16
Absorbed N 9.54° 10.39° 984 841° 885° 857" 057 011 054 017
Retained N 7.66 895 840 748 771 715 059 035 090 0.5

! T, = concentrate containing 0% RSK and 20% PKC, T, = 0% RSK and 30% PKC, T, = 20% RSK and 20% PKC, T, = 20% RSK

and 30% PKC, T, = 30% RSK and 20% PKC, T, = 30% RSK and 30% PKC.

““Within a row not sharing a common superscript are significantly different (P<0.05).

* P<0.05; ** P<0.01., SEM = Standard error of the mean (n = 6).

unzngudlldFy RSK 71 0-20% dlergendn (P<0.05)
neuiTlEFuIZAL RSK 30% ienaiiiesunann 165y
TulmsiauainenmsuniiuAINFeIN9 1899 auYse
fazi s Tamdly 2oush Anlulnnauiigngeds
(Absorbed  N)  waziBunaunsiniululngaulu
§19n18 (Retained N) THumnsneiu (P>0.05) anidi T,
fnlulanaufigngeduAindanguiu (P<0.05)
araiiiesann Wunmmsiulinamaesatmnsdu
LL@:ﬂ?mﬁmmfrﬁui@w’m@q‘iﬂiﬁu“lu@ﬁmﬁ?ﬁ'ﬁmjmﬁu
atelsfinn annsmaaesnfail nudn
annaveslulngau uaznsldis Tamiaeclulngaud
Anduuanluwnennngs uansliiindnszdy  RSK
uaz PKC luammnsfiiisdnliduasiepauannauas
Tulnsiau waznisldlsslagdaaslulasiau a1a
iesann unglasululnsiaugendnanudesnisves
$19me GegmsamnefiiinngradAranuiduduaas
wanTadle-Tulmsian (NH,-N) Auss AU iy
ﬂm@?mﬁmmmumm?\uﬁﬁ (5-8 mg/dL; Satter
and Slyter, 1974 v32 3.3-8.5 mg/100 mL; Kang

109

Meznarich and Broderick, 1981) AnFung
Wity uTnuaznisdanssiqaunsdllsfugegn
nansliifiudnanmsi e lumdnenannm waznin
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Reaction of Abhaya/KDML105 and Chai Nat 1 (BC,F,_,)

4" 34

Backcross Lines on Brown Planthopper Populations
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Jiraporn Kulsarin2/, Suradet Palawisut’ and Jate Kotcharerk”

Abstract: The objectives of this study were to evaluate the reaction of six backcross lines of Abhaya/KDML105
and Chai Nat 1 (BC,F,,) on brown planthopper (BPH), Nilaparvata lugens (Stél), populations in lower northern
Thailand and to select elite line that highest resist to those BPH populations. The BPH populations were
collected form nine rice paddy fields covering seven provinces of lower northern Thailand: Phitsanulok, Tak,
Uttaradit, Phichit, Kamphaeng Petch, Phetchabun and Chai Nat. The reaction of six Abhaya\KDML105 and Chai
Nat 1 (BC,F, ) backcross lines on those BPH populations was carried out in green house using six standard rice
varieties and indices based on standard evaluation system for rice from International Rice Research Institute
(IRRI) for resistant evaluation and the elite line was selected. The result revealed that the total of two
Abhaya/KDML105 and Chai Nat 1 (BC,F,,) backcross lines, A12-26-201-428 and A12-26-201-436, were
significantly higher resistance to all BPH populations found in lower northern Thailand than others; therefore,
they were selected for the further work.

Keywords: Brown planthopper, Nilaparvata lugens (Stal), Abhaya, KDML105, Chai Nat 1, Rice (Oryza sativa

indica), insect resistant rice
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Table 1 Reaction of six Abhaya\KDML105 and Chai Nat 1 (BC,F

54) backcross lines and six standard rice

varieties responded to brown planthopper populations collected from various locations at 14 days

after insect released.

Damage score on the 14" days after insect released

Rice varieties

MGPSL NTPSL TPUTD MGPHC  PKKPP ~ MSTAK LKPCB STPCB  MNCNT
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MGPSL = Muang, Phitsanulok; NTPSL = Nakhon Thai, Phitsanulok, TPUTD = Tapla, Uttaradit; MGPHC = Muang, Phichit; PKKPP =

Phran Kratai, Kamphaeng Phet; MSTAK = Mae Sot, Tak; LKPCB = Lom Sak, Phetchabun;

MNCNT = Manorom, Chai Nat

STPCB = Si Thep, Phetchabun;

HR = high resistance, R = resistance, MR = mild resistance, MS = mild susceptible, S = susceptible, HS = high susceptible
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Figure 1 Dendogram presents the relationship of six Abhaya\KDML105 and Chai Nat 1 (BC,F,,) backcross
lines A12-11-165-359 (a359), A12-11-170-381 (a381), A12-11-171-401 (a401), A12-11-171-402
(a402), A12-26-201-428 (a428), A12-26-201-436 (a436), and six standard rice varieties PTB33,
abhaya (Abhaya/KDML105), cnt1 (Chai Nat 1) spr60 (Suphanburi 60) spro0 (Suphanburi 90) tn1

(Taichung Native 1) responded to nine brown planthopper populations in lower northern Thailand.

Rescaled Distance Cluster Conbine
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Figure 2 Dendogram presents the relationship of nine brown planthopper populations collected from
various locations responed to twelve rice varieties.
MGPSL = Muang, Phitsanulok; NTPSL = Nakhon Thai, Phitsanulok, TPUTD = Tapla, Uttaradit;
MGPHC = Muang, Phichit; PKKPP = Phran Kratai, Kamphaeng Phet; MSTAK = Mae Sot, Tak;
LKPCB = Lom Sak, Phetchabun; STPCB = Si Thep, Phetchabun; MNCNT = Manorom, Chai

Nat R = resistance, MR = mild resistance, MS = mild susceptible
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Comparative Life Tables of Micraspis discolor (Fabricius)
When Fed on Aphis craccivora (Koch) and

Lipaphis erysimi (Kaltenbach)

agley Anurn” Fanw nadilsziasy” laa ysauwailaniug uas 35ns nasisu’

Vanidchaya Chimnak”, Weerathep Pongprasen‘”, Sawai Buranapanichpany and Jirapom Kulsarin®”

Abstract: Micraspis discolor (Fabricius) (Coleoptera: Coccinellidae) is a predaceous coccinellid playing role
significantly on the control of various pests in rice and cultivars. This beetle is arranged as non-specific prey but
prey choice is significantly occurred when many preys were present. In augmentative program of this beetle,
the suitable pray on the basis of qualitative data on developmental parameters needs to be concerned and
more understood. Therefore, the comparison of life tables on M. discolor when fed on Aphis craccivora (Koch)
and Lipaphis erysimi (Kaltenbach) was carried out in order to quantify the relative suitability of those 2 aphid
species. The results showed that the total periods of beetle development from egg to adult of M. discolor fed on
A. craccivora and L. erysimi were 15.24+0.86 and 14.45+1.06 days, respectively. The biological life table of M.
discolor fed on A. craccivora revealed that the net reproductive rate of increase (R.) was 12.8262, the capacity
for increase (r,) was 0.1255, the cohort generation time (T,) was 20.3385 days, and the finite rate of increase (i)
was 1.1337. Adult beetle began laying egg at the 3" day after emergence and the laying period was 9 days with
the highest peak of laying at the 6" day after emergence. Meanwhile, those fed on L. erysimi revealed that the
net reproductive rate of increase (R) was 6.3000, the capacity for increase (r) was 0.1107, the cohort
generation time (T ) was 16.6190 days, and the finite rate of increase (A) was 1.1171. Adult beetle began laying
egg at the 2" day after emergence and the laying period was 10 days with the highest peak of laying at the 3¢
days after emergence. The partial ecological life table showed that the highest mortality of M. discolor was
found in the first instar larva when fed on both aphid species. However, the survivorship curves of M. discolor
fed on A. craccivora and L. erysimi were Type Il and Type lll, respectively. The result indicated that A.

craccivora was suitable for rearing M. discolor.

! AREANENANARSNNINEAS ARANHASANARS NINENNIBITNTNR UaZAIIAAEN MINENAtEANT A, Aualan 65000
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K Department of Agricultural Science, Faculty of Agriculture, Natural Resources and Environment, Naresuan University, Phitsanulok
65000, Thailand

? Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University. Chiang Mai 50200, Thailand
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Table 1 Duration of various developmental stages of Micraspis discolor (Fabricius) fed on Aphis

craccivora (Koch) and Lipaphis erysimi (Kaltenbach) under laboratory conditions (27 +2°C and

60 £+10% RH).

Species of aphid sources

Stage of Aphis craccivora Lipaphis erysimi
development N Mean £S.D. Range N Mean £S.D. Range
(days) (days) (days) (days)
Egg 100 2.60 +£0.50 2-3 100 2.55 +0.51 2-3
Larva:
Instar | 95 2.05 +0.78 1-4 80 1.69 £1.08 1-5
Instar Il 75 2.07 £0.70 1-4 55 3.27 £1.10 2-5
Instar Il 75 2.93 £1.22 1-5 55 1.45 +0.52 1-2
Instar IV 65 1.85 +0.69 1-3 55 2.18 +1.47 1-5
Total larval period 65 8.90 £0.95 7-10 55 8.60 £1.26 7-10
Prepupa 55 1.55 +£0.69 1-3 50 1.20 £0.42 1-2
Pupa 50 2.20 +0.63 1-3 50 2.10 +£0.57 1-3
Total life cycle 35 15.24 +0.86 14-17 40 14.45 +1.06 14-16
Mated adult:
Male 15 6.33 +0.58 5-7 25 3.60 +0.55 3-5
Female 20 5.50+£1.91 3-8 15 6.67 £2.52 4-10
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Table 2 Parameters calculated for biological attributes of Micraspis discolor (Fabricius) fed on Aphis

craccivora (Koch) and Lipaphis erysimi (Kaltenbach).

Calculated value

Biological attribute Formula
A. craccivora L. erysimi

Net reproductive rate of increase (R ) 12.8262 6.3000
zlxmx

Capacity forincrease (r,) log R, 0.1255 0.1107

TC

Cohort generation time (T )(days) lemX X 20.3385 16.6190
lemx

Finite rate of increase (L) antilog,r, 1.1337 1.1171

A. craccivora

-—-a [ erysimi

4
= 3 |
:2; L
3 2
o L
[=2]

L 1 |

0
1 2 3 4 5 8 7 8 9
Days

Figure 1 Egg curve of Micraspis discolor (Fabricius) fed on Aphis craccivora (Koch) and Lipaphis erysimi
(Kaltenbach) under laboratory conditions (27 +2°C and 60 +10% RH).
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Table 3 Partial ecological life tables of Micraspis discolor (Fabricius) fed on Aphis craccivora (Koch) and

Lipaphis erysimi (Kaltenbach) under laboratory conditions (27 +2°C and 60 +10% RH).

Species of aphid sources

Stage of development

Aphis craccivora

Lipaphis erysimi

) I, d, 100qg, 100d/n I d, 100q, 100d,/n

Egg 100 5 5.00 5 100 20 20 20
Larva:

Instar | 95 20  21.05 20 80 25 31.25 25

Instar Il 75 0 0 0 55 0 0 0

Instar IlI 75 10 13.33 10 55 0 0 0

Instar IV 65 10 15.38 10 55 5 9.09 5
Prepupa 55 5 9.09 5 50 0 0 0
Pupa 50 15 30.00 15 50 10 20 10
Adult: 35 40

Male 15 25

Female 20 15

X

100q, = Percent mortality, 100d/n = Generation mortality
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I, = Number of surviving at the beginning of X, d, = Number of dying within X
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Figure 2 Survivorship curves of Micraspis discolor (Fabricius) fed on Aphis craccivora (Koch) And Lipaphis

erysimi (Kaltenbach) under laboratory conditions.
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Effects of Radio Frequency Heating on
Sitotroga cerealella (Olivier) and Milling Quality of Rice cv.

Khao Dawk Mali 105
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Abstract: The objectives of this experiment were to study effects of radio frequency heating at 27.12 MHz to
control Angoumois grain moth, Sitotroga cerealella (Olivier) and to examine radio frequency (RF) effects on
milling quality of Rice cv. Khao Dawk Mali 105. By heating the RF power of 700 watts to egg, larval and pupal
stages of Angoumois grain moth a tolerant stage was evaluated. The rough rice containing egg, larva and pupa
of Angoumois grain moth mixed with 800 g of rough rice at 14% moisture content were packed separately in
20 x 25 cm jute bag and then treated with 700 watts RF at 120 seconds. The result found that the mortality was
ignificantly different (P< 0.05) among egg (80.04%), larval (88.82%) and pupal (68.75%) stages respectively.
Pupal stage as an RF tolerant stage of Angoumois grain moth was treated for 140, 160, 180, 200 and 220
seconds. The result showed that RF heating for 700 watts for 220 seconds caused 100% pupal mortality. The
milling quality by heating with 700 watts RF for 220 seconds was assayed. There was significantly higher
percentage of head rice compared with control. The color of milled rice was significantly changed to more
yellow (higher b*) and the percentage of moisture was also significantly decreased. The percentage of brown

rice, white rice, color brightness (L*), and amylose content showed no significantly changed.

Keywords: Rice, radio frequency heat treatment, Angoumois grain moth, milling quality
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Figure 1 The characteristics the egg, larva and pupa of Angoumois grain moth. Egg mass of angoumois
grain moth on rough rice kernel (a); Chewing insect damage caused by larva showed by thin layer
of rice husk in a small circle area (b); The larva of Angoumois grain moth (c); the bigger chewing

scar of insect damage found during pupal stage (d); and a pupa of Angoumois grain moth inside

Table 1 Average mortality of Angoumois grain moth, Sitotroga cerealella (Olivier), in various developmental

stages after exposed to 27.12 MHz of radio frequency at the power of 700 watts for 120 seconds.

Developmenttal stage Mortality (%) +SE*
Egg 80.04 +1.90ab
Larval 88.82 +4.33b
Pupal 68.75 +3.14a

*Means followed by the same letters in the same column are not significantly different at 95% confidence.

Table 2 Average of progeny production of Sitotroga cerealella (Olivier) treated with 27.12 MHz radio

frequency at the power of 700 watts for 120 seconds and allowed them to develop to adult stage

for 4 weeks.
Number of progeny of various developmental stages +SE*
Treatment
Egg Larva Pupa
Untreated control 45.75 +5.29a 154.75 +£12.84a 169.5 +10.69a
RF treatment 5.25 £3.09b 13.75 £11.83b 84.75 £12.70b

*Means followed by the same letters in the same column are not significantly different at 95% confidence.
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Table 3 Average mortality of pupae of Angoumois grain moth, Sitotroga cerealella (Olivier), after exposed to
27.12 MHz of radio frequency at the power of 700 watts for 140, 160, 180, 200 and 220 seconds.

The mortality of pupae obseved when pupae were able to develop to adult stage for 5 day after RF

exposure

Time (seconds)

Mortality (%) +SE*

140
160
180
200
220

69.46 £4.93a
82.69 £2.54b
91.66 +£2.88bc
97.49 +0.83c
100 +£0.00c

*Means followed by the same letters in the same column are not significantly different at 95% confidence

Table 4 Moisture content, color (L*, b*), percentage of head rice, white rice and amylose content of rice

cv.Khao Dawk Mali 105 when exposed to the radio frequency (RF) at the power of 700 watts for

220 seconds.

Moisture Color** Brownrice  Whiterice  Headrice Amylose
Treatment
content (%) L* b* (%) (%) (%) (%)
Control 12.78a 67.85a 15.45a 75.91a 65.87a 43.26a 24.39a
RF 220 sec 11.53b 68.47a 15.75b 75.98a 67.10a 48.26b 24.70a

*Means followed by the same letters in the same column are not significantly different at 95% confidence.

L* Brightness

b* Yellowness
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Effects of Girdling and Foliar Spraying with
Monopotassiumphosphate and Ethephon on Flowering of

Lychee cv. Hong Huay and cv. Chakrapad

25918 sUYTe" YA 1SN was WL AFINAT

Orathai Tananchai1/, Nudee Charoenkit” and Pittaya Sruamsiri”

Abstract: The study on effects of girdling and foliar spraying of monopotassiumphosphate plus ethephon on
flowering of lychee cv. Hong Huay and cv. Chakrapad was investigated in Mae-rim District, Chiang Mai. This
experiment was designed based on factorial in randomized complete block design including 2 factors 1) lychee
cultivar (‘Hong Huay’ and ‘Chakrapad’), and 2) cultural practice (control, girdling, foliar spray with 1% of 0-52-34
plus ethephon 400 ppm, and girdling plus foliar spray with 1% of 0-52-34 plus ethephon 400 ppm ). The result
showed that girdling plus fertilizer spraying with 1% of 0-52-34 mixed with ethephon 400 ppm promoted the
earlier flowering of around upto 10 days at both cvs. Hong Huay and Chakrapad, and significantly gave the
highest percentage of flowering of 78.5 percentage. In addition, the same treatment also gave the widest
panicle size 10.61 cm, the highest flower numbers per panicle at 678.2 flowers and the highest percentage of
fruit set of 47.47 percent.

Keywords: Hong Huay, Chakrapad, girdling, fertilizer spraying, flowering
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N Department of Plant Science and Natural Resources, Faculty of Agriculture, Chiang Mai University, Chiang Mai, 50200, Thailand
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Table 1 Flowering of lychee cv. Hong Huay and cv. Chakrapad as affected by girdling and foliar spray with

fertilizer 0-52-34 and 400 ppm ethephon

Days to flower bud occurred”

Treatment
Hong Huay Chakrapad
Control 70 more than 70
Girdling 65 70
Foliar spray with 1% of 0-52-34 and 400 ppm 65 -0
ethephon
Girdling plus foliar spray with 1% of 0-52-34 and 400 58 &5

ppm ethephon

v Days after girdling
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Table 2 Percentage of flowering of lychee cv. Hong Huay and cv. Chakrapad as affected by girdling and

foliar spray with fertilizer 0-52-34 and 400 ppm ethephon

Percentage of flowering bud occurred”

Treatment
Hong Huay Chakrapad Means

Control 20.1 bc 9.2c 147 ¢
Girdling 50.9 ab 33.9 bc 43.6 b
Foliar spray with 1% of 0-52-34 and 400 ppm

47.3 ab 52.3 ab 49.4 b
ethephon
Girdling plus foliar spray with 1% of 0-52-34

68.2 a 80.6 a 78.5a
and 400 ppm ethephon

Means 48.4 ns 44.0

" Mean within column with the same letter are not significantly different at P <0.05 by LSD. ns = not significantly different
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Table 3 Size of flower panicle as affected by girdling and foliar spray with fertilizer 0-52-34 and 400 ppm

ethephon
Panicle length (cm) Panicle width" (cm)
Treatment
Hong Huay Chakrapad  Means HongHuay Chakrapad  Means

Control 17.66 22.87 19.75 ns 4.80 10.00 711b
Girdling 20.45 18.50 19.47 6.58 9.43 8.00 ab
Foliar spray with 1% of 0-52-34 and 400 ppm

18.91 26.00 21.75 6.28 9.82 7.70 b
ethephon
Girdling plus foliar spray with 1% of 0-52-34

25.75 20.04 22.89 8.25 12.98 10.61 a
and 400 ppm ethephon

Means 20.69 ns 21.33 6.55b 10.69 a

" Mean within column and row with the same letter are not significantly different at P<0.05 by LSD. ns = not significantly different

Table 4 Flower numbers per panicle as affected by girdling and foliar spray with fertilizer 0-52-34 and 400

ppm ethephon

. 1/
Flower number per panicle

Treatment
Hong Huay Chakrapad Means

Control 156.8 656.7 406.7 b
Girdling 175.5 728.6 452.0b
Foliar spray with 1% of 0-52-34 and 400 ppm

2111 768.4 489.7 b
ethephon
Girdling plus foliar spray with 1% of 0-52-34

268.5 1088.1 678.2 a
and 400 ppm ethephon

Means 202.9b 810.4 a

" Mean within column and row with the same letter are not significantly different at P <0.05 by LSD.
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Table 5 Percentage of perfect flower and male flower as affected by girdling and foliar spray with

fertilizer 0-52-34 and 400 ppm ethephon

Percentage of perfect flower" Percentage of male flower
Treatment
Hong Huay Chakrapad Means Hong Huay Chakrapad Means
Control 12.5 52 8.9ns 89.0 94.4 91.7 ns
Girdling 6.8 4.8 5.8 93.8 94.9 94.4
Foliar spray with 1% of 0-52-34 and
9.1 6.5 7.8 90.8 93.2 92.0
400 ppm ethephon
Girdling plus foliar spray with 1% of
12.0 6.1 9.0 87.2 94.8 91.0
0-52-34 and 400 ppm ethephon
Means 10.1a 51b 90.2b 943 a

" Mean within row with the same letter are not significantly different at P <0.05 by LSD. ns = not significantly different
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Table 6 Fruit setting as affected by girdling and foliar spray with fertilizer 0-52-34 and 400 ppm ethephon

Percentage of fruit set”

Treatment
Hong Huay Chakrapad Means
Control 19.66 21.34 20.50b
Girdling 1747 7.28 12.23 b
Foliar spray with 1% of 0-52-34 and 400 ppm
8.50 13.16 10.83 b
ethephon
Girdling plus foliar spray with 1% of 0-52-34
46.94 47.99 47.47 a
and 400 ppm ethephon
Means 23.07 ns 22.45

" Mean within column with the same letter are not significantly different at P <0.05 by LSD. ns = not significantly different
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Investigation of Powdery Mildew Resistance in Snow Pea

Hybrids Using DNA Marker
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Abstract: Four generations of hybrid snow pea (Pisum sativum) plants, F,, BC,F,, BC,F, and BC,F, derived from
2 crosses, No.3 x P309 and P309 x No.4, were evaluated for powdery mildew (Oidium sp.) resistance in the field
conditions. The resistant F,, plants from each cross were investigated by tracing the 850-bp DNA marker which
linked to the resistant powdery mildew gene (er) by ScOPD10 primer using PCR technique. The result showed
that the 850-bp fragments were presented in 70% randomed F, hybrid plants derived from crosses No.3 x P309
whereas randomed BC,F,, BC,F,and BC,F, plants were found 100%. In cross of P309 x No.4, 70% randomed
F, and BC,F, hybrid plants were found while, 90% of randomed hybrid plants were shown in BC,F,and BCF..
Phenotypic evaluation of BC,F, from 2 crosses in field condition showed powdery mildew resistance as well as

resistant line P309.

Keywords: Snow pea, powdery mildew resistance, ScOPD10 primer
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dgnnagauausituniusialsasule wudd @Jﬂmu%mm@;Lmmﬁﬂwm:ﬁmmumiimﬂLLﬂ\aLﬁuLﬁmﬁuﬁuﬁ
ANUNIU P309

ANRNATY: BaAuN ANANNLTsAsuTle Twawas ScOPD10

o o
AU o o = o o
medfulgeiuglnedsunmsguiidednrin sesldsray
. VAW HAAINAUENITHTIATLANANE NG

flaqiunistgniadunn I imaniuguuy -
I SR : Tspsuflailugiugias (Sharma and Yadav, 2003) N3
randle mdswlunlidumdniugnuanludszme Ing

P . R T . ansreiznat uneLliuleiug Wduaeinldlaansld
HuUNNMZaNAaN 1 THARNAANUTAIAUA1BE N

. 3 L e watiadesnnneluananidaalunisdaiaen
aawile uazniAnsdueanasunile (uansnl,

2541) Lwiﬂmmmmﬁaﬁummﬂuﬁm%@mmrfi'a‘llim
nanaaiia Inelanizlsamuils (powdery mildew) N
Lﬂu‘llm‘wmmmiiwuwmm@mm ummmmmﬂmm

(marker assisted selection) FaxuAUNNIAALARNN T

i Tarlszuinnan AaaAauiANNINENATILAY
1 o a Y o lqid o

unugings Hleanaldwug inianwnienseNaN

FRIN9gININ (38N1A, 2548) Janila and Sharma
Oidium sp. (ARANIE uazgmnm, 2528) A1NN1341999

@ K A v o ~ o a
LA UTILIINT AT W9 N A NI R AT e
) = ] A o
N IummﬂqﬂLﬂu@ﬂ@\?ﬂﬁ‘ZW]ﬂiﬂﬂ W‘LI']’TQ"]LL']BJ\W] LN

(2004) lii31enuIN B U ATLANAINFTUNIUIIAS
wilvludaduanifuiuges (en) mmm‘l%ﬁvlmmmf

. Lo . . ScOPD10 ﬁ]i’]@@@u%’]mi"ﬂdﬂ?\l’mﬂL@‘LAL@V]LH?;IQ"]J@Q
mmﬂmmmm@mghgenus Oidium  subgenus

Pseudoidium (41A13, 2550) T utleszuIaNIn
lugnimeniAwia anwzainisiigniinanalu yn

Futufigulsamulesdadun lEfisang 650 A
wa el drydy wazamy (2553) VL@ITﬂiW?LNﬂr

) Y o X - o . > ScOPD10 ﬁli"]@@ﬂ‘].lﬂ%ﬂi‘@dﬂu’]ﬂﬂL@LLL@V]EH‘LA‘V]’]‘LA
A2U99A UN TR A119AA 8Kl uasanntiuly

wasuiluAwaesuazsae i lFFunsy meadaren

AUUA LATHANARIAEME (A yanmnl, 2541)
ma‘ﬂ§uﬂ§qﬁuﬁﬁqﬁmmimﬂ°ﬁdﬁmmﬁm

(conventional breeding) O AN SR IR N

Tasuilvasiaduanludszinalyg wonasdsang
PogAuMaRTasINE A ey Tungusinunulse
Putlanizung 850 Aiua
¢ A= Ao oA g9

nanAaesnieiaeidnglszasdineldelns
T IR \Waf SCOPD10  APANATEINNEAEWENHTUA
WiuniWugnAegudoannsnninlilaudniaanansne . Lo Ld dae

e 850 giua lugnuandoquandan 2 NRANwUE
unulsasutlearuan 4 fufeF, BCF, BCSF,
waz BC,F,a1n 2 @NmJ A8 No.3 x P309 uay P309 x

4 Ao o o A @

No.4 LN E U ULATARIAENGNHANNHATIMNUALEY

wasnalildlsetamilunnsliulgeiugsialyl

fugTfesmenadnaiuiugF s utlelaeia
NANNAL (back cross method) (ANAL, 2539) ANt
AR@aNgN LRI 7 ANl  Funulsee
wileuarddneuizansaniusianis adaelefinan
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uazrudauuasialzasuile Lmzmﬂ%\aﬁﬂqnqﬂmu%
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Figure 1 Evaluation of resistance by using snow pea stem character; A) resistant to powdery mildew disease

and B) susceptible to powdery mildew disease
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ﬁuqﬂmmuﬁ'memmﬁmwmim Inadunnansoe
Taug Retldudgumnulsnsdudanaden sy
deuueaduasududtinna (WA 1) ietinl
NANNAL (m‘w?fi' 2)

NEATINEDLLATANANEALE LA
guivlugaudafumandugunulsam
D9 NNANTU F, 183 4 1182 10 AU 2811
ABAHAN (BNTUTU BC,F, 189AHAN No.3 x P309 gu
8 #) 1 lnmaae LN A wa i 850
Ala afpaduelagld Plant DNAZOL® Reagent
(Invitrogen Co., Ltd.) naunanli PCR reaction mixer
1711M9994 20 pl pia 1 Fantiadalsznaudag 15 ng
DNA template, 1X PCR buffer (10mM Tris-HCI pH
8.3, 50 mM KCI, 0.2 mM MgCl,, Enhancer solution),
0.5 mM dNTPs, 80 ng primer, 1 unit i-Tag"" DNA
polymerase (iINtRON Biotechnology, Inc.) LL@:ﬁﬁﬂéLu
Tneldelwsinad ScOPD10  [(forward) 5 -
GGTCTACACCTCATATCTTGATGA- 3', (reverse) 5’ -
GGTCTACACCTAAACAGTGTCCGT- 3] mnﬁu
tnluRan sl jiFer PCR - mudnisaes
Janila and Sharma (2004) i 0NN 92 °1 120
T AwIn 1 9aU MuasgnMNE 92°1 30 3udl
42%% 30 UM UAY 72° 60 AU AU 44 791 LAY
grunnd 72°9 300 AW AU 1 99U UNANARTEN
PCR ‘Tfi@mmﬁ 4% v ldusnaundan 1.7%
agarose gel electrophoresis Tw1X TBE buffer
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P, (RR) x P, (rr) - Reciprocal cross between resistant (rr) and susceptible (RR) lines at Pang
l Da Royal Agricultural Station (November 2006 — February 2007)
F. (Rr) - F, selfed pollination to produce F, seeds at Inthanon Royal Agricultural
@ Research Station (April — July 2007)

(rr) x P - Powdery mildew resistant F,, plants (rr) selection
- Resistance gene confirmation by using DNA marker
-1 backcrossing (BC,) at Pang Da Royal Agricultural Research Station
(December 2007 - March 2008)

BC,F, (Rr) - BC,F;selfing generation at Inthanon Royal Agricultural Research
@ Station (April — July 2008)
l - BC,F, seeds collection
BC,F,(rr) xP, (RR) - Powdery mildew resistant BC,F, plants (i) selection
- Resistance gene confirmation by using DNA marker
- backcrossing (BC,) at Inthanon Royal Agricultural Research Station
(August — November 2008)
BC,F, (R0 - BC,F,selfing generation at Pang Da Royal Agricultural Research Station
@ (December 2008 — March 2009)
l - BC,F, seeds collection

BC,F,(rm) x P, (RR) - Powdery mildew resistant BC,F, plants (rr) selection
- Resistance gene confirmation by using DNA marker

-3¢ backcrossing (BC,) at Inthanon Royal Agricultural Station (July —

September 2009)
BC,F, (Rr)
- BC,F,selfing generation at Inthanon Royal Agricultural Research Station
@ (October — December 2009)
l - BC,F, seeds collection
BCF, (M) - Powdery mildew resistant BC,F, plants (i) selection and selfed pollination
@ at Pang Da Royal Agricultural Station (December2009 — March 2010)
l - Resistance gene confirmation by using DNA marker
- Powdery mildew resistance evaluation BC,F, hybrid at Khun Wang Royal
BC,F; () Project Development Centre (May-August 2010)

Figure 2 Snow pea breeding program for powdery mildew resistance
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NSAFINFALGNNANTIRUAINAUNIUTTATILL
TnansldiATasmnaiiaua

ANt wevaallsansae 0.1 ethidium

png/ml
waatn ldiunnawnneliugs uv Tneld

™
BIO DOC-It M-20 System (Gibthai Co., Ltd.)

bromide

nsUsziiunsAnlsAsIwile
uNangnuan BC,F,
IeAzeanNne R B LAz ufusunulsasulell

ANUNNIATIREDL

Ugnnagauausunuselsasuilanialulsazen
wWrauauiuiugneusd Tudeufeungeniania
PEUAMNAN W.A. 2553 W AREARLTATININAL
P29 8.41919 AT Ua 219UNUNIINARDIULIL
RCBD (randomized complete block design) Prreh
8% 3 1 7 82 10 AU INNZNAATUDIANNE UAUNE
wan 2 dlanf asdneaudacilgn udsdneign
Uszsnouitadeulsasuilsdudninaadadiuen Ag
Ussifuituilofinunisdnvinaneusnumidluded 7
waz 11 uasannisasuiladninas 1 4ladd lae

szl uaziiuFas 0-100% (Ondrej et al., 2005)

Table 1 Evaluation of resistance by using DNA marker

AANITNAANBN

MIASIAFALYNNANAIRULANNAUMUGIaTsATY
uilasaepsamaneaiauia
ANNIIATIRARLNILAT BN R LT U]
Fuvinds 850 A TudfuiadunnfiFunulasudle
AU 4 JUAe F, BCF, BCF,uaz BCF, 1842
ANAN No.3 x P309 kaz P309 x No.4 WL gnEaNgu
F, 789guax No.3 x P309 Auau 7 iy anTigaian 10
bt WAL DNA - (70%) Uusfifudn o dsnguoud
Buefidann 850 A lunndufiguamsmaaey
(100%) gniuanii F, uay BC,F, 194fNaN P309 x
No.4 funuiifuefisumisianann dsngliiu
Suau7 Fu (70%) wansiignuangi BCF,
BC,F, muw"tmﬂmﬂgt,l,nmmut,m ZERRUR R

H

m&um‘wm 10 A1 (10%) (AN9797 U T 3)

LA

No. of selected PM "resistant  No. of plants with specific Percentage
Crosses Generations

plants 850-bp (%)
F, 10 7 70
BC,F, 10 10 100

No.3 x P309
BC,F, 10 10 100
BC,F, 8 8 100
F, 10 7 70
BC,F, 10 9 90

P309 x No.4
BC,F, 10 9 90
BC,F, 10 7 70

YpM = powdery mildew disease

159



AN9A5LNHAT 28(2): 155-163 (2555)

msdszidiunmsiialsasiuile

NMEVAINgNHEN BC,F, friunadniden
wazdufunausuniulsasutledaninsines
SCOPD10 1nignynaaaumnustuniudalsasuile
WRsLnuAuWeusWuE P309, Wug No.3 uaz Wug
No.4 ﬁ@uﬂ’ﬁwmim\immmwmw Tugaaisiau
WOENNAN D9 IEURIMNAN 2553 WL gnEan BCF,
129AHAN No.3 x P309 uaz P309 x Nod uans
anwnizdunuselanutle Tnefuefiusiily
Tusnumisded 7 Aalsnnutlainu fie 3.67%

M No.3P3091 2 3 4 5 6

—h.—-“-

- -

i 850 bp.

M No.3P3091 2 3

4 5 6

—_— 850 bp.

M No.3P309 1 2 3

RARN hn

WANG WANRUFFUNIU P309 Ailulefufinalug
Ainlsn 6.83% anusilulusumisded 11 SN
No.3 x P309 fliulefifusfui luiiinlsn 11.67% Feil
seAuANNFWNL LN uANFNNsaD AT LRWE AWM
P309 TillefFusnuiluiinln 1.67% A IGIATEY
P309 x No.4 dnsszunmaeslsaninnianae 20.67%
AFLNuG No.3 uaz No.4 %'\uﬂuﬁuﬁ:@i@ul,mmimm
uileRiefifuiiuilui fnlsn 99.33  uaz 99.40%
ANNAAL (mwﬁl 4)

M P309 No.4 1

M P309 No.4 1

850 bp.

850 bp.

M P309No41 2 3 -4'

850 bp.

Figure 3 PCR profiles by ScOPD10 primer of snow pea parents and hybrids (lanes 1-10) from crosses

between No.3 x P309 and P309 x No.4; A-B) F, hybrids, C-D), BC,

and G-H) BC,F, hybrids
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Figure 4 Percentage of powdery mildew infection on leaf surface area at the 7" (A) and 11%
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positions in snow pea lines/cultivars under greenhouse conditions at Khun Wang Royal Project

Development Centre from May to August 2010.

31508

m?ﬂmﬁu@ﬂmmmﬁqﬁumﬂﬁﬁmmumﬂﬁ
Funnulsasuileauan 4 gu 'l F, . BC/F,, BCF,
waz BCF, Irﬂﬂmaﬂsymmﬂmmumwuﬂwmwm
mmﬂ”l,ummmmmumﬂm iasannmelulssden
NARBIAANNIILINATRAIT 8IS 1N Bl
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TulsaFeusinana dsenauduaninuindannie s
Tsateumnzassanssinyeadesutl AwnliAa
T T TG e R (R Ta e e P TR et
nERantens danalidiunnianuvunuiuees
Fosuilmelulsdeusiunn (Vaid and Tyagi,1997)
M NN T UENANILANAN9TE NI F WA UNY
uazsuaaulalnalsziivainiBuinniainalsauuly
1§ Fafuaaldnislssifiuanndnsussnolaudy
WU zim?“ummemmuLmzﬁuﬁu@unmuﬁ'ﬁmmu
TiﬂmLLﬂaTmmmm’Tuﬁﬁmmu‘llmmmﬂmwmm
1897 4 14 7 8 10 mwnmm 2 guan lnanng
AIAABLLAI BN A LT IaTIHU1NA 850 Awa toeld

Insiuas ScOPD10 WJEII]{]H?E]’]WGI]@’]? WUIN
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mumumumqmuiuﬂmngt.mumL@umwwmm 850
Awa FatanainanneAaRanaIArasnnsAaAenly
annuLlag Lummnmumfmmmmuimyqﬂmmmﬂq
W11ateunn dsrnisiaedanaiinainnas
Lﬂ?:'ﬂw,l,ﬂmimxﬁuim@q@ Tnenfaniaidsuula
103NN BeFresA FLIUE i s umiaesdud
Agadaafudnenzdiuniulsn ludaanisaiaad
Imslulan (replication) M’%"@Lﬁmmiz}jmmw’?‘@mgﬂu
(White, 1973)
TRAAIUAINANNERAAARIALITNENIULDS Tiwari et al.

RTINS TN B e s
(1998) #inanadn AnEzANFAIUNIWLTugNHAN
ynsaanavell Fegenndesiy McClean (1997) 7
nanagnsaame ety (deletion) Nsnaneiug
(mutation) YNNI crossing  over Tuszndng
nszuaunisluledasendnedunisaasdiy er
FunulsAil lingkage gene @analinnsdn3easia

gaatiapdlensmdasundlasly (Brown, 1990)
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Tssutlernsgnuan No.3 x P309 uaz P309 x No.4
Auau 4 $u lurl F,, BC F, BC,F, uaz BC,F, luanm
wlag TABINIRARMINLATRINNNA LB AN HUWIA 850
' PR Y o oA Ay
Awa Mneadesiugunsiuniulsasuils Tnagnuas
SUF, mﬂqmmm No.3 x P309 ﬂiﬂﬂgunummum 70%
mﬂmmumumwwm AL NUANTY BC/F, .
BC,F, ua¥ BCF, ﬂiqnngum@umﬁlunﬂmmzﬁu

(100%) AMFUQNUANTUF, waz BCF, 193pNAN

P309 x No.4 UsnJunumiduie 70% Uazgnuaniu

BC,F, uaz BCF, Usnguaumiduie 90% nswaes

Fananaanunasinllldiduieiesnuna s uie
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Selection for High Sulforaphane Content in Progenies

Derived from Chinese Kale x Broccoli

el Tlsa” Anws sssud’ uae ol Iwsnsal”

Yanee Potadee”, Siwapomn Thumdee” and Nuttha Potapohn”

Abstract: Sulforaphane is an antioxidant that is present naturally in cruciferous vegetables such as Chinese kale
and broccoli. Thus, hybridization between Chinese kale x broccoli were made for high sulforaphane content.
Three varieties of Chinese kale, Round Leave, Yod Big 456 and Hong Kong Kuan Au, and 2 varieties of broccoli,
Big Green and Top Green, were employed as parental plants. Reciprocal crosses among those varieties were
made. Seeds of each cross were grown and the sprouts at 5-day-old were harvested for sulforaphane content
analysis using HPLC. It was found that Top Green x Yod Big 456 hybrid gave the highest sulforaphane content,
3.34 mg/g dw, which was greater than those of other hybrids. Other characteristics such as plant height, canopy

diameter, flowering date and number of seed/pod were also evaluated.

Keywords: Chinese kale x broccoli hybrids, sprout, sulforaphane

undnta: pxiuazusenlad Wudninudalswiuiliduasduayyadass adldEnednmmenauiugia
szwinpzinuazLseniad iienangnuaNidEnda s wiuge Inetihazii 3 Wufléun Round Leave, Yod
Big 456 uax Hong Kong Kuan Au naxiugiuuseniad 2 Wuglsun Big Green uaz Top Green Taavinnsuan
LLuuwuﬁumemmﬁqum W91 Lﬁ'@ﬁﬁLuﬁmﬂmmuﬁié’mnmmm%’ﬂmmdwmi’lwummﬂﬂ‘l‘,ﬁaiﬂwm A
mmua@ummﬂ 59U mqLm%umﬂ?mm&mmmmu‘ﬁm HPLC Wu31gnuas Top Green x Yod Big 456
ﬁmmmiﬂmﬂumwmm@ 3.34 TinAnFusNFu MU LanannigldTinsAnmndnEnsay ) W AAINGS
209511 AN Tueanaen uazauwmAnsaiinanso

AdAty: gnuanszudvaztiuazusanted siusen dalwamiu

¥ AR AN AR UATNSNENIEIINTNR ADINEAIANERT NnAnendedeslund 4. Fealud 50200

v Department of Plant Science and Natural Resources, Faculty of Agriculture, Chiang Mai University, Chiang Mai, 50200, Thailand
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AU

Az1iNaL (Chinese kale) Haaniaanandans
91 Brassica oleracea var. alboglaba Bailey WA
Brassicaceae (NINATINNIINHAT, 2552) mummm
ag lundiiaids mma‘nﬂmimm@mmﬁ dnanani
ﬂgﬂimmamw@mﬂqlumqqLm@u@mmmmmmw
(41n9, 2539)

A s a P .

vsanlpaviTanymaInananILaLIu (broccoli)
ATeINeNA1anSIN Brassica  oleracea  var. italica
Plenck atfluaad Brassicaceae \fludnidiasmung diu
o a . P = a =
niinagnianaulivesy lsdvseunuilssineanig
Undrunludszmalng anunsadgnuuiganig
nawtalutasgguuiamntu sesnninisyFullg
o ' a6 v 1 12 d? =2
Augusanlad linufeulduinau asanunsnign
usaniad lugguuareanIAaL o) 1 uinunInuay
nananefaldaindun1snanlunnteniedy
(2&UA, 2544)

m@ﬂimmmimmmwmqwﬁmuwmﬂ@ o
Trlslalgenmm  (isothiocyanate) Faifluansfignmnan
fiudansulaeuilasiifue uasnsefunIsinuaes

. e

(genes) Mmtinnlun1ssediu
sadNIS uazdnwrnenIsuanseanTastunaiuanyy
AaiaNziFaRae (Uselndns, 2552;
Buchler, 2010) Wanannilis Fahey et al. (1997) £9l&

' aa a N
21897191 Usantadaiinglasminiiu (glucoraphanin) #1

neNUgnNITN

Herr  and

= va o k% @ d‘ k7
34@m@umLﬂumimummmumm’]m’mmmﬂ

a
e

wasudansmy (sulforaphane) wmqmﬁm”mu
nsa¥aienln Funsidnmagunieilifnann
ANTNEFG ) mmﬂmu@uma‘ﬂmﬂﬁummLﬁmz\m
ararillgnsdaduideevienzislusienald
Tnedalnsuinuuinlududeu (sprouts)
(Cunningham,  2007) F9annnuFeudieauBuan
dalnsnnu ludusenaausanian@iug Top  Green
uaz Big Green ﬁﬁmﬂq 3, 5 WAY 7 TUNANEN WU
fudeufileny 5 Su sasusenladveaesiig i
Psannudalswiugefigeie 57 uaz 30 Tulasniusie
nutmednudie padneL (031 wazmny, 2552) iy

166

313 tn AU auaesUseniAanRUFN g Al
200-400 lulasnfusedu aunsadasilaaiunisiie
nzi5aldl (Health, 2008)
4781 uazAny (2538) MAnwnsUiullgs
Wufgnuanusanlpduazazdidiuiunina
[ a A a 1 Y ¥ a
priunaniasamile lnodqayeunnalildusaniagd
= U o |Adld a a % zl/ o
wavAsemzianeiug iR Aoun AL InAlEiean
g U wazaan sauisauIaRARINAATUE 16 A Tag
Andenuazitisgnuaneaniy 2 Anwoirhe gnuand
a o = 1 1 = a o o
Fanwouranueauliniauseniea Inaldansoizan
sugalugy uminanuasinindnusegauaianua
> Aa o N o
wasiias uazgnuaniansnsAsuAeuli Az
faneoizarsuauinlug Aruauluuinuaslanuoau
£ [ s a o %3 di
wawsties wrsalllaRnNAmzida sy e
ApsziFunndalnswmuiiessu luastinauuay
= 1 v a o ] o dl
vsanlpanudn lupzinauddainsmuey luszsumn
Andusanipanin wiAn1suanAztin sz lng
A3 BN NIINERLTANTARTINTNARLNAS
o & = o ] o [~
wugusantaalulsewmalnedelidszauanindnisa
AHuuAnluNINEAINARgNHANTT I ATTUAY
vsenlaaniiBunadalsunugs alilunsu@nsiv
gauduiunisuslng Aeiu nsAneafal Ay
ANEHINIIARAEN AU LA NRALNAAGNHANTENT 1S
prtiuazusanTaaniisunndalnsinuge wazin
waa s lUnamdlusueeusalyl

s aa
AUnTaluagInng

inm:ﬁwLL@:‘Uiﬂﬂiﬂﬁﬁuﬁmiﬁ’lﬁﬁﬂ?mm
dalnaunugeldiun Aztin 3 Wug e Round  Leave,
Yod Big 456 lay Hong Kong Kuan Au FafitFunny
Falsulusuaai 0.324, 0365  waz 0.402
Talasniusenuinmeinuiis auanfy uazuseniad
2 Wug Ao Big Green uaz Top Green Hilsunaudaln
uivlugugen 30 uay 57 lulasniusensininmiin
N Wmmmu (nig1 wazAy, 2552) miﬂﬂ@mwa
N@maﬂmmmw 1 szudnemstinuazusenlad WULAAL

wWauwy (reciprocal  cross) Mmumwmwmqﬂwm



MsARNRANNUERNHANTEUINAZIILAS
usaniAanAgdalWs N ugs

AT 1N SEUINRABUAAIAN W.A. 2552  TAeU
wEeu WA, 2553 Tnanviudanausiuguazdng
dgnaslunsznnsauin 12 it AR LN
dutluianign LL@:Lﬁ@m@ﬂiﬂz’v’muﬁﬁﬁqmﬂwﬂqu
Fulneuenusaziig nausenniennan 1 Ju ney
INATINALDAN uaziilenanniennaiednaazees
nasdiuiugsendsaziuazusaninaudongunan
(W 1) iinang liilsenno 8 &ilani Guilasudann
Fduadludioma wedniasududtiiaa 50%
waeiinviovain 3afuiln udmilddluisn i
anntwinmadladn Tufinduaumdasiein

wanf w2 dow doun 1 dlihlgnluuladies

’)’NLLNuﬂ’]ﬁ‘Vlm@ﬂ\‘iLLUU%“NiHUﬁ@ﬂ@NU?Eﬁ

(randomlzed complete block design: RCBD) a119%4
3 em ﬁﬁ’]@w 6 mumwuﬁ Lw'aﬂm:rmm:rmvmmaﬂmm
"lmm quwmmu ﬂ’]’]ﬁJﬂ"J’]\‘i"ll'ﬂ\W]i\W!N LASHAN
L83 (selfed-pollination) ’Lﬁiﬁmﬁmﬁuﬁqn%ﬁ' 2

et ldAnsanisnazanada (segregation) 184
g wiadoui 2 i lAnsSunodatnam
wWraumeuiuneusiug Tnamnzlunasananan
wWunan 5 Ju (m‘wﬁ' 2) Wsiuseuld freeze dry e
whaAsLnlasiaen dedusauRuaLdn 0.25 N5
HCI A 1 Tuang 1hunms 20 Hadans Uad
@muﬂm 42 RIANIATYIA W 2 mimummmlﬂu
ﬂ‘NﬂiﬂQ anmAng dichoromethane ﬂﬂummﬂﬁ‘ﬂ\‘i
evaporator Huds i ldazanadaeiuniuaa 100
wlafidus Usunme 2 AaaanT NIadkIUNIZANENIaY
aum 045 Tailasins uaz@adneses HPLC (high-
performance liquid chromatography) (Sivakumar et
al., 2007) Lmzﬁﬂmﬁnwm:mmﬁLﬁum@qgﬂmuﬁﬁ
BunadalisnumilondnAnedeve e uazus
(heterosis) TneIATUATUANN

2

% heterosis = F1-[51+52] x 100

Figure 1 Emasculation and cross pollination of broccoli and Chinese kale flowers; (a) Chinese kale flowers

before emasculation (b) Chinese kale flowers after emasculation, (c) hand pollination and (d)

covered flowers after pollination
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Figure 2 Chinese kale x broccoli sprouts at 5-day-old for sulforaphane analysis
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Tdusnsineanngneas Yod Big 456 x Big Green Uay
Yod Big 456 x Top Green NHANNE 61.4 UaT 59.1
VIUFLNAS FNAIAL 9UATNNTINUBININN gNHEN
Hong Kong Kuan Au x Big Green PRIV ERETERYIER
oA - o, 4
WHgaNgn Ae 87.8 LIUANAT (9197 1) TaldHAN
WANANIN AT AT UgNNANEY ] axwinléidn gnuawd
\MinaTn Yod  Big 456 HANEIL0IFUNINTIAA
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Table 1 Plant height, canopy diameter and number of seed per pod of progenies derived from Chinese kale

x broccoli
Plant height Canopy diameter Number of
Crosses v

(cm) (cm) seed/pod
Round Leave x Big Green 50.8 ¢ 73.7 9.8
Round Leave x Top Green 52.7¢c 76.9 5.2
Hong Kong Kuan Au x Big Green 52.8 ¢ 87.8 8.3
Hong Kong Kuan Au x Top Green 52.3¢c 74.7 9.0
Yod Big 456 x Big Green 61.4a 80.3 6.6
Yod Big 456 x Top Green 59.1 ab 771 4.4
Big Green x Hong Kong Kuan Au 54.8 bc 80.5 2.0
Big Green x Yod Big 456 52.7¢c 78.2 6.3
Top Green x Yod Big 456 62.0 a 81.4 8.6
LSD 53 ns ns

0.05

" Means within the same column followed by different letters were significantly different at P < 0.05 by LSD.

ns = not significantly different
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Varieties and Hybrids

Figure 3 Number of days from seeding to flowering of parental plant varieties and hybrids derived from

crosses between Chinese kale and broccoli
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Varieties and Hybrids

Figure 4 Sulforaphane concentration in 5-day-old sprouts of parental plant varieties and hybrids derived from

Chinese kale x broccoli

Table 2 Heterosis (%) of hybrids derived from Chinese kale x broccoli

Crosses

Heterosis (%)

Round Leave x Big Green
Hong Kong Kuan Au x Big Green
Hong Kong Kuan Au x Top Green
Top Green x Yod Big 456

46.0
113.5
77.5
134.5
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Evaluation of Accumulated Carbon and Nutrients in Montane

Forest Soils at Doi Inthanon, Chiang Mai Province

wilug iadgsiszna’ quns Argas” 398 awsAsnY uaz iINSENANA A5 SUEN”
Kanitta Satienperakulm, Soontorn Khamyong”, NiwatAnongrakV and

Kriangsak Sri-ngemn yuangy

Abstract: Evaluation of accumulated carbon and nutrients in Montane forest soils was studied at Doi Inthanon,
Chiang Mai Province. A 15-ha permanent plot (1,700 m MSL) was established, and 3, 50x50 m’ sampling plots
were arranged along slope gradient. A soil pit was made in each site to the depth of 2.00 meters. Soil samples
were taken from 13 depths; 0-5, 5-10, 10-20, 20-30, 30-40, 40-60, 60-80, 80-100, 100-120, 120-140, 140-160,
160-180 and 180-200 cm. The samples were later analyzed for physical and chemical properties in a laboratory.
Accumulated nutrients valued in soil were adopted by market valuation and cost replacement method.

The results showed that the soil texture was mainly sandy loam. Specific properties of the top soils
were observed; bulk density: low; soil reaction: very strongly acid to extremely acid; organic matter and carbon:
very high; total nitrogen: medium to high. Extractable K was high throughout the soil profiles at all slope whereas
available P, extractable Ca, Mg and Na were low to very low. The high amounts of organic matter, carbon and
nitrogen were found in the top soils and lower in the subsoils. Valuation of carbon, available nitrogen and
phosphorus, extractable potassium, calcium, magnesium and sodium were 170.73, 7,962.31, 1,197.25,

48,531.97, 3,286.77, 787.84 and 744.31 baht/ha, respectively. The total value was calculated as 62,681 baht/ha.

Keywords: Montane forest, valuation of soil carbon, valuation of soil nutrients
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1. ANUANINIENINEBIAY (physical properties)
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2. ANUAMLANARIAY (chemical properties)
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Table 1 Some physical properties in soil profiles of montane forest at Doi Inthanon

Location  Soil depth Bulk Density Gravel Soil particle-size distribution (%) Soil texture
(cm) (mg/mg) Ratingﬂ (%) Sand Silt Clay
Upper 0-5 0.43 L 0.00 69.6 16.3 141 Sandy loam
slope 5-10 0.44 L 0.07 67.0 15.5 17.5 Sandy loam
10-20 0.77 L 3.08 59.4 18.1 22.5 Sandy clay loam
20-30 1.02 L 0.00 56.8 20.7 225 Sandy clay loam
30-40 1.13 L 0.14 51.7 22.4 25.9 Sandy clay loam
40-60 1.26 ML 0.95 49.2 24.9 25.9 Sandy clay loam
60-80 1.21 ML 0.00 51.7 291 19.2 Loam
80-100 1.28 ML 0.06 51.7 31.7 16.6 Loam
100-120 1.34 ML 0.10 51.7 31.7 16.6 Loam
120-140 1.34 ML 0.01 54.3 29.9 15.8 Sandy loam
140-160 1.36 ML 0.00 56.9 26.6 16.5 Sandy loam
160-180 117 L 0.00 54.4 20.6 25.0 Sandy clay loam
180-200 1.25 ML 0.00 62.0 24.1 13.9 Sandy loam
Middle 0-5 0.54 L 1.45 74.7 15.5 9.8 Sandy loam
slope 5-10 0.69 L 17.30 69.6 15.5 14.9 Sandy loam
10-20 0.76 L 2.40 64.6 17.2 18.2 Sandy loam
20-30 0.78 L 1.84 59.5 19.8 20.7 Sandy clay loam
30-40 0.87 L 4.98 56.9 17.3 25.8 Sandy clay loam
40-60 1.31 ML 0.82 54.4 21.5 241 Sandy clay loam
60-80 1.41 ML 1.96 51.8 241 241 Sandy clay loam
80-100 1.34 ML 0.73 49.3 26.6 241 Sandy clay loam
100-120 1.46 ML 0.66 51.8 241 241 Sandy clay loam
120-140 1.19 L 0.09 54.4 23.2 22.4 Sandy clay loam
140-160 1.27 ML 0.13 51.8 26.6 21.6 Sandy clay loam
160-180 1.25 ML 0.81 51.8 28.4 19.8 Loam
180-200 1.24 ML 0.42 56.9 25.8 17.3 Sandy loam
Lower 0-5 0.51 L 2.63 74.7 1.2 141 Sandy loam
slope 5-10 0.65 L 1.03 721 13.8 14.1 Sandy loam
10-20 0.71 L 2.99 64.5 16.4 19.1 Sandy loam
20-30 0.67 L 3.51 64.5 16.4 19.1 Sandy loam
30-40 0.78 L 1.86 64.5 15.6 19.9 Sandy loam
40-60 0.91 L 2.32 59.4 19.8 20.8 Sandy clay loam
60-80 1.20 L 0.48 64.5 23.2 12.3 Sandy loam
80-100 1.1 L 1.21 62.0 20.6 17.4 Sandy loam
100-120 1.21 ML 0.19 61.4 24.5 141 Sandy loam
120-140 1.09 L 1.78 61.4 26.3 12.3 Sandy loam
140-160 1.04 L 0.33 56.9 28.2 14.9 Sandy loam
160-180 1.20 L 0.30 62.0 231 14.9 Sandy loam
180-200 1.17 L 0.18 59.4 25.7 14.9 Sandy loam

" Classification of bulk density (mg/ms): L = low; ML = moderately low (Kanchanaprasert, 1986)
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Table 2 Chemical properties in soil profiles of montane forests at Doi Inthanon

Soil Depth pH O.M. C Total N Available P Extractable (mg/kg)
Location

(cm) Rating" (g/kg) Rating (g/kg) Rating (g/kg) Rating (mg/kg) Rating K Rating Na Rating Ca Rating Mg Rating

Upper 0-5 4.38 very strongly acid 130.20 VH 75.52 VH 6.40 H 4.33 L 210.53 VH 147.14 VL 32.70 VL 34.34 L

slope 5-10 412 extremely acid 60.40 VH 35.03 VH 5.10 H 2.38 VL 197.10 VH 25.93 VL 6.25 VL 29.33 L

10-20 4.60 very strongly acid 48.50 VH 28.13 VH 3.90 M 1.57 VL 172.93 VH 17.51 VL 9.68 VL 26.94 L

20-30 4.89 very strongly acid 23.80 M 13.81 M 3.30 M 0.98 VL 132.65 VH 15.82 VL 4.82 VL 32.82 L

30-40 5.00 very strongly acid 8.70 ML 5.05 L 3.20 M 0.92 VL 121.91 VH 19.19 VL 4.10 VL 29.99 L

40-60 522 strongly acid 6.60 ML 3.83 L 2.90 M 1.01 VL 175.62 VH 17.51 VL 3.39 VL 29.33 L

60-80 5.00 very strongly acid 12.70 ML 7.37 ML 1.10 L 0.83 VL 151.45 VH 20.88 VL 3.53 VL 27.16 L

80-100 517 strongly acid 4.50 VL 2.61 VL 1.00 L 0.90 VL 138.02 VH 19.19 VL 2.82 VL 29.55 L

100-120 5.14 strongly acid 2.80 VL 1.62 VL 0.40 VL 0.87 VL 170.25 VH 15.20 VL 4.53 VL 32.60 L

120-140 517 strongly acid 3.00 VL 1.74 VL 0.30 VL 0.76 VL 202.47 VH 20.88 VL 5.68 VL 37.39 L

140-160 5.21 strongly acid 2.60 VL 1.51 VL 0.30 VL 0.86 VL 100.43 H 24.24 VL 5.10 VL 27.81 L

160-180 5.23 strongly acid 3.90 VL 2.26 VL 0.30 VL 0.78 VL 164.88 VH 22.51 VL 6.68 VL 28.68 L

180-200 5.33 strongly acid 5.40 L 3.13 L 0.30 VL 1.43 VL 207.84 VH 20.88 VL 4.25 VL 32.38 L

Middle 0-5 4.46 very strongly acid 121.80 VH 70.65 VH 6.80 H 3.50 L 293.77 VH 941.41 L 138.7 M 33.47 L

slope 5-10 4.45 very strongly acid 86.30 VH 50.06 VH 5.40 H 5.16 L 234.69 VH 933.8 L 141.2 M 27.37 L

10-20 4.42 very strongly acid 60.30 VH 34,98 VH 2.40 2.15 VL 248.12 VH 59.6 VL 16.54 VL 28.46 L

20-30 4.57 very strongly acid 36.80 H 21.35 H 0.80 VL 1.23 VL 312.57 VH 19.19 VL 8.11 VL 30.86 L

30-40 4.78 very strongly acid 26.60 MH 1543 MH 0.80 VL 1.03 VL 393.13 VH 17.51 VL 6.25 VL 25.63 L

40-60 4.95 very strongly acid 12.10 ML 7.02 ML 0.70 VL 1.30 VL 446.83 VH 15.82 VL 5.1 VL 33.47 L

60-80 5.16 strongly acid 8.30 L 4.81 L 0.50 VL 1.12 VL 428.03 VH 14.14 VL 3.96 VL 34.78 L

80-100 5.25 strongly acid 3.00 VL 1.74 VL 0.30 VL 1.16 VL 250.81 VH 12.46 VL 3.25 VL 28.90 L

100-120 5.31 strongly acid 3.10 VL 1.80 VL 0.40 VL 1.32 VL 138.02 VH 14.14 VL 3.25 VL 25.85 L

120-140 5.33 strongly acid 2.90 VL 1.68 VL 0.30 VL 1.8 VL 146.08 VH 15.82 VL 3.39 VL 28.68 L

140-160 5.36 strongly acid 3.10 VL 1.80 VL 0.30 VL 1.73 VL 293.77 VH 12.46 VL 2.82 VL 30.21 L

160-180 5.38 strongly acid 2.30 VL 1.33 VL 0.10 VL 1.71 VL 213.21 VH 10.77 VL 3.25 VL 27.81 L

180-200 5.20 strongly acid 1.70 VL 0.99 VL 0.10 VL 2.01 VL 146.08 VH 10.77 VL 3.67 VL 23.45 L

Lower 0-5 3.58 extremely acid 110.50 VH  64.10 VH 5.20 H 13.08 M 280.34 VH 172.39 VL 24.98 VL 26.29 L

slope 5-10 3.53 extremely acid 98.80 VH  57.31 VH 4.00 M 8.72 ML 296.46 VH 36.63 VL 10.54 VL 21.41 L

10-20 3.93 extremely acid 69.80 VH  40.49 VH 3.80 M 3.75 L 382.38 VH 84.85 VL 13.11 VL 31.95 L

20-30 4.16 extremely acid 28.60 MH  16.59 MH 0.90 VL 2.09 VL 342.11 VH 17.51 VL 5.53 VL 29.12 L

30-40 4.60 very strongly acid 18.20 M 10.56 M 0.70 VL 2.79 VL 207.84 VH 19.19 VL 3.39 VL 27.81 L

40-60 5.19 strongly acid 13.90 ML 8.06 ML 0.60 VL 2.49 VL 454.89 VH 14.14 VL 3.53 VL 31.51 L

60-80 5.45 strongly acid 4.90 VL 2.84 VL 0.60 VL 3.42 VL 304.51 VH 10.77 VL 3.39 VL 27.59 L

80-100 5.72 moderately acid 2.60 VL 1.51 VL 0.40 VL 3.39 VL 479.05 VH 12.46 VL 3.39 VL 33.69 L

100-120 5.72 moderately acid 3.20 VL 1.86 VL 0.30 VL 2.72 VL 240.06 VH 17.51 VL 4.67 VL 37.37 L

120-140 578 moderately acid 1.90 VL 1.10 VL 0.30 VL 213 VL 121.91 VH 19.19 VL 4.53 VL 27.37 L

140-160 5.84 moderately acid 3.10 VL 1.80 VL 0.20 VL 2.43 VL 151.45 VH 20.88 VL 4.82 VL 29.12 L

160-180 5.82 moderately acid 1.40 VL 0.81 VL 0.20 VL 2.70 VL 140.71 VH 27.61 VL 5.1 VL 29.99 L

180-200 5.71 moderately acid 2.20 VL 1.28 VL 0.10 VL 2.48 VL 186.36 VH 10.77 VL 5.39 VL 28.46 L

" Classification of pH, O.M. (g/kg), C (g/kg), Total N (g/kg), Available P (mg/kg), Exchangeable form K, Na, Mg and Ca (mg/kg)

VL = very low, L =low, ML = moderately low, M = medium, MH = moderately high, H = high, VH = very high
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Table 3 Soil carbon and nutrient accumulations in soil profiles of montane forests at Doi Inthanon

Location  Soil Depth  Soil Mass O.M. C Total N Available Extractable Nutrients (kg/ha)
(cm) (kg/mz) (Mg/ha)  (Mg/ha) (kg/ha) (kg/ha) K Ca Mg Na
Upper 0-5 21.31 27.75 16.09 1,363.84 0.92 44.86 31.36 6.97 7.32
slope 5-10 21.78 13.15 7.63 1,110.53 0.52 42.92 5.65 1.36 6.39
10-20 76.74 37.22 21.59 2,992.86 1.21 132.71 13.44 7.43 20.67
20-30 102.44 24.38 1414 3,380.52 1.01 135.89 16.21 4.94 33.62
30-40 113.11 9.84 5.71 3,619.52 1.04 137.89 21.71 4.64 33.92
40-60 251.90 16.63 9.64 7,305.10 2.54 442.39 4411 8.54 73.89
60-80 241.10 30.62 17.76 2,652.10 2.00 365.15 50.34 8.51 65.47
80-100 255.84 11.51 6.68 2,558.40 2.30 353.11 49.10 7.21 75.60
100-120 268.62 7.52 4.36 1,074.48 2.34 457.33 40.83 1217 87.57
120-140 268.20 8.05 467 804.60 2.04 543.02 56.00 1523  100.28
140-160 272.86 7.09 412 818.58 2.35 274.03 66.14 13.92 75.88
160-180 234.54 9.15 5.31 703.62 1.83 386.71 52.79 15.67 67.27
180-200 250.90 13.55 7.86 752.70 3.59 521.47 52.39 10.66 81.25
Total (0-100 cm) 171.10 99.24 24,982.87 11.54 1,654.91 231.90 49.60  316.88
Middle 0-5 26.95 32.83 19.04 1,832.60 0.94 79.17  253.71 37.38 9.02
slope 5-10 34.52 29.79 17.28 1,863.81 1.78 81.00 322.30 48.76 9.45
10-20 76.29 46.00 26.68 1,830.96 1.64 189.29 45.47 12.62 21.71
20-30 77.85 28.65 16.62 622.80 0.96 243.34 14.94 6.31 24.02
30-40 87.16 23.18 13.45 697.28 0.90 342.65 15.26 5.45 22.34
40-60 262.40 31.75 18.42 1,836.80 3.41 1,172.48 41.51 13.38 87.83
60-80 282.92 23.48 13.62 1,414.60 3.17 1,210.98 40.00 11.21 98.39
80-100 268.66 8.06 4.67 805.98 3.12 673.83 33.48 8.73 77.64
100-120 292.08 9.05 5.25 1,168.32 3.86 403.13 41.30 9.49 75.50
120-140 238.86 6.93 4.02 716.58 4.30 348.93 37.79 8.10 68.51
140-160 254.52 7.89 4.58 763.56 4.40 747.70 31.71 7.18 76.88
160-180 249.36 5.74 3.33 249.36 4.26 531.66 26.86 8.10 69.34
180-200 247.96 4.22 245 247.96 4.98 362.22 26.71 9.10 58.16
Total (0-100 cm) 223.74  129.78 10,904.83 15.92 3,992.74  766.67 143.84 35041
Lower 0-5 25.69 28.39 16.47 1,335.88 3.36 72.02 44.29 6.42 6.75
slope 5-10 3248 32.09 18.61 1,299.20 2.83 96.29 11.90 3.42 6.95
10-20 70.98 49.54 28.74 2,697.24 2.66 271.41 60.23 9.31 22.68
20-30 66.67 19.07 11.06 600.03 1.39 228.08 11.67 3.69 19.41
30-40 77.51 14.11 8.18 542.57 2.16 161.10 14.87 2.63 21.56
40-60 182.82 25.41 14.74 1,096.92 4.55 831.63 25.85 6.46 57.61
60-80 239.44 11.73 6.81 1,436.64 8.18 729.12 25.79 8.12 66.06
80-100 221.78 .77 3.34 887.12 7.52 1,062.44 27.63 7.52 74.72
100-120 241.76 7.74 4.49 725.28 6.58 580.37 42.33 11.29 90.36
120-140 217.70 4.14 2.40 653.10 4.64 265.40 41.78 9.86 59.59
140-160 208.88 6.48 3.76 417.76 5.08 316.35 43.61 10.07 60.82
160-180 239.22 3.35 1.94 478.44 6.46 336.61 66.05 12.20 71.73
180-200 233.68 5.14 2.98 233.68 5.80 435.49 25.17 12.60 66.51
Total (0-100 cm) 186.11 107.95 9,895.60 32.67 3,452.09 22223 4755 27574
Average (0-100 cm) 193.65  112.32 15,261.10 20.04 3,033.25 406.93  80.33  314.34
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Table 4 Valuation of carbon and nutrient storages in one-meter soil profile of montane forests

C Available forms (kg/ha)
(Mg/ha) N P K Ca Mg Na
Nutrient Storages 112.32 305.22 4589  3,639.90 569.71 136.56 314.34
Price (baht/Mg or kg) 152" 26.09° 26.09° 13.33° 5.77° 5.77° 2377
Value (baht/ha) 170.73 7,962.31 1197.25  48,531.97  3,286.77 787.84 744.31
Total (Baht/ha) 62,681.18

" baht/Mg  baht/kg
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Seed Development and Maturation in Balsam Pear

(Momordica charantia L.)

w1913 Aatse” wiyans duAlsea” uaz Jaan duAtlszan”

Narawee Duere”, Quanchit Santipracha” and Wullop Santipracha”

Abstract: Seed development and maturation of balsam pear was studied at the Department of Plant Science,
Faculty of Natural Resources, Prince of Songkla University, Hat Yai campus, Hat Yai, Songkhla, during March-
May, 2010. The blooming flowers were tagged to indicate the date of flowering. Fruits at 10, 12, 14, 16, 18, 20
and 22 days after flowering were harvested to investigate fruit color, seed color and seed quality. The results
showed that the balsam pear had 4 developmental stages of fruit color which were dark green, light green, 60%
of yellow-orange and yellow-orange at 10-16, 18, 20 and 22 days after flowering, respectively. The balsam pear
seeds were capable of germination at approximately 12 days after flowering with seed dry weight of 64.99
mg/seed, moisture content of 66.53% and standard germination of 10.00%. The balsam pear seeds reached
physiological maturity at 20 days after flowering with 60% of yellow-orange color fruit, maximum dry weight of
154.25 mg/seed, moisture content of 33.95%, standard germination of 81.00%, with the highest soil emergence,
speed of soil emergence index, seedling growth rate and a low electrical conductivity. Balsam pear fruits

harvested for seed production should be at 60% of yellow-orange color stage with dark brown colored seeds.

Keywords: Balsam pear, seed development, physiological maturity, seed quality

" AR EANERT ADENINENNTEITNINR NVMNANENARAAUATUNT anaa g Sandadaaan 90112

K Department of Plant Science, Faculty of Natural Resources, Prince of Songkla University, Hat Yai. Songkhla 90112
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UNAnta: ”Lr?fﬁm:r’m'ﬁﬁmmLmzmszgmt,ﬂ'mmLmﬁmﬁuﬁmaz'ﬁﬁuﬂ fineRTarnans AnznineNgsssnd
NARNENALAAUATINS Inenimalig a1neva gy AmIASTaN sEUdNURBLEUNANTNNG HNAN 2553
lanzsziunFusenaeminmaeiihaaeniitndeu iervusduenuiu uazifuifeanaiian 10, 12, 14, 16,
18, 20 unz 22 Sumdapanunu ieAnNIRRUEN A UAZAUNINUBUNAATUG HANINARBINULN NETY
Tunfimniaunang 4 499 e Adeada Adugeu Fduwaelsznn 60 wefiduf uazddunaes inaang 10-
16, 18, 20 WAY 22 TUNAIABNLIU AINAIGL Luﬁmﬁuﬁ:mi:%uﬂﬁm@ni@iﬁmamq 12 Jundsnanunu Ingd
diwinusie 64.99 fiaAnSuRamEn ANTY 66.53 iwlafiFus WATAYINNENNIATZI 10.00 iWefidus ianiug
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ARNATY: NEITUN NIRENLNTDUNAATUS NNIANUANNETIINGT ATUNINNRANUE

AN m?:%umfluﬁm@lﬁm (annual crop)

(Palada and Chang, 2003)) aMfunanenziumn

u:@x’%uﬂ (Momordica charantia L.) \JJudagin L?:@ﬂ (Tindall, 1983)@@mﬂumm?1'm (solitary) @8N
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lu Fnwiednag 1igeenn Wigens wavaiuuie Swiededliudeiudieewieutiful i liude
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an duszguazilugnszunadeu o panufvauiin ui Tignifinfiuazwdaiufidenamuniwly (afoyins
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Ashirafuzzaman et al., 2010) uazinAniilisfiuiigadn WugiAnnATIgafiszazgnuin1eessinen oy
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A1982a"8 ethanol Hlsz@ninwluntaindaunas A Nudwsegegn uaslinan@nmaniuigagasios

Angiaueatin (8036, 2544) nzszaunanansodgnls  (Taan, 2540) wenaniinmsnasuulasduazansoy
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q

dou uasau uaLl (597, 2546) anasmAniesnzer  sreznagnunlidaauuazinediuiunisifuiien
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Table 1 Fruit and seed color of balsam pear at different stages of development.

Day after

flowering Fruit color Seed color
10 green 141 group A orange-white 159 group A
12 green 142 group A orange-white 159 group A
14 green 143 group A grey-orange 163 group C
16 green 143 group B grey-orange 164 group B
18 green 144 group C grey-orange 164 group B
20 yellow-orange 15 group A grey-orange 164 group A
22 yellow-orange 23 group A grey-orange 164 group A

Table 2 Seed width, seed length and seed thickness of balsam pear at different stages of development.

Days after Seed width Seed length Seed thickness
flowering (mm.) (mm.) (mm.)
10 7.01d 1214 ¢ 3.16 ¢
12 7.31c 12.33 bc 3.29d
14 7.43 bc 12.58 ab 3.49b
16 7.65 a 12.76 a 3.78 a
18 7.67 a 12.57 ab 3.87 a
20 7.64 a 1244 b 3.85a
22 7.57 ab 12.06 ¢ 3.84 a

F-test * * *

C.V. (%) 1.77 1.58 2.24

* = significant difference at P<0.05
Within each column, means not followed by the same letter are significantly different at the 5% level of probability as determined by

DMRT.
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Table 3 Seed moisture content and seed dry weight of balsam pear at different stages of development.

Days after Moisture content Seed dry weight
flowering (%) (mg/seed)
10 80.29 a 40.33 f

12 66.53 b 64.99 e
14 56.27 c 83.82d
16 47.79d 113.50 c
18 37.89¢e 133.89 b
20 33.95f 154.25 a
22 31.69 f 150.73 a
F-test * *
C.V. (%) 4.15 5.35

= significant difference at P<0.05

Within each column, means not followed by the same letter are significantly different at the 5% level of probability as determined by

DMRT
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Table 4 Standard germination, soil emergence, speed of soil emergence index and seedling dry weight of

balsam pear seed at different stages of development.

Days after Standard germination  Soil emergence Speed of soil Seedling dry weight
flowering (%) (%) emergence index (mg/seedling)
10 0g 0f Oe 0g
12 10.00 f 3.50f 0.28 e 4.54 f
14 25.00 e 22.00 e 1.83d 6.09 e
16 42.00d 31.50d 2.75¢ 7.96d
18 62.00 c 56.00 ¢ 525b 9.25¢
20 81.00 a 73.00 a 6.84 a 10.83 a
22 75.00 b 63.00 b 549b 10.33 b
F-test * * * *
C.V. (%) 8.09 9.62 12.07 4.27

* = significant difference at P<0.05

Within each column, means not followed by the same letter are significantly different at the 5% level of probability as determined by

DMRT.
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Table 5Root length, shoot length and electrical conductivity of balsam pear seed at different stages of

development.
Days after Root length Shoot length Electrical conductivity
flowering (cm.) (cm.) (uS/cm/g)
10 of Oe 14.33 a
12 0.67 e 0.53d 7.55b
14 1.28d 0.67d 526 ¢
16 234 c 0.93¢c 4.38d
18 3.10b 1.66 b 3.23¢e
20 414 a 1.99a 3.60e
22 3.89a 193 a 528c
F-test * * *
C.V. (%) 9.38 12.44 6.54

* = significant difference at P<0.05

Within each column, means not followed by the same letter are significantly different at the 5% level of probability as determined by

DMRT.
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Factors Related to the Well-being of Farmer Housewives and
Families in Accordance with the Sufficiency Economic

Approach in Chiang Mai Province
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Sansanee NayongV and Ruth Sirisunya/uck”

Abstract: The purposes of this research were to study 1) basic socio-economic of farming housewives and
families in Chiang Mai province 2) factors related to the well-being of farmer housewife’s and families in
accordance with the Sufficiency Economy approach. The sample size of 375 farmer housewives was obtained
by multi-stage random sampling. A set of questionnaire was used for data collection in opened-ended question
and closed-ended question. Multiple regressions were used to analyze the relationship between dependent
variable and independent variables. The results of the research found that the farmer housewives had average
age of 47.71 years old. Most of both housewives and their husbands were elementary school graduates.
Majority had 4 members of family. They had 2 children and 2 agricultural workforces on average. Their time
span of marriage was 24.04 years on average. They had an average monthly income of 3,948.27 baht and the
family income was less than 10,000 baht. Most of the informants had never left their villages to new settlement.
They were members of the village fund and the Bank for Agriculture and Agricultural Cooperatives. With regards
to economic role of the respondents, as a whole, it was found that they had a high level in household economy.
Overall, most of them obtained the agricultural knowledge at moderate level and source of the agricultural
knowledge was television.

It was found that the significant factors contributing to well-being of families at 0.05 levels or lower were
1) number of children 2) the economic roles of the farmer housewife 3) the agricultural activities in accordance
with sufficiency economy approach, and 4) the problems and constraints of agricultural activities. The important

problems were the higher price of inputs, shortage of farm labor, and crops damaged by insects and pests.

Keywords: Farmer housewife, Sufficiency Economy, well-being
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Table 1 Mean and standard deviation of variables

Variables Mean Standard deviation

1 Age (year) 47.71 10.494
2 Education of farmer’'s housewife (level) 2.97 1.202
3 Education of husband (level) 3.10 1.257
4 Members of family (number) 4.05 1.144
5 Members of agricultural labor (number) 2.18 0.728
6 Time span of marriage (year) 24.04 10.668
7  Children (number) 1.84 0.907
8 Housewife's income (baht) 3,948.27 4,501.294
9  Migration (time) 1.14 0.487
10  Group membership (number) 1.38 1.184
11 Household economic roles of farmer's housewife (level) 3.43 0.650
12 Quantity of information received (level) 2.85 0.661
13 Farmer’s housewife decision making in agriculture in 3.43 0.524

accordance with Sufficiency Economy (level)
14 Household agricultural activity in accordance with 21.65 4.264

Sufficiency Economy (total score)
15 Obstacles and barriers in agricultural activity in 3.42 0.604

accordance with Sufficiency Economy (level)
16 Well-being of farmer housewife’s household in 23.23 2.984

accordance with Sufficiency Economy(total score)
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Table 2 Multiple regression analysis for factors affecting well-being of farmer housewife’s household in

accordance with Sufficiency Economy

Variables (b) t P-value

1 Age (year) .025 1.112 .267

2 Education of farmer’'s housewife (level) .016 077 .938

3 Education of husband (level) .353 1.908 .057

4 Members of family (number) .058 .359 .720

5  Members of agricultural labor (number) 253 1.136 257

6  Time span of marriage (year) 017 743 458

7 Children (number) -423 -2.125 .034*

8  Housewife’s income (baht) -6.60E-006 -.195 .845

9  Migration (time) .397 1.263 207

10 Group membership (number) 132 1.000 .318

11 Household economic roles of farmer’s housewife .903 3.485 001
(level)

12 Quantity of information received (level) -.059 -.224 .823

13 Farner’s housewife decision making in .352 1.027 .305
agriculture in accordance with Sufficiency
Economy (level)

14 Household agricultural activity in accordance 178 4.632 .000***
with Sufficiency Economy (total score)

15 Obstacles and barriers in agricultural activity in -.509 -1.973 .049*
accordance with Sufficiency Economy (level)

R’ = 207 SEE=2.710 F=6.239 Sig. of F =.000

Note: *** Significantly different at P <.001
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