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Abstract

JaANOwsKA B., ANDRZEJAK R., KosiaDA T., TRELKA T., FRAszczAK B., 2013. Effect of mycorrhization on the flow-
ering of the Zantedeschia albomaculata [Hook./ Baill. cv. Albomaculata. Hort. Sci. (Prague), 40: 126—-130.

The study involved the application of a top dressing of a multicomponent Peters Professional fertiliser at concentration
of 100 and 200 mg/! in the amount of 100 ml/plant, once every 7 days regardless of the fact whether the rhizomes had
been mycorrhized before or not. Mycorrhization caused an increase in the quality of flowers, as expressed by peduncle
length and their yield in Zantedeschia albomaculata cv. Albomaculata at both levels of top dressing, which shows that
it is possible to reduce the top dressing dosage to a concentration of 100 mg/l. Mycorrhization had a favourable effect
on the accumulation of nitrogen and manganese in the leaves of the calla lily. In mycorrhized plants the mean nitrogen
content in 12 leaves ranged between 5.35 and 5.55% d.w. Mycorrhized plants accumulated more manganese in19 their
leaves irrespective of the level of top dressing.

Keywords: ornamental plants; yield; quality; micro- and macroelements; Peters Professional fertilizer; endomycor-
rhizal fungi

Ecological aspects of flower production force pro-
ducers of ornamental plants to limit the application
of mineral fertilisers in favour of organic ones. How-
ever, this is not always possible because the miner-
alisation of nitrogen and phosphorus from organic
fertilisers is often too slow to meet the requirements
of plants (FALKOWSKI et al. 2009). So far few studies
were devoted to nutrition problems of the calla lily
with colourful spathes grown for cut flowers. FUN-
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NELL (1993) recommends liquid feeding with ferti-
lisers where the N:P:K proportion is 15:7:14, with
nitrogen at 100-200 mg/l. Slow-release fertilisers
applied at 2—4 g/l are equally beneficial.

It is mycorrhiza that can be an alternative in the
cultivation of ornamental plants as it has a benefi-
cial effect on the uptake of some elements (N, P,
Zn, Cu) (RYaN, ANGUS 2003; NEUMANN, GEORGE
2005). It is estimated that about 80% of flowering
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plants live in this type of symbiosis (FALKOWSKI et
al. 2009). Mycorrhiza results in the earliness and
abundance of flowering in many species of orna-
mental plants (Nowak 2004; FALKOWSKI et al.
2009). The available literature offers no information
about the cultivation of the calla lily in symbiosis
with fungi. Henceforth the present study offers an
assessment of the flowering and level of nutrition
of the spotted calla cv. Albomaculata after the ap-
plication of endomycorrhizal fungi.

MATERIAL AND METHODS

Research was conducted in the years 2009-2011.
The cv. Albomaculata derived from Zantedeschia
albomaculata /Hook./ Baill. was used in the study.
Rhizomes of more than 20 cm in circumference,
with leaf buds 0.5-1.5 cm in length, were planted
into 20-cm pots on 15 May 2009, 15 May 2010 and
15 May 2011 into a medium consisting of peat with
a pH of 6.2, enriched with a slow-release fertilis-
er Osmocote Plus (3-4M) (A.M. Leonard, Piqua,
USA) in the amount of 3 g/l and mixed with fresh,
shredded pine bark at a rate of 3:1 (v:v).

The study involved the application, of a top
dressing of a multicomponent Peters Professional
(Scotts) fertiliser (Scotts, Marysville, USA) at con-
centration of 100 and 200 mg/l in the amount of
100 ml per plant once every 7 days.

Endomycorrhizal fungi of the genera Glomus
(G. aggregayum, G. mosseae, G. intraradices, G. etuni-
catum, G. clarum) and Gigaspora (G. margerita) were
applied in the form of spores a week after planting in
the amount of 100 propagation units per plant.

The experiment consisted of 6 treatments
(a concentration of nutrition x mycorrhization). In
each year of the study, one combination consists of
15 plants, five plants in three replications.

The length of peduncles and spathes was meas-
ured and the yield of flowers developing from a
single rhizome was determined. In the calla lily a
“flower” is a conventional simplified term used to
describe the inflorescence on a peduncle — a spadix
— surrounded by a spathe.

For chemical analyses, leaves from the central
part of the leaf rosette were taken. An average sam-
ple consisted of 15 leaves from each treatment.
They were dried at a temperature of 45-50°C and
then ground. To determine the totals of nitrogen,
phosphorus, potassium, calcium and magnesium,
they were mineralised in concentrated sulphuric

acid. The determinations of the nutrient content
were performed using the following methods: total
N - the distillation method after Kjeldahl on a
Parnas-Wagner apparatus (Chemland, Stargard
Szczecinski, Poland), P — the colorimetric method
employing ammonium molybdate (after Schillak),
and K, Ca, Mg — atomic absorption spectrometry
(AAS). To determine total iron, manganese, zinc and
copper, the leaves were mineralised in a mixture of
nitric and perchloric acids (3:1, v:v), and for sodium,
in concentrated sulphuric acid (KaMINSKA et al
1972). After the mineralisation, Na, Fe, Mn, Zn, and
Cu contents were determined by means of the AAS
method (on a Carl Zeiss Jena apparatus — AAS-3N,
Analityk Jena, Jena, Germany).

The results, presented as the average of three
years of research, were processed statistically
with the help of a two-factor analysis of variance
by means of Statistica ver. 8.0 software (StatSoft,
Krakéw, Poland). Uniform groups were determined
with the Newman-Keuls test.

RESULTS AND DISCUSSION

The intensity of flowering of the calla lily with col-
ourful spathes depends on the cultivar and the size
of its rhizomes, but even the planting of rhizomes
of very great dimensions does not guarantee an
abundant harvest. This was proved by the research
involving the cv. Albomaculata, in which the flower
yield increased only after mycorrhization. An ad-
ditional advantage of the symbiosis with fungi was
an improved quality of flowers as expressed by the
length of the peduncle (Table 1). This favourable
response of the cultivar to the symbiosis suggests
mycorrhiza should be an alternative to gibberellic
acid in boosting bloom abundance. In the calla lily
gibberellic acid is employed in the form of a solu-
tion for rhizome soaking. While its effectiveness is
unquestionable (FUNNELL, Tj1a 1988; CORR, WID-
MER 1991; FUNELL et al. 1992; DENNIS et al. 1994;
JaANOwWsKA, KRAUSE 2001; JANOWSKA, SCHROETER
2002; JANOWSKA, ZAKRZEWSKI 2006), its applica-
tion is highly inadvisable from the point of view of
the plants health because it contributes to the spread
of a bacterial disease very dangerous to the calla lily
— the soft rot of rhizomes. An addition of mycor-
rhizal fungi to the substratum stimulated flower bud
induction, probably because endomycorrhizal fungi
produce growth regulators, including those from the
gibberellin group (MATYSIAK 2009).
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Table 1. Abundance and quality of the flower yield (number
of flowers from 1 rhizome) in the spotted calla cv. Albomac-
ulata after the application of mycorrhizal fungi and various
levels of top dressing

Concentration of Peters Mycorrhization
Professional (mg/1) _ +
Yield of flowers

0 3.0 3.0
100 3.2 10.0
200 3.1 10.2
LSD, ,, for interaction 1.26

Length of flower stem (cm)

0 30.0 30.0
100 30.0 42.6
200 34.6 41.4
LSD,  for interaction 2.87

Length of spatha (cm)

0 10.0 10.0
100 10.0 10.5
200 11.0 10.5

LSD for interaction -

The study proved an additional advantage resulting
from the introduction of mycorrhization to calla lily
cultivation, which was the fact that differences in the
amount of top dressing applied did not matter (Ta-
ble 1). This is highly favourable in ecological terms
because it allows cutting down on fertiliser dosages.
Better growth of mycorrhized plants in the condi-
tions of limited fertilization or a nutrient deficiency
was observed by LEE and GEORGE (2005) in the cu-
cumber and by MATYSIAK (2007) in rhododendrons.

It was shown that there was an intensive accu-
mulation of nitrogen in the leaves of plants grown
without the symbiosis with fungi and top-dressed
with the lower concentration of fertiliser and very
low nitrogen content when the top dressing was
applied at the higher concentration (Table 2). As
follows from the few reports published to date,
intensive nitrogenous fertilization facilitates the
infection of plants with the bacterium Erwinia
carotovora susbp. carotovora — the cause of the soft
rot of rhizomes, a disease very dangerous for Zan-
tedeschia (VAN LEEUVEEN 2002). In mycorrhized
plants the mean nitrogen content in leaves ranged
between 5.35 and 5.55% d.w. (Table 2). Owing to
the absence of information about optimum levels
of this element in calla lily leaves in the available
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literature, it is impossible to make any comparisons
in this species. However, it may be presumed that
they are relatively high because, as DIGAT and La-
MAIRE (1993) report for Pelargonium, which is a
species with much higher nutritional requirements,
the optimum ranges of N content in its leaves are
3.30-4.76% d.w. and 3.89 to 4.50% d.w. On the ba-
sis of the results obtained in the present study, it
can be inferred that mycorrhiza had a stimulating
effect on the intensity of nitrogen uptake, because
the leaves of mycorrhized plants contained from
5.35 to 5.55% of this element.

Differences in top dressing were found to have
an effect only on the phosphorus content in leaves
(Table 2). Irrespective of mycorrhization, signifi-

Table 2. Content of macroelements in leaves of the spot-
ted calla cv. Albomaculata after the application of mycor-
rhizal fungi and various levels of top dressing (% d.w.)

Concentration of Peters Mycorrhization
Professional (mg/1) _ +
Nitrogen

0 5.20 5.20
100 6.73 5.35
200 5.18 5.55
LSD, ,, for interaction 1.13
Phosphorus

0 0.49 0.49
100 0.45 0.44
200 0.54 0.53
LSD,  for interaction 0.04
Potassium

0 4.30 4.30
100 4.47 3.89
200 4.14 4.41
LSD, s for interaction 0.14
Calcium

0 0.79 0.79
100 0.79 0.80
200 0.79 0.78
LSD, ,, for interaction -
Magnesium

0 0.24 0.24
100 0.23 0.23
200 0.23 0.22

LSD, s for interaction -
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cantly higher levels of this element were recorded
in the leaves of plants top-dressed with fertiliser at
the higher concentration. Nowak (2009) reports
that in Callistephus chinensis cv. Milady mycorrhi-
zation has no effect on P content in the leaves of
plants grown with this element at a higher concen-
tration in the medium.

It was shown that the content of potassium in
leaves depended significantly on mycorrhization
only (Table 2). Significantly more K, irrespective of
the level of top dressing, was found in the leaves of
non-mycorrhized plants. The greatest amounts of
potassium were accumulated in the leaves of plants
which had not been mycorrhized and top-dressed

Table 3. Content of metallic microelements and sodium
in leaves of the spotted calla cv. Albomaculata after the
application of mycorrhizal fungi and various levels of top
dressing (mg/kg d.w.)

Concentration of Peters Mikoryzation
Professional (mg/1) _ +
Iron

0 41.70 41.70
100 40.00 40.10
200 43.40 45.90
LSD, , for interaction -
Manganese

0 67.00 67.00
100 68.93 78.85
200 74.80 77.60
LSD, , for interaction 3.53

Zinc

0 29.97 29.97
100 30.30 25.90
200 29.65 32.38
LSD,  for interaction -

Copper

0 6.55 6.55
100 6.54 6.93
200 6.57 6.63
LSD, 5 for interaction -

Sodium

0 0.03 0.03
100 0.06 0.03
200 0.02 0.05

LSD, s for interaction -

with the lower concentration of fertiliser, and those
which had been mycorrhized and top-dressed with
its higher concentration. The smallest amounts of
potassium were found in the leaves of plants my-
corrhized and top-dressed with the lower fertiliser
dosage. The fact that mycorrhiza had no effect on
K content in leaves was demonstrated by NowAk
(2009) in Callistephus chinensis cv. Milady.

The factors under analysis were not observed
to have any effect on the content of calcium and
magnesium in calla lily leaves (Table 2). The fact
that mycorrhiza had no influence on Ca content in
the leaves of Callistephus chinensis cv. Milady was
reported by Nowak (2009), however, she reported
that it had a favourable effect on the Mg content.

On comparing the content of microelements and
sodium in leaves of the calla lily, it was found that
the factors under study had only an effect on manga-
nese content (Table 3). The amount of this element
in plants which had been mycorrhized and fertilized
at the higher concentration was significantly higher.
Mycorrhized plants accumulated more manganese
in their leaves irrespective of the level of top dress-
ing, which suggests that it is possible to reduce its
dosage in the cultivation of the calla lily.

Zinc, like molybdenum, boron and aluminium,
are considered to be a potentially dangerous ele-
ments. As follows from a study by WALKER et al.
(2003), thanks to mycorrhiza its content drops in
the leaves of Betula lenta.

The results of the research conducted encourage
further efforts at assessing the effect of mycorrhiza
on the flowering of the calla lily.

CONCLUSION

In conclusion, mycorrhization caused an increase
in the quality of flowers, as expressed by peduncle
length, and their yield in Zantedeschia albomacu-
lata cv. Albomaculata at both levels of top dress-
ing, which shows that it is possible to reduce the
top dressing dosage to a concentration of 100 mg/1.
Mycorrhization had a favourable effect on the accu-
mulation of nitrogen and manganese in the leaves
of the calla lily.

References

Corr B.E., WiDMER R.E., 1991. Paclobutrazol, gibberel-
lic acid and rhizome size affect growth and flowering of
Zantedeschia. HortScience, 26: 133-35.

129



Vol. 40, 2013, No. 3: 126—130

Hort. Sci. (Prague)

DEeNNIs D., DOREeN D.J.,, OHTEKI T., 1994. Effect of a gib-
berellic acid ‘quick-dip’ and storage on the yield and qual-
ity of blooms from hybrid Zantedeschia tubers. Scientia
Horticulturae, 57: 133-142.

DiGAT B, LEMAIRE F,, 1993. Nitrogen form and susceptibility
of Pelargonium x hortorum to Xanthomonas. Acta Horti-
culturae (ISHS), 342: 25-35.

FALKOWSKI G., KONIARSKI M., MATYSIAK B., 2009. Zastoso-
wanie ekokompostu i szczepionek endomikoryzowych w up-
rawie pieciornika krzewiastego (Potentilla fruticosa L.) ‘Gold
Drop: [Effect of ecocompost and endomycorrhizal inoculaon
growth of Potentilla fruticosa L. ‘Gold Drop’] Zeszyty Prob-
lemowe Postepéw Nauk Rolniczych, 539: 159-168.

FUuNNELL K.A., 1993. Zantedeschia. In: DE HERTOGH A, LE
NARD M. (eds), Physiology of Flowering Bulb. Amsterdam,
Elsevier: 638—704.

FUunNNELL K.A,, Tj1a B.O., 1988. Effect of storage temperature,
duration and gibberellic acid on the flowering of Zantede-
schia elliottiana and Z. ‘Pink Satin’ Journal of the American
Society for Horticultural Science, 113,: 860—863.

FUNNELL K.A., MAcKAY B.R,, LaAwoxko C.R.O., 1992. Com-
parative effects of Promalin and GA, on flowering and
development of Zantedeschia ‘Galaxy’ Acta Horticulturae
(ISHS), 292: 173-179.

JaNowsKA B., KRAUSE J., 2001. Wplyw traktowania bulw
kwasem giberelinowym na kwitnienie cantedeskii. [The
influence of tuber treatment by gibberellic acid on the
flowering of Zantedeschia.] Roczniki AR w Poznaniu CC-
CXXXII, Ogrodnictwo, 33: 61-67.

JANOWSKA B., SCHROETER A., 2002. Wplyw kwasu giber-
elinowego na kwitnienie cantedeskii Elliota (Zantedeschia
elliottiana /. Wats./ Engl.) ‘Black Magic’ [The influence
of gibberellic acid on flowering of Zantedeschia elliotti-
ana |W. Wats./ Engl. ‘Black Magic’] Zeszyty Problemowe
Postepow Nauk Rolniczych, 483: 93-99.

JANOWSKA B., ZAKRZEWSKI P., 2006. Wplyw kwasu giber-
elinowego i sposobu przygotowania ktaczy na kwitnienie
cantedeskii (Zantedeschia Spreng.) [The effect of gibber-
ellic acid and rhizome treatment on flowering of calla lily
(Zantedeschia Spreng.).] Zeszyty Problemowe Postepow
Nauk Rolniczych. Part I, 510: 223-233.

KaMmiNska W., Karpasz T., STRAHL A., Barucka T,
WaLczak K., FILIPEK P., 1972. Metody analiz w stacjach
chemiczno-rolniczych. Czes¢ II. Analiza roélin. [The Meth-
ods of Analysis in Chemical-agricultural Station. Part II.
Analysis of Plants.] Pulawy, [IUNG.

Kreny C. DE, SONNEVELD C., WARMENHOVEN M.G., STRA-
VER N., 1990. Normen voor gehalten aan voedingsele-
menten van groenten en bloemen onder glas. [Guide values
for nutrient element contents of vegetables and flowers un-
der glass.] Serie Voedingsplossingen Glastuinbouv, 15: 23.

LEe YJ.,, GEORGE E., 2005. Contribution of mycorrhizal hyphae
to the uptake of metal cations by cucumber plants at two
levels of phosphorus supply. Plant and Soil, 278: 361-370.

MaATYsIAK B., 2007. Ekofizjologiczne i agrotechniczne aspekty
mikoryzacji r6zanecznikéw (Rhododendron sp.). [Ecophysi-
ologic and agrotechnical aspect of the micorrhization of rho-
dodendrons (Rhododendron sp.).] Zeszyty Naukowe Instytutu
Sadownictwa i Kwiaciarstwa w Skierniewicach: 7-26.

MATYSIAK B., 2009. Zastosowanie szczepionek endomiko-
ryzowych w czasie rozmnazania Ilex x meserveae ‘Blue
Boy’ przez sadzonki oraz ich wplyw na dalszy wzrost i
rozwdj roélin. [Effect of endomycorrhizal inocula during
propagation on the growth following transplanting of Ilex
x meserveae ‘Blue Boy’ cutting.] Zeszyty Problemowe
Postepéw Nauk Rolniczych, 539: 499-506.

NEeuMANN E., GEORGE E., 2005. Does the percentage of arbos-
culal mycorrhizal fungi influence growth and nutrient uptake
of a wild type tomato cultivar and a mycorrhizadetective mu-
tanty, the same soil volume? New Phytologist, 166: 601-609.

Nowak J., 2004. Effect of arboscular mycorrhizal fungi and
organic organic fertilization on growth, flowering, nutri-
ent uptake, phytosynthesis and transpiration of geranium
(Pelargonium hortorum L.H. Bailey) ‘Tango Orange’ Sym-
biosis, 37: 259-266.

Nowak J., 2009. Effects of mycorrhization and phosphorus
nutrition on nutrient uptake, growth and flowering of
China aster (Callistephus chinensis /L./ Nees) cultivated
on ebb-and-flow benches. Acta Agrobotanica, 62: 77-81.

RYAN M.H., ANGUSs J.E,, 2003. Arboscular mycorrhizae in wheat
and field peat crops on a low P soil: increased Zn uptake but
no increase in P-uptake or yield. Plant and Soil, 250: 225-239.

VAN LEEUWEEN PJ., 2002. Diseases and disorders affecting
Zantedeschia and how to prevent them. In: IBC Zantede-
schia. Sympozium, August 8, 2002. Florida, Netherlands.

WALKER R.F, MCLAUGHLIN S.B., AMUNDSEN C.C., 2003.
Interactive effects of mycorrhization and fertilization on
growth, nutrition and water relation of Sweet Birch. Journal
of Sustainable Forestry, 17: 55—80.

Received for publication January 10, 2013
Accepted after corrections March 1, 2013

Corresponding author:

Dr. Eng. Tomasz Kos1apa, Poznan University of Life Sciences, Faculty of Horticulture

and Landscape Architecture, Department of Phytopathology, Dabrowskiego 159, 60 594 Poznan, Poland
phone: + 48 618 487 931, fax: + 48 0061 848 7999, e-mail: kosiada@up.poznan.pl

130



