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Introduction: Tulip flower (Tulipa L.) from the family Liliaceae is a bulbous and monocotyledon
plant that has the highest level under cultivation among this family.group. Tulips can be propagated
by seeds and bulbs. Its seeds produce bulbs up to two.years after planting and it takes six years for
the bulbs to reach the flowering stage. In fields; the quality characteristics of flowers can be
changed to some extent by changing some planting characteristics such as planting pattern and
plant density. Some researchers have reported ‘changes in the quantitative and qualitative
characteristics of various crops and orchards, including ornamental plants, with changes in planting
pattern and plant density. One of the effects of changes in planting pattern and plant density is
changes in photosynthesis and plant growth regulators. The purpose of this study was to introduce
the best planting pattern, determination of the best planting density, and study the effect of plant
pattern and planting density.on the quantitative and qualitative characteristics of tulip (Tulipa L.)

cV. 'Spryng’.

Materials and Methods: To evaluate the effect of planting pattern and density on growth and
flower characteristics of tulip cv. 'Sprying’, a study was conducted as a factorial experiment based
on completely randomized block design (RCBD) with 3 replications in 27 plots. The first factor
was three planting patterns (square, triangle and rectangle) and three planting densities (25, 45 and
65 plant/m?) as the second factor. Morphological and physiological traits such as height, length
and diameter of stem, leaf and flower, flowering time, cut flower number, flower longevity,
number, diameter and weight of bulb and bulblet, and the content of chlorophyll and carotenoid
were measured. Statistical analysis of data was performed with SAS 9 software and mean
comparison of the data with LSD test at 5% probability level. Graphs were drawn in Excel.

Results and Discussion: Results showed that the maximum number of cut flowers (59.90) was
counted in plants cultivated in triangle cultivation design with planting density of 65 plants/m?.
The lowest time to start of flowering (69.30 days) and the highest content of leaf chlorophyll (13.57
pg/ml) was obtained in plants cultivated in trianle cultivation design with planting density of 45
plants/m?. The most flower longevity (12.73 day) and the highest content of carotenoid (1.68
ug/ml) was obtained in plants cultivated in square cultivation design with planting density of 45
plants/m?. The height of the flowering stem is one of the important traits for the marketing of cut
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flowers. The results of the present study showed that the height of the tulip plant was affected by
plant density and planting pattern. This result was consistent with the results reported by some
researchers. At low plant densities, long plant spacing reduces plant competition for water and
nutrient uptake, resulting in larger plant growth and leaf size. Also, long plant distances cause the
roots to develop and grow, and the leaves to grow and thicken. Increasing the vegetative
competition of adjacent plants at high densities causes photosynthetic organs to be placed in the
shade (change in the quantity and composition of the received radiation spectrum in the shade
leaves), which has a great effect on the balance of plant growth regulators, resulted in longitudinal
and superficial growth of plant organs. It intensifies the longitudinal growth of the petiole and
accelerates all the developmental processes of the plant. Plant morphology and angle of leaf
deviation can also be effective in increasing leaf size. Uniform distribution of plants and greater
absorption of light and nutrients increased leaf length and width. The results revealed that plants
compete for light and nutrients, and in these competitive conditions, roots and stems are taller than
optimal, and the distance between nodes increases. The effect of planting pattern on flowering
process can be related to changes in plant photosynthesis and the availability of photosynthetic
materials for the developing reproductive parts. Changes in the planting distance or pattern change
inflorescence characteristics by affecting root growth and altering.the production of plant growth
regulators in roots. Inflorescence characteristics are changed through the transfer of these plant
growth regulators to the aerial parts. Changing the distance.or planting pattern can affect some
characteristics of bulb and bulblet of bulbous plants. Competition.for receiving maximum light and
photosynthesis is a key factor in changing bulb and bulblet traits. This competition is influenced
by planting arrangement and plant density. Some studies have shown that planting pattern and
plant density affect the amount of plant pigments such as chlorophyll and carotenoids, the main
reason being the difference in light intake.
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Table 1- Analysis of variance of the effect of planting pattern and plant density on vegetative and reproductive traits of tulip (Tulipa L.) cv. 'Spryng’

S 5,8k - oy g J5 as L lass - = . - a8lw ,hd adlw glis ! ; e
F o ke ¥ B Gl Sy oese Sy dsb - EL5 oljlaep Ol pud gie
Flower Flower diameter Number of Flowering time Leaf width Leaf length Stem RLem df S.o.V
longevity cut flower g 9 diameter height B
3.32" 0.0047ms 0.1140Q" 0.00173™ D S5
0.0134"s 0.8326" 0.0572" 25.57 2 ]
Replicate
n . 81.48™ 1.5788™ . 0.3422" 0.0716™ N el oS
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40.60™ 0.323" 0.3507* 0.0174* 5 X oS
0.0636" 1.024m 0.0505™ 463" 4 “’1)’: é‘”
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- - B - - B - 26 S
Total
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'Spryng’ o8, (TUlipaL.) 4¥ J5 a2 5l 9ls ©lio g9, 0lS o515 5 Culls’ (o1 51 (uily lg 423265 =¥ Jgoa
Table 2- Analysis of variance of the effect of planting pattern and plant density on bulb and bulblet traits of tulip (Tulipa L.) cv. '‘Spryng’
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Table 3- Analysis of variance of the effect of planting pattern and plant density on physiologic traits of tulip (Tulipa L.) cv. 'Spryng’
Jls b Jls Jls .\.:3‘,.'.3})\5 Sz oobe Ao o 5 3% f‘-u‘ ey ety r‘.\.ﬂ F 059
39 9 ) i ot e
Js J2 & & S48 S48 S AL ol sl il 4y Oyt gare
Total Chlorophyll  Chlorophyll ’ ’ ’ Dry matter ) df S0V
chlorophyll b a Petal Dry matter Petal fresh ercentaae of aerial Fresh weigh of e
carotenoid percentage of petal weight P on%an aerial organ
0.065" 0.071" 0.047m 0.0413m™ 2.306™ LSS
0.063"™ 0.032" 0.0127m™ 2 ]
Replicate
- 40.401™ 3.818™ 0.167™ 0.1867" " 1.069™ culs gsS
5.827 0.036™ 0.2855 2 )
Planting pattern (A)
" 0.352™ 1.058™ 0.025" 0.4019™ - - 31.99™ ol oS5
2.79 0.305 2.052 2 -
Plant density (B)
0.021" 0.278™ 0.032" 0.8301" 3.074™ 5% oS
0.117* 0.378™ 0.1069" 4 e
AxB
0.021 0.055 0.007 0.4 0.327 las
0.022 0.045 0.014 16
Error
_ - - - - _ _ - 26 J§
Total
2.14 ENET
1.24 2.87 3.3 5.91 23 1.13 157 - (122) Syt a2
C.V (%)
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=% 0s: significant difference at the probability level of 5 and 1%, respectively, and no significant difference
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Table 1- Mean comparison of the effect of planting pattern and plant density on vegetative and reproductive traits of tulip (Tulipa L.) cv. 'Spryng’

Rl Al
Mean comparison

K s8st oy I8 als aluws RIS Sy db Wl ks Gl gl (LS o515 x iS58 bjlas
2
Flower Number of cut Flowering time Leaf length Stem diameter . Treatments (planting design x plant
. Stem height (cm) .
longevity flower (day) (cm) (mm) density)

12.03c 56.60c 70.43ab 14.46a 4.48ab 39.85ab G e A > 5 N0 X
Square x 65 plantlet/m?

12.73a 32.20e 7026ab 13.53bc 4.58a 37.85hc G e A s O X
Square x 45 plantlet/m?

12.33b 18.88f 70.56a 13.38bc 4.51ab 37.41cd G e A 5 YOX w
Square x 25 plantlet/m?

11.96¢ 59.90a 70.07ab 13.89b 4.49ab 41.08a G e A3 6570 X s
Triangle x 65 plantlet/m?

12.30b 36.10d 69:30d 13.91b 4.49ab 39.68ab G e A3 G £0 X L
Triangle x 45 plantlet/m?

11.96¢ 19.44f 69.53cd 12.98c 4.54ab 36.30cd G e A 3 85 Y0 X e
Triangle x 25 plantlet/m?

11.82c 55.50b 70.43ab 13.43bc 4.26¢ 38.31bc e e 0 6510 X Jas

Rectangular x 65 plantlet/m?
12.28b 31.10e 70.56a 13.74b 4.43ab 37.13cd

cﬁﬁﬁ_}édﬂﬁiOX&lﬂi@wﬂ

Rectangular x 45 plantlet/m?




12.26b 17.28f 69.93bc 13.03c 4.40b 35.28d it e A s YO X s

Rectangular x 25 plantlet/m?
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Means followed by the same letter within each column shows no significant differences at 5% level by.LSD test.
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Table 2- Mean comparison of the effect of planting pattern and plant density on bulb and bulblet traits of tulip (Tulipa L.) cv. 'Spryng’

Sl A ie
Mean
comparison
Sl K b S 5058 Sl s Sl ol Sl Sz wsbe ok 5 O3 Sy ki L sl (agfvsl;xmtsé_,ﬁil)u,u.;
o
Bulblet dry Bulblet fresh Bulblet Bulblet Bulb dry Bulb fresh ) Bulb Bulb number Treatments (planting design x
matter (%) weight (g) diameter (mm) number matter (%) weight (9) diameter (mm) plant density)
33.71a 3.69c 19.13e 2.41a 24.45abc 23.51b 36.77bcd 1.58cd G e A 3 50X
Square x 65 plantlet/m?
34.57a 4.62b 21.77abc 2.08b 24.97c 23.03bc 37.51ab 1.50de G A A s L0 X mpe
Square x 45 plantlet/m?
31.48b 4.00c 19.65de 2.58a 28.33ab 24.66a 37.57a 141e G e A s YOX mpe
Square x 25 plantlet/m?
35.26a 3.98¢c 21.33bc 1.91c 26.59bc 22.48cd 37.09abc 1.76a G e A 3 6570 X s
Triangle x 65 plantlet/m?
31.41b 4.74ab 22.60ab 1.83c 30.04a 22.13de 37.10abc 1.58cd G e A3 O £ X
Triangle x 45 plantlet/m?
31.61b 5.02a 22.97a 2.00bc 30.58a 21.56e 36.24d 141e

C‘fﬁfaﬁm‘f\‘oxw




Triangle x 25 plantlet/m?

28.26bc 4.68ab 21.38bc 2.50a 24.78c 22.24cde 36.19d 1.66bc G e A 3 6570 x e

Rectangular x 65 plantlet/m?

29.62bc 4.47b 20.88cd 2.00bc 24.41c 22.35cde 36.51cd 1.75ab G e A 3 6 80 x e

Rectangular x 45 plantlet/m?

33.76a 4.03¢ 20.64cd 2.08b 29.55ab 21.63de 36.70cd 1.58cd o > YO X e

Rectangular x 25 plantlet/m?
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Means followed by the same letter within each column shows nosignificant differences at 5% level by LSD test.
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Table 3- Mean comparison of the effect of planting pattern and plant density on physiological traits of tulip (Tulipa L.) cv. 'Spryng’

Sl A e

Mean comparison

JS S s . S I8 w59, - e .. bl S 0ol oo ) o 7 <8 s B0 bl
; i | a Jdy s : o i | &8 S 505 | AN R Y) Treatments (planting design x
otal etal ) it ; lant densit:
chioropryll Chl(cg/%“ " carotenoid Dry matter Sve;ﬁ;:rftr ?Z;] Dry matter percentage ol Xﬁg'fﬁ (%f) i )
(ng/mi) (ng/mi) percent?gg)of petal of aerial organ (%)
11.88ef 6.99bc 1.55ab 8.91c 9.31abc 10.81bc 35.47bc G e A 3 850X a e
Square x 65 plantlet/m?
12.57c 7.42b 1.68a 10.10a 9.16bcd 11.06a 34.57cd G e A A §0 x o

Square x 45 plantlet/m?

11.73f 6.94c 1.52bc 8.90c 9.09bcd 10.30d 38.23a G e A 3 B YOX a e




12.91b

13.57a

12.31cd

10.92g

12.07de

10.99g

8.24a

7.98a

7.11bc

6.38d

6.86¢

6.19d

1.23e

1.37cde

1.35de

1.37cde

1.41bcd

1.46bcd

9.93a

9.36b

9.23bc

9.52b

8.98¢c

9.18bc

8.79d

9.6%a

9.42ab

8.95¢cd

9.01cd

9.60a

10.20d

10.96ab

9.95e

10.72¢

10.94ab

9.85¢

33.85d

35.99b

39.15a

36.34b

35.64b

38.33a

Square x 25 plantlet/m?
G S AP0 x
Triangle x 65 plantlet/m?
G S APt
Triangle x 45 plantlet/m?
B e A YO x e
Triangle x 25 plantlet/m?
e A e N0 X e
Rectangular x 65 plantlet/m?
S A P B0 x Lt
Rectangular x 45 plantlet/m?
e AP S YO x Lt

Rectangular x 25 plantlet/m?

23 oo Wi 1, LSD (4905l 45 wio 3 0 Jloia! g 43 415 gire WA T 39 g e S pinio By > g 32 43

Means followed by the same letter within each column shows no significant differences at 5% level by LSD test.
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