§ACT Z Acta Sci. Pol. Hortorum Cultus, 17(3) 2018, 137-146

www.acta.media.pl ISSN 1644-0692 e-ISSN 2545-1405 DOI: 10.24326/asphc.201848.1

ORIGINAL PAPER
Accepted: 19.12.2017

IMPACT OF GROWING CONDITIONS AND FOLIAR NUTRITION
ON GROWTH AND DEVELOPMENT OF SPANISH BLUEBELL
(Hyacinthoides hispanica (Mill.) Rothm.)

Marzena Btazewicz-Wozniak™, Justyna Budzinska, Sylwia Mucha, Dariusz Wach,
Monika Baltyn, Karolina Pitura

University of Life Sciences in Lublin, Poland

ABSTRACT

Hyacinthoides hispanica (Mill.) Rothm. is a valuable bulbous ornamentarglgrown in parks and gardens.
It comes from the Iberian Peninsula, hence itsivatlon under Polish conditions may be inefficient.
The purpose of the study was to determine the effiegtowing conditions and foliar feeding using phos
phorous fertilizer on the growth and decorative ifjieal of H. hispanica. It was found that the pine bark
layer effectively protected the plants from freggiwhich had a beneficial effect on their growth #ogh-
ering characteristics. Flowering of plants grown withthe mulch was minimal, which clearly indicates
that mulching of the soil undéd. hispanica can be necessary. Plants grown using the mulchupead
more and longer leaves, and also formed more Bglgnces and fruits as well as longer inflorescence
stems. The addition of peat to the soil did nobfavthe growth and decorative qualitiesHofhispanica,
while foliar nutrition with phosphorous had a pogtigffect. In addition, the decorative valued-bthis-
panica were influenced by the interaction of soil mulchiwgh bark and foliar feeding. Plants grown in
this combination had more inflorescences, which virgber, composed of more flowers in the inflores-
cence and reached a greater diameter than nolizéitones. Tested cultivars bf. hispanica differed in
their features of growth and flowering.
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INTRODUCTION

Spanish bluebellHyacinthoides hispanica (Mill.) H. hispanica is a typical spring geophyte of de-
Rothm. fromAsparagaceae family was quite recently ciduous forest. It forms bright bulbs without cover
classified ascilla L. and known as the squilsilla (about 10-12 cm in circumference), from which dark
campanulata Aiton.) [Grundmann et al. 2010; Chasegreen, equally narrow leaves of 20—-30 cm length and
et al. 2016]. It origins from the Iberian Peninsulaabout 2.5 cm width, arise in spring, and immedyatel
It has been cultivated for a long time in gardemsa after that inflorescence shoots appear. The clwter
ornamental bulbous plant. In England, it poseinflorescences consist of about 15 campanulate-flow
a threat to the native flora, because it crosseék wiers of about 2 cm in length that are blue, whiléhim
Hyacinthoides non-scripta (L.) Chouard ex Rothm. cultivated forms also pink or white. The fruit is
[Stace 2010]. a three-compartment poly sac [letswaart et al. 1983
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Grabowska et al. 1987, Grabowska and Kubaceous marls with a granulometric composition corre-
2010]. The leaves are dry at the beginning of sursponding to medium dusty loam (BN-78/9180-11).
mer. If the winter is mild, the plants start thegge- The experimental plant species was Spanish bluebell
tation very early, if spring is frosty, their floweg is Hyacinthoides hispanica (Mill.) Rothm. The follow-
delayed [Luczaj 2007]. Natural habitat &f. his- ing factors were taken into account in the expenime
panica are forests, shady areas, scrubs, slopes, whil. Cultivar: ‘White City’, ‘Excelsior’, ‘Queen ofhte
it grows on limestone soils [Ortiz 2011]. Denseeblu Pinks’; 2. Soil mulching: a) without mulching,
bell populations are often associated with wellb) pine bark mulch; 3. Soil types: a) local soiltfw
drained loamy soil [Knight 1964 after Ebuele et. sout peat addition), b) soil with peat addition {io-
2016]. According to tuczaj [2007], it is best sadut prove the soil structure); 4. Foliar nutrition: \&jth
to plant it in semi-shaded areas, on forest clgarin no fertilization, b) foliar nutrition using Fostéertil-
near forest roads and in scrubs e.g. eagle femrtbel izer. The control consisted of plants grown on loca
park or garden, plants blooming in spring are irapre soil without mulching and without foliar fertilizai.
sive under the trees or shrubs. They can be plamted In September 2010, half of the field was covered
flowerbeds, rock and naturalistic gardens. It ig-us with garden acidic peat (pH 3.5-4.5) in such a guan
ally advisable to growH. hispanica on fertile, mod- tity that the topsoil layer (0—20 cm) contained an
erately moist, permeable, and humus abundant soaverage of 22.2% peat (by volume). Then the entire
It is tolerant to soil reactions, but some suggeat surface of the field was dug and rakefd.hispanica
the soil is slightly acidic [Grabowska and Kubalebulbs with a circumference of 8-9 cm were planted t
2010]. the ground on September'23010 at a spacing of
In the production of ornamental plants, special a20 x 20 cm to a depth of 8 cm [Grabowska et al.
tention is paid to phosphorus fertilization, be@aits 1987]. Before planting, the bulbs were dressed in
influences better flowering, flower quality, andTopsin M 500 SC. The experiment was based on
longer shelf life. Presence of phosphorus in thiyeaa completely randomized sub-blocks pattern in
stages of plant growth ensures proper root growt3 replicates. A replicate was a plot of 1.26, mn
and hence drought resistance and nutrient deficiewhich 24 plants were grown. Surface of the soil in
cies at later stages [Koc and Skwierawski 200half of the experiment was covered with pine bark,
Michatoj¢ and Konopiska 2009]. A prolong phos- which was replenished each year. Every year in
phorus deficiency in the soil can lead to delays ispring (March 2U), fertilization with ammonium
flowering, worse fruiting, and ultimately to theade nitrate 60 kg N-ha was applied, and the soil was
of plants [Ciereszko 2003, Bezak-Mazur and iBtoi covered with a pine bark of a thickness about 6 cm
ska 2013]. The ability ofH. non-scripta to take up according to the experimental scheme. Fostar liquid
phosphorus from the soil is greatly enhanced by tifertilizer (5.0% mm™ N; 35.0% mm™ P,Os) from
presence of arbuscular mycorrhizae in its roots [Bintermag was used for the foliar nutrition. Theaspr
gon et al. 2006]. The purpose of the study was ings were made on four dates at weekly intervals
determine the effect of growing conditions anddoli from April 30" to May 2f Throughout the entire
nutrition using phosphorous fertilizer on growthdan experiment, nursing works were performed to remove

development oH. hispanica. the weeds. No plant protection products or herbiid
were used. During the vegetation period, observa-
MATERIAL AND METHODS tions were made to determine the dates of major

phenological phases. Growth and development of
The field experiment was carried out in 2010-leaves, flowers and fruits have been observed up to
2012 at the Experimental Station Felin belonging tthe end of vegetation. Regular biometric measure-
The University of Life Sciences in Lublin (Poland,ments were made (every 2 weeks) as well. The
22°56'E, 51°23'N), on grey brown podzolic soil (APweather conditions during the vegetationHof his-
developed from loess formations covering the cretpanica in 2010—-2012 are shown in Table 1.
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Table 1. Mean monthly air temperatures and amount of pretipn in ES Felin during the experiment2010-2012

Month
Year
I I 11} 1\ \Y; VI VIl VI X X Xl Xl
Temperature 2010 20.2 125 56 6.4 47
(*C) 2011  -09 -45 24 102 143 186 184 188 1520 8.24 1.9
2012 -19 -74 44 95 150 173 214
mean for
19512005 ~3° 27 11 74 130 162 178 171 126 7.8 2514
2010 245 156.7 65.6 101.0 132.8 119.0 112 4632.4
Amount 2011 248 252 81 299 422 678 1890 653 54 528.0 345
Ofprzecipi)tation 2012 336 221 286 340 56.3 628 523
mm
mean for
19512005 227 256 263 402 577 657 835 686 516 40.B.133L5

Table 2. Contents of phosphorus, potassium, magnesium daragen in the soil along with the soil acidity degigrg on
experimental factors during. hispanica vegetation in 2010-2012

Experimental factors Soil acidity P K Mg N
Substrate / foliar nutrition Mulching Pkt (mg100gy) (mgl00gy (mgl00gh)  (mgdnTd)
23.09.2010 (bulb planting)
Local soil 6.94 225 9.6 4.4 26
Soil + peat 5.90 17.2 8.4 2.8 18
19.05.2011
Local soil without mulch 6.96 16.5 8.7 4.3 64
pine bark mulch 6.65 16.3 8.6 4.4 65
Soil + peat without mulch 5.92 12.8 7.5 2.8 63
pine bark mulch 6.06 13.0 7.7 3.0 60
27.04.2012
without mulch 6.52 13.9 4.6 3.4 63
pine bark mulch 6.30 22.8 9.4 5.0 60
12.07.2012 (end of vegetation)
Without nutrition 6.7 14.6 5.8 3.5 28
Fostar without mulch 6.6 14.6 4.0 3.9 30
Mean 6.7 14.6 4.9 3.7 29
Without nutrition 6.5 22.3 6.9 4.6 30
Fostar pine bark mulch 6.6 22.6 7.6 5.1 33
Mean 6.6 22.4 7.2 4.9 32
Without nutrition 6.6 185 6.3 41 29
Fostar mean 6.6 18.6 5.8 4.5 32
Mean 6.6 18.6 6.1 4.3 31
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Chemical analyses of soil. Soil samples were col- 18" and the end on June®3vhile the full flowering
lected from the 0—20 cm layer. First time — dutindp  on May 12" (vegetation lasted 103 days). In the sec-
planting on September #32010 (one average sampleond year, plants mulched with pine bark began vege-
from each substrate), the second time — at fulldling  tation on March 5 while the full flowering was
stage (May 19 2011) from individual combinations. recorded on May 18 hence vegetation lasted
In 2012, soil samples were taken twice: for thet fime 124 days and ended on JuISV @ab. 3). Also Las-
in spring — 1 week after application of ammonium nikowska [1996] reported thdt. hispanica flowers at
trate (April 27 2012), the second time — after the enthe turn of April and May, whereas in opinion of
of plant vegetation, from individual combinatiorfidtee  Grabowska and Kubala [201®, hispanica flower-
experiment (July 1% 2012). Soil samples were drieding begins a bit later — late in May and June. The
and then subjected to chemical analysis afterrgievi flowering period varies from 4-5 weekguraw
The pH of the soil (pH in KCI) as well as potassiun2011]. In 2012, the mulching of the pine bark had
phosphorus, magnesium and nitrogen contents weclear effects on the vegetation of plants. On non-
determined; P and K — Egner-Riehm method, magnmulched plots, plants later resumed their vegatatio
sium — ASA technique, N-NHi N-NO; — Bremner flowered later, but they finished the vegetatioriea
method (modified by Starck) [Ostrowska et al. 1991] than those with pine bark mulching (tab. 3).

Contents of macronutrients (P, K, Mg and N) In the analysed experiment, plants formed ro-
along with the soil acidity duringl. hispanica vege- settes, that in May consisted on average of 15.4 to
tation depending on experimental factors have be22.3 leaves (mean 18.7) with a length from 16.2 to
shown in Table 2. 29.1 cm (mean 28.7 cm) (fig. 1). Grabowska et al.

Achieved results were statistically processed uf1987] reported that leaves bf. hispanica had from
ing variance analysis (ANOVA). The difference sig20 to 30 cm of length, which was confirmed by own
nificance was determined by means of Tukey test study. According to Ortiz [2011H. hispanica forms

p = 0.05. 2—-4(-8) leaves per bulb, (10)12—-36(50) cm long. The
single plant produced a maximum of 1.06 to 2.25
RESULTS AND DISCUSSION (average 1.46) inflorescences (fig. 2). The hemfht

inflorescences varied to reach a maximum value of
The beginning oH. hispanica vegetation in the 24.8 cm (May 1@), on average. As Grabowska and
first year of vegetation (2011) took place on MarcKubala [2010] reported, inflorescences of this gggec

Table 3. Dates of phenological phasestbfhispanica in 2011-2012

2011 2012
mulching without mulch

The phenological phases

Appearance of the first leaves

e ; 18.03.2011 5.03.2012 23.03.2012
(beginning of vegetation)

Production of wide spread rosette 08.04.2011 16.04.2012

Appearance of inflorescence shoots 27.04.2011  27.04.2012 5.05.2012
Beginning of flowering 05.05.2011 9.05.2012 12.05.2012
Full flowering 12.05.2011  18.05.2012 23.05.2012
Beginning of the fruit set 19.05.2011 1.06.2012 4.06.2012
Green multiple fruits 26.05.2011 8.06.2012 10.06.2012
Drying of multiple fruits and beginning of leaf ette drying 10.06.2011 27.06.2012

End of vegetation 29.06.2011 6.07.2012 2.07.2012
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grow up to 30—40 cm in height and several infloresthe use of mulchingH. hispanica produced more
cences arise from large bulbs. letswaart et aB319 leaves, which were longer. In 2011, the beneficial
found thatH. hispanica forms 4-8 leaves per bulb, effect of mulching on leaf length was marked on May
20-50 cm long, however in their study, the Iea18‘h, while in 2012, it was significant since Apriltﬁ_G
length of H. hispanica was 12-20 cm (mean 15),In 2012, the pine bark layer effectively protected
stem length 14-33 cm (mean 22), while flower nunplants from freezing (tab. 1), which had a positive
ber per stem 7 (5-10). In opinion of Grabowska areffect on their growth and flowering characteristic
Kubala [2010], H. hispanica prefers permeable, and consequently on their decorative effect (tgb. 5
slightly acidic, mineral-humus substrate. MeanwhileWhen analysing the growth of bluebell grown with or
in the experiment, plants growing in the loess sowithout pine bark mulching, significant differences
without the addition of peat formed more leaves arhave occurred since the beginning of vegetatior. Th
were slightly longer than those grown in the peaconditions that the mulch has provided in winterena
enriched soil (fig. 1). Influence of the substrape affected the characteristics &f. hispanica growth
on the height of inflorescences on the individueand development in the second growing year. Weak
measurement dates was ambiguous, while plardevelopment, and above all flowering, can be ex-
growing in the soil with added peat produced slight plained by freezing of non-mulched plants (tab. 1).
less inflorescences (1.3 pcs.) and significantlss le Organic mulch protects the soil from negative dffec
fruits (12.2 pcs.) (fig. 2). No positive reactiori o of low temperatures, which determines the growing
plants to peat can be explained by a decreaseilin seffects [Laskowska and Stofgka-Jurkiewicz 1996].
pH to 5.90 as well as lower phosphorus and potaHetman [1996] reports that roots of bulbous plants
sium contents than in local soil (tab. 2). Manyhaus may be damaged by soil movements caused by sev-
considersH. hispanica a tolerant to soil pH [Las- eral freezing and thawing of the soil during winter
kowska 1996], but plants absorbed far more phosphLaskowska and Stowska-Jurkiewicz [1996] showed
rus from peat-free soil than from substrate withtpethat soil mulching using composted pine bark posi-
addition, which had a beneficial effect on floweyin tively affected the soil structure in winter. Study
and fruit formation. Negative reaction ¢f. hiss performed by Wzbinska et al. [2003] revealed that
panica to peat was confirmed by Ortiz [2011]. wintering ofH. hispanica grown without soil mulch-
The soil mulching using pine bark had a positiving was 34.8-69.3%. These authors, however, do not
effect on the growth and flowering bif. hispanicain recommend cultivation of this species under Olsztyn
the first year of vegetation (tab. 4). In growinghw conditions.

Table 4. Effect of soil mulching using pine bark on growthacdcteristics oH. hispanica in subsequent study years

Date
Mulch 16.0¢ 27.0¢ 7.08 18.0¢
2011 201z 2011 201z 2011 201z 2011 201z for: 2011 201z
Height of leaf rosette (cr

Without barl 8.¢ 4.¢ 14.4 8.€ 17.c 12.€ 23.t 13.2 *A 2.07 0.7z

Pine bark 10.2 6.7 16.2 12.¢€ 19.2 18.1 30.2 19.1 B 0.57 0.3¢

Mear 9.6 5.8 15.2 10.€ 18.2 15.4 26.¢ 16.2 AxB 3.11 1.21
Number of leaves (pcs. per 1 pl:

Without barl 16.1 81.£ 17.¢ 97.2 17.7 97.7 17.4 97.7 *A 2.8¢ 15.6¢

Pine bark 19.C 89.¢ 20.C 106.C 20.C 105.¢ 20.2 108.2 B 0.8C 8.44

Mear 17.€ 85.¢€ 19 101.¢ 18.¢ 101.¢ 18.¢ 102.¢ AXxB n.s n.s

*A — date; B — mulch; n.s. — no significant diffaces
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In the second year of vegetatiod, hispanica the diameter oEupatorium purpureum L., whereas
produced an average of 102.9 leaves and 1.5 isflorinegatively influenced orSlene chalcedonica (L.)
cences - plant(tab. 4). The positive effect of mulch- E. Krause diameter and number of shoots.
ing with pine bark resulted in larger leaf rosette The effect of foliar nutrition using Fostar agent o
height, higher number of leaves, and decorativthe growth and flowering of three. hispanica culti-
value. The flowering of plants grown without mulch-vars is shown in Table 6. Due to the poor growtth an
ing in both years of study was weaker and in thlack of flowering of plants grown without mulching
second year, the plants practically did not flowein 2012, the results are averaged and presentgd onl
which clearly indicates the validity of soil muldlgi for pine bark mulching cultivation. On the basis of
in the cultivation of this species (tab. 5). A dani the obtained results, it was found that plants &ad
relationship was observed by Laskowska [1992], whaverage of 12.4 flowers per inflorescence; theoinfl
grew illa sibirica Hav., for which length of the rescence diameter reached 3.5 cm, produced 8.1
inflorescence of plants growing in soil with barkfruits per stem, and number of seeds produced by on
mulching was 18.1 cm, whereas without mulchinplant was 42.0. Studies carried out by letswaaal.et
14.6 cm. In the case @fllium ursinum L., the posi- [1983] revealed thdil. hispanica produced from 5 to
tive response to soil mulching with pine bark wal0 (mean 7) flowers per stem, and depending on the
similar [Blazewicz-Waniak et al. 2011]. Mulching population, number of fruits per plant amountedrfro
had positive effects on the length of inflorescencl to 6, while number of seeds per plant from 670 5
stem, the flower stalk, and the inflorescence diamPlants fertilized with Fostar were higher, produced
ter, as well as the number of flowers per infloresmore inflorescences, and had longer stems. Their
cence and per plant. The average length of garinflorescences were larger in diameter and cortsiste
inflorescence in mulched objects was 274.1 mnof more flowers and more seeds. Hossain and Ryu
while in the non-mulching cultivation 212.7 mm.[2009] have shown a positive impact of foliar appli
Publications of many authors indicate the positivcation of phosphorus on the number of leaves at
impact of mulching using pine bark on the growttDiospyros discolor. Experiments performed by Wach
and development of ornamental plants. Kocira arand Blaewicz-Waniak [2012] indicated that foliar
Laskowska [2006] found that applying bark and peinutrition with phosphorus (Insol Fos fertilizer) cha
mulch positively influenced on the length Afidan-  positive effects on yields &faccinium corymbosum.
thera bicolor Hochst. inflorescence stems. Mulching Tested cultivars differed in their growth and de-
the soil with pine bark positively influenced oreth velopment features. Regardless of the experimental
number of flowers in thelris germanica ‘Gold factors,H. hispanica ‘Excelsior’ produced the largest
Fackel' inflorescence [Krzymgka and Lisiecka number of leaves, its inflorescences were the Isighe
2004]. In studies performed by Bwicz-Wanniak and had a large diameter, while the number of inflo
et al. [2012], the pine bark mulching had a benafic rescences, number of flowers per inflorescence, and
influence on almost all growth and flowering characnumber of fruits and seeds were the smallest. ‘Quee
teristics of scarlet sage. The plants growing oof the Pinks’ produced the shortest rosettes ari wi
mulched soil were higher, had more leaves arthe smallest number of leaves, but it had the &rge
branches, as well as their inflorescences wereeloncnumber of flowers per inflorescence. ‘White City’
and had more whorls than plants growing withotand ‘Queen of the Pinks’ were similar in termso t
mulching. Meanwhile experiments by Hetman annumber of inflorescences, their height, and nunolber
Pogroszewska [1997] reveal that applying the baseeds produced. The highest number of seeds was
and sawdust mulching for growing theatris spicata  produced by ‘Queen of the Pinks’ fertilized with
(L.) Willd., more inflorescence stems were obtaineFostar (average 74.6 pcs.-plaht Of the non-
from plants grown without mulch. Wréblewska et alfertilized plants, the highest number of seeds was
[2012] reported that pine bark positively determinerecorded for ‘White City’ (average 32.0 pcs.-pignt
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Table 5. Effect of soil mulching using pine bark on floweriolgaracteristicef H. hispanica in subsequent study years

Date
Mulch 8.05 18.05 -SDoos
2011 2012 2011 2012 for: 2011 2012
Height of inflorescence (cm)
Without bark 6.7 - 22.0 - *A 2.07 1.43
Pine bark 8.8 9.4 27.2 155 B 0.5 -
Mean 7.8 24.6 A xB 3.2 —
Number of inflorescences (pcs. per 1 plant)
Without bark 1.36 0.00 1.46 0.00 *A 0.26 n.s.
Pine bark 1.46 1.10 1.75 1.50 B 0.10 0.30
Mean 1.41 0.55 1.61 0.75 AB 0.57 n.s.
Date
Mulch 10.06 28.06 LSDoos
2011 2012 2011 2012 for: 2011 2012
Number of fruit (pcs. per 1 plant)
Without bark 10.10 0.00 11.50 0.00 *A 1.57 n.s.
Pine bark 14.20 7.20 12.60 7.90 B 0.84 1.19
Mean 12.15 3.60 12.05 3.95 AB 2.62 n.s.

*A — date; B — mulch; n.s. — no significant diffaces

Table 6. Effect of foliar nutrition on growth and developmehiaracteristics of thrde. hispanica cultivars

Experimental Growth and development characteristic$lohispanica

factors
N _ _ Number Number H_eight Number Digmeter Numb_er Number
Nutrition Cultivar Height of leaves of infloresc.  of inflo- . of flower of inflo- of fruit of seeds
A B (cm) (pcs.) (pcs. per resc. in infloresc. resc. (pcs. per  (pcs. per
1 plant) (cm) (pcs.) (cm) 1 stem) 1 plant)
*Wh.C 20.5 105.8 1.6 14.3 9.7 2.1 6.5 32.0
Without  Ex. 19.3 129.6 0.5 18.1 8.4 35 4.2 15.8
nutriton  Qp 17.6 89.1 1.3 14.0 11.8 3.0 5.4 18.6
Mean 19.1 108.2 1.1 155 10.0 2.9 5.4 221
Wh.C 22.2 94.8 5.1 19.6 14.7 35 14.0 65.5
Fostar Ex. 24.0 129.1 3.4 28.1 13.1 4.4 7.1 45.5
QP 20.5 88.5 5.8 22.1 16.7 4.4 114 74.6
Mean 22.2 104.1 4.8 23.3 14.8 4.1 10.8 61.9
Wh.C 214 100.3 3.4 17.0 12.2 2.8 10.3 48.8
Mean Ex. 21.7 129.4 2.0 23.1 10.8 4.0 5.7 30.7
QP 19.1 88.8 3.6 18.1 14.3 3.7 8.4 46.6
Mean 20.7 106.2 3.0 194 12.4 3.5 8.1 42.0
A 0.56 n.s. 0.3 1.43 1.19 0.27 0.27 2.36
]':OSKD"-OS B 0.77 12.35 0.45 211 1.75 0.41 0.46 3.18
AxB 2.31 n.s. n.s. 3.66 n.s. n.s. n.s. 6.12

*Cultivars: Wh.C — ‘White City’, Ex. — ‘ExcelsiorQP — ‘Queen of the Pinks’; n.s. — no significaiffiedences
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