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SUMMARY

1. Development of practical hydroponic system for planning
production of high quality in Tulipa and Narcissus

1) Effect of bulb storage method, period and hydroponic system on

growth and flowering in Tulipa and Narcissus

Flowering of 7Tulipa and Narcissus accelerated and leaf length was
increased when duration of bulb cold storage was increased in hydroponic
systems. Flowering was accelerated and first internode was increased by
Ebb & Flow and NFT system as compared to pot and box culture. Stem
firmness was increased and flowering was accelerated by moisture storage
of bulbs.

2) Effect of nutrient solution strength on growth and flowering in
hydroponic system of Tulipa and Narcissus

In case of nutrient solution strength, flowering was accelerated by
1T(Time) of standard solution(macro element:T-N:P:K:Ca:Mg:5=17.9:3.7:3.9
:6.9:45:45me - Lfl, micro element:Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05
ppm) in Lily Research Station in 7Tulipa 'Showwinner’ and Narcissus
'Dutch Master’ and also promoted by 1/4T in Tulipa 'Ballerina’ and
Narcissus 'Tete a tete’. Flower stalk was increased by lower time as
compared to 2T. Stem firmness of neck was remarkably increased with 2T
as compared to 1/4T, and stem firmness of upper part was extended by
1/2T. Vase life of Tulipa and Narcissus was increased by 1T.
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3) Effect of nutri-solution composition on growth and flowering in

hydroponic system of Tulipa and Narcissus

The flowering and vase life in Tulipa 'Ballerina’ and Narcissus 'Dutch
Master’ were promoted by  DNS(Dankook  nutrient  solution)-1
solution(macro element : T-N:P:K:CaMg:S=12.9:3.7:3.9:6.9:4.5:4.5me - Lfl,
micro element : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05ppm). Flower
stalk length and stem firmness were increased by DNS-2 solution(macro
element : T-N:P:K:Ca:Mg:$=22.9:3.7:3.9:6.9:45:45me - L', micro element
Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05ppm) in all cultivars except for

Narcissus 'Tete a tete’.

4) Mineral contents in plants tissue of Tulipa and Narcissus by
hydroponic culture with certain nutrient solution

For change of mineral content in plants tissue, flower stalk was
increased as compared to control when total nitrogen and potassium
contents of DNS-2 was increased. Phosphate content in root part of
nutrient treatment in cut 7. 'Ballerina’ and N. ’'Dutch Master’ was
decreased as compared to untreatment. Calcium content of leaf decreased as
compared to control in all cultivars except for 7. ’'Showwinner’ and

Magnesium content was increased in stem part than root part.

5) Effect of culture system and nutrient solution on growth and
flowering of Tulipa and Narcissus

Generally, growth and flowering of 7Tulipa and Narcissus were
promoted, when plant was cultivated by Ebb & Flow system as compared
to pot and box culture. Growth was promoted and vase life was extended
by DNS-2 solution in regardless of culture method. DNS-2 solution was

very effective in increasing stem firmness.

6) Effect of fertilizer on growth and flowering of Tulipa and
Narcissus

_11_



Flowering response and vase life extension of both Tulipa and
Narcissus were most effective with DNS-2 solution as compared to a
frequently used fertilizer. also, length of internode, flower stalk, leaf and

stem firmness were very effective as compared to other treatment.

7) Effect of media composition on growth and flowering in

hydroponic system of Tulipa and Narcissus

In hydroponic system forcing, the length of internode, flower stalk and
leaf in Tulipa and Narcissus except Narcissus 'Dutch Master’ were
increased by Peatmoss:Perlite:Vermiculite(1:1:1, v/v) treatment. Vase life
and stem firmness were extended by Peatmoss:Perlite:Vermiculite(1:1:1, v/v)

treatment as compared to other treatment.

8) Effect of night and nutri-solution temperature on growth and
flowering in hydroponic system of Tulipa and Narcissus

The length of internode, flower stalk and leaf were increased with high
temperature of night and nutri-solution. Vase life of Tulipa and Narcissus
were extended by night temperature of 13C as compared to 21°C, stem

firmness with 50% was decreased by low night temperature.

9)Effect of light conditions on growth and flowering in hydroponic

system of Tulipa and Narcissus

Flowering of Tulipa and Narcissus in hydroponic system was
accelerated when bulb was cultivated at supplemental lighting condition as
compared to other treatment, but leaf length and flower stalk length were
decreased. Vase life and flower quality were accelerated by natural lighting
in all cultivars except Narcissus 'Tete a tete’, stem firmness was
somewhat increased by supplemental lighting as compared to other

treatment.
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10) Effect of bulb storage method, period, hydroponic system and

light conditions on economic analysis

After investment cost of hydroponic system and light conditions were
calculated, institution equipment cost was W 20,000,000, electronic cost W
1,800,000 for 330m’/6month. According to the increase of quality in
hydroponic system and light conditions, the effect of profit generation
would be about W 315,000,000. When treatment the number of times was
set up as 6 times for year, the price of total profit could be W
1,890,000,000. But according to the decrease of quality, the profit gerneration
would be about ¥ 198,000,000.
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AlADEL EY L FAS G AN A% 2
§9 FAAN2Y AL

L. Az & OH

B AT FAEFTE FFEHAol Hi 11~12cmQ Tulipa 'Ballerina’ <}
12~14cm® Tulipa 'Showwinner’ 183 Narcissus 'Tete a tete’9} ‘Dutch
Master' & AF&FATH T 2). A2 HY7|zbE AdE AL Be FF2
5CoIA 1257 A2A8 3o, +22 A2 A benlate-T 500ufH ] 30
w1 A AREskTh AAA AsE 22 AFEAEAH60x40%10cm,
LxWxH)¢t 50F plug tray, 238 T2 A4 10cm YHEE A2 s)o]
FHA 2wl wjx]stdTh A Al o= 15+2T7F FAIHESE oFSla
Ao pHE 65~6.8, ECt 1.3~1.4mmho= Z A&t Add ALEH 49
Al 2" Simply Ebb & Flow(Zteld A H#<), Modified NFT(7] %3 NFT)
2 09 33 2e WHoE A Aete] AE-SFTth

Fig. 2. Bulb morphology and flowering character of Tulipa and Narcissus
(Left to right : 7. 'Showwinner’, 7. 'Ballerina’, N. 'Dutch Master’, N.
"Tete a tete)
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Fig. 3. Schematic diagram of simply Ebb & Flow and modified NFT

system

(Up : simply Ebb & Flow system, Down :

Left : ground plan, Right : side view)
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b 729 ALAE 2 FARu A€

E 92 ‘Showwinner' ¢} ’Ballerina’, 413+ ‘Tete a tete’, 'Dutch
Master' & FA A& =2 3o Simply Ebb & flow, Modified NFT, Pot culture
9} Box cultured] <5&A-2A 2] (Moisture Storage), A+ A3 2](Nature
storage), 712 #2>*12](Dry storage) 3714 AA&AHyH o=z zZ+7z; (, 3, 6, 9, 125

T A2 At GASFAHIH 3). FAALEg A FHe] FF <A
5 gdRE 9sle ds8 £ 'Ballerina’¢t 4413} ‘Dutch Master'&= EH-+&
S AAZ 50F plug traydt AEAAE ARSI eH, EIE EH
‘Showwinner’ & 43} ‘Tete a tete'= E£E 27| 10cm? FHEE] H5
3T EH2 2R, FAsE 200AY 3RkE o2 gtk Ao AHgd S
< benlate-T 500uf <Holl 30i7F A & 5T Aol AL A g

< A28k

Au) Al A TEFYd L (T-NP:K:CaMg:S=17.9:3.7:3.9:6.9:4545 me -
LYol m#gFga (FerMnB:Zn:Cu:Mo=3.0:0.5:0.5:0.25:0.03:0.05ppm) &  ©] &3} %
o 27 FASRE FAE WAt AbEEAT FAL F=3A Al~"S A}
€3}l Simply Ebb & Flowe} Modified NFTE= 24|17y 7+ o2 1584 T F
39 2™ Pot culture(100ml/pot)@t Box culutre(1.5 ¢ /box)= 159 3 A

A g2 Y MehedSg, A 1, 2, 383, 54|, A,
sl A%, AF, E714%E, MIed S 2AEIN A, FAsE AdradT,
MNstrr, 33, Fado], 4%, 94, 9% S A AT 7145 9
o At 7t Ao FAFEES FESAHVI(TA-XT2, England) = 4 3%
om FAst= AA FAHAGS 3FEE A4 FYFAE SAHSAT. Eg E
H A8 25 ZA F 1Fvn 248 S5k Aty SIS
A2 YER AT

AE A AFFo viX = EEF HiXE st on, At FiA| ] e
ANOVA(SAS Institute, Inc., 200 & Q84S At

FAAMEE Y 1% 2L #F 2= Simply Ebb & Flowel 717} 125 &
2

7)
do A 2AAl= dst8 &7 ‘Ballerina’
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A

9} A3} 'Dutch Master’ = “éljr S AA% 50 plug tray, 238 EH
‘Showwinner’ ¢} 43} Tete a tete'= EZE A7 o] 10cm? FHIEE] 2 x|
stk Ado] Abg" 22 benlate-T 5008f o] 307 A=A F 125 &
QF 5T 9] A=A 7 aLel A xé*—l A7 A 7ak3

A AH8E RFHE FdA (T-NPK:CaMg:S=17.9:3.7:3.9:6.9:4.5:4.5
me - LYo} m kA (F' n:B:Zn:Cu:Mo=3.0:0.5:0.5:0.25:0.03:0.05ppm) & °] &
st om, 25 Ao R YAS wASGAT AFHES WFEFAAT, Time
(m))Es dz=7=2 39 1/4T(T1me), 1/2T, 2T distilled water® 3]48lo] A
stom, okale =314 Simply Ebb & Flow Al ~®lS AL&3to] 2417+ 7H4

7} A P e BEYE 27, A= 2704 3nkE o g X E sk
2 13 an]f?} W o R AL ow A ezt G A H]
n’s multiple range test)S A&+ th,

o FAxAHol A5 R g HAE ¥

FA A E e} AAEHE AE 29 e W o7 Simply Ebb & Flowol 2t
ZF 129 w9k AR AR FEs AREsdewn, A AbEE A
benlate-T 5008 el 30&7F A F 125 &< 5C9 A2AFaielA] A2
g & A&t dh

okl o] Az Wg2 ¥ 13 o] HNS(Holland nutrient solution)E ™ Z
2 39 DNS(Dankook nutrient solution)-1, DNS-2, DNS-3, DNS-4, DNS-5,
DNS-69] 67H4] &S xAdsto] Aeatdon (R 1), 27 (HHoE dHS
xﬂ o}oq A}Ro}C’i 31, =#4 Simply Ebb & Flow A28l 2417 1A 02 15

EYe 24704, £A8E 20704 3WtE o w Ae s
Al 5
=

4
9 20 2o wwom Axstdr
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Table 1. Composition of nutrient solution in hydroponic culture.

Macro element (me - L)

Treatment”
T-N P K Ca Mg S

HNS 3.5 0.4 1.3 2.0 1.0 1.0
DNS-1 129 3.7 3.9 6.9 45 45
DNS-2 22.9 3.7 3.9 6.9 45 4.5
DNS-3 179 2.0 3.9 6.9 45 45
DNS-4 179 54 3.9 6.9 45 45
DNS-5 179 3.7 55 6.9 45 45
DNS-6 179 3.7 2.3 6.9 45 45

? HNS : Holland nutrient solution, DNS : Dankook nutrient solution
Micro element - (Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05ppm)

g FHzdE AEAY Frlole W3}

AN RE FA8 9 HNSHolland nutrient solution)9t DNS(Dankook
nutrient solution)-29] YA oz Aujd AEAE AFHsAoH, A7]= M3t
Al R ol B ET) R A2 vrol A FH sk

AFH % 02N HCL=Z 1#3F AlH3 & SHT2 oA FAsta 75T 1%
71N A 24X AZEAT. AZE F 20 mesh screene BHEEE FES 9

g3l A Ag5e dFE= Kjedahl #H (Jenkinson, 1977) 23k A=

o]

oFkol

2(T-N) Ao ol &3ttt Po & st AXAEE 4% =71y
of A&3ste] 500C =2 A3 muffle furnaceol A ¢k 6A1 7 E<F 2+ 3] 3] 354

rEL

7 6N HCL® %A ¥ STRTE 7Rkl 100ME 3 A{skar
molybdate-vanadate (Sean¥ Robert, 1982)0.2 S3E XA S o]&3to] #4
vk 719l A §HS ta] 05N HCL &<(05% lanthanum}
lithium 100mg/ ¢ &2 E3Ho = 1008] 3|AAA YAEFEA7Z K, Ca 2
Mg #410l o] &3&F3l

sl werele) Aga B

Simply Ebb&Flowdl Z}z} 125 A28 3F 28 Al&stgon 28
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AREE G2 benlate 5008 Aol 3027F A * 125 B 5T 4241
(FAF21A41 7], Korea)ell A 84 A7kA] A 7kt

of Age FAxgAdPA & AT HE taA ASo] FUH
DNS-2 A2 F(N:P:K:Ca:Mg:S=22.9:3.7:3.9:6.9:45:45)5 T2 ko], 3tz
(N:P:K:Ca:Mg:S=3.5:0.4:1.3:2.0:1.0:1.0) =} A E(N:P:K:Ca:Mg:S=4.8:1.6:1.5:1.1:
0.808)0ll A AH&H= Fds vluste] A H7EE stdv e AgTE
Simply Ebb&Flow 24 A|2=glS AR&3to] 2417F 7HA 02 1584 Alofst
now, FAe 25 HASE WA S ALEsH T

2 Al 2 e BEEHES 200, FASE 214E 39HEo R Ao
H, 24 fgome AY 29 U3 R oR xSkt

Table 2. Composition of nutrient solution in hydroponic

Macro element (me - L)

Treatment
T-N P K Ca Mg S
Japan 4.8 1.6 1.5 1.1 0.8 0.8
Netherlands 35 0.4 1.3 2.0 1.0 1.0
DNS-2 22.9 3.7 3.9 6.9 45 45

Micro element — (Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05ppm)

S DEPREER

FAZGAAAA b2 A Ftel vl&] tha ASo] FUH DNS-2 A+
(N:P:K:Ca:Mg:5=22.9:3.7:3.9:6.9:4.5:4.5, Fe:Mn:B:Zn:Cu:Mo=3.0
:0.5:0.5:0.25:0.03:0.05ppm) & WE=T =2 3sto], duk AQujFTtel A AHEEE ¢S
A W] &9 Osmocote(14N:14P:14K, Scott, PA, USA)9} 484 H]E < Peters
(15N:11P:13K, Scott, PA, USA)E Z+Z} A elste] wlustaltt.

DNS-2 A2 7+ Simply Ebb&Flow =3H2] Al2~®lS AR&3le] 24]%F 3F

o7 1584 Aot o™, Osmocote= A2 F 13] AlH]|, Peters= 17¢Y 3t

o5 AH]E3I T

7t Ayl 2 e F
2

7)
W, A YgoRE Ay

-

2
7



Ab. BiR] 2=AE &3

BAARE 4Y 29 BAY FFO BEES A2 ALAA 2 A
4% B 5% AeAd F Simply Ebb & Flowel 445950,
2 42 A benlate-T 5008 el 30&7F A F 5T 1%*1%}3"“*1 A
249 F Agatar

[e)

FAAQu] Al EHIY At uFd At F 73t AAkS 9§ AA e
EE Yolr7] $3] F 33 o] Sand, Vermiculite(Ve), Perlite(Pe),
Peatmoss(Pt), Cocopeat(Co)E& @& X+ & HzZ|s3ich
25 A+ Simply Ebb & Flow 32 A 2~¥lS AF&8lo] 2A1F 1A S
2 1584 ¥4 vFeslen, g
A

2+ Ay % 247H”“ BH}EP«E A1 2] 3t A
A

fo rir
o
i)
rlo
N
&
Y
10 31%

om, ARG} 24 ! 4 A8
Table 3. Ratio of media composition.
Media composition Combination ratio(v/v)
Sand Sand
Co Cocopeat
Ve Vermiculite
Co:Ve Cocopeat : Vermiculite (1:1)
Co:Ve:Pe Cocopeat : Vermiculite : Perlite (1:1:1)
Pt:Pe:Ve Peatmoss : Perlite : Vermiculite (1:1:1)

o, A= R FAq=d 73

A A =S A A
ZF 127 Et AR A 2
benlate-T 5008 ol 30+
A7pA] A sk ATk

WY FAste] gFaxm Al dst H Este] FA m A= oRF =g}
S Yotry] fla 2F71E ol§ste] oRtkL, 13, 17, 21T=
of e 2x= 247t 15 20, 25C 2 FH3dte] A2 skt

rZ
rlo
>,
nd
[\
fo
N
N,
rlo
i
i
oL

© 2 Simply Ebb & Flowol| Z
AL&std e, Add A&dH FEE
2 5T A2AF oA A

_28_



R E g = Simply Ebb & Flow <32 A

O~
=T - 1l
AAoz 1584 IO, Fe 25 Ao wAs
7 A P2 e BYEe 154, FASE 15048 3uRem A
om EANE, HET WA P delHREAe HF 13 BAW PP 24}

&ttt

A #E £78 1

SAAEL} AR EEe AF 29 e W o® Simply Ebb & Flowol 2z}
ZF 127 wob AR Agg s ARgEion, Add AgdE e
benlate-T 5008 ol 30&3F A F 125 &<t 5T A&AGaelA A2

A7A Agsarh,
AEE B GAAN A BYS £k 35 5 Al AL 2
& Yohsl A9 34 2ol A7EA A AdBE AxTE oo

rE ‘M% Slmply Ebb & Flow +32 Al 2~8S Al83)o] 247F 7+4 &
2 1584 FAE FEIReY, AL 25 A2 wASAY

7t A G e Y-S 164, s 15718 3RkE o R X g 53
on FAMYE2 AY 29 22 Wyoz AAFT

Table 4. Condition of light intensity in forcing of Tulipa and Narcissus.

Treatment Luminous intensity(zmd - m ' - S
Natural lighting 1515 £ 15
Shading 35% 606 +
Shading 55% 303 +
Supplemental lighting 181.8 £
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2. 2% % nF

7 728 AAY 2 FAAW Asde] BRI A% A5 R
Bhol PIA= |F

E YL ‘Showwinner’'®} 'Ballerina’, F413}i= ‘Tete a tete’®t ’Dutch
Master’ %9 F& FAAEZE 39 Simply Ebb & Flow, Modified NFT,
Box culture ¥ Pot culture®] AJwjA]Z~glol] AGHHE HF& A=A, AA
AeAe, Ax AZAdE A2HE 7132 0. 3. 6. 9. 12F A& sS4
T A5 4 Jlstel mA = &S EY Ballerina' 9] A5 Al=®H A4
of #Agle]l BE A7l AL A 7|te] ZolxW AoAdFE 5t
He= AEs Bow, EDI2 AgolA 32392 M7t 7 S EATH
o] "Ballerina’t= 2 A< A&yl s szt AolatA vElst o
AeAe = e AL AYgHEY Metso] =4 vetwth Meed e

_>i oy Jp
M Mo o X oE

ol A A HolAE %ot Modified NFTS #4491 A4 €7} o
2 Ad wa o] FUhHAY 147ge & ALAY, Az AL,
A ALl wAR Zrhstdom, NM9 H#olA dA Hzbge] 22.0cm

2 g2 Ao vs SUred. g o= AR AL Q7= F5HA
o AL A r|ztRcs Azl Ayl o8 gl JFgs wE
Aoz ARHJHE 5). 714 =& A A2H =2 Simply Ebb & Flow<]
Alz=Elol| A Al sk o] thE Ao vs] AE7F Skt en, EN12 A&
Aol v 1, 2, 38 A=t 12,903, 9,832, 6,020, 2975Gf= &4

A7E Btk 53] HERE 735% Fa AeA o] vl 2A A A
FAE 9l o NNI12 A 27} 3,138Gf= A=7F S7FeA v 7). 99 A5
Al 2wl A2 Al FAgle]l 1259 97 HE= A 27|HH
o] gABIPg o, 6579 3F A AR AKS BHYg=d oA /3
Wk ofye} olo] Ao Aol JFE A= ZoE AlRHTH(LE

rﬂ td

N
)
00{‘
Q

A

::‘
=

Al

—11'}1' o flo

[e)
=
2]
ol
5

N

&9 ‘Showwinner'®] 7% A2 Ag7]3te] Aojdsg= /g7t 353U
M, NM12 A2l Astihadgr 327482 2E A vl M7t 3
AtH " 6). 7Hete2 §7 "Ballerina’ ¢} vhX7HA 2 Auf Al =gl ofuf A 2%
717 B AA el B ¥ v Aom yEyten, §& A4
B 90% o] Jistes Btk Jhsterel lojA AuiA AR 2=
A AdE HolA @3k EM9 A2l Al 6842 thE Al &) Sk

e rlr M2 |o
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AdE Bon, Ax AAge] A9 A Agr|gte] Aods5 st
o] @EHFATE 1487+, HHo ‘3% Xﬁﬂéﬂﬂxc}ﬁ EM9 AHzglellA 49, 11.3,
34.5cm= & Ao H&] F71et e, T3k Simply Ebb & Flow Al2=dl
°] Modified NFT®} Pot cultured] H]al] A5o] vud F7ty e 4FS e
Woleh A= Aol s A AAg et dx A=Al Hl&) 5& A
A A v Aol FrhstHon, Ad A2AE A thE Aol A
AL A 7|zre]l AojdeE ZF Hibgo] AREE ARE EHATHE 6).
e BHS HHH/\]*E“J} Aol Adglel 127 AAEe F24 F 37,
97 Ael= B2 F 67 FHE F5% ASS BHYow, 6574 27 A= ¢

ek S-S BT 7).
Cui(2001)+= = &S Ebb & Flow Al2="S o] &3t Ausld S 4% #+
Ao wAdAdN & F49 P T AFol Ok&’_ }‘:}"’ EJ_O}MLH] 499
A

e«

ol 7%%8 B3 L%‘f& 3 Akl v E Aolghal AbRE T
Aok 2(1997)= B A A Ax AeAe 2T 5T 85+44
F8 8F AT Ad F& 167 AAdAM= e A vs) st
aHA gl A F& AARt & 4§ F
Haeh dF tE Axg el
AeE AEA7] B Aol wet

A2
#% O & AT

Bonnier 5(1997)& %9 A& A9 A5 5CoA 165 Ao 7H4
et AgzAelgn Bustded # AR 125 AAHgE et
ZREHAom & AAgEgd vls) F& A=A A5 NEr s
A UL AF A 2432 Btk =3 van Leevwen® Dop(1990)& 5T
U 9T v AAgE MstEs 771 AR T FEEd EweEs
o] gle] Antal =], o] Aol A AEH T Tl glo] A%

e A

HJd Ax A=A Y7t D}’\ *ﬁ%ol s } hspgo] vt
o

S AoR Atmdrh
B A A7Igre] 65 o8kl B4 R HEbEo] %
3

T4 I AA
Aol AP on Ee 1273 o)A ALAE /e AEe Ko 7
28Tk T B33 Suh 5(1992)8] B el go] B AFM 9F ALAE 12
F ASAYEY va Aol Fokow, 65 ot AA A HEo] Hst
ato] EIHste AdE Hol EHE HAF 657 olFo AL Agr|ts &F
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Table 5. Effect of bulb storage method, period and hydroponic system on growth
and flowering in Tulipa 'Ballerina’.

Storage Days to  Percent of Internode (cm) .
Culture - . - Vase life
SYStemZ) Method }()\?vrlﬁ? ﬂ(’(‘g;;l)”g flozv(;r)mg Ist Last Total (day)
Control 0 = - - - - -
M 3 - - - - - -
6 — — — — — —
9 52.5 92.6 6.7 85 19.3 52
12 44.0 92.6 6.2 13.0 21.1 6.3
N 3 - - - - - -
E 6 - - - - - -
9 60.2 87.7 2.8 10.2 15.0 5.7
12 63.0 85.2 3.5 13.4 179 6.7
D 3 x" X X X
X X X X X X
9 X X X X X X
12 32.3 90.1 6.4 12.8 20.0 52
Control 0 - - - - - -
M 3 - - - - - -
6 63.7 91.4 4.9 12.9 18.0 6.2
9 54.0 92.6 5.9 11.2 22.0 7.7
12 43.3 95.1 5.6 11.2 20.7 6.0
N 3 - - - - - -
N 6 - - - - - -
9 57.7 86.4 4.4 15.0 20.5 72
12 49.5 84.0 49 13.7 20.6 7.0
D 3 X X X X X X
6 X X X X X X
9 X X X X X X
12 42.8 86.4 5.6 114 20.4 6.3
Control 0 - - - - - -
M 3 - - - - - -
6 63.3 92.6 2.2 6.0 13.3 6.2
9 53.5 96.3 6.5 85 18.6 5.5
12 41.8 95.1 5.2 10.1 174 5.5
N 3 - - - - - -
P — — — — — —
9 63.8 86.4 3.6 10.9 159 4.7
12 62.8 85.2 3.9 14.6 17.6 5.0
D 3 X X X X X X
6 X X X X X X
9 X X X X X X
12 48.8 82.7 5.3 9.3 185 4.8
Significance
Culture system(A) ) ko * ok sk ko
Storage method(B)
Storage period(C)
A xB
A xC
B xC
AxBxC
LSD (0.05) 19 3.0 0.4 0.6 0.9 0.4

? Culture system(E:Simply Ebb & Flow, N:Modified NFT, P:Pot culture), Storage method(M:Moisture, N:Nature, D:Dry)
¥~ Non flower bud or non flowering
¥ x : Mortality plants

WNS, *, #*, s+ : Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 6. Effect of bulb storage method, period and hydroponic system on growth
and flowering in Tulipa 'Showwinner’.

Storage Days to  Percent of Internode (cm) .
Culture - ; ; Vase life
SYStemZ) Method }()\?vrlﬁ? ﬂ(’(‘g;;l)”g flozv(;r)mg Ist Last Total (day)
Control 0 = - - - - -
M 3 - - - - - -
6 66.8 92.6 0.6 5.3 0 5.0
9 58.2 96.3 4.9 11.3 127.0 6.8
12 39.0 97.5 3.9 6.2 132.9 4.2
N 3 - - - - - -
E 6 66.7 85.2 0.0 2.3 0 4.8
9 56.3 86.4 0.8 54 115.7 5.5
12 41.2 85.2 0.0 2.7 120.0 5.3
D 3 - - - - - -
5 62.2 80.2 0.7 3.0 0 5.7
9 59.3 86.4 25 8.5 0 4.2
12 437 88.9 44 7.9 129.3 3.7
Control 0 - - - - - -
M 3 - - - - - -
6 66.5 914 0.0 2.0 1272 5.0
9 58.0 95.1 3.0 9.6 131.7 5.2
12 32.7 92.6 4.8 6.3 132.6 4.3
N 3 - - - - - -
N 6 63.5 80.2 0.0 1.0 1.0 45
9 57.0 84.0 0.3 5.3 126.3 5.5
12 42.0 84.0 0.0 1.9 123.2 5.7
D 3 - - - - - -
6 59.5 90.1 0.6 2.9 0 5.2
9 58.8 914 2.7 7.6 0 5.
12 44.0 88.9 2.9 5.9 123.8 5.0
Control 0 - - - - - -
M 3 - - - - - -
6 66.5 90.1 0.0 15 1141 4.8
9 58.7 92.6 2.5 3.5 129.9 4.5
12 40.5 914 3.5 5.3 127.8 3.3
N 3 - - - - -
P 6 63.5 80.2 0.0 1.8 0 45
9 52.5 86.4 0.4 4.0 116.8 .
12 395 84.0 0.0 4.5 121.3 5.0
D 3 - - - - - -
6 61.0 80.2 0.0 1.3 0 5.2
9 52.5 80.2 0.6 1.8 0 4.7
12 41.3 84.0 2.4 4.9 115.8 4.2
Significance
Culture system(A) ™) sk Hokk R sk B
Storage method(B) * sk ok sk sk sk
Storage period(C) sk ok sk w0 ok *kk
A x B *k ok ok *k ok ok
A xC sk sk Hokok * NS NS
B x C * * * ok ok * *k
A xBxC ok * * ok NS NS
LSD (0.05) 14 2.5 0.1 04 0.4 0.2

? Culture system(E:Simply Ebb & Flow, N:Modified NFT, P:Pot culture), Storage method(M:Moisture, N:Nature, D:Dry)
¥~ Non flower bud or non flowering

¥ NS, *, ## sxx ! Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 7. Effect of bulb storage method, period and hydroponic system on
firmness of stem in Tulipa 'Ballerina’.

Storage Firmness of each internode (Gf)"
Culture -
Period
system” Method 1st 2nd 3rd Last
(wks)
Control 0 - - - -
M 3 - - - -
6 _ — _ _
9 7270 4239 3828 1867
E 12 7422 4653 3811 1889
N 3 - - - -
6 _ — _ _
9 12724 8473 5008 3081
12 12903 9832 6020 2975
D 12 7995 4955 3458 2238
Control 0 - - - -
M 3 - - - -
6 11019 6888 5412 2554
9 7328 4887 3393 2115
12 6677 4786 3734 1869
N
N 3 - - - -
6 — — — —
9 9017 6180 4471 2754
12 10175 7678 4589 3138
D 12 7642 4574 3286 2163
Control 0 - - - -
M 3 - - - -
6 10069 7074 5312 2551
9 8689 6795 4524 1896
B 12 6257 4739 3845 1800
N 3 - - - -
6 _ — _ _
9 8893 7204 4500 2008
12 12715 9777 5939 2234
D 12 7531 5032 4755 2018
Significance
Culture system(A) ™) sk otk *
LSD (0.05) 527 327 313 116

? Culture system(E:Simply Ebb & Flow, N:-Modified NFT, B:Box culture)
Storage method(M:Moisture, N:Nature, D:Dry)

¥ Gram force/mm

¥ — : Non flower bud or non flowering

WNS, *, #%, %% : Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Simply Ebb & Flow

Modified NFT

Fig. 4. Growth and flowering of Tulipa 'Ballerina’ as affected by bulb

storage method, period and culture system.
(Left to right : Moisture(0, 3, 6, 9, 12wks), Nature(0, 3, 6, 9, 12wks),

Dry(0, 3, 6, 9, 12wks))
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Fig. 5. Changes in leaf length and flower response of Tulipa ‘Ballerina’ after
storage method, period and hydroponic system treatment in hydroponic

system.

Culture system(E = Simply ebb & flow, N = Modified NFT, P = Pot culture)

Storage Method(M=Moisture, N=Nature, D=Dry)
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|t

Fig. 6. Growth and flowering of Tulipa 'Showwinner’ as affected by bulb
storage method, period and culture system.
(Top : Simply Ebb & Flow, Middle : Modified NFT, Bottom : Pot culture
Left to right : Moisture(0, 3, 6, 9, 12wks), Nature(0, 3, 6, 9, 12wks),
Dry(0, 3, 6, 9, 12wks))
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Fig. 7. Changes in leaf length and flower response of Tulipa ‘Showwinner’
after storage method, period and hydroponic system treatment in
hydroponic system.

Culture system(E = Simply ebb & flow, N = Modified NFT, P = Pot culture)
Storage Method(M=Moisture, N=Nature, D=Dry)
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Table 8. Effect of bulb storage method, period and hydroponic system on growth
and flowering in Narcissus 'Dutch Master’.

Storage Days to  Percent of  Corolla flower Flower .
Culture p . . . Vase life
sy tem? Method Period flowering  flowering length width stalk (day)
(wks) (day) (%) (cm) (cm) (cm)
Control 0 =¥ - - - - -
M 3 - - - - - -
6 50.6 100 3.9 89 2717 79
9 36.8 100 3.8 8.7 25.6 8.4
12 27.8 100 3.7 85 22.1 7.7
N 3 - - - - - -
E 6 50.8 92.0 3.9 89 25.7 6.9
9 41.3 93.6 4.1 9.2 29.2 8.4
12 39.0 92.0 4.1 9.4 24.4 5.4
D 3 - - - - - -
6 45.8 96.8 3.6 8.1 16.9 3.9
9 33.7 96.8 3.6 8.3 21.0 79
12 28.9 98.4 3.6 8.4 21.3 7.2
Control 0 - - - - - -
M 3 - - - - - -
6 52.2 98.4 3.7 8.8 28.1 6.4
9 34.7 100 3.7 8.3 23.5 8.3
12 27.0 100 3.6 8.3 21.4 72
N 3 - - - - - -
N 6 50.3 84.0 3.6 8.6 28.4 58
9 40.7 87.2 3.9 8.7 272 8.6
12 33.5 93.6 3.8 8.9 26.2 5.0
D 3 - - - - - -
6 49.0 96.8 3.6 82 23.3 6.4
9 36.4 98.4 3.8 8.7 23.8 7.3
12 29.3 100 3.4 85 24.3 6.7
Control 0 - - - - - -
M 3 - - - - - -
6 53.9 100 3.9 8.8 25.2 52
9 36.6 100 3.6 85 26.1 7.4
12 26.9 100 3.6 8.6 21.4 7.3
N 3 - - - - - -
P 6 49.3 90.4 3.8 89 22.8 5.4
9 41.4 96.8 4.1 9.2 26.8 8.7
12 38.7 93.6 4.2 9.3 29.4 79
D 3 - - - - - -
6 58.2 98.4 3.4 7.8 16.8 5.8
9 50.7 98.4 3.4 8.0 18.6 6.0
12 37.3 95.2 3.5 8.1 20.5 6.2
Significance
Culture system(A) o) koK ok NS koK *
Storage method(B) ok ok k ook ok ok k ook
Storage period(C) ok *% NS NS * otk
A x B ok soksk sk ok sk sk
A x C ok EEES NS NS EEES sokok
A x B xC ok ok NS NS * *
LSD (0.05) 0.7 2.2 0.1 0.2 1.4 0.5

? Culture system(E:Simply Ebb & Flow, N:Modified NFT, P:Pot culture), Storage method(M:Moisture, N:Nature, D:Dry)
¥~ Non flower bud or non flowering
¥'NS, #, ##, s : Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 9. Effect of bulb storage method, period and hydroponic system on growth
and flowering in Narcissus 'Tete a tete'.

Storage Days to  Percent of  Corolla flower Flower .
Culture - . . . Vase life
sy tem? Method Period flowering  flowering length width stalk (day)
(wks) (day) (%) (cm) (cm) (cm)
Control 0 =Y - - - - -
M 3 - - - - - -
6 54.4 98.4 16 42 13.3 5.4
9 29.1 100 16 4.3 75 6.8
12 17.9 100 1.6 4.2 59 6.2
N 3 - - - - - -
E 6 60.0 85.6 1.7 4.3 115 5.1
9 38.3 87.2 1.6 4.3 15.2 5.8
12 34.1 92.0 1.6 4.4 12.8 6.8
D 3 - - - - -
6 494 93.6 14 3.7 11.7 6.1
9 32.1 93.6 15 4.2 9.8 79
12 254 95.2 1.7 4.3 10.5 7.7
Control 0 - - - - - -
M 3 - - - - - -
6 50.2 100 15 4.0 9.2 5.1
9 29.1 100 15 4.1 87 5.8
12 16.7 100 1.5 4.2 79 6.3
N 3 - - - - - -
N 6 53.1 92.0 14 39 9.2 4.9
9 38.0 88.8 16 4.3 14.5 5.1
12 34.2 88.8 1.7 4.5 12.4 6.0
D 3 - - - - - -
6 53.0 98.4 15 4.0 9.0 4.9
9 35.1 98.4 16 4.1 11.0 6.3
12 37.7 100 14 3.9 15.1 4.9
Control 0 - - - - - -
M 3 - - - - -
6 51.0 98.4 1.3 3.7 72 .
9 297 98.4 1.6 4.3 11.2 5.3
12 15.4 98.4 1.6 4.3 11.0 5.8
N 3 - - - - -
P 6 60.1 85.6 14 3.7 6.5 4.4
9 42.6 824 16 42 15.2 5.3
12 35.2 85.6 1.7 4.7 14.4 5.0
D 3 - - - - -
6 51.6 93.6 14 3.8 6.3 5.1
9 439 90.4 15 3.9 10.2 5.3
12 32.4 87.2 1.5 4.1 11.0 5.2
Significance
Culture system(A) s kskok KKk * EE T KKk
Storage method(B) ok sk sk ok ok k sokok
Storage period(C) sk stk sokok sk stk sokok
A x B sk ok NS NS ok sokok
A x C otk otk Hokk * otk NS
B x C otk ok NS * ok *
A x B xC otk ok NS sokk NS NS
LSD (0.05) 1.0 2.5 0.07 0.2 0.6 0.5

? Culture system(E:Simply Ebb & Flow, N:Modified NFT, P:Pot culture), Storage method(M:Moisture, N:Nature, D:Dry)
¥~ Non flower bud or non flowering
¥'NS, #, ##, s : Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 10. Effect of bulb storage method, period and hydroponic system on firmness
of stem in Narcissus 'Dutch Master’.

Storage Firmness of stem (Gf)"
Cultur?) Period .
system Method (wks) Upper Middle Low
Control 0 =9 - -
M 3 - - -
6 1833 2472 2516
9 2996 3021 3395
12 2718 2838 3394
N 3
E 6 2118 2644 2687
9 2304 2967 3338
12 3568 3358 3766
D 3 - - -
6 1962 2273 2651
9 2721 3323 3639
12 2454 3021 3700
Control 0
M 3 - - -
6 1972 2552 2797
9 2007 2286 2803
12 2171 2773 3135
N 3 - - -
N 6 1957 2306 2466
9 2640 2909 2960
12 2922 3346 2458
D 3
6 1840 2280 2597
9 2412 2658 3022
12 2352 2990 3711
Control 0
M 3
6 1905 2711 3003
9 1905 2840 2987
12 2193 3271 3725
N 3 - - -
B 6 2215 2800 3375
9 2464 3681 3274
12 2701 3812 3511
D 3
6 1826 3247 3664
9 1746 3004 3313
12 1763 2888 3253
Significance
Culture system(A) sk ok *
Storage method(B) ok * NS
Storage period(C) ok k HoHk HoHk
A xB NS NS NS
A x C ok * T3
B x C ok NS NS
A xBxC * NS NS
LSD (0.05) 162 218 238

" Culture system(E: Slmpl\ Ebb & Flow, N:Modified NFT, B:Box culture), Storage method(M:Moisture, N:Nature, D:Dry)
¥ Gram force/mm  * Non flower bud or non flowcrm
WIONS, #, sk s N(Jmlgmflcant or significant at P<0.05, O()l or 0.001, respectively
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Fig. 8. Growth and flowering of Narcissus 'Dutch Master’ as affected by

bulb storage method, period and culture system.
(Top : Simply Ebb & Flow, Middle : Modified NFT, Bottom : Box culture
Left to right @ Moisture(0, 3, 6, 9, 12wks), Nature(0, 3, 6, 9, 12wks),
Dry(0, 3, 6, 9, 12wks))
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Fig. 9. Changes in leaf length and flower response of Narcissus ‘Dutch

Master’ after storage method, period and hydroponic system treatment in

hydroponic system.
Culture system(E=Simply ebb & flow, N=Modified NFT, P=Pot culture)
Storage Method(M=Moisture, N=Nature, D=Dry)

_46_



Fig. 10. Growth and flowering of Narcissus 'Tete a tete’ as affected by

bulb storage method, period and culture system.
(Top : Simply Ebb & Flow, Middle : Modified NFT, Bottom : Pot culture
Left to right : Moisture(0, 3, 6, 9, 12wks), Nature(0, 3, 6, 9, 12wks),
Dry(0, 3, 6, 9, 12wks))
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Fig. 11. Changes in leaf length and flower response of Narcissus ‘Tete a
tete’ after storage method, period and hydroponic system treatment in
hydroponic system.

Culture system(E = Simply ebb & flow, N = Modified NFT, P = Pot culture)
Storage Method(M=Moisture, N=Nature, D=Dry)
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Table 11. Effect of nutrient solution strength on growth and flowering in

hydroponic system of Tulipa 'Ballerina’.

Nutrient Days to Internode (cm) .

. . Vase life
solution flowering (dav)
strength (day) 1st Last Total ay

1/4 T 19.8 b" 103 a 6.7 ¢ 26.0 b 35 ¢

1/2 T 20.0 b 97 b 86 a 276 b 48 b

1T 218 a 10.7 a 89 a 295 a 6.2 a

2T 20.2 b 95 b 75 b 267 b 6.2 a
2T : Time

V)

same letter are not significantly different.

Mean separation within columns by DMRT at 5% level. Means with

Table 12. Effect of nutrient solution strength on growth and flowering in

hydroponic system of Tulipa 'Showwinner’.

Nutrient Days to Internode (cm) )

) ) Vase life
solution flowering (dav)
Strength (day) 1st Last Total ay

1/4 T? 11.0 a” 22 a 6.8 b 119 b 6.2 b

1/2 T 97 b 2.3 a 74 a 133 a 58 b

1T 95 b 16 b 65 b 107 b 6.7 a

2T 10.2 ab 11 Db 6.1 ¢ 9.7 ¢ 45 ¢
? T : Time

V)

same letter are not significantly different.
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Table 13. Effect of nutrient solution strength on firmness of stem in

hydroponic system of Tulipa 'Ballerina’.

Nutrient Firmness of each internode (Gf)"
solution
strength 1st 2nd 3rd Last
1/4 T? 8988 b* 5640 ¢ 4311 ¢ 1996 b
1/2 T 9853 a 7134 a 7214 a 2107 b
1T 10044 a 6347 b 5163 b 2178 b
2T 10229 a 6880 a 4668 ¢ 2464 a
“T @ Time

¥ Gram force/mm

© Mean separation within columns by DMRT at 5% level. Means with

same letter are not significantly different.
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Fig. 12. Growth and flowering of Tulipa 'Ballerina’ according to nutrient
solution strength.
(Left to right : 1/4 T, 1/2 T, 1 T, 2 T)

B 1wks @ 2wks g 3wks

Fig. 13. Changes in leaf length and flower response of Tulipa 'Ballerina’

after nutrient solution strength treatment in hydroponic system.
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Fig. 14. Growth and flowering of 7Tulipa 'Showwinner’ according to
nutrient solution strength.
(Left to right : 1/4 T, 1/2 T, 1 T, 2 T)
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Table 14. Effect of nutrient solution strength on growth and flowering in

hydroponic system of Narcissus 'Dutch Master’.

Nutrient Days to Corolla Flower Flower )
. . . Vase life
solution flowering length width stalk
(day)
strength (day) (cm) (cm) (cm)
1/4 T 185 b” 41 a 96 a 270 a 58 ¢
1/2 T 19.0 ab 4.1 a 9.7 a 26.0 ab 70 b
1T 173 ¢ 41 a 95 a 26.1 ab 88 a
2T 192 b 39 a 91 b 232 b 55 ¢
2T : Time

¥ Mean separation within columns by DMRT at 5% level. Means with

same letter are not significantly different.

Table 15. Effect of nutrient solution strength on growth and flowering in

hydroponic system of Narcissus 'Tete a tete’.

Nutrient Days to Corolla Flower Flower .
solution flowering length width stalk Vase life
strength  (day) (cm) (cm) (cm) (day)
1/4 T” 21.0 b’ 15 a 41 a 83 b 40 b
1/2 T 20.8 b 15 a 41 a 9.4 ab 44 b
17T 220 b 14 a 39 a 9.7 a 48 a
2T 239 a 15 a 40 a 84 b 41 b
7T : Time

V)

Mean separation within columns by DMRT at 5% level. Means with

same letter are not significantly different.
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Table 16. Effect of nutrient solution strength on firmness of stem in

hydroponic system of Narcissus 'Dutch Master’.

Nutrient solution Firmness of stem (Gf)”’
strength Upper Middle Low
1/4 T? 3825 b 4550 a 3803 b
1/2 T 4606 a 4453 a 4508 a
1T 3942 b 4459 a 4449 a
2T 3523 ¢ 3922 b 3947 b
“T @ Time

¥ Gram force/mm

© Mean separation within columns by DMRT at 5% level. Means with

same letter are not significantly different.
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Fig. 15. Growth and flowering of Narcissus 'Dutch Master’ according to
nutrient solution strength.
(Left to right : 1/4 T, 1/2 T, 1 T, 2 T)

uz T

@ 1wks @2wks O 3wks

Fig. 16. Changes in leaf length and flower response of Narcissus 'Dutch
Master’ after nutrient solution strength treatment in hydroponic

system.
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Fig. 17. Growth and flowering of Narcissus 'Tete a tete’ according to
nutrient solution strength.
(Left to right : 1/4 T, 1/2 T, 1 T, 2 T)

B 1wks m2wks 3wks [4wks

Fig. 18. Changes in leaf length and flower response of Narcissus 'Tete a

tete’ after nutrient solution strength treatment in hydroponic system.
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Table 17. Effect of nutrient solution composition on growth and flowering

in hydroponic system of Tulipa 'Ballerina’.

Days to

Nutrient ) Internode (cm) Vase life
.,  flowering
solution (day) Ist Last Total (day)
HNS 222 a” 9.6 c 55 ¢ 238 d 37 ¢
DNS-1 192 ¢ 10.8 b 6.7 c 269 ¢ 5.0 a
DNS-2 203 b 114 a 82 a 309 a 5.2 a
DNS-3 21.5 ab 11.3 a 81 a 30.2 a 3.8 ¢
DNS-4 21.7 ab 9.6 c 74 b 2718 b 45 a
DNS-5 205 b 99 c 6.7 c 258 ¢ 35 b
DNS-6 21.3 ab 9.7 c 6.6 c 253 ¢ 43 a

? HNS(Holland nutrient solution): N:P:K:Ca:Mg:S=3.5:0.4:1.3:2.0:1.0:1.0 me - L !
DNS(Dankook nutrient solution)
DNS-1: N:P:K:Ca:Mg:S=12.9:3.7:3.9:6.9:45:45 me - L™
DNS-2: N:P:K:Ca:Mg:S$=22.9:3.7:3.9:6.9:45:45 me - L™
DNS-3: N:P:K:Ca:Mg:S=17.9:2.0:3.9:6.9:45:45 me - L™
DNS-4: N:P:K:Ca:Mg:S=17.9:5.4:3.9:6.9:45:45 me - L™
DNS-5: N:P:K:Ca:Mg:S=17.9:3.7:55:6.9:45:45 me - L™
DNS-6: N:P:K:Ca:Mg:S=17.9:3.7:2.3:6.9:45:45 me - L™
Common nutrient : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05 ppm

¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 18. Effect of nutrient solution composition on growth and flowering

in hydroponic system of Tulipa 'Showwinner’.

Days to

Nutrient ) Internode (cm) Vase life
.,  flowering
solution (day) Ist Last Total (day)
HNS 10.8 b” 18 ¢ 6.2 c 11.5 bc 42 a
DNS-1 118 a 20 b 6.6 b 11.7 be 37D
DNS-2 11.0 b 20 b 6.8 b 121 b 42 a
DNS-3 112 b 1.1d 71 a 112 ¢ 38 b
DNS-4 118 a 3.0 a 75 a 14.0 a 45 a
DNS-5 11.3 ab 16 ¢ 6.4 bc 111 ¢ 35 b
DNS-6 11.0 b 21b 6.6 b 123 b 43 a

? HNS(Holland nutrient solution): N:P:K:Ca:Mg:S=3.5:0.4:1.3:2.0:1.0:1.0 me - L !
DNS(Dankook nutrient solution)
DNS-1: N:P:K:Ca:Mg:S=12.9:3.7:3.9:6.9:45:45 me - L™
DNS-2: N:P:K:Ca:Mg:S$=22.9:3.7:3.9:6.9:45:45 me - L™
DNS-3: N:P:K:Ca:Mg:S=17.9:2.0:3.9:6.9:45:45 me - L™
DNS-4: N:P:K:Ca:Mg:S=17.9:5.4:3.9:6.9:45:45 me - L™
DNS-5: N:P:K:Ca:Mg:S=17.9:3.7:55:6.9:45:45 me - L™
DNS-6: N:P:K:Ca:Mg:S=17.9:3.7:2.3:6.9:45:45 me - L™
Common nutrient : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05 ppm

¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 19. Effect of nutrient composition on firmness of stem in hydroponic

system of Tulipa 'Ballerina’.

Nutrient Firmness of each internode (Gf)"
solution” 1st 2nd 3rd Last
HNS 7948 ¥ 5967 b 3512 ¢ 1763 ¢
DNS-1 9933 a 5820 b 4295 b 2004 b
DNS-2 3849 b 6186 b 4500 b 2159 ab
DNS-3 9527 ab 6089 b 5367 a 2117 ab
DNS-4 3424 b 4853 ¢ 4463 b 2072 b
DNS-5 10831 a 6486 a 3873 ¢ 2289 a
DNS-6 7776 ¢ 5192 ¢ 4256 b 2045 b

? HNS(Holland nutrient solution): N:P:K:Ca:Mg:S=3.5:0.4:1.3:2.0:1.0:1.0 me - L !
DNS(Dankook nutrient solution)
DNS-1: N:P:K:Ca:Mg:S=12.9:3.7:3.9:6.9:45:45 me - L™
DNS-2: N:P:K:Ca:Mg:S$=22.9:3.7:3.9:6.9:45:45 me - L™
DNS-3: N:P:K:Ca:Mg:S=17.9:2.0:3.9:6.9:45:45 me - L™
DNS-4: N:P:K:Ca:Mg:S=17.9:5.4:3.9:6.9:45:45 me - L™
DNS-5: N:P:K:Ca:Mg:S=17.9:3.7:55:6.9:45:45 me - L™
DNS-6: N:P:K:Ca:Mg:S=17.9:3.7:2.3:6.9:45:45 me - L™
Common nutrient : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05 ppm
¥ Gram force/mm
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 19. Growth and flowering of Tulipa 'Ballerina’ according to nutrient
composition.
(Left to right : HNS, DNS-1, DNS-2, DNS-3, DNS-4, DNS-5, DNS-6)

B 1wks g2wks g3wks [4wks

Fig. 20. Changes in leaf length and flower response of Tulipa 'Ballerina’

after nutrient composition in hydroponic system.
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Fig. 21. Growth and flowering of Tulipa 'Showwinner’ according to
nutrient composition.
(Left to right : HNS, DNS-1, DNS-2, DNS-3, DNS-4, DNS-5, DNS-6)
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Table 20. Effect of nutrient solution composition on growth and flowering

in hydroponic system of Narcissus 'Dutch Master’.

. Days to Corolla Flower Flower Vase
Nutrient . . .
. 2 flowering length width stalk life
solution
(day) (cm) (cm) (cm) (day)
HNS 187 a 40 b 92 b 25.2 ¢ 75 ¢
DNS-1 168 b 4.2 ab 99 a 259 ¢ 9.0 a
DNS-2 185 a 4.2 ab 9.7 ab 29.6 a 6.8 d
DNS-3 18.3 ab 4.2 ab 9.6 ab 26.9 be 6.8 d
DNS-4 188 a 4.1 ab 94 b 244 ¢ 52 d
DNS-5 175 b 43 a 99 a 283 b 83 b
DNS-6 187 a 4.1 ab 95 ab 26.3 bc 72 ¢

? HNS(Holland nutrient solution): N:P:K:Ca:Mg:S=3.5:0.4:1.3:2.0:1.0:1.0 me - L !
DNS(Dankook nutrient solution)
DNS-1: N:P:K:Ca:Mg:S=12.9:3.7:3.9:6.9:45:45 me - L™
DNS-2: N:P:K:Ca:Mg:S$=22.9:3.7:3.9:6.9:45:45 me - L™
DNS-3: N:P:K:Ca:Mg:S=17.9:2.0:3.9:6.9:45:45 me - L™
DNS-4: N:P:K:Ca:Mg:S=17.9:5.4:3.9:6.9:45:45 me - L™
DNS-5: N:P:K:Ca:Mg:S=17.9:3.7:55:6.9:45:45 me - L™
DNS-6: N:P:K:Ca:Mg:S=17.9:3.7:2.3:6.9:45:45 me - L™
Common nutrient : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05 ppm

¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 21. Effect of nutrient solution composition on growth and flowering

in hydroponic system of Narcissus 'Tete a tete’.

. Days to Corolla Flower Flower Vase
Nutrient . . .
. 2 flowering length width stalk life
solution
(day) (cm) (cm) (cm) (day)
HNS 222 ¢ 16 a 42 a 89 d 5.3 ab
DNS-1 26.0 b 14 b 39 b 124 a 54 ab
DNS-2 248 ¢ 15 ab 42 a 93 d 5.3 ab
DNS-3 216 ¢ 15 ab 4.1 ab 10.0 ¢ 56 a
DNS-4 251 b 16 a 4.1 ab 118 b 54 ab
DNS-5 236 ¢ 16 a 42 a 12.1 ab 56 a
DNS-6 282 a 14 b 39 b 127 a 51Db

? HNS(Holland nutrient solution): N:P:K:Ca:Mg:S=3.5:0.4:1.3:2.0:1.0:1.0 me - L !
DNS(Dankook nutrient solution)
DNS-1: N:P:K:Ca:Mg:S=12.9:3.7:3.9:6.9:45:45 me - L™
DNS-2: N:P:K:Ca:Mg:S$=22.9:3.7:3.9:6.9:45:45 me - L™
DNS-3: N:P:K:Ca:Mg:S=17.9:2.0:3.9:6.9:45:45 me - L™
DNS-4: N:P:K:Ca:Mg:S=17.9:5.4:3.9:6.9:45:45 me - L™
DNS-5: N:P:K:Ca:Mg:S=17.9:3.7:55:6.9:45:45 me - L™
DNS-6: N:P:K:Ca:Mg:S=17.9:3.7:2.3:6.9:45:45 me - L™
Common nutrient : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05 ppm

¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 22. Effect of nutrient composition on firmness of stem in hydroponic

system of Narcissus 'Dutch Master’.

Nutrient Firmness of stem (Gf)”
solution” Upper Middle Low
HNS 3551 b 4317 ¢ 4008 ¢
DNS-1 3750 bc 4188 ¢ 3713 ¢
DNS-2 3898 b 4453 ¢ 5240 a
DNS-3 3424 bce 4372 ¢ 3832 ¢
DNS-4 3886 b 4300 ¢ 4309 bc
DNS-5 3999 b 5142 b 4549 b
DNS-6 4433 a 5415 a 4703 b

? HNS(Holland nutrient solution): N:P:K:Ca:Mg:S=3.5:0.4:1.3:2.0:1.0:1.0 me - L !
DNS(Dankook nutrient solution)
DNS-1: N:P:K:Ca:Mg:S=12.9:3.7:3.9:6.9:45:45 me - L™
DNS-2: N:P:K:Ca:Mg:S$=22.9:3.7:3.9:6.9:45:45 me - L™
DNS-3: N:P:K:Ca:Mg:S=17.9:2.0:3.9:6.9:45:45 me - L™
DNS-4: N:P:K:Ca:Mg:S=17.9:5.4:3.9:6.9:45:45 me - L™
DNS-5: N:P:K:Ca:Mg:S=17.9:3.7:55:6.9:45:45 me - L™
DNS-6: N:P:K:Ca:Mg:S=17.9:3.7:2.3:6.9:45:45 me - L™
Common nutrient : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05 ppm
¥ Gram force/mm
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 22. Growth and flowering of Narcissus 'Dutch Master’ according to
nutrient composition.
(Left to right : HNS, DNS-1, DNS-2, DNS-3, DNS-4, DNS-5, DNS-6)

E1wks m2wks @ 3wks

Fig. 23. Changes in leaf length and flower response of Narcissus 'Dutch

Master’ after nutrient composition in hydroponic system.
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Fig. 24. Growth and flowering of Narcissus 'Tete a tete’ according to
nutrient composition.
(Left to right : HNS, DNS-1, DNS-2, DNS-3, DNS-4, DNS-5, DNS-6)

B 1wks g2wks g3wks [4wks

Fig. 25. Changes in leaf length and flower response of Narcissus 'Tete a

tete’ after nutrient composition in hydroponic system.
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Table 23. Mineral contents in plants of Tulipa and Narcissus according to

certain nutri-solution in hydroponic culture.

) Nutrient Part of Macro nutrient

Cultivar solution” plants N(%) P(ppm) K(ppm) Ca(ppm) Mg(ppm)

Control  Root 1.74+0.02 862 5995 1448 <1

Leaf  427+0.03 5038 32290 3313 653

Stem  3.29+0.00 4478 22600 3111 715.3

Tulipa HNS  Root 2124003 771 6669 1502 <1

, o Leaf  5.00+0.04 3818 33140 6860 1418

Showwinner Stem 395022 4342 24460 4256 1323

DNS-2  Root 235+0.05 1442 6656 2919 <1

Leaf  565+0.05 6307 34740 6828 1307

Stem  4.25+0.03 6174 24190 4273 1211

Control  Root 1.27+0.01 1904 9462 1269 <1

Leaf  4.14+0.02 4955 26490 2738 73

Stem  2.71+0.05 4974 21840 1932 53

Tulipa HNS  Root  1.33+0.00 1243 11230 1370 <1

, o Leaf  3.93+0.01 5250 27930 2599 22

Ballerina Stem  335:001 5027 27960 1736 356

DNS-2  Root 141+0.02 1593 9740 1402 <1

Leaf  528+0.14 5336 28870 2491 264

Stem  3.80+0.03 5792 25880 3322 199

Control  Root 1.20+0.08 1872 10720 4717 <1

Leaf  2.16+0.17 3039 42400 12680 354

Stem  2.99+0.01 3688 36430 5582 <1

Narcissus HNS  Root 159+0.10 2041 14560 5495 128

, , Leaf 381001 2829 51110 6905 1686

Tete a tete Stem 2713005 2315 31470 6382 638

DNS-2 Root 233+0.03 2316 15240 6293 262

Leaf  4.14+0.08 5247 52500 7212 957

Stem 3414025 3180 28290 6335 172

Control Root  092+0.00 2070 12520 7691 <1

Leaf  3.05+0.01 3622 36600 9061 97

Stem 216001 3756 27970 4928 261

Narcissus HNS  Root 1.04+0.03 2023 8664 7112 <1

Leaf  3.02+0.02 3659 34980 4527 <1

'Dutch Master’ Stem 214000 2922 9945 2545 <8

DNS-2  Root  1.20+0.01 1982 10440 9285 128
Leaf  3.24£0.01 3983 35690 4426 <1
Stem  3.18%0.07 3556 27600 4175 175

“ Control : Non treatment
HNS(Holland nutrient solution):N:P:K:Ca:Mg:$=3.5:0.4:1.3:2.0:1.0:1.0 me - L *
DNS(Dankook nutrient solution)-2:N:P:K:Ca:Mg:S=22.9:3.7:3.9:6.9:4.5:4.5 me - L *
Common nutrient : Fe:Mn:B:Zn:Cu:Mo0=3.0:0.5:0.5:0.25:0.03:0.05 ppm
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Al 16, 41, 171 ¥ 146cmZ EE AT vl FTrlele AEFES B AT
29, 7138 29).

=]

Table 24. Effect of culture system and nutrient solution on growth and

flowering in Tulipa ‘Ballerina’.

) Days to Vas
Culture  Nutrient” . ay%. o] li%e Internode(cm) Tepal Leaf
. owering  lile Length width
system  solution (cm)
(day) (day) Ist 2nd 3rd Last Total (cm) (cm)
Japan 217 ab” 38 c 95b 44b 42b 52c¢ 233b 50c 236c 45c¢

Simply
Ebb & Netherland 190c¢ 43 b 84c 43 b 38 bc 50c 215b 53 b 226c 50D
Flow

DNS-2 200b 55a 103 a 54a 55a 72a 284a 56a 304a 5b3a
Japan 223a 38c¢c 82c¢c 41Db 36¢c 50c 209c¢ H50c 245c¢ 45¢
Pot
© Netherland 218 ab 37 c¢ 84 c¢ 42b 38 bc 53¢ 21.7b 50c 265b 45¢c
Culture

DNS-2 202b 45b 84c 41b 38bc 57b 220b 49c 247c 46 ¢

? See the table 2.
¥} Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

_75_



Table 25. Effect of culture system and nutrient solution on firmness of stem

in Tulipa ‘Ballerina’.

Treatment Firmness of each internode (Gf)y’
Culture Nutrient”
. Ist 2nd 3rd Last
System Solution
. Japan 7893 ¢ 6337 b 3274 ¢ 1866 ¢
Simply
Ebb &  Netherland 7837 ¢ 5413 ¢ 4158 b 1865 ¢
Flow  pNs-2 10271 ab 8211 a 5646 a 2449 a
Japan 9493 ab 6421 b 5416 a 2006 b
B
“® " Netherland 815b 5167 ¢ 4702 ab 2006 b
Culture
DNS-2 12476 a 7471 ab 4130 b 2393 a

” See the table 2.

¥ Gram force

© Mean separation within columns by DMRT at 5% level. Means with same letter
are not significantly different.

Table 26. Effect of culture system and nutrient solution on growth and

flowering in Tulipa ‘Showwinner' .

,  Days to Vas
Culture  Nutrient” . ay%. 0 11%6 Internode(cm) Tepal Leaf
. owering  life Length width
system  solution . (cm)
(day) (day) Ist  2nd 3rd Last Total (cm) (cm)
Japan 1650”7 57b 08¢ 09¢ 10b 59¢ 86¢c 44b 126b 57 a
Simply
Ebb & Netherland 157 ¢ 42c¢ 18 a 16 a 15ab 72a 121 a 45b 142 a 55 a
Flow
Korea 172a 62a 16a 15a 17a 77a 125a 50a 144a 56 a
Japan 178a 37c¢c 06c 09c¢c 12Db H50c 77c¢c 50a 114c¢c 510D
Pot

Netherland 173 a 40c¢ 12b 13b 17a 63 b 105b 53 a 133 b 57 a
Culture

Korea 155¢ 55b 13b 12b 18a 65b 108b 48 ab 130 b 55 a

? See the table 2.
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 26. Growth and flowering of Tulipa ‘Ballerina’ according to culture
system and nutrient solution.
(Left to right: Japan(E&F), Netherland(E&F), DNS-2(E&F),
Japan(Pot), Netherland(Pot), DNS-2(Pot))

Fig. 27. Growth and flowering of Tulipa ‘Showwinner according to culture
system and nutrient solution.
(Left to right: Japan(E&F), Netherland(E&F), DNS-2(E&F),
Japan(Pot), Netherland(Pot), DNS-2(Pot))
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Table 27. Effect of culture system and nutrient solution on growth and

flowering in Narcissus ‘Dutch Master’.

Days to Vase Corolla Flower Spike Flower Leaf

Culture  Nutrient” . . ] s
flowering life length width length  stalk Length  width

SVS soluti
system - solution o) day) em) (em)  (em)  (em)  (em)  (cm)

) Japan” 197¢” 53¢ 4la 91a 3la 262b 226b 17a
Simply
Ebb & Netherland 203 ¢ 57 ¢ 41 a 93 a 30a 287a 249 a 16 a

Flow

DNS-2 207c 68a 41 a 94 a 3la 295a 253 a 1.8 a
Japan 223 b bH2c 40 a 88 b 30a 230d 223D 1.7 a
Pot
. ¢ Netherland 235a 55c¢ 39a 84c 28a 234d 202c 1.7 a
Culture

DNS-2 203c 63b 42a 91la 31la 251b 207c 18 a

' See the table 2.
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

Table 28. Effect of culture system and nutrient solution on firmness of stem

in Narcissus ‘Dutch Master’.

Treatment Firmness of Stem (Gf)”
Culture Nutrient” )
) Upper Middle Low
System Solution
Japan 3063 b 3400 b 3879 ab
Simply
Netherland 3986 a 3632 a 3499 b
Ebb & Flow
DNS-2 3387 b 3441 b 4080 a
Japan 3143 b 2948 ¢ 2916 ¢
Box Culture Netherland 2678 ¢ 2618 ¢ 2751 ¢
DNS-2 3824 a 3403 b 4019 a

” See the table 2.

Y Gram force

© Mean separation within columns by DMRT at 5% level. Means with same letter
are not significantly different.
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Table 29. Effect of culture system and nutrient solution on growth and

flowering in Narcissus ‘Tete a tete’.

) Days to  Vase Corolla  Flower  Flower Leaf
Culture Nutrient . . . -
. flowering  life length width stalk Length width
system solution
(day) (day) (cm) (cm) (cm) (cm) (cm)
) Japan 152 b 38b 14 ab 37b 139 ¢ 133 ¢ 12 a
Simply

Ebb & Netherland 152 b 35 ¢ 14 ab 38 b 148 b 13.1 ¢ 12 a
Flow

DNS-2 153 b 48 a 16 a 4.1 a 171 a 146 a 1.2 a
Japan 172 a 3.6 bc 14 a 38 b 119 d 13.0 ¢ 11 a
Pot
© Netherland 178 a 33 ¢ 13 b 37b 112 d 123 d 11 a
Culture

DNS-2 157 b 40 b 15 ab 39ab 155 b 135 b 13 a

' See the table 2.
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 28. Growth and flowering of Narcissus ‘Dutch Master according to
culture system and nutrient solution.
(Left to right: Japan(E&F), Netherland(E&F), DNS-2(E&F),
Japan(Pot), Netherland(Pot), DNS-2(Pot))

Fig. 29. Growth and flowering of Narcissus ‘Tete a tete’ according to
culture system and nutrient solution.
(Left to right: Japan(E&F), Netherland(E&F), DNS-2(E&F),
Japan(Pot), Netherland(Pot), DNS-2(Pot))
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Table 30. Effect of fertilizer on growth and flowering in Tulipa ‘Ballerina’.

Days to  Vase Internode (cm) Tepal Leaf
Treatment flowering life Length width
1st 2nd 3rd Last Total (cm)
(day) (day) (cm)  (cm)

DS-2 195b” 60a 106a 53a 54a 105a 31.8a 65a 376a 60a

Peters 208a 50b 96b 52a 49b 82b 279b 60b 346b 54b

Osmocote 20.7 a 42c¢ 90b 50a 51b 91b 281b 62ab 331b 57 ab

? Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

Table 31. Effect of fertilizer on firmness of stem in Tulipa ‘Ballerina’.

Firmness of each internode (Gf)?

reatment 1st 2nd 3rd Last
DS-2 10046 a” 7822 a 4989 a 2489 a
Peters 9380 b 6233 b 4120 b 1844 ¢
Osmocote 8872 ¢ 5755 ¢ 4045 b 2138 b

? Gram force
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 32. Effect of fertilizer on growth and flowering in Tulipa

‘Showwinner’.
Days to  Vase Internode (cm) Leaf
Treatment flowering life Tepal Length width
Ist 2nd 3rd Last Total
(day) (day) (cm) (cm)

DS-2 130b” 55a 23a 17a 18a 64a 122a 47a 158a 57a

Peters 158 a 43b 14b 12Db 15a 66a 105b 47a 130b b57a

Osmocote 152 a 40b 07b 09b 09b 53b 78c 41b 119c 45b

2 Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 30. Growth and flowering of Tulipa ‘Ballerina’ according to fertilizer.
(Left to right: DS-2, Peters, Osmocote)

Fig. 31. Growth and flowering of Tulipa ‘Showwinner according to
fertilizer.
(Left to right : DS-2, Peters, Osmocote)
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Table 33. Effect of fertilizer on growth and flowering in Narcissus ‘Dutch

Master'.
Days to Vase Corolla Flower Spike Flower Leaf
Treatment flowering life length  width length  stalk Length width
(day) (day)  (cm) (cm) (cm) (cm) (cm) (cm)

DS-2 167 a” 77a 42 a 96 a 31a 270a 217a 18 a
Peters 16.8 a 72 b 41 a 96 a 29 a 236 b 218a 16 a

Osmocote 16.7 a 73 b 40 a 9.2 a 2.8 a 247b 200b 17 a

? Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

Table 34. Effect of fertilizer on firmness of stem in Narcissus ‘Dutch

Master'.
Firmness of Stem (Gf)?
Treatment
Upper Middle Low
DS-2 4052 a” 3505 b 3706 b
Peters 3603 b 3579 b 4064 a
Osmocote 3471 b 3915 a 3820 b

? Gram force

¥ Mean separation within columns by DMRT at 5% level. Means with same letter
are not significantly different.
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Table 35. Effect of fertilizer on growth and flowering in Narcissus ‘Tete a

tete’.
Days to Vase Corolla  Flower Flower Leaf
Treatment  flowering life length width stalk Length  width
(day) (day) (cm) (cm) (cm) (cm) (cm)
DS-2 14.7 ¢” 55 a 16 a 42 a 186 a 173 a 14 a
Peters 162 b 43 b 15 a 40 a 161 b 16.1 b 14 a

Osmocote 170 a 45 b 14 a 39 b 157 b 14.7 ¢ 1.2 a

? Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 32. Growth and flowering of Narcissus ‘Dutch Master according to
fertilizer.
(Left to right: DS-2, Peters, Osmocote)

Fig. 33. Growth and flowering of Narcissus ‘Tete a tete’ according to
fertilizer.
(Left to right: DS-2, Peters, Osmocote)
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Table 36. Effect of media composition on growth and flowering in

hydroponic system of Tulipa 'Ballerina’.

Med_i? , Days ‘tO Internode (cm) Vase life

composition”  flowering (dav)
a

v/v) (day) Ist Last Total Y
Sand 173 ¢” 96 b 81b 28.7 ab 47 b
Co 242 a 6.0 c 47 d 159 d 35 ¢
Ve 195 b 73 c 47 d 17.1 cd 48 b
Co:Ve(1:1) 192 b 91b 49 d 191 ¢ 38 ¢
Co:VelPe(1:1:1) 193 b 110 a 9.5 ¢ 246 b 43 b
Pt:PerVe(1:1:1) 185 be 111 a 94 a 315 a 52 a

2 Co : Cocopeat, Ve : Vermiculite, Pe : Perlite, Pt : Peatmoss
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

Table 37. Effect of media composition on growth and flowering in

hydroponic system of Tulipa 'Showwinner’.

Media Days to

Internode (cm) Vase life
composition”  flowering

v/v) (day) 1st Last Total (day)
Sand 26.0 ¢ 25 a 64 a 117 b 33 ¢
Co 317 a 15b 34 ¢ 70 d 33 ¢
Ve 24.2 d 09 c 6.8 a 110 b 4.2 a
Co'Ve(1:1) 282 Db 1.8 Db 43 ¢ 94 ¢ 37D
Co'VePe(1:1:1) 278 b 1.8 b 2.8 b 10.6 bc 3.8 b
Pt:Pe:Ve(1:1:1) 252 cd 27 a 6.6 a 129 a 45 a

2 Co : Cocopeat, Ve : Vermiculite, Pe : Perlite, Pt : Peatmoss
¥} Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

_90_



Table 38. Effect of media composition on firmness of stem in hydroponic

system of Tulipa 'Ballerina’.

Media Firmness of each internode (Gf
composition”’

(v/v) 1st 2nd 3rd Last
Sand 7725 b¥ 5014 ¢ 4435 be 1519 ¢
Co 5986 ¢ 4195 d 2866 d 1319 d
Ve 8104 b 5984 b 4601 b 1806 b
Co:Ve(1:1) 7938 b 5693 b 4032 ¢ 1706 bc
Co:'VePe(1:1:1) 10199 a 5709 b 4339 bc 2000 ab
Pt:Pe:Ve(1:1:1) 12612 a 6622 a 5058 a 2207 a

2 Co : Cocopeat, Ve : Vermiculite, Pe : Perlite, Pt : Peatmoss

)
Y Gram force/mm

¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 34. Growth and flowering of Tulipa 'Ballerina’ according to media
composition.
(Left to right : Sand, Co, Ve, Co:Ve, Co:Ve:Pe, Pt:Pe:Ve)

= 1wks m2wks 3wks [4wks

Fig. 35. Changes in leaf length and flower response of Tulipa 'Ballerina’

after media composition treatment in hydroponic system.
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Fig. 36. Growth and flowering of Tulipa 'Showwinner’ according to media
composition.
(Left to right : Sand, Co, Ve, Co:Ve, Co:Ve:Pe, Pt:Pe:Ve)

B 1wks @2wks [3wks £14wks m5wks

Fig. 37. Changes in leaf length and flower response of Tulipa

"Showwinner’ after media composition treatment in hydroponic system.
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Table 39. Effect of media composition on growth and flowering in

hydroponic system of Narcissus 'Dutch Master’.

Media Days to Corolla Flower Flower Vase
compositionZ) flowering length width stalk life

(v/v) (day) (cm) (cm) (cm) (day)
Sand 150 ¢” 45 a 103 a 302 a 75 ¢
Co 218 a 4.0 bc 90 ¢ 244 d 6.3 d
Ve 183 b 4.3 ab 96 b 26.7 ¢ 6.8 cd
Co:Ve(1:1) 222 a 4.2 b 96 b 270 ¢ 6.0 d
Co:VePe(1:1:1) 153 ¢ 41 b 9.2 ¢ 212 ¢ 85 Db
Pt:Pe:Ve(l:1:1)  16.7 be 44 a 10.2 a 287 b 9.3 a

2 Co : Cocopeat, Ve : Vermiculite, Pe : Perlite, Pt : Peatmoss
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

Table 40. Effect of media composition on growth and flowering in

hydroponic system of Narcissus 'Tete a tete’.

Media Days to Corolla Flower Flower Vase
compositionZ) flowering length width stalk life
(v/v) (day) (cm) (cm) (cm) (day)
Sand 12.0 ¢” 15b 3.9 bc 129 ¢ 70 a
Co 247 a 14 b 37 ¢ 11.3 d 43 b
Ve 150 ¢ 1.6 ab 4.1 ab 140 b 6.7 a
Co:Ve(1:1) 212 b 15b 3.9 bc 115 d 48 b
Co'VelPe(1:1:1) 222 b 1.6 ab 40 b 104 d 43 b
Pt:Pe:Ve(l1:1:1) 147 ¢ 17 a 45 a 16.2 a 72 a

2 Co : Cocopeat, Ve : Vermiculite, Pe : Perlite, Pt : Peatmoss
¥} Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 41. Effect of media composition on firmness of stem in hydroponic

system of Narcissus 'Dutch Master’.

Media composition” Firmness of stem (Gf)"
(v/v) Upper Middle Low

Sand 4170 a 4419 ab 4713 b
Co 3258 ¢ 3300 ¢ 3996 d
Ve 3394 ¢ 4192 b 4203 bc
Co:Ve(1:1) 3312 ¢ 3037 ¢ 3942 ¢
Co'VePe(1:1:1) 3606 b 4697 a 5484 a
Pt:Pe:Ve(1:1:1) 4124 a 4276 b 4140 c

2 Co : Cocopeat, Ve : Vermiculite, Pe : Perlite, Pt : Peatmoss
¥ Gram force/mm
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 38. Growth and flowering of Narcissus 'Dutch Master’ according
tomedia composition.
(Left to right : Sand, Co, Ve, Co:Ve, Co:Ve:Pe, Pt:Pe:Ve)

miwks m2wks 0 3wks 4wks

Fig. 39. Changes in leaf length and flower response of Narcissus 'Dutch

Master’ after media composition treatment in hydroponic system.
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Fig. 40. Growth and flowering of Narcissus 'Tete a tete’ according to
media composition.
(Left to right : Sand, Co, Ve, Co:Ve, Co:Ve:Pe, Pt:Pe:Ve)

1wks m2wks @3wks @4wks

Fig. 41. Changes in leaf length and flower response of Narcissus 'Tete a

tete’ after media composition treatment in hydroponic system.
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Table 42. Effect of night and solution temperature on growth and flowering

in hydroponic system of Tulipa 'Ballerina’.

Night Solution Days to Internode (cm) .
temperature temperature flowering Vase life
(C) (C) (day) st Last Total (day)
21 25 20.3 9.5 7.4 272 3.2
20 22.8 10.5 9.5 30.5 2.8
15 22.8 10.7 13.6 35.1 3.3
17 25 26.5 10.9 114 35.0 4.2
20 27.0 9.1 10.7 31.6 4.7
15 28.8 8.7 16.7 36.8 53
13 25 33.8 14.6 15.0 44.5 12.3
20 34.0 12.1 16.4 42.7 125
15 34.7 13.7 13.2 42.6 10.8
Significance
Night temperature(A) o) ok okok oron otk
Solution temperature(B) * ok ok ok NS
A x B o % ok * *
LSD (0.05) 04 0.5 1.0 1.3 0.7

g NS, *, = s Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 43. Effect of night and solution temperature on growth and flowering

in hydroponic system of Tulipa 'Showwinner’.

Night Solution Days to Internode (cm) .
temperature temperature flowering Vase life
(C) (C) (day) st Last Total (day)
21 25 19.2 1.2 52 9.0 7.0
20 20.4 1.1 6.7 10.3 6.2
15 21.8 19 79 136 56
17 25 254 3.0 8.1 147 4.8
20 25.8 2.2 7.4 135 4.6
15 26.6 16 6.1 131 44
13 25 284 15 75 12.3 6.8
20 28.8 16 8.6 14.1 6.6
15 29.8 3.9 10.9 20.8 6.0
Significance
Night temperature(A) — * stk stk otk
Solution temperature(B) ok NS Hokk Kokok *
A x B NS * otk ok *
LSD (0.05) 04 0.9 0.6 1.8 0.7

g NS, *, = s Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 44. Effect of night and solution temperature on firmness of stem in

hydroponic system of Tulipa 'Ballerina’.

Night Solution Firmness of each internode (Gf)”
temperature temperature
(C) (C) 1st 2nd 3rd Last
21 25 18972 11030 8671 7499
20 18364 11696 8564 4610
15 18842 9383 8216 4408
17 25 15955 8969 4496 3064
20 15039 9082 3995 3595
15 13154 5806 4678 3756
13 25 7281 6594 4485 3630
20 9385 6129 5976 3877
15 7837 6413 6229 3580
Significance
Night temperature(A) s otk otk otk
Solution temperature(B) * ok NS s
A x B * * NS %
LSD (0.05) 690 490 676 428

)
? Gram force/mm

VNS, #, ##, == : Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Fig. 42. Growth and flowering of Tulipa 'Ballerina’ according to night and
solution temperature.
(Left to right : 21/25C, 21/20C, 21/15TC, 17/25C, 17/20C, 17/157C,
13/25C, 13/20C, 13/15TC)

VXN 296 | 387 ]
16,1 I A Y A—
14.6 [T SN - —
1
17°¢/20C ZMECNN 335 [ 379 ]
17.6 I ) S—
17.2 N —
19.5  —wa—

224 E—AV—

B 1wks m2wks 3wks [4wks m5wks @

Fig. 43. Changes in leaf length and flower response of Tulipa 'Ballerina’

after night and solution temperature treatment in hydroponic system.
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Fig. 44. Growth and flowering of Tulipa 'Showwinner’ according to night
and solution temperature.
(Left to right : 21/25°C, 21/20C, 21/15C, 17/25C, 17/20°C, 17/15C,
13/25C, 13/20TC, 13/15C)
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Table 45. Effect of night and solution temperature on growth and flowering

in hydroponic system of Narcissus 'Dutch Master’.

Night Solution Days to Corolla Flower Flower Vase life
temperature temperature flowering length width stalk (day)
(C) (C) (day) (cm) (cm) (cm)
21 25 17.8 4.0 8.7 245 45
20 15.7 3.8 8.8 25.7 5.8
15 16.3 3.9 9.0 24.2 6.0
17 25 20.5 3.9 8.9 28.7 4.8
20 20.7 3.7 8.3 27.0 55
15 21.3 3.7 8.2 24.3 5.8
13 25 23.7 4.3 10.1 33.9 8.8
20 24.0 4.3 10.0 34.4 9.5
15 24.3 4.4 10.2 34.5 8.7
Significance
Night temperature(A) o) ook oox okox otk
Solution temperature(B) * NS * * ok
A x B sk NS NS NS NS
LSD (0.05) 0.5 0.1 0.4 2.0 0.5

g NS, *, = s Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 46. Effect of night and solution temperature on growth and flowering

in hydroponic system of Narcissus 'Tete a tete’.

Night Solution Days to Corolla Flower Flower Vase life
temperature temperature flowering length width stalk (day)
(C) (C) (day) (cm) (cm) (cm)
21 25 20.8 1.6 4.1 10.2 4.0
20 20.3 15 3.9 9.7 3.4
15 184 1.6 4.3 85 4.2
17 25 20.6 15 4.2 9.6 4.2
20 20.7 14 3.8 85 5.7
15 20.7 15 3.9 6.7 5.0
13 25 25.1 1.6 44 10.9 13.7
20 24.2 15 4.4 129 14.1
15 25.7 15 4.2 11.1 154
Significance
Night temperature(A) o) NS sekok * sokok
Solution temperature(B) NS * NS otk ok
A x B NS NS * & sox
LSD (0.05) 1.0 0.05 0.2 1.0 0.6

g NS, *, = s Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Table 47. Effect of night and solution temperature on firmness of stem in

hydroponic system of Narcissus 'Dutch Master’.

Night Solution Firmness of stem (Gf)”
temperature temperature
(C) (C) Upper Middle Low
21 25 4027 4031 4208
20 3860 4359 4448
15 2578 3749 4220
17 25 3173 3286 4460
20 3083 2849 3485
15 2889 3250 3675
13 25 2732 3172 3283
20 2299 2451 3096
15 2371 2859 2824
Significance
Night temperature(A) o) otk otk
Solution temperature(B) NS NS NS
A x B NS * NS
LSD (0.05) 379 349 460

)
? Gram force/mm

VNS, #, ##, == : Nonsignificant or significant at P<0.05, 0.01 or 0.001, respectively
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Fig. 45. Growth and flowering of Narcissus 'Dutch Master’ according to
night and solution temperature.
(Left to right : 21/25C, 21/20°C, 21/15TC, 17/25C, 17/20C, 17/157C,
13/25C, 13/20C, 13/15C)

17t/15T
17t/20T

miwks m2wks 0 3wks 4wks

Fig. 46. Changes in leaf length and flower response of Narcissus 'Dutch
Master’ after night and solution temperature treatment in hydroponic

system.

- 108 -



Fig. 47. Growth and flowering of Narcissus 'Tete a tete’ according to
night and solution temperature.
(Left to right : 21/257C, 21/20C, 21/15TC, 17/25C, 17/20C, 17/157C,
13/25C, 13/20C, 13/15C)

17t/15T
17t/20T

miwks m2wks 0 3wks 4wks

Fig. 48. Changes in leaf length and flower response of Narcissus 'Tete a
tete’ after night and solution temperature treatment in hydroponic

system.
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Table 48. Effect of light conditions on growth and flowering in hydroponic
system of Tulipa 'Ballerina’.

Days to Percent of Internode (cm) Vase
Treatment” flowering flowering life
(day) (%) 1st Last Total (day)
Natural )
o 23.8 b’ 95.6 136 b 91b 342 b 53 a
lighting
Supplemental
o 222 b 97.8 109 ¢ 8.0 ¢ 296 ¢ 50 ab
lighting
Shading 35% 295 a 91.2 153 a 115a 374 a 44 b
Shading 55% 298 a 82.4 147 a 97 b 359 b 42 b

# Natural lighting : 151.5+15m0l - m ? - S”, Supplemental lighting : 181.5+15m0l - m * - S
Shading 35% : 60.6+15m0l - m % - S!, Shading 55% : 30.3+15zm0l * m % - S*
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

Table 49. Effect of light conditions on growth and flowering in hydroponic
system of Tulipa 'Showwinner’.

Days to Percent of Internode (cm) Vase
Treatment” flowering flowering life
(day) (%) Ist Last Total (day)
Natural =
o 11.7 v’ 100 16 b 71 Db 115 ¢ 6.3 a
lighting
Supplemental
o 117 b 97.8 15b 75 ab 12.2 ¢ 52 Db
lighting
Shading 35% 132 a 84.6 32 a 80 a 149 b 52 Db
Shading 55% 133 a 86.8 33 a 82 a 157 a 47 ¢

? Natural lighting : 151.5£157mol - m?Z- S Supplemental lighting : 181.5+15mdl - m2-57!
Shading 35% : 60.6£15zm0l - m * - S!, Shading 55% : 30.3+15mdl - m - S*
¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 50. Effect of light conditions on firmness of stem in hydroponic

system of Tulipa 'Ballerina’.

Firmness of each internode (Gf)Y’

Treatment”
Ist 2nd 3rd Last
Natural lighting 6457 b 3670 b 2381 b 1987 a
Supplemental lighting 7496 a 4802 a 2913 a 1914 a
Shading 35% 5228 ¢ 2747 ¢ 2220 b 1556 b
Shading 55% 6445 b 2620 c 2354 b 1570 b

? Natural lighting : 151.5+15m0 - m 2 - S, Supplemental lighting : 181.5+15m0 - m 2 - S

Shading 35% : 60.6+15m0l - m % - S!, Shading 55% : 30.3+15zm0l * m % - S*

)
Y Gram force/mm

¥ Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Fig. 49. Growth and flowering of Tulipa 'Ballerina’ according to light
conditions.
(Left to right : Natural lighting, Supplemental lighting, Shading 359,
Shading 55%)

Supplemental

o [NEE

m1wks m2wks O3wks O4wks

Fig. 50. Changes in leaf length and flower response of Tulipa 'Ballerina’

after light conditions treatment in hydroponic system.
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Fig. 51. Growth and flowering of Tulipa 'Showwinner’ according to light
conditions.
(Left to right : Natural lighting, Supplemental lighting, Shading 359,
Shading 55%)

Shading 35%
Supplemental

= 1wks m2wks 03wks

Fig. 52. Changes in leaf length and flower response of Tulipa

'Showwinner’ after light conditions treatment in hydroponic system.
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Table 51. Effect of light conditions on growth and flowering in hydroponic

system of Narcissus 'Dutch Master’.

Days to Percent of Corolla Flower Flower  Vase
Treatment” flowering flowering length width stalk life
(day) (%) (cm) (cm) (cm) (day)
Natural )
o 19.2 ab’ 97.8 41 a 9.8 a 275 ¢ 87 a
lighting
Supplemental
o 175 b 100 44 a 100 a 262 c 72 Db
lighting
Shading 35%  20.7 a 89.0 4.2 a 101 a 309D 73 b
Shading 55%  20.2 a 82.4 44 a 100a 359 a 6.2 ¢

? Natural lighting : 151.5+15m0 - m 2 - S”', Supplemental lighting : 181.5+15ml - m 2+ S}

Shading 35% : 60.6+15md - m * - S}, Shading 55% : 30.3+15m0l - m > - S

¥} Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.

Table 52. Effect of light conditions on growth and flowering in hydroponic

system of Narcissus 'Tete a tete’.

Days to Percent of Corolla Flower Flower Vase
Treatment” flowering flowering length width stalk life
(day) (%) (cm) (cm) (cm) (day)
Natural 9
o 12.8 ab’ 100 17 a 41 a 175 b 70 b
lighting
Supplemental
o 120 b 100 16 a 4.2 a 153 ¢ 6.2 ¢
lighting
Shading 35% 125 b 93.4 16 a 44 a 151 ¢ 83 a
Shading 55% 135 a 91.2 16 a 43 a 191 a 75 Db

? Natural lighting : 151.5+15m0 - m 2 - S”', Supplemental lighting : 181.5+15ml - m 2+ S}

Shading 35% : 60.6+15md - m * - S}, Shading 55% : 30.3*15mol - m > - S

¥} Mean separation within columns by DMRT at 5% level. Means with same letter

are not significantly different.
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Table 53. Effect of light conditions on firmness of stem in hydroponic
system of Narcissus 'Dutch Master’.

Media composition”

Firmness of stem (Gf)”

(v/v) Upper Middle Low

Natural lighting 3080 b 3280 b 3564 b
Supplemental lighting 3520 a 3925 a 3969 a
Shading 35% 2904 b 2993 bc 3237 be
Shading 55% 2299 ¢ 2755 ¢ 2981 ¢

? Natural lighting : 151.5+15m0d - m 2 - S”', Supplemental lighting : 181.5+15md - m 2 - S
Shading 35% : 60.6+15m0l - m % - S!, Shading 55% : 30.3+15zm0l * m %+ S*
¥ Gram force/mm

¥ Mean separation within columns by DMRT at 5% level. Means with same letter
are not significantly different.
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Fig. 53. Growth and flowering of Narcissus 'Dutch Master’ according to
light conditions.
(Left to right : Natural lighting, Supplemental lighting, Shading 359,
Shading 55%)

- i
Supplemental
us I

B 1wks @ 2wks 3wks

Fig. 54. Changes in leaf length and flower response of Narcissus 'Dutch

Master’ after light conditions treatment in hydroponic system.
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Fig. 55. Growth and flowering of Narcissus 'Tete a tete’ according to light
conditions.
(Left to right : Natural lighting, Supplemental lighting, Shading 35%,
Shading 55%)

Shading 35%
Supplemental
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Fig. 56. Changes in leaf length and flower response of Narcissus 'Tete a

tete’ after light conditions treatment in hydroponic system.
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