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Effect of nutrient management combined with chitosan spraying on yield and

nutritional value of sunflower sprouts
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Abstract

Hydroponic sunflower sprouts production using nutrient management resulted in an increased yield and nutritional value.
This research was conducted to study the optimal concentration of Hoagland nutrient solution combined with chitosan spraying
on germination, yield, and nutritional value of sunflower sprouts. The experiment was designed using a split-plot in a randomized
complete block design (RCBD) with four replications. The main plot was the concentration of Hoagland nutrient solution at three
levels, namely 0, 0.5x, and 1x. The sub-plot was chitosan at four levels, namely 0, 20, 40 and 80 ppm. The results showed that
different concentrations of Hoagland nutrient solution did not affect the germination, speed of germination, leaf width, fresh weight
and carotenoid content. However, these solutions caused significant differences in shoot length, leaf length, phenolic compound
content and antioxidant activity. Hoagland solution 1x caused higher shoot length and antioxidant activity than other concentrations.
Meanwhile, spraying with different concentrations of chitosan did not cause significant differences in germination, speed of
germination, shoot length, leaf length and width, and antioxidant activity. However, chitosan caused significant differences in fresh

weight, phenolic compound and carotenoid contents. Spraying with 80 ppm chitosan caused higher fresh weight and phenolic
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compound content than other concentrations. Therefore, growing sunflower seedlings in Hoagland 1x solution and spraying with
80 ppm chitosan would increase speed of germination, yield, phenolic compound content, and antioxidant activity.

Keywords: microgreens, sunflower sprout, chitosan, nutritional value

UnNU

wa

faqiiuilszannsinlansaandyisaniunisnfaeslsadis daniae wazdsits Tedenanligustng

al
'

o 2 °o o 2 a ~ £ 2 o Ao -

lﬂﬁ‘zﬁuﬂﬂdﬂ’]’]34@’1ﬂE‘Iq_,lsluﬂ'\?L@’ﬂﬂU?Iﬂﬂ@’]MW?LW@Q‘IIﬂWWNWﬂ‘Hu laganiznisaansulseniuanwsnadse el
Y ¥ R o g = a A o oA & o = Yo = \ P =

’Q’TﬂLW}!N@ﬂl’]\‘ilﬂuﬂﬂﬂqiﬁﬁqquuﬂNUﬁﬂﬂ‘WﬁNﬂL‘WN‘H‘HIﬁilNﬂimtﬂﬁ‘ﬂﬁ‘uvl.ﬂi“]_lﬂ"J’muElﬁJLﬂu’ﬂil’]\ﬂﬂﬂ Lu’ﬂ\i@'ﬁﬂyLNIm‘ﬂﬁ‘u

Wusugeuitasyuazimuaninaainsaayulng aziiufeane ldusinaluszesnsugauiiluasegun

1 '
o

Wraanylsrunnd 10-14 Jundunizwan Snduunasaisarnisuaaesannauazdaiuunasnesansyaagd
dld Qf a a ¥ o o a 1 ‘ﬂy/ [ v 1 o A o a A
gnEN1e@Tinen druntssnauuazasiulenlifasaizesa ldun Tsaialaainden Anudulasings vie
Tsanzifannetile (Xiao et al., 2012; Harakotr et al., 2019)

=]

= o 4y ve a = = - Y s '

TuTasnsumunzdudunan lffuanufisnuariarsarmnsiidulssTamd Uszneudaangnmaindanen

a v = a . a  a = o aa P ]
waneain ldun ansdsznauiuedn (phenolic compounds) 3aniwe I uazd Heatmin wazganlidnarniAinig
Tnrunisndysylamisagunin (Misra & Gibson, 2021) Teilsneanuinsugauniuazduiidsfiugandidamases
FaLNNANLeN RINIsuAzaEanAINTI HanAud 1 uaz 6 Tawdn 3, 6 uaz 9 Gedaeringaitasanes tadri
Tsnanaden (§alued) waransmnanga (Tandavanit, 2011) HagaiansdrAtyme louisu (cynarin) Tl nE
”Lumiﬁmﬂﬁﬁ?mmmmaﬁﬁ@lﬁlﬁW‘?@L‘Nm:mumiﬁummﬂm (antiglycation) Lmzﬁqmqﬁblumiﬁm@%@%mz
149 (Sun et al., 2012) Taavialdnsdgnlntasnauasiionldfuduianmizilgn inezundalddng azaan uaz
FUNUAN winseuauNMINaRn e IHAANANITNLABNIRTILALIALAZHANRR WNRHIZWIININER N3N

o 1 = d’j a a o o a [ £ % a dl val

wazn19a9aung Hanwnainnistutauanqauned ludanignuaznszuounan i linanannladEun
wazANIWliulueu (Baker & Cook, 1974) arnanmninssiuaenndesivifaqiuiliinlulasniunndgnuuy
laTaslufing F93snsiinaclafuaaudonuinau mszuenainazdsaanaudssainisaiinaainmu S9i

A138zaN88100 NI NTARINTATLTIU tnelanIvet19Eean T AT51581119 Hoagland Miflugnsannsnils

'
=

nldriuatisuniuany wunziunisdgnivauuulalasTldndnanuisadoa linaiulalialae lddasianfu
(Resh, 2013) dewannlinaifiuinaavinladrauazsnisonan waeigadnazlauiauazniaasn i inadians
TIRRAARBINLIUINETDY Kiba & Sakakibara (2021) N31891u31Ausaun1uAziud u1saedyiAuinl
A138zA185198719113 Hoagland Aduidudy 1x ldnngn
o~ Y Naa om o o o a a o A A A o

uananfalnsldarsedindanasifdnun (elictors) indanulunsu@ninlulamisu ivedadBunisenuan

a a a a \ , Y o vl a = o o A o
NFLASEYLALILH HKANAALATAMAINISINTWINTT N sTanse AUl NTR AN NLASEATEALIAN LNANTZELNNg

a a a a v % a A a i’/ val dgl :// dyv o v [~ o 6
wWwityiule wan@s wazfanssunisafesinueyasaseluitatatiuliilsunamnau vt liudaiugean
Tognnane waziiqau Inaansdniinnfasld laud lalnau indelsdenaaalsy wazinaellunadesnliwmnsm sy
T9aINNIANEIL8Y Chainan & Wongruang (2009) wudndnsazane lalmsu Amanudndi 8 nfusedans denalisns
2 = @ s dl . . Y 1 dl o o ¥V 1 [~ v Y Y dl
NN398n289i1gIgna 94.60 wWafidus 104eh Phinyosri (2016) lanudidaansinindngudnsaamonududun

s

WHNZAN AzdnNnsaiENaRAnLazAATM InTIINTsaes i TasnTuls Inaannzetinstivanslalamunigoaniis

'
o ¥ o %

o A v v :J/ v & a ai al e a a % o v
ANATUAD %mmusmwmuumwLﬂuvlfnumwummmmmmﬂumimw @W?LNLLV]U@VL@VWJIWEIQNU%‘IWJ LRNSHATE



9.4N3A. 13(2) : 124-138 (2568)

¥ Y o

AINANAN (Ganesh, 2002) AR AURL9N1AR889 Somsamran (2018) ‘17‘;ﬁﬂ']:ﬂNﬂ“ﬂ'ﬂﬂﬂiﬂsﬁ’]uﬁi’ﬂﬂ’]ﬁ‘ﬁ?‘ﬂ; R
Tusudaununzdu wuanaslalaauanadudi 0.25, 0.50 uaz 0.75 wasidus dsnaliaruanaansuruwg iy
Lﬁu@,q‘%mﬁ:@Lﬂ?ﬂmﬁﬂuﬁumjmmuw ADAAABINLIIUIAUBY Sreenualpan & Aswatreerattanakul (2016)
TevanisAnuaneslalaauseifuiuanssiueyyadaszuaznissnuniulsa lulndludradsduanings wudn

nsldanslalagunaauidudi 500 ppm arunsonszsulfudadiafizunuduadnieuuaiiaau 2,16 i

13
a o AR o

d; a o 1 1 o :// a rd‘ = ! o
WaFaueuiuldaany fauieunsaiaed IE]E]‘]_]?ZENﬂL‘W'ﬂﬂﬂ‘]ﬂ"]N@‘ﬂ@ﬁ@ﬂiﬂz@qﬂﬁqﬁ!@'ﬁﬁqﬁ‘ Hoagland TadANL

nsaanulalatusanisasnfuls nanasLazAnAM N INTUINIsIaRuEa U ALY

A8N19ANEN
1. UNUNINAREY
MURUNNINABBILLL split plot in RCB A11au 4 4 Jademdn Ae AIAINIT NI ULRIANTATANEE A
819119 3 92AU A8 0 (RO), 0.5x UAY 1X TBIANTALANELEIABINNIGAT Hoagland Uavtiadeises Aa Avxiduduaeg
laTmgnu 4 35AU Aa 0 (RO), 20, 40 waz 80 ppm
2. ABNNIFTINANT
A198ZA1851781113 Hoagland ANMENAY 1x AN1R5189 Knott & Deanon (1980) Tuanifiansazans
Hoagland A1aLdadu 0.5x azm9angsazataasand1emuiiuneaiu wiand3uimng iy 0.5 i1 299A97

W 1x harnnasiraNansbalngw azdelalaguansadu 20 N5 Aaun 1 ang ARLTENAULAdLANNIAWAT AN

'
a

10 Aadans arlaarsnanududu 2 wlafidus andunislatamu 2 wafidus 1Tun 1 Hadans nauiuiinay
1 am7 1 Naaans 19azleanslalaguiananududy 20 ppm aaueilalngu ANdNgw 40 way 80 ppm avdiad
Anansarae lalagu 2 wWafidus a1uau 2 uaz 4 8dans uaziliuiFuiaslidu 1 ans
3. 3Bnslgninnzidn uazn1sdang

AI o < o/ 1 9; nl/ ol/ o ?:// 1 < % % ull 1 o

FuannisaanIunzduudunng 6 4alue uasanidulinudanaadi 24 4aTue naudnlililgn
luszuulalasluiingd Tnamasansazaiua1neuis Hoagland a2 aansduduasluniguzign iuams 1.40
ansrannn uasaniuldneiiasluniamizilgniiaisazans uasuNAaNEIWNNTLNINIZALUWE N
Tnausavyisauudazldindaniunzdu 50 wWandan1a uardunaugaingiliasugauniunziuens 2 uay 4
Jundsignasnnn Wasnulaleauaesusazaanududu 1sunas 50 Jadans

. K v
4. mstunndeya

4.1 ANNANLAZANNLITITBILNAR ldN WL AN (ISTA, 2008)

42 masarydvinaesusen liun Anuensu Anuenaazndnell dvtingauasiiesHa A AFus e

4.3 pruAmneinmuinig Al

4.3.1 Bunuansdszneriluedaiavns Tusue aunumedu saeRs Folin-Ciocalteu colorimetric assays

o aa a) o ] a aa 1
ARLLAIMINATN9994 Sellappan et al., (2002) tastlilnansazansfaacniFanmng 0.20 Hadans 1dlunaannnaag
WARLANN RO (reverse osmosis) U103 1.58 Haaans wazd1saratsWauilannang 15u1mns 0.10 Haaans

o v A

nanlidniudaaesasanaisazae W3 5w antudnasazaalananauawn (Na,CO,) Audndu

20 wafidusl 15um3 0.30 Hadans nawlidiuanass udsaaivldlunuasd lidwgnumgideaduna 2 49l




RMUTSB Acad. J. 13(2) : 124-138 (2025)

wda NN PANNNIYANALLAT Fenesasannlna i infines fimuenapan 765 wiluuns liansavarennsgm
NIAUNAAN (C,H,0,) mInLdNdu 0, 20, 40, 60 UAY 80 HaANFuARARNT aF19nsMNIRTFIUIENINIANNIdNT
1R4ANTATANENIAF N Gallic acid FUAINIIHANALLAS wazAuansnBannmsznerfusaniomeluasar
saatlnelinsaunaan (C,H,0,) ilunInsgu LmzmmWulugﬂﬁmané‘”mwmmﬂmLmaanﬁi@né”uiﬂmiﬂ wikq

(mg GAE/g DW) anngn7 (1)

D765 -C ]dilution x volume )

)
mg GAE/g DW = [

slope w

= a4 3o o oA o o o a = ] a
LA W AR UUUNABNAADENNTLIN (NTH) RIANTANARETLNIATUNANTAZANEURIF0EY, OD,.. AR ANNIT

765

AANAUUANTIAYINEIARY 765, C A qARALLLNU Y, Slope Aa Anduildainnsmninsgunsaunadn (A0 v),
Volume A8 1511m3ansazaneuadsiasnaiissas (Raaamns) La Dilution A8 ANNISARANFARRLNIABUENNNAATIEY

4.3.2 ANaN190 luNIEuENaYaBAITAYE 2,2-diphenyl-1-picrylhydrazyl (DPPH) Aiautlasann

al

38019999 Khanam et al., (2012) WAz Harakotr et al., (2014) Ingin1331A3e¥A2835 DPPH 3asuann il

a

paansazaefiat ey 100 lulasans lauaennnaes antuwinatsazate DPPH U5u1ms 1.90 Hadans

1 1
al

nan TR waziuldluusnadinaadnlite @dn) gamnlieaduaan 15 wh nasainiuinluddmannag

q a

panaukassaeiAsasaintnsininfmesaouenanau 515 unlwwes Inaldiuniuea (CH,0H) feraz 100

wnuasazatenannanuananiuA1n1mnsgIu (blank) kazAtuIuieaarnIsdudteyyadass DPPH

(% inhibition) AaNngm7 (2)
Ap—A
% Inhibition = % x 100 2)
0

\Ha A Aa ANnIganauuadnlAluatsazate DPPH uaz A, Aa AINNIRANARLAINIATA luansiaetina

NANNLZN9a=a1e DPPH

4.3.3 Ysnnnuualsivees snudasann Nagata & Yamashita (1992) Tnauasiaagnesugauniumnziy
Iiaz@ananuan 5 niu Ineldioanaduaisazanaesdinududu (C,H,0) 25 Nadans 1wt1aunszivinesg
o o e s Y 0w e o v 4
wWasududanouarnsasdoatnefaansza1#nsas Whatman No.1 a1niuinldnain1sganauuassngLases
alnTastnindimas NAaaueanau 470, 645 waz 663 wrluwuns lnaldansazaraesdlnududu (CH,0)

A o a | o Ay gy ° P o A
wnuatsazatenainanuanananiduAinInggu uazihAldnA I lEI LAl Iue e AT N Al NI
uliaaninsdedng angms (3)

o e \4

1FunupaalsWlasd 1 =[12.7 (OD,,,) - 2.69 (OD,,)] x @000 %W (3)
= ea \'"4

1FununaalsWasd 1 = [22.9 (OD,,.) - 4.68 (OD,,,)] x @000 %W

\

walsueesd = [1000(0D,,,) + 3.27 (UFuupaalsiadie - Usuiupaalsiaail)] x Wxz39)




9.4N3A. 13(2) : 124-138 (2568)

'
a

ila 0D Ae AnagandunasisnuldanisiasianisganauugemaueEARUR T, V AerFunms
avdlnu (Radams) was W Aa dvnaesiedng (nN5N)
5. Amazvideya
nMgIAztayan1eana InenisainsnziANLlslaan (analysis of variance) 199903 ARINILAWNG

naaean i wazilTaueuAeaeingld DMRT (Duncan’ s new multiple range test)

NANISANELATaNUFaNA
1. WeREUAAINaN AT AN IIN1T9DNUBILNA RN
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819113 Hoagland $aufiunisasanulatagiu faanudalunisentenangs anidududeunilgniae RO oy
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Table 1 Effect of nutrient management in combination with chitosan spraying on seed germination (percentage)

of sunflower sprouts.

concentration of Hoagland nutrient solution (A)

chitosan (B) (ppm) mean (B)
0 0.5x 1x

0 72.67 75.33 75.33 74.45

20 74.67 75.33 78.00 76.00

40 72.67 74.67 78.67 75.33

80 74.00 77.33 74.67 75.33

mean (A) 73.50 75.67 76.67

F-test (A) ne

F-test (B) ne

F-test (AXB) ne

CV. % (a) 6.55

CV. % (b) 5.20

note: ™ = not significant
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Table 2 Effect of nutrient management in combination with chitosan spraying on speed of germination of

sunflower sprouts.

concentration of Hoagland nutrient solution (A)

chitosan (B) (ppm) mean (B)
0 0.5x 1X

0 15.70%" 19.40° 14.33° 16.48

20 18.43° 18.30° 15.53° 17.42

40 18.67° 18.53° 16.20%° 17.80

80 18.20° 14.73° 17.87%° 16.93

mean (A) 17.75 17.74 15.98

F-test (A) ne

F-test (B) ne

F-test (AXB)
CV. % (a) 15.97
CV. % (b) 9.01

note: "means within the same column followed by the same letters are not significantly different at P<0.05 by DMRT,

"™ = not significant.
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faunuRzsuiianuLANATu iR Inan1sanmivlalani 20 uas 80 ppm TnwinanTedusaINIURLTY
N WAL 8.61 A 9.78 N3use 10 A1 AuAAD ualiuanansiUlATRTY AAanudad 40 ppm AAAARANTIL
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al
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o
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Hsz@nBAnuInTu (Lueangthanawat et al., 2017) A4dSHARRLTNLHARARTILANTIL

Table 3 Effect of nutrient management in combination with chitosan spraying on shoot length (cm) of sunflower

sprouts.
concentration of Hoagland nutrient solution (A)
chitosan (B) (ppm) mean (B)
0 0.5x 1x
0 12.26°" 12.04° 10.79° 11.70
20 11.67%° 10.39" 11.28" 11.11
40 11.90%° 10.18" 12.20%° 11.43
80 11.19° 10.65" 13.05% 11.63
mean (A) 11.75™ 10.81° 11.83"
F-test (A)
F-test (B) ne
F-test (AXB)
CV. % (a) 5.93
CV. % (b) 11.47

note: "and “means within the same column followed by the same letters are not significantly different at P<0.05

by DMRT, ™ = not significant, ~ significant at P<0.05, "~ significant at P<0.01.



RMUTSB Acad. J. 13(2) : 124-138 (2025)

Table 4 Effect of nutrient management in combination with chitosan spraying on leaf length (cm) of sunflower

sprouts.
concentration of Hoagland nutrient solution (A)
chitosan (B) (ppm) mean (B)
0 0.5x 1x
0 2.77°" 3.14° 2.98° 2.96
20 2.67° 2.91° 2.84° 2.81
40 2.75° 2.95° 2.53° 2.74
80 3.11° 2.98 2.48° 2.85
mean (A) 2.83"% 2.99" 2.70°
F-test (A)
F-test (B) ne
F-test (AXB)
CV. % (a) 4.02
CV. % (b) 5.67

note: ""and “means within the same column followed by the same letters are not significantly different at P<0.05

by DMRT, ™ = not significant, "significant at P<0.01.

Table 5 Effect of nutrient management in combination with chitosan spraying on leaf width (cm) of sunflower

sprouts.
concentration of Hoagland nutrient solution (A)
chitosan (B) (ppm) mean (B)
0 0.5x 1x
0 1.23 1.22 1.24 1.23
20 1.19 1.14 1.19 1.17
40 1.20 1.17 1.18 1.18
80 1.16 1.18 1.1 1.15
mean (A) 1.20 1.18 1.18
F-test (A) ne
F-test (B) ne
F-test (AXB) ne
CV. % (a) 8.20
CV. % (b) 7.25

note: ™ = not significant.
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Table 6 Effect of nutrient management in combination with chitosan spraying on shoot fresh weight (g) of

sunflower sprouts.

concentration of Hoagland nutrient solution (A)

chitosan (B) (ppm) mean (B)

0 0.5x 1X

0 7.01%" 4.40° 6.12° 5.84”

20 6.37% 9.66° 9.79° 8.61%

40 7.89% 6.52% 9.60° 8.00""

80 6.00° 10.79° 12.54° 9.78"

mean (A) 6.82 7.84 9.51

F-test (A) ne

F-test (B)

F-test (AXB)
CV. % (a) 12.50
CV. % (b) 12.91

note: " and “means within the same column followed by the same letters are not significantly different at

P<0.05 by DMRT, ™ = not significant, significant at P<0.05, "significant at P<0.01.
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Twaneianslalnaunaanuiulauuansneiunsained1sidadrAn s Tanisannulalnanu 20 ppm

o

' '
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109a13avANEe R siuNIsaanLlalnou Ineugeununzdunlgnaasyn RO sanfuannulalagnu 20 ppm
AuaN3arA851981M3 Hoagland Aanudindw 0.5x $anfiuanWuul RO uAXA98¥AE61ABIM1S Hoagland 1x
fanruRanuans lalamnu idudu 40 ppm JENnLAlsINeAgNgA WinfL 186.76, 104.59 wax 136.75 HaANIH

AT AMNANAL UENTUgNA9azaNE1681M13 Hoagland A NLdudu 0.5x sauu@nanslalagi 40 ppm

HiFunnualsfiueasannign winiu 49.04 Faandusieadns 69 (Table 9)

Table 7 Effect of nutrient management in combination with chitosan spraying on total phenolic compounds

content (mg GAE/g DW) of sunflower sprouts.

concentration of Hoagland nutrient solution (A)
chitosan (B) (ppm) mean (B)
0 0.5x 1x

0 201.91°" 207.08° 212.71° 207.23"
20 443.75° 448.23° 223.86° 371.95
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Table 7 Effect of nutrient management in combination with chitosan spraying on total phenolic compounds

content (mg GAE/g DW) of sunflower sprouts (continue).

concentration of Hoagland nutrient solution (A)

chitosan (B) (ppm) mean (B)
0 0.5x 1x

40 601.79% 456.56" 250.87° 436.41"

80 645.57° 556.33 492.83° 564.92"

mean (A) 473.26" 417.05%® 295.07°

F-test (A)

F-test (B)

F-test (AXB)

CV. % (a) 6.66
CV. % (b) 7.44
note: " * ¥ means within the same column followed by the same letters are not significantly different at P<0.05

by DMRT, “significant at P<0.01.

Table 8 Effect of nutrient management in combination with chitosan spraying on antioxidant activity (%) of

sunflower sprouts using 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)

concentration of Hoagland nutrient solution (A)

chitosan (B) (ppm) Mean (B)
0 0.5x 1X

0 88.35°" 88.68° 92.12% 89.72

20 90.85" 91.37% 91.52% 91.25

40 90.99% 90.07° 94.51° 91.86

80 88.27° 88.46° 93.32° 90.02

mean (A) 89.61% 89.65° 92.87"

F-test (A)

F-test (B) ne

F-test (AXB)

CV. % (a) 0.43
CV. % (b) 0.86
note: " ¥ means within the same column followed by the same letters are not significantly different at P<0.05

by DMRT, ™ = not significant, ~significant at P<0.01.
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Table 9 Effect of nutrient management in combination with chitosan spraying on carotenoid content (mg/l)

of sunflower sprouts.

concentration of Hoagland nutrient solution (A)

chitosan (B) (ppm) mean (B)
0 0.5x 1X

0 70.23°" 119.91° 67.39° 85.85"7

20 186.78° 104.59° 93.70° 128.36"

40 52.25° 49.04° 136.75° 79.35°

80 48.56° 81.87° 76.04° 68.82°

mean (A) 89.46 88.85 93.47

F-test (A) ne

F-test (B)

F-test (AXB)
CV. % (a) 5.77
CV. % (b) 5.63

note: " and ¥ means within the same column followed by the same letters are not significantly different at P<0.05

by DMRT, ™ = not significant, "significant at P<0.01.
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