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Abstract 

Allelochemicals are proposed to play a major role in the allelopathy mode of 
action. However, these compounds are available in low concentration in most 
allelopathic plants. Trigonella foenum graecum L. (fenugreek, Fabaceae family) 
attracted the attention of many researchers and its allelopathic potential was 
highlighted in their works. In the present study, we evaluated the effect of 
colchicine, a polyploidizing substance, on the allelopathic activity of T. foenum 

graecum a diploid plant. Myxoploid plants are obtained by immersion of 
fenugreek seeds in colchicine solution at 0.5%. Aqueous and organic extracts 
(petroleum ether, ethyl acetate and methanol) from myxoploid and diploid 
plantlet shoots were assayed to determine their allelopathic potential by 
evaluating their effect on lettuce seed germination and seedling development. 
Results showed that colchicine enhances significantly fenugreek allelopathic 
capacity. Myxoploid plant extracts had a much more significant effect in all 
concentrations used than those from diploid plants. Aqueous extracts from 
diploid plantlets tested at 40g/L induced an inhibition percentage of seed 
germination of 36.7% against 13.3% in contact with myxoploid plant extracts. At 
6000 ppm, methanolic extract obtained from myxoploid plants was the most toxic 
and was the only to inhibit lettuce seeds germination. Seedling growth was 
strongly inhibited in the presence of these extract. The concentration giving an 
inhibition of 50% for root growth (IC50) was equal to 2500 and to 2250 ppm of 
diploid and myxoploid plant extracts, respectively. For shoot growth, the IC50 was 
equal to 5500 and 2500 ppm in contact of diploid and myxoploid plants, 
respectively. The use of the colchicine for the allelopathic potential improvement 
is discussed. 
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Résumé 

Amélioration du potentiel génétique de l'activité phytotoxique de Trigonella 

foenum-graecum L. Les allélochimique sont proposés pour jouer un rôle majeur 
dans le mode d'action du phénomène allélopathique. Cependant, ces composés 
sont disponibles en faible concentration dans la plupart des plantes 
allélopathiques. Trigonella foenum graecum L. (fenugrec, Fabaceae) a attiré 
l'attention de plusieurs chercheurs. Son potentiel allélopathique a été mis en 
évidence. Dans la présente étude, nous avons évalué l'effet de la colchicine, 
substance polyploïdisante sur ce potentiel. Les plantes myxoploides sont 
obtenues par immersion des graines de fenugrec dans une solution de colchicine 
à 0,5%. Les extraits aqueux et les extraits organiques (à l’éther de pétrole, à 
l’acétate d’éthyle et au méthanol), des parties aériennes des plantes diploides et 
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celles myxoploides ont été testés afin de déterminer leur pouvoir allelopathique 
et évaluer leur effet sur la germination des graine de fenugrec et sur  le 
développement des plantules. Les résultats ont montré une amélioration 
significative de la capacité allélopathique de fenugrec traité par la colchicine. Les 
extraits des plantes myxoploides testés à différentes concentrations ont montré 
un effet beaucoup plus important. L'extrait aqueux des plantes diploides testé à 
40 g/l et au 7

ème
 jour, induit un pourcentage d'inhibition de la germination de 

36,7% contre 13,3% en présence d l'extrait des plantes diploïdes. À 6000 ppm, 
l’extrait méthanolique des plantes myxoploides est le plus toxique, de plus il est le 
seul qui a provoqué une inhibition totale de la germination des graines de la 
laitue. La croissance des plantules est dose-dépendante et a été largement 
inhibée en contact du dernier type d'extrait. La concentration de l'extrait des 
plantes diploïdes et celle des plantes myxoploides entrainant une inhibition de la 
croissance de la racine de 50% (IC50) est respectivement de 2500 et 2250 ppm. 
Pour la croissance des parties aériennes la IC50 est respectivement de 5500 et 
2500 ppm. L'utilisation de la colchicine pour l'amélioration du potentiel 
allélopathique est discutée. 

 
INTRODUCTION 

 

At present, there is a trend towards searching for 
novel natural plant products to develop bio-
herbicides and bio-pesticides. Numerous plants are 
reported to possess allelopathic potential and 
efforts have been made to apply them for weed or 
harmful fungi control. Although most common 
allelopathic plants have potential for weed 
suppression, their effects are usually short-lived and 
weeds re-emerge (Xuan et al., 2004; El Ayeb et al., 
2013). Furthermore, to successfully suppress the 
initial growth of weeds, a large amount of plant 
material (at least 1–2 t.ha

-1
) needs to be added to 

the soil. This would require a large labour force. The 
isolation and identification of allelochemicals in 
higher plants has been attempted, but the 
identified allelochemicals were mostly in low 
concentrations and interactive. So improve plant 
allelochemicals content is a great challenge. 
It is largely registered that polyploidy would 
improve plant vigour and size. About half of plant 
species are polyploid (Hirsch, 2001). Among the 
most known polyploid species, we can quote wheat 
(hexaploïde), leeks (tetraploid), cutter (octaploïdes), 
some egg-plant species (tetraploid) (Hirsch, 2001). 
To these natural polyploids, we can add forms 
created by man: red beet, turnip, clovers, rye-grass 
(Bilquez, 1956 ; Hirsch, 2001). Polyploidy induced, 
inter alias, the multiplication of each gene present 
in the diploid parental organization witch could 
influence characters governed by these genes. 
Accumulation of additive genes by polyploidy has 
consequences at cellular, physiological, biochemical 
and morphological levels. Experimental 
autopolypoids production allowed obtaining beets 
richer in sugars, tomatoes richer in vitamins, larger 

fruits, a more abundant fodder mass... (Bilquez, 
1956). Mathura al., (2006) found that chlorophyll 
content is increased in tetraploid plants of Acacia 

mearnsii.  
Autotétraploids Corn with white grains is less rich in 
carotene than diploids one, whereas 
autotétraploids corn with yellow grains are richer in 
carotene than the diploids (Bilquez, 1956). These 
works underline the great utility of polyploidy in the 
improvement programmes of plants with an aim to 
pass, to certain cultivated species, the economic 
characters present in some wild species 
(allopolyploïdisation) or to have plants with higher 
agronomic qualities (autopolyploïdisation) (Bilquez, 
1956 ; Dubois, 1989).   
Autopolyploidy should be an effective means to 
obtain plants of higher quality, hence the majority 
of crop plants with a great economic interest have a 
multiple chromosomal number than that of the wild 
species, and natural autoploids cultivars coming 
from known diploids forms, have dimensions and 
robustness higher than those of the diploids. 
Authors thought benefiting from this observation 
and tried to produce in their laboratories autoploid 
plants employing some agents. Results are variable 
according to the polyploïdising agent nature and 
the treated biological material. Among these 
agents, we can quote irradiation (X-ray), electric 
field, centrifugation of the germinated seeds or cal, 
nitrogen protoxide (NR2O), acenaphtene, the α-

monoiodonaphtalene, phenyluretane, paradichloro-
benzene, cold-heat shock method (Eigsti, 1957). But 
nowadays, the most used agents remain the 
inhibiting agents of the spindle mitotic blocking 
consequently the cellular division like oryzaline and 
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colchicine (Vainola, 2000 ; Blakesly et al., 2002 ; 
Adanyia and Shirai, 2001 ; Jesus-Gonzalez and 
Weathers, 2003 ; De Carvalho et al., 2005). 
Colchicine is water soluble and effective in much 
diluted solutions at concentration from 0.1 to 0.5% 
(Eigsti, 1957 ; Buffaloe, 1959 ; Badoc et al., 1998). 
Colchicine is abundant in nature. It is a toxic white 
powder obtained from colchic, Colchicum 

autumnale L. It is a tricyclic alkaloid (C22H25NO6). 

It blocks the cellular division without acting on the 
DNA, by blocking the microtubules polymerization 
(Kim et al., 2002 ; Niel and Scherrmann, 2006). This 
action causes a fast disappearance of the mitotic 
spindle, avoiding thus the chromosomes polar 
migration at the anaphase and the proliferation 
cellular process stop, inducing consequently the 
formation of cells with a double chromosomes 
number (Tambong et al., 1998 ; Blakesly et al., 
2002). Colchicine importance effect depends on the 
physiological activity of the embryonic cells at the 
treatment time. For example, germinated seeds do 
not give same results as dry ones (Eigsti, 1938). It is 
known that colchicine can induce high percentages 
of chimaeras (Wan et al., 1989) considering that it 
influences only the cellular division and 
consequently the polyploïdisation does not affect, 
at equal share all plant cells (De Carvalho et al., 

2005) but this does not neglect its tétraploïdisant 
capacity proven by Gmitter et al.,  (1991). The 
tetraploids DNA content is doubled compared to 
the diploids (Blakesley et al., 2002). In the 
literature, authors studied especially the effect of 
colchicine on the agronomic characters 
(germination percentage, cuts flowers, fructification 
percentage, etc.) and genetics (chromosomal 
number, nucleolus number, meiotic anomalies, etc).  
Fenugreek, (Trigonella foenum graecum L.) is an 
annual legume, considered as productive medicinal 
species of active ingredients and also fodder plant 
with the economic repercussions. Works concerning 
the allelopathic potential of T. foenum-graecum are 
very few. This species showed an insecticidal 
activity against Tibolium castaneum and 
Acanthoscelides obtecus (Pemong et al., 1997). 
Evident et al., (2007) worked on root exudates of 
fenugreek which showed an inhibiting effect on 
germination of a bad grass Orobranche crenata, 

parasite of leguminous plants. From these exudates, 
they isolated allelopathic substance Trioxazonane. 
The same authors showed as the intercultural T 

foenum-graecum with other leguminous plants 
(bean, pea, lens and chickpea) reduced their 
infection by Orobranche crenata (Fernandez-
Aparicio et al., 2007). More recently, the 
allelopathic potential of the aqueous extract of 
various plant parts of fenugreek was evaluated on a 

series of seed crops and the authors recorded a 
greater toxicity of shoots with a selective effect 
(Haouala et al., 2008).   
The aim of this work is to evaluate the effects of 
colchicine treatment on the allelopathic potential of 
fenugreek on crop species and bad grasses through 
bioassay and glasshouse. This research will promote 
a method for enhancing allelopathic potential of 
plants via improving of the genetic potentialities of 
Trigonella foenum-graecum. 

 

MATERIALS AND METHODS  

 

Plant materials 

Fenugreek seeds were surface sterilized immersing 
0.525 g.L

-1
 sodium hypochlorite for 15 min. The 

seeds were rinsed four times with deionised water, 
carefully blotted with paper towel and immediately 
sown in Petri–plate. After 24h, germinated seeds 
were divided into two sets (i): first set is let 
continue to germinate and grow, to obtain diploid 
plants ii) the second germinated seeds set is 
immersed in a colchicine solution at 0.5% during 4h 
then abundantly rinsed with the distilled water. 
They were replaced in Petri dishes to continue 
germination, to obtain myxoploid plants. 
Germination was carried out in Petri dishes with 
Whatman No.1 filter paper soaked with distilled 
water. The one week old seedlings are planted in 
pots [40 cm length, 30 cm broad and 20 cm dept] 
and placed under the natural conditions of 
illumination during March-April 2007.  The plants 
are irrigated daily with water of tap. Shoots of 
diploid and myxoploid plants were collected. After 
cleaning with tap water, the fresh material was 
oven-dried at 60 °C for 2 days then was ground into 
a powder using a Wiley mill and stored at 2 °C until 
use.  

 
Preparation of aqueous and organic extracts 

The treatments consisted of three factors: Aqueous 
extracts: 8 [10, 20, 30 and 40 g/l for diploid and 
myxoploid plants], organic extracts: 14 [petroleum 
ether, ethyl acetate and methanol at 6000 ppm and  
dilutions going from 6000 to 2000 ppm for 
methanolic extract for diploid and myxoploid 
plants] and one test crops (Lactuca sativa L.). 
Lettuce has been used as tested plant because it is 
too sensitive to chemicals at low concentration, as 
it sometimes over-estimates the actual allelopathy 
(Olofs-dotter, 2001). 
Forty grams of dried shoots of fenugreek diploid 
and myxoploid plants were separately extracted by 
soaking in 1L distilled water at 24°C for 24h in 
shaker to give a concentration of 40g dry tissue L

-1
. 

The extract was filtered through two layers of 



El Ayeb-Zakhama and Haouala - Genetic enhancement of phytotoxic activity of T. foenum-graecum
 

 

 
© Journal of Bioresources Valorization (2017) 

Volume 02, Number 1 
 

7 

cheesecloth to remove the fibre debris, and 
centrifuged at 4530 g for 2h. The supernatant was 
vacuum filtered again through Watman No.42 filter 
paper (Chon et al., 2003).   
The powdered material of shoots of fenugreek 
diploid and myxoploid plants (75g) was successively 
extracted with petroleum ether during 72h at 
ambient temperature and then filtered using 
Watman No.1 filter paper. The filter paper did not 
contain inhibitory components, because maximum 
seed germination was recorded when each species 
was essayed using deionised water. The residue was 
subsequently extracted with ethyl acetate, followed 
by methanol to generate two more fractions 
(Jefferson and Pennacchio, 2003). The fractions 
were taken to dryness on a rotary evaporator at 40-
50°C and transferred in vacuum freeze dryer to 
obtain dry matters witch were stored at 4°C until 
use. Yields were calculated (Table 1). 

 
Effect of aqueous diploid and myxoploid plants 

extracts on lettuce seed germination 

Each stock aqueous extract was diluted 
appropriately with sterile distilled water to give 
final concentrations of 10, 20, 30 and 40g.L

-1
. Five 

millilitres of the extracts was pipetted onto 
Wathman No.1 filter paper in a Petri dish. Distilled 
water was the control. Lettuce seeds were surface 
sterilized immersing 0.525 g.L

-1
 sodium hypochlorite 

for 15 min. Seeds were rinsed four times with 
deionised water, imbibed in deionised water at 
22°C for 12h, and carefully blotted using folder 
paper towel. Thirty swollen seeds were evenly 
placed on filter paper wetted with extract in each 
Petri dish and kept in a growth chamber [24°C, 14-h 
light 400 µmol photons.m

-2
s

-1
 photosynthetically 

active radiation (PAR), 10-h dark and 22°C]. Three 
replicates were incubated in a randomized 
complete block design. The germination was 
recorded at 24-h intervals till 144 h. A seed was 
considered germinated when the radical protruded 
≥2mm (Hou and Romo, 1998). Data were 
transformed to percent of control for further 

analysis. At 7
th

 day after sowing, shoot and root 
length and dry weight of recipient specie seedlings 
were measured. Data were transformed to percent 
of control for analysis. Extract concentration 
resulting in 50% inhibition of germination and 
root/shoot length (IR50) of controls were 
determined by interpolation.  

 

Phytotoxic effects of 3 solvent fractions  

The three dried samples concentrated from 
petroleum ether, EtOAc and MeOH were again 
dissolved in MeOH to compare their phytotoxic 
effects. Five millilitres of each of these fraction 
solutions at 6000ppm and the methanol-only 
solution (control) were placed in a Petri dish lined 
with one Watman No.1 filter paper and evaporated 
to dryness for 24h at 24°C. Methanol extract was 
assayed at different concentrations: 2000, 3000, 
4000, 5000 and 6000ppm, since it is the most toxic 
solvent. Distilled water was the control. After 
evaporation, 5 ml of distilled water was piptted 
onto the filter paper and then thirty imbibed lettuce 
seeds were placed on the paper and grown for 7 
days. Bioassay procedures, conditions and 
parameter measured were same to the previous 
work.  

 

Statistical analysis 

The laboratory bioassays were conducted with 
three replications. Duncan-tests and ANOVA were 
performed on SPSS 13.0, for Windows program, to 
analyze treatment differences. The means were 
separated on the basis of least significant 
differences at the 0.05 probability level. 
 

RESULTS  

 

Yields of organic extracts 

Results show that colchicine treatment increased 
significantly the yields (Table1). Indeed, yields of 
the myxoploid plant extracts doubled, on average, 
compared to those of the diploid one.  

 
Table 1: Yields of crud extracts from shoots of diploid and myxoploid plants of T.foenum-graecum. 

                                                                                                             Diploid                                                 Myxoploid                   

Petroleum ether  0.8428  1.9121 

Ethyl acetate  1.4070  2.5129 

Methanol   1.7409  3.0370 

 
Effect of aqueous extracts on seed germination 

and growth of lettuce 

Figure 1 presents the germination kinetics of lettuce 
seeds in presence of aqueous extracts diploid and 

myxoploid plants of fenugreek shoots at various 
concentrations.  Results showed that the inhibition 
of lettuce seeds germination in presence of extracts 
was dose-dependent (Figure 1). The myxoploid 
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plants extract had a much more significant (p<0.05) 
effect in all concentrations used (Figure 1b).  With 
40g/L and at 7

th
 day, inhibition percentage was 

36.7% and 13.3% in presence of diploid and 
myxoploid plant extracts respectively (Figure 1). 
Shoot extracts of fenugreek significantly delayed 

seed germination with increasing of extracts 
concentration. This delay was more important with 
myxoploid plant extract. Both extracts were 
significant allelopathic inhibitors on lettuce root and 
shoot length, but the toxicity is higher with 
fenugreek myxploid plants extracts.  

 

 
Figure 1. Kinetic germination of  lettuce seeds in presence of aqueous extracts of fenugreek shoots of the diploid and 

myxoploid plants at various concentrations. Distilled water is the control. The bars show standard error. 

 
Root growth is strongly inhibited in presence of 
aqueous extracts and inhibition is more significant 
that the extracts were more concentrated and yet 
more significant when the extract comes from the 
myxoploid plants (Figure 2).  Thus, with 40g/L and 
at 7

th
 day, lettuce root length is, respectively, 10% 

and 1% of the control in presence of the extracts of 
diploid and myxoploid plants (Figure 2a).   

In the same way, shoot growth of lettuce was 
inhibited more and more than the extracts are 
concentrated. Therefore the extracts of myxoploid 
plants are much more toxic. With the strongest 
concentration, the length of shoots was 18% and 
0.8% of the control, respectively, in presence of the 
extracts of diploid and myxoploid plants (Figure 2b).  
On the other hand, the inhibitory effect on root 
length is higher than shoot length (p<0.05). 

 

 
Figure 2. Effects of aqueous extracts of diploid and myxoploid shoots of T. foenum-graecum on early seedling growth of 

roots and shoots of lettuce, 7 days after germination, expressed in % of control.  
The bars on each column show standard error. 
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Effect of organic extracts on seed germination and 

growth of lettuce 

Bioassays in presence of organic extracts showed 
that methanolic extracts were the most toxic ones.  
Control bioassay, in the presence of methanol 
indicated that this organic solvent did not have any 
significant effect on germination of lettuce seeds. 
We recorded a delay of 3 days, 4 days and more 
than 7 days, to reach to 50% of seed germination, in 
the presence of respectively, petroleum ether, ethyl 
acetate and methanol extract of diploid plants 

compared to the control. This delay was of 4, and 
more than 7 days in the presence of the same 
extracts of myxoploid plants (Figure 3).  At the 
seventh day, germination percentage was 92%, 65% 
and 27% of the control in presence of petroleum 
ether, ethyl acetate and methanol extract, 
respectively. Myxoploidy increased the toxicity of 
an average of 28%. Thus, germination percentages 
were 58%, 39% and 0% of the control in presence of 
the same extracts of myxoploid plants (Figure 3).   

 

 
Figure 3. Effects of organic extracts (ethyl acetate, petroleum ether, methanol) of diploid and myxoploid shoots of T. 
foenum-graecum on germination of lettuce seeds expressed in percent. The bars on each column show standard error. 

 
For seedling lettuce growth, we recorded a strong 
toxicity of methanolic extract followed by ethyl 
acetate then petroleum ether one (Figure 4).  This 
toxicity was increased by an average of 18% by 
myxoploidy. Indeed, we registered a total inhibition 
of root and shoot growth in presence of methanolic 
extract of myxoploid plants (Figure 4).  In presence 
of ethyl acetate extract of the same plants, the two 
organs growth was only 5% of the control, whereas 
it was 23% and 12% of the control for root and 
shoot, respectively, in presence of the same extract 
of the diploid plants (Figure 4).  
 
Phytotoxicity of methanolic extract 

Methanol extracts which showed most inhibition to 
aqueous and the others organics extracts, were 
essayed against lettuce with different concentration 
(Figure 5). Their effect varied with concentration. 
The IC50, concentration corresponding to an 
inhibition germination of 50%, is of 5500ppm in 
presence of diploid plants extracts and of 4000ppm 
in presence of myxoploid plants extract (Figure 5). 
Delay germination is also more important with 
myxoploid plant extract. With 6000ppm the 
percentage of germination was only 27.77% with 
diploid plant extract (Figure 5). Myxoploidy 
increased strongly methanolic extract toxicity, since 
with 6000ppm we note a total absence of the 
germination (Figure 5).  

 
Figure 4. Effects of organic extracts (ethyl acetate, 

petroleum ether, methanol) of diploid and myxoploid 
shoots of T. foenum-graecum on early seedling growth 

of roots and shoots of lettuce, 7 days after germination, 
expressed in % of control. The bars on each column 

show standard error. 
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Many works reported that some allelochemicals 
delay germination (Shariati, 2005).  
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Figure 5.  Effects of methanol extract concentration of 
diploid and myxoploid shoots of T. foenum-graecum on 
germination of lettuce seeds expressed in percent. The 

bars on each column show standard error. 

 

 
Figure 6.  Effects of methanolic extract concentration of 
diploid and myxoploid shoots of T. foenum-graecum on 
early seedling growth of roots and shoots of lettuce, 7 
days after germination, expressed in % of control. The 

bars on each column show standard error. 
 

Experiments done on several plant species indicate 
that ABA plays a key role in induction and 
maintenance of dormancy. Thus change in 
dormancy may be related to changes at the level of 

allelochemicals and ABA probably induced by 
increase of chromosomes charge of cells by 
colchicines. 
 

DISCUSSION 
 

Studies on enhancement of chemical components 
are few. The colchicine application on Matricario 

chamomilla, (Asteraceae), led obtaining tetraploid 
plants with a strong content of sesquiterpenes, 
particularly chamazulene and α-bisabolol (Badoc et 
al., 1998). However, this alkaloid did not induce 
significant variation of the content or the 
composition of the fruits Fennel essential oil 
(Foeniculum vulgare  Mill.) (Badoc et al.  1998).   
Inhibition germination by aqueous extract is 
reported in many works (Bulut et al., 2006 ; Sarkar 
et al., 2012 ; El ayeb et al., 2013), and the degree of 
inhibition was largely dependent on the 
concentration of the extracts. Our findings are 
consistent with those reported elsewhere for other 
species in a variety of plant families (Escudero et al., 
2000 ; Macias et al., 2000 ; Jefferson and 
Pennacchio, 2003). Delayed seed germination by an 
allelopathic extract is due mainly to toxic factors of 
the leaf extract (Chon et al., 2004). It is well 
reported that aqueous extracts of some plants 
inhibit seedling growth (Lydon et al. 1997 ; El ayeb 
et al., 2013) root and shoot growth (Athanassova, 
1996 ; El ayeb et al., 2013) germination and induce 
mortality of plants (Eyini et al., 1996).  
Relative toxicity of organic extracts is reported in 
literature. Chon et al. (2005) unregistered a higher 
phytotoxicity of methanol extracts from hexane and 
EtOAc fractions of lettuce compared to those of 
BuOH and water fractions. The result suggests that 
phytotoxic substances were more present in the 
methanol and EtOAc fractions than in the 
petroleum ether resulting in more inhibitory effects 
on the test plant.  Inhibition of germination and 
early growth by organic extract are reported in 
literature.  Bulut et al., (2006) registered 77 and 
81% of the control for Pelargonium seed 
germination in presence of ethyl acetate and 
petroleum ether extracts, respectively. The highly 
significant toxicity of methanolic extract compared 
with the two other extracts, indicates that the 
responsible agents for the allelopathic effects of 
fenugreek are soluble in methanol. They may be 
phenolic compounds, which are well known 
potential phytotoxins (Seal et al., 2004). Although 
mathanolic extract yield was higher from myxoploid 
plant and it showed higher inhibition in germination 
percentage and seedling growth compared to that 
from diploid one. This may be due to differences in 
quality and quantity of allelopathic compounds that 
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were isolated. Inhibition germination would be 
attributed to allelochemicals like terpinen 4-ol witch 
completely inhibit Pelargonium seed germination at 
1000 and 5000ppm (Bulut et al., 2006), by inhibiting 
the cell division in the embryonic mersitems of the 
seeds (Agbagwa et al., 2003).  Plant phenolics play a 
major role in allelopathy (inderjit, 1996). Aqueous 
extracts of shoot fenugreek exerted a typical effect 
on germination and seedling growth of lettuce, 
severe toxicity at high extract concentration and 
moderate toxicity at low concentration. Lettuce 
roots appeared to be more sensitive to fenugreek 
extracts than shoots, presumably because the roots 
are in direct contact with the extracts, similar 
results were reported with other crops by Tefera 
(2002), Bnomik and Doll (1984) and Qasem (1995). 
Dose-dependent response of germination was 
recorded by Bulut et al. (2006), who registered 
56.67 and 63.33%, 60 and 70% and 80 and 56.67% 
with ethyl acetate, petroleum ether and chloroform 
at 1000 and 5000ppm, respectively.   
There are no studies related on enhancement of 
allelopathy potential of plants. Allelochemicals are 
synthesized in plants as secondary metabolites and 
located in certain specialized organs of donor plants 
(Kobayashi, 2004). Viles and Reeses (1996) showed 
that the chemical activity of specific extracts of 
Echinacea angustifolia was not uniform, but 
dependent upon genotypic variation of the plants 
grown in a common garden.  
 

CONCLUSION  
 

The colchicine treatment of Trigonella foenum-

graecum involved a significant enhancement of the 
allelopathic capacity of this plant.  Indeed, the 
reduction in the percentage of germination was 
more significant with the increase in the 
concentration of the aqueous extract of the 
myxoploïd plants compared with that of diploid 
one. In the same way, seedling growth was strongly 
inhibited in the presence of these extracts. With 
6000ppm, organic extracts caused a delay, a 
reduction in the germination percentage and a 
reduction growth more or less significant according 
to solvent. Only methanolic extract of the 
myxoploid plants showed a total inhibition of 
lettuce seeds germination. These results indicate 
that the molecules responsible for the fenugreek 
allelopathic potential are polar, and that the 
myxoploidy increased their concentration/effect.  
To purify, to identify and to proportion these 
molecules in the two types of plants would be the 
subject of a later study.   
 
 

REFERENCES 

 
Adams K.L., Wendel J.F. 2005a. Polyploidy and 

genome evolution in plants. Current Opinion in 

plant Biology. 8: 135-141. 
Adams K.L., Wendel J.F. 2005b. Novel patterns of 

gene expression in polyploidy plants. Trends in 

Genetics. 21 (10): 539-543. 
Adanyia S., Shirai D. 2001. In vitro induction of 

tetraploid ginger (Zingiber officinale Roscoe) 
and its pollen fertility and germinability. Science 

Horticultural. 88: 277-287. 
Badoc A., Amimar Z., Lamarti A., Deffieux G. 1998. 

Action de la colchicine lors de la 
micropropagation du fenouil (Foeniculum 

vulgare Mill.) sur l’huile essentielle des fruits. 
Bulletin de la Société de pharmacie de 

Bordeaux. 137: 25-36. 
Blakesley D., Allen A., Pellny T.K., Roberts A.V. 2002. 

Naturel and Induced Polyploidy in Acacia 

dealbata Link. and Acacia mangium Willd. 
Annals of Botany. 90: 391-398. 

Bidault M. 1971. Variation et spéciation chez les 
végétaux supérieurs : Notions Fondamentales 
de Systématique Moderne. Doin Editeurs, Paris 
VI 

è
, 145 p. 

Bilquez A-F. 1956. Etude de la valeur agronomique 
des différentes sortes de variations 
héréditaires. Journal Agriultral of Tropical et 

Botanical Applied. 2963: 200-206. 
Buffaloe N.D. 1959. Some effects of colchicine on 

cells of Chlamydomonas eugametos Moewus. 
Experimental Cell Research. 16: 221-231.  

Bulut Y., Kordalt S., Atabeyoglu O. 2006. The 
allelopathic effect of Pictacia leaf extracts and 
pure essential oil components on Pelargonium 

Ringo deep scarlet F1 hybrid seed germination. 
Journal of applied Sciences. 6(9): 2040-2042. 

Chon S.S., Kim Y.M., Lee J.C. 2003. Herbicidal 
potential and quantification of causative 
allelochemicals from several compositae 
weeds. Weed research. 43: 1-7. 

Chon S.U., Coutts J.H., Nelson C.J. 2004. Osmotic 
and autotoxic effects of leaf extracts on 
germination and seedling growth of alfalfa. 
Agronomy Journal. 96:1673-1679.  

Chon S.S., Jang H.G., Kim D.K., Kim Y.M., Boo H.O., 
Kim Y.J. 2005. Allelopathic potential in lettuce 
(Lactuca sativa L.) plants. Science Horticulturae. 
106: 309-317. 

Comai L. 2005. The advantages and disadvantages 
of being polyploid. Nature Reviews / Genetics. 
6: 836-846. 

De Carvalho J.F.R.P., De Carvalho C.R., Otoni W.C. 
2005. In vitro induction of polyploidy in annatto 



El Ayeb-Zakhama and Haouala - Genetic enhancement of phytotoxic activity of T. foenum-graecum
 

 

 
© Journal of Bioresources Valorization (2017) 

Volume 02, Number 1 
 

12 

(Bixa orellana). Plant Cell, Tissue and Organ 

Culture. 80: 69-75. 
Dubois J. 1989. Biotechnologie et amélioration des 

plantes. Plantes vivrières tropicales. 19-25.  
Eigsti O.J. 1957. Induced polyploidy. American 

Journal of Botany. 14 (3): 272-279. 
El Ayeb A., Ben Jannet H., Harzallah-Skhiri F. 2013. 

Effects of Acacia cyanophylla Lindl. extracts on 
seed germination and seedling growth of four 
crop and weed plants. Turkish Journal of 

Biology. 37, 305-314.  
Erdtman G. 1960. The acetolysis method, a revised 

description. Svensk  Botanisk Tidskrift. 54: 561-
564. 

Evidente A., Monoca F.A., Andolfi A., Rubiales D., 
Motta A. 2007. Trioxazonane, a 
monosubstituted trioxazonane from Trigonella 

foenum-graecum root exudates, inhibits 
Orobranche crenata seed germination. 
Phytochemistry. 68: 2487-2492. 

Feldman M., Levy A.A. 2005. Allopolyploidy-a 
shaping force in the evolution of wheat 
genomes. Cytogenetic and Genome Research 

109: 250-258. 
Fernandez-Aparicio M., Emeran A.A., Rubiales D. 

2008. Control of Orobanche crenata in legumes 
intercropped with fenugreek (Trigonella 

foenum-graecum). Crop Protection.  27: 653-
659. 

Fischer A.J., Beyer D.E., Carriere M.D., Ateh C.M., 
Yim K.O. 2000. Mecanisms of resistance to 
bispyribac-sodium in an Echinochloa 

phyllopagon accession. Pesticide Biochemistry 

and Physiology. 68:156-165. 
Flores-Carmona M.D.C., Cruz-Ortega R., Anaya A.L. 

2008. Allelopathic potential of some tropical 
trees of ecological reserve El Eden, Quintana 
Roo, Mexico. Allelopathy journal. 21(1): 57-72. 

Gatti A.B., Lima M.I.S., Perez S.C.J.G.A. 2008. 
Allelopathic potential of Ocotea odorifea (Vell) 
rohwer on the germination and growth of 
Lactuca sativa L. and Raphanus sativus L. 
Allelopathy Journal 21(1): 73-82. 

Gmitter F.G., Ling X., Cai C., Gosser J.W. 1991. 
Colchicine induced polyploidy in Citrus 
embryogenic cultures, somatic embryos, and 
regenerated plantlets. Plant Science 74: 135-
141. 

Griesbach R.J., Kamo K.K. 1996. The effect of 
induced polyploidy on the flavonols of Petunia 
"MITCHELL". Phytochemistry 42 (2): 361-363. 

Griffiths M., Suzubi L., Gelbart 2002. Introduction à 
l’analyse génétique. 3

éme
 édition De Boech. 

Haouala R., Kanfir R., Tarchoun A., Hawala S., Beji 
M. 2008. Allelopathic potential of Trigonella 

foenum-graecum L. Allelopathy Journal. 21(2): 
307-316. 

Hirsch M. 2001. Avis de l’agence française de 
sécurité des aliments relatif à la présentation 
d’éléments scientifiques d’appréciation de 
l’équivalence des huîtres Crassostrea gigas 
triploïdes, par rapport à des organismes 
diploïdes ou ‘ sauvages ‘, en vue de répondre à 
certaines inquiétudes des consommateurs. 
afssa: 1-5.  

Hou J.Q., Romo J.T. 1998. Effects of chemicals 
stimulators on germination of Ceratoids lanata. 
Seed Science and Technology.  26: 9-163. 

Inderjit Duke S.O. 2003. Ecophysiological aspects of 
allelopathy. Planta. 217:529-539. 

Jefferson L.V., Pennacchio M. 2003. Allelopathic 
effects of foliage extracts from four 
Chenopodiaceae species on seed germination. 
Journal of Arid Environnements  55: 275-285. 

Jesus-Gonzalez L., Weathers P.J. 2003. Tetraploid 
Artemisia annua hairy roots produce more 
artemisin than diploids. Plant Cell Reports. 21: 
809-813. 

Kim J.A., Mitsukawa K., Yamada M.K., Nishiyama N., 
Matsuki N., Ikegaya Y. 2002. Cytoskeleton 
disruption causes apoptotic degeneration of 
dentate granule cells in hippocampal slice 
cultures. Neuropharmacology. 42: 1109-1118. 

Liu J.G., Li Y.B., Jiang G.Y., Bian X.M., Li F., Geng W. 
2008. Allelopathic effects of cotton in 
continuous cropping. Allelopathy Journal. 21(2): 
299-306. 

Mathura S., Fossey A., Beck S. L. 2006. Comparative 
study of chlorophyll content in diploid and 
tetraploid black wattle (Acacia mearnsii). 
Forestry. 79 (4): 381-388. 

Niel E., Scherrmann J-M. 2006. Actualité de la 
colchicine. Revue du Rhumatisme. 73: 1338-
1345. 

Olofsdotter M. 2001. Rice-astep toward use of 
allelopathy. Agronomy journal.  93: 3-8. 

Paul L. 1981. Fenugreek: A crop that could bring a 
rise in food supply and a fall in population 
growth. World Farming, September/October. 
14-18. 

Pemonge J., Pascual-Villalobos J.M., Regnault-Roger 
C. 1997.  Effects of material and extracts of 
Trigonella foenum-graecum L. against the 
stored product pests tribolium castaneum 
(herbst) and Acanthoscelides obtectus (say) 
(Coleoptera: Bruchidae). Journal of Stored 

Products Research. 33(3): 209-217. 
Punt W., Blackmore S., Nilsson S., Le Thomas A., 

1994. Glossary of pollen and spore 
terminology. Laboratory of Paleobotany and 



El Ayeb-Zakhama and Haouala - Genetic enhancement of phytotoxic activity of T. foenum-graecum
 

 

 
© Journal of Bioresources Valorization (2017) 

Volume 02, Number 1 
 

13 

Palynology (LPP Contributions, Series No. 1). 71 
p. 

Reitsma T., 1970. Suggestions towards unification of 
descriptive terminology of Angiosperm pollen 
grains. Review of Palaeobotany and Palynology. 
10: 39-60.  

Salmon A., Ainouche M.L., Wendel J.F. 2005. 
Genetic and epigenetic consequences of recent 
hybridization and polyploidy in Spartina 
(Poaceae). Molecular Ecology 14: 1163-1175. 

Sarkar E., Chatter J., Samarendra N., Chakra B. 2012. 
Allelopathic effect of Cassia tora on seed 
germination and growth of mustard. Turkish 

Journal of Botany. 36: 488-494. 
Seal A., Prately J., Haig T., An M., Wu H.W. 2009. 

Phytotoxic potential of Shepherd’s purse on 
annual ryegrass and wild radish. Allelopathy 

Journal. 24 (1): 55-66. 
Tambong J.T., Sapra V.T., Garta S. 1998. In vitro 

induction of tetraploids in colchicines treated 
cocoyam plants. Euphytica. 104: 191-197. 

Tayyaba Z., Hasnain S.N., Hasan S.K. 2001. 
Evaluation of the oral hypoglycaemic effects ot 
Trigonella foenum graecum L. in normal mice. 
Journal of Ethnopahrmacology 75: 191-195. 

Tefera T. 2002. Allelopathic effects of Parthenium 
hystherophorus extracts on seed  germination 
and seedling growth of Eragrostis tef. Journal of 

Agronomy and Crop Science 188: 306-310. 
Vainola A. 2000. Polyploidization and early 

screening of Rhododendron hybrids. Euphytica 

112: 239-244. 
Vamosi J.C., Dickinson T.A. 2006. Polyploid and 

diversification: A phylogenetic Investigation in 
Rosaceae. International Journal of Plant 

Sciences 167: 349-358. 
Wan Y., Petolino J.F., Widholm J.M., 1989. Efficient 

production of doubled haploid plants through 
colchicine treatment of anther-derived maize 
callus. Theoretical and Applied Genetics 77: 
889-892. 

 
 


