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Chapter 1. Effects of Composition and EC of Nutrient Solution on

Growth and Quality of Carrot in Hydroponics

Abstract: Carrot leaves have a variety of nutrients as well as roots, which
will increase the need for carrot in the future. This study was carried out
by dividing into two stages: high temperature and low temperature, in order
to investigate the possibility of cultivation of carrot leaves throughout the
vear and the composition and concentration of the nutrient solution for
growth of carrot leaves. The experimental material used 'Yang Myeon 5
Chon' made by KOREGON. Experiments were carried out in hydroponics
after growing seedlings in vermiculite substrate for 20 days. Composition of
nutrient solution(NOsN:16, NH,;N:1, P:1, K:11, Ca:2, Mg:l, S0O,S:1
mM - L' ) developed by analysis of plant. In the high temperature range,
the concentration of the developed nutrient solution (JNU) were 1.0, 2.0,
3.0, and 4.0 dS - m ! and the concentration of JHS 2.0 dS - m™! was
used for comparison. In the low temperature range, the concentration of the
developed nutrient solution 1.0, 2.0, and 3.0 dS - m ' were used. Growth

was investigated in root fresh weight, dry weight, length, diameter and

height, fresh weight, dry weight, leaf number, and leaf area of shoot carrot.



There was no significant difference in the number of leaves, plant height,
and width of stem in the shoot carrot of the high temperature range. The
leaf area, fresh weight, and dry weight were good at 1.0 and 2.0dS - m™! .
In the high temperature range, the root length, dry weight were not
significantly different, and the top diameter was the lowest at 4.0 dS

m ! . The fresh weight was good at EC 3.0dS - m ! or less. In the high
temperature range, the sugar content of the root was the highest at the EC
2.0dS - m!, and the chlorophyll content was the highest at the EC 4.0
dS - m ! . There was no significant difference in the number of leaves
and plant height in the low temperature range. Leaf area and width of stem
were the lowest in the EC 3.0 dS - m ' . The fresh weight and the dry
weight were the highest at EC 1.0 and 2.0 dS - m™! , respectively. In the
low temperature range, the length of the root was no significant difference
and the taproot, the dry weight, fresh weight were highest at the EC 1.0 and
2.0dS - m!' . There was no significant difference in sugar content and
chlorophyll content during low temperature range according to EC

concentration. In the roots, EC 2.0 dS - m ~! was low. As a result, from

-1

the viewpoint of growth, it is good to cultivate EC 1.0 and 2.0 dS - m
-1

in high temperature and low temperature cultivation, but EC 1.0dS * m

1s economical because of using small fertilizer input.

Additional key words: cultivatoin throughout the year, greenhouse culture,

greenhouse environment, sugar content, ,
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Table 1—1. The 1000 times strength of JHS and ‘Carrot’ nutrient stock

solution contains the following amounts of various fertilizers.

JHS” JNU”
Component
gL'
Ca(NO3) 5 - 4H,0 (calcium nitrate) 94 .4 47.2
KNO;5; (potassium nitrate) 40.4 101
NH,H,PO, (ammonium dihydrogen phosphate) 15 11.5
MgSO, - 7H,0O (magnesium sulfate) 49.2 24.6
Fe—EDTA (iron chelate) 2.3 1.54
CuSOy, - 5H50 (copper sulfate) 0.01 0.02
H3BO; (boric acid) 0.03 0.25
MnSO, - 5H,0 (manganese sulfate) 0.2 0.13
ZnS0, - 7TH,0 (zinc sulfate) 0.02 0.13
Na,MoO, - 2H,0 (sodium molybdate) 0.003 0.01

JHS : Japanese Horticultural Station.

YJNU : Jeju National University.
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Fig. 1—3. Growth of carrot grown under different nutrient solutions and ECs

at high temperature period.
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Table 1—2. Effects of nutrient solution and electrical conductivity on the growth characteristics of carrot at 41 days after

transplanting.
Number of Width of stem
Nutrient EC Leaf area Height (cm) Fresh weight (g) Dry weight (g)
leaves (mm)
solution @ds-m™h (cm?)
(ea/plant) Shoot Root Shoot Root Shoot Root Shoot Root
JHS? 2 11.6 950.7 ab’ 25.3 a 11.9 14.3 25.2a 42.3ab 30.9ab 6.8 bc 3.9
JNU 1 11.6 1156.3 a 13.7b 11.7 14.5 26.0a 559a 39.1a 8.9 a 5.6
2 10.6 1007.3 ab 13.3b 11.4 16.1 24.7ab 49.0a 33.2ab 7.8ab 4.6
3 12.8 798.1 bc 23.9 a 10.9 14.7 25.4a 33.6bc 329ab 5.8bc 5.2
4 11.0 657.3 ¢ 21.5 ab 11.2 13.1 21.7b 27.8c¢c 232D 4.9 ¢ 3.2
Significance®
Nutrient solution(A) NS NS NS NS NS NS NS NS NS NS
EC (B) NS % NS NS NS NS Kok k NS * NS
AxB NS NS NS NS NS NS NS NS NS NS

‘JHS : Japanese Horticultural Station and JNU : Jeju National University.
YMeans within column followed by the same letters are not significantly different as determined by Duncan’s multiple range test at p<0.05.

*NS, ==, ##% : Nonsignificant or significant at p<0.05, and 0.001 respectively.
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Table 1—3. Effects of nutrient solution and EC on sugar and chlorophyll

contents of carrot at 41 days after transplanting.

Nutrient EC Total soluble cpjorophyll a Chlorophyll b o
chlorophyll
solution  (dS - m™Y) Solids(°Brix) (mg - ¢"'FW) (mg - g 'FW)
(mg - g 'FW)
JHS 2.0 13.8 a“ 3.6b 1.1b 4.7 b
JNU 1.0 8.4 d 2.3d 0.8 ¢ 3.1d
2.0 13.1 ab 3.5b 1.0b 45D
3.0 10.7 ¢ 2.9 c 1.1b 4.0 c
4.0 11.5 be 4.7 a 1.4 a 6.1 a
Significance”
Nutrient solution (A) ok NS NS NS
EC (B) s - - s
AxB NS NS NS NS

Means within column followed by the same letters are not significantly different as

determined by Duncan’ s multiple range test at p<0.05.

YNS, #=*x : Nonsignificant or significant at p<0.001.
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Fig. 1—4. Non—marketable roots of carrot grown under different ECs of

nutrient solutions at high temperature period. A: Japanese Horticultural
Station 1.0 dS - m !, B: Jeju National University 3.0 dS - m !, C: Jeju

National University 4.0 dS - m L.
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Fig. 1-5. Growth of carrot grown under different ECs of nutrient solutions

at low temperature period.
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Table 1—4. Effect of EC on the growth characteristics of carrot at 61 days after transplanting.

Number of Height (cm) Width of stem (mm) Fresh weight (g) Dry weight (g)
EC Leaf
leaves
(dS-m™ area(cm?)
lant
(ea/plant) Shoot Root Shoot Root Shoot Root Shoot Root
1.0 7.7 365.0 a” 5.3 12.3 12.9 a 23.0 a 15.7 a 22.6 a 2.4 a 2.0 a
2.0 7.8 337.2 a 3.8 13.0 12.3 ab 22.0 a 15.4 a 19.0 ab 2.4 a 1.8 a
3.0 7.8 277.1b 5.5 12.4 10.6 b 196 b 11.3b 15.1b 1.8b 1.4Db

“Means within column followed by the same letters are not significantly different as determined by Duncan’ s multiple range test at p<0.05.
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Table 1—5. Effect of electrical conductivity on sugar and chlorophyll

contents of carrot at 61 days after transplanting.

Total soluble

Total
EC ) _ Chlorophyll a Chlorophyll b
Solids (°Brix) chlorophyll
(dS-m™) (mg - g 'FW) (mg - g 'FW)
L1
Shoot Root (mg - g~ FW)
1.0 3.8 8.5 a” 4.0 1.5 5.5
2.0 8.8 8.1b 4.3 1.7 6.0
3.0 8.7 8.8 a 4.9 1.7 6.5

Means within column followed by the same letters are not significantly different as

determined by Duncan’ s multiple range test at p<0.05.
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Chapter II. Growth Response of Carrot Tops to Various

Levels of EC in a Closed—type Plant Factory System

Abstract: This study was conducted to find the optimal concentration of
nutrient solution to produce carrot leaves in a closed—type plant factory.
The used experimental material was 'Yang Myeon 5 Chon' made by
KOREGON. After sowing, 2 leaves carrot were transplanted in a growing
bed system. The hydroponic cultivation system was performed with a
three—layer NFT system (240x60x200cm, LxWxH). The nutrient
solution(NOs—N:16, NH, —N:1, P:1, K:11, Ca:2, Mg:1, SO,—S:1 mM - L ! )
was developed by analysis of plant. Growth was compared in EC 2.0, 3.0,
and 4.0 dS - m™' . The fresh weight, dry weight, plant height and leaf area
of the plants were measured. There was a significant difference between
the nutrient solutions on the 23rd day after planting. The optimum

! However, there

concentration was found at a concentration of 3.0 dS - m~
was no significant difference in the number of leaves and in the chlorophyll
content. As a result of the investigation of the quality characteristics carrot
leaves, there was no significant difference in carrot leaf antioxidant

capacity by the concentration and the contents of total phenol, chlorogenic

acid and kaempferol were the highest as per 1g of the dry leaf in EC 2.0 dS
38



m ! , unlike the growth factors. However, EC 3.0 dS - m ™! has the
highest on contents of total phenol, antioxidant capacity, kaempferol per
plant. In conclusion, in plant factories, EC 3.0 dS - m™! 1is the most
suitable concentration for the production of carrot leaves, with 20 ~ 25

days of cultivation. Also, leaves of carrot have antioxidant substances and

can be valuable as functional foods.

Additional key words: antioxidant capacity, chlorogenic acid, cultivation

days, kaempferol, total phenol
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TAAPAI RS 3 For A" e (NFT) A 29 (240x60x200¢m,

LxWxH) 0.2, vj¥ds &2 110L om, wjeke) 22 90L vk wjekel

SAst9 o, 29t AdisE AlA (HMP45AC, Campbell Scientific, Logan
UT, USA)¢} o]itstebs AlA (GMP222, Vaisala, Helsinki. Finland) &
2 ojrtslerh FEE SASAH. A= WY 25,
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Aldrich, St. Louis, MO, USA) & o] &3t 54 5tk (Miller and Rice—Evans,
1996). &" 80% coIMES Atgste] FE=8 §H2> —20°Ce IxdedA

Folt}h o] o] AL Lee and Oh(2015) 8] =Foa] A=

Ol

12 A|ZHg9t A g

B Y Edstth xF A4S 6—hydroxy—2,5,7,8—tetramethylchroman—2—

carboxylic acid(Trolox; Sigma—Aldrich, St. Louis, MO, USA)& A}&3}9
yetfigled, @ele  dEFT( 9@ trolox—equivalent  antioxidant

capacity (mM) & %39t (mM TEAC - g ! DW).

TA Axd MEE 0.1g, 5 ¥ 1.5mL ¢ 0.5% HCl o] x&H
acetonitrile ¥ &7 4o]& ¥, 80°Ce] water bath oA 7}5E3] =) o] %

b Zeld g2 30 it 2&3 5% (Sk5210HP; Hangzhou Nade

5

M
S

Scientific Instruments, Zhejiang, China) ¥t} F&F {42 20
3000 x g oA 4% Hlow FFAS 0.22-pm AHA IH (Noble
Bio, Hwaseong, Korea)& ©o]&3to] AeFolth. % €99 polyphenol
3}8t=-& high—performance liquid chromatograph system (YL9100; Younglin,
Anyang, Korea)& ©]&-3lo] 45 %Itt. Guard column ©] F&¥ ACE-5-
AQ column(4.6 X 250 mm, Advanced Chromatography Technologies Ltd.,

Reading, UK)& ©]4&3t°] polyphenol 3¢&s Zesidion, A 2%
45



30° C, injection volume < 10xL St} €9 A 9} B+ 100% acetonitrile 2}

rlo

0.5% acetic acid 7} 3% water = Z+ZF A H UL €9 55 8] =4
f1] A acetonitrile 0—10% (10 &), 10-20% (30 &), 20-30% (40 &), 30—

40% (50 ), 40-80% (60 ), 80-0% (61 ), 1=al 0-0%(70 W) o=

N

Ptk 752 0.8mL/E °ol FF%E 320nm oA SHEHSIY. &

-
o
ol

E2Z¢l  chlorogenic acid(Sigma—Aldrich, St. Louis, MO, USA) ¢}

kaempferol (Sigma—Aldrich, St. Louis, MO, USA)<S A}g3le] ¥ EF

e
i)
rE
o
H
&2
0Q
\\o]
L
\]
|
\]
el
iy
o
@]
oy
=
@]
=)
=4
@)
0
=
[eb)
=)
1o
o]
D
[ab)
~
i
X
i)
i<
N
ofo
1%
1o,

BT /FES] ARAS A4 4 B FEe AU vt A

Z=(100g) ¥ mg o2 T3 }H(mg100 g7t DW).

46



300

¥ =0.0408- x +0.3805
(A2 =0.999)

250 A

200 +

150 +

100 +

Chlorogenic acid (ppm)
3

0 - . .
0 2000 4000 6000

Area (mV x sec)
Fig. 2—1. Calibration curve according to standard concentration of

chlorogenic acid

47



1400

1200 - ¥ =0.0634-x-32.203

(A% =0.989)
1000 A .

800 -

600 -

400 +

Kaempferol (ppm)

200 H

0 . . ;
0 5000 10000 15000 20000

Area (mV x sec)
Fig. 2—2. Calibration curve according to standard concentration of

kaempferol

48



FAEA
AT wjx = el wiAHE AFEstg om, SAS(Statistical Analysis,

Ver 9.3, Cary, NC, USA)ZT2#:S 0o]g3to] 959% AlFF-7roA

Duncan U544 02 Fo4S AFs3t

49



)

14 47tA #35 AAF (Fig. 2—-1. A) 3

K
T

42

Uk 23 Fig. 2-1).

ol

A=<% (Fig. 2—-1. B)

23 Qo] AR A

joh-

hER Ot ok

I

5|
pid

A

=T 20 F 4.0dS - m ! HYE &

ol

Gl

Eruca sativa

T
O -1

oN
oH

OO]:

Gl

o|]
Hed

)

3.0dS - m ! A elA 7+ =Sk

AF8HA

[e)
T

Ao dItet

A4

Ao

L.(salad rocket)

)
Ho

BT

AL
OO

ol
M

UERETHD Anna et al., 2003). Z28u qltio]H.o] A& of

FA e

/bl-o]g

| —
L

Kowalczyk et al(2012) &) <1+-9}

L
T

717 ekt

o BEL
dF=

o
puy

FE 1.0dS - m ' A THE =

=

oO]: oN

Aol =

&

d

]

3} o

Al Aol A A e

Aol A =

o
O -

B, 3.0dS-m ' o]Ae

Fe

¢

A % 3.0dS-m!

Gl

SR B R

Al
A

2

Aoz vepgA,

Hol Ajuj Al~we] wet Hl

KN
=

A5

50



w
a1

w
o
1

*k*k

N
(6]
1

Shoot fresh weight (g/plant)

—O0— EC 2.0 *%

Shoot dry weight (g/plant)

0 T T T T T
0 5 10 15 20 25

Days after transplanting

Fig. 2—3. Shoot fresh (A) and dry (B) weights of carrot grown under
different ECs of nutrient solution in a closed—type plant factory system.

The vertical bars represent the standard errors (n=8).
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Fig. 2—5. Leaf area of carrot grown under different ECs of nutrient solution
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standard errors (n=8).
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Table 2—1. Chlorophyll content of carrot’ s leaves grown under different

ECs at 33 day after transplanting.

EC Chlorophyll a Chlorophyll b Total chlorophyll
(dS-m™) (mg - g 'FW) (mg - g 'FW) (mg - g 'FW)
2.0 5.85 2.08 7.93

3.0 5.38 1.79 7.17

4.0 5.74 1.94 7.68
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Fig. 2—7. HPLC chromatograms of Chlorogenic acid and kaempferol for

quantitative and qualitative analysis in carrot shoot.
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bars represent the standard errors (n=5).
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