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Nectar production of Diplotaxis erucoides on different soil types
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ABSTRACT

White rocket (Diplotaxis erucoides), a common weed species in the Mediterranean region, is known also as a nectar source for 
unifloral honey. The plant’s spread to countries with continental climate raised the questions if white rocket can provide a suitable 
bee pasture under suboptimal climatic conditions, and how nectar yield can be influenced by various soil types. The present study 
evaluated the nectar producing capacity of D. erucoides on four different soil types (sandy soil, potting soil, compost and clayey 
soil), in various flowering stages throughout the vegetation period. Investigations were carried out in Hungary, from April to 
November 2008. Nectar production was measured in the early morning hours on each day of the study. Nectar volumes were 
measured with calibrated micro pipettes, nectar sugar concentrations were determined with hand held refractometer. Our results 
demonstrated that the nectar production of white rocket flowers was very limited (on average 0.1-0.4 μl nectar/flower), with low 
nectar sugar concentrations (on average 6-30%) on each soil type examined. On each day of nectar measurements, significant 
differences were found in nectar volumes and sugar concentrations of plants growing on different soil types. It was observed that 
adding compost to sandy soil may improve the nectar producing capacity of Diplotaxis plants.  Despite the low nectar yields, 
honeybees, bumblebees and hoverflies were regularly seen on Diplotaxis flowers collecting either nectar or pollen. The 
apicultural significance of white rocket seems to be smaller under continental than under Mediterranean climate, but it can be 
relied on both as nectar and pollen source in early spring and late autumn, when very few other melliferous plant species are 
available.

Diplotaxis erucoides (Torner) DC. (white rocket) is a (Fig. 1h), below which parallel cell rows of glandular tissue 
representative of the Brassicaceae family, distributed in the can be observed. Numerous phloem bundles can be seen in the 
Mediterranean area, North Africa, Western Asia and North lateral glands (Figs. 1g,h), which produce the major part of 
America. In some regions it is considered a significant weed nectar; while no xylem and phloem elements can be found in 
species, but it also provides excellent nectar and pollen source the elongated glands (Fig. 1f) (Gulyás and Czimber 1990).
for honeybees in early spring and late autumn, when few other Preliminary studies conducted in Hungary, a European 
plant species are in bloom (Eisikowitch 1982, Crane et al. country with continental climate, suggested that D. erucoides 
1984, Soria et al. 2008, Escriche et al. 2014, Araj and Wratten can be regarded as a promising honey-bearing plant, 
2015). Diplotaxis honey is available as unifloral honey in producing considerable amounts of nectar (Gulyás and 
some countries, e.g. Morocco (Terrab et al. 2003) and Czimber 1990). The plant was found to develop equally well 
Argentina (Ares et al. 2016). The colour of Diplotaxis honey is on heavy and light soil. The aim of the present study was to 
medium amber, with a sweet flavour and a tendency to conduct further research regarding the nectar producing 
granulate rapidly (Terrab et al. 2003). In other countries capacity of D. erucoides on four different soil types in 
significant amounts of Diplotaxis pollen can be detected in Hungary and provide new data on its apicultural significance.
various honeys, e.g. in Spanish willow (Salix sp.), crucifer 

MATERIALS AND METHODS
(Brassica sp.), fruit tree (Prunus sp.) and vetch (Vicia sativa) 
honey (Pιrez-Arquillué et al. 1995). Location and time of studies–Nectar production studies 

Diplotaxis erucoides is an herbaceous plant up to 20-60 were conducted on D. erucoides plants raised from seeds, in 
cm tall, with green, erect stem and pinnatisect leaves up to 15 the Botanical Garden of the University of Pécs, Pécs (latitude: 
cm long (Figs. 1a,b). It has racemes of white flowers (Fig. 1b); 46° 04' 9.60” N, longitude: 18° 13' 35.40" E), Hungary. The 
the latter being comprised of four sepals, four petals, six first set of seeds was sown in the first half of April 2008. The 
stamens and a pistil with green stigma (Fig. 1d). The fruit is a blooming period started in the second half of May and 
silique (Fig. 1c). Each Diplotaxis flower contains four nectar nectar measurements were carried out in June, on two different 
glands. Two of them are flat, pentagonal or rectangular, close days (Table 1). Seeds were collected from the siliques of the 
to the shorter stamens (lateral nectaries) (Fig. 1e); while the experimental plants and these seeds were sown in the second 
other two are finger-like, elongated, situated between the half of June 2008. The second set of experimental plants 
longer stamens (medial nectaries) (Fig. 1f). Nectar is released started blooming in the second half of July, and nectar 
through single and twin stomata between the epidermal cells production was measured on five different days in July and 
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August. A third set of plants came up spontaneously from the number of empty flowers and the number of nectar 
seeds of the second set and were in bloom in October and producing flowers was recorded, and the percentage of nectar 
November. producing flowers was calculated. For further statistical 
Soil types – Seeds of each experimental set were sown in the analysis only the flowers which produced at least 0.1 μl nectar, 
following four types of soils: (1) sandy soil— control, (2) were taken into consideration.Variance of data sets was 
commercial potting soil mixed with sandy soil, (3) compost checked with F test, and based on its result, either t test for 
mixed with sandy soil, (4) clayey soil mixed with sandy soil. equal variance or t test for unequal variance was applied for 
Nectar production studies– Flowers were bagged 24 h before comparing datasets.
nectar measurements, to exclude flower visiting insects. In Flower visiting insects– Photos were taken of each kind of 
order to ensure uniform conditions, measurements were done insect that visited Diplotaxis flowers, and their behaviour was 
in the early morning hours (between 7:30 and 9:30 a.m.) on documented. We recorded if the insect collected mainly pollen 
each day of the study. Ambient temperatures and relative or nectar. 
humidity were measured with a portable thermo-hygrometer. RESULTS AND DISCUSSION
On each soil type 20 flowers were sampled for their nectar 

In accordance with previous reports (Gulyás and Czimber content on each day of measurements. Nectar volume was 
1990), measurable amounts of nectar were secreted only by measured with calibrated micro pipettes (DURAN), while 
the lateral nectaries of D. erucoides flowers (Figs. 1g, h). This sugar percentage (refraction) was determined with a hand 

refractometer (ATAGO N-50E). Nectar sugar value was is congruent also with the nectar production pattern of other 
calculated with the formula: nectar (μl) x refraction (%) / 100. Brassicaceae species, e.g. oilseed rape (Brassica napus L.) 
Statistical analysis– In the course of nectar measurements the (Davis et al. 1996, Farkas and Zajácz 2007, Farkas 2008) and 

Table 1– Percentage of Diplotaxis erucoides flowers producing nectar, on different dates in 2008 and different soil types

   Date of sowing Phenological Date of nectar Percentage of nectar producing flowers (%)
stage measurement sandy soil potting soil compost clay

   1  April end of bloom 11 June 80 85 90 25

12 June 100 100 100 100

   20  June beginning of bloom 29 July ND 70 70 60

31 July 60 30 75 40

full bloom 7 August 24 42 15 5

end of bloom 12 August 25 67 44 67

14 August 71 55 65 45

ND: no data

Table 2 − Nectar traits of Diplotaxis erucoides plants grown on different soil types.

Date Nectar volume (μl) Nectar sugar concentration (%) Nectar sugar value

sandy potting compost clay sandy potting compost clay sandy potting compost clay
soil soil soil soil soil soil

11 June 0.31 0.33 0.41 ND 8.25 11.76 10.72 ND 0.026 0.039 0.044 ND
±0.13 ±0.17 ±0.18 ±2.29 ±4.72 ±2.59 ±0.003a ±0.008b ±0.005b

12 June 0.29 0.19 0.1 0.18 6.00 7.67 10.00 13.5 0.017 0.014 0.010 0.024
±0.07 ±0.08 ±0.05 ±1.76 ±1.32 ±1.00 ±2.65 ±0.001a ±0.001a ±0.000b ±0.001a

29 July ND 0.23 0.37 0.20 ND 10.14 7.57 10.83 ND 0.022 0.28 0.021
±0.10 ±0.13 ±0.06 ±1.21 ±1.99 ±2.64 ±0.008 ±0.01 ±0.005

31 July 0.17 0.17 0.29 0.25 7.33 11.67 12.60 12.50 0.012 0.018 0.036 0.032
±0.05 ±0.06 ±0.09 ±0.16 ±1.75 ±3.06 ±3.02 ±1.91 ±0.004a ±0.004a ±0.015b ±0.016ab

7 Aug 0.23 0.26 0.27 0.20 11.00 12.14 17.50 30.00 0.021 0.030 0.061 0.060
±0.10 ±0.05 ±0.15 ±0.00 ±6.16 ±2.79 ±2.12 ±0.00 ±0.007a ±0.005a ±0.005b ±0.00

12 Aug 0.18 0.17 0.13 0.20 9.80 16.60 19.86 21.00 0.018 0.026 0.025 0.039
±0.04 ±0.07 ±0.05 ±0.10 ±1.10 ±6.43 ±5.11 ±7.59 ±0.005a ±0.012a ±0.013a ±0.018b

14 Aug 0.19 0.20 0.21 0.18 23.67 17.57 19.30 17.63 0.044 0.036 0.036 0.029
±0.04 ±0.06 ±0.09 ±0.07 ±5.59 ±9.11 ±8.98 ±6.21 ±0.013a ±0.021a ±0.020a ±0.012b

6 Nov 0.20 ND ND ND 12.42 ND ND ND 0.025 ND ND ND
±0.09 ±6.93 ±0.006

Data are presented as means ± standard deviation. Different letters in case of nectar sugar values indicate significant differences at P < 0.01.
ND: no data suitable for statistical evaluation.
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Fig. 1. Diplotaxis erucoides. a. Plants growing on sandy soil. b. Plant in full bloom. c. End of bloom, with developing siliques. d. Inflorescence. e. 
Medial-longitudinal section of a flower with lateral nectaries. f. Medial nectary between longer stamens. g. Close-up of lateral nectaries. h. Lateral 
nectar gland with stomata and vascular bundles. i. Honeybee collecting nectar. j. Bumblebee collecting nectar. k. Hoverfly collecting pollen. 
(fil: filament; ln: lateral nectary; mn: medial nectary; ov: ovary; ph: phloem bundle; sil: silique; sto: stoma).
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mustard species [B. juncea (L.) Czern., Sinapis alba L.] highly significant oilseed rape (B. napus) has been studied by 
several researchers in various countries. In Hungary, (Masierowska  2003).
depending on the cultivars and agro-ecological conditions, Phenology and nectar production–White rocket plants 
average nectar production ranged from 0.37 to 1.64 mg, while sown on 1 April, started blooming in the second half of May. 
average sugar concentrations were in the range of 29.43 to Due to daily rains during this period, nectar production studies 
42.95% and average sugar values were calculated as 0.14-0.82 could be carried out only in the first half of June, by which time 
mg (Nikovitz et al. 1982, Reining and Farkas 2008). As the most of the plants reached the end of bloom. Plants sown in the 
above data show, not only the relatively large-flowered B. second half of June were in bloom by 20 July, and reached full 
napus, but also the Brassicaceae species with smaller flowers bloom between 6-12 August. By 14 August most of the plants 
provide nectar with sugar values exceeding 0.2 mg, whereas in were in the stage of end of bloom (Table 1). The plants having 
D. erucoides even the highest sugar values did not reach 0.05 emerged spontaneously at the end of the summer were in 
mg/flower. bloom in October and November. Due to the mild weather 
Nectar sugar values on different soil types–In order to conditions, nectar could be measured in these flowers as late as 
evaluate differences in nectar yield on various soil types, the 6 November.
sugar values calculated for each soil and each data were The effect of the phenological stage on nectar production 
compared statistically (Table 2). Measurable amounts of could be studied only in plants emerging in July, due to rainy 
nectar could be extracted from the flowers on 11 June for the weather which did not allow nectar measurements during the 
first time. On this day nectar sugar values of plants growing on beginning of bloom and full bloom in case of plants sown in 
potting soil and compost were significantly higher compared April. In the second set of plants (sown on 20 June) we found 
to the control (sandy soil). On clay soil very few individuals that a higher percentage of flowers produced nectar at the 
have developed, altogether with only 4 flowers, out of which beginning and at the end of bloom, compared to full bloom 
only one produced some nectar, thus statistical evaluation (Table 1). This was an unexpected result, because our previous 
could not be carried out for this soil type. On 12 June the sugar studies on a related Brassicacae species, B. napus, showed that 
values of plants growing on compost were significantly lower the largest number of nectar producing flowers could be found 
than on the other soil types. In July we measured the highest in the stage of full bloom, and both nectar volumes and nectar 
sugar values in flowers of plants growing on compost. sugar concentrations were higher during full bloom, compared 
However, on 29 July the differences between soil types were to the beginning and end of bloom (Farkas and Zajácz 2007, 
not statistically significant. On 31 July plants on compost and Reining and Farkas 2008).
clay soil produced nectar with higher sugar values compared Nectar traits –There was no measurable amount of nectar in 
to control and potting soil. On 7 August highest sugar values some of the bagged Diplotaxis flowers. Depending on the date 
were measured again on plants growing on compost, these of measurement and soil type, nectar could be extracted 
values being significantly higher than on control and potting from 5-90% of flowers bagged 24 h before the measurements 
soil. Similarly to the first day of measurement, there were not (Table 1). Nectar was typically produced by young open 
enough measurable flowers on individuals developing on clay flowers with undehisced anthers and flowers that have just 
soil, so the latter soil type could not be included in thes began to shed pollen. In general, the flowers of D. erucoides 
tatistical evaluation. On 12 and 14 August, significant produced very low amounts of nectar (extreme values ranging 
differences were found in the sugar values measured on clay from 0.1 to 0.7 μl) with low sugar concentrations (extreme 
soil compared to the other soil types. On 12 August sugar values in the range of 3 to 33%) (Table 2). These nectar 
values on clay were higher, while on 14 August they were volumes are low even if we take into account the small size of 
lower than on the other three soil types.the flowers (petals are 7-13 mm long). Consequently, sugar 

Summarizing the results of the statistical evaluation, on values were also very low (ranging 0.012 to 0.061). Since the 
four out of seven days of the study the highest sugar values nectar yield of Diplotaxis species has not been previously 
were measured on compost, while on other four days on clay studied in detail (Eisikowitch 1982, Gulyás and Czimber 
soil. However, on other days the flowers of plants growing on 1990), there are no literature data on the actual nectar 
clay were the poorest nectar producers. Our observations producing capacity of Diplotaxis flowers. Thus, nectar 
suggest that clayey soil does not provide optimal conditions production of D. erucoides can be compared only to data of 
for the growth of Diplotaxis plants, as shown by the high other Brassicaceae species. Masierowska (2003) sampled the 
percentage of bare ground in plots on clay, in contrast to the flowers of various mustard species, whose size is comparable 
dense Diplotaxis stands on the other three soil types. The few to that of white rocket. The flowers of brown mustard 
individuals that were able to grow on clayey soil, produced (B. juncea) and white mustard (S. alba) produced on average 
few flowers and many of these flowers did not contain 1.20 mg and 1.34 mg nectar with 26.7% and 23.4% sugar 
measurable amounts of nectar (see also Table 1). Based on the concentration, while sugar values were 0.28 mg and 0.25 mg, 
present study, adding compost to sandy soil may improve the respectively. The nectar production of the economically 
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nectar producing capacity of Diplotaxis plants, but further Davis AR, Fowke LC, Sawhney VK and Low NH 1996. Floral 
studies are needed to fully confirm the effect of various soil nectar secretion and ploidy in Brassica rapa and 
types on nectar production. B. napus (Brassicaceae) II. Quantified variability of 
Flower visiting insects–The most frequent visitors of nectary structure and function in rapid-cycling lines. 
Diplotaxis flowers were honeybees (Apis mellifera, Apidae), Ann. Bot. 77  223-234.
collecting both pollen and nectar from the flowers (Fig. 1i), 

Eisikowitch D 1982. Nectar plants: Spring groundsel (Senecio during which activities they contribute to the pollination of the 
vernalis) and white rocket (Diplotaxiserucoides). J. flowers. Nectar collecting honeybees were observed to insert 
Israel Bee Keeping Ass. 13  2.their proboscis next to one of the shorter stamens, the place 

where the actual nectar producing gland, the lateral nectary is 
Escriche I, Kadar M, Juan-Borrαs M and Domenech E 2014. 

located. A bumblebee species, large earth bumblebee (Bombus 
Suitability of antioxidant capacity,  flavonoids and terrestris, Apidae) also visited the flowers regularly, mainly 
phenolic acids for floral authentication of honey. Impact for their nectar (Fig. 1j). This insect is also likely to take part in 
of industrial thermal treatment. Food Chem. 142 135-the pollination of the flowers, since it touches the anthers of 
143.the visited flowers as well as those of neighbouring flowers 

while collecting nectar. Besides bee species belonging to the 
Farkas Α 2008. Nectar production and nectar sugar 

order Hymenoptera, a hoverfly species (Epistrophe balteata, 
composition of three oil seed rape (Brassica napus) 

Syrphidae family) of the Diptera order (Fig. 1k) was among 
cultivars in  Hungary.  Acta Hort.  767 275-283.the most frequent flower visitors. According to our 

observations, this insect collected mainly pollen. During this Farkas Α and Zajácz E 2007. Nectar production for the 
activity, the hoverfly does not necessarily touch the stigma, Hungarian honey industry. European J. Pl. Sci. Biotech. 
which does not facilitate pollination.

1(2) 125-151.
Based on our data it is inferred that white rocket flowers 

did not provide significant amounts of nectar to flower visiting Gulyás S and Czimber Gy 1990. Apicultural importance of 
insects on either soil type examined. In spite of the fact that Diplotaxis erucoides (Torner) D.C. Acta Ovariensis  
nectar production was very limited and even these small 32(1) 12-17.
volumes were quite diluted, honeybees and other insects were 

Masierowska ML 2003. Floral nectaries and nectar regularly seen on Diplotaxis flowers collecting either nectar or 
pollen, the latter being easily accessible. The apicultural production in brown mustard (Brassica juncea) and white 
significance of the species can be seen in the fact that the first mustard (Sinapis alba) (Brassicaceae). Plant Syst.  Evol. 
generation of white rocket plants blooms already in early 238  97-107.
spring, while the last generation is in bloom in late autumn, 

Nikovitz A, Szalai-Mαtray E and Ihar L 1982. A repcefajtαk when very few other plant species can be relied on either as 
nektαr- ιs virαgportermelιse. (Nectar and pollen nectar or pollen source. Although Diplotaxis stands are on the 

rise in Hungary, the plant’s apicultural significance seems to production of oil seed rape cultivars). Mιhιszet. 30(7) 
be smaller here than in the Mediterranean region. 129-132. [in Hungarian]
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