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EFFECT OF RHIZOME SOAKING IN A MIXTURE

OF Ba AND Ga; ON THE EARLINESS OF FLOWERING
AND QUALITY OF THE YIELD OF FLOWERS

AND LEAVES IN THE CALLA LILY (Zantedeschia Spreng.)

Beata Janowska, Mateusz Stanecki
Poznan University of Life Science

Abstract. The effect of BA and GA; on the yield and the quality of flowers and leaves of
Zantedeschia was assessed in researches. The aim of the present research was to assess
the effect of a mixture of benzyladenine and gibberellic acid in a solution used for rhi-
zome soaking as well as of various duration times of this practice on the growth and flow-
ering of the ‘Albomaculata’ and ‘Black Magic’ cultivars. In the experiment water solution
containing benzyladenine at concentrations of 100, 350 and 600 mg-dm™ was used com-
bined with gibberellic acid at a concentration of 150 mg-dm™. Rhizomes, 15-18 c¢m in
circumference in 'Black Magic' cultivar and 20+ cm in 'Albomaculata’ cultivar, with leaf
buds 0.5-2 cm in length, were soaked for 30 and 60 minutes. Rhizome soaking in a BA
and GA; mixture increased the yield of flowers in the ‘Black Magic’ and ‘Albomaculata’
cultivars, but delayed their flowering, and the flowers developing from rhizomes had
shorter peduncles. Besides, in ‘Black Magic’ cultivar the weight of flowers decreased.
The application of a BA and GA; mixture reduced the yield of leaves in ‘Albomaculata’
cultivar. However, they had a higher greenness index and a higher protein and sugar con-
tent.

Key words: Zantedeschia, growth regulators, yield, sugars, protein, index of leaves
greenness

INTRODUCTION

The species of the genus Zantedeschia, described already 180 year ago, belong to
the arum family — Araceae, in which the inflorescence is a spadix with numerous tiny
flowers, set on a succulent peduncle, and surrounded by a colourful spathe [Erhard et al.
2000]. Initially, in cultivation the dominant species was the common florist's calla
(Z. aethiopica /L./ Spreng.). Today, however, its significance has declined, while culti-
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vars with colourful spathes have grown in importance. It was possible to obtain them
owing to intensive breeding efforts, first in the United States of America and New Zea-
land, and later in South Africa and The Netherlands. A growing interest in the calla lily
with colourful spathes is shown by the fact that at the start of 2000 it occupied 6th posi-
tion, right after orchids, among cut flowers exported from New Zealand [Palmer 2001].
Flowering in the calla lily depends on the cultivar, the size of rhizomes, and the duration
of their storage [Corr and Widmer 1991, Funnell 1993]. The research conducted in the
world focuses on how to improve flowering with the use of growth regulators. For the
calla lily, those shown to be effective are gibberellins, in particular gibberellic acid, and
among preparations — Promalin, which contains GA4.; and BA (100 mg-dm'3 GA47 +
100 mg-dm™ BA) [Ranwala and Miller 1998, Rodriguez-Pérez et al. 2009]. Regrettably,
this is an expensive preparation because of the costly synthesis of GA4.7, hence in e.g.
nursery production it is replaced with a cheaper one, Arbolin, containing GA; and BA
[Kotanski et al. 2005]. It should be noted, however, that those preparations are not regis-
tered in Poland.

The aim of the present research was to assess the effect of a mixture of benzyladeni-
ne and gibberellic acid in a solution used for rhizome soaking as well as of various
duration times of this practice on the growth and flowering of the ‘Albomaculata’ and
‘Black Magic’ cultivars.

The application of mixtures of growth regulators in ornamental plants is only rarely
employed as a method to improve their flowering. The study of the mixture of benzy-
ladenine and gibberellic acid in the calla lily is based on the assumption that the effects
of the growth regulators could add up or reinforce each other. It is worth emphasising,
however, that the final effect of the mixture is determined, among other things, by the
concentrations of its components.

MATERIAL AND METHODS

The research was conducted at the Department of Ornamental Plants of the Univer-
sity of Life Sciences in Poznan from 12 May to 4 November 2007 and from 18 April to
30 October 2011. The cultivars used were ‘Albomaculata’, deriving from Zantedeschia
albomaculata /Hook./ Baill., and ‘Black Magic’, coming from a hybrid of Zantedeschia
elliottiana /Wats./ Engl. X Z. macrocarpa Engl. The plants were grown in a plastic tun-
nel. Before planting, their rthizomes had been soaked in a mixture of benzyladenine and
gibberellic acid.

In the experiment, water solution containing benzyladenine at concentrations of 100,
350 and 600 mg-dm™ was used combined with gibberellic acid at a concentration of
150 mg-dm™. Rhizomes, 15-18 cm in circumference and 50-60 g in weight in ‘Black
Magic’ cultivar and 20+ cm and 70—80 g in weight in ‘Albomaculata’ cultivar, with leaf
buds 0.5-2 cm in length, were soaked for 30 and 60 minutes. Lightly dried rhizomes
were planted into 18 cm pots into a medium consisting of peat with a pH of 6.2, en-
riched with a slow-release fertilizer Osmocote Plus (3—4 M) in the amount of 3 g per
dm™ and mixed with fresh, shredded pine bark at a rate of 3:1 (v:v). The plants, grown
in a plastic tunnel, were fed starting with the fifth week of cultivation. Every 10-14
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days, solutions of mixed fertilizers, Peters Professional and brown Superba, were ap-
plied at a concentration of 0.2%. At the start of vegetation, when the leaves were fully
developed, lime saltpetre at a concentration of 0.2% was foliar applied once.

One treatment (concentration of growth regulators x time soaking of rhizomes) in-
volved 5 plants in 3 replications.

The length of peduncles and spathes was measured. The yield of cut flowers devel-
oping from a single rhizome, the fresh flower weight, and the earliness of flowering as
expressed by the weighted mean of days from rhizome planting to flower harvest, were
determined.

The yield of leaves developing from a single rhizome was determined as well as
their greenness index, in SPAD units, using a SPAD-502 Chlorophyll Meter
[Gregorczyk and Raczynska 1997, Gregorczyk et al. 1998]. In addition, their protein
and sugar content was calculated.

The determination of soluble protein content was made with the help of Bradford’s
[1976] method. 2 ml of a solution of Coomassie Brilliant Blue G-250 (CBB) in 85%
orthophosphoric acid was added to 100 pl of a diluted extract, with the extraction in
a phosphorate-potassium buffer (pH 7.0). After 10 minutes absorbance was measured at
a wavelength of 595 nm. Protein content was determined from a curve plotted for albumin.

Total saccharides were determined using the antron reagent [Bjornesjo 1955]. The
method is based that under the influence of sulphuric acid, all saccharides transform into
derivatives of furfural, which, together with antron, yield blue-green products. The
intensity of the colour is proportional to their content. Weighed portions (0.5 g) were
crushed in a mortar with 5 cm® of distilled water and the homogenate was centrifuged
for 20 minutes. 1 cm® of the supernatant thus obtained was added to 2 cm® of a cooled
antron reagent (0.02% in concentrated H,SO,), and then the content of the test tubes
was heated, while slowly mixed, on a water bath at 90°C for 14 minutes. After the tubes
were cooled, the absorbance of the solutions was measured in a spectrophotometer at
a wavelength of 620 nm. The content of saccharides was read from a standard curve
prepared for glucose. The final results, which were means of four replications, were
expressed in mg of glucose per g fresh weight.

The results, given as means from the two years of study, were processed with the
help of a two-factor analysis of variance. The means were grouped using Duncan's test
at the o = 0.05 significance level.

RESULTS

A combined application of benzyladenine and gibberellic acid delayed flowering of
cultivars under study (tab. 1). In ‘Black Magic’ cultivar, flowering was observed to be
delayed a week in plants which rhizomes were soaked in gibberellic acid and benzy-
ladenine at the highest concentration of 600 mg-dm™ for 30 minutes. Rhizome soaking
in solutions of both growth regulators for 60 minutes delayed flowering of this cultivar
by 7-11 days. In cultivar ‘Albomaculata’ the combined application of benzyladenine
and gibberellic acid delayed flowering by an average of 2—7 days, irrespective of
whether the rhizomes were soaked for 30 or 60 minutes.
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Table 1. Days to the first flowers of Zantedeschia (days) depending on concentration of growth
regulators and time of rhizomes soaking

Concentration Time of rhizomes soaking (minutes) ;
Cuivar  of BA+GA, Mean for concentration
(mg-dm?) 30 60 }
0 80.0a 80.0a 80.0a
100 + 150 83.0b 91.0d 87.0¢c
‘Black Magic’
350 + 150 80.0a 87.0c 83.5Db
600 + 150 87.0a 88.0¢c 87.5¢
0 68.0 a 68.0 a 68.0 a
100 + 150 73.0c¢ 70.0b 71.5b
‘Albomaculata’
350+ 150 75.0d 75.0d 75.0c
600 + 150 77.0e 74.0d 75.5¢

Means followed by the same letter do not differ significantly at o = 0.05

The yield of flowers, it was found that it depended significantly only on the concen-
tration of the growth regulators (tab. 2). Irrespective of the duration of rhizome soaking,
after the application of a BA + GA; mixture in the concentration variants studied, in
‘Black Magic’ cultivar the yield of flowers was 3—4 times higher. In ‘Albomaculata’
cultivar, the higher the concentration applied, the more flowers were harvested from
a single rhizome.

The length of peduncles in the studied cultivars depended significantly on the con-
centration of the growth regulators (tab. 2). Irrespective of the duration of rhizome soak-
ing, the application of a BA + GA; mixture in the concentration variants tested caused
the formation of shorter peduncles.

The growth regulators in the concentration variants tested and the duration of rhi-
zome soaking had no effect on the length of spathes in the calla lily cultivars studied
(tab. 2).

The weight of flowers, it was found that only in ‘Black Magic’ cultivar this feature
depended on the concentration of the growth regulators (tab. 2). Irrespective of the dura-
tion of rhizome soaking, after the application of BA + GAj; at the concentrations tested,
this cultivar developed flowers with a smaller weight.

The yield of leaves, it was found only in ‘Albomaculata’ cultivar to depend on the
concentration of the growth regulators (tab. 3). After the application of a BA + GA;
mixture at the tested concentrations, irrespective of the duration of rhizome soaking, it
developed fewer leaves.

The index of leaf greenness, it was found that it depended significantly only on the
BA + GAj; concentration variants applied (tab. 3). Irrespective of the duration of rhi-
zome soaking, the mixture caused the development of leaves with a higher greenness
index.
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Table 2. Yield and quality of flowers of Zantedeschia depending on concentration of growth
regulators and time of rhizomes soaking

Time of rhizomes

. Concentration soaking (minutes) Mean fo.r
Cultivar of BA + GA, concentration
of BA + GA;
30 60
0 1.0a 1.0a 1.0a
100 + 150 3.0b 40c 35b
‘Black Magic’ 350+ 150 3.0b 3.0b 3.0b
600 + 150 3.0b 3.0b 3.0b
Yield mean for time of rhizomes soaking  2.5a 2.7a
of flowers 0 20a 20a 20a
100 +150 35b 34b 34b
‘Albomaculata’ 350 +150 48¢ 52¢ 5.0c
600 +150 82d 82d 8.2d
mean for time of rhizomes soaking 4.6 a 47a
0 45.0¢ 45.0¢ 45.0b
100 +150 409b 39.1b 40.0a
‘Black Magic’ 350 +150 404 b 42.6b 415a
600 +150 40.8b 37.1a 389a
Length mean for time of rhizomes soaking 41.8a 409a
of flowers
peduncle (cm) 0 347 ¢ 347 ¢ 3470
100 +150 30.1b 30.8b 304a
‘Albomaculata’ 350 +150 333¢ 262a 29.7a
600 +150 28.0b 29.0b 28.5a
mean for time of rhizomes soaking 31.5a 302 a
0 9.0a 9.0a 9.0a
100 +150 95a 9.1la 93a
‘Black Magic’ 350 +150 94a 94a 94a
600 +150 95a 95a 95a
Length mean for time of rhizomes soaking 9.3 a 92a
of spathe (cm) 0 94a 94a 94a
100 +150 95a 95a 95a
‘Albomaculata’ 350 +150 9.6a 9.6a 9.6a
600 +150 9.6a 98a 9.7a
mean for time of rhizomes soaking 9.5a 9.6a
0 26.0b 26.0b 26.0b
100 +150 23.1a 223a 227 a
‘Black Magic’ 350 +150 22.7a 20.8a 21.7a
600 +150 21.2a 209a 21.0a
Weigth mean for time of rhizomes soaking  23.2 a 22.57 a
of flowers (g) 0 72a 72a 7.2a
100 +150 8.7a 84a 8.6a
‘Albomaculata’ 350 +150 82a 7.7a 79a
600 +150 7.1a 75a 73a
mean for time of rhizomes soaking 7.7 a 7.7a

Means followed by the same letter do not differ significantly at oo = 0.05
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Table 3. Yield and quality of leaves of Zantedeschia depending on concentration of growth
regulators and time of rhizomes soaking

Time of rhizomes

Concentration Mean for con-

Cutlivar of BA + GA; soaking (minutes) centration of
(mg-dm™)) 30 60 BA + GA;
0 9.7a 9.7a 9.7a
100 + 150 99a 9.8a 88a
‘Black Magic’ 350 + 150 84a 83a 83a
600 + 150 8.1a 82a 8.1a
Yield mean for time of rhizomes soaking 9.0 a 9.0a
of leaves 0 275¢  275¢ 275b
100 + 150 20.2b 20.8b 20.5a
‘Albomaculata’ 350 + 150 23.7b 152a 19.5a
600 + 150 16.5a 20.4b 18.4a
mean for time of rhizomes soaking 22.0 a 21.0a
0 46.8 a 46.8 a 46.8a
100 + 150 53.6 b 53.6b 53.6b
‘Black Magic’ 350 + 150 53.7b 58.6¢ 56.1¢
600 + 150 55.3 bc 58.7¢ 57.0¢
Index of leaves mean for time of rhizomes soaking 52.3 a 544 a
greenness 0 453 a 453 a 453 a
100 + 150 58.0d 522¢ 55.1¢
‘Albomaculata’ 350 + 150 54.1 bc 499b 52.0b
600 + 150 519¢ 56.7 ¢ 543 ¢
mean for time of rhizomes soaking 52.3 a 51.0a
0 17.1a 17.1a 17.1a
100 + 150 21.4b 232b 22.3b
‘Black Magic’ 350 + 150 282¢ 274c¢ 27.8¢
600 + 150 39.1d 38.0d 38.5d
Protein content mean for time of rhizomes soaking 26.4 a 264 a
(mg-g"' FW) 0 142a  142a 142a
100 + 150 18.4b 21.0b 19.7b
Albomaculata’ 350 + 150 27.0¢ 28.8¢ 279c¢
600 + 150 42.7d 39.0d 40.8d
mean for time of rhizomes soaking 25.6a 25.7a
0 122 a 122 a 122 a
100 + 150 19.7b 17.2b 18.4b
Black Magic’ 350 + 150 21.0b 18.1b 19.5b
600 + 150 20.0b 18.7b 19.3b
Sugar content mean for time of rhizomes soaking 18.2 a 16.5a
(mg-g"' FW) 0 109a 109a 109a
100 + 150 199b 209b 204 b
‘Albomaculata’ 350 + 150 19.1b 22.1b 20.6 b
600 + 150 20.8b 20.5b 20.6b
mean for time of rhizomes soaking 17.7 a 18.6 a

Means followed by the same letter do not differ significantly at o = 0.05
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It was shown that protein content in the leaves of the two cultivars depended signifi-
cantly only on the BA + GA; mixture concentration (tab. 3). Irrespective of the duration
of rhizome soaking, after the application of the mixture, protein content in the leaves
was higher.

The sugar content in the calla lily leaves, it was found to depend only on the concen-
tration of the growth regulator mixture (tab. 3). Irrespective of the duration of rhizome
soaking, the application of the mixture had a favourable effect on sugar content in the
leaves of both cultivars. In comparison with the leaves of control plants, in those treated
with the growth regulators sugar content almost doubled.

DISCUSSION

Rhizome soaking in mixtures of gibberellic acid and benzyladenine increased the
yield of flowers in the ‘Black Magic’ and ‘Albomaculata’ cultivars. This corroborated
the findings of Funnell et al. [1992], who obtained an increase in the yield of cut flow-
ers of the calla lily ‘Galaxy’ by as much as 469% after the application of Promalin in
comparison with control plants. In this cultivar gibberellic acid also caused an increase
in the yield, but only half as much. Similarly in Z. aethiopica ‘Green Goddess’ the yield
of cut flowers increased after the application of a BA + GA; mixture [Ngamau 2001].

In the present research, the combined application of the two growth regulators in the
concentration variants tested delayed the flowering of the calla lily cultivars. When
comparing the results of various studies, one can observe differences in the responses of
species and cultivars to gibberellic acid and benzyladenine. Pogroszewska [2002] re-
ports that the flowering of Spathiphyllum was delayed after the combined application of
benzyladenine and gibberellic acid only in cultivar ‘Castor’, while cultivar ‘Giant’
bloomed earlier. Accelerated flowering after the application of Promalin was observed,
e.g., in tulips [Suh 1997], the columbine [Gianfagna and Merritt 1998] and the straw-
berry [Braun and Kender 1985].

When comparing the quality of yield in the cultivars under study, it was found that
the application of a BA + GA; mixture brought about the development of flowers with
shorter peduncles; additionally, in ‘Black Magic’ cultivar the flowers had a smaller
weight. By contrast, Ngamau [2001] obtained slightly longer peduncles in the calla lily
‘Green Goddess’ after the application of BA + GA;, but the differences were statisti-
cally insignificant. Pogroszewska [2002] reports that a BA + GA; mixture affects the
quality of Spathiphyllum inflorescences. After the combined application of the two
growth regulators, the plants developed shorter peduncles and less magnificent spathes.
Similarly in tulips Suh [1997] noted shorter shoots after the application of Promalin, it
can be explained by the effect of benzyladenine this preparation contains.

In the present research, the growth regulators had no effect on the yield of leaves ex-
cept in cultivar ‘Albomaculata’, in which fewer leaves developed from rhizomes. The
leaves of both cultivars had a higher greenness index and a higher protein and sugar
content. Presumably, enhanced photosynthesis brought about an elevated protein and
sugar content in them. The available literature offers no answer to the question of how
a BA + GA; mixture can influence the yield of leaves and their quality. Jerzy and Ja-
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nowska [2003] report that in the calla lily the application of gibberellic acid does not
affect the yield of leaves. This agrees with the findings of Janowska and Zakrzewski
[2006], who also showed gibberellic acid to have no effect on the yield of leaves in the
calla lily, but in cultivar ‘Treasure’ the leaves had a higher greenness index after the
application of this growth regulator. The response is different in the freesia, in which
gibberellic acid at a concentration not exceeding 400 mg-dm™ increases the yield of
leaves [Mynett et al. 2001]. In turn, Emongor et al. [2004] report that Promalin in-
creases the size and number of leaves in the ornamental cabbage and raises their fresh
weight by 20% in comparison with control plants. There is only scant information in the
available literature about changes in the content of saccharides in ornamental plants
after the application of growth regulators. Koztowska et al. [2007] report changes in
sugar content in the leaves of Zantedeschia elliottiana after the application of gibberel-
lic acid for rhizome soaking depending on the development stage. In their study, at the
initial stage of vegetative growth, the content of hydrocarbons, especially fructose and
glucose, in the leaf blades of plants treated with gibberellic acid was higher than in the
control. The content of hydrocarbons rose as the leaves developed, to decline when the
plants entered the generative stage, while the total hydrocarbon content in the leaves of
control plants was then twice as high.

CONCLUSIONS

1. BA and GA; mixture had an effect on earliness of flowering, yield quality and
quantity of flowers and leaves, the reaction on growth regulators depends on their con-
centration, duration of rhizome soaking and cultivar.

2. Rhizome soaking in a BA and GA; mixture increased the yield of flowers in the
‘Black Magic’ and ‘Albomaculata’ cultivars, but delayed their flowering, and the flow-
ers developing from rhizomes had shorter peduncles. Besides, in cultivar ‘Black Magic’
the weight of flowers decreased.

3. The application of a BA and GA; mixture reduced the yield of leaves in ‘Albo-
maculata’ cultivar. However, they had a higher greenness index and a higher protein
and sugar content.
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WPLYW MOCZENIA KLACZY W MIESZANINIE Ba I Ga;
NA WCZESNOSC KWITNIENIA ORAZ WIELKOSC I JAKOSC PLONU
KWIATOW 1 LISCI CANTEDESKII (Zantedeschia Spreng.)

Streszczenie. W badaniach oceniano wplyw BA i GA; na plon i jako$¢ kwiatow 1 lisci
cantedeskii. Celem podjetych badan byla ocena wplywu mieszaniny benzyloadeniny
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i kwasu giberelinowego zastosowanej w roztworze do moczenia klaczy i réznego czasu
trwania tego zabiegu na wzrost i kwitnienie odmian ‘Albomaculata’ i ‘Black Magic’.
W doswiadczeniu zastosowano wodny roztwor zawierajacy benzyloadening o stezeniu
100, 350 i 600 mg-dm™ w polaczeniu z kwasem giberelinowym o stezeniu 150 mg-dm”.
Klacza o obwodzie 15-18 cm u odmian ‘Black Magic’ oraz o obwodzie powyzej 20 cm
u odmiany ‘Albomaculata’ z pakami liSciowymi o dtugosci 0,5-2 cm moczono przez 30
1 60 minut. Moczenie ktaczy w mieszaninie BA 1 GA; zwigkszyto plon kwiatéw u odmian
‘Black Magic’ i ‘Albomaculata’, opdznito jednak ich kwitnienie, a wyrastajace z klaczy
kwiaty miaty kréotsze szypuly kwiatostanowe. Ponadto u odmiany ‘Black Magic’ zmniej-
szeniu ulegla masa kwiatow. Zastosowanie mieszaniny BA i GA; zmniejszyto plon lisci
odmiany ‘Albomaculata’. Mialy one jednak wyzszy indeks zazielenienia oraz wyzsza za-
warto$¢ biatka i cukrow.

Stowa kluczowe: cantedeskia, regulatory wzrostu, plon, cukry, biatko, indeks zazielenie-
nia lisci
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