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Introduction

Lettuce (Lactuca sativa L.) and carrots (Daucus carota 
L.) are important vegetables which provides daily 

supply of various vitamins (A, B1, B2, B3, B6, C, E and 
K) and minerals (K, Ca, Mg, Na and Fe). Lettuce, is a 

significant source of dietary antioxidant (Still, 2007), 
it is known to contain, folate, lutein and lactucin, a 
sesquiterpene lactone which has sedative, analgesic 
and anti-malarial properties. Carrots are high in beta 
carotene, dietary fibre and sugar (Sharma et al., 2012; 
Iorrizo et al., 2013). Cultivation of these vegetables 
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is impaired with infestation of Meloidogyne incognita. 
Generally, lettuce and carrots are highly predisposed 
to M. incognita infection (Baimey et al., 2009; Oleivera 
et al., 2015; Fabiyi, 2021a). Synthetic nematicides 
are routinely employed to reduce infestation and 
increase yield, this gave rise to contamination of these 
vegetables with pesticides by the small holder farmers 
under unregistered informal sector who popularly 
practice vegetable farming (Fabiyi, 2021a, b, c). These 
group of farmer’s misuse nematicides greatly mainly 
because, they are not literate enough to prepare 
solutions correctly, lack of adequate knowledge on the 
risk associated with pesticide use, application of non-
homologated pesticides and poor respect for dosage 
(Fabiyi et al., 2020a). The general attitude of pesticide 
handling has led to several cases of poisoning, because 
the available residue is higher than international 
maximum residue limits, which is a pointer to public 
health threat (Cheke and Oluwole, 2009; Fabiyi and 
Olatunji, 2021a). With this in mind, coupled with the 
development of resistance by nematodes to synthetic 
nematicides and in furtherance to research on safer 
alternatives to synthetic nematicides (Atolani et al., 
2014a, b; Fabiyi et al., 2020b, 2021a, b, 2022; Fabiyi, 
2021d; Fabiyi and Olatunji, 2021b), this experiment 
was conducted to assess the potential of two common 
weeds (Tridax procumbens and Sida acuta) as soil 
amendment in M. incognita control. Tridax procumbens 
is a perennial weed which is widely distributed and 
commonly used in traditional medicine for bacterial 
infection of gastrointestinal disorders (Gubbiveeranna 
and Nagaraju, 2015). The leaves are used in the 
treatment of catarrh, dysentery and diarrheal. Sida 
acuta is commonly found in bushes and road sides 
(Oboh et al., 2007). It is employed in the treatment 
of fever, gonorrhoea, eczema, dandruffs, intestinal 
worms and skin diseases (Karou et al., 2007; Kumar et 
al., 2012). Carrots and lettuce are vegetables that are 
essential and indispensable to the general populace. 
There is a nexus between availability, quality and 
price of these vegetables. Carrots become displeasing 
to the consumers with nematode infestation vis-à-
vis reduction in obtainability of lettuce. On account 
of the established biological and customary values 
associated with T. procumbens and S. acuta, while 
also bearing in mind the essence of pesticide residue 
free vegetables, this study examines the nematicidal 
potential of T. procumbens and S. acuta in M. incognita 
control. Indicators such as vegetative growth, yield 
and nematode population were appraised for each 
of the test plants (T. procumbens and S. acuta) to 

establish their influence as organic crude extracts and 
soil amendments on M. incognita infested lettuce and 
carrot plants.

Materials and Methods

Collection of plant materials and preparation of extracts
Tridax procumbens and Sida acuta whole plants 
were collected from the University of Ilorin, Ilorin, 
Nigeria premises (80, 291 N; 40, 401 E). The plant 
samples were verified at the herbarium unit of the 
University. Each plant was air dried in the laboratory 
for one week to reduce the moisture content and were 
divided in to 3 parts (Fabiyi et al., 2020c) Two parts 
were extracted separately in methanol and ethanol, 
while the 3rd part was used as soil amendment. The 
extracts were decanted and filtered after 5 days and 
then concentrated with rotary evaporator (Buchi 
Rota Vapour R-300). The crude extracts and plant 
materials were coded as follows: Sida acuta methanol 
extract, Sida acuta ethanol extract, Sida acuta 
amendment, Tridax procumbens amendment, Tridax 
procumbens methanol extract and Tridax procumbens 
ethanol extract. The extracts were then abbreviated 
respectively as- SDAT/MeOH, SDAT/EtOH, 
SDAT/AMDT, TDXPS/AMDT, TDXPS/MeOH, 
TDXPS/EtOH. 
 
Screenhouse experiment 
Loamy soil was collected and steam sterilized at 
60℃ for 2 hours. The soil was allowed to cool and 
distributed into two sets of 48 experimental pots at 
25kg each per pot. The experimental pots were placed 
on bricks in the screenhouse to avoid microbial 
infestation. The plant materials for soil amendments 
were weighed at 800g, 600g and 400g/kg soil and 
was mixed with the sterilized soil. This was left for a 
month to allow disintegration of the plant materials. 
The contents of the experimental pots were turned and 
mixed assiduously on weekly basis to ensure uniform 
distribution of disintegrated plant materials. Each 
experimental setting had 4 treatments, 3 replicates 
and 4 dosages of application. Two weeks’ old lettuce 
(cv Mindelo) and carrot (cv Shakira f1) seedlings were 
transplanted into each experimental pot at a seedling 
per pot. A week after transplanting, approximately 
1000 second stage juveniles of M. incognita were 
inoculated at the base of each seedling (Fabiyi, 2019, 
2020). The other sets of treatments (crude extracts 
of the plant materials) were applied a week after 
inoculation at 80, 60 and 40g/kg soil. Carbofuran 
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was applied at 0.5, 1.0 and 1.5ai/kg/ha. Agronomic 
practices, such as fertilizer application and weeding 
for both vegetables were carried out as required. Data 
was collected on plant height and numbers of leaves 
for carrots and lettuce plants during the growth weeks 
to monitor and assess the vegetative development. 
At harvest, yield was evaluated for both vegetables. 
The numbers of nematodes in the soil (250g) and 
roots (10g) of the plants were determined. The roots 
were evaluated for galling severity on a scale of 0-9 
provided by Schoonhoven and Voysest (1989), where 
1=no galling, 2=< 5% of roots galled, 3=6-10% galled, 
4=11-18% galled, 5=19-25% galled, 6=26-50% galled, 
7=51-65% galled, 8=66-75% galled, 9=76-100% of 
roots galled. All data were subjected to analysis of 
variance (ANOVA) and means were separated using 
the Tukey’s honesty significant difference test at 
p<0.05. 

Results and Discussion

The response of carrot and lettuce plants under 
Meloidogyne incognita infection to Sida acuta and 
Tridax procumbens treatment is presented in Tables 1 to 
12. Carrot plants treated with S. acuta plant materials 
as soil amendment and crude extracts had higher 
plant heights than the control from the 6th week after 
planting to 12th week after planting. Heights of plants 
treated with methanol extracts of S. acuta (SDAT/
MeOH) did not significantly (p<0.05) differ from 
those of carbofuran treatment (CBFN). Heights of 
carrot plants were consistently high in the highest 
quantity of treatment materials applied as opposed to 

the heights recorded in the low quantity of materials 
(Table 1). The numbers of leaves produced by carrot 
plants grown in amended pots were statistically more 
than carrot plants treated with other materials. There 
is no statistical difference between the numbers of 
leaves produced in cabofuran treated pots and S. acuta 
amended pots. Fewer leaf production was observed in 
the carrot plants treated with low quantity of plant 
materials and the untreated carrot plants (Table 2). 
Mean carrot yield was particularly low in untreated 
carrot plants, while higher yield was recorded in 
pots amended with plant materials. An increase in 
yield which is directly proportional to the quantity 
of treatment materials was recorded. The gall index 
was lower in all the treatment materials, control 
plants had the highest gall index. The least root gall 
index was observed in carbofuran treated plants. This 
is accompanied by reduced soil and root nematode 
population count. Heavily galled roots characterized 
the untreated control carrot plants (Table 3). The 
influence of T. procumbens on the vegetative growth of 
carrot plants is depicted in Tables 4, 5 and 6. Heights 
of carrot plants was up above in experimental pots 
amended with T. procumbens at the highest dose. 
Carrot plant heights were low statistically in the 
control plants (Table 4). More leaves were produced 
in all treated plants, while control, plants had fewer 
leaves (Table 5). Yield of carrots was increased 
in treated plants. Increase in yield was directly 
proportional to the quantity of treatment materials 
applied. Gall index was statistically low in carrot plants 
treated with carbofuran. All other treatments also had 
significantly lower gall index relative to the control. 

Table 1: Effect of treatment and treatment concentration of Sida acuta extracts on heights (cm) of carrot plants.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 36.1b 39.3b 40.7c 42.7c 45.4b 45.2b 45.7b

SDAT/EtOH 32.4c 35.7b 35.9d 37.0d 37.1c 39.6c 40.5c

SDAT/AMDT 48.7a 51.7a 51.8a 51.9a 51.9a 52.1a 52.6a

SDAT/MeOH 36.3b 38.8b 45.1b 46.2b 47.0b 47.4b 47.9b

CONTROL 28.6cd 30.3d 30.8e 33.0e 35.8c 37.1c 38.1d

SEM ± 2.33 2.74 3.28 3.22 3.01 3.04 3.04
LSD p<0.05 4.21 4.10 4.46 3.28 5.68 4.76 3.77
Level  
One (40g/kg soil) 30.2c 35.3c 36.1c 38.7c 40.4c 40.9c 41.8c

Two (60g/kg soil) 34.6b 38.6b 39.9b 41.0b 44.4b 44.9b 45.0b

Three (80g/kg soil) 41.3a 46.5a 47.8a 48.2a 48.8a 49.2a 49.8a

SEM ± 2.69 2.73 2.80 2.84 2.63 2.66 2.54
LSD p<0.05 2.18 3.01 3.21 2.32 3.72 3.79 3.44

CBFN = carbofuran; SDAT/EtOH = S. acuta ethanol extract; SDAT/AMDT = S. acuta soil amendment; SDAT/MeOH = S. acuta methanol 
extract.
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Table 2: Effect of treatment and treatment concentration of Sida acuta extracts on the number leaves of carrot plants.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 10a 13a 15a 17a 17a 17a 18a

SDAT/EtOH 8ab 10b 10b 11c 12b 12b 13c

SDAT/AMDT 9a 12a 14a 15b 17a 18a 18a

SDAT/MeOH 9a 12a 14a 14b 14b 14b 15b

CONTROL 6c 8b 9b 10c 11c 11c 11c

SEM ± 2.01 2.02 1.62 1.77 1.76 1.79 1.78
LSD p<0.05 2.26 2.83 3.67 3.11 2.00 2.16 3.12
Level
One (40g/kg soil) 5c 9c 10b 10b 10b 11b 11b

Two (60g/kg soil) 7b 11b 11b 11b 11b 12b 12b

Three (80g/kg soil) 10a 13a 13a 14a 14a 14a 15a

SEM ± 1.39 1.76 1.43 1.54 1.85 1.64 1.63
LSD p<0.05 1.08 1.17 1.20 2.51 2.43 1.82 2.79

CBFN =carbofuran; SDAT/EtOH = S. acuta ethanol extract; SDAT/AMDT = S. acuta soil amendment; SDAT/MeOH = S. acuta methanol 
extract.

Table 3: Effect of treatment and treatment concentration of Sida acuta extracts on carrot yield, gall index, soil and 
root nematode population.
Treatment Carrot weight (g) Root gall index Soil nematode count Root nematode count
CBFN 716.0b ± 16.3 0.44a ± 0.5 11a ± 6.2 3a ± 0.1
SDAT/EtOH 550.0d ± 70.9 5.89c ± 0.3 59c ± 7.1 52c±0.5
SDAT/AMDT 737.2a ± 55.5 3.00b ± 0.0 31b ± 4.7 25b± 0.0
SDAT/MeOH 564.2c ± 71.0 5.63c ± 0.5 66c ± 0.0 49c± 3.0 
CONTROL 115.9e ± 30.0 9.00d ± 0.0 2848d ± 744.0 5178d±30
SEM ± 15.47 0.12 110.4 133.7
LSD p<0.05 34.58 0.34 318.1 259.6
Level
One (40g/kg soil) 312.5c ± 32.7 7.83c ± 0.4 65c ± 12.1 43c ± 0.8
Two (60g/kg soil) 518.2b ± 59.0 5.75b ± 0.5 28b ± 9.8 31b ± 2.2
Three (80g/kg soil) 549.1a ± 81.1 3.22a ± 0.5 6a ± 7.7 14a ± 1.3
SEM ± 6.47 0.07 1.05 1.68
LSD p<0.05 18.97 0.21 3.07 2.81

CBFN =carbofuran; SDAT/EtOH = S. acuta ethanol extract; SDAT/AMDT = S. acuta soil amendment; SDAT/MeOH = S. acuta methanol 
extract.

Table 4: Effect of treatment and treatment concentration of Tridax procumbens extracts on plant height (cm) of carrot 
plants.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 37.8b 39.5b 40.5b  41.0b 42.7b 43.1b 43.9b 

 TDXP/EtOH 34.3c 35.4b 36.9cd 38.1bc  38.7c 39.1c 39.4c 
TDXPS/AMDT 46.2a 46.8a 47.6a 48.5a 49.6a 50.2a 50.6a 
TDXPS/MeOH 35.7bc 36.0b 38.1c 39.2b 39.8c 40.2c 40.6c

CONTROL 26.4d 27.3c 28.7e 30.6d 31.6d 32.0d 33.2d

SEM ± 1.42 1.43 1.45 1.47 1.51 1.43 1.45
LSD p<0.05 4.06 4.09 4.16 4.20 4.32 4.10 4.15
Level
One (40g/kg soil) 32.3b 33.5b 35.3b 36.2c 37.2c 38.9c 39.6c

Two (60g/kg soil) 33.6b  34.8b 36.1b 38.6b 39.8b 40.6b 41.3b 
Three (80g/kg soil) 35.6a 37.4a 39.1a 40.6a 41.8a 42.4a 43.3a 
SEM ± 1.27 1.28 1.30 1.31 1.35 1.28 1.30 
LSD p<0.05 3.62 3.71 3.72 3.75 3.87 3.67 3.71 

CBFN =carbofuran; TDXPS/EtOH = T. procumbens ethanol extract; TDXPS/AMDT = T. procumbens soil amendment; TDXPS/MeOH 
= T. procumbens methanol extract.
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Table 5: Effect of treatment and treatment concentration of Tridax procumbens extracts on number of leaves of carrot 
plants.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 11a 12a 12a 14a 16a 18a 19a 

SDAT/EtOH 9ab 9b 10b 10b 11c 12c 12d 

SDAT/AMDT 10a 11a 12a 14a 15a 16b 17b 
SDAT/MeOH 8b 10ab 11ab 12c 13b 13c 14c 
CONTROL  7bc  7c  8c  9d  10cd  11cd 11e 

SEM ± 0.93 1.00 1.15 1.20 1.23 1.30 1.34 
LSD p<0.05 2.67 2.86 3.29 3.45 3.52 3.72 3.84 
Level  
One (40g/kg soil) 7 8 8 9 9 10 11 
Two (60g/kg soil) 8 8 9 9 10 10 11 
Three (80g/kg soil) 9 10 10 11 11 12 12 
SEM ± 0.83 0.89 1.03 1.08 1.10 1.16 1.23 
LSD p<0.05 NS NS NS NS NS NS NS

CBFN =carbofuran; TDXPS/EtOH = T. procumbens ethanol extract; TDXPS/AMDT = T. procumbens soil amendment; TDXPS/MeOH 
= T. procumbens methanol extract.

Table 6: Effect of treatment and treatment concentration of Tridax procumbens extracts on carrot yield, gall index, 
soil and root nematode population.
Treatment Carrot weight (g) Root gall index Soil nematode count Root nematode count
CBFN 829.0b ± 25.0 0.53a ± 0.1 10a ± 4.1 7a ± 0.0
TDXPS/EtOH 614.2d ± 15.3 5.18c ± 0.6 50d ± 3.2 39d±0.3
TDXPS/AMDT 884.0a ± 39.7 2.13b ± 0.1 22b ± 2.0 16b± 0.1
TDXPS/MeOH 659.1c ± 24.3 5.42c ± 0.4 43c ± 0.1 31c± 2.1 
CONTROL 208.7e ± 0.9 9.00d ± 0.0 2649e ± 322.7 4302e±179
SEM ± 26.13 0.17 0.94 116.0
LSD p<0.05 39.16 0.22 276.6 231.0
Level
One (40g/kg soil) 336.2c ± 0.7 8.16c ± 0.8 48c ± 8.1 36c ± 1.2
Two (60g/kg soil) 642.0b ± 10.6 4.57b ± 0.3 23b ± 4.2 28b ± 0.6
Three (80g/kg soil) 673.8a ± 59.3 2.16a ± 0.0 4a ± 3.8 11a ± 2.0
SEM ± 7.38 0.05 1.01 0.83
LSD p<0.05 21.65 0.14 2.83 2.69

CBFN =carbofuran; TDXPS/EtOH = T. procumbens ethanol extract; TDXPS/AMDT = T. procumbens soil amendment; TDXPS/MeOH 
= T. procumbens methanol extract.

Table 7: Effect of treatment and treatment concentration of Sida acuta extracts on height of lettuce plants.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 5.68bc 9.03ab 14.89a 19.13b 23.5b 27.4b 32.3d

SDAT/AMDT 6.01b 10.22a 14.74a 20.86a 27.6a 33.8a 48.3a

SDAT/EtOH 5.33bc 9.12ab 13.30ab 16.00c 18.4c 24.1c 35.5c 

SDAT/MeOH 8.06a 11.06a 16.22a 20.11a 27.4a 35.1a 44.6b

CONTROL 5.26bc 9.37ab 11.50bc 13.97d 16.7d 19.0d 26.1e

SEM ± 1.03 1.21 1.27 2.03 3.66 5.02 6.94
LSD p<0.05 3.04 4.76 5.65 4.83 9.30 9.47 12.01
Level
One (40g/kg soil) 7.22c 10.67c 12.68c 18.73c 23.1c 25.7c 31.6c

Two (60g/kg soil) 12.42b 14.10b 16.08b 22.94b 27.3b 35.3b 42.5b

Three (80g/kg soil) 15.31a 17.25a 20.35a 26.65a 31.2a 39.6a 46.9a

SEM ± 0.61 0.78 0.96 1.62 2.99 4.34 9.17
LSD p<0.05 3.11 3.62 3.81 4.75 4.76 8.73 9.01

CBFN =carbofuran; SDAT/EtOH = S. acuta ethanol extract; SDAT/AMDT = S. acuta soil amendment; SDAT/MeOH = S. acuta methanol 
extract.
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Table 8: Effect of treatment and treatment concentration of Sida acuta extracts on number of leaf of lettuce plant.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 6ab 7b 9b 10b 12bc 13bc 16b

 SDAT/AMDT 7a 9a 11a 13a 16a 17a 21a

 SDAT/EtOH 5bc 7b 8bc 9bc 11c 12c 14c

SDAT/MeOH 5bc 8ab 9b 10b 13b 14b 15bc

CONTROL 4c 6bc 7cd 9bc 11c 12c 14c

SEM ± 0.43 0.61 0.77 0.90 1.30 1.37 1.92
LSD p<0.05 1.95 2.07 2.22 1.59 1.74 1.95 4.54
Level
One (40g/kg soil) 2bc 5bc 7b 8ab 10bc 12bc 13c

Two (60g/kg soil) 3b 6b 7b 9a 11b 13b 15b

Three (80g/kg soil) 6a 8a 9a 11a 14a 15a 19a

SEM ± 0.48 0.56 0.61 0.74 1.06 1.09 1.65
LSD p<0.05 1.08 1.01 2.80 1.17 2.11 2.18 2.83

CBFN = carbofuran; SDAT/EtOH = S. acuta ethanol extract; SDAT/AMDT = S. acuta soil amendment; SDAT/MeOH = S. acuta methanol 
extract.

Table 9: Effect of treatment and treatment concentration of Sida acuta extracts on lettuce yield, gall index, soil and 
root nematode population.
Treatment Lettuce head weight (g) Root gall index Soil nematode count Root nematode count
CBFN  200b±23.0 0.42a ± 0.2 6a ± 6.2 9a ± 14.0
SDAT/AMDT 213a±25.2 3.57b ± 0.1 33b ± 7.1 23b ± 20.0
SDAT/EtOH  138d±9.0 5.31c ± 0.0 48d ± 4.7 72c ± 45.7
SDAT/MeOH  153c±11.1 5.35c ± 0.3 41c ± 0.0 77c ± 49.4
CONTROL 94e ±7.2 9.00d ± 0.0 3573e ± 385.2 4530d ± 53.2
SEM ±  11.21 0.14 126.7 9.00
LSD p<0.05  19.41 0.38 243.4 25.92
Level
One (40g/kg soil)  70c± 2.1 7.16c ± 0.3 65c ± 12.1 83c ± 51.8
Two (60g/kg soil) 105b±5.2 5.01b ± 0.1 28b ± 9.8 39b ± 32.5
Three (80g/kg soil) 128a ±10.3 3.59a ± 0.5 6a ± 7.7 14a ± 15.5
SEM ±  9.02 0.05 1.05 3.75
LSD p<0.05  13.01 0.26 3.07 10.99

CBFN =carbofuran; SDAT/EtOH = S. acuta ethanol extract; SDAT/AMDT = S. acuta soil amendment; SDAT/MeOH = S. acuta methanol 
extract.

Table 10: Effect of treatment and treatment concentration of Tridax procumbens extracts on height of lettuce plants.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 7.03a 10.22a 12.41b 16.22b 25.9b 31.23b 38.1b

TDXPS/AMDT 5.17b 9.10a 15.08a 19.27a 28.31a 34.42a 41.01a

TDXPS/EtOH 4.02bc 7.20b 10.36bc 12.32c 19.27d 23.81d 31.49d

TDXPS/MeOH 7.13a 9.09a 11.06b 16.00b 22.41c 29.12c 35.13c

CONTROL 4.71bc 7.28b 9.26d 11.07cd 15.36e 20.54e 26.32e

SEM ± 1.07 1.13 1.25 2.12 3.57 5.17 6.82
LSD p<0.05 3.12 4.29 5.41 4.70 9.28 9.60 12.18
Level
One (40g/kg soil) 4.22c 8.11c 11.51c 16.02c 23.05c 29.28c 33.6c

Two (60g/kg soil) 7.15b 12.03b 17.11b 24.10b 29.48b 35.41b 40.03b

Three (80g/kg soil) 14.29a 17.11a 23.07a 29.18a 34.52a 39.00a 43.11a

SEM ± 0.35 0.51 1.05 1.70 3.06 4.59 9.21
LSD p<0.05 3.32 3.09 3.63 4.81 4.91 8.91 9.36

CBFN =carbofuran; TDXPS/EtOH = T. procumbens ethanol extract; TDXPS/AMDT = T. procumbens soil amendment; TDXPS/MeOH 
= T. procumbens methanol extract.
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Table 11: Effect of treatment and treatment concentration of Tridax procumbens extracts on number of leaf of lettuce 
plant.
Treatment 6WAP 7WAP 8WAP 9WAP 10WAP 11WAP 12WAP
CBFN 10b 11b 12b 13b 16b 18b 21b

TDXPS/AMDT 12a 14a 16a 19a 22a 23a 25a

TDXPS/EtOH 7c 8c 9c 11bc 13cd 14c 16c

TDXPS/MeOH 8c 9c 11b 12b 14c 17b 20b

CONTROL 5d 7cd 8cd 9d 10e 13d 16c

SEM ± 0.62 0.83 0.80 0.93 1.52 1.46 1.98
LSD p<0.05 2.06 2.20 2.31 1.61 1.86 2.18 4.69
Level
One (40g/kg soil) 3b 4bc 7b 9c 12b 14c 16c

Two (60g/kg soil) 5a 5b 8b 11b 15a 17b 19b

Three (80g/kg soil) 6a 7a 10a 13a 16a 21a 22a

SEM ± 0.30 0.65 0.53 0.82 1.13 1.31 1.49
LSD p<0.05 0.94 0.81 2.56 1.35 2.48 2.36 2.70

CBFN =carbofuran; TDXPS/EtOH = T. procumbens ethanol extract; TDXPS/AMDT = T. procumbens soil amendment; TDXPS/MeOH 
= T. procumbens methanol extract.

Table 12: Effect of treatment and treatment concentration of Tridax procumbens extracts on lettuce yield, gall index, 
soil and root nematode population.
Treatment Lettuce head weight (g) Root gall index Soil nematode count Root nematode count
CBFN  265b±31.2 0.21a ± 0.6 5a ± 4.1 7a ± 5.0
TDXPS/AMDT 327a±22.1 2.03b ± 0.3 19b ± 5.3 14b ± 17.2
TDXPS /EtOH  181d±7.1 5.07c ± 0.2 40d ± 3.1 53c ± 31.5
TDXPS/MeOH  219c±16.3 5.19c ± 0.0 31c ± 1.2 49c ± 28.3
CONTROL  126e ±8.0 9.00d ± 0.0 4258e ± 284.6 5181d ± 71.6
SEM ±  15.03 0.12 143.1 8.22
LSD p<0.05  21.15 0.29 256.9 21.75
Level
One (40g/kg soil) 107c± 4.6 7.01c ± 0.8 51c ± 16.8 55c ± 46.2
Two (60g/kg soil) 168b±3.1 6.23b ± 0.5 22b ± 7.2 26b ± 11.5
Three (80g/kg soil) 203a ±11.2 4.48a ± 0.3 4a ± 9.5 9a ± 8.8
SEM ±  10.17 0.03 1.28 3.29
LSD p<0.05  16.22 0.24 3.19 10.63

CBFN =carbofuran; TDXPS/EtOH = T. procumbens ethanol extract; TDXPS/AMDT = T. procumbens soil amendment; TDXPS/MeOH 
= T. procumbens methanol extract.

Nematode count at harvest was more in control 
plants compared to the treated plants (Table 6). All 
treatments notably altered the growth of lettuce 
plants. Taller plants and more leaves were recorded 
over the period of observation in treated plants, which 
translated into higher yield at harvest, contrary to 
the control lettuce plants. S. acuta and T. procumbems 
cuttings as soil amendment had positive effect in the 
overall vegetative growth of lettuce plants. Lettuce 
plants treated with low quantity of extracts and plant 
materials had decreased numbers of leaves, lower 
height, higher gall index and low yield (Tables 7-12).

There is apparent increase in the vegetative growth 
of carrot and lettuce plants with the application S. 
acuta and T. procumbens as soil amendments. S. acuta 
is known to contain several alkaloids which are good 
inhibitors of microorganism growth. Several secondary 
metabolites associated with the Malvacea family 
which contains about 200 species of Sida are reported 
as a good source of biologically active compounds 
(Konate and Souza, 2010; Rizk and Soliman, 2014). 
Criptolepine, vacisine, ephedrine and quindoline are 
the major alkaloids present in S. acuta (Karou et al., 
2005; Ahmed et al., 2011). The presence of these 
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alkaloids may be associated with the nematicidal 
action portrayed by S. acuta in this research. The 
anti-bacterial and anti-protozoan activity of S. acuta 
was reported by Cimanga et al. (1998), and Wright 
et al. (2001) respectively. Correspondingly, Karou et 
al. (2003), Banzouzi et al. (2004) and Koudovou et al. 
(2011) demonstrated the anti plasmodial activity of S. 
acuta. S. acuta has significantly good inhibitory activity 
on the growth of Mycobacterium smegmatis, Escherichia 
coli, Klebsiella species, Proteaus vulgaris, Pseudomonas 
pyocyanae, Staphylococcus albus, Pseudomonas circhorii, 
and Salmonella typhimurium (Pongpan et al., 1982; 
Kumar et al., 1997; Karou et al., 2005). Comparable 
inhibitory activity of ethanol extracts of S. acuta on 
gram positive bacteria was demonstrated by Oboh et al. 
(2007). Equivalently, Konate et al. (2012) reported the 
bio activity of S. acuta on trimoxazol resistant bacteria 
strains. At 5 hours of exposure there was a 100% 
mortality of test organisms. The insecticidal activity of 
S. acuta extracts was reported by Adeniyi et al. (2010), 
they recorded a 31.47% mortality at 1.50 minutes of 
exposure of Acanthscelides obtectus to 4% solution of S. 
acuta. Similarly, Ouedraogo et al. (2012), reported the 
antifungal activity of Sida cordifolia (L). T. procumbens 
contains several secondary metabolites which is 
responsible for the biological activities associated with 
the plant. T. procumbens is authenticated to contain 
quercetin, beta sitosterol, dexamethasone, luteolin, 
lucoluteolin, esculetin, puerarin, betulinic acid and 
flavones such as 8,3′-dihydroxy 3,7,4′-trimethoxy-6-
O-β-D-glucopyranosyl flavone, 6,8,3′ trihydroxy 3,7,4′ 
trimethoxyflavone and terpenes like bis-bithiophene 
(Runsheg et al., 2010; Bhalerao and Kelkar, 2012). In 
this study T. procumbens promoted significant positive 
changes in the vegetative development of treated 
carrot and lettuce plants compared to the control 
plants. Thus, the observed nematicidal performance 
could be linked to the synergistic effect of the several 
constituents of the plant. The antibacterial action of T 
procumbens was registered by Mir et al. (2016), while 
the insecticidal action of T. procumbens was equally 
substantiated by Ikewuchi et al. (2009). Reports by 
Nazeruddin et al. (2011), and Rappiah-Opong et al. 
(2011) confirmed the anti-plasmodial characteristics 
of T. procumbens, extracts from the plant showed 
repellent action against Anopheles stephensi at 6% 
concentration. Mani and Chitra (1989), indicated 
that the extracts of T. procumbens is nematicidal. They 
reported 48% juvenile mortality at 500ppm. Sharma 
and Tiagi (1989) equally reported that root galling 
was reduced on pea with application of leaf powder 

of T. procumbens. Bioactive molecules produced by 
plants allow them to interact with microorganisms 
in the environment (Atolani and Fabiyi, 2020) and 
these metabolites are responsible for the promising 
nematicidal activity detected in this study.
 
Conclusions and Recommendations

The application of S. acuta and T. procumbens as soil 
amendment will go a long way in redeeming the 
environment from pesticide pollution, while safely 
addressing nematode reduction in the farmer’s field. 

Novelty Statement

The manuscript expresses the importance of medicinal 
plants hitherto classified as weed and unavailing in 
the art of Meloidogyne incognita management on 
vegetables.

Conflict of interest
The authors have declared no conflict of interest.

References

Adeniyi, S.A., C.L. Orjiekwe. J.E. Ehiagbonare and 
B.D. Arimah. 2010. Preliminary phytochemical 
analysis and insecticidal activity of ethanolic 
extracts of four tropical plants (Vernonia 
amygdalina, Sida acuta, Ocimum gratissimum 
and Telfaria occidentalis) against beans weevil 
(Acanthscelides obtectus). Int. J. Phys. Sci., 5(6): 
753-762. 

Ahmed, F., K. Toume, T. Ohtsuji, M. Rahman, S. 
Kumar, S.K. Sadhur and M. Ishibashi. 2011. 
Cryptolepine isolated from Sida acuta sensitizes 
human gastric adeno-carcinoma cells to 
TRAIL- induced apoptosis. Phytother. Res., 
25: 147-150. https://doi.org/10.1002/ptr.3219

Atolani, O., O.A. Fabiyi and G.A. Olatunji. 2014b. 
Nematicidal isochromane glycoside from 
Kigelia pinnata leaves. Acta Agric. Slovenica. 
104(1): 25-31. https://doi.org/10.14720/
aas.2014.104.1.3

Atolani, O. and O.A. Fabiyi. 2020. Plant parasitic 
nematodes management through natural 
products: Current progress and challenges. In 
management of phytonematodes: Recent 
advances and future challenges. Ansari, R.A., 
Rizvi, R. and Mahmood, I., (Eds). Singapore. 
pp. 297-315. https://doi.org/10.1007/978-981-

https://doi.org/10.1002/ptr.3219
https://doi.org/10.14720/aas.2014.104.1.3
https://doi.org/10.14720/aas.2014.104.1.3
https://doi.org/10.1007/978-981-15-4087-5_13


December 2022 | Volume 38 | Issue 4 | Page 1297

Sarhad Journal of Agriculture
15-4087-5_13

Atolani, O., O.A. Fabiyi and G.A. Olatunji. 2014a. 
Isovitexin from Kigelia pinnata, A potential 
eco-friendly nematicidal agent. Trop. Agric., 
91(2): 67-74.

Baimey, H., D. Coyne, G. Dagbenonbakin and 
B. James. 2009. Plant-parasitic nematodes 
associated with vegetable crops in Benin: 
relationship with soil physico-chemical 
properties. Nematol. Mediterr., 37: 227-236.

Banzouzi, J.T., R. Prado, H. Menan, A. Valentin, 
C. Roumestan, M. Mallie, V. Pelissier and 
Y. Blanche. 2004. Studies on medicinal 
plants of Ivory coast: Investigation of Sida 
acuta for in vitro anti-plasmodial activities 
and identification of an active constituent. 
Phytomedicine, 11: 338-341. https://doi.
org/10.1078/0944711041495245

Bhalerao, S.A. and T.S. Kelkar. 2012. Phytochemical 
and pharmacological potential of Tridax 
procumbens linn. Int. J. Adv. Biol. Res., 2(3): 
392-395.

Cheke, R.A. and O. Oluwole. 2009. Health 
and environmental impacts of pesticide use 
practices: A case study of farmers in Ekiti State, 
Nigeria. Int. J. Agric. Sustainability, 3: 153-163. 
https://doi.org/10.3763/ijas.2009.0431

Cimanga, K., T. De Bruyne, L. Pieters, J. Totte, L. 
Tona, K. Kambu, Vanden, D. Berghe and A.J. 
Vlietinck. 1998. Antibacterial and antifungal 
activities of neocryptolepine, biscryptolepine 
and cryptoquindoline alkaloids isolated from 
Cryptolepis sanguinolenta. Phytomedicine, 5: 
209-214. https://doi.org/10.1016/S0944-
7113(98)80030-5

Fabiyi O.A, G.A. Olatunji, O. Atolani and R.O. 
Olawuyi. 2020c. Preparation of bio-nematicidal 
nanoparticles of Eucalyptus officinalis for the 
control of cyst nematode (Heterodera sacchari). 
J. Anim. Plant Sci., 30(5): 1172-1177. https://
doi.org/10.36899/JAPS.2020.5.0134

Fabiyi, O.A., 2020. Growth and yield response 
of groundnut Arachis hypogaea (Linn.) under 
Meloidogyne incognita infection to furfural 
synthesised from agro-cellulosic materials. J. 
Trop. Agric., 58(2): 241-245.

Fabiyi, O.A. and G.A. Olatunji. 2021a. 
Environmental sustainability: Bioactivity 
of Leucaena leucocephala leaves and pesticide 
residue analysis in tomato fruits. Acta Univ. 
Agric. Silviculturae Mendelianae Brunensis, 

69(4): 473-480. https://doi.org/10.11118/
actaun.2021.042

Fabiyi, O.A. and G.A. Olatunji. 2021b. Toxicity 
of derivatized citrulline and extracts of water 
melon rind (Citrullus lanatus) on root-knot 
nematode (Meloidogyne incognita). Trop. Agric., 
98(4): 347-355.

Fabiyi, O.A., O. Atolani and G.A. Olatunji. 
2020b. Toxicity effect of Eucalyptus globulus to 
Pratylenchus spp. of Zea mays. Sarhad J. Agric., 
36(4): 1244-1253. https://doi.org/10.17582/
journal.sja/2020/36.4.1244.1253

Fabiyi, O.A., 2021a. Sustainable management of 
Meloidogyne incognita infecting carrot: Green 
synthesis of silver nanoparticles with Cnidoscolus 
aconitifolius: (Daucus carota). Vegetos. 34(2): 
277-285. https://doi.org/10.1007/s42535-021-
00216-y

Fabiyi, O.A., 2021b. Evaluation of plant materials 
as root-knot nematode (Meloidogyne incognita) 
suppressant in okro (Abelmuscous esculentus). 
Agric. Conspectus Sci., 86(1): 51-56. 

Fabiyi, O.A., 2021c. Evaluation of Nematicidal 
activity of Terminalia glaucescens fractions 
against Meloidogyne incognita on Capsicum 
chinense. J. Hortic. Res., 29(1): 67-74. https://
doi.org/10.2478/johr-2021-0006

Fabiyi, O.A., 2021d. Application of furfural in 
sugarcane nematode pest management. Pak. 
J. Nematol., 39(2): 151-155. https://doi.
org/10.17582/journal.pjn/2021.39.2.151.155

Fabiyi, O.A., A.O.  Claudius-Cole and G.A. 
Olatunji. 2021b. In vitro assessment of n-phenyl 
imides in the management of Meloidogyne 
incognita. Sci. Agric. Bohem., 52(3): 60-65. 
https://doi.org/10.2478/sab-2021-0007

Fabiyi, O.A., 2019. Management of groundnut 
(Arachis hypogea) Root-knot nematode 
(Meloidogyne incognita): Effect of Prosopis 
africana Pods. Indian J. Nematol., 49(2): 214-
216.

Fabiyi, O.A., M.T. Baker, A.O. Claudius-Cole, R.O., 
Alabi and G.A. Olatunji. 2022. Application of 
cyclic imides in the management of root-knot 
nematode (Meloidogyne incognita) on cabbage. 
Indian Phytopathol., https://doi.org/10.1007/
s42360-022-00480-1

Fabiyi, O.A., A.O. Claudius-Cole, G.A. Olatunji, 
D.O. Abubakar and O.A. Adejumo. 2021a. 
Evaluation of the in vitro response of 
Meloidogyne incognita to silver nano particle 

https://doi.org/10.1007/978-981-15-4087-5_13
https://doi.org/10.1078/0944711041495245
https://doi.org/10.1078/0944711041495245
https://doi.org/10.3763/ijas.2009.0431
https://doi.org/10.1016/S0944-7113(98)80030-5
https://doi.org/10.1016/S0944-7113(98)80030-5
https://doi.org/10.36899/JAPS.2020.5.0134
https://doi.org/10.36899/JAPS.2020.5.0134
https://doi.org/10.11118/actaun.2021.042
https://doi.org/10.11118/actaun.2021.042
https://doi.org/10.17582/journal.sja/2020/36.4.1244.1253
https://doi.org/10.17582/journal.sja/2020/36.4.1244.1253
https://doi.org/10.1007/s42535-021-00216-y
https://doi.org/10.1007/s42535-021-00216-y
https://doi.org/10.2478/johr-2021-0006
https://doi.org/10.2478/johr-2021-0006
https://doi.org/10.17582/journal.pjn/2021.39.2.151.155
https://doi.org/10.17582/journal.pjn/2021.39.2.151.155
https://doi.org/10.2478/sab-2021-0007
https://doi.org/10.1007/s42360-022-00480-1
https://doi.org/10.1007/s42360-022-00480-1


December 2022 | Volume 38 | Issue 4 | Page 1298

Sarhad Journal of Agriculture
liquid from agricultural wastes. Agrivita J. Agric. 
Sci., 43(3): 524-534. https://doi.org/10.17503/
agrivita.v43i3.1936

Fabiyi, O.A., O.D. Saliu, A.O. Claudius-Cole, I.O., 
Olaniyi, O.V. Oguntebi and G.A. Olatunji. 
2020a. Porous Starch citrate biopolymer 
for controlled release of carbofuran in the 
management of root knot nematode Meloidogyne 
incognita. Biotechnol. Rep., 25(e00428): 1-9. 
https://doi.org/10.1016/j.btre.2020.e00428

Gubbiveeranna, V. and S. Nagaraju. 2015. 
Ethnomedicinal, phytochemical constituents 
and pharmacological activities of Tridax 
procumbens: A review. Int. J. Pharm. Pharm. 
Sci., 8(2): 1-7.

Ikewuchi, C.C., J.C. Ikewuchi and M.N. 
Igboh. 2009. Chemical profile of Tridax 
procumbens Linn. Pak. J. Nutr., 8: 548-550. 
https://doi.org/10.3923/pjn.2009.548.550

Iorizzo, M., Senalik, A. Douglas, Ellison, L. Shelby, 
G. Dariusz, P.F. Cavagnaro, A. Charlotte, B.J. 
Spooner, M. David, V.D. Allen and S.W. Phillip. 
2013. Genetic structure and domestication of 
carrot (Daucus carota subsp. sativus) (Apiaceae). 
Am. J. Bot., 100; 930-938. https://doi.
org/10.3732/ajb.1300055

Karou, D., A. Savadogo, A. Canini, S. Yameogo, 
C. Montesano, J. Simpore, V. Colizzi and A. 
Traore. 2005. Antibacterial activity of the 
alkaloids from Sida acuta. Afr. J. Biotech., 4(12): 
1452-1457.

Karou, S.D., N.H. Dicko, S. Sanon, J. Simpore and 
A.S. Traore. 2003. Anti-malarial activity of 
Sida acuta Burm f. (Malvaceae) and Pterocarpus 
erinaceus Poir (Fabaceae). J. Ethnopharmacol., 
89: 291-294. https://doi.org/10.1016/j.
jep.2003.09.010

Karou, S.D., W.M.C. Nadembega, D.P. Ilboudo, D. 
Ouermi, M. Gbeassor, C. Souza and J. Simpore. 
2007. Sida acuta Burm. f.: A medicinal plant 
with numerous potencies. Afr. J. Biotechnol., 
6(25): 2953-2959. https://doi.org/10.5897/
AJB2007.000-2463

Konaté, K. and A. Souza. 2010. Polyphenol contents, 
antioxidant and anti-inflammatory activities of 
six malvaceae species traditionally used to treat 
hepatitis B in Burkina Faso. Eur. J. Sci. Res., 
44(4): 570-580.

Konaté, K., A. Hilou, J.F. Mavoungou, A.N. 
Lepengue, A. Souza, N. Barro, J.Y. Datte, 
B.M. Batchi and O.G. Nacoulma. 2012. 

Antimicrobial activity of polyphenol rich 
fractions from Sida acuta L. (Malvaceae) 
against co-trimoxazolresistant bacteria strains. 
Ann. Clin. Microbiol. Antimicrob., 11(5): 1-6. 
https://doi.org/10.1186/1476-0711-11-5

Koudouvo, K., S.D. Karou, D.P. IIboudo, K. Kokou, 
K. Essien, K. Aklikokou, C. Souza, J. Simpore 
and M. Gbeassor. 2011. In vitro antiplasmodial 
activity of crude extracts from Togolese 
medicinal plants. Asian Pac. J. Trop. Med., 
4: 129-132. https://doi.org/10.1016/S1995-
7645(11)60052-7

Kumar, A., G.D. Bagchi and M.P. Darokar. 1997. 
Antibacterial activity observed in the seeds of 
some coprophilous plants. Int. J. Pharmacog., 
35(3): 179-184. https://doi.org/10.1076/
phbi.35.3.179.13293

Kumar, D., A. Kumar and O. Prakash. 2012. 
Potential anti fertility agents from plants: A 
comprehensive review. J. Ethnophamarcol., 
140: 1-32. https://doi.org/10.1016/j.
jep.2011.12.039

Mani, A. and K.C. Chitra. 1989. Toxicity of certain 
plant extracts to Meloidogyne incognita.

Mir, A.S., M.A. Dar, S. Mir, S.M. Ahmad and G. 
Chitale. 2016. Analysis of phytochemistry and 
antimicrobial activity of Tridax procumbens 
Linn. Chem. Sci. J., 7: 132. https://doi.
org/10.4172/2150-3494.1000132

Nazeruddin, G.M., S. Shirish, S. Pingale and S. 
Shaikh. 2011. Pharmacological review of Tridax 
procumbens L. Pharm. Sin., 22:172-175.

Oboh, I.E., J.O. Akerele and O. Obasuyi. 2007. 
Antimicrobial activity of the ethanol extract of 
the aerial parts of Sida acuta burm.f. (malvaceae). 
Trop. J. Pharm. Res., 6(4): 809-813. https://doi.
org/10.4314/tjpr.v6i4.14662

Oleivera, G.H.F., S.R.A. Santana, R.C.N. Fonseca, 
L.E. Lima, L.A.A. Gomes and J.L.S. Filho. 2015. 
Meloidogyne incognita resistant strains of leaf 
lettuce. Afr. J. Agric. Res., 10(51): 4660-4667. 
https://doi.org/10.5897/AJAR2015.9696

Ouedraogo, M., K. Konate, A.N. Lepengue, 
A. Souza, B. M’Batchi and L.L. Sawadogo. 
2012. Free radical scavenging capacity 
anticandicidal effect of bioactive compounds 
from Sida cordifolia (L.) in combination with 
nystatin and clotrimazole and their effect 
on specific immune response in rats. Ann. 
Clin. Microbiol. Antimicrob., 11: https://doi.
org/10.1186/1476-0711-11-33

https://doi.org/10.17503/agrivita.v43i3.1936
https://doi.org/10.17503/agrivita.v43i3.1936
https://doi.org/10.1016/j.btre.2020.e00428
https://doi.org/10.3923/pjn.2009.548.550
https://doi.org/10.3732/ajb.1300055
https://doi.org/10.3732/ajb.1300055
https://doi.org/10.1016/j.jep.2003.09.010
https://doi.org/10.1016/j.jep.2003.09.010
https://doi.org/10.5897/AJB2007.000-2463
https://doi.org/10.5897/AJB2007.000-2463
https://doi.org/10.1186/1476-0711-11-5
https://doi.org/10.1016/S1995-7645(11)60052-7
https://doi.org/10.1016/S1995-7645(11)60052-7
https://doi.org/10.1076/phbi.35.3.179.13293
https://doi.org/10.1076/phbi.35.3.179.13293
https://doi.org/10.1016/j.jep.2011.12.039
https://doi.org/10.1016/j.jep.2011.12.039
https://doi.org/10.4172/2150-3494.1000132
https://doi.org/10.4172/2150-3494.1000132
https://doi.org/10.4314/tjpr.v6i4.14662
https://doi.org/10.4314/tjpr.v6i4.14662
https://doi.org/10.5897/AJAR2015.9696
https://doi.org/10.1186/1476-0711-11-33
https://doi.org/10.1186/1476-0711-11-33


December 2022 | Volume 38 | Issue 4 | Page 1299

Sarhad Journal of Agriculture
Pongpan, A., P. Chumsri and T. Taworasate. 

1982. The antimicrobial activity of some Thai 
medicinal plants. Mahidol. Univ. J. Pharm. Sci., 
9(4): 88-91.

Rappiah-Opong, A.K., D. Nyarko, F.N. Dodoo, 
K.A. Gyang and N.K. Karam. 2011. 
Antiplasmodial activity of extracts of Tridax 
procumbens and Phyllanthus amarus in vitro 
Plasmodium falciparum culture systems. Ghana 
Med. J., 45(4): 143-150.

Rizk, R.M. and M.I. Soliman. 2014. Biochemical 
and molecular genetic characterisation of 
some species of family Malvacea Egypt. Egypt 
J. Basic Appl. Sci., 1: 167-176. https://doi.
org/10.1016/j.ejbas.2014.06.002

Runsheg, X., Z. Jing and Y. Ke. 2010. Two flavones 
from Tridax Procumbens Linn. Molecules, 
15: 6357-6364. https://doi.org/10.3390/
molecules15096357

Schoonhoven, V.A., and O. Voysest. 1989. Common 
beans in Latin America and their constraints. 
In: Bean production problems in tropics. 2nd ed. 
(eds. H.F. Schwartz and M.A. Pastor-Corrales). 

Centro Int. Agric. Trop. Cali, Colombia, pp. 35-
57. 

Sharma, K.D., S. Karki, N.S. Thakur and S. Attri. 
2012. Chemical composition, functional 
properties and processing of carrot (Daucus 
carota L.). A review. J. Food Sci. Technol., 49: 
22-32. https://doi.org/10.1007/s13197-011-
0310-7

Sharma, R.K., and B. Tiagi. 1989. Studies on the 
efficacy of certain leaf powders against root-
knot nematode on pea. Indian J. Mycol. Plant 
Pathol., 19: 101-110S.

Still, D.W., 2007. Lettuce. In genome mapping 
and molecular breeding in plants, Volume 5 
Vegetables. C. Kole (Ed.) © Springer-Verlag 
Berlin Heidelberg. pp. 71-84.

Wright, C.W., J. Addae-Kyereme, A.G. Breen, 
J.E. Brown, M.F. Cox, S.L. Croft, Y. Gökçek, 
H. Kendrick, R.M. Phillips and P.L. Pollet. 
2001. Synthesis and evaluation of cryptolepine 
analogues for their potential as new antimalarial 
agents. J. Med. Chem., 44: 3187-3194. https://
doi.org/10.1021/jm010929+

https://doi.org/10.1016/j.ejbas.2014.06.002
https://doi.org/10.1016/j.ejbas.2014.06.002
https://doi.org/10.3390/molecules15096357
https://doi.org/10.3390/molecules15096357
https://doi.org/10.1007/s13197-011-0310-7
https://doi.org/10.1007/s13197-011-0310-7
https://doi.org/10.1021/jm010929+
https://doi.org/10.1021/jm010929+

