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Mass production of tulip bulbs through the embryogenic cell
technologies and refined soil cultivation

=

g
at
= 2

o ok
El

e
1



N

ok vk,

Aol AT Ankel e B

alr
=

= ol

5t M

3. 7HE s 7 Ao 28




2. AlEE

Al E

Ho

FTHEAAER 8 A

€ RIAME WEPANE TN L £ ALYTE B BF AT B QA

71e ME"(RE7)E 2011, 09 .23 ~ 2016 . 09 .22)7A|] HER A=
AEFUh

2016. 12. 22.

EAAT7| Y 1 w3

ok

SRR PR

FEAT7199 : 2xsta ARy

(S

#7184 - AT ALY EzEEY

FBAFAYA 1 AYE
LU DECREE S
72U : AR

FHATHEAIG S #el Foll BF T4 A182e] wet muM duo] Fo
g







HIA 8O

N 111072-05- & @ & A | 11.09.23 ~ (5)/
A ZHFHE oA 2
AL 9-SB010 AT 77 16.09.22 ] )
T ALY
AT A
Al A
o) 3} A iﬂ‘ﬂ;‘*ﬁxﬂz TAE e 4 %O& AUGTE E3)
59 sk oAl vE e
A3 A
Al - A
3N+ =: jas] ] Ba.. =] ©
C’H‘o‘a'ﬁ] S - 7 5] 3H% ]1_/_]_73” XoT-loo,OOO_%jz
Z o] Wy 9 W7E25,000% 9
SR oL .
A7 & 9} 1 7:125,0004 ¢
At Al A
% AF7|7r S A HX:500,0000 Y
2o RIS Z AT7de] | H17R125,0004 9
AT 4 IR A:625,0007d ¥
o7
A7y 2 daroieal Ao s Aty E S 3b 3 A As el
A& HE Y Eygdw AstEEd
A7) A At 2}
g A S
QAN TRE FHoE NFxAoz ZAsty, 5004 o|u] BaAl W
2 AUy




D-01

Iy
N —
<
TR
oE a
\e]
o= W
= il T N
N T W h ™ 7
® 5 = e LT E
=5 ol ~ o X o =
yig - L —_—
B n T L =
mm " % i ° . B i e B
PR~ (o N = © #a ~ == —
= = < i G h <
) o = 53 ™ N %E X o 50 < X
i = = 22 = X <2 = ~ e
o W = o 4 X ES o X
- ol A+ o i y ~ X < S 2
O#E AL < Ard ‘_.f_nvv 1‘” —_ EE O# B3 Z‘.ﬂ < A HE o
A Al R T 5 s T Mo EO ! =
° e G m,_oﬁumwaﬂw Ho TH > h Nr_,T
KO =0 = a o) o = N 1._ iy ~ N
Ho ©° 2 7 = ~ = < it w92 M ) o N o X
o <D o = I o M = = N w B =
W = B 1 = v o= XK = {n L do
) = o & = PG B f e X i X m i % -~ X
= _ry e G K 3 _ﬂ_u e =) X R o T = o - N — =0 o ) ,_|L
= 4 or A mo¢e = zm | = = 10 Jldr. = F - S 5o K = T
= iw L S = P ogqgﬁa R o T e = 0
o TR o z Hﬂ%l B4 B = o N R
e G o oy = = - ~ oo - AN ™ o ~- O N
= = om s o B2 iy & zo ° o & w T S W e o X
— - s EDowa o B o mo Ao N gy 5} B o0 K B
o ) E,__,OLH BT i ﬂﬂu1xﬁﬁo&nﬂﬁ zo | Emz‘ZJEI - M-
il r w T do 3 < ol o No W o # o —_ > o - X o= -
Mo = 3 K o T o T W ow 9 o T = = 2 Iy < >
=X o o & | < - W " sy = P < It ~ zo o & o W
%ﬂk mooﬂo %%o? Aﬁﬂm,u%aﬂﬂa% mhuux@ﬂ,ﬂﬁru il anpéil
w = " B o s Gy i No- o ,.L = IR 2o < oo do o T T e ey X
AL Oﬁ T =~ AL " =0 iy ll E.D ,I.A N X ~o — mK 00 ° N :Inwl < m ﬁl
o =% oL LErE 5 P = % i S % E L P T <
of o ﬂﬂm WE gl m.w ~ m.e < T Wﬂ - = E mo o o O B o o= o ~ i = e o T %
i = = Moo %Q?ﬂ M:uyiu%# ﬂ%@lzawm« T Eguoya@u
= A =y = ~ ~ e N 0o o o oF B Ow = 1 N ~ —~ <0 R
¢ Ovﬂaﬂ oowuaoﬂu ;Nﬁlwwu B mogg7wwoﬂoz#mﬂ7 i @Qﬂ@@?
L it e oF < Hm_v r.wm Njo ,Wue ) M Mnm e A ea) Bo oo No = X o B o & o o
o , gnegﬂnawx wn%womw%%gow T %E%ef%
5 X N oo oy el an o N i Mo g oF X GG W
= B o =K in W o A ° o % = =
I T 0 o I o~ 5o X ~ =
do G ° F o up N EF o = i = 50 ° 20 M = =
SIS o do B = 8T Mo e
Mﬂﬂ_.'ﬂ : I in —_— o N ; JL
| e 2 %o X ~ M)
M m o = o B -
K | £3 00 w.n AL 1!
B | 0 W
ki
uly o ' ! W
| | |
=y
Xo
il
—_
~
Jl
B




o

AA A

J At

O MEWMY e NUlATFe] ol

R

5

Sule] WA AA S 9 A
A

¢

L

=] -

]_

S

71t 3t

O AA®Toll oE
of 71 A&

O AbAE A 2]

op X
O

-
A= Mo
wOE
— X
o B
w
o T
W Wi
o ™
oo
ARG
T
N =
iO \mﬁl
3
muﬂ
Z#O _Z.V
o o
= o
N g
°
T T+
T
2
M ™
o
™ fim
N
o O

A 7L 2 5k

o=

I

=
=

=<

bl A &t

°

& 4 74
bol At Aulgo A

2

o

©

_'_F_
= O]

=

A

=
13}

Y 7

}

20% A

m)\

1
.

o

o
g8 gt

W
o

K
o
‘ZT,C

o

wjr
=K

sl

A

O 7]

>~
=

ANRAT A4 ]

)
=

]

-
R

o
i o

-
R

O WA 7% A
- W A

ol

G

p—

0

R
;.OH
Ho
J@ﬂo
)

=3

np

O AHE Eo] A 9]

TR

Jo

X

gso] kel #ole 20

=
[

o] 20%

(1= )

gl

(3

Fol A ul

[€)
CEL I E

=
=5

T2 A T4

}

pA

sF Auf st oz A

|
=

}o]

°©

ol 2y

Nst725 ol &

7

9

A

- At s 7ol A= 25% A" =
W

o =

(57K o)




< SUMMARY >

D-02

In vitro bulblet production methods were developed using somatic
embryogenic cell culture technologies for major tulip cultivars. Embryogenic
cell lines were induced and proliferated in small bioreactors, and then

Purpose& regenerated and cultured to form bulblets. To optimize tulip bulb production
Contents practices in Chonnam province, soil characteristics of the region were
investigated. And cultivation formats for tulip bulb production were
established by investigating the most effective irrigation, fertilization and
cultivation protocols.
Tulip bulbs multiply 2.5 times a year, the lowest rate among -cultivation crops.
Vegetative methods are not available and tissue culture method is hardly practiced due
to its recalcitrant propagation propertiecs.  We developed in vitro techniques of
embryogenic cell induction and multiplication for many cultivars of tulip. And the
methods were optimized for large scale cultures using bioreactors and bulblets were
produced following regeneration on solid medium. Tulip cultivations in soil were also
optimized for bulb production in Chonnam province.
Development of embryogenic cell culture technology for tulip bulblet production.
- Embryogenic cells were induced in 15 commercial cultivars of tulip.
- The cell lines were proliferated in 5-L bioreactors.
Results - Browning problems during the liquid cultures were overcome by
optimizing the cultures.
- Embryogenic cells were transferred to solid media and bulblets were
formed through embryogenesis.
- The bulblet production procedures were optimized for mass production of
major tulip cultivars.
O Establishment of tulip soil cultivation protocols for flower bulb production
- Physicochemical characteristics of soils in Chonnam province were
characterized.
- Bulb planting depth, space and period were optimized.
- Fertilization practices for bulb enlargement
- Irrigation practices for each step of tulip cultivation
O Cell culture technologies would produce virus-free bulblets of tulips which were
cultivated in greenhouse and soil to produce flower bulbs either in domestic or
foreign area such as Da lat, Vietnam.
Expected O Tulip cultivation protocols were established in Chonnam province and high quality
Contribution bulbs can be produced for farmers at lower prices.
O The knowhow is being transferred to a corporate for industrialization. This will
create new opportunities for the domestic and global utilization of tulip bulbs.
Keywords Tulip embryogenesis | cell culture bulblet flower bulb
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Cultivar Cultivar Group (KAVB)
1 AAFKE Single Early
2 ABBA Double Early
3 ARDEN (Elizabeth Arden) Darwin Hybrid
4 AGRASS WHITE Triumph
5 ALADDIN Lily Flowering
6 ALIBI Triumph
7 AMERICAN DREAM Darwin Hybrid
8 ANDORRA Triumph
9 APELDOORN'S ELITE Darwin Hybrid
10 APELDOORN Darwin Hybrid
11 APHRODITE Triumph
12 ARMANI Triumph
13 BALLADE Lily Flowering
14 BALLADE GOLD Lily Flowering
15 BALLERINA Lily Flowering
16 BEAUTY OF SPRING Darwin Hybrid
17 Berini Triumph
18 BIG CHIEF Darwin Hybrid
19 BLACKHERO Double Late
20 BLENDA FLAME Triumph
21 BLUE BEAUTY Triumph
22 BLUE HERON Fringed
23 BLUE SPECTACLE Double Late
24 BLUSHING LADY Single Late
25 BOLROYAL SILVER Triumph
26 CACHAREL Triumph
27 CANASTA Fringed
28 CARNAVAL DE NICE Double Late
29 CAROLA Triumph
30 CARROUSEL Fringed
31 CITY OF VANCOUVER Single Late
32 CRYSTAL BEAUTY Fringed
33 CRYSTAL STAR Fringed
34 CURLY SUE Fringed
35 DAYDREAM Darwin Hybrid
36 DESIGN IMPRESSION Darwin Hybrid
37 DICK PASSCHIER Triumph
38 DIRK VAN KLEEF Triumph
39 DORDOGNE Single Late
40 DOW JONES Triumph
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NO Cultivar Cultivar Group (KAVB)
41 DYNASTY Triumph

42 ERNA LIND GREEN Parrot

43 ESCAPE Triumph

44 ESTA BONITA Triumph

45 EVITA Double Early
46 FABIO Fringed

47 FALCON Triumph

48 FINOLA Double Late
49 FIRST CLASS Triumph

50 FLAMING FLAG Triumph

51 FOXYROT Double Early
52 Francoise Single Late
53 FREE MAN Double Late
54 FUN FOR TWO Triumph

55 FURAND Triumph

56 GABRIELLA Triumph

57 GERBAND KIEFT Double Late
58 GOLD DUST Double Late
59 Golden Tycoon Triumph

60 Grand Perfection Triumph

61 GROEN LAND Triumph

62 Happy generation Triumph

63 Helmar Triumph

64 Holland Beauty Triumph

65 Horizon Double Late
66 Hotpants Triumph

67 HUIS TEN BOSCH Fringed

68 Ile de France Triumph

69 Inzell Triumph

70 Jan Seignette Triumph

71 Jordan Triumph

72 Juliette Darwin Hybrid
73 Jumbo Beauty Triumph

74 Kay Triumph

75 Kees Nelis Triumph

76 Kikomachi Triumph

77 Kingsblood Single Late
78 Kung Fu Triumph

79 Lalibela Darwin Hybrid
80 Laptop Triumph
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NO Cultivar Cultivar Group (KAVB)
81 Leen Van Der Mark Triumph

82 Leo Visser Triumph

83 Llima® Triumph

84 Laura Fygi Triumph

85 Mariette Lily-flowered
86 Marit Darwin Hybrid
88 Mascara Triumph

89 March Triumph

91 Menton Single Late

92 Merry Christmas Single Early
93 Mistress Triumph

94 Monsella Double Early
96 Montreux Double Early
97 Mystic Garant Darwin Hybrid
98 Negrita Triumph

99 NEGRITA DOUBLE Triumph

100 New santa Fringed

101 Nightrider Single Late
102 Niigata Darwin Hybrid
103 Ollioules Darwin Hybrid
104 Orange van Eijk Darwin Hybrid
105 Orania Darwin Hybrid
106 Orca Double Early
107 OXFORD Darwin Hybrid
108 Page polka Triumph

109 Paul Scherer Triumph

110 Pink Diamond Single Late
111 PINK FLAG Triumph

112 Pink Impression Darwin Hybrid
113 PINK LADY Triumph

114 Pink Twist Triumph

115 PRADE Darwin Hybrid
116 PRETTY LADY Lily-flowered
117 PRETTY LOVE Lily-flowered
118 PRETTYWOMAN® Lily-flowered
119 Primavera Triumph

120 PUPLE CRYSTAL Fringed
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NO Cultivar Cultivar Group (KAVB)
121 Purissima Fosteriana

122 PURPLE PRINCE Single Early
123 Queen Of Night Single Late
124 RED IMPRESSION Darwin Hybrid
125 RED SHINE Lily-flowered
126 REJOY Triumph

127 RESIDENCE Triumph

128 RONALD Triumph

129 ROSALIE Triumph

130 ROSE FLAG Triumph

131 ROYAL TEN Triumph

132 ROYAL VAN DER MARK Triumph

133 ROYAL VIRGIN Triumph

134 SALMON DYNASTY Triumph

135 SALMON IMPRESSION Darwin Hybrid
136 SALMON VAN EIJK Darwin Hybrid
137 Sanne Triumph

138 Sapporo Lily-flowered
139 SHOW CASE Double Early
140 SPRING GREEN Viridiflora

141 SUNNY PRINCE Single Early
142 Super Parrot Parrot

143 Sweet Flag Triumph

144 Sweet Rosy Triumph

145 Synaeda Orange Lily-flowered
146 Synaeda Show Triumph

147 Teddy Kollek Single Late
148 Thijs Boots Triumph

149 Tom Pouce Triumph

150 Tres Chic Lily-flowered
151 UP PINK Double Late
152 UPSTAR Double Late
153 Verandi Triumph

154 Victoria’s Secret Parrot

155 WHITE DREAM Triumph

156 WHITE DYNASTY Triumph

157 WHITE MARVEL Triumph

158 WHITE PRINCE Single Early
159 WORLD FIRE Darwin Hybrid
160 WORLD'S FAVORITE Darwin Hybrid
161 WOURLD'S EXPRESSION Single Late
162 YOKOHAMA Single Early
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A 23 Azt dA B

Callus
Total
cotvars Pegustors | 1900 mown o rumber ng  Cbs
-ing of rate (mg)
callus (%)

Dynasty 24-D BA 865 - - 145 18 -
24-D BA 282 - - 69 24 -
:p‘;'l‘iir; Picloram BA 60 - - 40 66 -
Dicamba BA 24 - - 24 100 -
BA 34 18 5 33 97 260
24-D kenetin 43 19 15 21 49 410
2ip 41 7 3 39 95 670
BA 53 3 3 50 94 640
E:r':j;‘ Picloram  kenetin 48 25 21 24 50 640
2ip 52 10 13 44 85 570
BA 39 8 6 26 67 380
Dicamba kenetin 30 8 8 19 63 780
2ip 43 14 14 21 49 800
24-D BA 189 - - 89 47 -
Hollandia Picroram BA 101 101 - 91 90 -
Dicamba BA 9 0 - 1 11 -
BA 90 14 17 23 26 274
24-D kenetin 90 24 29 8 9 154
2ip 90 12 7 40 44 76
BA 90 8 13 29 32 328
Ile de france Picloram kenetin 90 5 2 27 30 439
2ip 87 6 7 13 15 222
BA 102 14 20 24 23 315
Dicamba kenetin 88 15 11 15 17 477
2ip 82 22 36 4 5 193
24-D BA 45 - - 13 29 -

Louvre -
Picroram BA 8 - - 6 75 -
Picroram BA 93 - - 22 24 -

Mark Voort

2,4-D BA 97 - - 67 70 -
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4. AN FS T 2 AXE F& T4 =23 79

‘Golden Apeldoorn’¥ ‘Merry Christmas’ 32 W@ A2 2 500mg A =5 25ml < A
A& ¥ 250ml FebaAo A e ES AAISEATE MS 712 el 3% Aol g
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(3) BErE7] Wi¥s T WITAAL T4

CEE R TEE E AENET] g 4%

Number
Cultivar Hormone
Flask Bioreactor
Angelique NAA BA 2
2,4-D BA 6
Picloram BA 4
Daynasty
Dicamba BA 2
NAA BA 1
Golden apeldoorn 2,4-D BA 5 1
2,4-D BA 2 4
Hollnidia Picloram BA 4
NAA BA 1
2,4-D BA 2 5
Ile de France
Picloram BA 1
Picloram BA 1
Kees nelis
NAA BA 1
2,4-D BA 1 2
Merry christmas
NAA BA 1
Mark Voort Dicamba BA 1
Maverik 2,4-D BA 2
Negrita NAA BA 2
2,4-D BA 3
Strong gold
Dicamba BA 1
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* LSV: Lily symptomless virus(# 518 2 ulo] & 2)
CMV: Cucumber mosaic virus(Q.o] Zz}o] Zn}o] 2 )
TBV: Tulip breaking virus(E 8 H @ o] 7 v}o] & )
TRV: Tobacco rattle virus(gsj] & Eulo]z] )
ArMV: Arabis mosaic virus(o}e}n] == 2}o] FHjo] 2] )~ o Fejuto] 2 2~
LMoV: Lily mottle virus(# 518 A u}o] & 2)

Lsv cMmv TBV TRV ArMvV LMoV
(of 876bp) (2} 657bp) (2} 804bp) (9f 341bp) (2} 453bp) (2f 350bp)
#1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2

bp

1000
500
300

et id . T

olge] Aol M WA AlEAjFe ST At Aate]l EHO wpoly s WA ATE AL

hvA
-
shd ZA9S FA 5 Atk
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%49 EY 5 W xA AFe o] &% ISSR primer
: annealin
NO E;gleer Sequence (5'-3") trm;ggée)ltugre
1 UBC 803 ATATATATATATATATC 50
2 UBC 806 TATATATATATATATAG 50
3 UBC 803 AGAGAGAGAGAGAGAGC 50
4 UBC 811 GAGAGAGAGAGAGAGAC 50
5 UBC 815 CTCTCTCTCTCTCTCTG 50
6 UBC 816 CACACACACACACACAT 54
7 UBC 818 CACACACACACACACAG 50
3 UBC 820 GTGTGTGTGTGTGTGTC 50
9 UBC 824 TCTCTCTCTCTCTCTCG 50
10 UBC 825 ACACACACACACACACT 58
11 UBC 827 ACACACACACACACACG 58
12 UBC 828 TGTGTGTGTGTGTGTGA 58
13 UBC 829 TGTGTGTGTGTGTGTGC 58
14 UBC 830 TGTGTGTGTGTGTGTGG 58
15 UBC 833 ATATATATATATATATYG 50
16 UBC 835 AGAGAGAGAGAGAGAGYC 50
17 UBC 837 TATATATATATATATART 50
18 UBC 840 GAGAGAGAGAGAGAGAYT 50
19 UBC 845 CTCTCTCTCTCTCTCTRG 54
20 UBC 846 CACACACACACACACART 50
21 UBC 850 GTGTGTGTGTGTGTGTYC 50
22 UBC 853 TCTCTCTCTCTCTCTCRT 50
23 UBC &5 ACACACACACACACACYT 58
2 UBC 860 TGTGTGTGTGTGTGTGRA 50
% UBC 862 AGCAGCAGCAGCAGCAGC 58
% UBC 863 AGTAGTAGTAGTAGTAGT 50
27 UBC 864 ATGATGATGATGATGATG 50
28 UBC 866 CTCCTCCTCCTCCTCCTC 58
29 UBC 874 CCCTCCCTCCCTCCCT 58
30 UBC 875 CTAGCTAGCTAGCTAG 50
31 UBC 876 GATAGATAGACAGACA 50
32 UBC 832 VBVATATATATATATAT 50
33 UBC 834 HBHAGAGAGAGAGAGAG 50
34 UBC 89 AGGTCGCGGCCGCNNNNNNATG 58
35 UBC 893 GATCAAGCTTNNNNNNATGTGG 50
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& 9 10 11 12 13 14 1516 17 18 19 2021 22 23 24

26 27 28 2930 31 32 3334 35 3637 38 39 40 41 4243 44 45 46 47 48

4 5 6 7 & 910 11 12 1314151617 1819 2021 22

M 25 26 27 28 29 30 31 32 3 36 37

13 22 UBC 811 ISSR primerE o] &3t =39 A3
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A2AF: EY ZLETE o] &% EF /ST AL JlesAL

7L €9 F2HIUE A BEA R AARHA AL, H4AA, 4AA 7)) 7B

1z 9= 49)

) EJHIE 2 FEP)] B o]y 24 L FAT2 4%

(1) Bl & o] 3tstA

FE el Bl pH7F 6135 %

OJO]% A%

| A

Table 1. Physical properties of the soil used in this experiment.

Bulk density
(g/cmrgs)

Soil water

Porosity
retension (%)

Gaseous
(%)

Liquid
phase (%)

Solid
phase (%)

Soil
ol phase (%)

texture

Clay loam 577 20.9 214 1.5 42.3 13.6

Sand loam 4.7 13.3 32.0 1.5 45.3 9.1

Table 2. Chemical properties of the soil used in this experiment.

Exchange
cation(cmol /kg)

K Ca Mg
0.34 3.55 1.41

P202 CEC
(Cmol+/kg)

NOs
(mg/kg)

(mg/kg)

O.M.
(g/kg)

EC
(dS/m)

pH
(1:5)

Soil
texture

4.69

0.95 96.1 46.95 601.7

Clay loam

5.88

Sand loam

6.13 0.40 50.0 34.73

710.8 0.28 1.38

0.82

3.01
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Table 3. Effect of soli texture on shoot growth in tulip 'Kees Nelis'.

Soil Planting Plant No. of Leat Leaf Flower Flower Flowering
texture depth height leaves width length length diameter percentage
(cm) (cm) (cm) (cm) (cm) (cm) (%)
0 26.4a 3.4a 6.7a 13.8a 6.4a 7.8a 95.5a
Clay 2 25.1a 3.2a 6.7a 14.2a 6.0a 7.3a 96.3a
loam 4 27.8a 3.3a 6.3a 13.5a 6.2a 7.4a 93.8a
3 23.8ab 3.2a 6.8a 14.2a b.7a 6.8a 94.7a
0 22.5b 3.2a 5.4b 7.3c 5.7ab 6.4ab 74.7b
Sand 2 23.4ab 3.0a 5.2b 11.8a 5.6ab 6.2ab 81.5ab
loam 4 25.7a 3.3a 5.6b 10.4ab 5.4b 6.7a 68.3¢c
8 22.6b 3.0a 5.2b 9.8b 5.8a 6.5ab 60.1c

£ 9 ‘Te de France' #%9 1*&% o A A3 3 JRstE S AFEE G ]
I EESFANA Faetdh 12, GFolh 52 wHEg H|a] ALAEYFA Ko F
UTH WEFA A= A A]zlo]ol 4741 o] A AFele= FAA Aol7b yERA] &Sk
o 2y AR EYIA = 4-8cm zol®E A A 24, 4%, 3FF JishEolA &b o
ATHE 4).

ol

Table 4. Effect of soli texture on shoot growth in tulip 'Ile de France'.

Soil Planting Plant No. of Leaf Leaf Flower Flower Flowering
texture depth height leaves width length length diameter percentage
(cm) (cm) (cm) (cm) (cm) (cm) (%)
0 20.6ab 3.0a 5.0bc 13.0b h.3a b.1c 65.0a
Clay 2 22.1a 3.0a 4.9bhc 12.1b h.2a 5.2¢ 65.8a
loam 4 19.9b 3.0a 4.2¢ 12.3b 5.3a 5.6¢ 65.0a
8 20.6ab 3.0a 4.6¢ 11.7¢ h.3a 5.bc 63.4ab
0 17.3c 3.0a 6.6b 11.9¢ 4.8a 6.9b 36.6¢
Sand 2 19.3b 3.1a 6.4b 12.2b 4.8a 7.5ab 42.4b
loam 4 21.3a 3.1a 7.9a 14.2ab 5.2a 8.0a 46.5b
8 22.9a 2.9a 7.4a 15.2a 5.0a 7.0b 66.3a

Rundy’ F29 A4H A% 24 A3 G5 AQEG v BEGN FE

e, 2%, 93 WES s ALEFNA Rl Egth WEFNAE A
dolol] wAgle] AR Aol FAM Aol7k b ergtrh Tk AL E ol
= dem ZolE AN 3, BHE, AsE oM LahH ol UTHE 5).

P o
N ¥2 ot
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Table 5. Effect of soli texture on shoot growth in tulip 'Rundy’.

Soil Planting Plant No. of Leaf Leaf Flower Flower Flowering
texture depth height leaves width length length diameter  percentage
(cm) (cm) (cm) (cm) (cm) (cm) (%)
0 13.8¢c 3.1ab 5.7b 9.1ab 6.2a 5.6b 16.9a
Clay 2 13.3c 3.0ab 6.5ab 9.1ab 57a 6.1ab 13.6a
loam 4 15.0b 3.4a 5.6b 9.9a 5.9a 6.1ab 13.6a
3 14.4b 3.1ab 6.6ab 9.1ab 5.8a 5.9ab 12.8a
0 13.2¢c 2.4b 5.9b 8.4b 46 b 49c 6.6b
Sand 2 17.3ab 2.7ab 7.5a 10.3a 5.1ab 5.5b 9.1ab
loam 4 18.3a 2.9ab 6.5ab 9.6a 5.5a 6.5a 14.4a
8 19.2a 2.7ab 6.1ab 10.0a 5.3ab 6.0ab 13.6a

EH ‘Kees Nelis’ &9 T AHS 2AS 2y, dvtd oz wEGHT A}
HBEYGA A 2o Kol 53t AAEES = 8cm ZolZ AAgh A oA F=d,
TFA, DA FEFA oA g2 Al vls] a3Hol AT 6

Aol 6, 19 1)
59 ‘Tle de France’ #¥39 7 ASHS XA A3 vtz ow wEgHT
APAE o A ko] Aol 48tk AMFESE 8cm Zol®E A AE A oA =

a2
o,
32
B
=] |
=~
I
uit)
&

i, A, AA A SelA thE Al vls) a3t

Table 6. Effect of soli texture on bulb growth in tulip 'Kees Nelis'.

Soil P?gti}?g di?rlrile:]?;er hlzilglgt circllgllirlll%er— v&lrgegit E?ﬁ%l vl?flel?glfli No. of
texture (cm) (mm) (mm) ence (cm) (g) W?lg%ht (g) bulblets
0 23.6b 31.7a 7.2b 8.0bc 9.6b 1.6ab 0.9b
Clay 2 24.8a 34.6a 7.4b 8.5b 10.1ab 1.6ab 0.8b
loam 4 25.0a 35.2a 7.2b 7.9bc 9.6b 1.7ab 0.9b
8 25.0a 35.3a 7.4b 8.1bc 9.0bc 0.9b 0.5¢c
0 21.7b 29.5b 6.7c 5.9¢ 8.1c 2.2a 2.0a
Sand 2 24.1ab 33.0a 7.8ab 8.0bc 10.4ab 2.4a 2.0b
loam 4 25.2a 33.0a 8.7a 8.7b 10.9a 2.2a 1.5ab
8 26.0a 34.6a 8.3a 9.9a 10.9a 1.0b 0.7bc

Ocm 2cm 4cm 8cm Ocm 2cm 4cm 8cm
(A) Clay loam (B) Sandy loam
Fig. 1. Bulb growth by soil texture in tulip 'Kees Nelis’.
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Table 7. Effect of soli texture on bulb growth in tulip 'Ile de France’.

_ Planti B B Bulb B Total Bi
Sobe Gl dameler heg M wagh (R wagh Moo
cm) (mm) (mm) (cm) (g) (2) (g)
0 21.7b 30.7a 6.6b 5.7c 10.7bc 5.0b 3.1a
Clay 2 22.4b 31.4a 6.8ab 6.1bc 10.7bc 4.6bc 2.7a
loam 4 22.6b 32.0a 6.9ab 6.2bc 10.4c 4.1c 2.5a
8 22.0b 31.8a 6.5b 5.8¢c 10.2c 44c 2.6a
0 22.4b 33.8a 6.8ab 5.9b 11.2bc 5.3ab 2.8a
Sand 2 22.2b 32.3a 7.0ab 6.5bc 12.0bc 5.6ab 3.2a
loam 4 24.6ab 35.5a 7.5a 7.7b 13.5b 5.8ab 2.8a
8 26.4a 34.9a 7.8a 9.5a 16.1a 6.6a 3.2a

Ocm 2cm 4cm 8cm Ocm 2cm 4cm 8cm
(A) Clay loam (B) Sandy loam
Fig. 2. Bulb growth by soil texture in tulip 'Ile de France’.

S Tundy' O 4GS 2D D A0 wEds) ARG Qo 7
2ol A%l Aolzk vhehbA egiTh MEFNAE dem Yol HARL W Y TS
o A AAEFNE Oom AolE AAS AN P Aol 7Y By
2-8em Zolm AAF ATl T2e, TR, WA T2EA Sl Azl 1 Aol
ogeh et P gEgel wEge] A 1L1-169%R, ALEFAE

E

9.1-189% % WEY JAE A A S FFetede AV 2 A= AdEATHE
8, 19 3).
Table 8. Effect of soli texture on bulb growth in tulip 'Rundy’.
: Bulb Total . .
- Planting Bulb Bulb . Bulb Bilblet Survival
Soil . : circum- : bulb : No. of
depth diameter height weight - weight rate
texture (cn) (mm) (mm) fe(zemnge (@) W?lgg)ht (o) bulblets (%)
0 25.5b 27.7ab 7.6b 7.4b 8.6bc 1.2b 1.0b 14.0a
Clay 2 25.1b 34.8a 7.4b 7.2b 8.2c 1.1b 0.8b 16.9a
loam 4 26.6a 30.3a 10.9a 9.4a 12.1a 2.7a 1.3ab 15.4a
8 26.4a 21.4b 8.0ab 8.4ab 8.9b 0.5¢ 0.4b 11.1a
0 24.2b 26.7b 7.4b 7.9b 9.5ab 1.6ab 1.8a 9.1b
Sand 2 26.8a 29.1a 8.3ab 9.2a 10.1ab 0.9b 0.7b 13.6ab
loam 4 26.1a 28.8a 8.0ab 8.3ab 9.6ab 1.4ab 1.1ab 18.8a
8 27.1a 30.5a 8.1ab 9.2a 11.6a 2.4a 1.3ab 18.9a
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Ocm 2cm 4cm 8cm Ocm 2cm 4cm 8cm

(A) Clay loam (B) Sandy loam
Fig. 3. Bulb growth by soil texture in tulip 'Rundy’.

2) B9 FFY ATFZVE AAZold ©E 72 2 AYFE AS

B9 'Kees Nelis’ #F9 A+ 5, 6, 7ecm 27|91 A& 0, 2, 4, 8cm ZAo|Z A Ast & 2|4
T AHE AR A= # 90 vERY ATh Seme AE A AES wole 2-8cm A
Azlo] Ae o= Z]’b}l'?‘ Ao ztol&= glATh 6ecm ATE AATS W= Ocm o]
= AAS AgelA =%, 33, 3, 3% stEolA BEFe Aew yEhwtal, 2-8cm A
AzLe]l A2 Zroll = X]’Z}l"% A 5o 74‘3]% fATh 7em AE AAYE “H"ﬂt Ocm Z o]
2 AAgk A 24, 94, sFolA EFS Ao Z YEY A, 2-4dem A Az o] A 1t
o= A Asol FastAthE 9).

Table 9. Effect of bulb size and planting depth on shoot growth in tulip 'Kees Nelis’.

Bulblet Planting Plant No. of Leaf Leaf Flower Flower  Flowering
] depth height leaves width length length diameter percentage
size (cm) (cm) (cm) (cm) (cm) (cm) (%)
0 12.7a 2.1c 4.8a 9.1a 4.8a 5.4b 9.5b
Sem 2 12.5a 2.3ab 3.7a 7.6ab 4.1ab 6.0a 9.5b
4 10.3b 2.8a 3.8a 7.8ab 4.7a 5.6ab 8.2b
8 13.4a 2.5bab 4.2a 9.2a 4.4ab 5.4b 14.8a
0 15.4b 3.0a 4.7a 9.6b 5.1b 6.8b 24.7b
6em 2 19.4a 3.1a 5.3a 10.9a 5.8a 7.2ab 58.8a
4 17.5ab 3.0a 5.3a 11.0a 5.7a 7.6a 57.6a
8 19.1a 3.0a 5.3a 13.5a 5.7a 6.8b 66.7a
0 22.5b 3.2ab 5.4a 7.3c 5.7a 6.4a 74.7b
Tem 2 23.4ab 3.0ab b.2a 11.8a 5.6a 6.2a 81.5a
4 25.7a 3.3a 5.6a 10.4ab 5.4ab 6.7a 68.3¢
8 22.6b 3.0b 5.2a 9.8b 5.8a 6.5a 60.1d

59 'lle de France’ ¥F9 A7 5, 6, 7cm 27|91 AL 0, 2, 4, 8cm Zo|= 2

A F AR AKS 2 Ade £ 100 tehd ek 5eme) A7E AL ol
£ 0-2em ol AAG AN AgF Ago] BAHAL, 4-8em Aol HeolA A
WAoo A4y Ago Fadr bem AT AANL WolE 4-8em Dol AT A
delA x4, 94, 349, 8%, ASE SolA F& A% FHUS el FUL Tom 2719
AFE AADE Aol 0 2m Zolz AAT AdNA 2, D% 5ol Ahol BN
i, 4-8em ZolE AAF Aol AuA O A4 ko] FEaATHE 10)
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Table 10. Effect of bulb size and planting depth on shoot growth in tulip 'Ile de France’.

Flowerin
Bulblet Planting Plant No. of Leaf Leaf Flower Flower g
] depth height leaves width length length diameter  percenta
size (cm) (cm) (cm) (cm) (cm) (cm) ge
(%)
0 13.7bc 1.9a 4.5b 8.5¢ 3.7a 4.8a 10.7b
Sem 2 11.6¢ 1.8a 4.3b 8.8bc 3.7a 49a 7.4b
4 17.2ab 2.1a 5.4a 11.4a 4.3a 5.2a 24.3a
8 19.9a 2.1a 5.7a 11.0ab 4.1a 5.0a 26.3a
0 14.6a 3.0a 4.6a 10.1ab 4.6a 5.1a 17.3b
6em 2 12.4a 3.0a 3.5a 9.0b 4.3a 5.3a 16.9b
4 14.6a 3.0a 4.2a 9.9ab 4.2a 4.7a 25.5ab
8 18.6a 2.9a 4.8a 12.3a 4.6a 5.4a 45.7a
0 17.3¢c 3.0a 6.6ab 11.9b 4.8a 6.9b 36.6b
Tem 2 19.3bc 3.1a 6.4b 12.2b 4.8a 7.5ab 42.4ab
4 21.3ab 3.1a 79a 14.2ab 5.2a 8.0a 46.5ab
8 22.9a 2.9a 7.4a 15.2a 5.0a 7.5ab 66.3a

E% 'Rundy’ #&¢ A+ 5, 6, 7cm A7]1Q1 A& 0, 2, 4, 8cm ZHolZ A As & 2|5
o] AKS ZAbe A= i 119 YERY Aok 5eme] ATE AARS wele WA o=
FZo vls) ARG BFo] AA AAEHASH, JHstEE 2% o|WE AA ESkrh 6cm
= AAds o= ZFo] 93cm o= vl ko, JstE& HA] 3% ojHE w-F

o

Stk 7em 2719 ATE AARE Welt 0em Aolm AAF AN 2%, 9E,

=]
ook, ok Jiske SO A&l =EEhalal, 2-8em |2 A AT Aol = A

Table 11. Effect of bulb size and planting depth on shoot growth in tulip 'Rundy’.

Bulblet Planting Plant No. of Leaf Leaf Flower Flower  Flowering
] depth height leaves width length length diameter percentage
size (cm) (cm) (cm) (cm) (cm) (cm) (%)
0 4.6b 1.3b 4.0a 6.6a 3.5a 4.5a 2.1a
Sem 2 4.4b 1.0b 4.2a 5.ba O0b O0b Oa
4 4.6b 1.3ab 4.3a 7.0a Ob Ob Oa
8 5.7a 1.2a 4.3a 7.6a 3.2a 4.4a 0.6a
0 6.9a 1.7a 4.7a 7.1a 2.4b 4.2b 0.6a
6em 2 8.1a 1.6a 4.8a 6.8b 3.6a 5.1la 1.9a
4 6.0b 1.6a 4.7a 7.5a 3.4a 5.9a 0.4a
3 9.3a 1.6a 4.9a 7.9a 4.2a 5.3a 3.1a
0 13.2b 2.4a 5.9b 8.4b 4.6b 4.9b 6.6b
Tem 2 17.3a 2.7a 7.5a 10.3a 5.1ab 5.5ab 9.1ab
4 18.3a 2.9a 6.5ab 9.6a 5.5a 6.5a 14.4a
8 19.2a 2.7a 6.1ab 10.0a 5.3ab 6.0ab 13.6ab

59 'Kees Nelis’” &52 A+ 5, 6, 7cm 27]¢1 A= 0, 2, 4, 8&cm Zol& 2 A3 & 195
H 49712 8] FEFAe] WstE 2AbgE A 19 4o YERY dTh B3 HFAH O R 62
of e AFS ZAMS A= E 120 WERY ok 5 6, Teme] A Ao AdEglol
8cm o= AAYPE W & AgrRv 744, ., F=d, A, T 7S5 5 AA

Al Aol FoeATHE 12, 1% 5).
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Fig. 4. Changes in bulb weight by month according to bulblet size and planting depth
in tulip 'Kees Nelis’'.

Table 12. Effect of bulb size and planting depth on bulb growth in tulip 'Kees Nelis’.

Plantin Bulb Bulb Bulb Bulb Total — pypjat
I::)luzlé) depthg diameter height ‘}gf;]r?e_ weight v&l%lg?lt weight blfl?lﬁlgtfs
(cm) (mm) (mm) (cm) (g) (@) (g)
0 16.0b 23.8b 4.9b 2.7 4.5ab 1.8a 2.1a
Sem 2 15.5b 23.2b 4.9b 2.6b 3.8b 1.3a 1.6a
4 17.6ab 27.2ab 5.4ab 3.6ab 5.7ab 2.1a 1.9a
8 20.2a 29.1a 6.1a 4.8a 7.0a 2.1a 1.5a
0 19.6¢ 26.8¢c 6.2b 4.7c 5.5b 0.7a 1.3a
6em 2 22.6b 30.7b 7.4a 6.9b 8.1a 1.1a 1.6a
4 22.8b 30.7b 7.1ab 7.1b 8.3a 1.1a 0.9a
8 25.0a 35.1a 7.8a 8.9a 9.5a 0.5a 0.8a
0 21.7b 29.5b 6.7b 5.9¢c 8.1a 2.2a 2.0a
Tem 2 24.1ab 33.0a 7.8ab 8.0b 10.4ab 2.4a 2.0b
4 25.2a 33.0a 8.7ab 8.7ab 10.9a 2.2a 1.5ab
8 26.0a 34.6a 8.3a 9.9a 10.9a 1.0a 0.7b
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8cm

(A) Bulb size 5cm (B) Bulb size 6cm (C) Bulb size 7cm
Fig. 5. Bulb growth by bulblet size and planting depth in tulip 'Kees Nelis’.

59 'lle de France’ &2 A4 5, 6, 7cm 271l AL 0, 2, 4, 8&cm Z o] = 2 A3k
1958 497129 F25A19 WstE A 23 19 60 yERY Ak =3 HFH
2 690 7Y ASS AR AyE ® 139 UEY Jduk 5emé A7) A
4-8cm Zol®E AAYPE W 0-2cm ZHol= AAE Aol H] -2 AFo] FEeqth 6em
o A= 719] AL Ocm Zol& AAYE o 7HE 2 AFo] EFsEaL, 2-8cm Akl 9]
AA Zol Ao FEAAS FAAS Abel7b e Teme] A7) AL 4-8cm
Zol2 AAgk Ael7F 0-2cm Zol= AAE Aol vsf) 2 5ol FEstATHTH 7).

fo Jo o
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(A) Bulb size 7cm
Fig. 6. Changes in bulb weight by month according to bulblet size and planting depth

in tulip 'Ile de France'.
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Table 13. Effect of bulb size and planting depth on bulb growth in tulip 'Ile de France’.
Plantin Bulb Bulb Bulb Bulb Total gt
EFZIE Cgepthg diameter  height Cfgrcgr{gg weight wbelilé%t weight blfli)lﬁlgtfs
cm) (mm) (mm) (cm) (g) (2) (g)
0 15.7b 26.1b 4.8b 2.2b 4.4b 2.1b 2.5a
Sem 2 15.6b 25.0b 4.9ab 2.6b 4.7b 2.1b 2.0a
4 17.5ab 27.8ab 5.3ab 3.5ab 5.8ab 2.6ab 2.3a
8 20.6a 30.6a 6.2a 4.8a 8.1la 3.3a 2.0a
0 15.6b 26.0a 4.9b 2.9b 4.6b 1.8b 2.2a
6em 2 19.6a 30.1a 6.0a 4.7a 7.8a 3.1a 2.3a
4 19.9a 29.3a 6.1a 4.6a 7.7a 3.1a 2.1a
8 21.3a 30.4a 6.4a 5.4a 8.7a 3.2a 2.2a
0 22.4b 33.8a 6.8b 5.9b 11.2b 5.3b 2.8a
Tem 2 22.2b 32.3ab 7.0b 6.5b 12.0b 5.6ab 3.2a
4 24.6ab 35.5a 7.5ab 7.7ab 13.5ab 5.8ab 2.8a
8 26.4a 34.9a 7.8a 9.5a 16.1a 6.6a 3.2a

(A) Bulb size 5cm (B) Bulb size 6cm (C) Bulb size 7cm
Fig. 7. Bulb growth by bulblet size and planting depth in tulip 'Ile de France'.

59 'Rundy’ =F9 A 5, 6, 7cm 27191 AL 0, 2, 4, 8cm Zo]& 2 A3k
1956 497129 FFA 9 WstE Ak A¥= 17 8o YEhY k. Eek HF A
2 69 T AES AR ZAxeE ¥ 139 vEbd 9k 59 6cmel Aol A
Ocm Zol& AAPS o 7P 2 AFo] EFsEAaL, 2-8cm ZolZ A AES wo+=
o+ ASO A Fol= floy 8cm ol A FF FEd AEgdS R FIAY Teme
b7 9] AL 2-8cm #HolE AAE A 7F Ocm o2 A A Ao wls] - AFo]
FEIATHE 14). 28y Y AEE] bem AFTAAE 7.4-9.9%, 6cm Ao A =
8.2-11.1%, 7cm Aol Al& 9.1-189% =2 YERY HREH o= Q% A Fo A Rundy’ #F%
S FTsteE e TAV 2 Ae® FEHJTH(H 9).

4 o Jo
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(C) Bulb size 7cm
Fig. 8. Changes in bulb weight by month according to bulblet size and planting depth

in tulip 'Rundy’.
Table 14. Effect of bulb size and planting depth on bulb growth in tulip 'Rundy’.

Bulb Total

Plantin Bulb Bulb . Bulb Bilblet
E)leet:) depthg diameter height Cflerf élnncg weight v&lé%t weight blfli)l'ylgtf S
(cm) (mm) (mm) (cm) (g) () (g)
0 12.3b 17.3b 3.9b 1.2b 1.3b 0.1a 0.1a
Sem 2 15.0ab 20.3a 4.9ab 2.1ab 2.1ab 0.0a 0.1a
4 15.0ab 20.9a 4.9ab 2.3ab 2.3ab 0.1a 0.1a
8 16.5a 22.1a 5.la 2.8a 3.0a 0.2a 0.1a
0 17.6a 21.2b 5.5a 3.0a 3.3b 0.3a 0.5a
6em 2 18.9a 22.0ab 5.8a 4.0a 4.3a 0.3a 0.2a
4 18.9a 25.4a 6.0a 4.1a 4.6a 0.6a 0.6a
8 18.3a 21.2b 5.7a 3.8a 4.1a 0.3a 0.3a
0 24.2b 26.7b 7.4b 7.9b 9.5ab 1.6ab 1.8a
Tem 2 26.8a 29.1a 8.3a 9.2a 10.1a 0.9b 0.7b
4 26.1a 28.8a 8.0a 8.3a 9.6ab 1.4ab 1.1ab
8 27.1a 30.5a 8.1la 9.2a 11.6a 2.4a 1.3ab
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(A) Bulb size bcm (B) Bulb size 6cm (C) Bulb size 7cm
Fig. 9. Bulb growth by bulblet size and planting depth in tulip 'Rundy’.

w

¥ EFY AT AANE hE T2 R AR B

'Kees Nelis’ &5 A 5, 6, 7cm 27|81 RS 4x4, 6x6, 8x8, 10x10cm +4 o2
T AR AES 24 A £ 159 YERY vk 5emel ATE A RS o
= 10x10cm A FrollA Z274go] 7Hd &dort MstES 432%E =%tk WA 4x4em
o g AAfgk A gl A < 26.lcm= 71 Ao JshEo] 204%E TP v
o2 Yebgth 6cme ATE AAYES widdl= 10x10cmet 8x8cm A oA =F-2 #
W ishES 54.9-572% % E=A] WERTE whdHO] dxdem (A o ® A AgE A 2] TRo) A
=42 26. Ocmi 7V Aoy JlskEo] 308%% 7MY w2 Aoz yEhgth 7emé
A5 AAEE wells AvtAor AAIHA A wE AGE AFds E Aolrh gl
o, 7H§]"§‘C‘ 10x10cm A 2] ol Al 70.0%= 7+ =3koh

Table 15. Effect of bulb size and planting distance on shoot growth in tulip 'Kees Nelis’.

(o ol g

o -
= =3

lo omrrggnqmv

frox0 w2 1>

Bulblet Planting Plant No. of Leat Leaf Flower Flower  Flowering
] distance height leaves width length length diameter percentage
size (cm) (cm) (cm) (cm) (cm) (cm) (%)
4x4 26.1a 3.1a 4.7a 10.4a 4.6a 6.5b 20.4b
Sem 6x6 24.9ab 3.0a 4.5a 10.7a 4.5a 6.2b 29.0ab
8x8 25.1ab 3.1a 49a 10.5a 4.8a 6.4b 46.1a
10x10 23.1bc 3.1a 4.8a 10.1a 4.5a 6.8a 43.2a
4x4 26.0a 3.0a 49a 9.3a 5.0a 6.8a 30.8b
6em 6x6 23.7ab 3.0a 49a 9.4a 4.6a 6.7a 37.5ab
8x8 20.5b 3.1a 4.6a 9.4a 5.0a 6.7a 54.9a
10x10 23.7ab 3.3a 5.2a 10.1a 5.0a 7.4a 57.2a
4x4 26.1a 2.9a 6.2a 12.7a 6.5a 79a 11.2¢
Tem 6x6 24.9a 3.0a 6.1a 10.9a 6.1a T.7a 22.1bc
8x8 23.2a 3.1a 5.9a 10.9a 6.1a 7.6a 34.0b
10x10 25.0a 3.1a 5.7a 11.9a 6.3a 7.9a 70.0a
59 'lle de France’ £%52 A+ 5, 6, 7cm 27121 A 4x4, 6x6, 8x8, 10x10cm 3+ ©.
2 A4S 5 AR AKS 2AS Ak E 160] et Aok Semel AE AL

ol = 10x10cm A2 F-olA 7ol 7Fd @koy 7is&S 251% % A vErsT st
&2 8x8cm A FolA 40.0%%E 7Hd =dth wbdHo| 4Axdem A S E A AG Aol A
242 275em= 71 Ak 6cme] ATE AA Y-S wol= 10x10cm A 2] ol Al 7o
7HE @sker, Mate 309%= SHA et vl 8x8em FA SR A A|gE A 2]l
ANe 23E Aoy Metex 632%= 71 =& A2 YEwWTh Temd] A5 2 A
< o= Hubd oz ARA Aol wE A4E s ¥ Aozt oy MEEe
10x10cm<} 8x8cm #] 2] ol A 78.6-85.9% % =T}
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Table 16. Effect of bulb size and planting distance on shoot growth in tulip 'Ile de France’.

Bulblet  Planting Plant No. of Leaf Leaf Flower Flower Flowering
] distance height leaves width length length diameter percentage
size (cm) (cm) (cm) (cm) (cm) (cm) (%)
4x4 27.5a 3.0a 4.5a 11.5a 4.3a 5.2a 28.3b
Sem 6x6 22.6b 3.0a 5.5a 11.4a 4.4a 5.7a 24.1b
38x8 21.0b 3.0a 4.3a 10.8a 4.6a 5.9a 40.0a
10x10 19.5b 3.0a 4.4a 12.4a 4.1a 5.8a 35.1b
4x4 29.5a 3.0a 6.4a 12.7a 4.7ab h.7a 36.0b
6em 6x6 30.9a 3.0a 7.2a 12.4a 5.5a 6.7a 43.9ab
3x8 28.6a 3.0a 6.3a 11.9a 5.0ab 6.3a 63.2a
10x10 21.6b 3.0a 5.3a 11.7a 4.4b 5.9a 50.9b
4x4 33.9a 3.0a 10.4a 13.9a 5.4a 6.4a 46.6b
Zem 6x6 31.9a 3.0a 7.1a 13.7a 5.8a 7.0a 48.6b
8x8 32.3a 3.0a 7.4a 13.0a 5.8a 6.9a 85.9a
10x10 28.3a 3.0a 7.2a 14.0a 5.5a 7.5a 78.6ab

EY 'Petra’ &2 AT 5, 6, 7cm 27|91 A& 4x4, 6x6, 8x8, 10x10cm FFA S =2 2 A
g & AR ASE A A= R 179 YERY Qlth 5emé] ATE A AES wo =
10x10cm A 2ol A Z=74e] 7bd #skou 33, 9%, 34, 33 71 =4 JEETh
Wi o] 4x4em FFA o= A A s Aol 2FE 258cmzE 7HE ZAd 6cme] ATE 2
QS ol = 10x10cm A2 Tl A z4o] 199cm= 71 #dow, /Mea® 136%=2 v
Al UErskth whHe 4xdem (PRS2 A A Aol = o] 375cmE 7Y Ao
MNet&2 143%= & Ao 2 Vet 7eme] A5 A APE wol= 10x10cm A 2] -0
A xFol b Aoy i, 94, 9%, s, shEo] b A vEbs T Wb o] 6x6em
9} 4x4em FHA o2 A At Aol AL 283-304cm=E Ao, d3p o] AH o)
A Z 8} At

Table 17. Effect of bulb size and planting distance on shoot growth in tulip 'Petra’.

Bulblet Planting Plant No. of Leaf Leaf Flower Flower Flowering
] distance height leaves width length length diameter percentage
size (cm) (cm) (cm) (cm) (cm) (cm) (%)
4x4 25.8a 3.0a 3.7b 10.2b 4.0a 5.4b 2.9a
Sem 6x6 19.6b 3.0a 3.9b 9.8b 3.5b 5.3b 2.2ab
3x8 18.4b 3.0a 4.1b 10.4b 4.1a 5.7b 2.8a
10x10 18.1b 3.0a 5.4a 16.9a 4.2a 6.7a 0.8b
4x4 27.5a 3.0a 5.4a 11.1a 5.2a 5.9b 14.3b
6em 6x6 25.3a 3.0a 5.2a 12.0a 5.1a 6.5a 14.5b
8x8 24.7a 3.0a 5.2a 12.6a 5.5a 6.4a 21.3a
10x10 19.9b 3.0a 4.8a 11.3a 4.8a 6.0b 13.6b
4x4 28.3a 3.0b 5.7b 11.3a 5.0a 6.5ab 32.1a
Zem 6x6 30.4a 3.0b 5.4b 12.0a 49a 6.0b 32.4a
38x8 27.4ab 3.0b 6.1a 11.2a 5.la 6.9a 36.3a
10x10 24.1b 4.8a 6.0a 11.1a 49a 7.1a 35.8a
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Fig.

in tulip 'Kees Nelis’.

10. Changes in bulb weight by month according to bulblet size and planting distance
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Table 18. Effect of bulb size and planting distance on bulb growth in tulip 'Kees Nelis’.

Planting  Bulb Bub  Bub gy ol om0

Bulb size depth diameter  height cflrcum weight u ht weight b ?Bl Ot
(cm) (mm)  mm) CSC @ V(E (g) e

g

4x4 16.8¢c 30.3a 5.2¢c 3.3c 3.5b 0.2a 0.3c

Sem 6x6 19.5b 28.4a 6.0b 4.6¢ 5.0b 0.4a 0.7b

8x8 19.9b 29.7a 6.2b 49c 5.2¢c 0.3a 0.6b

10x10 22.4a 30.3a 7.1a 6.9a 7.3a 0.4a 0.8b

4x4 18.1c 26.6¢ 5.8b 3.9¢ 4.3b 0.4a 0.7b

6em 6x6 20.1b 27.6¢ 6.3b 49c 5.1b 0.3a 0.6¢

8x8 20.3b 30.1b 6.3b 5.1b 5.3b 0.2a 0.4c

10x10 23.3a 32.7a 7.4a 7.4a 8.0a 0.7a 0.7b

4x4 20.5b 30.7b 6.1b 4.8¢c 6.6bc 1.8ab 0.9b

Tem 6x6 23.4ab 35.3a 7.2a 7.4b 6.9b 1.5ab 1.3ab

8x8 21.8ab 33.6a 6.5ab 7.4b 6.3c 1.4ab 0.9b

10x10 25.4a 34.3a 7.6a 8.8a 10.9a 2.2a 1.9a

(A) Bulb size 5cm (B) Bulb size 6cm (C) Bulb size 7cm
Fig. 11. Bulb growth by bulblet size and planting distance in tulip 'Kees Nelis’.

59 'lle de France’ ¥%2 A+ 5, 6, 7ecm 27|91 AS 4x4, 6x6, 8x8, 10x10cm
Aoz AAg T 1YRY 497149 FEFAS ¥WstE 2ARSE A= 1§ 120 e
oo HEFH R 690 729 AS5E A A= £ 199 YEY Aok Seme] A
£ AAgE wel= & Aol B8] 10x10ecm A&l A A4, &8, +5A, T T
FA SolA &Aoo, ARk oz 4xdem Aol A Ao EHsIATE 6cmel A

S wo &= 6x6cm, 8x8cm. 10x10cm ] FFll= 29 AS JofA FA A
ol UL, dxdem ATl AFo] tha BT 7Temd] ATE AAR S Wl
6x6cm, 8x8cm. 10x10cm A=l rell= F29] A5 oAl SAA Aol i,
10x10cm FA o= AAA| FFAL F FIFAAA A o AdE B FATHLH
13).
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Fig.

(C) Bulb size 7cm
12. Changes in bulb weight by month according to bulblet size and planting distance

in tulip 'Ile de France'.

Table 19. Effect of bulb size and planting distance on bulb growth in tulip 'Ile de France'.
Planting Bulb Bub  Bulb gy, Total g

Bulb size depth diameter  height clreum weight bulb weight No. of

ference weight bulblets
(cm) (mm) (mm) (em) (g) (©) (g)

4x4 16.8b 29.5a 5.2b 3.0b 5.4b 2.4a 2.9a

Sem 6x6 17.4b 29.6a 5.4b 3.3b 5.6b 2.4a 2.4ab
8x8 16.6b 29.2a 5.3b 3.1b 5.8b 2.7a 2.8ab

10x10 20.4a 30.3a 6.2a 6.8a 8.1la 1.2a 2.3b

4x4 18.8a 32.1a 5.9b 4.1a 7.6b 3.4a 2.7a

6em 6x6 20.6a 32.0a 6.4a 5.2a 9.5a 4.3a 2.9a

8x8 20.6a 32.4a 6.3a 5.2a 9.2a 4.1a 2.9a

10x10 20.7a 31.2a 6.3a 49a 8.5ab 3.7a 2.8a

4x4 22.0a 32.8a 6.5b 5.7b 9.9b 4.3b 3.0a

Jem 6x6 24.0a 33.7a 7.2a 6.9ab 12.1ab 5.2a 3.1a

8x8 23.3a 34.5a 7.0a 6.4ab 11.4ab 5.0ab 3.0a

10x10 23.8a 33.2a 7.2a 7.2a 13.0a 5.8a 3.0a
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(A) Bulb size bcm (B) Bulb size 6cm (C) Bulb size 7cm
Fig. 13. Bulb growth by bulblet size and planting distance in tulip 'Ile de France’'.
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A oA tha FEASo] *sd Ao Vet AAAd A Petra’ EEFS Kees
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A A4 s Foejor & Aow ATFHAT 6emd ATE AAIAS W= HARbH o
2 F2 AF F Aol e, 8x8cm=z A Ak Ao A FEH, A, F L5
SOl oE AHgd vE] Aol Fzetdth 7Teme AFE AAYE woll= 4xdemst
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(C) Bulb size 6cm
Fig. 14. Changes in bulb weight by month ggcording to bulblet size and planting distance

in tulip 'Petra’.
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Table 20. Effect of bulb size and planting distance on bulb growth in tulip 'Petra’.
- Bulb Total .
Bulb size P%iaenptéﬁg dimtter h%iuglgt circumfe wBelilgflt bulb v]?le”iéﬁtt o of
(cm) (mm) (mm) r((zrrlg;e (g) W((elg) t (g) uiblets
g
4x4 17.6ab 32.1a 5.4ab 3.5a 7.7a 4.1a 2.9a
Sem 6x6 18.6a 34.5a 5.8a 3.9a 8.4a 45a 2.6a
8x8 17.5ab 32.9a 5.4ab 3.4a 7.6a 4.2a 2.7a
10x10 14.8b 27.6b 4.8b 2.4a 5.3b 2.9b 2.2a
4x4 20.9a 32.4a 6.2b 5.1b 10.8b 5.7a 3.3a
6em 6x6 22.3a 32.9a 6.6b 5.9a 12.2a 6.2a 3.2a
8x8 22.1a 34.2a 8.0a 6.0a 12.5a 6.5a 3.0a
10x10 21.6a 32.6a 6.7b 5.8a 12.4a 6.6a 3.2a
4x4 21.3b 33.2b 6.4b 5.7b 10.9b 5.2a 3.0a
Tem 6x6 23.9ab 36.3a 7.2a 7.1ab 14.1ab 7.0a 3.2a
8x8 25.6a 36.6a 7.3a 8.8a 16.0a 7.3a 3.0a
10x10 21.7b 32.8b 6.7ab 6.0b 12.3ab 6.2a 3.3a

(C) Bulb size 7cm
Fig. 15. Bulb growth by bulblet size and planting distance in tulip 'Petra’.

(A) Bulb size 5cm (B) Bulb size 6cm

4) EEY AT A AA 7 WE AR T2 AS

@ =l shehy A

B a9 Agd Eoel HHe B4E AWt ® 2% 2o 2% pH
= 6.76, EC+ 0.08ds/mz B4 Edolddern, EY F71&2 22g/kgo 2 dut

Al EFo] Hl 3|
0.02, Ca 1.38, Mg 1.51cmol /kg, CEC

oHr A e

. NO3-N<2 3.7mg/kg, P-Os= 49.14mg/kg, K
6.16me/100g ©] At}

Table 21. Chemical properties of the soil used in this experiment.

Exchange cation

pH EC O.M. NOs-N P205 (cmol /kg) CEC

(1:5) (dS/m) (g/kg) (mg/kg)  (mg/kg) (me/100g)
K Ca Mg

6.76 0.08 2.2 3.70 49.15 0.02 1.38 151 6.16
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Fig. 16. Changes of monthly growth according to planting time in tulip 'Kees Nelis'.




15 May

Fig. 17. Changes of monthly shoot and bulb growth from 15 Jan. to 15 May according to planting

time in tulip 'Kees Nelis’.

¥4 ‘Kees Nelis’” &5 A5 109 156¢, 1149 15¢, 12¢ 154, 149 154 2 A

Tel A%S AR Ass ¥ 23 2ok AAAI} 2olAS5E P %o A

AgS RoFYEd, 1097 119 AAs Hgdas dAutg oz A4 xo]=

ok 10gel A A= sl 44, a, e, e, AATE Sl leiM h
o] ¥zttt Wt 1o AT AL dAHow o] Aol M EFHen,

Aoz AMattetn & 4 d= FEH7F 10em o) e F3S 8T 5 gs
HAo wEkA EY ‘Kees Nelis’ #32 A+ 10294 11€ Alolol] 2] A3}
Aspea FekE Ao

rr

3t

R8s

I oox of ox ¥ N
o N o 32 o

_63_




| D-05

Table 22. Effect of planting time on bulb growth in tulip 'Kees Nelis’.

Main Bulb

Planting Total weight Number of
time Diameter Height Circumference Weight of bulbs (g) bulbs
(mm) (mm) (cm) (g)
15. Oct. 317 a’ 456 a 106 a 16.7 a 198 a 1.3 ab
15. Nov. 30.5 ab 44.1 ab 10.1 ab 155 a 19.1 a 16 a
15. Dec. 29.7 ab 427 b 9.9 ab 14.4 ab 176 a 1.3 ab
15. Jan. 280 b 39.8 ¢ 96 b 125 b 141 b 09 b

*Mean separation within column by Duncan’s multiple range test, at 5% level.

9 Dreaming Maid’ FF 2 A5 10¥ 1564, 1149 156¢, 129 154, 1€ 1544
5 Ui AR Ass 2AE A= 29 189 2o 272 dibHow A AjA] 7] e}
dAgle]l LT WS Fde Bo FAoH, A AADss 242 gk 59 =4
= W, 10€el] A A2 1del A% Aol "] Z4o] 10cm Z &
A A o] gl Wotstel E717F @] AlAFen, 297kX] MM 2] FTrstt 249
FHE 5EHA Aol w438 IFHATHE 19).

N

o
3

= RES e FYUTL 119 A4 AL 39 FEA WA A%etn, o Felt A
& w7k molAvh 1280] 44T AL 19744 Rele) Afel Az 38 FeA 4
3 Ao Solgth 19el HAF A 39 FaAA 743 A4

ol dubxow #elo] AL 3U/HA w27 Yy
HFAHo® bdol= HFedold= EAAS Aol= AT
vnlskA S7kstekrl, 34

TTTHA ok SRl o o]l% FA43] FUMelE EaS B F£u g, 10€3 11¢
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Fig. 18. Changes of monthly growth according to planting time in tulip 'Dreaming Maid’'.




15 April

15 May
Fig. 19. Changes of monthly shoot and bulb growth from 15 Jan. to 15 May according to planting

time in tulip 'Dreaming Maid’.

59 Dreaming Maid’ %2 A+E 109 15¢, 119 15¥, 12¢¥ 15¢, 1¥ 154 2 A
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Table 23. Effect of planting time on bulb growth in tulip 'Dreaming Maid'.

Main bulb

Planting : i i : Total weight ~ Number of
time Diameter Height Circumference Weight of bulbs (g) bulbs
(mm) (mm) (cm) (g)
15. Oct. 322 a 371 a 10.6 ab 147 b 16.5 ab 12 a
15. Nov. 335 a 371 a 10.8 a 159 a 186 a 1.8 a
15. Dec. 321 a 37.0 a 10.5 ab 148 b 16.7 ab 2.1 a
15. Jan. 313 a 389 a 102 b 136 ¢ 152 b 20 a

"Mean separation within column by Duncan’s multiple range test, at 5% level.
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Fig. 20. Changes of monthly growth according to planting time in tulip 'Merry Christmas’.
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15 May

Fig. 21. Changes of monthly shoot and bulb growth from 15 Jan. to 15 May according to planting

time in tulip 'Merry Christmas’.
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Table 24. Effect of planting time on bulb growth in tulip 'Merry Christmas’.

Main bulb

Planting Total weight Number of

time Diameter Height Circumference Weight of bulbs (g) bulbs

(mm) (mm) (cm) (g)

15. Oct. 332 ab’ 38.7 ab 109 a 15.6 ab 196 a 1.8 a
15. Nov. 354 a 40.3 a 114 a 172 a 187 a 19 a
15. Dec. 34.3 a 39.1 ab 109 a 15.7 ab 176 ab 16 a
15. Jan. 308 b 36.3 b 102 b 139 b 156 b 1.7 a

*Mean separation within column by Duncan’s multiple range test, at 5% level.

BN mm s

Fig. 22. Bulb growth according to planting time in tulip 'Kees Nelis’, 'Dreaming Maid’, and
'"Merry Christmas’.

4. B9 72U 9% A4 Auza 79
D A4 A Ze(EE 2 BguE) 82D QAUE A9)
(1) B serg 24

®oAg 204 Y Eg ss4e BAW Ave ® 259 v EF pHE
677, ECE 0.09ds/m=z A4H9 Ecfo|glon, Eg §7]2C 28s/kgo s oubzol

EFe w8 oFzt A2 #Holdth NOs-N& 0.04mg/kg, P:Osv= 108.61mg/kg, K 0.07, Ca
1.03, Mg 1.31cmol /kg, CEC:= 4.84me/100gel At A3 1o Hs| AAA®ES Ao <l

ARBe 27 B e

Table 25. Chemical properties of the soil used in this experiment 2.

Exchange cation

pH EC O.M. NOs-N P20s (cmol /kg) CEC

(1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) (me/100g)
K Ca Mg

6.77 0.09 2.8 0.04 108.61 0.07 1.03 1.31 4.84
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1 (4.8kg - m HE AP F w7 o] A AR *ﬂtr—@ AR A 3 269 2o dANkA
o Z, AE, 3 Sl doAE IHEA FIIEERY At kel o
EfLbA] eF okt g2 48kg Al Al 7HE ki, orE AEldA e FAA]A 2ol 7t gldd
. w3 AstEd Aol E 24kg AP oA 80.6% % 7HE wgton trE Ag el xfo)
7F §le Ao ®E e

E4 Kees Nelis' 5 725 AA Aol 714 FHul(olg]Fnte] & EMEA M=, 3
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(48kg - mHE AP F T AL 2AE AdE ¥ 273 2ok dubzow Fo
A7, T, T, AA T, AT soA EHHlE A& & FAY FAlA TP AS
o] Az Aoz yEbtl "bdol 06~4.8kg Al FolAM= A 1 A S Zolvt
UEtA] gtk A= 0.6kg A Ftell A 2078 7R Bokoh Wk £ 3H Kees Nelis'
FEY AFode 7IHE 06kgs Alste 3ol 7 AAAY Aoz AdE gl

Table 26. Effect of compost treatment on shoot growth as pre-planting fertilization in tulip 'Kees

Nelis'.

Plant Leaf Leaf Flower Flower Percent

Compost . Number of . . .
(kg - m?) height loaves length width diameter length flowering

(cm) (cm) (cm) (cm) (cm) (%)
0 31.2 a’ 34 a 130 b 76 a 6.5 a 7.1 ab 95.2 ab

0.6 312 a 33 a 139 a 72 a 59 a 75 a 976 a
1.2 311 a 32 a 13.3 ab 70 a 59 a 7.1 ab 90.7 ab
2.4 314 a 33 a 13.7 a 75 a 6.1 a 74 a 80.6 b
4.8 29.7 b 32 a 139 a 70 a 6.2 a 65 b 95.2 ab

“Mean separation within column by Duncan’s multiple range test at 5% level.

Table 27. Effect of compost treatment on bulb growth as pre-planting fertilization in tulip 'Kees

Nelis'.
Main bulb .
Compost Total weight Number of
(kg - m %) Diameter Height Circumference Weight of bulbs (g) bulbs
(mm) (mm) (cm) (g)
0 31.2 b’ 370 b 105 b 144 b 177 b 1.0 ¢
0.6 326 a 41.7 a 10.8 a 152 a 19.7 a 21 a
1.2 32.0 ab 421 a 10.7 a 153 a 184 ab 1.2 be
2.4 32.3 ab 414 a 10.8 a 158 a 181 ab 10 ¢
48 325 a 411 a 10.7 a 16.1 a 200 a 1.8 ab

“Mean separation within column by Duncan’s multiglef@nge test at 5% level.
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Table 28. Effect of compost treatment on shoot growth as pre-planting fertilization in tulip ‘Ile de

France’'.
Compost Plgnt Number of Leaf L.eaf Elower Flower Percept
(kg - m?) height leaves length width diameter length flowering
(cm) (cm) (cm) (cm) (cm) (%)
0 30.4 a” 32 a 13.1 a 73 a 70 a 54 ab 76.3 a
0.6 30.1 a 30 a 133 a 76 a 64 a 58 a 62.6 ab
1.2 306 a 3.3 a 135 a 70 a 6.1 a 51D 63.2 ab
2.4 29.2 a 32 a 134 a 71 a 6.3 a 5.3 ab 61.6 ab
4.8 280 b 33 a 124 b 71 a 64 a 54 ab 583 b

“Mean separation within column by Duncan’s multiple range test at 5% level.

Table 29. Effect of compost treatment on bulb growth as pre-planting fertilization in tulip 'Ile de

France’'.
Compost Main bulb Total weight Number of
(kg - m?) Diameter Height Circumference Weight of bulbs (g) bulbs
(mm) (mm) (cm) (g)
0 324 a’ 36.4 b 10.5 a 158 b 218 b 31 a
0.6 32.7 a 38.9 ab 109 a 16.0 ab 221 b 24 a
1.2 33.1 a 40.2 a 11.0 a 175 a 25.6 a 2.9 a
24 335 a 39.8 a 10.7 a 16.8 ab 266 a 3.3 a
4.8 32.2 a 37.9 ab 10.7 a 158 b 234 b 31 a

71 -
“Mean separation within column by Duncan’s multiple range test at 5% level.
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Table 30. Effect of compost treatment on shoot growth as pre-planting fertilization in tulip
"Merry Christmas’.
Plant Leaf Leaf Flower Flower Percent
Compost ) Number of . . .
(kg - m?) height loaves length width diameter length flowering
(cm) (cm) (cm) (cm) (cm) (%)
0 29.4 ab’ 3.2 a 105 b 78 a 6.6 a 72 a 66.5 a
0.6 297 a 3.1 a 105 b 78 a 6.3 a 6.5 a 714 a
1.2 29.4 ab 3.2 a 11.7 a 81 a 6.6 a 6.9 a 72.8 a
2.4 30.1 a 3.2 a 10.7 b 79 a 59 a 6.7 a 73.8 a
4.8 26.2 b 33 a 10.7 b 79 a 57 a 6.6 a 495 b

“Mean separation within column by Duncan’s multiple range test at 5% level.

Table 31. Effect of compost treatment on bulb growth as pre-planting fertilization in tulip 'Merry

Christmas’.
Main bulb
Compost Total weight Number of
(kg - m2) Diameter Height Circumference Weight of bulbs (g) bulbs
(mm) (mm) (cm) (g)
0 347 b’ 369 a 114 b 1820 b 201 b 19 a
0.6 371 a 386 a 121 a 21.38 a 250 a 1.3 a
12 36.7 a 377 a 120 a 20.63 a 23.6 ab 1.8 a
2.4 372 a 384 a 12.2 a 20.98 a 26.2 a 19 a
4.8 369 a 376 a 121 a 20.69 a 23.6 ab 15 a

“Mean separation within column by Duncan’s multiple range test at 5% level.
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Fig. 23. Bulb growth according to compost treatment as pre-planting fertilization in tulip 'Kees

Nelis’, 'Ile de France’, and 'Merry Christmas’.
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Fol EFg o= Yyeiurh E3 A FEel dofAE EFAIH S 4uA el N
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Table 32. Effect of N, P, and K fertilizer on shoot growth as pre-planting fertilization in tulip
'Kees Nelis'.

“Amount of o Plant Number Leaf Leaf Flower Flower Percent
fertilizer(kg - 10a ) height of leaves length width diameter length flowering
N P K (cm) (cm) (cm) (cm) (cm) (%)

0 0 0 283 a” 34 a 129 b 70 a 6.1 a 6.3 b 95.9 a
6.75 320 99 278 a 3.3 a 140 a 7.3 a 57 a 70 a 96.0 a
1350 640 19.90 279 a 3.1 a 128 b 6.9 a 6.1 a 6.3 b 92.7 a
27.00 12.80 39.80 273 a 3.3 a 13.4 ab 7.1 a 6.2 a 6.3 b 913 a
54.00 25.60 79.60 271 a 36 a 130 b 6.6 a 57 a 6.0 b 945 a

"Mean separation within column by Duncan’s multiple range test at 5% level.

Table 33. Effect of N, P, and K fertilizer on bulb growth as pre-planting fertilization in tulip
'Kees Nelis’.

Amount of .
fertilizer(kg + 10a ) Main bulb Tiofft‘l . Number
Diameter Height Circumference Weight welght o of bulbs
N P K bulbs (g)
(mm) (mm) (cm) (g)

0 0 0 30.8 a’ 38.0 b 103 b 16.22 ab 19.84 ab 15 a
6.75 320 995 313 a 40.1 a 10.6 ab 16.66 a 2231 a 24 a
1350 6.40 19.90 323 a 404 a 109 a 1692 a 2162 a 19 a
27.00 12.80 39.80 323 a 412 a 10.8 ab 17.23 a 22.14 a 22 a
54.00 25.60 79.60 309 a 388 b 104 b 1420 b 1750 b 15 a

"Mean separation within column by Duncan’s multiple range test at 5% level.

59 ‘Tle de France’ %59 T+T& 2 A Aol 10a¥d N 135kg, P 6.4kg, K 199%kgS ¥+
Au| o2 ste] ZF AHeEld 0, 1/291(N 6.75kg, P 3.20kg. K 9.95kg), 1Wl(N 13.50kg, P
6.40kg, K 19.90kg), 2¥l(N 27.00kg, P 12.80kg, K 39.80kg), 4¥l(N 54.00kg, P 25.60kg, K
79.60kg)ell Pt HIEE 7IHE APt $ b 7)e] AR AFES AN A= B
348} 2k A a9 ﬂﬂo A, A ZF AggE Ttell FAHSE Zol7t gl
o a2y 2%, 94F, 93 TAIH el 4m) A2l (N 54.00kg, P 25.60kg, K
EFotlal, SAIA SRR fFoldo] AT Aster da4) <l
Ak, 71%4 ]E Aol =2 EFAR[ e 2vjel 4u) A2 gt A 68.0~70.8%= S
LHEFSE T

o ‘Jﬁ.{
i?i
JH’4
rlo
=5
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59 ‘lle de France’ ¥%9 +2 24 Aol 10a@ N 13.5kg, P 6.4kg, K 19.9kgS ¥+
Alalgo g &to]l ZF AHEd 0, 1/291(N 6.75kg, P 3.20kg. K 9.95kg), 1¥1(N 13.50kg, P
6.40kg, K 19.90kg), 2¥l(N 27.00kg, P 12.80kg, K 39.80kg), 48](N 54.00kg, P 25.60kg, K
79.60kg)ell Gt HIEE 7IHE AHYd & 2o AFS AR A3e 3 3He 2
F7 AR Fa, 7F, AA 7 ol oAM= da AN AFEY s HYyaEol
S N 54.00kg, P 25.60kg, K 79.60kg A 2] oA 7F4 ASo] EHglon FAHOZE
ool yelgt Fre FEAE 2, X ZE FAZ T HEFFo] =S
54.00kg, P 25.60kg, K 79.60kg A& G-ol A 7F4 Ax3 A AElE Ho F=AY. uabA
54 Tle de France’ ¥F2 A9 ++9 AHo+= N 6.75kg, P 3.20kg. K 9.95kgE 7]
2 Al &3k Blo] 7 a84d Aoz dAds .

Z Jo HF

Table 34. Effect of N, P, and K fertilizer on shoot growth as pre-planting fertilization in tulip 'Ile

de France’.

~Amount of . Plant Leaf Leaf Flower  Flower  Percent
fertilizer(kg - 10a ) height Number length width diameter length flowering

N P K m TS enm e em) (em) (%)

0 0 0 289 ab’ 3.0 b 125 a 74 a 6.8 a 56 a 71.1 ab
6.75 320 995 310 a 3.3 a 125 a 74 a 6.3 ab 58 a 77.1 a
1350 640 19.90 258 b 3.3 a 119 a 6.8 a 6.4 ab 5.7 a 82.2 a
27.00 12.80 39.80 26.1 b 3.2 a 12.7 a 7.3 a 6.1 ab 56 a 68.0 b
54.00 2560 79.60 236 b 3.4 a 112 b 6.3 b 58 b 55 a 70.8 b

“Mean separation within column by Duncan’s multiple range test at 5% level.

Table 35. Effect of N, P, and K fertilizer on bulb growth as pre-planting fertilization in tulip 'Ile
de France'.

Amount of .

fertilizer(kg - 10a") Main bulb ngﬁil of Number

N p K Diameter Height Circumference ~ Weight bulbs (g) of bulbs

(mm) (mm) (cm) (g)

0 0 0 31.8 ab” 386 a 105 b 1576 b 22.19 ab 2.2 a
6.75 320 995 331 a 382 a 111 a 17.16 a 2370 a 26 a
1350 6.40 19.90 326 a 375 ab 111 a 16.35 a 22.06 ab 2.2 a
27.00 12.80 39.80 332 a 38.3 a 11.0 a 16.82 a 22.90 ab 24 a
54.00 2560 79.60 301 b 363 b 104 b 1399 b 20.82 b 29 a

“Mean separation within column by Duncan’s multiple range test at 5% level.
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E9Y Merry Christmas’ #%52 75 AA Ao 10ad N 135kg, P 6.4kg, K 19.9kg=
XA o R o] ZF A 0, 1/29(N 6.75kg, P 3.20kg. K 9.95kg), 1¥1(N 13.50kg, P
6.40kg, K 19.90kg), 2¥l(N 27.00kg, P 12.80kg, K 39.80kg), 48](N 54.00kg, P 25.60kg, K
79.60kg)ell Fet= HIEE 7IH = A3t $ k7)ol G AHS AN A= %
363 ok ANk oz 05’\, A, FF, NS A A AF AEgT ol FAAL
2 zbol7b Ak ey 243 S5 EAIH ] 48 A2 (N 54.00kg, P 25.60kg, K
79.60kg)7F thE Al dl&] #kow, s TEAH e 289l N 27.00kg, P 12.80kg,
K 39.80kg A& 7oA 75cm=zZ 7F¢ A At

E % ‘Merry Christmas’ #&¢ & 24 el 10a¥ N 13.5kg, P 6.4kg, K 19.9kg<
RAMHo R o] ZF A 0, 1/29(N 6.75kg, P 3.20kg. K 9.95kg), 1¥1(N 13.50kg, P
6.40kg, K 19.90kg), 2¥l(N 27.00kg, P 12. 80kg, K 39.80kg), 491(N 54.00kg, P 25.60kg, K
79.60kg)ell A Fat= HIEE 7IHE A3 & 2o AFS AR A3e i3 373 2
T AHAe FEU, T2 i A, ZEO AT AUF9 4uid N 54.00kg, P
25.60kg, K 79.60kg A& g-ellA 7Hd Aol HFPom, SAXCEE Foido] HEWTh
AA 59 Aol A A4 ZEY Agaso] =2 ETAIH Y 2u el 40 A2+
o A thE A gl w3l %E’ﬁo}‘}iﬁ‘r el £ ‘Merry Christmas’ &3S A9 4+
o 5= Eﬂ 3 = LEH N 6.75kg, P 3.20kg. K 9.95kgS 718l 2 Al&3l= Aol 714 &8

[e]

Table 36. Effect of N, P, and K fertilizer on shoot growth as pre-planting fertilization in tulip
'Merry Christmas’.

‘Amount of o Plant Number Leaf Leaf Flower Flower Percent
fertilizer(kg - 10a ) height of lrezwes length width diameter length flowering
N P K (cm) (cm) (cm) (cm) (cm) (%)

0 0 0 30.2 & 33 a 121 a 84 a 72 a 6.8 b 827 a
6.75 320 9.9 29.4 ab 36 a 115 a 84 a 6.8 a 7.1 ab 75.0 a
1350 640 19.90 28.8 ab 36 a 109 a 87 a 6.9 a 6.8 b 80.3 a
27.00 12.80 39.80 303 a 3.2 a 118 a 89 a 77 a 75 a 76.9 a
54.00 25.60 79.60 279 b 34 a 116 a 83 a 6.5 b 6.7 b 62.0 a

"Mean separation within column by Duncan’s multiple range test at 5% level.
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Table 37. Effect of N, P, and K fertilizer on bulb growth as pre-planting fertilization in tulip
"Merry Christmas’.

Amount of .
fertilizer(kg - 10a™") Main bulb Total Number
- - - - weight of ) ibs
N P K Diameter Height Circumference ~ Weight bulbs (g)
(mm) (mm) (cm) (g)
0 0 0 382 a’ 353 a 12.3 a 205 a 24.03 a 2.1 a
6.75 320 9.9 36.7 a 35.7 a 12.3 a 21.7 a 2440 a 19 a
1350 640 19.90 36.1 a 35.7 a 122 a 20.7 a 23.27 a 1.3 b
27.00 12.80 39.80 374 a 354 a 12.2 a 199 a 2297 b 1.7 ab
54.00 2560 79.60 335 b 351 a 115 b 185 b 2220 b 15 ab

“Mean separation within column by Duncan’s multiple range test at 5% level.

Il tfe Frarico

Fig. 24. Bulb growth according to N, P, and K fertilizer treatment as pre-planting fertilization in
tulip 'Kees Nelis’, 'lle de France’, and 'Merry Christmas’.

2) 9LEAF71(39) Avzd 79 BARdEE 43)
(1) €9 ‘Canasta’®] A4F 9

Ao Al8H AAE AMYES 3ty 5L 1 399 yENY 9tk B¢ pHe 5.6, EC
0.26dS/m, 71% 3% 36g/ke, ZAAE AL 48mg/kg, 9AAF 114.11mg/kg, CEC 10.8
cmol /kg® YEY AAd ZFo] Auid oz o] A, kS ozt JAH e

b

Table 39. Chemical properties of the soil used in this experiment of tulip 'Canasta’.

Exchange cation

DH EC OM NOg—N P205 ( cm01+ /k ) CEC
(1:5) @S/m)  (g/kg)  (mg/kg) (mg/kg) £ (cmol /kg)
K Ca Mg
5.6 0.26 3.6 4.80 114.11 0.09 3.72 1.56 10.78

¥4 ‘Canasta’®] A(FEH Tem)E AW Qb JAES] AMFEC] AR F o] 53|
FAL7IQ 39l 23] = o] N, P, K FH]sto] A4

of Yety vk 233 9F2 0-0-0 Aol M Aol EFFstl o, st o]
%= 0-0-0, 2-2-2(N 10.14kg, P 6.20kg, K 14.44kg) &4 382~39.1%= 7} <2 A
2 ZAE ST o9l o] tE A o= EAALE frolgh Aol UERUA gkt
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Table 40. Effect of N, P, and K treatment as additional fertilizer of vegetative growth stage on

shoot growth in tulip ‘Canasta’.

Oggiiiggiﬁgl Plgnt Number Leaf Lgaf Elower Flower Percept
i PO oo e daeer e Ao
(N-P-K)

0-0-0 14.4 b 33 a 124 a 6.6 b 53 a 58 a 382 b
0.5-0.5-0.5 164 a 33 a 127 a 74 a 52 a 57 a 45.1 ab
1-1-1 16.6 a 36 a 133 a 73 a 57 a 6.1 a 44.0 ab
2-2-2 15.6 ab 35 a 124 a 74 a 55 a 59 a 391 b
0-1-1 16.7 a 35 a 134 a 74 a 54 a 6.0 a 47.3 ab
0.5-1-1 172 a 3.8 a 136 a 75 a 51 a 55 a 43.4 ab
2-1-1 17.3 a 39 a 129 a 74 a 53 a 58 a 54.2 a
1-0-1 166 a 3.3 a 131 a 76 a 51 a 55 a 42.0 ab
1-0.5-1 169 a 34 a 14.1 a 74 a 53 a 6.0 a 51.0 ab
1-2-1 172 a 3.7 a 139 a 73 a 51 a 56 a 429 ab
1-1-0 156 ab 36 a 134 a 74 a 53 a 56 a 435 ab
1-1-05 16.1 ab 35 a 12.7 a 7.0 ab 53 a 57 a 44.6 ab
1-1-2 16.1 a 35 a 132 a 76 a 52 a 6.0 a 46.9 ab

“Mean separation within column by Duncan’s multiple range test at 5% level.

& ‘Canasta’®] AH(FE Tcm)E A 2ok IAEQ] ALYGE 2 0] 3
FAA7IQl 390 232 Yol N, P, K FH|ale] 729 &S xAg 2 3 419 o
B ok e 5 24 FEstd =, Foe A4, 71, FEIE AA xm 2ol
SAAR] Aol= YERUA ko, F9 FAE 2-1-1(N 10.14kg, P 3.10kg, K 7.22kg)
A8 ¢} 2-2-2(N 10.14kg, P 6.20kg, K 14.44kg)x &l 121~123go = 74 7HH Y}
g AA 72 FAY ASolE 2-1-1(N 10.14kg, P 3.10kg, K 7.22kg)x gl A 7}4 7}

mln

_

N
R

<

T
L
-

& Ao zse] AwHoR Aavt gol AMHYL u T Afo] BIFFL U &
UAUCIE 1. e 20 G AR FAS BAUCE §9Y 95 A0S delFA @

O

¢kth, 9 ‘Canasta’s 39 974 N, P, K& 05-1-1, 1-0-1, =& 1-2-19] A]lv]&o
_1316‘}{— Zol g+ vigle 7HE a4 oz Al

h
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Table 41. Effect of N, P, and K treatment as additional fertilizer of vegetative growth stage on

bulb growth in tulip ‘Canasta’.

Tl;le;(;rg(e)?;ff Main_bulb Total weight Number
fertilizer Diameter Height Circumference ~ Weight of bulbs of bulbs
(N-P-K) (mm) (mm) (cm) (g) (g)

0-0-0 314 a 33.1 a 9.8 a 13.1 bc 20.6 ab 24 a
0.5-0.5-0.5 33.1 a 349 a 9.7 a 14.4 abc 219 ab 27 a
1-1-1 324 a 336 a 95 a 14.2 abc 20.0 ab 24 a
2-2-2 319 a 325 a 9.2 a 123 ¢ 19.9 ab 25 a
0-1-1 331 a 340 a 94 a 13.3 abc 21.3 ab 2.8 a
0.5-1-1 329 a 349 a 10.0 a 15.7 ab 23.1 ab 31 a
2-1-1 305 a 333 a 9.2 a 121 ¢ 194 b 25 a
1-0-1 317 a 352 a 9.8 a 15.0 ab 22.1 ab 2.7 a
1-0.5-1 324 a 357 a 9.7 a 13.9 ahc 22.2 ab 2.8 a
1-2-1 321 a 329 a 95 a 159 a 244 a 3.0 a
1-1-0 325 a 333 a 9.6 a 13.3 ahc 20.8 ab 26 a
1-1-05 316 a 345 a 9.6 a 13.9 ahc 24.0 ab 3.0 a
1-1-2 32.1 a 32.7 a 94 a 13.6 abc 22.4 ab 27 a

“Mean separation within column by Duncan’s multiple range test at 5% level.

Fig. 25. Bulb growth according to N, P, and £9 tTreatment as additional fertilizer of vegetative

growth stage in tulip 'Canasta’.




2) 9 ‘Character'?] A4HF 2 F AH

59 ‘Character'e] A& Al85 A% AJSE Fatd EAFL 1 424 e 2
E<% pHE 5.8, EC 0.21dS/m, F71% &% 3.6g/kg, e A A .Smg/kg, 14k 115 1mg/kg,
CEC 10.1 cmol /kg= e} HAkat ZFo] Az oz ko] HQlar, 2k o7t H A=
A E A

Kl

!

Table 42. Chemical properties of the soil used in this experiment of tulip 'Character’.

Exchange cation

pH EC OM NO;-N P20 (cmor ke CEC

(1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) £ (cmol'/kg)
K Ca Mg

5.8 0.21 3.6 5.27 115.14 0.11 2.34 2.11 10.12

59 ‘Character'®] AH(FEd 7Tcm)E A Aok AAE Q] ALYE A A3t & o] 53
G710 39 282 o]l N, P, K FHgte] AR ASS 28 A3E 7 43
of el 9t 23S 0-0-0 AgolA 289cmzE Rol ASo] 71F EFsgon, 1-1-05

1-1-2 AgAME 2Fo] &2 A Ho FAT 442 2-1-1(N 10.14kg, P 3.10kg, K
7.22kg) AN A 174cm=z 7 2o, 1-1-1(N 5.07g, P 3.10kg, K 7.22kg)o 4] 15.4cm
2 7FE #Zokh g 1-2-1(N 5.07kg, P 6.20kg, K 7.22kg) *&#olA 58cm= 7} 43
o MItEe 1-1-05(N 5.07kg, P 3.10kg, K 3.61kg) g oA 220% = 7} & Ao =
UERst

Table 43. Effect of N, P, and K treatment as additional fertilizer of vegetative growth stage on

shoot growth in tulip ‘Character’.

Treatment of

o Plant Leaf Leaf Flower Flower Percent
addl‘Flp nal height Number length width diameter length flowering
fertilizer (cm) of leaves (cm) (cm) (cm) (cm) (%)
(N-P-K)

0-0-0 289 ¢’ 3.3 a 15.6 ab 6.7 a 52 a 52 b 359 a
0.5-0.5-0.5 33.7 ab 3.2 a 16.3 ab 6.5 a 54 a 55 ab 329 ab
1-1-1 33.9 ab 31 a 154 b 6.8 a 54 a 55 ab 26.5 ab
2-2-2 33.2 ab 32 a 15.8 ab 6.4 a 53 a 52 b 30.8 ab
0-1-1 33.9 ab 3.1 a 16.5 ab 72 a 52 a 52 b 345 a
0.5-1-1 36.3 a 32 a 16.7 ab 7.0 a 59 a 52 b 29.7 ab
2-1-1 34.3 ab 31 a 174 a 75 a 53 a 52 b 26.5 ab
1-0-1 34.3 ab 3.0 a 17.1 ab 72 a 5.7 a 55 ab 28.2 ab
1-0.5-1 33.5 ab 3.3 a 16.5 ab 6.5 a 55 a 54 ab 25.3 ab
1-2-1 33.2 ab 32 a 16.0 ab 6.7 a 53 a 58 a 24.1 ab
1-1-0 334 ab 3.2 a 16.5 ab 71 a 55 a 55 ab 25.0 ab
1-1-05 320 b 33 a 16.2 ab 7.0 a 54 a 56 ab 22.0 b
1-1-2 323 b 31 a 159 ab 6.9 a 54 a 52 b 23.9 ab

Mean separation within column by Duncan’s multiplegr@nge test at 5% level.
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H ‘Character’®] A(F=d 7Tcm)E A AdMd AL AMSE A A F o] &3
FAYE7IA 3€el 282 Yol N, P, K FH& A3 da= #4409 yehd vk
2 59 24¥0) S, Fre Fae A gl BAAS Aol ypElbA] ekokt
aHY F9 #AAHLS 0-0-0, 1-1-1(N 5.07kg, P 3.10kg, K 7.22kg), 2-2-2(N 10.14kg, P
6.20kg, K 14.44kg), 1-1-2(N 5.07kg, P 3.10kg, K 14.44kg)x gl A 2tgkom Agjx o=z
0-1-1(N Okg, P 3.10kg, K 7.22kg), 05-1-1(N 254kg, P 3.10kg, K 7.22kg), 1-0.5-1(N
5.07kg, P 15bg, K 7.22kg), 1-2-1(N 5.07kg, P 6.20kg, K 7.22kg), 1-1-0(N 5.07kg, P
3.10kg, K Okg), 1-1-0.5(N 5.07kg, P 3.10kg, K 3.61kg) A|H] =l A 27 o] 34.7~36.2mm=
Z Aoz Yyelgt =49 FEEE 1-1-0(N 5.07kg, P 3.10kg, K Okg)* gl 4 10.6cm=
7P A om, F FAe - AA FAE 1-0-1(N 5.07kg, P Okg, K 7.22kg) *] 2]l A
7MY FAYLHIE 26). 9 ‘Character© 3%€ &7 N, P, K& 1-0-1(N 5.07kg, P
Okg, K 7.22kg) == 1-1-0(N 5.07kg, P 3.10kg, K Okg)2] Alv|=o 2 HElsl= AHo] T
Hitiel 7 234 d Aoz AdE o)

N

f of mm

Table 44. Effect of N, P, and K treatment as additional fertilizer of vegetative growth stage on
bulb growth in tulip ‘Character’.

Treapment of Main bulb '

additional Total weight Number of
fertilizer Diameter Height Circumference Weight of bulbs (g) bulbs
(N-P-K) (mm) (mm) (cm) (g)
0-0-0 31.0 d 325 a 96 d 129 d 164 b 23 a

0.5-0.5-0.5 34.1 abc 34.0 a 10.1 ahc 16.3 abc 194 ab 32 a
1-1-1 33.9 bc 334 a 10.0 cd 146 cd 18.2 ab 23 a
2-2-2 33.6 bc 345 a 10.0 bed 15.2 bed 19.3 ab 2.3 a
0-1-1 34.7 ab 326 a 10.5 ab 16.7 abc 212 a 25 a
0.5-1-1 349 ab 326 a 10.3 abc 16.5 abc 19.3 ab 23 a
2-1-1 34.1 abhc 33.3 a 10.3 abc 17.3 ab 195 ab 28 a
1-0-1 34.5 abc 35.2 a 105 ab 18.0 a 214 a 3.3 a
1-0.5-1 355 ab 327 a 10.5 ahc 16.2 abc 20.6 ab 2.6 a
1-2-1 34.6 ab 336 a 10.2 abc 155 abc 184 ab 24 a
1-1-0 36.2 a 32.6 a 106 a 17.1 abc 20.2 ab 3.0 a
1-1-05 35.3 ab 34.8 a 10.4 abc 16.8 abc 19.8 ab 27 a
1-1-2 32.4 cd 344 a 10.0 bed 14.9 bed 20.4 ab 2.8 a

"Mean separation within column by Duncan’s multiple range test at 5% level.
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Fig. 26. Bulb growth according to N, P, and K treatment of vegetative growth stage as additional

fertilizer in tulip ’'Character’.

(3) 9 ‘Angelique’ 9 AAHF 2 TS
E % ‘Character'd] A dol| A18H dAE ALGES] 3134 542 ® 450 UEL Atk
E¢ pHe= 59, EC 022dS/m, #71& 3= 0.79g/kg, ZAFeAA 82mg/kg, <14k

106.6mg/kg, Z+5 0.05cmol /kg, CEC 11.4cmol /kgZ A= ¢t At 2 A3
a R71% FEel Bgtm, AN BEE FUAom FEel Am, QWS ozt AHw
e St
Table 45. Chemical properties of the soil used in this experiment of tulip "Angelique’.
Exchange cation
pH EC OM NOs-N P205 (cmol'/kg) CEC
(1:5) (dS/m) (g/kg) (mg/kg)  (mg/kg) (cmol'/kg)
K Ca Mg
59 0.22 0.79 8.16 106.55 0.05 2.81 1.38 11.44
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A ‘Angelique’®] AFH(FEH Tem)E AY Aokt AARIE] AFYE A A F o] F3
ST 3ol 232 yro] N, P, K FH]8te] A% %‘—ﬂ A5 g

e itk 24, A, G952 50 AlH R e FA
, 94 2-1-1(N 10.14kg, P 3.10kg, K 7.22kg) A #olA 179cm=z 7Hd Z2Ac}. 3Z
A9-ol= 2-1-1(N 10.14kg, P 3.10kg, K 7.22kg) H#olA 50cm=z 7F& ZAglon,
0.5-1-1(N 254kg, P 3.10kg, K 7.22kg)®} 1-1-0(N 5.07g, P 3.10kg, K Okg) A& olA 4.4cm
2 7 @ 3749 A $olx 2-1-1(N 10.14kg, P 3.10kg, K 7.22kg) A&l 10.3cm=

H 2 o2 o

7 sk BG5S Ho F9la 1-1-2(N 5.07kg, P 3.10kg, K 14.44kg) * 2] olA 88cm=
71 Ewe Ao w2 yvElgt JlE e 1-05-1(N 5.07kg, P 155kg, K 3.61kg) = 2]l A
75.0%% 7F =kom 1-1-2(N 5.07kg, P 3.10kg, K 14.44kg) A &lollA 57.2% 7} vk
o},

Table 46. Effect of N, P, and K treatment as additional fertilizer of vegetative growth stage on
shoot growth in tulip ‘Angelique’.

Treatment of

additional Pl.ant Number Leaf Lgaf Elower Flower Percept
fortilizer height of leaves length width diameter length flowering
(N-P-K) (cm) (cm) (cm) (cm) (cm) (%)
0-0-0 255 a” 35 a 124 b 6.6 a 4.7 ab 9.0 bc 69.9 abc
0.5-0.5-0.5 247 a 34 a 112 b 64 a 4.8 ab 9.3 abc 70.6 ab
1-1-1 264 a 3.7 a 113 b 71 a 47 ab 10.0 ab 64.3 abc
2-2-2 252 a 34 a 120 b 72 a 47 ab 9.2 bc 71.0 ab
0-1-1 26.3 a 35 a 13.0 ab 73 a 4.7 ab 9.6 abc 63.3 bc
05-1-1 26.1 a 34 a 13.0 ab 64 a 44 b 9.1 bc 68.8 ab
2-1-1 236 a 3.7 a 179 a 6.5 a 50 a 10.3 a 744 ab
1-0-1 253 a 34 a 124 b 72 a 49 ab 9.1 bc 724 ab
1-0.5-1 26.7 a 36 a 126 b 73 a 4.6 ab 9.5 abc 75.0 a
1-2-1 250 a 35 a 13.7 ab 73 a 4.8 ab 9.7 abc 73.5 ab
1-1-0 258 a 36 a 120 b 71 a 44 b 9.4 abc 70.8 ab
1-1-05 257 a 34 a 13.0 ab 72 a 4.5 ab 9.3 abc 70.3 ab
1-1-2 259 a 3.7 a 13.2 ab 6.7 a 4.8 ab 88 ¢ 572 ¢

“Mean separation within column by Duncan’s multiple range test at 5% level.

H ‘Angelique’®] AH(FEY Tem)E A Albat AAE] ALSE A A5 & o] 53
3747190 3ol 23] = o] N, P, K FHE AHelg 23= % 474 vehd gtk F
2 59 24 FEEA =Y, T AAL 05-05-05N 2.54kg, P 1.55kg, K 3.61kg) #

1 7F¢ Z29len, 2-1-1(N 10.14kg, P 3.10kg, K 7.22kg) A&l 7} #koh F49
i 0-1-1, 1-05-1, 1-2-1, 1-1-05 AgNA Fzstdom, 0-0-0 HeleA 7+ &%
. F79 FEEE 1-0-1(N 5.07kg, P Okg, K 7.22kg) A 2lolA 84cm= 714 71 Ao w
e o) 05-1-1, 2-1-1, 1-1-2 AgelA 7P EFstt. F79 dAF2e FAE
0-1-1(N Okg, P 3.10kg, K 7.22kg) A&l 97ge = 7} FA9ew, 0-0-0 Aol 7}
7t H g 27). 9 ‘Angelique’= 3¥€ JEAA7IO N, P, K& 0-1-1(N Okg, P
3.10kg, K 7.22kg) %+ 1-0-1(N 5.07kg, P Okg, K 7.22kg)e] Alv|&o 2 g sl= Ao]
< Hldel b aRAd Aew AdEn 53 Ko AR7E g AoRE YETh
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Table 47. Effect of N, P, and K treatment as additional fertilizer of vegetative growth stage on

bulb growth in tulip ‘Angelique’.
Treatment of Main bulb

additional X - - - Total weight Number of
fertilizer Diameter Height  Circumference Weight of bulbs (g) bulbs
(N-P-K) (mm) (mm) (cm) (g)
0-0-0 249 ab 310 b 7.7 ab 75 b 124 b 32 a

0.5-0.5-0.5 271 a 33.1 ab 79 ab 9.4 ab 14.7 ab 34 a
1-1-1 26.2 ab 32.7 ab 7.7 ab 8.3 ab 155 ab 32 a
2-2-2 25.8 ab 32.1 ab 76 ab 8.1 ab 14.2 ab 39 a
0-1-1 26.3 ab 33.7 a 8.0 ab 9.7 a 16.1 a 3.8 a
0.5-1-1 25.6 ab 32.7 ab 74 b 8.6 ab 15.8 ab 41 a
2-1-1 241 b 314 ab 73 b 8.4 ab 13.2 ab 34 a
1-0-1 25.6 ab 31.7 ab 84 a 9.0 ab 13.2 ab 3.0 a
1-0.5-1 26.7 ab 340 a 8.0 ab 9.3 ab 14.7 ab 32 a
1-2-1 26.4 ab 33.8 a 7.8 ab 8.8 ab 155 ab 3.7 a
1-1-0 26.2 ab 32.8 ab 7.8 ab 8.5 ab 136 ab 34 a
1-1-05 26.7 ab 33.7 a 79 ab 9.1 ab 15.2 ab 3.3 a
1-1-2 26.0 ab 32.2 ab 76 b 8.4 ab 13.1 ab 34 a

*Mean separation within column by Duncan’s multiple range test at 5% level.

Fig. 27. Bulb growth according to N, P, and K treatment of vegetative growth stage as additional

fertilizer in tulip "Angelique’.
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(1) 9 Dynasty’d AAHF Z TS

E % ‘Dynasty’® AT (FEZ 6cm)E A Altat A=Y ALYES A A)s & o] 53
2711 49 5ol N, P, K& 137} A& FH] AHgsto] #7459 A %% x4

Zi= ® 490 vERY gtk 2L dAubdg oz Ak 2 zol= glYlon, T 1-1-
05-1-1 Ag oA 125~128cm=E tha Zdth A5 A A2zt Eﬁan Apo) =
o FAAE 2-2-2, 05-1-1, 1-0-1, 1-05-1, 1-2-1 AgFolA A&o] A3t}
1-2-1 Aol st 3 sh5o] 7hd ik

E % ‘Dynasty’®] AT (FEZH 6cm)E A At UAEL] ALYFE A A5 & o]
A2 711 49 540 N, P, K& 137) A= FH] AHeste] 69 2¢d +2& 53
A5E 2AMS A= 3 500 YERY Aok 7 AA S 17.6~208mm=E A kel zbo] 7t
gRem, F12-1-2, 1-05-1, 1-2-1, 1-1-0 A& FolA 232~240mm= e} T2 A g
9 247~263mm=r} #HdTh FHo] FeElE 2-2-2 HldlA 85ecm=E M U,
05-1-1, 2-1-1, 1-2-1 HFollA 55cm=E Zgeh F72 FA gdojdi 2-2-2 XMOM
4205 7V FAYL, 05-1-1, 2-1-1, 1-2-1 A A 26~27go = 7 7FH ).

THFAE 2-2-2 AgolA 55go2 M FASeH, 05-1-1 HlA 33go2 7+ 7}
W tH 1y 28). WekA 9 ‘Dynasty’e < HIUE falA= A2 A7 ol 2-2-29] )
&2 AH[EE Blo] 7P ARl Ao R YEeigt ol AR Hol YA HT A
27 o A S S7HA7= Aol 2 Hldlel 8% 89S ¥ F AT

EH Dynasty’®] 75 8% & EGS A5t EGSY S 2ABIATH G 51). E
% pHE 0-0-03 05-05-05 HgFolA 692 7Hd =ekow, 1-1-059 1-1-2 A 2] FollA
56~58= YA yElGT B ECE MWk o = 0.05~0.08 Hed A YE e, 1-1-0
A el A 0.05 dS/m= 7H sk}

—

WHOER
o 32

ut

Table 49. Effect of N, P, and K treatment as additional fertilizer on shoot growth in reproductive
growth period of tulip ‘Dynasty’.

Treatment of

additional Plant height Number Leaf length Leaf width Elower Flower
- diameter

fertilizer (cm) of leaves (cm) (cm) (cm) length (cm)
(N-P-K)
0-0-0 126 b’ 30 a 8.7 bc 65 b 38.8 ab 29.6 ab

0.5-0.5-05 156 a 3.0 a 85 bc 7.3 a 399 a 366 a
1-1-1 125 b 3.0 a 8.8 bc 6.4 b 36.0 ab 283 b
2-2-2 146 ab 3.0 a 9.7 abc 6.9 a 35.3 ab 218 b
0-1-1 156 a 3.0 a 8.6 bc 6.2 b 37.3 ab 32.0 ab
05-1-1 128 b 30 a 104 a 6.8 a 373 ab 29.4 ab
2-1-1 15.0 ab 30 a 81 c 6.3 b 35.2 ab 28.8 ab
1-0-1 165 a 30 a 9.2 abc 6.8 a 345 ab 212 b
1-0.5-1 16.7 a 30 a 9.2 abc 6.7 a 36.6 ab 268 b
1-2-1 157 a 3.0 a 10.3 ab 7.3 a 342 b 217 b
1-1-0 16.0 a 3.0 a 8.8 bc 6.7 a 37.8 ab 34.6 ab
1-1-05 16.2 a 3.0 a 85 bc 6.2 b 35.1 ab 284 b
1-1-2 159 a 3.0 a 8.6 bc 71 a 354 ab 31.0 ab

"Mean separation within column by Duncan’s multiple range test at 5% level.
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Table 50. Effect of N, P, and K treatment as additional fertilizer on bulb growth in reproductive
growth period of tulip ‘Dynasty’.
T;eci;rg(e)rri;l()f Hein Dub> Total weight Number
fortili Diameter Height Circumference ~ Weight of bulbs
ertilizer of bulbs
(N-P-K) (mm) (mm) (cm) (g) (g)
0-0-0 195 a 25.1 ab 6.0 b 3.8 a 52 a 1.7 a
0.5-0.5-0.5 194 a 257 a 6.1 b 3.7 a 46 a 1.5 abc
1-1-1 195 a 24.8 ab 6.1 b 3.7 a 48 a 1.3 abc
2-2-2 20.3 a 263 a 85 a 42 a 55 a 1.4 abc
0-1-1 186 a 256 a 58 b 3.2 ab 45 a 1.6 ab
05-1-1 18.0 a 25.0 a 55 b 27 Db 33 b 0.8 c
2-1-1 176 a 235 b 55 Db 26 b 3.7 ab 1.2 bc
1-0-1 19.1 a 247 ab 6.0 b 3.0 ab 3.7 ab 0.8 c
1-0.5-1 184 a 239 b 6.0 b 3.1 ab 3.8 ab 0.8 ¢
1-2-1 178 a 233 b 55 b 27 b 3.8 ab 1.3 abc
1-1-0 181 a 240 b 58 b 36 a 3.6 ab 0.8 ¢
1-1-05 20.8 a 263 a 75 ab 40 a 53 a 1.1 bc
1-1-2 20.6 a 26.2 a 7.3 ab 41 a 51 a 1.1 bc
Mean separation within column by Duncan’s multiple range test at 5% level.

0.5-0.5-0.5
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Fig. 28. Bulb growth according to N, P, and K treatment reproductive growth stage as additional
fertilizer in tulip 'Dynasty’.

Table 51. Effect of N, P, and K treatment as additional fertilizer on soil chemical properties in

reproductive growth period of tulip ‘Dynasty’.

Treatment of Exchange cation
additional pH EC oM NO3-N P.Os (cmol ' /kg)
fertilizer (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg)
(N-P-K) K Ca Mg
0-0-0 6.8 0.08 69.0 12.47 68.28 0.12 2.22 0.82
0.5-0.5-0.5 6.4 0.08 56.7 13.18 69.66 0.01 1.99 0.63
1-1-1 6.2 0.12 54.7 13.87 57.17 0.06 1.89 0.61
2-2-2 6.1 0.17 49.7 13.72 55.22 0.02 1.77 0.57
0-1-1 6.2 0.10 49.0 10.57 54.30 0.08 1.57 0.57
05-1-1 6.1 0.08 47.0 9.45 46.17 0.02 1.27 0.63
2-1-1 6.0 0.14 53.3 7.26 53.50 0.00 1.62 1.03
1-0-1 6.0 0.12 47.3 8.76 50.64 0.00 1.67 0.69
1-0.5-1 59 0.09 40.0 12.83 50.87 0.00 1.25 0.60
1-2-1 59 0.08 46.7 8.07 4754 0.01 1.16 0.55
1-1-0 6.0 0.04 38.0 8.95 46.51 0.03 1.03 0.59
1-1-05 6.0 0.05 32.3 7.21 42.27 0.01 0.86 0.57
1-1-2 59 0.06 35.0 6.00 39.41 0.00 0.63 0.55

(2) 9 ‘Kees Nelis’' 9] A5 2 FAS

E9 ‘Kees Nelis'®] AFH(FE2 6cmE Ay Aok AxEo] AFYFE A3 & olF
3 A7 49 549 N, P, K& 137] M= F1] Hgste] A5 BH5S A
A ® 520 YERY k. 23 dAubd oz 137] A 7t 222~240cmE FAAA A}
ol7b fldlth et 94 Aol BE AgelA 77 3.0~32.37H¢F 101~11.8cm= &
AA S 2ol ATk GEL 1-2-17 1-1-2 A A 56~57cmzE 7HF Zgkow 2-2-2
Aol A 6.8cmz 7 At 2o AFdAE 05-1-1, 2-1-1, 1-0-1, 1-1-0, 1-1-2 A&
T A A4 shFo] 74 Zektt
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EH Kees Nelis'®] #AHH(FEH 6cm)E A 2okt AR ALGE AAg & ol &
3 A2 A7 449 5l N, P, K& 137} A& FH| Agste] 649 24 7<= T3
of AFE FAG A= i 530 WErY Atk F9 AA L 2-2-2 ATl 25.6mmE
7V Adew, 2-1-1, 1-2-1, 1-1-05 A2 7oA 20.3~20.8mm= Zrskeh 719 2 5ol
2-1-1, 1-2-1, 1-0-1, 1-1-05 HgFolA t& HgE Bot AUt F79 =d+ 2-2-2
Ao A 77cm= T2 AYErt Ao, 2-1-1, 1-1-0 A g A 62~6.3cm= Z 4Tt
FTY FA ALow 2-2-2 Ao A 84go 2 N FAYeH, 2-1-1, 1-0-1, 1-2-1 A
g A 45~47go 2 PP F T FAANANE 2-2-2 HFA 9T7geE T A"E
Hop FAY(ZE 29). WA EH ‘Kees Nelis'® 45-9l% 'Dynasty’ #&9 &d3sHA
T HgE e E AT 2-2-29] wl&E2 AHEE o] g aRA]l Je=
e T

E 9 ‘Kees Nelis’®] & 3% & ESS AFste] ESsHe
B9 pHE 0-0-0 A& oM 68= 7Hg =okow o2 A g oA
of FAh B4 ECx= 2-2-2 HEFolA 0.17dS/m=Z 7HE E=%e
ANME 012dS/mE =A Ve

é% A TH(EE 54).
= 59~649 WS B
=N 1—14 1-0-1 ¢

Table 52. Effect of N, P, and K treatment as additional fertilizer on shoot growth in reproductive
growth period of tulip ‘Kees Nelis’.

Treatment of

additional Plant height Number of Leaf length Leaf width Elower Flower
fertilizer (cm) leaves (cm) (cm) diameter length (cm)
(N-P-K) (em)
0-0-0 24.0 a* 3.3 a 109 a 6.7 a 57.4 ab 51.3 ab
0.5-0.5-05 222 a 3.0 a 10.1 a 70 a 55.5 abc 529 a
1-1-1 239 a 31 a 115 a 6.6 a 54.8 abc 48.0 ab
2-2-2 23.8 a 32 a 115 a 6.8 a 52.5 abc 496 ab
0-1-1 22.8 a 31 a 10.7 a 6.6 a 52.1 abc 49.1 ab
05-1-1 235 a 3.1 a 10.8 a 6.7 a 51.2 bc 46.6 b
2-1-1 227 a 3.0 a 11.7 a 6.3 ab 492 ¢ 46.8 b
1-0-1 224 a 3.0 a 114 a 6.3 ab 50.7 ¢ 46.7 b
1-0.5-1 22.8 a 3.0 a 10.8 a 6.2 ab 53.3 abc 474 ab
1-2-1 227 a 3.0 a 10.1 a 57 b 51.2 bc 47.1 ab
1-1-0 227 a 30 a 11.7 a 6.3 ab 50.8 ¢ 459 b
1-1-05 232 a 30 a 118 a 6.4 ab 58.1 a 487 ab
1-1-2 23.1 a 30 a 10.2 a 56 b 51.5 bc 46.0 b

“Mean separation within column by Duncan’s multiple range test at 5% level.
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Table 53. Effect of N, P, and K treatment as additional fertilizer on bulb growth in reproductive
growth period of tulip ‘Kees Nelis'.
Treatment of Main bulb

additional Total weight Number of
fertilizer Diameter Height Circumference Weight of bulbs (g) bulbs
(N-P-K) (mm) (mm) (cm) (g)
0-0-0 21.7 bc” 30.8 ab 6.7 bc 5.5 bc 6.8 abc 14 a

0.5-0.5-0.5 24.3 ab 319 a 7.2 ab 7.4 ab 89 ab 14 a
1-1-1 22.1 bc 30.3 ab 6.7 bc 7.0 ab 7.6 abc 15 a
2-2-2 256 a 338 a 7.7 a 84 a 9.7 a 14 a
0-1-1 23.2 abc 317 a 7.0 abc 6.4 abc 8.6 abc 1.1 a
05-1-1 22.9 abc 313 a 6.9 abc 6.3 abc 7.2 abc 1.0 a
2-1-1 20.8 ¢ 296 b 6.2 c 46 ¢ 5.8 bc 14 a
1-0-1 22.0 bc 292 b 6.3 bc 47 ¢ 54 ¢ 09 a
1-0.5-1 21.7 bc 30.8 ab 6.6 bc 5.5 bc 6.2 bc 09 a
1-2-1 203 ¢ 294 b 6.3 bc 45 ¢ 52 ¢ 14 a
1-1-0 206 ¢ 289 b 6.3 c 5.1 bc 59 bc 12 a
1-1-05 21.9 bc 30.5 ab 6.6 bc 5.6 bc 6.3 bc 09 a
1-1-2 21.6 bc 294 b 6.6 bc 5.4 bc 6.1 bc 06 a

“Mean separation within column by Duncan’s multiple range test at 5% level.
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Fig. 29. Bulb growth according to N, P, and K treatment as additional fertilizer in reproductive

growth period of tulip 'Kees Nelis'.

Table 54. Effect of N, P, and K treatment as additional fertilizer on soil chemical properties in

reproductive growth period of tulip ‘Kees Nelis’.

Treatment of Exchange cation
additional pH EC OM NO3;-N P505 (cmol ' /kg)
fertilizer (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg)
(N-P-K) K Ca Mg
0-0-0 6.8 0.08 42.3 12.47 76.99 0.15 2.37 0.72
0.5-0.5-0.5 6.4 0.08 42.0 13.31 70.92 0.08 2.40 0.70
1-1-1 6.2 0.12 46.7 17.12 71.03 0.05 2.64 0.72
2-2-2 6.1 0.17 54.3 11.82 71.15 0.05 2.31 0.65
0-1-1 6.2 0.10 51.7 14.34 69.66 0.08 2.25 0.68
0.5-1-1 6.1 0.08 44.3 27.81 69.89 0.04 2.08 0.73
2-1-1 6.0 0.14 46.0 17.08 71.95 0.06 2.22 0.70
1-0-1 6.0 0.12 43.3 14.40 66.91 0.02 1.98 0.58
1-05-1 5.9 0.09 45.0 8.84 68.51 0.02 2.27 0.67
1-2-1 5.9 0.08 41.3 10.00 84.44 0.03 2.64 0.75
1-1-0 6.0 0.04 33.0 9.74 63.70 0.05 2.13 0.68
1-1-05 6.0 0.05 28.3 11.45 58.77 0.02 2.13 0.65
1-1-2 5.9 0.06 29.0 13.97 54.76 0.02 2.00 0.65

(3) % TRed Shine'd] A4F % 74K

€% Red Shine'®] A7(F=e 6em)s A ASHE AAES] AR AA% F ofF
dl A7 49 5ol N, P, K& 137) A2 F0] A2ste] A35-9 A& 2AE
Aste # 560 vEd ok 24 1-2-1, 1-1-0, 1-1-05, 1-1-2 A 7914 83~9.0cm=
Zgrow, 2-2-2 Aol 11.0em2 7P A 94w 112 ATl 1542 718
Afen, v& Agsd 24-36712 FAMA A7k itk | A% 05-1-1, 2-1-1,
1-0-1, 1-05-1 A7l 482 &l b dustolth. 4 335 5o 2o AFL
EE AT EAA FAAL Aol7h gl
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Table 55. Effect of N, P, and K treatment as additional fertilizer on shoot growth in reproductive
growth period of tulip 'Red Shine’.

Treatment of

addi‘Fipnal Plant height Number of Leaf length Leaf width df;?nvzsér I;;gg,g
fertilizer (cm) leaves (cm) (cm) (cm) (cm)
(N-P-K)
0-0-0 9.9 abc” 3.6 a 96 b 52 ¢ 40.0 a 332 a
0.5-0.5-0.5 10.2 ab 3.6 a 9.0 b 5.8 bc 38.0 a 29.8 a
1-1-1 10.3 ab 35 a 10.2 a 6.0 bc 373 a 28.7 a
2-2-2 11.0 a 35 a 10.2 a 6.0 bc 370 a 29.9 a
0-1-1 10.8 a 3.3 a 104 a 59 bc 36.0 a 276 a
0.5-1-1 9.7 abcd 2.9 ab 10.8 a 72 a 395 a 270 a
2-1-1 9.5 abcd 35 a 11.2 a 6.4 ab 35.0 a 270 a
1-0-1 9.5 abcd 31 a 10.8 a 6.3 ab 386 a 26.6 a
1-0.5-1 9.4 abcd 3.1 a 11.1 a 6.4 ab 39.3 a 314 a
1-2-1 8.5 cd 2.5 ab 11.1 a 6.3 ab 389 a 33.0 a
1-1-0 9.0 bed 2.4 ab 11.1 a 5.7 bc 39.8 a 34.7 a
1-1-0.5 8.8 bed 2.5 ab 9.9 ab 5.8 bc 39.6 a 34.7 a
1-1-2 8.3 d 15 b 10.2 a 5.8 bc 38.3 a 35.6 a

“Mean separation within column by Duncan’s multiple range test at 5% level.
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Table 56. Effect of N, P, and K treatment as additional fertilizer on bulb growth in reproductive
growth period of tulip 'Red Shine’.
Treatment of Main bulb

additional Total weight Number of
fertilizer Diameter Height Circumference Weight of bulbs (g) bulbs
(N-P-K) (mm) (mm) (cm) (g)
0-0-0 242 b 30.7 a 76 a 7.3 ab 10.5 ab 2.2 abc

0.5-0.5-0.5 242 b 30.8 a 74 a 58 b 8.9 ab 2.2 abc
1-1-1 240 b 313 a 75 a 7.0 ab 10.0 ab 2.3 abc
2-2-2 243 b 29.3 a 71 a 75 ab 79 ab 2.3 abc
0-1-1 236 b 31.0 a 76 a 7.0 ab 10.8 ab 2.5 ab
0.5-1-1 226 b 29.6 a 73 a 56 b 79 b 2.0 bc
2-1-1 248 b 32.0 a 77 a 75 ab 116 a 29 a
1-0-1 328 a 31.8 a 79 a 83 a 11.3 ab 2.2 abc
1-0.5-1 24.8 b 32.1 a 77 a 77 a 116 a 2.7 ab
1-2-1 228 b 30.3 a 72 a 6.5 ab 9.3 ab 2.3 abc
1-1-0 245 b 332 a 77 a 78 a 11.2 ab 2.4 ab
1-1-0.5 233 b 31.0 a 74 a 6.6 ab 10.7 ab 2.6 ab
1-1-2 250 b 29.6 a 73 a 6.8 ab 9.1 ab 16 ¢

"Mean separation within column by Duncan’s multiple range test at 5% level.
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Fig. 30. Bulb growth according to N, P, and K treatment as additional fertilizer in reproductive

growth period of tulip 'Red Shine’.

Table 57. Effect of N, P, and K treatment as additional fertilizer on soil chemical properties in

reproductive growth period of tulip ‘Red Shine'’.

Treatment of Exchange cation
additional pH EC oM NOs;-N P205 (cmol /kg)
fertilizer (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg)
(N-P-K) K Ca Mg
0-0-0 6.9 0.86 46.3 0.00 53.62 2.81 2.62 0.89
0.5-0.5-0.5 6.8 0.08 51.0 0.00 53.27 0.14 2.44 0.84
1-1-1 6.4 0.08 60.3 544 59.57 0.02 2.43 0.82
2-2-2 6.2 0.08 61.7 7.69 57.40 0.03 2.32 0.85
0-1-1 6.8 0.07 48.3 0.00 54.65 0.12 2.01 0.79
0.5-1-1 6.3 0.08 46.7 0.62 43.76 0.12 1.93 1.26
2-1-1 6.1 0.09 45.0 3.12 51.67 0.04 1.99 0.79
1-0-1 6.1 0.07 38.0 8.39 4411 0.02 1.81 1.22
1-0.5-1 6.1 0.07 39.3 6.91 51.44 0.03 1.80 0.84
1-2-1 6.0 0.07 32.7 5.35 40.10 0.05 1.48 0.86
1-1-0 5.9 0.05 32.7 6.23 32.99 0.02 1.01 0.91
1-1-05 5.8 0.07 25.7 11.28 32.42 0.02 0.75 0.55
1-1-2 55 0.07 25.3 5.82 29.90 0.07 0.69 0.82

_93_




HEY 24T MdE A FTF ANEA GHIE 4Y)
(D) < 78 & Augyel me Egsishy

Foe § Egsteds B A3 & 589 2 pHE AAHe= 61~
6801903, ECE 7lu]¢} Fu1E =5 Alu] A4 010 dS/m2 714 =Tl NOs- Nt *
H 2 Aln8k A @ o)A 20.31~29.34 mg/kgl 2 A JEton AAHow suel FEnE
25 A8Ek Ao A vlg AREESo] =9t}

Table 58. Changes in chemical properties of the soil used by fertilization method in this

experiment.
Fertilization Exchange cation
(method/ pH EC OM NO3-N P205 (cmol+ /] kg)
Basal (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg)

Additional) K Ca Mg
X/X 6.8 0.06 48.67 1091 77.45 0.02 1.48 0.74
X/0 6.3 0.08 55.00 20.31 64.18 0.06 1.69 0.86
0/X 6.2 0.06 40.33 10.00 94.50 0.04 1.56 0.75
0/0 6.1 0.10 55.67 29.34 78.83 0.08 2.19 0.84

o
& ATl Fo AA, 7, F=E, A T AAA
b o] FH|ef 7] n[+F0] Aol A < Aol Fkth (L™ 31).
Table 59. Effect of general fertilization method on bulb growth in tulip ‘Come back’.

Fertilization Main bulb
method Total weight Number of
(Basal / Diameter Height Circumference =~ Weight of bulbs (g) bulbs
Additional) (mm) (mm) (cm) (g)
X/X 143 b 175 b 44 b 15b 16 b 0.2 ab
X/0 151 a 19.2 a 47 a 20 a 2.1 a 01b
Oo/X 139 b 173 b 44 b 16 Db 16 b 00 b
0/0 14.7 ab 19.1 a 45 ab 19 a 22 a 03 a

) = 94 - . . )
Fig. 31. Bulb growth by general fertilization method in tulip ‘Come back'.
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Table 60. Chemical properties of the soil used in this experiment.

Exchange cation

pH EC O.M. NOs-N P20s (cmol'/kg) CEC

(1:5) (dS/m)  (g/kg) (mg/kg)  (mg/kg) (me/100g)
K Ca Mg

6.86 0.06 2.9 0.77 23.89 0.04 1.20 1.52 4.84

Ldotr 7]

A Wk 3~5L A g
69.2% = 7H ko, t&
¢ ‘Negrita’ FF° 75 A4 3 F %Oﬂ‘dlﬂ °ﬂ°“£ﬂ7l«l ]
flal 39 149%E 3¢9 319744 & &3 1m*F 1, 2, 3, 4, 5LE A%
i, 2o ASS AR ddke i 629 2l dEbA o R #gFFEe] e A
A7, g, e, ATre AR Aot jldd. e s AA T e
ol ILZ A7 5LE Wol ¥aw A oM 71 7ivsl o, 2~4L A eitel= A=
Aol7t gl Aoz vegth wekr £ Negrita’ F52 4448719 1m’F 3LE w5
o= Aol AR g o] ASS fa aaAd Ao AdE AT
Table 61. Effect of irrigation level on shoot growth during vegetative growth (between 1 and 31
March) in tulip 'Negrita’.

Irrigation Plant Number of Leaf Leaf Flower Flower Percent
level height leaves length width diameter length flowering
(L-m?) (cm) (cm) (cm) (cm) (cm) (%)
1 32.7 a” 40 b 145 b 80 ¢ 6.9 a 6.7 a 69.2 b
2 324 a 39 b 148 b 83 Db 6.8 a 73 a 795 a
3 323 a 40 b 204 a 89 ab 6.1 a 6.9 a 77.7 ab
4 324 a 43 a 16.6 ab 8.8 ab 6.7 a 73 a 79.8 a
5 311 a 41 b 16.1 ab 93 a 6.2 a 6.9 a 80.9 a

"Mean separation within column by Duncan’s multiple range test at 5% level.
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Table 62. Effect of irrigation level on bulb growth during vegetative growth (between 1 and 31
March) tulip 'Negrita’.

st Main bulb
Irrllgation Total weight Number of
(L e'Ve 2 Diameter Height Circumference Weight of bulbs (g) bulbs
m (mm) (mm) (cm) (g)
1 334 a’ 39.8 a 110 a 16.8 b 198 b 19 a
2 336 a 396 a 11.1 a 19.2 a 237 a 19 a
3 347 a 40.2 a 114 a 199 a 226 a 1.8 a
4 346 a 405 a 113 a 20.7 a 248 a 1.7 a
5 337 a 386 a 110 a 178 b 21.3 ab 20 a

“Mean separation within column by Duncan’s multiple range test at 5% level.

E9 Leen van der Mark’ F&° 5 A & & FAHFH dFAG79 AA A+
S Yolry] e 39 198 E 3¢9 31974 & 23 Im'D 1, 2, 3, 4, 5LE A #FEHE
= Agstda, AdH] A&S A Ad3E ¥ 637 2ok dubg oz 2% 44, 9%,
stZo #aaEd e SAAR Aol A 2y 9FE A o] BeTE AU
], 1~3LA A= & A A< P ]—E AATE NstEol Ao E Tl 7B w2 5L A
ol A 427% =2 71 ko, L A gtel= FAZ Q] Aol= A3l

£ ‘Leen van der Mark’ %*-‘4 T AA S T EHHE IV A A
S Yolry] 98 3¢9 1958 3¢9 31Y7HA & 27 Im*D 1, 2, 3, 4, 5LE A #FEHE
2 Ay, 729 ASS AR AdE ® 649 2ok Aubdgow BpELFo uE A
gzt F79 3178‘, T3, AT EAH R Zolzt gldvh 2Ey =4 FEU e T
AA F5L BEo] Bd 5L A ol 7 Bgd Ao veyt #we]l Im'g
1~4L Agel e A2t EAAQ 2ol= Ao, 4L Ao A -2 ABFo] $2 IS

w#tA] B9 ‘Leen van der Mark! %< g7 Im’d 3~4LE &5

wol Folth %
S Aol AR L P2 A% S8 aWAY Ao DA,

Table 63. Effect of irrigation level on shoot growth during vegetative growth (between 1 and 31
March) in tulip 'Leen van der Mark'.

Irrigation Plant Number of Leaf Leaf Flower Flower Percent
level height uleavees length width diameter length flowering
(L-m? (cm) (cm) (cm) (cm) (cm) (%)
1 235 a’ 33 a 122 a 73 a 58 a 55 ab 519 a
2 245 a 3.6 a 115 a 6.8 ab 59 a 55 ab 453 a
3 254 a 32 a 125 a 6.2 ab 6.0 a 57 a 46.7 a
4 229 a 36 a 12.7 a 6.0 b 58 a 53 b 60.9 a
5 232 a 34 a 114 a 59 b 55 a 5.5 ab 427 b

“Mean separation within column by Duncan’s multiple range test at 5% level.
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Table 64. Effect of irrigation level on bulb growth during vegetative growth (between 1 and 31

March) in tulip 'Leen van der mark’.

s Main bulb

Irr;gation Total weight Number of
Le've 9 Diameter Height Circumference Weight of bulbs (g) bulbs
(L-m? (mm) (mm) (cm) (g)

1 33.1 a” 35.8 a 11.0 a 1558 a 173 a 11 a

2 329 a 358 a 11.1 a 14.18 a 16.3 ab 09 a

3 336 a 34.0 a 112 a 1557 a 16.6 ab 0.8 a

4 339 a 36.9 a 11.3 a 16.83 a 183 a 09 a

5 318 a 35.6 a 107 b 13.96 b 158 b 10 a

*Mean separation within column by Duncan’s multiple range test at 5% level.

¥4 Hollandia’ &< 738 AA & § 2G5 L7 A4 A5

98 39 1959 349 3197bA4 3 93k Im’% 1, 2, 3, 4, 5LE A% #5H

, AGEe BSS Z=AgE A % 669 2 Awbdoew x4 shE 3}

e FAIA] Aol= itk 2y e 1L Aol 33ME 7P B

%%EMW 7V Ao & AgdA e FTAA] Aol gt gE e do] A&

1L z%‘ﬂoﬂ%ﬂ 53cm® 7} ZAgkom, Mg 1~2L Az Foll A 62.9~638%= ThE 4
Hrh =k,

s

Table 65. Effect of irrigation level on shoot growth during vegetative(between 1 and 31 March)
growth in tulip 'Hollandia’.

Irrigation Plant Number of Leaf Leaf Flower Flower Percent
level ‘ height loaves length width diameter length flowering
L-m? (cm) (cm) (cm) (cm) (cm) (%)
1 29.8 a’ 33 a 140 a 85 a 53 ¢ 6.2 a 62.9 a
2 304 a 30 Db 13.4 ab 8.0 a 6.3 a 6.4 a 63.8 a
3 289 a 30Db 13.7 ab 75 a 59 ab 64 a 585 b
4 29.0 a 31Db 13.3 ab 8.0 a 5.6 bc 6.0 a 596 b
5 288 a 30 b 121 b 84 a 6.4 a 6.2 a 60.6 b

"Mean separation within column by Duncan’s multiple range test at 5% level.

9 ‘Hollandia’ #&° 722 A 3 % SQ5E SEAG7 44 #5=s dolry]
93] 3¢9 1Y9%E 39 31474 3 93 Im'% 1, 2, 3, 4, 5LE AE AFHEE A3
i, 7Y ASES FARE AdeE % 663 2ok AW o R gl wE A F9
A7, T, AT FAALE Aol7t gldth 2y Fe] FEHE Hade] Bdd
5L AgFolA 11.9cm= 71 ‘:‘%k own FHF Aol & Agd Hs) 5L AT

o A 2092go. 2 7H 7Tl =k A A
bt (29 33). wWEkA ‘Hollandia’ 52 A4
a3t Ao Im Y 2LE BS5EE Ao

o] 9JolA % 5L Ha oA 22g0 2 7Y E
ol gy e L e ASS
a8 Aoz vy,

jns
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Table 66. Effect of irrigation level on bulb growth during vegetative growth (between 1 and 31
March) in tulip 'Hollandia’.

s Main bulb

Irrllgat}on Total weight Number of
(L E‘EVG 2 Diameter Height Circumference Weight of bulbs (g) bulbs

m (mm) (mm) (cm) (g)

1 380 a’ 405 a 127 a 23.07 a 26.0 a 16 a

2 36.8 a 38.7 a 12.3 a 21.22 ab 25.1 ab 15 a

3 374 a 38.6 a 12.3 a 21.63 ab 24.7 ab 15 a

4 374 a 41.3 a 12.2 a 21.27 ab 24.3 ab 13 a

5 36.2 a 39.1 a 119 b 2092 b 222 b 11 a

*Mean separation within column by Duncan’s multiple range test at 5% level.

Fig. 33. Bulb growth according irrigation level during vegetative growth(between 1 and 31 March)
in tulip 'Negrita’, 'Leen van der Mark’, and 'Hollandia’.

2) BAAZ71(449) AR FF-2A BAEE 438)
(1) 9 ‘Canasta’® A5 = F+ AS

59 ‘Canasta’®] #5F Ago] ALEE dAE AMGES] 3513ty 542 1 67
of Yel} k. B pHE 5.3, EC 0.18dS/m, 7= $F=F 3.7g/kg, EAHe]d 4 15.8mg/kg,
1Ak 1959mg/kg, Z%F 0.04cmol /kg, CEC 88cmol /kgZ EA =t Awbd oz 2w}
ECE #r& Aol Agtg Aoy, A e =25 =2 A0= UEHY

rlo

Table 67. Chemical properties of the soil used in irrigation experiment of tulip 'Canasta’.

Exchange cation

pH EC OM NO3-N P-0s5 (CmOF /kg) CEC
(1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg (cmol /kg)
5.3 0.18 3.7 15.8 195.9 0.04 2.18 1.69 8.80

wo] ApgEe] AAF F
L-m’2 A7 & F

4, 8%, 84, N 5
Zo Y L-m A 2] -l

E 9 ‘Canasta’® A+ (FE8 7Tecm)E Z‘i‘* Aokt b
S AAAE7¢ 49 195 49 3097HA] 197 1, 2, 3, 4, 5
I S ZARSE A3 F 689 el J—Xc]—, AT, o
paol WE A 3He SAAA Aol yEUA @dth
FEAen, v& A= yalrs 54 59cm= Aokt
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Table 68. Effect of irrigation level on shoot growth during vegetative growth stage(between April
1 and 30) in tulip 'Canasta’.

Irrigation Plant Number of Leaf Leaf Flower Flower Percent
level height leaves length width diameter length flowering
(L-m? (cm) (cm) (cm) (cm) (cm) (%)
1 165 a” 35 a 13.0 a 59 b 49 a 55 a 464 a
2 16.2 a 37 a 129 a 59 b 55 a 56 a 527 a
3 16.7 a 3.3 a 13.0 a 54 b 54 a 5.7 a 512 a
4 156 a 40 a 131 a 6.8 a 53 a 6.1 a 5l2 a
5 157 a 33 a 132 a 58 b 54 a 59 a 578 a

“Mean separation within column by Duncan’s multiple range test at 5% level.

E 9 ‘Canasta’®] A(F=E# Tem)E AW At AALE AMYE At & o] 53
A7) 49 195 49 30974 1€97F 1, 2 3,4, 5 L-m & Ay & & 7255
4 24 et FY AFS ARG A= 1 699 YERY ok T AAES 2
L-m? AgA 328mm= 7 Z29em 13 5L -m? AgelA 29.7~30.0mm= & A g
o wlal && Ao yeiytl Fe Fta, FRAE #5EE Al mE Ay 1 5AF
¢l Aol= AT F79 F=dH= 3 L mZS’} 4L -mZ)A 90cm=z 714 F5e A9

Hol F9omw 1 L-m? g TolA] SSCmE 7} Zpgkeh(2g 35). wEbA £ 9 ‘Canasta’
= *M*Mﬂoﬂ AW o 2~4 L-m* A olx Fzstgou, AANS nedtid 2
2 g7t v A7 BuE )

Table 69. Effect of irrigation level on bulb growth during vegetative growth stage(between April
1 and 30) in tulip 'Canasta’.

Irrigation Main bulb .
level‘ Diameter Height Circumference Weight ’(I;Etsllﬂgvsel(gh)t Nuglll 11)11 of

(L-m? (mm) (mm) (cm) (g) &

1 29.7 b’ 329 a 88 b 110 a 173 a 30 a

2 32.8 a 325 a 9.5 ab 128 a 210 a 29 a

3 32.2 ab 32.8 a 9.7 a 12.7 a 186 a 29 a

4 31.1 ab 32.7 a 9.7 a 118 a 186 a 28 a

5 30.0 b 30.6 a 9.2 ab 12.7 a 199 a 24 a

Mean separation within column by Duncan’s multiple range test at 5% level.

Fig. 35. Bulb growth according irrigation level during vegetative growth stage (between April 1
and 30 April) in tulip 'Canasta’.
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(2) 3 Red Shin'¢9 AAH =D F A
% Red Shin'e] #7 A AHEE dAE AFFES] 54312 542 & 700 Yehd
otk EOF pHE 55 EC 0.19dS/m $71% &% 28¢/kg, AAEA% Temgka <4
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Table 70. Chemical properties of the soil used in irrigation experiment of tulip 'Red Shin’.

Exchange cation

pH EC OM NOs-N P50s5 (cmof/kg) CEC
(1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg (cmol ' /kg)
55 0.19 2.8 7.6 203.8 0.01 2.95 1.37 10.34

(

¥% ‘Red Shin'®] A7 (FE# 7Tcm)E A A AAE] ALGFE AAg & o] 53
AAYA7Q 49 195FE 49 3097h4 193 1, 2, 3,4, 5 L-m°2 A8 3 F xape
A5G 2AS A3bE #F 710 vEhg Atk 24 13 2 Lem 2 Aol A 350~36.1lcm®
g2 A g 29en, 3~5L-m” AgFollA 332~337cmE &L Ao E eyt
AGLe 1~2 L-m? HEolA 149 ~150cmz o2 Helo] vls 29om, 5 L-m? g
Tl A 136cm= 7Hg #Zokth gEo] A9o®E 1~2 L-m*° Aol 58~60cm= AL
o, 5 L-m” AgFANA 54emz o2 A vl e Aoz vElgth 5 8E 57

< #AFEF AP el= FAAR Aol fldth WA E¥ ‘Red Shin'e] A|dH A5
A7) 1~2 L m 2 #5as Aol utgAs Ao s syt

=
©
¢

Table 71. Effect of irrigation level on shoot growth during vegetative growth stage (between
April 1 and 30 April) in tulip 'Red Shin’.

Irrigation Plant Number of Leaf Leaf Flower Flower Percent
level height leaves length width diameter length flowering
(L-m? (cm) (cm) (cm) (cm) (cm) (%)
1 36.1 a” 35 a 149 a 58 a 6.9 a 75 a 78 a
2 35.0 a 34 a 150 a 6.0 a 71 a 77 a 56 a
3 336 b 3.7 a 145 ab 5.6 ab 70 a 75 a 56 a
4 337 b 36 a 13.8 ab 55 ab 71 a 78 a b3 a
5 332 b 3.2 a 136 b 54 b 71 a 75 a 56 a

“Mean separation within column by Duncan’s multiple range test at 5% level.
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E9 Red Shin'e] AH(TEH Tem)E Ad Aok AAE ALGEo] AA% F o] 58
A7) 49 195E 49 30974 1971, 2, 3,4, 5 L-m & A 3 & L12&

4 2490l &5t F2o] AKS ARG AE 1 720 YERY vk e AR
B oAy Agdd wE Ag 3k $AH Aole . Fre FEUE 2 L-m oA
9.3cm#® 7Hg Fsd ARES Hol FHom 13 5L -m” A TolA] 81~82cmE 2okt
Frel QA P FAC M= 2 LM s FASLeH, 13 5 L-m”® A ol A
7} 7hee Aew yehsti(ay 36). weEkd £ ‘Red Shin'e A7l 2 L-m”

Heets Zo] P ASel Mg 2Hd Ao Aay )

(e

Table 72. Effect of irrigation level on bulb growth during vegetative growth stage (between April
1 and 30) in tulip 'Red Shin’.

Irrlleg\?gon Diameter HeightMamC?rl(l:ltll)mference Weight Total weight — Number of
L-m?  m) (mm) (cm) (g OtPubs (@  bubs

1 271 a* 375 a 82 b 105 b 143 b 22 b

2 30.7 a 36.7 a 9.3 a 141 a 20.8 a 3.8 a

3 212 a 36.8 a 8.6 ab 11.4 ab 16.1 b 2.9 ab

4 283 a 36.6 a 8.6 ab 11.8 ab 18.4 ab 3.2 ab

5 26.8 a 35.6 a 81b 104 b 139 b 2.8 ab

“Mean separation within column by Duncan’s multiple range test at 5% level.

Fig. 36. Bulb growth according irrigation level during vegetative growth stage (between April 1
and 30) in tulip 'Red Shin’.

(3) ¥ ‘Kees Nelis'e] A AH =L F A5,
E4 Kees Nelis'®] #r A A-&H A= AASES] 33H7 54
7391 YEy . EY¥ pHE 57, EC 020dS/m, #71% 3=k 3.78g/kg, ZAAF
6.7mg/kg, 24+ 177.4mg/kg, Z+F 0.00cmol /kg, CEC 10.1cmol /kgZ 4] % A r/}
B APzl ECe A= Aol Ade Audlon, Kol A8 gHiuA &skomn, <l
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Table 73. Chemical properties of the soil used in irrigation experiment of tulip 'Kees Nelis'.

Exchange cation

pH EC OM NOs3-N P>0s (Cmor /kg) CEC
(1:5) (dS/m) (g/kg) (mg/kg)  (mg/kg) K Ca Mg (cmol /kg)
5.7 0.20 3.7 6.7 1774 0.00 2.42 1.60 10.12

59 ‘Kees Nelis'®] AH(FEY Tcm)E A 2okt AAE=L] AFYGE *‘ZH?E 3 ol®
3 AAAG7 49 193EH 49 309744 197F 1, 2,3, 4, 5 L - m & Ag & F 245
o] &S 2Ae Ade ¥ 7ol e ok 23 o2 A He 5 L-m” A
A 281emZ 7HF ZAgkrh 94 2 Lem? Aol 137cm=z tE Aelo ws] dle
13 5 L-m? AgFolA 123~127cm=z Aoz gkt 24, 45, 9%, 3F A

T wWE A 1 FAAJ] Aol YERGA dth AistEe #dFEe] Be 4~5
L-m” A FolA 87%% the Azgwtt sttt wabd 9 ‘Kees Nelis'® A5 A5
& AP 2 L m 2 Bk Ao utgdd Aow dekE

Table 74. Effect of irrigation level on shoot growth during vegetative growth stage(between 1 and
30 April) in tulip 'Kees Nelis'.

Irrigation Plant Numb ; Leaf Leaf Flower Flower Percent
level height ulgveers 0 length width diameter length flowering
(L-m? (cm) (cm) (cm) (cm) (cm) (%)
1 30.0 a* 33 a 123 b 45 a 6.0 a 6.8 a 916 ab
2 29.8 a 33 a 13.7 a 43 a 6.2 a 71 a 91.3 ab
3 29.8 a 31 a 12.9 ab 42 a 6.0 a 6.7 a 938 a
4 30.2 a 33 a 13.2 ab 42 a 57 a 6.8 a 869 b
5 281 b 31 a 127 b 47 a 6.0 a 70 a 871 b

"Mean separation within column by Duncan’s multiple range test at 5% level.

59 ‘Kees Nelis’'® AT (TEd 7Tcm)ES A Alckdt AR =9 AFSE 2 A8 &
al A9 49 19%H 49 304744 197+ 1, 2,3, 4, 5L -m 2 A & F 72
59 24900 skl T2 ARS 2AG Avte E 75l teht vk Fel e
= Aol A 27.2~29.0mm=E o] 7} §1l o, %L o] Ag-ol® 357~367mm=E A 3t
A Aol goe T FEAE SLomdA B6ems A% Asiow, #p
2 49 5 L-m” A7l 8lem o AHroh Aok F4e ¥AE 3 L-m’ AHe
TFolA 132g0® 74 FANeH, 1% 5L m” ‘1?4%101]/\1 103g0.2 7H4 7o Ro=
ettt AA 72 FAY] A9E 2~4 L-m” A TolA 144~154ge 2 Frsion
IL-m? A2 FolA 11.8gez & A rrt 7HH Yy 37). Wk Y ‘Kees Nelis’
2 AR 3 L-m? 2 #gahs gl it Agel MY anAd Ao AdH

5 o I o o
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Table 75. Effect of irrigation level on bulb growth during vegetative growth stage (between April
1 and 30) in tulip 'Kees Nelis’.

Irrigation Main bulb .
level Diameter Height Circumference Weight Total weight Number of
-2 of bulbs (g) bulbs
(L-m?) (mm) (mm) (cm) (g)
1 279 & 36.7 a 8.3 ab 103 b 118 b 2.1 a
2 278 a 36.1 a 8.3 ab 11.2 ab 149 a 1.6 ab
3 29.0 a 359 a 86 a 132 a 154 a 1.8 ab
4 272 a 36.6 a 81b 11.0 ab 144 a 1.9 ab
5 275 a 35.7 a 81b 103 b 129 ab 13 b

*Mean separation within column by Duncan’s multiple range test at 5% level.

Fig. 37. Bulb growth according irrigation level during vegetative growth stage (between April 1
and 30) in tulip 'Kees Nelis'.

3) 93 & FZudl7](5¢¥) AA #F2H UAEE A¥)
(1) 59 ‘Character’'e] +< 5.

E 9 ‘Character'®] AH(FEH 6cm)E Ad Ayt A= ALYGE A As & o] F3)
FZH 79 59 19 7P #5ES 1m*S 1, 2, 3, 4, 5LE A F TS FEato] A
2 2AS AdE % 760 YEY vk F79 4L 1 Lem”? AP 24mmE 7+
Zgtom 2~5L-m? Hg oA 231~240mm= Koz Fsadrt Fre Fiuel A
%= 1 L-m? HA 283mm= 71¢ ZAgkom 3~5 L-m? Az oA 29.6~30.6mm=E
AoiHes Atk F EdE 3~5 L-m” AgelA 7.0~72cmE Aoy FAHeR A}
ol gt FT FAS F F FAE 3~5 L-m? A 47 63~7.0g7 79~
87g%t FAYS™, 1 L-m? HAgdA 2+7 54g7 67go = 744 /b vk 39). what
A E¥ ‘Canasta’s T v 7] 5€olE AwbEow 3~5L-m° Aol Fsago
U AAARS 2Edtd 3L -m? At vpgdE Ao w Ayt
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Table 76. Effect of irrigation level on bulb growth during bulb enlargement stage(between May 1
and May 31) in tulip 'Character’.

Irrigation Main bulb .
level Diameter Height Circumference Weight Total weight  Number of
-2 of bulbs (g) bulbs
(L-m?“) (mm) (mm) (cm) (g)
1 224 b* 283 b 6.8 a 54 b 6.7 b 19 a
2 231 a 29.2 ab 6.7 a 5.8 ab 7.3 ab 22 a
3 234 a 30.3 a 70 a 65 a 79 a 15b
4 238 a 29.6 a 71 a 6.3 a 79 a 14 b
5 240 a 30.6 a 72 a 70 a 87 a 16 b

“Mean separation within column by Duncan’s multiple range test at 5% level.

<3L-m%

<4L-m% <5L-m®»>

Fig. 39. Bulb growth according irrigation level during bulb enlargement stage (between May 1
and 31) in tulip 'Character’.

59 ‘Character'd) 7% £33 & oS Hslo] EUseHdS ARSI
(3 77). % pHE dAWdow 60~630% HUE Aozt gldloen, B ECo 4 %%
2E Ao A 0.06~0.08= =Fo]7} AU

Table 77. Effect of irrigation level on soil chemical properties during bulb enlargement stage
(between May 1 and May 31) in tulip 'Character’.

Irrigation pH EC OM NOz-N P,05 Exihangl?/lf a)t o
level . ¢mol /Kg

L -m? (1:5) (dS/m)  (g/kg)  (mg/kg) (mg/kg) K Ca Mg
1 6.3 0.07 53.7 0.00 92.23 0.07 1.53 0.70
2 6.1 0.08 55.7 0.00 99.10 0.07 1.77 0.76
3 6.0 0.07 44.0 241 77.56 0.12 1.40 0.66
4 6.1 0.06 43.0 0.00 91.43 0.07 1.76 0.79
5 6.1 0.07 38.7 0.00 92.23 0.07 1.88 0.80
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Table 78. Effect of irrigation level on bulb growth during bulb enlargement stage(between May 1
and May 31) in tulip 'Dynasty’.

Irrlleg\?gon Diameter HeightMamC]iDrlill]jmference Weight Total weight Number of
(L - m?) (mm) (mm) (cm) @ of bulbs (g) bulbs
1 22.9 ab” 271 a 6.8 a 52 b 6.6 b 1.2 b
2 23.3 ab 278 a 69 a 53 b 78 a 1.8 a
3 249 a 289 a 70 a 6.0 a 79 a 20 a
4 23.3 ab 286 a 6.9 a 5.7 ab 77 a 1.6 ab
5 211 b 287 a 6.6 a 52 b 7.2 ab 2.0 a

“Mean separation within column by Duncan’s multiple range test at 5% level.

<3L-m%

<4L-m% <5 L-m®>

Fig. 40. Bulb growth according irrigation level during bulb enlargement stage (between May 1
and 31) in tulip 'Dynasty’.
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Table 79. Effect of irrigation level on soil chemical properties during bulb enlargement stage
(between May 1 and May 31) in tulip 'Dynasty’.

M pHEC . OM . NOSN PO, e

L -m? (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg
1 6.7 0.09 72.3 11.96 84.90 0.03 2.14 0.71
2 6.4 0.09 717 7.65 100.02 0.05 1.80 0.81
3 6.2 0.09 58.3 8.73 75.16 0.05 2.16 0.71
4 6.2 0.09 59.7 17.66 81.34 0.04 2.34 1.13
5 6.1 0.09 52.7 11.37 90.74 0.04 2.40 1.30

(3) ¥ ‘Van Eijk’e] +& A5

E9 ‘Van Eijk'e] AH(FEH 6em)S Ad Aokt dAEe] AAgE 243 F o] 53
FZH 7)) 59 19 7P B5ES 1m*S 1, 2, 3, 4, 5LE A F TS FEato] A
S5 ZAME A= 3800 L}EM otk Fe] 4L 29 3 L-m” HA 282~
202mm= 7Fd A9oem 1 L-m* A4 258mm= 7Y #yonw EAHORE §
Aol vtk Fe) Fats 29 3 Lem” APA 22 3049 30.8mmE g Ao,
1L-m? Agelr 27.6mm= 713 &gk F7¢ FEdE 2 L-m” AgdlA 90cmi 7}
F AYgey e Azt BA% Aol Ak F7e FAE 29 3 L-m” AFolA
747} 1169 107ge® 7b¢ FAYR, 1 L-m?® A 86ge® 7Hg 7hwivh(d
41). 2 T2 FA) ASd® 2L -m? AelA 149go = 7P FAYL, 1 L-m? A
NA 108go=2 7H 7FH itk wetd EF ‘Van Eijk's F¥g7]¢l 5€9+= 2~3 L -
m*E At Aol /MY Y Aow WHME}

E9 ‘Van Eijk’iﬂ Tt
EY pHE 1 L-m?” Ae
Wk B¢ ECY A g =

ully
ol

2 % Pge 2ASHATHE 8D
A 692 7H 1;39}2114 e zmoﬂ AE 636402 A 1
nE oAt}

==

Table 80. Effect of irrigation level on bulb growth during bulb enlargement stage(between May 1
and May 31) in tulip 'Van Eijk’.

Irrigation Main bulb .
level Diameter Height Circumference Weight Z?tliu\;; el?h)t Nu]r;ll ]ng of
(L-m? (mm) (mm) (cm) (g) &
1 25.8 b* 276 b 87 a 85 Db 108 b 20 a
2 29.2 a 304 a 9.0 a 116 a 149 a 2.1 a
3 282 a 30.8 a 8.7 a 10.7 ab 134 ab 19 a
4 27.3 ab 29.8 ab 85 a 9.7 ab 13.1 ab 2.2 a
5 27.1 ab 29.1 ab 85 a 9.7 ab 12.6 ab 20 a

*Mean separation within column by Duncan’s multiple range test at 5% level.
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<3 L -m%*

<4L-m? <5 L -m%®>

Fig. 41. Bulb growth according irrigation level during bulb enlargement stage (between May 1
and 31) in tulip 'Van Eijk’.

Table 81. Effect of irrigation level on soil chemical properties during bulb enlargement stage
(between May 1 and May 31) in tulip 'Van Eijk’.

Irrigation Exchange cation

lovel pH EC OM NO3s-N P20Os (cmol /kg)
L-m? (1:5) (dS/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg
1 6.9 0.08 47.0 0.00 88.56 0.03 1.84 0.82
2 6.4 0.08 42.3 0.00 78.36 0.04 1.74 0.72
3 6.3 0.09 48.0 7.43 59.80 0.03 1.85 0.73
4 6.3 0.10 66.7 457 64.39 0.04 2.02 0.98
5 6.3 0.09 61.3 7.24 68.06 0.06 1.75 0.76

$27 GHEE 4¥)

5 B o4

S R F EFHIAS PN A3 E 823 2ok pHE AAHOR 61~
6401913, ECE 0770.11dS/m=z e} 2 2ol gldeh. ey 6715 $4E 5L-m?
Aol Al 41.7g/kg 7HE ko N 5oz 178mg/kgo = 7 Wttt
wheba] B5EFe] Be AyloaE dAukd o g Bk R o] vt AL o 5 At

Table 82. Changes in chemical properties of the soil used by irrigation level in this experiment.

Irrigation Exchange cation

pH EC OM NOs-N P>0s N
LT A @ ek meke)  meke) (Cm‘ga/ kg) Vs
1 6.4 0.09 60.00 21.49 98.19 0.05 2.18 0.81
2 6.2 0.08 58.33 26.41 98.42 0.02 1.97 0.71
3 61 011 5633 2300 8768 004 208 069
4 6.1 0.07 42.67 20.48 81.80 0.04 1.88 1.08
5 6.2 0.08 41.67 17.75 87.88 0.06 2.02 0.99
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E9 Tl de France’ 78 83t AS5S ZAS 23+ 1 837 2ok #A5=o] AA
U 2o 13 5L -m 2 AgollA FAAe] 1227130mm , =8 4.1742cm, A 15g 5 A
Aoz F Aol BFEFFIATE. W] 273L - m”? ATl FAA, FEU, FRA 5

T Aol F:jdT (19 42).

Table 83. Effect of general irrigation level on bulb growth in tulip ‘Ile de France'.

I Main bulb
rrlleg\:;lgon Total weight Number of
L -m ) Diameter Height Circumference Weight of bulbs (g) bulbs
(mm) (mm) (cm) (g)

1 122 b 226 b 41 b 15b 21 Db 15 ab

2 152 a 23.3 ab 45 ab 2.0 ab 2.8 ab 1.8 a

3 145 ab 244 a 46 a 24 a 36 a 15 ab

4 14.3 ab 224 b 4.4 ab 19 ab 34 a 1.7 a

5 130 b 222 b 42 b 15b 21 Db 12 b

4L-m> 5L-m?
Fig. 42. Bulb growth by general irrigation level in tulip ‘Ile de France'.

EY ‘Come back' T2 F#ste] A%S 2 2o E s4sh b BaFol HAW
e ARFAA AL FEA} A 130mmsh 42 Y R gshgon, G
% GEe Aol @tk 274L-m? AAFI IL-m? AYRh P2 Afe] FEshg o,
H7)F el el %ol B Aol thehbA ekt

(19 43).
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| \ D-05
Table 84. Effect of general irrigation level on bulb growth in tulip ‘Come back’.
Irrlig?éilon - - Main b.ulb - Total weight Number of
@om?) Diameter Height Circumference Weight of bulbs (g) bulbs
(mm) (mm) (cm) (g)
1 130 b 178 b 42 b 2.1 a 21 a 02 a
2 16.7 a 19.8 ab 52 a 25 a 25 a 04 a
3 16.7 a 19.5 ab 52 a 26 a 27 a 01 a
4 165 a 19.4 ab 53 a 25 a 25 a 02 a
5 16.0 ab 20.2 a 50 a 2.3 a 23 a 01 a

4L -m> 5L -m™
Fig. 43. Bulb growth by general irrigation level in tulip ‘Come back’.
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Fig. 45. Relative humidity between 1 January to 15 June of tulip experiment field in Imjado,
Shinan.
(3) A=

3T A}

g x4e] 20159 19 1¥4%H 69 15697-A49 A& 211 469 dEd QL
o Z2AZIZE &kl Hu AL 149 36~125T, 29 4.4~148T, 39| 9.4~19.
1C, 4€0l 122~223T, 5494 175~26.0TC, 69 221~470CA+. H+ A2 1€
of 22~7.0TC, 2€° 25~83T, 3¥°l 6.0~13.1TC, 49 11.0~180TC, 5¥ 154~
21.17C, 649l 203~294C At HA A2 1€ 0.7~52TC, 2¢€] 06~647C, 34l
21~1247C, 49 72~1547C, 549 122~19.17T, 6€l 17.0~21.5T At}
& Aol A AFety] wizol Aol vig Tadd, 5EFH 20T ol &
gt g ASe BAAR] S vE Adow AdE A

=9 4

il

50

— Average 5
- Maximum 3
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Soil temperature ()

01-01 02-01 03-01 0 -01
Date
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Fig. 46. Soil temperature between 1 January to 15 June of tulip experiment field in Imjado,
Shinan.
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Fig. 47. Amount of precipitation between 1 January to 15 June of tulip experiment field in Imjado,

Shinan.
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Fig. 50. Soil temperature between 1 January to 6 June of tulip experiment field in Imjado, Shinan.
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Fig. 51. Amount of precipitation between 1 January to 6 June of tulip experiment field in Imjado,
Shinan.
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Fig. 52. Experimental field for tulip bulb production in Imjado, Shinan, Chonnam.
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Fig. 55. Management of experimental field and education for tulip bulb production.
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2) Ak A3}
4 RT—PCRS o] &3t A A3 oFst 59 235 247 3804
Hlo|H A7 HEFA] 3k
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RT-PCR A+
Y HAAd v 7
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1 =% =7 =7 =4 =4 =73 HRo | AQ12F Sl
2 =% =% =4 =4 =4 =4 Hpo|H AQ0A; 9l

* LSV: Lily symptomless virus (¥ gh518 4 vfo] & ~)

CMV: Cucumber mosaic virus (2.0]EA}o] Fulo]glX~)
TBV: Tulip breaking virus (532 #o] 7 rulo]g] ~)
TRV: Tobacco rattle virus (ZHjd Zudlo] g ~)

ArMV: Arabis mosaic virus (o}ghH] AR z}o] A upo]e] A) — 71 o ) upo] &) A

LMoV: Lily mottle virus (g1 A nlo]e] ~)
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