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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 effect of changes in planting patterns and plant density is alterations in photosynthesis and plant growth
regulators. The purpose of this study was to identify the best planting pattern and determine the optimal planting
density, as well as to examine the impact of these factors 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’,
present study 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/m2. 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 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
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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 planting distance or
pattern can alter inflorescence characteristics by affecting root growth and modifying the production of plant growth
regulators in the roots. These regulators are then transferred to the aerial parts, influencing inflorescence
characteristics. Adjusting the planting distance or pattern can also impact various traits of bulbs and bulblets in
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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(B), the appearance of the petals as the beginning of the flowering time (C) and the beginning of the withering of the flowers
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Slg o 3 Sy Blyzal aygly 9 olS (55)98,90 .(Yahya, 1994
Ol g badigy calpSy LSl A8l e Sy sl Ll
dpde Sy 2y g Job llPl el ol dlge g )90 yidn
(s Mladenovic¢ et al., 2020Niknejad & Yahya, 1994)
299 3L) @pe o )3 olS VO o515 5 005 5 olS )|
& mipe yio p y0 olS Ve WSl o Al ol o YL &S Jbs
235b b bl s alie gl (Kumar etal., 2007) sl cuwd
Ghobadi & ) o35 ) ok S (a3l 5 o3y w33k «JS
Amjad & ) ywew «(; Moosavi et al., 2012Ghobadi, 2010

'Spryng’ o8, (Tulipa L.) Y J5 vl g (oingy ©le 595 0LS o515 9 CodlS (5651 51 (lrs o puiles) (il lg 435 - Jgu>
Table 1- ANOVA (mean squares) for the effect of planting pattern and plant density on the vegetative and reproductive traits
of tulip (Tulipa L.) cv. 'Spryng’

) S L sl
& RP L S JS b g " PV by S gee Spdsb ablw hd aBle gl
G povet; WL Flower Flower ok Flowering Leaf Leaf Stem Stem
SOV df longevity  diameter Number of time width length  diameter height
T cut flower

Re; I)|§<: ate 2 0.0134" 0.8326™ 3.32™ 0.0047" 0.0572" 0.1140™  0.00173™ 2557

cusls oS

Planting 2 0.2158"™ 2.403" 81.48™ 1.5788™ 0.1584" 0.3422" 0.0716™ 5.124"

pattern (A)

oS oSl
Plant 2 0.555™ 26.12™ 7457 0.191™ 0.4624™ 1.548™ 0.0225" 26.31"

density (B)

Sl x g . o . . . .
AxB 4 0.0636 1.024™ 40.60 0.323 0.0505" 0.3507 0.0174 4.63
EurarZr 16 0.0171 0.494 2.01 0.075 0.038 0.089 0.0062 1.357

J§ 26 — — — — —_ —_ —_ —
Total

ug“\’; (:;’)“D - 1.07 1.93 3.38 1.39 1.93 2.2 1.77 3.058

. 0
NS e

sine Golds 339 pae g doyd N 9 O Jlain maw )3 (g)b Gxe ol Sy

% 0s; significant at the 5 and 1% of probability levels, respectively, and non-significant.
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Table 2- ANOVA (mean squares) for the effect of planting pattern and plant density on the bulb and bulblet traits of tulip
(Tulipa L.) cv. 'Spryng’

03l S0y 55 . . 03l Jwo .
. @R ),.,. :\;ulf b Sl " ) S 059 5l ks e
ot e &35 > by s > ajly ajly S s Bulb I;ulb ™
SO.V. 2" Bulbletdry  Bulblet Bulblet  Bulblet Bulb dry fresh diameter  BUID
df matter fresh : matter weight
; diameter number g number
percentage weight percentage
1<
) ’g" 2 0.949n 0.0049™  0.262" 0.020m 4,71 0.7543" 0.2584"™  0.0056"
Replicate
sl oSl
Planting pattern 2 18.69™ 0.527™ 10.28™ 0.377™ 19.58" 8.378™ 1.518™ 0.062"™
(A
oS "SI’J 2 0.729m 0.552™ 2.918™ 0.252™ 29.17" 0.128™ 0.284" 0.094™
Plant density (B)
"’SX: éﬂ ! 4 22.80™ 0.666™ 2.977 0.089™ 9.34" 1.537" 0.616"  0.0195™
ks 16 1.172 0.042 0.516 0.01 1.99 0.202 0.164 0.025
Error
Js 2 . _ _ _ _ _ _ _
Total
SO - 3.36 4.73 3.39 4.67 6.47 1.99 1.1 3.16
C.V (%)
NS st i

P oo ©oli dgmg pas g do)d Y 9 O Jleis! pdaw 13 () xe iy

. %ns: significant at the 5% and 1% of probability levels, respectively, and non-significant.

9k 4 basye Ollo yy Culls 98Ul g oS asl 5 A
il

Jlie 31 as oy Lis (Y Jads) bedls uilyly 4jo0 oo
ile g jle & by Clio den (55) cullS (o5l g olS (ST
s 5580l g olS o515 slajlog i (56S0ke dulie g )l ixe
o> iYL g (VVE) 5hy e iy a8 0 lis (0 Jads)
13 g 50 oS15 g o 5o Jlagi 5 (YOIVF) anjly S o3le
el oS 5 (VEY) 5lo olaws (a8 el Candds @ope yio yo
J3i2) sl sty gy o y2 )5 gy YO STy elio g pupe
axily ol cpyiin a5 ob ol edh pWSle dwlie (D
e 5 0ds YL g (eihe YYIBY) Sly slad o VL (Y/0A)
Qe ey > B YO 1515 5 @pe 3l (51 )3 (p)5 VY/FF)
Qe yio p p3 Bg PO 1S15 g Judatiwe cuslS (o) el Comday
& @y po > 5 YO o515 5 e cullS o0l 3 (VAY)
5 42l B ly S (g o dw yp )3 (0 Jgiz) el s
VWAV )5 YeI0A b cwipa) o5 opVl wajle 5 0
2> s Y0 o815 g (e cullS ol 5 (p)5 0/4Y 5 yio e
b dplone @ye yio

S9) Vg S o1 5 @515 s oS 0 (LS @l
9098l ()1 L @ls cpl Bl S5 o U S b olej
Ngy wasl les & (Daneshvar & Heidari, 2009) (¢,
Syl 53 cusls Aol o oS 5l cov o JS sladdls Hnls
Slgi e A5 Ggy S oS Ll Vsl oyl cillas
Sly Giriwgid e (dguenlS g olS fwgl > i 4 by
coge cudlS alols Ll sl ges Jla 0 oiuli claise
Daneshvar & ) 15,5 WSy sdyp J5 0 5 s il
2 56 Goyb jl el oS L g abold s (Heidari, 2009
398 (LS Ad) laosiS el 3 s cage ) (S
ol Claogad 9 2535 o0 Jite (2lgn Cuond 4 ady) 5l &5
Made e | iy sleplsl a3 s SIS sl
ol imgh slaasl, M, (Corbesier et al., 2003)
M8 oS oy )liS (Gomes et al., 2007) ) Se 5 3055
5 S8 Saw il Ll basg o515 5 LialS s, alol
e 3 So I Bwile e il b pials o b
Al ) GlalS B sl wee
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Table 3- ANOVA (mean squares) for the effect of planting pattern and plant density the on physiologic traits of tulip
(Tulipa L.) cv. 'Spryng’

sgide,s bav,y 5oz Sd o elal 55
. . . - )
Ol quie 0 Sl DUyl addyl S5 SAESE S el slgd
soy  «ll Total  Chlorophyll Chlorophyll : Dry matter ~ Petal ~ Drymatter  Fresh weigh
R chlorophyll b a Petal -
df phy . percentage  fresh percentage of of aerial
carotenoid - .
of petal weight  aerial organ organ
’I’_SJ 2 0.063™ 0.065™ 0.071™ 0.047m 0.0413m 0.032™ 0.0127™ 2.306™
Replicate
il oS
Planting 2 5.827" 40.401™ 3.818™ 0.167" 0.1867°  0.036™ 0.2855™ 1.069"™
pattern (A)
ol oS5
Plant 2 2.79" 0.352™ 1.058™ 0.025" 0.4019™ 0.305™ 2.052" 31.99"
density (B)
”1)’”: é‘” 4 o117" 0.021" 0.278" 0032  08301"  0.378"  0.1069" 3.074™
18
Error 16 0.022 0.021 0.055 0.007 0.4 0.045 0.014 0.327
L}f 26 — — — —_ — — —_ —_
Total
rtlcaps 1.24 2.87 33 5.91 214 23 1.13 1.57
C.V (%)

5 sime gldS dgng pis g dopd V5 0 Jlein | laws )3 (g)b dime i ey TS FEE
%08 significant at the 5% and 1% of probability level os, respectively, and non-significant.

'Spryng’ 3, (Tulipa L.) ¥ J5 sl g (oigy o (g9, 0b8 o515 x Cuils o8I Jlitio 51-£ Joui>
Table 4- The interaction effect of planting pattern x plant density on the vegetative and reproductive traits of tulip (Tulipa
L.) cv. 'Spryng’

(oS w515 x CollS 5oN) Ljlowd S5 (g B0l swy J5S Bl sl a5 4l Sy Jgb adlw s Wl glis !
Treatments (planting design x Flower Number of cut Flowering Leaf length ~ Stem diameter Stem height
plant density) longevity (day) flower time (day) (cm) (mm) (cm)
Qe fo 2 S PO X e 12.03¢ 56.60c 70.43ab 14.46a 4.48ab 39.85ab
Square x 65 plantlet/m?
& o 2 2 A VO X e 12.73a 32.20e 7026ab 13.53hc 4.58a 37.85hc
Square x 45 plantlet/m?
Gt o 2 S YD X e 12.33b 18.88f 70.56a 13.38hc 4.51ab 37.41cd
Square x 25 plantlet/m?
@ o g Sy PO x e 11.96¢ 59.90a 70.07ab 13.89b 4.49ab 41.08a
Triangle x 65 plantlet/m?
@ o o Sy Fox el 12.30b 36.10d 69.30d 13.91b 4.49ab 39.68ab
Triangle x 45 plantlet/m?
@ o Sy VO x e 11.96¢ 19.44f 69.53¢cd 12.98¢ 4.54ab 36.30cd
Triangle x 25 plantlet/m?
& o g S PO X Jatee 11.82¢ 55.50b 70.43ab 13.43bc 4.26¢ 38.31bc
Rectangular x 65 plantlet/m?
& e g > S T Jatee 12.28b 31.10e 70.56a 13.74b 4.43ab 37.13cd
Rectangular x 45 plantlet/m?
@ o g > S V0 X Jiatene 12.26b 17.28f 69.93bc 13.03¢ 4.40b 35.28d

Rectangular x 25 plantlet/m?

Amd o 5L |y LSD (905l 53 o> & Jlain! gaws 5 55 xe dMiS] 3939 pas S yidio by y> oyt p 5
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Table 5- The interaction effect of planting pattern xplant density on the bulb and bulblet traits of tulip (Tulipa L.) cv.

'Spryng’
15 x CilS o) byl b odle iy o . L i Suiis o3lo L
‘J” “f’g) Chat . B YT )Li")w b dlaws ' 3 P g9 )Li")w b Sl
(obs il Bulblet — Bulblet g 0 ik Bulbfresh . Bull gy
Treatments (planting design ~ Bulblet dry fresh weight - diameter o Bulbdry  \eight ()  J2MEr 1 mber
x plant density) matter (%) (9) (mm) matter (%) (mm)
& Fo 2 2 B PO X e 33.71a 3.69¢c 19.13e 2.41a 24.45abc 23.51b 36.77bcd  1.58cd
Square x 65 plantlet/m?
& fo 2 2 Sy FO X gy 34.57a 4.62b 21.77abc  2.08b 24.97¢ 23.03bc  37.5lab  1.50de
Square x 45 plantlet/m?
@ e m P S YO X gy 31.48b 4.00c 19.65de  2.58a 28.33ab 24.66a 3757a  14le
Square x 25 plantlet/m?
@ Fa o 2 Wy PO x s 35.26a 3.98¢ 21.33bc  1.91c 26.59hc 2248cd  37.00abc  1.76a
Triangle x 65 plantlet/m?
@ Fa o 2 Ay T x s 31.41b 4.74ab 22.60ab  1.83c 30.04a 22.13de  37.10abc  1.58cd
Triangle x 45 plantlet/m?
@ Fa 2 Wy VO x e 31.61b 5.02a 2297a  2.00bc 30.58a 21.56e 36.24d 1.4l
Triangle x 25 plantlet/m?
G a2 2 K PO s 28.26bc 4.68ab 21.38bc  2.50a 24.78¢ 2224cde  36.19d  1.66bc
Rectangular x 65 plantlet/m?
@ fo 3 Sy ¥ atus 29.62bc 4.47b 20.88cd  2.00bc 24.41c 2235cde 36.5lcd  1.75ab
Rectangular x 45 plantlet/m?
@ fo 3 Sy VO X atus 33.76a 4.03c 2064cd  2.08b 29.55ab 21.63de  36.70cd  1.58cd

Rectangular x 25 plantlet/m?

Amd o Ui 1y LSD yg0jl 13 o y3 & Jlois! o 3 I gxe IS Do g pie S yide Lgy> ygiar o 4
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Table 6- The interaction effect of planting pattern xplant density on the physiological traits of tulip (Tulipa L.) cv. 'Spryng’

PR c . Migiig,ls b oy .. S 0dbe o yd 1861 33 3
pf‘ﬁxwwdggi)h)w JsJﬁ-eﬁ)-ls aJ‘s)_lg ?"Jsi o )u ST ') Iad P S3T)
(oS ol W39 SHE Sssas ol lod el slo
Treatments (blanting design chlorophyll Chiorophyll petal Dry matter " Drymatter Fresh weigh
eatments (pla ng desig a(ng.ml”)  carotenoid percentage eta’ fres percentage of of aerial
x plant density) (ng/ml) weight (g) .
(pg.mlt)  of petal (%) aerial organ (%) organ (g)
Qe o 2 SR PO X gy 11.88ef 6.99bc 1.55ab 8.91c 9.31abc 10.81bc 35.47bc
Square x 65 plantlet/m?
Qe o o 2 L T X e 12.57¢ 7.42b 1.68a 10.10a 9.16bcd 11.06a 34.57cd
Square x 45 plantlet/m?
Qe o g 2 S VO X e 11.73f 6.94¢ 1.52bc 8.90¢ 9.09bcd 10.30d 38.23a
Square x 25 plantlet/m?
G e g 0 S PO x e 12.91b 8.24a 1.23¢ 9.93a 8.79d 10.20d 33.85d
Triangle x 65 plantlet/m?
G e g 0 g YO x ko 13.57a 7.98a 1.37cde 9.36b 9.69a 10.96ab 35.99h
Triangle x 45 plantlet/m?
@ fa P A YO X e 12.31cd 7.11bc 1.35de 9.23bc 9.42ab 9.95¢ 39.15a
Triangle x 25 plantlet/m?
& o o 2 Wi PO X s 10.92g 6.38d 1.37cde 9.52b 8.95¢cd 10.72¢ 36.34b
Rectangular x 65 plantlet/m?
e fa o p A TOx Jats ) (1740 6.86¢ 1.41bcd 8.98¢ 9.01cd 10.94ab 35.64b
Rectangular x 45 plantlet/m?
& e o 2 A YO X Jatns 10.99g 6.19d 1.46bcd 9.18bc 9.60a 9.85¢ 38.33a

Rectangular x 25 plantlet/m?

Amd o 5L |y LSD (905l 53 o> & Jlain! gaws 5 55 ne dMiS) 393y pas S o Chyy> oyt p 5
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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e VL g (5 V1) S5 S odle g (o
el bl (ke » p)55)5ee VFA) SIS 4599
(£ Jsiz) 2ol camsay e o 2 > Wi $D oS5 5 qpe
S J9)lS (lie oyt 9 (p)5 VFR) SIS 5 039 VL
2 @5 Y0 WSl 5 o 6650 ) (ke 2 p155,See WY/OV)
sl 5 (o5 AIF4) SIS 5 iy el Casday @y o sm
P9 Vb g5 mpe po pp > Lg VO SIS 5 (et clS
oS 3 (e » P 9See MYY) @ Ldg)lS" (lje oyt
F Joi) dol Cawdey oy sto y 53 45y £ oS5 g o
@ e CBlS @815 Glaljdl a5 ol (i pol iagh ol
bzl cpl s Sis oo doyy Gl g 5 0y lals
il skl (Samani etal., 1999) ) Sen 5 Jlobw (slaaidly
L& wob 58 ;0 (Deo & Martin, 2000) 55l 5 &2
bocdl Gl keadsen J5 g olS St s o815 Ll
cely 35 oS Ll e LinlS olS Ly gy Lab Sl Ll
(Hamidi et al., 2010) 595 0 JS 5 obS 5 (59 ials
Mostofipour & Hashemabadi, ) (esblpila o g Soiume
A6 eeddion (g g9y CBlS ] & K8 5155 (2010
By g e mdeds ialS cde & et cuilS i)yl sl
Gl iy o Ll 1) Wy Sis oo 5 oS A3, Wy
cpl g cwl bl miads Clo b (alS andls S plalS
23l olS 5 Slas g fogd Cudyls )3 (SlodiS e (i o
25 S5 5 0jy Ol 4 e <l o815 Gl S5 JS
b (a8 5l L alpe > (Daneshvar & Heidari, 2011)
by by Jlo o slagsw sy s5togd dlse (el 2 )5
oIS 5 Lilo whe 1) 0)93 Jsb o edima S slaas s
Jb 5 slaggw bolge ool €Ly sl 903 5 0y Jb 3 sl
Slgs o ye @l (5 cadby 5l g Jg Mol o colBy Ay
B b o 1y Eom 5 053 sl Sl 390 (S38kmgid dlga g5
ped daws pd A ol Wiy S0l & a5 L L(Hocking, 1993) aad
oo (R 0y93 cpl Jsb 3 y95 ad 45 5,8 o0 pldl Jlu
2 e cals GaeSly 3 59 gee Jb L s Yl
CbsS s 3 80 & g b sl 4l 5T Y 0l g
G Candg g Cad oMo WY (S (oolaiBl (3] 5 el
@l Wil mhe 35 S5y pper )y (S5 el

Bl oSN L g dlold o &5 Ad jasuie pole agh 5
O okl ol asle) AY axjly 5 by SRy S r Slye
DS bl opl w3 8l cou 1) (Sis odle woyd g
oy ol oS o)b callee (Jhon et al., 2008) ,Sen 4 ol
9 iy <8l il @S5 Rl b Y aasly g 5ly (g g 2l
Singh, ) cé,8 )13 culs oSl 13t cos JauM 45 o5l sluss
s <dbyd (gl culs, (Daneshvar & Heidari, 2009;2002
9 3 & borye Clao s sl ol ol jingid 5 (5l
5 & (Khalaj & Edrisi, 2013; Hocking, 1993) sl
9 by a5 Wby )5 (De Hertogh & Le Nard, 1993) »,u
a2y o 3Bl aome Jolse (S0 586 Co5 (il LS 9o
ol cnsioe Cagby Vel 5 3,5 5 cushy 5 @)l
Fobsgge LS )5 Egw ially 5l (S 9de Couie axe
W15 8 55 oy g oulnt ol O 0p8d WY e
sl ! 0)5 o Jl Cugh) I it je 8Ly g9y S
o5 290 akigy b (343 )55 ain ) il 55K onl
plul Sis osle oyt il Gimggy > S )8 e
S ub Jobs mpe jio s 3 W YO G515 0 jly 5 2l
Syl olas slas 5l gy £O (S5 Lol el digy w81y il
P Lo O WSl 0 daily Kid oole sl b (g0l &S 2y
Frsles ope) ) i g @y ullS lagSll > @pe i
ol o g g sl GlagSll 53U jmiy o cle 45 e
Ao G ) 6y caldy (e ofgn S 55Xl 9
e Bl oo Giwgl Gul Ll oo yo wab ials
o 00,5 g Glibl e 3 &yl dn > ialS g agle Sl
cage iy QLS 3 3Slee Al oMy Cad ials
Jwy o laias L(San-oh et al., 2006) 2,5 o Ly ojlul ials
atyy 3by b S (ST 5 Aol b s 51 S (S
Jse omss > (Heinen et al., 2003) o, San g cpiss A
45 My 4 cpl 4 calisee lalS Al w4 bgrye a5k,
sy A5y oo wle lse 8l cou ady, by sges
01555 3)lga g 3,50 B Ol e g 358 (5,54 00
hyad) (oS (o2 Jio Wiy oo o diten (Lol (sl yialil
A s el cos

S5 99 38 Clhis yu Cudils (5 9301 g oS asl 3 YA
dod gy bl Nl 5 olS WSy Gl glajles
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