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Abstract.

The experiment was conducted to investigate the effect of EC and pH of nutrient solution on the

growth and quality of the single-stemmed rose grown in a rose factory installed with hydroponic system.
The growth and quality of the single-stemmed rose were not significantly different from each other with the
EC of the nutrient solutions 1.0~3.5dS - m™, which resulted in concluding high concentration of the nutri-
ent solution was not necessary. The optimum range of the EC for single-stemmed rose was 1.5~2.0 dS - m™
considering plant growth, photosynthetic and transpiration rates. The optimum range of the pH for good
plant growth without any visible physiological disorder was 4.0~6.0. Therefore, to keep the pH of the nutri-
ent solution for rose low compared to other plants was beneficial for plant growth and uptake of the mineral

ions.

Key words : deep flow technique, net CO, assimilation rate, plant factory, root activity, transpiration rate,

water use efficiency(WUE)

*Corresponding author

bo] =82 20021 ekl wH A Yol os) AE AdHh

N

Sejuete] As) Aulyt Al WA 7t} A
Hj7lze] o s AR APoA FAEE ol A
Eog $Z50] 200300 10499 S5 2R3
CHRDA, 2004).

Hzole A" 7140 0]8F & UE casual
flowerell tigt =871 M3=g FHo=E FF3lar A
o, 53] oA £US ] sk e 44
out olof gk ALkt A o] AR AL k.
m2br =E R A A Z1E JYE
TG AAZ ] HBo] B3] aFEHT 3101} o]

£ 9% gdviedt Alaglo] obF] FHokgh dAolnt.

A Hes Al7lee] 2837 Apiae
Wellx] 1=o] AR HH AuieS A5
WA AF d9d T2 AES A AN+ A
= AlzEolgl & 4= UrkParkd} Kim, 1999). 1]
U SERES e g 3 25l A8E a7
7RAIA 555 (Weel, 1996)°1c}.

ue] 25T A4k single-stemmed rose ¥]o]
Zsict. ole S A7kl S9EAY dEet F
HlE o Bol Ak = A= FHE ZHETHAnderson,
1990; Bredmose®} Hansen, 1996a; Bredmose$}
Hansen, 1996b; Stoltz2} Anderson, 1988; van Weel,

—258 -



HaPgv] FAAERA) wFR e w2t pHr A3 FE vAE 9%

1996).

Single-stemmed rose®l] &+ AT Bredmoses}
Hansen(1996)°] 4t5=2] AHAX|7F A5} 7}l v
e TS AL, 3 B ATl mE
A5l T ZAP} o) Aot 2Bl 23t
7 ZE8A gk Ave FE5kA ¥tk

wep B A% Al AulE dF A A 5
Q= Au) FAL 283l 3134} single-stemmed rose
SN viFd ] ECS} pHSF 2 ABHE- B8
olo] Aw|o] MEH APilol viXe FES € A&
T Al A8l st 7|RAsE A
2} 4345}3dT).

Mz Uy

B A3e MeAguistn S99} 2444
FAEEQ] ‘Red Velvet F5-5 2002 29 25¢
AEsle] Wit 52 2002 d 49 3Ydl 7 A
64 10cmx 10 cmZ 2] St Auir 2L o
A7 (deep flow technique; DFTYE-2jo]1n vjjdl-e-
AgAHN R 82 Fu] v (Kang, 2001)S At
31t

HjokeB o]  ECE  EC  meter(EC-93,
Holland, Netherland)& AH&-3t 1.0, 1.5, 2.0, 2.5,
3.5dS-m™9) sHEFE 2H3IP e, o|e] pH=
58+0022 FXA|5tHtt. pHe pH meter(pH-93,
Aalsmeer-Holland, Netherland)E AF2-3}a] pH 3.0,
40, 50, 6.0, 709 5xE)= ZAsI¥oH, oluje]
ECE 1.5£02dS-m '8 {A51%ch pH 23S 93
A& NaOH®} H,SO.5 AR83IHAL, uidlS 2 3F
Ao E ®WAsict.

AEEARL A2 35U & F83)e sl do], d,
737, AsPE-e} AR AT, EF, ANEE, A
AE 58 AR BT ASIAL & AR
o} A5 247} 65°Cce] 7ol ol ARA F
ko) g} gle uf ST, oS B i
3l BAA g R ARSI

BAI(Li-6400, Li-COR, USAR} Z2FH(Li-1600,
Li-COR, USA) =72 & 304 ol oA F¥]
SHA] 5AQE VIEeE E3Tt

AEA W Aae} Frlol TS RARIEE,

Aalsmeer-

Aie A2AESF7]Buchi 323, Buchi, Switzerland)
Z 2R3 001 N-H80,52 Fgste] FA3 s
243159tk QXS vanadate O 2 470 nmel|A] H]AA]
(UV 2100, Shimadzu, Japan)g A}g3}] 24318
o, 2, Zs, rEdles 9A=335A1(3100, Perkin
Elmer, USA)S A3t A#st & de5l dig
WS (%)Z ks

Ba) &L triphenyl-tetrazolium chloride(TTC)H
S ol 83l) EASATE 3087 A F AR U
B2lE 2-3cm Qo) e} FFHEE AFHS 218
AAZ the 5°C WAl Basilth. 1 F 05gS
Algge] Y3l TTC E3+84[1% TTC €9 : ikt
EF 9=A(pH 7): D.W=1:4:51 10mLE 71h
e} ERedel YAHES slo] Szl 7\
Aol g1 wirkx] F3] 27 AR & 30°Ce] el
oA 2A1ZF WEEAIZ] & 2N-H,S0, 2mLE 7}t
WS AR HElE AW SRR F e §
ethly acetate 3~5mL%} seasand® A@lo] f-Eo0F
vlfsled formazanE FE31 470nmollM FEEE
2743t

2323 € for mazan(mg)
257 (DW) x REEA1ZHh)

e mg g b =5

¥ A& 542 9 Fele ol AAe R

[e]
ZEF, 221 FHA 54 58 AR

m\l

|

1. Hjgrele| ==71 FOjo| WKE FEo| 0xls
Hek

ok Frel] wiE Frle] FIPER FLES A
27 Frode veh A LA 338 EC 1.0
~2.0dS-m oA 7FE A YEeRstal, S4bE-2 EC}
GolALEE BolXe AT BT 3R Rl 8
£ EC 1.5dS-m™ollA frojido] A vhelsta
1.0dS- moll A 71w VERSTH(Table 1). 3339
g, 32, FEol8ES BT wigde vt 37
gl W} ZollE AFS BH ot EC 2.5dS-m™
opde] arEmoiE BT ol AES HYrt. o
= B o) FT) 2ol ASE FEFST) oY) S

-259 -



ofallzl - ke - g -

d
d

Table 1. Effects of EC levels on photosynthetic rate, transpiration rate and water use efficiency (WUE) of single-stemmed
rose ‘Red Velvet’ grown in deep flow technique. (Measured at PAR 800900 pmol - m™ - 57!, air temp 2240.5°C, leaf temp

2540.5°C, R.H. 67.69+0.05%, flow rate 500+0.5 pmol - s7').

EC Photosynthetic rate Transpiration rate WUE
dS-m™) (umol - CO, - m2- 57" (mmol - H,0 -m™?-s7" (mol - CO, - mol - H,0™)

1.0 18.13 & 3.55a 3746 ¢

1.5 1872 a 34la 53.82a

2.0 1830 a 3.13a 4734 b

25 1681 a 325a 4644 b

35 17.78 a 299a 43.00b

*Mean separation within columns by Duncan's multiple range test, 5% level.

0.8
y =-0.3111x% + 1.3808 - 0.1547 (R? = 0.836)
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(Formazan contents mg-g”-h")
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Fig. 1. Effect of EC levels on root activity of single-

stemmed rose ‘Red velvet’ grown in deep flow technique
for 5 weeks. Vertical bars represent standard error.
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Table 2. Mineral nutrient contents in leaves and roots of single-stemmed rose ‘Red Velvet’ as influenced by EC levels of

nutrient solution for 5 weeks.

EC Mineral nutrient (%)
dS-m™) N P K Ca Mg

Leaf

1.0 5.86 ¢ 0.80 a 1.67d 1.89b 0.85a

1.5 7.02b 0.84 a 1.80 ¢ 1.56 ¢ 0.78 bc

2.0 7.49 ab 096a 1.88 be 223a 0.80b

2.5 7.53 ab 099a 1.97 ab 1.52¢ 0.76 ¢

35 7.56 a 1.08 a 2.06 a 1.05d 0.66d
Root

1.0 4.69b 1.00d 1.23b 0.85a 077 a

15 530b 1.30¢ 4392 0.80a 073a

2.0 5.48b 1.52b 201b 0.73a 074 a

2.5 5.74 ab 1.71a 1.63b 0.56 a 0.71 a

35 6.65a 1.53b 1.19b 057 a 0.61b

“Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 4. Effects of EC levels on roots growth of single-
stemmed rose ‘Red Velvet’ grown in deep flow technique
for 5 weeks.

EC(dS-m™) Root length (cm)  Root weight (g)
1.0 37.3 ab* 27.1a
1.5 37.5ab 25.1a
2.0 333b 262 a
25 38.5 ab 229a
35 425a 263a

"Mean separation within columns by Duncan's multiple
range test, 5% level.

Fig. 2. Effect of EC levels on growth of single-stemmed
rose ‘Red Velvet’ grown at 35 days after transplanting in
DFT.
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Table 3. Effect of EC levels on growth of single-stemmed rose ‘Red Velvet” grown in deep flow technique for 5 weeks.

Cut flower Stem Max. leaf

EC - . No. of

(dS -m™) Length Fresh weight Dry weight diameter length Width leaves
(cm) ® ) em) (cm) (cm)

1.0 48.6 b* 36.00a 9.93 ab 0.56 b 154a 129b 10b

1.5 53.4ab 4158 a 11.72 ab 0.65a 152a 13.5 ab 10 ab

2.0 53.2ab 38.77a 10.68 ab 0.59 ab 16.0a 13.9 ab 11 ab

25 57.6a 4178 a 12.06 a 0.63 ab 16.6a 152a 9a

35 47.1b 3540a 9440 0.62 ab 155a 13.9 ab 9ab

"Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 5. Effects of pH levels on photosynthetic rate, transpiration rate and water use efficiency(WUE) of single-stemmed
rose ‘Red Velvet’ grown in deep flow technique.(Measured at PAR 800~900 pmol - m™ - s, air temp 2240.5°C, leaf temp

2540.5°C, R.H. 67.6910.05%, flow rate 500+0.5 imol - s™').

Photosynthetic rate Transpiration rate WUE
pH (umol - CO, - m2 - s7!) (mmol - H,0 - m2-s7) (mol - CO, - mol - H,0™!)
3.0 14.55 b? 2.46 ab 46.62b
40 17.65a 2.63 ab 58.53 ab
5.0 18.40 2 3302 68.58 a
6.0 17.55a 3.18 ab 61.50 ab
7.0 15.95 ab 229b 5420 ab

“Mean separation within columns by Duncan's multiple range test, 5% level.
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Fig. 3. Effect of pH of nutrient solution on root activity of

single-stemmed rose ‘Red Velvet’ grown in deep flow tech-
nique for 5 weeks. Vertical bars represent standard error.
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Table 6. Mineral nutrient contents in leaves and roots of single-stemmed rose ‘Red Velvet’ as influenced by pH levels of
nutrient solution for 5 weeks.

Mineral nutrient (%)

pH
N p K Ca Mg

Leaf

3.0 4.85¢* 034c 1.38¢ 1.19d 0.36b

4.0 6.28 ab 0.86a 258a 1.59¢ 0.73 a

50 6.60 ab 087a 2.08b 1.84a 0.69a

6.0 7.36a 091a 1.50¢ 1.71b 0.76 a

7.0 5.79 be 0.65b 1.32¢ 1.59¢ 042b
Root

30 471d 0.51d 1.23d 1.71a 049b

4.0 7.03b 1.07a 292a 141b 0.73a

50 7.62a 1.10a 201b 0.70¢c 0.66 a

6.0 6.70b 0.80 ¢ 1.63 ¢ 1.19b 071a

7.0 5.85¢ 101b 1.19d 1.34b 044b

*Mean separation within columns by Duncan's multiple range test, 5% level.
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Table 7. Effects of pH levels on growth of single-stemmed rose ‘Red Velvet’ grown in deep flow technique for 5 weeks.

Cut flower Stem Max. leaf
pH Length Fresh weight  Dry weight diameter Length Width i\éz;/gsf
(cm) ® © (cm) (cm) (cm)
3.0 49.7¢* 33.1a 8.8b 05a 153 a 14.7 ab 120a
4.0 514 bc 354a 11.7a 0.6a 155a 13.1be 130a
5.0 56.5 ab 38.2a 114 ab 06a 163 a 150a 13.0a
6.0 53.5 abc 39.1a 11.4 ab 0.6a 160 a 128 ¢ 13.0a
7.0 579a 40.0a 133a 07a 16.5a 14.7 ab 13.0a

‘Mean separation within columns by Duncan's multiple range test, 5% level.
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Fig. 4. Effects of pH levels on growth of single-stemmed
rose ‘Red Velvet’ grown at 35 days after transplanting in
DFT.

Table 8. Effect of pH levels on roots growth of single-
stemmed rose ‘Red Velvet’ grown in deep flow technique
for 5 weeks.

pH Root length (cm) Root weight (g)
3.0 8.0d* 12.2b
4.0 40.8 a 248a
5.0 330b 245a
6.0 39.0a 13.7b
7.0 26.5¢ 13.0b

*Mean separation within columns by Duncan’s multiple
range test, 5% level.
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Table 9. Effects of pH levels on third shoot growth of single-stemmed rose ‘Red Velvet’ grown in deep flow technique for 7

weeks.
pH Cut flower Stem diameter No. of
Length (crm) Fresh weight (g) (cm) leaves
30 -b -b -b -b
4.0 65.93 a 46.89 a 0.73 a 120a
5.0 62.53a 4781 a 0.75a 130a
6.0 57.20a 342la 0.67 a 14.7 a
7.0 -b -b -b -b

“Mean separation within columns by Duncan's multiple range test, 5% level.
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