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Abstract  

Brassica tournefortii (Sahara mustard) is an invasive weed in the American Southwest which has 

shown potential of replacing native species in the Sonoran desert. In order to better understand 

its allelopathic capacity and competitive interactions, the root extract from adult individuals was 

isolated and analyzed using reverse phase high performance liquid chromatography (RP-HPLC). 

RP-HPLC data show that allyl glucosinolate (sinigrin), a compound known to have allelopathic 

and fungicidal activity, is present in the roots at low concentrations. However, a greenhouse 

study indicates that the native winter annual Plantego ovata has a possible positive relationship 

with B. tournefortii, gaining an advantage when grown in treated soil; in addition, as the original 

B. tournefortii above ground mass increased, the subsequent P. ovata mass increased 

proportionately. The winter annual Chaenactis stevioides appears to have no significant change 

in growth when exposed to soil where B. tournefortii roots previously grew. Sahara mustard 

roots also seem to have an impact on competition between Plantago ovata and Chaenactis 

stevoides, increasing the difference in biomass between the two species when grown in 

conjunction with one another. 

Introduction  

Allelopathy is a relatively well studied phenomenon involved in demonstrating how one species 

actively influences another through biochemical means. While the term can describe both 

beneficial and negative effects, the latter has come into dominant usage over the past few 

decades (Choesin 1991). The phytotoxic chemicals, known as allelochemicals, are released by 

the plant tissue into the surrounding soil (Turk and Tawaha 2002). A variety of Brassica species 

have been shown to have allelopathic properties (Choesin 1991). B. napus is known to release 

allyl isothiocyanate, a compound known for its potentially toxic properties, in response to tissue 

damage (Choesin 1991). B. kaber and B. nigra roots have also been shown to be inhibitory to the 

germination of vesicular-arbuscular mycorrhizal (VAM) fungal spores (Schreiner and Koide 

1993). Other studies have shown B. juncea and B. carinata to have a similar impact on 

mycorrhizal fungicidal germination and growth (Choesin 1991, Mayton 1996).  

Considering the number of studies demonstrating the allelopathic effects of members of the 

Brassica genus, it is not unlikely that other unstudied species might also exhibit similar effects. 

B. tournefortii, commonly known as the Sahara mustard, is a native to North Africa and parts of 

the Middle East (Minnich and Sanders 2000). B. tournefortii is regarded as an invasive weed in 

Australia (Chauhan, Gill, and Preston 2006) as well as the United States, where it was first 

encountered at Coachella in California in 1927 (Bangle, Walker, and Powell 2008).  The species 

is now considered invasive in the whole of the American Southwest, having been encountered in 

California, Nevada, New Mexico, Arizona and Texas (U.S. Department of Agriculture 2014).  

B. tournefortii is thought to maintain its status as an invasive weed by producing large quantities 

of seeds with high germination rates coupled with rapid growth and efficient adaptation to 

different environments (Bangle, Walker, and Powell 2008). However, while it has been shown to 

have a negative impact on native annual plants in the arid regions of the Southwest, such as the 

Sonoran and Mohave deserts (Barrows et al. 2009; Minnich and Sanders 2000), its allelopathic 

character has yet to be quantified. Some Brassica species have been shown to have an 

allelopathic effect on the sporulation of VAM fungi (Paul Schreiner and Koide 1993). While 

glucosinolate hydrolysis resulting from mechanical damage to plant tissue is normally required 



to produce volatile products with allelopathic capacity, intact roots may be able to affect fungal 

sporulation as well (Schreiner and Koide 1993). Brassica species are non-mycorrhizal, but their 

inhibition of VAM fungi sporulation could interfere with the normally positive interactions other 

neighboring native species may receive from their symbiotic relationship (Müller 2009). In order 

to examine whether or not B. tournefortii has a similar long-lasting impact on the fungal or 

microbial community, a greenhouse study was implemented comparing the growth of two native 

species in the Sonoran desert, Plantago ovata and Chaenactis stevioides. Both species are native 

winter annual plants to the American Southwest and currently grow in conjunction with B. 

tournefortii in parts of the Sonoran Desert. By comparing the two species’ ability to grow in soil 

exposed to B. tournefortii tissue with that in untreated soil, the effect of B. tournefortii on native 

species may be determined. 

Ecological allelopathic studies have come under scrutiny for some time now due to the difficulty 

in determining whether negative effects seen in greenhouse studies are due to uncontrolled 

variables. Establishing a perfect system in which the only variance is due to allelochemical 

production is perhaps impossible (Müller 2009). It is argued that most allelopathic studies cannot 

account for resource competition, spatial or temporal scales, and other natural factors such as the 

biota of the soil; while some have used new strategies such as activated carbon to better quantify 

the allelopathic effect, these techniques can confound the results, producing methodological 

artifacts (Lau et al. 2008; Inderjit et al. 2011).While exactly quantifying the effects of allelopathy 

can prove difficult, demonstrating the potential for allelopathy can be ascertained through the  

observation of relevant changes in other species’ growth in conjunction with the supposed 

allelopathic species as well as supplemented by the isolation of phytotoxic chemicals from plant 

tissue.  

 

The presence of glucosinolates in plant tissue is a key marker of plant resistance to fungi 

(Ménard et al. 1999).  Many Brassica species release glucosinolates as a defense mechanism. 

These compounds have volatile hydrolysis products known as isothiocyanates (mustard oils) that 

have strong antibiotic properties and the ability to negatively impact the growth of neighboring 

plants via fungicidal activity (Choesin 1991; Olivier et al. 1999). Allyl glucosinolate (commonly 

known as sinigrin) has been shown to be a prevalent parent allelochemical in B. carinata, B. 

nigra and B. juncea (Mayton 1995). Allyl glucosinolate degrades after hydrolysis to allyl 

isothiocyanate, one of the most effective fungicidal isothiocyanates (Mayton 1995). This acts as 

a defense mechanism for the species due to the glucosinolate’s release from vacuoles and 

subsequent hydrolysis by the enzyme myrosinase as a result of a mechanical form of damage, 

e.g. severing the roots or damaging leaf tissue (Choesin 1991; R. Mithen 1992). Glucosinolate 

production has been found to act in the protection against fungi, pathogens, insect pests and even 

grazing vertebrates (R. Mithen 1992). Considering the prevalence of sinigrin in other Brassica 

species, it does not seem unlikely that if B. tournefortii were to exhibit similar allelopathic 

qualities it could be due to the presence of the same allelochemical. The identification of sinigrin 

in the roots of B. tournefortii would signify an allelopathic potential for this highly invasive 

species, thus raising implications for management and an understanding of its impact on the 

natural ecosystem. In this study, we used reverse phase high performance liquid chromatography 

(RP-HPLC) to isolate and identify sinigrin in the root extract of B. tournefortii. 

 



 

Materials and Methods 

I. Greenhouse Study  

 Between 5 and 10 B. tournefortii individuals were germinated in native soil collected 

from Mohawk Valley, a sandy valley situated in the Barry M Goldwater Range in western 

Arizona. All replicates were given excess water daily. After several individuals reached 

maturation to ensure the survival of at least one individual per replicate, all but 1-2 individuals 

were removed from each plot. These were then grown until near the point of flowering. The 

above ground mass of the B. tournefortii was subsequently removed and measured, leaving a 

small amount of eviscerated foliage on the surface soil and the root structure intact in the soil. 

Two seedlings of Plantago ovata and Chaenactis stevioides were then transplanted into the 

affected soil no longer than 1 day after the Brassica removal. Seedlings of corresponding size 

were transplanted into unaffected soil as a control. The 16 replicates of native seedlings were 

given 100 mL of water daily for one week; after one week, watering was lowered to 75 mL of 

water every other day. After 2 months, the mature native plants’ above ground biomass were 

removed and measured. Transplanted seedlings in some of the replicates did not survive and 

were thus excluded from the analysis.  

After the final collection and weighing of the above ground biomaterial of the individuals in both 

the treated and untreated plots, the samples were analyzed via ANOVA on a logarithmic scale to 

control for normality. The masses of each species were first compared according to treatment, 

whether they were in the soil exposed to B. tournefortii roots or in the untreated soil. 

II. Biochemical Assay  

 The most efficient method to detect sinigrin is by the enzymatic desulphation of the 

compound to produce desulfo-glucosinolates, thereby giving better separation using HPLC 

(Socaci 2014). The hydrolysis of glucosinolates leads to a longer retention time and different 

absorption spectrum than their non-hydrolyzed predecessors (Socaci 2014). The specification 

allows for delineation between glucosinolates, which may or may not be present in the root tissue 

of B. tournefortii. Considering the unknown nature of the mustard oil from B. tournefortii, the 

desulphation of sinigrin was deemed unnecessary and the compound analyzed against the non-

hydrolyzed sinigrin standard.  

The wavelength at the peak absorbance was determined for the standard sinigrin hydrate 

(Sigma-Aldrich) in an Opis UV Spectrophotometer to be 227.5 nm using a 0.1 mM dilution. A 

calibration curve using a series of dilutions for the standard sinigrin was established by RP-

HPLC in order to later determine the concentration of sinigrin found in the extracted mustard oil. 

In order to prepare the samples for HPLC, 0.4 g of root tissue from B. tournefortii individuals 

collected in Mohawk Valley was freeze-dried and solvated in methanol in order to extract 

glucosinolates according to Mithens and Magrath protocol (R. F. Mithen and Magrath 1992). 

The subsequent leachate was purified and concentrated by centrifugation at 1000 g for 3 minutes 

followed by straining with filter paper.  

The isolated oil and sinigrin hydrate standard were subsequently analyzed using a Hitachi 

HPLC D-7000. The column was kept at 25° C. The mobile phase ran from 100% of eluent A, 



0.1% TFA (triflouroacetic acid), until 11 minutes whereupon it changed to 100% eluent B, 

acetonitrile for 3 minutes. The remaining 9 minutes ran at 100% eluent A. The root extract was 

analyzed at various concentrations as well as spiked with an internal standard for confirmation of 

identification.  

 

 

Results  

I. Greenhouse Study  

Chaenactis stevioides (CHST) shows no statistical difference between samples from the 

treated and untreated soil (F1,18: 0.3886, p= 0.5408, Figure 1a). Plantago ovata (PLOV) however 

shows a significant difference between the treated and untreated samples (F1,26: 28.33 , p = 

2.812e-05), the samples in the untreated soil being smaller in biomass than those in the treated 

soil (Figure 1b).  

Since each replicate contained one CHST and one PLOV individual, the relative sizes of the 

species were examined for any evidence of competition between the two which might skew the 

results pertaining to the allelopathy of B. tournefortii. The data were analyzed using ANOVA, 

which demonstrates that the impact of CHST on PLOV is significant in the treated soil (F3,28: 

15.62, p = 3.662e-06) showing a strong negative relationship between the two species (Figure 

2b). The negative effect of CHST on PLOV, while significant in soil treated by B. tournefortii, is 

not significant in normal soil (Figure 2a).   

The treated sample was also analyzed to evaluate whether or not the original size of the B. 

tournefortii individual impacted the subsequent sizes of the C. stevioides and P. ovata 

individuals. Analysis by ANOVA shows that the original size of the B. tournefortii individuals 

does not have a significant impact on the subsequent biomass of C. stevioides (F1, 14: 2.974, p = 

0.1066). However, the relative size of B. tournefortii does seem to have a significant correlation 

with the P. ovata biomass (F1,14: 5.668, p = 0.03203) in a positive linear relationship (Figure 3).  

II. Biochemical Assay  

The isolated oil from the BRTO roots was analyzed via RP-HPLC and compared to the 

standard sinigrin hydrate. The calibration curve for sinigrin was used to calculate the 

concentration of sinigrin present in the root extract (Figure 4). The root extract was analyzed in 

various concentrations as well as spiked with an internal standard to check for separation of allyl 

glucosinolate from other glucosinolates in the sample. Sinigrin was found to have peak intensity at a 

standardized retention time of 3.23 minutes (Figure 5c). The root extract with internal standard eluted at 

3.21 min and the pure extract at 3.15 min (±0.05) . The concentration of sinigrin in the oil was calculated 

based on a calibration curve (Figure 4) to be approximately 1.84 µmol g
-1

. 

 



Discussion  

While the assumption was made that B. tournefortii impacts native species in a negative fashion, 

the data indicates that in fact P. ovata was positively affected by being planted in the treated soil. 

The P. ovata individuals grown in the control soil were ultimately significantly smaller in size 

than those grew in soil treated by B. tournefortii roots (Figure 1a), while C. stevioides did not 

show a significant decrease or increase in size from the treatment to the control group 

(Figure1b). However, this could be due to the small sample size (n=8) caused by a low survival 

rate of C. stevioides replicates. Only 50% of the C. stevioides seedlings originally planted were 

able to mature to flowering, whereas P. ovata maintained a survival rate over 80%, thus 

increasing its relative sample size (n=13).  

P. ovata also increased in size as the original size of the Brassica individual increased (Figure 

2a) while C. stevioides showed no significant difference when correlated to the original B. 

tournefortii mass. Since the sinigrin detected in B. tournefortii has been found in other species to 

impact the sporulation of VAM fungi, the opposite relationship of biomass was expected for P. 

ovata (Paul Schreiner and Koide 1993). P. ovata has been shown to maintain a stable 

relationship with VAM fungi, having  a 100% association rate with VAM fungi in wild 

populations (Burni, Bibi, and Sarah 2012). Whether or not C. stevioides maintains a symbiotic 

relationship with VAM fungi has not yet been determined to our knowledge. While other species 

have alternative means of allelopathy, B. tournefortii might utilize sinigrin for different strategic 

purposes than other species of Brassica. It was also not determined if a significant amount of 

VAM fungi was originally present in either the control or treatment soils. If VAM fungi did not 

reach a sufficient concentration to maintain a relationship with P. ovata, the allelochemicals 

might prove ineffective; however, this seems unlikely given the high concentration of well-

grown P.ovata present in Mohawk Valley, where the soil was collected.   

Another plausible explanation might also deal with the presence of sinigrin in the soil. While 

sinigrin is a sufficiently stable compound, its derivatives tend to be volatile and unstable, having 

a relatively short half-life (Brown et al. 1991). The severing of the root from the rest of the plant 

could possibly initiate the enzyme myrosinase, thereby converting the sinigrin to its more toxic 

byproducts. If B. tournefortii exhibits its primary effects on VAM fungi by sinigrin as described 

by Schreiner and Koide (1993), then these volatile byproducts would have little effect on the 

native individuals. Finally, if sinigrin were at stable concentrations in the soil, the native soil 

biota could possibly have interfered with its allelopathic effect (Inderjit et al. 2011). However, 

this does not explain why treated soil has a positive effect on P. ovata, nor can it explain why the 

treated soil affects P.ovata and C. stevioides differently.  

Competition between C. stevioides and P. ovata also seems to increase when planted in treated 

soil (Figure 2a, b). When transplanted in the treated soil, C. stevioides and P. ovata maintain a 

stronger negative correlation to each other than in the control replicates. This increase in 

competition could be due to depleted nutrients from the original Brassica. It seems likely that B. 

tournefortii has some indirect causal relationship on the competition between the two native 

species.  

Glucosinolates encompass a large number of compounds which contain a β-D thioglucose group, 

and a sulfonated oxime combined with some side functional group which distinguishes its 

properties from other compounds within the same family (Brown et al. 1991). Allyl 



glucosinolate is a compound found in a large number of Brassica species, including Brassica 

nigra and napus (Müller 2009). The RP-HPLC data signifies the presence of sinigrin when the 

root extract chromatogram is viewed in comparison with the standard sinigrin hydrate. However, 

due to the slight shift in retention time it is likely that there are contaminates of other 

glucosinolate compounds in the oil. By performing a desulphation reaction on the glucosinolate 

and running a linear gradient, these other glucosinolates might be resolved by HPLC and 

identified through the use of other standards. The concentration of sinigrin in the mustard oil is 

based on a calibration curve of the standard sinigrin hydrate solvated in methanol. The 

calibration curve for sinigrin does not go through the origin, indicating a certain degree of 

uncertainty in the calculation of the unknown concentration. When the point of origin is taken 

into account in establishing a trendline, the concentration is reduced by a factor of 2 (0.929 µmol 

g
-1

 in comparison to 1.84 µmol g
-1

). The concentration of sinigrin in B. napus species has been 

found to be as high as 55.03 µmol g
-1 

, although this concentration was found in a 7-day old 

seedling instead of a mature individual (Nuchanart Rangkadilok 2002). Mature, flowering B. 

napus individuals tend to have lower glucosinolate concentrations during the flowering period, 

tending to stabilize their total glucosinolate production around 6 µmol g
-1

 (Clossais-Besnard and 

Larher 1991). Future analysis of the oil by mass spectrophotometry would solidify the 

identification of the sinigrin.  

B. tournefortii has enjoyed a large amount of success in invading the American Southwest. We 

have shown here the potential for allelopathy to be involved in B. tournefortii’s competitive 

strategy. The presence of sinigrin in the root extract of mature individuals makes it seem likely 

that B. tournefortii maintains some allelopathic capacity, considering the widespread use of 

sinigrin in other Brassica species as a fungal and pest deterrent. However, the results of the 

greenhouse study cast doubt on whether or not B. tournefortii negatively impacts native species 

by output of allelochemicals in the soil. Further studies are needed to determine if B. tournefortii 

has a positive relationship with P. ovata or if their apparent symbiosis is a result of some 

experimental artifact.  

 

 

 

 

 

 

 



Figures and Tables  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1: a) Relative average masses of PLOV individuals in treated soil versus the untreated 

control on a logarithmic scale to control for normality b) Relative average masses of CHST 

individuals in “BRTO” treated soil versus the untreated control on a logarithmic scale to control for 

normality.  



 

 

 

 

 

 

 

 

Figure 2: a) Comparison of PLOV and CHST mass in untreated soil, b) Comparison of PLOV and 

CHST mass in treated soil.  

Figure 3: a) PLOV mass in comparison to original BRTO mass from treated soil, b) CHST mass in 

comparison to original BRTO mass from treated soil  



 

 

 

 

 

 

 

 

 

 

 

 

 

y = 2E-07x - 0.0152 

R² = 0.9844  

 

Figure 4: Calibration curve derived from RP-HPLC chromatograms of 

varying concentrations of methanol solvated sinigrin hydrate. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5b: RP-HPLC 

chromatogram of B. 

tournefortii root extract 

solvated in methanol to 

0.25 dilution of original 

concentration and spiked 

with 0.1 mM internal 

standard of methanol 

solvated sinigrin.  

Figure 5a: RP-HPLC 

chromatogram of B. 

tournefortii root extract 

solvated in methanol to 

0.25 dilution of original 

concentration.   



 

 

 

Figure 5c: RP-HPLC chromatogram of 

methanol solvated sinigrin standard 

at 0.006 mM concentration.  

Figure 5d: RP-HPLC baseline 

demonstrating the effects of the 

gradient from TFA to acetonitrile on 

the chromatogram profile.   
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