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Effects of Electrical Conductivity of Nutrient Solution

on Growth and Flower Quality of Tulip Grown in Hydroponics System
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Abstract: Nutrient concentrations in term of electrical conductivity value is one of the important factors that
affected the growth and quality of tulips grown in hydroponics. The optimum concentration brought about
good quality of flowers. However, the research on nutrient levels for the growth and quality of tulips in
Thailand was rarely reported. Therefore, this study was aimed to determine the effect of plant nutrient
concentrations in the culture solution on the growth and flowering of tulip ‘Orange Juice'. Tulip bulbs with an
average of 12 cm circumference were grown in a hydroponics system using double pots system under a
plant factory with an average temperature of 20 + 2 'C, average light intensity 442 pmol m”s” and 80 - 90 %
RH. The experimental design was completely randomized design (CRD) with 5 treatments and 4 replications.
Plants were supplied with five different electrical conductivity (EC) levels i.e., 0, 1.0, 1.5, 2.0 and 2.5 dS/m
Plant growth, photosynthesis rate, flowers and new bulbs quality were measured. The results showed that
there were not significantly different between treatments on days to flowering and stalk diameter parameters.
Plants supplied with EC levels at 0, 1.0 and 1.5 dS/m, photosynthesis rate and transpiration rate were not
significant. However, plants height, stalk length, total fresh weight, photosynthesis rate and transpiration rate
were decreased when the plant was supplied with high EC levels at 2.0 and 2.5 dS/m but bulb fresh weight,
bulb circumference and number of new bulbs per plant were not significant between treatments. Plants
supplied with 0 dS/m of nutrient solution showed 66.6 % of stem topple characteristics, while plants supplied
with 2.5 dS/m showed 22.2 % of flower abortion.
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Table 1. Effect of different nutrient solution concentrations on growth parameters of tulips grown hydroponics

at flowering stage (4 weeks after planting)

Plant growth at the flowering stage (4 weeks after planting)

EC levels Root Leaf greenness Total dry
Plant height ; Leaf area Total fresh
(dS/m) length (SPAD unit) weight
(cm)’ 1 (cm®'  weight (g)' 1
(cm) Young leaf  Old leaf (9)

0 299a 10.7 38.0b 35.6b 235.9b 92.5a 10.18
1.0 29.3a 1.7 42.0a 36.6b 256.5a 84.8ab 10.15
1.5 28.9ab 10.5 38.6b 35.3b 237.7b 82.9ab 11.29
20 27.9bc 10.9 41.9a 40.3a 237.3b 78.4bc 11.13
25 271¢c 11.0 40.8a 43.9a 224.1¢c 70.4c 10.75

%CV 3.98 8.79 5.91 418 245 7.09 17.34
LSD, o5 * ns * * * * ns

"Means within the same column followed by different letters showed significantly different between treatments by LSD test at
P <0.05

" not significant

EC 1.0 EC 1.5 EC 2.0 EC 25

Figure 1. Visible effect of different nutrient solution concentrations on ‘Orange Juice’ tulip growth attributes
after 4 weeks of treatment. Left to right: EC 0, 1.0, 1.5, 2.0 and 2.5 dS/m

Tunmmaaesiidonudn Araoudaredly 1.5 wddwudsewwns 39luszerilueeludaanngs
Pludauneludas 38.0 - 42.0 SPAD unit n3sudshn  Wawndsliwsyiulabiad Awiu Arpaudanses
A EC 91 2.0 uaz 2.5 wddwudpiawns HAas-  ludsdalaoanudsdsauagiing donluluuny
= = ! ! axal vo a = c o 9 | o Y
denaadluilugeuunniingssdanlasudt EC0,  WwigiAulaAnudanud nslimanududu
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Figure 2. Effect of different electrical conductivity (EC) treatments on stomatal conductance (A), transpiration
rate (B), intercellular CO2 concentration (C) and photosynthetic rate (D) after 4 weeks of treatment
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ATMNINADN

n1sliansazaneaIne nIsANL N
wAnENaY Auasan N TNABNatelTEA ATynig
AN WUIN mﬂﬁmmmwm@mmiﬁm EC25
Lm%%mum’ﬁimum‘Lﬁmﬂf;mmqﬁmm@ﬂﬁﬁ?qﬁqm
LAZIRIAINABNTTNABA TAN EC 2.0 1n T imud
FaLNAT (28.5, 37.1 LIUALNAT ANNA1AL)(Table 2)
ABAARBINLNITNAADITBY Sawas et al. (2002)
wudn lumedsfleldfuansazaiasigeinis
AHTNTugedeNali A INeIaiIuRENanAY
el udanmsudnfinadfanenludenisdnfiou
PANAYIENININNGN 30 LEURIAT B9a1NNNIMAAES
’Lﬁmmxmﬂﬁmmmiﬁ'm EC 2.5 inddinudsia
wms vl neesiindd ldanunsofi aamingld
uananil lunssndanen EC 0 wdduudsamns W
A LENfURENgeTigaLaz LB URAEN TN
(stem topple)(Figure 3A) flAnladt 66.6 1o us
ARAAAAINUINUI1UTDY Nelson and Niedziela
(1998) WL91 RaRUTIE5Y Lﬁmﬁm?qm%fmmlﬁ

fupaniintN AT L&AIBNNSANLABNYN SRl
fdanaealuiilaauudadll i iidudou
azanaun? M ldaunsaesiulala luszazuen
wlildFusnnevisainansazane dednsld
smamshazanawldifisanedeazuansanis
fAntlnf d9annnsRuaennafaina NN
gaquAatde s ldinaanaludasnisiine1aaeng
s9m5999ag A unen i T LI N a e
wasidafuiadllanysalguidananuudous
Adldanunrofuraminaenldidenanuiuy (De
Hertogh, 1974) ludauaasain1saanuig (Figure
3B) nulunssudsian EC 2.5 nddmudraimns
T 22.2 ulefidusl il anaifuinezdnita
ﬁmi@mﬁﬁjnLL@:mumﬁmmmmmm dana’lof
sguandanldifaanasianisaiyifiuia 3
a1 9n1uN M AAN1seNTAenwials (Nelson
and Niedziela, 1998) FadnwusinnnArenisand
annsazyn iuanan ldflgninaw inlildanunsm
i lenmmdedannsanle

Table 2. Effect of different nutrient solution concentrations on flower quality parameters of tulips grown

hydroponics at full flowering stage (4 weeks after planting)

Flower quality

=¢ Days to Flower Flower Flower Stalk Stalk Flower Stem
lovels flowering period width length length diameter  abortion topple
tasim) (day)’ (day)' (mm)’ (cm)' (cm)' (mm) (%) (%)
0 31.0 10.5¢ 35.8a 5.7a 39.5a 5.7 0 66.6
1.0 31.2 12.7a 36.7a 5.6a 39.2ab 5.6 0 0
1.5 31.2 13.0a 34.5ab 5.2ab 38.1ab 5.5 0 0
2.0 31.0 12.7a 37.0a 5.5a 37.1b 5.5 0 0
2.5 31.2 11.5b 32.1b 4.7b 28.5¢c 5.2 22.2 0
%CV 1.24 5.00 6.32 6.66 4.14 4.63 - -
LSD ns * * * * ns - -

0.05

" Means within the same column followed by different letters showed significantly different between treatments by LSD test at

P <0.05
™ not significant
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Figure 3. The characteristic of stem topple symptoms (A) and flower abortion symptoms (B) in tulip
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'1'7'{@1@ (37.0 HAALNAT LAY 5.5 LHUALNAT AINAAL)
(Table 2) aamAABINLINI8911989 De Hertogh

(1974) nsWisunusis e liisnzan aanali

ANINAFULATTUIAABNTRILBALAATARAAAT LAY
Rouphael et al. (2008) 118N 1wasflauitlds
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(10.5 41) 7098901 ABNIINARA AN EC 2.5 1nT -
WUARBLNAT (11.5 714) (Table 2) ifleennanniAn
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W (Taiz and Zeiger, 2002) Faeinuluiiuumaa
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AN19LLATEATRINT (Van leperen, 1996) datialef
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Table 3. Effect of different nutrient solution concentrations on bulb quality parameters of tulips grown

hydroponically at 8 weeks after planting

Bulbs quality
EC levels
) ] ] } Number of new bulbs per
(dS/m) Bulb fresh weight (g) Bulb circumference (cm) .
plant (bulb)
0 37.0 8.6 5.3
1.0 34.6 8.8 4.5
1.5 37.3 8.8 4.5
2.0 33.9 8.7 5.0
2.5 39.9 9.0 55
%CV 23.43 6.61 26.47
LSD ns ns ns

0.05

" Means within the same column followed by different letters showed significantly different between treatments by LSD test at

P<0.05

" not significant
G

mﬂﬁmmzmﬂmamm?ﬁﬁﬂ'ﬁmmﬁﬂ
IW# 1 wTe EC1.0uaz 1.5 G Tinudsouns
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wn i WieaUinsmuTauazaunnaanangd
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(DI water, EC = 0 @@ uudsiainns) wudn fiodd
ansniulnle LLﬁiﬁQMﬂﬁwmﬂﬂﬁ%ﬂﬂdﬁ fawnan
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