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Abstract 

 

In the field of the Agricultural University of Athens, the effects of tillage on weed suppressive ability, 
leaf area, seed yield and protein content of velvet bean (Mucuna pruriens) were evaluated under the climatic 

conditions of Greece. The experiment was carried out in a randomized complete block design with three 
replicates. The three experimental treatments were: control (untreated), one hoeing for weed seedlings’ 
elimination at 7 days after sowing, and two hoeings for weed seedlings’ elimination at 7 and 15 days after 
sowing. Findings revealed that one hoeing reduced annual weeds’ density by 42% as compared to control 
treatment. Two hoeings resulted in a 47% lower density for annual species as compared to the untreated check. 
The density of perennial weeds recorded in the plots of one-hoeing treatment was 52% lower than the value 
recorded in the plots of control treatment. It was also shown that two hoeings can result in a 61% lower density 
regarding perennial species. Regarding velvet bean’s vegetation growth, one hoeing increased velvet bean leaf 
area per plant by 26% whereas, in the plots of two-hoeings treatment, the value of leaf area per plant was by 22-
36% higher than the corresponding value recorded in untreated control plots. Two hoeings can increase velvet 
beans seed yield by 44% as well as seeds’ protein content by 17%. Further research is needed to optimize the use 
of velvet bean as a cover crop and seek for agronomic practices that might enhance its competitiveness against 
both annual and perennial weed species. 
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Introduction 

 
Mucuna pruriens var. utilis, widely known as velvet bean, is a vigorous annual climbing legume originally 

from southern China and eastern India, where it was at one time widely cultivated as a green vegetable crop 
(Duke, 1981). Among the various under-utilized wild legumes, velvet bean is widespread in tropical and sub-
tropical regions of the world. It is cultivated in Asia, America, Africa, and the Pacific Islands, where its pods are 
used as a vegetable for human consumption, and its young leaves are used as animal fodder (Lampariello et al., 

2012). It is considered a viable source of dietary proteins (Janardhanan et al., 2003; Pugalenthi et al., 2005) due 

to its high protein concentration (≥ 23%) and digestibility, which are comparable to that of other pulses such 
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as soybean, rice bean, and lima bean (Gurumoorthi et al., 2003). Velvet bean is also popular as a medicinal plant, 

which has been widely used in traditional Indian medicine (Sathiyanarayanan and Arulmozhi, 2007).  
The induction of velvet bean in integrated or organic crop rotation systems can enhance the yield of the 

subsequent gramineous crops due to its increased nitrogen fixation and its positive effects on soil conditions 
(Sasamoto et al., 2013). Furthermore, velvet bean is known to have important agronomic traits such as low 

susceptibility to insect pests and increased ability to suppress weeds (Duke, 1981; Chikoye et al., 2004). The 

weed suppressive ability of velvet bean has been attributed to its rapid vegetation growth and canopy closure 
observed under favorable climatic conditions (Udensi et al., 1999; Ekeleme et al., 2003; Lawson et al., 2006). 

Moreover, velvet bean’s allelopathic potential noxious weed species has been recognized (Ortiz-Ceballos et al., 

2012; Travlos et al., 2018) and has been related to high concentrations of the amino acid levodopa or L-DOPA 

(L3, 4-dihydroxyphenylalanine) which is exuded not only from the leaves of velvet bean but also from the 
rooting system (Fujii, 2003). 

Weed control is mainly dependent on herbicides whose increased use is associated with issues such as 
evolvement of weed resistance to herbicides, crop injury, soil and water pollution, toxicity patterns to non-
target organisms and concerns for human health (Li et al., 2003; Meksawat and Pornprom, 2010; Pot et al., 

2014; Heap, 2014). Alternative weed management strategies such as using cover crops to suppress weeds, 
seedbed manipulations or tillage operations can be used for more effective weed management in integrated and 
organic farming systems (Reddy et al., 2003; Rasmussen, 2004; Hiltbrunner et al., 2007; Kanatas et al., 2020a). 

Cover crops suppress weeds either by smothering growth of established weeds or creating an environment that 
interferes with weed emergence and establishment (Teasdale, 1998). Cover crop species that emerge and grow 
rapidly the most effective competitors that deprive weeds of light, water, and nutrients (Lu et al., 2000). There 

is evidence that velvet bean has great potential as a weed-suppressing cover crop. In the study of Caamal-
Maldonado et al. (2001) all legume cover crops reduced weed growth with velvet bean producing the largest 

weed biomass reduction and thus, the yield of corn (Zea mays) was increased at a significant point. Cover 

cropping with velvet bean has shown its great potential against both annual and perennial weed species. As a 
result, the beneficial effects on the grain yield of the subsequent crop are obvious and mainly related to less 
competition from weeds (Udensi et al., 1999; Chikoye and Ekeleme, 2001). 

The main objectives of the present study were to evaluate the potential of velvet bean as a cover crop and 
to determine the effects of tillage on weed suppressive ability, growth, productivity, and quality of velvet bean 
under the climatic conditions of Greece.  

 
 

Materials and Methods 

 
Soil and climatic conditions 

The soil of the experimental field is clay loam (CL) with a pH value of 7.29 (Table 1). The experiment 
was conducted in 2019 under typical climatic conditions for Greece (Table 2) and in an organic farming system. 

 
Table 1. Soil conditions in the experimental field of the Agricultural University of Athens 

Parameter Value 

CaCO3 15.99% 

Organic matter 2.37% 

NO3_ 104.3 ppm 

P (Olsen) 9.95 ppm 

Na+ 110 ppm 

pH 7.29 

Soil type Clay Loam (CL) 
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Table 2. Mean maximum (Max T), minimum temperature (Min T) and rainfall values during the 
experimental period 

Month 
Max T 

(°C) 
Min T 

(°C) 
Rainfall 

(cm) 

May 24.2 15.8 0.07 

June 31.0 22.7 0.09 

July 32.6 a 23.8 0.03 

August 33.6 a 25.6 0.00 

September 29.0 21.0 0.16 

 
Experimental treatments 

The experiment was carried out in a randomized complete block design with three replicates and three 
different treatments. The size of each plot was 2 m × 3 m. Seedbed preparation was carried out by ploughing at 
depth of 20 cm in May 3, 2019. Velvet bean sowing was carried out in May 6, 2019. The seeding rate of velvet 
bean was 75.000 seeds ha-1. The seeds were planted in ridges with a spacing of 60 cm between ridges and 30 cm 
between plant to plant. The three experimental treatments were: control (untreated), one-hoeing for weed 
seedlings’ elimination at 7 days after sowing (DAS), and two-hoeing for weed seedlings’ elimination at 7 and 
15 DAS. Irrigations were made throughout the experimental period and especially during the initial crop 
growth stages.  

 
Measurements 

To evaluate velvet bean’s weed-suppressing ability and the effects of the experimental treatments on 
weed flora, the densities of annual and perennial weeds were measured. Regarding the measurements of density, 
the number of plants per unit area was measured for annual and perennial weed species. After weed emergence, 
three 0.1 m2 quadrats were permanently marked in each plot. Quadrats were placed away from plot margins 
and in areas with uniform weed flora. Annual weeds were counted in each quadrat at 40 and 55 DAS. Perennial 
weeds were counted in each quadrat at 45 and 60 DAS. The number of plants counted per 0.1 m2 and 
recalculated to the number of plants per m2.  

The average leaf area per plant (m2) was also estimated in each plot for velvet bean. To evaluate this 
parameter, the product of the average length and the average width of leaves was estimated. Then the average 
leaf area was multiplied by the leaf number per plant to estimate leaf area per plant on each plot. The estimations 
were carried out at 35 and 70 days after sowing. Velvet bean was harvested in September 29 at 146 DAS. The 
number of pods per unit area, seeds per pod and weight of 1000 seeds were measured after harvest for the 
evaluation of velvet bean seed yield (t ha-1). The protein content (%) of the harvested seeds was also measured 
by using the classic Kjeldahl protein analysis. 

 
Statistical analysis 

Barlett’s chi-square test for homogeneity of variance was tested and all data were subjected to Analysis 
of Variance (ANOVA) using STATGRAPHICS Centurion XVI. The effects of the experimental treatments 
on annual and perennial weeds’ density, velvet bean LAI (Leaf Area Index) value, seed yield and protein content 
in the seeds were tested using ANOVA at a = 5% significance level. For the multiple comparisons between the 
means of the treatments, Fischer’s LSD test was carried out at the 0.05 probability level. 
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Results  

 
Effects of the experimental treatments on weed suppressive ability of velvet bean 

The dominant annual weeds emerged in the experimental area were Amaranthus retroflexus, 

Chenopodium album, Tribulus terrestris, Galium aparine and Portulaca oleracea. The effects of the experimental 

treatments on the density of annual weeds were not statistically significant regarding the measurement carried 
out at 40 DAS. However, it was noticed that the density of annual weed tended to be lower (27-31%) in the 
plots where one or two-hoeing treatments were carried out in comparison to the values recorded in untreated 
plots. The differences became obvious in the results of the measurement carried out at 55 DAS. The ANOVA 
indicated that significant differences did exist and were further explained from the multiple comparisons 
between the means of the treatments. It was revealed that one hoeing reduced annual weeds’ density by 42 % 
as compared to control treatment. Two-hoeing resulted in a 47% lower density for annual species as compared 
to the untreated check. No significant differences were revealed between one-hoeing treatment and two-hoeing 
treatment (Table 3).  

 
Table 3. The effects of experimental treatments on the density of annual weeds (plants m-2) at 40 and 55 
days after sowing 

Density of annual weeds 
(plants m-2) 

40 
DAS 

55 
DAS 

Significance of P-Value for 
“Treatment” 

Ns * 

LSD test for “Treatment” 

Untreated 96.67 a 133.33 a 

One hoeing 70.00 a 76.67 b 

Two hoeings 66.67 a 70.00 b 
*Notes: DAS: Days after sowing. *: Significant differences at the 0.05 probability level. Ns: Not significant differences; 
Different letters between the experimental treatments denote significant differences (LSD test, p < 0.05). 

 
The dominant perennial weeds emerged in the experimental area were Sorghum halepense, Solanum 

elaeagnifolium, and Convolvulus arvensis. The effects of the different treatments on the density of perennial 

weeds were not proven statistically significant in the measurement carried out at 45 DAS. A significant 
difference was detected after analyzing data from the multiple comparisons between the means of the 
treatments, although. It was observed that the density of perennials was 59% lower in the plots where two-
hoeing operations were carried out as compared to the corresponding density observed in the untreated plots. 
In the plots of one-hoeing treatment perennials’ density was 49% lower as compared to the density recorded in 
the plots of control treatment. Similar was the outcome of the measurement conducted at 60 days after sowing. 
The density of perennial weeds recorded in the plots of one-hoeing treatment was 52% lower than the value 
recorded in the plots of control treatment. It was also shown that two-hoeing can result in a 61% lower density 
regarding perennial species. In addition, neither in the first nor in the second measurement were significant 
differences observed between one-hoeing treatment and the two-hoeing treatment (Table 4). 
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Table 4. The effects of experimental treatments on the density of perennial weeds (plants m-2) at 45 and 
60 days after sowing 

Density of perennial weeds 
(plants m-2) 

45 
DAS 

60 
DAS 

Significance of P-Value for 
“Treatment” 

Ns * 

LSD test for “Treatment” 

Untreated 163.33 a 190.00 a 

One hoeing 83.33 ab 90.00 b 

Two hoeings 66.67 b 73.33 b 
*Notes: DAS: Days after sowing. *: Significant differences at the 0.05 probability level. Ns: Not significant differences; 
Different letters between the experimental treatments denote significant differences (LSD test, p < 0.05).  

 
Effects of the experimental treatments on leaf area per plant, seed yield and protein content of velvet bean 

Our results showed that the effects of the three different treatments on velvet bean’s leaf area were 
proven statistically significant. This outcome was observed in the results of either the first or the second 
measurement. One-hoeing increased velvet bean leaf area by 26% as compared to control treatment in the 
measurement carried out at 35 DAS. A 15% increase was recorded from the results of the measurement carried 
out at 70 DAS, this difference was not proven significant although. In the plots of two-hoeing treatment, the 
value of the leaf area was by 36 and 22% higher than the corresponding value recorded in untreated control 
plots, as it was observed from the results of the first and the second measurement, respectively. At 70 DAS, it 
was shown that two-hoeing operations resulted in approximately 8% higher value for velvet bean as compared 
to one-hoeing operation. However, the difference between these two treatments was not significant as well as 
the difference observed at 35 DAS (Table 5). 

 
Table 5. The effects of experimental treatments on velvet bean leaf area per plant (m2) at 35 and 70 days 
after sowing 

Leaf area per plant 35 
DAS 

70 
DAS 

Significance of P-Value for 
“Treatment” 

* * 

LSD test for “Treatment” 

Untreated 1.16 b 1.83 a 

One hoeing 1.58 a 2.16 ab 

Two hoeings 1.82 a 2.35 b 
*Notes: DAS: Days after sowing. *: Significant differences at the 0.05 probability level. Different letters between the 
experimental treatments denote significant differences (LSD test, p < 0.05). 

 
The effects of the experimental treatments on velvet bean seed yield were significant. In particular, it 

was observed that one-hoeing can increase velvet bean yield by 24% as compared to the case where no-hoeing 
operation is carried out. Although this increase is noticeable it was not statistically significant. However, in the 
plots of two-hoeing treatment, seed yield was up to 44% higher than the yield recorded in the plots of control 
treatment and this difference was proven statistically significant. It was also observed, that seed yield tended to 
be higher (26%) in the plots of two-hoeing treatment than the value recorded in the plots of one-hoeing 
treatment (Table 7). 

The adoption of the different treatments did also put a significant effect on the protein content in velvet 
bean seeds. It was noticed that one-hoeing treatment increased velvet bean’s seed protein content by 11% as 
compared to the control treatment but this difference was not significant. In the plots of two-hoeing treatment, 
the seed’s protein was 17% higher than the corresponding value recorded in the plots of control treatment and 
this difference was proven statistically significant. It was also observed, that velvet bean protein content tended 
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to be higher (6%) in the plots of two-hoeing treatment than in the plots of one-hoeing treatment but this 
difference was not significant (Table 8). 

 
Table 7. The effects of experimental treatments on velvet bean seed yield (t ha-1) at 146 days after sowing 
(at harvest time) 

Seed yield 
(t ha-1) 

146 
DAS 

Significance of P-Value for “Treatment” * 

LSD test for “Treatment” 

Untreated 1.87 a 

One hoeing 2.48 ab 

Two hoeings 3.38 b 
*Notes: DAS: Days after sowing. *: Significant differences at the 0.05 probability level. Different letters between the 
experimental treatments denote significant differences (LSD test, p < 0.05).  

 

Table 8. The effects of experimental treatments on protein content (%) in the seeds of velvet bean at 146 
DAS (Days after sowing) e.g at harvest time 

Protein content 
(%) 

146 
DAS 

Significance of P-Value for “Treatment” * 

LSD test for “Treatment” 

Untreated 22.67 a 

One hoeing 25.67 ab 

Two hoeings 27.33 b 
*Notes: DAS: Days after sowing. *: Significant differences at the 0.05 probability level. Different letters between the 
experimental treatments denote significant differences (LSD test, p < 0.05). 

 
 
Discussion 

 
Effects of the experimental treatments on weed suppressive ability of velvet bean 

The results of the present study indicated that tillage operations such as hoeing can enhance weed 
suppressive ability of velvet bean. This outcome is in line with the findings of Udensi et al. (1999) who also 

reported that annual weeds’ density was significantly reduced in tilled velvet bean plots as compared to the 
corresponding values recorded in untreated plots. The potential of velvet bean as a weed suppressive crop has 
been highlighted in a current study and the results are in agreement with the findings of other scientists 
(Lawson et al., 2006). According to Ekeleme et al. (2003), velvet bean can reach complete ground coverage at 

16 weeks after sowing resulting in significant reductions in the density of annual weeds. There is evidence that 
tillage when combined with velvet bean cover cropping, can reduce annual weed infestation more effectively 
than cover cropping without any following hoe tillage operation (Chikoye et al., 2005). It is possible that velvet 

bean can take advantage of weed elimination as provided by one or two-hoeing and show great ability to 
compete with either annual or perennial weed species. This can be attributed to the rapid vegetative crop 
growth, a trait that is contributing to the wide promotion of velvet bean as a cover crop with noticeable 
competitive ability against weeds (Duke, 1981). Light requirements for seed germination and weed emergence 
have been reported for either annual weed species such as Sonchus asper and Echinochloa crus-galli or perennial 

weeds belonging to Solanum spp. (Milberg et al., 2000; Boyd and Van Acker, 2004; Zhou et al., 2005). Given 

that many weeds require light signals for seed germination and seedlings’ emergence, their establishment in the 
field can be reduced due to shade conditions as provided from the rapid vegetative growth and ground coverage 
of velvet bean. Moreover, in the current study, irrigations were carried out during the whole experimental 
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period and this might have enhanced velvet bean’s competitive ability. It has been reported by Hartkamp et al. 

(2002) that sufficient water supply must be secured for the crop in order to obtain rapid canopy closure. The 
rapid growth of velvet bean under favorable environmental conditions can be attributed to quick seedling 
emergence due to the large size of its seeds (Kolawole and Kang, 1997).  

The results of the current study revealed that tillage operations such as one or two-hoeing can enhance 
velvet bean’s ability against perennial weeds. Although there is a concern if tillage operations exacerbate 
problems related to perennial weed infestation, it is established by Pekrun and Claupein (2006) that stubble 
tillage has the potential to significantly reduce their density. Such implements cut the rhizomes of perennial 
weeds fully and leave their roots and shoots in an upright position. Hoe tillage carried out in this experiment 
might have fragmented rhizomes of perennial species into portions that would not have adequate carbohydrates 
content for sprouting. There is evidence that cover cropping with velvet bean can contribute significantly in 
lowering rhizome biomass of perennial species, especially when combined with hoe tillage as compared to the 
case when no hoe tillage is carried out (Chikoye et al., 2005). Furthermore, velvet bean has the ability to 

suppress perennial weed species such as (Imperata cylindrica) even when no enhanced with weed control 

methods (Udensi et al., 1999). In the study of Chikoye et al. (2004) velvet bean was one of the most effective 

cover crops in reducing rhizome biomass of the same perennial species. The reason for its competitiveness 
might be related to other attributes except for rapid vegetative growth and ground coverage. From another 
aspect, velvet bean’s ability to compete with perennial weeds might be attributed to the allelopathic potential 
of the crop. Its allelopathic effects on weeds has been attributed to L-DOPA which is exuded not only from 
leaves but also from the rooting system (Adler and Chase, 2007). Weed elimination through hoe tillage might 
have enabled velvet bean plants to develop a thick canopy with a remarkable density of leaves per unit area. 
Fresh velvet bean leaves contain L-DOPA as much as 1% of their weight. The irrigations carried out during the 
current experiment might have reduced weed infestation since L-DOPA also leaches out from leaves with rain 
drops or fog dew. Given that velvet bean produces 20 to 30 tons of fresh leaves and stems per hectare, a 
remarkable amount of L-DOPA may be transmitted to soil environment causing allelopathy effects on weed 
flora (Fujii, 2003). Furthermore, L-DOPA exudes from the rooting system whereas its concentration reaches 
50 ppm in the vicinity of roots, a value high enough to reduce the growth of neighboring plants (Fujii and 
Shibuya, 1991). However, the allelopathy effects of velvet bean should be further evaluated given that some 
cover crops have been reported to affect the establishment of the subsequent crops in a crop rotation system 
due to allelopathy (Haramoto and Gallandt, 2004). 

 
Effects of the experimental treatments on leaf area per plant, seed yield and protein content of velvet bean 

It was observed that one or two-hoeing can increase the value of leaf area per plant for velvet bean. The 
purpose of this measurement was to provide as representative information as possible about the vegetative 
growth of the crop since the estimation of LAI (Leaf Area Index) value is a complicated issue regarding velvet 
bean crop (Dheebakaran and Jagannathan, 2009). In cereals, the average leaf area can be estimated as the 
product of the mean leaf size and a reduction coefficient that depends of the leaf shape (Owen, 1968; Ledent, 
1976). Afterward, the average leaf area can be multiplied by the leaf density to calculate LAI value (Duchemin 
et al., 2006).  However, the leaves of velvet bean are alternate, trifoliate, and are also characterized by other 

special morphological traits. Consequently, it is very difficult to make credible assessments regarding LAI value, 
and thus, it is more suitable to estimate leaf area per plant (Dheebakaran and Jagannathan, 2009). Velvet bean 
can be very effective in terms of weed management due to rapid growth and ground coverage. Such results have 
been shown in the study of Chikoye and Ekeleme (2001) who recorded up to 89% ground cover for velvet bean 
at 10 weeks after sowing along with the long duration of shading in all their experimental locations. Regarding 
the results of the current experiment, the outcome of the second measurement carried out at 70 days after 
sowing was that two-hoeing treatment tended to increase leaf area per plant more than one-hoeing treatment. 
These results are in accordance with those of other scientists who noticed that weed elimination through 
hoeing can lead to increased ground coverage from velvet bean at 4 weeks after sowing (Udensi et al., 1999). It 
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is well established that when enhanced by weed control practices, velvet bean tends to smother annual and 
perennial weeds by developing thick vegetation in quick time (Chikoye et al., 2005).  

 Regarding seed yield of velvet bean, it was increased either in the plots of one-hoeing treatment or in 
the plots of two-hoeing treatment. The difference was more obvious in the case where two-hoeing were carried 
out instead of no hoeing. Growing velvet bean plants in an open field as a sole crop and under favorable 
conditions of weed competition can enable the crop to reap more solar energy for photosynthetic activity. Less 
intra-specific competition for critical resources like water, nutrients, and photosynthetically active radiations 
results in higher values of important agronomic parameters such as vegetation growth and seed yield of velvet 
bean or medicinal crops (Karikalan et al., 2002; Sanwal et al., 2016). The results of the current study are in 

accordance with the findings of other scientists who have demonstrated that weed control by shallow tillage 
operations can increase seed yield in legume crops. For example, such observations have been made in peanut 
(Arachis hypogaea) or soybean (Glycine max) crop as well as in spring cereals (Johnson and Mullinix, 1995; Patil 

et al., 2013; Kanatas et al., 2020). However, the effects of weed management practices such as hoeing or shallow 

tillage operations on velvet bean’s growth and yield should be further investigated since these attributes are also 
affected by genetic factors and show remarkable variability among various accessions of velvet bean (Chikoye 
and Ekeleme, 2001; Gurumoorthi et al., 2003; Pugalenthi and Vadivel, 2007; Dheebakaran and Jagannathan, 

2009). 
Regarding seed protein content, it was increased in the plots of one-hoeing or two-hoeing treatment. 

This outcome is in agreement with the findings of Peer et al. (2013) and Kanatas et al. (2020b) who also noticed 

that weed elimination throughout hand-weeding or tillage operations can be instrumental in increased seed 
protein content for legume crops. However, the effects of tillage on the seed protein content of velvet bean 
should be further investigated since it is a trait influenced by both environmental and genotypic factors that 
are difficult to separate (Fowler et al., 1990). 

 

 
Conclusions 

 
The results of the current study revealed that tillage can be a very effective strategy against weed 

infestation in velvet bean and result in greater weed suppression. It was noticeable that either one or two-hoeing 
can result in significantly reduced densities for both annual and perennial weed species. Two-hoeing enhance 
velvet bean’s ability to develop a thick canopy due to rapid vegetation growth. Consequently, the effects of 
hoeing are also beneficial for seed yield and protein content of velvet bean. Further research is needed to 
optimize the use of velvet bean as a cover crop and seek for agronomic practices that might boost its 
competitiveness against weeds. The lack of new herbicide modes of action and the withdrawal of many of the 
available active ingredients due to the impact of European Union (EU) legislation indicates that alternative 
weed control strategies as the use of cover crops need to be evaluated for their efficacy against weed infestation 
and their effect on each crop’s final yields. 
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