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Genetic Control of Iron Content in Rice Grain

VWEYUN INTANANG  LUITTU gnEiineN” uay Auaild 91an”
Pennapa Jaksomsak”, Benjavan Rerkasem” and Sansanee Jamjod"

Abstract: This study was designed to determine genetic control of grain iron in rice (Oryza sativa L.). High
grain iron varieties, CMU122 and IR68144, and low grain iron varieties, KDML 105, Kam Doisaked (KDK) and
Chainat1 (CNT1), were used as parents. Crossing was made at faculty of Agriculture, Chiang Mai University
during 2004 growing season. Five hybrid combinations were obtained, including CMU122 x CNT1,
CMU122 x KDML105, CMU122 x IR68144, IR68144 x CNT1 and KDML 105 x KDK. F, hybrids and parents
were sown in duplicate pots, 10 plants per pot. Plants were grown to maturity and iron in the rice grain were
analysed. Grain iron of the F, from CMU122 x IR68144 and IR68144 x CN1 were the same as high iron
parents. Those from CMU122 x KDML105 and CMU122 x CN1 crosses were intermediate between parents
but close to high grain iron parent, CMU122. These results indicated that grain iron in rice was controlled by
partially to fully dominant gene action. As dominance was involved, progeny testing is required in selection
for high iron in segregating population such as early generations or backcross population in breeding
program.

Keywords: grain iron, rice, breeding, gene action
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unAnsa: muwmmummmﬂivmﬂL‘waﬂm:nmaémmumqwuﬁnﬁmmlﬁmmmmmmiul,mmm's (Oryza
sativa L.) Imﬂhwuﬁwmmwmﬂ?mmmmLmﬂ‘l,um@mm oun CMU122 uaz IR68144 waTRUEWaUNH
thnousgmnTusiasi 16uA KOML105, KDK uag CNT1 inmananes puzinmanans asrinendaidesv
WA, 2547 aregnuan Ignuasdadl 1 S 5 ¢ 18U CMU122 x CNT1, CMU122 x KDML105, CMU122 x
IR68144, IR68144 x CNT1 uaz KDML105 x KDK ﬂ@ﬂ@ﬂmm%‘ﬁ' 1 uaziugnaud SusuRugas 2 n9vana
nIzaNaL 10 i Lﬁ@ﬁ\mm@mmﬁﬁLuﬁmmﬁmmzﬁﬂ?mmm@mﬁiﬂ wudlupuan CMU122 x IR68144 LAy
IR68144 x CNT1 Hifsunouansan nangaiiauiniuiugWouslnangs daugnas CMU122 x KDML105
WAz CMU122 x ONT1 fldhagfanansszudnenia usl uazdeflanIndidaeiusiug cMU122 Gaduiudis
FUIUER AN LUHNAR G ﬁaﬁummmm@@nmmﬂ?mmm@LuﬁﬂTuLmﬁm%mqnmuamimﬂauuuwﬂmm
anysnfauieNuuuaNy snl NS ERENNT LA A0 LLILTNY99EY (dominance) ’Lumiﬁmﬁ@nﬁuﬁ:ﬁu
sufludasdimalgnnesenuugniiedmidendnns Bunnaguinlundags lulszansfidnienszang

Fia Fiet gy Uszansd ldannisuaniug ludasiu o wardszansainnisnanndy lulpssnisdfulgedig

AdnAty: Unouenswanumdn, 410, udgeiug, nsuanseanuesiiu

UNU

Uszannsninasevisaaslantdlnadiafiu
anandn sariatlszmalnadas drofuunasaes
Wzﬁ"\mmm”‘iﬂ@ﬁuﬁzﬁwﬁmLﬁmmnﬁi’]mm g5
meNuLL@vLL?mmm\‘i i TuFunnudies (Senadhlra et

, 1998) uﬂnmnum‘wmwwmﬂmmwwuﬂ?mm
ﬁﬁﬁ;LM@ﬂ‘LuLu@mmw dedausudaaine 410813
(Graham et al., 2001)imﬂﬁﬂ?mmmﬁ;mﬁm‘mdw
6.3-24.4 mgFe/kgDW (Gregorio et al., 2000) a1NN19
Z%’]’i"ﬁW‘LI’]"]ﬁ’W@L‘Mﬁﬂ’ﬁ'Quwﬂﬂﬁéﬁﬂﬂ’]ﬂigﬁuu’]@’mﬂ’]i
13lnAstyia (Senadhira et al., 1998) Faiun1s1nm
srpmdnanduilgidrdydmiudssmesine 7
1l At nsauaszmalng (iasann
nszmsmaniuandAyaeinisiinlsaladin
a4 AN LNLsz N e laniiszans
1NN9N 2 FudnueTitaeulsalafinans ansaua
FamuanLdnfesay 39 WudnneuiaGou Seeay 52
Wundjeliased wazfeaaz 90 gp3lszannsfitlog
a1Auag lulseman1deimun (WHO,  2000) nng
witToymnismassmanaunsannlalaanissing

gudaEnanmaneIatamn  (gnuns uazAny,

=2

2545) usiilsangs aviludedninlutlszansfianau

o

e sliunlgeiugdna Il Bunusnmanluman

-l

=X @ ad aaa o o k%
g9 auflwidsnisnangaduiunisuiileyyuinisean
ﬁmmﬁn 1NNNIANHUD Gregorio et al. (2000)
wudnBunausawanluwsadandesdianuuansng
seudnaiug danddsunusisumanlumsngeag
Tug99921919 18-22 mgFe/kgDW Tasd19Wug
IR68144  \TuRUENRTHNUE A NUATNANAREA
arnnisdaaendiulgeiudassaniiuidedig
WIUITIA (IRRI) wazd1oRuginuiiiesndnaunes
(aromatic rice) ARaLiNNLEU Jalmagna, Zuchem WAY
= N A A a
Xua Bue Nuo Miludnaiuginuiiesaessumeaguine
uazau A BausAmAN luNAngaiL Wugnanil
anunsnlfiduunasiugnesnlunisdivdseiugdn
wangals atslafiany wudrdoiugiuiliesaslng
IS < < ¥ ¥ I (A7
flsnnuswanlumdadondesgaiauiniudig
IR68144 988111 Wug CMU122,
CMU123 uaz CMU124  Gaifludnaiugnuiiiesann

o [ g =3
WUGLUANEGS

mgﬁ’mmmLﬂnLﬁhasﬁa%%’mqmumﬁ@mmﬂ@:mﬁ
e wudndFunnusnswaned ludeesendng 16-22
mgFe/kgDW (Prom-u-thai, 2003) Fagnunsniinanld
Wuunasmaiugnesulunisyfudlsaiugdoiuguan
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re9nadedauniniddiuinaiguanlumdnni
Taeanziugdnaniondlgniulaaialluaziaw
U3lnaduet 190191979 1w 11908nuza 105 19l
Psunusignanlundngeauld nnsAnmeiild
TAnUsrasANe AN AN HOENIAILANN ALY NITH
wosifFanausawanluwandig nanliazinligaana
dnlanardseynaldlueudiudsaiugdtawaznag
o A o - v =3 =3 -ﬂl 4
ARAANWUE WHLFu U5 manuNanga tia i
FrstnaliFusmumanaay

L4 aa
AUnsaluazIang

Wdaugnaudswau 5 wug THunwugia
Burusiauanlundngeanuau 2 wug iun
CMU122 uaz IR 68144 Wuﬁﬁlﬁﬂ?mmmﬁ;mﬁﬂiu
\WARAIS 19U 3 Wug THuN CNT1, KDML105 waz
KDK a¥19gnuandad 1 1631uau 5 quay
dsznavusiag (1) CMU122 x CNT1 (2) CMU122 x
KDML105 (3) CMU122 x IR6814 (4) IR68144 x CNT1
(5) KDML105 x KDK ﬂqgnmﬁqﬁl 1 waziugaus
NdgnitasnsvidTuanusagnanluinan Wie
WRaunsuEae A wan N anszudnsiig e
uazgnuandaf 1 Ugnitugas 2 nszons nezaneag 10
Fu Fuienwfaidegnua Vuwdausndu dhude
frandesaasusaziuliimeeinifuiunng
wanlwNAnAa833n17 dry-ashing ae atomic
absorption spectrophotometry, AA (Delhaize et
al.,1984)

%ﬂsﬂmﬁmmmﬁ;mﬁniumﬁ@luqﬂmu%ﬁ
1 wavdugnawd dannlSauiaulssidiunisg
Lm\m@nmmﬁuﬁmu@uﬂ?mmmamﬁﬂ‘lumﬁm
Ainmineaialagld Anade uax standard error

HANITNAANEN LL@%%Q']?H:!'
annistdeziiudinauanmanluwan

FEUTNNYNUANTIN 1 uazWaud tNaAn®INg
wansaenaedunAuANTN s muAnTUNER

wudiugWeudiAas B s wan TuNA nag

U
-

Iut99391919 10.72 - 22.09  mgFe/kgDW  Tmeiwig
CMU122 uaz IR68144 HiFunnumanluusngagn
WU 22.09 + 0.17 WAy 16.25 £ 0.20 mgFe/kgDW
FANANAY douiiig KDK, KDML105 uay CNT1 &
Brnnuvanlumdaswindy 13.32 + 0.07 , 12.21
0.36 WAz 10.72 + 0.31 mgFe/kgDW ANNANAU (11379
1) deiugdnefi s gmaniusdaeg g
TEUIN 7-19 mgFe/kgDW
Rerkasem, 2001) N3ANHU89A19U s nANLGNT
Funussmanluuaneg lutaesendng 6.3-24.4

(Prom-u-thai and

mgFe/kgDW (Gregorio et al., 2000) mu@ﬂmmu%ﬁl 1
fiFnnuagumanlumanag lugasendng 10.06 -
23.28 mgFe/kgDW Taeimudnguanszning CMU122
x IR68144 uaz IR68144 x CNT1 HilsuausmimanTu
WRngsuWinRugWaus HiBunuanswanlundn
Winfu 23.28 + 0.92 LAy 21.72 + 1.13 mgFe/kgDW
CMU122 x KDML105 &
nauswanluwdnegszuinaiaus J1330E10
WANUNAAWNAL 18.17 + 0.85 mgFe/kgDW WAy

AINAIAL AHANTTNT

CMU122x  CNT1 Hfsnaumanlusismanlumén
IndAeeiuiug cMU122 Fadwiugidunnsag
wianlwuange AUTuauesmanluwaaiafiy
2029 mgFe/kgDW  #9uWug KDML105 x KDK &
unnumdnlumdasindweuazul fiiuueg
WanuuAAWiNGaL 10.06 + 0.12 mgFe/kgDW (R34
7l 1) annadneanudndiannsgudnlusdeses
droiugwausTuusaziugiacuuansaiy wazlu
wsiazAraNnREueAwmAN luMAAuANFNaTW NNg
uanseantasiufiaaunNiinussmanlundadin
%u@ﬂﬁuma‘muﬁﬁummdm@u LATNTUAAIBEN YR
Pnrusimuanluwdadiognacuauiaediudlyl
anysnd (partially dominant) aunitNANYTOL
(complete  dominant) TnagnuandeAnIndiAeevze
WU Wend AT Amdnge Tan1sdnmaas
Gregorio (2002) WudUFuNueIR AN WNAATBINS
i anuansiuluusasiug wasluudazgnan

fingl IN17AANEDNURNE T UMLILLINAY A (additive
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gene  action) @uﬁ\muumrﬂﬂmmu (non-additive wiladanan wdrasazAnaanansurlTunmss
gene action) S anNTuAARaNILLTLTT Tunnsdiuilye wianluwndngeld lutlseansifinisnszanasanig
wuganfusesinimaaeulugugn (progeny test) an Wignasu

Table 1 Grain iron concentration in rice (MgFe/kgDW) of F1 hybrids and parents.

Varieties Iron concentration”’ (mgFe/kgDW)
Parents
CMU122 (high Fe) 22.09 £ 0.17
IR68144 (high Fe) 16.25 £ 0.20
KDK (low Fe) 13.32 + 0.07
KDML105 (low Fe) 12.21 £ 0.36
CNT1 (low Fe) 10.72 £ 0.31
F1 hybrids
CMU122 x IR68144 23.28 £ 0.92
CMU122 x KDML105 18.17 £ 0.85
CMU122 x CNT1 20.29
IR68144 x CNT1 21.72 £+ 1.13
KDML105 x KDK 10.06 £ 0.12
"Mean * se
nnsnssulsznA LANA1SANDY

a a

21822LAMYAUT McKnight wslummuu@uu 8NN3 ANBA9, Marc Van der Putten, #1A3 SUNAR

lumsisunsil WAL INPENNZA105 uay As wazuaelan Auzdand. 2545, n1974w
azfin AFuniseyasviann 9A.a9. ALHUW N1ALA dfdannslunisasupuuazilesiunine
wazuAnRUgFawIm 1 angudidadialsnanys N309/ASIRMANKATIATAA9AINNTTA
PRUVDUANS AT, TUINIUA WINGTIE LATAMANTTE 876 UAN TuniadeiaTyWug lulsaenu
aaaufa AlFAuuzin luniensiagman  uas BRAIMNIIN 2. ALTAUNT. nasinTuInIg
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Variation of Rice Grain Iron Content Within and Between

Varieties of Thai Local Rice

ng1ea1 Duanau” guin1us wsngvia” Auaild a1an” uas tugadssa gninus”
Saicum Pintasen", Chanakan Prom-u-thai", Sansanee Jamjod” and Benjavan Rerkasem”

Abstract: This experiment examined variation of Fe concentration in rice grain of local rice varieties. Seeds of
17 named varieties were collected in 66 accessions from farmers in Huai Tee-Cha village, Sob Moei District,
Mae Hong Son. Brown rice from each accession was stained individually with Perls’ Prussian blue, with
IR68144 (high grain Fe) and KDML105 (low grain Fe) as checks. A whole range of grain Fe contents were
found between the different varieties, different seed lots with the same name and within some of the seed
lots, notably Bue Bang, Bue Gua and Bue Kee. The Fe concentration in these varieties was confirmed by
chemical analysis. Two accessions of each variety with intense and grain Fe concentration was selected, 30
seeds from each were grown for progeny testing. There was morphological variation between plants in each
accession in characteristics such as pigmentation of the apiculus, pericarp and seed coat. Seeds from
progeny test were analysed for Fe concentration. It was found that Fe concentration in the grain ranged from
9.5 to 16 mgFe/kgDW brown rice. We have shown that variation in grain Fe concentration in Thai rice may
be found between varieties with different names, between seed lots with the same name and within

individual seed lots.

Keywords: grain iron, genetic variation, local rice variety, Perls’ Prussian blue
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Table 1 The percent of grain with different intensity of Perls’ Prussian blue staining in local rice varieties

relative to low and high grain Fe check varieties of 66 accessions with 17 varieties name of rice

from Huai Tee Cha village.

] Frequency (%) of Perls’ Prussian blue Fe
Variety Seed lot ! o + (mgFe/kg)
Bue Mue Ta Bong 1 o 37 63 11.25£0.25°
2 40 50 10 13.55+0.15
3 5 80 15 12.251£0.35
4 0 45 55 13.251£0.15
5 25 65 10 14.2+0.5
6 0 35 65 10.25+0.15
7 35 50 15 12.7+1.00
Bue Bang 1 20 50 30 13.5+£0.2
2 35 50 15 nd
3 40 60 0 14.5+0.3
4 65 35 0 14.1£0.1
5 35 50 15 13+0.4
6 0 10 90 5.6x0
7 25 75 0 14+1.2
8 60 40 0 12.75+£0.15
9 0 60 40 9.45+0.55
10 30 50 20 12.7+0.7
Bue Goal 1 20 70 10 11.4£0.2
2 25 65 10 10.55+0.25
3 30 60 10 12.65+0.25
4 10 75 15 12.95+0.65
5 50 50 0 13.35+£0.65
Bue Gua 1 15 65 20 10.6+0.1
2 25 55 20 12.55+0.05
3 10 70 20 10.75+0.05
4 0 0 100 8.5+0.1
5 30 50 20 13.05+0.55
6 30 70 0 12.25+0.55
7 0 0 100 7.740.3
Bue Paw Low 1 16 79 5 11.7£0.1
2 16 68 16 nd
3 5 45 50 13+0.2
4 6 94 0 11.254£0.55

10
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Table 1 (Contd.)

. Frequency (%) of Perls’ Prussian blue Fe
Variety Seed lot gt -+ + (mgFe/kg)
Bue Tho Lae 1 0 20 80 10.45+0.05
2 5 30 65 9.3+0.4
3 0 32 68 10.150.45
Bue Pho Lae 1 0 75 25 1104
Bue Kee 1 30 70 0 14.2+0.8
2 20 75 5 13.2+0.2
Bue Sae 1 0 0 100 6.85+0.25
Bue Khu Koo 1 45 50 5 14.35+£0.45
Bue Cho 1 55 45 0 12.6+0.2
Bue Ka Chang Mae 1 0 35 65 7.45+0.25
Pa Ai Ku Pae 1 0 0 100 nd
2 0 0 100 8.45+0.05
3 0 0 100 8.1£0.2
4 0 75 25 9.15+0.35
5 0 50 50 9.15+£0.45
6 0 15 85 7.55+0.15
7 0 0 100 7.35+0.05
8 0 5 95 8.25+0.35
9 0 0 100 9.1£0.3
10 5 25 70 7.65+0.15
11 0 100 8.75+0.35
12 0 95 7.65+0.15
13 0 20 80 8.910
14 0 15 85 nd
15 0 10 90 7.75+£0.15
Pa Ai Kee Kai 1 10 70 20 8.9+0.2
Pa Ai Chai 1 5 53 42 9.95+0.25
2 5 32 63 7.7+0.3
Pa Ai Sae 1 0 15 85 10.6+0.7
Pa Ai Goal 1 5 65 30 8.45+0.15
2 5 85 10 9.3+0.5
3 25 75 0 10.05£0.25
4 0 65 30 8.85+0.15
IR68144 90 10 0 16
KDML105 0 0 100 8

"+ ++=intense intensity, ++=medium intentsity, +=low intensity

¥Percent from the 20 seeds of Perls’ Prussian blue staining.

SFe concentration + standard error.
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Table 2 Grain iron concentration (mgFe/kgDW) in Bue Bang, Bue Gua, and Bue Kee in progeny testing.

Variety
Parameter
Bue Bang#3 Bue Bang#4  Bue Gua#5 Bue Gua#6  Bue Kee#1 Bue Kee#2
MEAN 12.49 13.54 12.32 13.58 12.29 13.46
SE 0.24 0.23 0.29 0.2 0.24 0.27
%CV 10.38 9.73 11.96 8.05 10.34 9.45
RANGE 10.81-16.24 11.3-15.83 10.03-15.40 10.92-15.50 9.55-14.82 10.32-15.92
IR68144" 16.0 (mgFe/kgDW)
KDML105*  8.59 (mgFe/kgDW)

'Check variety with high grain Fe.

*Check variety with low grain Fe.
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Combining Ability for Yield and Yield Components in Upland

and Lowland Rice Crosses

WNWWAT YUAAn", gviAd aaAs5inda’, ans dunas” uas Auilu nasa’

Pimnapa Khunpilueg", Suthat Julsrigival“, Chuckree Senthong" and Dumnern Kaladee”

Abstract: The study of combining ability for yield and yield components in upland and lowland rice crosses
was conducted during the rainy season (July 2002 - January 2003) at Agronomy Farm, Faculty of
Agriculture, Chiang Mai University. Six F2 hybrid crosses derived from diallel cross among 4 conventional
upland and lowland rice cultivars namely RD 7, Pathum Thani 1, Jow How and R 258 were planted along
with their respective parents. Results from estimation of general and specific combining ability indicated that
flowering date, plant height, number of panicles per plant, number of good grains per plant and 1,000-grain
weight were controlled by both additive and non-additive genes but additive gene effects seemed to be
more influences than non-additive effects. However, non-additive gene effects were found specifically for
grain weight per plant. Estimation of general combining ability revealed that two upland rice varieties: Jow
How and R 258 performed good general combiner for early flowering, moderate plant height and large in
seed size. Two lowland rice varieties; RD 7 and Pathum Thani 1 showed good general combiner for late
flowering, short plant height and increasing of panicles per plant. Estimation of broad-sense heritability
indicted the flowering date, plant height, number of panicles per plant, number of good grains per plant,
1,000-grain weight and grain weight per plant were rather high for all of these traits. Narrow-sense heritability
values were high for flowering date, plant height, number of panicles per plant and 1,000-grain weight but
moderate values were observed in number of good grains per panicle and grain weight per plant. In
summary, high yielding of upland rice varieties could be developed by selection of promising breeding lines
derived from crossing among upland and lowland rice parents which either of them will provide good

combining abilities of desirable agronomic traits.

Keywords: combining ability, lowland rice, upland rice
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srunn229lsALAZLNAY UBNANNHTINLII N1
o o‘d‘ U a o o v v o
Wugnlinanange uazaunsalfudalfidaiy
b2 1 Y & a i‘ al' o VU
annuandansg o 18 Midudnanweuilaninli
Uszauileynnsenana (Usysal, 2537; 4T WAL
Az, 2544) natliunlganugdna s R ldwugaiu T
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Wugdnauaon 2 Wug liun Wugna 7 uaztyusil 1

2
o

mmmwmmm%ﬁl 1 1neidd half diallel cross 1%
mmu 6 ANEN mm@mnmumw 1 ﬂ@m‘wmmq
memw 2 mnuuml,mmmawuﬁwa uN uazgnuas
i 2 NNARANNILgN TAEIIeNUNNIARE UL
Randomized Complete Block Design AU 3 %’1 LB
avanUsznavdnume-usl s1uau 4 Wug WUgay 2 una
mezgnmmwfqﬁ 2 A1UIU 6 ANAN UTTINIAT 6 409
U028 3.0 LNAT FTUTUNNTEUTWNNQN 25 x 25
VIURNAT mnﬁuv‘hn'}@ﬁuﬁﬂ"ﬁ@sﬂ@ﬁm 7 lfun a1g
NNIAANAAN AYINEY  AIUIINFANE ATUIBHAAR
Famng winAeRsens  LATENMTIN,000 AR
WRUNNNANAINAINI0 IUNN999NEY  (combining
ability) TneA8n15294 Griffing (1956) Method 2 Model
| mu‘;ﬁmﬂs:l,ﬁuﬁ"m"mmﬁuqﬂsm (heritability : h°) 2
3% A MsdsududnsiugnIsuuuLNgna (broad-
sense heritability : hzbs) 1838n13 Mammud and
Karmer (1951) #1alae wengh  (2540) uaznis
Ul HUAIEMINRUTNIINULLLAL  (narrow-sense
heritability : hzns) TneRgnng Offspring and mid-parent

regression (Falconer,1989)
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mmwﬁmé’wﬁuﬁﬁmsmzﬁﬁLLuumﬂ (additive
gene actlon) dius.c.a. mmmmnmqmmam@mq
uuﬂmmmmmmmmmmmmnwmvwmmimﬂm
LiRenriis memgﬂmuaumﬁﬂuﬁmiﬂ unasan
(non-additive gene action) aziileunsautudngau
284 g.c.a. : S.C.a. UBIANHUTHUFNIINA 7] T
JA1189 g.c.a. HANGINTN s.c.a. NNAT enNduANEOLL
nanAnmEasana 393 lMdiudndneuzsing 17
nsAnEniiiiananaresduduunuan uaniean
wnndngudunuldifunauan endudnemsnanan
winsiena uwidnenzAesfignAtuaudaefudlidu
HALIAN BSHAUL AR BSTLINAILTRS Singh et al .
(1992)
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Table 1 Analysis of variance for combining ability of agronomic traits of rice parents and their F2
hybrids.
Traits Mean Square
g.c.a. s.c.a. Error g.c.a.: s.c.a.
Flowering date 285.8542* 25.2121** 0.7053 11.3380
Plant height 275.3572** 30.0271** 7.1730 9.1703
Number of panicle per plant 22.3754** 1.4868** 0.2283 15.0491
Number of good grains per plant 622.2550** 338.1166** 19.1258 1.8404
1,000-grains weight 58.3188** 1.9577* 0.1463 29.7893
Grains weight per plant 4.0179 39.2529** 2.8127 0.1024

*,** Significant difference at 5% and 1%, respectively.

Anstlsviiuanssousnnsaanyialyl (general
combining ability) wudn dnalsviareetiug dur wug
e wazens 258 Lﬂuﬁuﬁfw'aLL;JViﬁmmmimﬂmm
Aneizaanaaniia weliA1 gea.  luay us
ilevandn g.o.a. UDIANHIUTAIINGIVBIFIU AU
wRARRRTe VN 1,000 iR uaTNANARART
duuan ﬁw‘iﬂﬁ%mmﬁuhfﬁqﬂ@"}qmmmdwmm
ANHOLLFIUGY ATUILNARAR B LAZIWANAR YT

5@nsae doudnawnau Wugna 7 uazilyusiil 11y

Wo-uNRAIe9nIItnanendnEUzaannanda Ly
SuuIAeNe Ty LiasandnEnstagasiian
g.c.a. \uuan Lwi%dﬂwmﬁﬂwmzﬁmﬁﬂ (A1 g.c.a.
Wuau)lilddugnuauson (miwﬁl 2) dAMuFung
UsiHUAANITIULNNINTEANANIE NUTNFRAN 131
da x N1 7, Wnde x Unusiil 1 uaz na 7 x 81§ 258 §
AN sca.  TBNANHUEAUgUTULN doufNanTed
na 7 x a1 258 uazinuenil 1 x @15 258 A1 s.c.a.

Al ° \ ~
NAABIRNUIUTWNEAND (A1TIN 3)

Table 2 Estimate of general combining ability (g.c.a.) of agronomic traits in 4 parents of rice varieties.

Traits Variety
Jow How R 258 RD 7 Pathum Thani 1

Flowering date -6.2012** -4.8298** 2.3293* 8.7017*
Plant height 6.8967** 4.6152* -4.6265** -6.8854**
Number of panicle per plant -1.6404** -1.3738** 0.4905** 2.5237*
Number of good grains per plant 5.5177** 10.1610** -2.6180 -13.0607**
1,000-grains weight 2.1099** 3.2312* -2.6295** -2.7116*
Grains weight per plant 0.1891 0.2535 0.7303 -1.1729

*** Significant difference at 5% and 1%, respectively.
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Table 3 Estimate of specific combining ability (s.c.a.) of agronomic traits in 6 F2 hybrid crosses of rice.

Agronomic traits

Crosses Flowering Plant Number of Number of  1,000-grains Grains weight
date height panicle per  good grains weight per plant
plant per plant
Jow How x RD 7 -1.1587* 0.7497 0.1994 -17.0420** -0.7878** -4.3397**
Jow How x Pathum Thani 1 -7.5268** 4.2634* 0.5955 -16.6870* -1.8796** -5.4013**
Jow How x R 258 1.3702* 2.2785 0.1160 13.8339* 0.7524* 4.0294**
RD 7 x Pathum Thani 1 0.5701 5.0263** 1.6100 19.4281** 2.0623** 10.2982**
RD 7 xR 258 -4.1295** 1.6675 0.6819* -20.1182** -1.1528** -6.3066**
Pathum Thani 1 x R 258 -3.2687* 5.2096**  0.8405** -13.4915* 0.6005* -3.0517*

*** Significant difference at 5% and 1%, respectively.

d1vFunissziduA1gns W ugnIsNwLL
N314 (broad-sense  heritability) wudmﬂﬁnwmz‘ﬁ'
MnnsAnmtuiAndeudnege anuiednes
RenfidAndeutnem lEun dneniaesnananLEn
Aang %qzﬁ”ﬂwmzmq@@nmﬂ AIINEGY Laztinuiin
1,000 t&m wanaINHAAaud19gudaaiian
IndAsiuluusiazanan 3 lHduindnenzeing I
mmwaLﬂu@nwmv‘wmmmmmmm@mvmmm
duddeugnindnune Au AnumusATAEAI
‘Wuﬁqﬂi‘ﬁ‘mLL‘]J‘LIﬂQNWr]EW]QﬂVLﬂLLﬂ ANHUCHANARALNAA
FOND A1UIUTINABNE LATINUIUNEARAFAEND
ANANAL T dnesFanantiiludneo
gnAuANuaziinIsnssinaestuduats gl udnene
NNLTNNU (quantitative traits) ARAARBIALINAINL
NANDIUNG SNAAT (2537); Kim et al., (1981) (l?l’]i’ix‘i‘ﬁl 4)
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ﬁu’qmammmmuﬁ@uﬁwﬁiﬁ UAAMINANEHTULAINAT
Hdrures@vinarasanInuIndeNinansenusonis
WAANEDN (phenotype) ABUTNNEILATNINNINAN LY
U WwReafuNNsANHee Singh and Nanda (1976)
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gene ANMALAIAUIENAUNANRAYNAILANAIENGH

major

248U (polygenic control) AAUSRIIALGNITHULIL
WAUNUANHANGIIB9ANHDIZBNYBANABN AYTNEY
WATININ 1,000 AR (AN3199 5)
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Table 4 Broad-sense heritability values (hzbs) of agronomic traits in 6 F2 hybrid crosses of rice.

Flowering Plant Number of Number of 1,000-grains  Grains weight
Crosses date height panicle per good grains weight per plant
plant per plant
Jow How x RD 7 0.9782 0.9572 0.8876 0.9297 0.9779 0.7589
Jow How x Pathum Thani 1 0.9589 0.9729 0.9164 0.9122 0.9859 0.7404
Jow How x R 258 0.8476 0.8945 0.7266 0.9768 0.9925 0.8659
RD 7 x Pathum Thani 1 0.8984 0.9502 0.9538 0.8578 0.9270 0.8717
RD 7 x R 258 0.9678 0.9305 0.7928 0.8599 0.9868 0.7405
Pathum Thani 1 x R 258 0.9604 0.9455 0.9232 0.8617 0.9926 0.7887
Average 0.9352 0.9418 0.8667 0.8897 0.8897 0.7944

Table 5 Narrow-sense heritability values (

hzns) of agronomic traits in 6 F2 hybrid crosses of rice.

Flowering Plant Number of Number of 1,000-grains  Grains weight
Crosses date height panicle per good grains weight per plant
plant per plant
Jow How x RD 7 0.8725 0.9442 0.8664 0.3150 0.9743 0.5365
Jow How x Pathum Thani 1 0.7753 0.8399 0.9073 0.6039 0.9281 0.4577
Jow How x R 258 0.4128 0.3770 0.5218 0.9140 0.9407 0.8604
RD 7 x Pathum Thani 1 0.8388 0.5310 0.5220 0.7599 0.3084 0.3435
RD 7 x R 258 0.6750 0.8495 0.6980 0.3570 0.9837 0.3021
Pathum Thani 1 x R 258 0.8844 0.7332 0.8664 0.7665 0.9905 0.7117
Average 0.7431 0.7125 0.7303 0.6194 0.8543 0.5353

G
AMUANIANEN AN AL A HALAR
wazasAlsznaunandnunisaniugszndnedgle
wazdnaunauaeil 11HAuinnsdnidenuazns
UFulgeiugdnaiie 11§ anavudiidnuuzang
avFsznaunanAnT Away [HHaNARgs arusnnain
Himm?Tﬂmim'wwamﬁnwmzﬁﬁmn%qmmu@j

o . o o o > 9 v
419l wazamnsaindnmaurinvestna 1w

18

Al aenAREITLUNANITANEILAZINENIUNNTHAN
STty ecotype U8 zﬁfj (2533); Verma et al. (2002)
Faauauurlunisdndenuarnisliuilaaiug Aasvin
nadmiaanneldaninuadenvasdnaidesnis
ﬂi”uﬂ;qﬁnwmzﬁu I waztierielsfAatszaanmlu
NIARIABNEGIEA uazAsiNaiudeyauazAniaen
Snenizn a3 TIng Az TliTAdnau 1 dau
A%El L1 ANHEUENUKAY AIHATUNIURAZNUNIWAD
Amgiauazansnuznisnmunmlunisesia s



anssouslunsnannusivanananuazasAlssnay

NANARSEUINNTN9 LS uaTd1UIRIU

LANANTANDY

u3ysnl angnd. 2537, $19'lne: dTyniuaznis
UFutlpeiug. annuddadg, ngamn. 123
PN,

wWennh Tunen. 2540. n3cnanendnEaeugLLN
NANARLATAN L AWT 1B 090
UFIae]. MM UNUSINNANGATUNNTTUT A
wanenaedeslvd. 76 wii.

AulAT ANNAN. 2536. Tasen1sidadnalsluiam
Aewilenauand wiin 65-83 lu: 1andns
Us2naunIsFuNUINIEITINT9(F04 N3
W duazdnyiailemunn afai 5.
Audidadafwnlanwazaniiinaans
WAFRUNE, NTNATINITNWEET, NPUNNI.

e dawnn, Alos Funda, wild 47704 LATETN
qnanad. 2544, n1sdFudgaRugdalsly
AMAWTERBUAN. N 73-74 1t T1euNA
idelszant 2541, aanTuAdadna neu
FTINTNEAT, NTANN.

QINAAT NTS. 2537, NITNENBAANE UGN
NAKNAMLAZAIALILNALNANARAINNITNAN
Wugd1aszndneanluiiiuazaunnin. dnen
ANUINLANGRTUUNLTUN R WUINLUF e
e o, Wdelusd. 87 with.

Falconer, D. S. 1989. Introduction of Quantitative
Genetics. Third edition.
York. 438 pp.

Griffing, B. 1956. Concept of general and specific

Longman, New

combining ability in relation to diallel
crossing system. Aust. J. Biol. Sci. 9: 463-493.
Kim, H. Y., J. K. Sohn, S. K. Lee and R. K. Park.
1981.

characters of rice plants by diallel crosses.

Genetic studies on quantitative

[I. Combining ability and gene analysis for
days to heading culm length, panicle length
and panicle number in F2 generation.
Research Reports of the Office of Rural
Development, Crop Year 1981. 23: 91-99.

Singh, D. P. and J. S. Nanda. 1976. Combining
ability and suitability in rice. Indian Journal
Genetic 36: 10-15.

Singh, N. K, N. B. Singh, P. B. Jha and V. K.
Sharma. 1992. Combining ability analysis
for yield components in rice. Annual of
Agriculture Research 13(3): 224-227.

Verma, O. P., U. S. Santoshi and H. K. Srivastava.
2002. Heterosis and inbreeding depression
for yield and certain physiological traits in
hybrids involving diverse ecotypes of rice
(Oryza sativa L.). Journal of Genetics &
Breeding 56(3): 267-278.

19



AMNUAINUAILNNWURNTTNARIUsEEINT T A ey

ANNUNFN 9 2asllszindlne

Genetic Diversity of Common Wild Rice Collected from

Various Regions of Thailand

aawen tyaaa” waaissa gniinun” uazAuaids a1an”
Adirek Punyalue", Benjavan Rerkasem” and Sansanee Jamjod”

Abstract: Common wild rice (Oryza rufipogon Griff.) was found in Thailand and reported to be the ancestor
of cultivated rice. It is an important genetic resource for rice breeding programs. This study was conducted
to evaluate genetic structure within and among populations of common wild rice from different regions of
Thailand. Thirteen common wild rice populations were collected from natural habitats and near rice fields.
Samples were grown in a pot experiment, 20 plants per populations at Agronomy Department, Faculty of
Agriculture, Chiang Mai University. Leaf samples were collected individually for DNA analysis using 5
microsatellite markers. The results showed that gene diversity (h) of populations ranged from 0.036 to 0.181
(average 0.125), percent polymorphic loci (%p) from 10.34 to 72.41% (average 42.48%), Shannon index (1)
from 0.054 to 0.289 (average 0.194). The highest genetic diversity within population was observed in
population from Nakhonnayok province (NY1) (h = 0.181, %P = 72.41) and the lowest was observe in
population from Wangjao, Tak province (TAK2) (h = 0.036, %P = 10.34). However, very high genetic
differentiation among populations was found (Gg; = 0.449), suggesting that conservation of one or a fews
populations could not represent for all populations. Thus, in situ conservation should be practiced

individually in each location.

Keyword: common wild rice, in situ, genetic structure

" pedniiels AnszinemsAnans aunanandadasluad . @eslud 50200
1/Departmen’[ of Agronomy, Faculty of Agriculture, Chiang Mai University, Chiang Mai, Thailand 50200
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unanga: Tulsanalnaddraliansdiny (common wild rice) stlafiiluussnyguaasdnlgnliun  Onza
. . d‘ [~ 1 [ o o o v Y = 90// d” % a
rufipogon  Griff. @ufluunasiugnssudAnyluenulfulseiuging msfnmafsillidsafiuanunainuans
nugnasnianeluazssndnalszansdnntansty (0. rufipogon) Anuan 13 tszmng iuNIAINanIW
8990118 wazaNUFIoreuLlasiiolgn danndgnlunseans Annedanials ansineasanans
wwanendedeslud inusatlunndinasiniduadamaiiaesasinnaluiana microsatellite markers 5
mLmu\‘i N@miwm@mwumﬁwmnumam\iwuﬁﬂﬁumﬂuﬂiwmmmmﬂnmmimﬂum gene diversity
(h) m\uuﬂ 0.036-0.181 ﬂ’]L’ﬂ@EI 0.125 HA1 % polymorphic loci (%P) 921974 10.34 — 72.41% IO
42 .48% ANFIRANNNAINNANE Shannon index (1) $21914 0.054 — 0.289 FAN@AE 0.194 WBNAIAUETINLGN
dszansann AamdauaATunen (NY1) aaiuuainuananielullsyninggenga (h = 0.181, %P = 72.41) uay
1szansannanadaan f%”\mfg”mmﬂﬁmﬁwmnummmﬂuﬂimqmﬁﬁzgm (TAK2) (h = 0.036, %P = 10.34)
ANVFUAMNUAINNAEITZNT MU TZTNINLINF8E 9T AR IUNAR AN AN BANF9TE 99U sv N g
49019 44.9% TRIAVNUANG NN WAUGNITHIMNA (Gg,=  0.449) anuan1amaaestidnilszainsdiaiiann
WAAN 7 AAumaInuatesEdnelsranege nsenininesszanslatssnanilalansnsndusiounu
¥ [ ?/ v K = o a . o s ' 1
wasinaliamnald Asansaziinseuinliluaninassuang (in sit) Tnauenayinifusaziszans1iluusas

DI
Nanu

ANRNAL

AU

4191] (wild rice) ﬂﬁmﬁﬁumswqgmaﬁm
Ugniaidiel (Onyza  sativa L) lur d191lnansiny
(common wild rice, O. rufipogon) i genome LIl
AA mllauiudnlgnuaransonsniugiudnlgn
Ifduing (Oka,  1988)

v v 4 [ o Y @ 1
usenygraesdiatgnudn dradadaldiduunas

wanandatlraziilu

wugnassiiflulss lomienisdfutlgeiugdng i
yatlsrannsnusenisdinatateanaanzinng
ey (Brown planthopper; BPH) FNuniusanisidi
nnaeaealsalugd wazfuntusenindiniianaaes
la5a1iin RGSV (Rice grassy stunt virus) NN
faduunasiugnasnlunisdfudgadnonusienuds
(Gregorio et 2002) 4t ansdnyauniung
mvmﬂmwnmmmﬂivmﬂim ﬁ%uummq‘lﬁum

al.,

AN TG UM B TBILUAIN UG NITHTB 9T 1911
agannunasande (habitat) Nastiasas (Chitrakon,

dratansley, in situ, Taseainaneiugnasy
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1995) Faru nsdaAnEAnEUzlszaiuguay
VBULARATNMAINIAENTLg Nesuvasdar Ty
Ui?W‘]_Jﬁ;‘i:r‘ll’r]ﬂ‘ﬁﬁ')ﬂ@ﬂ@tLﬂuﬂﬁ‘:Tﬂ‘ﬂﬁ%\‘i dudeya
ﬁugwulumiﬁ’]meﬁuﬁgmmiﬂ%ﬂizimﬂumu
UFudgaugdng waziduuuamigluniseyindaaiu
NAINUAIENWNAUFNITH Iumimmmﬁﬁd“mﬂixmﬁ
Lﬁ'aﬁnmmﬁwmnummmqﬁuqmiu5ﬂu‘tuL@Q@;Ta
malulazseninlszansaasdnninansiny

L4 aa
AUnsaluazIang

iugausand1911a18yaNANTNEITHTN B
wazsavudasundiaanuau 13 dszang lulas
AMAmHenaULY NMAMHERAUAY NANANE LATAA
Ardusenaeawile dsznavsiog
aawmiia teun Yszannsanndeandndeslug (Cm),
dszginsanntinuilianu 81naiies Seudaayu
(LP1), 135 n9anALafiugd aneiied  aain



ANMNUAIMNUAIEN NN UENTTNTDIUSTAINTTTh

Aaigyanuneng 9 sasdszindlng

AU (LP2), Usean3aInananungs Aandnmnin
(TAKT), Us211n3a1n81nad9an aaudann (TAK2),
dszansainderjsned Sandainwoylan (PSL1),
1szg1n3a1niiesTun Taundanwaylan (PSL2),
Uszainsandamdngladie (ST)  wazdszaingann
F9UIANARg (PC)

MAna1e  un Uszannsaindandadeswnn (CNT),
1324192 9N81NBANAZAT AIUTALATRIEN (NY1),
tszannsannd Ul adN=MING BUNBAAZAT A9UTA

'

uAsuaEn (NFNY) wazlddnadgn 2 Wugiduiug

]
a

wWisueulaun gwesniys 1 (SPR1) 21908nued
105 (KDML105)
manzduaanidaautia Hun dezansaindandn
ANAUAT (SK)

tgniszansdnntlunsenns nsennsaz 1
s Uezaneay 20 siu iusaat g ludausazsu atn
DNA uaziih DNA figialduminnsiiismene Bunos
Aelfjisen PCR (Polymerase Chain Reaction) Insgl
markers Lo 14 primer RM1
RM22, RM164, RM211 uaz RM212 nneldidenla Ae
94 °C wu 4 Wi 1 99U ANAae 94 °C 30 AU, 55
°C 30 AuT uaz 72 °C 45 AU A1aU 40 58U LAY
72°C 10 W#i 1 781

thudnsouildainnnsin PR lilnsaa
aaufaY 10%
Hanaaiilédag ethidium bromide 5p VTBE buffer

WATA microsatellite

polyacrylamide gel electrophoresis

100 ml iterilgnafinasfant DNA meluase?
qaaiaes UV transilluminator udathufinnmanandes
Twansesdifletivl Rnmsieyase

1l321uA1 genetic parameter AL gene
diversity (h), Shannon index (1), % polymorphic loci

(%P), genetic differentiation (G..) 3ATIZHINTZRIY

ST)
W19TENINAUTNTIN LATAINANRUTIZUINN
lsza7n3 (dendrogram) 1€ Tusunsu Popgen V 3.2

(Yeh et al., 1997) war MEGA 2 (Kumar et al., 2001)
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HANITNAARN u,azfim‘irﬁ

ANUAMNUAIEN W UENTTNTRLsEINsTT191h

AINNNIANHIANHARINUAENNHUGNITH
12491l3217n31AeAT  microsatellite markers A1 5
At wudndszannadnalnfiAn gene diversity ise
heterozygosity 211914 0.036 914 0.181 flAean
WNAL 0.125 HAN Shannon index $¥1914 0.054 Hi
0.289 flFnLaAeWinfiL 0.194 uaxilAn % polymorphic
331914 10.34% A4 72.41% Aldaminfiy
42.83% (ﬁ]’]i"]\i‘ﬁl 1) TaenlszannsdnatiiAuanann

loci

BNNBAIALAT AIUTAWATUILN (NY1) A
vannvanamelullssmnagefiga (b = 0181, | =
0.289 LAz %P = 72.41) uwazdszaingannanadasn
F9imAN (TAK2) HAouuannuananielulssaing
ﬁ‘ﬂﬂ‘ﬁlzﬂﬂ (h=0.036, | = 0.054 Az %P = 10.34)
dlefiansnnnanumannaesEngng
ﬂaxmnmfwﬁmﬂﬁmﬁmmﬂnﬂﬁuﬁ' Wudn Jen
genetic differentiation (Gg;) WL 0.449 ([51’13"1\‘117{ 1)
LL@ﬂ\‘i'j’]WJ’]@JLLﬂi’]uVlNWuﬁm‘i‘u%\mumﬁLﬁm‘%uLﬂu
NANIAINAINUANUANTTNINNLIETINT 44.9%
wazAEva AN e ulsstng 54.9%
TunsAnsiaauduiusszauluiana
sywinatsvanns wudnlszannsdinataa 13 Uszanns
arunsoutvaantaiiu 2 myjuﬁ?{aﬁ:mﬁwa‘mdw
Wugnasawinfiu 0.08 (AW 1) nguusnléun
Usznednatflifuananndemiadesiva fauadh
P10 AINTARIWU AINTAANAUAT BUNBNUNTE
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Table 1 Genetic parameters of 13 populations of common wild rice (Oryza rufipogon) collected from different

regions in Thailand.

Pop. Location Genetic parameters

h I %P

1 Chiang Mai (CM) 0.129 0.202 44.83
2 Lamphun (LP1) 0.101 0.155 32.76
3 Lamphun (LP2) 0.076 0.113 20.69
4 Tak (TAK1) 0.116 0.178 36.21
5 Tak (TAK2) 0.036 0.054 10.34
6 Phitsanulok (PSL1) 0.154 0.244 58.62
7 Phitsanulok (PSL2) 0.116 0.173 32.76
8 Sukhothai (ST) 0.097 0.151 34.48
9 Phichit (PC) 0.138 0.219 53.45
10 Chainat (CNT) 0.178 0.278 60.34
11 Nakhonnayok (NY1) 0.181 0.289 72.41
12 Near rice field Nakhonnayok (NFNY) 0.169 0.262 56.9
13 Sakhon Nakhon (SN) 0.166 0.257 53.45
mean 0.125 0.194 42.838

total 0.23 0.369 98.28

h = Gene diversity, | = Shannon index, %P = Percent polymorphic loci
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Figure 1 UPGMA dendrogram based on Nei’ s distance showing genetic relationships among 13

populations of common wild rice.
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Responses of Rice to Low P Supply in Alternate Aerated

and Stagnant Solution Culture

Dang Huu Thangﬂ, Sansanee Jamjody, and Benjavan Rerkasem”

Abstract: Rainfed lowland rice usually encounters intermittent aerobic and anaerobic conditions. Water
supply for rainfed lowland rice comes from rainfall, which can not be controlled in the amount and timing
during the crop season, and resulting in variation in the supply of oxygen and phosphorus. Rice grown
under such condition has to adapt to environment with varying oxygen and P availability. These adaptations
of rice may affect growth and nutrient uptake. The objective of this study was to evaluate the growth,
morphological and physiological responses in rice as affected by oxygen regimes and P supply.
Pregerminated seeds of a high yielding Thai rice cultivar, Chainat 1, were grown in aerated full strength
nutrient solution for 10 days, then transferred to treatments with added low P (2 ppm) or high P (8 ppm) in
aerated (A) or stagnant nutrient solution (S, with 0.1% agar) for 12 days. After that, plants from each P level
were split into two groups. One group continued in aerated (AA) or stagnant (SS) solution as before. The
other group of aerated plants were transferred to stagnant solution (AS) and stagnant plants transferred to
aerated (SA) condition. Before the transfer and 8 days after the transfer plants were assessed for tiller
number, root and shoot dry weight, length of the longest roots, number of adventitious roots, root porosity
and adventitious root examined for aerenchyma formation (5 cm from tip). The rice plants tillered less in
stagnant than in aerated condition throughout the entire experimental period. This difference was greater in
high P than in low P. The effect of aeration on plant dry weight became significant in low P at 20 days,
although it was not evident at 12 days. Roots of aerated plants were almost twice as long as roots in
stagnant solution, aerated plants in low P also had longer roots than in high P. Aeration increased root:shoot
ratio (R:S) in low P, although it had no effect in high P. However, plants in stagnant solution had more

adventitious roots, especially with high P. Roots in stagnant solution had higher porosity (% gas space) than

" Soil Science and Plant Nutrition Department, Faculty of Agronomy, Hue University of Agriculture and Forestry, Vietnam

Z Department of Agronomy, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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those aerated. This difference also associated with greater extent of aerenchyma formation in stagnant than
in aerated solution. Eight days after the transfer from A to S (AS), the tillering, plant dry weight and root
elongation were slowed down compared with those kept in aerated all the time (AA). In both low P and high
P, roots elongated more slowly when transferred from A to S compared with plants kept in AA. Transferring
from A to S, the R:S slowed down compared with plants kept in AA. However, when transferred from A to S
adventitious root number and root porosity increased compared with plants kept in AA. The effects of low P
and high P on these were not seen during 20 days when plant kept in A or AA, but after transfer from Ato S
the adventitious root number and root porosity were greater in high P than in low P. In contrast, after transfer
from S to A, the tiller number, dry weight, root length and R:S increased compared with plants kept in
stagnant all the time (SS). When transferred from S to A, adventitious root number increased slowly
compared with that kept in SS.

The rice plant responded to P in both aerated and stagnant conditions, but the response to P
stronger in stagnant than in aerated condition. The effects of transferring between aerated and stagnant

solution were measurable after 8 days.

Keywords: Rainfed lowland rice, morphology, physiology, root porosity, stagnant, aerated, aerenchyma

formation.
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Introduction

Rainfed lowland rice (Oryza sativa L.) in
Asian countries usually encounters intermittent
aerobic and anaerobic soil conditions. Water supply
for rainfed lowland rice comes from rainfall, which
cannot be controlled in the amount and timing during
crop growth. When it has not rained for a long time,
the soil loses water until rice roots experience
aerobic conditions. If rainfall is high and constant, the
soil becomes flooded and rice roots encounter
anaerobic condition. This means plant must undergo
varyingly physiological acclimation with each change
through the season.

Intermittent aeration and anaeration of the
soil depresses availability of several nutrients,
particularly P, for uptake by rice roots. Constraint to
rice growth is not only from intermittent aerobic and
anaerobic soils but also from P deficiency, which is
also related to the soil water status (Bell et al., 2001).

In addition, soils of rainfed lowlands are often low in
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P availability, which also depends on water
availability. The root under aerobic conditions is
normally elongated extensive (Colmer, 2003), which
favours better water and nutrient uptake at depth in
the soil layers.

When the soil is flooded, oxygen is
displaced by water and rapidly depleted (Kennedy
et al., 1992). Rice roots in flooded soil are adversely
affected by O, deficiency. To grow under anaerobic
conditions, rice roots carry O, to respiring tissues
through longitudinal gas channels (known as
aerenchyma) found in the root cortex. Aerenchyma
development and O, flux to root tips increase in
response to lack O, conditions (Colmer et al., 1998).
However, to prevent radial oxygen losses the
formation the aerenchyma is usually associated with
the formation of a barrier in the root (Colmer and
Bloom, 1998). These physiological changes in the
process of acclimation to anaerobic condition may

hinder nutrient uptake by the rice roots.
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The investigations of morphological and
physiological responses of rice roots to aerobic and
anaerobic soils are difficult because there are many
effects in soils, particularly the variation of nutrients
availability. Therefore, aerobic or anaerobic soils
were simulated by using oxygen bubbling or
stagnant solution containing 0.1% agar to prevent
convection (Wiengweera et al., 1997).

Kirk and Du (1997) reported that rice plants
adapt to low P supply in anaerobic condition by
increasing root surface area, aerenchyma, and root
porosity. Hence, responses of roots to nutrients
uptake and plant growth under aerobic or anaerobic
conditions are reasonably well understood, but it is
not known how nutrient uptake and rice growth by
rice roots respond to change in O, regimes and P
supply. An understanding of the adaptations of rice
to change in such condition may suggest nutrient
management technologies, as well as transplanting
time when water is insufficient will be reduced labor
cost and waste crop land. This experiment aimed to
examine morphological and physiological responses
in rice as affected by alternate aerated and

anaerated conditions.

Materials and Methods

Pregerminated seeds of a high yielding
Thai rice cultivar, Chainat 1, were grown in aerated
full strength nutrient solution for 10 days, then
transferred to treatments with added low P (2 ppm,
LP) or high P (8 ppm, HP) in aerated (A) or stagnant
nutrient solution (S). After 12 days plants from each P
level were split into two groups. One group
continued in aerated (AA) or stagnant (SS) solution

as before. The other group of aerated plants were
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transferred to stagnant solution (AS) and stagnant
plants transferred to aerated (SA) condition. Each
treatment, consisted of 4 plants in 10 liters of nutrient
solution was replicated 4 times. The nutrient solution
used contained (uM): KNO,:3750; NH,NO,:625;
NaCl:50;  Si0,:100; H,BO,:25;  Fe-EDTA:100;
MgSQO,.7H,0:400; MnSO,H,0:2; ZnSO,.7H,0:2;
NiCl,.6H,0:1; CuSO,.5H,0:0.5; Na,M00,.2H,0:0.5;
CaCl,.2H,0:1000 (modified from Yoshida et al.,
1976). The stagnant nutrient solution contained 0.1%
(w/v) agar to prevent mixing of atmospheric O, into
the nutrient solution by convection (Wiengweera et
al., 1997). Oxygen concentration in the stagnant
solution was 1.2— 1.5 (%). The aerated treatment was
imposed by bubbling air through the nutrient solution
which has O, concentration at 16.5-18.2 (%). The
nutrient solution was renewed every 7 days and pH
was adjusted to 6.5 during experiment.

Tiller number, adventitious root number,
root length, root:shoot ratio, plant dry weight, and
root porosity were measured before the transfer and
8 days after transfer. Examination of the aerenchyma
was made with cross sections of adventitious roots at
5 cm from the root tip under a compound
microscope. The root system was separated into
thick and thin roots. Thick roots were the adventitious
roots. Thin roots were smaller (less than 0.5 mm
diameter) and had more lateral roots than thick root.
Roots were cut into 50 mm segments for porosity
measurement. Thick and thin root porosity (% gas
spaces per unit tissue volume) from each plant was
evaluated by measuring root buoyancy before and
after vacuum infiltration of the gas spaces in the root
with water (Raskin, 1983), using the equations as
modified by Thomson et al. (1990).
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Results

The rice plants tillered less in stagnant (S)
than in aerated (A) nutrient solution throughout the
entire experimental period (Fig. 1a). This difference
was greater in high P than in low P. After transfer
from S to A (SA), the plants gave more tillers
compared with plants kept in SS, but those slowed
down when plants were transferred from A to S (AS)
compared with plants kept in AA.

The effect of aeration on plant dry weight
became significant in high P at 20 days, although it
was not evident at 12 days (Fig. 1b). This difference
was greater in high P than in low P. After the transfer
from aerated to stagnant (AS), plant dry weight did
not increase as fast as those kept aerated
throughout. Plants in AA also responded more
strongly to P than those aerated then transferred to
stagnant.

In general plants in low P had higher
root:shoot ratio than those in high P. Aeration
increased root:shoot ratio in low P, although it had no
effect in high P before transition (Fig. 1c). When
transferred from aerated to stagnant (AS), the
root:shoot ratio did not increase much compared
with plants kept in AA. With low P supply the
root:shoot ratio was more depressed than in high P
after transfer from A to S (AS). However, plants
increased root:shoot ratio when transfer from S to A
compared with plants kept in SS, and that was

greater in low P than in high P.
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In aeration, plants gave more than double

maximum root length throughout the entire
experimental
had longer roots than in high P (Fig. 1d). After

transfer from A to S (AS), root elongations were

period. Aerated plants in low P also

slowed down in both low and high P compared with
those of plants kept in AA. However, when transfer
from S to A (SA), the roots elongated strongly
compared with plants kept in SS. The effect of P
supply on
differences were larger in low P than in high P.

root length was found, and these
In contrast, aerated plants had fewer
adventitious roots and high P increased the number
of adventitious roots in stagnant solution (Fig. 2a).
After transfer from A to S (AS) the adventitious roots
number increased sharply compared with plants
kept in AA, and in high P supply there were more
adventitious roots than that in low P. However, when
plants were transferred from S to A (SA), there were
fewer adventitious roots compared with plants kept in
SS. Phosphorus level had no effect on the number of
adventitious roots either in AS or SA.

As expected, the rice roots growing in
stagnant solution had higher porosity (% gas space)
than those in aerated solution (Fig. 2b). This
difference can be seen in the formation of
aerenchyma (Fig. 3). However, we found that root
porosity was enhanced by P supply. After transfer
from S to A (SA), the root porosity was depressed
compared to plants in SS and that was greater in
high P than low P. However, root porosity increased
when transfer from A to S (AS) compared to plants
kept in AA. There was no difference about these in
low P and high P in AS.



M3ATNBAT 22(1): 27 — 35 (2549)

14 - oLP

Tiller number/plant

=
N
)

Plant dry weight (g/plant)

aoLP

0.5
aLp

Root:shoot ratio

12 DBT

8 DAT

70
60 -
50 4
40 -
30 A
20 4
10 -

Maximum root length (cm)

g

aLp
| HP

12 DBT

AS SA AA SS

8 DAT

Figure 1 Tiller number/plant (a), plant dry weight (g/plant) (b), root:shoot ratio (c) and maximum root length (cm) (d) of rice grown in

aerated (A) or stagnant (S) nutrient solution with low P (LP) or high P (HP) for 12 days (DBT) then plants were transferred to

opposite either stagnant (AS) or aerated (SA) or aerated (AA) and stagnant (SS) nutrient solution throughout for 8 days

(DAT). Vertical bars represent means and standard errors values of four replicates for comparing between P levels, oxygen

supplied (A or S) and interaction between P x O.
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Figure 2 Adventitious root number plant'1 (a) and root porosity (b) of rice grown in aerated (A) or stagnant (S) nutrient solution with

low P (LP) or high P (HP) for 12 days (DBT) then plants were transferred to opposite either stagnant (AS) or aerated (SA)

or aerated (AA) and stagnant (SS) nutrient solution throughout for 8 days (DAT). Vertical bars represent means and

standard errors values of four replicates for comparing between P levels, oxygen supplied (A or S) and interaction between

P x O.
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ALP
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Figure 3 Aerenchyma appearance in adventitious roots (5 cm from the root tip) of plants grown

in aeration associated with low P (A LP) or high P (A HP) and in stagnant associated

with low P (S LP) or high P (S HP).

Discussion

By comparing the system of stagnant
solution with 0.1% agar to simulate the anaerobic
condition for rice roots (Wiengweera et al., 1997) with
O, supplied in the nutrient solution, we have shown
that rice plants grew better in aerobic than in
anaerobic condition.

The

adventitious roots of rice (Fig. 3) was showed that in

appearance of aerenchyma in
stagnant solution (0.1 % agar) the aerenchyma was
stronger formed than those in aerated solution.
These evidences were associated with root porosity
(% gas space), which was greater in stagnant than in
aerated condition. This is similar to the response of
wheat roots grown in stagnant and aerated solution
found by McDonald et al., 2002; Wiengweera et al.,
1997, and other finding in rice when grown in
waterlogged soils reported by Justin and Armstrong,
1987. Previous study was also reported that roots of
plants growth in anaerobic condition depends upon
an internal O, supply, which moves from atmosphere
through aerenchyma to the root apex (Armstrong,
1979). The efficacy of internal aeration within a root is
determined by traits of morphological characteristics

such as root length, root diameter, adventitious root

33

numbers and also physiological processes such as
the formation of barrier in the root in order to prevent
radial oxygen losses (Colmer et al., 1998; Kirk and
Du, 1997; Armstrong, 1979). These physiological
changes in anaerobic condition may hinder nutrient
uptake by the rice roots and caused affecting plant
growth such less tiller number.

Bell et al. (2001) and Colmer (2003), on the
other hand, reported that rice root under aerobic
conditions normally has a long maximum length to
facilitate water and nutrient uptake at dept in the soils
layer. The data of this study have shown that plants
in aerated condition had longer maximum root
length, but less adventitious number than plants
grown in stagnant condition. We also found that after
transfer from S to A plants were stronger in root
elongation. In contrast, root elongation slowed down
when plants were transferred from A to S. This result
was similar to the finding of Jackson and Drew
(1984). They discussed that O, in aerenchymatous
roots was consumed by respiration or was lost to the
rhizosphere. Radial oxygen loss decreases the
amount of oxygen available to the apex of roots
solely dependent on O, from aerenchyma and,
therefore, would decrease their maximum length in

O, free condition.
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The aerenchyma appearance in adventitious
roots associated with barrier formation, which may in
turn affect nutrient uptake by plants, however, the
present work we have not shown data of P content in
plants. The response of rice plant to aeration and

anaeration were clearly influenced by low P supply.

Conclusion

Rice growing in aerated nutrient solution
had higher tiller numbers, root length, plant dry
weight and root:shoot ratio than in those growing in
stagnant nutrient solution. However, the adventitious
root numbers, root porosity and aerenchyma
increased in stagnant nutrient solution. Responses of
rice plants to aeration and anaeration, however, were
clearly influenced by the level of phosphorus supply

to the roots.
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Growth Analysis of F1 Hybrids in Wheat

ITTEUSWIA AUNTBUNG , GVAN AaATINTA", ang dunas’ uas Anidy nazs’
Whattanapong Jun-in", Suthat Julsrigival”*, Chuckree Senthong1/ and Dumnern Karladee"

Abstract: Growth analysis of F1 hybrid in wheat was studied at the experimental site of Agronomy Department,
Faculty of Agriculture, Chiang Mai University. Four varieties of wheat included CMU 88-8, CMU 94-9, Fang 60
and Sa Moeng 2 were used as parents. F1 hybrid seeds of each single cross were developed among these
parents in half diallel method during December 2001 to March 2002. F1 hybrid seeds of each single cross were
planted along with their parents during December 2002 to March 2003 for studying of growth analysis and
genetic performance of traits. Results of study clearly indicated that F1 hybrids of wheat gave higher average in
grain yields per plant than their parents because these hybrids performed better in crop growth rate (CGR),
spike growth rate (SPGR) and partitioning of assimilate to spike than their parents. For genetical study, it showed
that CMU 94-9 were good in general combining ability (g.c.a.) for grain yield per plant, earliness, spikelet per
spike, 100 grain weight and plant height, Fang 60 was good in general combining ability (g.c.a.) for grain yield
per plant, earliness and plant height. Single cross which gave good specific combining ability (s.c.a.) for grain
yield per plant included Sa Moeng 2 x Fang 60 and CMU 94-9 x Fang 60. Results of this study also revealed that
earliness, plant height and spikelet number were controlled importantly by additive genes while additive and non
additive genes were involved properly for seed size and grain yield per plant. This experimental results could be
intersively concluded that F1 hybrids of wheat provided more promising heterotic of physiological characters
especially CGR, SPGR and partitioning coefficient than their parents. So that, for improving of high yielding ability
of wheat genotypes, physiological traits should be considered couple with agronomic characters as a criteria for

selection.

Keywords: wheat, growth analysis, combining ability
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Table 1 Crop growth rate (CGR), stem growth rate (SGR), leaf growth rate (LGR), spike growth rate

(SPGR), partitioning coefficient and yield.

Parent/hybrid CGR SGR LGR SPGR Partitioning Yield

coefficient (%) (kg/rai)
Sa Moeng 2 6.6 4.6 2.2 3.6 54.55 154.21
CMU 94-9 6.4 4.7 27 4.4 68.75 172.81
CMU 88-8 10.2 4.0 2.8 7.4 72.55 227.59
Fang 60 7.4 3.9 28 5.0 67.57 170.41
Mean 7.6 4.3 2.6 51 65.85 181.25
Sa Moeng 2 x CMU 94-9 7.6 3.6 2.2 6.6 86.84 249.71
Sa Moeng 2 x CMU 88-8 8.2 4.7 22 5.8 70.73 185.04
Sa Moeng 2 x Fang 60 12.0 5.1 26 10.7 89.17 298.25
CMU 94-9 x CMU 88-8 8.8 4.9 2.8 7.4 84.09 233.46
CMU 94-9 x Fang 60 9.7 5.1 2.0 8.8 90.72 330.75
CMU 88-8 x Fang 60 9.1 3.1 1.3 6.3 69.23 183.91
Mean 9.2 4.4 2.2 7.6 81.79 246.85
Sum of Mean 8.4 4.4 24 6.4 73.82 214.05

ANNIIANEIANT IALIgNNANTYT 1 WU OMU 949 waziugii 60 Huualiuiiag

o = , = = o = ' \
204919413 6 / WrsueuAUALRALTRIN DL
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16.40 WAY 13.17 % ANAIAU (AN3199 2)
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Table 2 Heterosis (%H) for seed yield per plant and yield components in 6 F1 hybrid crosses of wheat.

Hybrid Flowering Height Spike/plant Grain/spike Spikelet/spike 100 grain  Yield/plant
date weight

Sa Moeng 2 x CMU 94-9 0.83 1.83* -6.79 2.96 -5.58 11.70** 52.72**
Sa Moeng 2 x CMU 88-8 3.75** 1.54 19.37 1.18 -0.21 13.74* -3.07
Sa Moeng 2 x Fang 60 3.75* 5.25 23.13 -7.50 -0.74 8.71* 83.75**
CMU 94-9 x CMU 88-8 348  -3.67 -15.14* 5.36** -3.95* 7.50* 16.62
CMU 94-9 x Fang 60 3.48* 6.23**  16.40** 13.17* 0.52 10.84** 92.73**
CMU 94-9 x Fang 60 4.65 -5.62**  -23.68** -4.61* -2.76** 2.55 -7.58

*** Significant difference at 5% and 1%, respectively.

Table 3 Estimates of general combining ability (g.c.a.) of agronomic traits in 4 parents of wheat.

Traits Sa Moeng 2 CMU 94-9 CMU 88-8 Fang 60 5P

0.05 0.01
Flowering date -0.926** -0.852** 0.889** 0.889** 0.685 0.938
Plant height 1.159 -3.381 2.541** 2.000* 2.873 3.935
Spike/plant -0.107 -0.005 -0.005 0.107 0.438 0.600
Spikelet/spike 0.327* 0.475** -0.451* -0.352** 0.478 0.654
Grain/spike 1.855 -1.188 0.145 -0.812 3.962 5.427
100 grain weight -0.197** 0.183** 0.023 -0.009 0.166 0.228
Yield/plant -0.401* 0.368* -0.296 0.330* 0.572 0.783

*** Significant difference at 5% and 1%, respectively.

Table 4 Estimates of specific combining ability (s.c.a.) of agronomic traits in 6 F1 hybrid crosses of wheat.

Sa Moeng 2 Sa Moeng 2 Sa Moeng 2 CMU 94-9 CMU 94-9 CMU 88-8

LSD
Traits X X X X X X

CMU 949 CMU 88-8 Fang60 CMU 88-8 Fang 60 Fang 60 0.05 0.01
Flowering date -0.222 -1.963** -1.963* -2.037*  -2.037** -3.778** 0.383 0.525
Plant height -0.059 -5.981** -5.441** -3.759* -3.219 -9.141** 1.606 2.200
Spike/plant -0.290 -0.280 -0.392 0.392 -0.504*  -0.494* 0.245 0.335
Spikelet/spike -0.714* 0.211 0.114 0.064 -0.035 0.891**  0.267 0.366
Grain/spike 0.419 -0.915 0.042 2.128 3.085 1.752 2.215 3.634
100 grain weight 0.132* 0.292** 0.324* -0.087 -0.955 0.105 0.072 0.099
Yield/plant 1.170 -0.692 3.104**  0.430 3.605**  -1.467 0.320 0.438

*** Significant difference at 5% and 1%, respectively.
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Peanut Production Under Organic Based Management
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Songchao Insomphun," Veerachai Sriwattana-pongse, v Sopit Jaipara” and Areerat Jitboon”

Abstract: Long-term experiments on peanut production in upland cropping system under organic based
management were conducted at Department of Agronomy, Faculty of Agriculture, Chiang Mai University in
rainy season of the years 2003 and 2004. Tainan 9 and KAC 431 (Kalasin Accession # 431 or KAC 431)
peanut cultivars were grown under organic based and inorganic managements. The first year result
indicated that there was significant difference between the treatments only of dry pod vyield of Tainan 9
cultivar. Tainan 9 under organic based management produced higher yield than that produced under
inorganic management. The dry pod yields obtained were 141.3 and 83.9 kg per rai respectively. Whereas
KAC 431 cultivars under organic based and inorganic managements produce average fresh pod and dry
pod vyields of 371.2, 271.7, 111.0 and 107.7 kg per rai respectively. In the second year there was also
significant difference only in Tainan 9 cultivar. The inorganic management treatment gave higher average
fresh and dry pod vyields than those obtained from the organic based management treatment. The yields
obtained were 872, 632, 492 and 357 kg per rai respectively. Whereas the KAC 431 cultivars under organic
based and inorganic management produced average fresh and dry pod yield of 1188, 1368, 528 and 600
kg per rai respectively. In terms of soil chemical analyses, it was found that some properties were changed.

However, it is still too early to make any conclusion on these effects.

Keywords: long-term experiment, organic based management
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Table 1 Analysis chemical property of soil in the rainy season of the year 2003.

Treatment pH OoM Total N P K
(%) (%) (mg/kg) (mg/kg)
Organic management Before 7.48 0.83 - 68.4 3124
After 7 1.68 - 129 110
Inorganic management Before 7.48 0.75 - 72.3 92.9
After 6.7 1.3 168 88
Table 2 Analysis chemical property of soil in the rainy season of the year 2004.
Treatment pH oM Total N P K
(%) (%) (mg/kg) (mg/kg)
Organic management Before 6.9 1.31 0.07 88 76
After 6.91 253 0.09 34.82 128.8
Inorganic management Before 7.0 0.89 0.04 99 44
After 6.69 1.57 0.07 36.92 434
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Table 3 Leaf area index, total dry matter, yield components, shelling percentage and yield of Tainan 9
under organic and inorganic managements in the rainy season of the year 2003.

Variety Plot LAl TDM (R1) TDM No. No. 100 %Shelling  Fresh pod Dry pod

(g/mz) (R8) pod/ seed/ seed yield yield

(g/mz) plant pod weight (g) (kg/rai) (kg/rai)

Tainan 9  Organic 1.57 282.96 726.00 5.43 1.23 38.37 64.61 368.00 141.30

Inorganic  1.62 343.30 651.08 4.74 0.77 36.24 54.13 373.33 83.96

LSD ns ns ns ns ns ns ns ns 43.15

CcVv 6.28 11.22 23.33 12.65 16.36 5.81 12.28 19.38 10.39

Table 4 Leaf area index, total dry matter, yield components, shelling percentage and yield of KAC 431

under organic and inorganic managements in the rainy season of the year 2003.

Variety Plot LAl TDM (R1) TDM No. No. 100 %Shelling  Fresh pod Dry pod
(g/m’) (R8) pod/ seed/ seed yield yield
(gm’)  plant  pod  weight (g) (kg/rai)  (kglrai)
KAC 431  Organic 1.64 311.60 456.00 2.66 0.58 40.87 78.78 371.20 111.04
Inorganic  1.70 378.66 438.60 2.62 0.64 54.81 76.38 271.68 107.66
LSD ns 36.93 ns ns ns ns ns ns ns
cVv 5.42 4.72 11.37 32.98 56.66 27.23 31.31 34.22 53.37

Table 5 Leaf area index, total dry matter, yield components, shelling percentage and yield of Tainan 9

under organic and inorganic managements in the rainy season of the year 2004.

Variety Plot LAI TDM (R1) TDM No. No. 100 %Shelling  Fresh pod Dry pod
(g/m?) (R8) pod/ seed/ seed yield yield

(g/m?)  plant  pod  weight (g) (kg/rai)  (kglrai)

Tainan 9  Organic 2.10 219.31 156.68  14.50 2.10 41.74 69.17 632.00 354.00

Inorganic 1.73 201.38 227.76  22.50 215 41.55 70.40 872.00 492.00

LSD ns ns ns 6.87 ns ns ns 182.94 73.19

Ccv 23.63 18.62 21.58 21.45 6.37 8.28 2.33 14.06 9.79
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Table 6 Leaf area index, total dry matter, yield components, shelling percentage and yield of KAC 431 under

organic and inorganic managements in the rainy season of the year 2004.

Variety Plot LAI TDM TDM No. No. 100 %Shelling  Fresh pod Dry pod

(R1) (R8) pod/ seed/ seed yield yield

(g/mz) (g/mz) plant pod weight (g) (kg/rai) (kg/rai)

KAC 431  Organic 2.08 270.36 335.64 10.25 3.28 47.57 65.56 1188.00 528.00
Inorganic 2.71 325.03 356.54 11.25 3.25 37.15 62.38 1368.00 600.00

LSD ns ns ns ns ns 8.99 ns ns ns

CVv 22.23 16.75 20.91 23.87 2229 12.27 5 16.11 15.23
L4 a 1 H o o a 4

LANAITRNDY eNgs laanani. 2547, nsldienaly. drudniad

NUNINENFLNEATANART. NTUNN.
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Change of Proteins in Longan Leaves Before Flowering

Induced by Potassium Chlorate

a a <1/ 2 LAY 4
INEN ﬁﬂﬂﬂuyim A susTe WUﬁLﬂHN’sgﬂl

Wittaya Sin/aphasomboon" and Tanachai Pankasemsuk”

Abstract: The change of proteins in longan leaves, before flowering by potassium chlorate induction, was
studied on 3 years old grafting longan cv. ‘Daw’, growing in 15-inch-diameter pots which treated with 10 g of
potassium chlorate per pot. After treated for 14 days, it was found that total protein concentration,
determined by Bradford assay, in treated leaves were higher than the untreated leaves. SDS-PAGE analysis
revealed that treated leaves had new protein band in gel while untreated leaves did not have this protein

band after treated for 14 days.
Keywords: Longan, protein, potassium chlorate, flowering
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Table 1 Concentration of total protein in leaves of potassium chlorate treated and non-treated longan

trees at different time after treated.

Concentration of total protein in leaves (mg/ml)”

Days after treated

Treated with potassium chlorate Non-treated with potassium chlorate
0 0.25a 0.24 a
1 0.27 a 0.26 a
3 0.30 a 0.24b
5 0.27 a 0.27 a
7 0.28 a 0.26 a
14 0.38 a 0.29b
21 0.39 a 0.28b
28 0.44 a 0.27b

" Means within the same row followed by the same letter did not significant differences by paired comparison at

P =0.05

0.50
__ 040
E /.__’—0—-’
3 0.35
E /
E 0.30 v - .
£ 025
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c 0.20
@
s 0.15
2
o

0.10
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0.oo T T T T T T

o1 3 g i 14 21 28

Days after treated

—8—Average (Chlorate) —— Average (Mon-Chlorate)
Figure 1 Concentration of total protein in longan leaves from potassium

chlorate treated and non-treated.

nsatasizigduuuradllsiulaeds sodum  gUuuuaesllsfudlduansieiumusdui 0 auis
dodecyl sulphate polyacrylamide gel electrophoresis Jui 28 (m‘wﬁ 2) Twanueh alelasuinuna dan

(SDS-PAGE) Aaaleiy Hytluuuneslisiuludun 14, 21 uay 28
annsAngUuuuzedilsiuleald SDS-  wans1eaIndun 0-7 Famdeuiugduuuninyluly
PAGE wiudn  anleildldsuinunadasnaaism i alen s InunadEanpaaEn (WA 2)

52



nmsilagundasrasllsiululuailanaunisaanman

Ao o
PEnvmaslnunadannaalsn

MO 1 35 7 142128

Non-treated with KCIO 3

M 0

13 5 714 21 28

Treated with KCIO 4

Figure 2 Protein bands of total protein in leaves from potassium chlorate treated and
non-treated longan tree obtained by SDS-PAGE.
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Efficiency of CPPU on Increasing Size and Quality

of Longan Fruit cv. Daw

nua wadiga” uas ANen ATINAT
Kamol Phongkhiaw” and Pittaya Sruamsiri”

Abstract: The effects of CPPU (N-(2-chloro-pyridyl)-N'-phenylurea) on size and quality of longan fruit cv. Daw
were carried out at farmer orchard in San Sai district, Chiang Mai. Randomized Complete Block Design with
5 blocks (trees) and 4 CPPU concentrations as 0 (distilled water — control), 10, 20 and 30 ppm were used.
Five fruit clusters at 12 weeks after fruit set (aril developmental stage) with regular fruit size and about 40
fruits per cluster from each tree (block) were randomed and dipped in the CPPU solutions three times at
weekly interval. The results revealed that CPPU concentration at 30 ppm gave the biggest fruit both in the
parameter of fruit diameter and average fruit size. At this concentration also gave the highest average fruit
weight and the total soluble solid (TSS) value. However, the concentrations of CPPU did not affect on total
titrable acid (TA), peel thickening and peel color. Economically consideration found that CPPU concentration
at 30 ppm could increase the gross income per tree from 741.23 Baht (for control) to be 1,166.76 Baht or as

57.41 % increasing.

Keywords: Longan, CPPU, fruit size, fruit quality

"nnedTiaaau AnnERsAARS sunanendamealud . @ealud 50200

”Department of Horticulture, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200
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UNARER: WALRINT I CPPU (N-(2-chloro-pyridyl)-N'-phenylurea) IuﬂwaLﬁumuﬁmLL@:@mmwm@\m@ﬁﬂﬂ
fufpaldaniunisfiacuslareansmensluansinedunme Smdndasiva IeanausummaseLLL
RCBD @4tlaznavldas 5 blocks (H1) uazanudiudiaes CPPU 4 32éy (ne31A3) A 0 (ﬁmfﬁuﬁ%muqm),
10, 20 LA 30 ppm 'ﬁ’mﬂi‘@;llLaﬂﬂﬁ'ﬂﬁ’ﬂﬂﬁﬁ@’]ﬂﬂﬁx’]aG’]N@LL@”’] 12 zﬁ"ﬂmﬁ(imm?ﬂmﬁﬂm) TnedanuIuNA
satallszunnd 40 wa Lmyﬁmmmm%ﬁﬁmﬁu QAU 5 1o lULAAZAL (block) Nnsqudenani laniu
N99ARFINANIS 1LY 3 AFS UAAZATIVNIYL 1 LAY HANNINARBINLT Lummemmiﬁmmumw
iudiuaeas CPPU 30 ppm mminm’mmmimmmmL@mﬂmemuﬂLfemﬂmmmwumnmuﬂmquuﬂmmm
MeaRn saaaliimnieua Funnmesudeiiazanetinld (1sS) 49qmansA0g usiBanunsadlmmsm g
(TA) 189158 ANvTaslaenuazAdaaslaanluianuuansneiuluynnesais ilofRansInIaEy

NARBLUNUNNNFWATEgRAfnUd Wald CPPU M9vdu 30 ppm anunsawiinaelfledesesuaesanlaann

741.23 uw LidsasuANil 1,166.76 U YiTRNTW 57.41 %

AdAtY: a1l CPPU JWNARA ATUNINKE

A1

anlel (Dimocarpus longan Lour.) ilwlsl a7
anfumenamilazeslszmalne Tnaanunsndeann
ldamdragernalsemanazsinmelddndsemalay
naneFeadNuLm (A7, 2540) mmﬁi”gm@iﬁﬂizﬁu
sAnananan lam N analaawtadunsalaun
N9M AA 31N 15 LM 1N9AM A $1A1 10 LN LNTA B
211 5 1 uasngn C liAnsAnlsi Tuannmifly
AFITNAIULITTALIANE IV UNN ileaannanaany
Wdununenananlefigeusiuandndednofifuiua
uwteflfhunse AA taser) Aane|Flidurniusn
Tnein s amN189Haad el nsuLITaduas
wengrTeas sasluuinglunguuedlainlaiiuag
FumuméaAnylunnsrenasunnaesna (Wnaa, 2537)
feeuReatunisldans cPPU - Sufuanslungs
aaslalnlafivlunsldifinauaus Tnanisldans
CPPU Aonaliduds 10 ppm asnuliiunssiaglusses
Buinnsfinua WU91 819F9NA1ENNINTRNINANA
Baminuanazliuinadeduaaansiaald
(Notodimedijo, 2000) u’aﬂmn‘ﬁ Famiani et al. (1997)
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(RCBD)
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Table 1 Number of fruits per cluster, fruit size, percentage of fruit grade in cluster and gross income

per tree.
Treatments Number Fruit size (mm) Percentage of fruit grade in cluster Gross
of fruit Height Wide Length Fruit AA A B C income
per diameter per
cluster tree
(Baht)
Control 33 24.8b 25.3cd 26.8c 25.63d 23.74b | 29.70 | 17.64 | 28.92a 741.3
CPPU 10 ppm 30 25.2b 26.0bc 27.5bc 26.23c 54.06a | 24.68 | 9.20 12.06b | 1,103.7
CPPU 20 ppm 30 27.0a 28.0ab | 28.0ab 27.67b 55.09a | 23.25 | 14.63 7.03b 1,132.0
CPPU 30 ppm 35 27.0a 30.2a 30.2a 29.13a 55.07a | 28.64 | 10.87 5.42b 1,166.8
significant ns * * * * * ns ns *
ns non-significant
* Means in the same column with different letter are significantly different (P<0.05)
Table 2 Thickness of fruit structure and average weight of fruit structure.
Treatments Thickness of fruit structure (mm) Average weight of fruit structure (g)
Peel Avril Seed Peel Avril Seed Total
Control 0.81 5.98 12.02 1.00 4.87b 1.07c 6.94b
CPPU 10 ppm 0.87 5.52 13.41 1.27 5.95a 1.37a 8.59a
CPPU 20 ppm 0.86 7.06 12.74 1.18 6.33a 1.24b 8.75a
CPPU 30 ppm 0.88 8.56 12.35 1.19 6.48a 1.19b 8.86a
significant ns ns ns ns * * *
ns non-significant
* Means in the same column with different letter are significantly different (P<0.05)
Table 3 Total soluble solid (TSS) and total titrable acid (TA) and peel color.
Treatments TSS (°Brix) TA Peel color
(%) L a b
Control 22.54c 0.119 55.79 5.60 20.21
CPPU 10 ppm 23.55bc 0.119 56.30 5.64 20.83
CPPU 20 ppm 24 41ab 0.128 56.00 5.53 20.63
CPPU 30 ppm 25.12a 0.128 56.01 5.57 20.33
significant * ns ns ns ns

ns non-significant

* Means in the same column with different letter are significantly different (P<0.05)
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Morphology and Chromosome Number of Lab Lae Native

Langsat (Lansium domesticum Correa)

wie lana” uaz gnasad thawm”

Pichai Chaikla” and Suttirut Palas "

Abstract: Local langsats from three Tambons (Fai Luang, Na Nok Kok and Mae Poon) in Lab Lae District,
Uttaradit Province, were morphologically studied. It was found that the plants were of tree typed. The bark
was smooth and brownish green in colour. The leaves were odd-pinnate compound. The leaf shape was
lanceolate with acuminate tip, oblique base, and undulate margin. The spikes were borne in clusters, 15 - 20
centimeters in length. The flower was perfect having the floral formula of &) Ks Ci A G The fruits
of eliptic shape clustered densely on each peduncle. The fruits were oval, having thin pale yellow skin.

There were 1 — 2 large seeds per fruit. The pulp was translucent. Somatic chromosome number was

2n =24,
Keywords: Langsat (Lansium domesticum Correa), chromosome

unAnga: MeAnmanaaiuieslu 3 drua liun sruarhauans Auauunnn uazAuaudya luane
o o o a & 1 a o a 3| v k% o ¥ A = a a 90/
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nsvanene 15 - 20 lwuRwms Wuiedsan rendunenauysalneiigns @K, C, A, G, tamaiuunas
aduuBLuiNutenen Hadgline nasd Rouaendivaesssu Waanun waaR e g A9UIK 1 -2 AR
sona iWadraliliauas annulastulauaesansainiuiles e 2n =24

mdAy: anata  Taslulan

"AuzineasANans WNAnendesTAnenAndg A. gRIFeag 53000

”Faculty of Agriculture, Uttaradit Rajabhat University, Uttaradit 53000, Thailand.
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Figure 1  Leaf (A), inflorescence (B), fruits (C-D), longitudinal section of flower (E), floral
diagram (F), floral formula (G) of Lab Lae langsat.
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©)

Figure 2 Chromosomes of Lab Lae langsat from root tip cells collected by (A) 09.00 hr.,
(B) 09.30 hr. and (C) metaphase chromosome (2n=24).
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Effect of Chemicals on Quality of Cut Rose cv. Dallas

ads nass” uas miE ymeinesh’

. .. 1/ . . 1
Vimonsiri Kaveeta and Danai Boonyakiat

Abstract: Study on effect of chemicals on quality of red cut rose (Rosa hybrida L. cv. Dallas) by pulsing cut
roses in 5 different solutions consisted of distilled water (as control); 10 % sucrose, 150 mg/litre AGNO, and
30 mgl/litre citric acid; 10 % sucrose, 150 mg/litre AgNO,, 400 mg/litre 8-HQS and 30 mg/litre citric acid;
10 % sucrose, 200 mgl/litre 8-HQS and 260 mgl/litre CoCl, and 10 % sucrose, 150 mgl/litre AlL(SO,), and 30
mg/litre citric acid for 12 hours and then held in distilled water. It was found that cut roses pulsed in
chemicals consisted of 10 % sucrose, 150 mg/litre AgNO,, 400 mg/litre 8-HQS and 30 mg/litre citric acid
had the longest vase life which was 8.50 days and every solution improved the quality of cut roses better
than the control. For the study on holding red cut rose in 5 different solutions consisted of distilled water
(control); 5 % sucrose, 0.4 % CaCl,and 200 mg/litre 8-HQS; 5 % sucrose, 50 mg/litre AGNO,, 200 mgl/litre
8-HQS; 5 % sucrose, 20 mgl/litre AQNO, and 5 % sucrose, 200 mg/litre CoNQ,. It was found that cut rose
held in chemicals consisted of 5 % sucrose, 0.4 % CaCl, and 200 mg/litre 8-HQS had the longest vase life

which was 10.27 days and every solution improved the quality of cut rose better than the control.

Keywords: Vase life, pulsing, holding solution
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Table 1 Vase life of cut roses (Rosa hybrida L. cv. Dallas) pulsed in chemical solutions for 12 hours and

then held in distilled water.

Treatment Vase life"
(days)
Distilled water (control) 5.37 a
10 % sucrose, 150 mg/l AgNO, and 30 mg/I citric acid 7.13d
10 % sucrose, 150 mg/l AgNO,, 400 mg/l 8-HQS and 30 mg/I citric acid 8.50 e
10 % sucrose, 200 mg/l 8-HQS and 260 mg/l CoCl, 590 b
10 % sucrose, 150 mg/l Al,(SO,), and 30 mg/l citric acid 6.47 ¢
LSD 0.39
CV (%) 3.21

"Different letter following means showing the significant difference at level of 0.05

Table 2 Quality of cut roses (Rosa hybrida L. cv. Dallas) pulsed in chemical solutions for 12 hours and then

held in distilled water for 6 days.

Treatments water Flower Flower Bent Blueing of Leaf

absorbtion rate” wiIting” opening” neck"’ petal” wilting“

ml/flower/day (point) (point) (point) (point) (point)

1 1.52 a 3.00 e 253b 216 ¢c 227c 1.00 b

2 3.99¢c 1.33 b 1.20 a 1.13 ab 1.13 ab 0.87 ab

3 5.07 d 0.90 a 1.00 a 0.97 a 0.87 a 0.70 a

4 234 b 2.64d 220 b 1.71 bc 1.50 b 1.00 b

5 254 b 207c 1.53 a 1.40 ab 1.13 ab 1.00 b
LSD 0.22 0.34 0.56 0.60 0.59 0.22
CV (%) 3.09 7.80 7.94 6.23 2.24 3.09

"Different letter following means showing the significant difference at level of 0.05

Note: Treatment 1
Treatment 2
Treatment 3
Treatment 4

Treatment 5

Distilled water (control)

10 % sucrose, 150 mg/l AQNO, and 30 mg/I citric acid

10 % sucrose, 150 mg/l AgNO,, 400 mg/I 8-HQS and 30 mg/! citric acid

10 % sucrose, 200 mg/l 8-HQS and 260 mg/l CoCl,

10 % sucrose, 150 mg/l Al,(SO,), and 30 mg/I citric acid
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Table 3 Vase life of cut roses (Rosa hybrida L. cv. Dallas) held in chemical solutions.

Treatment Vase life"

(days)
Distilled water (control) 5.57 a
5 % sucrose, 0.4 % CaCl, and 200 mg/l 8-HQS 10.27 e
5 % sucrose, 50 mg/l AgNO, and 200 mg/l 8-HQS 8.20d
5 % sucrose and 20 mg/l AgNO, 7.37 c
5 % sucrose and 200 mg/l CoNO, 6.63 b

LSD 0.20

CV (%) 3.18

"Different letter following means showing the significant difference at level of 0.05

Table 4 Quality of cut roses (Rosa hybrida L. cv. Dallas) held in chemical solutions for 6 days.

Treatment water Flower Flower Bent Blueing of Leaf
absorbtion rate” wiIting“ opening” neck” petal” wiIting“
mi/flower/day (point) (point) (point) (point) (point)

1 227 a 292d 1.35b 1.60 c 1.00 a 1.00 b

2 3.28b 0.97 a 1.00 a 1.00 a 1.00 a 0.17 a

3.63b 1.00 a 1.00 a 1.00 a 1.00 a 0.93b

4 365b 1.20 b 125b 1.20 ab 0.93 a 0.97 b

5 259 a 1.90 c 142 b 1.39 be 1.00 a 1.00 b
LSD 0.58 0.15 0.15 0.26 0.09 0.14
CV (%) 10.37 4.17 9.18 2.86 7.98 7.46

"Different letter following means showing the significant difference at level of 0.05

Note: Treatment 1 Distilled water (control)
Treatment 2 5 % sucrose, 0.4 % CaCl,and 200 mg/l 8-HQS
Treatment 3 5 % sucrose, 50 mg/l AgNO, and 200 mg/l 8-HQS
Treatment 4 5 % sucrose and 20 mg/l AgNO,
Treatment 5 5 % sucrose and 200 mg/l CoNO,
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Efficiency of Crude Extract from Citronella in Controlling Fungi

Causing Mango Fruit Rot and Damping off in Vegetable

WIITUNS WIAAUA” WHFINT [Tatus” uas Wnen asINAS
Waewjan Pongjanta”, Patcharapon Chaychana" and Pittaya Sruamsiri”

Abstract: Ethanol crude extract from citronella (Cymbopogon nardus (L.) Rendle) leaf was investigated,
comparing the crude extract from fresh, partly-dried (3 days air drying), and dried leaves. Yield of crude
extract from fresh, partly dried, and dried leaves were 8.40, 3.90, and 5.7 percent w/w respectively. For the
efficiency to control Colletotrichum gloeosporioides (anthracnose mango fruit rot) and Botryodiplodia
theobromae (mango fruit rot), it was found that crude extract from partly dried and dried leaves at the
concentration of 2,500 ppm could completely control anthracnose mango fruit rot, whereas a higher
concentration up to 5,000 ppm was required to control B. theobromae completely. For damping off disease
in Cruciferaceae caused by Rhizoctonia sp., crude extract from partly dried leaves at the concentration of
only 500 ppm could already control the fungal growth at 100 percent.

Keywords: Citronella, mango fruit rot, damping off
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Table 1 Efficiency of crude extract from citronella to control Colletotrichum gleosporioides.

Percent inhibition“

Treatment
Fresh Partly-dried Dried
Control Oc Oc Oc
500 ppm 64.26b 78.15b 66.30b
1,000 ppm 73.15a 82.59b 82.22b
2,500 ppm 76.11a 100a 100a
5,000 ppm 90.19a 100a 100a

"Means within the same column followed by the same letter are not significantly different at P<0.05

Table 2 Efficiency of crude extract from citronella to control Botryodiplodia theobromae.

Percent inhibition”

Treatment
Fresh Partly-dried Dried
Control od Oc 0d
500 ppm 0d Oc 48.89¢
1,000 ppm 32.59c 40b 73.52b
2,500 ppm 58.15b 92.96a 85.74b
5,000 ppm 95.19a 100a 100a

"Means within the same column followed by the same letter are not significantly different at P<0.05
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Table 3 Efficiency of crude extract from citronella to control Rhizoctonia sp.

Percent inhibition“

Treatment
Fresh Partly-dried Dried
Control 0d 0b Oc
500 ppm 0d 100a 53.67b
1,000 ppm 23.89b 100a 100a
2,500 ppm 100a 100a 100a
5,000 ppm 100a 100a 100a

"Means within the same column followed by the same letter are not significantly different at P<0.05
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Phylogenetics of the Powdery Mildews in Tribe

Phyllactinieae in Northern Thailand

2ian1 ImuIsang” Susumu Takamutsu” wazdedmyd Tnavuus
Wanitda Watthanaworawit", Susumu Takamutsu” and Chaiwat To-anun”

Abstract: The morphological study of the powdery mildews in Tribe Phyllactinieae in Northern Thailand and
phylogenetic relationship of this fungal group, 13 fungal specimens, were used for sequencing of a nuclear
large subunit (28S) and internal transcribed spacer (ITS) of rDNA region and compared with the sequence
obtained from the DNA Databank of Japan (DDBJ). The sequences were initially aligned using the Clustal X
package. Phylogenetic tree was obtained from the data using maximum parsimony methods. The results
indicated that 9 specimens were belonging to genus Owvulariopsis and 4 specimens were belonging to
genus Oidiopsis. Moreover, from the phylogenetic tree, 9 fungi in genus Ovulariopsis can be grouped into 6
different groups. The genus Oidiopsis was classified as the same fungal group and are identified as
Leveillula taurica. In addition, within 15 host plants species, 13 species were first recorded in Thailand, in
which 2 of these were first recorded in the world. This was the first comprehensive study of the powdery
mildews belonging to Tribe Phyllactinieae in Thailand which compared morphological characteristics and

phylogenetic analyses of the ITS and 28S nucleotide sequence.

Keywords: Powdery mildews, ITS-rDNA, 28S-rDNA, Phyllactinieae
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Z Faculty of Bioresource, Mie University, 1515 Kamihama, Tsu. 514-8507, Japan.
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1w genus Ovulariopsis Ui TanAe 9 1Hialiun Laan
(Broussonetia papyrifera), AW (Cassia fistula L.),

Dalbergia lanceolaria L. f. var. lakhonensis, )
(Gmelina arborea Roxb.), BUniaLn (Lagerstroemia
macrocarpa Wall. var. macrocarpa), Buniiatin
(Lagerstroemia speciosa L. Pers. var. speciosa),
e (Morus alba L.), %L‘Mﬁﬂ (Senna siamea (Lmk.)
Irw & Bameby) Wazanaiinn (Terminalia  bellirica
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hyllactinia sp. (Eurysolen gracilis) AB080444

Phyllactinia guttata (Corylus avellana) AB080413

Phyllactinia broussonetia-kaempferi (Broussonetia kazinoki) AB080482
A Phyllactinia broussonetia-kaempferi (Ficus tikoua) AB080445
Phyllactinia broussonetia-kaempferi (Broussonetia kazinoki) AB080392
Phyllactinia sp. (Morus alba)
Phyllactinia guttata (Morus sp.) AB080459
Phyllactinia guttata (Morus australis) AB022401
Phyllactinia guttata (Morus alba) AB080432
* 1 1531 Phyllactinia guttata (Morus australis) AB080373
Phyllactinia sp. (Broussonetia papyrifera)
Phyllactinia sp. (Morus macroura)
Phyllactinia mali (Crataegus sp.) AB080438

98 'Pkyﬂacfinia sp. (Gmelina arborea)

Phyllactinia sp. (Gmelina arborea) ascoma

Phyllactinia roboris (Castanea crenata) AB080407
-IPkyHacfinia fraxini (Fraxinus excelsior) AB080449

. -[Phyﬂacrfnia guttata (Philadelphus schrenckii) AB080431°
P

67

Phyllactinia guttata (Wisteria sinensis) AB080437
Phyllactinia fraxini (Fraxinus sp.) AB080453
Phyllactinia fraxini (Fraxinus longicuspis) AB080383
Y————Phyilactinia guttata (Hemiptelea davidii) AB080430
IiC—Pkyﬂacriﬂfa sp. (Lagerstroemia speciosa var. speciosa)
Phy

_* 95

llactinia sp. (Lagerstroemia macrocarpa var. macrocarpa)
Phyllactinia sp. (Terminalia bellirica)
Phyllactinia angulata (Quercus sp.) AB080464
~ L. cylindrospora (Noaea mucronata) AB080468
* L. lanuginosa (Daucus carota)
_{—LA taurica (Artemisia annua) AB080470
L. taurica (Lactuca serriola) AB080476
54 _rL. taurica (Impatiens sp.) AB0B0473
L. rubiae (Rubia tinctorum) AB080465
Leveillula sp. (Capsicum frutescens)
- Leveillula sp. (Euphorbia heterophylla)
L. taurica (Glaucium oxylobum) AB080474
Leveillula sp. (Capsicum annuum var. minimum)
L. elaeagni
90 | |L. taurica (Heliantus annuus) AB080472
L. taurica (Mindium laevigatum) AB080466
L. taurica (Alcea sp.) AB080467
L Leveillula sp. (Chondrilla juncea) AB080478
Leveillula sp. (Capsicum annuum var. acuminatum)
- L. duriaei
L L. saxaouli (Haloxylon sp.) AB080469

100 [Phylfacﬁnia sp. (Senna siamea)
Phyllactinia sp. (Cassia fistula)
P. dalbergiae (Dalbergia lanceolaria lakhonensis)
Pleochaeta shiraiana

Bl

=1 change

Figure 1 Maximum parsimony tree from phylogenetic analysis of the 28S rDNA region. The numbers
above the branches represent branch support using 1000 bootstrap replications (Bootstrap
values below 50% are not shown).

? Sequence database accession numbers.

* Bootstrap values below 50%
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Use of High Level Soybean Hulls in Dairy Cow Diet

aa 2 1/ a @ 1/ a aa a Tl
61T NANEENI r‘ﬁﬂ NiNnam LL@&”J@&‘I&‘ ﬂ'a‘ywamuu‘n

Vijittra Thongkaew”, Choke Mikled"and Visut Sirinupongsanun”

Abstract: Twelve crossbred Holstein Friesian lactating cows were arranged according to lactating period
and average milk yield into 2 treatments. All cows were fed fresh grass ad libitum and fed concentrate
(16% CP) at the rate of one kilogram per two kilograms of milk yield. The composition of concentrate feed in
group 1 contained no soybean hulls while that of group 2 had this ingredient at 60% of the ration. Feed were
fed two times daily at the morning and afternoon milking. The feeding trial lasted 56 days. The result
showed that total dry matter intake of both groups were 11.54 and 13.37 kilogram per head per day,
respectively (P>0.05). 4% FCM vyield, milk protein content, as well as the contents of milk lactose and solid
non-fat were not significantly affected by the diets (P>0.05). In contrast, soybean hulls inclusion increased
milk fat content (4.16 vs 3.44 %, P<0.05) and milk total solid content as compared to the control (13.22 vs
12.26 %, P<0.05). The feed cost per unit of milk yield (4% FCM) was lower (5.30 vs 6.92 Baht per kilogram,
P>0.05) while profit from 1 kilogram of milk yield (4%FCM) was higher when fed with ration containing
soybean hulls (8.45 vs 6.94 Baht, P<0.05).

Keywords: Soybean hulls, dairy cow diet
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”Depaﬁment of Animal Science, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200
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Table 1 Composition of experimental concentrate diets, feed cost, and crude protein content.

Diet composition (%) T, (no SBH) T, (with SBH)
Urea 0.5 -
Rice bran 34.84 -
Corn 38.33 1.69
Cassava - 15
Soybean meal 21.90 19.81
Soybean hulls - 60
Dicalcium-P14 2.98 2
Salt 1 1
Premix 0.45 0.5
Price (Baht/kg) 6.92 5.30
CP (calculated, %) 16.0 16.0

Price of soybean hulls = 3.50 Baht/kg (Dec. 2004 — Jan. 2005)
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Table 2 Chemical composition of experimental diets (%DM basis).

Parameter Soybean hulls T, (no SBH) T, (with SBH)

Dry matter 89.34 87.99 89.27
Nutrients (%DM basis)

Organic matter 94.98 91.12 92.67

Ash 5.01 8.88 7.33

Crude protein 12.82 17.69 18.75

Ether extract 6.77 8.45 6.71

Crude fiber 29.31 6.16 18.26

Nitrogen free extract 35.43 46.79 38.22
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Table 3 Effects of soybean hulls

supplementation on feed intake, milk yield and milk composition.

Parameter T, (no SBH) T, (with SBH)

Feed intake (kg/h/d) 12.54+1.10 13.37+2.45
Feed intake (%BW ) 3.3310.35 3.34+0.16
Milk production (kg/h/d)

Milk yield (Pre Exp.) 13.16+2.24 13.224+3.31

Milk yield (Exp.) 13.54+2.12 14.72+3.21

4% FCM 12.15+1.92 15.76+4.90
Milk composition

Fat 3.44° 4.16°

Protein 2.94 3.14

Lactose 4.86 4.84

Solids not fat 8.53 8.69

Total solids 12.26° 13.22°
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Table 4 Effects of soybean hulls supplementation on economical returns.

Parameter T, (no SBH) T, (with SBH)
Feed cost (4% FCM)(B/h/d) 55.34 48.00
Income for milk yield (B/h/d) 139.78 181.32
Income over feed (B/h/d) 84.44 133.31
Income over feed (B/kg 4% FCM) 6.94 8.45

Price of fresh grass = 1.50 Baht/kg (Dec. 2004 — Jan. 2005)
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