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Abstract

This study aimed to evaluate the effects of nutrient solution electrical conductivity (EC) on
the growth and physiological responses of Chai Buri White Chili (Capsicum frutescens L.) grown
under a Deep Water Culture (DWC) hydroponic system. The experiment was arranged in
a Completely Randomized Design with four EC levels (1.0, 2.0, 4.0, and 6.0 mS/cm), four
replications, and conducted over a period of 7 weeks. The results showed that EC significantly
influenced plant growth. The EC level of 2.0 mS/cm promoted the highest leaf number, leaf area, and
biomass accumulation, while 1.0 mS/cm resulted in moderate growth. In contrast, higher EC levels
(4.0 and 6.0 mS/cm) markedly reduced plant growth, with complete plant mortality observed
at 6.0 mS/cm by day 32. In terms of physiological responses, plants grown at 2.0 mS/cm exhibited the
highest net photosynthetic rate (Pn), stomatal conductance (Gs), and transpiration rate (E).
Meanwhile, plants at 4.0 mS/cm showed the highest SPAD chlorophyll index, along with an increase
in intercellular CO, concentration (Ci), indicating metabolic limitations under stress. At 6.0 mS/cm,
all physiological parameters, including photosynthetic pigments, were significantly reduced.
In conclusion, the EC level of 2.0 mS/cm was the optimal value for hydroponic cultivation of
Chai Buri White Chili, enhancing photosynthetic efficiency, plant growth, and biomass accumulation.
In contrast, excessively high EC levels induced salinity stress, impairing physiological processes and

reducing overall plant productivity.
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UNI (Introduction)

mitamsanuuturesmazaengenaitiuisddguasimoelumssaaisaoszunle
Tas Tniind (Ding et al., 2022) Tﬂﬂmmim"h/\h/’\h (Electrical Conductivity; EC) ¥8481502010519
mwmﬂu@auwmmwmmmma@muawamuwmmﬁmmmﬁ %QMNﬁIﬂEJ@]N@]E]ﬁﬂEJ’OE)ﬁI?JG]ﬂ
UTIUTIN uaumwammﬁ@wuumaw‘ﬁmmm'smmww 35AU EC Minzausadianudinyedieds
aomss A lnvesiy Taea1 EC figuanla (<2 ds m’) 1910 1HINAN1IZIATINDIH1S Ty
1 EC mmmu"lﬂ (>3 dS m ) ©19AAANANNTD IUNMIYATUFIND 115 LU@\‘IMﬂﬁﬂﬂ@@ﬁIN@ﬂﬂl’ﬂ\i
f15aza1ganad (Hung et al., 2025) miﬁﬂmwmmmﬁmmmm EC Toniwasenamsimedns
wiapdAnTauaznszuaumsnedisnewesity Taommzluwdn Fam EC mqqmu"lﬂmmmmum
i znisannnae danalimIdansziiaianad MIMOUYeIssUUIINdeelssansam
uag ﬂﬁl,ﬂé’élu%ﬂ‘m@]’énﬂﬁﬁﬂﬁﬂ (Bravo & Monge-Palma, 2023; Sulaiman et al., 2025) YM ‘ﬁﬂﬁ
AIUANAT EC “lw’0ffl,uiwﬂwmmwﬁummmﬁammmﬁmmmuimmwcn sz AnFamnsgady
5190IMT ummmwuwawa@llﬂammuﬂmﬂm (Lam etal, 2020) LOAIING MITANTA EC otamanzay
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ATLANENNAROULDZ MIVAMIEINDIT IADE LA iNL‘]JLlLL‘L!’J‘VIN‘mJﬁﬂEJmWGluﬂ”lil,WiJ“]Ji‘”ﬁVIﬁmW
msnaansnuFers udhmsansfiriuan lduaadddifuisedy BC mﬁmwaummmmwam
HanaALazAMNINUBINIn Iaoe1aTitiod 1Rty (Aloui et al., 2017; Amalfitano et al., 2017) me@gammﬂu
MINDLAUBIVINI NVNFOIFA03eY EC Munndnduluszuylalas Tnfinddafisida Tamnms lu
AMUMIADUAUDINNES TN WAz MIs A Ia wonunil wi EC figalunaszduennie
nssqumsazauanslsznoundsgd wu 3miug asiluedn Talatl wazuad leFuesd Falianu
AMAYAOAUMUNN INFUINTUALAUTVTANIUNTYINGIVOINTN (Preciado-Rangel et al., 2021) 1#
sz EC figuinldendeliiRaanuiufivvessigems ansasnmsduansiias uazanfSina
dlwitododniy dana linanananasedeiiiodinn (Amalfitano et al., 2017) Faiu MIIMuATIg
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[y} d A
a0 Qﬂﬂim HazIEMs (Material and Methodology)

1. MINWNUNTNAADY (Experimental Design)

ﬂﬁﬂﬂa’t’)\‘lﬁﬂﬂLLN‘LALL‘]J']JZ:??JﬁﬁJuuiﬂi’ (Completely Randomized Design; CRD) Tﬂﬂi%‘lﬁﬂﬂﬂ?%ﬂ‘]ﬁ
91y 21 Tundumzmaadluiisnanes ﬁwms'ﬂgﬂiuﬁwu"laiﬂﬂwﬁﬂéﬁmuﬁﬂa (Deep Water
Culture; DWC) ﬁ1ﬁuﬂ?f\‘iﬂﬂaﬂﬁlﬂuigﬁﬂf]‘1ﬂ1iﬁﬂv\|ﬁ1 (Electrical Conductivity; EC) 49381592018
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gas A dszneusie TuluTwunaidon luesa (KNO,) uaxﬁmmﬁﬂlugﬂﬁmm (Fe-EDTA) uag
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2. msaﬁmms’m%’aga (Data Collection)
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2.2 %’auamaa’%ﬁnm (Physiological Parameters)
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Tudlanidi 3 ua 4

a d
3. nn’;m‘nmi’i@ua (Data Analysis)

o 9
u’l"ll't_]ilaV]llﬂjJ']']Lﬂi'lwﬁﬂ']'qulﬂiﬂi']u (Analys1s of Variance; ANOVA) ULHUNITNAADULUY
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wanazeilsie (Results and Discussion)

=

1. MDAV AV ININUITEYS

Q

ﬂﬂllﬁﬂ%@ﬂ@ll&‘Wiﬂ]lﬂi‘U@WﬁWﬁmﬂiwﬂ‘Uﬂ1 EC 036150201951991M1308 N sd 1Ay n1adda
(Table 1) mxmﬁ'ﬂmww 315 udu'll (p < 0.05) varilugrenoumsl¥aamaans (a1 1-2)
linuanuuanaisedsiidedina (ns) GINﬁmamm%uﬁmwzsmu%ammnu mendamsIidmanes
WU i 1aTua EC 1.0 mS/em ummmmmmmnmammmmum TAOANIN 16.48 HUAUAT
Tudanid 3 L‘]Ju 26.90 wummﬂuﬁﬂmww 7 ﬂjmmww”lmu EC 2.0 mS/cm 4aNugeogluszau
Thunaauaziidudieudnies Tumaasafudin m EC mm (4.0 18 6.0 mS/cm) mwa“lwmmm
YosRUNI nanated Ty Taemmiiisedy EC 6.0 mS/cm mummmaﬂmammamawumaa
fied 5.56 udmas ludanii 7

Haganauaaaliifiui M EC ﬂmmu"lﬂﬂ’o“l,wmﬂmavmiﬂﬂmﬂmmmn (salt stress) 3653
MsgaavesdIauLazMIns Al Ta Tagsmue iy Tuvaizfisedy EC finmnzauauisoauasy
msmmmuT@mummm"lﬂammﬂi LANTNIN m‘saﬂawmﬂmummamumﬂmﬂimamaw EC
ma‘”'ﬂaummmmiaﬂmaas‘smmmﬂﬂmﬂmmmu Fedananensz mumimmamua“m‘summﬂaa
mnﬂumammimmﬂﬁ‘luumm (Furtado et al., 2017) YonAL mmmmummmiawmﬂ‘wm
ﬂwﬂwﬁﬂﬂaaﬁimﬂmmmia 2180004 mwaclﬁwwllummmﬂﬂuﬂﬂammﬂi“ﬁmmw mﬂm’s“
"lﬂﬂl&”ll%ﬂﬁiiﬂ‘l/l&ﬂ (physmloglcal drought) LLiJiJ‘L!”ILWENW’OGlUS £U1Y (Ding et al., 2022) muu
N3AIVANTETAY EC "lwaﬂ"luﬁmwmm audeianudidyeddinemsnsydnTavesiiynsn
Tagszay EC ‘nmm qU G]f’amwuﬂi‘“ﬁmmﬂummwmmEJmmm”aﬂﬂ’Jmmmmﬂm’mﬂsEm
NAANAY el asereumhdinenud M EC ‘ﬂmmw 2.5 mS/cm DNAIHANTENUITFIAUAD
MIIYAD TALAZHANAAYDINTN (Amalfitano et al., 2017)

Table 1. Effect of nutrient solution EC on plant height of Chai Buri White Chili (C. frutescens L.) grown

in a hydroponic system over 7 weeks.

Plant height (cm)

Treatment Before treatment After treatment

Wk1 Wk2 Wkd Wk5 Wké WkT

EC 1 m5/cm 16.48 . . 20.69a 23.70a 25.5%9z 26.90a
EC 2 m5/cm 16.41 . . 17.75b 16.41b 17.73b 17.81b
EC 4 m5/cm 16.3 . . 16.69b 16.38b 13.88bc 13.88bc
EC & m5/cm 15.78 . . 16.62b 11.69b 7.94c 5.56¢

F_-tes-t ns = = =i Ll

CV (96) . . . 11.35 32.83 39.01 38.49

Note: Values are presented as means of four replicates (n = 4). Means within the same column followed
by different letters are significantly different at p < 0.05 according to the Least Significant Difference

(LSD) test. ns = non-significant; ** indicates a significant difference at p < 0.01.
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mmu“lmmwaﬂ‘lmuamwamﬂiwﬂum EC 199815020195199 11508 19N Hsd 1Ay n19ana
(Table 2) Fauddlanin 3 Hudul (p < 0.05) varilusenoums I aanaans (ﬁﬂmmn 1-2)
”ln‘wumwmmﬂmmmmuﬂmﬂm (ns) uaasldmuniafianmsudulndifossn  mendemsld
Fanaana nudh AwR14TUM EC 2.0 mS/em ummu“luﬁmﬁﬂammmum TagiiinAn 14.00 11
Tudani® 3 1 26.63 Gl‘usluaﬂmwm 7 mm‘vwww"lmu EC 1.0 mS/em uwuluegluszan
unane luneasenudiy a1 EC mm (4.0 waz 6.0 mS/em) dawalisuIuluanatesaany
Aoz EC 6.0 mS/cm cmi]mau“luammmum%umamwm 2.00 Mo ludanddi 7

Hansnaaedazieu iU IHanTzNU@IaUvoInNuANaemIa el Intnazmsian
nsarfuvesivy 31difuda a1 EC Rguiulneldifianizins savinaaufiu (salinity stress) Fuflu
ANMUIATIALUY abiotic ‘ﬁf'mwaﬂ'amim’%ﬂuauimiﬂasammﬁ% sauRamsuan luLas I WA
NIINY Tﬂﬂmmmmwaﬂﬁﬂﬁlm‘waaaimﬂﬂlmmﬁawmﬂ 1/111?7W°1$ﬂﬂu1h1ﬂ81ﬂ u,awmwaclwﬂi I
ummfaamemsmmjmmawaiwmwm (Ding et al., 2022) WonING ¥ EC wmmﬁmmiaﬂum
mﬁﬂwmmmmﬁmuﬂu ez ﬂaiwgﬂﬂﬂawu”luamamm"laaauiuww mmwamﬂiwmumima
d35Imevia1edsems (Hung et al., 2025) shseihlinannuduiivvesleseuuiiodo i
mNaiwmsmﬂujmuTm%aamuawwmmmﬂ@ﬂimgnmﬂﬂ (Kim et al., 2018) lagmwiza1 EC Tu
FEAUGY U 4.0 18 6.0 mS/em UwaaaMiwsyAl Taveaiyninodeiiiod Ay Heaoandoari
578914999 Rustikawati et al. (2023) ﬂwmmmﬂﬂaﬂmai@f’fm%mmmmq (3000-6000 ppm NaCl)
ummmmuTﬁaﬂmmamwﬂmaummu Fau 328 BC fumnzay (Jsz® 2.0 mS/em) 231]
unumd g lumsdaudsumsuanluuazmswannmssuuenswin  vaziinl EC ‘wqqmu”lﬂm
HansENUEaUaemMsas 19 lutaymIniaiulalassuvo sy

Table 2. Effect of nutrient solution EC on No. of leaf of Chai Buri White Chili (C. frutescens L.) grown in

a hydroponic system over 7 weeks.

No. of leaf (Leaf per tree)

Treatment Before treatment After treatment

Wk1 Wwk2 Wka Wk5

EC 1 mS/cm 9.38 9.38 . 12.63b 11.88b
EC 2 mS/cm 9.38 0.38 . 18.63a 22.75a
ECd mS/cm 8.75 9.25 . T.65¢C 6.38¢
EC & mS/cm 8.44 8.75 . 7.25cC 4.88c

F-test ns ns o i e =

CV (98) 20.56 14.81 16.28 23.97 31.46 34,83 36.87

Note: Values are presented as means of four replicates (n = 4). Means within the same column followed

by different letters are significantly different at p < 0.05 according to the Least Significant Difference

(LSD) test. ns = non-significant; ** indicates a significant difference at p <0.01.
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9 v v
wunluveaws nliuun Tunlasuuasmuszaua EC v99e1502a1051901115 (Table 3) Tag
' 1 A @ P ] 1 1 v o w aa

lugsneumsldaamaaes (dlawin 1-3) ldwuanuuanaediisdnyniana (ns) uaaeli
] A A A g 9 A @ ' < 2 Y P I 9 ' 1A
muNNsanwsudulndifeany og1elsnay awadilain 4 wudull WUAIUUANA10E1]]
uﬂmﬂmmmm o <0 05) menaams i danaaes nui i 145um BC 2.0 mS/em uwum“l‘um
ﬂﬁﬂammmum Taoiuduanda so. 86 cm? Tudlanif 7 varifiai1dsa EC 1.0 mS/em uwmn“l‘u
50929171 Tumaasanudy m EC ‘VIE’N (4.0 Uag 6.0 mS/cm) danaliuiiluanasediedany
Taonmzi EC 6.0 mS/em cmuwuw‘lmmﬁmwm 12.90 em? Tudilanii 7

NaMINAARIEA IR U i1 EC 1/1z;mmu"lﬂnwaﬂummwmammm“lu #101910 0290451
NTAAAIVOIUTIAULAY (turgor pressure) uamgfs)ﬁi’ﬁﬂ“lumimmﬂeﬁmmmaﬁ yauziia EC Tuszaui
snzauasaduasumsnann lusazifiviuiimdmiunmsduaseiuaadedrafiUsz@nsam
Tawita'lt) i EC vemsazmengomsazfondsnututuveslesen luasazats Felianuduiug
TasasenuANUNTauve95190 1M TULTNIUIIA (Lam et al., 2020) 9814 15A01N Lﬁam EC ganul
wwaanaliidndeea luAnvesansazaisanas m“lwwsmﬂm"lﬂmﬂ BannznatuFatsine uag
mﬂﬂmmwmmmmimuﬂu (Kader et al., 2022) Wonani maazauvedlooouluse LAUGI0
rolian iy luiiode i cmumumswmummﬂaahwmamLavaﬂﬂﬁvﬁmmwmimmsw”mm
(Kim et al., 2018) mwa‘l‘ﬂmmiﬂjmﬂmaﬂuaﬂm wiludmunamadiay msmﬁnamﬁummiu
myanasesiuisadedlunilslumsneuauoudosduvesiivden At sanina i & cmmmmm
fumsanavesmsulusadiasMsdafiveaad (Lopes et al., 2019) Tasaql sy EC Aingdy
Wszana 2.0 mSem) Hunumddylunmsdauaiumsianluveansn vasiia EC figuiuly
danansznumavdemsvaealveluiazdneamlumsdunsgiaave sy

Table 3. Effect of nutrient solution EC on leaf area of Chai Buri White Chili (C. frutescens L.) grown in

a hydroponic system over 7 weeks.

Leaf area (cm?)

Treatment Before treatment After treatment

Wk1 Wk2 Wk5 Wké WkT

EC 1 m5/cm 23.86 24.61 . . . 24.32b 35.95b
EC 2 mS/cm 24.45 2d.69 . . . 44.22a 50.8¢a
EC 4 m5/cm 23.04 23.59 23 . . 21.53b 23.52bc
EC 6 m5/cm 23.02 21.81 217 . . 12.48b 12.90c

F-test ns ns ns * ** * *

CW (98] 10.05 14.31 16.93 17.86 28.22 50.26 42.29

Note: Values are presented as means of four replicates (n = 4). Means within the same column followed
by different letters are significantly different at p < 0.05 according to the Least Significant Difference

(LSD) test. ns = non-significant; ** indicates a significant difference at p <0.01.
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ﬁqﬂ WY 462 1Az 138.6 N3 AWEIRL T89a9MIAB EC 4.0 mS/em Faihimiinda 443 n$u uaz
dhminude 132 050 vaiEi EC 1.0 mSiem Wanhmiinaauazihminudamni uaastededita
Y

mums"lmmmmmm"lmwmwa Eluvmmaﬂwum Wslﬂﬂulﬂi‘ﬂ EC 6.0 mS/cm thE‘TﬁJﬁﬂ!ﬂiﬂl!ﬁ‘]JT@
ﬂ‘Lll,ﬂ‘]JLﬂEJ'Ju],ﬂ TﬂﬂWUﬂﬁﬁ1ﬂﬂlﬂ\1W"H@NLm3uﬂ 32 UBINITINAADI

waﬂaﬂmaa“mumwans NV MUIANTTUIT IR MIT T Iz MIdzauFauavesity Tag
%114;1414:;1 M EC Tving ol (ﬂivmm 2.0 mS/em) FrwdudumsazanFmaveaninldaiiga
miuaﬂmmummﬁmm srhminute Feduiusfudszansommsduaszfuaaasns1salss Temnd
59113 Juvaziin EC fisimu ld$samsns adu Tnninmsvasiges uazan EC wqamu"lﬂ
nelWiAannusteannanuiy dawaliis higunsainmaugaiiuas leeou'ld ludeadsinen
mwiufigedanalifindesa Tufnvesansazasanas ﬁw}ﬁ’ﬁﬂv@ﬂﬁﬂﬁ’mﬂ Aanmzaindadsinen
(physiological drought) agaamMsdzaudIuIa wonanil miazanveslosouluszaugedionne v
mﬂmwmﬂuwmm £FUMUNTZLIUMSILNUDATY daralimsnsydy Tavgasednuas m"lﬂamﬁmﬂ
lufiga Wil MIAIANATEC “lﬁaaelusmwmmwamﬂuﬂmﬂmﬂmmﬂmwuwawammwﬂﬁuﬁmmw
MINAANTNIUTY uu"laimiﬂuﬂﬁ Tasa1 EC wmmu"hJ3Jwaﬂﬁw1/11J3ummamimmmﬂmumw
mlinrarelumendunu a1 EC mmmu"lﬂﬂmmﬁafmwamﬂmmmsmmﬂmmwﬂmww
mmmﬂm“lmﬂﬂm:] 11051901413 Fadanaliivandaiasaaninana (Lam et al., 2020) HoRINY
M3 UYeIA EC °1u°mwmmwﬁummmmminmiﬁwﬁmmmsﬂﬁ ynoufluednuazasau
oyyaoase luiruwiiala Fuiludniaaanalnmsflossuaunsssiiasdennusisannaaunadon
taze1uNuAMAMNIE ATUINT (Hung et al, 2025) M3diuszay EC Sailudeddlumsaduauga
iwwmqmimmmﬂ@mmwwﬂumswammimeua"lammﬂnwuﬂsﬂwumiﬁﬂyﬂuwmmmm
nudf1 EC ‘wmmwaummmmwaiwmmﬁwmww iurugudnaedau wazthminmanauas
ummmuammuﬂmﬂm (Ding et al., 2022) /1 EC mﬁwﬁammu"lﬂmumwmaammmimmﬂ@
w il minenunz et AnRluuauny uae 93 INTFUATIE mgmamaﬂm
(Sunaryo et al., 2021) @pAAdEINUMsANEIIUNTATZNA Perilla fwvslwmmw EC mﬂmw 3.0 dS/m
mmmﬁwaﬂimmammsmmﬂmmwﬂﬂemmuamﬂm T N
1MIIAMSA1 EC ‘V]L!JJ‘LAEH?ﬂﬁJﬁm‘WﬁJ‘ﬂiwﬁ"ﬂ“ﬁﬂ"l‘Wﬂﬁﬂﬂ“b’ij‘ﬁ"lﬂf’)wniuﬁwﬁﬂmﬂ%ﬂle,mJ]lﬂ’E]ﬂﬂ?lfJ
(Frasetya et al., 2018)

Table 4. Effect of nutrient solution EC on fresh, dry biomass and days to plant death of Chili

(C. frutescens L.) grown in a hydroponic system at 7 weeks after transplanting.

Treatment Fresh weight (g plant™) Dry weight (g plant™) Days to plant death

EC 1 mS/cm 330 99 -
EC 2 m5/cm 462

ECd mS/cm a3

EC & m5/cm -
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Figure 1. Effect of EC on photosynthetic pigments in Chai Buri White Chili (C. frutescens L.) leaves.
(A) Pigment; (B) Chlorophyll a/b; (C) Chlorophyll a and b; and (D) Carotenoid.
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Figure 2. Effect of EC on SPAD chlorophyll index in Chai Buri White Chili (C. frutescens L.)

leaves over time.
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Figure 3. Effect of EC on gas exchange parameters in Chai Buri White Chili (C. frutescens L.) plants
at different growth stages. (A) Net photosynthetic rate; Pn, (B) Intercellular concentration; Ci,

(C) Stomatal conductance; gs, and (D) Transpiration rate; E.
afgﬂwa (Conclusion)
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