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Abstract. In modern horticulture the use of biostimulatéws obtaining the maximum
yields and qualities of the crops is favoured. Rlee¢p®-V, the fertilizer containing
5-aminolevulinic acid (ALA) is currently recommentieéThe ALA is recognized as bio-
stimulator of different physiological processesintireases the photosynthetic efficiency,
impact on the nitrogen metabolism — increases iactf nitrate reductase, decreases the
content of nitrates. The flowering, nectar produttand sugar content by flower position
and after foliar application of Pentakeep®-VHiosta Tratt. ‘Krossa Regal’ were exam-
ined in 2012-2013. The plants were sprayed withewablutions of Pentakeep®-V in
concentrations: — 0 (control — distilled waterZ).0.04, and 0.06%. Nectar was extracted
from 24-hs flowers, using pipette method. Nectaopant and concentration was strongly
influenced by floral position in the raceme, andilieer application. The total amount of
nectar produced per flower declined along the iefloence, starting from the bottom po-
sitioned. Pentakeep®-V fertilizer, depending onaamirations had a variety of effects on
flower traits and nectar production. The applicatad 0.06% of Pentakeep®-V increased
the number of flowers per inflorescence, howevdy am one year of the study. Pen-
takeep®-V in 0.02 and 0.04% concentrations incretdise flower size, with respect to the
perianth width as well as improved nectar produrctithe 0.06% of Pentakeep®-V appli-
cation suppressed both the flower size and nectatugtion. These results might be ex-
plained by the stimulation of chlorophyll synthearsd CQ absorption in lower dosages
of ALA and reduced photosynthetic efficiency witkcess dosages of ALA.
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INTRODUCTION

Nectar is a sugar-rich liquid produced in nectalbesited usually at the base of the
flower. It is a food resource for various inseabups [Denisow 2005], therefore nectar
secretion is one of the most important issue fanpinsect relationship and pollination
process [Denisow 2002]. It is also accepted thatamount of nectar produced by
plants influences the number of colonies of beasdbuld be keep in the vicinity of the
crops and therefore good nectar-yielding plantsregeired by beekeepers [Biesmeijer
et al. 2006, Zych and Jakubiec 2006] as well agangesources are fundamental to
sustaining wild pollinator populations [Denisow aWzesigé 2007]. In recent years,
a large number of anatomical, physiological, andraghemical studies were made to
reveal factors that impact on nectar quantity anality [rewived in Nepi 2007, Pacini
and Nepi 2007]. The influence of latitude, tempamt rainfall or atmospheric humidity
on nectar secretion have been documented [rewivétldolson and Thornburg 2007].
Although floral nectar plays central ecologicalpkrtionary and economic functions,
relatively little is known if we can control and/stimulate nectar secretion. Faced with
global ‘pollination crisis’, the improvement of rtac secretion in plants might be useful
for increase of fruit and seed set [Kremen and &isk2000, Viik et al. 2012].

Diverse macro- and microelements are requiredidavering and can impact on bud
formation, time of flowering, anthesis, flower tsabr reproduction [Burkle and Irwin
2009a, b, 2010]. The type and amount of fertilizeuse in a given situation have been
the topic of study for many years [Baude et al.130lh the pioneer study, Shuel [1957]
indicated that nectar production require: ‘a levehitrogen low enough to avoid exces-
sive vegetative growth, a level of phosphorus sigfit to promote good flowering, and
a level of potassium which is neither low enoughlitait growth severely nor high
enough to reduce flower production’. However, plspecies may differently response
to nutrient addition. Minerdertilization is known to stimulate the number ifers as
well as nectar production in the perennial pl@omopsis aggregatfBurkle and Irwin
2009a]. On the contrary, the nectar productiorVaécinium macrocarpomwas unaf-
fected by fertilizer application [Cane and Schifika1997].

Currently, the ideas of sustainable developmentraptemented to agriculture. The
concept relates to different environmental-friendbtivity and require the use of sub-
stances which are safe both for humans and enveahrfDhargalkar and Pereira
2005]. In modern agriculture and horticulture tree wf biostimulators for obtaining
the maximum yields and qualities of the crops isoremended [Anonymous 2013,
Calvo et al. 2014]. Biostimulators can change a lemof physiological and bio-
chemical processes in plant cell metabolism [Hettal. 1997, Yaronskaya et al. 2006,
Tilly-Mandy et al. 2010]. Positive effects of bigstlators on plants were reported
[Smoled and Sady 2010, Smdiest al. 2010, Wréblewska andebicz 2011]. One of
exogenous plant biostimulants is 5-aminolevulid@gALA), present in Pentakeep®
fertilizers. ALA is currently tested to improve miedl procedures, e.g. to reduce the
risk of complications during diagnosos of brain turfjvon Campe et al. 2012]. ALA is
also becoming popular in the agriculture and haltize sectors for its unique ability
to promote the growth and quality of plants withbarming living organisms or con-
taminating soil [Akram 2013].
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5-aminolevulinic acid (ALA) is a precursor in therphyrin synthesis pathway that
in plants leads to chlorophyll synthesis, the phgtthetic activity [Memon et al. 2009],
impacts on the nitrogen metabolism — increasesipctf nitrate reductase [Mishra and
Srivastava 1983], decreases the content of nitfaimsaka et al. 2005]. Consequently,
ALA has an advantageous impact on the processoohtihg in ornamental plants [Yo-
shida et al. 2005, Nowak 2006] and on the yieldr@fetable plants [Yoshida et al.
2006]. The Pentakeep®, an ALA based fertilizeryasging a significant impact on the
steadily expanding horticultural market in Europbe Pentakeep® fertilizers are also
gaining popularity in Poland, as the country’'s hogaedening market has grown in
recent years [Smaleet al. 2010, Jarosz 2012].

The aim of the study was to find out if foliar ajgption of Pentakeep®-V, impact
on the flowering as well as the nectar productloraddition, the impact of flower posi-
tion within inflorescence on the nectar productisas examined and the relationship
between the weather factors and nectar productiere wstablished. The experiment
was conducted ohlosta Tratt. ‘Krossa Regal’, the plant with large flowessfficient
for nectar extracting.

MATERIAL AND METHODS

Location and experiment design The observations were conducted in 2012—-2013.
HostaTratt. ‘Krossa Regal’ (Asparagaceae) was cultivateexperimental field of the
Department of Ornamental Plants of the Universityife Sciences in Lublin, Poland
(51°1TN, 22°28E). The plants were grown on plots in a randomizechplete block
design (6 x 3 = 18 plants per treatment). The plardre sprayed with water solutions
of Pentakeep®-V-foliar fertilizer produced by CosrBeiwa Agriculture Co., Ltd.,
Japan. Pentakeep®-V was applied in concentratidiy 0.04, 0.06%. The foliar spray
of distilled water (= no mineral fertilizer treatmt§ was a control (treatment 0). Pen-
takeep®-V contains (in gravimetric percent): N 5%. (N-NO; — 3.8%, N-NH —
5.7%), MgO — 5.7%, B — 0.14%, Cu — 0.02%, Fe-DTPA.6%, Mn — 0.23%,
Mo — 0.02%, Zn — 0.16%, and 5-aminolevulinic acdd_4) in concentration not de-
clared by the producer .

Plants were treated six times during the growirasea in weekly intervals, starting
from May 9" in 2012, and from May 2%in 2013, always in the morning hours (be-
tween 7.00-8.00).

Flowering. The number of flowers per inflorescence (n = 18ofescences per
treatment) and flower size were analysed. For ftosiee, the perianth length and width
using digital calliper to the nearest 0.01 mmaaidomly selected flowers (n = 20-25 per
treatment) were measured. The quantifications wwerformed in the stage just after
opening for (1) narrow tube length (NI) — the digta from the tube base to the base of
broad tube; (2) broad tube length (BI) — the distaftom the broad tube base to the top
of broad tube lobs; (3) narrow tube width (Nw) -ttke middle of tube length; (4) broad
tube width (Bw) — in the middle of tube length (fit). The total number of measure-
ments was n = 74 in 2012, and n = 95 in 2013.
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Nectar production. The collection of samples was carried out in laterning
(9.30-11.00) [Denisow 2009]. The samples were imately transported to the labora-
tory. The pipette method was applied to collect tieetar [Jabtski 2002]. Prior to
nectar collecting, flowers were covered by theetidlolators to exclude insect visitors.
We collected nectar produced in the preceding 2dthe peak of nectar secretion was
found between 20 and 24 hr of flower life-span im pilot study. The nectar was sepa-
rately harvested from the flowers from differengioms of an inflorescence, i.e. from
bottom (2-6), mid (10-14), and apical (18-23) flosvén each replication, 5-6 samples
were collected (one flower per inflorescence); regle sample contained nectar from
5-8 flowers. Sugar concentration (in %) was meabuvéh an Abbe refractometer.
Nectar production (in mg) and sugar concentratierewised to calculate the total sugar
mass in each sample. Relevant calculations alldwetktermine the amount of sugars
produced per flower (in mg).

Weather conditions The average air temperatures during the periddoafming of
Hosta ‘Krossa Regal’ was 20.7°C in 2012 and 18.6°C in3®0and were higher than
long-term average (17.8°C). Total precipitation waprox. 25% lower than normal in
2012, while was on average level in 2013. The eningterature and relative humidity
(RH) data for particular days of nectar collectingre used for measure the interde-
pendence between weather conditions and nectts. trai

Statistical analysis.The results are presented as mean values andasfadevia-
tions (SD). ANOVAs procedures, to discover theefidince for the traits studied among
treatments, among years of study, and among fl@esitions were applied?ost hoc
comparison of means was tested by the HSD TukeyS$esnisz 2007]. The Pearson’s
correlation coefficient (r) was used to measuredtinength of the relationship between
nectar traits and meteorological data (air tempeeaand relative humidity (RH). The
level of statistical significance to measure thiéedénces between means for all analy-
ses was aP = 0.05. Statistica software version 6 was appfedthese analyses
(Statsoft, Krakow).

RESULTS

An inflorescence oHosta‘'Krossa Regal’ is raceme — an unbranched, indeterte
type (fig. 1A). Nutrients addition affected florahd nectar characters. Pentakeep®-V
application at the 0.06% concentration increasedrnithmber of flowers per inflores-
cence, however only in 2012 (fig. 2). Plants fem#itl with 0.02 and 0.04% of Pen-
takeep®-V produced flowers with approx. 8% wideratias than control plants
(tab. 1, B gs= 5.2,P = 0.0078).

The nectar glands are situated in the septal rdggdmeen adjacent carpels (fig. 1 B).
Nectar secretion starts at the bud stage and ceasstel with the wilting of the tepals.

Flowers produced nectar (extreme values: 3.6-12yflower) of changeable con-
centration (extreme values: 17.5-37.8%). The memarsmass was between 1.1 and
2.4 mg per flower. On average, a single flower stect 5.25 +6.64 mg of nectar and
produced 1.5 £0.94 mg sugars (means and SDs cedu&ross years, treatments and
floral positions).
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Fig. 1. A — Flower and B — cross section at halfhebf the 3-carpellate ovary and septal necta-
ries inHosta'Krossa Regal’

The treatment significantly impacted on the negwaoduction (ks; = 3.31,

P = 0.039) (fig. 2). Application of Pentakeep®-V in0Q and 0.04% concentrations
showed 10-30% promotive effects over the contrahi amount of nectar produced
per flower. The same trend was recorded both ferdhgar concentration in nectar
(Fs53= 3.16,P = 0.004) and the mass of sugars (mg) in nectayz£F5.61,P = 0.031).

There was an effect of year,(z= 7.74,P = 0.007) on nectar volume produced in
flowers (fig. 2). The amount of nectar was appf@B2 higher in flowers in 2012 com-
pared to 2013. At a mean air temperature below 2#8€a relative humidity between
60-80%, the nectar production was the highest aftgtication of 0.02 and 0.04% of
Pentakeep®-V (tab. 2). At air temperature aboveCZoyether with a relative humidity
between 35-55% the nectar production was increafted Pentakeep®-V application
in 0.04 and 0.06% concentrations. The same trersdr@@rded for the sugar concentra-
tion (%) in nectar and the mass of sugars (mggutar. Generally, the negative correla-
tion was noted between the air temperature andatheunt of nectar production in
flowers (tab. 3), while positive effect of relativeimidity on the mass of nectar was
found (calculated across years, treatments andl fiasitions).

The flowers of raceme inflorescence of tHesta‘Krossa Regal’, do not open si-
multaneously, the first to open are the bottomtpm®ed flowers, followed by mid- and
apical ones. Regardless the applied concentrafi®eontakeep®-V, the amount of nec-
tar produced per flower ¢k; = 6.28,P = 0.003) and the mass of produced sugars
(Fo53 = 4.98,P = 0.012) varied depending on flower position in ih#orescence
(fig. 3). On average, the mass of produced necter tlve highest in the bottom posi-
tioned flowers. As compared with bottom positiorfemvers, nectar amount at mid-
positioned was reduced by 10-20%, and at apicatigposd was reduced by 20-40%.
The reduction in the mass of sugars in nectar batvmttom positioned flowers and
apical positioned flowers was 15-20%.
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Fig. 2. Flowering, nectar production and sugar nmmssflower ofHosta ‘Krossa Regal’ after

application of Pentakeep-V: 1 — control, 2 — 0.03%,0.04%, 4 — 0.06%. Means with the
same small letter do not differ significantly beemereatments, and means with the same
capital letter do not differ significantly betwegears at P < 0.05, based on HSD Tukey
test
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Table 1. Morphometrics of the flower bfosta‘Krossa Regal’ cultivated on plots with different
treatmentof Pentakeep®-V fertilization. Means for 2012—2@it8 given

Flower trait

No. of narrow-tube narrow-tube broad-tube broad -tube

Treatment samples length (mm) width (mm) length (mm) width (mm)
(flowers) NI Nw Bl Bw
mean +Sd mean +Sd mean +Sd mean +Sd

1 — control 42 9.12a £2.07 0.20a £0.12 23.16a +2.17 15.90a £1.69
2 -0.02% 46 9.61a +3.52 0.23a £0.21 24.02a +3.21 7.20b +2.04
3-0.04% 43 9.44a +4.15 0.28a +0.31 23.09a +3.61 7.10b +2.71
4 —0.06% 40 8.72a £3.43 0.31a £0.27 22.20a +2.78 6.02t +0.96

ANOVAs procedures were performed separately foheatalyzed feature. Values followed by the same

small letters are not statistically significant argareatments within the flower trait at p < 0.@&sed on
HSD Tukey’s test

Table 2. The weather parameters impact on nectatuption inHosta‘Krossa Regal’ after ap-
plication of Pentakeep®-V. Means for 2012—2013given

Treatment  Nectar mass per flower (mg) Sugar concentration (%¥$ugar mass per flower (mg)

Pentakeep-V <22C >27C <22C >27C <22C > 27°C
concentration * RH 60-80% RH 35-55% RH 60-80% RH 35-55% RH 60-80% RH 35-55%
1 — control 6.3a 3.8a 18.4a 25.1a 1.2a 0.9a
2-0.02% 11.2b 4.6a 19.3a 24.6a 2.2a l.la
3-0.04% 12.5b 11.1b 22.1a 33.3b 2.8a 3.7b
4 —0.06% 8.2a 12.7b 19.1a 36.0b 1.6a 4.6b
Mean 9.55A 8.05B 19.7A 29.7B 1.1A 2.4B

* RH relative humidity. ANOVAs procedures were perhed separately for each analyzed feature.
Values followed by the same small letters are matissically significant among treatments withirethol-
lumns, while values followed by the same capitdkhs are not statistically significant between ¢odumns
at P < 0.05, based on HSD Tukey test

Table 3. The weather parameters effect on nectatugtion inHosta‘'Krossa Regal (for all the

treatments and years of study). The Pea&oairelation coefficients (r) are given. Sig-
nificant correlations are in bold

Type of correlation r P
Correlation between air temperature -0.301 0.028
mass of nectar per flower and relative humidity RH 0.421 0.039
Correlation between air temperature 0.372 0.041
sugar concentration in nectar relative humidity RH 0.161 0.054
Correlation between air temperature 0.416 0.026
mass of nectar sugars per flower and relative humidity RH -0.148 0.074
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Fig. 3. The effect of flower position within racermdlorescence on the nectar amount and mass
of sugars produced per flower lifosta‘Krossa Regal’ after application of Pentakeep®-V
(means from the years of study)

DISCUSSION

In this study we showed that Pentakeep®-V fertiliziepending on concentrations,
had a variety of effects on flower traits and negieoduction in theHosta ‘Krossa
Regal'.

In our study the application of foliar fertilizatioincreased the number of flowers
per inflorescence, however only in one year ofshely and only with 0.06% of Pen-
takeep®-V concentration. A poor synchronizationNgsn fertilizer application and the
number of flowers might be related to differentttais, e.g. the plant-life history which
define the time of bud formation [Hermans et al0&0together with meteorological
conditions [Campbell and Halama 1993] may playla mo determining this response.
In perennial plants, the resources available tavdling may come from stored organs
and/or current foliar photosynthesis [Harper 19T@]Chrysanthemunx grandiflorum
the increase in the number of flowers was foundréfeatment with 0.05% concentra-
tion of Pentakeep® [Nowak 2006]. Ongoing researawed that plant species respond
differently to nutrients [Burkle and Irwin 200920 0] and biostimulators [Wréblewska
and Dxbicz 2011].
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An appropriate concentration of Pentakeep®-V insedathe flower size, in respect
to the perianth width, as well as nectar productibis well known that ALA, present in
Pentakeep®-V stimulated chlorophyll synthesis, bpdhat way impact on the photo-
synthetic CQ absorption [Hotteet al. 1997]. These might explain our results that
flower size, nectar production and sugar mass atamevere improved after 0.02 and
0.04% of Pentakeep®-V treatments. Although, no rimition are available on how
ALA impact on nectar traits, the pronounced effexftexogenous ALA application on
growth and yield of various plants were reported,. & barley, potato, corn, wheat
[Hotta et al. 1997, Lou et al. 1998]. The advantageouscesfobtained were linked to
increase in photosynthetic efficiency. It is aceepthat production of nectar, a sugar-
rich liquid, is associated with high energy expéur@i. According to Pacini and Nepi
[2007], nectar sugar production requires as mscB7&6 of energy produced daily by
photosynthetic activity of leaves. Likewise, themotive effect on nectar production
was documented on plants treated with other biedéitar, Actisil Hydro Plus [Deni-
sow et al., in press].

Interestingly, the application of 0.06% of Pentgd®e/ suppressed both the flower
size and nectar production. Hotta et al. [1997]eobsd that excess dosages of ALA
hinder plant growth due to reduced photosynthdficiency. Presumably, the decrease
in photosynthetic efficiency impaired the flowezesiand the amount of secreted nectar.

Differences in weather conditions between study y@a explain the variation in
nectar characteristics observed between growingpssa Generally, nectar volume and
sugar concentration is influenced by external fectdfectingphotosynthesis, i.e. light,
temperature, evaporation, transpiration [Pacini Biegi 2007]. Moreover, changes in
relative humidity, or even wind speed have beerudmmted to change nectar charac-
teristics [Nicolson and Thornburg 2007]. Therefoeetar traits may vary greatly during
the day, during the season or between growing ssaso our study, the higher nectar
parameters observed in the year with 25% of rdidficite (in relation to normal long-
term level) and during the days with hot and dryather (>25C, RH 35-55%) may
indicate the positive effects of exogenous apgbecabdf 5-aminolevulinic acid (ALA),
present in Pentakeep®-V fertilizer. Presumably, Aalkeviated the inhibitions of pho-
tosynthesis and by that way improved the nectaarpaters under dry weather condi-
tions. Few reports highlighted that spraying withAAresults with better plant function-
ing, particularly under suboptimal conditions [Ho#t al. 1997, Lou et al. 1998]. In the
context of climate warming, Pentakeep®-V fertilizeontaining ALA biostymulator, is
expected to support indirectly adequate pollinationparticular, the improvement of
nectar production and sugar content in nectar couddify resource availability for
pollinators and their activity.

The opening sequence Hbsta ‘Krossa Regal’ flowers starts with the lower posi-
tioned and continues with mid- and then with apwaés. The total amount of nectar
produced per flower was related to flower posiiiomhe raceme and declined along the
inflorescence. The intra-inflorescence variationfloral traits are typical for raceme
inflorescences [Campbell 1989] and may relate tbealf longevity or the number of
developed seeds [Campbell and Halama 1993]. Prestudies on nectar production
have also reported that in acropetaly bloomingoneficences upper flowers produce
less nectar [Denisow 2005]. Presumably, the phenomef nectar distribution within
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inflorescence, with apical flowers producing lestar, is connected with resource
limitation [Stephenson 1981]. According to ‘resaaiimitation hypothesis’, the lower
flowers in racemes, after being pollinated recehe most resources for seed and fruit
development. Consequently, upper flowers are uedasiderable limitation in avail-
able resources and therefore their floral traid fumction are impaired [Campbell and
Halama 1993, Denisow 2002]. Reduced floral funcfimmmber of pollen grains and/or
ovules) from the base towards the apex within r&seofHosta ventricosdCao et al.
2011] andH. rectifolia[Cao et al. 2007] were evidenced.

In conclusion, the present study established thatam secretion itosta ‘Krossa
Regal’ is strongly influenced by fertilizer appli, floral position in the raceme and
weather conditions. Pentakeep®-V fertilizer actediy on flower size and on nectar
secretion. It is well documented that flower sizel anectar production contribute to
plant-pollinator interactions. Flower size, the ambof nectar production as well as
sugar concentration may influence pollinator bebavibecause these are traits impor-
tant for pollinator attraction [e.g.: Devlin et 4892]. However, to uprate nectar produc-
tion in the field, further studies under controliszhditions are needed.
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WPLYW NAWOZU PENTAKEEP®-V NA KWITNIENIE
I NEKTAROWANIE FUNKII ( HostaTRATT.) 'KROSSA REGAL’

Streszczenie W nowoczesnym ogrodnictwie wskazane jest stosowaioigtymulatoréw
w celu uzyskania diych i dobrej jakéci plonéw. Aktualnie polecany jest nawéz Penta-
keep®-V zawierajcy kwas 5-aminolewulinowy (ALA). ALA jest uznawarpa biosty-
mulator r@&nych procesow fizjologicznych, m.in. zsisza on wydajn& fotosyntezy,
wptywa na metabolizm azotu — akisza aktywné&t reduktazy azotanowej, zmniejsza
zawart@¢ azotanow. W latach 2012—-2013, wykorzystujcsline modelovy Hosta Tratt.
‘Krossa Regal’, badano kwitnienie, produkajektaru i maswydzielanych cukrow w za-
leznoéci od potaenia kwiatow w kwiatostanie i po zastosowaniu nawBentakeep®-V
w formie dolistnej. Réliny zostaty opryskane wodnym roztworem Pentake&p®-stg-
zeniach: 0 (kontrola — woda destylowana), 0,02; 0,006%. Nektar pobierano z kwia-
tow w 24. godzinie ichzycia, stosujc meto@d pipetovs. llos¢ produkowanego nektaru
oraz koncentracja cukréw istotnie zally od potgenia kwiatu w gronie i stosowanej
dawki nawaenia Pentakeep®-V. Catkowita $b nektaru wyprodukowana przez poje-
dynczy kwiat byta istotnie nsza w kwiatach pofmnych wyzej w gronie. Zastosowanie
nawozu Pentakeep®-V wegeniu 0,06% zwikszylto liczly kwiatéw w kwiatostanie, ale
tylko w jednym roku bada Pentakeep®-V w steniu 0,02 i 0,04% wplys korzystnie
na wymiary kwiatow w odniesieniu do szerégookwiatu oraz powodowat wzrost pro-
dukcji nektaru. Natomiast Pentakeep®-V wzehiu 0,06% spowodowat wytworzenie
kwiatow o mniejszych wymiarach oraz ograniczyt pricie nektaru. Otrzymane wyniki
mozna uzasadiistymulacy syntezy chlorofilu i absorpcji C{przy mniejszych dawkach
ALA i zredukowarny wydajndcia fotosyntezy przy wikszej dawce ALA.

Stowa kluczowe:kwas 5-aminolewulinowy, nawenie dolistne, kwitnienie, nektar
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