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ABSTRACT
Annual sowthistle (Sonchus oleraceus) has been reported to produce allelopathic effects. Two greenhouse experiments 
were conducted to estimate the allelopathic potential of both plant residue and root exudates of S. oleraceus on flavonoid 
composition and nodulation in a leguminous crop, Trifolium alexandrinum, and in two leguminous weeds, Melilotus 
indicus and T. resupinatum. The results of high performance liquid chromatography-mass spectrometry (HPLC-
-MS/MS) showed that all three legumes contained six flavonoid aglycones: apigenin, daidzein, kaempferol, luteolin, 
myricetin and quercetin; and seven flavonoid glycosides: daidzin, genistin, hesperidin, hyperoside, kaempferol-7-O-
-glucoside, naringin and rutin. In general, both plant residue and root exudates had inhibitory effects on the flavonoid 
composition and nodulation of the target species. However, residue of S. oleraceus caused a significant increase in both 
individual and total detected flavonoids in T. alexandrinum. The results suggest that the phytotoxins released from 
S. oleraceus may restrain the biosynthesis of flavonoids in the target species, whereas the accumulated flavonoids in 
T. alexandrinum are allelopathic-induced metabolites and suggest a resistance mode in this crop.
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Introduction
Fabaceae is one of the widespread plant families with 

approximately 19,325 species in 727 genera. (Lewis et 
al. 2005). Legumes receive considerable attention due to 
their potential as food, forage, fibers, agricultural fuel and 
fertilizer. In the Mediterranean croplands, leguminous 
crops are cultivated extensively for local consumption and 
export. They are also widely used as forage, e.g., Egyptian 
clover (Trifolium alexandrinum) which represents nearly 
a quarter of all Egyptian crops (Nassib et al. 1990). The 
family includes many excellent sources of bioactive com-
pounds which are used in folk medicine and nutraceutical 
approaches (Lin & Lai 2006).

The phytochemistry of the Fabaceae has been well 
explored, and many secondary metabolites –including 
flavonoids, alkaloids, phenylpropanoids, terpenes, amino 
acids, anthraquinones and others – have been reported 
(Wink 1988; 2003). Flavonoids represent one of the most 
ubiquitous groups of secondary metabolites in the plant 
kingdom (Aoki et al. 2000), and includes some 6000 chemi-
cal structures (Hichri et al. 2011). The structural diversity 
of these compounds contributes to their many physiologi-

cal activities. For example, flavonoids play a key role in 
the establishment of the root nodules produced in these 
nitrogen-fixing plants (Stafford 1997), and in inducing the 
germination of pollen grains (Taylor & Jorgensen 1992; 
Napoli et al. 1999). They are also advantageous to human 
health, due to their antioxidant properties, in addition to 
their possible role in preventing certain intractable diseases 
(Tapas et al. 2008; Georgiev et al. 2014). 

In agricultural ecosystems allelopathic effects occur 
in the form of phytotoxic compounds either exuded from 
plants through their root and/or from their decaying resi-
dues in soil; these compounds have been found to disrupt 
seed germination and establishment in various target 
plants (Gawronska & Golisz 2006). Flavonoid biosynthesis 
is typically induced in response to both biotic and abiotic 
stressors (Abdel-Farid et al. 2009; Olsen et al. 2009), and 
while much is known, the profiling of flavonoids in response 
to allelopathy is still largely lacking. 

Knowledge of allelopathy as a biotic stress influencing 
flavonoid biosynthesis in legumes remains preliminary. Fla-
vonoid production has been studied in many legumes (e.g., 
Shimada et al. 2000; Winkel-Shirley 2001; Kim et al. 2003; 
Sreevidya et al. 2006; Veitch 2007). However several species, 
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including T. alexandrinum, Melilotus indicus and Trifolium 
resupinatum, need further assessment in this context.

 Sonchus oleraceus is one of the most common weeds 
in Egyptian agricultural old-fields and reclaimed lands 
(Gomaa et al. 2012; Abd El-Gawad 2014; Abd El-Ghani 
et al. 2014). This species was reported to be strongly 
allelopathic, reducing germination and growth of other 
crop and weed species due to liberation of several phe-
nolic compounds either from its decaying dry matter and/
or from its root exudates (Gomaa et al. 2014; Hassan et 
al. 2014a; b). Additionally, during weeding practices in 
cultivated fields, Egyptian farmers typically uproot this 
plant and mix it with the soil during ploughing. Thus this 
weed may affect the incoming crop and the associated 
weed species via the potential release of phytotoxins from 
decaying residues.

Not much is known about the allelopathic effect of 
S. oleraceus on flavonoid composition and nodulation in 
legumes. The main goals of this investigation were to study 
the patterns of flavonoid production in the common crop, 
Egyptian clover, T. alexandrinum, and two weed species, 
Melilotus indicus and Trifolium resupinatum, in response 
to the influence of plant residue and root exudates of S. 
oleraceus. We also evaluate the allelopathic potential of S. 
oleraceus on nodulation in these legumes and the relation-
ship between flavonoid content and nodulation under 
allelopathic stress. The results of this study may be helpful 
for the potential use of these legumes in natural medicine 
and nutraceutical protocols. 

Materials and methods
Collection of plant materials 

A large sample of fresh shoots of S. oleraceus L. were 
collected during the fruiting stage from the agroecosystem 
in Beni-Suef governorate, Egypt. These were air dried in the 
shade, then pulverized into powder. The dry plant powder 
was stored in plastic bags in a refrigerator at 2°C until use. 
The seeds of Egyptian clover (T. alexandrinum L. cv. Khad-
rawy) were obtained from the Agricultural Research Center 
(ARC) in Giza, while ripe seeds of M. indicus (L.) All. and 
T. resupinatum L. were collected from the weed communities 
in the croplands of Beni-Suef governorate (29°4’N, 31°6’E; 
30m a.s.l.), Egypt. 

Allelopathic potential of S. oleraceus 

In order to examine the allelopathic potential of S. olera-
ceus on the target species, two experiments were conducted. 
The first was to identify the effect of decaying S. oleraceus 
shoots in soil (‘plant residue’), while the second was to 
clarify the effect of root exudates of S. oleraceus on the test 
legumes. To assess the absolute effect of the allelochemicals 
derived from S. oleraceus, the experimental soil (silty loam 

in nature) was well-leached throughout by regular flood-
ing with distilled water every day for 20 days. A single set 
of pots containing leached soils without any treatment was 
prepared as control for both experiments. 

Effect of S. oleraceus residue 

Dry shoots of S. oleraceus plants were amended with the 
leached soil at the rate of 10 g tissue per kg soil, whereas the 
control pots were left without amendment. In each pot (18 × 
20 cm each), thirty seeds of one of each of the target species: 
T. alexandrinum, M. indicus and T. resupinatum, were sown 
equally spaced at 0.5 cm depth in each pot. Seedlings were 
later thinned to the most similar six seedlings. All pots were 
watered regularly by tap water and kept at field capacity. 

Effect of root exudates 

Five seeds of S. oleraceus were sown at 0.5 cm depth in 
each pot (18 × 20 cm each). After emergence, two healthy 
individuals of S. oleraceus were left to grow in the leached 
soil for fifty days to trap their root exudates in the test pots. 
Control pots containing leached soil were kept without S. 
oleraceus seeds but watered regularly in the same way as the 
tested pots. After fifty days from germination of S. oleraceus, 
thirty seeds of each of the target species were sown equally 
spaced in each pot at 0.5 cm depth. After the emergence of 
the target species, the resulting seedlings were thinned to the 
most similar-sized six. All pots received the same amounts 
of water and were watered regularly as needed.

 Seeds of the target species in both experiments were 
sown at the same time, in a protected area at Beni-Suef 
University (latitude 29° 04.934’ N and longitude 31° 05.972’ 
E) receiving the prevailing environmental conditions (11 h 
light and 13 h dark photoperiod, 19.5 to 29°C day tempera-
ture, 5.5 to 20°C night temperature, and 54 to 51 % relative 
humidity). The experiments were maintained in a complete 
randomized design with three replicates. At harvest, the 
two-month-old individuals were carefully removed from 
soil using tap water to maintain root nodules. Both num-
ber and fresh weights of the observed root nodules were 
determined. Shoots of the tested legumes were shade dried 
at 35°C and stored at 0°C until analysis.

Flavonoid analysis

Flavonoid extraction

Extraction process of flavonoids followed Kenjerić et al. 
(2007) with minor modification. 0.5 g of the dry shoots of 
the tested legumes were ultrasonicated in 70% methanol at 
room temperature for 45 minutes, and evaporated under 
reduced pressure. The dry residues were dissolved in 5 ml 
of distilled water and partitioned with ethyl ether (3 × 5 
ml). The ether extracts were combined and ether removed 
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under the reduced pressure. At the end of the extraction 
process, dry residues containing flavonoid fraction were 
re-dissolved in 0.5 ml of methanol and analyzed using high 
performance liquid chromatography-mass spectrometry 
(HPLC-MS/MS). 

High performance liquid chromatography (HPLC) system 

In the current analysis, the operating system of the in-
strument consisted of a Supelco Discovery HS C18 column 
(25 cm × 4.6 mm, 5 lm) at 25°C (HPLC system from Waters 
Co, Milford, MA, USA). Also included was a binary pump 
(Waters Model 11525), UV–VIS detector (Waters Model 
2487) and Breeze 3.30 SPA software. The mobile phase in 
the instrument was A: deionized water: acetic acid (98:2) 
and B: methanol with the flow rate 1 ml min-1. To achieve 
good separation, a gradient elution timetable was used, 
starting with 20% methanol which remained isocratic 
for the first 5 min, and then increased to 40% methanol 
at 15 min, 50% methanol at 20 min, 60% methanol at 25 
min, 80% at 30 min, and then becoming again isocratic 
to the end of analysis at 40 min. In order to obtain a full 
absorbance spectrum of flavonoid compounds, detection 
was monitored over the interval of 200-600 nm, while 
quantitative determinations were carried out at two wave-
lengths: 310 and 380 nm. 

HPLC–MS/MS analysis

Negative electrospray ionization system (- EIS) was 
implemented for ionization of the different flavonoids 
eluted from the column. Nitrogen was used as drying 
agent with a flow rate of 6 L min-1 and as nebulising gas at 
a pressure of 55 psi. Temperature of the nitrogen gas was 
300°C, and the potential applied during the operation was 
4000 V. Mass spectra were acquired from m/z 100 to 1000 
with an acquisition cycle of 0.5 s. Flavonoid identification 
was performed throughout the comparison of chromato-
graphic results (retention times and UV spectra) of the 
tested samples with the available standard compounds, 
while quantification was obtained through the calibration 
data with the same compounds. The detected flavonoids 
separated into aglycones, glycosides and the total detected 
flavonoids (TDF) are presented as mean values ± stand-
ard deviation of three replicates and expressed as μg g-1 
of dry matter of the studied legumes. Extra peaks were 
determined by using a Waters Acquity ultrapeformance 
liquid chromatography in a triple -quadrupole tandem 
(UPLC-TQD) system (Waters Corp., Milford, Massachu-
setts, USA), equipped with cooling auto-sampler, column 
oven and an ACQUITY triple-quadrupole tandem mass 
spectrometric detection with an electrospray ionization 
(ESI) interface. An ACQUITY UPLCTM BEH C18 column 
(50 mm × 2.1 mm, 1.7 μm; Waters Corp, Milford, MA, 
USA) was used.

Statistical analysis

Two experiments were conducted, one to evaluate the 
effect of plant residue, the other to test the effect of the root 
exudates of S. oleraceus on the test plants. The experimental 
design was completely randomized with three replications. 
Kolmogorov-Smirnov and Levene’s tests were applied in or-
der to ensure both normality and homogeneity of variances, 
respectively. One-way ANOVA with Duncan’s test (P ≤ 0.05) 
was implemented to compare the means between study 
groups due to HPLC-MS/MS analysis and nodulation of the 
studied legumes. Application of Duncan’s as well as Tukey’s 
test are better for a study like the present one since it gives 
more accurate results for small and large proportions than 
the most commonly used formulae (Zar 1999). Pearson’s 
correlation coefficient at P ≤ 0.01 and P ≤ 0.05 was used to 
determine the relationship between the values of different 
flavonoids and nodulation in order to assess if there is a 
relationship between both parameters under the potential 
allelopathic stress of S. oleraceus. All statistical analyses were 
executed using the SPSS Statistics software package, version 
19.0 (IBM Corporation, Armonk, NY, USA).

Results
A total of thirteen flavonoid compounds were identi-

fied and quantified by HPLC in the shoots of the tested 
legumes: six flavonoid aglycones –apigenin, daidzein, 
kaempferol, luteolin, myricetin and quercetin; and seven 
flavonoid glycosides –daidzin, genistin, hesperidin, hy-
peroside, kaempherol-7-O-glucoside, naringin and rutin, 
which were recorded in significant concentrations among 
the test legumes (Tab. 1). The changes occurred in the 
concentrations of the detected flavonoids of the different 
species grown under the influence of the plant residue and 
root exudates of S. oleraceus are also clarified through the 
multiple comparison Tukey’s test (P ≤ 0.05). The response 
of the flavonoid pattern of the studied legumes varied 
depending on the target species and the type of treatment 
as well. For T. alexandrinum, the total concentrations of 
flavonoid aglycones, glycosides and the estimates of TDF 
(total detected flavonoids) were significantly stimulated (P ≤ 
0.05) in response to application of S. oleraceus residue, while 
the opposite holds true for treatment with root exudates. 

For M. indicus and T. resupinatum, both flavonoid types 
decreased significantly (P ≤ 0.05) due to the incorporation 
of the plant residue. Root exudates of S. oleraceus had no 
effect on the total aglycones of M. indicus (P = 0.215, F = 
10.2, d. f. = 2), but significantly (P ≤ 0.05) reduced the TDF 
of the M. indicus and concentrations of both flavonoid types 
as well as TDF of T. resupinatum compared with control 
(Tab. 1). Considering the changes occurred in the levels 
of the TDF of the target species, the reduction observed in 
flavonoid content of M. indicus was more pronounced under 
the influence of plant residue than due to root exudates of S. 
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oleraceus, while the opposite was true for T. alexandrinum 
and T. resupinatum (Tab. 1).

The individual flavonoid compounds also showed dif-
ferent responses among the target species as well as by treat-
ment. For T. alexandrinum, with the exception of daidzein 
(P = 0.25, F = 166.37, d. f. = 2), all the detected compounds 
increased significantly (P ≤ 0.05) in the residue-amended 
soils. By contrast, all of them were reduced significantly 
(P ≤ 0.05) in response to the root exudates (Tab. 1). 

For M. indicus, the plant residue significantly (P ≤ 0.05) 
reduced the accumulation of apigenin, daidzein, luteolin, 
quercetin, genistin and rutin, while stimulation was estab-
lished only for hyperoside content by 82.3 % from control. 
Root exudates had no effect on the individual aglycones ex-
cept for myricetin which was reduced by about 13.2 % from 
control. By contrast, they mostly suppressed the accumula-
tion of the individual glycosides in the same species (Tab. 1).

For T. resupinatum, both treatments had a general in-
hibitory effect on the flavonoids. Nevertheless, the contents 
of flavonols kaempferol and quercetin were significantly 
increased (P ≤ 0.05) in response to both treatments, while 
luteolin and rutin significantly (P ≤ 0.05) accumulated 
in individuals exposed to root exudates, compared with 
control (Tab. 1). 

Root nodulation was severely reduced in the test spe-
cies growing in soils treated with the plant residue and root 
exudates of S. oleraceus (Fig. 1). Application of S. oleraceus 

residue significantly (P ≤ 0.05) decreased the number and 
fresh weight of nodules in the three legumes investigated. 
For M. indicus and T. resupinatum, nodule formation was 
completely inhibited in response to root exudate. For 
Egyptian clover, the same treatment was only slightly less 
effective, reducing the numbers and fresh weight of nodules 
by about 90.3 and 94.6 %, respectively (Fig. 1).

Results of Pearson correlation analysis (Tab. 2) indicate that 
individual flavonoids as well as the total showed non-significant 
correlations with nodule formation in T. alexandrinum and M. 
indicus. For T. resupinatum, the individual flavonoids and TDF 
showed significant correlations with both the number of nod-
ules and their fresh weights per each individual. Kaempferol 
and quercetin both showed significant negative correlations 
with nodulation, whereas the remaining compounds were 
mostly positively correlated with nodulation. 

Discussion
To our knowledge, this study is the first attempt to inves-

tigate flavonoid composition in T. alexandrinum, M. indicus 
and T. resupinatum. The flavonoid profile of these legumes is 
similar to that reported by Carlsen et al. (2012) for T. repens. 
However, some compounds deviated from the profile of this 
species such as the aglycone myricetin and the glycosides 
hesperidin, kaempferol-7-O-glucoside and naringin. This 
discrepancy in flavonoid constituents of the legumes could 

Table 1. Contents of the different flavonoid compounds: aglycones, glycosides and the total detected flavonoids (TDF) (μg g-1 dry weight) (Mean±SD, n = 3), of the 
target legumes in response to the plant residue and root exudates of S. oleraceus.

Compound
T. alexandrinum M. indicus T. resupinatum

Control Plant 
Residue

Root 
Exudates Control Plant 

Residue
Root 

Exudates Control Plant 
Residue

Root
Exudates

Flavonoid aglycones

Apigenin 405.2b ± 20.1 585.8a ± 21.5 2.6c ± 0.36 4.6a ± 0.61 1.1b ± 0.14 4.2a ± 0.45 572.8a ± 28.1 46.2b ± 5.6 24.3b ± 2.7
Daidzein 87.5a ± 6.1 96.8a ± 9.0 10.6b ± 1.58 44.9a ± 4.16 34.2b ± 3.2 40.6ab ± 5.2 582.3a ± 28.7 140.3b ± 14.2 170.2b ± 17.5
Kaempherol 69.7b ± 3.93 84.8a ± 4.2 6.3c ± 0.75 2.3a ± 0.22 2.1a ± 0.2 2.5a ± 0.25 14.7c ± 1.36 34.4a ± 1.5 23.3b ± 2.1
Luteolin 617.1b ± 19.3 776.0a ± 18.5 42.02c ± 5.6 2.4a ± 0.29 1.5b ± 0.14 2.2a ± 0.26 27.13b ± 0.6 22.7ab± 1.3 73.92a ± 3.7
Myricetin 649.1b ± 10.0 773.7a ± 9.9 32.8c ± 2.4 0.76a ± 0.04 0.78a ± 0.05 0.66b ± 0.04 183.8a ± 8.4 73.2c ± 9.5 109.8b ± 5.8
Quercetin 28.3b ± 2.87 36.7a ± 3.2 2.1c ± 0.21 1.3a ± 0.13 0.80b ± 0.07 1.14a ± 0.06 11.9c ± 0.94 54.4a ± 1.8 36.7b ± 1.5
Total aglycones 1856.9b ± 62.3 2353.8a ± 66.3 96.42c ± 10.9 56.26a ± 5.45 40.48b ± 3.8 51.3a ± 6.26 1392.63a ± 68.1 371.2b ± 33.9 438.22b ± 33.3

Flavonoid glycosides

Daidzin 649.1b ± 25.4 773.7a ± 28.4 33.4c±2.5 0.79a ± 0.07 0.73ab ± 0.05 0.62b ± 0.06 182.7a ± 18.3 73.08c ± 7.0 108.4b ± 9.5

Genistin 486.2b ± 25.6 703.0a ± 23.6 3.1c±0.36 5.52a ± 0.45 1.4b ± 0.26 5.04b ± 0.5 687.0a ± 29.5 92.3b ± 6.6 29.14c ± 2.96

Hesperidin 129.3b ± 8.5 154.7a ± 11.1 6.61c±0.9 0.16a ± 0.02 0.15a ± 0.02 0.12a ± 0.02 3727.1a ± 25.3 14.6b ± 0.9 21.6b ± 2.3
Hyperoside 8440.4b±108.2 9099.5a±276.9 442.6c±30.3 42.3b ± 5.1 77.1a ± 7.55 51.3b ± 3.7 2943.3a±269.9 1779.8b ± 45.9 242.02c ± 30.1
Kaempherol-7-O- 
glucoside 649.1b ± 20.1 773.7a ± 19.4 33.62c±3.4 0.79a ± 0.05 0.73ab ± 0.05 0.62b± 0.062 182.7a ± 17.4 73.08c ± 6.1 108.4b ± 9.5

Naringin 649.1b ± 31.4 773.7a ± 24.9 32.9c±2.7 0.79a ± 0.06 0.73a ± 0.05 0.62b± 0.062 182.7a ± 14.49 73.08c ± 5.6 108.4b ± 9.5
Rutin 35.5b ± 3.7 127.4a ± 12.4 12.2c±1.97 826.6a ± 21.1 7.2c ± 0.5 594.2b± 14.7 291.9b ± 23.22 267.6b ± 20.3 372.2a ± 25.2
Total glycosides 11038.7b±222.9 12405.7a± 396.7 564.43c±42.1 876.95a±26.9 88.04b ± 8.5 652.5a± 19.1 8197.4a ± 398.1 2373.54b ± 92.4 990.16c ± 89.1

TDF 12895.6b±285.2 14759.5a± 463.0 660.85c±53.03 933.21a±32.3 128.52c±12.3 703.8b± 25.4 9590.03a±466.2 2744.74b±126.3 1428.38c±102.4

Different superscripts in the row within the same species represent significant difference among treatments at P ≤ 0.05 according to Duncan’s test.
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Figure 1. Effect of plant residue and root exudates of S. oleraceus on (A) number and (B) fresh weights of the root nodules of the investigated leguminous species. 
The bars on each column show the standard deviation. Different letters on columns indicate significant differences among treatments at P ≤ 0.05 according to 
Duncan’s test.

be attributed to physiological and/or genetic characteristics 
of the species examined. This notion was supported by Miean 
& Mohamed (2010) who reported variations in specific and 
total flavonoids of 62 edible tropical plants. In addition, 
biosynthesis of plant flavonoids is strongly correlated with 
enzymatic pathways and genetic characteristics (Petrussa et 
al. 2013) which vary among species.

In general, this study has confirmed that both plant 
residue and root exudates of S. oleraceus had a common in-
hibitory effect on the flavonoid concentrations in the target 
legumes. This influence could be attributed to the phenolics 
such as ferulic-, caffeic-, syringic- and p-hydroxybenzoic 
acids, which were previously detected in plant residue and 
root exudates of S. oleraceus (Gomaa et al. 2014; Hassan et al. 

2014a; b). Moreover, the plant tissues of S. oleraceus were also 
reported to contain considerable contents of alkaloids, tan-
nins and saponins (Gomaa et al. 2014). These were suggested 
as possible allelopathic candidates which interact with several 
enzymes causing deviations from the standard biosynthetic 
pathways of secondary metabolites (Einhellig 2004).

Abdel-Farid et al. (2009) indicated that the decrease of 
secondary metabolites under biotic stress refers to the flux of 
these compounds towards their precursors. The inhibitory 
effect was more pronounced for the flavonoid glycosides 
compared with aglycones. This finding suggests the phe-
nolic allelochemicals may inactivate glycosyl transferase, 
an enzyme responsible for the transfer of a sugar moiety 
to the aglycones. 
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The S. oleraceus-amended soils caused significant 
induction for all flavonoids detected in T. alexandrinum. 
In general, stress conditions introduced by the release of 
allelochemicals in the donor plant, could have synergistic 
effects on flavonoid biosynthesis (Balakumar et al. 1993). 
Furthermore Kenjerić et al. (2007) found significant incre-
ments in flavonoid concentrations of Robinia honeys when 
the plants were raised under stressful conditions, and con-
cluded that many severe physicochemical conditions act as 
flavonoid inducers. 

In response to biotic stresses other than allelopathy, sig-
nificant increase of some flavonoid compounds (kaempferol 
and quercetin analogues) occurred in Brassica rapa culti-
vars when infected with the pathogenic fungus Fusarium 
oxysporium (Abdel-Farid et al. 2009). The induction of 
flavonoids in the residue-treated T. alexandrinum may be 
due to enzymatic and/or genetic changes. This speculation 
is supported by results of Li et al. (2008) who indicated 
that allelopathic stress could induce the genes encoding the 
enzymes involved in flavonoid synthesis. Moreover, Olsen 
et al. (2009) showed that the activity of the phenylalanine 
ammonia lyase enzyme and transcript levels of regulators in 
flavonoid pathway were all promoted under stress condi-
tions. Hence flavonoids may be considered as allelopathic-
induced metabolites. 

On the other hand, some of the induced flavonoids in 
T. alexandrinum –such as kaempferol, quercetin, myricetin 
and rutin –have been reported as allelochemicals themselves 
(Einhellig 2004; Weston & Mathesius 2013). Induction of 
these compounds is often regulated by the plants via sig-

nal perception, the phenomenon of allelopathy-signalling 
which occurs when acceptor plants are exposed to allelo-
chemicals (Gawronska & Golisz 2006).

 The present results indicating elevated flavonoid con-
tents in T. alexandrinum in response to S. oleraceus residue 
differ from those observed in M. indicus and T. resupinatum. 
Generally, crop plants may be more resistant to allelochemi-
cals, whereas weeds are more susceptible (Al-Sherif et al. 
2013; Gomaa et al. 2014; Hassan et al. 2014b). Possibly 
T. alexandrinum has an ability to detoxify the phytotoxic 
compounds in soil via release of sugars or enzymes which, 
in turn, alters the metabolic activities. The increase in fla-
vonoids of the residue-treated T. alexandrinum may be due 
to the resistance of this crop. This result suggests also that 
the enzymatic pathways of flavonoids in this crop species 
were up regulated, whereas most of these pathways in weeds 
were disintegrated or, at least, redirected. 

For T. resupinatum, certain flavonols (kaempferol, 
quercetin and rutin) increased in response to the allelo-
pathic potential of S. oleraceus. This observation seemed to 
be a partial resistance for this legume and may be related 
to activation of the flavonol synthase (FLS) enzyme for 
biosynthesis of kaempferol and quercetin. In addition, the 
induced rutin may be fluxed from quercetin by rutin syn-
thase enzyme, which activates this conversion under stress 
conditions (Lucci & Mazzafera, 2009). Similarly, accumula-
tion of luteolin may originate from the decreasing apigenin 
through the flavonoid-3’-hydroxylase (F3’H) enzyme, which 
activates hydroxylation of apigenin into luteolin (Nakamura 
et al. 2010). 

Table 2. Correlation values (r) between the concentration of flavonoid compounds and the number of nodules as well as their fresh weights (mg) per each individual 
of the target species. 

Compound
T. alexandrinum M. indicus T. resupinatum

Number of 
nodules

Weight of 
nodules (mg)

Number of 
nodules

Weight of 
nodules (mg)

Number of 
nodules

Weight of 
nodules (mg)

Apigenin 0.4 0.47 0.39 0.28 0.96** 0.96**

Daizein 0.57 0.64 0.46 0.41 0.94** 0.92**

Kaempherol 0.51 0.579 -0.096 -0.14 -0.76* -0.79*

Luteolin 0.49 0.56 0.48 0.41 -0.52 -0.47

Myrcetin 0.53 0.6 0.389 0.44 0.83** 0.79*

Quercetin 0.47 0.51 0.48 0.40 -0.78* -0.72*

Daidzin 0.53 0.59 0.53 0.62 0.80** 0.80**

Genistin 0.41 0.47 0.39 0.29 0.98** 0.96**

Hesperidin 0.53 0.60 0.53 0.61 0.96** 0.94**

Hyperoside 0.61 0.66 -0.53 -0.43 0.91** 0.96**

Kaempherol-7-O- glucoside 0.53 0.6 0.54 0.63 0.80** 0.79**

Naringin 0.53 0.59 0.53 0.63 0.81** 0.8**

Rutin -0.104 -0.04 0.56 0.47 -0.38 -0.30

TDF 0.564 0.623 0.516 0.47 0.982** 0.997**

* Correlation is significant at P ≤ 0.05.
**Correlation is significant at P ≤ 0.01.



559

Flavonoid profi ling and nodulation of some legumes in response to the allelopathic stress of Sonchus oleraceus L.

Acta bot. bras. 29(4): 553-560. 2015.

The present study revealed that both plant residue and 
root exudates of S. oleraceus suppressed the formation 
of root nodules in the test species. This observation is in 
agreement with Batish et al. (2006), who noted the aggres-
sive effect of Ageratum conyzoides residue on nodulation in 
chickpea. Batish et al. (2007) showed extreme inhibition in 
numbers and fresh weights of nodules in chickpea and pea 
in response to residue of Chenopodium murale. This result 
suggests that S. oleraceus releases various toxic compounds 
which not only suppress germination and growth of the 
target species (Gomaa et al. 2014), but also inhibit nodula-
tion of the studied legumes. 

Flavonoids of many leguminous plants have been con-
sidered as chemo-attractants for rhizobia, activating the 
Rhizobium genes responsible for nodulation (Bais et al. 
2004; Zhuang et al. 2013). This characterization is appar-
ently true under normal conditions, but may change under 
the allelopathic stress. Although a stimulatory effect was 
found in the flavonoids from T. alexandrinum, treated with 
S. oleraceus residue, nodulation was significantly inhibited. 
Moreover nodulation was not correlated with flavonoid 
concentrations in this species and M. indicus under the 
allelopathic effect. This finding emphasizes that the inhibi-
tion of nodulation in the target legumes may be attributed 
to allelopathic compounds released from both dry residue 
and root exudates of S. oleraceus, and not to the reduction 
in flavonoid contents of the legume.

With regard to possible applications of the flavonoids 
recorded in these test species, it has been reported that vari-
ous flavonols including quercetin, kaempferol, myricetin 
and rutin exhibited a wide range of beneficial effects, such 
as anti-allergy, anti-inflammation, anti-viral activity and 
anti-cancer effects. These flavonoids also play a protective 
role in liver and cardiovascular diseases (Tapas et al. 2008). 
Hesperidin, the most common flavonone in T. resupina-
tum, possesses significant anti-inflammation, analgesic 
properties (Galati et al. 1994; Farmica & Regelson 1995) 
and anti-cancer activity, in combination with quercetin 
(Tanwar & Modgil 2012; Li et al. 2014). On the other hand, 
many leguminous species were reported to be associated 
with prevention or reduction of some otherwise intractable 
diseases, due to their flavonoids (Filho 2009; Al-Sayed et 
al. 2014; Santos et al. 2014). The results of this study may 
warrant possible use of these legumes in food supplements 
and folk medicine. 

The flavonoid responses of the target legumes in the 
present study to the allelopathic potential of S. oleraceus 
was species-and treatment-dependent. The allelopathic 
effects of S. oleraceus produced a common inhibitory 
effect on the accumulation of flavonoids and on nodula-
tion in these legumes. The flavonoid content of T. alex-
andrinum increased in response to S. oleraceus residue, 
suggesting a possible resistance mechanism. Flavonoids 
do not appear likely to affect nodulation under the al-
lelopathic stress. 
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