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Influence of Harvesting Date on Yield and Seed Quality of Indigo (/Indigofera tinctoria L.)
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Abstract

Indigo (/ndigofera tinctoria L.) is a member of the family Leguminosae. Indigo has traditionally been used
for fabric dyeing of local handicrafts because it imparts beautiful shades and highly stable colors. One problem with
indigo seed planting and cultivation is that seed maturation is not simultaneous, and thus many seeds have to be
planted to ensure an economic yield. Moreover, the fact that there is a lot of variation in the planted seeds’ maturity
times often produces a longer wait until harvest and a longer harvest time, factors which tend to negatively affect
the quality and yield of the seeds. This research was therefore designed to determine the optimum harvesting date
for the yield and seed quality of Indigo (/ndigofera tinctoria L.). The research was conducted at the Plant Science
Field, Sakon Nakhon Rajabhat University, during the rainy season of 2016. The experiment was of random complete
block design (RCBD) with 4 replications and involved 7 harvesting dates: 140, 150, 160, 170, 180, 190 and 200
days after planting (DAP). The results showed that harvesting dates (DAP) had significant effects on pod fresh
weight, pod dry weight, seed dry weight per plant, seed moisture and seed germination. The highest seed
germination was found at 150 DAP (53.31%), but these plants harvested at 150 DAP had low seed dry weights per
plant and lower total seed germinations per plant (1,270 seeds/plant) affected. The highest total seed germinations
found were for 180 DAP (2,673 seeds/plant), followed by 200 and then 190 DAP. Therefore, it was concluded that
the optimum harvesting dates were 180 DAP and higher, which were periods after planting that gave the highest

yield and seed quality of Indigo.

Keywords: Indigo tinctoria L., harvesting date, seed
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Figure 1 Different growth stages of Indigo at 140 (A), 150 (B), 160 (C), 170 (D), 180 (E), 190 (F) and
200 (G) days after planting.
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Winil 4.26 NS (WsaAmst lanncy, 2551) idungannuasuaesdssmaAtsnaima wudﬁﬁwﬁﬂ 1,000 LHAR ﬁﬁwﬁﬂ
5.43 n3u (Jahan et al., 2013)
AMNTUTDILNAR

mqmimmﬁ'mmmﬁm@ﬁi@mm%ummmﬁm uazimNNLANFANIWIUNNGANR (Table 1) WLANL TS
BTN 9.18-17.28 Lﬂ@ﬁ%um’Iﬂmm‘“mmmﬁlﬁmﬁmmﬂ 140 Juunaatlgn ﬁmm%uu’mﬁmm e 17.28 ilasifus
TR9R9HT D memmmmummmﬂ 150, 160, 170, 180, 190 uaz 200 quumﬂ@ﬂ WULLAAT AT 13, 55, 9.85,
9.80, 9.85, 9.93 Uz 9.18 wafidus muaisu mmﬂmummm@mmmmm Lummnmmmmmmmmewumnmu
mumqmmmmmmnmu LATEARURNNINFIAN NNt auT TR T E et el (Wnen WanNgY
WATARLY, 2553)

Table 1 Plant height, pod fresh weight, pod dry weight, and seed quality of Indigo at different harvesting stages.

Harvesting Plant Pod fresh Pod dry Number of 1,000 seed Seed dry Moisture

dates height weight weight seeds/pod dry weight weight content (%)
(day) (cm) (g/plant) (g/plant) (9) (g/plant)
140 175.63 112.08ab 24.28d 4.6b 4.54 9.73c 17.28a
150 179.90 140.81a 41.29d 4.6b 4.65 16.76¢ 13.55b
160 180.78 129.28a 55.65d 4.6b 4.53 29.60b 9.85¢c
170 186.60 98.27ab 86.90c 4.8b 4.62 33.36b 9.80c
180 191.43 67.47bc 151.09ab 5.0ab 4.69 58.25a 9.85¢c
190 194.48 56.44bc 143.42b 5.3a 4.37 53.33a 9.93c
200 202.28 35.81c 176.52a 4.8b 4.65 64.00a 9.18¢c

F-test ns . . * ns . .

CV (%) 8.68 38.23 21.33 6.59 5.75 20.91 5.41

ns = not significantly different, * = significantly different at P<0.05, ** = significantly different at P<0.01.
Means within a column followed by the same letter are not significantly different by DMRT.
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na99n mamummmmmm poaviuasluszazidnamadudiina lipasifiudnassdanensiu mszindauds
ANy shldudasenenn WuwdeaiuaAdereasdad g (2551) Safuiieawdanmauainns
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mﬂm@ﬂmmdﬁmﬁmmmﬁﬁuLﬁ'mmnﬁu%mm 100 wefdus lnefnlefifusiponuean 47.25 uaz 30.00
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@i’mqumﬁmquﬁq@ﬂié’@;qqmﬂﬁu B ATINENE 180 Tunddtlgn Seruaundasuiicanld 2,673 winsiadu sasasn
A8 AIINANE 200 Uay 190 dundsilgn fenumansaniivenld 2,273 uaz 2,199 wiasedy AuaIAL (Figure 2)
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Lummnmemmmﬂmmmmmm LL@v@’WN’]ﬁ‘D\i’ﬂﬂiﬂ ﬂ’]?[ﬂ?%’ﬂ’&@uV’Im.ﬂ’TWLN@@WHﬁﬂﬁ"]Nﬂ’Jﬁ“WW@WHﬂ’]?Wﬂm'nl‘ﬂ\‘i
mem’mﬂﬂumm@wmmemmmmmm’lﬁ’lmmmmu@u LLZ\]v’ﬂ’]'ﬂLWNLﬂ'ﬂi‘Lﬁﬁuﬁlﬂ’ﬂN\‘iﬂﬂﬂ’ﬂ\‘iLN’Z\!@V’]?’]NVL@

Table 2 Standard germination, total seed germination, abnormal seedling, fresh seed, hard seed, and

dead seed of indigo at different harvesting stages.

Harvesting Standard Total seed Abnormal Fresh Hard Dead
dates germination germination seeding” seed” seed seed
(day) (%) (seeds/plant) (%) (%) (%) (%)
140 26.75b 579d 0.00c 1.51a 9.18e 30.31a
150 53.31a 1,270c 0.63a 1.26b 35.50d 7.43cd
160 27.06b 1,780c 0.00c 0.43d 62.56bc 13.18bc
170 23.43bc 1,698¢c 0.00c 0.75¢c 55.43¢c 14.87b
180 21.37bc 2,673a 0.00c 0.72c 65.06abc 8.00cd
190 17.68¢c 2,199ab 0.32b 0.77c 68.93ab 7.31cd
200 16.06¢c 2,237ab 0.63a 0.41d 74.43a 4.75d

F_test o o . . . .

CV (%) 20.14 20.56 25.64 16.47 12.02 35.55

** = significantly different at P<0.01.
Means within a column followed by the same letter are not significantly different by DMRT.
v Logarithmic transformation data; log (x+1).
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Figure 2 Total seed germination per plant of Indigo at different harvesting stages.
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Feasibility Study of Using Vegetable Oils as Processing Oil

for Natural Rubber Compound Production

gllan waun’ s fdla’ wazdgiuns aneila’
Sunisa Huana", Mantana Songkhai' and Watcharin Sainumsai'
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Abstract

In this research, the feasibility of using 3 types of vegetable oils: palm oil, soybean oil and coconut oil as
replacements for aromatic oils in processing of natural rubber were studied. The Mooney viscosity and stress
relaxation were determined using a Mooney viscosity tester. Vulcanization characteristics were investigated using
a moving die rheometer (MDR). It was found that the Mooney viscosity, minimum torque, maximum torque, torque
difference, and scorch time of the rubber compounds produced with palm oil and soybean oil were not significantly
different from those of rubber compounds incorporating aromatic oil. However, rubber compounds made with palm
oil and soybean oil gave slightly lower cure rate indexes than did compounds made with aromatic oil. Coconut oil
gave rubber compounds with the highest viscosity. The research strongly suggests that palm oil and soybean oil

have great potential to be used as processing oils instead of aromatic oils.

Keywords: natural rubber, processing oil, vegetable oil, Mooney viscosity, vulcanization characteristics
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Table 1 Compound rubber formulations.

Quantity (phr?)

Ingredients

AO PO SO CcO
Natural rubber, STR 20 100 100 100 100
Stearic acid 2 2 2 2
Zinc oxide 5 5 5 5
Accelerator MBT” 1 1 1 1
Carbon black N660 grade 35 35 35 35
Aromatic oil 1 - - -
Palm oil - 1 - -
Soybean il - - 1 -
Coconut ol - - - 1
Sulfur 2 2 2 2

aphr: parts (by weight) per hundred parts of rubber, "MBT: 2-mercapto benzothiazole.
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Table 2 Mixing procedure used in this study.

Duration  Accumulative

Step Procedure
(min) (min)

1 Setthe mill opening at 0.20 mm and pass the rubber through the rolls twice without 1 1
banding

2 Band the rubber on the front roll with the mill opening at 1.40 mm. Make two %4 cuts from 2 3
each side.
Set the mill opening at 1.70 mm. Add zinc oxide. Make one %4 cut from each side. 2

4 Add the carbon black and oil evenly across the mill at a uniform rate. When about half the 10 15
black is incorporated, add the stearic acid and open the mill to 1.90 mm. Make one % cut
from each side then add the remainder of the carbon black.

5  Add the accelerator, taking care to avoid any loss. Sweep the mill pan and add until all the 2 17
pigment is in the batch. Make three %4 cuts from each side.
Add the sulfur and that which falls into the mill pan. Make one % cut from each side. 3 20
Cut the stock from the mill. Set the opening at 0.80 mm. and pass the rolled stock endwise 2 22
through the mill six times.

8  Open the mill to give a minimum stock thickness of 6 mm and pass the stock through 3 25

the rolls four times, folding it back on itself each time.

ms‘wmaumwuﬁmguﬁummsﬁauﬂmamﬁmﬁu

ﬁwm\m’aquf;m’mmmfawﬁmwﬁmguﬁl,l,@:nmifauﬁmﬂmmﬁuﬁqaLﬂéﬁlmwmmwﬁmwﬁwuﬂ 14 MV-3000-VS
(GOTECH Testing Machines Inc.) ﬁ@mmﬁ 100 avAngades Tngldlismesuunnlig) AadsnmaseLNInIgIU
ISO/TS 289-4 (2017) FalunmageLays 3 TuReULAAdRs Figure 1(A) ‘Emﬂ%umwmmuﬂumﬁjumaﬁqmm
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Figure 1 (A) Torque curve from a Mooney viscosity test plus a stress relaxation test and (B) Plot of log Mooney units

versus log time from a stress relaxation test.

antiuintayausedn (Mooney viscosity value) HITATITHNNERIINITHAUAAILANNLAL (rate of stress
relaxation) ANAMNENNLTIRIUITA (Mooney units) ALWAT (W) LaRasAa Figure 1(B) TIANNITOANUIUAIAST

WAZFRIINITHOUAAILANNLAVIFAINANNNTUNANAILLILDANBLAIANAT (1) NARDU 5 TUNAKDL TIENLEAGE
ANLRRAL
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Figure 2 Mooney viscosity value of rubber compound with various types of processing oil.
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Mooney viscosity (dN.m)

Time (seconds)

Figure 3 Torque curve from a stress relaxation test of rubber compound with various types of processing oil.

Table 3 Parameters and correlation of regression power equation.

Parameters
Oil types Correlation, r
k a
Aromatic oil (AO) 2.1685+0.0312 0.613+0.016 0.9960+0.0011
Palm oil (PO) 2.0591+0.1183 0.638+0.034 0.9896+0.0007
Soybean ail (SO) 1.9940+0.0129 0.648+0.013 0.9899+0.0015
Coconut oil (CO) 2.6823+0.0130 0.608+0.008 0.9913+0.0060

enspanvnaEidnTuelnAnuaziuR e nitsinsig 1 finsmnistannludiindondeiu souandlu
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Figure 4 Cure curve of rubber compound with various types of processing oil at testing temperature 150°C.
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Figure 5 Minimum torque, maximum torque, and different torque of rubber compound with various types of

processing oil.
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Figure 6 (A) Scorch time and cure time and (B) cure rate index of rubber compound with various types of processing oil.
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Effect of Chitosan and Bio-extract in Seed Priming Process on Germination

and Seedling Growth of Bird Chili Pepper

112A1 uiath' Ussuan d9Aau’” asiug aguht’ uasgun Jg51agAnIA1S’
Bouakham Keoboua', Pranom Yangkhamman', Orapin Saritnum' and Suthep Watcharawetsaringkharn'
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Abstract

One objective of this research was to evaluate the optimal duration of seed soaking as part of seed priming for
bird chili pepper seeds. Seeds were soaked in RO water for 0, 4, 8, 12, 16, 20 and 24 hours at 25°C. The other objective
was to know the effect of seed priming with chitosan and bio-extract on the seed germination and seedling growth of
bird chili pepper plants. The experimental design was of the completely randomized type. There were 8 treatments, which
included seed priming for 12 hours in chitosan at 50, 100, 200 mg/l, and bio-extract:RO water ratio at 1:500, 1:750, 1:1000
(v/v). These treatments were compared with seed priming with RO water and non-primed seed. Seed germination was
tested by the top of paper method in the laboratory and by using peat moss as material under greenhouse conditions.
With respect to the first objective, the results showed that a soaking duration of 12 hours was optimal as it produced
the highest seed germination (95%, a result that was significantly different to that found for non-primed seed, which
showed the lowest seed germination rate (88%). With regard to the second objective, seed priming with chitosan at
50 mg/l stimulated the highest seed germination. It also produced the fastest mean germination time and speed of
germination was highest. The highest fresh and dry weights of seedlings were obtained when seeds were primed with
50-100 mg/l chitosan and bio-extract:RO water ratio at 1:500 (v/v). These results were significantly different to those found
for with non-primed seeds when they were germinated under greenhouse conditions. From these results, it can be
concluded that seed priming with chitosan 50 mg/l was a suitable method for enhancing seed germination and seedling
growth of bird chili pepper seeds.

Keywords: water imbibition, seed germination, mean germination time, speed of germination, bird chili pepper
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’Luma‘mmewuﬁmamﬂmuﬂmmﬂm LN@@'AQHN’]H@VNW}Q’]NQ@HLL@vﬂ'J’mLleNLLNﬁI’me’WLN@@‘W‘LAﬁV}Lﬂu@ﬂN’&N F1
Lummﬂwuﬁmmqwuqmm nednnsudasudn naviufes medanisudinsfiuiasiisneiu mﬂumimmmw
NNETTIINGNTDINAAFNTY ﬁwmﬂd%uﬁmﬁuﬁﬁmamirﬂ”ﬁ AaenuazaNLsusTimainanssnuAeiteslut ey
mm‘?ﬁ"ﬂuﬂmmwmmLuﬁmﬁﬁqnfhmﬁmﬁﬁmmLL°‘1’]<1Lng\i wastfymiiasifntunnaenan dud Werhsdauninng
wazldsuanmuandenilbivinzanluszuinamssenaziinansznurin Wnssentesndatisanas wisend sanli

o o

dainane %QLﬂu@’]mﬁMﬂﬁﬁuﬂﬁﬂﬁl%’] anadulivinty  uazsateranssnLiaBinmananiildnn sy
TumAdenfiaddinninmaian st ieun &e (seed priming) msl,%’lﬁ@Lﬁu@mmwmm?ﬁmwmLmﬁmﬁuﬁ:
IHdatinnssenuaziinnuudusaindy IddundindusuansiyAulaléandt andailiiunnasseamien
wianaunshinig  usteshdlafnumasiaamianindalilszaaudSamaiidasnsluinusiazain uwiay
mﬂﬁuﬁﬁu adldmalianasiaumnamdauiisneiuly '%uﬂgjﬁuﬁwmﬂm\m%’ﬁq B9ALITNEUNATIBUNAANT Ay
nmeLAuasTATasiTsea s lunastmmianmdn vannewisamdanmdn Wumniinanuduliiuwd
Imﬂmmmmmumiﬂmsmmﬂmw l L°]J’11ﬂLW’ﬂﬂiuﬁllﬂ‘MLN@G]Lﬂﬂﬂi‘u,‘]_l']uﬂ’]i\‘l’ﬂﬂ‘wmLLﬂyWi"ﬂﬁJL‘Wiﬂ\mu usinszLIUMseen
‘ﬂwﬂﬂﬁUE\iﬂ@uV]i"‘lﬂ@WLm\‘l@@ﬂLH"l"]"lﬂLﬂ@’ﬂﬂMNL@J@ﬁ TaennisdeanannmnaduadlsivinianaduEud viminu
lethuaiiiunassaundendanmnzluuas azildecenldRuazeanisatu (naw 8279 uazeaniz, 2551;
Qﬂﬁﬂ’] ‘llwu’m@ WATALLE, 2558; 1_|§L|3~I 73, 2558; Wam9N Winaau LazAMY, 2560; Bradford 1986; McDonald, 2000)

nasan e uazAmz (2558) ldAnienain seed priming mmmmmmmmmwmmme‘wm
ugunedauasEnimgiuaden nud meududansnitugunednalut RO+ Ienma+Linsdn inlfada
fanenluslfiinisuayluanmiseugeiiqn Wiy 73.00 uaz 51.50% muddu uazinanedslunissen
\Fagm Wiy 9.83 du ’d'mﬂ’h‘LLﬁ]'LN&@W?ﬂ%MHWuﬁ@WNLaﬂuluiﬁ RO+ RN p+Lisiwdn Havssenluiesdimnis
uazluanmisadeugeiign Wil 90.50 uaz 58.50% AImANAL waznsudindnlurin RO+ lilenna+ tuimda foan
Lﬂ?}lﬂiumm@m?qﬁ@m Windu 10.11 4% n19v seed priming wanannldgennsldinudadsiinisihansazans
TUAFN ] ‘17'1|ﬁmaﬁiﬂm@mL@?mm?\mﬂmmLmﬁmmlfﬁzim%ummmLuﬁmrﬁ’hﬂ \iu KNO,, KCI, NaCl, PEG (Polyethylene
glycol) A Vitamin C tlugis (unns wgnaun uazitsvar wiadu, 2561) Feansaiifananaazdaauaunisgainzes
WARLAY qummmmawmLﬂumm“mumiwﬂ \iu N19dansziflilsiu (Copeland and McDonald, 1995) waz
duginmadiulnvessengan lu uaziefu (aegms Teandn uazAniy, 2541) Faetieiddates waw &1
WAZADY (2551) WUGT NIINTTAUANNNANTBUNAANTNUANUAE Vitamin C, Polyethylene glycol, KNO,, NaCl,
KH,PO,, KCI, KNO, aufiu KH,PO, ﬁmm‘fﬂﬁmﬁmﬁuﬁﬁmmq@ﬂu,@:mmL?q‘lumiq@ﬂmmLu'ﬁmﬁmmn'ﬁu 15-17%
uenannil Saleh et al. (1996) ldmmaewin seed priming AUWNARRUENTNUIUGNHANTRUE Gedeon #ae CaCl,
waz KNO, Wu3n CaCl, fuaviniuaniugiuladfifusinisienaasudngega anedistiinaundnedudaumnnidy
nmawisgunfanminlaensldansiaidmiunisduainnissenteandn  usdluilaqiiuaauiianlunslgnivalagan
msldannedl sidedgnitrlussuuBuwidiinniy suumshaisdanmanldlumsseundensdssdianudfny
wazarsdasiiAnuazimL RN Wnza luutazir Wagaull iearldtihane W And s lemiurinumsns
sl

faqlatimainlalagu Gadunedwesildanassumd Tnaadauiainiaenuenaesdadnan fa 1) was
vide wumagress wldlumenssdunasiorein desnnlalamudlessilaznenesiulpsauiitunmd sy
Tunsnszfumsaininesita (498 Sundnszans, 2544) wenanislalamudedminWieainsansusznesfliuedn
[ antu (lignin) fifuasrlsznataesniaTas uay phytoalexin ﬁﬁqw‘éﬁugﬁmm‘%ﬁyLﬁuimmqauﬁﬂr
(Wanarf UAUSATA uazAE, 2552) Hua liladnguds LALAZNLINIURaNN YA 09T e TR LA LI ATLEINN T
(189w 3R, 2555) danalsidnsansnniusazdaouudeusafisidu (Reddy et al., 1999) iABUN ABELN LAZANL
(2552) 918911430 ﬂﬁ?ﬂ?zﬁuﬂﬂi\i@ﬂﬂm\iLmﬁm‘ﬁﬂLL‘V\I\T‘?;LLﬁiu@"I?@z@’miﬁTWﬁﬁuﬁﬂ"nuL‘leﬁJﬂj/u 0.8% AMN9ONTEAULA
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WAATIAYINENEIAR WATNTANENTEY TR IWBALIHY uazAtuy (2553) 7t seed priming TUNAANUFUAININ
Wugialnenn went dln waz 1038 wudn Wug 103B futlulalamuanuididu 0.5% silmadaiilefidusissen
uazAdIinssangge uananid sy uawuneda wazAmz (2552) AN NATRINNTU W EAWENI LS
mﬁwLL@xw?ﬂﬁugﬁuﬁfsgLﬂﬂéra@m soaasazaslalaaududi 0, 50, 100 uaz 200 ppm Aeilafidusnissenaas
wan wud nMaudidaiugwinluarsazanelalngnudndi 100 ppm amnsonsziunenesNAnRUENIN lAgIEn
Tneflwefifudnssenaeadaminiy 70.7% luddaniinie uanfisdudu 91.6% ludilniaemaanzingn
ﬁmﬂn%mwLﬂumﬁqm‘wﬁﬁmmfmmiwmiu‘ﬂmmumﬂwme%ﬂmﬂm (NIUWAILNT L, 2545) Thsivinvein
%qmwmﬂﬂm@vmﬂ?‘mm"[uimmu Woanaia unaden uay Lm@Lﬁmumﬂmmfmmmnﬂwmum@u 7 (NINAELY

'
aa

7idiu, 2550) daurbwsinaniwannii gy andnuazuals azflaesTuuiteluBunnige (nsuimunfiau, 2550) Tnuans
luthwsindanmazdpuiiiaadesiussdilszneusasnsaeziily Tsiu paelifiad neafiarddn uameuloalluiis
dnadaasulinginiaasyAuinuessendan lu Aafu Lmﬂﬁ’mm?}mqﬁu (enes Tednann uazAnly, 2541)
fenddamniimindanimndlunsdadiumenaesin datu A ANLA uazganatd AsaiARna (2555)
IiAnenuazesmsldimindanmraliudmdaiugrenisentesmdaiugiEniugauns nuinsdimindanm
L lsratndmandau 1:750 T NS UEWINAUAAHAMINENUAS ﬁmﬁmmaﬂmﬁmm (84.2 1A% 7.86% MTNATAL)
uaz Duzsml Aenunfde@vs uazAniz (2559) mEawi msldiwenauasiminualdredndulugamdou
1:1,000 udidadadendanaldmdainnnenseuniageiign

lun1svinsinems o ﬂﬂﬂuw,ﬂumamLWfazgmmwmfmcEmamuazé’uﬂmﬁﬁ Tnanisaanisldansiad uazlan
nsAneAENsuazRATIm s wnuilaniuazanned Jamsistluafilimildanuddysanan
sadAddvinnsAnenfmaresanslalrmuanimindanndernnasenuaznaeaivinte s daiugantmaou
1eAann9¥n seed priming demnadnafildazaunsldiuimenialunnshansianmivnldaie daende uas
ananansildiasluiesiunnldlunnsi seed priming emunnsnanN & TUsWEnTIR AL Wl

ABMTANEN

mﬁﬁﬂuﬂ%ﬁiﬁﬁﬂLmﬁmw?ﬂﬁwmu Wugnande wes 1 anfuguamaaiug wvinisAnEanis
wiaendennan tneldivniAdaeenidiu 2 nnmeans 4L nsnaaesd 1 'ﬁrn:mmm@\w:ﬂmmmi@mﬁwmLuﬁm
W?ﬂ'%mémuﬁLummm”mi”umﬂm?ww?@uLuﬁmﬁuﬁfﬁamiﬁﬁ seed priming dusunnshludselunmaansd 2
ﬁﬁﬁmiﬁnmummmiﬁﬁ seed priming c-ﬁ”fmmiamwim‘ﬂmmu@xﬁwﬂﬂ%qmwm'ﬂmi\mﬂmeﬂm@?mmmﬁuﬂﬁﬁ
wmwumu AT L@ﬂﬂﬁl@iﬂu

nManeaasi 1 nsAnmsTey Lq@ﬂummmmmmmemmm’wm seed priming Lu@mwuﬁwmwumu
TnanneununInaaeduLLguaNysnd (Completely Randomized Design, CRD) H 7 Fannaes mwmmm 4 41 7 8
50 LHAR Tmﬂmwmﬂw’m@ szezinaNsutAAlT RO Whunan 0, 4, 8, 12, 16, 20 uay 24 alua 7 mmuﬂu 25°C
‘1/1’1‘]_|u‘1/lﬂﬂ’]i‘ﬂﬂu’ﬂl’mLQJ@ﬂM@\iﬂ’]i‘LL“ﬁLLﬁ]@“’ﬁ“’ﬂ“’L’)@’] mnuumLmmm@mmwmuimﬂmu"mu‘llnmmfnmumm@mm@
fﬂum”mmmmmmmmmmwnummm‘nummu (4.09%) Mmmnuummemmmwmmumm\mﬂummw
‘WM‘]J{]‘LIﬁ]ﬂ’]iWJF;IQﬁﬂ’]i‘LW’]‘“‘LIuﬂT”mﬂHﬁu (top of paper) Aa1UIU 4 sm °] 82 50 Wan wamuﬂu 25°C UziliuAnnuean
NNduaUNITIe 14 4 uw@mwuuwnimmmmmmmmimmuwmme (AR ufnaeu wavAnle, 2557)
Aefidusinisean (seed germination) LQ@WL@@ﬂluﬂﬁ?\i@ﬂ (mean germination time) LL@vmmLﬁ‘ﬂumN‘ﬂﬂ (speed
of germination) A AAsERm e Ea B (ANOVA) uaziBevifieneniedelngdd Duncan's New
Multiple Range Test (DMRT)

ANTIATUIUNNTANUNTIBUNEAR; W (%) = (W-W,) x 100
WO
g W = ﬂ?mmﬁwﬁmﬁmmmﬁﬂﬂuﬁqmﬂiﬂTfJTm (%)

W= mwummmummnmm|°m‘[,m (nfu)
muum@mm‘ummeﬂ@ummm ()

=
I
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NNINARBIA 2 NIANHINATEINNIN seed priming 51";ﬂmﬂm‘imeﬁmmvﬁ’mﬁn%mwﬁi@ﬂmm‘wLuﬁmﬁuﬁ’
wmwumu ‘Emm’mLLmuma‘mmmmmummumm (Completely Randomized Design, CRD) is mmmm mwmm
ar 4 sm °] 8¢ 50 AR mmamﬂa“ﬂ@uiﬂmﬂ (T1) WRA M UA1IMN seed priming (control); (T2) LL%LN@Muu’l RO;
(T3-T5) witwanluasazanelalngny # fazumnudud 50, 100 uaz 200 mg/l Uz (T6-T8) mem’lum‘wmmmw
‘Wlﬂ‘W“ﬁV]’]\‘iﬂWiﬂ"WlN@mIﬁﬂIﬂNﬂ%‘ﬁ@'N Glu'amﬂmuummmmw ‘LL"] RO ‘1/1 1:500, 1:750 WAz 1:1000 (v/v) mumm‘u
s]fﬂi‘uf;l Lqmmmmmmwuﬁmu 12 me GINLﬂuL"J@’]Wﬁmﬂﬁﬂqﬂﬂ’]ﬁ‘Wﬂ@@\iV} 1 ﬁ@d'ﬁqﬂﬂ?‘]_lﬂ"muﬂﬂ’]ﬂﬁm@ﬁ]LL'Z\J']
uWLN@ﬁNW@’NﬂQH‘LA’]'&u@’]ﬁ LL@JI]‘LIGLWLLW\‘m'ﬂuuWLN@@iﬂ@ﬁﬂQ’]Mﬁ‘LﬂﬂLV]WﬂUﬁ’J'WN‘T]uLiNm‘L& IﬁﬂLﬂUVLfﬂutﬂmﬂﬁ'}’]N‘ﬁu
ﬁ]’]ﬂsﬁ@ﬂqlﬂﬂ mnuuu’]memwmm‘um’mmﬂ‘luwaqﬂgumm?mmﬁm?mf]”uum”mmu (top of paper) f««nmu
4 aﬁ’] ] Az 50 LN@@ mmum 25°C LL@”‘V]m@um’]mm‘lummwiiqLi@uimﬂmwmmLﬂuqmm‘wq” Immmmmmmm
yL“LACVWWl>‘1/‘l'T’"‘1|‘L<L’19'1 200 LN ﬂﬁ‘”LNuﬂfJWN\‘i@ﬂV}ﬂ')u@uﬂi”W\‘i 14 U mmmu‘wn%m AIMNENEBRA AITNENITIN
m‘muﬂm Lmvumummqmuﬂm ‘Vl 14 FUNAINTE msluwmﬂ{]umma‘m”mmwia‘qLa‘@u uw@mwuumiﬂmmmmm
Aafidusinisesn (seed germination) mmm@ﬂuma\mﬂ (mean germination time, MGT) LAZAIINLII LN1998N
(speed of germination) mnffuﬁwﬁLmﬁw’mmLLﬂiﬂiqummaﬁ (ANOVA) ez BLeUAeatlngA Duncan’s
New Multiple Range Test (DMRT)

HANNSANEILAZIANTO]

AnNATeINIAAITBsME AT N T U suT AL RO luszaziaan 0, 4, 8, 12, 16, 20 Az
24 dalus wudnlugae 4 daliauan Lu@“m%ﬁmi@mﬁﬁ@ﬂ'wmmL?qﬁﬂﬁ’ﬂ?‘mmﬁﬁmﬂumﬁmLﬁuqﬁu@ﬂmﬁﬂﬁﬁm
uﬁqmﬂﬁumﬁmx@mﬁﬁﬁmLL@:G“'umﬁuﬁqLLﬁLﬁJﬁmiuﬁWLﬂumm 12 dalug ﬁﬁluﬂumi@mﬁﬁﬁmﬁ@jamzﬁ 2 uAaY
Wuszazmanasuulamsiaailundoiug Snsduangd nuceic acid uaziaulmlbing o fnnstessans
astuanalidumslnanaidnuazindaudheansllfnaeinaesfuseudmiueiaumsseniaznadiln (fude
dunfilszidiy, 2537) Felummmaaesnisiindemintuyaauiimegatieediuas vanzausemaianszLaunseen
mmw 95% (Table 1) LummmmmmLmvl,ﬂ“l,ummmmu 37.48% (Figure 1)

40
20 /

10

Water content (%)

v T T T T T T 1

0 q 8 12 16 20 24
Time (hr)

Figure 1 Effect of soaked duration on water imbibition of bird chili pepper seed.

iatiganenitiiunimin seed priming - {1MARBLAYINGEN Wud msutideluinssevinanidnety
mmmmvmulﬁmemﬂmmummi\mﬂLmymmLmﬂlumwaﬂwLLmﬂmqnu@m\muﬂmmmmmmm IRNTUTINER
Tt 12 $alug @\‘1N@I‘MLN@ﬁNLﬂ@?LﬁﬁumﬂﬂN@ﬂ@.\W}’Qﬂ 95% LL@:NLqml,mﬂ'lumiq@ﬂmm;m 11.05 $u danitloifust
AnaenlgTi A LLANFAa R ARULE AT & ENunN s LTI R (TAPILIAN) LAEATENUNNTUTIART) 4, 20 uAx
24 alu4 WaiEAT89ANEY 1N 990N 2BUNAR IHHANUANFNIWNATA LU NN3s1AT (Table 1)
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Table 1 Effects of soaked duration on seed germination, mean germination time and speed of germination of bird

chili pepper seed.

ee ermination ean germination ume peed orf germination

Soaked durat Seed germinati Mean germination ti Speed of germinati
OakKe uration
(%) (days) (plants/day)

0 h (control) 88° 11.12% 4.16
4h 91° 11.51% 4.14
8h 92 11.58° 4.18
12 h 95° 11.05° 453
16 h 91 11.59° 4.11
20h 91° 11.24%° 4.25
24 h 90° 11.35%° 417
F-test * * ns
CV (%) 3.04 2.30 4.91

ns, *: not significantly different, significantly different at P<0.05, respectively.
Means within the same column followed by the same letter are not significantly different by DMRT at P<0.05.

anuamsg AR AATLEWS N T St IRt AT A e RS RANsELIUM e TR YA
uamsutiaiaiduaan 12 99l Lmzﬂ?‘mmﬁqﬁmﬁm@mLﬁﬂﬂmﬂ‘lumﬁmwiﬁu 37.48% ‘Emmﬂum@@mﬁﬂmmxﬁ 2
Ferrusilwfonziimeshaeulmiuaziifanssusng 7 Wl U nrsuaumamunUedATH Ensdenanseimig
srapnslulansm Tulsi lastu wazansau q fazasluwdnWinualuanadnas fauauiRazanainld uazazgnine
s qmadngiteldlunsuusasuazanamnnretadme ludugan ﬁaﬁmﬁ@Lm5mQﬂﬂa‘zﬁulﬁw%uﬁ@w@nﬁ@uuﬁq

AvilindacenldSatundinstillnne LL@:Luﬁm%ﬁmﬁm@ﬂ%‘qﬁw Lﬁ@d@’]ﬂ“ﬁ'}x‘iLQ@’]ﬂ’]ﬂHﬂ’ﬁ‘@ﬁﬁ’]Lﬁ’ﬂL°]9.I/’1’53‘
sraedi 3 zﬁ’wi”umm?mmmﬁu@'@u@”zgvum P g aeni5 FUTUN10AANUALIANNHANITNLIIRIEN LI AZEN
waznsgninanslneqauyisdnielufuszudnaniseenteduan

nsutdaTinzandmiunssenaeamdnluusiazaie wiazaneug avldezes nanEnefy ety
WA AINUUILNTB9LLRDNTHLNER vmmmmwmmmiumi@muuwmLﬂ@'aﬂv;w,u@m iseteudaziluiug
Lﬁmﬁul,wimmmLuﬁmﬁuﬁ:ﬁLﬁ‘uLﬁ'mm\aﬁuﬁﬁmaﬁiﬂﬁmmmmmﬁﬁﬁLLmnﬁmﬁuﬁwLﬁuﬁu (A9qUNT AR, 2529;
Tude  dundilaviasy, 2553) yeNANLE s auTaFsLnaLMMuATIINEs  uazAnIdANNITuANn L dng
s ieumEn Aaty nandEAssilinsannnsAnETes nasen lamuna uazAne (2558) Fsnernnin
Lmﬁmw?ﬂﬁuﬁmﬁwLmzw??ﬂ%ugﬁuﬁ:muLﬁ@mflﬁﬁ’iwmm 8 daludlumsutindasaniunislenmafiaamasie
AneNTRNAn M euAs1es 3anAT ﬁ?’mﬁ{] (2547) lFseaudn Luﬁmw?ﬂﬁuﬁrmﬁwmmﬁﬂﬁ@ﬂwﬁmwaﬁi@
nssanldseizioaniites 5 9ol LM@LLmmeMmmmmu 30°C fannungiianniAdunan 30 wiisedalis mﬂuu
yannstiuflustesinan 2 S neuanANTy mimmm@nmmmLmvm"numsmﬂmm Faannnsidafangnnil
Toﬁ”ﬁmm‘vmmfrﬁmmzmwmiummemﬂmﬂummmﬂumemmmimmnmqmﬂﬂummﬂ wazn1s gy
‘Lmvudwmﬂmmﬁuﬁ@”ﬁmﬁiﬂmmmwjﬁﬁL?qrfmﬁu ImﬂmﬂmlummmmumLu@mmmmmvl,mmLL@‘Vm‘Lvﬂm
iymLf;m‘lum@Lmﬁumﬁmﬂmmmummﬂmmmqmﬂmme YaNANENNTLLAAAINTUT E Adataevinls
NITLIUNTRUATITHANIA ] mmugimmﬂmu Ao lsinnssen@etuldisy fansdannssananauiadeitiua e
NN9NANTBILNAA LT WAL %ﬂumﬁ@”ﬂm%@ﬁ@ﬂ%mmmi@mﬁwmLuﬁm'ﬁ' 12 dalug ?ﬁqmundwm%\iq@%m Tuina
WATADLY (2558) WAZAAAL $01]) (2557) LﬁmmﬂmmLLmﬂm'ﬁwa\ﬂmﬂWuﬁ:mﬁmmﬁwdwmwﬁLL@:M@“@ WHLHAR
ey Tunsdinnautiudeiiuiuiu 12 dalue Snadeninenfianasreiniideluail anaitesnannmautiudn
funuivllTnasensldfueendiauresndaanas wazifaannsillmnzausenanssylunsyiunnsanTeuEn
YT AN IENLAaN1 MeNANA (nagan T1vuna wazAnLE, 2558)

AMNNTANEINALEININN seed priming ﬁf;ﬁmﬂﬂimsmwmzﬁmﬁn%mw&immmwmﬁmﬁuﬁ:w?mﬁmému

WUIN N9 seed priming srednslalnsulinarnlfiinanuuansnaiuneatfreatlefidusiniseen waede
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lunssen uwazanuirlunisensesmdeiugluanimiesfiine usdidenasenluaniisdeu wudn navin
seed priming g lalng1ududu 50 mg/l ﬁmﬁifamﬂ%’mmLfa?q'ﬂuﬂfm‘q@ﬂﬁ@ﬂﬁm (8.2 544) WaEHATIAT ANLLANFANS
'am\mummmmmmmLmL‘Lﬁﬂumﬂunmmmwiﬂ@muma‘m seed priming LL[?]VLNLLﬁlﬂl}l’NﬂuVl’N@ﬂmﬂ‘]_lﬂ’]iVﬂ
seed priming faaanglalmanwdudu 100 mg/l uaz g lusmsdauinveindaniw : th RO 7 1:500
sﬁqmmum‘l,ummﬂﬂ 8.7 fu WanaNiiNN3vn seed priming daelalnmudidu 50 mg/ Ssilnasiananusalunissen
quzgm (5.2 Aw/du) memmﬂmumwLuﬂﬂmq@mquummmymmmamLumﬂ?ﬂuwmmmmmm”l,u“l,mmumim seed
priming WA luANANSTUN AT ANLNNINN seed priming faenin RO uazanslalnudadn 100 mg/! ilavnsmagey
paenanlugnnlasdey  gaunsldimindaniwlumsin seed  priming nﬂizﬁummﬁuﬁﬂﬁmﬁiﬁiﬁ
pauAnAenaai A luddesidusnisen  Anaaslunissen wazANII NN NBNTIBINARTUG salugnm

vesdfiAnsuazluaninlseewiianFaunauriumaniilavin seed priming (Table 2)

Table 2 Effects of seed priming with chitosan and bio-extract on seed germination, mean germination time and

speed of germination of bird chili pepper seed.

Seed germination Mean germination time Speed of germination

Treatments (%) (days) (plants/day)
Lab Green house Lab Green house Lab Green house

Non-primed seed (control) 85 68 9.0 9.1% 4.9 3.9°
Soaked in RO 86 80 9.1 8.9% 4.9 4.8
Soaked in chitosan 50 mg/l 89 83 9.5 8.2° 4.9 5.2°
Soaked in chitosan 100 mg/l 86 7 9.1 8.7 4.8 46"
Soaked in chitosan 200 mg/l 90 71 9.5 9.7° 49 3.9°
Soaked in Bio-extract 1:500 92 75 9.2 8.7 5.1 4.4
Soaked in Bio-extract 1:750 92 69 9.6 9.0** 49 3.9%
Soaked in Bio-extract 1:1000 90 73 9.5 9.5% 49 4.0%
F-test ns ns ns b ns b
CV (%) 5.14 9.21 2.76 49 5.75 9.94

ns, **: not significantly different, significantly different at P<0.01, respectively.
Means within the same column followed by the same letter are not significantly different by DMRT at P<0.05.

AINKANIINT seed priming gaeignslalnmuuaziivnIanmseANENIRY AN A uaz
ﬁmﬁmﬁ’wmﬁuﬂﬁwﬁmq 14 4 lwiesdfifinnswudn lifipouuanseiumeain Tuaniziinnsvn seed priming
paaansazane lalnaiuainsdudi 50-100 mg/ LAzl m © 10 RO Sadau 1:500 (viv) Huagdaddnly
ﬁwﬁﬂmmm:ﬁmﬁﬂLLﬁ’qu%ﬂuﬁuﬂé’ﬁﬁmq 14 3 Lm:mﬁiﬁﬁmmmem\mﬂﬁqﬁﬁﬂﬁﬁﬁmﬁlqmmaﬁﬁuLuﬁmﬁuﬁ:
#ad1vin seed priming ilann iy lugnmisaBew (Table 3)

AINUANIINT  seed priming faeanslalnaumududy  50-100 mg/ ”Lumqwmmm@u’lmmmwuﬁ
wmwumuummm'lumimﬂwmLmvumsmmmmmunmwcvmfnmewuﬁmvlmvl,mm seed  priming ana il
HAnudenAdeIiuNNIANE289 Yasjing et al. (2009) fisrei9nun NINTEAUNNNeNTaRNARN LTI InARsA1s
lmmuiinaududy 0.25, 0.50 uaz 0.75% (w/v) M ANAARUEHANETUNNEN ANNENIFUE AN.NNIN
st LmvﬂnLﬁmﬁuﬂﬂ'mﬂﬁﬁmﬁﬂﬁm?qumﬁﬁﬁmmmuﬂ:u WazN9ANETRY 23stlAn imuznEe uay
Welwguns §a1a3unas (2559) fisnenuin maasviuanslalnmududy 1.2% 1Bunas 5-20 mil Nnduaivasgneilgn
mmﬁ*mwmmﬁm?mmLm‘uT.mLL@ummm”Luwmwu”Lm AMNUARINANLEAS LI gn Tl TR Ll nafen fenLAz
NN9IAICYTOIAUNTT uum@Lummmﬂmmmﬁmiuimmuwmqhm@"Lmimsmu (498 Aunsnazany, 2544) Iaglulngiau
azgqenseauliNgLas LR Tneennzatiadenisssoydulamieinuadu LL@&‘ﬁQﬁiﬁﬁ‘ﬁgﬂ[;l/QVLéng‘QFLuiS?;I?.ﬁLLiﬂ
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gasnsasinls vinlinad lugiaen B93NENNUTD AN 5P yahil (2553) ﬂ@'Wfi’mwﬂmﬂ‘immumw?ﬂ%wﬁm&i@
unansamalsanuasaae e ey aaisinadnuasanainfinnuduiuiiunnuui ez s
2RIFUNANAINNIIEIATITIIAS ﬁﬂﬁ’ﬁmmmmummmmﬁuﬂéﬁLﬁuﬁmﬁﬂﬁmﬂghaquﬁmmmmi@mm?ty
@T\Mw,ﬁ@wavLmﬁmTuamw‘Ei\iL"'S‘@u‘ﬁﬁumﬁ”ﬂﬁmmmm@mni@mﬂ@ﬂLL@”HLLZN?;Lﬁm‘wwi@mm?m Aafluann i
umuﬂmummuuﬂmemmuﬂmmmwu memmwmuma‘m seed priming mﬂmﬂﬂimmmmmmu
50-100 mg/l Hnngluaninisazen YANANNTNNTY seed priming gaeimndanIm - 11 RO Shandaw 1:500 (viv)
ﬂ\mmmmmulummnmmLLmym‘wuﬂLmqmmﬂumuﬂmimmuﬂu FanadldTannaenAdeiuAseTes Fanimi
ummu (2553) ‘1/1mmmmﬁavmmﬁmw‘ummmﬂsmmw'aqﬂmeﬂmmma‘mmLmu‘lmmmiw ﬁmmw”l.mwm’]
m‘wmmmwmeﬂmmvmmmmeu 1:500 mmmlwﬂ?mmumuﬂmmLmvu’mummwmmuﬂmmﬂmm R
NI BIN TR AN TAL (2545) nmfafmu’mmmmwLﬂumimmwmmm’]miqu”l,u‘ima?mw,t,@viwmesnﬂm
GHENN G el TH mNﬂu”l,ﬂmuﬂumwmmmmwm AL u’mmﬂmm‘wmﬂﬂmmuﬂ?mm”l,uimmu Nagnasa
INunaidien uag Lm@lﬂmmmﬂmwmummmwmum@u1 (NensimunTin, 2550) muummmmwmnwm \T NN
wazkalyl  ardzesluunaluilfugs  (nandmuif,  2550) s s RS sTlAnL At deaiy
asAtlsznaurasninezdiy lUshu paalslad nsafopdan wazeulmlluig deodaaiuldnaiinaesoufulnaes
sangeu lu Aty LL@x‘Lﬁ’mmﬁquﬁu (eagms Taandnn wazAnly, 2541)

Table 3 Effects of seed priming with chitosan and bio-extract on shoot length, root length, fresh weight, and

dry weight of bird chili pepper seedling.

Shoot length Root length Fresh weight Dry weight
(cm) (cm) (mg/plant) (mg/plant)
Treatments
Green Green Green Green
Lab Lab Lab Lab
house house house house
Non-primed seed (control) 1.0 2.1 3.1 4.1 958  6242° 078 5.08™
Soaked in RO 0.8 2.3 3.0 4.3 9.65 71.00° 0.80 5.70%
Soaked in chitosan 50 mg/I 0.9 2.3 3.0 4.8 10.30 76.83° 0.80 6.28°
Soaked in chitosan 100 mg/l 1.0 2.1 3.3 4.7 10.70  72.10° 0.80 6.43°
Soaked in chitosan 200 mg/| 0.9 2.2 3.2 4.5 11.23 74.78° 0.80 5.68™
Soaked in Bio-extract 1:500 0.9 2.1 3.1 4.3 10.80 72.10° 0.80 5.95°
Soaked in Bio-extract 1:750 0.9 2.0 3.0 4.0 10.18 61.60° 0.80 4.78°
Soaked in Bio-extract 1:1000 0.9 2.2 3.0 4.3 10.68 62.95° 0.78  5.03%
F-test ns ns ns ns ns ** ns **
CV (%) 9.75 3.83 5.54 6.9 7.93 7.45 8.72 8.77

ns, **: not significantly different, significantly different at P<0.01, respectively.
Means within the same column followed by the same letter are not significantly different by DMRT at P<0.05.

AgUnanIsANLN

AnMsAnENaTeannITn seed priming  daeanslalnguuazimindanmsenisienuazniaiaioes
ﬁuﬂﬁﬁw?ﬂﬁuumqu Tunfsiinudanisvin seed priming saelalnarududu 50 mg/ daddurnlfiudntilafidust
n1seen nanaaeluniseen LL@‘meufﬂumN@ﬂmwm UAYNNINN seed priming maglalngu 50-100 mg/l uaz
vhmindanmenmdou 15500 daaliminasuazriminuiaesundifsduiieissafiniunmi seed priming
Aaeasnauzluanmiszau muummmmqﬂimqmimﬁ seed priming #aelalagududy 50 mg/
Srumsnzandwiumni g lumssiamdanmdaiuinantyaou  tewhllinnzluaninlsden iesnn
ﬁr}\lﬂzﬁ'\‘iL@?‘N%ﬁ[ﬁi@ﬂ’]ﬁﬂﬂ‘ﬂmLN5®LL@Zﬂ’W?L@?‘t‘g‘llmﬁal'uﬂﬁﬁ‘ﬁlﬁ
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naraslSinanaanasasamsiasyiiulauazasiuayyad s
2a9nUNINA ludnndaanida
Effect of Phosphorus Concentration on Growth and Antioxidant Properties

in Bacopa monnieri (L.) Wettst. Growing in In Vitro Cultures

ARET NuNTnd' wayd 1w1M=AgVE" uazdaas aunt'
Sasithorn Pinpirom’, Nongnuch Laohavisuti” and Uscharee Ruangde;'

UNARER

wasndletinwand (Bacopa monnieri (L.) Wettst.) Lﬂuzmuvl,m‘ﬁ'ﬁqw“ﬁrﬁm@%@%mz ULATHATINADINNNEN
dqatfeaiulsada b s mnmiﬁﬂmmmmmmaﬁqLL*ﬁ\‘iqm Murashige and Skoog (MS) fipnuddua et B0
waanasa (P) uansnariu 4 s2in ldud % P, % P, P uaz 2 P senaisseyidulnuazansiueyyaassy hiuilaide
sunsuilifluszazinan 6 dlanl Lﬁfaéuzgmmimmmwudq mngmuﬂ@Lﬁlfasl,uzgmmmi Vi P ﬁmmz‘gqmn%m
(P<0.05) Aa 39.39 Hadwms HaredaUIly uazauIudanudn gasanuis P ﬁmmnﬁqm (P<0.05) Aa 16.05 11/
duilede uaz 7.50 feawileide mudy HATD9AUIUIIN TN LI A HLANENTTUIEMg9gR9RIMIg (P>0.05)
IpeflanuausIn 4.10-4.60 iﬁﬂ/%uﬁfa@"a Ay mmmﬁmquﬂfamiﬂwudﬁﬁmmLLmnﬁmrmeud’mmmmmi (P>0 05)
Tefidnuaneen 1.63-1.88 tan/duibeiie m@mnmiﬁﬂmmwmmmiumwumLLﬂvmimu@um@m"slmmu@Lfm
BN me‘lumummmmLu'am@‘l,ummmmi 2 P danalffiiFunouaes TPC uay TFC mmnm (8.48 g gallic/g,
16.44 mg Iuteolm/g ANNANAL) LL@“’W‘].IQ’]‘luﬂm'mW]i 5 P wulsunn saponm mmm Winfiu 4,921 mg saponin/g
ziqumm@ﬁmiwmmmmwmiaiumiﬁm\mumﬂmvmmﬁ ABTS mrmm AR gR9a1ung Vs P HANIL 79.66% Uay
WU mfmmmm‘lumiﬂum@%@fam:mmﬁ DPPH laiflmnnuusansinaniuseninegnsaimng (P>0.05)

ar

AdnATy: nINd Weaneda ansfueyyadasy annilaenide nissoyiuln

Abstract

Bacopa monnieri (L.) Wettst. is known as a medical plant that can be used to improve human memory.
Furthermore, its plant tissues contain a range of compounds that display antioxidant activities. In this study, the growth
and antioxidant activity of explants of B. monnieri (L.) Wettst. cultivated in Murashige and Skoog (MS) medium with
different phosphorus concentrations, V2 P, 2 P, P and 2 P, were investigated. Explants on the 7 P treatment
demonstrated the maximum plant height, which was 39.39 mm. The highest number of leaves and nodes were found
on the explants grown in the control treatment (P), and these were 16.05 leaves/explant and 7.50 nodes/explant.
Furthermore, there were no significant differences in the number of roots and shoots among the treatments (P>0.05),
which ranged over the values of 4.10-4.60 roots/explant and 1.63-1.88 shoots/explant respectively. As for
the antioxidant activity, the double P treatment (2 P) produced the highest concentrations of TPC and TFC, expressed
as 8.48 ug gallic/g and 16.44 mg luteolin/g, respectively. Compared to other treatments, the half P treatment (7% P)
was observed to have produced explants with the highest saponin concentration (4,921 mg saponin/g) and the highest
content of antioxidant activity as measured by ABTS assay, which was 79.66%. Finally, the said treatments did not

produce any statistically significant differences in the DPPH assay results (P>0.05).

Keywords: Bacopa monnieri (L.) Wettst., phosphorus, antioxidant, in vitro, growth
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AN

wasndletrinwan (Brahmi) feanenAnansin Bacopa monnieri (L.) Wettst. a¢/luasd Plantaginaceae
(Sosa et al., 2018) ﬁiTmLﬂumHuiwsﬁuﬁmmemmqffwuﬁﬁﬁuﬁf}Lﬁmmmnﬂixmmuﬂ’]mm:%mﬁﬂimﬂmmm
wuldidsznalng funsadduiedugnauneidn arduasurh lifaw fuduludssieseennsiidn lidugld
Aaudeeng Uanalundne nanuazuu dowseddauluway JaeuluFauddiacan aand@a1nvireduisgen 414190
Lﬁuimiuﬁuﬁ%mm:juﬁq memmmLﬁﬂiﬁlié‘luﬁuﬁ?@wmﬁ@fgu?l,qm“lﬂﬁt,lmiqﬁf] (oY aaugasung, 2556;
Jain et al., 2017) ﬁuwmﬁﬁmarﬁ’huwgm%mx (antioxidant) ?im'a’mma‘ﬂ?:ﬂ@mmmaqumaﬁ (phytochemical)
wanengxN i daAaass (alkaloid) nalalasl (glycoside) Wanlousws (flavonoid) wazanliiiu (saponin)
(Mathew et al., 2010) ﬁﬁlqmmﬁm‘ﬁiﬁmﬂs’fuwmﬁﬁmimmmqmmﬂﬂfa\iﬁuimﬁmhLm?’ﬁ?ﬂ‘ia‘ﬂmm'ﬁ’]L?ﬁlﬂu
(Chaudhari etal., 2017) AnvaansasafldannFunsufisanunsadatansyi s ludenldandas (Ghosh et al., 2008)
Tnaansdnueuyadass udunsudazlddoavin ilfunueseulslguleseanlasdhatoma  (superoxide dismutase)
AZAZLAR (catalase) LL@uﬂ@ﬁlﬂVLWIﬂuLWﬂ{ﬂﬂﬂ%Lﬂ@ (glutathione peroxidase) Iumumﬁﬂ?mmﬁumﬂﬁmﬁ@iﬂﬁu&q
ﬂum\mmvmmmmu (Bhattacharya etal, 2000)

nsmniasadiedeluanmilaenide Aenisthienad ieidle wredaung 7 VBINTHUNNE Aelugnnng
mumimmmmwmefammwmimmi Tnenfumadafiinnsldiuaehaunsanenitanisiissuauaesialu Funn
un nsagaNansaanlsaluie Lmvmmmamwummmmmﬂ,uLmuai@mmmmimﬂmﬂ a3l lunns
me,@w,ufamemmﬂim@uiﬂm&mmmm?mn 81981119989 IMHU nInasilu unaaAnFueu meammuﬂ
ANTATLANNITLATEYLALITH wazansvinlfasudei asemnsiinaaninn Flumsmnzreaiiaie Ae anmsfouds
4m3 Murashige and Skoog (1962) (MS) dasannifluamnannziaeioderld 4 fufiananeaia (Hussain et al.
2012; Saad and Elshahed, 2012)

mmmm@ﬁuLﬂu%ﬂﬂ%”wﬁqﬁﬁﬂmmi"]ﬁmﬁifamilﬂ?mLﬁuimmmwsamiﬁﬁﬂ i 575 lulnsaw (nitrogen)
s1mWaanasa (phosphorus) uaza R Inunades (potassium) (ﬂl,ﬁ‘ﬂ NBNATIN, 2546) ImﬁlL@lW’W“”ﬂﬂNﬂ\‘iﬁ’]ﬁlW’ﬂﬂWﬂﬁ‘@
ﬁmwm‘v]mmn‘umi‘mﬂmwm\im'wLﬂumwmumi‘wwmmwmwmmmwumwmmmﬂ\mumiﬁqLm%mmwmm
LazflaRendesiunsyLauNNs U T TesEn s sz naLmaanvEee=A luFulnsvaging (adenosine triphosphate -
ATP) gwisuldlunaasoyivlnuaznisduiiigaesive u@ﬂmnﬁﬁmw'amxlm”mﬁqL‘ﬂum'quﬂi:ﬂ@uﬁz@’]ﬁtymmnimﬁmﬁ%ﬂ
(nucleic acid) wazwWaalwanm (phospholipids) ﬁmuﬁ@“&wudw@mﬂﬁmLﬂum&]mmiﬁz&’ﬁﬁtyﬁi@mm?mLﬁ‘u‘im
109 daevinlinsuasaduaznisimintesdoudszneusing o) sesiaidulyldn amiduilusgannsiiiinase
NN3aaNAeN NINMWNITULALWUGIaSNT (Nell et al., 2009) mwﬁ”\iLﬁm%qﬁum:mumiml,wmﬂvl,@m“ﬂgugﬁ
(primary metabolites) Lme‘zmumi‘LNme@bl,mfvﬁﬂqﬁ (secondary metabolites) 1R9NTBN A (Chrysargyris et al.,
2019) answunualasmond Huansiigairsduniennliumuasdesiuiaesnnanmunden uazanag
hanuandugn andnusiluesiedfinsamildsndan (Akula and Ravishankar, 2011) ansunua lasmReni
ﬁﬁmﬁqmmw"ﬁummmmLn_iq'a'aﬂ”l,rﬁ’fmwmjm i weflu  (terpenes) WuedAn (phenolics) WATEAAIAREA
(alkaloids) wlusu (Murthy et al., 2014) %qmﬂ,umﬁﬁqw%ﬂﬂumaﬁmawa%m: ﬁq&umiﬁﬂmﬂ?mmmmmrammi
waanaiafivanzausdenissioginln  uanfiunnmessnsdueyyedarsudunsud  Aeldslumlagaunniield
‘lumﬂﬁ'ummamLL@:ﬂ?‘mﬁmmmmsﬁ’ﬁumézg@%mﬂuﬁuwa‘umﬁlﬂmwaﬁiﬂmmﬁmmﬂmmmm wazaungnin 14
Uselamfluntensunnel e

ABNI9ANEN
wssalsinildlunsnanas
Wﬁm"l,ﬁﬁﬁw@uﬁﬁiﬁmmnﬁmﬂﬁﬁmﬂqu{gﬂqLi@lﬁlﬂwa‘?mﬂ,ﬁﬁﬁ NANGRIMNENAARTNTUTTNS NPT
walulaginnsuandnduazlszae anzmalulagnisinems
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LHUNITNARDS

AWLHUNITNARDY LLUU@:NNNH?M(CompIete Randomized Design, CRD) TG]EILW’]:L??ENLﬁﬂ@lﬂwmmuﬂ’m%‘
MS AiflpnududusesFunoumaanasa (P) wansafY 4 seau laund % P, % P, P (AAIUAN) Uay 2 P
TANINARBIAY 20 9 Tz 2 fu (Table 1)

Table 1 Nutrient solution in the experiment.

. Treatment
Ingredients (mg/L)
YaP %P P (Control) 2P

1. Macroelements NH,NO, 1,612 1,625 1,650 1,700
KNO, 1,995 1,963 1,900 1,774
CaCl,-2H,0 440 440 440 440
MgSO,-7H,0 370 370 370 370
KH,PO, 42.5 85 170 340

2. Microelements H.BO, 6.2 6.2 6.2 6.2
MnSO,-H,0 22.3 223 22.3 22.3
ZnS0O, 7H,0 8.6 8.6 8.6 8.6
Ki 0.83 0.83 0.83 0.83
Na,MoO,-2H,0 0.25 0.25 0.25 0.25
CuSO,-5H,0 0.025 0.025 0.025 0.025
CoCl,-6H,0 0.025 0.025 0.025 0.025

3. Irons Na,EDTA 37.25 37.25 37.25 37.25
FeSO,7H,0 27.85 27.85 27.85 27.85

4. Vitamins Glycine 2 2 2 2
Nicotinic acid 0.5 0.5 0.5 0.5
Pyridoxine 0.5 0.5 0.5 0.5
Thiamine 0.1 0.1 0.1 0.1
Inositol 100 100 100 100

5. Sucrose 30,000 30,000 30,000 30,000

mumaumswmam

Lmﬂummiﬁ\uﬁq@jm MS fifhunaumeanaiauansineiu 4 sz vinnsusu pH 1818 5.62 Taeld Hol 1 N
uaY KOH 1 N ndaanniiufuiaalss (gelrite) 1.6 N3u ﬁmuma%ﬁ@mwLLﬁqmiﬂcgaﬂmmLWﬁngﬂqLﬁmﬁlmmm
6 aeud antAnh il dedumteiiinusulerh (autoclave) igaumnR 121 esriaadud AvNEL 15 Uaws
FaAN319En 1{1aan 15 Wi

sRadeEen Hlunnsinm Tenshduseusesiunsiiindadlduiiedennn 1 wufwas fewn
L’gmmmmiﬁuﬁngm MS TRt FueaaanesauAnsnaTuLILELImaaes it idediuuduReaiieie
Tnainsliuaadunan 12 Falussedu pauaugnugiii 25 espgadas Wuszazinan 6 dlany
nsiiudaya

mmﬁum@mm’%mLﬁuimmm%ulﬁfalﬁaﬁuwmﬁ @zﬁqmﬂuﬁn%@g@mmm’%mLﬁu‘tmfaqmwzgwm%wﬁmﬁlﬂ
ﬁuwauﬁoﬁ”fmmﬁmmwzgwm%w,ﬂ@Lﬁlfaﬁqmmﬂﬁﬁmaﬂmm’ (vernier caliper) ¥nsdaanndaurestuiiedeniing
ﬁumﬂmmsﬁ'qﬁ\ﬂ MS "Lﬂ@uﬁqmmﬁmﬁmm@ﬁwﬁmﬁlﬂ antufuitnenueuly sauaude $1u9usn LL@vﬁmqu‘ﬁ'q
m‘wmuTmﬁuumnm@mmﬂ@umiwm@mummmqm@wmmm 1 dlaf ilusrezionn 6 dUanvl mnuumummmm
T RTr YRS SRR A AP PR AP I me&ummi*mmm

ma‘ﬂﬂ‘mmim’Nmﬁa‘mu@%@@mﬂummuﬂmﬂmuwmu Lﬁ@éu@mma‘mﬂm@:ﬁwL@ﬁwﬁmﬁ'@ﬁuwmﬁ
mau%mmﬁ 60 aaAuaidaa wu 24 dalue udaniiUfuasden anduihdrednauiaiina 0.20 n snarada
FinaranslanIues 95% 1Bunms 20 fadans Wuszezioan 24 $alug seanldnszaEnseies 1 (Whatman No.1)
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nsaansaianidlnsendauiiiuasazanauanifusnem3lundaignugll 4 esrndadius waziienansaianld
Tl Tunsunffunuanssinueyyadass  Teiun Punndlusasianun (total phenolic compounds, TPC) AaeAT
Wauglaunan (Folin-ciocalteu reagent) (AinuLlasann Lim and Mutijaya, 2007) Usnnaunanlauaeisisa (total flavonoid
content, TFC) (AnuUasaIn Shirazi et al., 2014) waztsunnsanlUfiugan (total saponin content, TSC) (AatLasan
Vador et al., 2012) mu%@ﬁﬂﬂﬂumﬁLm’wﬁﬂﬁﬁ?‘m’luﬂwﬁm@%@%m‘:ryﬁ”fmﬁdﬁ 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) smuiasann Lim and Mutijaya (2007) Wazn19alAse 2, 2-azinobis-[3-ethylbenzothiazoline- 6-sulfonic acid]
(ABTS) radical scavenging assay #atliasann Nilsson et al. (2005)
N5AATIZUTaNAN AT

ﬁﬁmﬂ@mmm?zyLﬁu‘llmmema‘ﬁm@%@%mmmﬁuwmﬁﬁﬂqnlummiﬁquﬁﬁqqm MS Aiiannmaanasa
WANANNAUNNALAIILIAINLLITL99U  (Analysis of Variance) mNuNUNIINAReILULgNANYsd (Completely
Randomized Design, CRD) Imﬁmewﬂ,iﬁﬂuﬁammmmnﬁhwmﬂ'nLafﬁlmwdwﬂgmmimmmmuﬁdﬁmm
Duncan’s New Multiple Range Test fiszdupnuideiu 95% uavAIATEANENALTLE (correlation) MNNATUR4
Pearson correlation (two-tailed) test fiatiltlsunsumanamasgniagy

HANTANEILAYIANTOL
Na‘nmﬂ?mmwaﬂwa%'aﬁmﬂsi'mﬁ'u@i'amsm?ryLﬁu‘fmamﬁy’aL?i'aﬁ'uwsuﬁ’luamwﬂaamﬁyfa
mmmﬂ?mmmﬁlmmirﬁi@mm@;wm%mﬁ@Lﬁlfarﬁuwmﬁwudq mmgﬁwaﬁwﬂ@Lﬁlfaiuﬁﬂmﬁ' 0-5 Tifl
ANLANFANTUe WRTRENATYN19aDR (P>0.05) FENINGAIBNNNT a2 ludlnvd 6 wudn 4nIa1vns 4 P, % P, P
uar 2 P ﬁmfnm@m\i%mﬂfmﬁ'@whﬁu 39.39, 34.88, 35.23 uaw 39.14 AaAwATAUHaIEE AAEAL Immﬁgﬁqﬁqm
(P<0.05) 2¢flugnsauns v P (Table 2)

Table 2 Effect of phosphorus on height (mm/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in in vitro

cultures.
Experiment period (week)
Treatments
0 1 2 3 4 5 6
VaP 10.00 £0.00 10.09+0.10 19.67+0.71 24.65+0.87 30.15+1.10 34.83+1.25 39.39+1.59°
P 10.00+0.00 10.43 £0.13 20.03+0.45 24.36+0.58 28.23+0.66 32.07+0.64 34.88+0.80°
P 10.00+0.00 10.25+0.10 18.01+0.61 22.33+0.73 27.14+0.89 30.78+0.81 3523 +0.97
2P 10.00+0.00 10.16 £0.06 19.08 +0.59 23.93+0.90 28.08+1.12 3356+ 1.45 39.14+1.91%
P-value ns 0.106 0.098 0.163 0.167 0.057 0.033

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

nare9LTuNunNeanesaRaa LU uaEafunsNANLdN TudUani 0 way 5 TuTANLANFANeY

35WiN9gATR1MNT (P>0.05) wiludansi 1-4 wudn anualulugasenuns % P Ssusulusnniige Srnwintu 4.00,
6.28, 7.83 uay 10.35 ‘lu/%ul,ﬁmﬁ'@ ANNANAL %aﬁmmLLmnm'NrTu@,m@’mw%'u (P<0.05) a2 ludlanvi 6 wud
qneenung % P, % P, P uaz 2 P Hanuauly iy 14.25, 14.05, 16.05 waz 12.75 luAwileide Tnagmsanng v P,
Y P WAL P ﬁfﬁ’lmu‘l,umnﬁ@m Lwi%ﬁﬁzgmluqmmmi P (P<0.05) (Table 3)
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Table 3 Effect of phosphorus on leaf number (number/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in
in vitro cultures.

Experiment period (week)
1 2 3 4 5 6
Vi P 0.00+0.00 343+0.33" 495+023° 7.08+0.37" 940+054® 11.30+066 14.25+0.88%
VP 0.00+0.00 4.00+0.28 628+028 7.83+025 10.35+041° 11.73+043 14.05+052%

Treatments

= 0.00+0.00 265+0.19° 528+028° 6.63+022° 895+0.39° 1248+063 16.05+0.83
2P 0.00+0.00 320+0.16™ 495+018° 665+022° 810+025° 10.83+043 12.75+051°
P-value ns 0.003 0.001 0.008 0.003 0.188 0.015

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

ravesBanauaanesadasuaLiresT e eduneniinud udesi 0-3 uas 5 ”memlmﬂmqnu
FENINGATAINNS (P>0.05) uiludany@ 4 uae 6 nwudranuaudalugrsaivis P mmqum@mnmmm@ﬁmmu
(P<0.05) ludtlnsii 6 muqum@mmmumfamfa‘l,uzgmmmi Vi P, % P, P uaz 2 P #a1uqude winriu 6.70, 6.65, 7.50
uaz 6.13 da/Auiiaiie mugidy Tmﬁmmi@mmﬁuﬁ@Lﬁ@’l,uzgmmmi P ﬁ@?ﬁmu'ﬁ’@mn‘ﬁ'qm (P<0.05) (Table 4)

Table 4 Effect of phosphorus on node number (number/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in

in vitro cultures.

Experiment period (week)

Treatments
0 1 2 3 4 5 6
Va P 1.00£0.00 1.00+0.00 1.48+0.11 3.15+0.09 3.48+0.12° 553+0.33 6.70+0.37%
2P 1.00+0.00 1.00+0.00 158+0.11 3.28+0.09 3.58+0.08° 570+0.21 6.65+0.20%
P 1.00+0.00 1.00+0.00 1.40+0.10 3.28+0.11 4.03+0.09° 6.10+0.26 7.50+0.39°
2P 1.00+0.00 1.00+0.00 1.38+0.09 3.08+0.07 3.63+0.10° 528+0.22 6.13+0.26"
P-value ns ns 0.519 0.327 0.001 0.154 0.025

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

naesBnaaaneiafes L ntesTu e efumenanygn Tudilane@ 3 AMUIUIINIUGATBIUIT V5 P
ﬁ'ﬁmqumﬂu’mﬂd’]@;mfmmiﬁlu (P<0.05) efisruausnuiniu 3.05 mn/Auilaide we LAY NUANGINaTETN9g RS
27113 (P>0.05) Tudilansian Taeludlanv 6 fimfmmﬂmm%uﬁzﬂL?ifaslu@,mmvm Vi P, % P, P uay 2 P {Ainiu
4.28,4.60, 4.40 uaz 4.10 i"]ﬂ/%ul,ﬁﬂlﬁ‘ﬂ ANNAAL (Table 5)

Table 5 Effect of phosphorus on root number (number/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in

in vitro cultures.

Experiment period (week)
0 1 2 3 4 5 6
Ya P 0.00+0.00 0.95+0.13 178019 2.73+0.20° 3.28+0.22 3.73+0.22 4.28+0.26
%P 0.00+0.00 0.93+0.15 1.95+0.19 3.05+0.17° 365+0.16 4.03+0.20 4.60+0.24

Treatments

P 0.00+0.00 048+0.11 125+0.16 215+0.16° 293+0.19 3.75+0.16 4.40%0.15
2P 0.00£0.00 110+0.19 168+021 245+0.18° 3.03+021 355+0.32 4.10+0.32
P-value ns 0.070 0.149 0.016 0.051 0.547 0.539

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.
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naesBnnsaaneiasesuausenestwile fedunsufinudn  udani 2 ANUIULAA LUGATINNT
i P, % P uaz 2 P S81uautenuniign (P<0.05) urasangalugasanns % P avianuautenwinil 1.40 sen/iu
aude LLﬁi"LszumfmLLmrwr;i’mdezgmmmi (P>0.05) Tudilaian Tneludlani 6 SunugenTeTTale
lugnsa1ms % P, % P, P uay 2 P AU 1.63, 1.88, 1.83 uaz 1.68 ﬂ@m/%w,ﬁmﬁ@ AINANAL (Table 6)

Table 6 Effect of phosphorus on shoot number (numbers/explant) of Bacopa monnieri monnieri (L.) Wettst. grown

in in vitro cultures.

Experiment period (week)

Treatments
1 2 3 4 5 6
Va P 0.00+0.00 0.00+0.00 120+0.08° 125+0.08 133+0.09 1.53+0.09 1.63+0.11
V2 P 0.00 £0.00 0.00+0.00 1.40+0.09° 1.43+0.08 1.53+009 158+0.08 1.88+0.09
P 0.00+0.00 0.00+0.00 1.10+0.05° 1.20+0.07 120+0.07 1.58+0.10 1.83+0.10
2P 0.00+0.00 0.00+0.00 120+0.08° 123+0.08 135+0.08 1.48+011 1.68+0.11
P-value ns ns 0.035 0.155 0.061 0.852 0.257

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

naresLEnueanesasesinniminan-uhaesduile defunnd Lﬁ@émﬁuﬂﬂiﬂﬂﬂﬂﬂLLﬂzquﬂ
NINARDINLIAY ﬁwﬁﬂmm LLﬁ’\‘iGluﬁumm‘wmmmmﬂaiﬁmwLLmﬂm'wﬁ“u@amﬁﬁﬂzﬁﬂﬁmmmﬁﬁiwdwqmmmi
(P>0.05) memummma‘mmmwum gnramT 2P umuuﬂam WATHMINURININYIgA (P<0.05) AWML 0.2428
nfuimingsAuileide waz 0=0.0366 niindwinuiyawiledie suseu (P<0.05) (Table 7)

Table 7 Effect of phosphorus on weight (g) of Bacopa monnieri monnieri (L.) Wettst. grown in in vitro cultures.

Initial weight Final weight
Treatments
Fresh weight Dry weight Fresh weight Dry weight
VaP 0.0123 + 0.0002 0.0014 £+ 0.0000 0.1094 + 0.0035° 0.0275 + 0.0006"
2P 0.0123 + 0.0002 0.0014 £+ 0.0000 0.1372 + 0.0013° 0.0272 + 0.0003"
P 0.0123 = 0.0002 0.0014 £ 0.0000 0.0926 + 0.0020° 0.0247 £ 0.0012°
2P 0.0123 + 0.0002 0.0014 £+ 0.0000 0.2428 + 0.0019° 0.0366 + 0.004°
P-value 1.000 1.000 <0.001 <0.001

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

mnmmmzmmmammLmuimfmLu@meuwwwﬂ@ﬂu@ﬂmimmem MS wuﬂ?mmﬂamﬂmmmnmq
iU 4 szau uszazinan 6 duanif LuaaummmiwmmwummmmmmLuama‘Lummmmi Vi P ummmmmnm
A 30. 39 mmum daure9auauly uazanuiutenudn gnseus P mmmﬂ‘w@m e 16.05 luAwileiEe uas
7.50 deAuiieie AUAFL WANATEIILILIIN memquﬁfamvl,uwmmmmu,mnmnu@mwuﬁmﬂmmqmm
(P>0.05) immmmmm? memmumﬂ@w 410460 nAwiaide FEUINGAIBINNT LL@"@’]‘L&Q%EI@WM;W]
1.63-1.88 F.I’ﬂm/“ﬁul,u’ﬂl,?;l’ﬂ (Table 8) AINNITANEIUBY Figas et al. (2016) ‘wﬁm:mmmmvxlﬂmw'ammmnmaﬂu 3 9¥AU
(MS, MS+P uaz MS-P) mma‘mmmuimL.La“iﬁmmmmm (pigment) Tunsdaiaziilasaassulaansdy
(Helichrysum arenarium (L.) Moench) ’lu@mwﬂ@@mm@wum mum@msnwme,amiummmmwvluyl,mL@NWMW@?@
u@mﬁmmmmuimLL@mmmfmmmnu@ﬁrmzgmfmmarmummmxlﬂaw'ammiﬂ uazi B nnaaane S aTIRLT
fadenasiotFunnmenselsilad a uaz b WANIugE A nnsAnEITe Ramezani et al. (2009) ARNEHATRg
Waanwasasan I nesALR  UTuNNaNgs uaziBinashfmenssmeludulvszn wodn seavesailuasienis
\wstyiAvlnaesitinaaraanasanNgesiu ANgaastenan uaziBuinnaalilagluly iasannweanie favinlif
Winlaleuldsd  (coenzyme) ARgTeetUnTTINUNITUd AN T T A lunsdua e ey aeldun
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adenosine triphosphate (ATP) Way nicotinamide adenine dinucleotide phosphate (NADP) Lﬂuwﬁw’mmﬁzﬁwﬁ’u
nrzuaumsdaimziuasasimive s iaulaeenlad anvvidlumsdunmeilaiu uasiuesilsznausing 1
fidndnylusssumi HeNANTANNTANE1I8Y Stewart and Lovett-Doust (2003) dwvinmisAnsuavesifunns
Weanasaniifenanant0ssuILaen Sl UAZANAITBIFUANNITEN Calendula officinalis L. (Standard Pacific)
WL ﬂ?mmmmﬂ@@ﬂ@ﬁ*ﬂﬁmn%ﬂﬂmm@ﬁﬂﬁmmamLm:mm?a;ﬁu‘ﬂmmﬁumqG“mﬁ%u TnenaaInIsANE
FananalmINNAAARBITUILNNTANENT8Y Chrysargyris et al. (2016) fiFnenaresBunnulnsaulasaanesade
anmurnaTAuln nsazansife s uarlinsunresansinueyyagass a‘f;uﬁqﬂ?‘mmum@mmwmmﬁqﬂu
wonszmeluua AR LN LﬁmmmmmmﬁmﬁLﬁu'%uslummzmmmﬁlmmﬂﬂﬁm@rﬁifﬂmm@;\irﬁ’fu ANENa LY
wazpamesi A mees  saanaanMsAnEduansliiiuingnsdon wazTunseausann i
AN3azANE81RaNINNARaNT AT tYAL TN TAY e L

Table 8 Effect of phosphorus on growth of six- week -old Bacopa monnieri monnieri (L.) Wettst. grown in in vitro

cultures.
Height Leaf number Node number Root number Shoot number
Treatments
(mm/explant)  (numbers/explant)  (numbers/explant)  (numbers/explant)  (numbers/explant)
VaP 39.39 + 1.59° 14.25 + 0.88" 6.70 £ 0.37%° 4.28 +0.26 1.63+0.11
%P 34.88 + 0.80° 14.05 + 0.52%° 6.65 + 0.20% 460+0.24 1.88+0.09
P 35.23+0.97™ 16.05 + 0.83° 7.50 + 0.39° 440+0.15 1.83+0.10
2P 39.14 £ 1.91%° 12.75+0.51° 6.13 £ 0.26" 4.10£0.32 1.68 £ 0.1
P-value 0.033 0.015 0.025 0.539 0.257

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Nammﬂ?mmw'ﬂawa%'aﬁLusmsiwﬁ'usiamwmmeﬂumsé’uﬁgaLLaxr;\"mme'ags&aEmwmLﬁ’ﬂ@i'ﬂﬁuw'mﬁ
lusgmwilaaaida

mmmmaﬂumﬂué’f\iLLmﬁﬁumiﬁmﬂ%@Emxﬁnm%w,f':ﬂLﬁ@ﬁuwmﬁLﬁ@éuqmnﬂiwma@q (Table 9) wudn
s TPC luuslazgmeanmnsiipanunnsineiuet witedAnymeada  (P<0.05) Tmaqua’mwﬁﬁﬂ?mm TPC
mm’ﬁqm A9 gR991113 2 P HAINTL 8.48 ugGallic/g Fuileile 1B TFC wudn luusiazgasansiAnuuANsneiY
athaiifudfoymaada (P<0.05) TnsgrsavnafidiSanns TEC annfige Ae gasenwns 2 P fldwinfu 1644 mg
luteolin/g f‘?ﬁ”uv’f‘:@lﬁ'a LmzﬁrﬁHLsJLLMﬂﬁiNfTumr]rTuzgma’mw v, P RflAIAL 15.07 mg luteolin/g %mﬂ@@'@ IR Uelat!
saponin Wudﬂul,wi@zqmmmiﬁmmmeﬁmﬁumiwﬁﬁfﬁziwﬁmmmﬁﬁ (P<0.05) Imﬂ@jmmmiﬁﬁﬂ?mm saponin
aNigen Ae gReanns v P AL 492114 mg saponin/g Tuiiieifie usliflpsuansnetsnniugasamns v P
SaflAnwini 4,634.40 mg saponin/g Fuileidle

ﬁf;wmwminfl,umiﬁu&q@%@%mzﬁqﬁ% DPPH Lﬁ@gu@mn’mwmmwudw mmmmiﬂumiﬁugﬁ@%@
BasrlunngmaannslifimnnuansineiuedwiidedrAnynwada (P>0.05) Tnalugresanms % P gns % P A3 P uas
4ms 2 P 1Avinriu 88.96, 89.27, 86.65 Uax 88.70% ANNAAL LL@:miﬂ”uéz\m%@Emzﬁfmﬁﬁ ABTS W91 ANAINNTE
‘Lumiﬂ”‘u5’@awsﬂﬂﬁmﬂmlﬁimzﬂmﬁmmiﬁmfmLLMﬂﬁiwqﬁu@ﬂﬁqﬁﬁﬂzﬁwﬁmmqmaﬁ (P<0.05) Imﬂ@‘mmmiﬁﬁmm
mmsﬂumaﬂ“uﬁg\‘m%@ﬁm:mﬂ:f;qm AR 4R3a11N3 %5 P HAWINTL 79.66% el lHANuANsiumniLgmsanmng
2 P AafiAuinriL 68.33% (Table 9)
NSAATIERANENANNUS (correlation analysis) m’aamiﬁmﬂgga%mﬂu%ymﬁv@L?i'aﬁ'uw'a‘uﬁ

HAANNNTRLATIZIAN correlation WugNLBRNuaes TFC Hanudniusiulu@suaniuliunnmes TPC uay

ANANNN D luNN9ELaL AR ATz AR ABTS Hpuduusiulwdauaniulsunnaes TPC (Table 10)
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Table 9 Effect of phosphorus on antioxidant activities of Bacopa monnieri monnieri (L.) Wettst. grown in in vitro

cultures after 6 weeks.

TPC TFC Saponin
Treatments i . ) DPPH (%) ABTS (%)
(ug gallic/g) (mg luteolin/g) (mg saponin/g)
Va P 6.18 + 0.05° 12.68 + 0.40° 4,634.40 + 61.75% 88.96 + 0.80 52.83 £ 5.25°
Vo P 7.85+0.04° 15.07 + 0.73% 4,921.14 + 77.23° 89.27 £0.08 79.66 +0.16°
P 6.49+0.13° 13.93 + 0.60™ 4,179.56 + 147.65° 86.65 + 2.37 57.85 + 4.96™
2P 8.48 +0.08° 16.44 + 0.35° 4,367.43 + 61.75% 88.70+0.15 68.33 + 5.24%°
P-value <0.001 0.007 0.003 0.484 0.012

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Table 10 Correlation between different antioxidant parameters of Bacopa monnieri monnieri (L.) Wettst. grown in

in vitro cultures after 6 weeks.

Parameters TPC TFC Saponin DPPH ABTS
TPC 1
TFC 0.864" 1
Saponin 0.180 -0.056 1
DPPH 0.184 0.173 0.153 1
ABTS 0.659 0.501 0.501 0.065 1

" Correlation is significant at the 0.01 level (2-tailed) and " correlation is significant at the 0.05 level (2-tailed) (Pearson correlation).

m@mﬁnmmumarﬁ’ﬁuwga%m:’lulﬁ@Lﬁ@f?’fuwmﬁﬁﬂ@‘ﬂiummiﬁqLLﬁngm Ms  Afiunoumeslada
wANGINNU 4 3TAL LTUsTETaaT 6 éﬁ”ﬂmﬁﬁ@éuqmmimmmwudﬁ Qmmmﬁﬁﬂ?mm TPC mn‘ﬁqm A9 4R901M3
2 P grrewnsfifiiunn TFC wnfiga e grsanuns 2 P uazilenlaiuansefuanniugnsemns v P gaaatmsiiil
131104 saponin mm’?‘izgm AR gneanms % P uavian lduansnsiusnniugnsamis v P mm"u&q'au;ﬂ@%mzﬁqﬁ%
ABTS WU gRI81mns %% P ﬁmmmminél,umiﬂ"ﬂ&qawqﬂ@%mmmﬁzgm wazen liuanseiuniugnsanms 2 P
mum?ﬁu&m%@?ﬂmxﬁqsﬁdﬁ DPPH w91 ’Lunmgmmm?ﬁrﬁmmwmaa’Lumiﬁu&m%@%mﬂﬁLmemrTu@ﬂ'Nﬁ
wadAtuneana  (P>0.05) (Table 9) TmﬂﬂﬂﬁLL@’}’QW@M\I@?@Lﬂum@ﬂi:ﬂ@ﬂﬁ@iﬁﬁﬁgﬁifaﬂ’mﬂ?mL'ﬁu‘immﬁmmz
Lﬁm%’mﬁum:mumﬂuLmu'ai@m’vﬁﬂqﬁmmﬁm (Murthy et al., 2014) AINNTANENUBS Nagella and Murthy (2011)
ﬁlﬁﬂmmmmmﬂmmwﬁﬂLL@:me”Lu‘Emﬁ?muc&i@mmmumzﬁqmw WATHAKARYEY withanolide-A lulan@uiae
(Withania somnifera) WU4N s BN e sunaamnidy 2 winlugasaus MS ausavinliinnsazanaes
withanolide-A lulasduiAeifnanniuesnadiulédn  uilunenduiilnideiaiduinmenialsunnmesis
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Effect of Nutrient Concentration in MS Strength on Growth and Antioxidant Properties

in Bacopa monnieri (L.) Wettst. Growing in In Vitro Cultures

ARET NuNTnd' wayd 1w1M=AgVE" uazdaas aunt'
Sasithorn Pinpirom’, Nongnuch Laohavisuti” and Uscharee Ruangde;'

UNAAED

wasndletinwand (Bacopa monnieri (L.) Wettst.) Lﬂuﬁmguvl,mﬁmmmmamma‘mmuﬂimm‘mﬁmﬁ
(secondary metabolites) ﬁl,ﬂumwﬁuﬂumﬁmv 1w famnaeus (alkaloid) nalalas (glycoside) Wm‘lﬁqu@'ﬂm
(flavonoid) wazanTiliiu ( (saponin) ) S lfiuflugnssyneumdnfiny ldludunsad miﬂm:mmmmmminummm
Murashige and Skoog (MS)wﬂ?mmﬁmmmmmnmqmélivmu loun v MS, 2 MS, MS Llaz 2 MS mmammmuim
LL@”maﬁmu@um'amv‘l,mw,u@Lﬁ@muwmu memmmimmmwum _gPInmT v MS fnsasyininaes
mum@m@mmgm Imﬂumwzgwmmum@m@m’mu 45.50 TaAwAsAwdeEe Sunluwindu 18.15 ludwieide
suadewinty 873 dedwiede Swaumnuinty 653 snAuieide LL@:ﬁﬁmﬁﬂm-LLﬁqmnﬁqm (P<0.05)
fAwindu 01837 niutwinanduileie war 0.0358 nivnURVEWEeEe AuAEL wisuutenTes
mmumﬂ@iuummLmeqnuivmwmmmmi (P>0.05) m@mnmmnmm'mmmm‘lummummimu@umamw
luduieidensud me‘lummﬂu@mmmi v MS genalsiiiBunnmes TPC, TFC uavamanansnluniseiuss
auABAIAILTD ABTS ummmnzgm (19.32 ug gallic/g, 43.89 mg luteolin/g WAz 88.28% ANANAL) A2uLfTuNN
vas lliunud greewnslunguaduan (MS) ﬁﬂ?mmmmemiﬂﬁuqaﬁzgm Wiy 24,666.81 mg  saponin/g
daunsdudiedaeis DPPH 'W'LI']"]ﬂ'.)’m'A’]N’]‘msluﬂ’]ﬂjuéll/xi’méﬂzlj@a@?ﬂﬂﬁﬂ']’mLLﬁ]ﬂ[ﬁi’Nﬁuﬁ‘:Md’]\i@jﬁ]ﬁ‘ﬂ’W’]i‘ (P>0.05)

ARNATY: WINH 51981919 @9FnueyaBaTT annLasaidie nsEstyEu e

Abstract

Bacopa monnieri (L.) Wettst. is a medical plant that contains a large number of metabolites including
alkaloids, glycosides, flavonoids and saponins, which are compounds that have a wide range of therapeutic
properties including antioxidant activities. Saponin is the main compound found in B. monnieri (L.) Wettst. This study
was to do with the effects of Murashige and Skoog (MS) medium that contained 4 different nutrition concentrations,
namely ¥4 MS, 2 MS, MS and 2 MS, on the growth and antioxidant activity of B. monnieri (L.) Wettst. grown in in vitro.
The Va4 MS treatment emerged as the most effective promoter of growth and development as explants grown on it
reached the experimental maximum height of 45.50 mm per explant, the highest number of leaves at 18.5 leaves
per explant, the highest number of nodes at 8.73 nodes per explant, the highest number of roots at 6.53 roots per
explant and the highest values of dry and fresh weight. However, across all treatments, namely Va2 MS, 72 MS, MS
and 2 MS, there were no statistically significant differences in the number of shoots (P>0.05) produced. The study
also demonstrated that the 4 MS treatment led to the highest concentrations of TPC, TFC and antioxidant activity
by ABTS assay (19.32 mg gallic/g, 43.89 mg luteolin/g and 88.28 % respectively). Significantly, the control treatment
(MS) produced the highest saponin concentration, which was 24,666.81 mg saponin/g. Finally, no significant
differences with respect to DPPH assay were found among the various treatments undertaken in this research
(P>0.05).

Keywords: Bacopa monnieri (L.) Wettst., nutrient, antioxidant, in vitro, growth
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AN

wasndletinwand (Bacopa monnieri (L.) Wettst.) (Sosa et al., 2018) wuldluuiindentu anunsouiuln
‘luwumum ez UMAN N AL y vinlal (Gohil and_Patel, 2010) muwa‘umLﬂuwmmuvl,mwLﬂuiu@m@ﬂmuqu@ﬂ
LANReR S IUIN Suaes lmnuity Saduesti TuRawadnilugllandy danelundreu Tauluway way
nanaunadndnasaewrizadeng aaneanamutanly aanil 4-5 NAL (1de d1auasduns, 2556; Pushkar et al.,
2015) FunIHRANNTONARSMUNLE lasY AR (secondary metabolites) ﬁLﬂuma[ﬁT’]u@w@me (antioxidant)
Tduanangn 1w dannaeus (alkaloid) Inalalas (glycoside) Wanlaueas (flavonoid) wazanlifiu (saponin)
(Mathew et al., 2010) TaenTUfuuanslszneuvdniing ldunnludunsudl safuanslszneufiiwinAiRaasunns
dagenseualszan uazdoeinganes duaTuANan N3 uardauinwiaIn1siALNAnNI19aR (Devendra et al.,
2018) mu‘wsum\iLﬂuwmuuvl,wwlumawﬂmmmmnum Sluﬂmuuuwmmuu”l,wm@wmmimmmemmmﬂu‘w
DNy ansanpainsunsuiaslsuantoneengaludenndiad niamny il flarasiovianismsa
witlaenidailunnsihdiusing 7 2esiEn e lAnsALANEIRRIMNT wazan nuIndaxluiBIAAe (Thorpe, 2007)
Frawmiifiendulnlwiesnnzdailedetadufieiieen deunsdianunsniinnananasmunue lasRun i ldandas
TuiedefemilduresisaansniuBunanananldandusiumnnlusseznandudy wasdsldiiiens
wzdeiledeioadnieawiniy 'ffim'qm@ﬁﬂﬁn’mwn:lﬁmL?I@Lﬁlfan@fmmLﬂumzmumiﬁzﬁnﬁmimmmumm
mﬂmmﬁuﬁ:ﬁmﬁ@miwmimﬂ’(Hassain etal., 2012)

ananaud Murashige and Skoog (1962) (MS) uensnsaesiieEeldiunnudauetaumivans
Tunnamnzireaitieflaanunsnin i msasadedeeialduannuanaaiia Weewnn MS uemnsiddaulseney
UBIFNFRIVNIUAT 51609989 IANHU  uaznInaviiuatnaieanasandNfeenisesie  WseIn1Is1neaIuns
mmﬂmwa‘l%‘lumimmmuim mi’mixﬂ_mzmwummﬂﬁumammmwrfm I ww"Lmuﬂ?mmmmmmi@muwmwa
mmwmmma@~vn‘luwsnumamml,mu‘llmwm mwmu@ﬂnummmmiwmww Az Iiavesitaae  daie AT
Ysunussensunietiesiiuliavdaalinisasofiuinviequaineesiautas TnalunauisaiinnisantfFano
29957591 IANN VN RT3 RU TR IARNI AN (Thorpe, 2007; McCauley et al., 2011; Saad and Elshahed,
2012; DelCorso et al., 2014) aINNN9ANHILLY Monfort et al. (2018) wud’]mmmﬂ?mmm@mmmm’éwﬁq
(4 MS) m'\‘imaiﬁﬁmﬁmm?‘mLﬁuimﬁimmﬂﬁmﬁuﬁmmﬁﬂwm?ﬂﬂﬁ (MS) zﬁqum?ﬁﬁﬂé’%ﬁﬁmmmﬂﬁLﬁm‘wram'@
AINERINTS NFAZUAPNAINTVEINITUIABIABIMNTBDNH ALY ( (McCauley et al., 2011) ANNTANEUD Tewari
et al. (2007) wudiiiEn e lulnsiereanesadaaliluisaty Widdads senneniiauaueuiasdi
samvagsledannaifnTnesen ANINAITBNFU  UATNANARNIALTNAAAY  vidadT lATuanse I sNaniAuly
Fesuadusefielfiduiu annsAnmass Monfort et al. (2018) wustNaRldFUsRe VTNl daarin o]
nassoininanadldunnsneiufaildsusmameldifieme uazdusunnasenndag

ma‘LumeVL@m’nﬁﬂqﬁLﬂumiﬁﬁﬂn@%’qﬁummmuLmﬁmﬂiumaﬁ enauauasieduiTiisunawiean
AaiiTn (Felsn videuna) anmuandes iy HUUNH ANHNLAN 1h Mt mded Tanzwin WATEIRNBINNT 909
PINLATEAGING °] Fafunalnaesiimite 1t lunnsseduiudelsauas AT AT IAATL miﬁﬁ*ﬂé’%’ummizﬁmm
?ﬁ'qL?ﬁmmﬁmN@Iﬁ’ﬁmﬁﬂﬁimé’ﬁqmﬁaLume@VL@m‘nﬁﬂgﬁlﬁumﬂﬁu (Rao and Ravishankar, 2002; Murthy et al., 2014)
wunuelasmaegianunsoutisesnidu 4 nguuan < lAun wmesiuess (terpenoids) a1stlsznauiuedn (phenolics
compounds) §anaatisl (alkaloids) WAz NANANTLIITNALANLE (sulphur-containing compounds) (Guerriero et al.,
2018)

muummﬂmmmmﬂ?wmmmmmmLmnmqnumnm@immuim WAZANIFN UL ADATLIDIAUNTHE
fnnzdedluanmdsende  Audulsslunifennfisuanan N Ol YA T ERV T QR Bt ety
Iilenasanudainseanana wazdanansniinldafmiduaiieldluniansunmeldandas
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as =
AENITAN RN
wesaulsiinlglunisnaang
wasnldnsninlAunandesl fisnsmnziaeaiiadianssliiin udngasananaiansnislseas naden
walulaginsnandnduazlszae anssmaTulagdnisinems
LHUNISNARDS
NUHBNIMAABILLILIgNANYSD] (Complete Randomized Design, CRD) HAdnuiduduaasiffaunuansaims
wANFNgiu 4 3xAu Tdun 14 MS, 75 MS, MS (ZaALAx) 4az 2 MS 1aNAaeas 20 91 1A 2 fiu
AURADUNITNARDY
WiRNaMNaNdeges MS NHUTNNUEEeMNUANANSTY 4 52AU (Table 1) nn9uliu pH Tild 5.62
Toerld HCI 1 N waz KOH 1 N nasanniiudiniaalssl (gelrite) 1.6 N5 siuauaalasiaza1audnaqns ldasmanmiziaes
X 4 . Y e oy 4, v o d o ¥ 4 % -
Watieawin 6 eaud anuuAnihllisdndesmsdiandeiisaninsulatn (autoclave) esinmeRguugd 121
9ANTALTLE ANNAY 15 Uausfani15198q 1Wunan 15 1w
N S " o X X 4 N R N T - y
wreNTwiaEen g lunisdnsningn131ind e e v unsniandaduduiielEderunn 1 @uRwWms gne
R X 4 o . L e Yoo X e LY X 4
Fuiiaiiianenaandesluemsiudegas MS AN s namsuans1eiy andinllidesduuduaaaiiede
Tadinisliuasdunan 12 daluesiadi AruangamMnin 25 asraaidas Wuszazinan 6 dUaf

Table 1 Nutrients in MS solution.

MS concentration

Ingredients (mg/L)

Y2 MS 2 MS MS (Control) 2 MS
1. Macroelements NH,NO, 4125 825 1,650 3,300
KNO, 475 950 1,900 3,800
CaCl,2H,0 110 220 440 880
MgSO,-7H,0 92.5 185 370 740
KH,PO, 42.5 85 170 340
2. Microelements H,BO, 1.55 3.10 6.2 12.4
MnSO,-H,0 5.575 11.15 22.3 44.6
ZnSO, 7H,0 2.15 4.3 8.6 17.2
Kil 0.2075 0.415 0.83 1.66
Na,MoO,-2H,0 0.0625 0.125 0.25 0.5
CuS0,-5H,0 0.0063 0.0125 0.025 0.05
CoCl,-6H,0 0.0063 0.0125 0.025 0.05
3. Irons Na,EDTA 9.3125 18.625 37.25 74.5
FeSO,7H,0 6.9625 13.925 27.85 55.7
4. Vitamins Glycine 0.5 1 2 4
Nicotinic acid 0.125 0.25 0.5 1
Pyridoxine 0.125 0.25 0.5 1
Thiamine 0.025 0.05 0.1 0.2
Inositol 25 50 100 200
5. Sucrose 7,500 15,000 30,000 60,000

msiutays

mimummimmLmuimmmum@mﬂmuwmu @vwﬁﬂwuumﬂ‘u@mm@mimmm‘uimmmmmmmmummm
muwmmmﬂmmmmwmmmﬁmm@Lﬂ@mfam@nuﬂmmmﬂm (vernier ~caliper) ynssaandautesduiieded
Tuawuannemsiiauds Ms Mwmﬂ@mmmmmﬂwum@Lﬁ@ AN 9LlL e 411919 LazIY
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AsTiiaay Imﬂuu‘ﬂﬂ‘ﬂ'ﬂm@%dﬂ'ﬂuﬂﬂi%m@@\iLL@"’ﬁ“”WQNﬂ’]?V]@@@\W]ﬂ 7 flaviiduszazinan 6 el anushusiay
mmmmmmmﬂ?mmumuﬂmmLmvm‘wummq meummimmm

miﬂm:mma‘m’mmsmuﬂ%mmﬂummu@m@mu‘wmu LN@Z%HZQWW’W?V]ﬁﬂ'ﬂ\iﬂzﬁ’]L@ﬂ%uLﬂﬂLﬁﬂﬁuWiNﬁ
mw*‘?’ifqmmﬁ 60 aernTaiTea Wi 24 Gl udarh lfuasBen anifniedteuseliinns 0.20 i snaradae
Fvnaraneienues 95% 13unns 20 Saaans iusvasioan 24 alua Aeunldnszaensedies 1 (Whatman No.1)
nsasansainidlasiendauiiduasazasuenifuinen$luanadnfiguingil 4 esinuaidoa uazsinanansariaills
Tl lunsmfsunuanssinueyyadasy  laun Bunndlusarianun (total phenolic compounds, TPC) AaeRa
Wauglaunan (Folin-ciocalteu reagent) (AinuLlasann Lim and Mutijaya, 2007) Usnnaunanlauaeisisa (total flavonoid
content, TFC) (AaLUasaIn Shirazi et al., 2014) waztsuinianlUfiugan (total saponin content, TSC) (AatUasan
Vador et al., 2012) mm%@ﬁﬂﬂlﬂumﬁmmw’ﬂﬁﬁ?mlumiﬁm@%@%miwﬁ”fmf‘ﬁ 2, 2-diphenyl-1-picrylnydrazy!
(DPPH) Aimtkilagann Lim and Mutijaya (2007) Wa¥n11LAsEY 2, 2'-azinobis-[3-ethylbenzothiazoline- 6-sulfonic acid]
(ABTS) radical scavenging assay Aalitlagann Nilsson et al. (2005)
NM5AATIZUTBNAVINADR

ihdeyanamaadyifinlnuazarsdueyyadassaesfunsndiilgnlusfioudegns Ms Aifliunueng
BIMNTUANANAUNIIATIZTAINULILUIMU (Analysis of Variance) ANLNUNNINAABILLILENANYID] (Completely
Randomized Design, CRD) ‘EmmLm%mﬁ?mumﬁummLLﬁmmwmmLfa@mmm\‘imma‘wmmmmﬁmm Duncan’s
New Multiple Range Test mmum’mm@uu 95% WAZAATIZEANANANNUS (correlation) A1NADa8d Pearson

correlation (two-tailed) test sivtilt/sunsupananasdiagy

HANNSANEWAZ ATl

Nmmﬂ?mmmﬁlmmsﬁlLmnrshaﬁuﬁi'amim?mLau‘immLﬁ'aLﬁaﬁuweumuamwﬂmm’%

naTe B NI N IRRANg TR T e e funssiinLn mwmmm%”wﬂmﬁ@L’fﬁluﬁmww,l,mnrfmﬁu
szwinagara TR ludtanii 1 Tnelugnse s v MS uaz 2 MS frugeesiuile fenniign (P<0.05) i
WU 10.42 uag 10.43 fadmms/auideide paddy ”Luzﬁ“ﬂmw 2 aufedlanViil 5 wud Augeresiuieiiely
4R9"9NT % uaz ¥ MS flaaugeannndtemnsgnadu (P<0.05) Geagludasszudng 17.7-37.74 uay 17.88-35.73
SedunsAuieie Ausau wazludlavii 6 wudn 4n9819113 ¥4 MS, 75 MS, MS uaz 2 MS ﬁmm@;wm?ﬁ”utﬂfmﬁ@
Winriu 45.50, 41.03, 33.98 waz 30.74 Sediums/Awiieifle musiy Tmﬂmﬁzgqﬁlzgm (P<0.05) 2¢/lugnsa1ms v MS

LL@:ﬁ@ﬂﬁunqmaﬂmmi MS uax 2 MS (Table 2)

Table 2 Explant height (mm) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS strengths.

Experiment period (week)
1 2 3 4 5 6
“%MS  10.00+0.00 1042+0.15° 17.17 £056° 22.25+1.02"° 29.19+1.41* 37.74+2.04° 4550 + 2.51°
%MS  10.00+0.00 9.92+0.09° 17.88+0.37° 22.99+051° 29.51+0.63" 3573+0.73" 41.03+0.77°
MS 10.00+0.00 9.96+0.13° 1559+0.48° 19.85+0.73° 24.77 +0.76° 29.80+0.74° 33.98 + 1.14°
2MS 10.00 £0.00 10.43 +0.14° 16.47 +£0.52*° 20.37 £ 0.81°° 23.75+0.84° 26.82+1.07° 30.74 + 1.27°
P-value ns 0.005 0.010 0.018 <0.001 <0.001 <0.001

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Treatments

HavesNIisIne M ssiea I luresEuie e funsanud Twdlavi 0-2 auswluzesmuiie tie il
AYNNLANFANNAUITNINNgRATRIUNT (P>0.05) Tudin1vin 3-6 wudﬁwmuiw@ﬁwﬁ@Li@‘l,uqmmmi Yo MS Hanu0u

lunnfige wazludda1in 6 anunluvesduilodialugnsannisi v MS, % MS, MS uay 2 MS JAwinniu 18.15,
12.50, 13.53 uaz 13.40 lu/Auiiieitia muansu (Table 3)
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e Y X4 o2 e et e
HATB9LETNNUB IR N sFiaa wIuTeTa e EasunsNinLd)  Fudaauuandnesiuludlanim 3 Taelu
AM3871113 V5 MS Hanuqudaninian (P>0.05) HA1winAy 3.28 da/duiieite wasludlan1vi 4-6 wudn anuaudeves

a Q
12 v

%w,ﬁ@@'@‘luzgmmmi Va MS ﬁ'ﬁmfm%mﬂﬁqm (P>0.05) Teludai 6 'ﬁﬂmu%mﬂﬁwﬁﬂLﬁlfasluzgmmmiﬁ
1A MS, % MS, MS uaz 2 MS SAwiniiu 8.73, 6.10, 6.68 uaz 6.25 Fa/duiileitle musau (Table 4)

mmmﬁ?mmmammiﬁi@ﬁqmumﬂmﬁmﬁ@Lﬁlﬂﬁuwauﬁ @"f]uqumﬂﬁlmﬁmmLLmﬂﬁmﬁm:mNQﬁmmma
Tk nviT 1 Imwudﬁﬁmua"mmm%mﬂ@Lﬁlfa‘luzgmmma‘ 2MS ﬁ'ﬁf]uauifmmﬂﬁqm (P<0.05) HAWINTL 0.98 377/
Tuiteiile seanludilany@ 2 wuin MUIUINUGATBINIT V4 MS ﬁ@"’mam’mmnﬁ@m Srnwiniu 2.48 mnduiteide
ﬁiﬂLﬂQQ1ﬂwu§uz§mﬂﬁimm@@q Tneiludilaniil 6 ﬁmqumnm@ﬁwﬁ@Lﬁ@’luzgmmmi‘ﬁ Vi MS, ¥ MS, MS uaz 2 MS
AN 6.53, 4.58, 4.53 waz 3.70 sn/auiiieifie mugsL (Table 5)

Table 3 Explant leaf number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)

1 2 3 4 5 6
1/4MS  0.00+0.00 2.83+020 560+029 7.90+0.35 11.00+056" 14.80+0.80° 18.15+0.90°
12MS  0.00+0.00 265+020 520+029 6.70+0.30° 820+0.36° 10.50+0.45° 12.50+0.53"

MS 000+0.00 235+0.19 465+022 623+020° 883+0.37° 11.33+050° 13.53+0.59°
2MS 0.00+0.00 290+022 510+027 6.83+0.33° 865+044° 1125+059° 13.40+0.63"
P-value ns 0.231 0.106 0.002 <0.001 <0.001 <0.001

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Treatments

Table 4 Explant node number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)
1 2 3 4 5 6
1/4 MS 100£0.00 1.00+0.00 1.13+0.06 2.88+0.14° 4.33+0.14° 6.85+0.37° 8.73+0.39°
1/2 MS 1.00+0.00 1.00+0.00 1.15+0.05 328+0.12° 375+0.09° 4.78+0.24° 6.10+0.46°

Treatments

MS 1.00+0.00 1.00+0.00 1.05+0.03 215+0.11° 3.95+0.08° 555+023° 6.68+0.25°
2MS 1.00+0.00 1.00+0.00 1.05+0.03 210+0.07° 348+0.12° 4.88+0.25° 6.25+0.28°
P-value ns ns 0.319 <0.001 <0.001 <0.001 <0.001

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Table 5 Explant root number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)

1 2 3 4 5 6
1/4MS  0.00+0.00 0.45+0.09° 248+027° 355+0.31° 468+035 578+047° 6.53+0.46
12MS  0.00+0.00 050+0.13° 1.95+0.17" 285+0.18° 343+0.21° 4.13+0.18° 458+0.19°

MS 0.00+0.00 0.45+0.10° 1.33+0.18° 265+0.14° 328+021° 4.08+0.28° 4.53+041°
2MS  0.00+0.00 098+0.12° 173+022° 245+0.15° 275+0.13° 325+0.16° 3.70+0.16°
P-value ns 0.003 0.003 0.002 <0.001 <0.001 <0.001

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Treatments
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mmmﬂ?mmm[ﬁlmmﬁér;i@'ﬁmfauﬂ@mm%uﬁ@Lﬁlﬂﬁuwmﬁwud’] fpnnauananaiuludlaoi@ 3 uaz 5
4RIanvT Vs MS ﬁﬂ«i’ﬁmummmm%m‘ﬂ@Lﬁlau’mﬁz\gm Ay 1.38 uaz 1.53 sendwileide wiludlenii 0-2,
4 Ay 6 VLlifIﬂQ’mLLﬁlﬂﬁl‘Nﬁuﬁ‘zﬁd’]\i@Jﬁlilei (P>0.05) Taeludianvi 6 luudargnsanng v MS, % MS, MS uag
2 MS Hanuausanviniy 1.58, 1.35, 1.53 waz 1.58 EI@@/%‘LAL&@LE‘;@ ANNANAL (Table 6)

Table 6 Explant shoot number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)

Treatments
1 2 3 4 5 6
1/4MS  0.00+0.00 0.00+0.00 1.33+0.08 1.38+0.08" 1.38+0.08 153+0.10° 1.58+0.10
12MS  0.00+0.00 0.00+0.00 1.15+0.05 1.15+0.05° 1.18+0.07 125+0.08° 1.35+0.12
MS 0.00+0.00 0.00+0.00 1.15+0.05 1.15+£0.05° 1.15+0.05 1.28+0.09° 1.53+0.11
2MS  0.00+0.00 0.00+0.00 125+008 1.33+0.08° 135+0.08 150+0.08° 1.58+0.09

P-value ns ns ns 0.040 0.053 0.050 0.363

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

mmmﬂ?mmmﬁymmﬂfifaﬂ?mmﬁmﬁﬂmm-uﬁwaﬁuﬂﬂ@'@ﬁumuﬁ mau@urﬁfumiwﬁmmLL@xLﬁfa?é”uzgm
mimmmwmﬁ fi’mﬁﬂmm LLﬁ\iLLiﬂL‘émﬂwmﬁmmmﬂﬂﬁmmLLmﬂﬁmﬁu@ﬂ'wﬁﬁmﬁﬂﬁmmmﬁﬁ (P>0.05) uiile
mummmmmmwum muunm’lummfmmi Y MS uax % MS uumuﬂmmﬂmm (P<0.05) umm'mu 0.1837
uaz 0.1904 ﬂiuumuﬂm/ﬂjummm mummu Lmvufmummluma@’]mi Ve MS uumummqmnmm (P<0.05)
flAwini 0.0358 niuhwinutemuieie (Table 7)

Table 7 Explant weight (g) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS strengths.

Initial weight Final weight
Treatments - - - -
Fresh weight Dry weight Fresh weight Dry weight

1/4 MS 0.0123 + 0.0002 0.0014 + 0.0000 0.1837 + 0.0038° 0.0358 + 0.0014°
12 MS 0.0123 + 0.0002 0.0014 + 0.0000 0.1904 + 0.003" 0.0284 + 0.0004"
MS 0.0123 + 0.0002 0.0014 + 0.0000 0.1658 + 0.0026" 0.0273 + 0.0004°
2 MS 0.0123 + 0.0002 0.0014 + 0.0000 0.0761 + 0.0022° 0.0224 + 0.0006°

P-value ns ns <0.001 <0.001

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

mnﬂﬂiﬁﬂmmmm?zyLﬁuimmL"f':ﬂLﬁlﬂﬁuwwmmmwﬂ@ﬂm%ﬂLﬁﬂ?ﬁ”u@mmwmmluﬁﬂmﬁﬁ 6 WL
4n981MT MS "Lu'mmmuﬁ“umm’i‘mlﬁuimmLﬁ@@i@ﬁuwwﬁ LﬁlﬂL‘ﬁﬂuﬁuzgmmm@ﬁ'@mﬂ?‘mmmamm@m Va win
(Va MS) zﬁ'w@ﬁﬂiﬁwﬁ@Lﬁlﬂﬁmm‘%mﬁu‘ﬂmﬁﬁqm (P<0.05) TnginavasANge HANwiniu 45.50 fadnsduieiie
suailuwiniu 18.15 ludwileide suaudewiniu 8.73 deduiledle warauausnuinty 653 mnawiede
LLm'@i’mqummmﬁuLﬁ@Lﬁlﬂvl,u'ﬁmmLLmﬂﬁmﬁ“uideQmmmi (P>0.05) (Table 8) wazitwiinas-ueaiiaiie
ﬁuwmﬁﬁﬁqm (P>0.05) AMNNN3ANEIABY Monfort et al. (2018) %qﬁm:mmmmiﬁmmmammiﬁl&hﬁuhmmi
Aquda Ms FaNANARUa9asALsZNaUANTENATY (volatile fraction composition) inlugilusn (Ocimum basilicum L.)
dlemnzidesdiulsznluewmnaiauds Ms ﬁﬁﬂ?mmmamma‘ummmﬁu Ifun 74 MS, 15 MS, MS uaz 2 MS WU
ﬁuim:wﬁLWﬁzL?:ﬂﬂuzgmmmi MS uay % MS ﬁma‘m?‘m;ﬁuimﬁﬁqm WATANNNN9ANETBY Assis et al. (2012)
AAnmmamnsanieidefunzaiafiunus (Anacardium  othonianum  Rizz) luenvnsiiauwda MS AfiBanm
g1R@TuANGai liun v MS, 15 MS uaz MS wud L‘ﬂumﬁ'@ﬁ'waﬁyﬂﬂuqmmma‘ Vi WAT %5 MS HANEIT8
Fuileide wazm e luAndnlugasanns MS uaznnsAnenaey Baque et al. (2010) AN naveiunm
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ﬁ']rﬂfa’]maéslumman\um MS ludiuee (Morinda citrifolia L.) WUiNgRsenwng % MS Hénsnisiaseyiinlmues
Fuileitle son thwinas Lmvufmuﬂmemmﬂmmﬂummmmimﬂ?mmmmm‘mim 1.5 Az 2.0 111 (1.5 MS waz
2.0 MS mIua1AL) AINN13AN®Iaed Saad and Elshahed (2012) nana91 Lmummmﬂ?mmmammimLu;m@m
zﬁ\m@ﬁﬂﬁ’mm?ﬁyLﬁu‘imaﬁulﬁﬂlﬁ@ﬁﬁu iesannenmsiiauds Ms Lﬂummiﬁﬁdmﬂixﬂ@wmmﬁlmmwﬁﬂ
8161211179090 ABUT1944 e Bunaednduuasnsnesiluehafiemeseanadeanisuediia (s
VLﬁ’fﬁ*Uﬁ'wymmm"NLﬁmwalﬂuﬂ@ﬁmﬁ’qﬁﬂﬁzﬁm@ﬁiﬂﬁm’]mm?mtﬁu‘im TA9aai9109WT  N1aNELIRETUNUFNG
(organs) NMIAFNITULALNUE UaYNIIazaNTasansuunLe lasRnn %qumr?’fmmimﬁ;mmﬂ@ﬁmﬁ%umﬁwﬁu
AN AT AN (Sivakumar et al., 2005; DelCorso et al., 2014; Monfort et al., 2018)

Table 8 Explant growth of six- week -old Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS

strengths.
Height Leaf number Node number Root number Shoot number
Treatments
(mm/explant)  (numbers/explant)  (numbers/explant)  (numbers/explant)  (numbers/explant)

1/4 MS 4550 +2.51° 18.15 + 0.90° 8.73 +0.39° 6.53 + 0.46° 1.58 £ 0.10
12MS  41.03+0.77° 12.50 + 0.53" 6.10 + 0.46" 458+0.19° 1.35+0.12
MS 33.98 +1.14° 13.53 + 0.59" 6.68 + 0.25° 453+041° 1.53 £0.11
2MS 30.74 £1.27° 13.40 + 0.63° 6.25 +0.28" 3.70+0.16° 1.58 +0.09

P-value <0.001 <0.001 <0.001 <0.001 0.363

Mean+SE values within a column followed by the different letters were significantly at P<0.05.

Nammﬂ?mmmqmmsﬁumnsiNfTusi'aﬂ'nummin"lumsé’ﬁ.l§QLLa:ﬁﬂuﬂqs@qga§ﬂi:maqLﬁ'al,?i'aﬁuwsuﬁ
lusgmwilaaaiia

mmmma‘ﬂumiﬁu&amezﬁmm?ﬁm@%@%imm?;wf:@Lﬁ@ﬁuwmﬁLﬁleéuzgmm?mmm (Table  9)
WU ‘ﬂ?mm TPC ”me'mmmsmmafﬁmmLmeNﬁu@ﬂNﬁﬁﬂzﬁﬁﬁmmmﬁﬁﬁu (P<0.05) Tmmmmmmaﬁﬁiﬁmm
TPC 11nfign Aa grsa g v MS St 19.32 pg galiclg tianas TFC nudnluudazgmsanvsiinasuansineiu
atidtdAtyneainiy (P<0.05) Tnsgasenvnsfiihfinnns TFC wniige Ae greawing v MS ey 43.89 mg
luteolin/g uazwudnfianns saponin Tuusazgrsensiiarmuanaiuedeiiliddmieainty (P<0.05) Taagns
'ﬂ’]mi‘wu‘]ﬁu’]m saponin mnmm An ARNTAUNT MS ummm‘u 24 ,666.81 mg saponin/g

mmummaa”l,ummumﬂum@mmmﬁ DPPH Lmaummﬁwmmwmq mmmmmiumwumﬂum
BasrliiAnuansniuetwiliteddnynieatia (P>0.05) seudnegaesenns Taelugnsenng % MS, gns % MS,
4ns MS uazgms 2 MS HeAwinfiu 88.93, 88.51, 88.62 Uay 89.12% AINAAL masﬁu&mum%mvﬁwﬁ% ABTS
WU mfnmmmm“lum@ammum@mﬂuumvmmmmmmmLLmﬂm\mu@mmuﬂmﬂmmmam (P<0.05)
T,mmm?mmimmmmmfm”Luﬂﬂmummm‘ﬂmvmﬂmm AD 4R9RNT Vs MS HAWiNTiL 88.28% (Table 9)
NSAATIEUANENRNNUS (correlation analysis) m’aamimuﬂgs;‘la@mﬂuﬁuLumﬂﬂmuwsuu

HAANNNTAATEIAT  correlation  WudNFunmuaes TFC  Hanuduiusiuludauoniinffunnaes TPC
dqutlsunnizes TPC ﬁmmzﬁ“uﬁuﬁ’ﬁﬂuﬁqmﬂﬁummmmm‘lum@gué?m%@%mmm ABTS LAZAYNATNIT
‘Lumiﬂ”uﬂ"”’amésg@%mmm ABTS HanudaiusiuludeuanivuiFunnes TFC uaz TPC (Table 10)

HARNNNSANTEN LL@mﬂﬁLﬁudﬁmmmmmhmiﬁugﬁLmzﬁmmaﬂwaﬁmﬂuf‘?ﬁyuﬁ:@Lﬁ'@‘wmﬁ lugmsanmg
Vs MS danaliiiiiFunnsmes TPC, TFC memmmmm'luma‘ﬁu&\mum%m:ﬁ%ﬁ% ABTS ﬁmmﬂ‘ﬁmm dauifFunn
ya11 L9 grsemnslunguatuAu (MS) m_l?émmmmsm‘lﬁﬂuummm mnmmm:rwm Monfort et al. (2018)
fiAnmuaTasaspaLANNI ATy FLln giprasensmeuieifie uazensiawde MS AenanaAnuesesdilsznen
volatile fraction Fnulugulvsznn Wamnzdgsfilmznnlugmsiouds Ms wuﬂ?mmmﬁlmmﬂmﬂmmu Teun
Vi MS, % MS, MS uaz 2 MS Wi lugnaans MS fiinisantliunnisinenmsas v wh, 7 v uaz MS fuandnves
aqrtlsznauat 21-23 1in Lwiﬁ’fuimzmﬁLWW:Lgﬂqiugm3@WﬁﬁﬁﬁLﬁmﬂ?mmmammﬂﬂu 21791 (2 MS) HnanARYe3
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avFilsznauaiftes 15 18a Gauansneiugasnsiiu q aann1afinEnaes Wu et al. (2006) fifnngnazuinden
Tunssaesdusnlaunde (Echinacea angustifolia DC.) PN gL A RPN Tan WA B oy
Fuednlumn wodn grsewns % MS waz % MS fiiunnananasiuesuaciaatiuessgeninlugreansiia
Bannumnndy wazaInnadnetes Baque et al. (2010) wudn Winnaesansunuelasmioniludusedidgn
lugnsamns % MS uaz 2 MS ﬁﬂ?mm@q%mLﬁmﬁﬂuﬁugmmma‘%‘u Monfort et al. (2018) na129UTNULDY
mﬁ;mm?ﬁﬁﬂﬁé’uLﬂuﬁﬁwﬁqﬁm'\iﬂmﬁi@ﬂ?‘mmm?mLmu'a"l,@m’nﬁmqﬁ 1w Usunnaeseanad@  (phosphorus)
lumsa (nitrate) wazASlulainan (carbohydrate) fudu uenaniuudaufisammaaiiszwinsiiaiuamsunden
sluma‘l,m:ﬂ@mﬂLﬂu%nuﬁlqﬁﬁﬂﬁmm@ﬁi@ﬂ?mmmimLmu'ai@m’nﬁﬂgﬁ annsinenludnedid Idiuinnsia
Bnnusmeunsnniulbliddaasreinaell wasimusiazaiefianuseinssnemsluBunnduansiei
(Sivakumar et al., 2005)

Table 9 Antioxidant activities of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS strengths
after 6 weeks.

Treatments Total phenolic content Total flavonoid content Total saponin content DPPH ABTS
(TPC) (ug galliclg)  (TFC) (mg luteolin/g) (TSC) (mg saponin/g) (% inhibition) (%inhibition)
1/4 MS 19.32 +0.32° 43.89 +0.53 6,859.12 +459.85° 8893+0.77  88.28+221°
1/2 MS 8.52 +0.04° 18.45 +0.09° 570226 +8899° 8851+0.17  60.89 + 1.53°
MS 11.08 +0.29° 20.55 +2.33° 24.666.81+72099" 8862+020  74.81+598°
2MS 10.98 +0.23" 20.98+0.73° 6,117.55+231.68° 89.12+0.04  69.40 +3.96™
P-value <0.001 <0.001 <0.001 0.712 0.006

Mean+SE values within a column followed by the different letters were significantly at P<0.05.

Table 10 Correlation between different antioxidant parameters of Bacopa monnieri (L.) Wettst. grown in in vitro
cultures after 6 weeks.

Parameter TPC TFC Saponin DPPH ABTS
TPC 1
TFC 0.974" 1
Saponin -0.145 -0.240 1
DPPH 0.138 0.186 -0.111 1
ABTS 0.870" 0.811" 0.133 0.132 1

" Correlation is significant at the 0.01 level (2-tailed) (Pearson correlation).

aguean1sAnmn
mnmiﬁm:mmmmﬂ?mmmr;qumwi@mm?mlﬁ‘uimmewrﬁ’ﬁu@%@%mmmLﬁ@ﬁlfaﬁuwmmummw
ﬂ@fam%mﬁ@?:ummiwmmwudw ARTMNINEINNIANUSINNIENNEIINTAY Y4 I T09gATTMNT MS lugmsans
wmlumimmmuim funuaes TPC, TFC LL@yﬂQ’m@’m’]?ﬂluﬂW?ﬂUﬂ\i@uN@ﬂ@?meﬂQﬁ ABTS veviwileide
Funsnfiafige LLmiuwmﬂﬂ?ﬁmmmmmm‘mLufmmaﬂummmmmuﬂamm@wum@meuwmu g fifunns
Gumsmiﬂuu‘l,umummmmLﬂumiﬂim@umn‘l,umuwmﬂuqmmmﬂumgum‘uqu (MS) WugnHsun e Tiiiu
’&\‘1‘1‘7;'&@
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UssAnsnaraslnifegsau (TDZ) sramsiasaiulauazansdAny
Tun1snnsLasaL et an UnNTuA
Effectiveness of Thidiazuron (TDZ) on Growth and Phytochemicals

in In vitro Bacopa monnieri (L.) Wettst.

Tadan goumasan’ wayd 1w MsIgna” wazylun aawml’
Piyatida Ounnahakhongkha', Nongnuch Laohavisuti"” and Buppha Jongput'

UNAAED

LANNIMARBIINN AL ansnlE e (Bacopa monnieri (L.) Wettst.) fianuidad 0,0.1,0.4, 1.6 WAz
6.4 mg/L sansEstyAninuaznsaianssinueyyadaszsaniainniAegsay (Thidiazuron, TDZ) pnnsniaude
(MS) Wu leasy 6 Flod FunsnfRliFn TDZ Twemns MS ﬁmm?mLﬁu‘llmmﬂﬂdwmmiwmmﬁlﬁu TDZ
(P<0.05) mumuwmumm TDZ 0.1 uaz 0.4 mg/L Tuamng Ms umumuﬁuﬂﬂmmfammvm (multiple shoots) 11NN
mmmimm@mw (P<0.05) unzAumsnfRAN TDZ 0.4 mg/L Nu’muﬂ@mLLZ\]”LLM\?N’]ﬂV]@WNLLMﬂ[ﬂ’]Q“‘]’]ﬂﬂ]@ﬂ’]i‘V]m@@\i@u
(P<0.05) daunsafnanssnueyyadase wudn Wuednson gnlliiusan DPPH way ABTS HAaauansinaiisendng
TANNINAREN (P<0.05) wsnanlauasiran "Lu'ﬁm’mLu;mﬁmﬁuiwdﬁqqmmmmm (P>0.05) m"qffu ﬂﬁ?LWﬁngﬂﬂLﬁﬂLﬁﬂ
ﬁuwmﬁlﬁ@ﬁﬂﬂLﬂuﬁuﬁuﬁimﬂﬁmmi Ms #laliii TDZ ﬁmwmmmuﬁz@m WAZNTAN TDZ 0.4 mg/L adluamis
winzdwiunaudauazaiaisdnueyyadarzanniigastemstin iU ddsleminan s

[

AdATY: WaNd Indegeen nzasaiieiile 1annIzan A19RNUeLYARATY

Abstract

Brahmi (Bacopa monnieri (L.) Wettst.) is an aquatic plant. The aim of this research was to study the effects of
Thidiazuron (TDZ) on the growth and antioxidant activities of B. monnieri (L.) Wettst. tissue culture. The explants were
cultured on semi-solid MS basal medium supplemented with TDZ at 0, 0.1, 0.4, 1.6 and 6.4 mg/L. The results after
6 weeks indicated that explants grown on TDZ free MS medium exhibited significantly more growth than explants
grown on media containing TDZ (P<0.05). In addition, MS medium with 0.1 and 0.4 mg/L TDZ was able to induce
the diameter of multiple shoots more than other treatments (P<0.05). The fresh and dry weight of explants cultured with
MS medium containing 0.4 mg/L TDZ were significantly different from all other treatments (P<0.05). The antioxidant
activity was examined by five methods: total phenolic content (TPC), total flavonoid content (TFC), total saponin content
(TSC), 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay and 2,2' azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS)
assay. TPC, TSC, DPPH and ABTS were significantly different in all treatments (P<0.05), but TFC did not differ
significantly across the treatments (P>0.05). Consequently, TDZ free MS medium was the optimal agent to stimulate
plantlet propagation and MS medium with 0.4 mg/L TDZ produced appropriate antioxidant activities for medical

usefulness.

Keywords: Bacopa monnieri (L.) Wettst., Thidiazuron, tissue culture, multiple shoots, antioxidant

ATUN
A aAd a o L P ~ o3

WINH NTRINLNANERTIN Bacopa monnieri (L.) Wettst. (Sosa et al., 2018) LﬂuWﬁ@Hu1WiWLﬂuWiim1Nuﬁ
qnotllunsd Plantaginaceae anwnszatsiuiawaian dneiuauuiin luGeanglldauadn aendsossen snwy
a A a A A ~NF ., = P a o A o
UTuRuAUNTULarTe i vianne duiTuiieseslszmaBunsuarlszimeay < Tuianfeu (Devendra et al.,
2018) @nsrnuauyasAsyIUAUNINE Toas uAINAT Traan1IvaNesden (Simpson et al., 2015) Tsadalawes
W1sudU (Garg et al., 2009) wazgndanlugnangsnildilsslamilunianddinegn wu anainisdniau ussmiilan

"anszimalulaginisinems antumaluladnszaauinanidnaunsaIanszly WaAIANSZLY Ngamnng 10520
! Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang, Ladkrabang, Bangkok 10520
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anld (Rai et al., 2017) enAUqaTN AUz uazAulsATues) (Bhardwaj et al., 2016) wavelawuanssliiiu
(saponin) ﬁﬁ%m'ﬂwlx@‘ﬂﬂd’] U’]Tﬂvlfmf(bacoside) (Mohan et al., 2011) Taga Bhattacharya et al. (2000) FnAgauans
unlalasannsunsudlunygmaass wudn arsuntalasdosguassuntlszainaasanesdoudlliuanila (hippocampus)
lunynnans fitBunn 5 uaz 10 mg/kg wazeain1smesuInnLanstsnauiuean walsives s narlauess sauis
Anfudu o Sedumumlumsllesiulsafiieandfiiseendvduluiume wu laila Tavaendeaviala Wy
Tnaansnguasnanaiiuanssnueyyadaszansssngd wise aswunualasyiagd (secondary metabolite) EREY
ANUABAAENTIANTAUATITE (BN YR uazLMENgE SEILE, 2560) nanziaelatEane (tissue culture)
Lﬂmﬁma‘mﬂa‘mmmwLw'amwma‘mLmueiamnmqu mmmnfmumimmﬂ?mmu,mqmmw (Murthy et al., 2014)

Plant growth regulators (PGRs) @@ m?muammm?tyLﬁuimmﬁmﬁﬁm‘:ﬁumﬂﬂ?‘mLﬁ‘u‘ﬂmLmzm:?
v las g TnasinggnunInad e s i iviaiilua naifiduanemuldiduiu (Basra, 2000)
Dérmenburg and Knorr (1995) na1a91 lalmlafiu (cytokinin) {lugns PGRs sTipuihesinanldlunsmaziaes
e daft immaﬂ@juﬁﬁumﬂummﬁm vikelh A anslnipegseu (Thidiazuron, TDZ) fidewfindn N-phenyl-
N'1,2,3-thidiazol-5yl urea luansAauAunaiyAuTRfiduAmsiiy Sudndviesdey azaneldrlwenuea
(Murthy et al., 1998) apiluayisuasiiiagise (phenyl urea) TDZ Qﬂﬁ’mﬂﬁuﬂﬁ‘imﬂm%ﬂﬁL‘ﬂ'ﬂ@i’a GRRHIGG
fiflendilszanns 0.22-22 mg/L (Huetteman and Preece, 1993) sslemfzas TDZ e ﬁqani:ﬁumﬂﬂgﬂuuﬂm
TAseg et liimudugen 50 wAasa (Malik and Saxena, 1992) TDZ qnﬁ’mﬂ%ﬁnﬁﬂﬁ’lﬁmﬁu@'@mmmﬁu
auauganteIftaulng Prathanturarug et al. (2005) lavinnnsnaasslusiy Curcuma longa Wudn ANSINLIREN
{Haideluanms MS amad 39ufU TDZ 16 mg/L ﬁﬂﬁﬂﬁﬁmmmmﬁﬂ (multiple shoots) 1@ waz Siddique and Anis
(2007) lévinnnanaaasluss Ocimum basilicum ‘Emﬂmim%mmLu@m@“lummi MS gilaiuan fauiu TDZ 11 mg/L
wugn annsndninliifaeesnseanlaiduinenii YANAINT ANNLNARSITRY Rawat et al. (2013) 74 PGRs
ngulalalediu saafuenns Ms lumsnziasaile defwaaing Aconitum violaceum wafliiaTuuanslifiudn
mmzﬁmﬁﬁﬂizaw%mwhmﬁnﬁﬂﬁtﬁmmmme%mmume”l@m’nﬁﬂqmﬁ &Tﬂﬁuqmwm@mﬁﬁ{mqﬂ?zmm’lﬁ@
viFunmes TDZ Ammnzanlunamnzinesilededumed siansaseyAuInuaznIsaieansFnueLasasEaIn
FUNTUE L'W"aLﬂuLme\m’mﬁumwamLL@:mnﬁ’ﬂﬁfymﬂﬁuwauﬁ'ﬁ'ﬂ@@mﬁﬂLﬂuﬂiz‘tﬂfﬁu“lumammwm’

ABN15ANEN

wasadlsin il lunsmaaas

wesaulsiwasiil (8. monnieri (L) Wettst.) ﬁﬂ@@mL%famr]ﬁmﬂﬁu”ﬁﬂwmﬁu'gmL"f':alﬁlfawsimyl,ﬁﬁﬁ NANGAT
AnenAransnislszas e malulaginnsnandnduazlszas auznalulagniainems
WHUNITNARDY

NUHUNINARBIULILGNANY T (Complete Randomized Design, CRD) Tunsinziaeailefedumend
Tmﬂmmmmum MS (Murashlge and Skoog 1962) mmu DZ wmwmmummu 5 321 lAUA 0,0.1, 0.4, 1.6 LAY
6.4 mg/L TANINARBIAT 15 11 Laznaaedelusezoan 6 dlan
dupausLiung

FEmawsiRsaiiadasunsud

thdunsufilaendesndatuieidedaude Aruenatlszunns 10-15 fadmas ﬂzgnm‘lumma‘ﬁlmﬁq Ms #if
AMNLdNd a9 TDZ fnei 5 s2au 1aun 0,0.1, 0.4, 1.6 uaz 6.4 mg/L framaiiaaenide annduildansunduaes
lusamzanaileide gnuinfl 25+2 asnaa@ua pormiduugs 2500 &nd dasmnsliuas 12 dalueslety uaz
Wiudayanisasaiutnnnddand laun aaugesiu S Sy e uANENANAANTEAN LATAIUIUIIN
Lﬁ@éuzgmmiwmm %@ﬁwﬁﬂmLmzﬁﬂﬂfauuﬁﬁqmmﬁ 60 aaAniraFea uaan 24 dalus

msﬂﬁ'mmsﬁ'ﬂu'ﬂgs&a%mx’luﬁ'uwsuﬁué’aayuqmmswmam

vhdunsdfeuwiudaainde 1 andaiminndsenuasi liildariBendenrieaiuaunuasiie i
et lundrszinisaineansfueyyadaszaaend AnLlaeann Shirazi et al. (2014) uazti hifiaszvinisafieans
Fuayyadasy A total phenolic content (TPC) Finsziilmeldnaaunadn (galic acid) Wuaisuinsgiu mls
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AnuLladain Shirazi et al. (2014), total flavonoid content (TFC) AwaszuilneldiAveiiu (quercetin) iuansninsgiu
A1N3T AruLlasann Shirazi et al. (2014) wae total saponin content (TSC) Awaszimeldanliiu (saponin equivalent)
uansunsgiu muds Aputlasain Vador et al. (2012) ANTAMAdeLAEAT 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
(AALUasann Shirazi et al., 2014) uag NARAUAIEAT 2,2 azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS)
(Aauilasann Leite et al., 2018)

ﬂ']’i’]Lﬁi’]uﬁ’ll’ﬂN’&

‘LA’]“II@NZW]\W]N@N'VJLV’]?WVWV’]’JWNLL‘]J?‘JJ?'JH (Ana|y3|s of Vanance L‘LE“?;I'LIL‘V]EI'LIﬂ')’]NLLmﬂm’N‘ﬂ@\?ﬂ’]Lﬂ@ﬂi‘uﬁfl’]\i
mmmmmmmm'ﬁ Duncan’s New Multiple Range Test mvmummmfauu 95% a‘fmmqmﬂ”mmuwuﬁ
(correlation analysis) LL@.,,L‘LE‘EI‘LIL‘V]?;I‘LImﬁmﬁﬁmuﬁ‘nm‘n@ﬂgj@mm% Pearson correlation maalilsunsupaunames
d113a31

NANISANHILAZIANTOL

NAaUa9 TDZ mamsmsmmu‘fm"lumuwsuu

anMIAsesinTuddarestun s eEelue iy TDZ saiu 5 sedu sienns
WwanyATnrassunend iuscazinan 6 dlaf wuan mm@;wmmuwaumL@ﬂﬂummimiwmu TDZ HANEA
sannndndunsafiagdluenndin TDZ (P<0.05) meusidandi 2 @u?:uzgmmimmm Tnadaangeaessunsui
fiaesluewnsFn TDZ 0, 0.1, 1.6, 0.4 Waz 6.4 mg/L flenedawiny 41.1, 28.1, 20.7, 18.6 uaz 162 AaALNAT
ANNANAL (Figure 1 waz Table 1)
Fauadians 1 @umummiwmm wudreualiresfumsuiResluemsillidy TDZ lusnnndn
SumsniifiAe e alAn TDZ (P<0.05) Imﬁmmﬂmmmuwwwmm’lummimmu TDZ 0, 0.1, 0.4, 1.6 Az
6.4 mg/L fiAneasyinA 25.1,12.1,10.0, 0.9 laz 0 TudeTuiielEe ausay (Figure 2 wag Table 1) Aann1943ing
sanluresdunsndimesluemsifin D7 waaslifiuvinanuduiusTie Wi ulU Wi AntaRee sty
mngqﬁu?ﬁqqu:L'gm‘Luqmmmaﬁmﬁauﬁu

SunuRresdunsLiTiae e ldifiy TDZ SAsunnndndunsuifiaesuevadiy TDZ (P<0.05)
Fausdlaniil 1 uidunaldinludilaw@ 3 @u%%uzgmmiwmm Fumsudfiaesluennniy TDZ fsuauianas

Wesanenalnsilasuudamiednigianenluidueennszan  Ingdwiufswesiunsuiiniaesuewnspia TDZ
0, 1.6, 0.1, 0.4 LAz 6.4 mg/L NARALWNATL 2.9, 0.3, 0.2, 0 uaz 0 NeAaTuilaite mua1Au (Figure 3 WAz Table 1)

45

40 - =@ - M5 Iee TDZ —f—MS+TDZ0.1 mglL e

35 e MS*TOZ 0AMGL sy MS+TDZ 1.6 mGIL v

30

Height (mm)

Experimental period (weeks)

Figure 1 Bacopa monnieri (L.) Wettst. height (mm) cultured in MS added with different concentrations of TDZ.
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=@ ==MS free TDZ il MS+TDZ 0.1 mg/L
—— MS+TDZ 0.4 mgAL —h—MSHTDZV6MLe=T
— @ MS+TDZ 6.4 mgAL e

10

Leaf number (numberfexplant)

0 1 2 3 4 5 [}

Experimental period (weeks)

Figure 2 Bacopa monnieri (L.) Wettst. leaf number (number/explant) cultured in MS added with different

concentrations of TDZ.

Prad
Prad

--@--MSTee TDZ —f@— VIS+TDZ 0.1 mglL
—@—MS+TDZO4mgL —g— MS+TDZ 16mglL
—@—MS+TDZ 6.4 mgiL.

shoot number (number/explant)

0 1 2 3 4 5 6

Experimental period (weeks)

Figure 3 Bacopa monnieri (L.) Wettst. shoot number (number/explant) cultured in MS added with different

concentrations of TDZ.

v 2
o 1 ada a

Fausidianvii 1 @uéuzgmm?wmm wuia U nzesiunsndfiaedluensilidin TDZ fenunnd
FunsufifAeslue v ain TDZ (P<0.05) Tneduusneesdunsuiifiaesluansiiin TDZ 0, 0.1, 0.4, 1.6 WA
6.4 mg/L flenteda ity 6.6, 2.1, 0.6, 0.2 Uaz 0 MnseTUaEe MNANFY AnnsdanasauInaed NI
ﬁLgﬂﬂummﬁmﬁm TDZ mmmlﬁmmﬂiﬁmﬂﬂdﬁﬁuwwﬁﬁLgﬂ\ﬂummﬂﬁu TDZ w3zaneu 3 014 6 Win (Figure 4

Ay Table 1)

—=®=-MSleeTDZ g — MS+TDZ 0.1 mglL e
— ¢ MS+TDZ04mgL  —g— MS+TDZ1.6mglL pommmm——— -

’
5 e MS+TDZ 6.4 MGIL s

Root number (number/fexplant)

Experimental period (weeks)

Figure 4 Bacopa monnieri (L.) Wettst. root number (number/explant) cultured in MS added with different

concentrations of TDZ.
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Léfumu@uﬂ’ﬂmqmmmmﬁmmﬁuwmﬁﬁLgﬂﬂummiﬁlﬁm TDZ fAnannnindunssiifianslue s
TDZ (P<0.05) Fausdlnnv 3 ‘EmﬂLﬁumu@.uﬂ’ﬂmwmﬁuwauﬁﬁLgﬂﬂummﬂﬁu TDZ 0.4, 0.1, 1.6, 6.4 Uaz 0 mg/L
flAeanyinAL 21.5,19.7, 15.6, 10.3 uaz 0 NAALNAT AMNAIAL (Figure 5 WAz Table 1) FanudmaAsuulasues
£BANTTAN udilon 3 ﬁm*mﬁuﬁuﬁﬁuﬁﬂmuﬁqﬁ@mm@’mmiLﬂ'&iﬂuLLﬂmmqﬁmgm%m uazidurnugugnang
Wstunupaududuses TDZ Lwi“lumm:ﬁmﬁummLiuiuﬁ@ﬂﬂfh 04 mg/L nauRduinuguenaeeennszan
AN

N
1]

= =@ ==MS e TDZ il MS+TDZ 0.1 mglL ‘

. —4—MS+TDZ04 mglL —&—MS+TDZ 1.6 mglL
—@—MS+TDZ 6.4 mglL

Multiple shoot length (mm)

0 o of ]

Experimental period (weeks)

Figure 5 Bacopa monnieri (L.) Wettst. multiple shoot length (mm) cultured in MS added with different concentrations
of TDZ.

HAAURANINAADS WUF FUNTNENIALe 11897 BN TDZ HANNg981 a1191 10 A1UUN WATAIWIUIIN

Q al
¥
ada a

wnndfunsniniaeslue N TDZ (P<0.05) usdunnugudnaveennszanaesiunsuinaesluanmaidn TDZ

¥
ada a

UINAFIFUNINRN A lWe T lFN TDZ (P<0.05) %\1Nmmmm?zyLﬁu‘imsluz?fﬂmuﬁuqmmwmmL?Imﬁ'ﬂmmmﬁ
Lﬁuﬂwu@uﬂ’ﬂ@ﬁqmammmﬁmméfuwmﬁﬁl,??m‘lummﬂﬁu TDZ 0.1 4a¥ 0.4 mg/L ﬁﬁmuLmemﬁuﬁummiwmm%'u
(Figure 6)

5Wﬁnmwa”\1§uz§mmiwmm hunt dhminanuazuic 2esdunsudifl dusluemnsdia TDZ sanndndunsud
fiduslueslaifia TDZ (P<0.05) Tnafunsnifidesluensiin TDZ 0.4 mglL ﬁi’mﬁﬂ@mﬁwwﬁﬁuqmmi‘wmm
[l

Wge InenintinanuazuiaANaaeini 0.3120 uaz 0.0834 g (Table 2)

-
N

—

4

N

®

A

7N
z (;,\;{‘

(@

(b) ()
Figure 6 Proliferation of multiple shoots on MS medium (a) and MS medium with TDZ (0.1 mg/L) (b), TDZ (0.4 mg/L)
(c), TDZ (1.6 mg/L) (d) and TDZ (6.4 mg/L) (e) after 6 weeks.

(d)
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Table 1 Height, shoot number, leaf number, multiple shoot length and root number of Bacopa monnieri (L.) Wettst.
cultured in MS added with different concentrations of TDZ after 6 weeks.

Multiple shoot

Concentrations Height Shoot number Leaf number length Root number

(mg/L) (mm) (number/explant)  (number/explant) (mm) (number/explant)
MS 41.1+£2.3° 2.9+0.2° 251+1.5° 0.0+0.0° 6.6+0.4°

MS +TDZ 0.1  28.1+3.1° 0.2+0.1™ 12.1+1.8° 19.7+1.4° 2.1+0.6"

MS +TDZ 0.4 18.6+0.7° 0.0+0.0° 10.0+1.6° 21.5+0.7° 0.6+0.3°

MS + TDZ 1.6 20.7+0.4° 0.3+0.1° 0.940.4° 15.6+0.9" 0.240.2°

MS +TDZ 6.4 16.2+0.6° 0.0+0.0° 0.0+0.0° 10.3+1.0° 0.0£0.0°
F-test * * * * *

Mean+SE values within a column followed by the different letters were significantly at P<0.05, * indicate whether this different is
significant.

Table 2 Initial weight and final weight of B. monnieri (L.) Wettst. cultured in MS added with different concentrations

of TDZ.
. Initial weight Final weight
Concentrations X - - X
(mgiL) Fresh weight Dry weight Fresh weight Dry weight
(g/explant) (g/explant) (g/explant) (g/explant)
MS 0.0130+0.0014 0.0013+0.0001 0.0896+0.0007° 0.0271£0.0002°
MS + TDZ 0.1 0.0130+£0.0014 0.0013+0.0001 0.2824+0.0022° 0.0685+0.0005"
MS +TDZ 0.4 0.0130+£0.0014 0.0013+0.0001 0.3120£0.0025° 0.0834+0.0007°
MS +TDZ 1.6 0.0130+£0.0014 0.0013+0.0001 0.1673+0.0013° 0.0439+0.0004°
MS +TDZ 6.4 0.0130+£0.0014 0.0013+0.0001 0.1099+0.0009° 0.0457+0.0004°
F-test ns ns * *

Mean+SE values within a column followed by the different letters were significantly at P<0.05, * indicate whether this different is
significant, ns is for non-significant.

anwammeaes wuin masnsiasidedesunsudluewns MS Alida TDZ flenugedu suauly
SN WAZANUILIN HNNdNFUNILATIRE e NsRY TDZ (P<0.05) zéquinTumu@luﬂ’nmmﬂmmzfgﬂ“lumm?ﬁ
{4 TDZ 0.1 uaz 0.4 mg/L annndngamsneaesau (P<0.05) uaasliifiuin meveneniugdaeismamsiasaileideite
dusundunendlumsiesntgnissdeuuundalagldaimns Ms #lidin TDZ flannaumanzanige iesann 1Dz fe
aspauaunnasyiuTnresirlungulataleiu  SidagSaduesilizner  TwzdaenszfuldnAnanszuaunis
wasasmelugadauaunsoimuniduedinr wu ven on Wawduuaada WIDNTZHUNNILATYUDILTAN
(Zhou et al.,, 1994) TDZ HAnan wlunismauANeulasd cytokinin oxidase AR Teudannsateanlatnlatulusas
Badena (Khan et al.,, 2014) ‘Luﬁﬁumﬁﬁmwzﬁ%’wiﬂmimﬁulﬁaLLﬂ\iLsn@@’LL@WLLﬂizﬁmwLm@rﬁﬂﬁlﬁmnmﬂ?mlﬁuim
(Thomas and Katterman, 1986) Lu@L@u”LGnquﬂawqaﬂﬂQUﬂquﬂ 0z Asdemalinnfnsuseugnnszdiusnniu
(Al et al., 2018) Twanizfimsld TDZ Tumawnzidssiediedunsdainidistennszan wiannmmenaes W
mald 10z Feudiduinnndt 04 mglL dwwalimsfatennszqnanas denndasTLIENLNMARSITEY
Ainsley et al. (2001) fmamnzidesilaie Prunus dulcis Mil Tuanng MS faurfu arspauRumaedALlnis
Tungulallafin w1 ganmeaesfifuasauuiananiaugeesananas  wiluanmReatundufinng
wsnyiulaluuiessiny Fandn multiple shoots LL@:Lf]@Lﬁlum’mLaﬁm%’ummmimuqﬂﬁ’gﬁu denalinsinneen
gnﬁu&qmm?mlﬁuim%nﬁw
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WAURY TDZ mﬂmsmwm'a‘muauuaﬂmﬂumuwsuu

meumma‘wmm mmuwmuLLmummmsmmmmqLﬂmmmmmqma‘mu@umamy (Table 3) Wuin
TPC yesdunsudfiaedluewnsifiy TDZ 0.4 mg/L ummammmmmu 23.3 ummmmmnmmu (MgGAE/g)
smLLmnmqnu@mquuﬁmﬂmmmm (P<0.05) ﬂwmmimma@mu MRS TFC Wudn dumsufifiaesluennsd
laifin TDZ uaz 1A TDZ laifimanuuansnaiunneaa (P>0.05) uazwudn Fumsnifiae e sTliiiin TDZ uas
AN TDZ 0.4 mg/L flenledn TSC Wiy 60.7 uaz 58.2 faAnsumliliusansy (mg saponin/g) Saumnsnsatined]
HagnAtynala (P<0.05) ﬁ‘].l“ﬁﬁ]ﬂ’]‘iﬂﬂ@’ﬂd%lu

nNMmAaal  DPPH memammﬂfamummsﬂumﬂuu@@mﬂ,umuwa‘uwL@ﬂﬂummimmu TDZ Wud
DPPH lusunsfidia TDZ 0.1 uaz 0.4 mglL fleneAnwinty 74.0 uay 81.8% BINLme\mmmuﬂmmmmmmm
(P<0.05) ﬂmmmﬁnmfm@u dvfunnmeaan ABTS meLmﬁwwLﬂﬂmummaﬂum@umamﬂumuwiuum@m
”Lumm@mmu TDZ uLﬂmlfnummmummnm’]muwmwmﬂﬂummiwiuLmu TDZ (P<0.05) Tnedumsniiiiaely
YN STLHN TDZ 0.1 B4 6.4 mg/L Tulefiusnnedius windu 98.8 4 99.1%

Table 3 Evaluation of TDZ on TPC, TFC and TSC and efficiency of inhibition free radical on DPPH and ABTS assay
in Bacopa monnieri (L.) Wettst. after 6 weeks.

. Total phenolic Total flavonoid Total saponin
Concentrations DPPH ABTS
content (TPC) content (TFC) content (TSC) o e
(mg/L) . (% Inhibition) (% Inhibition)
(mgGAE/qg) (mgQE/qg) (mg saponin/g)
MS 18.6+0.2° 25.2+3.2 60.7+1.0° 60.3+1.6" 93.5+0.5"
MS + TDZ 0.1 20.2+1.0° 34.1+1.8 49.1+2.0° 74.0+2.5° 99.0+0.0°
MS +TDZ 0.4 23.3+0.3° 32.3+2.9 58.2+0.5° 81.8+0.8° 98.8+0.1°
MS + TDZ 1.6 14.6+0.3° 28.1+2.0 39.9+0.6° 52.9+3.5% 99.1+0.1°
MS + TDZ 6.4 13.241.1° 34.4+1.4 44142 5° 47.845.0° 99.1+0.0°
F-test * ns * * *

Mean+SE values within a column followed by the different letters were significantly at P<0.05, * indicate whether this different is
significant, ns is for non-significant.

nMsaAszimandNRusaadIsiuayNadasyluAunsad

ANATLEII19AN TPC /U DPPH uaz A1 TPC U TSC lumnnuduriusludsuandaduliufiamnng
Ry AuANTUSIEMINgAn TFC 7 ABTS luanuduiusludauondadluli lufiemnafieni uaspnuduiug
31191961 TSC it DPPH iflupnnuduiugludasnniadulufismanetu e finoudusiugsemings TSC fu
ABTS fluanuduiusludeauaadulluiannansaiudna (Table 4)

Table 4 Correlation analysis between TPC, TFC, TSC, DPPH and ABTS assay in tissue culture of Bacopa monnieri

(L.) Wettst.
Parameters TPC TFC TSC DPPH ABTS
TPC 1
TFC -0.043 1
TSC 0.760" -0.276 1
DPPH 0.960" 0.062 0.614" 1
ABTS -0.118 0.532" -0.663" 0.061 1

" Correlation is significant at P<0.01, "Correlation is significant at P<0.05.
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annuanmeaesuaadlidiuin mawnzidsaifededunsadluenns MS 7lifiu TDZ 0.1 vise 0.4 mg/L fms
AFNANIFA DU ABATE LmzﬁLﬂ@ﬁ%um’m?ﬁué\iﬂ%mﬁmx mﬂﬂquﬁummmmmma‘m@m%‘u (P<0.05) H3ENUWIn
meldfranuinslunssumanuasiueuyad aszaiuiitenian s lond Wesanndaunlaenftuacinadnades
slasnemetieannn aenguitny Iiun WanTauess’ Gaduasdszneutnaiueaiiuszneudaamsflansenta fnnau?
Lﬂumﬁ’mmg@%mnmxﬁm’mmmmhmi@@ﬂqméﬁu&mwm%mxﬁﬁqmﬂLsﬁm‘a"wmﬂwﬁﬂﬁ” (Asgarirad et al.,
2010) @sTuedn Aegnsiiivaflansendailuesilezney famauRduasiueyyadass oa Al et al. (2018)
Iiinnmasesnzianaiadienylng Ajuga bracteosa luans MS saufuansarupmaaiRu A lunga
lalnlediy  Wednmansuszneumingi wudn  ileidessulnsfidadluemsianangnnsziuliiAnaauiien
uaziinisairsansiuednifindy  (fesanniewlnl phenyialanine ammonia lyase  (PAL) ﬁﬁwﬁwﬁmuqmma‘
'5\1Lmﬁmﬁlu@aﬂgﬂﬂizﬁﬂﬁ@uqﬁmﬁuﬁu anssnueayyadasyanlsziniine as iy Anetflunduafiusens
Lﬂumaﬂixﬂfauﬂixmwmfa?’ﬁu@ﬂm‘?ﬂ@’fﬂfmmizﬁvx‘imew’muﬁﬁ%éﬁmmxﬁ (mevalonate - pathway) ﬁﬁlaﬁﬂmmmﬁ
mandaingn (Georgiev et al., 2011) 59 Mahato (2000) I#eBunefnmuantfivasarsgn tiufiaansnazane |47l
fvnezantida wuannuBnnilusesitg Lm‘V@wﬂi”ﬂfauuiﬂmmwmusﬁ@u Tnanssznanfinanaundedudaud
AuantRIduan e uayadss ANNANIMARBIASidiaenAdaafunI BNy Olszowy and Dawidowicz
(2018) ﬁié’v‘fﬁmiﬂi:@uﬁ%miwm@ﬂuqméﬁuﬁzﬂﬂ%@%mz WU41 35 DPPH waz ABTS NAanumsnzanlun1smagey
iasanidluiafiazaon  maid Hannualusgy  uavldszazioanlunislinaeiliung Astlonldivatnaunsmane
uiREaU Mohan et al. (2011) lénmasesmzanaiieiie B. monnieri luans MS daaiu TDZ dadne
nseneiuuasnouiiaunisaiheansiueyyadass Imﬂmmimmmfaquﬁmiﬂum 813 ABATTAYEAE DPPH WL91
Lﬂmlfnummiﬂum Wity 71.17% sn\nﬂu”lﬂ'luwmmmmnmmmm@mm\m waz Ahmed et al. (2019) lAaBunadn

al

‘E]‘Vlﬁﬂ']‘im_l?_l\i DPPH Hanudusiugiuninnas TPC ilesann TPC iWunguansilszneufluedniidudaiingn fa siang
a13ABATY (free radical) 1e TPC Hffunnuingeau wlefidusnisdudsasiingeniuliduii

AgUNAaNSANEN
AMNNINARBNLITANENATI8941T TDZ slanisiasayiiuinuazanssinuayyagass lusunsuil wudd Fuitaiile
drudaasdunsufinliiiin TDZ mmwmumummﬂwmmqumﬂumiuﬂﬂmmﬂwuﬁ WAZ NIILFEN TDZ Audndy
0.4 mg/L luems MS ummsmmu‘lﬁmLL@wﬂimwﬁmwmmmimu@uu@ammamm wanzansanisi i e
tezlaminianisunne
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Phosphorus Availability in Soil and Sugarcane Growth by Phosphate Solubilizing Bacteria

aigus loaned’ wwasen Tula” uaznigwa Inanad’
Natnaree Wimat', Pechrada Pinjai' and Nattapol Jittamart'

UnAnta

miAsuiliiingUszasditeAnuazenislduniiGaazanaweamn K. radicincitans uaz B. subtilis $9iL
msldijainiuaziunaampsaaruidulsslamiaemaaveialudn  naEsyiuinuasnananaessenluaninls
insAnslutganwiunin A assudo wanisAnw g nslduuanFaazaransamnsoniuiiueanniinasie
nafa B nleanasaiidudsloalua Wantsld@esoni @ 'lalman) sudunislddunazndeuanasunn
W@@W@i‘“@ﬁLﬂuﬂiximiﬁuﬁuqq%m nsldide K. radicincitans mm@m'@mimmmmw'ﬂé‘”a’luﬁmqqﬁqm aaAARBTL
mi@]m”l%vxlamﬂa%mmﬁ”@ﬂwudﬂmﬂm%@ K. radicincitans dnaduasnnisgaldneanaialudes|fganazumnsng
ataiid AynwatAananfuatuanuazanfunsldiley Gy (46-0-0) wazilalwunadennaelss (0-0-60) nsld
wwefideazanaveamndauasieminand wiiliidanasianangs dusugugnaa wazauuldes nsldide
WULWRED B. subtilis sanfudiuneama waznislddenuusan 2 lelman vnlideefiiminansigelndiAueiuuas
upnANgaeNa gAY AN AWINTL 880 LAz 853 nFusaan mua1AL denalidasinandnyingy 12.48 uay 12.15
fusials  dvsunasersuesder  nudmslddeuuniideazananeanndanansarAnauedas
Tnelusiunisldsaniivis 2 lelnian sanfufiueamnni %CCS gaiigaie 14.55 %

AdA: wuanEaaraeneams dndouaeseanaialufu nsgaldeanasa

Abstract

This research was carried out in order to study the effects of the use of phosphate solubilizing bacteria
(K. radicincitans and B. subtilis) combined with chemical fertilizers and rock phosphate on the P availability in soil,
and the impact of phosphate solubilizing bacteria on the growth and yield of sugarcane under field conditions.
The study was conducted in soils of the Thap Phrik soil series, in Sa Kaeo province. The results showed that
the addition of bacterial isolate combined with rock phosphate resulted in the highest available P content.
The application of K. radicincitans produced the highest accumulation of total phosphorus content and phosphorus
uptake in sugarcane and these results were significantly different from the control and fertilizer applications of urea
(46-0-0) and potassium chloride (0-0-60). The addition of the bacteria promoted the growth of sugarcane as
measured by fresh cane weight but had no effect on height, cane diameter and no. of inter-nodes. The inoculation
with a single isolate of B. subtilis combined with rock phosphate and combined isolates without rock phosphate
resulted in the greatest cane weights of 880 g and 853 g, and led to sugarcane yields of 12.48 and 12.15 ton/rai,
respectively. The inoculation of phosphate solubilizing bacteria together with rock phosphate gave higher CCS of
14.55%

Keywords: phosphorus-solubilizing-bacteria, phosphorus fraction in soil, phosphorus uptake
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W@@W@é”mﬂuﬁmmmmﬁnﬁﬁmfnm”]ﬁayi@n’mﬂ?mLﬁu‘immmiﬁwuwm@”@ﬁ %aé’@ﬂﬁmmiﬁ’]ﬁMfﬂmWﬁa
wanensiusNszaznsRsyiLls  Tnasasnisuinludasszaznisuannanasenilaag MAIRNTANNFBINNS TR
weaneiaaziasasaunssiafunanan widrAnusesnisanesnaiasviasausisneanaiantdaaduduiu
s AL innsenszaznaAuiNTIRUNARAR  (ANAT YrYEed uazAnly, 2552) ﬁqﬁuW@mW@i‘”m’Luauﬁqmiﬁ
‘luﬂ?‘mmﬁLﬁm‘w@ﬁi@m?@miﬁmmﬁ@ﬂhimxﬁm ’l me'afﬂugﬂﬁLﬂuﬂizimﬁﬁuﬁm wndanlifussmeanada
TifeaneasinanensssyAulnuasiananaesdenld  dedenianarearesaaiulsaldie waszundy  Tndn
U&esdu nsusnmnieanas lufidains vevluuke nWislﬁ'ﬂﬂw'mw'aé‘“@lugﬂﬂﬁﬁuﬂwLﬁmﬂrgmmiﬁ’]ﬂﬁﬁ?mﬁu uslumn
ﬁﬁlﬁﬂ/\l@@ﬂ@%@ﬁLﬂuﬂa‘ﬂmmﬂﬁﬂﬂﬂ@@ﬂugﬂﬁmmmﬁﬂﬁ’fﬂ’mﬁu denalinaanesaliasnsnazaaaanuiiiy
seTamildiunala (Syers et al., 2008) Imﬂﬁﬁ“&mﬁlLﬁmﬁuﬁfa:ﬁuﬂfgﬁmﬁmLmﬂ?mm"umi@@@uﬂixagufmLm:
leeeulszqaniluils fetlui uazan@uluiu (Bache, 1964) atnelsimumeanesalusitliazaamaniianansn
azaneananidullsslanlldlasenduRansruaesgduridiu Suawidazaheaiingmiunanllazareaaness
sulithiazane Iazaeeenundullssloniudis fetadu nsazaneiurideamnlauueiifoazaenagin
ﬂ@zam“ﬁquqﬁﬁmLmﬂiﬁmmﬂmﬂﬂ%ﬁwm anunsnazaanedmmlalaanisudn Citric acid war Oxalic acid
(Sadia etal., 2002) nalnlunsazanenaawn mﬁuﬁmﬁmm'ﬁuﬁﬂ’mmLﬂ’u%’u meﬁmﬂumnmﬁﬁﬁuﬁﬂ’uzﬁ@@ﬂm
Foatisqauvsdazaneweamn Wy wuanFuluana  Pseudomonas,  Azospirillum,  Burkholderia, Bacillus,
Enterobacter, Rhizobium, Erwinia, Serratia, Alcaligenes, Arthrobacter, Acinetobacter, Flavobacterium (Kloepper
et al. 1988) aglafimuuLANBaazaanadinm (phosphate solubilizing bacteria, PSB) muummﬂuanammﬂ
W@@WfamﬂuLﬂuﬂiwimu"’luﬂﬂmﬂwLﬂuﬂiyimu"muu u@nmmmrﬂmiﬂmmu@mﬂquwumminnw-n‘l,ummmsnu
‘V\IMLW@LW@MWMwmsaqmﬂmLWﬁliﬂ’LmﬂixImu"lmMﬂLLm (Sperberg, 1985) fuiflunstaaannisgrydaviaanasa
aannsrssluRuldansae ﬁ“\iﬁl,mmﬁGﬂ@xmmw'amLwmﬁﬂ@”Lﬂiuﬂ'wm:mmxl@@ﬂ@%m‘llmamﬂ"ﬂﬂﬂimﬁmmiﬁﬁqwﬁﬂuﬂm
yafilunseBuriduaznanaiiurie (llmer and  Schinree, 1992) TNIABUVTEUAZNINE TR Wi
m\mﬂﬂmmmﬂummmvmumumﬂLﬂ@ﬂuﬂivwmmvmummLmu (chelation) mm‘luWﬂmemqﬂm?ﬂuﬁu
azanseanuilulsslamideite (Sharma et al., 2013) aziuldduueiiFuazaenagiinaiunsadoeiinaady
dsrlomirassrnamsuassidenanvdonsanisasnlnuesie fataiii Sundara et al. (2002) 9$1EMUHA
vpauuARFuazanaeamn (Bacillus megaterium var. Phosphat/cum) sanisasnyivinuasaas lunlassaniu
ﬂﬂW’ﬂZ\iWﬂﬁ‘@ single super phosphate (SSP) Lmvuuw'ammlm ‘wm’]mﬂmmmqmuﬂﬂWmW@m wﬂu@@ﬂm’mmm@
T danasiasuausn tmingn uazuanAngeniisiy 12.6% aenndesiuenidees lnssnil iaaeeu HazANL
(2555) qumﬂdmemimvmwlﬂmvxlm B. aryabhattai UT-KKU-26 $aniuiiuneasindanasaninugs vwengn
mLL@yu’mummwmfafamwmu GGG Sadiq et al. (2013) FVENUINLLANITE Enterobacter aerogenes LAy
Citrobacter  freundii LﬂuLLuﬂmiﬂwuﬂimmquqmwLLmﬁGmﬁmﬁlu 1 lunsdaaunisiasoianinvesdes
Tmﬁwudﬁmﬂm%@mﬂLﬁumm??tyLﬁuimmé’@ﬂ@andﬁﬁi’ﬁumqur@mmqﬁﬁﬂz@ﬁﬁm daaliipnnngs  a1uauly
AIINENITIN Lmzﬁwﬁﬂuﬁwmﬁ@ﬂLﬁuqqﬁu uenaNG Yadav et al. (2016) éFnmmaresnislduuaiideazans
WMW\Imrfifamm?ryLﬁu‘lﬁmm@”@ﬂﬁﬂg}néquﬁ’umiﬂ@nﬂﬁl’q wunslduuaiizeazaraneandns 6 Alanduseuiansng
danalianuiunies  auiuldes LL@zm@t@mmé’ﬂﬂzgjmdw?ﬁumwmmmaﬂdL%@%ﬂcvﬁ”m WAZANNIUASELDY
smananl nesthuuia (2559) Adneuazesmsldunpiiduazareweain K. radicincitans waz B. subtilis #ens
wanyiLinrasdas luaniwnsznng nanImAaeINLIINsld e tReauazdasansanTUNsldfiunednanansaLia
Aiulselomnaanaanefalunulagendndnsumounu wazAnsuRlddefincetnaien weananiifvdandain
nslaseyiiLinaesdas ANueeIAINNgs hwiinans U ArmEnaldes paaEaEn el uAugnaean was
nageldaareareiarasdeniindugeninesdaidtdndgmieain Al dfesiaunseseanmeaen
Tuanwlsiteimundutlsfanmsell FufunsdnmifiedingussasiienmageunatesuuniiGaazaeveas
K. radicincitans uaz B. subtilis senisazaravadaniaeoiulnuaznandnuastasluaninls yaiifite
math g s lamdaeaaenfauazdeiu
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wuAfiduazateveawn (PSB) MldAnmnawau 2 lalman ldui Kosakonia radicincitans (accession
no. KR558720.1) uaz Bacillus subtills (accession no. KT265078.1) Hiunianmadauinasinslisziudunas
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Autinensiann (@nmnsal nesuuie, 2559) wiReadeuLafiduazaaveswalueaman NB Eunns
250 wa. Unfigruvnil 30°C w 48 7. tewinlaeneidaluamnsivas Nutrient Broth (NB) 3,000 mi ieisiesas
Tﬁﬁﬂ?mmfﬁuﬁﬂrﬁf‘”mm%uﬁ’mmqﬁ@m 10° CFU/mI snsnausinnmsgutlediannazaneweamlneeenssdainisinsms
(weigen Tuwla, 2560)
msuannsaduvEtrasnuATiGaazaanasWaildlumsnen

naaeuTianaziinnmensaduitTnanlnauuefiduazanewaamaildlunsine Weuludeyadwiy
Ustifugtlresrlaaneiafianunsoazaeldluiu  TnshsadEnduresiuniGoazarenaams fidasluens NB
%'qﬂi*’ummmﬂummma@‘wﬂﬁﬁﬂ (0D, = 1.0) @mmm:mmﬁm@‘éuﬁuﬂ?mm 114, fneldeusimvas NB Usunng
100 14. ﬁua@qiu Erlenmeyer flask 7410 250 118, LefiAananda 180 sevsiewn UugugH 30°C WU 24 TN i
W lTuwAesfinnuis 13000 xg Whaaan 15 wiit WudalaRldannnswiasihlifinmsinsnawiteddasieios
HPLC (Lopez and Gomez, 1996) Tneid AT NI A ALYRE T DN TUAUAS LA WA KA A DTS (IFRPD)
NNINEAUNEATANART INLUIALIUY
NFINURUNITNARD

AneuarainslduuafiGaazananeamnsenisanudulsslaniamaanaialuiu  wazniaasduln
299808 TIARUINNTN (Tpk) tu Aruaielan 8. dmuIuAT A. a9euiia Win 13°42'07.3'N uay 102°12'57.2'E Tag/ld
fafaﬂwuﬁm@mmu 3 MNLNUNIINAARNLLL Randomized Complete Block Design (RCBD) AU 8 ANTLNIINARDY
3 i sznausiag 1) mi'umi‘wmmwiﬂmLfﬂfaLL@"VLuslmﬂWﬂmum (TAAILAN) 2) mmwmmﬂ@ﬂﬂmm 46-0-0 (N)
uazilaTunadesnanlas 0-0-60 (K) 3) sfunemanasiildide K. radicincitans 4) ummaaesiildide B. subtilis
5) FnfunnmaaesTildide K. radicincitans 39Ny B. subtilis 6) FnFunsmaaesiildide K. radicincitans 3aufunislg
Funaam 7) Fnfunsmaaesiildide B. subtiis Saurunsldfiunaais 8) FnFunsmaaesiildide K. radicincitans
U B. subtilis Saufumsldfiuneams Tnasnsunmaaasii 3-8 ladus FouaziainunadaupaelssEaudan Sanu
FeasPuBnnseunndenvalgn 10-15 Su @anuansidadaiareulqn) TnsRewilugam 520 dnssiels uaz
AnniuludnspeaiundidesagAIl 1 1hew AINIENNIT8 AR9NTRd nestuufa (2559)

Anmeiauiimaeilresdutaulgn & Table 1 woideAuilufumiendsn SUffmauidunsadnies
(pH=6.40) FsnnuBuvisedAnesluszAulunas (2.44%) Bnadlulnsaus (0.12%) Usununeanesanidu
UsrlemiluseAuge (23.1 mglkg) meﬁﬂ?‘mmiwmeL%mﬁ;Lﬂuﬂix‘imﬂ@ﬁui:ﬁuqamn (487 mg/kg) ANt
ﬁﬁﬂﬁmg@?mmzﬁﬁﬂwﬁmmnwﬂgnﬁmL‘W'ﬂmmmmﬁmmﬁ%mxﬁﬁﬂﬂﬁw Tlsunsn DASSAT uay PDSS (181947
01NN wazAnuz, 2557) tdnsAuuziiily Tnesinsumemmaesd 2-8 ldijay Fauasilanunaidaunaelas Tneld
{lugFe (46-0-0) udman 1.74 Alandusiels leTnunaduunaselssd (0-0-60) Tudmsn 10.00 Alanfusials wazsnsy
nInaasd 6-8 ldniuvlaams (0-3-0) dmsn 40.5 Alansusials nsldile flegGawivla 3 pss wiauilgn Lf]@'é”@ﬂmq
50-60 1 LL@xLﬁafﬂ”ﬂﬂmﬂ 90 §u dwsuijeTnunadannaalss uasiiunasmnldniauilgn anaifulasteeiauna
7.5 x 6 m3.4. Ugndes 5 una UMt 3 wnana srarilgnasndiauns 1.5 W, sravvingszudnaulactes 2 .
Anwufiufisonang 30.5 x 87.5 ms.al. vive 1.66 15 Ugndeaiiluszazionn 8 e

Table 1 The soil chemical properties before sugarcane plantation.

Soil series pH (1:1) OM Total N Avai. P AvaiK Al-P Fe-P Ca-P

(%) (mg/kg) (------- P fraction (%) ---—--- )
Tpk 6.40 2.44 0.12 23.1 487 1 34.08 5252 13.41
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wilasnasnefululAasasuImeaes  edesianimnnand  teun  Weanesandudsylamilufn  (available
phosphorus) AN38389 Murphy and Riley (1962) dadauzesnaanesalusy dsenausae Al-P, Fe-P uaz Ca-P
1335989 Kovar and Pierzynski (2009) uazguifitifaatnehuidnnsausndasduiliinsziiqauraelumu i
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Anmziiunnmeanesaseds Vanado-molybdate yellow color (Bray and Kurtz,1945)
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11A8a19 1L 0.85% NaCl lweuasiaialdldansaraie AuAnnZNeu 1178 A8 ALANULLNARA NN TLALNNTIABAN
107107 idsazaeAunlAtiname 0.1 RARANT NALNUUANUENTRETaRNTY IAATAlLAN UKL ATISE
K. radicincitans Wway B. subtilis UuBMNT NBRIP #iinadinastfjisuzaaeusnililaea (Chloramphenicol)
paNididU 20 ugll uazniieldngomni 35°C Wunaunu 7 Ju nasanntiudannansnirialaliuvaztsng laulan
a X = & L = o = ' & = = v v a =
nnu Inelalatizeads K. radicincitans HanmnuzIalatifiglsenan awiadn aeuieylifisesingi deeslalatii
a A ‘ & ~ e e pRp \ ) | Al P p P !
Awdesldswuandntes luanuen B. subtilis anenzlalatiglinanan awalng) sevliFay dreddalatidudanagu
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NISIASIZUNNA DA

A iANL9UTUN 94D R (Analysis of Varlance) L‘Wfa‘mm F- test‘Wi’am‘w\‘iLﬂ?‘%‘_l‘]_lmf-‘_l‘i_lmw\umﬂmwm

Aaaslneld DMRT (Duncan’s Multiple Range Tests) Tszsumanuidesiu 95% 1wl

NANNSANHILAZIANTO]

NFHARNTARUNISURILLANLTERA e eI WA

AN TALAZL BN nRIN IR TINA AL AT Baasaaweslni 19 lunnsfinen (K. radicincitans
WAT B. subtilis) WULLAT BerieaessnunsnnaansaawReldTinday Inandnninawidldvens 5 ia Ae
nsnuedAn nsa@An nsauAnAn naNNAN waznsANIIMIN uAlianansandansagalainld Weiluuaiidei 2 1
AnansnRARNIAAuYRL daTaR AT BN ausn e 64 Table 2 naN9Ae K. radicincitans §NIONAANIALOTAN
VLﬁ’mnﬁzgm P9AINIAR NIATAN WASNIALANAN WAL 211.0, 201.5 waz 171.5 mg/l PNAAL MU B. subtilis
mmmmﬁmnmLL@%ﬁﬂlﬁum?{zﬁmmﬁuﬁmﬁu PAIAINNAD NIANTAN UATNIAMITNIIN WAL 260.5, 200.5 uay
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Table 2 Type of organic acids produced by phosphate solubilizing bacteria.

PSB Organic acid (mg/l)
isolates Acetic Citric Lactic Malic Tartaric Gluconic
K. radicincitans 211.0 2015 171.5 150.0 140.0 -

B. subtilis 260.5 154.0 159.0 200.5 170.0 -
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NSHARNIABUYEERNY 7 vesqauizdazaeveammiuindunalnudnlunisnisazanevlaaneiaesqaumse
wazs g danunsndasazataneanesangnassufuluglsing o 18 wu AP, Fe-P, Ca-P ilusiu Tnenanguvisel
d4 L Y e aaa - o mmm A e . .
MnaseannuaznliiAanszuaunisuaniaautlszquisedjisanAadis (chelation) AuiusinUszquan wazyinld
Uantasanagmangnasaazaiaaanunlugtiidulselomisadals (Poonguzhali et al., 2008; Khan et al., 2009)
atiglefimu unnnsazansresmpazunnssiuvauetiurinresqawisd Sanuaeaadan wan azgiinluiu

o dP [ 1 a a ¢ 1 a} % a;d I a a o a A A 1 5 aa

wardlivag iunguaensedurisel  (nguiilsznausian -COOH et/ lunsnduvisenatiniiseisendinsaansuandan)
DaauviseanTy delunguaes tri-carboxylic Hise@nsnwunnnannsaduvizelungu di-carboxylic WAYNENIa
monocarboxylic acid ANNANAL (Ryan et al., 2001; Adeleke et al., 2018) AINN1IMAAENUAY Saeid et al. (2018)
IAnwsz@nsnmnisazaneneamnuesuunfiGuana Bacilus 3 @eWug (B. megaterium B. cereus WAZ
B. subtilis) N Tuuvasaamansteiu laun nszgnliua (poultry bones) @ikin (ash) fAatanua (fish bones) waz
iuneam (phosphate rock) uazWLAIMA 3 AneiugaNsaLARNIA lRataReNRY 5 18a Ae nsanglAtin nsALANEN
nanuedAn nendn@tin uaznaatnailatin uuANBuLAANIALANRNUATNIALRTRN I gengnluwnunaeeasaInagey
WemANdNRusIsrI A duesFinunsaiaruaLaz B e ane Sanazaneeanu WL B, megaterium
Minluielatun (fish bones) aunsaazaanaawedalugll PO, sanunldgaigawindu 483.5 Naaniusedns
duuansliiuiuuafze uanameaiugunsonaansaduisd o fanniuansaiy. uazilacuaiunsnazans
WaanafaaNUIAINLANFNSTUAE
uavaLuAnsaazaanadinnradndiunaanasanazautlulsclasirasnaanasalunu

Psnuneanafandulsylomnllufuiiadeseny 4, 6 uar 8 hau AU uAndwiwluLsazan U
NN9INARAY m@’L@'ﬁ@ummﬂdﬁuW@@wxlméfmﬁwmr:mm’@mmzmaﬂ@@L‘V\Imluamﬁ@ﬁ@ﬂmq 4 WA 6 LARL (Table 3)

| o a A A o o A & o a

anaenudnBunneanefanidudsclanilumneun 4 srfunimeaasninislddasauiunislddunaame
a o A - | o o Ay g aa o o P A
Hleanesanidulsylumigandnmiunimeaassildldiiudeann  wazsniunimeassilildidiastnaliodAnyds
NealA lnamnfuinisldi@iasan K. radicincitans + B. subtilis sanfunnsladiunaams Ji5uunaanasaiiy
Uselomigangawiniu 60.4 mg/kg sevasunpa srdunsldimainen K. radicincitans saniusiuvaams uazansy
nslddelAen B. subtilis SanAuRAunagwm Winiu 56.0 AL 46.8 mg/kg AMNANFL

Table 3 Effects of phosphate solubilizing bacteria on available phosphorous in soil.

Soil available P (mg/kg)

Treatment
4 months 6 months 8 months

T1 Control 32.9¢ 25.3d 59.1
T2NK 32.5¢c 26.4d 65.9
T3 K. radicincitans 15.5d 42.9b 46.2
T4 B. subtilis 16.5d 33.6c 44.3
T5 K. radicincitans + B. subtilis 28.1c 42.2b 68.2
T6 K. radicincitans + RP 56.0a 57.8a 82.2
T7 B. subtilis + RP 46.8b 44.5b 81.0
T8 K. radicincitans + B. subtilis + RP 60.4a 63.4a 99.1
F-test * ** ns
CV (%) 14.38 7.46 19.91

Mean in the same column of each treatments by common letter are not significantly different at 5% level by DMRT;
** = significant at 1%; ns = non-significant.

naidluimeun 6 fapsnudisfunimaaasiladiunaamniBununeanafandulsylamigandsnsunlild
iunaan nanisladiesan K. radicincitans + B. subtilis $anfiudiuneams dsnasiesuineaneiandudlsylam]
qanga  gandimdunisldideiiesetnapeauasniumuanatltEdAnyneatia Wiy 63.4 mgkg  UavH

a q
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sz@nBn a9 Pseudomonas fluorescens flannsazanaeiiuviseaamn wuluAiFaaaazaaneans g
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Figure 1 Percentage of fractionation phosphorus in Tpk soil series.
T1 Control, T2 N K, T3 K. radicincitans, T4 B. subtilis, T5 K. radicincitans + B. subtilis,
T6 K. radicincitans + RP, T7 B. subtilis + RP, T8 K. radicincitans + B. subtilis + RP.
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Table 4 Effects of phosphorus solubilizing bacteria on total P accumulation and P uptake (leaves and stalk) of

sugarcane for 8 months.

Total P in plant (mg/kg) P uptake (mg/plant)
Treatment

Leaves Stalk Total Leaves Stalk Total
T1 Control 248c 196¢cd 444c 82d 322d 404d
T2NK 254c 187d 441c 1770 470cd 647c
T3 K. radicincitans 455a 280a 735a 229a 670ab 899a
T4 B. subtilis 328b 219bcd  548b 271a 511bc 782abc
T5 K. radicincitans + B. subtilis 303bc 248ab 551b 171bc 635abc 806ab
T6 K. radicincitans + RP 249c 276a 526b 123cd 703a 826a
T7 B. subtilis + RP 280bc 227bc 508b 151bc 598abc 749abc
T8 K. radicincitans + B. subtilis + RP 284bc 221bcd  505b 137bc 518bc 655bc
F-test . . ok * ok .
CV (%) 11.12 9.04 5.04 16.6 16.9 1.5

Mean in the same column of each treatments by common letter are not significantly different at 5% level by DMRT;
** = significant at 1%; * = significant at 5% level.
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fonriuiuneannil %CCS gangana 14.6% wazlumavaziivlddnislduuanFaazaranaamndinasionanumnu
we9daefgandnsnFunauaNuazsnfunEnsldile endunisldide 8. subtiis saniuiiunes s

Table 5 Effect of phosphate solubilizing bacteria on height, stalk weight, stalk diameter, no. of internode, yields
(ton/rai) and %CCS.

Height Stalk Stalk No. of Yield %
weight  Diameter  internode  (ton/rai) CCS
Treatment (em) (9) (mm)
4 6 8
o months -------- )
T1 Control 91.4b 106.2c 1535 547b 26.3 14.3 11.0 124
T2NK 105.9ab 137.5ab 161.6 833a 26.8 15.8 13.2 124
T3 K. radicincitans 107.0a 150.2ab  160.8 793a 26.9 14.0 11.8 13.6
T4 B. subtilis 105.9ab 140.2ab  153.8 773a 25.9 14.7 10.4 13.2
T5 K. radicincitans + 110.0ab 155.0ab  164.5 853a 271 13.8 12.5 12.6
B. subtilis
T6 K. radlicincitans + RP 112.4a 153.0ab  162.0 840a 26.6 13.6 12.6 12.9
T7 B. subtilis + RP 112.3a 155.9a  164.6 880a 26.7 14.7 12.2 114
T8 K. radicincitans + 106.0ab 157.0a 161.6 780a 26.6 14.3 11.5 14.6
B. subtilis + RP
F-test * * ns * ns ns ns ns
CV (%) 9.91 7.33 6.96 15.3 3.34 8.94 20.9 9.4

Mean in the same column of each treatments by common letter are not significantly different at 5% level by DMRT;
* = significant at 5% level; ns = non-significant.
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Figure 2 Number of phosphate solubilizing bacteria in soil (4 and 6 months).

T1 Control, T2 N K, T3 K. radicincitans, T4 B. subtilis, T5 K. radicincitans + B. subtilis,

T6 K. radicincitans + RP, T7 B. subtilis + RP, T8 K. radicincitans + B. subtilis + RP.
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Isolation and Identification of Beneficial Bacteria Degrading Cypermethrin

in Agricultural Soil
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Abstract

Two of four isolates of beneficial bacteria were screened for their ability to degrade residues of the
pyrethroid insecticide cypermethrin that was contaminating soil. The research was of a completely randomized
design. The bacterial isolates of SP-TU-C and SP-TU-D were found to be able to grow well on cypermethrin
contaminated media and formed colonies of diameter sizes 2.65 and 2.15 cm, respectively. Furthermore, it was
found that isolates SP-TU-C and SP-TU-D were able to effectively degrade permethrin residues in simulated soil.
They were able to reduce chemical residues in the soils to safe levels within 7 days of testing when compared to
controls. The isolates SP-TU-C and SP-TU-D were classified by testing of their morphological, physiological, and
biochemical characteristics, and they were found to be similar to Pseudomonas fluorescens and Paenibacillus

popilliae, respectively.

Keywords: chemical residues, pyrethroid, beneficial bacteria
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Figure 1 Characteristic bacterial colonies of isolate SP-TU-C (A) and SP-TU-D (B) on NGA incubated at room

temperature with 24 hours.
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Figure 2 Efficacy of beneficial bacteria isolate SP-TU-C degraded chemical residues with poisoning medium test (A).
Efficacy of beneficial bacteria to degrade of organophosphate chemical residues in soil by GT test kit (B):
B1) decision marker, B2) control marker, B3) control treatment (sterilize water), B4) SP-TU-C, and B5) SP-TU-D.

Table 1 The biochemical characteristics test of beneficial strains SP-TU-C and SP-TU-D".

Characteristics Beneficial strains Compared strains
SP-TU-C SP-TU-D P. fluorescens P. popilliae

Starch hydrolysis + - + -
Catalase production + - + _
Oxygen relationship + + + +
Citrate utilization + - + -
Gelatin hydrolysis + - + -
Urease test - - - -
Indole test - - - +
Levan formation - - - -
Nitrate reduction + + + +
Salt tolerance

5% + - + -
7% + - + -

u . . .
+ = positive, - = negative reaction.
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Efficacy of Endophytic Bacteria on Growth Inhibition of Important Plant Pathogenic Fungi
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mLLuﬂma‘m@u‘im”l.wmmwuﬁwLLﬂﬂ"mev«nﬂu meamﬂ (SURW02, SURWO1 uaz LbRWO3) LL@yﬂ’]EIWHﬁVlLL‘FJﬂVLm@’m‘H’]Q
(Su28217, SuR317, BaS417 war BaR917) mLﬂﬂmwmm’m’]mmmummea Fusarium sp. WA Pyricularia sp.
anvglsaiTnAnANNITInTen  saNteAuaNtF lwnsAsdsEAnnimiuqauraeljindudiniaivinedy
nau  uazhlineadeupudlulfinfifududainanedess  eadeavnlseiaiial Ao Furarum
oxysporum, Co//etotr/chum capS/C/ Pyth/um sp. WAL Pyriculraria sp. m@mamm@mm’mni@‘l}ﬁ angaliiinsen LL@V
mmmmﬂummimmmmmfammmm‘hm@u 7 18 i lelman LORWO3, SURWOT uaz SURWO2 fanunsnduds
F. oxysporum., Pyricularia sp. Waz C. capsici 1An1nndn 50% "lwnmmifa‘l}mmmLmﬂimmmummmmm‘lumi
ﬁuﬂz\u%@mLwﬂmﬁml,l,uuﬁi”]w:mmq e SuR317 Titlsy@vanwlunisdudh Pyricularia sp., C. capsici,
Pythium Wag F. oxysporum AN LT ARl nEY 165 rRNA teduuATiGeienlnlndlalnan Baro17 uay
SuURW02 Tiilannaannsalunsdudadesglsadnauazuzdemaniudisy namsAnswudwuaiiEed 2 9iie
Ae Bacillus sp. WAL Sphingobacterium sp. ANNANAL

AdAty: NsaruANTsalaL@aig, endophytic bacteria, Fusarium, Pyricularia, Pythium, Colletotrichum

Abstract

Endophytic bacteria are one type of microorganism that can be used to effectively control plant-pathogenic
fungi. However, the use of these microorganisms in plant production improvement is still limited because of
problems with levels of efficacy and maintenance or stability of efficacy. In order to study efficacy, experiments were
conducted to test the viability of endophytic bacteria isolated from tomato (SURW02, SURWO01 and LbRWO03) and
rice (Su2S217, SuR317, BaS417 and BaR917), isolates which were previously reported to be able to control
Fusarium sp. and Pyricularia sp. We also studied the ability of the bacterial isolates to maintain their efficiency as
antagonist microorganisms after long-time storage. Included was a dual culture test with other plant pathogenic
microorganisms, performed in order to observe additional antagonistic activity. The results showed that all isolates
survived, and some isolates were able to inhibit the growth of other fungal pathogens. The isolates LbRWO03,
SURWO1 and SURWO2 isolated from tomato not only showed the ability to inhibit Fusarium oxysporum sp. growth;
they also were able to inhibit Pyricularia sp. and C. capsici. With regard to rice endophytic bacteria, it was found
that some isolates had inhibitory effects on specific hosts; however, SUR317 was able to inhibit C. capsici,
F. oxysporum and Pythium sp. Two isolates, BaR917 and SuRWO02, were selected for 16s rRNA gene sequence

studies. The results indicated that the isolates belonged to Bacillus and Sphingobacterium, respectively.

Keywords: biological control, endophytic bacteria, Fusarium, Pyricularia, Pythium, Colletotrichum
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Lmviﬂismwmmn”lmmnu AN A (Prasom et al., 2017) svmssedendufuinElunALTasaa 10% Ngnmni -4°C
Terinnssaiotuens  NA Ngnumnives mﬂuu‘mwmmi”mummmmmmmLm”ﬂﬂmammvmmmmm‘wm
wWeuauiusmasunaumin
manasaulsrandmwrasuuafiGaeulalifmanugidalunsauaudamaalsaredsiasniason

wmmfauﬁmeWﬁﬁﬂLgmL%@équ (Changmuang et al., 2017) fusuuneiBeeulnidaaiinnsseauin
mmmmmmmmmm‘i@mmq’lmmmuqumm'um Fusarium oxysporum, Pyth/um sp. WAz Colletotrichum capsici
Tunue miﬂTmL@wmLﬂﬂmwmummmmmumuLm@mmmTiMuwm‘amﬂMmmmmwmmmuLm@ Pyricularia  sp.,
Pythium sp. uaz C. capsici V1R TnednIL L9 TRV TAENITETAA09INe 2.5 [TUAMAT ANNtYNnNg
wmm‘llm‘i@umwml,l,umwLiﬂ"l,fa‘l}snL@vmmmmmmmuumummmmm@ PDPA (Potato Dextrose Peptone Agar)
mwmummmfammm‘lﬁmuil,f.;mmﬂmwmmummmmlfﬁfa ImammmmuLﬂumufmmmmmfal,ﬂml,mvmummi
L@?;I\‘iL‘ﬁ@WNLmﬂmWLMMLWHQ@E’NLMEI'.J IMUHUNINARBIULL CRD ¥AMIMAARIAY 4 91 uwammummqmmm
AHULLIs9U (ANOVA) LASALATZANLUANAN9ANIRAEA2EA DMRT (Duncan's Multiple Range Test) iegugiy
ﬂizam%mwiumsﬁu&qL%@mmmaimﬁﬂﬁﬁzﬁ’ﬁﬁm
ngssuaERug lalandIAty (BaR917 waz SURW02) AaetnATiANINanE3nNen

afimeAluiinAl@we (Genomic DNA) 284 2 ”Lfa‘l}nL@wmﬂmmﬂivmmﬁmwummmmmmmun@wm
(Changmuang et al., 2017; Prasom et al., 2017) mmﬁmwmmﬂmmmﬂ Wilson (modified Wilson, 1990) mu
Lﬁummﬂ,mﬂﬁ Bemiaasluams NB wiy 24 $alua & mﬂmwummmwmmmifa‘u 13,000 sausau# el 2 i
@Wﬂuumu TE buffer ‘Jﬁmm 567 pl, TE 10% SDS 3 pl ag protinase K 20 mg/ml 3 pl N@ﬂmmﬁﬂmmwmiﬂumw 37°C
e 1 92lue ndsantiudis 5M Nacl 100 pl wanlFid L museRnansazate CTAB/NaCI 80 pl (azane 4.1 g
NaCl uaz 10 g CTAB Tinduilsainga 8o mi) waslsidni g 65°C Wunan 10 Wi v&saniagsa
LAN chloroform/isoamy! alcohol fitBums equal volume thuseadliagn 5 107 [eedadnedouladuuamaes il
LAix equal volume 284 phenol/chloroform/isoamyl alcohol waztusAgaTuga 5 17 dednilanmaenlmianaiouay
LA 0.6 vol isopropanol amiuusAesEnasufannnznew DNA sinn1sdansnausananaiag 70% ethanol 1 A% Lae
ﬁﬂﬁuﬁﬁmﬁu i1 DNA 7l ltifanFanmnuilusiums 16s rRNA daeinaiia polymerase chain reaction (13 lwalj3en
mu 10x Taq buffer 2 ul, 256 mM MgCl, 1 ul, dNTPs (2.5 mM each) 0.2 forward LL&, reverse primer (5 uM) asi9ay
0.5 ul, Taq DNA polymerase 0.2 ul (5 U), DNA template (10 ng) 5 ul LL@vu’m@ummﬁmﬂ 10.6 ul iqum\mm 20 pl)
A primer 714 Aa 27F WAz 1492R (Aslam et al., 2013) (e ifisn B ouARAnIRTaN TR uLsEY 165 rRNA fdnaz



496 INTANTINHATNIZAANLNAN 2563 : 38 (4) : 494 - 503

|uNs=191nNs Ae: initial denaturation A 94°C 1IaN 5 117 denaturation A 94°C 1hunan 30 3unTi annealing # 55°C
Do 30 Aunfl extension 71 72°C 1luiaan 1wl waz final extension 7 72°C ifluiaan 5 17t ¥viawan 35 sautlfen
ARSI dh lUnmaaausunadaemafin gel electrophoresis #at 0.5% agarose gel Uaz@dFating
TAwmanzianay nu 13 Bionics mﬂﬁuuﬁﬂuLﬁﬂudwﬁuﬁqﬂm@%m”lugﬁwﬁ’@g@ EzBioCloud a5 19UNUnRATmuINNG
pnaililsunan Mega X (Neighbor-joining method, NJ) TaefiAn bootstrap‘?; 1000 replication

= = 4
NANISANHILAZIATO
namMsAnEANNITInsanrasuuAfiGaaula lWsaawugiha
a1nn13 subculture wuARFeawla lWs lalaian LbRWO3, SurWwo1, Surwo2, Su2S217, BaR917, BaS417 uax
SuR317 Alatfiuinenluanms NB naniunaases 10% nenmni -4°C Wiseazinan 2 T Aeusll 2016-2018 wudn
ynleloandad@iney uazdnaasoiuladulng @nmmmmwumviﬁmﬂé’lmﬂmﬂmemmmmmnmmm
(Table 1) #0AAR@ATUINENUIAY Feltham et al. (1978) wmmimmnmwmLLuﬂ‘mmuwmﬂwuﬁmmm bead LAY
naaseanguu)i -76°C uszazinan 14 ey ‘wu'jqLemamemLaémnmmm:mmmﬁummmm@mmqwmummn
° . & V= =
ihwsiede Inglifian1nzle o wasuulasl

Table 1 Survival of endophytic bacteria after a long-time storage.

Colony characteristic

Isolate Viability™ Cell shape
Color Shape Margin Surface
LbRW03 + White Circular Entire Smooth Bacilli
SURWO1 + White Circular Entire Mucoid Bacilli
SURW02 + White Circular Entire Mucoid Bacilli
Su2S217 + White Circular Entire Mucoid Bacilli
BaR917 + White Circular Undulate Smooth Bacilli
BaS417 + White Circular Entire Mucoid Bacilli
SuR317 + White Circular Entire Smooth Bacilli

* + indicated the growth of bacterial colony on NA media; — indicated no growth of bacterial colony on NA media.

namsnasaullszAnanmwaasiuafiGaeulniisseruginslumsauaudansvalsadiedsiasaiasan

lerinletniamiavaa Ae LbRWO3, SURWO1, SURWO2, Su2S217, BaR917, BaS417 uas Sur317 lunagdey
fuda Pythium sp. Wudﬁmmmﬁu&\mmﬂ?aﬂmL%ﬂmmavlﬁﬁ 0.00, 0.00, 0.00, 46.11, 0.00, 38.89 Az 0.00%
ANNANAL (Figure 1) lalsian Su2S217, BaR917, BaS417 way SuR317 m’m’]mﬁué’dﬂﬂilﬂ?mmm F. oxysporum i
47.63, 0.70, 2.45 uaz 0.00% m1NaAL (Figure 2) e lalaaniamaneageuiu C. capsici WUINLLATFE
L@uT,m"LWm‘rmma\mfué’fqmm??mirﬁ’fﬁ 66.60, 65.13, 68.70, 65.97, 65.97, 69.75 WAz 23.32% mINa1AU (Figure 3)
yenanntiu ietiletian LoRWO3, SURWOT uae SuRWO2 i nadeviuie P. oryzae anansadfugadeldi 59.46, 63.29
UaY 63.67% MNAIAL (F|gure 4) ‘llmﬂ"l.@‘ﬂeﬁL@vmuﬂimwﬁmwmnmmslumiﬂum Pythium sp WAL F. oxysporum
AB Su2S217 zﬁqu”L@'IﬁnL@wmuﬂm@ C. capsici Waz P. oryzae Vl,ﬂm‘w@ﬂﬁ‘ﬂ SURWO1 Laz SURWO2 ANuansL (Table 2)
Tngaziinldinlelnaninenldanniedemauazdnn anunsadudsde Pyricularia sp. awnlsnda uay C. capsici
mmm‘lﬁmLL@umeImVmermfn 50% (anidu SUR317 Alsianmnsndudta C. capsici 18) ninldanansaguda Pythium sp.
Tdae uenantiy ﬂ@ﬂl@‘l}m@mmmnimmmm (Su2S217, BaR917, BaS417 uay SuR317) Alalanansaduds
F. oxysporum ot (Table 3)

andeyadandn  andiuldinluondlalnanliannsndudinnasoaedalaideanmnld  wmauaivnlsy
AouuafiGeliisnansadudslsald  iedudeldlusedutunansanunsaialdanmanensdl  §19Baannmeeaes
Rosenblueth and Martinez-Romero (2006) wudﬁmimmuﬂwmﬁﬁﬁﬁi@LL‘umﬁL’?ﬂLﬂuimvlvxlmr&uﬁm@fﬂmmwﬁ
wnzan  duifetuediualulndaeia  unemeiugRmiuaanse s lninnnenszfumsasyeesdeld
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1= = & 1 = v = 1 a Al o r-:i o o A :l/ = °
wiguresaazuanseaniseegnneziulngnisiiegrauuanFeaieiugiannizian s FuRTil - T9ANanIe
\wzasAInaenaiia ldainisanmineademisiugnasiviseifadedun 7 Wu Avnanzsamunuelasunmtia
wreasAlsznaunteiuNilras sy andayad1ediu AsenanuiaaudiaNLAn 19 TasRLE T aua 1T
= a A e‘-ﬂl 1 o o a o d’l = =3 ¥ o 1 o = v
HuuanGueula suansiaiull  wazlwituesnesiu  @eawslsanaieanadiiasuazegendelunadian
wiNaReaiy A iAansunudsutsduneluaiiag o wivldaannisilelaaniuenldainieendeaiinnii

azannsdudedeanvaiinelsaluitendiieriuldfuazaraaansadudadenaiingu 1 & (Senthilkumar et al.,
2008) iflevaniFeunpiFeenainisafieulnllumsdessmamiisadresdenian vy udadsznaudaslamu
Tuaniideunnlelnanlianunsoduds Pythium sp. TenfuasdaulvajszneTuaniunnguausazisagaald
(Clavaud etal, 2009) agialsfimn A nNN1saTuNtayaienne iudteneuntiuaveulsaaqiiy wuqnlalaan
flugnldanndnafifilss@vanimanniign #a BaR17 LummmmmiﬂmM@um‘vmumimmmewuﬁmq A
lelmiandenanlsiuadnsnianigaluanizilelnanau 1 lunguiieaiuasiszananmieandn uiuamnanedes

alndiAeaiufianm (Changmuang etal., 2017) suiiidszAngnwlumsduds . capsici flaunnsineruaeniugau
Aausazdud Pythium sp. uaz F. oxysporum 1mume1@1ﬁL@w1uﬂ@mLmEQﬂu Juanisilalnaniinenldannuzidema
mmﬂimmmwmﬂmm AR SurW02 Iﬁmmeamﬂmqmmmaumm F. oxysporum (Prasom et al., 2017), C. capsici
uaz P. oryzae Wunfiga dlefiansoundeyasing 9 Tanmw Seenananlddn Bar917 HisrAvaningegeludnn
Lummﬂmma‘nﬂummimmmmLm@mLumim@ﬂwuﬂi”mmﬁmwhm\mui@‘&mmu 7 wazdadiavnaNianlung
nszgunasyaesdnanniige Turneiidelunguieaiu e Su2S217, BaS417 wax SUR317 iay Hisz@Ananm
¥ ! ¥ v a =2 Y1 o 1 =

siaendlusunenszfumsadny (Changmuang et al., 2017) fawfinlelaiandenantenaaziimuansnaniums
dudadesu 1 uilunmmaudadensdsz@nanmm Tusnsi SURWO2 Sanaanansalumsdudeda Pyrucularia,
F. oxysporum uaz C. capsici geqn adldiia 2 latmaniiinunsdmieniuszyanaiugiaeianmemmeandinen

, , @ ° v o = =y A A A a v ac A %
siall edelsfinnn  andudesdinisdnmlelmianduy 7 AwdewEnfedEnsludieensreanaudila
Tutlss@naniniuiase saedhadulelaan Su2s217 Ndudadeldnnatin Deudasdudaugenaiinldling 50%
wifianaazidnaninuinne  Geanaaunsoi Wldiduionouaunisdanmidanuainisalunisasuanlsauuy

broad spectrum 15y

Table 2 Dual culture results of all isolates against plant pathogenic fungi.

solate Pythium sp. F. oxysporum C. capsica P. oryzae
CD (cm) *  %Inhibition* CD (cm) * Inhibition%* CD (cm) * Inhibition%* CD (cm) * Inhibition%*

Control 9.00a ND ** 7.14ab ND** 5.95a ND 6.52a ND
LbRWO03 9.00a 0.00c 68.19*** 1.99¢c 66.60a 2.66b 59.46b
SURWO1 9.00a 0.00c 68.33*** 2.07c 65.13a 2.40c 63.29a
SuRW02 9.00a 0.00c 71.94%** 1.86¢ 68.70a 2.37c 63.67a
Su2S8217 4.85¢ 46.11a 3.74c 47.63a 2.02¢c 65.97a 66.80****
BaR917 9.00a 0.00c 7.09ab 0.70b 2.02¢c 65.97a 61.11%***
BaS417 5.50b 38.89b 6.96b 2.45p 1.80c 69.75a 64.86****
SuR317 9.00a 0.00c 7.30a 0.00b 4.56b 23.32b 66.66****

* Different letters in the same column represent statistical different; P=0.05, ** Not determined, *** Results of these isolates have already
reported by Prasom et al. (2017), **** Results of these isolates have already reported by Changmuang et al. (2017), CD: Colony diameter.
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Table 3 Conclusion of dual culture result.

Isolate Pythium sp. inhibition F. oxysporum inhibition C. capsici inhibition P. oryzae inhibition
LbRWO03 - + + +
Surwo1 - + + +
Surwo2 - + + +
Sus217 - - + +
BaR917 - - + +
BaS417 - - + +
SuR317 - - - +

* + indicated the inhibition of pathogen growth more than 50%; - indicated no inhibition or inhibition percent lower than 50%.

Figure 1 Effect of endophytic bacteria on Pythium sp. growth; A: Control; B: LbRWO03; C: SuURWO01; D: SURWO02;
E: Su2S217; F: BaR917; G: SuR317 and H: BaS417.
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Figure 2 Effect of endophytic bacteria on Fusarium sp. growth. A: Control; B: BaR917; C: Su2S5217; D: BaS417 and
E: SuR317.

Figure 3 Effect of endophytic bacteria on Colletotrichum capsici growth. A: Control; B: SuR317; C: SURWO01;
D: SURWO2; E: LbRWO03; F: BaS417; G: Su2S217 and H: BaR917.
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Figure 4 Effect of endophytic bacteria on Pyricularia oryzae growth. A: Control; B: LbRWO03; C: SuRW01and
D: SURWO02.

uamMsszyananuslaldiandAty (BaR917 uaz SURW02) AdEATANINanEIIne

mﬂmmmqmu@mmwmmﬁfiuﬁﬂﬁLﬁum'ﬁmﬁmirﬁ‘ﬂmﬁ%a:miim%%Lﬁﬂ‘llm‘llvﬁ% 1l 0.5% agarose gel
AN B Euedaumalinitens v l9qvisuaznmadeLAMNENAS: NUREWeINALSZINNI500 bp
(Figure 5) i Mgl Anmeign TR Bionics Iaemdannyinnnai L ensfutaadle Insuusums
16s rRNA Tugnudeya EzBioCloud WAZMUNUYHULAAANEIIMUINIG WUIY BaR917 faduiaiindre ety
wupfiizeluanas Bacillus sp. InailaauIndlAeniu Bacillus altitudinis @fﬁi 99.85% (Table 4, Figure 6) ‘qumvﬁ
SuRw02 ummummmmmmnuLLUﬂmLimlumﬂ@ Sphingobacterium IneAABARIAL S. thalpophilum mnmmn
99.88% (Table 4, Figure 7) Fameflsnaaudni 2 analusuaiGaenia s wazdiaaiuarunsnlunisasunulsaiie
(Figure 6) (Patel et al., 2018) Fivatneluana Bacillus spp. 111 B. stratosphericus ‘v]mmmm‘uﬂuiimuﬂu‘[,mwmm
@’mmﬂ Cladosporium waz Fusarium (Durairaj et al., 2018) B. altitudinis wmmmmmum Thanatephorus cucumer/s
(teleomorph UBY Rhizoctonia solani) ‘luﬁ”aﬁm (Sunar et al., 2013) B. aerius 1/1mmmmﬁmwmiﬂgmumum
Botrytis cinerea (Shafi et al., 2017) wlusiu visaana Sphingobacterium w@f Lﬂﬂﬁmﬂmud’m’m’]mmmuL%mﬂum@
Fusarium sp. Ts ATt (Sturz et al., 1999)

Table 4 Percent similarity of referenced species in this study.

Isolate Ascension number Species Percent similarity
BaR917 ASJC01000029 Bacillus altitudinis 99.85
SuRW02 AJ438177 Sphingobacterium thalpophilum 99.88
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Lane 1 2 3

1500 bp —»

Figure 5 The primer pair 27F and 1492R were used to amplify a 1500 bp DNA product that is characteristic of
bacterial 16s rRNA gene. Lane 1: 1 kb DNA ladder; Lane 2: PCR product from BaR917; Lane 3: PCR
product from SuRWO02.

AJVF01000043 Bacillus siamensis
FN58TE44 Bacillus amyloliquefaciens
AYE03658 Bacillus velezensis
AY820954 Bacillus nematocida
AB021181 Bacillus atrophaeus
LSAZ01000028 Bacillus nakamurai
JHB00273 Bacillus vallismortis
MK462260 Bacillus cabrialesii
LPVF01000003 Bacillus halotolerans
JHB00280 Bacillus mojavensis
AYTOO01000043 Bacillus tequilensis
JHCAD1000027 Bacillus subtilis
MRBK01000098 Bacillus swezeyi
AYTNO1000016 Bacillus sonorensis
AE017333 Bacillus licheniformis

&1 AJ831843 Bacillus aerius
77 1 ASJC01000029 Bacillus altitudinis

95

a8

ASJD01000027 Bacillus safensis
JX680098 Bacillus australimarns
ABRX01000007 Bacillus pumilus
JOTP01000061 Bacillus zhangzhouensis

AY904033 Bacillus idriensis
33 HGA74242 Bacillus mangrovi

CP017703 Aeribacillus pallidus

oo1o
Figure 6 Phylogenetic tree of BaR917 using Neighbor-joining method based on 16s rRNA sequences with boostraps
values at 1000. A number on each branch indicated bootstrap percentage. Aeribacillus pallidus was used

as outgroup.
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96 FJ868219 Sphingobacterium cladoniae

EU046272 Sphingobacterium siyangense
JX046042 Sphingobacterium caeni

RAPY01000012 Sphingobacterium detergens

AB 100738 Sphingobacterium multivorum

KU201960 Sphingobacterium zeae

KME98234 Sphingobacterium mucilaginosum
MGE96220 Sphingobacterium athyrii

ABB10802 Sphingobacterium pakistanense
GU138378 Sphingobacterium ginsenosidimutans
AYT787820 Sphingobacterium canadense

KC843944 Sphingobacterium changzhouense
AJ438177 Sphingobacterium thalpophilum
SuRW02
IMH447269 Sphingobacterium puteale

AJ438176 Sphingobacterium faecium
100 AB361248 Sphingobacterium kitahiroshimense
93 EU364817 Sphingobacterium anhuiense

KR261600 Sphingobacterium suaedae
KF735812 Sphingobacterium yanglingense
KC904977 Sphingobacterium yamdrokense
KX129934 Sphingobacterium tabacisoli
FJ156081 Sphingobacterium psychroaquaticum
JFT31241 Sphingobacterium nematocida
KX265579 Sphingobacterium alkalisoli
KJ150588 Sphingobacterium paludis
FJB59899 Sphingobacterium hotanense
jai. 1085797 Sphingobacterium lactis
100 LT906468 Sphingobacterium mizutaii
EU3709854 Anseongella ginsenosidimutans

43

10018

=11}

—_
0020

Figure 7 Phylogenetic tree of SuRWO02 using Neighbor-joining method based on 16s rRNA sequences with
boostraps values at 1000. A number on each branch indicated bootstrap percentage. Anseongella

ginsenosidimutans was used as outgroup.

aguaanisAnmn
wuafZeaula sl laltian LoRWO3, SURWO1, SURW02, Su2S217, BaR917, BaS417 uaz SuR317 dn1s
wanydulmdulng Wedmeleltan LbRWO3, SURWO1 way SURWO02 linageauriuid@e P. oryzae &nunsaguea

o
9 '
A

wale 59.46, 63.29 WAy 63.67% ANAAY lalmian SURW02, Su2S217, BaR917, BaS417 way SuR317 &1:130

a

TUEINNIA30Ya8Y F. oxysporum L& 47.63, 0.70, 2.45 uaz 0.00% muatey uaneileinlalmaniioiun

A8 LbRWO3, SURWO01, SURW02, Su2S217, BaR917, BaS417 uaz SuR317 linadevuiuide Pythium sp. WLF1@1%N130

fiuganiaaseyeeTadwn lai 0.00, 0.00, 0.00, 46.11, 0.00, 38.89 UAT 0.00% MINAAL uaz C. capsici 7l 66.60,
65.13, 68.70, 65.97, 65.97, 69.75 UaT 23.32% AnaAL e 2 lelniand 1Aty Ae BaR9I17 waz SURWO2 lilszy

angugaemAtANINaNTINY WudHaAuLaAd e AR TULLATIEE TuANS Bacillus sp. Az Sphingobacterium

(33

©

thalpophilum ANNAIAL
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Survey of Broiler Breast Meat with White Striping and Study the Physicochemical Changes
during Storage
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Abstract

The objectives of this research were to survey broiler breast meat on the market and to study
the physicochemical changes in broiler breast meat with white striping (WS). The first experiment was conducted to
randomly survey broiler breast meat from 4 companies (A, B, C and D) that was sold as sealed tray packs in department
stores. In the second experiment, the physicochemical changes in broiler breast meat with white striping that had been
stored chilled for 3 days were studied. The results showed that most of the broiler breast meat had white striping
(moderate white striping). In more details, it was most evident in the produce of company A (9%), followed in
decreasing order of amount by company D (7%), B (5%) and C (2%). A significant correlation between weight of breast
meat and white strip level was found (r = 0.806, P<0.01); chicken breasts with higher levels of white striping level were
generally heavier than those with little or no white striping. The study of the physicochemical changes in breast meat
during storage revealed that broiler breast meat with higher levels of white striping showed significantly higher levels
of moisture loss, lipid oxidation, shear force and lightness value (P<0.05). Furthermore, when breast meat with
moderate levels of white striping was stored for 3 days, it showed higher loss of quality than did breast meat with no or
mild white striping. There were no significant differences in redness and yellowness between the white-striped chicken

breast meat and unstriped meat.

Keywords: white striping, broiler breast meat, meat quality
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Figure 1 Classification of broiler breast meat according to severity of white striping. Non-WS (no white striation found on
the meat surface), Mild WS (1 to 40 white lines with the thickness of < 0.5 mm), Moderate WS (more than 40
white line or 1 to 5 lines with the thickness of 1 to 1.9 mm)

Source: Kuttappan et al. (2012b); Yuwares et al. (2018)
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Figure 2 Percentage of broiler breast meat with white striping (% white stripe).
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Figure 3 Broiler breast meat weight with white striping (g).
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Table 1 Physicochemical Properties of broiler breast meat with white striping from different storage time.

White Striping Level Storage Time (Days) P-Value
Parameters Non- Mild Moderate
1 2 3 SE WS S WSxS
WS WS WS

Drip loss (%) 214 225 213 009 203 225 223 009 ns ns ns
Thawing loss (%) 383 463 448 031 538 38 367° 031 ns 005 ns
Cooking loss (%) 411° 1548° 1939 041 1533° 1519° 1845° 041 <0.001 <0.001 <0.001
pH 6.01° 6.00° 6.10° 029 006 600 605 003 005 ns ns
TBARS (mg MDA 137° 148" 159 004 1.06° 164° 173 004 005 <0001 ns
equivalent / kg meat)
Shear force (N) 2517 2264° 2442° 035 2209° 22.84° 2463° 035 <0.001 <0.001 <0.001
Color
- Lightness (L*) 2.85° 4463° 493" 033 4263° 47.07° 47.07° 033 <0.001 <0.001 <0.001
- Redness (a*) 185" 1.63° 147 012 175 168 151 012 ns ns ns
- Yellowness (b*) 863 874 9.18 022 863 891 9.01 0.22 ns ns ns
Total microbial growth 398b 43a 401b 060 422a 388 426a 060 005 005 <0001
(log CFU/Q)

SE: standard error, WS: white striping, S: storage time, WSxS: interaction between white striping level and storage time,
ns: non-significant (P>0.05), “° different superscripts in the same column indicate significant differences (P<0.05),

€ different superscripts in the same row indicate significant differences (P<0.05).
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Ha2RIAN T UNTA-A9Ea 9N TUYNURIARNISIANA RS IR ULNAE
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Effect of Water pH from Dried Terminalia catappa Leaves on Increasing Male Ratio

and Growth Performance of Halfmoon Fancy Betta Fish (Betta splendens)

ANAN1 52ATU' UIRT LAIULIGNE " WAzAARs LFaunT’
Sooksakaow Rodpan’, Nongnuch Laohavisuti"” and Uscharee Ruangdej’

UnARta

NaTeIANLINNTA-ANY (pH) mﬂﬁmﬂuumwuﬁq (T. catappa leaves, TCL) sanisuaniugaglauay
dn31sanvanaultain uazdnsndonnay miLﬁuTmiuQﬂﬂ'mﬁmamﬁuﬁ:mqwa%uwfﬂ?ﬁﬂ WUdn pH antud
TCL#10, 25,5, 7.5 uax 10 n3u/ans fien pH 1At 7.90, 6.67, 6.48, 6.33 AT 5.91 ATUANAL yinnnsnanwuganall
wazdnssansananiugiargnilatindacuuansnset wiliidAnynieadia (P<0.05) Tneioud TCL 2.5 nfwians
pH 6.67 ﬁmmwiﬂmnﬁ@m Wi 80.0% usivinug TCL 10 nfa/ams pH 5.91 ﬁﬂﬁw'@LLﬂﬁuﬁLL@:@Jnﬂmﬁmmﬁ%\mm
miLLﬂﬂﬂmﬁmﬁiﬁaﬁmaﬂﬁmu’%‘lu pH armiiug TCL fifsanmusneriu denalsignulanwagainioug TCL 5 nw/ans
PH 6.71 mnﬂmmﬂmmnmm (74.13%) mmmu‘tmmmnﬂmﬂm”LuummLmeqammummmmmm (P>0.05)
v ﬂmmummauwuﬁwiﬂumwn TCL 2.5-7.5 nw/ans pH 6.33-6.67 uazinug TCL 5 nfu/ams pH 6.71
mmammﬂnﬂmnmwm@lm 35.27% LﬁJ’ﬂL‘VlEILIﬂU“T;@WJLIﬂ@J (pH 7.50)

ArdrAty: Uanin luynang Anuidunsm-nng

Abstract

The effects of pH from the different quantities of dried Terminalia catappa leaves (TCL) on breeder
spawning rate, survival rate, larvae sex ratio and growth performance of halfmoon fancy betta fish were studied.
The mean pH that resulted from soaking TCL in water at the concentrations of 0, 2.5, 5, 7.5 and 10 g/l were 7.90,
6.67, 6.48, 6.33 and 5.91, respectively. As a result, spawning rate and survival rate of the breeders and survival
rate of larvae were significantly different (P<0.05). The pH from the soaking of dried TCL in water at 2.5 g/l was pH
6.67, and this pH produced the highest spawning rate, which was 80.0%. However, the pH that resulted from
soaking dried TCL at 10 mg/l was pH 5.91, and at this pH all breeders and larvae died. The immersion of fertilized
eggs in various pH that resulted from soaking of different amounts of TCL affected the ratio of males and the growth
performance of the B. splendens larvae. It was found that the soaking of dried TCL leaves at 5 g/l, which produced
a pH of 6.71, resulted in the highest numbers of male larvae (74.13%). However, the growth of the fighting fish larvae
was not significantly different at the various pH (P>0.05). These studies indicate that 1) TCL concentrations of
2.5-7.5 g/l (pH 6.33-6.67) should be used for B. splendens breeding and, 2) a TCL concentration of 5.0 g/l (oH 6.71)

increased the number of male larvae by 35.27% compared to the control (pH 7.50).

Keywords: Betta splendens, Terminalia catappa, pH
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UANBULAIFITEILNULUAIUIN ANENAFN 5-7 EHUAINAT ATUAULNNRIAATLYNY ATUANENY TuRLANMN

sUsuavAduaestlanmadaosanundnalde (ngns nedlsyquia, 2556) Tutfaqiiutlanina ldgnimunanawug W
AduaNENINAZAAAN TWIAAIFAT UATATUSNG ] Haualuny 1w Uaninsnaiugnienssdunspasdn (halfmoon fancy),
double tail, crown tail s Uarinaneiuguanszdumsasedn Idfuantiananaainlulssmauazsinelsznag
FefliBununisdenantull 2559 tszun 1.3-4.7 Rusia Andluyadl 11-45 AL (NERABUASINWGTNNARTIN,
2559) uwnannziaestaniaenisAngedtlszima malnaningannaiuas uAsLTN $1TLT 819N NTYAULT uay

o A o o o o4 o X o - : o
gnasifs  esanndudainnzuazaenesiuglaie  Mdnunlunadedes  wilwiwgguunesendiedanaineu
Aa1AN-uNAN udasen AL gunansas dealiinuasnsmisiugiainaneiiguenssdunsasedn
Ihlasas  dmssanuardnsdoutlannadanas i ilszauymlandamadliiieanwesanaiusasnisuesais
dJ QI 4 Y v % o Y o Gl J a ?/ 1 v
anisiiNauINlaAaansldaesiuulunsudasumain lianeaizaesaATuFng < 2eeUanlaunadundidan e
UnfiuasRAduliianennusupNAaINIIeInann uazannsseLnNdayanszRLguazayLNaLa i AANINERAING
Hanldluynoeuisuglunildinosing - Tellanndediainisndos Wgniafidnmsenuasdnsdauneg s
dsznauiunisAnunaes Rajesh et al. (2016) Na1291 BN (Terminalia catappa) WuldEusiunnulaluniiiede

o = v 1 alla A a a A = e ° v o
nriusanaenlsd Wy dssmaialtud aulatids wuade uazlney AnantTRTasa sl gn wazluynieaiunnaio
uenasyulng u@ﬂmﬂﬂwmnq fadenasiandnidunse- mwmm (pH) mﬂmmﬂmmm Nugroho et al. (2016)
LT a“mummLﬂmmummmuﬂwmw 625 ppm HFN pH 7 5.05 Tnen1sanatas pH uumu@ﬂﬂumiwqﬂmﬁu
Tuluynas Ae ansunuiiu mmmauumLﬂummqmmm@mm oH luth & ana1ea1uaes Reddon and Hurd (2013)
N899 mimuuml,wmmnmumm@u (enwronmental sex determination, ESD) Imﬂmmqmmvmwuﬁwu
mamuumL‘wmmﬂmme@ﬂmvmmmwmmLﬂu”l,mml,wwimm unALe mu@ﬂﬂummwmmauwmmﬂfaﬂiummq
NMIWIUITEIZUIN (phenotypic plasticity) 1mel pH Lﬂuﬂmﬂmu,qm@wmmmmmamm@muumwﬁmﬂmim
WAZAINNIINAAEIUBY Rubin (1985) ﬂm:mL@mwmmwuﬁﬂmwmiu PH TiuAnsneiuie pH 5.05-6.20 uaz
pH 6.90-7.80 Wu1 pH AN (5.05-6.20) mnﬂmtwmmmu 87-100% Baroiler and Cotta (2001) \3aILifsusysu pH
2 seAURD 4.5 uar 6.5 wudnaNiunsa-Avdanasedadounallulanuneuwnsy (Apistogramma sp.) ) ilian
memmmu‘l‘u@mq \lunsm pH 4.5 uaz Reddon and Peter (2013) Anm1Anuiilunsn-ANae9dn 2 526U An
pH 6.5 WaZ pH 5.5 ‘wmmmfammmumﬂuﬂmuum (Pelvicachromis pulcher) Wu31 1¥61 pH 5.5 ummul,wmrg
UINNINTLAL pH 6.5
a o d’l o a o [ o % o 1 v ! o

Nuddstdunsimumaiianismnziuglarinsaanisdiu pH nenisudluynoeuiedsunasineiu uway
sviznaMsuandanasia pH i Wunaluynanaiefivmnzanlunsuaniuganga uazdnmdoumad dnsnissen
203gnUaina iU NI zAunSATIan

A8n15ANEN

neNARaL 1 Anwnen pH q’m‘lf'm,"ii"lugnfnaLLﬁ'ﬂi_I“}mmrﬁhaﬁ'ursi'amsuauﬁ'uéfnq"lﬂimmﬁaLLsJﬁ'uéﬂmﬁ'm
LL@x’é’ﬁli’]msmm"lugmJmﬁ'mmzlﬁ'uﬁ:mawsxﬁ'uwéﬂ?ﬁn

NUHUNINARRILUL Completely Randomized Design wiaiflu 5 4AN1svAaes 1ANNINARBNAY 5 o
linausuglanin halfmoon fancy 8¢ 12 &Uanu [1uau 25 4 ﬁmﬁm@ﬁlﬂﬂmwﬁ 1.39+0.13 nfu Uawedle
1.120.04 n3N a7n wanivhdn Awdauasdgn M muswnsiugauaduiiugugnats 20 wuRuas (funanasn
NINAN) maqﬁﬁ 1 8mg n139mAn pH IuﬁﬁLm%ﬂuumwLLﬁ’qﬂ?mmr;mﬁu B 0,25, 5 7.5 uaz 10 nin Tned
nawizenluynang ol ﬁﬂuunfmaﬁﬁnwmﬂu%ﬁﬂm@Lmeﬁé'menﬁuﬁN YINANATeA Anuas liliaaiin fn il
20 3x4 iuRns uanhlanfigniugil 60 asinmaidea iWunan 24 dalus mn‘&uﬁwm’ijwiumuﬁﬂuumwLLﬁ’q
dudnwozaanagnilszay (Figure 1) Lazuadluynaneuis Wi 15 Fala4 B9 IMAABINIUMTNT WU szeiziaan
nsutluynaneuds 15 9ot denaldien pH Srouuansnsiduusas ooyt deasuszaznanud
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m'lwmmmmfan AN pH Lmvm‘ummm\mwﬂumfmﬂ?mm 10 findans WeAnEAAuITusaLazAY
n9tdereinmaAaNNI89 Mount (1972) mnuumﬂmLwﬁcﬂmm‘lummu%wmwummvmLLmumvmmﬂmmmuv
WWNzAUG W patinunu 3-4 dalug LW@”LuﬂmnmmemwmfamLm:wmﬂumwmwuq s adi
mausnziug Ualideatingn 3 5u Lﬁfﬂiﬁﬂmmuﬁuﬁr Fems 3 5 thilamadisean wazda pH anaks ant
Tnald 5 5 LWﬂ‘luﬂmLWﬂwaummnﬂm ilanu 5 4y itanmageen uaztgniateyunaluaneyuaniadueinu-
AUENATY 80 LIURLNAT Lmumﬂ?mm 100 AMg @ummnﬂmmﬂmmwmumimLﬂﬁfammwwm 100 ppm
U 4-5 1071 WemnaTias 2 T 091980 9.00 UaL 18.00 . aptiuiindeyadi pH Auiusng AnunsvAngluth
LL@:Lﬁu%Hamm’NMLmzﬁmmmﬁﬂmmmwgLLﬂﬁuﬁLL@:QﬂﬂﬂqLﬁﬂﬂﬁqmiU 2 dlanvf TneAuaniannAasail

8m9N1991914 (%) = auuwidanfinsldrasusiazganiamaaes

— x 100
UL ATIVNALILAATTANITNAADS

8m3N19900 (%) = AuugnialeduganIImaaes

; x 100
o a v
@ﬁuqu'@ﬂﬂmmumumimmm

waznanziiteyamsllsunsnaeniamesdisagy Ingldnnstinsziiuy One-way ANOVA

Figure 1 The preparation of T. catappa leaves for B. splendens breeding.

msvanasi 2 AnweA pH mnﬁﬂm”lmﬂmwLtﬁ’qﬂ‘%mmsi'mﬁ'uﬁi'aé'mmdfamwﬁ ARsINITTAALATMSLALTA
rasgnilainmaRugInIwssdunsasedn

NUEUNINAREILLL Completely Randomized Design uiliilu 5 qantemeaes gansvnaesas 5 o
linausWuglain halfmoon fancy 818 12 &Uanw a1uau 25 4 u’mum@@ﬂﬂmmﬂm 1.45+0.13 nfu Uawedle
1.05£0.21 0¥ an wanivihd Awdhuasgy dhdewagldaddumauzmnsiuganaduiiuguinas 20
uRms ussqin 1 ams tdluynanauds 11U 1une 3x4 uRies i 0.4 ndu washudunszdeedlanmuz
wzugTinalin win 3-4 e Weldlariamadairamenuazwiaslumsuauiug admminihdenwadeadi
NTULINIENUS IN199ART pH luth wazdamauswnsiugiilnaingn 3 fu delilauauiug Wensu 3 u
ihdanadleeenannuzmziug dunausnameanulddaniifnenenan #1191u wazdarn pH anAsaren
mil,l,ﬂmﬂmwLLﬁ’q‘LuMﬂmﬁ”tﬁ”i"unwﬂﬁau“ﬁl,lﬁa TnahantneluasualuynaeudiaBunm 2.5, 5, 7.5 waz 10 ni
dudnwzaanagnilszay (Flgure 1) LL%'@QSLLLJ']W‘TjuuLW’Wvﬁuﬁﬁﬁiﬂﬂ@ﬂﬁﬂivﬂvLﬂﬂﬁ 15 dalug Lﬁfamummuﬁ
i luynasesnuazinl pH mﬂuuﬂmmmuym%wuﬁm% 5 §u e lfilaninAdeuunagnuan wasaniningnian
ayLalua N uIIAdWENUALENANY 80 URLNAT mumﬂ?mm 100 Ans ayLnagnUandaelsuaidunissinide
Frasneiiufia 100 mg/l ww 4-5 Wil Wemnaduaz 2 e 999981 9.00 uaz 18.00 1. An1IgARZNELTENAEUAT
UsuBunmstinlsiviniu 100 ams 0 7 flanid



514 INTANTINHATNIZANLNAN 2563 : 38 (4) : 511-518

MNsTuAuIugnNUa e AWIMNERIINNIIen  SRTdduwALazNSRLLE  IWesyuansy 4 dilandf
VInnsuenARNANEEEuenaNnsndunadnuz s iamaduazlaianwads ldananimmediansaEensng
o o = a v = ] o = o A A Lo a vy
Aduanean AnwouzATuW Asuiy aowenaxinndndandaumeie uazludaninmadaiae ldinidnnlaies
sendneATUen (Figure 2) ﬂuﬁﬂﬁmﬂ@ﬁmmmimmLLmﬁmﬁmuvaﬁﬁmumiﬁmdw wazdmavidayassiilsinss
AaNamasdaiagy Inalinisdiaseiuuy One-way ANOVA

f031N1998A (%) = ANUWIUGNUANNBRUAANTNARD

- x 100
o a v
@ﬁmu@unﬂm FFNAUNTITNARRN

BNPIRIUNA (%) =  AUUNANLA 100
> X

uUIUgNUATIVNA

[
a K

muuﬂmwmju (ﬂi‘ll/[ﬂ’]) muuﬂLfmﬂﬂmmﬂmummiwmm mwuﬂm@ﬂﬂmmmiumu

o
a a

mmmqmwmu (L%MMLNM?/WQ) = WJ’WNEI’]’JL’ﬂ@ﬂﬂ@’]m@@uﬂﬂﬂ’]ﬁ‘%m@@ﬂ ﬁ'J’]NEI’]’JL’ﬂ@EI']J@"ILN@L?N[”]u

A

Figure 2 Difference between (A) male B. splendens and (B) female B. splendens.

HANNSANEILAZIANTOL

meneaasii 1 AnwAn pH 'f’]’m‘lfl:’]LL‘ﬂ‘U‘Iﬂﬂ’J’NLLﬁﬂﬂ?N’]mﬁh\‘iﬁuﬁiﬂﬂ’]iwﬂuﬁué’ﬂﬂ‘ﬁ"uﬂdﬁ'ﬂLtﬂﬁuéﬂa"lﬁﬂ
Ltazfé'm'm'\ss'am"lugmJmﬁ'mmﬂﬁ'ué:mawszﬁ'umfﬂéﬁn

AN Table 1 AnmAudNRlsues 3 ﬂ@@“ﬂmmmmwﬁﬁﬁmN@m'@ﬂmﬁmm&ﬁuﬁjwmwa%um’m’éﬁn
slwfﬁLLﬂuu,;ﬂfmLLﬁ\‘iﬁ?rmmﬁmﬁmmmm 15 dalug wudn pH @Wﬂi’)LLﬁlﬁJ‘lﬂﬂQ’NLLﬁQﬂ?Nﬁmﬁﬁdﬁu (0,25,5,75
uar 10 niu/ang) ﬁﬂ'}’mLLW]ﬁﬂﬁﬂﬂﬁﬂﬁﬁﬂﬁﬂﬁq.m’h‘i@ﬁﬁnﬂﬁ;mnﬁi%m@'ﬂd (P<0.05) TnefiAaas pH 7.65+0.33,
6.89+0.33, 6.67+0.33, 6.51£0.33 WaY 5.67+0.00 MINAIFL FBAAABNTLNNINAREIYEY Nugroho et al. (2016)
ﬁm:mmmmmmﬁmmﬂwmwmr:mﬁiﬂmmmwﬁﬂumiﬁmﬂmﬁm WUIN Lﬁ@ﬂ?uﬁmluuﬂQﬁqLﬁuﬁudqmalﬁ’m pH
lurhanas Lummnmiwqﬂmﬂﬂulwmwﬂﬂ asunuiiy  Aamanifdunseasainnsoan  pH lwhld uaz
mmmt.ﬂumwmmummmemwmquummmmmam (P<0.05) ummmmwﬂ?mmiwmw,mq 2.5 nfu/ams
156.0£12.01 mg/l as CaCO, Fade pH 6.89 TeAnAranszdsreilliaauansnsesaided Ay neada
(P>0.05) TneidFniadtagszwing 160-189 mg/l as CaCO, zﬁ'qm‘lﬁ@mmwﬁmﬂuﬁ’]m:ﬁw TaaannsAnsues
QANA L1A19704 (2538) Na199n mmwm‘zﬁﬁwmﬁﬁﬂ?xmﬁﬂ'q@gj'ﬁ 150-300 mg/l as CaCO, UAZADAPADY
fUNNsANENA89 Mount (1972) WudLile pH aaasA alkalinity azanasmudae pH 7.5 Jen  alkalinity 155.6 mg/l”
as CaCO, waz pH 6.6 T alkalinity 102 mg/l as CaCO T9pN pH LL@'“mmwLﬂumwmummm@uwuﬁﬂu AR
Apruilusnessiuansarandlusnglui mﬂumm‘uu danalviFn pH mmu ilesannluhiisunadlansen’las
losewiisidy
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Table 1 Water quality parameters of different amount of dried T. catappa leaves after 15 hrs.

T. catappa (g/l) Alkalinity (mg/l as CaCO,) Hardness (mg/l as CaCO,) pH
0 101.0+2.86" 189.0+2.90 7.65+0.33
25 156.0£12.01° 160.0+20.13 6.89+0.33"
5.0 121.3+11.62° 155.3+2.66 6.67+0.33°
75 116.0+2.08" 163.3+0.88 6.51+0.33°
10 102.046.11° 167.3+1.33 5.67+0.00°

Mean+SE with the different superscript in column are significantly different (P<<0.05).

udsarnmsugluynarsuiaBinnsineiidui 1 ans Wunan 15 dale ewihthugluynansudoanld
lunissnziugianina pH mnﬁmmﬁ‘lmﬂmwLLﬁqﬂ?mmﬁmﬁuﬁm’mLLmnﬁmfaﬂ’mﬁﬁm&’ﬁﬁmmmﬁﬁ (P<0.05) Tneidl
AnLade pH 7.90+0.07, 6.67+0.04, 6.48+0.04, 6.33+0.07 4az 5.91+0.17 MNAIAU danasiansnaniuganelauazdne
n1ssanredNeuNufla A wudn mimmwuﬁmﬂmmmLLuwuﬁﬂmﬂmummLLMﬂﬁmfamquuamﬂmmmam
(P<0.05) Tnei pH mﬂmuﬂwmﬂumw 25 nfu/GRs Auade pH 6. 67+0.04 mmmmuwuﬁmqhmnmm
A2 80.0+44.72% ﬁﬂwﬂ'}’mLLﬁ]ﬂm%‘iﬂU“ﬁmﬂ’]i‘V]m@@\‘l‘ﬂhmﬂ"lﬁ‘LLﬁ]sl‘]_IMﬂfJ’NLm\‘i AiRAE pH 7.90£0.07 UATTANIINARES
pH mnummlnumwm.mﬂ?mm 10 nfu/ans Aadn pH 5.91£0.17 Tnainmananiugangle 20.00444.72% uaz
0.00£0.00% MNA1AL watlailAanuuAnsinsatadididnAsynneadia (P>0.05) iugansmaasy pH mﬂﬁmﬂmﬂmw
WP 5 e 7.5 nd/ane finnaneld 60.00£54.77% B4 pH mﬂﬁmﬂmgmwuﬁ’aﬂ?mm 10 NSN/ART (pH 5.91+0.17)
fanuidunsadenalilifinmsuaaniugangla uazdhaniesenvesweniiugielanuuansiisesnefilddnymeaia
(P<0.05) ALTANTNAADI pH mﬂﬁwmﬂuumwuﬁﬁ 0, 2.5, 5 uaz 7.5 NSN/ang lnsanniinnalasuutag pH T
mnm@@mﬂ@uﬂﬁuﬁ:ﬂmﬁmﬁ pH 7.33+0.12 LLm'Lﬁﬂﬁﬁmﬁu@muﬁuﬁ:ﬂmm pH ﬁmmmﬁil’m\‘ufﬂ’ﬁzjmmq:l,ﬂuﬂm
AHARBNITLAUNNINANNUTUATERIINITeATBINRLLYUE (Table 2) Ikuta et al. (2000) s=ydnszsl pH 7l
Aiunsngedsnasiadzsanenlulawinliszsu cortisol 1uL§famLﬁuqﬁuﬁﬂﬁ’lﬁmqmm’%“ﬂmmzqﬁﬁmﬁumﬁﬁm
wazdanasiaszAu plasma lu sex steroids wazaasluu gonadotropin Hszaugandnunaidunayinlinszuounisduiug
NYATZINA ARy Vuorinen et al. (1990) ﬁﬂmlfgﬂqﬂ@ﬂuwu 7 pH 5.75 uay 4.75 wWuin pH %mmizﬁu
el Auiuglunadlesauueuazlifinimisla uaz Baldisserotto (2011) nanadn Uamiramanansnandaesld
flszfl pH 68 wn pH HAadndunsaundena e uumy e A AdNIAY dlesann Wunaudaidenuas
spamasluimeRnisifdudenasesnsnisseniulaninin ludouresdnsanissanvesgniaineny 2 &uUanu
WU wmuLmeqamquuﬂmﬁmwmm (P<0.05) lmgl pH mnu’mﬂwmmmaﬂ?mm 0, 2.5, 5 uax 7.5
nfu/ams SAniade pH 7.90£0.07, 6.67+0.04, 6.48:0.04 UAY 6.330.07 ANAIFL mmmmﬁ@m%m@mnﬂm
9.16+4.53, 43.68+£11.55, 43.72+18.15 Uay 40.40£16.61% wmuLLmnmmmmummmmmmm (P>0.05) fiu
TANNINARRY pH mnmuﬂwmmmqﬁmm 10 NFu/Ana AaAE pH 5.91£0.17 HeRanssaniade 0.00£0.00%
Baldisserotto (2011) na1991 pH ‘vmmmmmvmum@m?mmLmuimLmvﬂmwmﬁ@mm@ﬂﬂmm@m A? pH 6-8 uaz
A1NN19ANH1L94 Craig and Baksi (1977) mmmm:mm pH mmmmmmmmmuwuﬁ naETALIn wazene
nssanltlan flagfish (Jordanella floridae) wWudn e pH ummmmmmm‘l;wufammmimmmgﬂﬂmmmu
Fauslsea pH 5.5-4.5
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Table 2 Effect of the amount of dried T. catappa leaves on pH values, spawning rate in 2 week and survival rates

in B. splendens.

T. catappa (g/l)

Parameters
0 25 5 7.5 10
pH O hr 7.27+0.11° 7.25+0.01%° 7.43+0.14™ 7.34+0.04™ 7.33+0.12°
pH 15 hrs 7.90+0.07° 6.67+0.04 6.48+0.04" 6.33+0.07° 5.91+0.17°
pH 1 day 7.52+0.08° 6.96+0.08" 6.90+0.03 6.75+0.04° 6.39+0.19"
pH 3 day 6.92+0.11° 7.19+0.07° 7.28+0.03° 7.30+0.05 6.43+0.21°
Spawning (%) 20.00+44.72°  80.00+44.72°  60.00+54.77%°  60.00+54.77®°  0.00+0.00°
Survival rate of 100+0.00° 100+0.00° 100+0.00° 100+0.00° 0.00£0.00"

breeder (%)

Survival rate of ab s s . b
9.16x4.53 43.68+11.55 43.72+18.15 40.40+16.61 0.00+0.00
larvae (%)

Mean+SE with the different superscripts in row are significantly different (P<0.05).

nanAaasi 2 Anwnen pH 'Q’]ﬂ'ij”]LL‘ﬂ‘LIuﬂ’)’NLlﬁﬂﬂ?‘uﬂmﬁiﬁdﬁuﬁiﬂé/ﬂi’]ﬁ’)uL‘WFI ANSINITTAAUALNSLALLA
rasgnilainaaRuginenssiunsazedn

AN luynaauiaLFuNEeiu (0, 2.5, 5.0, 7.5 uaz 10 NN/an9) ’Lu”lﬂﬂmﬁmmﬁ?umiﬂﬁmu“ﬁ
wWuinan 15 Falue wudn A pH anmsualuynaneuisilaanuunnsinesna it d Aty nana (P<0.05) Tneddnadt
pH Fal) 7.50£0.02, 7.3120.06, 6.71£0.02, 6.51£0.04 Uaz 5.42+0.10 AMNAAL AN Table 3 WL 8RTINITTRAUE
Qﬂﬂmﬁvmﬁmmmeﬁi’mmmﬁﬁﬂﬁqﬁa&mwzﬁﬁ (P>0.05) Tag pH ﬁiﬁmﬂmﬂmlmgmml,ﬁq 10 N3w/ams TlAniade
pH 5.42+0.10 ‘Ma”\imﬂLLSﬁ‘luvLﬂjﬂmﬁmﬁﬁi"umiﬂﬁ@u%uﬁq denaliladian lddnmesinuasweiugilandnesne  wsilad
ANLANFANsaL N TTRgNATYn19ads (P>0.05) ﬂummma‘wmm pH mﬂmmiwmﬁumq 0,2.5,5.0 WAy 7.5 Nfu/anT
Tmﬁmmmmﬁ@ma@ﬂmmmﬂﬂw 95.6242.08 FledY pH 7.50+0.02 Iummmamm@mmiuummﬂwmwLL‘VN
Baldisserotto (2011) MNNIANHNATES pH LAY mmmwmﬂummmimmLmuimmmﬂmuwm wum e pH gl
AN pH 6 wsalAgendn pH 9 demaliladan grumata (Prochilodus lineatus) THiiannsdn @ fafinnsesunedn
@ﬂﬂmm@mmiﬂ@mmiﬁﬂLmvmmﬁmﬁmw pH 6-8 ‘Emﬂ Mount (1972) AnEMnnsanasaed pH Tumsiaetan
fathead minnows (Pimephales promelas) ‘W‘LI'J’]LM@ pH @mmmm pH 5.2 az 4.5 danaliiensnsinanas uazldlan
AgRaufinlng Hesanntanndlailuanimuadenilimunzandaaalinsimenmadlifingng waz Sung and
Munafi (2019) ¥innnsAnenasaninainluynaedenasiedasnssanuaznisasAulalugnian pearl gourami
(Trichopodus /eer//) WL ‘mNm\lzﬁ’]mnmmnhmmwiﬁumil,@mﬂm pearl gouram| HArudunssdaniias
AN pH 5.8-6.5 FamnzandvMIINIREs T lERmNsse A ETuge e A aae szt Tmﬂmmfm
n398m 90% uazludouaesdnsndounwag wudn AaauuansnsetieilibdAnynieads (P<0.05) Tna pH At
luynanaudia 5 n/ams AaRe pH 6.71£0.02 Séandaumadiadngeaniae 74.139.08% dedlgnulaninumedifadou
ANTANINARBIAILAN 35.27+22.97% ilesan pH Lﬂuﬂ@@“ﬂﬁqLLqmzﬁ”ﬂmmwﬁﬁmmmﬂszﬁ:ﬂﬁﬁmmiﬁmum
waluilanls Reddon and Peter (2013) nsAnEnAUluNTA-ANTaTNAeTL 2 TEdU Ae pH 5.5 uay pH 6.5
fnnaresnsdaunalutavimed (Pelvicachromis pulcher) Wud7 pH a2 sz ﬁé”mmzﬁ'au@nﬂ@’mm&ﬁu"ﬁ”u
WH pH 5.5 ﬁﬁi’ﬁmumﬂﬁmnﬂfhﬁizﬁu pH 6.5 Tagl pH 5.5 HauauweAg 13 faain 18 6 iagann pH gasiniily
ﬂ@fv«i“ﬂuminixﬁulﬁ’Lﬁmﬂﬂa‘ﬁﬁuumLWﬂ‘Luﬂm%‘qﬁmwiﬂma‘u,mmm@ﬂmq‘?\l‘ﬁuiwﬂmmﬂmmﬂ% LAZAININENNUIAE TR
Baroiler and Cotta (2001) AneiTaufiauszau pH 2 seAUAe 4.5 Uaz 6.5 wumﬂmiunauﬂmumLmeumw%
mmmwmuuumﬂ pH m@qmLmemmummmemmlummmﬂuﬂm AR pH 4.5 mmmmqwmq 7 wudLanusias
fﬁumummmmimum@mqmmLﬂumm m’m"[mmqnumuﬂmmumm sugerniareslaniy 1 ANNIINAFDY
sLuﬂmnmmawuﬁqmqwu@ummwn pfsiinugn e pH 95119749 5.42-6.50 A9LARBNINANAUTUATERTIN1T90A 1Y
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‘w'@LL;JWuﬁ:;Tﬂ@ﬁmmﬂﬁuﬁ:mqwa‘%uwfm?ﬁﬂ Tudauaesgnilaninuninisanaaedan pH FN9n 6.5 danasiesa
n398m223gn1a1in  Romer and Beissenherz (1996) na1adn Alulnilanunsoivusmedavans o #dals
LwimiﬁfmumLWﬂﬂmImﬂﬁmqmﬁ@uLﬁm%uim“luﬂmummﬁm%qﬁﬁm?iqLmrﬂﬁ@uﬁﬁmmﬂﬁqmﬁ@ frunniiazANNy
N9A-A1Y AN Table 3 mmmmmﬁuimm@nﬂmLﬁ@mu 4 Flpf ldfiauuansinsaenliiugn Ay neas (P>0.05)
Tmﬂﬁﬁ'}ﬁmﬁm@mnﬂmﬁmmﬁm 0.25-0.65 N3u LL@wﬁﬂQWﬁJﬂ’]Qﬂ’ﬂx‘i@ﬂﬂ@’]ﬁ/ﬁmgﬂ 2.80-3.61 LIURLAT AINNNIANEN2DS
Sung and I\/Iunaﬂ (2019) ‘meﬁ‘ﬂm:f’]LLE“F;I‘LIW]?;I?.IM?LMN@H?J@’] pearl gourami (Trichopodus leerii) ‘Lummmummnmmn
SL‘I_IMm’]\‘iLL@qu‘]JiU‘]J’] WL9N @ﬂﬂmmmiﬁnhuwmmmnmmﬂlwmwmmmmimmmu‘immL‘Wﬂvmmu 1.5%/31
Annsedunedn ma‘mmLmuimﬂmﬂﬂmuumu@ﬂnwmﬂﬂqw 1 NNEINA 81T LAYAL I eﬂmﬂﬂmqv
waryiiulalaa luszay pH unans annsAnenas Baldisserotto (2011) na19n Qﬂﬂmuwm:ﬁmmmL%‘tymuim
197 lusesL pH 6-8

Table 3 Effect of the amount of dried T. catappa leaves in pH values on survival rate in 4 week, sex ratio and
growth rate in B. splendens larvae.

T. catappa (g/l)

Parameters
0 25 5.0 75 10

pH 15 hrs 7.50+0.02° 7.31+0.06" 6.71+0.02° 6.51+0.04¢ 5.42+0.10°
Male (%) 41.13+6.40° 42.66+7.11° 74.1349.08"  37.92+11.76° 0.00+0.00°
Female (%) 58.86+5.83" 57.3449 .25 25.85+1.16°  62.07+15.32° 0.00+0.00"
Survival rate (%)  95.62+2.08 94.09+17.89"  83.73+12.62°  64.34%+17.35% 0.00+0.00°
Final weight (g) 0.29+0.21 0.65+0.46 0.25+0.11 0.38+0.23 0.00+0.00
Final length (cm) 2.80+0.26 3.61+0.45 2.88+0.30 2.94+0.32 0.00+0.00

Mean+SE with the different superscripts in row are significantly different (P<0.05).

AgUNAaNSANEN
N34 pH mnﬁ’mﬂwmmlﬁa 130101 0, 2.5, 5, 7.5 WAz 10 mﬁ”u/am siannananiugaslaluneusinugilan
ﬂmmmwuﬁmqwrwmm\a&ﬁﬂ wudn Annsuasiugoslaly pH mnumm‘lwm’ml,mﬂ?mm 2.5-7.5 niN/ang
A1aAY pH WL 6.33-6.67 LL@,,miLm"IfnﬂmﬂmmimumiﬂgmuﬂuuwLm‘lwnfmLme‘Lu@meuLWﬂmumm
wansingiuet it dATneata (P<0.05) Tne pH mnmuﬂuumwum 5 nfn/Ans HA1eds pH 6.71:0.02
mmamﬁlummamﬂmﬁmwmﬁlﬁ 35.27422.97% ANYAAILAN (pH 7.50+0.02) ﬁq&umimwxﬁuﬁ'ﬂmﬁmu’f‘v'mﬁlu
shadaunaglugniania arsldluynanewied 5 niu/ans wdldanedldsumanfausudnlunmausmnziug

LaN&1921924
ﬂ@ﬁ@"ﬂLL@xﬁmmmmWﬁm’ﬁﬂ. 2559. aRRNNsdIeaNdA TN TR, http:/Awww.aahri.in.th (9 el 2562).
ngou nevtdszquin. 2566, F9imenvesiadalng. u. 1-6 Tu 21sansimenanans us. Q17 1. 2auuriy: i Anegdeaeuuiv,
ANA LB, 2538. ANNNTZANNTRIUN (Water Hardness). AN, hitps:/www.mwa.co.th/ewt_dl_link.php?nid=506
(5 NeNLU 2562).
Baldisserotto, B. 2011. Water pH and hardness affect growth of freshwater teleosts. Revista Brasileira de Zootecnic 40: 621-626.
Baroiller, J. F., and Cotta, H. D. 2001. Environment and sex determination in farmed fish. Comparative Biochemistry and Physiology
Part 130: 399-409.
Craig, G. R., and Baksi, W. F. 1977. The effects of depressed pH on flagfish reproduction, growth and survival. Water Research
11: 621-626.
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NSWMUIBIEERS I TARAUNUSUAzUIAUSNRUNUSURIMatelLRga Stenothyra sp.

Gonadal Development and Size at First Maturity of Stenothyra sp.

suang ougassol' aanlas gqed” adn @adiute’ uazilin vinams’
Worachet Thuamsuwan', Isao Tsutsui®, Dusit Aue-umneoy' and Praveena Taveekijakarn'

UNARED

Anmanmusnediugning gasdaune maiamneduazainusaaaLiug uasauaunduiig temes
tRen Stenothyra sp. ‘mmimumfmmq’l,w,l,ummmemLﬂuu’mi@ﬂ fisminayneaenmm mumm@ummﬂu 2561 i
Aaununiug 2562 wudwesiiaiiiinunanous 0.80-3.00 Aadwms wiendginsddnunsneaFoy faianadu
amnuradlundes 5 sau aunsaueninaduazwAdleidannedunzAuiuginulumadvingu Tnedunsldadnedaiau
lumeefiflmnasoud 1.60 fadwaminll samdauszwinameduazinady Sewinfu 0.71:1.00 Feflpauuansinati
atNTEAATUNNATA (P<0.05) sraznsnmunadtnsaingaaaALINUTIaNUet Stenothyra sp. %@Lwﬂﬁmxmmﬁﬂ
aantouldldidu 5 aver Re srommadAuiuging srasimumrensaduig szasadAuiLgiaTSing
svziannradaLilg uarsvarudslaatnadALRg M@ﬂmﬁmﬂﬁﬁwumm%uﬁmﬂuwﬁmq@ (A9Feu noHu uaz
AMI) WL 1.71, 1.71 UaT 1.63 NAAAT AMNAIAL fedayasinangnansatilussgnefldiduunanislunnsiine
19AINNTALNUG drsp0snalasuulaslszanng 1eves Stenothyra sp. Tusaud uaznsiveetind i ldssTemd
Tumsdessauiudadin

[

AANATY: SRTIAINA NIIREINBTRNEATNTARAUNIE AWAWSNALIWUSG Stenothyra sp.

Abstract

The morphology, sex ratio, gonadal development, and size at first maturity were studied for Stenothyra sp.
collected from a stagnant brackish water pond at Samut Songkhram province from January 2018 to February 2019.
The size range of Stenothyra sp. were 0.80-3.00 mm in shell length (SL). The shells were of ovate shape, thin, smooth
surfaced and dark brown in color. Each shell had 5 dextral whorls. The males, which were longer than 1.60 mm SL,
were identifiable due to their conspicuous sex organs. The sex ratio between males and females of Stenothyra sp.
was about 0.71:1.00, which was a significant difference (P<0.05). The gonadal development stage of Stenothyra sp.
in males and female was classified into 5 stages: resting stage, developing stage, maturing stage, spawning stage,
and spent stage. The sizes of individuals at first maturity in each season (summer, rainy, and winter) were studied,
and the results were approximately 1.71, 1.71, and 1.63 mm SL, respectively. This study is unique in that it is
the first in-depth study of the maturation of the snail. The researchers believe that their methods and results can be
applied to the further study of the Stenothyra sp. reproductive cycle, seasonal population dynamics, and to

the utilization of this snail in aquaculture.

Keywords: sex ratio, gonadal development, size at first maturity, Stenothyra sp.

1ﬂmvmﬂ‘llu‘['aﬁﬂwafl,mzm:“ anumaluladnszaauinadAuNINTaIANsLIle WAKIANTZLY NFaNNY 10520

Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang, Ladkrabang, Bangkok 10520

? dhainlazas ﬂum@mwmmmmmama:rmmmmmmﬂmwﬁmﬂu anuy U131 305-8686 U@Vmﬂmﬂu

?Fisheries Division, Japan International Research Center for Agricultural Sciences (JIRCAS), 1-1 Ohwashi, Tsukuba, Ibaraki 305-8686, Japan
*Corresponding author, Email: cong@affrc.go.jp



520 INTANTINHATNIZANLNAN 2563 : 38 (4) : 519 - 527

AU
= = o ' ' A a - ' = o o | & ada a P
"Wﬂ?;lBJ’]Lﬂﬂ’W]@']ﬂEl’ﬂEl[ﬂ’]NLLu'J‘]J’W]’W?;IL@‘L&‘Mﬁ"ﬂ‘].lﬂ’)mu’mﬁ"ﬂﬂ wammmmmwmmslmwuuummummmﬂu

o
a

guslnadusudu o 2esiwldannis WhuuvasemandAtyresdadinaiingu I A O 7 Sy e
ﬂammummumuwmmmﬂm‘lummuumummmmﬂuixwumﬂ Suauuazaiinrementauadeld dudded
AN ANANYTRYRss UL AL T EAY uaf s mumiﬂumimmmumeﬂivmumfamMumn@uﬂuzjmm%
annarastmeauls waﬂr;lfnﬁmt,ﬂu?iqﬁ%?;muﬁﬁuﬁﬁﬁﬁmumﬂﬁmm‘luavuuﬁmﬂw’mmu (tﬁﬁﬁlﬂ‘ﬁr Ineau, 2560)
Immummu@ﬂthmﬂfmwu‘luavuuumﬂﬂflfmﬂL@uwmmummamwwuimLm Planaxis sp., Stenothyra sp. uaz
Assiminea sp. udu uwenanigedinenununesduieslutedadrdirdmendiframanifiacuddnluns
muﬁ'ﬂumammsmﬂ“lummm wazvegrhideatiamnsniduewnnasilidaiiidedndae (Fuioka et al.,
2007)

Stenothyra sp. Anetilu Family Stenothyridae Apiiunasemganuaian Savnasaus 1-10 faAmns wunIs
nazaneillwiddiedold e @opziusanidadd wasdmunianszareludssmedn dezmadily maldons
peuwvilesawideasnsde aransouwngumaiagendaldidy 2 ngu Aenesiiendeegluifumuii e paes
VW Stenothytra koratensis (331 A1111lu uazmy, 2556) LL@W@E%Wﬁﬂ@ﬁ.ﬂiluﬁmmﬁmé@ﬂhmmﬁﬁﬁu—ﬁﬁm Eil}
Stenothyra polita, Stenothyra prasongi (Hena et al., 2004) TutlszmalnanunisnszaneanuIuNINa ey Stenothyra sp.
Tursnsiinges Inwiites 2-3 aneiugiinuluihan winsinenfustuvesaiintdellinnn uazddlifinsinem
Aeniun e IARALNUGWAZ N TALINUE ﬁﬁ’lﬁ’*’]’]’faH@ﬁuﬂmmmmmﬁmﬁﬁﬁ@ﬁ

NSANHNANHIUEN AT IWIMEN  BRadunA  NsiRLedEnsaiEadALILE  azIuIALINALINUE
1a4vaEl Stenothyra sp. Lﬂui@g@ﬁﬂ”ﬂﬂﬁmiﬁnmmﬁﬂu Tnadayaninannaunsnldiduuuanielunis@nensas
NIAUNUG dnsrmamailAtuuaslszmnsresen Stenothyra sp. Wweenl uazmnimesaiaiii sz lem lunng
AeasaTLAR S

28n15ANE

o

RusinnsAnEuaznsiiusiang

Lﬁuf;*Tqaﬂ'w‘lumeﬁ’]ﬁﬁmﬁﬁmmﬁuﬁlﬂzﬁ’ﬂ@mmmslmu' FILALNNLAD Bnaies AandnaynIaInIN
m@wmﬁ@m 13 9A7 21 aulnn 01.2 aLmila aasiqn 100 2471 02 atlan 55 Waameduean Annadesnves
YhanaaeagetinLn L (Figure 1) WiusataneanInou RausiAouInIAL 2561 - NHAIAUE 2562 1Tluszazingn
14 1w TaevinN13gunne quadrat WA 10x10 LHURLNAT AU 3 FLNUTTNN1981999 Ynsfuseeaves

9 @ o 4% A4 o ooy 2 Py 2 em
Mavunlu quadrat LAaginUAIBENNUN L‘W@u’m@Uiﬂﬂﬂ‘iﬂ’mﬁﬂﬂﬂ{]ﬂﬁmﬁi‘

Figure 1 Location and characteristics of the sample area A: sample area, B: water inlet, C: canal.



King Mongkut's Agr. J. 2020 : 38 (4) : 519 - 527 521

NFANHANHULNNAUFIULALARTIFIULNA

MNMTANEIANHUZANEUANLAZINNITATUATRIURE Stenothyra sp. ANFRENTIALLN HdIanntiT
WRLNIAAUENIWIANIUAZUNGITOU 21IA 2.00, 1.60, 1.00 uar 0.50 HAAWAT YNsdunmaiaasAunug
(conspicuous penis) TaIUBIWALAEAEN7401ANABIqaNTIAL dlevesdatniaenuaziiugiuineanuvas
L‘WﬁE:\I:’%lxWU@'fmxﬁiﬁumi‘auﬁuﬁj(conspicuous penis) BEUAIAIUIN NUdIaINsnALNARTNT AL LTI MR INAL
Wdmaulunesiitawn 1.60 Aaawmnstull Avinisdenvesibiiuazunssseunnn 1.60 uaz 2.00 Sadimns
WndRsdauszuIneetwALazwALY Yinnstuiindagauazinazinacuuanssesdndoundrestlszans
nag Stenothyra sp. Arelilsunsu SPSS, Chi-square (P<0.05)
AN EEURINTRAILIRIEITAUNTARALNUE

wdaNTINTuENINATRIEY  Stenothyra sp.  thvetimETUANEUnsTUauMeReRanaileEeanen
(histological technique) Lﬁl'aﬁ’l paraffin section LL@xﬁﬂNgLf‘:’ﬂLé’aﬁ')ﬂ Harris’s Hematoxylin was Eosin ANNATNN92
Bancroft and Gamble (2002) Lﬁ@ﬁliqquaumiﬁmmmmLﬁn@@’%uﬁuﬁ: TPEAIUUNAINAUIUUAZITEZNI TN LN LR
wasauRugne luadunsduiug TmﬂLL‘].i\‘ia‘zmmiﬁmmmm@iﬂqm%’wLﬁn@@‘%uﬁuﬁﬁﬂumﬁQ’LmuwmﬁﬁL‘flu 5 guely
SesnuLasINNIILLNTeY Aumna Q7T0UATA LATATLY (2551) o
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Figure 2 Stenothyra sp., A: external morphology, B: position of head, C: Histological characteristics of Stenothyra sp.;

g = gonad, dg = digestive gland and f = foot.
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Figure 3 Sex ratio of Stenothyra sp. from January 2018 to February 2019.
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Figure 4 Water temperature at sample area from January 2018 to February 2019.
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Figure 5 Histological section of testis, A: resting stage, B: developing stage, C: maturing stage, D: spawning stage and

E: spent stage; sg = spermatogonia, sc = spermatocytes, st = spermatid, and sz = spermatozoa.

Figure 6 Histological section of ovary A: resting stage, B: developing stage, C: maturing stage, D: spawning stage

and E: spent stage; og = oogonia, po = previtellogenic oocytes, and vo = vitellogenic oocytes.
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Figure 7 Ratio of maturity and size of Stenothyra sp. A: summer season, B: rainy season and C: winter season,

L., = size at first maturity.
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Fecundity, Egg Quality and Ovarian Regression of Female Zebrafish

in the Continuous Spawning Period
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Abstract

The zebrafish is one of the most important fish species in economic terms as it is an extremely popular
aquarium fish. Farmers produce zebrafish stock continuously in order to supply the huge demand for the fish
in the ornamental fish market. However, continuous breeding can lead to the deterioration in quality of the female fish.
In this study, we focus on the regression of ovary after continuously spawning several times. Fecundity, fertilization
rate, hatchability rate, number of abnormal larvae, and histology of the ovarian tissue were compared between females
that spawn for the first time (control group) and females that had spawned continuously five times. The results showed
that fecundity, fertilization rate and hatchability rate of eggs produced from female zebrafish that spawned continuously
decreased, whereas the number of abnormal larvae produced increased. Moreover, histological studies of ovarian
tissue revealed that female fish that had spawned continuously showed delayed development of oocytes in their in
ovarian tissues. Therefore, it can be concluded that continuous spawning of females potentially causes abnormalities
of ovarian tissue and affects the quality and quantity of zebrafish eggs and larvae. Farmers should set
an inter-spawning interval for female zebrafish that allows for good recovery of ovarian structure and function between

spawning.

Keywords: fertilization rate, abnormal fish larvae, hatchability rate, ovarian tissue
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Wanaeiwll 2 dalueinaiuauulanlafunsdfaus  Gedunaldainaadldasimundngsras
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ERsININANFR (%) = AUUANIATUNIUTAUT X 100 oo, (2)

Al

Figure 1 External morphology of eggs and an abnormal larva, (a) fertilized eggs possess characteristic of over
the 4 cell stages, (b) unfertilized eggs remaining in the 1* cell stage at 2 hours post fertilization and

(c) a morphological abnormality of larva displaying the dorsal curvature (scale bar represents 1 mm).
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germinal vesicle 78 germinal vesical movement (GVM) LL@:m?LLmn’ﬂ‘ﬂnmmLﬁ@ﬁ:ﬁJ germinal (germinal vesicle
breakdown, GVBD) waz3zals regression Tuszaizilaziin postovulatory follicle complex (POF) Tu @ailuansouzitied
fena@enaninanssld anntiulszifiufeaazanasas i luudazszas muaunai (5)

Figure 2 Histological assessment of ovarian tissue indicating 4 developmental stages including immature stage
represented by oogonia (OO) and primary growth (PG), maturation stage represented by cortical alveolar
(CA) and vitellogenin (VTG), ovulation stage represented by germinal vesical movement (GVM) and
germinal vesicle breakdown. (GVBD), and regression stage represented by postovulatory follicle complex
(POF) (scale bar represents 1 mm).
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Figure 3 Fecundity (a), fertilization rate (b), hatching rate (c) and number of abnormal larvae (d) produced
continuously by zebrafish females from the first to the 5" of spawning times. Different letters represent

significant differences among the data (P<0.05). Values are mean + SE.
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Figure 4 Percentage of oocytes stages in the ovarian tissue in average (n=10) from the first spawning females and
the 5" spawning females.
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Optimum Carbon Dioxide Concentrations for Enhancing Biomass and Carbon Dioxide Biofixation
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Abstract

The aim of this study was to investigate the optimum CO, concentrations for growth, chemical composition
and carbon dioxide biofixation of the_green microalga Scenedesmus dimorphus KMITL. A range of carbon dioxide
concentrations, 0.03, 2.50, 5.00 and 7.50%, were supplied to the alga samples, which were cultivated in axenic
Chlorella medium in the laboratory for 18 days. Cultivating the alga with 5% CO, produced alga with the highest
biomass, chlorophyll-a, protein and carbon contents, which were 1.15+£0.03 g/l, 2.48+0.05 mg/l, 305.73+28.65 mg/g
and 33.8310.56%, respectively. The maximum carotenoid (2.33+0.35 ug/l) and carbohydrate (206.31+18.82 mg/g)
levels were observed in alga cultivated with 0.03 and 7.50% CO, concentrations, respectively. Cultivation of this alga
supplied with 5% CO, gave the highest CO, fixations (1.24+0.03 g/g, 1.43+0.03 g/l) and CO, fixation rate (50.95+3.98
kg/m’/year). The most abundant fatty acid component found in this alga was C16:0 (19.85-57.91%), followed by C18:0
(11.33-20.53%) and C18:3n3 (9.45-22.44%). The results of this study indicated that 5% CO, was optimal for enhancing
the biomass of the algal strain. Moreover, this alga showed a high capability for CO, fixation. Thus, S. dimorphus KMITL

can be used as an alternative strain for industrial flue gas fixation.

Keywords: Scenedesmus dimorphus KMITL, carbon dioxide, protein, lipid, carbohydrate
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Figure 1 Medium pH (A), biomass vyield (B) and pigments (C-E) of S. dimorphus KMITL cultivated under CO, at
different concentrations (0.03-7.50%). Different small letters on the lines indicate significant difference at

95% confidence level (P<0.05). Error bars represent + S.D. of four replicates.
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Figure 2 Protein (A-B), carbohydrate (C-D) and lipid content (E) of S. dimorphus KMITL cultivated under CO, at
different concentrations (0.03-7.50%). Different small letters on the lines indicate significant difference at

95 % confidence level (P<0.05). Error bars represent+S.D. of four replicates.

Table 1 Carbon, hydrogen and nitrogen contents (% DW) of S. dimorphus KMITL cultivated under CO, at different
concentrations (0.03-7.50%) for 18 days.

CO, (%) C-content (%) H-content (%) N-content (%) CN ratio

0.03 16.93+0.28° 4.37+0.04° 3.55+0.00° 4.77+0.00°
2.50 24.09+0.33° 5.23+0.06" 4.55+0.01° 5.29+0.02°
5.00 33.83+0.56° 5.87+0.08" 5.69+0.02° 5.95+0.02°
7.50 33.62+0.49° 5.31+0.08" 5.02+0.02" 6.70+0.03¢

Different small letters in each column indicates significant difference (P<0.05). Average+S.D., n=4.
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Tnefisaaunssisanfueulneenlodlnasmieainauldidn awsedi@en Chiorella vulgaris Hnnseis
Asuaulneanladls 0.251 uay 0.624 nfusednssiadis (Sydney et al., 2010) dwsa@lian Botryococcus braunii
Jnssrapnfuaulaeenlasls 1 nSusedmssiadis (Marakumi and Ikenouchi, 1997) aeR T unaninGu
Spirulina platensis An1ssrapfuenlnaanlasls 0.413 nfusednsradis (Morais and Costa, 2007) waT@MINe@den
Dunaliella tertiolecta Annssisapfuaulaeenlasle 0.313 niumeanssadu (Kishimoto et al., 1994) SaannsAnen
gWie S, dimorphus KMITL fidnannssisanfueulaeenlasmaningminaaiamiimenld seriaususnm
naastyduinawnzvizednsia lunsuLiesn mwﬁlumaﬁﬂmﬁﬁﬁhﬁi’wm@Lﬂumezmiwmmﬁv‘immwwuﬁm
TnennamuANgUUR 25 aeAumaEnA %qﬁgmmﬁ@;\mdﬁﬁﬁ@mﬂﬁﬂmLWﬂngmufaﬂﬁmﬂﬁﬂﬁmi amingeiaNd
nuLiTaaT ST usazaziinAngammesiennfueulneenlaldgau wilfesdnsdnmeildanmamzanaen
vaalfimEnissiely

Table 2 Carbon dioxide fixation of S. dimorphus KMITL cultivated under CO, at different concentrations
(0.03-7.50%) for 18 days.

CO, Biomass CO, Total CO, fixed in biomass CO, fixation  CO, fixation rate
(%) (g fixed/biomass biomass (g/l)  productivity (g/l/d)  rate (g/l/d) (kg/m°ly)
(9/g)
0.03 0.75+0.02° 0.62+0.01° 0.47+0.00° 0.068+0.000° 0.04+0.00° 15.30+1.28°
250 0.76+0.04° 0.88+0.01° 0.67+0.00" 0.069+0.000° 0.06+0.00° 22.13+1.32°
500 1.15£0.03° 1.24+0.03° 1.43+0.03° 0.113+0.001" 0.14+0.00° 50.95+3.98°
750  1.01£0.03° 1.23+0.02° 1.25+0.02° 0.100+0.002" 0.12+0.00° 44.88+4.46°

Different small letters in each column indicates significant difference (P<0.05). Average+S.D., n=4.
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Table 3 Fatty acid profiles of S. dimorphus KMITL under CO, at different concentrations (0.03-7.50%) on day
0", 6" 12" and 18".

FA(%)  CO,0.03% CO, 2.50% CO, 5.00% CO, 7.50%

O 6th ,] 2th 1 8th Gth ,] 2th 1 8th 6th 1 2th ,] 8th 6th ,] 2th ,I 8th
C4:0 032 098 012 031 046 022 337 019 008 007 211 111 155
C6:0 002 023 009 010 043 005 260 001 008 003 370 105 052
C8:0 003 050 002 005 049 034 491 026 008 007 059 033 023

C10:0 089 039 001 018 039 002 412 022 016 010 0.09 047 011
C11:0 026 034 010 069 044 016 148 042 059 003 194 052 1.39
C12:0 253 124 035 114 097 069 288 080 9.07 471 220 177 295

C13:0 131 123 052 070 061 016 485 312 482 432 325 082 144
C14:0 548 602 618 675 730 516 724 262 095 136 166 221 063
C14:1 258 040 044 047 073 057 097 032 027 037 014 018 0.64
C15:.0 095 097 042 053 113 094 285 095 083 083 095 074 045
C15:1 026 031 133 050 039 058 015 019 010 010 101 187 0.73
C16:0 31.10 30.46 3249 2814 27.00 26.86 36.38 5791 2656 35.76 19.85 24.98 22.05
C16:1 472 151 118 206 189 176 0.00 415 457 700 220 537 397
C17:0 1655 268 013 149 317 322 003 113 272 294 199 311 253
C17:1 027 002 006 011 006 016 036 019 048 060 024 224 0.03
C18:0 1166 2053 11.33 1315 17.06 19.93 1271 263 293 4.02 062 054 584

c18:1n%t 205 494 115 471 592 626 042 181 001 021 547 560 475
C18:1n9¢ 8.82 1417 032 1094 1598 1144 937 388 938 1081 324 376 253
c18:2n6t 041 023 011 034 039 027 003 039 001 008 017 247 0.76
C182n6c 6.92 338 101 249 226 222 002 223 1113 1051 875 479 8.09
c18:3n3 649 537 292 15636 434 331 001 945 1112 1241 1119 1681 2244
c183n6 059 036 021 033 007 012 001 028 057 046 060 238 045
C20:0 149 002 002 010 004 005 003 022 1046 0.02 014 0.08 042
C20:1 027 002 002 058 001 002 003 081 09 103 084 071 0.15
C20:2 020 008 016 018 001 042 002 070 004 008 048 010 0.25
C20:3n3 0.05 008 0.00 155 017 132 048 027 004 018 138 055 293
c20:3n6 011 020 271 041 016 204 260 018 005 019 811 276 2.083
C20:4n6 010 070 554 160 129 213 079 036 009 024 156 070 255
C:20:5n3 011 001 359 005 002 100 005 005 003 004 434 170 0.08
C21:0 034 004 037 025 008 050 001 057 006 007 024 004 0.14
C22:0 08 020 221 049 025 072 005 093 043 046 172 014 045
c22:1n9 174 030 425 080 267 119 04 065 023 036 182 031 038
C22:2 067 006 237 133 014 000 005 039 030 0.03 238 673 3.07
C226n3 060 000 0.00 005 000 093 001 022 018 005 0.02 032 0.81
C23:0 088 054 151 089 116 117 035 023 033 010 075 047 1.16
C24.0 205 085 342 078 155 247 001 094 030 035 250 1.8 0.62

C24:1 131 063 1334 042 099 159 035 034 005 006 175 070 092
SFA 61.72 6722 5929 5573 6252 62.67 8388 73.15 6045 5522 4432 3996 4247
UFA 38.28 32.78 40.71 4427 3748 37.33 1612 26.85 39.55 44.78 55.68 60.04 57.53

MUFA 22.02 2230 2209 2059 2863 2358 1205 1233 1598 20.53 16.71 20.74 14.11

PUFA 16.25 1048 1861 23.68 8.85 13.75 4.07 1452 2356 2425 3897 39.31 43.41
FA: Fatty acid, SFA: Saturated fatty acid, UFA: Unsaturated fatty acid, MUFA: Monounsaturated fatty acid, PUFA: Polyunsaturated fatty acid.
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PAN1INAAAY BOC2 Imﬂum iodine value (IV) waz degree of unsaturation (DU) mmm ¥infiu 30.09 g | ,/100 g Hax
32.78°C uA¥A cetane mmmm@ 60.37 anmsAnEAKsHLAnliwIIN9E@NAmAL biotin e cobalamin szl
fmnzanadluemsdessvig  Wudnmadeniialumsfinsamnmadyivintessming wasmnzaaamsne
aneviugiliteduunswanluladiss

AdnAgY: Botryococcus braunii KMITL 2 latasansueu Tulamiu launandu luTesia

Abstract

The optimal ratio of biotin (B) and cobalamin (C) and the interaction of both vitamins on the biomass and
stored feed product content (protein, carbohydrate, hydrocarbon) of Botryococcus braunii KMITL 2 in laboratory were
investigated. The vitamins were supplied to the alga in axenic Chlorella medium in a factorial 4x4 experimental setup
of combinations at the following concentrations of biotin: 0, 1, 2 and 3 ug/l (B0, B1, B2, B3) and cobalamin: 0, 2, 4 and
6 ug/l (CO, C2, C4, C6). The control group was not supplemented with any vitamins. Among the various vitamin ratios
tested, B1C6 produced the highest biomass (1.89+0.23 g/l). The highest specific growth rate (0.39+0.10 /d), protein
content (23.29+1.15 %), carbohydrate content (31.48+1.68%), and hydrocarbon content (62.17+1.31%) were
produced by use of the supplements B1C0, B3C6, B1C4, and B3CO0, respectively. The resulted indicated that biotin
and cobalamin had synergistic effects on the specific growth rate, and the protein, carbohydrate and hydrocarbon
contents of the KMITL 2 strain. The cetane values (45.75-60.37) of the alga from most treatments was higher than
the standard. The alga that was cultivated in BOC2 treatment showed better biodiesel properties, with the lowest iodine
values (30.09 g 1,/100) and degrees of unsaturation (32.78°C), and the highest cetane numbers (60.37). The results
show that combinations of the optimized levels of biotin and cobalamin are promising medium supplements for
this strain. They are able to increase the alga’s specific growth rate and can facilitate its use as a feedstock in biodiesel

production.

Keywords: Botryococcus braunii KMITL 2, hydrocarbon, biotin, cobalamin, biodiesel
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AN

ﬁfgmwﬁwummmmL%@LW@QWM% (fossil fuel) TIHBNNUIAR ﬁmmﬁzgq%u LL@zﬁﬁﬂﬁmﬁ@ﬁmﬁi@
N7y LANTRIUNAFaUNTZAN (greenhouse gases) 1NTu v‘iﬂﬁﬁmﬁmmmqﬂaﬂﬁ*@mmyﬁLLquﬁmﬁmqmuLmﬁu
Ger 7 uniseAdldnensnavnuvdmisnuunssiienmawdemamedia TmﬂmmLﬂumewmmuwmm
ﬂi.»i’]‘].l[ﬁl@@\‘iLLQ@@@NWHE‘V}@@LL@V@WN’]iE}N@ﬁﬂﬂimeLm ludosusnfisun Wy aysn theuinafy dudnlouds e
upsianan insedBunasifusnn afmisuldie widdyanundeinaiaduingiudmiuugn
avnsdmiuayed e duingAunamdnudsdmanssnuin iRgAue syt auAauLAz A geL
uena N igedaansiuAuTgenasnRwsinamnzgn dnandnndai AadTymyngnfufithaumn
uwaneuilaluilaqiiu st ldhAse s s maihlgsagivemenssd dueamialatanig
mummum@ﬂmmmmm sARnnanaRauannsnfuRedldneluszenaan 2.3 dlan ”Lummhwumu
fpnanysniazmamzisaiedumamdan dsdudeddihiiazenaends aansaldiiedeunsei
sssumATRasewsaNanysafindszgnadlunadeamigld  felaudulddaansnldawisanain
Wuwmaanaaanun1aiaenlueuiam (Chisti, 2007)

muéﬁmmmLﬁﬂummﬁmﬁﬁﬂﬂmwlumﬂﬁl,ﬁw,mziﬁmqﬁuzi’wm*ut:@m%@Lwaﬁqmwiﬁ Tnewudauieg
Adusmunednalin Botryococcus braunii fifnanwlumaduingaudwiinandamasiannlas awiesiail
fesrlsznaumsiaaiugn - Aeendlulaesm luguwlalasanfueu uarllsiu fsanansaldiduumeslulaeniuen
Tutelalasian lledms wazlulaufald (Quinn et al., 2014: Farias Silva and Bertucco, 2016) Tnelmaandaaniia
pondassldunniigedeluteiiee 9 B. brauni femawanzanlumsduingpudwinsaaloledanniiga
Hasanfitiunaslalasanfueufinzausemanirludslulafigagefiqn (Chisti, 2007) TaawudnlulefizaiinGe
anaieadeifiinuanilulerigaiia laanizan lodine value ua cetane number Fisnousinmsg LT e
gl European EN 14214 waz American ASTM D6751 (Ashokkumar et al., 2014; Nascimento et al., 2015) wWag
ufaﬂmﬁfamﬂsl%’mm"mfﬁﬁmiﬂmmmwﬁ\iqmmﬁ”aé’ammm“lﬁﬂui’mqﬁummiﬁmr fle@ann Idnaanadmes uay
TﬁuﬂmmmwLﬂ?@qdﬁﬂwiﬁ%ﬂﬁw (Dufosse et al., 2005; Cabanelas et al., 2013) %\1LL@mﬂﬁmmiﬁdﬁmmﬁmﬁmﬁ
annsnlduselumdlivanag SRl Tm—umiu’fl,ﬂslmﬂiyimum’]uslmmmmu@ﬂnum Flsvneumedaiafivasaniner y

Y ¥

"J’]N“T]uﬁﬂﬂ Lmumm‘lumﬂm L@F;I\‘i AT i

dausl B. braunii azlafunisaeniudnidudngaunangalunguamsraauadnlunisnanlulenisa usiloymn

D

2 ] a oo a  a o A A o ) a A o doayua as &
V]W']Jﬁ@@']ﬂﬁ‘r]ilsﬁuﬂuﬂ@Wiqﬂqﬁ‘mﬁ\ﬂalW]'Ll(l:m?ﬂLN@LWEUﬂU@WM?Wﬂ“ﬁu@@u ﬂﬂuu'ﬂ\ﬂﬂﬂﬂQWNWElquqNELuﬂqﬁ‘ﬂqqﬁLWq:,'L@EN

D

fansnsniuamnmasiyivininandalda el TmﬂL@Wﬁ:mﬂmmimizéju‘l,ﬁm?tyLﬁu‘imﬁﬁu HAKAR
geidlddanansenmieewnagin  desvinlReruilullidluneh il desdunsmedeieraneBunnmn
wanieslJumRnisninndansiddademienianin iy uas gomni viveiied lunsnszsu nauanaannisasyiinin
wdagarilszneuniedaiafivesanetuiuasens sremoan  wasAwandeslunismnzidesdae  (Dayananda
et al., 2005; Ruangsomboon et al., 2017; 2018; Ruangsomboon, 2018)

avsemnadndandunguillanansoudaimiulddaumaies vienanluldifemesiensssoiula
el AmAufifiuasemaasifivineesamingldun 3mfu B, B, uas B, 3milu B, vde thiamine usanans
PRINTTLIUN TN LRA TN TUaL  sausaaiuewlniiwiilunsdaansiailulaesn  nenezdly
doensysunIsasiLinIasause (Croft et al., 2006) 3HW B, %38 biotin %7 vitamin H vt fisaniu el
carboxylase WAy acetyl coenzyme A (CoA) carboxylase Rendeeiunisadenselasiu %Qzﬁ’méwnﬂmﬁmﬁmmi
Smfuiflunsdiedunmsinsalafumaden Gﬁfmﬂa:ﬁu‘lﬁmﬁéwnnmﬁmLﬂ-ﬁ\tyLﬁuimiﬁﬁ?ﬁu asRp s usanny
(Helliwell et al., 2011) 3n"#iu B, 1139 cobalamin daelumsmudslulnsauiiazanslu dnhguaaaving iWulauwnnimes
109n138aAzinsneslln DNA waznsaladu doalunistudepsuen cobalamin 1l tetrapyrole il cobalt
TuasrilaznarAstaglunsfisBunneaelsiladlugming (Croft et al., 2008)

aNNIANEIURTe B. brauni WudnEsNRAREAANY B, B, B, W wiluSanounles owSaidmiin
m@hﬁm\ﬂummiwudwmmimﬁﬁfgﬂLﬁum@mam%qmmiﬁ (Ruangsomboon et al., 2018) Lazifiafiansauudansn
yndesnsldanusnatiinidluumaadniulenisa biotin uaz cobalamin dunalnamssraniniinseslaiy lalasanfuew
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WASNALARTINIA LS (Tanabe et al., 2014; Ruangsomboon et al., 2018) ﬁamaﬁmiﬁnmmmmﬁuﬁu‘ﬁ'mmmmm
Anfunaesisilunsmnsagsamse B brauni Tnguenanniifesdilienuandluledeareniiuinanld
anamiesat (Knothe, 2008) LW@‘Wmamf]mmmmvmiummﬂﬂimﬂum@mevl,u‘ll@mLemwa”l.ﬂ
mmwummﬂa A9FlieNILSE LT ANz aLUaEBNEWATaLURInTU biotin uAZ cobalamin FiRFAT
nswstyidnte dunaldsiu andlulawss lalasansuen uwazauantmlulesies aesamsne B. brauni KMITL2
LﬁﬂLﬂuLLuqm\a‘LumwammﬁémL‘W"aLﬂw,mmf;“mqauzi’mﬁ*um%mwﬁwm%qmwsiﬂiﬂ

A8NTANEN

WeN@MINe B, braunii @18WUg KMITL 2 mﬂﬁwﬁuﬁf]ﬂmﬂm FILANTY 9UTAUATUNEN ARERD
m|crocap|llary p|petted m\uﬁmmmgmmmvmmmm@@mqu@ﬂ 12 7L AN Lgﬂq‘lu@’m’]mma‘ Chlorella
medium Vlﬂ@‘ﬂmlfn@ (Vonshak and Maske, 1982) m%%@uﬂ’]iﬂulﬂ@ummLm@LLUﬂ‘VlLiﬂmmﬁmi lysogeny broth
(LB), yeast-dextrose agar Wa¥ proteose peptone agar Lufawmﬂmn%ﬂmﬂaummmmuaummmmfmmm
ANBUSNNNLNTN (Philipose, 1967) waz 18S rDNA %qﬁuﬁudmﬂu B. braunii mnﬁummﬂ B. braun/'/' KMITL2
GenBank accession no. KX470608 ”me‘ﬂgummimmmﬂummﬂiumimmmmiﬂ Toenziaesd grunni
25+1°C Ifuassiaiiios 24 dalua Aaaduas 60 pmol photons/m?/s ¥anneisieifiadsinuianseaLLATIRY nnziAes
vdaihunan 14 5 A4 unnsmaaessiel)

MsmaaeansliR Mg iedasinluemnsarazaenite Nz dinase BunaAniuiiiluems
Tnaraunsvisdellnaaesuaredmfindasinnmedey  uasiidauuadiFaluilonlnaninmesluamsiis
penicillin, kanamycin Lag neomycin ﬁ 1, 25 oz 20 mg/ml ANANAL LTWRAN 1 zﬁ’ﬂmﬂr(Helliwell et al., 2011)
vhamenmagaunsluiiousesueiize  dlsenideudidailineaeiesnnudeansldiniuell  Tae
WHAAEN B. braunii e Chiorella medium futlsaanaididunediaiiy posANIIAaeunnNnaEea 4x4
Tnaidl piotin (B) 4 52U A8 0, 1, 2 LAY 3 ug/l WALARIAY cobalamin (C) 4 526l 7B 0, 2, 4 UAT 6 pg/l NTANIINAREN
¥ANNIANEN 4 51 nzaesa e lunanariuiaaunn 1 ans iusrazion 24 51 lugnovilaenide AILANULAY BINA
WATREUUNH duAeafun sl

AAMZWTINIARINITURY Becker (1994) UFnnauldsiumaeazaes Lowry et al. (1951) U3unnansiulainsm
ImeR5ee9 DuBois et al. (1956) anmlalasAsuausiedsanuilasann Bligh and Dyer (1959) laedianim Laztihansh
aﬁmiﬁmmajmmﬁuﬁmﬂ silica gel (Silica gel 60, 230-400 mesh, Merck) Fugsazaeitnunediiieuddou
ualsThdaiudvaes wasi st daihminifeswanBualalasefuen vnswasulalasanfewdy
luledmanNAaued 965.49 AOAC official method (AOAC, 2005) meﬁm:m@mauﬁ“mmﬁﬁﬂuhiﬂﬁLﬁm IneAAgney
Fatty Acid Methyl Esters (FAME) ﬁaﬂm’?‘m Gas Chromatography (Agilent Technologies 6890 N, USA) W%’@Nwﬁlm
m3Ia3ATin flame ionization detector (FID)

ﬁ’]u’lmtm:ﬁ"]ﬂd’m{l/’ﬂi;lj@nﬂV'hLﬂu%‘/@ﬂﬂzﬁ’ﬂ‘jﬁﬁﬁ/ﬂLLﬁ\‘iﬂ’ﬂ\quf’m ANUIUANEATINNATEULAL IR N Y
(specific growth rate, ) ANNgAIIBY Garcia et al. (2005) UsziuArnnantim lulaamalsun saponification value (SV),
iodine value (IV), cetane number (CN), degree of unsaturation (DU), long-chain saturated factor (LCSF) wag cold filter
plugging point (CFPP) ANNABYBY Francisco et al. (2010) tlaz Wu and Miao (2014) 73Lﬂﬂ‘ﬁ:ﬁm’mLLﬂﬂﬁi’]x‘l‘IJ@x‘iﬁ’]L’ﬂ?ﬁlﬂ
SINARIEATE Tukey-Kramer HSD test LazRiAsziananasanmii (interaction) 1843nNHUsD A6 y T8I
7NNN9ANEN Fiagl Anova: Two factor with replication ﬁs:ﬁummﬁﬂﬁu 95% (P<0.05)

NANISANHILAZIANTOL
NavaIMAUADTININ angIngtasaRulna Wi Tdshu uazaslulainsn aasdnee
WL blotln m_l cobalamin "Lmu@mﬁwmqmumﬂmmmmmvmﬂ B. braunii (P=0.394) Tmﬂmmmmnmm
mi‘wmmumm@L‘wmummwﬂymmmim%mmwmeu memuzﬁmmiwmmwmmﬂnmmmimu biotin ggara
3 pg/l (Figure 1D) mmmmmmmmuﬂfnfmmmmm@u (Figure 1 A-C) Imﬂmmmma‘ymma‘mm (death phase)
mmwmmimmm@u I uaﬂmnum‘wmwmmiwm@mwimu biotin §egn HAwWIAAINIITANIINANENEY LAY
mmmmmmmmmmmmmu 1.89+0.23 g/l (Table 1) ﬂﬂfmwvlm“]_l biotin 1 ug/l 947U cobalamin 6 pg/l (B1C6)
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ImfmmmLLmﬂmmﬂNuuﬂmmmmmnmnmmmiﬂmmmuu Tadargandnts 131 Wi wazlAuandnvindy
miLW%L@mmﬂufﬂ raceway (Ashokkumar and Rengasamy, 2012) @Wﬂmiwmm’mvﬂmu b|otm ANAn NAUNTINIA
mvmm lefiansaunann biotin Seiuthiigaelunisairanselasiy (Heliwell et al., 2011) sl @ led biotin
sl A g miaiunisarasladuuinndniunsindsould g lunsudasssduiugvansoiule
Al duananTanaaTiTa

ananaasoALTRaWNY (specific growth rate, ) JasauieR 150 biotin 1 pg/l wazlad1é5 cobalamin
(B1C0) ﬁﬂ"]mﬁm A8 0.39+0.10 sadu (Table 1) Tmﬂﬁmmmnﬁm@fjwﬁﬁﬂﬁﬁﬁmmmﬁﬁﬁmmmmmm%u I
aniuganaaes BOCO, BOC6, B2CO, B2C2, B2C4 way B2C6 sn\‘iwmﬂfammmsmmLmu‘immLW’]viuummmmmm
AUHANARTINAA Lmm‘l‘wmumqmuumm?m”mﬂummwLmem"me‘Lumqmu 7 luszazmswdaadeting
990139 (exponential phase) LLmmuummuu’mm”mummmLsn@a Wmmm@@m\‘imemmmimmqmamum
NINAREY ImﬂmaLﬁuma‘mvmuslmmq'ammmmiummu | WAIMEANINIZBU AUIIEAILLNT AT TIFH N ANAS
mmmﬂ,mm T AV TAN, FAAIA mimmmiamvmummmLmam@im
wazWU4N biotin iU cobalamin HaninasaniusassasnansasoAuinamwizaasa e (P=0.030)

ot

&

® 05 5 i§§%$%§ ® 05 ggié

; p g
gt

OO 1 1 1 1 O_O 1 L 1 L 1
0 4q 8 12 16 20 24 0 qa 8 12 16 20 24
Cultivation time (day) Cultivation time (day)
O BOCO 0O BOCZ A BOC4 < BOCe O B1CO O BI1C2 A Bl1C4 < BlCe
2.0 2.0
$ CEE D
31.5 B %cb 3;1.5 B %éé%
%) wy D
§ 1.0 % é § 1.0 F $ % ]
s S
“os5 %% gé% “os & % %@@%
? ) §
0.0 1 L L 1 1 OO 1 L 1 L 1
0 q 8 12 16 20 24 0 a 8 12 16 20 24
Cultivation time (day) Cultivation time (day)
O B2CO O Bz2C2Z A Bz2C4 < B2Cé6 O B3CO DO B3C2 2 B3C4 < B3C6

Figure 1 Biomass (g/l) of Botryococcus braunii KMITL 2 cultivated in media supplemented with different biotin

(B 0-3 pg/l) and cobalamin (C 0-6 ug/l) concentrations. Values are means+SE (n=4).

‘Lﬁmmiﬂa‘muwwﬂummﬁwL‘Wﬁ”L@m‘lum@umﬂmmimmm Sty 2 1eaninnnzaes
memmuaummmm@m (Figure 2B-D) EIﬂLQ“L&“]Jﬁﬂ’]?‘I/]ﬂ@'ﬂ\W]VLWmL'?),‘WT" cobalamin we i l#3U biotin (Figure 2A)
mmﬁmm‘lﬁﬂsmu@mmm@mmwmm Tmﬂwmﬁmmmmwmm ﬂ?ﬁmm‘iﬂimﬂwmmwimu biotin 3 pg/l FauAU
cobalamin 6 pg/l (B3C6) ummmm A8 23.29+1.15% Imﬂum'mLu;mWfamquuﬂmmmmammnmmmimmm
au °] andugA BOC6, B1C4, B1C6, B2C2, B2C4 uay B2C6 uAZWU9N biotin i cobalamin mwﬁ‘wmammm
maﬂ?mmiﬂimummmmm (P=0.000) wmqmmwmﬂwuﬁuuﬁmm‘iﬂimuwmmmmawmmsﬁuwwvmwﬂu
A1 24 G agludes 15.91-23.29% emmﬂfmﬂ?‘mmiﬂimmmmmﬁwL‘W%L@mmm 2 U Sﬁquiﬂﬁmu@ﬂlumq
19.18-42.89% mn‘wmimwnﬂim‘lﬁﬂimﬂﬂhﬂi“ﬂmu WINILANg L@?;IQTN[?]‘LANI‘]JW]HM@@ LLmummmmnfnmum
NNINARBININ muum?mmmwmquvmmqumummmimm@@ﬂﬂ‘lﬁjﬂa‘ Tﬂfﬂumuvlmm@mmmmummﬁ (proteln
yield) Tmﬂwmﬁﬂ?mm‘lﬁﬂmuuﬂ?mmmmu ilemudinduaes cobalamin Windu iy cobalamin Sl
dnelunnsadansnesiituiuies (Croft et al., 2006)
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Figure 2 Protein (%) of Botryococcus braunii KMITL 2 cultivated in media supplemented with different biotin (B 0-3 pg/l)
and cobalamin (C 0-6 pg/l) concentrations. Different small letters on the lines indicate significant difference at
95 % confidence level (compare fig 2. A-D). Values are means+SE (n=4).

Baunmenflulansnressueduniaaaduies 4 S wnoesmamzians ud@iniuintuais
Usmnmdfi 1216 2eamansiden  uazaassauduganmmeaaes (Figure 3A-D) Tauganimaaesiunns
mﬁu”latmmslummﬁé”u biotin 1 pg/l 398U cobalamin 4 pg/l (B1C4) ﬁm@;qﬁqm Af 31.48+1.68% lnellAnuLANFN
ataiid AynadAnuganimaaes B3C4 Taawwudn biotin il cobalamin HananasauriuselFunnansiulamss
48 M98 (P=0.008) unnNaTIanInauan STy lawmsm ‘wm'ﬁmmimfnmﬂMi’ﬁmﬁmﬁiﬂﬁlﬂuﬁmqaﬂuma
wamluleienuealdiduiy tasludanswnsdesinuianslulansndisinugadensmnzidaszann 12-16 5u

wsilafarsunnananAslulamsn (carbohydrate yield) @ssiasansnndaunuionag wulddnnduganismasesly

nananAFIUlanIngandn
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Figure 3 Carbohydrate (%) of Botryococcus braunii KMITL 2 cultivated in media supplemented with different biotin

(B 0-3 ug/l) and cobalamin (C 0-6 ug/l) concentrations. Different small letters on the lines indicate significant

difference at 95 % confidence level (compare fig 3. A-D). Values are means+SE (n=4).
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naaasImiusalzunalalnsamsuaun nandnlalnsasuau uaziainanlalnsasuau 1ass v

ﬁéuzgmmmmmmuéwﬁiﬁ%u biotin 3 ug/ WlAf  cobalamin  (B3C0) HuFunaulalnsansueu
(hydrocarbon content) zgﬁizgm A8 62.17+1.31% zﬁ'qummimmmﬁﬁﬁqmN%m"l,a‘llmmfmu (hydrocarbon yield) uag
naandmlalasansuau (hydrocarbon productivity) @;qﬁqmﬁ@mﬁiﬁ%u biotin 2 pg/l $9NTU cobalamin 6 pg/l (B2C6)
Lm:mﬁiaﬁu biotin 2 pg/l $aurU cobalamin 2 pg/l (B2C2) TaaflA1winiL 0.90+0.06 g/l uaz 160.20+19.42 mg/l/d
ANNANGL (Table 1) Taeimudn biotin fu cobalamin HananasuiuseFualalnsAfueuuesa1niie (P=0.030)
Wi liiAnanafuiusenananlalnsAFuen (P=0.198) waznaanan lalnsansueu (P=0.241)

¥4 biotin Uy cobalamin fvtidaglunisdaasesingslasis Tag biotin asfiviinsnnng cobalamin
Taerdae Tun199119114284 acetyl coenzyme A (CoA) (Croft et al., 2006; Helliwell et al., 2011) mefmmmmmmﬁ
wudamefsinadlalasmfuewdisduwilelstu biotin Wity uargeiiaadleldsy biotin qeilan Taelideed

cobalamin

Table 1 Biomass, specific growth rate (u), hydrocarbon content, hydrocarbon yield and hydrocarbon productivity
of B. braunii KMITL 2 cultivated under different biotin (B 0-3 ug/l) and cobalamin (C 0-6 ug/l) concentrations.

. Hydrocarbon Hydrocarbon Hydrocarbon
Treatments B /l /d
reatments fomass (g/l) i (/day) content (%) yield (g/l) productivity (mg/I/d)
BOCO 1.4420.10°°  0.21+0.01%° 37.18+1.04™ 0.54+0.06% 77.22+9.35%
BOC2 1.45+0.06°°  0.12+0.02° 31.77+1.35° 0.46+0.06° 38.95+8.22°
BOC4 1.5120.04°°"  0.13+0.02*°  33.96+1.16™ 0.51+0.05° 46.27+11.52°
BOC6 1.6720.17%°%  0.20£0.03%°  41.29+1.07*° 0.69+0.097 81.56+7.93%
B1CO 1.55+0.14°**  0.39+0.10° 36.15+1.53°° 0.55+0.04%° 148.38+51.87%°
B1C2 1.72+0.11™°%  0.1240.02*°  40.04+1.69° 0.69+0.09° 47.17+6.84°
B1C4 1.5620.15°%°%  0.17+0.02°°  50.65+2.22% 0.77+0.06° 85.49+14.30°
B1C6 1.89+0.23° 0.17+0.02°*°  39.38+0.79™ 0.76+0.11%° 69.43+13.20%
B2CO 1.42+0.03"°  0.34+0.03°°  44.14+0.52°° 0.63+0.03* 150.89+16.40°
B2C2 1.63+0.09”"  0.31+0.03°°  50.58+0.57° 0.82+0.03" 160.20+19.42°
B2C4 1.78+0.04°"  0.23+0.04°° 48.78+0.69° 0.87+0.03° 115.24+27.53%
B2C6 1.8320.04°"  0.22+0.07*° 48.97+0.67° 0.90+0.06° 112.92+439.72%
B3C0 1.17+0.13° 0.19+0.02°°  62.17+1.31° 0.72+0.04°° 116.45+16.36™
B3C2 1.3240.09"°  0.14+0.01%  49.34+0.74° 0.65+0.07°° 66.32+2.67°
B3C4 1.45+0.09°°  0.12+0.00° 47.08+0.55% 0.68+0.04™ 55.94+2.39°
B3C6 1.45+0.09°”°  0.19+0.03%° 52.67+0.21% 0.76+0.03" 100.38+16.19%

Mean+SE (n=4) with the different superscript in column are significantly different (P<0.05).

fls189uANMSEH cobalamin luevnaINzIAENE MY ludsnasaniaaanyiiuinuaziunnlasiuae
danvsneaneWg B. braunii BOT-22 Guitlasiu 42% (Tanabe et al., 2014) $9sneannnsinnASEiANLTY cobalamin
sty ﬁLLunﬁuﬁﬂﬁ’mmam%m@Lﬁ'uﬁu uazeiananasialalnsasuanaes B. braunii KMITL 2 608 UATHAAN
mmnmuwmwmmwmmwuﬁ KMITL 2 Hlalasansuaugendnanssiug BOT-22 HAANNIMAABIASIELARTHLiLI
‘Lu‘wrmmmmm@fawmmﬂwvmm B. brauni KMITL 2 swsefiBunadlalasenfuewduessznatunniign
savasunpanslulansn uazllsiiu AmuanAL muumﬂ‘wm?mﬂuﬁmvmmmsm”l,ﬂ‘lmﬂmmmmmwam@mLﬂnm‘wm
Fanmn mmwumumwmumwzwlunwmmvl,ui@mLemmrmm smvnarAglulaenues wsdlilaufadhugd
qnving muuﬂq@wmmummmmwuiﬂL‘ﬂmmqm‘umm"l:u‘lﬁ@mmmmﬁnmammummmummmuuh‘lﬁ@mlﬁm
fnanlasield
wmmqm’mumnm"lmuummmﬂuummﬂu‘iammmmufmuwwammnmumﬂ

rafnednatfdbenen i luled e min Wquumnimhuumwumm@ C16:0 78 palmitic
acid 989A9NNAE C18:2n6c 138 linoleic acid (Table 2) sn\iﬂmﬂn‘umﬁﬂavnﬂuhuu“umwwumwhLﬂmmmumm
vhauluTediaautuiiy Aefl C16 uax C18 Wiuesdilsynauman (Ramos et al., 2009) efiansnn Bunainsalasudnsi
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wazliANAINLNgeARARIAL AN SV, DU way LCSF (Table 3) wanannieanuqdnily3unns C18:3n3 39:uAU C18:3n6
Tdifin 12% (anidu B3C6 H 12.9%) uazaminelunnganimmeaaesinenlaiuiailinuasy > 4 A 1% deinuais
NONIRIgINLNTURLA Y99 European standard (EN 14214) (Bacha et al., 2007)

Table 2 Fatty acid profiles of B. braunii KMITL 2 cultivated in media supplemented with different biotin (B 0-3 ug/l)
and cobalamin (C 0-6 ug/l) concentrations.

FA BOCO BOC2 BOC4 BOC6 B1CO B1C2 B1C4 B1C6 B2CO0 B2C2 B2C4 B2C6 B3CO B3C2 B3C4 B3C6
C4:0 08 10 13 10 22 01 09 04 05 0r 04 06 04 05 01 01
C6:0 18 18 10 18 17 03 09 09 20 18 15 12 30 11 09 03
C8:0 51 56 53 50 216 97 59 83 45 37 45 26 106 138 24 13
C10:0 132 169 140 130 45 39 41 43 00 10 00 06 34 157 17 10
cM1o 66 120 71 98 64 48 18 00 11 18 13 13 19 69 05 07
c120 89 121 43 100 69 45 81 81 74 76 70 42 89 63 35 55
c130 69 40 53 39 30 22 19 19 07 00 08 03 14 28 58 79
c1i40 22 19 08 11 16 16 16 18 08 16 13 12 09 03 05 10
c141 10 15 09 09 05 06 03 04 00 06 07 09 06 05 09 07
c10 12 15 07 16 02 08 07 07 00 03 02 02 09 04 13 12
c151 06 11 03 04 02 01 02 04 00 00 0O 01 04 01 05 02
c16:0 147 117 140 124 142 186 228 188 274 263 261 231 228 158 215 188
ce1 23 20 22 23 30 30 01 22 17 18 24 41 35 19 38 37
c1r0 25 25 35 34 28 25 28 32 82 106 115 123 39 24 50 38
cir1 28 32 48 45 38 59 54 59 00 00 04 05 30 42 60 70
ci80o 13 14 06 09 16 05 04 47 39 40 36 56 16 07 09 04
c8mt 10 16 29 27 20 46 93 38 00 00 00 00 13 09 21 35
C18mec 62 50 66 58 24 00 00 47 111 108 108 102 23 69 112 52
C182rt 0.3 02 03 107 45 97 113 51 00 00 06 00 79 00 00 47
C182n6c 94 69 113 21 93 131 109 127 179 181 161 184 121 117 180 185
c183n3 42 01 01 00 05 77 66 01 00 00 00O 00 04 02 03 90
c183n6 1.7 14 22 63 18 29 24 28 34 24 30 33 20 16 35 40
c200 42 36 614 03 51 00 00 70 87 63 74 83 45 40 78 00
c201 02 02 04 01 04 05 06 05 04 04 04 06 03 02 05 06
c202 00 01 01 00 00 02 01 02 00 00 00 00 03 01 02 01
Cc20:3n3 00 00O 00 00 00 03 00 00O 0O 0O 0O 00 o00O0 01 00 00
C20:3n6 00 00 00 00 00 01t 00 00O 0O 0O 0O 00O 02 01 ©00 00
C204n6 00 00 00O 00O 00 02 01 01 00O 00O 00 00 0O 00 00 00
c2065n3 00 00 00 00 0O 00O 0O 0O 00 00 00 00 00 02 00 o041
¢c210 00 00 00 00O 00 03 03 02 00 00 00 00 00 01 00 00
c220 00 01 0O 00O 00 01 02 01 0O 0O 00O 00 OO 00 00 00
c22:in9 00 01 00 00O 0O 01 01 01 00 00O 00O 00 00 00 00 01
c222 04 02 06 00 00 00O 00 00 02 01 00O 01 02 02 03 03
Cc226n3 00 01 06 01 00 O6 00 00O 0O 00 00 00 00O 00 00 01
¢cz230 03 01 04 01 00 03 02 03 00 00O 00O 01 04 01 01 00
c240 00 0O 16 00 00 OOt 00 01t 00O 02 00 01 04 02 05 02
c241 02 00 06 01 00 00 0O OO 0O 00O 00 00 03 00 00 00
SFA 69.7 762 662 643 717 504 298 60.7 653 658 656 617 651 711 526 423
UFA 30.3 238 338 357 283 496 702 393 347 342 344 383 349 289 474 577
MUFA 144 147 186 16.6 124 149 386 181 132 135 147 164 117 146 250 209
PUFA  16.0 90 152 191 160 347 316 212 215 206 197 218 233 143 223 36.8

FA = Fatty acid, SFA= Saturated fatty acid, UFA= Unsaturated fatty acid, MUFA= Monounsaturated fatty acid, PUFA= Polyunsaturated
fatty acid.
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Table 3 Biodiesel properties of B. braunii KMITL 2 cultivated in media supplemented with different biotin

(B 0-3 pg/l) and cobalamin (C 0-6 ug/l) concentrations.

Treatments SV (mg KOH/g) IV (g 1,/100 g) CN DU (wt.%) LCSF (wt.%) CFPP (°C)
BOCO 240.21 45.50 57.42  46.31 6.32 3.37
BOC2 251.06 30.09 60.37  32.78 5.67 1.35
BOC4 235.32 43.47 58.41 49.00 11.08 18.33
BOC6 243.04 53.18 5520 54.78 2.03 -10.10
B1CO 257.87 40.61 57.11 44.29 7.32 6.51
B1C2 225.07 82.08 49.62 84.37 2.48 -8.67
B1C4 223.60 97.88 4575  101.75 0.63 -14.51
B1C6 222.39 55.19 56.77  60.41 11.57 19.88
B2CO 214.76 51.45 58.60 56.20 13.36 25.50
B2C2 216.09 49.55 58.92  54.81 11.32 19.08
B2C4 219.38 45.95 59.46  50.05 12.76 23.62
B2C6 209.06 55.21 58.33  60.12 13.60 26.26
B3CO 233.18 52.82 56.24  58.18 8.49 10.19
B3C2 249.37 39.64 58.08  43.19 6.41 3.67
B3C4 208.99 63.95 56.11 69.67 11.43 19.43
B3C6 208.91 93.47 4859  94.41 2.52 -8.58

anmmilalasenfueuiiaislallanduliled s uasAnmansuiRsenihsudanans nunhdululesisa
‘ﬁmammnmuéwnﬂmmmmmﬁV’h?ﬂmu (Cetane number, CN) ag/luta9 45.75-60.37 (Table 3) A1 CN uAdas
fansonidususuuenlunsudmindu TmﬂLﬂumﬁmmam@uﬁﬁmﬂmﬁm mawludmesiidu winden ON g4
Fefineediniin  Aesedoudonedldtvazoannu Addndsewlduundt  winnd1  elessuReineldasing
fulszAvammidiniuanndy Tasen ON m@qﬁﬁﬂﬂui@ﬁLsn@ﬁ'ﬁmumﬁmmmmmuﬁ@ﬁmﬁﬂ'ﬂﬁﬁi’ﬁﬂdﬁ 47 vize 51
mmmmﬁ’m‘um ASTM D6751 (2012) LAY Fuel Standard (B|od|esel) Determination (2003) AMNAAL mwmmmumm
mmwmww Agsanmsinmifilen oN agflutas 45.75-60.37 vlwieunnganimanesidn ON gendnamegu
feapannel aniduganaaes B1C2 Az B3C MHueinraes ASTM D6751 uas B1CA #linunniafuinsgu
seseunnel danndesmahavigluganmesssnsnikdnluled s Suiufesddfuneunisassianselaiuiil
WiszAasan eauiiaen ON mm‘fiﬂﬁuiﬁzgq%uslﬁmummsﬁmmgm A1 CN 2184 B. braunii mﬂﬁuﬁﬁuﬁmﬂﬁmmmﬁ
i JAWINAU 52.67 (Nascimento et al., 2015) Waz 55.4 (Ashokkumar et al., 2014) Ua¥49N31 Chiorella sosokiniana
and C. wulgaris %aﬁﬂ'ﬁmu 42.40 uaz 40.24 (Sergeeva et al., 2017)

A1 Saponification value (SV) iluAnflugasitaiwiinluianaiade (Paiusnazesiuny) Teensalasiiusiomn
filsznavadlwindu wndn SV geuansininseluuiiiimintuanas Sdaullsznauaes triglycerides aginn
winzaslumiieiesdiens dy vieutay snnndminiluledims ivezdlethunudninaluledmaazinll
Suanamintusn fuiuin sV Asasdeuaiserniiluledima dunfudaiiilulefiza B100 uaz B10 fiAn Sv
WinriU 244 UaY 218 mg KOH/g (US Department of Energy, 2004) dhifumesgnuiefinnzaedlunmaaeiisen sv
¢/luta49 208.91-257.87 mg KOH/g

A1 lodine value (1V) Lﬂuﬂ'wﬁi”uﬁqﬂ?ﬁmmnm%ﬁumﬁluﬁa%mmiﬂu‘ﬁ@ﬁLsm Favnilen v ‘17%@\‘1 glanyin 1
saTulalnesin GNmmmmmﬁmm‘lﬁsﬂmuum%mm v fedlsifin 120 g 1,100 g Tagen IV veniauiiudsldan
wﬂmmmawm@muum@ﬂumq 30.09-97.88 g 1/100 g Aehupnannnsinmsgudiiwn uayIndidssiue 1v 1eg
avinevangaiafiilieen|3lunuistues Francisco et al. (2010)

A1 Degree of unsaturation (DU) A Tuansienuasiresnsululefia yesraznaiann
U3l wnawseRtiinansaluiliEnsiussgninazinliilan DU ge TagAn DU fisn wenefiait
uleRgatiuilrnannupaiaiia s ldunundisn DU #ige Tasrn DU ganisiuannamingsesmmanesiiian
ag/ludng 32.78-101.75% Tasganiananes BOC2 Aegafifien DU siiga Taafisneiusn DU gesausedden
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auaANTRARL AT WAY 191 DU 1898 Mse Scenedesmus obliquus Wax Chlorella pyrenoidosa %q@fﬂmj’qq
76.53-132.08% (Wu and Miao, 2014)

anassadeiiuansnmninaanidululefsafernlaidufaigen long chain saturated factor
(LCSF) uazAMsgasiu Cold filter plugging point (CFPP) mmmqmLﬂum‘wLmqmfmmma‘m‘Lumﬂmm@nmm
m@qmuﬂui@msmlmmmwmmmmmm N LCSF uaz CFPP s uansdminsiuiinisiva quanlé winiien LCSF
uaz CFPP fige ﬁfawm'ﬂmmmuiﬂ@mLemuummnmm@uum@mmuﬁm@wmmmwumﬂmwmmmum tlanyinli
hsudignunmenlldan (Mittelbach and Remschmidt, 2004) Gwwaannmsmaaesinudnindugesassiaan
ganemaaad B1C4 flé1 LCSF uaz CFPP fiafiqaie 0.63% uaz -14.51°C uwazlumanegansmaaesilen CFPP 4
fund 20°C denaziimaianlduaalulefaaeseadiimnzauiudszmaluendlomunn - Feedinisdsudss
ruaTRnewh ) ldeds TnaileRansnniftausuawiediaannadnafisaunuiingnuldde LCSF sasaming
Scenedesmus obliquus WAz Chlorella pyrenoidosa %Imgﬂmm 3.01-5.73% (Wu and Miao, 2014)

#gUNaNsANEN
miLWﬁngmmMé’m B. braunii KMITL 2 Iaed3umq83mnis biotin (B) way cobalamin (C) Avunzay
dnaliliananTaNIageqane 1.89+0.23 g/l lugan1smaaes B1C6 dautganismaaes B3CO Wilfunulalasansueu
4eanAe 62.171.31% WATWLYN biotin WAz cobalamin HandnadniusednsnsmsALInaniz Uenimullsiu
aslulaiasm uazlalasansuaw m@qmuéwmaﬁuﬁ‘ﬁ ﬁﬂﬂﬂui@ﬁLmﬁﬁﬂmmwﬁﬁ'mmﬁ@mnmmwimmma‘mam
BOC2 Taeilen IV uaz DU snfige winfu 30.09 g 1/100 g uaz 32.78°C uazen cetane gefigaie 60.37 uanslmiiiudy
n191e313n 8 biotin uaz cobalamin iunmadeniialunisme L@mmumﬂmawuﬁumeLﬂumem@miuI@mLm

= =
neRAngsNUszn A
a o 3 d’l Yo Yo o =l o = 2 ¥
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Needs for Agricultural Extension Services of Large Agricultural Land Plot Mangosteen Growers

in Langsuan District, Chumphon Province
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Abstract

The objectives of this research were: 1) to study the basic demographic characteristics, socio-economics and
current product promotional activities of mangosteen farmers with large plots in Langsuan district, Chumphon province
and then: 2) to analyze their needs for further promotional activities in terms of their demographics, socio-economics and
existing promotional activities. With respect to the first objective, the results revealed that farmers had an average age of
56 years. The majority of them had secondary school/vocational certificate level educations, and they had been growing
mangosteens for an average of 27.75 years. There were usually two household laborers employed on a plot. The average
amount of mangosteen production was 1,223.09 kilograms/rai. The average income from selling mangosteens was
41,666.67 Baht/rai/ year. Most of the farmers were Tha Maphla growers’ group members. They had received information
and support and regularly participated in agricultural promotional activities in the area. In general, the farmers’ level of
need for further agricultural promotional services was at the moderate level. Hypothesis testing showed that farmers who
had different levels of experience in growing mangosteens had different levels of demand for further promotional services
at a statistical significance level of 0.01. As for farmers who produced different amounts of mangosteen products, had
different incomes from selling mangosteens, and who participated in agricultural activities in different areas, they too had
different needs for further promotional services and these results were statistically significant at 0.05. Moreover, farmers
who had different number of household laborers, who were members of groups in different areas, got their information
from different sources, and who had different levels of existing promotional activities, had different levels of demand for

extra agricultural promotional services at the statistical significance levels of 0.05 and 0.01.

Keywords: needs, agricultural extension, mangosteen, land plot, Chumphon province
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Table 1 Needs for agricultural extension services (n=168).

Summary of farmers’ needs for agricultural extension
services of large agricultural land plot mangosteen x SD Level of needs

growers in Langsuan district, Chumphon province

Knowledge of mangosteen production 2.37 0.345 Moderate
Agricultural extension channels 2.32 0.376 Moderate
Agricultural extension methods 2.29 0.401 Moderate
Total 2.34 0.311 Moderate
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Table 2 Comparison of needs for agricultural extension services of large agricultural land plot mangosteen growers

in Langsuan district, Chumphon province (n=168).

Knowledge of Agricultural extension Agricultural
. mangosteen production channels extension methods F-test/

Independent variable

F-test/ F-test/ F-test/ t-test

P-value P-value P-value

t-test t-test t-test
Basic demographic factors
- Gender 0.122™  0.903 -0.136™ 0.892 0.164™ 0.870  ttest
- Age 0.070" 0.932 0.132"™ 0.877 0.708™ 0494  F-test
- Educational attainment 0.561™  0.572 0.215™ 0.807 0.592™ 0.554  F-test
- Number of household members 1.214™  0.300 0.088™ 0.916 0.034™ 0.967 F-test
- Experience in growing mangosteen 0.621"  0.539 1.581™ 0.209 4954 0.008  F-test
Socio-economic factors
- Total labor used to produce mangosteen 0.177™  0.838 0.842"™ 0.433 0.373® 0.689 F-test
- Number of labor in households that use 5.040°  0.008 4109 0018  0254™ 0776 F-test
mangosteen production
- Number of labor employed in 0.741" 0478 1.905™  0.152 0.675" 0511  F-test
mangosteen production
- Total area of agricultural land 0.611"  0.544 0.593™ 0.544 0.584™ 0.559  F-test
- Total area of mangosteen plantation 0475  0.623 1.071™ 0.345 1712 0.184  F-test
- The area that can yield all mangosteen fruits 0.361™  0.697 1.079™ 0.342 1.807" 0.167  F-test
- Average amount of mangosteen 0.853™ 0428 3.253* 0.041 0.946™ 0.390  F-test

products in 2015 - 2018

Note: ns = non-significant level, * = significant at the level 0.05, ** = significant at the level 0.01.
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Table 2 (Continued).

Knowledge of Agricultural extension Agricultural
) mangosteen production channels extension methods F-test/

Independent variable

F-test/ F-test/ F-test/ t-test

P-value P-value P-value

t-test t-test t-test
Socio-economic factors (Continued)
- Expenses from the production of 2.704™  0.070 0.659™ 0.519 0.086" 0.918  F-test
mangosteen
- Income from the sale of mangosteen 3471 0.045 2.550™ 0.081 3.947 0.021 F-test
- Group membership by area 16.454"  0.000 3.185 0.025 1.382° 0250  F-test
- Position of members within the group ~ -2.115™  0.056 -1.207"  0.229 0.229 0.737  t-test
- Funding sources for the production of ~ 0.603™  0.547 0.867™ 0.583 -0.149™ 0.882  ttest
mangosteen
Agricultural extension factors
- Receiving information on agricultural ~ -3.071°  0.002 2052 0042 -1.831™  0.069 ttest
extension
- Received agricultural extension 3288 0.001 2266 0025  -1262° 0209 ttest
- Participation in agricultural extension ~ -2.306  0.022 2064  0.041 -1.886™ 0.061  ttest

activities in the area

Note: ns= non-significant level, * = significant at the level 0.05, ** = significant at the level 0.01.
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Good Agricultural Practice for Dairy Cattle Farm of Dairy Farmer in Prachuap Khiri Khan Province
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Abstract

The objectives of this research were to study: 1) the socio-economics of dairy farmers; 2) the management
practices of dairy farmers; 3) the knowledge of dairy farmers concerned with Good Agricultural Practice (GAP) for dairy
cattle farms; and 4) the problems faced by, and suggestions for, dairy farm management for GAP on dairy cattle farms.
The sample were 66 dairy farmers who were members of the Ban Din Daeng Thai-Denmark Dairy Cooperatives within
the Prachuap Khiri Khan province. The data were collected via interview forms, and the responses were analyzed with
descriptive statistics. The results showed that: 1) Most of the dairy farmers (62.10% of them) were male, and had an
average age of 49.32410.16 years. They had mostly graduated from primary school. Seventy-four percent of
the dairy farmers had 15.35+9.75 years of experience working on dairy farms; 2) With regard to dairy farm
management in the areas of dairy breed, feed and general management, the dairy farmers generally acted in
compliance with GAP for dairy cattle farms (TAS 6402-2009); 3) The level of knowledge of the farmers about GAP
for dairy cattle farming concerned with 9 key items was at the good level (94.12 percent). However, 4) most of the
dairy farmers are not yet certified to the standards of the GAP for dairy cattle farming (TAS 6402-2009), although
they say they want to achieve certification. Therefore, the relevant agencies should better try to understand and

educate the farmers and help them to recognize the importance of farm management as per the standards.

Keywords: dairy farm management, milk production, dairy farmer, good agricultural practice
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Figure 1 The percentage of knowledge on Good Agricultural Practice for dairy cattle farm of dairy farmer.
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Table 1 The level of knowledge on Good Agricultural Practice for dairy cattle farm of dairy farmer (n=66).

Level of knowledge Number of dairy farmers Percentage
High 64 94.12
Medium (26 to 20) 2 5.88
Low (<20) 0 0.00
Total 66 100.00
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Decision Making in Selection of Rubber Tapping Systems of Rubber Farmers

in Na Thawi District, Songkhla Province
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Abstract

The aim of this study was to examine the rubber tapping systems and the factors affecting the decision making of
rubber farmers in the selection of rubber tapping systems. 382 households in Na Thawi district, Songkhla province, were
selected to be involved in this study. Structured-interview questionnaires were used for data collection. Frequency
distribution, percentage, mean, and standard deviation were the statistics used for data analysis. The results of the study
indicated that the rubber tapping systems that farmers chose to use in the area could be classified into 2 main tapping
systems. The first tapping system was the one suggested by the Rubber Research Institute, and 29.32% of farmers opted
for it. The second system, which was the one commonly used by rubber farmers, had been adopted by 70.68% of farmers.
However, the study found that the tapping systems that farmers preferred for general use were the 1/3S 3d/4, 1/2S 3d/4, 1/2S
2d/3, 1/2S d/2, 1/3S d/1, and 1/3S 2d/3 systems, which they endorsed at the percentage levels of 30.37, 30.10, 16.75, 7.07,
4.97, and 2.88, respectively. Rubber farmers tended to choose the tapping system that had a high tapping frequency
(tapping days.) Three factors affected the farmers’ decisions when choosing a tapping system. Those were the decrease in
rubber prices (x = 4.08, SD = 0.84), incomes from rubber plantations (x = 4.04, SD = 1.45), and the age of rubber trees
(x=4.02, SD = 0.92). Most of the farmers (70.94%) had changed their tapping system at some point after opening their
tapping businesses. Farmers who had changed their tapping systems in the past reported that they had done so for three
main reasons. Firstly, they made changes because they wanted to increase their incomes (38.22% of farmers). Secondly,
they changed the way they tapped because of changes in the season or climate (35.34%). Thirdly, farmers tried to
compensate for the increasing age of their trees by modifying their tapping methods (21.99%). When changing tapping
systems, rubber farmers changed the frequency of tapping (tapping days) and the tapping mark lengths.

Keywords: rubber tapping system, decision making in the selection of rubber tapping systems, decision conditions,
factors affecting decision making
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(Table 1)

Table 1 Types of rubber tapping systems.

. Tapping system with normal High-frequency
Rubber tapping system Percentage ) )
frequencies tapping system
1. (1/2S d/3)
. . 2.(1/28 d/2)
Slit system according to the Rubber
Research Institute suggests 29.32 3. (1128 2d/3) none
99 4. (138 24/3)
5. (1/3S d/2+ET2.5%)
1. (1/2S d/2) 1. (1/2S 3d/4)
2.(1/28 2d/3) 2. (1/2S 4d/5)
Scanning system found in 20.68 3.(1/38 d/2) 3. (1/3S 3d/4)
the area ' 4. (1/3S 2d/3) 4. (1/3S 4d/5)
5. (1/3S 5d/6)
6. (1/35 d/1)

*Tapping system with normal frequencies Include (1/2S d/3) tapping half of the trunk-day cease two days, (1/2S d/2) tapping half of the trunk-
day cease days, (1/2S 2d/3) tapping half the trunk-Two every other day, (1/3S 2d/3) tapping a third of the trunk-Two every other day, and (1/3S
d/2+ET2.5%) tapping a third of the trunk-day cease days.+ ET2.5%.

**High-frequency tapping system Include (1/2S 3d/4) tapping half of the trunk-Three every other day, (1/2S 4d/5) tapping half of the trunk-Four
every other day, (1/3S 3d/4) tapping a third of the trunk-Three every other day, (1/3S 4d/5) tapping a third of the trunk-Four every other day,
(1/3S 5d/6) tapping a third of the trunk- Five every other day, and (1/3S d/1) tapping a third of the trunk- tapping every day.

LTI T INERIn AN TN lufufieneuwa Smdassan I 10 sxuunse I8ud sxuunes 1/3S
3d/4, 1/2S 3d/4, 1/2S 2d/3, 1/2S d/2, 1/3S d/1, 1/3S 2d/3, 1/3S d/2, 1/3S 5d/6, 1/2S 4d/5 waz 1/3S 4d/5 %Q?iﬂ‘i.lﬂ?‘ﬂ
enansiRen I don i inuluituiel 6 ssuunae T svuunin 1/3S 3d/4 Andluderay 30.37 szUurian 1/2S 3a/4
Andudaaay 30.10 szuunTa 1/2S 20/3 Anluiataz 16.75 syuunam 1/2S d/2 Anduianas 7.07 szuunan 1/3S d/1
AndluSeeay 4.97 uazszuunia 1/3S 2d/3 Andlufasay 2.88 (Figure 1) AR T UL AN T
nAsNITRAAE I R new e Wiluszuuidaidaasiange uazduszuuniad bilgssuumianw
fiannAdesnauuh

35

30.37 30.10
30 A

25 A

15 4

Percentage

10 4

75
7-07
4.97
I 2.88 2.62 2.62
. 1.31 131
a BN . o N N a o

1/3S 3d/4 1/2S 3d/4 1/2S 2d/3 1/2S d/2 1/3S d/1) 1/3S 2d/3 1/3S d/2 1/3S 5d/6 1/2S 4d/5 1/3S 4d/5

Figure 1 Rubber tapping system in Na Thawi district Songkhla province.
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Table 2 Percentage of rubber tapping characteristics (n=382).

Frequency

Information o Percentage
Distribution
Characteristics of rubber tapping in rubber plantations of farmers
All by yourself
232 60.73
Cut yourself some
. . 41 10.73
Hire all the slits
o . . 74 19.37
Tapping in one's own garden and contracting to cut in other rubber 35 917
plantations '
Decision to use rubber tapping system
Rubber plantation owner 340 89.01
Labor hire 42 10.99
Learning sources of rubber tapping systems
The farmer himself 233 60.99
Family member 99 25.92
Employer tapping (employer) 10 2.62
Rubber Authority of Thailand 40 10.47
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Table 3 The level of decision to choose the rubber tapping system of the rubber planters (n=382).

Factors affecting the decision to choose the rubber Mean sD The level of decision to choose the
tapping system rubber tapping system
1. Rubber prices that are lower 4.08 0.84 Much
2. Income from rubber plantation 4.04 1.45 Much
3. The age of the rubber tree 4.02 0.92 Much
4. Debt 3.97 1.06 Much
5. Proficiency in tapping 3.69 0.94 Much
6. Age of farmers 3.58 1.04 Much
7. Size of rubber planting areas 3.48 0.84 Moderate
8. The tapping system you decide to use result in a shorter ~ 3.47 0.96 Moderate
cut time wasting a lot of rubber bark.
9. Scaling system recommended by the research institute 3.45 0.94 Moderate
10. Number of labor tapping in the household 3.37 1.02 Moderate
11. Area condition 3.26 0.75 Moderate
12. Number of household members 3.13 0.99 Moderate
13. The education level of farmer 3.04 112 Moderate
14. Income from supplementary careers 3.03 1.20 Moderate
15. Information received 2.94 0.93 Moderate
16. The slit system that the neighbors choose 2.86 1.05 Moderate

Reavlafiinadanalasunlainisldezuun3aenanns1adnHASNSRIULNINIG

mnm@ﬁﬂ‘mwudﬂanmm‘mqmumqmmLﬁ@nﬁazwﬂ?mﬁﬁmwﬁrﬁ'mm O B UNAHAR LAY
#eld Gansmansdaulug fesar 70.94 finsulaeuulasssuunindiedaninuda Imﬂummmmﬂwm‘lmnwmm
Lﬂ@ﬂuuﬂmuumm D mmmaiwimwu Andlufasas 38.22 799a9N1AS fgn14 Andlufasay 35.34 fmﬂmm
unty Anudesas 21.99 LL@mﬂLum@u ] Anudatay 4.45 (Table 4) daltevwlafifinasanisilaeulasszuunio
HNNINVDUNHATNITNEILE NN LT wiiseanidly 2 gluuy e Savlaiiluasenini/aeunlaseanyd
(Fun3n) ez evlaiiinasenianasuulasrnugnivenie

Table 4 Percentage of the decision to change the rubber tapping system of white rubber farmers when opening the

tapping (n=382).

) Frequency
Information o Percentage
Distribution
Changes in the rubber tree tapping system
Change 271 70.94
Not change 111 29.06
Reasons to change the rubber tapping system
More old tires 84 21.99
Need more income 146 38.22
Season 135 35.34

Other 17 4.45
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Table 5 Percentage of conditions that affect the change of the rubber tree tapping system by changing the

frequency (tapping day) (n=382).

Rubber tapping system

Change frequency (day tapping)* 1/38 1/28 1/28 1/3S
3d/4 3d/4 2d/3 1/28 a2 1138 dnt 2d/3
1. Save time on tapping 24.3 32.90 16.40 7.10 5.00 3.60
2. Give a lot of latex 36.10 31.80 21.30 3.60 - -
3. Rubber trees are older. 24.40 30.00 19.10 7.10 6.70 210
4. Ease of tapping repeatedly 18.90 27.80 31.10 - - -
5. Rubber prices that are lower. 34.60 30.40 14.00 6.00 5.70 1.80
6. Face slits to the disease. 31.60 13.20 15.80 13.20 -
7. Good seed germination 20.80 37.50 20.80 10.40 - 3.50
8. Improved workmanship in rubber tapping 13.50 4410 18.00 9.00 6.30 -
9. Itis the system that most neighbors choose - 47.60 23.80 - - 28.60
10. Other - - - - - -

* Can answer more than 1 item.
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Table 6 Percentage of conditions that affect the change of the rubber slitting system by changing the length of the slit
(n=382).

Rubber tapping system
1/3S 3d/4 1/2S 3d/4 1/2S 2d/3 1/2Sd/2 1/3Sd/1  1/3S 2d/3

Changing the length of the slit page*

1. Save time on tapping 37.00 25.00 6.00 10.00 7.00 -
2. Give a lot of latex 33.20 29.50 19.80 5.00 2.30 -
3. Rubber trees are older. 26.80 29.90 16.90 7.00 6.70 2.10
4. Ease of tapping repeatedly 35.50 29.90 9.30 4.70 6.50 -
5. Rubber prices that are lower. 30.50 31.30 17.10 5.50 4.40 2.20
6. Face slits to the disease. 20.00 60.00 - - - -
7. Good seed germination 22.90 38.80 17.60 8.80 - 2.90
8. Improved workmanship in rubber tapping 12.40 35.50 21.50 16.50 5.80 -
9. It is the system that most neighbors 68.80 31.30 - - - -
choose
10. Other - - - - - -

* Can answer more than 1 item
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Prostomium

Eyes

Figure 1 Polychaete body parts.
Source: Waikato Regional Council (2019).
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Figure 2 Life cycle of Polychaete.
Source: Modified from Poltana et al. (2005).
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