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NFLINNZ LA NN TUTSIUNINEN Tetragonula laeviceps (Smith)

Species Complex lU@NWNIETINTR

In Vitro Rearing of Stingless Bee Queen

Tetragonula laeviceps (Smith) Species Complex
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Abstract: The keeping of stingless bee, Tetragonula laeviceps (Smith) species complex colonies in human
made hives is the most common in stingless bee beekeeping industry in Thailand. Nevertheless, to multiply the
stingless bee colony for large scale farming, the queen rearing technique is needed to be developed. The
present study examines the efficacy of in vitro queen-rearing techniques in terms of life cycle, survival rate and
rearing technique for newly emerged adult queen. Experiments were carried out under growth chamber
conditions at 28 £ 1°C and ambient 70-75% relative humidity. The quantity of larval food intake in each treatment
was measured with graduated capillary. The results revealed that the optimal volume of larval food was 64 pl to
be reared as queens. The larval survival rate, pupal survival rate, and queen survival rate were 34.28, 39.10 and
62.63% respectively. It also found that the body size of reared queens was smaller than natural queens. The
stingless bee queen development has consisted of 4 stages; egg, larva, pupa and adult. The duration of
development stage of stingless bee queen from egg to adult emergence was 44.50 + 0.53 days. After 3 days of
virgin queens exposure with no impact on worker aggression in form of biting but fed the prospective queens,
the new queens were then introduced into the queenless colonies. Within 12 hours of being released, in vitro
queens were able to mate and lay viable eggs.

Keywords: Stingless bee queen, Tefragonula laeviceps, in vitro rearing, life cycle
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Table 1. Survival rates of various stages of Tetragonula laeviceps (Smith) species complex in different

volume of larval food in laboratory conditions at 28 + 1 °C and 70-75 %RH

Survival rates (%)’

Volume of larval food

Larval stage Pupal stage Worker Queen
128 microliters of larval food added 20.09 bc 40.13 a 45.00 a 0.00 b
96 microliters of larval food added 27.95 ab 4211 a 40.13 a 40.13 a
64 microliters of larval food added 34.28 a 39.10 a 54.74 a 62.63 a
32 microliters of larval food added 9.32¢c 0.00b 0.00b 0.00b

" Means within the same column followed by the same letters are not significantly different at P~0.05
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™

Egg (a), shape of egg after 12 hours ago (b), C-shape of larva in first instar (c), white web in first

Figure 2.

molting of larva (d), circulatory system (e), excretory system (f), lateral segments (g), thoracic

segments and legs (h), pupa (i), pupa (white eyes) (j), pupa (light brown eyes) (k), pupa (dark

brown eyes) (1), pupa (black eyes) (m), pupa (build wings) (n), newly emerged stingless bee (o)
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Table 2. Durations of various developmental stages of Tetragonula laeviceps (Smith) species complex

Mean + S.D. Range
Developmental stages

(days) (days)
Egg 4.13+0.99 3-6
First instar larva 1.38 £0.52 1-2
Second instar larva 213+0.35 2-3
Third instar larva 2.63+0.74 2-4
Fourth instar larva 2.25+0.71 1-3
Fifth instar larva 2.25+0.46 2-3
Pre-pupa 2.63+0.52 2-3
Pupa (white eyes) 6.13+0.99 4-7
Pupa (brown eyes) 8.75+0.71 8-10
Pupa (black eyes) 9.63+0.74 9-11
Newly emerged adult 2.63+0.52 2-3

Egg to adult emergence 44.50 + 0.53 44-45

Figure 3. External structure of virgin stingless bee queen (left) compare with worker (right); head and

thorax (a), hind legs (b), abdomen (c)

guasaz nnduasliadeazduiuifuinasnanld
. % v d” o e
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Walanwnizlug wirnudouenuilaulieiulseiu
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Figure 4. Head of big worker (left) compare with virgin stingless bee queen (right)

Figure 6. Abdomen of big worker (left) compare with virgin stingless bee queen (right)

Fnmnue big worker Rnziagldaannis L‘d‘ﬂﬂ’ﬂ’mLﬁy'aLal‘ﬂ‘ﬁlWJ‘]_I@34ﬂﬁﬁ‘LﬂgﬂuLLﬂ@ﬂuﬁ'}\ﬁ‘?&Wﬁ’]\i
naaes JaneuzlndAasdunanisAneiuea mavmnnasydule lEfuansemsluliuno
Boongird (2018) ﬁi'\ﬂ\mudﬂﬁywmﬁﬂm&i Y38 big Ammunzan anviassldde quﬁuf’ﬁy@’mﬁmm aqly
worker #914184 tibia HUWE aufetulswu (Figure mmmﬁmﬁﬂﬁmumawmﬂ%

7a) Wuns i ansouzuil auilefulaeny (Figure 7b)
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Figure 7. Tibia of big worker (a), mandible of big worker (b)
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Figure 8.
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Interaction between virgin stingless bee queen and worker



A9415N1HAT 35(3): 343 - 353 (2562)

a7

R L ETI EICORRE S CRUERIENE
Tetragonu/a laeviceps (Smith) species complex T
@mwmﬁsimwmmﬂ’lmmmmmmmw 28 + 1
aeFnTAEes ANEY 70-75 wlesiius 1hnnenms
fisanuenlisy 64 lulnsans munzansenis
LwW:Laymﬁyﬁuii\mwwty’m’m‘ﬁ'zi;m WUERT170A L1
FTETAUDU TEUTANUA Lmzimzﬁmﬁuf‘fﬂmgmﬁ
34.28,39.10 uax 62.63 wWeFiusf Ausay Aedils
mqwmﬁimmﬁyﬁqﬁ NI ANPNA N HOUE TR 9A 4
Fulsaunanny ansnsousniugaenefuazanglals

MIANHINATTIR WUNSTTYRALTR 4 3281z
Ae syl srazAIUeU SERIZANUS LAZITaYAILAN
8l i:ﬂ:mmmﬂ,@?mLﬁuimlﬁizmwii:ﬂxiﬂhufﬁﬁzgimz
Fauiass Winanade 44.50 £ 0.53 51

m3@1@ﬁ@ﬁyﬁu‘&mmqwmﬁwwmaﬁﬁ 394
49 LﬂMWE@ﬂi‘i‘J\IW‘]_I'.J"]WWﬂﬁ”dﬁutiﬂﬁﬁuﬂﬂmguﬁydﬁuiﬁ\i
wennynsunassd azldimven ieuaziiniatdau
2T LLZQﬂﬂdﬁﬂ?ﬂluﬁlﬂdﬁyﬂﬁu%ﬂu’mwm’]LL&J%?/Q“?lIﬁyQ
Fulruendeesiu vaslandaieiulausiagu
ugn 3\1&1:ﬂd@ﬂﬁyﬁu‘immqwzywwmma?iﬂ’ﬁﬂmim
Wi R u o neunmwauiugay
Baiu ndsanndaasdingsa 12 $alu wudndedules
uwwcywwimJ@iafjmmuﬁuﬁfﬁuﬁyﬁuimﬁqrij I
dlaiefinduauszanns

LANAITAIND

Baptistella, A.R., C.C.M. Souza, W.C. Santana and
AA.E. Soares. 2012. Techniques for the in
vitro production of queens in stingless bees
( Apidae, Meliponini) . Sociobiology 59( 1) :
297-310.

Bee Health. 2010. lllustrations from morphology of
the honey bee larva by J.A. Nelson.
(Online).

extension.org/pages/26466/illustrations-

Available: https://articles.

from-morphology-of-the-honey-bee-larva-
by-ja-nelson (September 21, 2018).

Boongird, S. 2014a. Managing colonies of the fusco
bee, Tetragonula fuscobalteata (Cameron)
(Hymenoptera; Apidae) for the pollination of
durian, Durio zibethinus Murr., and its
impact on honey composition.
Ramkhamhaeng Research Journal of
Sciences and Technology 17( 2) : 23-39.
(in Thai)

Boongird, S. 2014b. Taxonomy of Stingless Bees in
Thailand.
Ramkhamhaeng University, Bangkok. 135 p.
(in Thai)

Boongird, S. 2017. Stingless bees. Paper presented

Faculty of Science,

at Workshop on In Vitro Rearing of Stingless
Bee Virgin Queen. Agricultural Technology
Promotion Center (Economic Insects), Chiang
Mai Province, Chiang Mai. 12 p. (in Thai)

Boongird, S. 2018. Beekeeping with Fusco Bee.
Faculty of Science, Ramkhamhaeng
University, Bangkok. 116 p. (in Thai)

Jaiyen, S., J. Kulsarin, S. Buranapanichpan and K.
Khamyotchai. 2018. Effects of hive patterns
on storage pot arrangement of stingless
bees, Tetragonula laeviceps species
complex. Journal of Agriculture 34(2): 215-
226. (in Thai)

Khamyotchai, K., H. Banziger and J. Kulsarin. 2015.
Nest entrance architectural types of
Tetragonula laeviceps (Smith) a stingless
bee species complex (Hymenoptera:

Thailand  and

Peninsular Malaysia. Journal of Agriculture

31(1): 1-9. (in Thai)

Menezes, C., A. Vollet-Neto and V.L.I. Fonseca.

Apidae:  Meliponini) in

2013. An advance in the in vitro rearing of



natwzLaesiestulasuann Tetragonula laeviceps (Smith)

Species Complex lugnwnasssudnm

stingless bee queens. Apidologie 44: 491- Sawatthum, A. 2013. Miracle of Stingless Bees. Triple

500. Group Co., Ltd., Pathum Thani. 27 p. (in
Theanworrakant, N. 2015. Stingless bee hive types. Thai)

Paper presented at Workshop on Culture of Tongklib, C. and V. Kitpreechavanich. 2006.

Stingless Bee. National Science and Aspergillus isolated from Thailand and their

Technology Development Agency, Pathum ability on animal feed enzyme production.

Thani. 1 p. (in Thai) Paper presented at the 44" Kasetsart

University Annual Conference, Bangkok.

8 p.

353






nsUFuilgesnanugi@iasn Cordyceps tenuipes (Peck) LWBNSHAS

@& & v a [ %
WADNLRIUANSUUAN LLmMN

Strain Improvement of Cordyceps tenuipes (Peck) for Snowflake Cordyceps

Production on Silkworm Pupae

Faain laerus’ Asaws nas1su’ Yazassm gnadsewus’ lae usanwndanug'
WAL Sy NeNeAwn?
Thitinicha Chaichana’, Jiraporn Kulsarin®, Piyawan Suttiprapan’, Sawai Buranapanichpan’

and Tanya Tapingkae®

‘megAgIneuaslsaie pzinsmemans Nunanenaedelua 4. @enlus 50200
7Departmenz of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
“madmwaulaguasiamnnanems ansmalulaginiainsms sidnenausaiidesle . @l 50300
2Deparfment of Technology and Development in Agriculture, Faculty of Agricultural Technology,
Chiang Mai Rajabhat University, Chiang Mai 50300, Thailand

*Corresponding author: Email: j.tayuti@ggmail.com

(Received: 20 November 2018; Accepted: 23 January 2019)

Abstract: Snowflake cordyceps, Cordyceps tenuipes (Peck), is an entomopathogenic fungus which has been
described as pharmaceutics due to its bioactive compounds in fruiting body or synnemata. Thus, the objective
aimed to improve the fungal strain using ultraviolet radiation for high content of bioactive compounds such as
adenosine. The result revealed that the characteristics and growth of the fungus have changed after exposing to
ultraviolet C radiation of wavelength 254 nm from fluorescent lamps 30 watt (GHangging T8, China). The
colonies were white in color, thick mycelia and full grown on PDA. The colonies of QSDS1-1 isolate exposed to
UVC for 0.5 and 5 minutes and QSDS1-2 isolate exposed to 0.5 and 10 minutes showed fully grown on PDA with
white and thick mycelia. Then, these four selected colonies were tested for fruiting body production using a
silkworm pupa as a substrate. It was obvious that the fungal isolate QSDS1-2 after exposing to UVC for 10
minutes yielded the rapid growth of yellow fruiting body with sharp at the end. There were white conidia on the
terminal end of fruiting body which the average length was 2 cm. The fresh and dry weights of fruiting body
were 1.10 and 0.50 g, respectively. The adenosine content from fruiting body of QSDS1-2 exposed UVC for 10
minutes was 50.11 mg/100 g.

Keywords: Snowflake cordyceps, silkworm pupae, strain improvement, UVC radiation, Cordyceps tenuipes
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\Ta91 C. tenuipes MaINNMIANESIA UVC
310195z g NS N A uenfing
C. tenuipes Tuat11511a2 (Sabouraud dextrose
broth; SDB)
¥iida C. tenuipes TRAIBENLNTNNTRY
nailuevnaman SDB uauAnu vy Taarindesn
fiindan cork borer TunAE U LA A 1
TR AT 18a9lueNMNIMa9 S1UIL 6 Tusiau9n
antfutinlidetesaennnuGasan 180 sevsie
it i aduaan 1 ey figoumnfl 20-24 aeAn
waded MNAEN13289 Luerdara et al. (2016) danm
Anenzansevsad LA azn AR R e N
nmaasse lu
3.2 mawziaeada C. tenuppes UuANUE v
e mgwanlude 3.1 NIMARALNITATNS
paNWiAA28N1IRAENAIANLA WK Iaavinnns8ng
Fnudnudastinulan uazlalnsiauileseanlas
(H,0,) tgeunnue 1 LL’W] Vil a1 Lmﬂumﬂ@@mma
antfuianisanEen C. tenuipes TiFAIADN1EAN
mﬂﬂuﬂummmaﬂmawuﬁmmﬂmmuuqmmmi‘mu
¥4 519933 A N92M959R UVC Tiazeizionn 0 1l
(BARILAN) 0.5, 1,5 LAT 10 W7 AGUUBNITNARDY
W11 CRD N39333ae 4 41 41uandnay 50 6 vl
Blufitin grungd 25 + 2 esAsadaa ifunan 20
U zﬁ”\‘immmmm?‘a&uﬁu‘ﬂmmﬁy@ 1Hun ansuznig
AUgUINeN 8 ANgY siminan uazudicresting
ABNLIAR
33 n1sAseiansaangnadiAnluiings
I@RANTLUAN uﬁlvm
diindadnfinsitnunisenudia @munu
50 asAnTaTed hinan 7 Falug mmmmm@ﬂqwﬁ
£y TAEIINUHUNITNARBIULL completely
randomized design (CRD) N394 A%aY 491 WD
31AT1LNE"T adenosine BaeAtaslnsunTnnail
PAINAIANTIO UL G (high performance liquid
chromatography: HPLC) ANNATNN9T0 Huang et al.
(2009) aeiliifidia Shimadzu pedun] Restek - USA 1



A9415NHAT 35(3): 355 - 364 (2562)

Ultra IBD 1470 4.6 x 150 1aAART Ndaun1A 5
Tuasau wazAanmMadiadtyoyIn (detector) udamsn
Taladm (UV) ABMUAAINENARUWINTL 254 un Ty
wms Tneflaninsi ¥ dviuuengns 15un arsavans
Lﬂﬁlfﬂu‘ﬁ (mobile phase) A9 ‘Liy’] LAz methanol (90:10)
smsnslvawiniy 1 Haaanssaund 1Bunnsasian
winiu 5 lulasang grungizesdesldaadniliviaiy
32 avAEaLTea [a1TN1RT511 adenosine 79
1/71¥% Sigma Chemical Corporation WTENANTAZANE
NM3F N adenosine aeflutagANEinduwINAL 0-50
WAz 0-100 ppm Lﬁ@uﬁﬂuLﬁﬁumm?a‘?ﬁﬁtﬂuumx
N35838

NANITANHLAZIANTDL

1. NMSINIZLALNLTAsT C. tenuipes LUURTUNTIAE
\ia PDA
P , o

AMNNNINNZIABNLTRIN C. tenuipes 4 4 1a
Toiayn 18 un QSDS1-1, QSDS1-2, QSDS1-3 WA ¥
QsDS1-4 luniia lwaan 20 31 wudn ansouslalail
iWa31 C. tenuipes laldian QSDS1-1 Hlalafidann
= ¥ a -4 al o A
A EWleung sy aniles Gavdauwasmnudeu
AUAINANNANANUBIMNIRENITE W UAUTNAIT
1UA 6.9 WUR AT (Figure 1a) Turausi lalaan
Qsps1-2 Hialatldnn adaasvisensulalonly 1Eu
leune winyiusesusauduiu wasyiluaaunou
FauUTUATNA19RIUENMNTABTE HaunaLEuEY
AUTNAN 6.8 LIURLWAT (Figure 1b) doulalian
QsDs1-3 tatatiiludne iulennadneda wanyy

o Py g

Wuasnanau arauaaadelnglanizasanans
Taladl Havadueiugudnats Wiy 4.8 lukiums

Figure 1.
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-t d
Four isolates of Cordyceps tenuipes on PDA at days 20 in dark condition: QSDS1-1 (a), QSDS1-2
(b), QSDS1-3 (c) and QSDS1-4 (d)
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(Figure 58) T AR 8BHAMTNERA 0.927 NFH LAz

Figure 2. Characteristics of Cordyceps tenuipes colonies at days 9 after exposed for UVC radiation: isolate
QSDS1-1 after UVC received for 0.5 (a) and 5 minutes (b), QSDS1-2 after UVC received for 0.5

(c) and 10 minutes

Figure 3. Characteristics of Cordyceps tenuipes at qualified: isolate QSDS1-1 after UVC received for 0.5 (a)
and 5 minutes (b), QSDS1-2 after UVC received for 0.5 (c) and 10 minutes (d)
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msFutlgeanewugidas Cordyceps tenuipes (Peck) LiNaNIHAR
@ & v oa o
iR RNELUANIWLA L1

QSDS1-1

Control 0.5 minutes 5 minutes
o . ‘ ’
Control 0.5 minutes 10 minutes

Figure 4. Characteristics of Cordyceps tenuipes in Sabouraud dextrose borth at day 7

Figure 5. Characteristics of Cordyceps tenuipes on pupae before injection at day 20: isolate QSDS1-1
(Control) (a) isolate QSDS1-1 after receiving UVC for 0.5 (b) and 5 minutes (c), QSDS1-2
(Control) (d), QSDS1-2 after receiving UVC for 0.5 (e) and 10 minutes (f)
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N5 LAZARAENMTNL 0.199 NF UATNITARR
Andasidanlalnian QSDS1-2 2ne5sd UVC 10 1wl
Ansarefinusendiaduiudanaunandwass J
ANNE AF2981999A150 W3l anefinunen Wind
@219 uaziatlefian o Fanainnziananuaeniiin
(AtiAe) fArnuenatlsvanns 2 imuRiuns i
AR NLA I (Figure 5f) TneflANedstimingn
1,098 N3 UavANLRAEIINII 0.202 NFy
33 mshmsziarsaangnadidnludia
fuanfinsuuanug s
NN unendindaEinsiilEannnis
MLIAENEa C. tenuipes lalian QSDSI-1 ANt
533 UVC 05 uaz 517 uae lalmian QsDs1-2 fiane
593 UVC 0.5 wa 10 wift uusnud iy annviuinll
ALY ANAA1T WAYILATIZHLTNIME1T adenosine
Haeneiies HPLC Wi f’ﬁmm@mﬁmﬁm‘%mmﬂﬁyﬂm
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C. tenuipes laltayn QSDS1-2 fianased uve iflu
a1 10 w7l fLunnians adenosine gaigawiniu
50.11 fIaANFU/100 N5 709A9HN AR ANuAanLiad
IW3tyanida C. tenuipes lelmian QSDS1-2 a1t
59d uvC unan 0.5 W% JiFunuans adenosine
Winf 38.73 fIaANF/100 N3u TeilAnnuuAnGnaTa
neanfatldud Aty (P<0.05) Fufunandind
Lf-ﬁfmwmﬁyfam C. tenuipes lalsian QSDS1-2 sl
2181598 UVC (0 1) J1un0uans adenosine Wiy
27.70 HAANTN/100 N5 éw%u’ﬁmmmﬁmﬁm?m
anEa C. tenuipes lalmian QSDS1-1 Aanaad
UVC Wlunan 5w N15unuans adenosine Winfiu
10.42 RAANFU/100 NFN 509897Ae A1usanLind
L@?‘mw@ﬂﬂlﬁ”@?’] C. tenuipes leTgian QSDS1-1 iang
593 uvC Wlunan 0.5 w1 J1Funnans adenosine
WinfU 8.69 HAANFN/100 NFN Faunnangaeined]
HadNATYn9ans (P<0.05) ﬁuﬁmmmﬁmﬁm’“ﬁmmn
{831 C. tenuipes lalmian QSDSI-1 71l ane3ed
UVC (0 w1#) H1/3untuans adenosine Windy 6.05
A8AN5100 N3u uamslifiudnAnuneniiniiasoy
Lusnud i annide C. tenuipes laldian QSDS1-
2ﬁiﬁ?umﬁ”ﬂﬁﬂﬁLﬁmmsﬂ@’mﬁuﬁﬁw?ﬁ uve
uan 10 Wi H1EN04a19 adenosine gananfinu
ABNLT AT Hong et al. (2007) 1§ se9nuii e i
1311 u@"3 adenosine Ainulugouaestinuaanisin
oz WAZIARINNY S Banmuansiiuansineiu Tng
finunaninlUTuNn4d17 adenosine Windy 0.033
weSius innndnludaudanmsiiilAites 0.013
iwlasifus

Ao C. tenuipes 'lalmian QSDS1-2 Al
nM7a1859d UVC 1uwnan 10 Wil a1unsngseinu
panWin lHat19maEe Janssdanaunan Amaes
waridnadatafitunendindnadann ‘Eﬂﬁlﬁﬂ)
nehinag) mmmmmmum@ﬂmmumwmam@ﬂ 2.00
TART SRR TNgaLas TNt
0.10 UAZ 0.20 NFU ANANFY waziilavinlAiAszt
13110ua1s adenosine WUR AWML 50.11 RaAn5
e 100 nFu (Table 1)
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Table 1. Adenosine content in fruiting body of Cordyceps tenuipes grown on silkworm pupae after exposing

to UVC

UVC radiation exposure

Adenosine content (mg /100 g)

QSDS1-1 (0 min)
QSDS1-1 (0.5 min)
QSDS1-1 (5 min)
QSDS1-2 (0 min)
QSDS1-2 (0.5 min)

QSDS1-2 (10 min)

6.05 e
8.69 de
10.42
27.70
3873 b

50.11 a

' Means within the same column followed by the same letters are not significantly different at £20.05

GE)

ANN1TENE 837 C. tenuives lalaiamn
QSDS1-1, QSDS1-2, QSDS1-3 hay QSDS1-4 711N"9
FninlfiAnninaneiufinenisainied UVC 7
3Le¥1981 0.5, 1, 5U8% 10 U1T Wud1 13891
C. tenuipes )NN3NATHANNUANFAN AR weiH
{091 4 lalmanfiianmouLiA Ao @09 C. tenuipes
Taltian QSDS1-1 nasane5ed UVC lwnan 0.5 uay
5u17 uazlaloian QSDST-2 nasanafed uve lu
a1 0.5 uaz 10 U7 Inalanwnizaaslalafidane
e WUt msaeede PDA Hiuky
AUENAWINAL 3.25,2.95, 3.10 WAY 2.50 LIURINAT
ANANAL wazienmnsasALInwingL 0.18, 0.18,
0.10 WAL 0.18 LTUR AT ANAIFY 1Ear1T a9
C. tenuipes 14 4 TatnianitlEannnnamnziaes 0 51
Wwnzideuinud s wodn aanfesslumed 1
M IFUlAI1BN 89477 adenosine 284fNUARN
WaTiByanide C. tenuipes lelaan QSDST-2 71
218593 UVC uazlianafed uve Jdunmans
adenosine zgaﬂd%%”@m C. tenuipes lalmian QSDS1-
1 uAA3 @031 C. tenuipes e 111an QSDS1-2 3
Fanniiaztinlsimunlunsmnzdsadindadly
\Tegnavingsn e
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Effects of Edible Insects as Ingredient in Sabouraud Dextrose Broth and Culture

Media on Growth of Gold Cordyceps, Cordyceps militaris (L.) Link
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Abstract: Gold cordyceps (Cordyceps militaris (L.) Link) contained of cordycepin and adenosine as bioactive
compounds, which described as a medicine and functional food. It can grow on several insect species,
especially edible insects in order Lepidoptera, Orthoptera and Coleoptera. The objective was to study the effect
of edible insects as an ingredient in Sabouraud dextrose broth (SDB) and the culture media on the growth and
the bioactive compound of C. militaris. The four tested edible insect species were pre-pupa and pupa of
silkworm (Bombyx mori), adult cricket (Gryllus bimaculatus), bamboo caterpillar (Omphisa fuscidentalis) and
mealworm (Tenebrio molitor). The result revealed that the SDB mixed with cricket yielded the highest viability of
3.5x10° cfu/ml. Then, the media were blended with two kinds of media, Riceberry rice + all tested edible insects
and Khao Dawk Mali 105 (KDML 105) rice + all tested edible insects. It was obvious that C. militaris culturing on
KDML105 rice + silkworm pupa gave the maximum fruiting body length of 3.14 cm whereas the average highest
fresh and dry weights, 5.56 and 1.17 g, obtained from Riceberry rice + silkworm pre-pupa medium. The content
of bioactive compounds, cordycepin and adenosine, in the fruiting bodies and the media were analyzed. The
highest cordycepin content (1,266.74 mg/100 g) was found in fruiting body culturing on KDML105 rice + cricket
medium while the highest adenosine content (94.91 mg/100 g) was found in KDML105 rice + cricket medium.
The result of this study will be a guideline to develop the technique of gold cordyceps culture for farmers and
researchers in the future.

Keywords: Culture media, edible insects, Cordyceps militaris, Sabouraud dextrose broth
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a

unARga: Wndua1dnes (Cordyceps militaris (L )Lmk)uma@@ﬂq‘w asnannseuaz i lnaieliu

a

auna 9N 1dun cordycepin Waz adenosine mmummﬂummwwL@icyl,mu‘[,m% AluluaaaeTin lueumy
Lepidoptera, Orthoptera Wag Coleoptera Inaanizuaanuld asinnsanenaresunaan i idudaunanly
81919 Sabouraud dextrose broth (SDB) Uav3anmne ﬁi'ﬂﬂﬁi‘ﬁ?‘ﬂalLa‘]_liﬁlLL@xﬂﬁ?@%%@%“ﬂ@ﬂﬂ%ﬁﬁﬁﬁﬂﬂmLﬁﬂﬁ{‘i
Eniines ne Wi unasinlinagey 4 1ila un vueulsiewdndnug uazsinudlun fafindeaaaiugness
sanifiell wazuueLLN HaMSANENLY 8vng SDB naxAwER Wiknaailiangegai 3.5x10° misalalail
Aefladans waziiietiia1us SDB ‘ﬁ”dfmmﬁmqu:ﬁﬂa‘zﬂ@uﬁqm%qiiﬁu'ﬁ' (Riceberry) uwazdna1ananuea
105 (KDML 105) tasiunasniulfiaiiasing g wudn fnusenidinuudanmizinagnanenuzd 105 uauanud s &
AINENIGIFAWINTL 3.14 LTURLNAS ‘}me‘ﬁl{’mﬁ/ﬂmﬁLL'Z\J”LLﬁ\‘lL'ﬂaIEI@Qﬂﬁ‘ll’ﬂ\ﬂﬁ’]uﬁ]ﬂﬂLﬁmiﬁﬂ’mﬂ%‘m’]”uufmﬂ
LWﬂwmﬁqiieﬁmmmmmu@uiumfawmmﬂLLm HAWINL 5.56 uaz 1.17 N3N ANAIAL AuneniiaLuianmizdig
I1IANULR 105 HANAIIA ATIANLIFTENST cordycepin Lﬁmmmwm WAL 1,266.74 AaANTN/100 NFN mu
adenosine wumﬂmmi‘mmLW’lvmqmrmfaﬂuum 105 HasATEA 15104 94.91 TAANFA00 NN HANNTANEAT
faelfiiuanslunsimunuadudinaneaiialunsnnsaesaiadadndneunineasnsuasinideluewnan
sinll

AdnAny: Januny unaanuldl Cordyceps militaris Sabouraud dextrose broth
AN winzan (Wwisalulngian Adueu wazussInmng )

LATANNUWIARENTAWNZEN Mao and Zhong (2006)
Wintal814dne9 (Gold Cordyceps) H T @ 3187191 NNTANBNMNTEE NN U Tuenungman AL

AnenAnan3in Cordyceps militaris (L) Link 1@ a3 o3 Fafhumaslulnsiau 194 protein, yeast extract
nalsaluuuasduwa s Lepidoptera Waz Coleoptera Uaz peptone LHUFU ﬁQHIuﬁ;@wmmm%ﬁmLﬁﬁmﬁ“
(Sato and Shimazu, 2002) H@33WAMNINENES AN Wim d9UUUAIANTUBY 1Y adenine, adenosine,
ﬁﬁmﬁi%IuVlNﬂ’]i‘LLWVlﬁ u?au?‘llnmﬁaﬂ%ummmw glucose, glycine, L-aspartic acid I & ¢ L-glutamine
Wuvxliwuu AN ] maim’mmm ﬂqwuumiw BN T2Ld3NE5194NT cordycepin Tudindadndnes (Mao
WmATANNSINAEiadadn Wenaniuneniia et al., 2005; Masuda et al., 2007) andayadinasiu
(fruiting bodly) LL@‘Vmeﬁmmmi@aﬂqmﬂumumﬂ waAQ i LINI1NNTIA T Y Bulnreafindadndnes
Wataudndnes maafaﬂqmmﬂmwwﬂummmmw fasnsansananTlsiu uaznsnasdlududaulg
anea lAun @13 cordycepin Ta8ABAUNLIETI WAL ANNN3ANE89 Hong et al. (2010) HnnsanidaLsin
SNHNANAATBITNNNY 413 adenosine TIYTEADAINN SadnAnaadnllusnus v (Bombyx mor) WRAA
582 cordycepic acid FaeninmumUeaTIARR ¥qupanifingu uas Sato and Shimazu (2002)

ana1nN sveLia lsavalaanaaen Wi (Amagro e Badiadadndneansnnainaiunenidin
et al, 2011 ; Dong et al., 2012; Khan et al., 2010; I3 lumuenun (Tenebrio molitor) 3ve1zAmnug venani
Zhang et al., 2010) IngLan1e@ns cordycepin luans  JAn1sAns Lﬁmﬁ’umﬂ%ﬁ”ﬁyﬁmﬂui’mwaz W90
fihBunmgaludiadedndnes uaziiyadmenein  dalsfwdinandnudiva wazdinnananenuza 105
AMNNNIANENU8Y Zhang et al. (2016) WL NTiA3EY pananus i Huu i lwamnduiasmizin
UBUTAR LA LLma_I‘%mmmmmm@nqm%rﬁ”umﬁu fadnAnasli aqiiuuuaslfFuaudauinuniu
waredade lHun maﬁuﬁ:mmﬁ”ﬂm N30T muﬂi:ﬂ@ﬂumma‘mmm‘mﬂﬁ,t,mﬁmf?mﬂﬁ”u (van
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o ' a a @ & P .
meﬂ@m’l:mmimmwLmu‘lﬁmmmmmtéﬁﬁwm Cordyceps militaris (L.) Link

Huis et al., 2013) 39T NI LA UL AT AL
nanenuseALgRa1nITN Faunasitaaninndy
aIEvaNeTie 11 Anud iy aaien vuewdeld
nazvnaunn Wiy uiiteadssusaamaninedi
uaznamoriiugs ﬁ’f\nfumiﬁﬂmﬂ%ﬂfﬁqﬁmmmﬁuﬂﬁ
ﬁmmm 1 171 s sevn s n lun s siae
Honuindadndnes LW@mefm‘mml,mu‘llmmmq
Winluanmnaman Jan iy s Bannedanseen
qw%rsluﬁmmﬂnl,ﬁmﬁl,ﬁﬁyu TIANFUY UNIINARLTIA
faidndnes waziduuuamnedasifiug anliuiuuag
Auls

L4 as
AUnTuazIaNg

msAn#nsaigraniasufindudidnadly
AN LA RIFENINTNNUNAIR TR AN

NINTFTENUNAS TATNLNAdEn 510
THwa vuarlunnewdndnud (sikworm pre-pupa)
wazAnuLs (sikworm pupa) g J108 x w1eane
AT mmmmwmwuﬁwmm (cricket) Miumiidie
8 (bamboo caterpillar) LA UUBUUN (Mealworm)
§naliiavana dulusindan 30 wnit Baliudiuasld
DINATARAN LATUT WAL AN U -5 8960
aLded

FMSINLIRENIEas C. milltaris U112
potato dextrose agar (PDA) PR L%y‘ﬂ 71
C. militaris UBATUBINN 95 W 29U A 0.25 1319
A A At duEederiinunnsein@ auda
@'ﬂ%yu?’j‘u@\mummmﬁwmL%”@mulmi WUIaLAUF9E
widuiereeiunstuden t s Bigamni
24-26 A A ed 1unan 15 31 AMNULIN19TeY
Hong et al. (2010) et ¥ lunsmaaessielyl

NINTTINUHUNINARBILLY completely
randomized design (CRD) Na#aLIN9Laz AL A8
L%”‘ﬂfm C. militaris 1181911914149 Sabouraud dextrose
broth (SDB) 71 6 11 W 99T 51 A 51 4 y HCEIT L
Whenifeufugaauasiue e binauuag
Fauun 6 nesaia 18z 4 31 Iannaiiaiann
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o C. milltaris lavnawian Wenin@a C. mitaris
ﬁL[ﬁG‘ﬂMﬁuummﬁu UM 0.25 ANINULTUAWAT 1d
Al TMAY 41191 4 Tusiadn annviuinlilidin
IATaatNANEA7Y 150 sausaund ludiesiln
UM 18-22 BIANTAITEA FINNABNI98Y Luerdara
et al. (2016) TUNNUAANNATIR (viability) Hvidaeilu
miaalalatl/Aadans (cfu/mi) LaTAminuiae
L%Dfam (dry mass) )0 | 3 U MA9NELEN 3911981 21 11

msAnsMsiasyrauiasifindusidnauy
FaawmnzflaasanvnsanuuasieTian
nnssizendagmnzinetindinnananenuza
105 (KDML105) uazdnalad1ue3 (Riceberry) Was
wnasusiazaiindl el W Sagumnsuaumuan
Tunnewdindnus uazAnusilu Wug J108 x weane
asLft Fudeaaviaiuinessn wuewdeld uaz
PuUaAUUN luaRa91 36a 1 uazudsldanninng
witennsansd iy lpatinsudSouazdnaadn
faufnlutinnay nsetineenuaLLaNT LN N
(@Al nan i mansenvnsuanAananasly
AaNE 1984z 10 Haaans Tathnaanmnzinlilis
uaziiafiu
FAnsAnEnisinyaetidesiiadain
ANoIUUTan NI TAEIULHUNIINAABILL
completely randomized design (CRD) na&@a1n19
L@?mLﬁu‘imﬂmﬁmﬁL%ﬁwmum”zﬁmLWﬁ:ﬁm@ume
AN ] uﬁﬂumﬁmmmmmmﬂmmLWW”TM
RGENTRNPN mwwm 6 N3INTT | AT 5 1 Tnein
mmimmwmmmmnmswm@\uwﬂ 3u1tu 4
Haaans ldasuuianmnz uazinllunlugrouny
aaun i 18-22 asAnaaifaa e 14 5u lu
anwila antauliugs 24 Foluasiedu Wunan 5
FanT AewALA g nTufi N fiadadng
NOINBULATUAIDY AITNAILDIT1UABNLIAA
Lﬂ'ais“ﬁuﬁﬁ”mﬁﬂﬁmﬂvlﬂmmLﬁmﬁf&’iﬁwm
antiuianAAmLians cordycepin WAz
adenosine ‘Lummmme‘wmummL‘Wﬂmmmmm
AulE A9 la T Ine9URULLL 2x6x2 factorial
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experiment in CRD A114914 2 1 datlsznaudiag 3
flade [Fu Taded 1) 'j"ml,qul,ﬁmﬁ\mﬁﬁmm 2 G
A0 $1091908nuLA 105 wardinglafiues Tased 2)
wuasiulFfinanTan iz inauunas 791 6
WL uaztladed 3) ﬁmmfﬂnLﬁmﬁ\‘uﬁﬁﬁm\ulmim
e ddindadndnesauuiicunazian 1 nFu U0
AR PANIEETNNAY LAY methanol atineas 5 TaAaAs
anttidesumtes (centrifuge) La¥NIANLAT
lannzansaiale et lAmasiiunuansean
qw’éﬁwﬁmhmmﬁmﬁmﬁqLfﬁﬁ‘wm Fauiad high-
performance liquid chromatography (HPLC) (Huang
et al., 2009) LASVINNNFIALHAIN AT A

NANTTANELAZIANTDY

nan1siadyrandasiiindusi@nasluaims
WA LA ANNUNAIAN TR AT
AT esn C. milltaris NNz 1R 19l
819117 SDB M NANUN AR TR ATY W51 3 T
WAIANLUEIN BIWMNIWAWNNIIHNGT AIANNHTIATiae
uazldifiansas1eatled Tn1swanyuuy turbid tne
awnavasildnuniguduaniies derull 6 s nn
nesuABRd Nz unNTY s Bannmesaes
uazidulaluaimnaivan Imat%ui&éuﬁuﬁuﬂun@iu
m ﬂ'aumﬂ 7 Liﬁmmimimuuuum flocculent &
dwindenanas uazuarbidireated isedinsilen
wsiiderinuly 921 $u uniaseyuuy pelicle Aedl
weindule 119 7 AeEegHIULBRUITNAY ViFERNA
W3nuaaufudieresnanaiung Aansueuud

wazAFaULL AHRMNIWAMNNTSAAAT I HAN LA
uAnAnfuNssAERELa el uNAN F9a1vaivan
Plinannuasiianeuzguiion wazududuled
FnEurunendn denmanuildinaesde
C. militaris WUIN ¥84LaEIN 3-6 J1 WA1ANNNTRI AT
Nnnssudntiaandn 2.5x10° wianlalati/ladans
VAINNLEN O T nenABTNaNAWEA e lvn ey
Endnud uazsnud v st 3.5%102% 3.1x10% waz
2.8x10° winelnTatlrefiadans AuAIAL Laziile
el 12 $u Siawminsesdesfindudnties
LALIVNIAIHANAMT AT F a9 LazANARY
fiiingefiqn Ae 0.34 n¥u uaz 3.5x10° mianlalail
feflaaans ANATAY sa9aanluns AR Nay
yuaulyuneudnAnuA wazanud N JAmuRTdan
Wiy 2.5x10° uaz 9.5x10° nuaalalallreladans
wdFIanunLdn EesilArauiidananasien I
LazEausnIzae (Table 1, 2)

ANINNZIEENERT C. miltaris TuR MN9IMAY
SDB TiHaNUNAs TN T WL Tugaausniinisdin
vanalnailes (blastospores) waznne LA e
$&uleansenannuanalngles wazifiniBuno
Wna v‘iﬂﬁmmimm%ufu WA A Luiw,‘flw,wiu
ABLALLUNIDINIIUAY videRFaniudn snaadn
eﬁ\mm:rmvmmfawmimmmﬂuiﬂ”luw FW]’NL@?;I"JT]‘LI
N13ANE1284 Shrestha et al. (2006) wmmmmmm
@991 C. militaris e wnswal 1neTeusniinnsiAn
Tatlwe Wulauazududulamuansu v%q?:mm?cy
reedasnludneniziinanann Tuegfuunasiia
ping 7 Adlansanvnsuansineiu anArA A nes

Table 1. Viability of Sabouraud dextrose broth mixed with edible insect after inoculated with Cordyceps militaris

Viability of C. militaris (cfu/ml)

Edible insects

3 days 6 days 9 days 12 days 15 days 18 days 21 days
Silkworm pupa <2.5x10° <25x10° 2.8x10°  9.5x10° - - -
Silkworm pre-pupa  <2.5x10°  <2.5x10°  3.1x10°  2.5x10° - - -
Cricket <2.5x10° <2.5x10° 3.5x10°  3.5x10° - - -
Bamboo caterpillar  <2.5x10°  <2.5x10° <2.5x10°  4.0x10° - - -
Mealworm <25x10°  <2.5x10° <2.5x10° <2.5x10° - - -
Without insect <25x10°  <25x10° <25x10° <2.5x10° <2.5%x10° - -
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Table 2. Dry mass of Sabouraud dextrose broth mixed with edible insect after inoculated with Cordyceps

militaris

Dry mass of C. militaris (g)

Edible insects

3 days 6 days 9 days 12 days 15 days 18 days 21 days
Silkworm pupa 0.17 bc'  0.06 b 0.10 ab  0.10 bc 0.20 ab 0.19 ab  0.11 bc
Silkworm pre-pupa  0.25 ab 018 ab 0.10 ab 0.29 a 0.21 ab 0.08 b 0.05 ¢
Cricket 0.28 a 0.14 ab 0.18 a 0.34 a 0.25 a 0.27 a 0.16 ab
Bamboo caterpillar  0.19 ab 0.24 a 0.18 a 0.29 a 0.14 ab 0.24 ab 0.13 abc
Mealworm 022 ab 0.08 ab 0.06 ab 0.17 b 019 ab 0.18 ab 0.24 a
Without insect 0.07 ¢ 013 ab 0.04 b 0.07 ¢ 0.10 b 0.09 ab  0.08 bc

' Means within the same column followed by the same letters are not significantly different at £20.05

291 C. militaris WUFN BN FNAIN AN LN AN LE
doensehuneaisuaalnadeinieluamamas vin
WIHANANNNTINGIIUFT ] AUNTiIuaINI9L2e
12 Su aeF iAW lwdule Nansuenszansly
& A = o acal
U D e aUAUNIINA TN I AN LN A
1 $% £ e R
wuldinnanszsiunisadeates AsdBunnuanaln
dlastey HANAMNRTIRTaeNIN 2.5%10% uae
TAlAT/AARANT WATUAIANLLENDNMNTIAT 15 TUAU
11 asfansudnszansaadule luanunnside wang
NRNIDIMTHALIZELIAINITALTDIN RINARDNNT
wanyLAulnaee@a C. miltars luavnaimvian SDB
v o =« o P
fatii A9aen1ie1117 SDB HaNAMTA NHTzezan
Angein 12 Julunmaasssa liiflasaniuen

v

> R ] ANaa A
LANTURILTATT LA ﬁqﬂqqﬂﬂﬁqm@ﬁﬂﬂ@]ﬂ

msAnsnsiasyraniasufindusndnauy
Fanwnzflassansanuaua AT iang
anmsfndendes C. miltars luguns
SDB WANAWdA Tz8zIaa e 12§ ldasuudan
wnzdinaananenuzd 105 uazdnalsfiues uanunas
TUAFNY ] WU mﬁ“\imnﬂ@mﬁ”@m C. militaris
2 fulnnef ynnasniadduleananaquiiadan iz
fianunizy uazednyasluifiuaan de g 24
dali dinileemnnenidsu asududvaesdn uslsl
WanIuwAantia (fruing body) uasa1nliiua
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2 dlani nnanis duilfusendsduuuianmne
LmzﬁmmnLﬁmﬁmw@;\uﬁﬁyu ilaluasnsu 5
FAn9T WL AuseniinaNnnsTUAE T HaNANWE
faugaaisresiiunenifiauniign SAmaty
314 1 URINAT TN LANFAINI9AD A (P20.05) AL
99 ARTlainanLNR S aznANLeLlaudNT N
WA T ANNLANFN9aE NN TadATUNNADRA (P<0.05)
ANNTNAR T HANTa W ol AEA LATMLALUN
dufinuneninLUIanmIzdin9IIRenuER 105 Hax
vuawifle el linauunas vuoulunewdinsnud
Fud vy LazAaan feruauiiuaendineas
WANFNNEDRA (P20.05) WARANNLANFININED A
atinaflTidAy (P<0.05) ANnNssuAE A NANMLALN
(Figure 1) BATWL4N mum@ﬂmmummmw AN
veulunnewdnsnud 8 uumuﬂmmmmmmu 3.12
5 el T panuansnedneilednAynieadf
(P20.05) TUN390AR R Il nan uuas nanfnudluy
A0V uaznuewield uillpanuuanAtsatned
ﬂﬁﬁwﬁmmmaﬁ (P<0.05) ANNN3THAR ANANMLALLN
faurinsninuiie wudn mum@ﬂmmummmwmmmu
veulunnewdnanud 8 uuwunmmwmmqﬂu 0.77
5 delifaanuansiedneiledndyniead s
(P20.05) FUNIMAA AHANANWE 118l WAT AN UANFNg
aznalladAtynneaia (P<0.05) ANNNIIART A
Aaie uauunag nauvueEe (Table 3)
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Figure 1.

Characteristics of gold cordyceps on KDML105 rice mixed with edible insects after 5 weeks in

light condition: silkworm pupa (a), silkworm pre-pupa (b), cricket (c), bamboo caterpillar (d),

mealworm (e) and without insect (f)

Table 3. Growth of Cordyceps militaris on KDML105 rice mixed with edible insects

Fuiting body No. of Fruiting body weight (g) Weight loss
Edible insects

length (cm) fruiting body Fresh Dry (%)
Silkworm pupa 3.14 a' 22.0 a 245 ab 0.69 ab 71.84
Silkworm pre-pupa 2.80 ab 228 a 3.12 a 0.77 a 75.32
Cricket 242 b 20.8 ab 2.07 abc 0.61 b 70.53
Bamboo caterpillar 249 b 26.8 a 1.71 ab 042 c 75.44
Mealworm 240 b 132 b 1.01 bc 0.28 d 72.28
Without insect 2.83 ab 240 a 2.84 ab 0.58 b 79.58

' Means within the same column followed by the same letters are not significantly different at P20.05

FMFUNANILIE T 091 C. miltaris Tu
877 SDB HaNAdEA Uuinalef e nAN L ATTa
AN ] Heliiuasnsy 5 &las wudn Aumaenisiali
Vlﬂﬂﬁ‘ﬁ‘uaaﬁ“ﬁlLW’]&LEEQIH%]’]Q“H’]’J@@HN%@ 105 HAN
UNAITHUAR ) ﬁmma;\m?a‘ﬂvlaiLus»mﬁmﬁ"ummaﬁ
(P20.05) WA R AN ULANANNAE 19N Tad1 ATy nean s
(P<0.05) aNNaTuAR T inALLLAY daudiuaaniiia
vuSagunsinalsfiainaumenlinaudndnug
MLaULN UaYANWE I uoufinuseniinedels
WANFINNNADRA (P20.05) RANWINAY 14.60, 14.60
LAY 14.20 BIUABIIAINIY WA ANWANF1IBENaH
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HadATYNI9anA (P<0.05) ANNNITUAR A NAN VLAY
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Frud iy LAZAVTA WAT AN LANA R E 19T
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Eoliuaslanauunng gowimminuite wudn ’ﬁﬂumn
mm‘ummmevmmwu@uiwun@ummmm Tviwmin
mmwmmwnu 1.17 nfu EINVLNNWJ’]NLW]H&H\‘]@‘EH\?N

o

HedNATYNINADH (P20.05) AUNITAB A HALNAA
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LAZMUAUUN WA ANNLANAeE el TadATyNI
A0R (P<0.05) ANNNTINATNNANAN LA sl vieiueia el
ualsingNuwNAg (Table 4)
AMNHANIIANENNILATIYLBUTAT AR UEN
Aneasuudag iz i ansanmnsanuNass NN Y
Wudn finumeniinuudnnannnentzd 105 HANES
snndnuudinalafiues Insdasmiziinnannenuza
105 uaNAuANUS i HAdnguadtvesfinuaaniin
NINNGA WL 3.14 |EURNAT LazHAuAIuAeN
winuuiagmnzdinnuanenuzd 105 nanunasiuls
P ! s a oo
snndruudinnlefiues adulduianabaeduiy
NN9ANHI984 Leejae et al. (2015) $1891UN LAAGY
P = g o P - A
Wagneanmizidesuudanmazinalediues

wrnyAuTniiufusanmiatiaandnuuiinuonan
NYA 105

N193LATIERANTRANANE AIATYTBUT ARILEN
ANDILUIAALNIZNANUNAIFWNTUANY
anmstidiadainaneseuudillataans
@@ﬂq%gﬁﬁﬁﬂg uAZALAZIAEIATRg HPLC wudn u
finupanwin LL@S&@QLW’]‘:‘?{LW’]tLa”E\isﬁfm%ﬁﬂl’]’mfﬂﬂ
NEA 105 H@NAIuTA 19613 cordycepin WA Y
adenosine lutfiunnugeiian Inefiunenifianuans
cordycepin UTu104 1,266.74 Haaniusa 100 niu B
lifl pnuuansneas el TadAtyn1eatia (P20.05)
funssuianmansnudlim uasinlsfusinananin

Figure 2. Characteristics of gold cordyceps on Riceberry rice mixed with edible insects after 5 weeks in light

condition: silkworm pupa (a), silkworm pre-pupa (b), cricket (c), bamboo caterpillar (d), mealworm

(e) and without insect (f)

Table 4. Growth of Cordyceps militaris on Riceberry rice mixed with edible insects

Fruiting body No. of Fruiting body weight (g) Weight loss
Edible insects

length (cm) fruiting body Fresh Dry (%)
Silkworm pupa 161 a' 14.20 a 413 ab 0.84 b 79.66
Silkworm pre-pupa 1.73 a 14.60 a 556 a 117 a 78.96
Cricket 1.60 a 11.80 ab 4.02 ab 0.94 ab 76.62
Bamboo caterpillar 1.36 ab 9.80 bc 3.86 b 0.79 b 79.53
Mealworm 1.58 a 14.60 a 5.02 ab 0.89 ab 82.27
Without insect 110 b 7.00c 348 b 0.75 b 78.45

' Means within the same column followed by the same letters are not significantly different at £20.05
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wi R AoNwANsNeaE 19l Ta dNATYN19aiA (P<0.05)
A nNIINAE A I HaN LN A (Table 5) d2uans
adenosine ﬁﬂ?mmqqﬁ'zgm‘lué’mmw:*ﬁmmqmn
WA 105 iU 94.91 fia@nFusie 100 NF FeilAga
UANANAENIHTEAATYNINEDH (P<0.05) aINNTINAE
FilainAnusas (Table 6)

AINN157 Lﬂ?qxﬁmq?ﬂﬂﬂqwééqﬁmiuLﬁm
SednAnesuuianmnzdinglsfiued uazdinnanamen
WA 105 TinguunaRulieausiazaiia Ae Anud i
vaulmuiewdngnud awinn uuewield uayl
panusaslng e Benfiei Bunnians cordycepin
Tufuseniiadadndnesuiagmnzinnaaensd
105 azinlidnBuannanlufituneniinuudig

sfiet dafdulilufianiadsafunisdneaes
Leejae et al. (2015) AfanratAanniuiiadadn
ANneaundinganamenud 105 gandna1sainaIniu
panT AT N ZIA gL lsF e wanainiiug
?Jmmzﬁma‘@@ﬂqw%rﬁﬁﬁfy TunssABRdnanaLuNAY
Tudanmny doulundans cordycepin uaz adenosine
mm’mﬁm'ﬁmiﬂm TEN Immmmﬂﬂumm%u Y
Faszazvuuen Anud uardafiude feszaznis
Wwrnyiuinaeunatetafliuniansevig vie
ﬂamzﬁiuﬁm'\im@r;ifaﬂ']im?m’éwma@@ﬂqw%ﬁlu
Bunuansnei auduuvamnslunsdnenseaznng
winyiulnresunaiulifidnaseni st Auln
uazansaenqsdAt ludindudndnesiiuiuseld

Table 5. Contents of cordycepin in media and fruiting body of gold cordyceps (mg/100g)

KDML 105 rice

Riceberry rice

Edible insects

Fruiting body Media Fruiting body Media
Silkworm pupa 1172.32 a' 262.07 h 440.29 fg 179.21 hi
Silkworm pre-pupa 974.06 bc 293.19 gh 601.62 ef 171.30 hi
Cricket 1266.74 a 312.91 gh 1136.78 ab 183.23 hi
Bamboo caterpillar 805.49 cd 293.19 gh 257.84 h 145.65 hi
Mealworm 715.68 de 44.94 i 887.52 cd 34.27 i
Without insect 843.82 cd 65.42 i 535.99 f 27.76 i

' Means within the same column and row followed by the same letters are not significantly different at P20.05

Table 6. Contents of adenosine in media and fruiting body of gold cordyceps (mg/100g)

KDML 105 rice

Riceberry rice

Edible insects

Fruiting body Media Fruiting body Media
Silkworm pupa 30.20 bed' 43.86 bc 21.64 bcd 15.93 bcd
Silkworm pre-pupa 24.72 bcd 51.90 b 19.26 bcd 13.18 cd
Cricket 31.45 bcd 9491 a 34.09 bcd 21.40 bcd
Bamboo caterpillar 23.80 bcd 11.59 cd 16.21 bcd 13.50 cd
Mealworm 22.09 bcd 21.24 bcd 19.48 bcd 16.64 bcd
Without insect 16.50 bcd 6.33 cd 21.91 bcd 15.97 bced

' Means within the same column and row followed by the same letters are not significantly different at £20.05
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Abstract: Two varieties of sweet potato cultivars SP02 (purple flesh) and SP08 (yellow flesh) were collected from
Royal Agricultural Station Inthanon, Chiang Mai province, and planted under greenhouse condition. The plant
samples showed viral leaf symptoms, chlorosis and purpling were clearly observed after planting for 90 days.
Infections were proved by PCR for both Sweet potato chlorotic stunt virus (SPCSV) and Sweet potato feathery
mottle virus (SPFMV). Five criteria severity levels 0-4 (healthy normal-severest) were used to evaluate the
diseases in 100 leaf-samples of each variety, results showed no healthy normal detection, severity at level 2 was
the major percentage found at 48 and 45% for SP02 and SP08, respectively. Accordingly, the tissue culture
plantlets were produced (culturing on MS medium) and used for virus-free production trials using meristem tip
cultures with and without thermotherapy (kept under 37 + 1 °C for 30 days). Excision of the meristem tip from the
plantlets at the sizes of 0.3, 0.5 and 1 mm then cultured on the same medium for 90 days after that PCR were
used for virus-free evaluation. The trials with thermotherapy of both varieties at the size 0.5 and 1 mm
were succeeded to produce high rate of virus-free at 90.9-100% . However, excising of 0.3 mm meristem with
thermotherapy trials affected survival rate of plant decreasing to 37.5%. Mass-production of virus-free plantlets
testing for various concentrations of plant growth regulators supplemented in MS medium, after culturing for
30 days, the greatest number of node per plantlet of SP02 and SP08 were 11.1 and 13.8 respectively, on the
medium supplemented with indole-3-acetic acid (IAA) at the concentration of 0.5 ppm and gibbereliin (GA,)

at the concentration of 1 ppm.

Keywords: Sweet potato, SPFMV and SPCSV, virus-free plantlets
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104 iflansaadtiasedaematia PCR wudRmannnsdinsinanssantuaedlada Sweet potato chlorotic stunt virus
(SPCSV) uaz Sweet potato feathery mottle virus (SPFMV) NsssiuAYINIUIINTB9RIN3TIAAINAII AN LT
5 526 7 0-4 (Unf- Tuuangm) TuiaetaludiumAud azaneiig - az 100 u Taiwuluafidng FEALAIINTULIS
wwumﬂmmiummwuﬁ SP02 uaz SPO8 ARIZAL 2 WML 48 LAz 45% ANANAL mnmsuwuuuw‘lummw
wnzAe el esaniunnalg mnmau (37°C luiaan 30 1) uazlilinansban mmml,uﬂmfammﬂmmm
100 0.3, 0.5 UAT 1 mm INZIAENL181N3 MS uazmsadaunsaenlaiadaamaiia PCR widnmsintiiaiie
\R3tylaneieanaunm 0.5 uag 1 mm finnaenliiaiaaesiin 90.9-100% atindlsfinnannslinnaberuaznisin
Lﬁ”fmﬁ'@m’%mmmm 0.3 mm AeRa e AmNITTAnse pTe AR ARRTiEN 37.5% daunismziReaiiefiaiie
i Brnasiumedannloda widn awing MS Ay 1AA 05 mg/l k8T GA, 1 mg/! aunsnfia BN nsumaAlE A
ﬁqm”luv%mmmﬂﬁuﬁ Seruaudioiadn 11.1 uaz 13.8 Yastafiu puss

AdAty: dme 1fa SPFMV uaz SPCSV fiudauitilaanlaia

AN denaidaniaAsegiaiuatienin (Kokkinos and
Clark, 2006) lafag1u1saunsszunnlaneialddy

JUWA (Jpomoea batatas L. Lam.) An8¢ mummﬂwuﬁ meufafaﬂmmwh WAZWNAININE

uaed Convolvulaceae (ufteanmsfiapudny i LAATILa AL nslivinsiugsevion
FusuT 7 1e9lan 18991419818 419 Fralne Sy wuﬁﬂmm”LQim”LumiLwnﬂaﬂuuLﬂuQﬁmimiu
{5a #naunfiad Sudrdzuds Sautuinluesbeu nsufilatlynadanann RDURENGE D CRE
woueuBnINatuazandnl Usmaneiliudl  Sagszacditenaniuuhiugiuneaeslasadias
wnzdgnaiume santszanns 20,302 15 nan@nsu WATANISNNTAETe Lﬁlmﬁmﬁuwummam

352,999 fu nandniady 2,673 Nlanfusals  vieusugiuma anaug SP02 uaz SP08 Uaan
(Department of Agricultural Extension, 2017) &4 Tn5a d1usu L selamiluaudaddunisnansime
wealdunadanliinandngeatnnsotinn1dds  weanmmnnssialyl
gaa1mnssunisulagihiduuts uazeruisneadns

' = v a a G4 aa
Wuwasansnganlision milulamsm Iendiu uas aUnsaluazasanng
AnsfinuayyasAse TeTunuansanunddryuls

v

pANAile 1 (HeRnaes uazAdnazi provitamin 1. NSIESENNUENWNA

A carotenoid ‘Luizﬁuﬁ'z};uﬁﬂu winduluuasen FUINVINUTT UM AR 8WUE SPO2 WAz
(Woolfe, 1992) faqiiugyatiilasenisnanaiinig SP08 ANANNTLNHATNANBUN UL Ul BYY
m'\'iL@?umwmﬂﬂﬁﬂqﬂﬁummLﬁumn%yw,wiﬂamu Hiaeuiie 81neaaannes Aandndeslud diuntgn
doyundnfyannisdinanasedsananturen melFanmlseBeusuunas lunsynns 1w 12 99

Wuﬁ:ﬁ'i% wnrdgn danansenusedsuiniuay ﬁmsfﬁu@umﬁy@ @LmiﬁﬂﬁLLmﬁyﬁmﬁ%mmm
s aesuanan lhsafidndny WWun Sweet potato el Tasemsuans sumAaneiug sPo2 filedsins
feathery mottle virus (SPFMV) wae Sweet potato Lﬂu?ﬂﬁ’luLLﬂﬂmﬂm@Wﬁﬂ (lobed) mumﬁwuﬁ SP08
chlorotic stunt virus (SPCSV) M l3iNaa3199an a4 filedwaes W ugdiala (cordate) (Figure 1)
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Figure 1.
and SP08: yellow flesh (B)

fuimnzigndaulvg Tiud aonilinemsuans
FUNUu nuouIBYUNRB WY LazAudAmUN
TAsen1suaseuuendy 81nauiene 99u4n
el

2. ANBMULAINSLSALESH LaTNITNSIRINARY
2.1 mMatlsziiupnuguussaasisnloa
AUNRBINITUATUNNIZALAIINTULI
gpalsAunlusumeis 2 aeuf efuluneany
90 Junavlgn anuWufay 10 Hu (41) Huaz 10l
34 man 100 10 TnelHinausfnisss @ uiudilud
LAPNEIN199 AR MABILAZ AR R T LT LA WA L
yavue wiafly 5 528U Ae svau 0l ugasennis
92A 1: 1-25% FeA 2: 26-50% 32AU 3: 51-75% LAy
7M1 4: 76-100% (Figure 2)
2.2 memsadatialhiafaamaiin PCR
guludumeusiazanewug flugneenns
luqa@aesluqnadsiaeauau 20 Aaat19un
parageLTTintedelasa Ineldnnsnmaaeudag
wANA PCR (polymerase chain reaction) 14 ¢ primer
§19FUN13M3IA911 T8 SPFMV uaz SPCSV Tag
FALUAIRNNATNN989 Kwak et al. (2014)

377

Leaf shape, tuber shape and tuber section of sweet potato cultivars, SP02: purple flesh (A)

3. msﬁnmgmsfmmsﬁ'mmmw’mmstwwtﬁyﬂa
adasiuma
3.1 NaZREE NS F s

d1dumAaaWug SPO2 LA SP08 7
mnziEesluan s Beuf LN AguANEan
wazaniing AmEna 1 om &nsdiaeninlig 10 w7 4a
Fuitalu 70% ethanol 11198 30 317t reutinltlus
14 1% electrolyzed oxidizing water (EO) ﬁmam 2-3
ielA 989 Tween 20 LN 7] 20 WL antiugnadag
vindusinda 3 Ak udat U Aeslue v Ms
(Murashige and Skoog, 1962) pH 5.6 ‘171| \# u BAP
dindiut mg/ uaz GA,ENdW 0.5 mg/ v nzdes
Iummwwmt,qum”mm@ B9 9OUNAH 25 + 2 °C wad
1200 lux 16 2 Taa/51 AUnAuazTuANNIAT Y NAY
AINAEN 30 T3

3.2 ANENINBUWIGAIANNT MS

indaurestandumeita 2 aneWug
AY1NEY9 1 cm ANnEuTINIZIA e luan NN
wziagaiiaEiaannte 3.1 vinz@aeuens MS
ﬁLﬁﬂULﬁﬁUﬂﬁmLLﬂxﬂ’]’mL%N%uﬂﬂﬂ@ﬁiﬁ’mﬂﬁmﬁi
13ty 3aia 1A un 6-benzylaminopurine (BAP),
indole-3-acetic acid (IAA) ey gibberellic acid (GA,)
ANddiu 0-2 mg/l A1uaUTIN 14 NTTUAT 7] AT
1047 fail



A9415N1HAT 35(3): 375 - 383 (2562)

Level 0 Level 1

’

Level 2

Level 4

Level 3

Figure 2. Five criteria severity levels of chlorosis symptom on sweet potato leaves comparing to total
leaf-area: 0 = no symptom; 1= 1-25%; 2 = 26-50%; 3 = 51-75% and 4 = 76-100%

MS free hormone

MS + 0.5 mg/l 1AA

MS + 1 mg/l IAA

MS + 1 mg/l BAP

MS + 2 mg/l BAP

MS + 1 mg/l GA,

MS + 1 mg/l GA,+ 0.5 mg/l IAA

MS + 1 mg/ GA+ 1 mg/l IAA

mmﬁﬁ9n@+1mwe%+nmﬂmw

N391A3A 10MS + 1 mg GA,+ 1 mg/l BAP+
0.5 mg/l IAA

nsndaN 11MS + 1 mgl GA+ 1 mgl BAP+
1 mg/l IAA

ﬂﬁﬁﬁﬁmMS+1mMG&+2mMBN’

ﬂﬁﬁﬁﬁ13MS+‘1m@lG%+2 mg/l BAP+
0.5 mg/l IAA

N9937 14 MS + 1 mg/l GA+ 2 mg/l BAP+

1 mg/l IAA

Al A
N3FNIEN 1
PR
NTINAEN 2
Al A
NITNIEN 3
Al A
N3sNnN 4
PR
N3TNAEN 5
Al A
NIINITN 6
Al A
N3gNIBN 7
PR
N7IUIEN 8

TNUHUNINARBILLUGNAaNY Tl

(completely randomized design; CRD) tuinaniaue
ﬂ’]ﬁ\lﬂ?m ﬂ’MJ\I’AN ﬂﬁquﬂ’ﬂ ’Muaul‘u M@Qﬂ’]?
YAl bt L@EN 30 'Ju ‘Wiﬂuﬂ\i@’]uqui’aﬂ@”mﬂ\iﬂﬁw“ﬁ’lBﬂ
sapndseengnufieuieiugaraunx (MS)

4. nsnnanlasa SPFMV uag SPCSV
4.1 Manziaessidlaifiamsnylansaan
= & & d A
AnENnnzidsiaEiaiylanasen
Tnasmulasa1nasn13999 Wondimu et al. (2012)
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Tneningusfumeit 2 mwvﬂ”uﬁﬁmnzﬁ”miu@mw
waﬁymLf':mﬁ'famﬁmL?:@Lﬁlfm?‘tyﬂmﬂmmmﬂlﬁ
nfesqanssmiuuuainesle Wilduuim 0.3, 05 uaz
1 mm s ldinsdgsuseng Ms 7ilkidinasaauas
many Wluffaduean 754 ﬁfqmuq:ﬁ 25+2°C
aniufnelUinn @ a9 uenmns MS AR BAP
1 mo/ Wi 1200 lux 16 Falia/Au msageunsiasn
7RATD Lﬁyfmﬁ'@m??m PRANIZEREN 30 T uazinET
wiryany sl i1 lunnsmenagsunisdannlada
upeaiudie 2.2

42 nsl¥Annuteusauiunismiides
Wedewiyarusen ‘Emmml,ﬂmmﬂfmmmm
Feyissa and Dugassa (201 1) mmuuumﬁmw L@FN
Tugnimnsidgailede 1) 30 Ju v ugacumu
aungi 37 £ 2°C luaan 30 Ju aniiiandagau
il dasyianssannislingesqansaailuuy
aweale W ldawn 0.3, 0.5 uax 1 mm i lwmnsdes
psvadaLNsiiEAnseaveiile ot ymamnzan.
30 §u uasmiduissyany sallU i lunnsnsmagey
nsdaanlfadumanuiae 2.2

5. Mansragaun1slaanisnlsa

v Fundndumed inunisinliiUaeslaa
ﬁwwlﬂﬁﬂmﬂquﬁ”ﬂqLﬁyfalﬁ'fmﬂ?wﬂmﬂmm LAy
mﬂ%m’m%@uéfmﬁumsﬁmﬁmﬁ@Lfﬁﬁgﬂmmﬂm
uamsnageunislaanlnfafqamaiia PCR
iupeaiudie 2.2
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NHANTTNANBILA 3'3@']‘302

1. anruzaIn1s1adlsa lsa lulumALaznis
PR EHT
anNsAnENa N3 lea lFauwlusiumA nas
mamnztlgnlé 90 1 nueIN19ARWASY wazqnd
mﬁmm@“um\mﬂuﬁumﬂVTymmmﬂWuﬁ: wazanny
qaAmassaduNasuuluang (Figure 3) Feannnfaq
AL91891%289 Kokkinos and Clark (2006) #ing29
AINIAINANUNARINNITENNA8UBS SPFMV WAL
SPCSV iininanadaniu dsnaiinail luiingd uas
nsLasty A U InE1 a9 mnmsﬂmﬁumwmmmwu
AOTHTULINTTAL 2 mmnzm 48 uaz 45% Iumﬂwuﬁ
SP02 a2 SP08 ANNANAL memmmummm@
hh¥adnemaian PCR wuLaUA e fifatnnaaen,
356 LAz 583 ALua AsAuauIatonalanAnauas
a1ngnsiuas SPFMV 1-F, SPFMV 1-R uaz SPCSV
uni-f1, SPCSV uni-rl 7114 lun1sasaagan muai A
LansEanadivnaneauiuaedaiars 2 1t

2. greansimunsandamawziasuialia
Nuwne
2.1 mamquﬁyﬂqmumm&ﬁuﬁ:éuﬁu

Anmnzasedediumeen uaz
M1419 28988g SPO2 waz SPO8 Tuauns MS iy
1981 30 Fu WUFWTUINAR mngqmﬁlﬂ winfiy 6.20
UAZ 5.15 Cm ANNANFL UAENSNNHREIAEASinNg
IR TYIIANF LAz INIEINIINT IE AT

2.2 MINAUGATBWNT MS

ANNINARBLGATE WS MS TiFiANT
ATLIANNITLATTY AU 14 N998d 8 {ulaan 30 Ju
(Figure 4) W41 NIRRT 7 ALAN IAA 0.5 mg
$9uAL GA, 1 mg/l asniins U neeeane
Wug SPO2 Uaz SPO8 mm?'izgm 11.1 waz 13.8 dasie
Fiw meﬁé’mm’m@mm“qm?ﬁfm@ﬂﬂ@mnmnﬁqm 60
ua 50% LA N97837 4 i liAuenaTnaes
WumAaneiug SPo2 ﬁmfmmqmﬂmqﬁzm 9.59 cm

3. msfnanlada SPFMV waz SPCSV
3.1 ﬂ’]‘iLW’WxLa’/ENLﬁﬂLdﬂL@?mﬂ@ﬂﬂﬂﬂﬂ

mﬂmiﬁmLﬁ”@@'mﬁfyﬂmaﬂammﬁq
2 aneniugliiiaunn 0.3, 05 uaz 1 mm ez
Wuiaan 20 5u wunasildamseniais 50, 87.5 uaz
95% MINATNY UazUFIN19Ae T unan 65 51
e Lﬁ@lﬂ?ﬁtymmmﬁwuﬂuﬂd@uﬁj wanldl uazaINngn
agisrydudufiauyaninnadniasinsnuuemng
dunazi MS‘?}I@N BAP L%M%]u 1 mg/! ‘lumm 753U
(Figure 5) mnuummuuumﬁmmarmmmu@m@mm
Uaneieiearia 3 11 wmfa@ﬂﬂ@mﬂumm 1 1haw 1
dunmanslanlafaunlu woan dunfnluansanis
19a (Fi igure 6) 11 WA e ﬂ u Wang and Valkonen
(2008) NTIENIUINNTINY L@ml,u@mfammﬂmw@m
209 UNATIA 0.5 uaz 1 mm AamsINSTTIR 100%
mem?ﬁmL‘f':ﬂL?j@L@ﬁtymmmLﬁﬂﬁ’é@mzm?ﬂ@miiﬁ

unnInaua g

Figure 3. Viral symptoms on leaves of sweet potato cultivars SP02 and SP08 after planting for 90 days:

(A) mild chlorosis; (B) chlorosis and purpling on older leaves
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RPN,

.0

. IR A N
2 3 45 6 7 8 9 10 11 12 1314 2 3 45 6 7 8 9 10 11 12 1314

Figure 4. Growth of sweet potato plantlets after 30-day cultured on MS medium supplemented with various

concentrations of plant growth regulators in 14 treatments, SP02 (A) and SP08 (B)

1 = MS free hormone 2 =MS + 0.5 mg/l IAA

3 =MS + 1 mg/l IAA 4 = MS + 1 mg/l BAP

5 =MS + 2 mg/l BAP 6 = MS + 1 mg/l GA,

7 =MS + 1 mgl GA;+ 0.5 mg/l IAA 8 = MS + 1 mg/l GA,+ 1 mg/l IAA9

9=MS + 1 mgl GA;+ 1 mg/l BAP 10 = MS + 1 mg/l GA;+ 1 mgl BAP+ 0.5 mg/l IAA

11=MS + 1 mgl GA+ 1 mgl BAP+ 1 mg/l IAA 12 = MS + 1 mg/l GA,+ 2 mg/l BAP
13 = MS + 1 mgl GA#+ 2 mgl BAP+05mgl IAA 14 = MS + 1 mg/l GA+ 2 mg/l BAP+ 1 mg/l IAA

Figure 5. Development stages of meristem tip culture of sweet potato: (A) meristem after cultured for
45 days, (B) 65 days and (C) 75 days

Figure 6. Sweet potato virus-free plantlets after transplanting for 45 days under net-proved house:
(A) SP02 and (B) SP08
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3219l AraEauaNA LN TN ZIA S
Lf:@lﬁ'ﬂlﬂ?ﬁyﬂ@’mﬂ@m
anmaiuR Ui Alug ALANE U
37 + 2°C lunan 30 Ju Wudn AusumnAN /ey
Tuwdesdntiosusiiiefare sl anuuiu
Lﬁ'@ﬁqmﬁmﬁ:ﬂ@'m@?mﬂmm@miﬁﬁmmm 0.3,0.5
LAY 1 mm NI IINZAEsZI9an 30 F1nne
f133nsaniade 37.5, 75 AT 87.5% AMNA"FL LAz
nFad e Wunan 60 5u Lﬁ@@lmﬁmﬂmmmm
annnsntastyuasimuduiuliuasliuansannig
TrAuRaaiude 3.1

4. mMsmsragaumsilaanlasa
AINNIAIIAERUNIUaBA TR SPFMV uay
SPCSV #aelmAtla PCR T umATaaaIdnawug 7

Q
a

HunissaiiaEiaisny WU auwug SPO2 Aitasny

o

Table 1. Survival rates,

anns@daaiiedieroyaun 03,05 uaz 1 mm &
nsUaanlafa 100, 90.9 WAL 94.2% MINANAL (Table
1) WaraneWug SP08 ‘17;L@?ﬂé@’]ﬂﬂ’]ﬂ?\\?ﬂ%ﬁmﬁ@L@Qﬁ‘ﬁy
211m 0.5 kA 1 mm Jn13tlaanlaa 100% (Figure 7)
MU 89N LN17918911289 Wang and Valkonen
(2008) ﬁwud']ma‘ﬁmiﬂ@'mﬁmmmm 0.5-1 mm
ansoinEsuneaanlada 87-100% wusfinng
51,%ﬂmu??@uéfmﬁumﬂwqxﬁymLﬁ”@@m@?mmmm 0.3
mm sinddnanissanugud douauin 0.5 uaz
1mm An1sdaantafa 100% (Table 1) (Figure 7)
WULA 82 UN19918971142849 Feyissa and Dugassa
(2011) findn99nnslE asseusauiunssaidiaiie
IR3TYTUNA 0.5 WAz 1 mm mmamm@m%miﬂ 83.99-
100% meﬂmmwmwmmumnwmmmLu@Lm@
L@itymmmL@ﬂuﬂufamnmiifammmmmn

regrowth and virus elimination percentages of two sweet potato cultivars after

excisions of various size meristem tips with or without thermotherapy treatments

Treatments® Survival rates (%)" Regrowth Virus elimination (%)°
rates (%)° SPCSV SPFMV
SP02 SP08 SP02 SP08 SP02 SP08 SPO2 SPO8

Without thermotherapy :

0.3mm 50.0 45.0 5.0 11.1 100 100 100 100

0.5mm 87.5 85.0 94.3 97.0 90.9 100 87.9 90.0

1 mm 95.0 95.0 92.1 92.1 94.3 100 88.6 97.1
37 £ 2 °C for 30 days

0.3mm 375 375 0.0 0.0 0.0 0.0 0.0 0.0

0.5mm 75.0 70.0 83.3 89.3 100 100 100 100

1 mm 87.5 87.5 94.3 94.3 100 100 100 100

? A total of 120 meristem tips of each size were included in three replicates of 40 meristem tips in each treatment
® Data were collected after 4 weeks of post-cuture on MS medium
° Data were collected after 3 months of post-cuture on MS+BAP 1 mg/|

¢ Number of virus free plantlets, detection with PCR technique
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2§34 5 7 8 910 11 12 M

6

Figure 7.

3 4 5 6

7 8 910 11 12 M

Detection for virus-free plantlets derived from meristem tip cultured with or without thermotherapy

treatments by PCR technique. The expected sizes of amplification products from SPFMV and
SPCSV were 356 and 583 nucleotides, respectively, (A) SPFMV: (Lane 1-5) SP02 plantlet trials
of 0.3, 0.5, 1 mm without thermotherapy and 0.5 and 1 mm with thermotherapy; (Lane 6-10)
SPO08 plantlet trials of 0.3, 0.5, 1 mm without thermotherapy and 0.5 and 1 mm with
thermotherapy; (B) SPCSV: (Lane 1-5) SP02 plantlet trials of 0.3, 0.5, 1 mm without
thermotherapy and 0.5 and 1 mm with thermotherapy; (Lane 6-10) SP08 plantlet trials of 0.3,

0.5, 1 mm without thermotherapy and 0.5 and 1 mm with thermotherapy; (M) gene ruler DNA
ladder mix; (Lane 11A, 11B) nuclease-free water (negative control); (Lane 12A, 12B) SPFMV and

SPCSYV (positive control), respectively

G

annisAneiainisaeslsauulunas
navagayloFaludaet1eiume arawug SPO2 uas
SP08 faenAtin PCR wila¥a SPFMV uaz SPCSV
Huanwnlen deifudumesnannminlidaen
1q§m§wﬂ’1ﬂwq$ﬁ”ﬂqﬁ:@Lﬁlfm?zyﬂmﬂmm IU1A
03,0514z 1 mmieunulfuazlil¥nanusou
dnansnRnsnladanta 2 afineenanniialy 87.9-100%
LLm‘WUdWLﬁ”mﬁ'@L@?ﬂ;ﬂmwfﬂmmﬂmﬁ{ 0.5-1 mm
danarFed RN RTRnseALaY SIS Ly TRe e
aonaBaudandion ﬁﬂﬁmmamﬁﬁmiﬁmﬁi pXr
1509 100% LL@”mmmm@wmmmufamammmm
70% 3wl agnalsinunismzdeiie e sy
Uanagamauns 0.3 mm wannslfuas sl anuse
souuilennalunissndalasaviaesaia i 100%
UL MINUANSRIINT1INTAMTALAZNNTIAT LY
Aawdnam dmiunismnz s@saumealaenloialy
2 sdAsIZI MS 7R 1AM 05 mg/l GA, 1 mg/l
muﬁvmummuma‘mmmuuumﬂmmmmmwuﬁ

382

nafAnssNlsznA

222l A Taiwan ICDF Project in Royal
Project Foundation (Thailand) 1A 91 19 Gloriosa,
Sweet Potato Virus-free Seedling and Grape Root
Stock Production Project Al nnsaiy ayunulunig

a2
39 lum5atl

LANAITANDY

Department of Agriculture Extension. 2017. Sweet
potato. (Online). Available: http://mww.agriinfo.
doae.go.th/year60/plant/rortor/agronomy/29
Sweet%20potato.pdf (December 1, 2018).

(in Thai)
Feyissa, T. and G. Dugassa. 2011. In vitro
production of virus-free sweet potato

(lbomoea batatas L.) by meristem culture
thermotherapy.  SINET:
Journal of Science 34(1): 17-28.

and Ethiopian



nsuanNumAldaanlida SPFMV uaz SPCsV Tnaldinaiia

& & 4
MFINICLAREUILUBLED

Kwak, H.R., M.K. Kim, J.C. Shin, Y.J. Lee, J.K. Seo,

H.U. Lee, M.N. Jung, S.H. Kim and H.S.
Choi. 2014. The current incidence of viral
disease in Korean sweet potatoes and
development of multiplex RT-PCR assays
for simultaneous detection of eight sweet
potato viruses. Plant Pathology Journal
30(4): 416-424.

Kokkinos, C.D. and C.A. Clark. 2006. Interactions

among Sweet potato chlorotic stunt virus
and different potyviruses and potyvirus
strains infecting sweet potato in the United
States. Plant Disease 90(10): 1347-1352.

Murashige, T. and F. Skoog. 1962. A revised medium

for rapid growth and bio assays with

tobacco tissue  cultures.

Plantarum 15: 473-497.

Physiologia

Wang, Q.C. and J.P.T. Valkonen. 2008. Elimination of

two viruses which interact synergistically
from sweetpotato by shoot tip culture and
cryotherapy. Journal of Virological Methods
154: 135-145.

Wondimu, T., T. Feyissa and G. Bedada. 2012.

Meristem culture of selected sweet potato
(lbomoea batatas L. Lam.) cultivars to
produce virus-free planting material. Journal
of Horticultural Science and Biotechnology
87(3): 255-260.

Woolfe, J.A. 1992. Sweet Potato: An Untapped Food

Resource. Cambridge University Press,
Cambridge. 643 p.

383






NNSHARNARIAY (Gloriosa rothschildiana O’ Brien) Uaanlisa cMV

TagldnatiatwiziaadLiaLesa

Production of CMV-free Gloriosa rothschildiana O’ Brien

Using Tissue Culture Techniques
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Abstract: Gloriosa rothschildiana O’ Brien tubers from Nong Khiaw Royal Project Development Center were
collected and planted under greenhouse condition. After planting for 90 days, stripe mosaic and distortion of
leaves, mosaic pale on flower petals were clearly observed. Infections were proved by RT-PCR of Cucumber
mosaic virus (CMV) Five criteria severity levels 0-4 (healthy normal-severest) were used to evaluate the diseases
in 100 leaf-samples, no healthy normal detected, severity level 3 was the major percentage found at 33.75%
followed by level 4, 2, 1 and 0 at 25, 20, 13.75 and 7.5 % respectively. Additionally, more severe of the symptom
was less flower number per plant. Virus type checking by ELISA technique was proved for CMV infection. Then
RT-PCR showed CMV-free treatments studies 100% succeed, excision of meristem at size 0.3 mm and 40 mg/I
ribavirin treatment of in vitro shoot removal on tuber at size 0.5 cm with the survival rates at 75 and 100%,
respectively. Culture medium, MS supplemented with BAP 3.0 mg/L and NAA 0.5 mg/L was proper for

production of gloriosa plantlets at rate 2.27 shoots and 2.20 mini-tuber per explant after culture for 12 weeks.

Keywords: Gloriosa, tissue culture, CMV-free plantlets
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unAnga: rinugaeshInAuTiamwlasNIIacLeNdisn a1neden1a Asdamaslud inlgnanels
Taaiauriuuuas naagnls 90 4u nuluuanseinisanaidunsenamuuuiduly gﬂéwﬁmﬁyﬂq AUVBINALABN
WAR99IN9ANATA Annissuiluseauauguusslaa il 5 szt (0-4) wudw:ﬁumm@mmmnﬁqm e
seav 3 Anilu 3375 wlafiius savasnn lHun sziu 4,2, 1 waz 0 A 25, 20, 13.75 way 7.5 wlafidus
AINAIAL UATNL1ANN TR IWsEALgaana iduIunansaf ullaaa mimfmmmﬁmiﬁaﬁfmmmﬁm
ELISA wuLinann1a5a Cucumber mosaic VIrus (CMV) LM@ﬂmﬂ’]']ﬁmiﬂ’Wﬁhm cMV Tagnngwng mmmmm
Witylaneeanuin 0.3 adwns nawaz mmmmmnmwuﬁmmm 0.5 lruRALNAT luwamns MS ‘wmaumﬁm
T (ribavirin) Ainradisdi 20 uaz 40 Tadnfusiedns anmsasaunnaeslhiadaamaiia RT-POR wud1fui
VLE‘]JW’mﬂ’]i‘LW’]:LgmLﬂ,ﬂL?jﬂL@Qﬁ‘mwﬂﬂﬁﬂﬂ‘ﬂﬂﬂuﬁﬂ 0.3 NadLumT Lmzmimﬁ:@”ﬂqmm@’mﬁqﬁuﬁmmm 0.5 LIURALNAT
lnie 9 MS AinananfiunTeu 40 fadnfusiedng femailaenla¥a 100 wlesifust uasiiFinseanaanismnz ZRE
75 uaz 100 wlasiidus auanmaL mmmm‘mm?‘wmmvmumm@mmmmmmm Fur 813 MS i BAP
3.0 NAANFuARANT UaZ NAA 0.5 linaniuriedns ‘imﬂuﬂ'r:nwmmmummm@ﬁmmm 2.27 RARBFIL LAZANUIWID
Lfamﬂzg\azgm 220 sty wawziRsaunan 12 dilani

(2

AEIATY: AESAY ManviAnllatie Auseuitlasnliia CMV

AN fleck virus (GFV) Tagiannglasa oMy daflulasan
snnsenatesiutndaiiesnnifrendaniuazin

A @454 (Gloriosa rothschildiana O Brien) dwinanesauiylasananaaiianieliiAaainislad
Huldinendszinninililidas aanddduansey mmeﬁyu (Araki et al., 1985) FCORENCEL R
givnsaudanmn fifusilinanszmesing 7 T ﬁﬂwwﬁmiwmmmﬂumm@mmwuﬁmmmﬂ@@m
wevin uaZldFupuflalgniwithe@uwnsen  la¥a CMV Foumaliadnunismnsdeaiieide s
Awiulszmalnemudndinisgniduliisnnenuasld mnma;mmmwmmmummumuwmﬁ‘mmm
nsvonelpefiiufimnsgniidndny Wun gudameun  stufdaenlafaiewtlodymnisnaunauianig
Tassmsvansmiesden Saindedl venanidell Useslfazesneamnafinzilgnaesisinaeniu

nslinesmadungayulnsiddsslomimanisunng  auwes
WAZNTNEAS 1118 A1TATAANABIAIAINITOEUEN

NN3LA3TYI0AUTA UL AT BEUAZI A AUNAIA RN L5 alnsaluazdsnis

(George and Pandalai, 1949) t1aq1iun1INaRTARLE

AeeAInALRT iU yuiniadinnianaseslafa 1. ANEUZAINTI9A A5ALAZNNTATIAINARE
AANTTNLFADADUNINUATL NI DUUDINALAR AT 1.1. Matlsziiuannguiazesisn
ANMIANTLLUAENALIAEN NALABNTILNAENAT LAS tnvinugresRsa N AU RN TATNIA
fo1glunislnuaiuaesnananasninnda 30 MualY aNed@eand fandnidealud a1uau 80

1o 51 wel (Royal Project Foundation, 2015) nng 4 Inedaniaiugndunminiszanns 30-60 n3u s
srunpaasbianaaninemsnsldionugninisazan dgnanalulsaBeuiuunas ndslgnld 90 4u tuiin

o , & A A o o o oA v o a a a o ,
1avlaFaatneludadiaig lafadAnydiniiany ansralnAuarilsnduanuguisaaastalhialuus
Aaam S L& N Cucumber mosaic virus (CMV), aviu lnaaendssiiului 1-5 Juatnaan Auua
Gloriosa stripe mosaic virus (GSMV) Waz Gloriosa naaTnIslssiRui L lufugaeannisluAanausy
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Taaldinainnizidaaiiaza

Y 1
al

fuiluvanun w5 FEALANNTULIN (0-4) AN
A5N19799 Akbar ef al. (2015) Aa 72A U 0 TH wang
aM71LIANG BAUsEA 1-4 LaAsaNNANLLALL
NSNS Fail 1: 1-25, 2: 26-50, 3: 51-75 Uz 4: 76-
100 wWefdus (Figure 1) WAz N1IANHINANTLNLUDS
TsplnFasianiseanmentaanesie Tnaiaendumeds
uansanslealadaluusavssAumuIuLNNTEALAL
6 Fit INUHBLLLABNANY 90! (randomized complete
block design: RCBD) 1iuinualnginqanuaunisean
penuaziFuumsuAauIuAansafiu waslgnls 18
iV
1.2 MamgaasaulaiafasimatiAnncudnanen

i lupesdafiuansannisluanslugnin
Taalans U 20 FR0eng 1AMARE L A IReT
afiprashFafaemnaiia enzyme-linked immunosorbent
assay (ELISA) Tna i uauidsnaadlafa CMV (Agdia
Elkhart, Indiana, USA) mum@mmmmmm ANAL
LARAINENIAAL 405 W TUILAT AagilATed ELISA
reader n’mumﬂwmi@.mﬂ@uumﬂuwmﬂumﬂ
(positive) { ANuNNTNANREWlE AN L URAT ST
ﬂﬁ?ﬁmﬁﬂmmﬁqmﬂ wamaa1nslusnali 2 wn
Falfinailuay (negative control) viaa ldwula¥a CMv
Wae positive control Aa Aaatinglaia CMV Tiariald
anluyEnfiuansanislusing

2. n1suannadndaanlsalisantamaiin
& & &
nswnesiasaLtialtia
d’l dy dl a
2.1 mamnzidsailafiaEsylanaaen
=S d’l dy dl a
AnsniannzideiiadiaEinlaasening
FALUaIaIN3IIN19984 Yaday et al. (2012) Tnasiingia
WugAoamatIUlN 40-50 NFN wNARLEaNILaTE
HRAAINNENT 1-3 LIUAINAT NA NI dzanafagiin
g Wunan 30 wi auAqeudasluanstiaaiuuay
AaadasuNulady Wuean 5 wf ansiunansin
TaRaA98 75% ethanol 11149481 25 WI# w&aginemn
wraglutin 1% electrolyzed oxidizing (EO) NWaN 2-3
. o 2,
181/ 984 Tween 20 weidlunan 10 w1f anniiugng
% 0” al/ dJ 1 d’l a’/’ s e v v % o o
Foernnauilesinge 3 A% WAl uiaudntinuss
& A a . ¥ v
Waltadnydataaan (meristem) naeliindas
@@mimmmmLﬂﬂ?‘ﬁ@ﬁﬁqﬁwmﬂﬁ 20-40 win 17 m
mmmmmmeum'ﬂLﬂfammﬂmﬂﬂ@mmm 0.3
Aaang mmmuummi MS udaimziaels
fammwmw 25 A9ANLIALT 8 A IMLLZN 1,200 lux 16
Faluasiaduy uumﬂmimqmﬂmmmfaLﬂ@mmm@
wnziaedlE 2 dlang memmq‘amﬂummmwmm
Wusiuasysnilinsaseunslaanlaialudusall
2.2 M3 F A TANIINTUN TN LA ENLDATUIALAN
YDIABIA
UNFIULAATBIADIAY AIINENT 05
WIURLNES AN LTI AL TWANNNSINZIREN
WeLEe 1A ealue1nng MS ANANANTIUNATY
. . dl % v 1 o aa
(ribavirin) NAndindusing 7 Tnadnuasaindsnis
984 Sochacki and Podwyszyfiska (2012) utisaaniilu
3 N93:AD 7| AT 15 11 el

(1)
Figure 1.

)
Strip mosaic symptoms of Gloriosa rothschildiana O’ Brien. Five criteria of severity levels rating at 0=
No symptom, 1= 1-25%, 2= 26-50%, 3= 51-75%, 4= 76-100% observing in total leave area per plant
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N331/337 1 MS (control)

N331A3A 2 MS + 20 mgL ribavirin

N331337 3 MS + 40 mg/L ribavirin

TIUNUNITNAABIUT UGN AN Y 90d
(completely randomized design: CRD) LW%@”&I\?TW{
grunni 25 aaAgaidea Tiuwag 1,200 lux B1U 16
dalueredu Tufindwaugen ANNGIAU AU
AN AITNENDTIN ATUIUIIN UAZANWIULL
MRUNIZIAE 5 dlaneT WieNvieiesazn1IIaT AR
WReuifauiugaeauny wasiduRissoyaay ol
nraaauNslann lhiamall

3. memsragaunslaanlasa
nBunesdafiinunimnlidaenlafadae
walamsmzReia et aenen uaznslé
ANATT LTINS IR BN ATRIABIAITUNA 0.5
WURWAT NIRTadaunisUasnlifafoamaiia
reverse transcriptase polymerase chain reaction (RT-
PCR) tnald g lnsiaidniunsaannlaia cmv
AALLAIAINITNN9284 Zhang et al. (2017)

4. NITANHIGATRINITNLUNIEANADNS
IWIZLRENARIAS

TNEIULBAABIAY AINENY 1 EIURLNAT AT
o o oo g & & A
WugnnIzResluanInnIsnIziaedLiie e 81
@es e MS NiFNasALANNI9EsTY LT 6-
benzylaminopurine (BAP) L. @ ¢ napthalene acetic
acid (NAA) N Al ndu 0-2 Raanfuseans Ias

AALUa4aINIEN19284 Chatterjee and Ghosh (2015)
AWIUIIN 6 NITNTD | Y 15 91 AT
s
N9sNAET 1
and
N9sNAEN 2
P
N9sNAEN 3
o
N9sNAEN 4
and
N9sNAEN 5

MS free hormone (control)
MS + 0.5 mg/L NAA
MS + 1.0 mg/L BAP
MS + 2.0 mg/L BAP
MS + 1.0 mg/L BAP + 0.5 mg/L
NAA
MS + 2.0 mg/L BAP + 0.5 mg/L
NAA

AMAUHLANINARBIULL CRD N2 iRealET
g 25 aaAngaidea 1iuag 1,200 lux W11 16
Faluesiadu Tufindnuuten Laza I VA

P
NTINIAGN 6

wziden 12 4t Tnen Baunauiuganunu
a o
HANTITNANBILASINITIUE

1. ANEULAINSISALISH ULATNNTASIAINARAE
1.1.mstsziiunnuguussasianlods
annnsAnEeInsiealaia lunasasluann
Teisau nastlgnlé 90 Ju wueinislusslindiden
Winaduddaneawdunisenoniuuiaduly (stipe
mosaic) lU1ine ﬁgﬂéwﬁmﬁym WAZABNH AT AR
Larm9 (Figure 2) F96eAAS IR LNNIIEIN U0
Koenig and Lesemann (1974) finunnsdininaneaes
a5 CMV lunadiedeaaliifauaniainissneiily
waznan windennsnuussazinidnduunszuniu
uazliaanaan aInnisilssilusyAA NI ULINTaS

Figure 2. Viral symptoms in Gloriosa rothschildiana O’ Brien after planting for 90 days: (A) stripe mosaic;

(B) leaf curl and (C) pale mosaic on flower petals
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Taeldimalinnnzidaiiiaiiia

a1nslsalafanazn1sAnEnansnuaedisalafasie
N1388NAANTBIABIAG WLFIHILALAITNIULINNIN
figm Ae 927U 3 1aAw 33.75 wefidud fd1uaunaen
sadang 3.17 Aansed sasasn T s2iu 4, 2,
1ua% 0ANNANAY 1oAY 25,20, 13.75 WAL 7.5
wlesidus muardy Taafinaniadasadis 10, 4.0
4.67 UWAY 5.33 AANFABAL ATNATAL LAZNLINAINN
sunsaaslsnlofasianisaanaeni AN ANRETY B
‘mnrﬂmﬁqq‘ﬂiﬁmL*ﬁ'ﬁﬁﬁmﬂlmzﬁuﬁgmmmm:ﬁq
Wlieannan denndasiuni1sseuaes Nimi et al.
(2003) ﬁﬁl\‘iﬁﬂmiﬁm‘ﬁ'L%ﬁﬁmﬂﬁﬂuma Lilliurn 144
sz 1]u nudalaia oMy fasudndty deua
naznusiansstyALis naRepaantazinliinan
Jrnmanaadnd naumenieann1satauazana
1.2 Mmangaasau biadagmaiianianingn

annnsindetnlunesd s uane1ns
AN UANNITITBUANUIU 20 FBENT NIMFIREBLMN
mummhmmmm‘immﬂmﬁum ELISA 81UNARN
GRILED) ANAULAIT AINENIARY 405 nm Taeinng
Wi uauniuaAnvea negative control (0.457) ) Iag
rﬁhﬁqmdmmwhmmm 0.D.405 124 negative
control (0.194) azdad i ulsausenulafa ann
nsAnenlusieefidnsanisraslusing §1u9m 20
0 wu'la¥a CMV TusinaeinefiiiAn ELISA (0.D.405)
ag w9 0.924-1.495 Auau 17 faetine uazliny
158 CMV 41u9u 3 feeing AT AN ELISA (0.D.405)
0.745, 0.836 AL luanizd ﬁ'}'ﬂﬂlﬂﬂ“]‘]_l@u‘ﬁll,ﬂu
positive control A1 ELISA (0.D.405) 2.545

0.3 mm

2. nisuanmnadnsdaanlasantamaiAnig
a7 & &
WzlRENLaLE e
dy d’l dl a
2.1 mamnzidsailafiaEsylanaaen
annanzidsailafiamsylanaaannn
0.3 HARLNAT UUBIM134AT MS ilunan 2 duani
wudnfinasariAulnuazwaun lfatnemada 398
Famrameas 75 1asiius uazudamnziasadlunan
4 §daif Wedamsnyaaaandunsanmun lldu
Tusaugusnls uaramnsnsyiusiunanysaliaad
Arngeanlaufiuauddaalulssnnn 34
EuA AT Tan 9 4Uand annasdanmanuanly
ARIANTIAItyNNANdaaasiiadiassylanaaaniiis
, ! P P o v 2 Ay My
TainuanisanaiaFaumeunusiunean el s
dnunsFpliaitialssnylanaean (Figure 3)
2.2 M3 M AN TANIINAUN TN LA ENLRATUIALAN
YBIABIA
mﬂmmm@mﬁummmmmmm 05 mumum
LN AEATILENNT MS TaNgnELn Ui Ay
isdiusing 7 ilwnan 5 dlad wudnanansniasoydn
k% 1 v aa aaa dl
Audanlilunnnssnis lnaldinsenads 100
wWaFdus LaznUIINISRNATUNEIU DA gL
20 uaz 40 NaaniuFaans adlue1mis MS Nuafanig
Wy uinaasNgianas Inadanuiugenieds 1.00
HeARaY HANNGIHanIadY 279 LAY 240
TURLNAT ANNAAL HA1uuialeae 1.00 waz 0.93
o 1 % o o al o dl
FFaf1 MNAAL HANENRaAs 0.39 waz 0.21
URNAT ANNAIAL NA119UNLeA 3.60 kAT 3.00
FINABAL AINAIAL HANEIITINRAY 0.37 WAL

Figure 3. Growth and development of meristem-tip of Gloriosa rothschildiana O’ Brien on MS medium: (A) at

day 1; (B) at 4 weeks; and (C) at 9 weeks after culture; (D) healthy leaf of 3-month old seedling

compared to; (E) mosaic symptom of the infected control
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0.26 LEUHINAT ATNATAL waziatuauluweas 2.53
waT 2.47 TUFFAL AMNAFL TIHANLANFIDENIH
WAy NatiANLTAAILAN (MS) (Table 1)

4. mamsiagaumslaanlasa
ann1rAsIadgeaunislaanlafa CMV Aae
WATlA RT-PCR Taenindunasisfitinunnminliilaen
nfaRaeAanasing | nuimsnsaeitei ey
angeanauin 0.3 Haawns An1rlasnlafa 100
eSS LAENIINNLIAENEBATNA 0.5 LTUAILAT
89113 MS AHANENTTLITTIU Anudiadiu 20 ua 40
Naanfuseans In1sdaenlafa 26.67 wazy 100
iwlasidus mNaAU (Table 2, Figure 4) aanA&asiyl
119918411299 Masuda et al, (2011) A& Anmnis
NARAWAR (Lilium brownii var. colchesteri ) Uaan 1054
CMV, LMoV 4ag LSV WL A3 nnamnsideaiiie il

|wiytlaneeanaunn 0.3 AaduRT aunInn1an 1a5a
1% 2 980 A CMV uay LMoV @iinnstlaanlada 100
Uaz 73.3 lWasiius AuanAL LaznaRNaNsILNaTY
A 40 Tadnsusedns avluaivng MS 71
MNziaeaseases ifuaan 4 §ad guns0sien
a%¥a 2 17m Ae CMV waz LSV An1sdaenlaFa 100
LAz 75 wasidus muaNAL WANIANA1ITLNITUAS
Tuanins MS denaliinnsiasnrasanuaueananas

5 N1SAN®IE ASAINITTNRNISANADNIST
LA ENAIA

RINNSANHIGATANINT MS ﬁLﬁmmimuau
naastydiule 18N BAP uaz NAA 41191 6 N97335
e 12 §anTE WU91 N333ART 6 AN BAP 2.0
Uadanfuradms 990N IAAOS NadNTumaamT
AT finduausen wazdusualiqeiigo

Table 1. Effects of various concentrations of ribavirin supplemented in MS media on shoot formation
and mini-tuber induction in Gloriosa rothschildiana O’ Brien after 5 weeks of cultures

Ribavirin Shoot Shoot Tuber Tuber length  Root length Root Leaves
(mg/L) number length (cm) number (cm) (cm) number (no/plant)

0 127 a' 3.78 a 1.13a 0.70 a 0.94a 6.67 a 3.53a

20 1.00b 2.79b 1.00 ab 0.39b 0.37b 3.60b 253b

40 1.00b 240c 0.93 b 0.21c 0.26¢c 3.00c 247 b

CV (%) 24.27 12.63 24.65 27.88 23.37 15.96 18.15

LSD 0.19 0.28 0.19 0.89 0.09 0.52 0.38

' Means followed by the difference letters were significantly different at P<0.05 by the least significant difference (LSD)

Table 2. Survival rates and virus elimination percentages of Gloriosa rothschildiana O’ Brien after excision of

meristem at size 0.3 mm and 20 and 40 mg/L ribavirin treatments

No. of explants

No. of survival

survival rate virus elimination

Treatment o , 5

plant in vitro (%) (%)

meristem 0.3 mm 20 15 75 100
ribavirin 40 ppm3 15 15 100 100
ribavirin 20 ppm” 15 15 100 26.67

' Data were collected after 12 weeks of post-meristem tip culture on MS medium and after 4 weeks of post-shoot culture on

MS medium + ribavirin 40, 20 mg/L
® Number of virus free plantlets, detection with PCR technique

® Excision of in vitro shoot of the tuber at size 0.5 cm
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Taeldimalinnnzidaiiiaiiia

ptnailidndneadn Tneddwounenadagqn  vises Sedasuuansnsesinadiidnfymeadini
2.27 4pnRDAY Lmzﬁﬁﬁmuﬁqmﬁﬂqmm 2.20 Hiasie TAAQL Qu‘ﬁ'ﬂmmmnmilﬁm @417ATLANNNT
b s09aeanliun N3snAET 5 MiAs BAP 1.0 S6an3u EERITEHG) TuunifiBuianns BAP 1-2 Raaniuse
ARAMT mm‘u IAA 0.5 Raaniuseans ‘wmmmmu AR3 1130 IANIRNT NAA 0.5 HAANTNFEART WLINHY

4aALRAE 1.60 HaAADAY LazisuILLeRe 1.93 pasAsinssoyi anysniuaylaiudeuss (Figure 5)

500 bp

400 bp
300 bp

200 bp

Figure 4. Agarose gel electrophoresis of RT-PCR products from leaves of gloriosa to detect CMV-free: (M)
molecular marker 100 pb.; Lane 1: meristem culture; Lane 2: 40 mg/L ribavirin; Lane 3: in 20 mg/L
ribavirin; Lane 4: primer for CMV (248 pb) and Lane 5: negative control

(A) ® (€ ® E F

Figure 5. In vitro regeneration of Gloriosa rothschildiana O’ Brien from shoot explants after 12 weeks
cultured: (A) on MS medium with free-growth regulators; (B) MS + 0.5 mg/L NAA; (C) MS + 1.0
mg/L NAA; (D) MS + 2.0 mg/L BAP; (E) MS + 1.0 mg/L BAP + 0.5 mg/L NAA and (F) MS + 2.0
mg/L BAP + 0.5 mg/L NAA
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a7

AINANTANENANE L NT AN AN
mqmuLLmL&?uslmmmmﬁqwuﬁmm;ummﬂ‘ﬁ'qm
Tuseain 3 Aaulu 33.75 wWesidud Wethanmsaaey
giipredliFafaemaiia RT-PCR way EILSA wu'lia
oMV dluanmg lsa meLﬁ'@ﬁﬁﬁqﬁuﬁ:mmﬁqﬁLﬂuTa‘ﬂ
hi”mmﬁﬂﬁﬂ@@miﬁmﬁfaﬁﬂ’mwmﬁyﬂqL‘f‘fmﬁlﬂLfﬁrg
Uane8ana1na 0.3 TARWAT LALNISINIAEan
U0 0.5 1TUR AT 11481913 MS PHaNaN311TY
Windivu 40 RaanFusedans anunsanianlafald 100
wefiluf uazfT@insen 75 uaz 100 WaFidusd
SN WIS SR ENEIRATLNA 0.5 LTUR 1IAT
Tue1vng MS Rnanans3 iU lindiu 20 Haanusia
ans amnInnnanlasa cMV 18 26.67 wafifius uasdl
Finaam 100 iefidusd uazgninung MS fifiu BAP
20AANTNADAMNT LAY NAA 05 NaANTuFaamg
mmvmum@muwwﬁmmmummm‘lﬁmwmmuﬂfam
Lfa@ﬂmm 2.27 1anRDF LL@wmmmummaﬂmm
2.20 visas

naAnssNLsznA

AU AU Taiwan ICDF Project in Royal
Project Foundation (Thailand) 1A 91 19 Gloriosa,
Sweet Potato Virus-free Seedling and Grape Root
Stock Production Project Alnnsaiy ayunulunig
Feunsen

LANAITANDY

Akbar, A., Z. Ahmad, F. Begum, Ubairah and N.
Raees. 2015. Varietal reaction of Cucumber
mosaic virus. American Journal of Plant
Sciences 6: 833-838.

M., S. Yamashita, Y. Doi and K. Yora. 1985.

(Gloriosa

Araki,

Three viruses from gloriosa

392

rothschildiana O' Brien). Japanese Journal
of Phytopathology 51(5): 632-636.

Chatterjee, T and B. Ghosh. 2015. An efficient
method of in vitro propagation of Gloriosa
superba L. - an endangered medicinal plant.
Plant Science Research 37(1&2): 18-23.

George, M. and K. M. Pandalai. 1949. Investigation
on plant antibiotics. part IV. future search for
antibiotic substances in Indian medicinal
plants. Indian Journal of Medical Research
37(2): 169-181.

Koenig, R. and D. Lesemann. 1974. A potyvirus from
Gloriosa rothschildiana.  Journal  of
Phytopathology 80(2): 136-142.

Masuda, J., N.Q. Thien, N.T. L Hai, M. Hiramatsu, M.
Takeshita, J.H. Kim, M. Nakamura, H. Iwai
and H. Okubo. 2011. Production of virus-
free bulblets by meristematic tip culture with
antiviral chemical in Lilium brownii var.
colchesteri. Journal of the Japanese Society
for Horticultural Science 80(4): 469-474.

Niimi, Y., D.S. Han, S. Mori and H. Kobayashi. 2003.
Detection of Cucumber mosaic virus, Lily
symptomless virus and Lily mottle virus in
Lilium species by RT-PCR technique.
Scientia Horticulturae 97: 57-63.

Royal Project Foundation. 2015. Annual Report 2015.
The Royal Project Foundation, Chiang Mai.
145 p. (in Thai)

D. and M. Podwyszyfiska. 2012. Virus

eradication

Sochacki,

in narcissus and tulip by
chemotherapy. Floriculture and Ornamental
Biotechnology 6(Special Issue 2): 114-121.

Yadav, K., A. Aggarwal and N. Singh. 2012. Actions
for ex situ conservation of Gloriosa superba
L. -
medicinal plant. Journal of Crop Science
and Biotechnology 15(4): 297-303.

an endangered ornamental cum



N1FHARARIRY (Gloriosa rothschildiana O’ Brien) Uaanlada CMV
Tnalfinaiannsiagaiiaea

Zhang, Y., Y. Wang, Z. Xie, G. Yang, Z. Guo and L.
Wang. 2017. Simultaneous detection of
three lily viruses using triplex IC-RT-PCR.
Journal of Virological Methods 249: 69-75.

393






nistnananansuzuAsEluiiupanasludu

Inheritance of Dwarfism in Blechnum gibbum Mett.
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Abstract: Silver lady fern (Blechnum gibbum Mett.) is a pot tree fern which has been utilized in many countries,
in both sub-tropical and tropical regions of the world. A number of dwarf forms of the fern, occasionally found
as a variance from spore germination of a common silver lady fern, has more desirable characteristics to be
used for table decorations. Thus, the variance is highly desirable for consumers. Due to its inability to produce
spore, the dwarf variance has a propagation constrain. To know how to reproduce this dwarf fern in commercial
scale, an inheritance of dwarfism was investigated from spore germination using spores collected from the
normal form which had produced some dwarf variances. Segregation in a population of 7,463 progenies was
analyzed. Of which 2,341 are normal and 5,122 are dwarf. A chi-square goodness of fit test indicated 4 alleles,
postulated as d,, d,, d, and d,, as the dwarfism controllers. As an interallelic interaction among those four loci is
a duplicate recessive epistasis. Therefore, germination of spores from the 4 loci heterozygotes could be

adopted for mass production the dwarf form in the future.

Keywords: Fern, pot plant, genetic, breeding, duplicate recessive epistasis
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uwﬂmﬂ'a LWuﬂmmﬂuuu Blechnum gibbum Mett) Wududunszanssunadnisinnslfss lemlunans
szine mmmmi@mmvmm@mu LWuﬂmm@ﬂ”LuuuLmemmmmnmimwmm’lumqu”mﬂmmmlmluﬂmmﬂ
g Sdnsusiimsnzadedulunslilssiluiunaa dulizien mimﬂummmmﬂmamim
wiunanes luduuaseldaswatlesduiuiiadinlunisenawiug AsldAnmgduuunistranendnmziase
Imﬂmim’]mﬂfﬂﬁaLﬁu@’]nl,?\lugmm@ﬂuﬁuﬁuﬁ'ﬁﬁﬂwm:ﬂﬂﬁ%qﬁﬂizﬁ mﬂslﬁ@uﬂf%ﬁmwﬁqﬁﬁz\‘fﬂwmmmz
deunman@anidannsinlueunan nsAnENNszanda lufugnauIL 7,463 fiu wudndfulng Auau
2,341 f11 WASHIULATY AU 5,122 Gl smm@wmau‘lﬁmﬂ chi- square “goodness of fit test wmmmﬂm”muum‘“
agnalfinisAruAnaedadaLns MUK 4 AU ANUATETN 8848 d,, d,, d, AT d, AT sy
duplicate recessive epistasis muuma‘m[51L‘V\qummﬂﬂuuuum:‘Lw”erE*mmmniumn’ﬁm A9@11170 1475
nzatlasannduiiily heterozygote IoaTLTAR LI

Adnany: W Wnszone Wugnesy U5ullaenus duplicate recessive epistasis
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nazanaLlszaulfz (Amasino et al., 2005) NFNNLUA WiiansAnaedyaiistazanisuans TEnudnduge
@nanafipannisinsaunszdulseinendedouaes aesluduuisiuainisaliifiundnainalesing
adunzyndauld (@nuuutedou vise miniature) 199 AnwUzuATY (dwarf) IRBNANHUAIRIY gaiiNen 20-25
Aaannisnnsanunszduinadndouaesadtnsusiay LR e s was i unngudnatemsayuiines 10-15

\ = o - . a , & @ P , p ™
doulasuld (Anwoizuase vize dwarfism) Aon wuRmes luteands dnazi@en tuiluaau uashil

Faang U sesunAseRlFNN IR AN NENg NA NS Tugasagies wurnazinlddszsdunuiaunn
S LLLNNIENENAAAN B BN UGN ITNTBIAN AL T m@umm@n Ul ¥ 91U mlunmma”luuw,mmﬂu
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wAsragnielinisnauANteeButa 1 f1ume  Saengdanuch, 2011) fatiu AelEAnmnisdnenen
(Dubois and de Vries, 1987) aneniziAszrasunanes i e anan

Wuluanananes visa Blechnum agluasd  unesesluduweaszludniséselil
Blechnaceae Hiuniinnsyansat luandnlanls &
P ! A 1% LA aa
Uszanu 200 18im Tedaulva)du wulsluannuin AUnstluazisnsg
& A o & N | a o
uaziung lwanieuTy 1ew3ddning awiEnils

uazanARnIITe (Kramer et al, 1990) Wunanaely WusumnlunasealeFluszaznduailes
34 (Blechnum gibbum Mett.) ¥i3@ Silver Lady fern & wiusigaladunn aniuganeslusiuaiuu 1 fiund
dunufialunyinzwldWe Wuduau anfiunas dnwnizdnfusineflsedflignauaunien

FaTU 49 90-120 wumwas lutlsenaugdauundy  anwuzuasy dgnlulssdnuansiug iy luanid
wien lutes@idianduwiy lunai s liaswalasd NEFINAMNBUNUUA Yalilasanianan deaelu
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Aufivdayadnuusiundanenlng waranuusiun
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i (Figure 1)

o w o o aal o

ihdiayalinaseudndouasfiunians o
Unf uarAundansuzuase Aae chi-square (X °)
test LN@AII9@BL goodness of fit 18IGAAIUAK
annigiu lnelfanumgiudiaundwugidu
heterozygote TuAN®UEALLATE (BUNNAIULUUIT
m‘i_lﬁmamzrmvmmmiv @ﬂ‘Lumnww heterozygous)
Lummnm@ﬂwmﬂimmnmimaumm Aeaneroue

v ¥ {
o a

b4 a o b4 ay ¥ ddd
AulnAuazan e iulATy alAENAINNIINNEY
2 funispauauAnEmy uiadaufindiuauiy
POLIANANEUTATIAL 1 A1utle auldian X 2 in
tanfuanNAzu InaA A X 2 angms

X° =2 (Oi-Ei)’ / Ei
Te?l O = A wIuiuNRANEY |

'
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Ei = SMUUnnge)efiunians e i

NANITANHILATIANTDL

uﬁqmniﬁfﬁmné’ﬂﬁi’rﬁ@fmmﬂww alad
ﬁumW\Iuﬂmm@ﬂ'luuwn\mmu@nwmvﬂﬂm Va5 ﬁ]yﬂi"]
WE9 3 A% uazuenFuNS R NN EEuT iy
wudn LEdungnvianan 7,463 f nelduditianm iy
1nRgIn 2,341 G azFAuRNaNHLsLATEIIN 5,122
o = Ao o ' M
fiu aan1snanisnszatefiulujugniu idunis
ﬂuﬂumfmmnmwfamuummmqW\Iuﬂmm@ﬂ‘lu
uwﬁ\uﬂmmwuﬁumﬂu heterozygote Tuaneuesiu
ATy (Watts, 1980) m?wm'}immwmuiu'gu@mn
a , Ay Y & A o o a
Wuives 2 ngu TnalsunadalanesAulng
A % 1 o X ] dl 0' 1 % v Aﬁl =
wRaUAULN AU IudndounAInd Aunanged
ANHUTAULATYE UNTINHDINTUNANL A LNU
Weodeasiunisaruauaneusfiunnse Tnady
mmﬁuﬁﬂﬁﬁ?mﬁi@ﬁu%’wm"mum (interallelic
interaction) Wkl epistasis (Watts, 1980)

Figure 1.
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y - o o
iasanunaneslusuinidu homozygous
dominant LA £ homozygous recessive Aanuoe
fnaiuA® homozygous dominant A FuanEuzLnR
LWAZ homozygous recessive AFuANHUzUATY A9l
epistasis [ ENABMLIUNAZA i FugNAINNITNAN
FiL89983611 heterozygote Hnnsnszanafaiily 2 ngu
AR UL Duplicate dominant epistasis Taluuuundn
£ Ao A . v = ° o = o
TaNaaAA dominant W NENALMUNIANAZ AN LY
fuang Nnligugnilfuldnuzuassludngdau (1/4)"
e n AedruausumaEunineadasiunisAL AN

R

o

ANHULAULATY LATLUL duplicate recessive
. L= Ay £ aNa &£ A 9 o
epistasis TUdULULN AuTN T uTQN8deeiunng
AVLANANTUTAULATEAL LUANIN homozygous
recessive Wil NENATLMLAEN AX N AN UTAULATY
Feaznltigugnilsiunianmousniludnadon (3/4)°

(Watts, 1980) N3l gugnil fufifldnwouztinfisan
2,341 fu WnsBuRTldnEUzLATEI 5,122 Hu vided]
FuLng ludndan 0.3136808 @silsza1nsiugn 7,463
B AdlA i dndauaess uanAund T R dnsusng
LAzt dnH TRy InAgaLEE chi-square test
Tma‘l%@mﬁﬁimdﬁuﬁLﬁmfﬁmﬁumimmuﬁﬂwmx
FULATY Nﬂ{]ﬂimmfaﬂmmu dupllcate recessive
epistasis 89310 epistasis LL‘LI‘LILL @”WWIMNMWNN
fnunnAludadoufinnas WeflTudl Randiaety

NN9AILIANAN LA UUATEAUNANNNA UM

NANINAGALAIE chi-square test (Table 1)
wua N AuLNA ludndau 0.3136808 a89Llseanng
jugn (Fufid dnmuzdnfison 2,341 fu uazhiuild
ANEUTUATEIIN 5,122 1) THuANA 9N 194D B
(P<0.05) mnﬁmﬁqum\mqwﬁﬂmﬁﬁmuﬁuﬂﬂﬁ
0.31640625 1931/95201N3TUAN 15D (3/4)° Wza Bl
fnenuslnfisom 2,361 B uasBuRTEnEUTIAT I
5,102 i1 Usznaufunnsfitlszansisuaunnnndd
6.4x4" Ay N lHaNInnAdaLdndiuAInandfag
chi-square test 1R seaunaudula 99% (Watts,
1980) wudwlun e lusiu Hdaaauls 4 ZRIZIN ‘Vl
AOLIANNTNARNEIUTFIULATE (Figure 2) Hefumanil
Nﬂ{]ﬂimm@ﬂmm‘u dupllcate recesswe epistasis ER
muumlmmwmmwm da d, d,, d, uaz d,
AL TuAe wxlunmm@ﬂ‘l,uuuwmmﬂmmmvuu
HAnwUzAUgNITH (phenotype) Llw d,d,D, D, D, ,
D, dd,D,D,, D,D,ddD,, D,D,D,dd,
dd,d,d,D, D,, ddD,ddD,, ddD,D,dd,
D, d,d,dd.D, . D, d,d,D,dd, D, D, ddd,d,
D, d,d,d,dd,d, d,d,D, d.ddd, ddddD,dd,
d,d,d,d,d.d,D, , ¥ia d,d,d ,d,d,d,d,d,

farfu mananiuganesluduuaslud
wmad A9ans1E3R N radesanndul ATy
heterozygote m@qﬁuv%ﬁ'm"%mm%w:ﬁ@@uﬁmdw
0.1975308 i34 (2/3)* gaeiszansf danszing
462 Hu a1n 2,341 Kuzasiugngail wazilesannly
e unaees lusiuiudnadsualug awwnsali
atlafaruaunnn AsazaNsnfafundiunanas
Tusduuas i n Ui

Table 1. Phenotypic distribution in the progeny population with chi-square test for duplicate recessive

epistasis
Observed ratio Number of alleles Expected ratio Chi-square P
2,341: 5,122 2 4,198: 3,265 1877.7 > 0.05
3 3148: 4315 357.8 >0.05
4 2,361:5,102 0.248 <0.05
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Figure 2.

view of the dwarf form
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A ANy aAa o a o P

NINFUgNHFAUNNAN TN 91191 2,341 5iv uas
FUNTANHUZLATY AU 5,122 Bl WARNINANEUY
wpszagnelfinisnouANTaId AR ALY A WY 4
AW AN LY duplicate recessive
epistasis AarunIINARIAUYAnes TuTuLAT 1 LA
1BUNUNAIN A A98INNT A B INN Tl e FHuN L
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Internode Elongation Ability and SK2 Gene Expression in Common Wild Rice
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Abstract: Common wild rice is an important genetic resource since its adaptability to inappropriate environments
such as floods or drought conditions. The objective of this study was to evaluate the internode elongation ability
and the expression of SK2 gene of common wild rice of Lamphun (WLP), Chiang Mai (WCM) and Roi Et (WRE)
and Surin (WSR). The experiment was conducted in randomized complete block design (RCBD) with 3
replications. At sixty days old seeding, wild rice plants were submerged in the cement pot with water level up to
90% of the wild rice plant height in the deep water treatment for 1 4 day. Internode elongation ability were
determined by recording of culm length, number of node and internode length. The results showed that the
highest culm length, the highest number of node (3 nodes) and the highest internode elongation at internode 2,
3and 4 (11.0, 7.6 and 2.9 cm, respectively). Considering the expression levels of SK2 gene, the WLP illustrated
the highest expression level. Positive correlations between culm length, internode elongation and the expression
of SK2 were found. Taken together, the results of this study showed that SK2 gene is involved in response to
deep water by internode elongation. The present research can be used as a basic information in selecting

common wild rice germplasm for deep water rice breeding program.

Keywords: Common wild rice, deep water condition, internode elongation, SK2 gene expression
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e v . e da e o A - . o v
unAnsa: I1radnduunasiugnasuniaNg Aty Wesanianuai s lunstiusseaninwanieni
Tlwmnzan 1w davian vidaudiauds Wusiu AulunisAnmtadidngisrasfinalsyiduauaiunsalunista
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n1suAAYEBNYRIEY SK2 Lu@uw@mmmeau‘llmﬂw,mfwmmiﬂnmul,mm‘lmmum g1 SK2 Mnendeenunng
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ﬂqﬂ%qﬁibﬁummzmmzmm 15 §11l3 anmein AINNIANHITDY Hatton et al. (2009) WU
vandadunarvuanadUainwanainaudaena i ANHUTNNIReL ALY NANTY gnAaLANAae
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P (semiaquatic species) fnnalsusalE sl ed WisT 1,3 uag 12 TunnsAnmAinaalisyysn i
hunasilugnmuaadenfiunnidulyl (Chol, 2011) Fentesiunstindfasneldanminaniude fuly
Tma?ﬁﬂqﬁﬂWiﬂ§uﬁqLﬁmmﬂﬂmu%fwiquﬁa 2 gtluan nquuaslilsfiu ethylene response factor lHun &u
i‘ﬂLL‘LI‘l_ILLi‘ﬂ Af mmmﬂ (deep water floods) Lﬂu SNORKEL?2 (SK2) %qﬂ“\iﬁmﬁzmﬁwﬁ 198U SK2
AU LAZTNYI AN LU LS LN AL (flash floods) 4 ﬁquaﬂ'qumiTuIsnmwiﬁ{ 12 lnefinalnfiiAsadiesiu
Lﬂﬁ“ﬂuel,m“’ﬂ”lfm’mu"] Nagal et al., 2010) Tuann miﬂmﬂ@@\‘i (mechanism of internode elongation) ) Tu
vhaniunaiuy fnaflinusiianazausin HAZAY @m‘wmmu ﬂmﬂﬂlmmwwmwmwm (stress)
ma@@nﬁmuqnm@@niﬂ@uum fotinamuinaniiu liesunananneandiay wudnflannuiiaadesiu
Feneiuaniniinanaziinnsdaly waz§eseting gasTuuila (phytohormones) 3 1iim 1A LA ethylene,
mn3 nstinldesdaaliiluuugaaesdinnannsolug gibbereliin L& ¢ abscisic acid 44 Choi (2011) 14
fufinunieuanwlasuuiald Wesannnis aBLNeRanELLNN TN AR NN 3 ndat el
wazuuladlasedindludoureanfedinass msila  @ednfianeduaiiesannidnin Aeinaazerlu
ﬂ@mmmmfammmﬂu A mmmﬂmlummwﬂﬂm #N12211988NT 191 (hypoxia) ¥ae AN 1l
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N&AyArEINsUFULiugdng uaniduuseny g
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aNNLARE N LANA191 (Mohapatra et al., 2011)
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wugnasnlunsliudgeiuginonnansialy
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AUnTuazIaNNg

sz uAMNEINIsDlUNNTE LA RITRIUN9
thlugnmiiran

tinsiatinednathi Lﬁummmmm%qgﬁﬁﬂ
a9 TR 971 4 Uszrng wiiadu aliadud 2
1lsvanng waz alatliAen 2 Usvang (Table 1) inans
N3 NA9 (break dormancy) WaliFaae19dinatln

ANNITDIANNTANAY IWNZA2ae1Naad 1911w
nzAENNZINGA et 10 Ju mmfué’wﬂzgﬂm
NILDNAWIAEUHUAUENAN 15 [UFLUAT NI
AT 1 AU IMMLEUNITNAABILL U randomized
complete block design (RCBD) AU 3 Sﬁyﬁ 8¢ 3
fiusadszainsdnailn 1 dszaing iuan 50 Tu
annituiinadingt1aeluy of s aun aE g1
AUENAN 100 LIUALNAT 449 80 LIUALNAT ienasaL
MsAuANanenlunnet e Tnasssiminludud o
garlszannd 90% 1e9ANgsiutesdinng it
szAuinAfeas 5 uRms NN 129U wﬁyuqmmi
nAaes Tuiindeyaninuenafiy aunde uaz A9x
81918 0aludud 0,7 waz 14 udalfian niinan
(Figure 1)
N9zl un1sudneaanaadtiv SNORKEL2
(SK2) Mietasnumstinldasuasdnng

NN9&NA RNA

U298 1989 UI89a AU (culm) 419111 was
Wanmiinanidungn 14 54 afnerfifueann
aEeludiuresionszldes undalulnsauman
WaziRen uiatinunanaiag PureLink™ RNA Mini Kit
(Invitrogen, USA) HrensEuei a1 llsnAnns
@mnﬁuumﬁmwmqm?{u 260 1Laz 280 W1 lulNAT
e ALl L eSS e LAYATIAAL
anﬁwm@\i@ﬁvﬁumﬁ‘m 1.5% agarose gel
electrophoresis

n1snNe AR uLaaanlaanis Treat
DNase |

AndamEenanananiswefianalifae
DNase | ( Thermo scientific, Lithuania EU) Tmef
zﬁ'f;ummﬂuﬂﬁﬁ?moﬁ”\iﬁyaﬁl,ﬁuvaiuﬂ?mm 1
luTasn¥a, 1 unitvew'lasl DNase | 1 lulAs@ams,

Table 1. Accession name, location and types of 4 common wild rice populations

No. Accession name Location Types
1 WCM San Sai district, Chiang Mai province Perennial
2 WLP Mueang district, Lamphun province Perennial
3 WRE Mueang district, Roi Et province Annual
4 WSR Sikhoraphum district, Surin province Annual
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Internode 4

luternode 3

Intermode 2

Internode |

Figure 1. Position of node and internode of common wild rice

10X buffer 2 laTasAns uazifisl DEPC-water ie1l5y
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oY 37 asAnaaiiea 1uma 30 Wi uAAEN 50
mM EDTA 1 lailnsdns uazvenlffienvaeulsdd
quvgd 65 asrmaidaa Wunan 10wl Weay
ﬂﬁﬁ?mﬂmmm'qmunﬁumiﬁl,lﬁqﬂi:mm 2 Wil
Fulfignugi 20 espniaadas Wetienfiduenn
Wusuwuulunisdamsizydl complementary DNA
(cDNA)

N1sHILASTIEN complementary DNA
(cDNA) &1e1Lsn

#9A3129 cDNA anansidualaanigna
ﬂ@ﬁ?m reverse transcription (RT) F28N1991197114284
eulasl reverse transcriptase I RIR primer‘ﬁl
il Oligo dT primer Husnsadinlung duamsiane
Aduea8wsn (first strand cDNA) luiiAnie 5 — 3
f 18 Revert Aid First Stand cDNA Synthesis Kit
(Thermo scientific, Lithuania EU) Taeddaunas lu
ﬂﬁ'ﬁ?mﬁqﬁ”@ﬁlﬁum 30 lulmsdms, 5X RT Buffer 10
TuTasans, Oligo (dT),, 1 lulAs@ns, 10 mM dNTP 1
lulnsan3, Ribosafe RNase Inhibitor 1 luTasams,
Tetro Reverse Transcriptase (200u/1:n TAsamg) 1
lulnsans, DEPC-water 6 TulAsang utlisen
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3’, reverse primer:5' GGCTGGAAGAGGACCTCAGG
3 wlFTeu ey dudu SK2 (forward primer:
5'CACTGGAGGCAACG-AATG 3, reverse primer:
5 TAAAAGGACCAGAGGCAGC 3) Uiz semi-
quantitative RT-PCR 3u1msgndd sz 10
Tulasans dsznaudiag cDNA 1 Tulasams, deionized
water 8 luIAsAMS, (10X) buffer + KCI 1 lulAsamns,
MgCl, 0.75 lutasamns, forward primer 0.1 lulasans,
reverse primer 0.1 ulnsans, (25 mM) dNTP 0.08
luTAsAmns Tag DNA Polymerase 0.08 lulasams wa
DMSO 0.3 tuTAsams a9l microcentrifuge tube
aun 0.2 Nadans dadieteaindiunmans
Wuqma‘u FlexCycle2 (Analytik Jena, Germany) Tngl
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Common wild rice populations

Figure 2. Culm length of 4 common wild rice populations on 7" day ( M) and 14" day ( M ) after deep

water treatment

" indicates not significant difference at P<0.05

* indicates significant difference at P<0.05
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Figure 3. Number of nodes at 14" day after deep water treatment of 4 common wild rice populations
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Figure 5. Relative expression of SK2 gene in 4 common wild rice populations at 14" day after deep water

treatment using semi-quantitative RT-PCR analysis
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Evaluation of Preemergence Herbicide Efficacy for Weed Control in

Sugarcane Field
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Abstract: Weed is the major factor influencing sugarcane yield loss in a competitive situation between the crop
and weed. The most common method of weed control in sugarcane field has been conducted by herbicides. A
field study was evaluated the efficacy of preemergence herbicide (diclosulam, diuron / hexazinone, indaziflam,
imazapic + pendimethalin and sulfentrazone) application in sugarcane field as for a single row and double row.
The results showed that the application of diuron / hexazinone at 210.6 + 59.4 g a.i./rai, indaziflam at 8 g a.i./rai,
imazapic + pendimethalin at 12 + 148.5 g a.i./rai and sulfentrazone at 76.8 g a.i./rai controlled total weeds as in
the similar level and it was not affected on crop growth under different planting methods. An exception was
found in of diclosulam at 8.4 g a.i./rai which has the lowest level of total weed control when compared with the
other herbicides. However, the highest level of broad spectrum activity was obtained with diuron / hexazinone
and indaziflam. The indaziflam can provide a level of broad spectrum activity at low application rate than diuron

/ hexazinone. Therefore, indaziflam could provide a new alternative herbicide use in the sugarcane field.

Keywords: Preemergence herbicide, Saccharum spp., sugarcane, weed control
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ummﬁmmﬂ?izm n5l%an7 indaziflam AauanTaRelivarasiinlaeliaresmenfinnndanisldans diuron

hexazinone A3131 813 indaziflam Aasanunsnlfiduanmiadenatin s luwlasgndes1s
ARIATY: @19NNaRdaNTLLLINeWan Saccharum spp. §@8 NIAILIANITI
AN fuanaN (Nsigndasdnuuda) uazimaunnsands

IS v & o [
Hwan (Mstgndestinga) sindtomainnisutadu
Jangdndulyuidrdylunisdgnées  aesdaiafiesndinisdgnéessiuly (Cane and

(Saccharum spp.) yndldafiaauugsduneluutas Sugar Promotion Center Region 2, 2017) szeizilgn
Ugn¥esetneguuss aansodaafinanAnienanas  Seminfiansnnainnindenlieiesdnananianis
FERERQIIGY ﬂﬁﬂumwummqmwﬂuuﬂmﬂ@rmmm nerslunisdndfiRnusendneunsignies uaz
szmpiedle dedaainuandndonanagegaie  dnwazdszdniugaesdenidundn fanasld
70-80 wWafidusf (Yiefu ef al, 2013) uazfitlszine  wiesdnsnanemanemslunislgn quainm uas
Wauuduanandesazanasludos 2503 wefidud  naviuifedes s ldisezlgnazudnauna 1.5 wms
(Obien and Baltazar, 1979) atinslsfipnu nisgayide  lesarniatesdnenanisnisnenaaiunsnidia
m@mﬁm%@ﬂﬁ'Lﬂumm@ﬁuﬂmmmnmmﬂﬁumm UiReulsazaon LL@:ﬁﬂ%Wuﬁ:é’ﬂﬂﬁﬁmiu,mnﬂ@
St %”u@f;jfT‘ummmuq?a“lumﬂ,vﬁﬁumm%ﬂﬂ tiee Astlgnuununag nelfssavszudnaunn 1.5-1.6
wAasg szaznaiimeudeiuiuiaie sladaie was uaslszazssudnaiauiuidenusaze 25-30
memwLLqmz’ifauﬁmmﬁ”uﬁﬂ@Jn (Ramburan and uRAs FannsodndesaunsodinlnnalE
Nxumalo, 2017) i mnﬁmsﬂ@mm:miﬂmﬁu aginadUszAnsnn (5’1ﬁﬂ‘1.|?“12l’1ﬂ‘§@?;|LL@uﬁwﬁﬁ]’mVlﬁ"m
AdndaRafmunzanazaiusadonaniymees  2561) atadlafinnm ﬂ'1al,mwummqmwmu@ﬂﬂumm
S luilasgndesld i LLuummwmﬂ@ﬂ‘Luwuwmﬂ BLTU mﬂ,wumm

Tulsznalnaaiunsalgndeslsludassiv WWNUULWARY Cannabis sativa (Wilgn) Hefiui e
tinazdanaelu Ineinemsnsdaunnigndes sty mﬂﬁls\lﬁﬁmmuﬁmﬁuﬁmn 20 Alanfusiaanmng
ludaadeuiunan fa wquniau Ganslgndes 60 sita 80 AlanFusiaianeng deuavinlifunnsfaiia

TudastinuTymainnisudeduaesisngad1aunn IuLLﬂ@Qﬂ@ﬂﬂﬁﬁdLﬂ@ﬂ 33 1lasidus (Vera et al.,
Wasanndanaiinstuntsiulugonisenaesdes 2006) Fiavits AT mMULLTB R LE e AtRNAd]
doudasnilgnludasilanelu AsusiBausaias 9 rasiansuasTuaasirng lugnmudaalgnls

414
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wilasilgnaas

insmsnadaulug Innadasiunidadaielu

dosusnresnislgniestnanisliansnindndan g
o o o o o C o o
Weasanniduwisnisnuseansninlunistesiunian
o A a A % < a 7
JrNage UjuR iazaanuazaanids uaziialane
v -ﬂl = o 13 [ o A % ac Aﬂl
Hae WanBaunauiuniniapdaiafoeian1sau
Faansn1aadeNauLUnausan (preemergence
herbicide) N n1suuzinliilddmiunisilgnday
1A un @ng Atrazine, 413 Ametryn, 813 Metribuzin @13
Pendimethalin k@ @15 Sulfentrazone 11l 1WH 1 @19
manandugsnnapdrtuLLnewIan NN TuUE1n
UilE lununlgndesnnatineenauiu adnglsfiniu

[ 0 o o A a a v v =
nslfansnapdaneriaANATNNT a1 TAT
Punniduszazinaruiu anadaualinadywidang
F1unuang (Heap, 2018) Aasiis agmasinisAnenig
Wasnnadaiariialudifiumin ieduniaaen
dwifunsaauandaigluuasgnées

patiu nstfestunidadoneglug aausnaes

nslgndeaianudiAtystinsnnsanissanuaznig
warylALtevdan uazinennsiaadoulnn Huwld
ansnndndanguLunewendiuacunn T luto
NN3ANUATNITAITY AL InTaE a8 maausNu N4

= a o o 2 Ao - a
nnsAnunddeluaiel Aeidnnlszasdinatssidiv
szdvsninnsiiigansnnapdantuuunenanluulas
Ugndesuuuunaieauazgdmiunisgniendos
aneni

L4 as
AUnTUAzIENNS

Anmnisldaisnindadanauuuneusan
dvunsenupufaialunislgniesuunaaiien
wazwnognelfianinulaslgnludeusausnsan
DI NOHAIAN WAL 2561 D4 AUTIAY A FAUAT
dnausunisineasul ey ATINEAIANERS
wwanenaudeslud wiisnulasilgndenlngldsn
uwnsnimesloAudiuan 1 afe ulannAuicls 2
danf ndeannifiAdlomeann 1 ads mudne uis
fufduuasden 1unn 4.8x5.0 ANI1AS LA
wlastaevindaaszanlgnan 10 muwhwng Hezas

415

FENINNTBY 1.6 LWAT ﬂ@ﬂé@mmmmmﬁ'm (single
row) tpennganavieunugaas (Wug 9851) il 23
FRYIAUNLE TWIBIMINLWINEY 1 U9 daunisign
WLLILDAA (double row) finTaensaneviauiugaae
ANEOUCANNUUIUBY 2 UDATY %qﬁ@uﬁuﬁ:ﬁizmﬁw
11 30 UFNAT UASAINALAULW DU UT oS Uirin
navdgnanesy cuu i1 Lmuamﬂ@ﬂ (sprinkler
irrigation) fwww\mﬂmmnuulum 3 aﬂmum@m\i

TWNUHNUNIINANAILU U 2%7 factorial in
randomized complete block design (RCBD) RN 4
1 14 N39173 1lszneudiag 2 tade THun Taded 1
Fia 33n19Llgn (nauilen wazunag) wazladed 2 fe
Tmalastuidadafia (Table 1) Ugnienssiansd
nanaB5dnediu uasvdsann i malgn 2 41 3o
ARSI GAS Table 1 ANWFAazNTInAT Ina g
WHANTULLAZNEMES TiRTaRngLTasanane (flat fan)
ﬁmumﬁ‘mmﬁﬂmﬁi@ﬁ”uﬁ (spray volume) Winfiu 80
anssials

Tuindeyanisasyiivuinuesdenuas
Usz@nEninnisaouaudrinarasusd aznssnds
saselalil

1) maasnyinuinaesdes InaduiAudeya
#i 12 §pviudanisnuans dsznaudaanistiuiin
mmzﬂ;qmgmmﬁw TaedpanniaAuiivanmaly A1uau
10 aseudactias Hieduauiiunssiasn, a1uau
He&nuednnad Tneifuanuuiiates 49191 10
fnreutlaseios fmiseifluiadesn, nsunnnaieas
raviaunug et ulune AU 4 vieuwRugse
ulasting Auaaifunesiavieuiug waziinuiinuiie
L’ﬂalf;lﬁi’ﬂ@o’] Tneninandas a1t 10 arraulagsias 4
@um@mmu 80 asAtaded e 1 dlandk uia
Aetarimiinuiie Suveifluniusiesn

2) dsz@nsnannisarunudTiNg (weed
control) ﬂizl,ﬁumﬂmimuQuf‘hﬁﬂmmw (total
weed; TW) uaznisauandangusiazailn Hun S
TunA&149 (broadleaf weed: BL) §a W a1y wA U
(narrowleaf weed; NL) asnn (sedge; SG) aeinng
1seifuRqednem (visual rating) AMNATU84 Vanhala
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Table 1. List of the herbicide applied and weed control treatments

No. Treatment Recommended rate (g a.i.’/rai)
1 Hand weeding (at 4 and 8 WAP") -
2 Weedy check -
3 Diclosulam 84 % WG 8.4
4 Diuron 46.8% / Hexazinone 13.2% WG’ 210.6 +59.4
5 Indaziflam 50% W/V SC 8
6 Imazapic 24% W/V SL + Pendimethalin 33% W/V EC® 12 +148.5
7 Sulfentrazone 48% W/V SC 76.8

"WAP = weeks after planting; *Pre mix herbicide; *Tank mix herbicide; ‘a.i. = active ingredient

et al. (2004) T5261 0-100 Wi ud Faulten ey
AUNNIRNIRATTNTA2 899 11AY (hand weeding) WL
Tufindeya 2, 4 waz 8 Flaiudanismuans i
wnentudefidue

3) szAuanisliFuiwaesigilgn (crop
phytotoxicity) Taain1sl szl ufaeanan1mnIni 5389
Vanhala et al. (2004) 361 0-100 la51dus &4
nReufeuAUNNINR AT TN TAL e L9NAL W LLTUAN
%m&mﬁl 2, 4 uaz 8 AUaindsnianuans sy
wlasidus

4) AT TR U Tael
N9AUAWAEL (quadrat) TWIANENS 0.5 1A WAZEND
0.5 wag guiiuauousiurasianalassauuaz o i
wiazaila (lundne luuAy waznn) A1uaU 2 9asie
wlaseine 7 8 dlawindanisviuans Svaefudusie
0.25 AN NLNAT

wndayaliAmmziarnauulsdsaunig
457 wazuFeuRanAeAdadnaad Fishers
protected least significant difference (LSD) test 1a &
¥ 14/7un9u R 59U 2.9.1 (R Development Core
Team, 2009)

NANISVIARDY
maasaiulpnrasaaslugmnuilasg

nsAnsnarednslEansnnand N uLy
newsanfdsanisasyiiuinuesdes luaninudas

NAARN 12 AUANINaIN1In a7 Wudn N1 lEans
Andndanguuunewsanuan wulasmdgluuunig
Ugndeauuuununeauazunag denannliideaiinng
ey uTnldumnsneiun19aism uazilaiason
A8n13 T UANS AT TG WL NVIWUANTANI AT T
uuunewenusazalaganani1liinannge auiuie
1das warn1suannaaasdas L uANFANNAUNI9An A
e ~ = P o 6 o o A v
Wudu WanFaumaununisniaadangf o
10 o o A % 1 Yo A d’/
BIUAU LaznNIg AN AT IR TuA A e e 15 TrNTTL
1N (weedy check) InadA1aanag Tudas 10.3-
16.2 URLNAIFADAN, 2.1-3.0 495981 kA 0.8-1.1 ND
plaviawilg muaAU eeinglsfinin naslanndndane
% 1 Y o A d” 09// 1 o
wintlsesliidanTausuniunaenggilgniu deasin
hinminuiisresdesanasadeliiadAnyneana
y . i Y o ey 4
WeaulFauiunssniaau Inadesazlunminuieas
o 1 o ~ o o o A 9 aa A o gw
5.3 NFNABAN VNN ATTNTA 28R TN198UN A
o ~ o o = , \ o 1 o
feasdvminuiuaaueg ludog 11.6-14.8 nFusean
T lduanANNTuNNan A (Table 2)

UszANENWNTAILANITNTLATAINS A LN 1
NG
nsdsziiudsz@nsnwnisaauRNdfos
arund 2 ddandindenisiugns wudn lddl
Udniuisonseudnedsnislgnivisnisdesiu
Anapdaiges el i d1Aynnean s aeelsfinna
wlavlgnéeaunuunagfinisarupudaiglasson
ﬁnfiwmiﬂqn%@mmuLLmaLﬁﬂq@ﬂﬂaﬁﬁﬂﬁﬂﬁmwnq
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Table 2. Effect of different weed control treatments on the growth of sugarcane at 12 weeks after application

Growth of sugarcane

Treatment Plant height Node Tillering Dry weight
(cm/stem) (No./stem) (No./sett) (g/stem)

Method (M)

Single row 12.1° 2.3 0.9 11.3

Double row 15.6 2.9 1.0 12.3

LSD - - - -
Herbicide (H)

Hand weeding 14.7 3.0 1.1 134 a

Weedy check 10.3 2.1 0.9 53Db

DL' 12.3 2.6 0.8 12.0 a

DR/HN 16.1 2.9 1.1 14.8 a

IF 13.7 25 0.8 11.6a

IP + PL 15.5 25 0.9 12.3a

SZ 16.2 2.8 0.9 13.5a

LSD - - - 5.14
Significance

M ns’ ns ns ns

H ns ns ns *

Mx H ns ns ns ns

DL = diclosulam, DR / HN = diuron / hexazinone, IF = indaziflam, IP + PL = imazapic + pendimethalin, SZ = sulfentrazone;

’Data are means with the same letter are not significantly different; ’ns = not significant, *P < 0.05

and Tnaannsamaupndaialagsanls windu 69.4
Uay 64.6 1WafiFud mua Ay WaRansundnnig
asiundndais wudn n1s144ns indaziflam (IF)
aananpauRiRalpemiuniige ity 81.3
wlasifus 3<liuansnannsadmfunisldans imazapic
+ pendimethalin (IP + PL), @19 sulfentrazone (SZ) hay
#179 diuron / hexazinone (DR / HN) Linfi1 78.8, 78.8
way 71.3 1Wadldud prua1ay a9un1gldans
diclosulam (DL) axnsnaupudaialaasanlstion
ﬁqm Winiu 56.3 Wasidus (Table 3) aginalsfimu
wnansauntetlsz@naninnisasuandanaluning
WU31 N191E @7 indaziflam LaZ&9 sulfentrazone
ansamauAudgalundnglfinanile 95.0 uaz 93.5
wesifus auansu deliunnanaiunsindndafie

ANEILINSTUAU LAZNNT K aNT imazapic + pendimethalin,
&7 sulfentrazone LATANT indaziflam A7H1TAAYLAN
JenaluuaulAuInie 96.5, 92.3 uaz 91.5 Wefidus
AINANAU 49UN191E @19 diclosulam WAL &S
indaziflam ax190ALANANIHNINDY 96.1 wax 95.6
wlefiFud muandu ddlaiunnsnetunaindadaie
Rosussnuaguiu (duansdioys)
Lﬁj'@ﬁmsmqﬂizaw‘ﬁmwmimurﬁ;w‘fﬂnﬁﬂnﬁ'
4 favindanisnuans wudn AU Fuuisan
sendansnstlgniuAsnislasiunndadaiteeingd
WedAun1eana uaznisacuaudane luuilasilgn
é’@mmmmmﬁmu@z@i@i WANFNNAUNAD A LT W
efiansnnaansteaiuindasaiea wudn nnslians

imazapic + pendimethalin, 419 diuron / hexazinone,

417
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A17 indaziflam WAaT4A1T sulfentrazone AMHTOAILAN
Janalnason'ld winiy 63.8,60.0, 58.8 LAz 58.8
wesiFud auandy aelifiannuuansnetunnsain
daun19l4a19 diclosulam An1srauAudENgina N
151’1”;@?1‘1‘71'@@ winiu 33.8 wefidus (Table 3) Inan19 1
@19 diuron / hexazinone axsnALANITRT LN
mm’?‘izgm Windu 84.6 wWefidus waznisldans
imazapic + pendimethalin, @ 17 sulfentrazone, 419
indaziflam k@ £ 219 diuron / hexazinone 1N 190
pavpsRluwn U iuansnaTuneadia Javihiy
89.1, 86.4, 81.6 LAz 79.9 i ud muaAy dau
N9 1 @9 indaziflam, @19 imazapic + pendimethalin
Wazang diclosulam axnInALANNN HNANT 97.8,
97.6 uaz 97.4 Wedidus auasu (luuansdieya)
LL@:Lﬁ'@ﬁmimqﬂiz%m%mwmimuau
Faftaf 8 Aulnsfudanenugns wodn il daniug

$au9zudNdsN1slgnAudsnsdasiuiand g
peNINTHAATYNNATA warinisruaNT TN by
LLﬂmﬂQﬂéﬂmmmLmLﬁ'mLL@:@'VLN' WANFAAAUNI
AR efiansnidnnstestuindndaits
wuqn nsansnnepd N TuLLneusenuiazI AN
tsz@nsninanas Inansldans diuron / hexazinone,
#4179 indaziflam, 419 imazapic + pendimethalin La ¥
419 sulfentrazone @NNTAAUANT TN G IAE 391 1A
Winril 46.3, 33.8, 33.8 uay 30.0 tlafifus muansL
Feldfiaanuunnsnefun1eadf daunislians
diclosulam finspauanFaRalnasanlk deniiqe
Wiy 18.8 e (Table 3)

wenand nstlszifiuseAuannnslEFufie
aasdenii 2, 4 une 8 dilnvivdannsmiuans wudn des
AEFuansindassRauuuneusenusazsiiniinis
sydinlnung delifanuumnsinaiilumeadiadie

Table 3. Visual rating of total weed control at 2, 4 and 8 weeks after application (WAA)

Total weed control (%)

Treatment
2 WAA 4 WAA 8 WAA

Method (M)

Single row 64.6 b 52.5 36.3

Double row 69.4 a 54.4 35.9

LSD 4.46 - -
Herbicide (H)

Hand weeding 100.0 a 100.0 a 83.8a

Weedy check 50d 0.0d 6.3d

DL’ 56.3 ¢ 33.8¢ 18.8 cd

DR/HN 71.3b 60.0 b 46.3 b

IF 81.3b 58.8 b 33.8bc

IP+ PL 78.8b 63.8b 33.8bc

Sz 78.8b 58.8 b 30.0 bcd

LSD 11.03 12.78 23.83
Significance

M * ns ns

H . ok .

Mx H ns’ ns ns

DL = diclosulam, DR / HN = diuron / hexazinone, IF = indaziflam, IP + PL = imazapic + pendimethalin, SZ = sulfentrazone;

’Data are means with the same letter are not significantly different; ’ns = not significant, *P < 0.05, **P < 0.01
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v

a o dld o o o A %
WRaua U UReaNTNIIANTATTNT A8ILLI991 1A
1 o [ o A v 1 Y o = d”
warn1glinnand N gnanUaas 1S TN U 1IUNL
(Table 4)

AINNINANTUIANNABI LIRS TNT 8
Adanvindenisviuans wudn TRUjduwudson
send1dnslgnAudsnislesiunndndane uay
o o A 1 d’j dl v dl
Anuuiaigsieiun luulaslgndesiinunaimaauas
Alifianuansneiuneais nadsaoudanalag
29008 IUT99 68.4-72.2 Fiuse 0.25 ANTIUNAT UAY
A a aal v 0 o o A Ao '
WaNansun35n1379R UANS AT IR TN N ias AN
MWL INT wuan 1314413 indaziflam, 419
diuron / hexazinone, €19 imazapic + pendimethalin
WAZA3 sulfentrazone HAnuaudaiainasantionign
WinAU 41.5, 46.5, 65.0 LAY 69.4 A1AB 0.25 11514
AT ANANAL Bl anuausaivaing s lduansnefiy
NNADHA LA ATTNTAQE1L9911AY Tuanieinng
144139 diclosulam Ha1usudaialaasanuinign

WU 111.5 Busie 0.25 ANT19RT ST LU TR
Inesnlduanmaiunmnead Atunsinnandangwan
UdegliidaRgiusuniunaennalan atnelafianm
ynfiansndednuustirluninaseiui asnudn
n1914 419 diuron / hexazinone, 419 diclosulam, Wa e
417 indazifam Az Auaudaialunirsiieniige
WinAL 9.9, 13.8 LAY 18.0 AUAD 0.25 ANTINNRAT
AUANAL Rl nuandaie il unnAn T unaaB AL
N1TANTATIN A28 1T UAY Lazn1TlEans
indaziflam, @ 1 ¢ imazapic + pendimethalin, & 1 ¢
diuron / hexazinone Waz@17 sulfentrazone AxHaNWIU
Fafrlunaudiasfign winfy 159, 16,5, 225 uaz
37.9 BuAie 0.25 ANT1UAT AN AU F9liuAnan
AUNAD A IUNINSATTINTH 28 U UALLT U1
grusuaunnaefuiasd s 1B L biuansney
VNIADAYNN9T1AE (Table 5)

Table 4. The toxicity on sugarcane after applied the herbicides at 2, 4 and 8 weeks after application (WAA)

Phytotoxicity (%)
Treatment
2 WAA 4 WAA 8 WAA

Method (M)

Single row 0.0° 0.0 1.7

Double row 0.0 0.3 1.3

LSD - - -
Herbicide (H)

Hand weeding 0.0 0.0 0.0

Weedy check 0.0 0.0 0.0

DL’ 0.0 0.0 5.0

DR/ HN 0.0 0.0 1.3

IF 0.0 0.0 1.3

IP + PL 0.0 0.0 1.3

Sz 0.0 1.3 1.3

LSD - - -
Significance

Method (M) ns’ ns ns

Herbicide (H) ns ns ns

MxH ns ns ns

DL = diclosulam, DR / HN = diuron / hexazinone, IF = indaziflam, IP + PL = imazapic + pendimethalin, SZ = sulfentrazone;
*Data are means with the same letter are not significantly different; ’ns = not significant at P = 0.01
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Table 5. Mean of the weed density as affected by different weed control treatments at 8 weeks after application

Number of weeds (plant/0.25 m?)

Treatment -
TW BL NL SG

Method (M)

Single row 68.4 22.8 37.0 8.6

Double row 72.2 17.9 48.7 5.6

LSD - - - -
Herbicide (H)

Hand weeding 39.5b° 450 259b 9.1

Weedy check 120.6 a 26.3 ab 92.8a 1.6

DL' 111.5a 13.8b 94.1a 3.6

DR/HN 46.5b 99b 22.5b 14.1

IF 415Db 18.0b 159b 7.6

IP + PL 65.0 b 43.7 a 16.5b 4.8

Sz 69.4 b 24.1 ab 379b 7.3

LSD 41.47 25.23 35.63 -
Significance

M ns' ns ns ns

H . sk . ns

MxH ns ns ns ns

DL = diclosulam, DR / HN = diuron / hexazinone, IF = indaziflam, IP + PL = imazapic + pendimethalin, SZ = sulfentrazone; Tw =

Total weed, BL = Broadleaf weed, NL = Narrowleaf weed, SG = Sedge; *Data are means with the same letter are not significantly

different; ‘ns = not significant, **P < 0.01

a o
AT

AINNANITNAADIWA A AL WIN N3 1d a9

o o

AdadrnTLuunausanusazaialdnalinng

a

wanyiulnresdasanas uazlunwuanniaduiuaes
SoraeneguusnaIinInuans enaumezdn ns
WensesanstidpdaRauyieusen i
winnzan aslidenantlideafseniaiduisuas
danaranisariuln Ineldfaonuuanmnaiunng
A40m Lﬁmiﬁﬂmﬁﬂm’m@?mLﬁuimmm%@mmdw
ma‘ﬂ@ﬂé’@ﬂﬁﬁmﬂ%miﬁﬁmfhﬁmLLuuﬁ@u\mﬂﬁu
miﬂ@nﬂaﬂwuminwmmwmmmwwmﬁu
u@nmﬂu nandeutineresansis T R UL iy

mnmﬂmmﬂum um@%"l,m ﬁ‘U’ﬂV]ﬁW@N’W’mF‘]‘m@NU Bl

maniuasidandreanuunadsznis Hun Wesu uay
Bunradng \{usiu (Gonzalez-Delgado et al., 2017;
Sebastian et al.,, 2017) IneilaAurasulamnaanaidn
ANUZAUIIULUNTIY (sandy loam) LAz TN
Bwrdedngszauliunans (0.92 wWaiidus) Asdana
° ¥ 6o o o A o P o A a
AlgnsnTndanainiseaeudinavseinnig
al % % Yo 1 d‘ = o a
qry@efanismedelfidnandn WanFauneunuau
wilgnvzeAunlBuindwizadngseAuge A
Foeaaliianaanniaduieraaannuans
naraInN171E a1 Ad TN LU aweanlu
wlasilgndesniisnisgnuansiaaiu wuda nasld
ansnnapdrntuuunawenlunlanlgndeanuuung
WeauazAn 4 uaz 8 diln1kudanisnuans dinns
pauAndTRalE uansnaii anunisasunudanegy
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2 flavindsnisuanslunlaslgndesuiuunagas
HnnsacuANdTNENINNTINNTU NULLIMDOR-ILNEN
@ v ~ a v KX v a a o
@nileg Wesanndnaiuiindeyatlsz@ngninnngld
arsnndndananiegaiinad 8 dUamindenuans 1
P = a a o o L =
gasinaEsyuianeafuliiasnenazlnagua
Aun 'l Ineludasdananndeaiinougaies 14.7
FURMATFAAAT LaHNNTuANNS 1.1 neasaviauiug
=KX 1 o o o A E% 1 o =
AN s duiud N LA g aa wazanaliEunn
AN TN LN AN F N9 A 15inng
| d‘ o e [ 3 1
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Zinc Accumulation in Upland and Wetland Rice Grown

Under Non-flooded and Flooded Conditions
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Abstract: The objective of this study was to compare the responses of upland and wetland rice varieties namely
KH CMU and CNT1, respectively grown under different water conditions to grain yield and Zn accumulation.
The experiment was arranged in factorial in CRD with three replications. Yield, yield component and grain Zn
concentration were evaluated in comparison between the rice ecotypes and water condition. The result showed
that in CNT1, the wetland rice variety, was found to decreased yield by 30.8% in the aerobic condition
compared with flooded condition. While, KH CMU, the upland rice variety had no significant difference between
both water conditions affected on yield. The concentration of Zn in brown rice also responded differently
between the two varieties grown under different water conditions. KH CMU grown under the aerobic condition
had 20.7% Zn concentration in brown rice higher than under flooded condition, while it was not found the
difference between both water conditions in CNT1. The result showed no significant correlation between Zn
concentration in brown rice and grain yield in 2 rice varieties. This experiment indicated that upland rice and
wetland rice varieties responded differently to water condition for both production and grain Zn accumulation in
brown rice. The appropriate water management for each rice variety would be able to improve both yield and

nutritional value in rice grain and consequently for rice consumers.

Keywords: Zinc, flooded, aerobic, upland rice, wetland rice
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1,000 WAA ateTdadAyn1eaia (P<0.05) uaz

(g'plant)
w

1y weight

ar,

raw

(7]

KH CMU CNTY

Grain yield (A) and straw dry weight (B) of 2 rice varieties (KH CMU and CNT1) grown in 2 water

conditions (flooded and aerobic). Significant difference at P<0.05 indicated by different lowercase

letters above the bars
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Table 1. Yield components (no. of tillers/nill, no. of panicles/hill, percent filled grain and 1,000 filled grains

weight) of 2 rice varieties grown under 2 water conditions

1,000 Filled
Water condition Variety No. of tillers/hill - No. of panicles/hill  Filled grain (%) . ‘
grains weight (g)
KH CMU 57d 53c 96.8 271
Flooded
CNT1 31.0a 27.0a 97.5 29.8
KH CMU 9.7c 9.7c 97.8 30.5
Aerobic
CNT1 17.3b 15.7b 98.2 28.6
F-test
Water condition (W) ** * ns ns
Varieties (V) ** o ns ns
WxV * > ns ns
LSD (0.05) (Wx V) 2.6 47 - -
CV (%) 8.0 16.5 0.7 57

* Kk

ns,

indicates non-significant difference and significant difference at P<0.05 and P<0.01, respectively

Slgmﬂcant difference within column at P<0.05 indicated by different lowercase letters
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Figure 2. Zinc concentration in brown rice of 2 varieties (KH CMU and CNT1) grown in different water

conditions (flooded and aerobic). Significant difference at P<0.05 indicated by different lowercase

letters above the bars
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Figure 3. Correlation between grain zinc concentration in brown rice and grain yield in 2 rice varieties

(KH CMU and CNT1)
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Efficiency Evaluations of Bacteria and Bio-products in Reducing Arsenic Toxicity in

Soils
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Abstract: Microbial reduction of arsenic (As) plays an important role in arsenic (As) detoxification in
contaminated soils. Arsenic reducing microorganisms i.e. isolate BPAs17 and FPAs24 were isolated from
arsenic-contaminated soils, exhibited high potential in As resistance. In this study, therefore, the two isolates
were used to test their effectiveness in soil-arsenic reduction. Preliminary study showed that liming for pH
adjustment together with microbial application resulted in As reduction in all the treatments. Liming with BPAs17
application gave the highest reduction of As in soil. Therefore, isolate BPAs17 was used to evaluate its survival
in three types of carriers. The results showed that mixed media (MMC) gave the highest BPAs17 population at
all stages of incubation. From the results of the experiments, isolate BPAs17 was selected to mix with MMC to
produce bio-product prototype. The bio-product was then used to test its effectiveness to reduce As in soils with
initial As concentration of 50 mg/kg. The results showed that soil pH adjustment with the application of bio-
product gave the highest reduction of As at both 7 and 30 days after incubation with the reduced values of only
24.7 and 20.8 mg/kg, respectively (reduction percentage of -50.6 and -58.5% , respectively). The results of the
present investigation indicated that bio-product prototype could be applied for management of As contaminated

soils.

Keywords: Arsenic reducing microorganisms, arsenic contaminated soils, microbial carrier, bio-product
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”muwhfﬁ_l 33 WIRAZADNWINAL 74.92 D1FwTine e sodium arsenite (NaAsO,) & @& ¢ arsenic trichloride
mmuuq‘wm danuduisuazanAaluiudunaiiny (AsCl) 2) an9dsznauaauddia (pentavalent
mmmLmymwﬂ@m@mmmaLsnuﬂu‘wwmn LN@L“IJ’]T]J compound) v4 W arsenic pentoxide (AsOs) by
TusneaneTuszAuNUAININIgIW (0.01 mg/kg) Aziim  arsenic acid (H,AsO,) N34 U deuenfirinlu
arnslufeensioindess Hun naseszunfamis Awandex AUNINNIANNNIARINS NN ndidu
yinlfmamTanud ez s udnEnzianne fi anaadinnannainens endneield arnadnld
Tsm ﬁ'u'ﬁ'ﬁjummrﬂwﬁmﬂwLﬁwuﬂizmmqnmmﬂu ulAdnd uaznisinaee SeflfBunninslaasans
NziFaRamle A lEdenn1sanaNiindnfaea anfurinsau Uil azvananil uiuy (Matschullat,
Wusyann naseszuulain N1 ldulsalalinans 2000) mmmwmﬁmmmm‘lﬁ@umuﬂiumum@m?
wsitinli FuenfaiinlulBunnuines ludae 1.5-500 LWﬁ”ﬂ@ﬂmmﬂi‘vmﬁvlmﬂfmumiummimuﬂmmm
mg/kg T HRETIRE (Toxicology  (total As) laiifins 3.9 mg/kg setinvinAuuiis (Center
Information Center, 2002) mi“LsﬁﬁﬂﬁwuiuﬁﬁN‘ma of Excellence on Hazardous Substance Management,
Tl 4 30un Hun @153 wn [arsenate,  2007) matulaginsamBanniansRsanAnauazingg
As(+5)] 215 113 [arsenite, As(+3)] 815480 [arsenic, Ausituileulaveminiuansdanis Wu Aanmng
As(0)] WA 815G [arsine, As(-3)] (Sharma and Sohn, Fonw waz AN emaaiuarldand Wusu Ineds
2009) a131lsenavaasenfianin WHun ansuminanuyizs mﬁqmwfuiéﬁummﬁwaﬂwmniuﬂwﬁu
(organic arsenic) WA 815N Ruyised (inorganic ilasannifumatuladi i nszuounstesaaneniy
arsenic) %qm%l{nﬁﬂ@ﬁuﬁﬁ agflivnusndn v seswTnRvecAdidng 1ur qduidd A videTan

215 TINIBEND (As) uar a151EHnduiaed anfiin FonluniaindnansuanunUuilenludswnda
afuddaulnninuluuvalsugraimnssunld  Msuuaiussiulinsiu@aneafon dnsfnedde
anfutinuazunasninisliansindndagive naanan nluuan Bauazimes Nanunsnininendiatin lHun
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a a a > (=] a
nsisziiulssansnnaasnuanFauazdadunlunisananuiiluinuag

L4 a a
a5unlufy

A 1 & Aspergillus, Trichoderma, Staphylococcus,

o
o

Thiobacillus ferrooxidans
(Nateewattana, 2012; Khummalai et al., 2000)
275 in TUAUNINNITNHATULNLN N9

Pseudomonas th @

= = % b 1 1
nawmtevesdszimalng Apaindindugendasn
NIMIFIU (lsdtfi % 3.9 mg/kg) (Shutsrirung, 2012) 11
<& A o . a P =
AunnEmIAINanl insmInsinsldaanaiinensly
Usn104g9 wazandnasiuunaananninliiaume
n1stuileuenfiafin Auduuundaidmiinga
IneannzRuisnmusausniadiuwa i lifsunon

'Y a <A R‘ d’l = o v dl dl )
a1 in TN NI RN IR AR ENg Iz dang
ATUALABRININTRINYHE HANIITTHLDY
Shutsrirung (2016) mimmmmm@@uwmﬂ@mmmwLiﬂ
wazdamanig nimsuileuresarsiaiiingn
AngNT waz Tauzuiin Imﬂma@umﬂmmﬂmm
NAAIUANNATUNIUFeANIAN IR AR R TaT Ay
wiln 29iin Ao TR auemlug (NaAsO,) uas
unalanAanlss (CACL) Insinnimaastluaiuig
wWiaa wan1sIAeagLan wuaielalnan 17 (BPAs17)
Hanuaunsaasty linsauaudindugegnaeg
NaAsO, 4az CdCl, i 500 mglL waziaesnlals
\an 24 (FPAs24) 133ty vl uTm 16 lu NaAsO, Aax
dindiugeqntie 1000 mg/lL uaz CACl, Demanudindu
250 mg/L qauiehivaeslalnaniasdlAnaningslu

o v d‘ I'% a a =)
nathunsszgndldieanenfmtinusiuuas luie
atiglafimunisinqaunsdlunmeaunndoulnjay i
Tugilin@eqaurind Senanlaoddansesiunaniy
a Aco A A gy a a caca ' a ny
qauvidAnaenialiqauisdiainegsenlunuls
WU JanreFualTeqauvisen i iuatinaundany
A, o 4 o =
LL@m@mLﬂmmmrﬂiﬁmm AN (peat) Wasanidu
Yanduirdsssnananqauvistamsnipatsan |5
wuLarHENug9 et lsfian lulaqiuimiu
Janaaunsiaznenluanelssma aadinistinen
Jaguargtszinnumageuiuiansesuumnuin
Tulasns (biochar) alaunsladt (leaonardite) LLa ¥
wa3lar (periite) {lusin Tulaen3 (biochar) As Fan7
AfetuEINAnTAaN1amNTanaataEnNITLIUNIg
pyrolysis Faifunsiennielianineendian annua
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! A o [ s o d’l
manaaaanuan sl lulanfiduiansasiuioimals
Tmiandaaas arnsnliBuandelstndonlfiga
In&meseiunislinnidudansasdy (Kremer and
Peterson, 1983) @ ta 11 1A% (leaonardite) 1148 A
BurEdassuanANd AT UauILAYENTAg ANHANEAN
Tunsrinmeaunufinlg esnelsnmualaunle 8 pH
AN Wathaeaniululaans enmdau 1:1 anunsn’ld
Wudansesfuqaunadls InaliiBunuq@unsd
1lszainnu 10°-10° CFU/g (Shutsrirung, 2016) twaslask

. = o % o v o dl” 12
(periite) HpnuantRamnsn liduiansesiuiame s
Aa Routireadinazinaguinedesdneuuadnid
WunRoge 1e939nelulnazgnidenfaiusiae
ANFEUIEId NIRRT iR A NaIRn g lunN9g A
TUlAA (Duangpatra, 2010)

= aal A =
nMgANEIMNABNNIIINZaNINaanLTIN 0l
anfdinluAvRsiaud Ayt AsTunadne
AFITAZINLLAT FELAZTaIN N NIUNITARIADNAIN
IUNARBIAY Shutsrirung (2015) TEIUNTNARAL
Tuenmamaaudadnidnaningslunisanlanzmiin
anfimtinAINaninsiu nneaeulszaninnwlunig
o a a dl” d‘ d‘ dy o a dll o
ananfainluAuinungeanlwileuanfiain Wadn
& Ao 2 a Y = o a
nsaamendlss@ninngeqn udoavinluamdu
Foiusianansanfatin waaniweaeulsz@nsnin
N o s _a a a oA
9T e lunsananfimtin Tumulas Tune vt
uuan W N sRaLN s Usednsnwuazidu
Ansiudunndan

L4 a
AUnsaluazIang

AMNEANITIA88d Shutsrirung (2016) &LeN
o a Ao aa g & A
WAZARNIDIQAUVTENGNULAT BELAL AR NN UN
dld dﬁl o Y o
ARnstudeuaeslanzmin warlfinunageumny
frunnulanemintasld lnnauandlud (NaAso,)
nan1sadtagldn wwadiBelalnian 17 (BPAs17) uas
Faslelmian 24 (FPAs24) (Figure 1) mmmmmvlm
Iumm'a“l,mwumwmmumamm NaAsO, 71 500
WA 1,000 mg/L MNANGL TunnamaaestiadlEtnde
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Figure 1.

yagaslalmanuninimesauilsz@naninlunisan
AN asandimiinlusn

NM9LATENAIDENA U
RN9ALFetNeRuanLUsZNaL 15 cm a1n
AN ERINIANNAUR TiR e unsuilaulans
wiin anf@iin >3.9 mg/kg (Shutsrirung, 2012) TERR
s l3uhe LENSBUENUAZINS 2.0 WAz 0.5 mm 1N
AuliRmrsdiantinianiiunasznsresiontnany
1AuA ArAnilunsmeng (pH) BuuAufieasnig
U (lime requirement)(woodruff, 1948) AuUNIe TR
(%O0M) W aneFad il uilszlagil (available P)
Tnunaidey wradsuuazuuniidosiuan aeuls
(exchangeable K, Ca a2 Mg) (Land Development
Department, 2010) AU lunmaaes SAnAaa
ngAAIY (pH) 5.02 11n19U5u pH a9 ulne ld1u
lalaimuAniunnaniufeaniau el 1K
pH Fmnauanniu uenanau RresduLaianig

AN sRniana luau Inedamszst

ﬁu?ﬂ’wﬁmﬂﬁﬂﬁmmmq (Wazmalne) 4im 3914
finnsieszsilng 1 esesile Inductively Coupled
Plasma Optical Emission Spectrometer (ICP-OES)
Si%ia Perkin Elmer §14 optima 4300 DV Tne 1§33 013
EPA method 3052

m'a"wmaauﬂexﬁw%mwﬁqL%wfafiﬁuw?é"lumiam
ansuainlunu

i lalransinuniueniiniings Aa BPAs17
uAz FPAS24 infiat Bunnuriaunisinnismanesing
vianiaeluanavaa nutrient broth (NB) aull#

(B)
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Culture appearance on nutrient agar plate of BPAs17 (A) and FPAs24 (B)

ﬂ‘%mmﬁyﬂ@mm (& 10° CFUML) Wil Auaide
wiarlunsmegey Inenihansazanasindonasmu 1]
mw%”u‘ﬁl 60% 2839 maximum water holding capacity
(MWHC)) JasRuilananin@ augavanisuiaating
ﬁuﬁqmuqﬁﬁm UAINITUNAU 7 4ay 30 T3 10
F089AUNNA AT A NTR AU 01 AN pH uay
Vrunenfiminsanunludy Tnanimagey
Usz@viammviniaqawindil Avavan 6 nesis Wur
1) 50 pH A I ldide 2) U5y pH A was
BPAs17 3) TSy pH Aw nas FPAs24 4) U5y pH
Auliildi@e 5) 150 pH At Key BPAST7 was 6) 151
pH L Has FPAS24. Ineiusinena e 3 1333
150 pH $nlaens185u 1 kg alalalat 1.17 g e
NN9UFU pH U&a A1 pH At Wil 6.0

meﬁ'mnsm%’ﬂqsm%’uﬁ'mmzaudw%’wﬁuvﬁ;‘é
Anvaaniianamiluasuranandgiin
fj“mﬁﬁﬁmmmm%\ifﬁ 3afia lHuwn 1)
luTe5 (biochar) + Ae1N5 199 (Ileaonardite) (FRsNgaL
1:1 Ineif3u1m3) (BLC) 2) wiaslask (perlite) (PC) way
3) Fanuan (mixed media: fandnyenznsig +
Annea 1:1 IneFunmns ufavinnnais alewnslast uay
InTalast a8inaay 5% 11 mixed media) (MMC) fiau
nsuanfudad aqauvidinas lvaniamed
AnuauTANIAT Tesiansess LT anautindan
ifmi"uﬁqL%»@VL‘JJV]mmuiquﬁuﬁyﬂfaﬁuﬁﬂ’Imﬂﬁ’]mi
AmrzsiAImNdunga-Ag (pH) @u‘vm‘mm (%O0OM)
1u‘£mmuw\mm (% Total N)W@@Wmawwm (%
P,0,) Tnunadauvionun (% K,0) AR LA



a a a o al o L1 [ a
medsziudssAninmnaasuuaiiFauasdinunlunisananuitlunseas

4 a a
asLRn luRY

(%Ca) LA YWNNR B NTINN A (% Mg) (Land
Development Department, 2010)
o A d‘” dld a a
ARLRBNIRNTTme N HLssANENWEIgA TuNg
anandinluauaInnimagaulsz@nsninlumw
% % = d’l
dnafiunnies 1 laToan ndesluanmiaman NB
waldidwinmeBusivlunisnaniudannagey A

3Tn19999 Shutsrirung (2015) W12 @aq @ unsel

ARLRENNINANTAR U Az (3 Tiin) alnunnsiia
gini@auda e BLC, PC uay MMC wdsnnssaniiely
Tangasiuudadainnisusesnefiguuniies uaz
yinnstuBunnE of 15, 30 WAL 90 TUNAINITLN
Lm'a‘EmﬂmﬁmmmfaLiumu‘l,mmmmiumma 10°
CFUIg 3nnsiiesinida (sterie) n1launisindan
725LUAATTHANEIURUNNN 121°C ANNAY 15
Uoudsiania fliaan 40 wiit Taeldidiaanadu
WNNZAN (60% 189 MWHC)
‘mmmm@ﬂmmmfmmmm@mumﬂﬂu
Ll?*mmmfammmmnmiwmmuumammm 90 Ju
Snadiu Wlens 1990 iennaeeimunTudased uax
ANBUNNINARFBUL LT T (TansesiuAnLaan
HANAAWYE) FaeTEnauAeaiufinanaundeiu
wdaRaiNdad NI N megeuLsy@nininlunis
anenfirinlupunAn@enTs Tneninfasinemuuniy
Bunnenfainlfilanudaduludubudud 50
mg/kg Faeansazane NaAsO, Uaar usiuNans u
Tneldemandan Fasmual - A 15 Tnetiuiin ndanns
UNAU 7 LAz 30 11 WA2UNA8LNALNIALATIZIAN
pH waziBunnuenfitinyimualusu Taa e 4
99333 Avuslifinesiaay 3 41 ﬁafjﬂ laial5u pH
A naNTasuanlaAanniae 2) ladl5u pH Aiu naw
Tasnuat 3) 151 pH A nanTasusflAanide uas
4) Y51 pH A Nan@as st (n3nasu5u pH Au e
NNN13U5L pH w&a AN pH AL WINAL 6.5)
nsnseilavsminensainvianna lumy
TAvinnnsderinetelifinsey o tsmiiesdiimnag
naa (Uszwmalng) anim Tnafiaanslaasadd vin
nnselaeAane 19A WIS 0.5 g lun9a nitric N
(HNO,) 9 ml i@y hydrofluoric (HF) 3 ml Wuman 15
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1417 Ineld microwave PMN3TN1T EPA Method 3052
wasNEuLED N9edaNsudnansiideanseanauly
WBuasiimuals was i liAnseifaeaiasie
Inductively Coupled Plasma Optical  Emission
Spectrometer (ICP OES) ?;I‘Wﬂ Perkin EImer iu optlma
4300 DV HARNETLH LA AN NNNTAAIN 3 5

namanaise v ma/kg
NANITNANRAY

Usz@ndmwraadaqdunidlunisanEum
anstnlunu

Auildlunnsmaaes newimmaaeiieni
NN9IATETANTRALNNL LN 918981 WUGN AuLT L
NTAAIY (pH) NaUN1MAREIR AN 5.02 U310 OM
4.54% HAg AauLinnnuanne s uAuiANge Ae
PBanaslulasauriaun (total N) FA1 0.23% &115y
Woane3aTiiulszlen] (available P) uaztwuna@es
LA d ey wazuunti@aniuanilaeuly
(exchangeable K, Ca W& s MQ) 1A 3108, 12885
WA 149.3 mg/kg ANNARL HALENnauensitinluRy
3.48 mg/kg ?ﬁ'qmummgm‘llw:uﬂﬂmmqmmwau
(soil guideline value) Lﬁ@msmzﬂgﬂmmﬂ?xmﬁ%ﬂ
AuunliAfa15oinldniu 3.9 mgkg LN AL
Wit (Center of Excellence on Hazardous Substance
Management, 2007) AudidnAuluAuR S uFese
e euIREe iR uANIRIF I (>5.0
mg/kg) aginelafimu FaatineAuuLlasNEAsNIR@eN
FuilAneansiaindils NuUNIRIgIY A mFuNaTeeng
U5uein pH resmulaeulatalusf wudndan pH 6.0

letiqauidaedlalnanie BPAS17 uaz
FPAS24 LinfURuMAgeLRTiAN LS diaes As Bud
7 3.48 mg/kg L1981 30 1 WU Tneeaauda
nensidad lilnsLly pH Ausin e As luAugeiy
Tmﬂﬂﬁuﬁ%mﬁu oH At HANITS BPAS17 TR0 As 49
Mmﬂfa 3.70 mgkg sa9aann ldun neanAs I U5y pH
Py Hanid FPAs24 (3.56 mg/kg) uAzNssAART IS
oH 7w 118 @ e A1 As A4A (3.52 mg/kg) AnLTY
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WaFIEuANAR LT 1 +6.3%, +2.3% UAY +1.2%
ANNANALU (Figure 2) douludunifinislsy pH A1
faanndanslaitsu pH Taavinliidn As anas laei
n"9U5u pH FunAN(@e BPAS17 inliiAn As anagann
ABudunRan sasaenliun nsLlfu pH Aunas
@8 FPAS24 Waznn9151 pH A el Tnnsldide
Tnefnfianas A 3.12, 3.34 uaz 343 mgkg ARy
wWafiduAn1sanag -0.40%, -4.02% Wag -1.40%
pNansL TagynnessdsuAnsinget WA ATy AN
HANNINARRIRATLE ARIdenLLATIBY BPAST7 1w
namageLTusiell

NM5AL mz‘ian%’ﬂqsm%’uﬁmmzﬁuﬁm%’ug?mw‘éé
AALAAN
HANNTILATETADIANTRLAR LN s2NN 9194

Yansas¥uiatma 3 aiia MHun BLC, PC uaz MMC
W31 HandRunns1eanuuin Iaef BLC JAn pH

Arsenic Concentrations

BPAsS 17

[ P

mg As/kg
(%]

No innoculum FRAs 24

(&) W original pH (5.0) M adjusted pH (6.0)

' '
o a

FinfigeRe 5.69 luanisii pH 189 perlte flAnanniign
Aia 8.22 atilafina BLC fA OM gandndanau fe
24.81% mumammﬂw‘fmfu PC ﬁlﬁmmmaﬁ'ﬁ
wnneunaRaniuinunadan (%K,0) (Table 1)
zﬁqwﬁ”mﬁﬁiﬁmmﬁ@umrﬁlfmmﬂmﬁL@?{m@qqqnd’]
Tanauie MMC Taailanlafidus N, PO, K0, Ca
WAy Mg Winfy 0.75, 0.47 1.56, 2.79 ua s 0.86%
AR

lerinuunfl Bedniden BPAST7 anuau iy
Januanusazaiiaudanly uannmesesnudn @
MMC Iﬁmnﬁ'uﬂizmmﬁy@a;\azgmnmmmmma‘ﬂu
lunnamsadinn PC Lﬂuiﬂqﬁiﬁﬂixmﬂﬂ?‘{@ﬁ@ﬂﬁzgm
Tnafiudanastia 15 5u MMC Widuauilszans
BPAs17 i1y 1.65x10°d9u BLC wa s PC H
132941n9 9.00x10” WAz 1.05%x10" CFU/g ATNAAL
(Table 2) #aan9Lin 30 44 MMC lauantlsvains
BPAS17 YNy 262 x10' 491 BLC uay PC &

Percent Arsenic

0 ; 1 i
T

.
"

FPAs 24

% increase (+)/% decrease (-)

No innoculum BPAs 17

W original pH (5.0) i adjusted pH (6.0}

(B)

Figure 2. Efficiency of BPAs17 and FPAs24 in reduction of arsenic concentration (A) and percent

reduction in soils after 30 days of incubation (B)

Table 1. Chemical properties of microbial carriers

. pH OM N PO, K,O Ca Mg
Carriers
(1:10) (%)
BLC' 5.69 24.81 0.75 0.07 1.56 2.79 0.86
pC’ 8.22 0.88 0.07 0.00 0.29 0.01 0.00
MMC® 6.85 8.51 0.64 0.47 0.36 2.76 0.60

'biochar + leonardite (1:1 VIV); 2perli’[e; *mixed media: coconut husk compost: peat moss 1:1 V/V plus 5% dolomite
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msdssiiiutlssAnsninaasnuaiiiFawasdaduan lunisannnsilufisaag

L4 a =
25Nl uRY

lsza1ng 1.82x10" WAy 0.35x10" CFU /g ANNANAL
daufisvey 90 Sundannstin MMC lfduautszanns
BPAs17 Winril 2.10x10" CFU /g @1 BLC uaz PC &
lsz11n9 9.00x10° WAL 0.26x10° CFU /g ANNANAL
TngduulssanIMAINILNY NIz L9 NNITNAT
unnFna U eilTdAty (Table 2)
Uszanaviavsnaes BPAs17 lunndanma
BLC, PC LAY MMC HANGI4ANAINITUN 15 T
(8.22,7.95 LAy 7.02 log CFU/g ANNANAL) ety
sz8AINGN 15 54 Usza1nsT0de BPAST7 Tu
nnianiuualiinanas (Figure 3) Tneiil PC Lﬂud”mﬁ
M Witlsvans BPAs17 @mqmﬂﬂdﬁmqﬁlu (4.41 log
CFU/g) 3an BLC Witlszansuuafizagansn PC Lu;iﬁ
fnIN1Tanasaeslszansind A aeiu mmmmm A
muquﬂiymﬂﬂmmmmm MMC Aaugidn Bunnude
azuunliinanasus MMC Lﬂuqmwﬂmﬂmmm
@f;ﬂ'i@miﬁmuLL@zqﬁqm Tneduantlszannsiisyey
natiad 30 uay 90 41 aid AsnuuANFaTuRANIn

(7.42 W@z 7.32 log CFUIg AANS &) fariud o1
Fnidendan MMC wevinlunAmduduuun@asouet
284 BPAs17 udaunldnedeuilsz@ninnlunisan
anfutinlupudmiunnmaaestusell

szAnsnnaastanumaunuulunisandunc
ansainlunu
v % Y o A a a
annnaaesdnediu IR AnaenuuA Gy
BPAs17 wazdan MMC Nnu@midusiuuuudofoet
wdaundasinafldnageutlss@nsn nlunisanen i
Anluau fretanuinaaeuFunuduFu e
AnliAudnduluAuEusAun 50 mgkg Aog
a138za18 NaAsO, mmaumul,ﬂmm 1981 30 91
FANNTNAGAL WLGN AITEZNANNNTLN 7 1 NTAER
151 pH Aunazaandotiunin1ian As anadldunn
NgamABINES 24.7 mg/kg (ARAY -50.6%) (Figure 4)
' a aa & | e P '
daudnanunssa iy Aenisidsu pH 1dldiae, Td
1/51 pH ldi@e BPAs17 uax 15U pH Tildi@e BPAS17

Table 2. Population of BPAs17 in 3 types of carriers after 15, 30 and 90 days of incubation

BPAs 17 population (CFU/g)

Carriers
15 days 30 days 90 days
BLC' 9.00x10"b 1.82x10'b 9.00x10%b
PC’ 1.05x10"c 0.35x10"c 0.26x10°c
MMC® 1.65%x10%a 2.62x10"a 2.10x10"a
CV (%) 0.74 0.22 0.30

"biochar + leonardite (1:1 VNV);

1000

(da,

i DiOChar-ieonargite

Figure 3.
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2perlite; *mixed media: coconut husk compost: peat moss 1:1 V/V plus 5% dolomite

yS after mcubaton)

i pe rite moed media

Population of BPAs17 (log CFU/g) in 3 types of carriers after 15, 30 and 90 days of incubation
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Arsenic Concerntrations

30

2 20
=
Ey
o
£ 10
0
original pH adjusted pH original pH adjusted pH
7 7 30 30
(days)
W Mo innoculum W Bio-products
(A) ariginal pH (6.1} adjusted pH (8.5)

Percent Arsenic decrease

q dp

pH adusteds acustad pH

B0

3
o

i Assenic cecreane

orgna ongnal pH

- - 0 10

(days)

M o mraculum | Bio-pregua

(B) . -
oiginalpH(8.Y) agusisdpH (65)

Figure 4. Efficiency of bio-product prototype using BPAs17 in reduction of arsenic concentration (A) and

percent reduction in soils after 30 days of incubation (B)

1HANanaRInd LAy Ae 267, 26.9 uay 26.62
mg/kg Aadluiledidusinnsanas winiu -46.6, -46.2,
WA -46.7 ANRAU (Figure 4) HANNINAABITITZE
30 Su Wl lwinuesdeasufiszes 7 5u Taegmudn
meliul5u pH Lildida i As anastiesiigaie
WAe 25.6 mgkg (-48.9%) NTINATUSY pH 1d 3o
BPAS17 1119 As WA wima el 84 20.8 mgkg
(-58.5%) dauBnandnssnds e nsliy pH lildide
way W5y pH 14 0 BPAsT7 #inliiF As luAuwie
21.9 uay 21.1 mglkg AnfluAnfianasyinfy -56.1
LAY -57.8% MNAIAL

391504

AMNNANIILAIN AR UN NN RINTTH TR

Aunganenamilenesilszmalng wudnenfeiin
o | A 4 \

Wulanemininudninsthuieugeuazwuninnda
Taveminatindu uaziimnudesgelunistuilewlu
AanlgnluuiAIngna (Shutsrirung, 2012) ANg
o o e a ¢ = o~ ° Lo
11ngnrenfiini Ul euasiaouanduiasin
lﬂl ] v 1 Cs v
Wald Wi nansznudeagquninassuyud nnsli
a A A aAnye ' o
qawiiilunadenilfuauanlastnininemmie
LA sndanaREn19ann Wasanndan lEaneh
Andasnsaunaylinalififaansuaiiwyfend
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TunnamaaenisTilEn uUATiGe BPAST7 uay 1037
FPAs24 ﬁﬁmmmmmﬁ’]umum%lfnﬁﬂzgqm
nagaulszd@vnsniwliunsanmnuitunsaasanfinin
TR sanALluiresensminluA WA Ta
ﬂuﬂgmm oxidations WA reduction mﬂa@@umﬂmu
FeflnAdenudn HadenuazuuaiiBe Avuenfioin
THgeiddnaninlunisanansivuazlansminls
(BuCkova et al, 2002)
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Abstract: A study on assessing erosion and nutrient losses under soil and water conservation measures in maize
plantation of Khao Suan Kwang, Khon Kaen. The experiment was randomized complete block design with 4
replications and 7 treatments. The results revealed that among treatments were no significant differences in bulk
density and saturated hydraulic conductivity of soils. The application of chemical fertilizer based on soil analysis
with soybean, vetiver grass and mycorrhiza treatment was highest available water capacity of soil (14.92%).
While the lowest value was obtained from farmer's practice (7.49%). The application of chemical fertilizer based
on soil analysis with soybean, vetiver grass and mycorrhiza treatment induced lowest runoff (22.75 m*/rai) ,
sediment (0.15 ton/rai) and nutrient losses (N = 0.011 P = 0.0039 and K = 0.0046 kg/rai). For economic value of
soil erosion by water, the farmer's practice treatment had highest costs of erosion based on nutrient losses
(21.98 baht/rai/ growing season). The application of chemical fertilizer based on soil analysis with soybean,
vetiver grass and mycorrhiza treatment gave highest weight of ear (668.42 kg/rai), husks (117.33 kg/rai), cobs
(88.89 kg/rai) and grains of maize (579.11 kg/rai). While the farmer practice tended to give the lowest of yield.
Additionally, the application of chemical fertilizer based on soil analysis with soybean, vetiver grass and
mycorrhiza treatment gave the highest concentration of nitrogen, phosphorus, and potassium in stems (1.83,
0.26 and 0.41%), leaves (1.16, 0.34 and 0.55%), husks (0.55, 0.34 and 0.31%), cobs (0.93, 0.18 and 0.35%)
and grains of maize (1.47, 0.84 and 0.33%). Besides, the chemical fertilizer application based on soil analysis
with soil and water conservation measures had the effect on increasing of organic matter and plant nutrient

availability of the soil with compared to farmer practice. Therefore, maize plantations under soil and water
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conservation measures are suitable systems which can reduce erosion and also the losses of nutrients by

erosion in the upland maize plantation.
Keywords: Erosion, soil conservation, economic value, maize, upland soil
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uuausntnedsrazsrnd1euna 30 LURNAST BITEN
G o A ] o & =
wintawaeneulgn lnurgninandoedalstndes
aniudgndinatnaiaedndgnuaniugunsanssd 3
o o y e
ANHUTUANALD TravIlgnNFiL x Wa9 Wiy 75 x 25
a °o o o o A >
IUALES ANFUNNIMAaesnEnfslgndamaes Tiilgn
nI/ A = o o Y d’/
damaesluunameriuiudninamesdndineunan
dowdesszuifiudinnlng Ugn 3 fusangu duiu
mﬂmﬂmm\lmumqmmwmu (30-5-10: N PO, KzO
Atangas) tneuwila 2 ads T ﬂmmwu TEEAT
2 meam‘ﬁwmmqﬂizmm 2 hau Inedslsadneunn
% d‘ o o dl !+ =
1898719 Inm ansENAFUNIITMAaeIn AT TN
Tumafle Tneldsasiundantlgnuilndman 2 niusia
fin ivdeyasaedwnzneufuuazdmunui va
URapulutasnaznauauludaddunn lafas
1a3e naannalgn uaziisaed9nznaumy 1
AT TN BATUIUUNLENIIE6 81N SN TUA N
qrude antuiuneananan dratwanengtlszunm
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8 fiusiaudaceiae Tnasaenedaumiie
Au ugnidu 5 diu Ae wan 49 waen arfuuazly
289919 10A TULAAZANTUN1INARBINIIATIZHUN
Bunae lulasian egnea nungidey Wetlssiiy
AN UID517 D17 IWBNALIENDUNANRR WAL
Faatinamnuraslgnnnulaseias Usznaudas sating
ﬁu‘ﬁ'gﬂiumu (disturbed soil sample) AeALATLH
antfAnenanuaziad Tneldasunsgiu (Nation
Soil Survey Center, 1996) sznaufag n1Inszany
we9aun AR tneRB lUiag Annuvmuiugmn 1neds
core method TlietAn Tne lsnanaauAsatin Wiy
111 AN ﬂWﬂ’]‘a‘uﬂWV’\T’] (electrical conductlwty EC o)
FalugnsazansAuiiatnannaudaausadaein
(saturation extract) AN5UAUE unae lneds Walkley
and Black titration Euvﬁ‘ﬂi’mq ANUALANNATLAY
Buvisdnmuion 1.724 lulnsiausan e Keldah
method Wagnasadi il sz laal Ineas Bray Il
Tuna@anuaziafiuanudsuldlnaasndag 1 M
NH,OAc pH 7.0 mmml,l,@ﬂl,ﬂﬁﬁul,l,ﬂm”l,@@@u Ineinig
TLUARO0aY FoudNTazant 1 M NH,0AC pH 7.0
LL@x[ﬁTQ’aﬂlﬁdau‘ﬁliﬂQﬂi‘U N9 (undisturbed soil
sample) Inaldnszuaniiufaag 9@ (soil core) Fud
S2FUAINLAN 0-20 LTURINMS ethaNAIATEYisTR
AulEun ponamnuLiuss e gAY anwintinsAL
Busnfanin LL@tﬂ’J’m'ﬂﬁyﬂ%ﬂiﬂﬂﬁﬂ
FAziaNLl sl saunneaic Ineds
ANOVA (analysis of variance) wazlFauiiaumaany
uAnsinresAnteds Tnedd Duncan's multiple range
test (DMRT) Riasuinnnaidasiu 95% Ayl

NANISYIARBILAZIANTL

a a

1. nMsgadanuuazinluaiin

al

ma“zgﬁyLfaﬁﬁuumtﬁmmfﬂmmaaﬁmm
azANTuNIMAaeIANLANANTWe 1 NTEd ATy
N 94E0A (Table 1) Tnanisgryi@emAuluusiazainiunig
neaesnLIRsUNIRYesNEAsNT AnMsgoydenunin

ngn (0.68 Au/ls) ldunnsreaiunisldilaninan
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Table 1. Effects of soil conservation measures combined with IF on runoff and soil loss

Treatments Rusnoff Soil loss
(m*/rai) (ton/rai)

Farmer practices 50.45° 0.68°
Fertilizer based on soil analysis 48.37° 0.61°
Fertilizer based on soil analysis +Soybean 39.21° 0.38°
Fertilizer based on soil analysis +Vetiver grass 29.23° 0.21°
Fertilizer based on soil analysis +Vetiver grass + Mycorrhizal biofertilizer 28.00™ 0.22°
Fertilizer based on soil analysis +Soybean + Vetiver grass 25.65° 0.16°
Fertilizer based on soil analysis +Soybean + Vetiver grass+ Mycorrhizal biofertilizer 22.75° 0.15°
F-test ok ok
CV (%) 24.9 19.1

"Means within the same column followed by the same letter indicated no statistical difference using by DMRT

** indicated significant difference at P<0.01

ziinu (0.61 W) sevasmnmansldilaniuen
Amsziausaniunslgnaawasawiniu 0.38 f/ls
1nsenslailamueAdiasziausaniunislgnda
waes e uln waziledanwlnaeilen (17) &
LAY a o A = o Moo =

wminezneuRutiesiga Ae 0.15 Awls in1sgoyids
I s R
Autleafgaieeuiunssndsau o adnelefin
1Buns nMsgrydeAunnanfunimaasdes lusyaun
tanfuld (< 2.5 Aw/ldal) Wemsununusiasnsy
WU A (Land Development Department, 2000)
i luatiieAuanulamaaes wud1dsdfinm
189N1AINT A1 BRI atinunfige Wiy 50.45

gnuaATune/ls seasnnfenislalunuAdine

A iy 48.37 gnundfuns/ls nnsldi]amnuen
'3me:ﬁﬁuéfmﬁumiﬂqnﬁamﬁm weguin uazie
a ol = :, 1 ¥ dl A
donnlupefleadiBuunnatnfieangn Aa
22.75 gnunanmms/ls dunalfidnsniunimaassnd
nstgnugdnueln FunaltinliEuunisgodemu
waziFunasn lmatnfafuanasasnaiulddamEu
(Anecksamphant et al., 1994; Kittiwirote and Kongkaew,
2007) T4ARIBARIALNIFANE128 Babalola et al.
(2005) Niwuan Aungnnseuluudasilaiinnslgn
v = al 1
wel wslnaziinsgoydefannnisisamisiinngn
A % 2
wlasnfnisgnudirudnlnsianizlulnsiauied

1NN91 DBaeaz 40 (Sukhkasem et al., 2017) Wanannil
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nsldiledoninlunefleslunuinsanisinm
IAsaas19209A Ul N AN AINUABNITNTE AN
91891UN19739 81989 Wright and Upadhyaya (1998)
wugdulesuansnivguessenitananiluaasls
gflaninasannuudspmueainfu 21,
anjiananiuaeslsaiunumdndrysianistaaiu
nsnsenzesnuliiduatnag

2. YAAMNITF LR ENIATHFAIEATAINNT
nsauAY
FFUfURrevnEAnslnaliUiuam
Tulnsiau Waaneda uaznunadaariomaiigoyde
lfumgnauduuinfiga A 0.75,0.035 kax 0.030
Alaniu/ls muansi (Table 2) sasasnn msladlama
ARAsEiAUINg B Bunlulnsiau neaneda
wazlnunaidesianma Wiy 0.62, 0.028 ua 0.024
Alansu/ls mugiy aniziinislddamurifinaz
ﬁuéqmﬁumsﬂgmﬁmﬁm weguweln uazila@onan
Tupeslesn AnegryidaBunnlulngau neanasa
wazlnunadeniomniiantige e 0.11,0.0039 uaz
0.0046 Alana/ls pudnei et lulasiawidlu 597
LﬂgﬁluLLﬂ@\iiﬂ sitaudsan nlinaaniaan 19n1s
qry@elulnsaulnanisteazany (leaching) ) Tl
demluiuiluiiiAneidunuioney
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Table 2. The economic value of soil erosion by water

Soil loss N loss P loss K loss Economic value (baht)’
Treatments

(i, kg/rai/crop.......... ) N P K Total
FP 681.01 0.75 0.035 0.030 19.56 1.57 0.85 21.98
IFooa 566.50 0.62 0.028 0.024 16.16 1.26 0.68 18.10
IF poa +SB 278.46 0.28 0.012 0.011 7.30 0.54 0.32 8.16
IF poa tVG 205.49 0.21 0.0061 0.0064 5.47 0.27 0.18 592
IF 5oa TVG+AMF 220.46 0.22 0.0064 0.0076 573 0.28 0.22 6.23
IF poa +SB+VG 163.18 0.15 0.0048 0.0058 3.91 0.22 0.17 4.30
IF poa +SB+VG+AMF 150.46 0.11 0.0039 0.0046 2.86 0.18 0.13 3.17

Remarks: FP = Farmer practices; IF = Fertilizer based on soil analysis; SB = Soybean; VG = Vertiver grass; MF = Mycorrhizal

biofertilizer

'Urea (46-0-0) 600 baht per 50 kg bags, DAP (18-46-0) 1,035 baht per 50 kg bags, KCI (0-0-60) 860 baht per
50 kg bags (Office of Agricultural Economics, 2016)

dounlegneasaiduanslsznauneamniazanein i
% (@ o a v a aa i =
fiae windeil lannan aldiuAuniAaINN1sNTeu T
Tutluilenagoy@anaanaialszunns 1-3 Alaniu
wWaanaa/ls/Al (iredsyunns 0.4-1.2% saeneanada
e ludulongow) aniaannnis LATIEVATUANLTR
MANTBIAUNLINAUTAN A 4.9 Tadlunsndm nin
Uinaamagnsise Tnalasauuaniazaieliingn Fe'
Al wa e hydrous oxide 184LUAN BEqHUN LAY
wanHa (Soil Science Faculty Staff, 2005) lugdau
a | a Ay o a4
gaatnuna@aunudAun L unismeaasaiad aeflu
dunudatigesd TeAuluduaunEn1WmUIN19g9
a v a K ] v
waziiAnszUqaunisTzaraeli A asdanali
Tnunadasgnaeazargeananiui lfde wazailn
|a ~ a ~ o o \ \
uiAumtengasaulunnaulusuautaulvn iuus
- N Aaa o My 4 a P
Aumilenninanssumn MHun wialed s deliFunn
total-K A1 warAuLanenuasiiFune total-K A1nan
Auillaazi@un (Havin et al., 2005) yaAINTg0y At
NIUATH T AR TIBI815 8 U TNANT ¢ IR TIa Y
anum NeaneFanidullselanivasnungdaun
= ¥ a A =
uanilasulfanazneunuienraumeuBunmens
awnangaydeiiuinunuRuainsanaesusilaliun
{lie)Ber (46-0-0) e lauenuiflauvaainn (DAP gas
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wudRsUURveunsnINg (T1) Ayarnisgoyidesgs
NgnAe 21.98 Lmsals sa9asnnAanIglalanine
Apsziian windu 18.10 uwsials naslaflaniuen
Apanziaudaniunslgndamaes uedudnuasily
Fanwlumeslean Jyarnisgadawiniu 3.17 um
P o F e s | S A
siald Tannstgndtawaaeadndiievatamead
' a ~ = o Py
yaAIN19gayiRegengn vaurinistgninalnaiass
dninalfiszuueuindauuaziin Hyarinisqoyde
tiael Khamkajorn (2015) @ l#iWinannsilgnenewns,
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3. HANAAWAAIALUSTNAUNANR AURIT1INA
A o
LVAENA R
nsldilanianuandiasgiausoniunig
dgndamane neguin wazldiladanwlunalsn
danaliuuindndenaen 668.42 Alansu/ls)
daudnwan (579.11 dlaniu/ls) daninilaen
(117.33 Alansu/l3) waztinmindga (88.89 Alaniu/ls)
293519 INAAENERT49N4A 70989K1AD ANFUNNS
dld 1+ a g o al/ A
naaasninisldilaniisaniunislgndamans uas
% dad |a oa a % %
weluen auenisduRseunsnsnsluug iuli
Yrmdndln waen 49 vaziwanresdinninaaesdng
tiaefgn (Table 3) ati1vlafisu wanandtalnaluyn
A1FUINN9NAAEY HEANARRINGIBAEeauLaNAaea
AudIdagliunsassd (1,106 Alanin/le) (Nakhon
Sawan Field Crops Research Center, 2017) 95l 814
py P a & o g )
Weawnnain Wunnaseatufwieaneiy N1 lfdese
N19gEYAL8162IMN3AINNNITEEN BVENATBITELIL
dgniauannnlifiifianisunueaiwidodgnioniu
Tun was ANau uazse e g san e tauas
AnwnzreInaastyRLinresinaflgnionnii (Kang
et al., 1981; Sampet, 1999)

4. At uduaaisinaiuisiuasalssnay
a I S o
HRKANUBIINIWALA LA A
nsldilanianuandiassiausoniunng
Ugndamass ugdudnuazldi]edannwluaaslem
asualitnondindvaesuinaaunazanag luaisiv
(1.83%) 11 (1.16%) wlaean (0.55%) ©4 (0.93%) wax
WA (147%) 189819 Ina R eedndgangn ala
uANFNAUANFUNMAaeInENIsLgniamae sl
winlUAN5UAY (IF+SB way IF+SB+VG) 81aLiiadann
o A ~ a o ! o =
dawdesi st danienduag lutlusndaaunsnssa
Tulnsiauainainialiieg lugdfsniagald 1415
(Mala, 2003) a9n1 i dn19avanaealulnganly
o & o - < o o A~
F1atadeedndunniu lngnnfun1masesaui AN
dinduzeslulnaaulngifesiu (Table 4) nsldilaai
) o o a % LA
sanfunistgndamaes uginuln uazlailadaninla
paslsmndenaliinnndinduraseaneianazanot
Tuanfiu Tu Waen 49 wazdnresdinalweaaesdng
gengn Inefipnndndugendiszdudngiannuaan
(0.29 %) TudIUIBINAATBIYNATLNTNARES (0.73-
0.84 %) wiaaanaanasatos luniseanmnan waz
FA3NUNAATRINT AIRN1AZAN NI UBE 1999159

Table 3. Effects of soil conservation measures combined with IF on ear number, weight of ear without

husk, husk, cob and grain

Ear without Husk weight Cob weight Grain weight
Treatments

husk weight (kg/rai) (kg/rai) (kg/rai) (kg/rai)
FP 309.32° 53.33° 48.00° 261.32°
IFpon 440.87° 67.55% 64.00" 376.87°
IF pon +SB 522.65° 88.89™" 71.11° 451.54%
IF pon +VG 501.31° 85.33% 67.55° 433.76™
IF pon +VG+AMF 600.87° 92.44%° 74.66™ 526.21%
IF pon TSB+VG 632.86" 103.11%* 74.06" 558.80"
IF pon +SB+VG+AMF 668.42° 117.33° 88.89° 579.11°
F-test * * * *
CV (%) 21.38 26.83 18.02 24.37

Remarks: FP = Farmer practices; IF = Fertilizer based on soil analysis; SB = Soybean; VG = Vetiver grass; AMF = Mycorrhizal

biofertilizer

'Means within the same column followed by the same letter indicated no statistical difference using by DMRT

* indicated significant difference at £P<0.05

453



AM5ANTINEAT 35(3): 447 - 459 (2562)

Table 4. Concentration of N P K in grain, cob, husk, leaf and stem of maize at maturity stage

Treatments N P K

Stem Leaf Husk Cob Grain  Stem Leaf Husk Cob Grain  Stem Leaf Husk Cob Grain
FP 089° 067" 025 076 1077 018 028 012° 015 073 018 028 012 015 073
IFoon 167°  076° 038 083 124> 022 033 016" 015 075 022 033 016 015 075
IFpoatSB 170 082° 042 095 122 021 029 017° 015° 075 021 029 047" 015 075
IFpoatVG 162°  1.02° 038 079 142° 025 033 017° 017° 077° 025° 033 047° 017 077"
IFpoatVG+AMF 164> 107" 048" 086 137" 023" 031 016" 017° 074° 023 031 016° 017" 0.74°
IFoontSB+VG 172°1.07°  047° 09 1417 024 034 019° 018 083° 024° 034 019° 018 083"
IFooatSBH+VG+AMF 183" 116" 055" 093 147° 026° 034 020" 018 084" 026° 034 020 018 084°
Fotest . . < ns < < ns « « « x ns x x x
CV (%) 19.41 1943 2307 1014 1053 1288 969 1456 984 637 1288 969 1456 984 637

Remarks: FP = Farmer practices; IF = Fertilizer based on soil analysis; SB = Soybean; VG = Vetiver grass; AMF = Mycorrhizal biofertilizer

'Means within the same column followed by the same letter indicated no statistical difference using by DMRT

* indicated significant difference at P<0.05

Tudnanfnazanutls (Osotsapar, 2000) luanush
v v = Adl 1 o £
ANl NdwIsInwamenNazanet luatsiu lu
A o [~3 v d’l o o nll
waen 49 uazinanaasinainaaesdnigeangnlu
0 o Ao L o o & %
Afundnislailasaniunisdgndamans weauen
uazldiledonwlunaslen danaliilaadouaadly
(0.33-0.55%) AAnuidisdiugengaiiasaindsulug)
Twunadonazazanagluarfunazludinalng
(Paisancharoen et al., 2008) U0 zﬁ%%ﬂﬁ SRR
= ¥ v o
N mINIH AN Ndueeclulnsau Neanafa
Tnunadenlusandiu lu waen 49 uazimannngn
(Table 4) aginglafinu arndinduressisaimaman
lu‘Lusmq‘Ewmmvmnummfaﬂ‘luavmmﬂqmml,m@u
(Reuter and Robinson, 1997) a1 AQ Waga N un
naasaluAuiiaveny nlidesannsgodasis
ANUMFANNITTEEN

5. maulagundasstiBmaianduazafizasiu
ué’qﬂgnﬁsxﬁumwﬁn 20 LHURALNAS
msldilanuAdnsziAuieseinabeg
wsaldsaunudsnsenindaulunsiazAinfunimenes
iflualiiAnAnumn it uavduslsy@vianiatin
v uFaF AN TN ER R agnglafinnm
AU HINLas A s AYE N st e

Rundagniisziupuin 20 wufiums SAdand
Auriewtgn AAuqin s lemiliveduiina
unnsineueeeldBd1ATYn1eana (P<0.05) n1sld
LMD me:ﬁauéquﬁumiﬂqﬂﬁqmﬁfamm
wejuedn FAnaauqrinVdsslamTldqefiqn 19.20
wWeddus seaasndu nasldianine1inzviny
saufunisdgniamdes wiaudn uaziladanamn
Tupaslenn windu 14.92 wesidus (Table 5) 158104
sainsiulasiau weaneda unalden uaadas
wazuanilifealuAuresinfufiinigldilaindsanry
matgndawides ueudnuas latledanwluaeslan
ﬁiﬁm’]mmrﬁlmmwﬁﬂmrggqﬁqm fesaniinaald
{|enpfluAniinaseilflaafisnmgand1auUfos
vaanaens fafiunadlulnsauenafaannnissis
Wlpsaugedltndonfiendeer lulusndamiesn
waenlfies lugiifganananldidsslemily (Yomyar,
2014) u@nmﬂd/mﬁﬁLLﬁJnﬁqmmmma‘QQ&JLﬁﬂmﬁl
asluau wazinifiuinluAwlsa (Greenfield,
1990) Lmvmﬂmﬂﬂmmwima?lisﬁwvmﬂquwuw
Rasnitelunisgaiin uaza1memeanAuunniy
(Poomipan, 2013; Soil Science Faculty Staff, 2005)
uenanninsemziantAneilaesAuway
o1 Ufsensunnanfunmaaese useALnIndn
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Table 5. Physical and chemical properties of soil after planting at depth 0-20 cm

Physical properties’

Chemical properties'

Treatment BD Ko AWC pH EC, OM  TotalN Avail.lP  Exch.K Exch.Ca ExchMg CEC
(g/em?)  (cm/h) (%) (dS/m) (oo (oo, MG/KG.eeoeeenin ) (cmol/kg)
Before planting ~ 1.74 882 819 553 0.16 024 00084 41.32 3034 5444 532 870
FP 162 217 7497 488 0015 040° 0009° 16.99° 17.61° 18.22° 862° 8.74°
IF 161 221 828 497 0013° 0507 0.019° 2525° 20.74 22.08° 16.40° 9.41™
IF +SB 152 232 872° 492 0013° 052" 0019 25.01° 19.72° 21.56° 16.65" 9.19°
IF +VG 165 269 6870 482 0012° 051" 0019 29.31° 20.33° 21.26° 16.82" 9.61°
IF +VG+AMF 163 284 946° 481 0012° 051° 0021° 33.89° 2240° 20.76" 16.17° 9.60°
IF +SB+VG 166 234 1920 499 0.013° 053" 00217 34.35° 21.91" 21.07° 16.98" 10.61°
IF+SB+VG+AMF  1.67 243 14.92° 507 0.012° 057" 0.024° 36.01° 22.91° 22.13° 17.09° 10.88"
F- test ns ns * ns * * * * * * * *
CV (%) 477 3655 3178 258 10.08 1214 2698 22.80 893 7.2 18.86 7.61

Remarks: FP = Farmer practices;

IF = Fertilizer based on soil analysis; SB =

Soybean; VG = Vetiver grass; AMF =

Mycorrhizal biofertilizer; BD = Bulk density; K_ = Saturated hydraulic conductivity; AWC= Available water capacity

' Means within the same column followed by the same letter indicated no statistical difference using by DMRT

ns: non-significant; * indicated significant difference at £<0.05

Y o

fansadanan dull1Fdni]and 7 lEdull oy e
(46%N) TeluanmALlsfiin st emennARazdana
TivenTufanlaseu (NH,") gneendladraliina
lalasiaulaanu (H') AsnaanAnsiniawdunsals
(Osotsaparet al., 2008 mﬂuﬂgmmmwmﬂ@nam
mas wazilesaniiineaesilufuiaulunmaena
fualitupslaenusing 4 gnazindlidinlanineu i
WAudAnugananysalsi (Wongkrachang and
Rattaneetu, 2013) naliiAalalnsauleaaunning
danaliinanuidunsalufuiadu Bunndwiedng
Tudveglusziumiannann felAngeiulunumds
Ugnenaifiasnanniamiviesasdauadaumiieiu
mmmLﬁmﬁu'ﬁuﬁﬂd”mrﬂuauvlﬁ Semsinasn
freenannfiufimnzilgniduigiulnavalildndy
mmrﬁlﬁﬁﬂﬁm%u*au%uﬁfﬂuau@mm (Mann et al.,
2002; Yang and Wander, 1999) Annn3un inwnaeamv
ot lusziuilifinanssnusenisasoyiiinesit
Lﬁmcu%l@aw’a%aﬁLﬂuﬂiz‘ﬂmﬂamﬂuawﬁqﬂ@ﬂ
esannnaanesaazqodeliluglremananuds
unndndaua uanani aoaiudlszlzadees

waavieiaaziuasfuriies (Brady and Weil, 2008)
3NNUAINS LL@ﬂLﬂ?}lﬂw,mmi@@@ummﬁumﬂmzﬁu
ﬁfau?'ﬁwﬁﬁﬂﬁqﬂwuﬂmq (Land Classification Division,
1973; Soil Survey Division, 1993)
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Abstract: Rice (Oryza sativa L.) is one the most important economic crop of Thailand and high input of chemical
fertilizers is @ common practice for rice production. This practice has given rise to several problems such as
contamination of water, degradation of soil and loss of biodiversity ultimately leading to health risks for humans.
The use of beneficial bacteria is an alternative to reduce the mention problems. Therefore, in the present study,
rhizobacteria were isolated from 4 organic rice locations in Chiang Mai province i.e. Mae Wang district (2 sites),
Mae Taeng district (1 site) and Phrao district (1 site). A total of 56 isolates of rhizobacteria was obtained. After
preliminary qualitative-screening on agar plate, only 13 isolates showed promising abilities in nitrogen fixing and
phosphate solubilizing abilities. The results of quantitative-screening in broth culture indicated that isolate
RMW,NF1 showed highest ability in nitrogen fixation followed by RMT,NF4 ( 8874 and 822.9 nmol
C,H /tube/24hr, respectively), and RMW,NF1 exhibited highest ability in phosphate solubilization with value of
181.46 mgP/L. Evaluation of indole-3-acetic acid (IAA) indicated that RMW,NF4 could produce highest amount
of IAA followed by RMT,NF4 (34.93 and 31.05 mg IAA/L, respectively). From all the evaluations of plant growth
promoting potential, six isolates i.e. RMW,Egg2, RMW,Egg8, RMW,Egg5, RMW,NF1, RMT,Egg2 and RMT,NF4
were selected to test their effectiveness on growth and nutrients uptake of rice seedlings. The results showed
that the application of almost all the isolates gave significantly higher growth and nutrients uptake than the
control. Isolate RMT,NF4 gave 214 and 74% higher nitrogen and phosphorus uptake than the control,

respectively. Therefore, this isolate has a high potential to be developed as biofertilizer for rice.

Keywords: Rice, rhizosphere soils, nitrogen fixing bacteria, phosphate solubilizing bacteria
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HAwnsndefenanaf gruugies wenfaw
ANI3Y 125 3a LA aUNT AN IAA TR Y
wdaantinilusravioan 3 54 G9azinnsde 1AA 7
i ﬂﬁyﬂu supernatant Ime | Lﬁﬁl’a\i spectrophotometer
‘17{ wavelength 530 W TULNAT ﬁﬂﬂ’l‘i@ﬂﬁ’l@ﬁﬂauum
vasganLANd bid deuuaf 3aannnniaedng
Aualng e UWELALTAA1IAZANENIRTIIW IAA
0, 10, 20, 50, 100 Loz 150 pM

NINAFauls&NENINURILLANLGERANS
L3R LTAURIAUNATEND
fugtnai i lunmaaei e Wugduly
AO9 1 HuMEEILEATnNIan @ aTiRamAniaTne
wilu agazany 3% hydrogen pero><|de wWuman
3 W uBnsBnetinduTisind auda 3 A3 ‘wmmn
‘LWHﬂ’]ﬁ‘L‘W’] Bopmaviedninndaefinananeisinu
mmwmmmq mmmqmqwmmmwiﬂLlfﬂum
nduigindauda iensu 24 $alue3 mmﬂ@u@@ﬂ i
1530 48 $0lus AedmEenanzEadina i dausn
uazdaluw s Mmaaes dwiLEeuuaTiae
M lunmeaesifndenanuuaiideindnanngs
Tunsssalulnsau azanenedwn wazas19gns
duguniaasyiulnesia imeagaulss@nsnw
‘lumm‘?mgLﬁu‘ﬂmm@ﬁ’nhﬁmﬁ'ﬁm@muauqmmﬁ
WAZUAS (To9uAQ:1a9ln 12:12 grunadl 25°C n el
WQWNL?‘]]NLL@\T]JT”N’]M 5.8 kiux) TaeminnsaeIa e
wATiBefida@en luanms NB ”val,mﬁémmm@mm
(= 10° CFU/g) WiaAaanedaainnduiiaind auga
§M31 1:50 (V) U mAndRlE NN BEauiisnn
sanudntlsvanns 1 1uiiuns luansaraeidaeans
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¥ o . P r
1 dunan 2490 udsaniudgnasniausi
Uszneuuil a4 Leonard jar (Somasegaran and
Hoben, 1994) ‘Emﬂmmu”uummm’mmmmLﬁjfaum
51179 300 HARAMT LATNITULA WNUIIATATAE
21119 UsAanlulngian (N-free nutrient solution)
(Punyadoung, 2007) laafildnzinaslaldsendng
NANIBINTUTLIULAZ AN LHaN9arA81M90 A
duludmaenlgniald 1Hin N-free nutrient solution
AU AR T NI AL AMNNZ AN ARBATEIZIAINNT
naaad IneNIN1slgnnNTUTaT 3 A A9RHUNNS
NA[NBILU U randomized complete block design
(RCBD) 1Mn19MAaad 3 41 G182 9 fid 1lamsu 30 Ju
Tunnnisatyiulneanindng lneninisin A
o o = . = o
gurasiiuanlauiudalanaaannenangn daaau
gnasnaniaufiuislatasiniiennngauesusazsiu
FIVUNAATRIFULAZIN TMINUA TR ULAZIN
wazrinnFwazirnudinduaessns lulnsau (%
total N) hae Heanasa (% total P) ANNATN15209
Siwasilp (1984) TaelFauieunssndsnld de
aa o aa dJ v Oal QI/ dJ 1 d’j
uuAN A UNsINAAILANTI I NAUTas TN
o & N a ° ° %
nslf@aunaiiie douallArwinminisgalisng
Y v [ % dgj 09) o v v v
AT IAUTNN A9H (HIMENWAN x AN U89
£1981%19)/100

Tiasziauulslmuresdeys Inads
analysis of variance (ANOVA) kazilFauiiauaanu
LANAA9ANIRAT09NITNATNAReaTALAT least
significant difference (LSD) AAnANEasiy 95% 1mel
i TLlsunsu Statisti for Window version 8

NANTSANE

MSUENLUANLFEANAULELIUSALSIND?

MsuEN@ aANALsLTINI LA 4 T
anunsouenialatiuuef BefiunnsnaiulFiamun o4
Talgian Tnadnuanlfainanyng egg albumin agar 14
Vlzxmm 64 lalmian a1na11113 Burk's N-free medium
viavan 30 lelmian WeriletnaniiuentEiiaadiu
sranan A qrisaneisluanns NA wudnil e
56 leTgan Ui a1saT UL Ins NA 147
TaeAaiflu 50% 1a9uuAT B dnuean s iaua
(Table 1) Al ¥maaarlvudusiel]

NMSAANSRILLAN NN ANEATNIUNITAS S
Tulpsiaunazdagazaanagnm
e e 56 laloan Marny1da luams
NA T nageuminugnnsalunigsseluingaulaznig
, & | A Aa A
tiasazanaaa ALl 8951 WU LAY BENAIN19D

Table 1. Rhizobacteria isolated from rice rhizosphere soil of four locations in Chiang Mai

Number of isolate

Number of isolate showing good

Locations Isolate
, , Egg albumin Burk’s growth on
(Chiang Mai) code .
agar N-free medium nutrient agar
RMW, 8 4
Mae Wang 1 12
RMW, 12 5
RMW, 6 4
Mae Wang 2 18
RMW, 7 7
RMT, 9 1
Mae Taeng 20
RMT, 10 5
Phrao RP 12 4 6
Total 64 30 56
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13ty M UWanung Burk's N-free medium 411491 48
lalnian uazuLeTBaviaua 56 lelmian aunsnis
1¥1ne1mns Czapek's agar usilelnianiianunsaidey
FRnevnssaesTiauasdanaiv clear zone 381l
Inlaflliunuazdmiauuuenuns Czapek's agar
(Figure 1) F9uansfsmnugnunsnlunistesazans
Woaln s e 13 leTnian Anwlu 23.2% 109
lalsian Anagau laauan1s9A clear zone ratio
wudnAeelutae 1.11-4.00 Toeit lalnaniidasazans
W@@LWrﬁmuﬂ’]mimﬁqiﬁﬁﬁqm Aa RPEgg10 1#iAn
clear zone n*’iw’?{qm Aa 4.00 uazlalaian RMT,Egg2
15 A" clear zone {ifam?i'qm Aa 1.11 (l'lFuanana
Viz\mum) FafuaadanuuaiiGe 13 Telaaniieni
nsnagaLusiel]

Anaatwidadsunalunisnselulnsiauaag
wuALEe
HANITNAREUAINNANNITD IUN1T AT
Tulnsauresuuafizasniaen 13 laloan Inedd
acetylene reduction assay (ARA) WLII1&11190 N
Tulnsiawag]Tutdns 498.6-887.4 wilulua CH maen/
24 44139 (Table 2) Tne) RMW,NF1 H1/5010un196139

hulnnaugafiqn 887.4 wilulug C H maaa/24daTus
wazgeandnlelsianiu adedvadAyniead
799891 16 uA RMTNF4 Haonuannnsonselige
822.9 unTulua CZHA/m@m/Z&ﬁ'” 1119 doulalaian
RMW,NF3 finmssisalulnnautiontige 498.6 wilulug
CH 4/1/1@@@1/24%134\1

AnanmwidsEanalunisdesazaranasiinaag
WUALEE

dediuuafiFedaiden 13 laTian un
nagauANaINITEINIuluNst et Ty
el luarvng PVK broth 77 Ca,(PO,), Hluunas
waawa wuduuaTBefidaidan 13 laloan anansa
utieanladlu 2 ngu nguusnaNnsnazatanasms
1Hunnan 100 Hadniu Pans Inandalioludas
111.2-181.4 {a@n3u P/ans mjuﬁ@mmamiﬁﬁ@mﬂdﬁ
100 Haaniu Pans Inandnliaslugae 37.8-94.3
fadniu PAns Tnafi RMW,NF1 215unmunistes
azanemaamngefigaie 181.4 fiadnsu P/ans loedl
Angandnlelmiana et eilud Ay niead i waz
RMWNF3 latazanavlagialifienfignia 37.8
Laandu P/aps (Table 2)

RMT NP4 RAW NP |
RMW Eggt1 R NP

Figure 1.

Examples of some bacterial isolates that showed good growth on Burk's N-free medium (A)

and Czapek’s agar with wide clear zones (B)
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Table 2. Abilities of selected bacterial isolates in nitrogen fixation (nitrogenase activity) and phosphate

solubilization
solate Nitrogenase activity1 Phosphate solubilizing activity1
(nmol C,H,/tube/24hr) (mg P/L)
RMW,NF2 525.3h 132.7¢c
RMW,NF3 531.2gh 113.0e
RMW,Egg? 611.9¢ 81.1g
RMW,Egg8 602.3e 94.3f
RMW,Egg11 498.6i 39.6i
RMW,NF1 552.3fg 111.5e
RMW,_NF3 524.7h 37.8i
RMW_NF4 576.2f 68.3h
RMW,Egg5 698.6d 146.6b
RMW,NF1 887.4a 181.4a
RMT,Egg?2 744 1c 125.8d
RMT,NF4 822.9b 126.4d
RPEgg10 482.5i 111.2e
F-test * *
CV (%) 2.45 1.93

"Mean values followed by the same letter are not significantly different at P<0.05 by LSD

AnamwideZunallunsuan 1AA aasuuAiise

NINIINARALAINNATNIIDTUNITHEA B
gasluuitlnen13dnliunos 1AA InennsinwuAf iFe
Fonaan 13 lalmian u1Laeeluens NB 7l
L-tryptophan W91 #181TNAR IAA B¢ lutae 0.13-
14.45 Raanu IANGRS Tnelletmianiinanlanige
e RMT,NF4 §AN130A6 IAA Winfil 14.45 Haaniu
NGRS uadlelniantindnlFiiasiign Ao RMW,NF2
FAMTNAR IAA WU 0.13 RaAN5N IANVART UAY
daidy L-tryptophan 0.2 NFN/aR3 Wu41 wuAil e
ANMNIONAR IAA B lUT9 0.62-34.93 WadNTH IAN
dmr Doelelaianiiedaldunniign fa RMW,NF4 360
NNTHAR IAA WinfL 34.93 Aadniu IAAART wazlela
aniuanlitiesiign Aa RMWNF1 SAnTwan 1A
Winu 0.62 AaaNTN IAAART (Figure 2)

nisvadaulsz@nsnInaanuAniFaAanis
Wi ulRaaIAUNAITIIUAENITAR LT 616
2199

nMmasesiiliansazaneiitsaanniulnsias
Tuntmmeaaunisiasyiiuinuassiunaning lne
FadenuuailFefiAnanngelunisssalulnsay
(Table 2) Lﬁawmmuﬂi:aw%mwﬁifamﬂﬁmlﬁu‘lﬁm
1eafunddnouaznisgalisineinisiy
Hesdjumnaeld 6 leloan THuwn RMW,Egg2,
RMW,Egg8, RMW,Egg5, RMW,NF1, RMT,Egg2 LA
RMT_NF4 uan1smaaeswuin sl idelstouuafice
Andanin innasy i uinvesdiundndinauazsn
AndanssuABALAN atnstALaU (Figure 3) Sasanng
1Ry LlRIa9FUNAngng widn NanAETugERdae
Aeuuaiidemnlelaanlfianugediuuazannes
$NNIINgTNATAANEL R Tad ATy N9anf
(niun3le 3 RMW,Eggs) Ta afinnsldide
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IAA quantification

Concentration of WA (mglL)

non

S6A iu““
.‘::59" ‘4?T 1¥': I 084
2 sl %]
) & & “~ O - O
:‘3’* q\"% 5“0 ‘24,\"* ,\'n',‘# \\":‘.t qs\.é
& f & g

Bacterial Isolate

o ywhitout L-tryprophan

= L-tryptophan 0.2 gA

Figure 2. Concentration of IAA produced by selected bacterial isolates in NA medium with and without
L-tryptophan

Figure 3. Rice seedlings inoculated with selected rhizobacteria (30 days after planting); Control (A),
RMW,Egg2 (B), RMW,Egg8 (C), RMW,Egg5 (D), RMW,NF1 (E), RMT,Egg2 (F) and RMT,NF4 (G)

RMW,NF1 WiAnaaugefiundunniign seaaean
1Hun RMTNF4 uaz RMW,Egg8 R1sa1A Y (30.28,
29.83 LAY 29.24 LHUFLNAT AMNATAL) LAT N5 HA 3a
RMW,NF1 flfiFnasmenasnunnigauduio (17.56
VLA LNAT) 90989K0 1A LA RMT,NF4 Lay RMW,Egg5
ANNAAY (17.54 LAY 16.04 [URALNAT ATNAAL)
(Table 3) asinalsAmumLg N9 14 da RMT NF4 1#iein
Hnuiinanaesduuazsn (8.61 WAY 13.43 NFH/FU

468

ANNANAL) FINVAUNLINANURFULAZIIN (1.77 LA
118 NFU/EY ANAIA) §4N3INIINITBUBEINAE
o o o aa aal A & 9w
HadrAmyneana ynnasudanldimaliiAn N uptake
waz P uptake 49n9N390ATALANAL WHUEAATY
] v

119407 Tnainnsldime RMT,NF4 15/ N uptake
UAZ P uptake (36.29 LAz 1.95 HARNTN/AU ATNANAL)
N
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Table 3. Effect of bacterial inoculation on growth and nutrients content of rice seedlings at 30 day after

planting
Root Iength1 Plant height1 Fresh weight1 Dry weight1 N uptake1 P uptake1
Treatment (cm) (cm) (9/9 plants)2 (9/9 plants)2 (mg/9 plants)2 (mg/9 plants)2
Root Leaves Root Leaves
Control 15.39d 25.579g 6.94g 5.33g 0.64g 1.12f 11.549g 1.12c
RMW,Egg?2 15.56¢ 26.73f 8.01f 6.56f 0.74f 1.30e 23.79¢ 1.45b
RMW,Egg8 15.26e 29.24c 11.24b 8.06b 1.02b 1.63b 25.27b 1.63b
RMW,Egg5 16.04b 27.90e 10.49d 6.99d 0.93c 1.49c 18.18e 1.49b
RMW,NF1 17.56a 30.28a 10.79c 7.87c 0.88d 1.63b 22.17d 1.63b
RMT,Egg? 16.02b 28.43d 9.88e 6.74e 0.84e 1.32d 17.42f 1.45b
RMT,NF4 17.54a 29.83b 13.43a 8.61a 1.18a 1.77a 36.29a 1.95a
F-test x « « x X x X X
CV (%) 0.13 0.07 0.31 0.38 2.01 1.99 3.6 7.5

"Mean values followed by the same letter are not significantly different at £<0.05 by LSD

“There were 9 seedlings per treatment
a o
198U

= a o aa = a

nsAneaNe lslruuaf ze ludsaneaiin
LW 8 @e (Yiam-on et al, 2012) wa 419
(Maruekarajtinplaeng, 2014; Patel and Desai, 2015)
WUIN FAuaunsalunisssaluingan wazsize
\ o & Ao A
dasazanenadinm b uazanalunnadannsinean
A o+ ] o & o
wsanaununsiilewdl nanimeassaisiiasnnies
o dl va ala
Aunanimaaesi BN umn tnelslauuai e
d‘ % dy (=1 dl
Auenlia1n1703uluemnsudanisaannlulnsian
(Burk's N-free medium) 181 szunnuasanilareslals
wniuenlfivianun (48/94 lalaian) uaz nnlalaani

1 % d‘ o A
ANaNnTn lunNsteazanenedn e iladniaen
nnzlalmannddnaningslunissislulnsiaunay
dasazaranagmnluannisude (13 lalaan) w0
fusudnaninnigssalulnsiaulngds ARA wudn
RMW,NF1 4z RMTNF4 Hannusnansossslulasian
1hgennnie 887.4 uax 822.9 wlulua C,H,maen/24
F97049 MINAIA U Koomnok et al. (2007) L& wein
al al =S v I a

uuafiesissiulnsauaindng lnsagidinanssuans
wulnfluinganandalaeds ARA Dadneg luneigs
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mnien >100 wilulua CH/maen/2459Tu9 daw
UATEUR4 Jatupornphipat et al. (2011) WuuailiTe
AuenlFnmegeudss@vanmnnssislilnsauioeia
ARA w91 lalmian SCO5N2518 Husz@nininlunng
sirelulniaugegaied Aninfy 35064 urlulua
C,H, AaladansueIn1mA2ae 19 Tunimnagsil
uwanainlaldian RMW,NF1 uas RMTNF4 Azl
ANaNsassslulnsauligeuiataainisndas
azaneneanligedniion (181.4 uaz 126.4 mg PIL
ANNANAL) ATNAINNTTRLLAT Felunnseat
azanaWadp aanAR AN UIIUAA 889 El-Komy
(2005) %qsﬁmm'jﬂ Pseudomonas fluorescens LLay
Bacillus megaterium &nxnsaazaranaginsm 16 mniu
126.6 WAz 106.5 NaANTN P/ART mNANAL aziiulé
dnsuanuUAf Baanntdnmusausnungana i ii
wAfiBeRfinnuassalunsdad@unsssoyivle
saeita esannamisnlstsaiaslaesiallas s
ARNMANUAIETBINAN U sz TN R uriTe Ul aiu
mnndwﬁuﬂﬂﬁmaﬂqnﬁm (Marschner et al., 2001)
wanaInANaINNTasse lulnsauLazeas
azanaweaamnliuda lslnuuafiFelaloandn@dan
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(13 lalnian) nnlatnandaaunsnnanaesTuung IAA
16 faudiazlidinnsdiy L-tryptophan ailugnsiadiu
MLNHAR IAA ARy atlsAnnuidiednsify L-
tryptophan wudnlalaanaiunsonds 1AA lHunn
w@mwmmmmumq%‘&mmm’mummmmmmim
Tufsnagalaauninndnlals anau Tnenannzlels
L8 N RMW,NF4 La e RMT,NF4 (3493 uaz 31.05
Laansu IAVART ANNATIAL) TUNITHAR IAA 289
wATireiulnesialugadieanns Tryptophan ifluans
fadiu Banalnnisdainmeit 1AA luuuaf Bafivane
WU HenanidanuqAuvEdunanguiinan 1A 1
TnelaiFeanng Tryptophan (Sarin et al., 2013) 1Funn
nTeaR IAA Harnuunnseiueanldluuras
lalman anmsAnefduamudnilqauidvans
afiafusnlianfuinuseusniiaiianugians
NAR IAA TR A nn1sAn®I189 Ahmad et al. (2008)
WU Azolobacter WaY Pseudomonas HAR IAA 2
Tudng 2.13-36 luinsnfuseiadans was P. putida
WAy Trichoderma atroviride ®1NTRNAR IAA B¢
Tudae 3362 lulnsnfureNaaans Gravel et al.
(2007) uangmNAAWiuI1 Nsien lstauu e Gely
Uszenadfuie filaonudul i lslauuadi Bed
gunsanda 1AA 13 flesannanstseneuunsrfindiie
TUAANNIAINIIN (plant root exudates) i L-tryptophan
ey Fufnawifaasnmnndn 1A lneld
LY AT TG RV L R TR P T PIE
anstlszneviduesnunananaesdunduzide ma
LAZIIEINN1ALAINLBNN0Y L-tryptophan 2.8-5.3 LAY
290-390 UNTUNFN/MNA/ATU AINANAL (Kravehenko
et al., 2004)

uav99n17 1 lslauuan iz dmann (6 lald
Wan) AUARNANT1LaRe 1A WIN Feudazlelnian
Winadaniswsayiavinuarnisgalisineinis
uansineiu lalsian RMW,NF1 ez RMTNF4 4 9
Ao lunisslulnsauliige dadsnliisiu
ninfinalnnesyAuiannesnuazfiuwilesy tne
Lfaﬁlﬂ@qndwnw’l,%i@%nl,@mﬁlu uanani RMT,NF4 ¢4
denaliifiundndniinnag aldlulnsauuazaanaia
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IFgsnandnsion Dauddn RMW,NF1 azilanuanungm
nssaslulnsiauliigandn RMT NF4 usvinlifundn
fnaiinn9ga 4 lulnsiauaindn RMT NF4 Gaugnli
Windn Udniussrudeiaiuaaurisdinazdugn
Tadauilainalfidse@ninanlunisd waiunig
Wiy AU Tnresigtnaqaurisdunns1eiu aannis
nAaBIATIE WU NNesNAt AAlefiiuiaau
dindureaeaneian ldunnateaiilnalan 0.10-0.11
wadiius (liliuansns) usinanesnisgelinaanasa
ARAMHLANATIsILA AR INTNa TR unE1E 19
WNgeluaindse@ninannisssslulnsiauans
wuAN e TN d RN A dnTnslEneamnann N
free nutrient solution NHNa gL mblugﬂm%ﬂ?ﬁmﬂﬁ
(KH,PO,) W N gl unINn19iasny i uin i iy
=2 Yo aca :; 1 v d” aal
fauddan nessdEmuanuulidns 1 @elstnuueiGe
WiAusundrdrousdwudiinisgaldlulnsau
4 d mmda o Ao
(UrrunuATanilareanssNaonla o) daludl T
gnrazanea1ing asenanan lidn lulnsaulunssuis
:; v 3 d' @ v = Y v
paupNiuliinanwdn Tnefmandnafiaonudindu
19 luInTaUTTIdNg 1.27-1.53% (In-nok et al., 2016;
Yesuf and Balcha, 2014) 49un13galineaneiaes
b Y v ac :/l % 1 A
fundndinalunssudsaouruiiuliunann 2 uias Ae
wandnadelmnudnduvesneanasa 0.2-0.57%
(In-nok et al., 2016; Malav and Ramani, 2016) LR ¥
KH,PO, mﬂumummm N-Free medium NAUANIN1T
mm“lwlﬂzwlmwmemmmmmﬂﬁmﬁmmmm
sl ideuuai BeaaldlE Aaanilszdnininnis
al al o o"; =< a
avanaedunuednuAf By Faiuaspisinmaaes
Tunsznnauaziinssuisn ldunassaseamniag lugil
Alddulsslembisedudsylomisiasnnn Wetudy
ANANNTD luNNTe e avaneNe s nTauLAT 8
pige ulmsia
AMNNANIINAABIUBY Keyeo et al. (2011)
agldn nslduuaiiBe L2 dadsunisiasnyiiulnues
fundndnnlimeuwindunisliieluinaau uashinda
nslE LA By L15, Sp7 way 278 Tauana liiiugnd
aa A o -
wuafFauslelnanyindunaunsnlianvizenauny
fleaillulnsauld Daudonlununaaestliingssds
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nRaueuiunisfluinseuluansazanaevng us
wuswuaf Fesiclulnaau RMTNFA fikan1dann
MsnaaesAanuas A inasilunesslulnsan
Aapad1ealsinaseanisld RMT NF4 IndiAeaiy
n13lf lulnsian Tunuesagafui v unAaeIres
Keyeo et al. (2011) agiglsfinin masinsinlalaian
Flunaaeuidisidia ielanansatinludszgnddu
nagunlA u@ﬂmnﬁ”RMT NF4 §98NNNI0HAR IAA
"meaﬂmm (31.05 NaanFN IANVART) sm”l,mmmsl‘m
U8 HuLAT NI N IR A URENT]
UHAATYNINATH IAA {ueenFussTNTATIR LM
Tunnsiatyressnunniigalnsindiuansesnd
aunn 1AA 110 aziinalunisnssiuliisnnenouay
W ATINKIUINAN (Tanimoto, 2005) kAL IAA sT9i
ununlun1srenfara9imas (Boutté et al., 2007)
ZQ'QN@ﬁi@ﬂﬂﬁu@]\iLL@xﬁ”ﬂﬁﬁ/ﬂmmﬂﬂﬂﬁuﬂﬁﬁ%’m HANTT
nasesniiiuandliiiufinaresnsld RMT NF4 713
LLm‘EﬁuﬁﬁmnﬁiamamL@?umitﬂ?tyLﬁu‘l}mm:ma
AR 5152111132895 UNAE9 fatinaziusaannnng
lelnania Anuaiunsnlunissslulngia uay
519805Tu IAA TutBunudi wmanzan Keyeo ef al
(2011) KAAIANAALILGN NNFATNS TAA TBAULIATIFe)
Sp7 waz Z78 mﬁ-mzzgqLﬁuiﬂﬁﬂﬁmmlnm?ﬁuéﬂ
nasyiviaresdundriuagiiAsndansssas
PALIAN

EST
q
AguenlsTouuaf Baaindinalunimeaas
09// dgj 1 ] 1l o =&

Afell wudnlalniandawlun A Anannlunisms
Tulnsaunazazaranagwn s asnglsAnuiines 6
Tolgiavn vindu Aa RMW,Egg, RMW,Eggs,
RMW,Egg5, RMW,NF1, RMT,Egg2 L&z RMT,NF4 7
Faruanisalaaeulunisssalulngau nistas
azanaNadm LaznN191a R indole-3-acetic acid
(1AA) aslFsinlunegeulszdansnnaaslslnuuaiBe
9 6 lalaanil sanisasyiulauaznisaalisng
ANMNIUBIALNENE9 HanIIMAaBINUI 1191 LT

aal 1 v a a v Y v 1
uuaiBedenaliinnawsoyiiulrmesdiundndinagandn
nasaRsALIANDLNHEANATYN9ATIA WonanBinIg
M lsTauuad Fudainunisgaldlulnsiauunas
Waaneia lHigendanssndsAauaN 50-215% uay
29.5-74% snua AU lelmuuad Fandsc&vsnnga
e ° a o ° o a v
Hasawnsath hlndsdulle@anwd wiunismandin
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Waanvzanaunui e lf adqelsfinan ans
° = o & o o
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Abstract: Comparison on physicochemical properties and carbon-nutrient storage in soils derived from two
parent rocks, volcanic rock, and sandstone, under a dry dipterocarp forest (DDF) was studied in the Huai Hong
Khrai Royal Development Study Center (HHK), northern Thailand. Eight soil pits were made in the DDF, and soil
composite samples were collected along the depths. The samples were analyzed for physicochemical
properties in a laboratory. Two groups of the soils were found; shallow (<40 cm depth) and deep (100 cm or
more). The shallow soils were classified into Order Inceptisols, whereas deep soils were Ultisols, however, the
soil pedon of volcanic rock was Oxisols. Most soils contained many gravels and very low bulk densities, except
for the Oxisols. The textures of the soils were coarse to medium in topsoils and medium to fine in subsoils. Soil
reaction of three soil pits on sandstone was more acid than those on volcanic rocks, except one pedon on
sandstone had the neutral. The organic matter, carbon and total nitrogen content in all soils were high in surface
soils and less in subsoils. Available phosphorus (P) and extractable cations of potassium (K), calcium (Ca) and
magnesium (mg) were very low throughout the soil depths. Amounts of organic matter, carbon, nitrogen,
available P and extractable cations in both shallow and deep soils on volcanic rocks were higher than those on
sandstone. The DDF soils on two parent rocks had some differences in physicochemical properties and carbon-

nutrient storages and are considered as the important factor on plant growth, production, and species diversity.

Keywords: Carbon, dry dipterocarp forest, nutrients, parent rocks, soil properties

Introduction roles on carbon and nutrient cycles. The early record

of the DDF area in Thailand was about 47% of the

The dry dipterocarp forest is distributed total forest area (Neal, 1967) and the current forest

widely on very dry areas in mainland of Southeast area has decreased dramatically due to forest
Asia. This forest composed of medium to tall trees clearing as a result of rapid expansion in the
which remain almost leafless during the dry season socioeconomic and increasing population of the

and had a closed to slightly open canopy country. The Royal Forest Department (RFD),

(Bunyavejchewin, 1983). The DDF also covers large Department of National Parks, Wildlife and Plant
areas in northern Thailand. It is distributed on the Conservation and other agencies, especially through
undulating peneplain and ridges in the dry sites, the Royal Initiative Project, have implemented the
sandy and lateritic soils. The dominant tree species conservation and sustainable uses of this forest to
in the forest are those in the family of mitigate the harmful consequences of clearing forest.
Dipterocarpaceae including Dipterocarpus tuberculatus, The Huai Hong Khrai Royal Development Study
Dipterocarpus obtusifolius, Shorea obtusa and Center (HHK) was established in 1982 under the
Shorea siamensis (Phongkhamphanh et al., 2015). Royal Initiative of His Majesty King Bhumibol
This forest covers an extensive area from a Adulyadej's in the Khun Mae Kuang National Forest
peneplain of about 150 m altitude to slopes and rides Reserve, Chiang Mai, with objectives of creating
of up to 1,300 m (Smithinand et al., 1980). It is also center for studies, research and experimentation on
the habitat of edible mushrooms, vegetables, appropriate methods for development of the northern
medicinal plants, and woods, playing the ecological region especially integrated watershed and forest
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management. The forest ecosystem can be divided
into two main compartments; plants and soil system.
In the DDF, the forest floor (organic layers) is usually
thinned or disappeared due to forest fire and rapid
litter decomposition. The carbon sequestration by the
forest through  photosynthesis and  carbon
accumulation as carbohydrate in plant tissues are
considered as the carbon sink (Kimmins, 2004;
Waring and Running, 1998). A part of carbon is
moved to the forest floor through litterfall and later
accumulated in the soil system. However, most
carbon in the forest floor under the DDF is almost
moved to atmosphere through a forest fire and to the
stream by soil erosion. A small part of carbon may be
moved into and stored in the soil with variable
amounts in different locations of the DDF. The roles
of different parent rocks on soil physicochemical
properties will further affect carbon-nutrient storages.
This

properties and carbon-nutrient storage in soils from

research aims to study physicochemical
different parent rocks, volcanic rock, and sandstone,
in the DDF.

Materials and Methods

Site description

This research was carried out in the HHK,
Doi Sa Ket District, Chiang Mai Province, at an
altitudinal range from 320 m to 600 m above mean
sea level. The HHK has an area of 1,359 ha with
monsoon climate: the rainy season, May to October;
winter, November to February and summer, March to
April. The mean annual air temperature and rainfall
were 22.5 °C and 1,360.5 mm respectively (the data
collected from 1985 to 2016 at HHK Meteorological
Station). Soils are developed from the colluvium and
rocks in

residuum periods of Permo-Triassic

(andesite, basalt, and associated pyroclastic rocks),
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Carboniferous (sandstone, quartzite, and shale) and
tuff, and chert)

(Department of Mineral Resources, 1999). Two

Permian (sandstone, siltstone,
deciduous forests are observed, the dry dipterocarp
forest and mixed deciduous forest. The forests were
very poor as a result of selective tree cutting during
forest concession and illegal cutting before the
establishment of the Center in 1982. The areas are
different: the DDF (650 ha) on volcanic rock and
sandstone, the mixed deciduous forest (416 ha) on
shale and limestone, and the other land uses
including reservoir, agricultural and urban area

(293 ha).

Soil sampling and physicochemical analysis

Eight representative soil pits were made
inside eight 40 x 40 m sampling plots used for
vegetation study and soil profiles were characterized
according to Schoeneberger et al. (2002) and Soil
Survey Division (1993). The soil samples within each
soil pit were collected with three replications from the
depths of 0-5, 5-10, 10-20, 20-30, 30-40, 40-60, 60-
80, 80-100 cm or depending on soil depths using
disturbed and undisturbed (soil cores) method. The
samples were air-dried and crushed to pass through
a 2 mm sieve for analyzing soil physicochemical
properties (Soil Survey Staff, 2004) including bulk
density (BD by soil core method, gravel content (rock
fragments larger than 2 mm), soil particle-size
distribution by hydrometer method, pH by pH meter
(soil and water at 1:1 ratio), organic carbon (C) by
Walkley and Black titration method, total nitrogen (N)
by Kjeldahl, available P by Bray Il solution and
spectrophotometer and extractable cations (K, Ca
and mg) using 1IN NH,OAc, pH 7 and atomic
absorption spectrometry (AAS). The carbon and
nutrient storage were calculated from their contents

multiplied by soil mass per hectare for each depth.
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Results and Discussion

Soil profiles and classification

Table 1 shows site features and soil types in
the DDF on volcanic rock and sandstone. The soil
profiles included typical horizons. The B horizon can
vary among soil types: young developed subsoil
contained many gravel and rocks (Bw), more
developing subsoil with high clay contents (Bt) and
containing plinthite (Btv), and more developed
subsoil with high iron oxides or oxic horizon (Bo).
Volcanic rock: Two soil groups located in the middle
slope sites were found, shallow (40 cm depth) and
deep (200+ cm) soils. The shallow soils (pedons 1
and 2) had different site features: altitude, 589 m and
504 m, and slope gradient, 20% and 21%, and
classified into Order Inceptisols with A/Bw/C profile
while deep soils (pedons 3 and 4) had different
values: altitude, 521 m, and 473 m and slope
gradient, 4% and 3% at the middle and lower slope
sites. Pedon 3 was classified into order Oxisols
(A/Bo1/Bo2) whereas pedon 4 was the Ultisols
(A/Bt/Btv). Sandstone: Both shallow and deep soils
were observed. The shallow soils located in the

upper slopes (pedons 5 and 6) with different site

features: altitude, 409 m, and 519 m; slope gradient,
12%, and 4%, and classified into Order Inceptisols
(A/BW/C). The deep soils (pedon 7 and 8) had
different features: altitude, 484 m, and 404 m, slope
gradient 3% and 6%, located in the lower and middle
slopes. Pedon 7 was the deep soil (200+ cm)
classified into the Ultisols (A/Bt1/Btv) while pedon 8
had the intermediate-deep (160 cm)(A/Bt1/Bt2).

The shallow soils on two parent rocks
(pedons 1, 2 and pedons 5, 6) were the initial stage
and classified into Order Inceptisols due to soil
profile development particularly cambic (Bw) horizon
(Soil Survey Staff, 2014). The deep soil of pedon 3
was classified into Order Oxisols according to deep
weathering of iron-rich volcanic rock with more
reddish color and unclear difference of oxic horizon.
The deep soils, pedons 7 and 8, were classified into
low base soils, Order Ultisols, with the clear clay
accumulation in subsoils (Bt) (Soil Survey Staff,
2014). The subsoil containing plinthite (Btv) was
observed in pedon 4 and pedon 7 caused by iron
oxides in both volcanic rock and sandstone
saturated with water in the rainy season (Soil Survey
Staff, 1993).

Table 1. Site characteristics and soil types in the DDF on two different parent rocks

Parent Altitude Slope Slope Soil depth Soil profile Soil
rock (meter) (%) position (cm) order

Volcanic rock

Pedon 1 589 21 Middle slope 40, shallow A-Bw-C Inceptisols

Pedon 2 504 20 Middle slope 40, shallow A-Bw-C Inceptisols

Pedon 3 521 4 Middle slope 200", deep A-Bo1-Bo2 Oxisols

Pedon 4 473 Lower slope 200", deep A-Bt-Btv Ultisols
Sandstone

Pedon 5 409 12 Upper slope 40, shallow A-Bw-C Inceptisols

Pedon 6 519 Upper slope 40, shallow A-Bw-C Inceptisols

Pedon 7 484 Lower slope 2007, deep A-Bt-Btv Ultisols

Pedon 8 404 6 Middle slope 160, deep A-Bt1-Bt2 Ultisols
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Soil physical properties

1. Gravel content

Volcanic rock: The shallow soils classified
into the Inceptisols contained some gravel amounts
in 40 cm depths; 29.65 to 55.40% in pedon 1 and
4.28 to 35.0% in pedon 2. The gravel amounts were
very low throughout the soil profile of deep soll,
pedon 3 (Oxisols), but some higher amounts were
observed in pedon 4 (Ultisols). Sandstone: Both two
pedons of shallow soils, the Inceptisols, composed
of high gravel amounts in 40 cm depths; 58.23 to
66.61% in pedon 5 and 53.83 to 64.95% in pedon 6.
The amounts were lower in 100 cm deep soil; pedon
7 (Ultisols), 2.24 to 41.85%, but the higher amounts
(45.76% to 78.07%) were found in 100 cm depth of
pedon 8 (Ultisols) (Figure 1).

2. Bulk density and soil mass

Volcanic rock: The shallow soils had low to
very low bulk densities; pedon 1, 0.79 to 1.11 mg/m3
and pedon 2, 0.87 to 1.32 mg/m3. As for deep sails,
the values were different; pedon 3, low (1.06 to 1.19
mg/m°) and pedon 4, very low (0.59 to 0.83 mg/m®).
The shallow soils had low amounts of soil mass;
pedon 1, 0.37 mg/m2 and pedon 2, 0.43 mg/mz. As
for deep soils, the amounts were higher; pedon 3,
1.13 mg/m2 and pedon 4, 0.72 mg/mz. Sandstone:
Very low densities were found in shallow soils; pedon
5, 047 to 0.57 mg/m3 and pedon 4, 0.61 to 1.01

U

‘ -~
100 Gravel (%) 100

mg/m3. In deep soils, pedon 7 had very low values in
surface soil and increased to low (1.03 to 1.45
mg/m®) in subsoil while pedon 8 had very low
densities throughout soil depth (0.45 to 0.95 mg/m’).
The shallow soils contained the low amounts of soil
mass; pedon 5, 0.21 mg/m2 and pedon 6, 0.34
mg/mz. The higher amounts were measured for deep
soils; pedon 7, 1.18 mg/m2 and pedon 8, 0.60 mg/m2
(Figure 1).

3. Soil particle-size distribution and texture

Soil particles include sand, silt, and clay.
Percentages of these particles along soil depth are
used to identify soil texture.

Volcanic rock: The sand percentages in
shallow soils were medium to high; pedon 1, 62.0 to
76.72% and pedon 2, 50.6 to 60.60%. The silt and
clay percentages varied in ranges; pedon 1, 4.28 to
12.0% and 17.28 to 26.0% and pedon 2, 12.30 to
19.20% and 20.20 to 35.30%, respectively. There
was no clear clay accumulation in the B horizon. As
for deep soils, sand percentages were low to
medium; pedon 3, 27.40 to 68.20% and pedon 4,
27.20 to 61.20%. The values for silt and clay in the
following order; pedon3, 5.0% to 10.20% and
21.60% to 66.40% and pedon 4, 12.0 to 19.40% and
22.80 to 59.60%. The clay accumulation occurred in
B horizon. The shallow soils had loamy texture;

pedon 1, sandy loam in surface soil and sandy clay

Figure 1. Some soil physical properties of eight soil pedons in the DDF
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loam in the subsoil, and pedon 2, sandy clay loam in
surface soil, and clay loam and sandy clay loam in
the subsoil. Textures of deep soils were loamy and
clayey; pedon 3, sandy clay loam and sandy clay in
surface soil and clay in the subsoil, and pedon 4,
sandy clay loam in surface soil and clay in the
subsoil.

Sandstone: The sand percentages along
soil depths of shallow soils were medium to high;
pedon 5, 36.40 to 60.20% and pedon 6, 50.10 to
80.40%. The silt and clay percentages varied in
ranges: pedon 5, 6.20 to 20.40% and 17.60 to
53.10%, and pedon 6, 12.0 to 23.40% and 7.60 to
33.60%, respectively. As for deep soils, the sand
percentages were different; pedon 7, high in surface
soil and low in the subsoil (28.76 to 74.16%) and
pedon 8, high throughout the profile (63.12 to
83.34%). The silt and clay values were in the
following order; pedon 7, 12.40 to 20.0% and 7.60%
to 51.24%, and pedon 8, 3.50 to 24.20% and 6.44 to
29.40%. The clay content was increased in B horizon
of deep soils. The shallow soils had loamy and sandy
textures; pedon 5, sandy loam in surface soil and
clay loam and clay in the subsoil, and pedon 6,
loamy sand in surface soil and sandy loam and
sandy clay loam in the subsoil. As for deep soils,
they were loamy and clayey textures; pedon 7,
sandy loam in surface soil and clay in the subsail,
and pedon 8, loamy sand in surface soil and sandy
loam to sandy clay loam in the subsoil.

The Order

Inceptisols, were shallowly containing large amounts

young developing  sails,
of gravel and rocks. The more developing soils,
Ultisols, were deeper and had smaller amounts of
gravel and rocks. As for more developed soils, Order
and rocks were almost seen

Oxisols, gravel

minimum caused by deep weathering. The volcanic
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rock is formed by crystallization from magma cooled
at the earth’s surface whereas most sandstones in
Thailand are formed from all rock types deposited
after being after transported by water that has been
cemented together (Pye, 2007). The high content of
sand and gravels in soils resulted from quartz which
was difficult to weather at the beginning stage of soil
development, it produces little residuum and soils
tend to be shallow (Schaetzl and Anderson, 2005). In
this study area, the soils on the volcanic rock were
divided and 2,

Inceptisols) and deep soils (pedon 3, Oxisols and

into shallow soils (pedon 1
pedon 4, Ultisols). The shallow soils composed of
mainly andesite and rhyolite which were difficult to
weathering and thus many gravel and rocks have
accumulated along the depth and resulted in low to
very low bulk densities. The deep weathering was
occurred in the Oxisols (pedon 3) and resulted in the
fine-textured reddish profile. The Ultisols (pedon 4)
had some remained gravel and rocks, and very low
bulk densities. The shallow soils on sandstone
(Pedon 5 and 6, Inceptisols) developed on the upper
slope sites where moisture conditions were usually
lower with higher soil erosion than the deep soils
(pedons 7 and 8, Ultisols) located in the lower
slopes. The sandstone soils were very fine sand
cemented together and difficult to weather and
contained the large amounts of gravel with low to
very low bulk densities. The shallow soils have a
course to intermediate textures. The variable
topographic conditions might influence on different
soil profiles between pedons 7 and 8; pedon 7 had
loamy over clayey and pedon 8 had loamy and
sandy over loam. The waterlogged condition might
have occurred in the subsoil of pedon 7 indicated by
the observation of plinthite (Btv) and grey color

(Figure 2).
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Figure 2. Soil particle size distribution of soil pedons at 0-30 cm (A) and 30-100 cm (B) in the DDF

Soil chemical properties
1. pH, Volcanic rock: The shallow soils
1) (pH, 6.10-6.42)

throughout the depths. It varied from moderate acid

(pedon had slightly acid
to strong acid (5.27 to 5.65) for pedon 2. As for deep
soils of pedon 3, the surface soil (0-20 cm) had
moderate acid (5.71 to 5.85) and slightly acidic in the
subsoil (6.21 to 6.31) whereas pedon 4 (Order
Ultisols) had moderate acid to strong acid (5.24 to
5.96) in the surface soil and moderate to slight acid
(5.62 t0 6.12) in the subsoil. Sandstone: The shallow
soils (pedons 5 and 6) had very strong acid (pH,
4.88 to 4.51) throughout the depths, except for
extremely acidic at 5-10 cm depth. In deep soil of
pedon 7 had very strongly acid (4.47 to 5.05)
throughout the soil profile while pedon 8 had neutral
(6.58t0 6.74).

2. Organic matter and carbon

The average content of soil organic carbon
is calculated as 58% of organic matter (Nelson and
Sommers, 1996). The carbon contents were usually
moderate to high and very high in surface soils and
less in the subsoils. Volcanic rock: In shallow soils
(pedon 1 and 2), the carbon content was very high
(31.64 to 33.96 g/kg) at 0-5 cm depth, moderate to
high at 510 cm (12.02 to 21.94 gkg) and

moderately low to very low in the deeper horizon. In
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deep soils (pedons 3 and 4), it was high (21.29 to
25.19 g/kg) at 0-5 cm, moderate to moderately high
(11.93 to 12.72 g/kg) at 5-10 cm, and low to very low
in deeper layers. Sandstone: In shallow soils (pedons
5 and 6), the content was moderate (10.00 to 12.75
g/kg) at 0-5 cm depth, moderately low (6.90 to 7.40
g/kg) at 5-10 cm and low to very low in deeper
horizons. In deep soils (pedon 7), it was moderate
(12.91g/kg) at 0-5 cm depth, moderate low (8.57
g/kg) at 5-10 cm) and low to very low in deeper
layers whereas pedon 8 had the high carbon
contents (20.62 to 23.49 g/kg) at 0-10 cm depth, and
low to very low in deeper soils.

3. Total N, Volcanic rock: The nitrogen
contents in shallow soils (pedons 1 and 2) were
almost very low throughout 40 cm depth. The low to
very low contents were also observed in deep soils
(pedons 3 and 4). Sandstone: The shallow soils
(pedons 5 and 6) and deep soils (pedons 7 and 8)
contained very low nitrogen contents throughout their
profiles.

4. Available P and extractable K, Ca and Mg

Both shallow and deep soils on the two
parent rocks contained very low concentrations of
available phosphorus (P) and extractable potassium

(K), calcium (Ca) and magnesium (mg).
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The pH values (5.27 to 6.42) of soils on
volcanic rock varied from slightly acidic to
moderately and strongly acidic. These might be the
effects of different mineral composition in parent
rocks. The soils in pedons 1 and 2 derived from
andesite and rhyolite while pedon 3 composed of
mainly iron oxides and pedon 4 derived from other
intermediate acid rocks. Three soil pedons on
sandstone had more acid properties than those on
volcanic rocks. They might contain the sand particles
of more acid rocks. One pedon (pedon 8) had
neutral properties due to sand deposit with
limestone. The organic matter and carbon in soils on
both rocks varied from moderate to high in surface
soil and decreased to low and very low in subsoils.
Decomposing above-ground litter and dead roots of
ground-covered  species  resulted in  the
accumulations of organic matter and carbon in
surface soils. However, most organic matters were
lost through soil erosion and some were retained in
the surface soil, and very small amounts were moved
into the deeper soil horizons. The contents of total
nitrogen and concentrations of available P and

extractable K, Ca and mg were low to very low
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throughout the soil profiles. These soils had high soil
erosion and most nutrients from decomposing litter

were difficult to move into the subsoils (Figure 3).

Amounts of carbon and nutrient storage in soils
Carbon, Volcanic rock: Carbon amounts
stored of shallow soils were estimated; pedon 1,
50.15 mg/ha and redon 2, 37.18 Mg/ha. As for deep
soils, the amount was higher in pedon 3 (64.93
Mg/ha) and lower (33.30 Mg/ha) in pedon 4. The
average carbon amount the soils derived from a
volcanic rock was 46.39. Sandstone: The carbon
amounts in shallow soils were lower than those on
volcanic rock; pedon 5, 40.95 Mg/ha and pedon 6,
19.14 Mg/ha. The amounts were higher in deep soils;
pedon 7, 31.08 Mg/ha and pedon 8, 43.51 Mg/ha.
The average carbon amount in the soils on
sandstone was 26.17 Mg/ha. The DDF soils in other
locations could store the variable carbon amounts.
Naimphulthong (2011) reported that the soil on
conglomerate, cloud store the carbon amount at
19.04 Mg/ha. The soil in community forest on
sandstone, Lamphun, had the amount at 74.05
Mg/ha (Phonchaluen, 2009). As for the soils on

N {g/kg) 100 P {me/kg)

| |
e O .
100 7 Mg {(my/ke)

Figure 3. Some soil chemical properties of eight soil pedons in the DDF
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a granitic rock, the amounts were in a range of
31.22-74.05 Mg/ha (Phongkhamphanh et al., 2015;
Seramethakun, 2012; Wongin, 2011). The DDF soils
contained the low carbon amount as compared to
other forest soils. The community forest of lower
montane forest could store the high carbon (2 m soil
depth) at 322.71 Mg/ha. The amount of 262.47
Mg/ha (1 m depth) was found in the upper montane
forest at the summit the highest mountain in Thailand,
Doi Inthanon (Khamyong and Anongrak, 2016).
Nitrogen, Volcanic rock: The total nitrogen
stored in shallow soils (pedon 1 and 2) were nearly
the same, 2.86 Mg/ha to 2.88 Mg/ha. They were
higher in deep soils; pedon 3, 8.92 Mg/ha and
pedon 4, 5.90 Mg/ha. Sandstone: The nitrogen
amount in shallow soils (pedons 5 and 6) were lower
than those on volcanic rock; pedon 5, 0.87 Mg/ha
and pedon 6, 0.81 Mg/ha. The amounts were higher
in deep soils; pedon 7, 2.80 Mg/ha and pedon 8,
245 Mg/ha. The nitrogen storage in soils on a
volcanic rock was higher than those on sandstone. In
other locations, the amount in soil on conglomerate
was 3.13 Mg/ha (Naimphulthong, 2011) while the
sandstone soil in community forest had the value at
6.17 Mg/ha (Phonchaluen, 2009). As for granitic
rock, the amounts varied between 3.30 Mg/ha and
747 Mg/ha 2015;
Seramethakun, 2012; Wongin, 2011). The higher
amounts in lower and upper montane forests were
1719 Mg/ha and 10.21
(Khamyong and Anongrak, 2016;

(Phongkhamphanh et al,

reported as mg/ha,
respectively
Seeloy-ounkeaw et al., 2014).

Available P, Volcanic rock: The amounts of
available P in shallow soils were 4.23 kg/ha in pedon
1 and 0.78 kg/ha in pedon 2. In deep soils, the
amounts were 2.59 kg/ha in pedon 3 and 0.86 in
pedon 4. The average amount in these soils was

2.12 kg/ha. Sandstone: The available P in shallow
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soils was 0.95 kg/ha in pedon 5 and 0.55 kg/ha in
pedon 6. In deep soils, the amount was 1.15 kg/ha in
pedon 7 and 2.43 kg/ha in pedon 8. The soils on
volcanic rock and sandstone contained the low
locations,
found that the soil

amounts of available P. In other
(2011)

conglomerate stored the amount at 7.87 kg/ha while

Naimphulthong on
the soil on sandstone in community forest was 6.36
kg/ha (Phonchaluen, 2009). As for granitic rock, the
values varied from 4.0 kg/ha to 29.10 kg/ha
(Phongkhamphanh et al, 2015; Seramethakun,
2012; Wongin, 2011). The higher amounts in lower
and upper montane forests were reported as 65.70
kg/ha and 87.71 kg/ha, respectively (Khamyong and
Anongrak, 2016; Seeloy-ounkeaw et al., 2014).
Extractable K, Volcanic rock: In shallow
soils, the amount of ext. K was 118.03 kg/ha in
pedon 1 and 141.74 kg/ha in pedon 2. They were
higher in deep soils, 170.55 kg/ha in pedon 3 and
22948 kg/ha in pedon 4. The average amount in
these soils was 164.95 kg/ha. Sandstone: The
amount of ext. K in shallow soils was lower than
those on volcanic rock, 28.73 kg/ha in pedon 5 and
37.12 kg/ka in pedon 6. In deep soils, the amount
was 317.53 kg/ha in pedon 7 and 154.03 kg/ha in
pedon 8. The potassium in soils on a volcanic rock
was higher than those on sandstone. The soil on
conglomerate had the amount at 432.99 kg/ha
(Naimphulthong, 2011) while the higher amount in
977.38  kg/ha
(Phonchaluen, 2009). They varied from 372.40 kg/ha
in granite soil to 1,328.90 kg/ha in granodiorite soil

sandstone  soil was found,

(Phongkhamphanh et al, 2015; Seramethakun,
2012; Wongin, 2011). In lower and upper montane
forests, the amounts were 2,261.19 kg/ha and 227.2
kg/ha, respectively (Khamyong and Anongrak, 2016;

Seeloy-ounkeaw et al., 2014).



A9A5INEAT 35(3): 475 - 486 (2562)

Extractable Ca, Volcanic rock: The amount
in shallow soils was 66.39 kg/ha in pedon 1 and
77.01 kg/ha in pedon 2. As for deep soils, the
amount was 78.66 kg/ha in pedon 3 and higher in
pedon 4 (424.30 kg/ha). The average amount in
these soils was 161.59 kg/ha. Sandstone: The
amount in shallow soils was 7.75 kg/ha in pedon 5
and 51.0 kg/ha in pedon 2. In deep soils, the amount
was 548.63 kg/ha in pedon 7 and 70.55 kg/ha in
pedon 8. The calcium in soils on a volcanic rock was
the
Naimphulthong (2011) reported that the soil on the

nearly same as those on sandstone.
conglomerate cloud store the amount 1,738.24
kg/ha. The amounts in DDF soils on a granitic rock
with granodiorite had varied greatly in the range of
372.40-3,896.13 kg/ha (Phongkhamphanh et al.,
2015; Seramethakun, 2012; Wongin, 2011). The
calcium in the soil on sandstone in Ban Sai Thong
community forest was measured 1,234.31 kg/ha
(Phonchaluen, 2009). The amounts in a lower and
upper montane forest were 885.0 kg/ha. and 270.76
kg/ha, respectively (Khamyong and Anongrak, 2016;

Seeloy-ounkeaw et al., 2014).

Extractable mg, Volcanic rock: The
amounts in shallow soils was 47.36 kg/ha in pedon 1
and 16.49 kg/ha in pedon 2. In deep sails, the
amount was 111.77 kg/ha in pedon 3 while 51.06
kg/ha in pedon 4. The average amount in these soils
was 56.62 kg/ha. Sandstone: In shallow soils, the
quantity was 3.02 kg/ha in pedon 5 and 4.32 in
pedon 6. As for deep soils, the amount was 45.65
kg/ha in pedon 7 and 79.77 kg/ha in pedon 8. The
magnesium amount in soils on a volcanic rock was
higher than those on sandstone. The amount in soil
on conglomerate was 563.0 kg/ha (Naimphulthong
(2011) and in sandstone soil was 427.05 kg/ha
(Phonchaluen, 2009). On granitic rock, they varied
between 514.90 kg/ha 1,287.50 kg/ha

(Phongkhamphanh et al, 2015; Seramethakun,

and

2012; Wongin, 2011). In the lower and upper
montane forests, the amounts were 885.0 kg/ha and
270.76  kg/ha,
(Khamyong and Anongrak, 2016; Seeloy-ounkeaw
et al., 2014) (Figure 4).

respectively, were measured
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Figure 4. Carbon and nutrient storages in the DDF soils on volcanic rock and sandstone
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Conclusions

Different parent rocks, volcanic rock, and
sandstone had influenced on variations of soil
physicochemical properties in the DDF including soil
depth, types, bulk density, texture, acidity, contents,
and amounts of carbon and macronutrients. Either
shallow or deep soils could occur in the volcanic
rock and sandstone areas. The shallow soils were
classified into Order Inceptisols. The soil types of
deep soils on volcanic rocks were Order Oxisols and
Ultisols whereas those on sandstone were the
Ultisols. The average amounts of carbon nitrogen
and most extractable macronutrients except for
calcium in soils on the volcanic rock were higher
than the sandstone area. However, the amounts of
carbon and macronutrient storage in the DDF soils
on these parent rocks were low compared to other

forest soils.
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Abstract: The aims of this study were to analyse chemical compositions, ruminal degradability and nutrient
digestibility in beef cattle of concentrate with different level of white rice bran. Concentrate with different level of
white rice bran including T1 (0%), T2 (10%), T3 (20%) and T4 (30%) were formulated. Chemical composition
were analysed by proximate analysis. Four fistulated Thai native beef cattles were used for ruminal degradability
and nutrients digestibility. Ruminal degradability were analysed by nylon bag technique at 2, 4, 8, 10, 12, 24, 48,
72 and 96 h. The nutrients digestibility were analysed by in vivo digestibility. The experimental design of in vivo
digestibility was 4x4 Latin square designs. The data of feed intake, refusal and fecal were carefully recorded.
The results found that DM and OM decrease by level of white fine rice bran (P<0.05) EE T3 (20%) and T4 (30%)
were the highest significantly (P<0.05). Even though the DM disappearance (%) were not significantly different.
The soluble fraction (a) of T1 (0%) was the lowest ( P<0.05). Furthermore, CP digestibility was quadratic
decreased (P<0.05). NDF and ADF nutrient digestibility of T2 (10%) was significantly highest (P<0.05). These

results are concluded that concentrate containing white rice bran 10% can be supplement in cattle.

Keywords: White rice bran, concentrate, nylon bag technique, in vivo digestibility, beef cattle
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2000)

nsdagdaanelunssinizsinulaeds nylon bag
technique
nneAnINstiasaan unssnnzg W
LWHNUWANNTN mm’aumu@'u@my‘mﬁ (completely
randomized design, CRD) Wammeaaslazan 3
nfu lageluseu dnlddnlunssmnzgmulngliia
fuflosianznszinnzauam 4 i (MNYLATBYEY6
nislddmninmnaesanAquddninnan
uanenaedeslua ; Ag001/2559(02/2559-03-18) 7
B sumdinwdnuuudiad (ad libitum) mmm@iﬂuu
WA 2, 4, 8,12, 24, 48, 72 waz 96 ‘HQIQN ’Wﬂuu

Table 1.

ﬁﬁmﬂaﬂmﬁwﬁwifﬁmmmLﬂumm 15 W% 1IN0
@ummum 60°C Lflumm 48 dTug wnsluasuhl
FatiinFet9e N Tvae LarANuANNstiae)
aanetneldldsunsndnida NEWAY (@rskov and
McDonald, 1970) A4&8N"3
P=A+B (1-e%)
P A8 ANnnsaanadia B Tiaaansnau (%)
A Aa AnnseiasigaeasdLTiavane A (%)
B A8 ANNTsEinadanarasdauiliazan s us
anansaiansveindes 1§ (%)
CAREMINNITE U ARNLURIDINNTEIU B
(degradation rate, fraction/h)
T A8 G294 (h)

AnNAsalumstaglauadngusluaagna (in
vivo digestibility)
nnsdeelFaastnauslulailafiuilaaany
NTUNAZAIUIYL 4 F9 SMTNFLaRE 239.5 + 22
Alaniu e mInnaes 4 gn3 Ae LEENIIE9219 0, 10,
20 LAz 30% TNUHUNINARBILLL 4x4 Latin square
T2EZINAIN1INAADY 14 Tuninidunisdiusa
(preliminary period) uaz 5 Juanvingidutouivdeys
(collection period) Iaalfiarvnavanuae uejuullas
Uhndes 1 minuazemsmaaediia 4 B RVt
1 Alansu Tuman 09.00 wax 16.00 1. Tneianisd
dminifue il avmnsh Lﬂa‘ﬂLL@‘zﬁlﬂﬁﬁ/ﬂH@
Tudosduiudeya Uifneeen AT eiinIndng
wie Buvitedag Wedu sty wazidiely Taedd

Ingredients of experimented dietary treatments containing different levels of white rice bran

Level of white rice bran

em (T1) 0% (T2) 10% (T3) 20% (T4) 30%
Ingredient (kg)
ground corn 88.75 80.00 71.25 62.25
soy been meal 8.50 7.25 6.00 5.00
white rice bran 0.00 10.00 20.00 30.00
urea 1.25 1.25 1.25 1.25
premix 0.50 0.50 0.50 0.50
DCP P18 1.00 1.00 1.00 1.00
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proximate analysis (AOAC, 2000) Wa 7 LAT1¢ %
Tunniuias (neutral detergent fiber, NDF) @nlu
119184 (acid detergent fiber, ADF) kaz an#iu (acid
detergent lignin, ADL) IneAs detergent method (Van
Soest et al., 1991) AMUIIAIAINNEINITD NN Teiagl
l8aaslnguzainaunsaas Schneider and Flatt
(1975)

TnTusniu (NN) -

nnssiee lFvealnguy y
= Tnaurluya (nF) x 100
(%) = o
TngueNn (NF)
NSAASITANNADA

asAlsznaunitaaiiaznisdasaanslu
nezrudATeiAN Ll sdsauaestieys
(analysis of variance, ANOVA) BTN LNUNITNAAR
WLL CRD paNdnnsn luntsdesaana lunszimiyg
WWUINILHUNIINAABIULL 4x4 Latin square LAY
WiauifauAvadassndnangunaandlasldng
Duncan’s new multiple range test LA < Wiguiay
WU orthogonal polynomial ANNATN19284 Steel and
Torrie (1980)

Nﬂﬂ’]‘iﬂﬂﬂﬂﬂl@zﬁﬂﬁ‘iiﬁ

AINNIANHIA1R9ALTE N LNATA8937
drqa19nudn $1d19a19 A TRquite 97.15%
BunIudng 94.01% WA unany 15.35% lasiu
10.62% laleveny 4.11% wazanslulawmsniazans
15418 63.93% T9N0IAUIENAUNIIAT LANFN
wnilealnaninaz@anilannudnguiie 88.29%
Talshu 14.32% laTu 17.50% wazitiale 4.78%
(Moonmat et al., 2010) ia9a1n314199198 019
thullenzesunavuaziutiaanininavidan avdenali
a o U a a 1o al
HAnaeadnguiivuazlilsfiu HAuinndniiaziden

o ) o Y a
yananiganusntBunalaiuuaz Bunaudele Jen
flasnIniaviaes

NANN9ANE29AUsTNaUNILARIRIRIUNT
i 4 geaniinnadinidinnanasiszAuAe 0, 10, 20
e 30% (Table 2) WuaN fi”quLﬁ\aLLmEum?ﬂfj”mqﬁum
gnsidinindinenng AAnanaseuszaALnessingeng
NANGITY (P<0.05) TednnAR@ITUIIE91U Bhatt
et al. (2005) N384 U839 9 U @I NI G2 T
TR 13, 18 UAY 23% HiFNInBuvisadnnanatAe
91.6,90.9 LAY 90.6 ANAAL wazA1LFu e |

w 22 4 . o
w AN TwHaNEIuEEnalugasans
44' o v =l o '3 =X
WasannindinaanadladuiduesAlsznaugeis
10.62% Aariunaidsnirdinnananininaulugasanis

Table 2. Chemical composition of concentrate containing different levels of white rice bran

Treatment
[tems White rice bran SEM P-value
T1(0%) T2(10%)  T3(20%) T4 (30%)

DM 97.15 95.57° 95.29° 95.17° 95.30° 0.056  0.003
OM 94.01 96.85° 95.85° 95.79° 95.72° 0.183  0.016
CP 15.35 1751 17.07 17.31 16.29 0240  0.803
EE 10.62 2.45° 2.85% 3.72° 3.36% 0.191 0.016
CF 4.11 2.71° 3.09° 3.26° 3.88° 0.162  0.001
NFE 63.93 74.18 72.85 72.19 71.50 0430  0.110

" Means within row with significant difference between each treatment (P<0.05)

T1 = concentrate with white rice bran 0%, T2 = concentrate with white rice bran 10%, T3 = concentrate with white rice bran 20%, T4

= concentrate with white rice bran 30%

DM = dry matter, OM = organic matter, CP = crude protein, EE = ether extract, CF = crude fiber, NFE = nitrogen free extract
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NRURINTIEF NI ANT e AANL lUNSEINIZgINY
' P a
waznistatlivadnaululaiia

= o L7 s QI d’j v dl = o v
A WA Ty naanunsdiunigi ngndinaang
20 WAy 30% N laTuwingy 3.72 waz 3.36%
o o d g - Yy &
ANa1AU AN e ala N uun TN T unNN
1BUNUIE9970 Teganpdaariu Soren et al. (2004)
W‘umL;J@mewwﬂuammmﬂu’mﬁmmwmn
3 (0, 41 WAL 82%) wudrA B Eale g u
(6.38, 11.6 uay 15.94%) n1sandnalnalugnsaiuis
A Wiau W@ N 919919 30% Hilbunutiale
gangawlitd1Aty (P<0.01) Ao 3.88%
=2 ] v ace v 1

msAnwnstias1ilaeds 4 neluaen wudn
NI UNLETNIE191193561 0, 10, 20 LAz 30% AN
AgsiasdaaNeNTAlNeR 2, 4, 8, 12, 24, 48, 72 WAL 96
Falua IR A uumanFnalumieans (P>0.05) (Table 3)

NI UNLEENI1E19119 0% Redauiazans
1% (soluble fraction) AMN91B1M1 3T UNLET N3 T19219
10, 20uA% 30% VANNLANFAIAULLL quadratic
(P<0.001) A® 4.26 Wia LU 4.76, 4.87 WA 4.75%
~ o o a ~ v
Ha9anindnoanaldaunazans s (water-soluble
fraction, a) 4 909 58-60% (‘Yulistiani et al., 2008)

o v e . A .

wmazirdnadndndudanAwmaenaiuim i
waanslulamsnazane 18yl (Cone et al., 1997)
muummmmwwﬂummﬂu Wﬂum washing loss
(a) mmumummmmmmq waNaNEAT T a3
1a4n178 a8 da1e (degradability parameters)

filsznauBaadouitliazaneudifannstasgans1d
(degradability of water insoluble), dse@nsninlunng
tinedane (potential degradability), A8 FIIN9E DL
Aaanel (rate of degradability) WazANUILENTNINNNS
tineidangl (effective degradability, ED) m@qmmigﬁuﬁ
@3N319192719 0, 10, 20 way 30% Ml ANLANFNG
Auluneatif (P>0.05) (Table 4)

LAU095E AU 3 u T st
WANANY (0, 10, 20 WA 30% MNANAL) ABLTN1D
naflFaaszaesimguiiclulaflFuenameny fe
nejdefiandas 1 win wuan ldimauuansng
fust el dad1Atyn19ada (P>0.05) jalundaes
WrnoumsulEvamunaniaaduiunosede (kg/d)
uasAniluefiusrasinmingy (%BW) izan5usa
AlanFusinuinmunuedn (g/kgBW™) uaziiiadnen
Brnaemsiufilalézu wudn T lEsuemsiiug
@IN31419219 0, 10, 20 WAL 30% NiFumnsNwRlA
Aniunlaniusedu, ilefidus metabolic body
weight TdT Aauuansaiuad 9 TdadAynieaia
(P>0.05) (Table 5)

ANaNnTa lunseeeE lwiadnd (in vivo
digestibility) 4838V IUEN LI TN TR B3
4179719 0, 10, 20 WAz 30% (Table 5) WLN ANNTTERE
15%@\‘1 DM, OM, CP, EE, NFE, NDF a2 ADL kANGINN

Table 3. Dry matter disappearance (%) of concentrate containing different levels of white rice bran

Incubation time freatment SEM  P-value Effect
T1(0%) T2 (10%) T3 (20%) T4 (30%) L Q
at2 hr 12.15 14.50 11.00 10.90 1.71 0.51 021 0.29
at4 hr 17.15 20.30 16.70 18.61 0.88 0.57 093 0.95
at 8 hr 26.30 30.80 27.05 28.46 1.33 0.75 0.84 0.87
at12 hr 34.35 39.90 36.05 37.05 1.71 0.81 0.81 0.83
at 24 hr 53.50 60.70 56.60 56.75 2.39 0.85 081 0.79
at 48 hr 76.50 83.30 79.20 78.48 2.53 0.88 094 0.81
at72 hr 88.15 92.90 89.20 88.12 2.16 0.91 0.86 0.83
at 96 hr 9417 97.12 93.67 92.36 1.81 0.89 062 0.79

L = linear, Q = quadratic

T1 = concentrate with white rice bran 0%, T2 = concentrate with white rice bran 10%, T3 = concentrate with white rice bran 20%, T4

= concentrate with white rice bran 30%

491



A9ANTINEAT 35(3): 487 - 494 (2562)

Table 4. Degradability parameters of concentrate containing different levels of white rice bran

Treatment P- Effect
ltem SEM
T1(0%) T2(10%) T3(20%) T4 (30%) value L Q
Fitted parameters
- Fraction a (%) 6.86 8.26 4.88 7.32 056 015 0.72 0.87
- Fraction b (%) 94.43 92.00 92.55 88.47 144 063 020 0.45
Degradability parameters (%)
- Soluble fraction (A) 4.26° 4.76° 4.87° 4.75° 0.08 0.002 0.035 <0.001
- Degradability of water
95.39 95.29 92.60 90.71 1.21 056 0.13 0.33
insoluble fraction (B)
- Potential degradability
@) 99.64 100 97.43 95.41 119 060 0.16 0.37
- Rate of degradability (c,
0.03 0.04 0.04 0.04 0.00 073 071 0.67
fraction/h)
Effective Degradability (%)
- ED0.02 62.00 66.90 63.10 63.05 186 088 097 0.85
- EDO0.05 41.05 46.30 42.35 43.20 166  0.81 0.88 0.84
- ED0.08 31.70 36.40 32.55 33.80 1.41 0.77 0.86 0.86

L = linear, Q = quadratic

*® Means within row with different superscripts are significantly different (P<0.05)

T1 = concentrate with white rice bran 0%, T2 = concentrate with white rice bran 10%, T3 = concentrate with white rice bran

20%, T4 = concentrate with white rice bran 30%

] 1 o o o aa [ 1 1 v dl
adldidadAtyneala usdnAnnsteslfantie
lefAwan AN LY quadratic (62.83, 65.46, 64.44
UAY 63.96 AMNAAL) (P<0.05) HB4AINgAamanal
o v al o k2 dy o O
$1dinnanndEnnnaeslasiuuw Hingaaumuseiuin
§19119 TedanAdaariL Wachirapakom et al. (2016)
978N UEAAN [T UIR9RINNIATLAIUR A NN T (2.5,
4.5,6.0 LAY 7.2 ANNANSL) danasianiseias lduaaiEie
luanad (55,5, 51.0, 50.7 az 50.1%) 189Nz AU

o al , < ~ \
Tasfusanininnadn 3% auldlugrsannisiinase
AHaIN1In lunseiaslduaaiEialy (Allen, 2000;
NRC, 2001) ninl#iannanunsalunisties liaaatiale
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anas lasannladuliedeuidelanilHqdurdidin
¢iael'lF 81N (Cheva-isarakul, 2003) LA TN U
pnaRnsalunistiaslianumaglaauesanmedu
N3 E19919 0, 20 uay 30% TAndiaendnavnsii
Fudu3E9 10% aeeliBd1ATYNINalA (P<0.05)
(54.33, 56.54 WA 55.11 Waufiy 62.19%) iaean
AR LEBN3H19979 30% T Bunaudielaunn
figm (3.88%) Aedenaliirnpnruanunenlunstien 1
5nTutfm@ﬁammimmgﬁummﬁuﬁ W@IN31919919
30% flAndiaaas us il AuansnefuiulafilE s
e sHiuREBuEE991 0 ez 20%
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Table 5. Nutrient digestibility of silage and concentrate containing different levels of white rice bran

Item Treatment P- Effect
T1(0%) T2(10%) T3(20%) T4 (30%) SEM value L Q
Dry matter intake
Total
(kg/day) 6.61 6.37 6.61 6.35 0.05  0.10 0.24 0.50
(%BW) 2.79 2.69 2.82 2.64 003  0.11 0.21 0.38
(g/kgBW*"™) 109.49 105.36 110.18 103.83 108  0.10 0.21 0.40
Roughage
(kg/day) 3.97 3.73 4.02 3.70 0.06  0.11 0.32 0.57
(%BW) 1.69 1.59 1.72 155 003 0.2 0.27 0.44
(g/kgBW*™) 66.09 62.17 67.32 60.74 112 012 0.28 0.47
Concentrate
(kg/day) 2.76 265 2.74 2.50 0.06 041 0.20 0.39
(%BW) 1.15 1.11 1.16 1.05 028 058 0.24 0.43
(g/kgBW’™) 45.34 4347 45.31 4113 099 049 0.29 0.52
Nutrient digestibility
DM 74.98 69.38 68.54 71.02 1.06 006 0.19 0.05
oM 76.63 70.96 69.95 72.32 107 065 0.15 0.05
CP 71.92 69.00 68.01 70.61 106 0.39 0.59 0.39
CF 62.83 65.46 64.44 63.96 163 084 0.02 0.02
EE 63.82 63.95 65.42 66.17 160 092 0.57 0.85
NFE 79.04 76.72 75.14 77.25 1.02 066 0.46 0.44
NDF 64.05 62.26 62.13 59.78 076  0.69 0.65 0.90
ADF 54.33° 62.19° 56.54° 55.11° 266 0.1 0.90 0.71
ADL 30.37 41.35 32.66 31.11 240 012 0.60 0.76

L = linear, Q = quadratic

““ Means within row with different superscripts are significantly different (P<0.05)

T1 = concentrate with white rice bran 0%, T2 = concentrate with white rice bran 10%, T3 = concentrate with white rice bran 20%, T4

= concentrate with white rice bran 30%

GEM)

o ¥ = I3 A
31419919 TN MesAUsTnaUNIwART
winnzan unstiandszneulugasamnediv e

UFsnsdntinnannidinlugnsanunsdu (10, 20 uas

30% ANANEL) Az BN lsiuuazitie leia
AN DadiINn RN T N TH
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Abstract: The study on growth performances, digestibility, carcass traits and meat chemical components of
fattening rabbits between different environmental temperatures at housing was the objective of this study. Forty
weaned New Zealand white rabbits were randomly separated and reared in an optimal controlled (OT) housing
without heat stress environment (Temperature humidity index: THI=21.5-23.1) and an ambient temperature (AT)
housing (opened housing) under a severe heat stress and wide temperature fluctuation during the day
(THI=24.8-36.2). The AT group was lower in live weight, average daily weight gain, slaughter weight, hot
carcass weight and cold carcass weight comparing to OT group (P<0.05), whereas the rabbits in AT group was
higher in nutrient digestibility than the OT group (P<0.05). Moreover, higher proportion of water and lower
nutrients were observed in the rabbit meat which lived under severe heat stress condition (P<0.05). Based on
these results, the rearing rabbits under heat stress provided adverse consequences on productive

performances and meat chemical components.

Keywords: Ambient temperature, digestibility, meat chemical components, performance, rabbit

Introduction temperature humidity index (THI) environment (Marai

et al., 2002). Heat dissipation can reduce and return

The production of meat rabbits is in the body temperature to optimal status.
increasing trend in several countries (FAOSTAT, Unfortunately, rabbits are not well tolerance to high
2018) including Thailand (Kovitvadhi et al., 2016a). temperature environment because rabbits have a
Rabbits have a great potential to be an alternative low function of sweat gland and dense fur, however
livestock due to a short production cycle, low a rising of respiratory rate and volume of blood
investment cost, low risk on epidemic disease and circulation at ear lobe are main heat eradication
functional meat (FAOSTAT, 2018). The demand of mechanisms in rabbits (Marai et al., 2002). In
rabbit meats in Thailand is still higher than productive Thailand, reproductive does are culled because of
efficiency around two times, which is the great infertility and low survival rate of kittens during
opportunities to promote production of this animals summer and farmers wait for raining season (July to
(Kovitvadhi et al., 2016a). However, high ambient October) to start the new production cycle

temperature (35-40°C) during summer (March to (Kovitvadhi et al., 2016a). Therefore, high ambient
June) is a main problem of low productive efficiency temperature is a major factor which affects on

(Kovitvadhi et al., 2016a). Body temperature of productive performances of tropical rabbitry.

rabbits is increased following the increment of Most of experimental design was performed
ambient temperature (Marai et al., 2002). Warm- following the real management program which was
blood animals need to maintain core temperature to continuous production along the year using seasons
conserve the normal enzyme actvities and (summer vs winter) as main factors to study the
metabolisms. Therefore, the deterioration on effects from different environmental conditions
productive performances, nutrient utilization and (Chiericato et al., 1993; Dalle Zotte and Paci, 2014;
metabolisms is observed in animals that are Ghosh et al., 2008; Marai et al., 1999, 2001). As we
produced under heat stress condition or high known, there is clear that poor productive
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performances in growing rabbits are found during
summer (Marai et al., 2002). In contrast, if we can
rabbits under

support housing that can rear

thermoneutral zone, the productivity should be
improved (Hermes et al, 1999; Pla et al., 1994,
Zeferino et al, 2011, 2013). The energy cost to
decrease and control the housing temperature
should be considered. The meat rabbits in Thailand
have not been imported from other countries for
more than ten years (Kovitvadhi et al, 2016a).
Animals which can survive and provide good
productive performances in tropical climate were
selected by farmers. The resistance to high and
fluctuation of temperature (genetic effects) may be
developed in these meat rabbits in Thailand which
providing benefits for farmers (Zeferino et al., 2011).
the

differences on growth performance, digestibility,

Therefore, this study aims to investigate

carcass traits and meat chemical components
between optimal controlled and ambient condition

(real production condition) of fattening rabbits.

Materials and Methods

Animals, housing, diets and experimental design
Forty weaned New Zealand white rabbits
(40-days-old) were randomly selected with equal sex
from rabbitry and distributed into optimal controlled
(OT) and ambient temperature (AT) groups. The OT
group lived in control temperature room (24 + 1°C) at
the Animal Experimental Unit, Faculty of Veterinary
Medicine, Kasetsart University, Bangkok, Thailand
(13.844479N, 100.577498E); whereas rabbits in AT
group were reared at ambient temperature from
March to June 2017 during summer season at
rabbitry, Thailand
(14.04007N, 99.545354E). The temperature humidity

index (THI) was calculated everyday which reported

Kanchanaburi province,
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in Fig.1 following this equation: THI dry bulb
temperature in Celsius - [{0.31 - (0.31 x Relative
humidity index)} x {dry bulb temperature in Celsius -
14.4}].

considered, if THI is lower than 27.8 and higher than

Absent and severe heat stress were

28.9, respectively (Marai et al, 2001). The same
individual cage, equipments, management system,
diets and feeding were performed for both groups.
The experiment was conducted from 40 to 93 days
of age. A commercial pelleted diet (Lee Feed Mill,
Publ. Co., Ltd., Phetchaburi, Thailand) which was
appropriate for nutrient requirement and clean water
were provided ad libitum. This study was carried out
following the guidelines and achieved the allowance
from Institutional Animal Care and Use Committee of
Kasetsart University, Bangkok, Thailand (ACKUGO-
VET-015).

Growth performance and digestibility

The rabbit's live weight and feed intake
were monitored every two weeks from 45 to 87 days
old for calculating average daily feed intake (ADFI),
(ADG)

conversion ratio (FCR). Mortality and morbidity were

average daily weight gain and feed

controlled daily by the same observer. For
digestibility study during experimental period, the
feed intake was recorded and calculated, whereas
diets were analyzed in duplicate for dry matter (DM),
crude protein (CP), ether extract (EE), crude fiber
(CF) and ash by ignition to 550°C for organic matter
(OM) calculation, according to the Association of
Official ~ Analytical (AOAC,  2000).
According to Kovitvadhi et al’s (2016b) procedure,

Chemists

faeces were collected daily at 48 days old for four
days period, weighted and stored at -20°C for
chemical analysis in duplicate for DM, ash, EE and
CP (AOAC, 2000). The calculation of apparent

digestibility on DM and nutrients was conducted
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following to the European standardized method
(Perez et al., 1995).

Carcass traits and meat chemical components

At 93 days old, twenty rabbits per group
were stunned by concussion and slaughtered
without fasting. The carcasses were prepared
following Kovitvadhi et al. (2016b) and the results
were expressed as a percentage of slaughter weight
(SW). The chilled carcass weight (CCW) after 24 h of
chiling at 4°C was recorded, whereas thoracic
organs, liver and kidneys were calculated as
percentages of CCW. Longissimus dorsi (LD) and
Gastrocnemius muscles (GC) were excised and
lyophilized for chemical component analysis on DM,
ash, EE and CP (AOAC, 2000) expressing as fresh

matter.

Statistical analysis

All
performed by R-statistic with package Rcmdr in
Rstudio Core Team, 2008).

Statistical analyses for significant differences of each

of the statistical analyses were

(R Development

parameter between the groups were performed

according to Student ttest, whereas Welch's t-test

A

was applied in case of unequal variances. The

significance was established at P<0.05.

Results and Discussion

The severe heat stress (higher than 28.9;
Marai et al, 2001) and broad THI fluctuation
between the day (THI=24.8-36.2) were observed in
AT group, whereas the OT group was absence of
heat stress and narrow THI difference between the
day (THI=21.5-23.1; Figure 1). The group of animals
which suffer from heat stress was lower in live weight
after two weeks, ADG and ADFI comparing to
animals who lived in optimal condition (P<0.05; Table
1).
difference on FCR between the groups (P=0.66,
Table 1). The DM in experimental diets was 90.7% as
fed basis, whereas OM, ash, EE, CP, CF and
nitrogen-free extract were 94.3, 5.69, 2.42, 16.1, 13.4
and 62.4%DM, respectively.

The negative consequences on live weigh,

However, there was no statistically significant

ADFl and ADG were observed during summer
period comparing to winter period (Chiericato et al.,
1993; Dalle Zotte and Paci, 2014; Ghosh et al., 2008;

Marai et al, 1999, 2001) and also in heat stress
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Figure 1.

Temperature humidity index during experiment (the upper and lower lines of each temperature

represent highest and lowest temperature humidity index of each day)
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Table 1. Effects of different environmental conditions (optimal vs ambient temperatures) on growth
performance, apparent digestibility, carcass traits and meat chemical components of fattening

rabbits (n=20/group)

ltems Groups
Optimal (OT)  Ambient (AT)  SEM' P-value®

Growth performance
Live weight (g)

at 45 days 928 922 14.3 0.84
at 59 days 1481 1330 441 0.08
at 73 days 1911 1621 50.4 0.004*
at 87 days 2237 1875 61.7 0.001*
Average daily weight gain (g/day) 28.8 22.7 1.17 0.01
Average daily feed intake (g/day) 118 87.6 5.02 0.001*
Feed conversion ratio 3.97 3.88 0.09 0.66
Apparent digestibility (%)
Dry matter 56.4 68.2 1.96 0.001
Organic matter 63.5 75.8 217 0.001
Ether extract 79.9 89.2 1.83 0.01
Crude protein 63.3 76.4 2.02 0.001
Carcass traits
Slaughter weight (SW) at 93 days (g) 2348 1963 74.0 0.01
Hot carcass weight (HCW) (g) 1481 1173 50.9 0.001
Skin, paws and feet (%SW) 17.3 23.8 0.85 0.001
Full gastrointestinal tract (%SW) 17.2 16.0 0.52 0.26*
Cold carcass weight (CCW) (g) 1296 1032 45.6 0.001*
Dressing percentage (%) 55.0 52.9 0.68 0.13
Liver (%CCW) 5.58 5.69 0.21 0.81
Kidney (%CCW) 1.11 1.08 0.02 0.59
Thoracic organs (%CCW) 1.49 1.53 0.06 0.80*
Chemical composition of Longissimus dorsi muscle
Moisture (%Fresh matter) 72.2 75.2 0.39 0.001
Protein (%Fresh matter) 24.7 21.8 0.41 0.001
Ether extract (%Fresh matter) 0.61 0.33 0.06 0.03
Ash (%Fresh matter) 1.36 1.13 0.02 0.001
Chemical composition of Gastrocnemius muscle
Moisture (%Fresh matter) 69.7 77.4 0.93 0.001*
Protein (%Fresh matter) 26.0 19.6 0.77 0.001*
Ether extract (%Fresh matter) 1.84 0.93 0.20 0.02
Ash (%Fresh matter) 1.48 1.07 0.04 0.001*

1
Standard error of mean
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condition comparing to optimal environmental
temperature (Hermes et al., 1999; Pla et al., 1994;
2011, 2013). the

temperature fluctuation is another factor influencing

Zeferino et al., Moreover,
these observed paramters (Pla et al., 1994). These
results in this study are the same as other studies
because rabbits cannot control a normal core
temperature and heat prostration sets when the THI
is higher than 30. Most of energy is allocated for heat
dissipation pathway by increasing ventilation and
blood flow to ear lobe to eradicate heat and return to
normal core temperature. Therefore, there is less
energy for growth which consequences on poor
productive performances (Habeeb et al., 1993). In
addition, the

hypothalamus is inhibited by the impulse from

function of appetite center in
peripheral thermal receptor. Therefore, this pathway
influences on the reduction of feed intake when the
rabbits are under the high temperature environment
(Marai et al., 2002) that was observed in this study
and others (Chiericato et al., 1993; Marai et al., 2001;
Zeferino et al., 2011). Moreover, rabbits in summer
production period increased significantly water
consumption, leading to reduce feed intake (Marai et
al., 2001). Most of research articles and in this study
were not observed the different on FCR (Marai et al.,
1999, 2001; Zeferino et al., 2011) because the
correlation in the same direction was presented
between feed intake and weight gain.

The apparent digestibility on DM, OM, EE
and CP was lower in OT group than in AT group
(P<0.01, Table 1). Rabbits reared at 32°C were
better on DM and CP digestibility than at 20°C
(Hermes et al., 1999) which is in agreement with
results of the current study. The longer gut transit
time due to the lower feed intake at high temperature
condition should be the cause of higher efficiency on

nutrient digestibility. The lower CF digestibility of

500

rabbits under optimal temperature group can be an
evidence to confirm the higher gut flow rate than the
high temperature group (Hermes et al., 1999). On
the other hand, Marai et al. (2001) found the lower
apparent digestibility on DM and CP of rabbits
during summer production period comparing to
winter. No differences of feed intake between
summer and winter seasons in the study of Marai
et al. (2001) may be the cause of this contrast
results, whereas our studies and Hermes et al.
(1999) observed the lower feed intake in rabbits
under heat stress condition. Fortunately, there was
no any morbidity or mortality of rabbit in any group
during study. Therefore, rabbits can resist and
survive in this AT condition in Thailand but the poor
productive performances are presented.

SW, Hot carcass weight (HCW) and CCW
of OT group were heavier than AT group (P<0.01,
Table 1). The higher proportion of skin, paws and
feet from SW was found comparing to AT group
(P<0.001),
differences between groups on other carcass trait
parameters (P>0.05, Table 1). The lower of HCW and

CCW in rabbits rearing under heat stress are

however there were no statistical

consequences from lower SW and poor productive
performances (Chiericato et al., 1993; Dalle Zotte
and Paci, 2014; Ghosh et al., 2008; Marai et al.,
1999, 2001; Pla et al., 1994; Zeferino et al., 2013).
Lower moisture and higher nutrients (protein, EE and
ash) of LD and GC muscles were observed in OT
group (P<0.05, Table 1). The meat from rabbits
which rearing under 30°C is brighter than 18°C; this
may be due to the higher proportion of water in the
meat (Zeferino et al., 2013). The greater proportion of
nutrients and lower proportion of moisture in meat of
OT group may be the cause of the higher nutrient
components comparing to the meat from AT group
(Rotta et al., 2009). On the other hand, Hermes et al.
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(1999) were not found any statistical difference
between the diverse on housing temperatures at 20,
26 and 32°C on meat chemical components.
the lower trend of EE in meat was
the

temperature (Hermes et al., 1999). Low energy

However,

presented respecting to increasing  of
intake and amount of fat storage in bodies of rabbits
under hot ambient temperature were observed,
resulting lower fat storage in their meat (Chiericato

et al., 1993; Marai et al., 1999; Zeferino et al., 2013).

Conclusion

The rabbits rearing under severe heat
stress condition (AT group) were lower in live weight,
ADG, ADFI, SW, HCW and CCW, whereas higher in
apparent digestibility on DM, OM, EE and CP were
observed comparing to rabbits lived in the housing
with controlled optimal temperature (OT group).
Therefore, production of rabbits under hot climate
did not deteriorate only the productive performances

but also meat chemical components.
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