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ABSTRACT

Two pot experiments were carried out in the greenhouse of the National Research Centre of Egypt
during winter seasons of 2017/2018 and 2018/2019 to study the allelopathic influence of bitter lupine
seed powder (BLSP) or sweet lupine seed powder (SLSP) on the growth and yield of faba bean (Vicia
faba L.) as well as their effect on the associated cheese weed (Malva parviflora). BLSP or SLSP at rates
of (5 to 25g/kg soil) were incorporated into the soil surface of the pots. The obtained results indicated
that all rates of both BLSP and SLSP significantly minimized fresh and dry weight of cheese weed at
40 DAS and at harvest. Cheese weed weight reduction increased by increasing the rate used of both
lupine seed powder. The maximum reduction of cheese weed dry weight at both ages was recorded with
BLSP at 25g followed by SLSP at 25g and BLSP at 20g/kg soil, which reached to 95.19, 91.72 and
90.38 %, respectively in dry weight of cheese weed at harvest comparing with mixed control. Reduced
growth of cheese weed has been associated with increasing growth of faba bean plants. All rates of
BLSP or SLSP cause significant increases on most faba bean growth parameters, yield and yield
components. Generally, BLSP is more effective than SLSP in controlling cheese weed as well as
increasing the growth, yield and yield components of faba bean plant. The allelopathic efficiency of
BLSP and SLSP could be due to the presence of allelochemicals mainly alkaloids, phenolic and
flavonoids compounds that could play an important role as a natural selective bioherbicide.
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1. Introduction

Faba bean (Vicia faba L.) is the major food and feed legume because of its nutritional value of the
seeds. It is considered as one of the most important legumes in Egypt. It is one of the strategic crops
due to its income to the farmers, it is important for soil fertility, human nutrition as a good source of
vegetable protein and industrial purposes. Therefore, increasing faba bean production and improving
its yield quality are the major targets to meet the demand of the increasing population, since faba bean
constitutes a major part of the people’s diet (Zeidan, 2002).

Weeds are serious pests that can damage most crops, since they compete the crop plants for light,
moisture and other essential nutrients (Hussein, 2001). So, weeds reduce the quality and yield of crops
and increase the cost of production (EI-Rokiek et al., 2015; Ahmed et al., 2016 & 2018; Messiha et al.,
2018 and El-Masry et al., 2019).

Continuous and repeat use of herbicides cause toxicological or economical problems (Duke ef al.,
1999), thus, alternative natural herbicide become important to reduce the continuous use of synthetic
herbicides and for the development of safer, alternative crop protectants (Mahmood and Cheema, 2004).

Allelopathy has beneficial or harmful effects on plants due to release of allelochemicals which are
present in all plant tissues as leaves, stems, roots and seeds (Manikandan and Jayakumar, 2011 and
Mohsin et al., 2016).These allelochemicals as phenolic compounds, flavonoids, terpenoids, alkaloids,
amino acids and glucosinolates were found in different allelopathic plants (Einhellig, 2002 ; Velasco et
al., 2008 and Ahmed et al., 2020). Nowadays, allelochemicals are used as biopesticides, bioherbicides
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and also as growth promoters. Allelochemicals are produced and released to the environment by
different plants and different methods cause inhibitory or stimulatory effect depending on their types,
concentration and the plant which respond these allelochemicals.

Many species within leguminosae family contain secondary plant products that have allelopathic
potential (Bell and Charlwood, 1980, Rice, 1984 and Messiha, 2005). A limited number of studies have
been conducted to investigate the influence of these allelochemicals on the growth of other leguminous
plant as well as its effect on the growth and development of weeds (White et al., 1989; El-Dally and
Soliman, 1997 and Messiha, 2005). Lupine (Leguminous plant) has an economical and agricultural
value due to its potential as a source of protein or for pharmaceutical purposes, a green manure, or due
to the high alkaloid content, as a natural component of plant pesticides (Sujak et al., 2006), so lupine
possesses naturally occurring antimutagens and anticarcinogens. Lupine also contains flavonoids that
play essential role as defense compounds against phytopathogens and herbivores (antifungal and anti-
feeding agents), Harborne, 1977; Ingham, 1982 and Dixon and Lamb, 1990.

The objective of this research is to define the allelopathic potentiality of Lupinus albus species
(bitter and sweet) on the growth and yield of Vicia faba as well as the associated Malva parviflora weed.

2. Materials and Methods

In the greenhouse of the National Research Centre, Dokki, Giza, Egypt, two pot experiments were
conducted during two successive seasons of 2017/2018 and 2018/2019, for studying the possibility of
controlling cheese weed (Malva parviflora) growing with faba bean by using seed powder of bitter and
sweet lupine (Lupinus albus). Faba bean (Vicia faba) cv. Giza 3 seeds, bitter and sweet lupine seeds as
well as cheese weed seeds were obtained from Agriculture Research Centre, Giza, Egypt. Clean seeds
of lupine were grinded to fine powder then the powder was immediately incorporated in the soil surface
before sowing faba bean seeds at rates of 0. 5, 10, 15, 20 and 25 g /kg soil. Then seeds of faba bean and
cheese weed were sown simultaneously and mixed thoroughly at a depth 2cm in plastic pots filled with
2kg soil. A randomized complete block design with nine replicates was used. The experiment includes
13 treatments as follows:

1- Faba bean alone (free control) 2-Cheese weed alone 3- Faba bean + cheese weed (mixed control)
4- Faba bean + cheese weed +bitter seed powder at 5g/kg soil

5- Faba bean + cheese weed + bitter seed powder at 10g/kg soil
6- Faba bean + cheese weed + bitter seed powder at 15g/kg soil
7- Faba bean + cheese weed + bitter seed powder at 20g/kg soil
8- Faba bean + cheese weed + bitter seed powder at 25g/kg soil
9- Faba bean + cheese weed + sweet seed powder at 5g/kg soil
10- Faba bean + cheese weed + sweet seed powder at 10g/kg soil
11- Faba bean + cheese weed + sweet seed powder at15g/kg soil
12- Faba bean + cheese weed + sweet seed powder at 20g/kg soil
13- Faba bean + cheese weed + sweet seed powder at 25g/kg soil

The normal cultural practices of growing faba bean plants were followed especially fertilization and
irrigation.

2.1. Parameters studied
I. Weed characters studied

From each treatment three replicates were collected at 40 days after sowing (DAS) and at harvest.
Fresh and dry weight of the weed were recorded (g /pot).

2.2. Faba bean plants
I. Plant growth

At 40 and 95 DAS samples of faba bean plants were collected from each treatment to determine:
plant height (cm), number of leaves /plant, number of branches/plant, fresh and dry weight / plant (g).
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II. Yield and yield components

Samples of faba bean plants were taken at harvest from each treatment to determine: number of
pods/plant, number of seeds/pod, weight of pods/plant (g), weight of seeds/plant (g) and weight of 100
seeds (g).

2.3. Chemical analysis
I. Determination of total phenols contents, flavonoids and alkaloids in the seed powder of bitter
and sweet lupine

Total phenols and total flavonoids content in bitter and sweet lupine seed powder were determined
according to Srisawat et al. (2010).

Total alkaloids content was determined in bitter and sweet lupine seed powder according to
Harborne (2005).

2.4. Statistical analysis
All data were statistically analyzed according to Snedecor and Cochran (1980) and the treatment
means were compared by using LSD at 5% probability.

3. Results

3.1. Weed growth

The results in Table (1) and Fig. (1) Showed the potentiality of lupine (Lupinus albus) in
controlling cheese weed (Malva parviflora) associated faba bean plants by different rates (5-25g/kg
soil) of both bitter (BLSP) and sweet (SLSP) lupine seed powder. The results indicated that all BLSP
and SLSP rates significantly reduced fresh and dry weight of cheese weed at two growth ages (40 DAS
and harvest) as compared to the mixed control. In this respect, bitter lupine seed powder (BLSP) was
more effective than sweet lupine seed powder (SLSP) in controlling cheese weed as compared to the
untreated pots (control). The inhibitory response of weed growth increased by increasing the applied
rates of BLSP or SLSP. Treatments of BLSP at 25g, SLSP at 25g, BLSP at 20g and BLSP at 15g/kg
soil, respectively, recorded the highest decrease in dry weight of cheese weed at 40 DAS by 92.90,
89.03, 86.13 and 68.06 %, when compared to mixed control, while the reduction in the same parameter
due to the previous treatments at harvest reached to 95.19, 91.72, 90.38 and 78.30 %, respectively
comparing with mixed control. The minimum reduction was recorded at (5g/kg soil) of both materials
as compared to the mixed control.

Table 1: Fresh and dry weight of cheese weed associated faba bean plants as affected by bitter and
sweet lupine seed powder treatments (Average of the two seasons)

Treatments Rate At 40 DAS At harvest
(g/kg soil) F.W. (g/pot) D.W. (g/pot) F.W. (g/pot)  D.W. (g/pot)

Cheese weed alone 0 12.34 3.92 37.34 11.25
Cheese weed +faba bean 0 10.96 3.10 26.25 8.94
5 7.94 2.45 16.43 5.18
bitter 10 6.50 1.91 13.55 3.62
lupine seed 15 2.84 0.99 5.46 1.94
Cheese powder 20 1.65 0.43 3.27 0.86
weed + 25 0.68 0.22 1.39 0.43
faba bean 5 8.27 2.62 18.46 5.96
sweet 10 7.39 2.41 14.29 4.75
lupine seed 15 6.34 1.81 12.34 3.47
powder 20 4.26 1.33 8.57 2.66
25 1.33 0.34 2.83 0.74
LSD at 5% 0.89 0.72 1.77 0.81
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Fig. 1: Effect of bitter and sweet lupine seed powder on dry weight of cheese weed associated faba bean
plants at harvest

3.2. Faba bean growth

The results in Table (2) cleared that after 40 DAS most growth characters of faba bean increased
significantly with all treatments of both BLSP and SLSP over the unweeded control. The highest
increase in the growth characters of faba bean were observed with the highest rate of 25g BLSP followed
by SLSP at 25g and BLSP at 20g /kg soil, respectively as compared to other treatments.

Table 2: Growth parameters of faba bean plants as affected by bitter and sweet lupine seed powder at
40 days after sowing (Average of the two seasons).
Growth parameters
Rate Plant No. of No. of F.W./

Treatments (g/kg soil) height leaves branches plant D.W./
(cm) /plant / plant (2) plant ()
Faba bean alone 0 37.3 15.33 2.00 19.83 2.35
Faba bean + cheese weed 0 31.8 10.20 1.13 12.50 1.04
5 34.7 11.80 1.50 15.48 1.70
. . 10 35.9 12.70 1.66 17.00 2.10
+
fﬁi’:sl’iva; . l’;g:;:)‘g(‘l‘; 15 38.4 16.60 2.15 2010 2.53
20 39.1 17.60 2.25 20.25 2.72
25 43.0 20.50 2.50 21.50 3.31
5 33.5 11.40 1.50 14.33 1.61
10 35.2 12.00 1.66 16.50 1.84
Faba bean + t lupin
chz’es:;ee 4 :g?po‘ifdei 15 36.4 13.20 1.80 1790 215
20 36.7 14.50 1.80 18.67 2.21
25 41.0 19.00 2.50 20.55 2.96
LSD at 5% 1.66 1.40 0.52 1.26 0.56

At 95 DAS, the results in Table (3) illustrated that all the treatments increased significantly all growth
characters of faba bean except number of branches/plant as compared to the mixed control. The growth
characters increased by increasing the rate of both allelopathic materials used. In this respect, BLSP
treatments showed more effective than SLSP on faba bean plants as compared to the untreated control.
Treatments of 25g BLSP followed by SLSP at 25g and BLSP at 20g/kg soil, respectively achieved the
maximum increase in all growth characters in the two growth ages as compared to the corresponding
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free controls. At 40 DAS, the previous treatments increased faba bean dry weight by 40.85, 25.96 and
15.74% over the free control, while at 95 DAS these increases with the same character reached
respectively to 36.31, 24.40 and 3.57% over the free control. On the other side, mixed control gave the
lowest values of all growth parameters of faba bean plants at the two ages of growth.

Table 3: Growth parameters of faba bean plants as affected by bitter and sweet lupine seed powder at
95 days after sowing (Average of the two seasons)

Growth parameters

Treatments Rate Plant No. of No. of F.W./, D.W./
(g/kg soil)  height leaves  branches  plant plant
(cm) /plant / plant (2) (2)
Faba bean alone 0 71.7 27.0 3.33 64.80 8.40
Faba bean + cheese weed 0 53.2 19.2 2.10 43.94 3.66
5 60.9 22.8 2.75 59.75 6.66
10 64.5 25.4 3.00 60.72 7.27
Faba bean + itter lupin
ch:esf‘v*vee . 's“ee;’ pol:al') ine 15 66.7 28.8 350 6333 7.97
20 72.0 31.2 3.66 71.27 8.70
25 83.0 32.7 3.67 74.45 11.45
5 56.8 21.1 2.50 49.83 4.83
. 10 59.4 21.9 2.60 52.75 4.98
+
Faba bean * :ZZ‘:;LL‘%‘:E 15 63.0 24.1 288 6028 7.4
20 65.8 26.3 3.10 61.43 7.62
25 74.7 29.6 3.60 72.55 10.45
LSD at 5% 2.2 1.7 0.80 1.46 0.98

3.3. Faba bean yield and yield components

Yield and yield components of faba bean plant represented by number of pods/plant, number of
seeds/pod, weight of dry pods/plant, weight of seeds/plant as well as weight of 100 seeds (Table 4) and
Fig. (2) were significantly increased by using all applied rates (5-25g/kg soil) of BLSP or SLSP except
the number of seeds/pod at the lowest rate (5g/kg soil) of both applied materials as compared to
corresponding mixed controls. Most faba bean yield components increased by increasing the rate of
materials used (BLSP or SLSP).

Table 4: Yield and yield components of faba bean plants as affected by bitter and sweet lupine seed
powder at harvest (Average of the two seasons)
Yield and yield components parameters

Treatments Rate . No. of No. of Wt. of Dry Wt. of “;tdOOf
(g/kg soil) pods/ seeds / pods/plant seeds/
seeds
plant pod (€] plant (g) ()

Faba bean alone 0 7.66 3.66 19.87 9.48 85.44
Faba bean + cheese weed 0 3.75 2.35 9.72 6.27 53.57
5 6.33 3.00 11. 63 7.50 73.53

10 6.75 3.33 12.52 7.71 77.42

+ . .

Eﬁ::s:?:e . ;’;g;;‘i%‘; 15 7.53 3.54 18.73 9.17 82.98
20 7.64 3.65 19.56 9.39 84.56

25 8.92 4.37 25.02 12.04 90.63

5 5.44 2.76 11.00 7.36 69.63

. 10 6.48 3.23 12.15 7.39 77.14

fﬁz’:sz":j‘:e; ::2‘:;’;)‘%‘5 15 716 333 14.13 7.98 79.88
20 7.34 3.36 16.55 8.81 81.22

25 8.55 4.10 23.70 10.83 88.32

LSD at 5% 1.04 0.88 1.27 1.09 1.74

The maximum increase in all yield components recorded with the highest rate (25g/kg soil) of
BLSP or SLSP over the corresponding free control. The increases of weight of seeds/plant with25g/kg
soil BLSP or SLSP reached respectively to 27.01% and 14.24% over their free control, while, the
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increases of the weight of 100 seeds with same treatments recorded 6.10% and 3.73% over the free
control. It is obvious from the results of the above two yield characters that BLSP at 25g/kg soil rate
achieved increases above the corresponding healthy control reach near to the double of that recorded
with the same SLSP rate on the same yield character.

@ Wt of Dry pods/plant (g) [0 Wt. of 100 seeds (g)

100

90

80

70

60

50

40

Weight (g/pot)

30

20 A

10 -

)
=]
]
N
o
]

20g | 25¢g 5g | 10g | 15g
bitter lupine seed powder sweet lupine seed powder

Faba bean

alone

Faba bean+ Faba bean+ Cheeseweed

- Vv /7 7 /7 7 7/ 7/

Cheeseweed

Treatments

Fig. 2: Effect of bitter and sweet lupine seed powder on wt. of dry pods/plant (g) and wt. of 100-seed
(g) of faba bean

3.4. Total phenols, flavonoids and alkaloids in lupine seed powder

The results in Table (5) show that the content of both phenolic and flavonoids compounds in BLSP
were higher than that of SLSP. It is worthy to mention that the total alkaloids in BLSP were many folds
than that in SLSP.

Table 5: Total phenols, flavonoids and alkaloids in both sweet and bitter seeds of lupines
Total phenols as mg/100g  Total flavonoids as mg  Total alkaloids mg/g

Lupine seeds

dry weight /100g dry weight dry weight
Sweet 129.36 29.04 0.648
Bitter 170.44 40.94 20.700

4. Discussion

There is no doubt that controlling weeds using a safety environmental method in one of the most
important feeding crops in Egypt, such as faba bean would be advantage.

The results of the present study clearly showed that the seed powder of bitter or sweet lupine
significantly reduced fresh and dry weight of the associated cheese weed and this effect remained till
harvest (Table 1). These results could be due to lupine allelochemicals effect mainly total phenols,
flavonoids and alkaloids contents (Table 5). Lupine alkaloids have been suggested as the biologically
substances responsible for the phytotoxicity (Tahara ef al., 1984).Also, it is worthy to mention that use
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of high alkaloid content cultivars of white lupine enhanced weed suppressive ability; Wink, 1983;
Muzquiz et al., 1994 and Zou et al., 2014. Our results add more support to the findings of Ferreira and
Reinhardt (2010). In this connection it is worthy to mention that several workers reported that the
decomposition of some allelopathic plants residues releases allelochemicals which are capable in
controlling the growth of several associating weeds. Khanh ez al., (2005) also, reported that some
leguminous plants have the possibility of releasing allelochemicals from their roots as well as from the
decomposition of their residues.

Moreover, Stobiecki et al., (1993) isolated phenolic compounds from bitter lupine seeds which
caused inhibition to lettuce seedlings growth (Kwee and Niemeyer, 2011; Roby ef al., 2013 and El-
Rokiek et al., 2018). The present work add more support to these results since the amount of phenolic
compounds , flavonoids and alkaloids in the seed powder of BLSP is higher than those present in SLSP
cultivar.

In addition, it must be mentioned that beside the inhibiting influence of the seed powder of both
lupine cultivars (BLSP) and (SLSP), in controlling cheese weed associating faba bean plants, a
pronounced enhancement in faba bean growth occurred which caused an increase in its yield and yield
components (Tables 3and 4).

It is worthy to mention that, the allelopathic effect of lupine seed powder(BLSP) or (SLSP) in
improving faba bean growth and increasing its yield and yield components not only due to the inhibition
of cheese weed growth that increase the competitive ability of the plant, but also could be due to the
selectivity of the allelochemicals in their action and the plants in their responses (Einhellig,
1995).Allelochemicals which inhibit the growth of some species at certain concentration may stimulate
the growth of same or different species at different concentrations (Ahmed et al., 2014 & 2016; Messiha
etal.,2013 & 2018; Baeshen, 2014 and El-Masry et al., 2015 & 2019).

5. Conclusion

The results of this work showed the possibility of using Lupinus albus seed powder as a safe
bioherbicide environmental method to control Malva parviflora weed associated Vicia faba plant which
is one of most feeding crops in Egypt.
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