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Abstract

Under the conditions of Lublin (central-eastern Poland),
observations were conducted on the flowering of Caragana ar-
borescens shrubs for two growth seasons as well as nectar and
pollen production by the flowers of this species was investigated.

The flowering period of Caragana arborescens began
at the turn of April and May and lasted for 24 days, while for
a single flower it was 6.30 = 0.79 days. The average weight
of nectar, sugars and pollen produced by 10 Siberian peashrub
flowers was, respectively: 46.70 = 8.39 mg, 22.79 + 6.10 mg,
and 4.45 + 0.34 mg. The nectar sugar concentration amounted
49.60 + 10.08%. Pollen grains reached average dimensions of
21.94 £ 0.76 ym x 21.52 = 0.71 pm. During a growing sea-
son, one Caragana arborescens shrub can provide on average
101.8 g of nectar, 49.7 g of sugars, and 9.7 g of pollen.
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INTRODUCTION

The Siberian peashrub (Caragana arborescens
Lam., f. Fabaceae) is a wide-spreading shrub growing
to a height of 2-7 meters. Its natural range includes
eastern Europe and Asia [1,2]. In some countries
(USA, Canada), this species is considered to be inva-
sive [3,4]. In Poland Siberian peashrub is grown as an
ornamental plant in hedge plantings as well as in urban
green spaces and home gardens.

The flowers of the above-mentioned taxon are
very frequently visited by pollinating insects, particu-
larly bumblebees and honey bees [5-7]. In few papers
Caragana arborescens is indicated as a species that can
be utilized as a forage plant in beekeeping. Its insect-pol-
linated flowers provide both nectar and pollen rewards
to bees [8—13]. Nectar is a major carbohydrate food,
while floral pollen is a source of protein. Their abun-
dance determines the proper growth of bee colonies.

The aim of the present study was to determine
the timing and abundance of flowering of Caragana
arborescens Lam. shrubs in urban green spaces of Lu-
blin, to estimate the weight of nectar sugar and pollen
produced by its flowers and to determine the morpho-
logical characters of pollen grains.

MATERIALS AND METHODS

Flowering observations

The flowering biology of Caragana arbore-
scens Lam. was studied during the 2010 and 2011
growth seasons on more than a dozen untrained shrubs
in urban green spaces of Lublin. Observations of the
bloom dynamics of this species started when the first
flowers appeared on the shrubs and continued until the
last flowers faded. The following flowering stages of
the shrubs were recorded: beginning of flowering —
first flowers open; full flowering — 50-75% of flowers
in bloom; end of flowering — about 100% of flowers
faded [14].

The life span of a single flower was traced from
the bud stage until petal fall using the phenological
signs of Krotoska [15]. The following stages were
distinguished: loose bud (A), beginning of flowering
(D), full flowering (O), end of flowering (C), and fruit
set (+).

The flowering abundance of this species was
evaluated on ten untrained shrubs. On each of them,
the number of flowers produced per meter of shoot
length was extrapolated for a whole plant.

Investigation of nectar and sugar production

Nectar production in this species was investi-
gated using the pipette method of Jabtornski [16].
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Nectar from the flowers was collected when the shrubs
were in full bloom. The rate of nectar production was
estimated in 10 replicates for each year of the study,
collecting in individual pipettes the nectar from 10 flo-
wers. The percentage sugar content in the nectar was
determined using an Abbe refractometer. The obtained
sugar weight per 10 flowers and the results concerning
flowering abundance formed the basis for calculating
sugar production per shrub.

Determination of pollen production and
morphological characters of pollen grains

Pollen production in this species was investi-
gated using Warakomska’s modified method involv-
ing ether extraction and weight measurement [17]. In
both growing seasons, mature stamen heads, just before
anther dehiscence, were randomly sampled from the
flowers at the loose bud stage. Anthers from 10 flowers
(100 anthers) were placed on watch glasses in 6 repli-
cates. Having been dried, the pollen was washed out
with 70% ethanol and then with diethyl ether several
times. Using the average pollen weight per 10 flowers
we calculated pollen production per shrub.

The pollen was used to prepare permanent glyc-
erol-gelatin coated microscope slides in duplicate for
each year of the study. Measurements of pollen grains
(the length of their polar and equatorial axes) were
made using a NIKON ECLIPSE E 600 light micro-
scope at a magnification of 40 x 15. Fifty pollen grains
were measured on each slide.

The obtained results were statistically analyzed
using Statistica 6.0. The differences between means
were examined for significance using t-Student test at
significance level of 0=0.05.

RESULTS

Flowering biology

Throughout the study period, the Caragana ar-
borescens shrubs (Fig. 1 A) started to bloom in the last
days of April or in the first days of May and ended
flowering after 23—-25 days. The average flowering du-
ration of this taxon was 24 days (Tab. 2). During the
full bloom period, which was recorded in the second
10-day period of May, there were from 50% to 75% of
open flowers on the observed shrubs.

The flowers of Siberian peashrub, similarly to
other representatives of the Fabaceae family, are bi-
sexual and characterized by zygomorphic symmetry
(Fig. 1 B-D). The five-segmented perianth consists of
fused sepals and yellow colored petals which form a
raised banner, two lateral wings and two lower petals
fused into a keel, inside which the generative parts of
the flower are located. The diadelphous androecium is
composed of 9 stamens fused by the filaments forming
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a tube and one entirely free stamen. The nectary is lo-
cated at its base. The petals are tightly clamped together
and as a result of that the flowers are difficult to reach
for insects visiting them. Caragana arborescens flow-
ers are borne on short shoots singly or in scanty inflo-
rescences composed of 2 to 5 flowers (Fig. 1 B). From
83 to 165 flowers (on average 111.4) were recorded per
meter of shoot length. During a growing season, one
shrub produced from 16710 to 28407 flowers (on aver-
age 21797.3).

The flower life span lasts, depending on weather
conditions, from 5 to 8 days (on average 6.3) (Tab. 2,
Fig. 2). In the first year of the study, this period was on
average 6.8 days, while in the second year it was shorter
by one day (Tab. 2).

Nectar and sugar production

Nectar secretion in Caragana arborescens
started at an early stage of flower development, simul-
taneously to the beginning of flowering. The average
nectar weight per 10 flowers had similar values in both
years of the study. They were respectively 45.60 mg in
2010 and 47.80 mg in 2011 (Tab. 3). The nectar was
characterized by varying sugar concentration. In the
first year, the lower mean air temperature and higher
rainfall during the flowering of the shrubs had a di-
rect effect on a lower sugar concentration in the nectar
(from 36.0% to 47.0%, on average 40.1%) (Tabs 1,
3). In 2011, under more favorable weather conditions
compared to the first year of the study, the nectar sugar
content was by far higher (from 56.5% to 61.5%, on
average reaching 59.1%) (Tabs 1, 3). The sugar weight
per 10 flowers in the studied species reached on aver-
age 18.27 mg in the first year of the study and 27.31
mg in the second year (the mean for the study period
was 22.79 mg) (Tab. 3).

Pollen production and morphological
characters of pollen grains

Anther dehiscence and pollen release started
when the petals opened. Released pollen grains accu-
mulated inside the keel. The average weight of pollen
produced by 10 flowers was 4.44 mg and 4.46 mg (the
study average was 4.45 mg) (Tab. 4).

The pollen grains of Caragana arborescens are
tricolporate, roundish, with an almost smooth surface
of the exine (Fig. 3). For the study period, their aver-
age dimensions were as follows: the polar axis 21.94
um and the equatorial axis 21.52 pm. The P/E ratio was
1.02 (Tab. 4).

Pollen rewards offered by a shrub are strictly
dependent on its age as well as on the training method
and as a consequence flowering intensity; moreover,
they are also dependent on weather conditions during
a growing season. One caragana shrub can provide on
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average 101.8 g of nectar containing 49.7 g of sugars
and 9.7g of pollen.

During the flowering period of the shrubs, nu-
merous bee insects were observed on their flowers.
These were predominantly honey bees and bumblebees
which took advantage of nectar and pollen rewards. Due

to hindered access to the nectar, the insects gathered it
from the side of the flower, inserting their tongues be-
tween the petals and sepals (Fig. 4 A—B). They formed
small bright yellow loads from collected pollen. The
presence of insects was recorded at different times of
the day, with its higher intensity in the afternoon hours.

Fig. 1. Caragana arborescens Lam.

A — overall habit of the shrub, B — inflorescences, C, D — flowers

sage)s

1 2 3

Fig. 2. Successive stages of flower development

7 days

(Phenological signs of Krotoska (1958) : A — loose flower bud, D — beginning of flowering, O — full flowering, C — end of

flowering, + - fruit set)
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Fig. 4. Honeybees visiting flowers of Caragana arborescens Lam.

Table 1
Mean decade air temperatures and total rainfall during the study period relative to the long-term means
2010 2011
Month decade decade long-term
average
I 1I 11T mean I 1I I mean
Temperature April 8.5 9.5 10.2 9.4 9.1 8.1 13.6 10.2 7.4
) May 13.6 145 152 14.5 8.8 15.8 17.9 14.3 13.0
Precipitation April 13.8 7.7 3.0 8.2 8.2 13.1 8.6 10.0 13.4
(mm) May 39.7 106.7 10.3 52.2 20.4 9.8 12.0 14.1 19.2
Table 2
Flowering of Caragana arborescens under the conditions of Lublin
Flowering time Length of flower live (days) + SD
Year
range days range mean

2010 30.04 —22.05 23 6-38 6.8+ 0.79

2011 03.05 - 27.05 25 5-6 5.8"+0.42

mean - 24 - 6.3 +0.79
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Table 3
Nectar and sugars production

Mass from 10 flowers (mg)

Sugar concentration

Year nectar sugars in the nectar (%)
range mean + SD range mean + SD range mean = SD
2010 28.0 - 60.0 45.60" = 9.89 11.5-254 18.27" + 4.31 36.0-47.0 40.1° + 3.32
2011 39.0 - 60.0 47.80" + 6.94 23.2-345 27.31"+3.81 56.5-61.5 59.1°+1.78
mean 46.70 +8.39 22.79 = 6.10 49.6 +£10.08
Table 4
Pollen production and morphological characteristics of the pollen grains of Caragana arborescens
Mass of pollen from 10 flowers Pollen grains dimensions ( um)
Year (mg) Polar axis (P) Equatorial axis (E) Shape
range mean + SD range mean + SD range mean * SD index P/E
2010 4.08 —4.87 444" +£0.34 20.79-2340 21.98'+0.53 20.41-23.04 21.52°+0.69 1.02
2011 4.00 — 4.89 4.46'+0.37 20.10-23.54 21.90°+0.94 20.11-23.01 21.52*+0.73 1.02
mean 4.45 +0.34 21.94 £ 0.76 21.52 £0.71 1.02
DISCUSSION in this study was comparable to the values described

The flowering of Caragana arborescens Lam.
shrubs in Lublin began at the turn of April and May
and lasted on average 24 days. This timing is in agree-
ment with the results of the observations of Demia-
nowicz [18] concerning the studied species, but it is
earlier that that reported by Szklanowska [8] as
wellasby Szklanowska and Dgbska [11]. Un-
der the conditions of the United Kingdom and North
America, the bloom period of the study species is later
[5,19,20]. The flowering of C. arborescens occurs in a
period of an exceptionally high demand for nectar and
pollen of pollinating insects. During this time, there
are few trees and shrubs that are an equally attractive
source of food for pollinating insects.

The average life span of a single Siberian
peashrub flower, which was 6.3 days, is close to
that given by some authors for Robinia pseudacacia
[21,22] and much shorter than the average life span of
a Laburnum anagyroides flower [23]. C. arborescens
flowers grow on short shoots singly or in inflorescenc-
es composed of 2 to 5 flowers. Accordingto Demia-
nowicz [18] and Szklanowska [8], under the
conditions of Lublin an inflorescence of the species
in question produces from 2 to 4 flowers, which may
have an effect on their lower attractiveness to insects
compared to the showy racemes of Robinia pseudaca-
cia or Laburnum anagyroides [21-23].

The average nectar weight per 10 Siberian
peashrub flowers was 46.70 mg, being lower than
that reported for this species by Szklanowska
[8]. The average sugar weight per 10 flowers found
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by Szklanowska [8]aswellasby Szklanow-
ska and Dgbska [I1]. A lower sugar weight per
10 flowers was obtained by Kim [21] as well as by
Jabtoniski and Kottowski [22] for Robinia
pseudacacia in the conditions of Putawy.

In Europe, honey yield per 1 ha of C. arbores-
cens can reach from 15-30 kg to even 50-150 kg [10-
12,24-27]. Gtuchov [24], however, stresses that
honey yield of this species largely depends on the cli-
matic conditions of a particular region. The honey ob-
tained from caragana nectar is liquid and very bright,
and it takes long to crystallize. After crystallization,
it is lard-like, almost white, medium-grained, with a
pleasant flavor [10,24,28].

The rate of pollen production of C. arbores-
cens, as measured by the weight of pollen produced
by 10 flowers, ranged from 4.00 mg to 4.89 mg, with
an average value of 4.45 mg. Szklanowska and
Dabska [11] show that 10 flowers of the above-
mentioned species can provide to insects on average
3.64 mg of pollen, which is from 3 kg to 5 kg on a per
hectare basis. Much higher values of pollen weight per
10 flowers (6.08 mg) were found by Stawiarz and
Wroblewska [23] for Laburnum anagyroides.

The tricolporate, with an almost smooth struc-
ture of the exine, pollen grains of Caragana arbo-
rescens reached average dimensions of 21.94 pym x
21.52 um (P/E = 1.02). A similar description of the
morphological characteristics of pollen grains of the
analyzed species is givenby Zhan g etal. [29],Per-
veen and Qaiser [30] as well as Qiu and Sun
[31]. However, Zhang et al. [29] draws attention
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to a rather high variation in the dimensions of pollen
grains (the average dimensions were 27.4 pym x 20.9
um, P/E 1.31). Perveen and Qaiser [30] also em-
phasize that the pollen of Caragana arborescens can
reach larger dimensions, ranging 28.55 pm x 22.50 um
(P/E 1.27). The above-mentioned authors also note the
fine reticulate ornamentation of the exine and, simi-
larly as Polhill [32], include the pollen of Caraga-
na Lam. in the tribe Galegeae. The dimensions of C.
arborescens pollen grains found in the present study
are smaller than those reported by Szklanowska
and Dgbska [11]; for this species, they defined only
the polar length and its average value was 22.22 um.
Compared to other shrubs representing the Fabaceae
family, Laburnum anagyroides, for which the P/E ra-
tio of pollen grains is 0.98, is characterized by similar
dimensions of pollen grains to those determined for the
investigated taxon [23].

The obtained results on nectar and pollen pro-
duction by the flowers of Caragana arborescens show
that this species can be considered to be a valuable bee
plant recommended for plantings near apiaries. Its at-
tractiveness to insects is evidenced by the numerous
visits of honey bees to its flowers, which gather nectar
and pollen from them despite that Siberian peashrub
flowers are difficult to access for insects [5]. The fact
that bees are interested in gathering nectar from C. ar-
borescens flowers is confirmed by the presence of pol-
len grains of this species in honeys from, among oth-
ers, Estonia [13]. Pritsch [12] reports that insects
collect the pollen of this species and form from it small
bright yellow loads.

In garden plantings, shrubs of the studied spe-
cies are often used to form hedges, but after trimming
they bloom much less abundantly in comparison with
freely growing shrubs. This is closely related to the
amount of nectar and pollen rewards offered.

CONCLUSIONS

1. Under the conditions of Lublin, the flowering pe-
riod of Caragana arborescens Lam. started at
the turn of April and May and lasted on average
3.5 weeks.

2. The amount of nectar and pollen per shrub was
strictly dependent on the rate of nectar and pollen
production by the flowers as well as on flowering
abundance of this species.

3. Caragana arborescens can be a valuable source of
early spring nectar and pollen food for Apidae.
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Kwitnienie i warto$¢ pozytkowa
karagany syberyjskiej (Caragana arborescens Lam.)
dla owadow zapylajacych

Streszczenie

W warunkach Lublina (Srodkowo-wschodnia
Polska) prowadzono przez dwa sezony wegetacyjne
obserwacje kwitnienia krzewéw Caragana arbores-
cens oraz badania obfitosci nektarowania i pylenia jej
kwiatow.

Okres kwitnienia gatunku rozpoczynat si¢ na
przetomie kwietnia i maja i trwat srednio 24 dni, po-
jedynczego kwiatu 6,3 dnia. Srednia masa nektaru,
cukrow oraz pytku wytwarzana przez 10 kwiatow kara-
gany syberyjskiej osiagneta odpowiednio: 46,70 mg,
22,79 mg oraz 4,45 mg. Srednia koncentracja cukréw w
nektarze wyniosta 49,6%. Ziarna pytku osiggaty srednie
wymiary 21,94 um x 21,52 ym. Jeden krzew Caragana
arborescens moze dostarczy¢ w sezonie wegetacyjnym
Srednio 101,8 g nektaru, 49,7 g cukréow i 9,7 g pyiku.
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