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ABSTRACT

A study was conducted to optimize plant spacing for cut Helianthus annuus cv. Pro Cut Orange and Zinnia elegans cv. Double Super
Yoga. Seedlings were raised in 128-celled plastic plug trays containing coco coir, compost and silt (1:1:1; v/v/v) as substrate. At 2-4
true leaf stage, seedlings were transplanted outdoors in thoroughly tilled and leveled flat beds at plant and row spacing of 15.0 x
15.0,15.0 x 22.5,22.5 x 22.5, 22.5 x 30.0, or 30.0 x 30.0 cm with plant populations of 40, 26, 17, 13 or 10 plants per m2, respectively.
Experiments were laid out in randomized complete block design with three replications individually for each species. Findings
revealed that for Helianthus annuus, plants grown at 15.0 x 15.0 cm spacing produced tallest plants with greatest plant canopy
diameter. While leaf area, stem diameter and vase life were highest for plants spaced at 30.0 x 30.0 cm. Plant spacing had no effect
on number of leaves per plant, fresh weight of stem, flower quality and internodal distance. Similar results were recorded when this
experiment was repeated on Helianthus annuus during next year for confirmation of results. In case of Zinnia elegans, plants spaced
at 30.0 x 30.0 cm exhibited highest plant canopy diameter, number of leaves per plant and number of flowers per plant, while plants
spaced at 15.0 x 15.0 cm had highest plant height and leaf area. Flower diameter, stem diameter, flower quality, internodal distance,
fresh weight of a stem and vase life were similar irrespective of plant spacing. Based on the findings, it can be concluded that quality
cut Helianthus annuus production was greatly improved when plants were spaced at 15.0 x 15.0 cm, while 30.0 x 30.0 cm spacing
was optimal for cut Zinnia elegans production and may be used for commercial cultivation of Helianthus and Zinnia in Punjab,
Pakistan.
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INTRODUCTION

Besides the growing attraction toward specialty cut flowers,
flowering annuals are one of the most popular specialty cut
flowers with great diversification of cultivars for different
regions. Low input cost and maintenance requirements,
diversification in cultivars and colors, long vase life, and wide
adaptability contribute to their popularity (Starman et al., 1995;
Dole etal, 2009; Ahmad et al., 2014). The increase in cut flowers’
demand at domestic and international markets has led the
commercial production of cut flowers to increase several folds
during last decade (Ahmad et al,, 2017). World production of
fresh flowers is shifting towards specialty cuts. Specialty cut
flowers are nontraditional flowering crops other than roses,
carnation and chrysanthemum, used for aesthetic purposes
primarily in floral arrangements and bouquets. Numerous
annuals, perennials, shrubs, trees, and woody vines are grown as
specialty cut flowers on commercial bases all over the world
(Armitage, 1993; Dole et al, 2009). However, Pakistani
floriculture industry still revolves around commercial
production of roses, gladioli and tuberoses and needs to be
diversified with new flower crops in order to fulfill aesthetic
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needs of the people (Ahmad et al,, 2017).

Plants require appropriate space to grow and sufficient amount
of water, air and light for proper growth and development.
Plants have to get these inputs from the limited space in which
they grow. Therefore, they are more susceptible to deficiency of
the essential nutrients if they are not provided adequate living
space. Correct planting distance affects the available space for
growth of plants and, therefore, bulbs, seeds and corms should
be planted keeping in view of their requirements. In addition, the
depth of planting also affects the time of emergence and
consequently the flowering time and the total duration of the
harvest. Hence, planting at an even distance is essential for a
uniform crop (Amjad and Ahmad, 2012).

Sunflower (Helianthus annuus), a member of family Asteraceae,
is an annual flowering diploid plant probably the most ancient
plant grown for oil seed by human. Mexico and Peru have been
proposed as a center of origin for sunflower. Basically, sunflower
is a crop of warm regions of subtopics and tropics. It has high
light and temperature requirements, which make it sensitive for
low temperature (Mohamed et al, 1992; Sangoi and Kruse,
1993). Sunflower currently holds an increasing economic worth
as specialty cut flower, so that on Dutch flower auctions market
it passed, from 1994 to 2000, from the 35t rank to the 18th,
respectively (43 million stems were sold). Its cultivation on large
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scale as a cut flower began in the 90s (Armitage, 1993). In
Liguria (Italy), its annual production is around 30-40,000
flowering stems (Gimelli et al., 2002).

Zinnia is a genus of Asteraceae family, which has Zinnia elegans
and Zinnia haagaena, the two most auspicious species from 20-
30 species (Javid et al,, 2005). Zinnia can easily be grown in pots,
window boxes, beds and rock gardens (Yassin and Ismail, 1994).
Zinnia is a classic cut flower, which is holding significant position
in cut flower industry for its adaptability, an array of colors and
comparatively less maintenance requirements (Riaz et al,
2007). Zinnia flowers are multi-colored having cherry, lavender,
purple, pink, orange, rose, red, golden, white, salmon, yellow,
light cream and green colors and has erect stem with height of
10 to 100 cm. From May to October, flowers of Zinnia are
available in Pakistan (Javid et al.,, 2005).

Pakistan cut flower industry is dominated by roses, gladioli, and
tuberoses and there are limited choices available for growers as
well as consumers to fulfill their aesthetic needs. As a result,
there is a dire need to introduce and evaluate new specialty cut
flower crops and cultivars suitable for local agro-climatic
conditions. Keeping in view, the importance of new cut flowers,
a study was conducted to evaluate exotic cultivars of Helianthus
annuus and Zinnia elegans in Faisalabad, Punjab, Pakistan, to find
out their optimal planting densities for getting highest yields and
best quality cut stems.

MATERIALS AND METHODS

A study was conducted at Floriculture Research Area, Institute
of Horticultural Sciences, University of Agriculture, Faisalabad
(GPS latitude 31.438673 and longitude 73.070045), Pakistan,
during 2015-16 and 2016-17, to optimize the planting densities
for cut Helianthus annuus and Zinnia elegans. Seeds of Helianthus
annuus cv. ‘Pro Cut Orange’ and Zinnia elegans cv. ‘Double Super
Yoga’ were purchased from an importing agency, Florina
International, Lahore, and nursery was raised during 3rd week of
February in plastic plug trays containing coco coir: compost: silt
(1:1:1; v/v/v) as substrate. After thorough soil preparation, slow
release compound fertilizer (NPK 20:20:20 @ 250 kg per ha)
was added to soil at transplanting. All other cultural practices
such as fertilization, irrigation, weeding, insect-pest and disease
management etc. were similar for all treatments during entire
period of study. At 2-4 true leaf stage, seedlings were
transplanted outdoors during 3rd week of March in thoroughly
tilled and leveled flat beds at following plant and row spacing:
15.0 x 15.0 cm with 40 plants per m?, 15.0 x 22.5 cm with 26
plants per m?, 22.5 x 22.5 cm with 17 plants per m?, 22.5 x 30.0
cm with 13 plants per m?, and 30.0 x 30.0 cm with 10 plants per
m2,

There were five treatments replicated three times and, in each
replication, there were 40, 26, 17, 13 and 10 plants per m?2 in
each treatment, respectively. The experiment was laid out
according to randomized complete block design (RCBD). Data on
five randomly selected plants in each replication were recorded
at harvest. Experiment for Helianthus annuus was also repeated
during next year for confirmation of results. Data on plant height
(cm), plant canopy diameter (cm), number of leaves per plant,
leaf area (cm?), relative leaf chlorophyll contents (SPAD), stem

diameter (mm), flower diameter (mm), fresh weight of a flower
stem (g), number of flowers per plant, flower quality (1-9), inter-
nodal distance (cm) and vase life (days) were recorded. Plant
canopy diameter was measured at harvest at two widest points
and average was computed, while leaf area was recorded by
measuring maximum length and width of the leaf and
multiplying with 0.68 (constant factor) according to Carleton
and Foote (1965). Relative leaf chlorophyll content (SPAD) was
measured using a chlorophyll meter, while flower quality was
rated on a scale of 1-9, where 1 was poor quality and 9 was
considered as best quality flower stem (Dest and Guillard, 1987;
Cooper and Spokas, 1991). Data were analyzed using analysis of
variance (ANOVA) technique according to Fisher’s analysis of
variance technique and treatment means were compared
according to Least Significant Difference (LSD) test at P < 0.05
(Steel etal,, 1997).

RESULTS AND DISCUSSION

Plant height for Helianthus (113.9 to 97.8 cm) decreased with
increasing plant spacing, but plant spacing had no effect on plant
height of Zinnia (Table 1). These results are in accordance with
Chaudhary et al. (2007), who reported that increasing plant
spacing decreased plant height of Zinnia. Plants canopy diameter
increased with increasing plant spacing for both the tested
species. The maximum plant canopy diameter was recorded in
30.0 x 30.0 cm spacing with 10 plants per m2 for Helianthus (57.9
cm) and Zinnia (39.7 cm) (Table 1). Light is an important
environmental factor, which affects photosynthesis and other
metabolic processes, ultimately affecting plant growth
(Francescangeli et al,, 2006). The amount of light getting inside
the canopy and captivated by the plant vary with plant density.
Number of leaves per plant increased with increase in plant
spacing of Zinnia (60.9), while plant spacing had no significant
effects on number of leaves per plant of Helianthus (Table 1).
Number of leaves per plant increased with increasing plant
spacing in various ornamental plants (Chaudhary et al., 2007;
Amjad and Ahmad, 2012). Leaf area was significantly affected by
plant spacing for both flowering plants (Table 1). For Helianthus,
leaf area increased with increasing plant spacing (327.8 cm?),
while for Zinnia, the maximum leaf area (38.0 cm?2) was recorded
in plants spaced at 15.0 x 15.0 cm, while the minimum leaf area
(30.3 cm?) was recorded for plants spaced at 22.5 x 30.0 cm.
These results are in line with findings of Amjad and Ahmad
(2012), who recorded maximum leaf area for plants spaced
closer in lilium.

Relative leaf chlorophyll content (SPAD) in Helianthus was not
affected by plant spacing, while in case of Zinnia, 18.2 SPAD leaf
chlorophyll content was recorded in 15.0 x 22.5 spaced plants
(Table 2). Amjad and Ahmad (2012) have also reported higher
chlorophyll content when lilium plants were planted at closer
spacing. Close planting created competition among plants, which
caused increase in upright plant growth. More plant height
encouraged photosynthetic activity, which thereby increased
chlorophyll content. For Helianthus, the maximum stem
diameter (20.1 mm) was recorded when plants were spaced at
22.5 x 22.5 cm, while Zinnia had no effect of plant spacing on
stem diameter. In a previous study, stem diameter was also not
affected by plant spacing in lilium (Amjad and Ahmad, 2012).



Sharifetal. /]. Hortic. Sci. Technol. 2(1): 1-4 (2019)

'G0°0 < d 38 JUBDYIUSIS-UON su
‘sGuroeds juerd jo s3o9y3e JuedyIUSIS J0j (T°8 UOISISA) X1ISIIEIS JO SaInpado.ld S[opoy Jeaur] [elouan uisn paureiqo a.1om Sanfea d x
"'G50°0 S d 7€ dST SA9YsI] £q suwmn[od urpim uonesedas uesyy 4
‘Ayirenb 1saq sem g pue Ayenb a8e1aae sem G ‘Aiifenb Jood sem T a1aym ‘G-T JO 9[€IS B UO pajeld Sem Aifenb 1omoy -

su 100°0> 100°0> su su su su su su 01000 su su x@JUBIJTUSIS
S0t B091 eL'GT 6'L 66 66 89 S'L L €L 0T 0T 0T 00€x00¢€
60T qe 8'sT egqr L 6'8 L'8 'L €L T'L B9'6 0T 0T 0°0€ xS5CC
911 28¢T qg6'ct €8 66 86 0L €8 SL 969 0T 0T SNAR R A
0zt pP6cT qLET 8L 6'8 L'8 T'L 0'8 €L qQzL 0T 0T §CTx0ST
44" qLyT qQTvl 6'L 7’6 €6 S'L 0L L9 £q 19 0T 0T 0'ST x0'ST

L1-910C  9T1-S10¢ L1-910C 91-S10¢ L1-910C  9T-S10¢ L1-910C 91-ST0¢

eluulz Snyjueldy eruulz Snyjueldy eruulz snyjueldy eIUUIZ snyjueloy

(sAep) aj11 asep

(wd) souessip [epouraiu]

z(6-T) Ai[enb 1omorg

jue[d 1ad S19MO(j Jo IaqunN

(wo) sGumeds jueld

‘uonesijdar 1ad syue[d aA1j Jo sueaw Juasaldal eyep [[V ‘Senisuap Sunue[d snoliea Aq pajoajje se €S04
Jadng a[qno(, ‘ad suvbaja viuuly pue 23uerQ I 014, "Ad SNNUUD SNYIUDIJH JO dJI] SEA PUE 3JUEISIP [epoutaiul ‘Ayfenb tomory querd 1ad s1omorj Jo Jaquiny :g [qe.L

'G0°0 < d 38 JUBDYIUSIS-UON su
'sguroeds jueld jo s309)j0 JueoyIudIs J0j (1'g UOISI9A) XIISIIEIS JO S9.INPad0.1d S[OPOJA Jeaul] [elauan Suisn paure}qo 9.19M SaN[eA d 4
'G0°0 S d 38 dST S A9ysly Aq suwnjod uryym uonetedas uesjy -

su 10000 10000 su 10000 10000  TZ000 su su 12000 su SN £0uedYIusIS
ByGT 29021 BLZT  e¥8P¥8 BG9'90T BZBYOT dB6E9T Qe L861 qe 96’61 qe 6£91 qe 6661 qe 96’61 00€x00¢€
q6'cT q8S¢Z1 BO€ZT  qO0T'€8 ®BEV'SOT ®©HEEOT BSOLT 9SL8I q.68T BGO'LT qez'8l q.681 0°0€x5CC
qee6'v1 qe S'ev1 q9T¥1T q06'€8desy'v6 qez8+v6  IqE9ET B LBTIC ©80°0¢C 29 €9°€T e88'1¢ ®80°0¢C ST xS
qseT BO9FT  qegErl  BLIOY8 q6£E6  dB69'S6 e81'81T q¥S81 q€9'81 eg81'81 qve8l q€9'81 §CTx0ST
qrer PET18 22CL 268'LL O.L8'8L q169L 2LETCT 91991 d1I8'LT JLETT 28691 dI8'LT 0'ST x0'ST

L1-9T0C  91-ST10¢C L1-910C 91-S10¢C L1-910¢C 91-S10Z L1-910C 91-S10¢

eluuIz snyaubljag pluulz snyjubijay piuuly snyjubijay pluuly snyaubijay

(8) wa1s 1omoyj e Jo JyS1om Ysaldy

(wrw) 193owerp Jomoj]

(ww) Jo3owelp wAs  (QVdS) 3uaiuod [[Aydolo[yd jes| aane@y (wo) sdureds jued

‘uonedijdal 1ad syueld aal Jo sueaw Jussatdal elep [V ‘senisuap Sunueld snoLiea Aq pajdajje se B304 Jadng s[qno(, ‘Ad
subbaja vluulz pue ,93uelQ IN) 0.1d, ‘AD SNNUUD SNYIUDIJAH JO WIS JOMOTJ € JO JYSIaM YSa.j Pue 193aUelp JoMo]j ‘19}aWelp Wals uajuod [[Aydolo[yo jes| aane[ay :Z dqelL

'G0°0 < d 38 JUedYIUSIS-UON su
'sguroeds jueld jo s109jj0 JuedIuSIS 10§ (T8 UOISISA) XIISIIEIS JO Sa.INpado.d S[opoJy Jeaul] [elousn JUISn paurelqo 9.19M SIN[eA J 4
'G0°0 S d 38 dST S 19ysl Aq suwnjod uryym uoneredss uesyy z

SZv00 50000 50000 9L00°0 su su L6000 T0000> T10000> su  10000> 1000°0> £90uBdYIUSIS
qeCe B /L8IE B8LLE 609 0€T 0€T B L6E e €99 B6'LS 929 q000T q8L6 0°0€x00€
2¢€0€ qeg8er  qe1'L8C qe L'99 et 0C¢1 9qe89¢ qe ¥'%S qe §'eg €Y9 20'%S 20°€S 0°0€ % §¢C¢
qe$9e  297vSc  29Tvbe  29e9°0S 0ct 0C¢1 92°96'CE qL6¥y q6'6¥ L’L9 20°LS RA AR A
qe 0°ee 20°'9¢2¢ 29TT¢C 9 86% 01T 0TT 999€E d1'0€ 298¢ 299 QqeSPy0T  Qqee¥v0l ST x 09T
(08¢ 20661 20L61 29°TY 154} 154} d1'62 2982 28°LC €0L € 8T1TT ®6ETT 0'ST x0'ST

L1-910C  91-S10¢ L1-9T0C  91-S10¢ L1-910C 91-S10¢ L1-910C  91-S10¢

pruuly snyaupljoy pluuly snyupljoy pluuly snyjupljoy  bluulz snyjubljog
(zwd) eaue JEO] jue[d 1ad saAea[ Jo JaquinN (wo) 1e30welp Adoued Juerd (wo) wyS81ay 3uerd (wo) s3uroeds juelq

‘uonyeorjdau 1ad syueld aaly jo suesaw Juasaidal elep [[y ‘sanisuap Sunueld snorrea Aq pajoajje se ,eS04
Jadng a[qno(, *ad suvbaje pluuly pue s3uelQ N 014, ‘Ad Snnuup SnyuvljaH jo eae Jea[ pue jueld Jod saaes] jo Jaquinu “Ia3owerp Adoued juerd 9ySiey Jueld :T d[qeL



Sharifetal. /]. Hortic. Sci. Technol. 2(1): 1-4 (2019)

Findings further revealed that flower diameter of Helianthus was
significantly affected by plant spacing and the maximum flower
diameter (104.8 mm) was recorded when plants were spaced at
30.0 x 30.0 cm, while Zinnia had no effects of plant spacing on
flower diameter (Table 2). According to Chaudhary et al. (2007),
wider plant spacings increase flower diameter. For Helianthus,
highest fresh weight of flower stem (122.7 g) was recorded
when plants were spaced at 30.0 x 30.0 cm, while Zinnia had no
effect of plant spacing on fresh weight of flower stem (Table 2),
which are contradicted to the findings as reported by Amjad and
Ahmad (2012), who observed significant increase in fresh
weight of flower with increase in plant spacing.

Number of flowers per plant was greater for wider plant spacing
recorded for Zinnia (10.7), while Helianthus had no effect of
plant spacing on number of flowers per plant (Table 3). These
results are in line with Chaudhary et al. (2007), who reported
increase in number of flowers per plant with increase in plant
spacing.

Flower quality and inter-nodal distance were not affected by
plant spacing (Table 3). Vase life was recorded by placing
flowers in DD (distilled water). Results showed that plant
spacing had significant effects on vase life of Helianthus (15.7 d),
while no effects on vase life of Zinnia. Vase life was increased
with increase in plant spacing of Helianthus, which might be due
to more accumulation of photosynthates and food reserves.
However, these findings were contradictory with Kazaz et al.
(2011) who reported that vase life of carnation was decreased
with increase in plant spacing.

CONCLUSION

Plant spacing of 15 x 15 cm proved best for good quality cut
Helianthus annuus production, while 30 x 30 cm spacing was
optimal for cut Zinnia elegans production, and may be used for
commercial production of both tested species.
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