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Abstract

BACKGROUND: Plants can be grown using a culture
medium without soil using a hydroponic system. Crop
production by the hydroponic system is likely to increase
as a means of solving various problems in the agricultural
sector such as aging of rural population and climate change.
Different water sources can be used to prepare the culture
medium used in the hydroponic system. Therefore, it is
necessary to study the effect of different water sources on
crop production by the hydroponic system in order to ex-
plore the applicability of various water resources.

METHODS AND RESULTS: Lettuce was cultivated by
the hydroponic system and three different water sources
[tap water (TW), bottled water (BW), and groundwater
(GW)] were used to compare the effect of water sources
on lettuce growth. The three kinds of waters with a nu-
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trient solution (TW-M, BW-M, GW-M) were also used as
the media. After the six-week growth period, the lettuce
length and weight, the number of leaves, and the contents
of chlorophylls and polyphenols were compared among
the different media used. The lettuces did not grow in
the waters without the nutrient solution. In the media, the
lettuce growth and the contents of chlorophylls were af-
fected by the different water sources used to prepare the
media, while the contents of polyphenols were not af-
fected. The absorbed amounts of ions by lettuces, espe-
cially Ca and Zn ions, and the dry weight of the harvested
lettuces showed a strong positive correlation.
CONCLUSION(S): Overall, this study shows that differ-
ent water sources used for growing lettuce in a hydroponic
system can affect lettuce growth. Further studies on the
enhancement of crop qualities using different water sour-
ces may be required in future studies.

Key words: Chlorophyll, Hydroponic culture, Lettuce,
Polyprophenol, Water sources
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Table 1. Characteristics of the culture media for lettuce used this study

Temperature Electrigal .Total Total
pH (C) Conductn_fllty mtroge_zln phosph(fus
(uS cm™) (mg L") (mg L7)
Tap water (TW) 6.90+0.13 22+1 84+3 1.440.8 Not detected
Bottled water(BW) 6.70+0.39 2241 555423 22414 Not detected
Groundwater (GW) 7.40+0.25 2340 319+10 Not detected Not detected
p-value for waters 0.4439 0.1185 <0.0001 0.9439* Not determined
TW-nutrient solution (TW-M) 6.34+0.13 21+1 723111 78+12 10.9+0.2
BW-nutrient solution (BW-M) 6.64+0.37 22+1 11214176 45+19 8.3t4.7
GW-nutrient solution (GW-M) 7.11£0.10 2143 947+183 37+40 9.5+4.5
p-value for media 0.0296 0.7249 0.0200** 0.4088 0.8110
*Only BW and GW were compared using the t-test (two-tailed),
**Only the pair of TW-M and BW-M showed a statistically significant difference.
Table 2. Concentrations of the major ions of the culture media for lettuce used in this study
Ion concentration (mg L) Ca Mg Zn Fe B Cl
Tap water (TW) 7.7+0.6 1.6+0.2 Not detected  0.06+0.04 Not detected 6.242.4
Bottled water (BW) 1.1+0.4 0.2+0.1 0.04+0.03 0.0340.02  Not detected  87.8+26.6
Groundwater (GW) 41.743.2 1.5+0.3 0.23+0.19 0.0940.20  Not detected 7.8+1.4
p-value for waters <0.0001 0.4508 0.0180 0.8709 - <0.0001
TW-nutrient solution (TW-M) 41.446.3 9.310.8 0.10£0.05 0.89+0.14 0.2740.06 10.4+2.6
BW-nutrient solution (BW-M) 32.8+£10.7 6.5+4.0 0.65+0.53 0.14+0.22 0.41+0.43 101.7+44.5
GW-nutrient solution (GW-M) 53.245.6 7.4+2.7 0.40+0.22 0.41+0.24 0.22+0.09 16.2+2.0
p-value for media 0.0406 0.8247 0.1131 0.0175 0.4191 <0.0001
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Table 3. Average pH and temperature of the water and media over the test period

Coefficient Coefficient Electrical Coefficient
. Temperature . . .
pH of variance (C) of variance Conductivity of variance
(cv) (cv) (uS em™) (CV)
Tap water (TW) 7.1440.19 2.7 23+1 4.1 121+19 16
Bottled water(BW) 7.55+0.39 5.1 23+1 4.0 834+194 23
Groundwater (GW) 7.89+0.28 3.6 2441 3.1 394+100 25
TW-nutrient solution (TW-M) 6.4140.45 7.0 2241 5.5 8114325 40
BW-nutrient solution (BW-M) 6.91+0.49 7.1 22+1 59 14174283 20
GW-nutrient solution (GW-M) 7.46+0.46 6.1 23+1 5.2 1107+216 20
« 100 10 =
5 ) . |E (b) b s £
'S —~ 80+ 2 __ 8 s 120 =vwm SES
EE a a gg E_‘A‘]oo = BW-M %84
83 40 $3 4 =< o al | 82,
§° 20 2° 2 8E 5l E5q
2 < g ol g2,
0 WL BV G 0 AR BWENT GV 5 TotalChl Chla  Chib 3-‘3 TotalChl Chla  Chlb

=9
¢

=Y

S
the longest leaf (cm)

Average number of
leaves per lettuce
n
i
Average length of

Wﬂ

TW-M BW-M GW-M

11

TW-M BW-M GW-M

o o

Fig. 1. Effect of the culture media prepared from waters
from different sources on the (a) average fresh weight
of the harvested lettuces, (b) average dry weight of the
harvested lettuces, (c) average number of lettuce leav-
esper lettuce, and (d) the average length of the longest
leaf. TW-M: tap water with nutrient solution, BW-M:
bottled water with nutrient solution, GW-M: ground-
water with nutrient solution. Small letters in each fig-
ure indicate statistical comparison of the data in each
figure at the confidence level of 95%.
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7

o B R
w — ;2

¢

Fig. 2. Effect of the culture media prepared from waters
from different sources on the lettuce: (a) average concen-
trations (mg (100 g)™) of chlorophyll for each lettuce and
(b) average mass of chlorophyll for each dry lettuce
(mg). Total Chl: total chlorophyll, Chl a: chlorophyll a,
Chl b: chlorophyll b, TW-M: tap water with nutrient sol-
ution, BW-M: bottled water with nutrient solution,
GW-M: groundwater with nutrient solution. The data
shows the average and the standard deviation of 9
lettuces. Small letters in each figure indicate statistical
comparison of the grouped data in each figure at the
confidence level of 95%. Data between different groups
(Total Chl, Chl a, Chl b) were not compared.
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Table 4. Correlation between the lettuce dry weight (Wt) and mass of ions absorbed by lettuce

Ca (mg) Mg (mg) Zn (mg) Fe (mg) B (mg) Cl (mg)
Parameters vs. Wt vs. Wt vs. Wt vs. Wt vs. Wt vs. Wt
Correlation 0.8513 0.7116 0.9394 -0.4223 0.7407 -0.3991
coefficient
p-value 0.0315 0.1128 0.0054 0.4042 0.0921 0.4331
s YE 140 é S8 g 1000 (@) 1 Ca b
g E 1207(3) £ E | 5 E B Mg
gm S5, S o, = ol
£ E 100, . | 22°% - 2
S w 80 fg 3 a S 600
€2 ool @ 24 g b
o3 g S 400
o 5 40- €< =
g2 20 o & 27 o
g8 " g5 =
> - 0 T T [ 2 0 T T T o
<z TW-M BW-MGW-M Z TW-M BW-M GW-M =

Fig. 3. Effect of the culture media prepared from waters
from different sources on (a) average concentrations (mg
(100 g)'l) of total polyphenols for each lettuce and (b)
average mass of polyphenols for each dry lettuce (mg).
Total Chl: total chlorophyll, Chl a: chlorophyll a, Chl b:
chlorophyll b, TW-M: tap water with nutrient solution,
BW-M: bottled water with nutrient solution, GW-M:
groundwater with nutrient solution. The data shows the
average and the standard deviation of 9 lettuces. Small
letters in the figure indicate statistical comparison of the
data at the confidence level of 95%.

9 o0 92 Uehich. wjgpiz 2} o9 F4 Bk

=86

frelgt 217k SISt
tHFig. 1). o= &57F H58 ool 45 4l 4=
= Zolgt & = Slth24]. ) Auea A S5
o2 ¢ k] AFeEA| EAE 8I9laL Table 4= 1 A3}
& HolFEth 57§58 Ca o3 Zn o9 ¥} A
o A5 el A%t <k A (Cadh Znell Hig
T, r = 0.8518, 0.9394)7} 31, EAIA O = #F23 G50

UK p-value<0.05).

AgelM s e Sl ARgshe wgels =
H]%L ) AR Qe 8 %“%‘(TAE 85, Askr)7t
&3] FAA ] vX= FEE dotry] s A5 4
2 ,ji/\ s ol iﬁ]iﬂ% ke 578t nlwselth

2 GRAL, 74 598 vl

Amount of ions absorbed (mg)

R IR R R R IR IR

SRET TR ST
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