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The Properties of Smoke Waters Containing Biological Effects on

Tomato Seed

Tanathorn Jirajitmeechai! Pichittra Kaewsorn! and Jutiporn Thussagunpanitand*

Department of Horticulture, Faculty of Agriculture, Kasetsart University

*email: jutiporn.thu@ku.th

Abstract

Smoke water was produced as a source of karrikinolide (KAR;) which was the most active compound
of karrikins (KARs). KARs are the plant growth stimulant derived from the burning of cellulose and hemicellulose.
The objectives of this study are to compare the biological activities of smoke water produced from various
types of agricultural wastes and to compare the efficiency of different types of smoke water on germination
and seed quality of tomato. Smoke water was derived from rice straw, sugarcane bagasse and coconut husk
which were an agricultural waste as well as D-xylose as a small unit of hemicellulose. In experiment 1, different
types of smoke water were checked for their properties. The result showed that smoke waters had acidic nature
and 100% of smoke waters had the highest electrical conductivity (EC) comparing to other concentrations. In
experiment 2, biological activity test of smoke water at different concentrations (0%, 0.1%, 1%, 10% and 100%)
and 10 uM KAR; as the positive control were used to study biological activities by observing seed germination
and photomorphogenesis in tomato. The results showed that almost all types and concentrations of smoke
water excepted 100% smoke water from rice straw had the percentage of seed germination as high as KAR;.
Then, the induction of photomorphogenesis was considered by the hypocotyl shortening. Smoke water at 10%
from sugarcane bagasse, coconut husk and D-xylose and at 1% from rice straw exhibited hypocotyl length as
short as KAR;. So, they were used in the next for further experiment. In experiment 3, tomato seed qualities
were tested by top of paper method. The result showed that all types of smoke water had the same mean
germination time as KAR;. Moreover, 1 0% smoke water from sugarcane showed the least days to emergence
(3.17 days). Smoke waters at 100% were unsuitable for plant growth-promoting applications but, other

concentrations could use in future studies.

Keywords: smoke-water, hypocotyl, semination, seed quality, vegetable
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Fuamerii an'j'lmsmuqumm%ﬁyLﬁuimﬂuaqﬁﬂumimwml,ﬁaLﬁumiw?cglﬁuiml,asLﬁuﬂamémﬂumﬁ‘v Tutlaguudl
nITeUMIAUNUgDSluuNTRaIeE WDy 9 ndu Usenausie pandu (auxins) Julusisadu (gibberellins) lalalafiu
(cytokinins) Lofau (ethylene) nsaweula@n (abscisic acid, ABA) Ustadluaiiaseus (brassinosteroids, BRs) nsadaluiin
(jasmonic acid, JA) nsaadla@n (salicylic acid, SA) wazan3lnuaalau (strigolactones, SLs) (Santner, Calderon-
Villalobos, & Estelle, 2009) TugasTuuiiaiia 9 nquil an3lnanlouBunguansiilésumsmeaminiusesTumfivngy
a1gn anslnuarlaufiqvdtiensedunissenyeawdn uasaruauNUANANNavesiar (Al-Babili & Bouwmeester, 2015)
Tassasvesan3lnuanlautszneusevine ges methyl-butenolide Fadudruiviiliianslnuanlnuiiqvdnsedunis
\Seyiiulmvesity (Al-Babili & Bouwmeester, 2015) Tagviheties methyl-butenolide iithilsemumswuluai3aud
(karrikins, KARs) daduansiiliunanassldanaiulsiiiiaannsmnlusdfvsasaglaa (cellulose) uaziaiivaglas
(hemi cellulose) ilatiinlwin (Flematti et al, 2013) ms‘%ﬁuéﬁswwuiwﬁqwémzﬁumsLﬁzyLaUIWuaqﬁmLazﬂain
MR giuanslnuanlau (Morffy, Faure, & Nelson, 2016)
iomnai3AudAnannswTe Y TR N Y sensnsawieun i Audldannseesianainiiy wu Waedn
wdnhaTuiliintunmuani ihliinannsiwesnsull Sonn thaTy (smoke-water) (Staden, Brown, Jager, &
Johnson, 2000) 9nMIATITNATTHUITATUAINTANSERUNTIe YR ARaz A ML B un A luily
naevie 1Wu innaveu (Light, Burger, Staerk, Kohout, & Van Staden, 2010) Wasn21 Nzllolnd Lnaflodd waz
1303 (Elsadek & Yousef, 2019) usmumnuiiryTannniwnvinasaunsaiuadntaiuld uiiawiannnity
Fumnsrafuasiusinanissaud %”ql:'fJua'lsaaﬂqw%‘ﬁéfaqmsﬁ'mﬁlsﬁ'ﬂiﬂwﬁummﬁqﬁu (Elsadek & Yousef, 2019) aii
oradlonnmnuiinuglen iefiwglas wesihmaidussidszneuluimsiannivusassdauandnety
wananAriALdawnTndIsdLasunIsenveudnkdl SaligaimiTaudanusatiensydulifviingg
Wasuwamsduginendofvldunamionssurumsinlauesiniaiuda (photomorphogenesis) diaiuns
Wasuwamsdugnivewesly nssfuninaiyivlavesnn auaumsuanising maSinussedngluly wy
woulsloeiiu wazmaslsiad (Nelson et al., 2010; Thussagunpanit et al., 2017; Waters & Smith, 2013)
heduillilusmiddeiistosnasiagumislinensinens 1o niedn wwudes wasmusswin Tnswrwiag
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mMygaliwn Fadunisviareminiu waeneliifetgmisafiumeoinia gy daymr PM2.5 (Pongpiachan, 2015) LHugy
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1. pswBathadu
ﬁ"lmﬁ'ugﬂwﬁmm wyianumdelinianiainens 3 vda Leun 1) Wt (Onza sativa) 2) 91888 (Saccharum
officinarum) Wa¥ 3) NMULENI (Cocos nudifera) INMIELENANIEVEDIIN1NSNYAS 80 NTU AuFaSuleves

Elsadek, & Yousef (2019) #281A3 84 bee smoker (Model 15239, Glory Bee Foods, Oregon, USA) QQIWLmLﬂH’J’aﬂ

q

wieldnisnisinwasiduian 30 fis 60 Jundineulesh mﬂﬂu’uﬂéaaﬂfuﬁLﬁm%uﬁwuﬁawuﬂawu%’auﬁsialﬂé’wmgﬂwwﬂ
Ameluussghndu 300 fadans Wnarlumswtszna 1 Slumesundiuavianumdelimensinuasasingoy
wun thatuilldaeinafunrududy 100% vv swmsadnieiurandunmd 1 yenand D-xylose avgnldilum
muqm‘lumiwﬁmﬁmmnL“ﬂwmaﬁlﬁﬂﬁqmaaLaﬁwaqiaa (Keeley & Pizzorno, 1986) ¥n13Lu1 D-xylose way
U L-glycine m1u38984 Flematti, Scaffidi, Dixon, Smith, and Ghisalberti (2011) Taenunlu bee smoker #3505
Wendufumsmavianmaslinienisineas nseshatuamnududy 100% v fenszaiunsas Whatman®
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2. MmanadeuAmENTRIATY

Anauantietu Tnetnhafussdudu 100% v aiiess 4 anideaadubeiuamaududu 0.1% 1%
uaz 10% v/v nuEdu iilevamadeugaantfithaty il

2.1. eenudunsaiusing (pH) shewe3es pH Meter (31 LAQUAtwin-pH-33, U3 Horiba, ftju)

2.2. Arnst i (Electrical Conductivity, EC) #aeia3as EC METER (3u LAQUAtwin EC 22, uS#% Horiba,
g

3. nrsvadaugnanIBanmasihaiy

heduniinsng 4 szgnasaseugnineianmlneSeuiisuiu KAR, Faduanslunquansiuddiigndnie
Fanmafiga viinrsvaaeu 2 38 e nrssenveandna wasnistniiliiAansruruninidalnlauesiniada
{photomorphogenesis) (Flematti, Dixon, & Smith, 2015) W 15 lun1snnasuf o uziiomaLyes (Solanum
lycopersicum L) Wug CH154 anaudISafvianiow umingdeinunsmans funalau uasgy niauud
Usznaude tnd KAR, 10 uM thefuainiiedn thefuansudes thafumnnutendn wazthasuan D-xylose
Tnethatuusiaraindianududuil 0.1% 1% 10% uay 100% v/v

3.1 NMIVAFIUNTIBNVBINER

udauzidomewizuy Cell Culture plates (24 Well plate) fisasfenszanmmizfiudsug KAR, niothaiu
Anandudusing q aut nismaaessiuau 5 91 d1ag 10 win Mendeanzmdaliigamadl 25 - 30 ewnwadea
Tavhmstusuoumdenzemeaiienvdasinily 24 $3lae ntuum 7 $u
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PiudauzidawmeAmizuy Cell Culture plates (24 Well plate) sosfenTsauiniziutsie KAR, nieiaty

U

v o ' o ° K 2 13 ' 2 Vv a =
ATTULTUVURN 9 ﬂu“qil NINTNAEDIUIU 5 91 10 Llanm o 'J']\?ﬂaa\']LquLgJaﬂ‘l'}V]quiﬂﬂJ 25 - 30 seAawed
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wasnniull 3 Ty dalviegluanmduasianudunes 2-10 pmolm?s? Wuaan ¢ Su amiutuiinnademsinai

srrvesdildluides (hypocotyl)
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Fedummanamuenivesdnldludsdiidulngdifeaiu KAR, azgnianlglunisnaaessiely

4. NMIMATIUNTTINUALAMNTNYDIUNAN

dnsfadenmndudureniniurlinas 1 eradudu ndeyalunimeastlude 2 Taeliindy uas KAR,
10 pM iiuganrunuAlinaauwasnauInaEIRY MnisnaaasagiiudauviomuaNadoun1s@NNINTIY
(standard germination test) luviaaufjufnis FE38MImEUUNTEMBTILUY top of paper (TP) Tnsnsyasimzy
MTUERIE KAR, wazihafuiinnndudusing 9 U TNITNARBITIUI 5 1 50 wwdnsiatn Mandosnzimdnlilug
inzdn (germinator) Afigaumad 25 - 30 ssmuwaidoa (Hunan 8 dalus luanmiuas uag 16 Falus luanwlail
Wwate UTpilun1sennmngueddinANNRA uAMAMLNAATUSININA (International Seed Testing Association) (ISTA,
2014) fuafausn (first count) 71 5 Sundamzwin Taetuanzdugeuund waziiuassgavine (final count) 7 14 u
naswzindn lauduaudusouuni (normal seedling) Auseuiauni (abnormal seedling) ldnanlisen (fresh

ungerminated seed) (AnuTa (hard seed) uaziwfinae (dead seed) ntuthdeyauduiumsienveaudarug
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InnuRudeuuni

nMHeNURINAARIS (%) = x 100

Fnouuiderime

P @ o o A & o o
UDNANUNINITUUNNITIUIUIUN LU AU TINIDN (days to emergence; DTE) waglianea Eﬂuﬂ'ﬁqaﬂ (mean
. . . & ] sl o YY) v o g Ao
germination time; MGT) LW"WLllaﬂllzl,'ﬂaW]ﬁiﬂf:l‘l’ﬂ?ﬁﬂ'ﬁl,ﬂB?ﬂuﬂ‘uﬂqimﬂaauﬂ’liqaﬂ UUIUIULLAANUINIDNY I
a a ” o ' a @ ) o Y o v o o PV
J5¥u10d 2 Uadiung LLﬁqu’mmuéfuaauUﬂﬂnmu L{:]ul»']a'] 14 ']uWaQLW'WLﬁJgﬂ AMNUUUITBUAUIRTUIUNITUIUIUN

wanisnsen wazaRaeluN1398nNINENT

o Ny xDy )+ (NpxD,) +..+ (N, xD;,
DTE(’J‘U)=(1X1+( 2% 2)+ +(N,x )

T
o e

Tog T Ao SuuwAaTaNAATNSuNesIN
0 i o o
Nioon e Swsumdeniinunsluiui 1,2, ., n(h = 19)

° o o e o
Dio .o f® SMuuiumivvdsnnmiziuén 1, 2, .., n (n = 14)

(Gyx01)+(6,xD,)+..+(G,xD,)

Total germination

MGT (3u) =

= o v o

aa o o
1oy Gio ..o PBIUUGAUBDUUNANRONTWIURN 1, 2, .., n (n= 14)

B

Dia._n f® SWwIUiduvdnwiziuda 1, 2, ., n (n= 14)
5. AFIANTIMGERR
MN153ATI8YAE One-way factorial ANOVA (analysis of variance) wagiUSouLiguaLod aseninandsiaus

#1838 Duncan’s Multiple RangeTest (DMRT) fisgfuanuderiu 95% Tagldlusunsudnsagunada

HAaN15739e

1. minaseupMaimnaiy
nansmageuamantinaiu ldun Aranudunsadusig (pH) wazemsilnda (EC) wudn KAR, ey
[ ! Vo o o ' 1 ¥ [ 174 2 1 4 <l o
nsaluaegi 9.75 Falianuduane uiihatuannuuenig vedm 9 udss uar D-xylose fmnuunsa e

2/ 2/ 1 ’oj L “ ' A v v U [] L
mmwmuaﬂaammLﬂunm%aﬂaﬁﬂma UIAIUTUANN ] NAUVUYY 100% v/v i pH 9817979 4.06 - 5.26 d1%5U

A o

' o | 5 o a o v =t v Y '
Amalaiinun KAR, uazdiniunnaliafianudaudu 0.1% - 10% & EC IndiAesiu Aetidrszning 0.01 - 0.03

' '
= o

R a o v W = P Y v v o '
mS/cm LLGIu’]ﬂ’Ju*M;Iﬂ‘UuﬂVIﬂ’J']lIL‘UJJ‘llu 100% v/v d EC Q\Tﬂqﬂl,ilaW]EJUﬂUﬂ'J"IQJL‘UﬁJ‘UUE]U ﬁa UATTENINN 0.09 - 0.21

mS/cm ALaIRU (MN5197 1)



2. MINAADUGVIDNNTINN
I P oS v o« ' a '3 v % ') o e
INNTNAFDUANTIDNVBUNAANTBWALET Wug CH154 wudmnnIawudeniiuiiaiuanwisdiany
v 1 1 ,Dl L7 4 174 v
Wudu 100% v/v fidesigus nssangeszning 96-100% eeslsfnuiaiuainiisdnianududu 100% v i

o o 0w o

& a Py 08 ¥V a . a P o |
wWesidudnmsenveuudasiiiign fe 92% 15199 2) dmsumstnirliAanszuaunmsidalniauesiwiaudanudn

R

S a W ' o o aa o Y - { »  w
ihaTusvassiladianuuananeiuseneiite s t:ywmanmmatﬁaunu KAR; Lazuinau (nw 3) Tagauidudu 100%

v
ar

1 ’0’ ar ) ¥ i H! !ﬁl s 1 Y A
v/v veausaziatulim e nduldlubssdunan Juhaiuaniistiniienuednlaludes fe 0.27 cm (2w 3n)
ihaduanyudesianuendnldluidss fis 1.94 cm (Mwi 32) Waiuannunzwidanuendnldluiies fie
o ¥, . y - -
1.58 cm (A% 30) LaziiATuan D-xylose Spweanlaluides As 1.89 cm (nw#l 39) Wewnwesidudnissen
1 2/ 27 ,o, Q. 1 1 . 4’# a 2 174 .OI L 1 o {
vaaudnlunmazaudndureniaiuldunnsreiy mmeseviisindenaududuresinfunsassilaiiaiwe
' Y 4 ) { ' ¥ i o [ =
vosdldluldesnaulnaldssiu KAR, nlinuendildluides 2.02 cm (nawd 3) weldluniivaaesdaly Jefne
WATUAINA RGN ANUTNTY 1% v/v danuendiuldluides 2.12 cm (1nd 30) UiATuanvudesratduduy
~ ' & | ¥ o v v o ' X
10% v/v fiaugdauldluides 2.10 cm (wdl 39) diaiuainniuugneudndy 10% v demandulaluges

< Y o Y v P ) & =
2.07 cm (AW 3A) waziATueIn D-xylose AMULTNTY 10% v/v Sianuendduldluides 2.00 cm (nnf 39)



a1319i 1 Aenudunsnan (pH) wazAnsialadi (EC) Tu KAR, ¥indu uavihaYuriasig 9

IAUUA AL Arndunsadusne Ansilad (mS/em)
KAR, 10 pM 9.75 0.03
Yndu - 7.56 0.01
0.1% v/v 5.76 0.01
Thasunaredn 1% v/v 5.7 0.01
10% v/v 4.67 0.03
100% v/v 4.14 0.19
0.1% v/v 5.74 0.02
Thafuannmudes 1% v/v 5.69 0.02
10% v/v 4.75 0.02
100% v/v 4.19 0.12
0.1% v/v 6.65 0.03
iafunntunendm 1% v/v 6.51 0.02
10% v/v 4.96 0.01
100% v/v 4.06 0.21
0.1% v/v 7.46 0.02
¥hafunn D-xylose 1% v/v 7.33 0.02
10% v/v 6.98 0.02

100% v/v 5.26 0.09




=l T o a i o
ATIN 2 NAVDIUIAIUTUAG N Glaﬂ'li\‘lE)ﬂ‘UENLSJgﬂQJSL%EJmﬂWNﬁ: CH154

VRIUA AN n1599N (%)

KAR, 10 pM 100+£0.00 b
0% 100+£0.00 b

0.1% 100+0.00 b

dhatuaaviedn 1% 100+0.00 b
10% 100+0.00 b

100% 92+4.47 a

0% 98+4.47 b

0.1% 100+£0.00 b

thatunnmudos 1% 100£0.00 b
10% 100+0.00 b

100% 1004£0.00 b

0% 100+0.00 b

0.1% 100+£0.00 b

Yhefuminnruuendn 1% 100£0.00 b
10% 100+0.00 b

100% 100+0.00 b

0% 98+4.47 b

0.1% 100+0.00 b

¥afuan Dxylose 19% 96+8.94 b
10% 100+0.00 b

100% 10020.00 b

F-test - e

vas

" & v o w o Y ail- W [ e o w qqa‘l = P ' a
ALRAUATUNIYAIDNWILAYINUNUIYAILULANA WA UDY WU UYAIAUNNFARN LUD PIHN1TLUTYULNEUARAUD S

Duncan’s Multiple Range Test (DMRT) finomwidesiu 99%
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HAIRRRNIE
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KAR1 0 0.1 1 10 100 KARL 0 0 10 100
asdaldisly (%) arndaldty (%)

d ,nl s v 2/ o/ ' 1 d"
2N 2 NaYATUINHIITTY (N) TUBEY (U) NMUNENIT (A) Lag D-xylose (1) AeauevesdIuldluiewes
2 = o ¢ v o 3 ' P 2 Y a ) = 1 " a "
wanuseANUG CH154 meldan naruduua Anadenuieaiisnvifermneddbiunnansiuodil

a d gy o ' =l :
dpdrdgyvneaifidieliisnalfeuifisuaadsves Duncan’s Multiple Range Test (DMRT)

PeLAUAULTDNY 95%

3. NINAABUNITONUBLANNTNVDIUER
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