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ABSTRACT

With the promotion of so-called multipurpose agroforestry species in Burundi, Calliandra calothyrsus Meisn, Senna siamea L.
and Gliricidia sepium (Jacq.)Walp have been the three widely disseminated leguminous shrubs to farmers for use as climbing
bean stakes, fuelwood, fodder and green manure. However, of recent, field reports indicate that direct application of their foliar
biomass as green manure show some negative effects on plant growth. For that matter, laboratory and greenhouse studies were
set up to examine and compare the susceptibility of maize (Zea mays L.) and bean (Phaseolus vulgaris L.) to allelopathic effects of
Calliandra calothyrsus Meisn, Senna siamea and Gliricidia sepium (Jacq.) Walp. Data were collected on seed germination,
radicle elongation, root and shoot growth, root, shoot and total dry biomass. The study revealed tangible depressive effects of
leaves of all three tested leguminous species, particularly on radicle elongation, root and shoot growth of tested crop species. The
inhibitory effects were more pronounced at higher application rates on bean than on maize growth, while roots were more
sensitive than shoots. This is an indication that allelochemicals are not only species specific, but also organ specific as well as
concentration dependent. Overall, the allelopathic effect followed the order: Gliricidia sepium > Senna siamea = Calliandra
calothyrsus. The study outlined the potential detrimental effect of agroforestry species foliar biomass on associated plant growth
when directly applied to the soil. As an alternative, we recommend to farmers the co-composting approach with low quality crop
harvest residues (e.g. maize stover, wheat straw), in which the leguminous leaves play a stimulatory effect on the overall
decomposition, allelochemicals dissipation and plant nutrient release.
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1. INTRODUCTION

A number of agroforestry species has been introduced in Burundi through research supported by the International Center for
Research in Agroforestry during the 1980’s. Three of the most studied and promoted species were Calliandra calothyrsus Meisn,
Senna siamea L. and Gliricidia sepium (Jacg.) Walp. One the criteria of agroforestry species selection is their potential
allelopathic effect on associated crops. Chemical compounds synthezied and excreted by plants might have physical, chemical and
biological effects on another proxy plant and sourrounding vegetation[1-8]. Such process has been termed « allelopathy » or
phytotoxicity. The most accepted and refered definition of this biochemical process is Rice’s (2012)[9] who defines allelopathy as
« the ability of plants to inhibit the germination of other plants through the production of allelochemicals which may be present in
any parts of the plants, i.e, leaves, roots, flowers, fruits, stems, rhizomes, buds and seeds, from where they are released to the soil
through volatilization, root exudation, leaching and decomposition of plant residues and could affect either positively or
negatively germination and growth of other species or even within the same species ». The action of the allelochemical
compounds may be stimulatory, neutral, or inhibitory depending on their concentration and/or sensitivity of the receiving target
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plant or plant organ[10-15]. As such, it is obvious that this physiological phenomenon requires special attention when introducing
agroforestry species in tree-crop association.

Physiological processes affected by allelochemicals are wide and varied [9, 16]: cell division; change in hormonal synthesis,
equilibrium and regulation; biosynthis of cellular constituents; enzymatic activity; plant-water relationships; photosynthesis and
respiration; plasma membrane permeability of the roots; pollen tube germination; protein synthesis; root elongation; rate of ion
absorpltion by plants; pigment and changes in DNA and RNA structure; mitotis; reduction of flower and fruit formation,
inhibition or stimulation of stomatal opening and conductance; changes in lipids and organic acid metabolism.

Over the years, appreciable knowledge has been accumulated and different classes of allelochemicals have been identified in the
species Calliandra calothyrsus Meisn, Senna siamea L. and Gliricidia sepium (Jacq.). Phytochemical studies carried out on those
three species have shown the presence of tannins, flavonoids, terpenoids, alkaloids, steroids, phenolic compounds,
anthraquinones, leucoanthocyanin, saponins and flavonol glycosides[17-35]. However, the abundance detected for the different
allelochemical molecules was variable according to these authors. Hypothetically, given the variable abundance of these
allelochemical compounds in these three agroforestry species, our study considers that other crops associated are differently
affected. It is known that auxin, gibberellin and cytokinins are biochemical substances that intervene in different plant growth
phases[36]. They are active in cellular differentiation, multiplication and growth, in other words in organogenesis[37].
Antagonistic substances [e.g. abscissic acid, trans-sinapinic acid, coumaric acid(p-coumaric acid, m-coumaric acid, o-coumaric
acid)] to these growth hormons are inhibitors of seed germination, root growth and elongation, enzyme activity and
photosynthesis[15, 37-39].

In view of the chemical structures of these allelochemicals, some of them being shown in Figures 1-3 as illustration and others in
the study carried out by Kumar et al. (2017)[33], it is deductible that their biological activity on the growth of crops associated
with the agroforestry species that generate them varies according to many variables: the amount of the allelochemicals concerned,
growth phase of the plant, and other associated parameters.Although allelopathicphenomenons are observed in the field,
greenhouse and laboratory experiments with residues, extracts or purified allelochemicals, we must recognize real difficulties to
separate allelopathy from water and nutrient competition and other field interferences[9, 39, 40]. To be effective, allelopathic
effects must be evaluated from the early plant development stages i.e seed germination, growth on cotyledonary reserves, because
afterwards inhibitive effects dissipate through volatilization, leaching and decomposition[9, 41].

This study specifically examines the susceptibility of maize (Zea mays L.) and beans (Phaseolus vulgarisL.) to allelopathic effects
of CalliandracallothyrsusMeisn, Sennasiamea L. and Gliricidiasepium (Jacq.) Walpunderlaboratory and greenhouse conditions.

OH
Rs coon Rs oo Xy  o-coumaric acid: R, = OH; Ry = H; R, = H
m-coumaric acid: R, =H; R; =OH; R, = H
R R, R; R, RS R, 2 3 4
Rs Ry R p-coumaric acid: R, = H; R; = H; R, = OH
1-a: Phenolic acids derived 1-b: Phenolic acids derived ’
from benzoic acids from hydroxycinnamic acids 2: Coumaric acids
1-a: phenolic acids derived from benzoic acids 1-b: phenolic acids derived from hydroxycinnamic acids

Protocatechic acid: R, = H; Rs = OH; R4 = OH; Rs = HCaffeic acid: R, = H ; R; = OH; R, = OH; Rs = H
p-hydroxybenzenic acid: R, = H; R; = H; Ry =OH; Rs = H Ferulicacid: R, =H; R3 = OCH3; R4 = OH; Rs = H
Vanillic acid: R, =H; R3 = OCHj3; R4 = OH; Rs = HSinapic acid: R, = H; R; = OCH3; R, =OH; Rs = H

Gallic acid: R, = H; R3 = OH; Ry = OH; Rs = OHp-couramic acid: R, = H; Rs = H; R, = OH; Rs = H

Syringic acid: R, = H; R; = OCHjs; Ry = OH; Rs = OCH3

Salicylic acid: R, = OH; R3=H; R4=H; Rs = H

Gentistic acid: R, = OH; R; = H; Ry = H; Rs = OH

Figure 1: Chemical structures of phenolic acids (1-a & 1-b) and coumaric acids (2) (Source: [33, 42]).
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Figure 2: Chemical structures of flavonoids (Source: [33]).

4-a: 2-(1,8-dihydroxy-3-methyl-9,10-dioxoanthracen-2-yl)-1,6,8-trihydroxy-3-methylanthracene-9,10-dione /also called
Cassiamin A.

4-b: 1,3,8-trinydroxy-6-methyl-2-(1,6,8-trihydroxy-3-methyl-9,10-dioxoanthracen-2-yl) anthracene-9,10-dione/also
called madagascarin

4-c: 4,4'-Bis (1,3-dihydroxy)-2-methyl-6,8-dimethoxyanthraquinone)

www.ijasre.net

Figure 3: Chemical structures of anthraquinones(Source: [33]).
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2. MATERIALS AND METHODS

Our research was conducted under controlled conditions. Germination tests were conducted in petri dishes and in pots under
greenhouse conditions for growth parameters: root and shoot growth (height), root, shoot and total dry biomass.

2.1Tested species

Both laboratory and greenhouse studies used three of the most adopted agroforestry species in Burundi: Calliandra
calothyrsusMeisn, Senna siamea L. and Gliricidia sepium (Jacg.) Walp.

Calliandra calothyrsus Meisn is a leguminous species originating from South America. The species has been introduced in
Burundi for its high N-fixing potential, abundant biomass production and rapid decomposition[43]. Calliandra calothyrsus Meisn
can produce as much as 18.4 T/ha/year for the first, 3.4 T/ha/year for the second and 3.8 T/ha/year for the third cutting[44, 45].

Originated from South-East Asia, Senna siamea L. is currently largely distributed all over tropical regions. Its total biomass
production can attain 10 T/ha/year of which 70 % are foliar biomass[45]. The species is adapted to low altitude zone in Burundi.

Gliricidia sepium (Jacg.) Walp originates from Central America. Like Senna siamea L., the species is also most adapted to low
altitude zone in Burundi. Its total fresh biomass production is ranging between 2 and 12 T/ha/year with a production per m? of
about 8 kg/m?, and of which 30 to 60 % is constituted by foliar biomass, depending on climatic and soil conditions[44].

Crop species tested were maize (Zea mays L.) and beans (Phaseolus vulgaris L.). The two crops have been selected because of
their importance in food security and nutrition in Burundi. Maize and bean seeds were obtained from the Burundi Agriculture
Research Institute. Fresh samples of Calliandra calothyrsus Meisn, Senna siamea L. and Gliricidia sepium (Jacg.) Walp were
collected from trees located nearby the same Research Institution.

2.2 Soil used

The 20-cm depth soil used in the greenhouse experiment was collected from the Faculty of Agronomy and Bio-Engineering of the
University of Burundi. The soil was air-dried, crashed and sieved through a 2-mm sieve. Performed soil chemical analyses
included pH, % C, % N, cation exchange capacity (CEC), exchangeable Ca?*, Mg®*,and K*. Soil pH was measured using a 1:1
soil-water mixture. Organic C was determined using the Walkely-Black wet oxidation method [46]. Organic N was measured as
described by Bremner and Mulvaney[47]. Cation exchange capacity (CEC) was determined by the 1M ammonium acetate
saturation method (pH=7.0) [48]. Exhangeablecations were determined by ICP spectrophotometry after extraction by the Mehlich
I11 method [49]. Selected chemical caracteristicsare shown in Table 2.

2.3 Experimental Design and tested treatments

Both laboratory and greenhouse investigations were run in a Completely Randomized Design (CRD) and replicated thrice with 7
treatments described in Table 1.

Table 1. Characteristics of different tested treatments.

Treatment  Petri dish assay Pot study

T, Control (distilled water) Control (distilled water)

T, 2 g de C. caloth./100 ml of H,O 2 g of C. calothyrsus/4 kg of soil
T3 4 g de C. caloth./100 ml of H,O 4 g of C. calothyrsus/4 kg of soil
T, 2 g de S. siamea/100 ml of H,O 2 g of S. siamea/4 kg of soil

Ts 4 g de S. siamea/100 ml of H,0O 4 g of S. siamea/4 kg of soil

T 2 g de G. sepium/100 ml of H,O 2 g of G. sepium/4 kg of soil

T, 4 g de G. sepium/100 ml of H,O 4 g of G. sepium/4 kg of soil
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2.4 Petri dish assay

The aqueous extracts used in the Petri dish assay were obtained from Calliandra calothyrsus Meisn, Senna siamea L. and
Gliricidia sepium (Jacqg.) Walp dried leaves at 105° C for 24 hours. Dried materials were ground, soaked in volumes specified in
Table 1 and filtered using N°1 Whatman filter paper. Ten grains of maize or bean were deposed in each Petri dish on cotton wool
saturated with 5 mL of aqueous extracts corresponding to concentrations indicated above. Seeds were considered germinated upon
radicle emergence. Germinated seeds were counted every 24 hours during the 7-day experiment after which radicle elongation
was measured. Sufficient moisture in the Petri dishes was maintained by adding aqueous extracts or distilled water as required to
wet seeds and not impede their germination. The effects of the extracts were compared with the control treatment in which seeds
were saturated with distilled water.

2.5 Pot study

Plastic pots were filled with 4 kg unsterilized top soil. Application rates of tested foliar biomass from Calliandra calothyrsus
Meisn, Senna siamea L. and Gliricidia sepium (Jacqg.) Walp were 2 and 4 g/4 kg of soil. Five seeds of each crop were sown per
pot and thinned to two plants for maize and three plants for beans three weeks after germination. After germination, pots were
moistened every two days to facilitate seedlings establishment. Shoot growth (height) was assessed every 7 days during 35 days.
Root length, root biomass and shoot biomass were measured at the end of the 35-day pot study which corresponded to the
flowering stage for bean and 7-leave stage for maize. For that, entire maize and bean plants were uprooted and dried. Harvested
roots and shoots were dried at 105° C for 24 hours to estimate their respective dry weight. Root, shoot, Root/Shoot (R/S) ratios
and total biomass per pot were evaluated and compared for treated and control plants.

2.6 Statistical Analysis

Statistical analyses were performed using Analysis of Variance (ANOVA) test in Genstat Edition 4. They were conducted on the
data were collected on the following growth parameters: seed germination percentage, radicle elongation, root and shoot growth
(height), root, shoot and total dry biomass. This ANOVA test was used to determine significant differences between tested
treatments. Treatment means were separated using the Student-Newman-Keuls test at P = 0.05 [46]. Figures 1 and 2 (see section
3.3.1 and 3.3.2) were made using the GraphPad Prism Software (version 5).

For the germination percent variable, data were normalized through angular transformations using the following formula:

Y =2 arcsin \(x/n), where x=number of bean and maize germinated seeds after 7 days, n=number of sown seeds.

3. RESULTS AND DISCUSSION
3.1 Characteristics of the soil used in the study
Table 2 below summarizes physical and chemical properties of the soils used in the study.

Table 2. Selected physical and chemical characteristics of the soil used.

Parameter Average value
pH 6.57
%C 1.24
%N 0.24

CIN 5.17
CEC (cmol/kg soil) 11.30
Ca®" (cmol/kg soil) 6.60
Mg?* (cmol/kg soil) 2.55

K* (cmol./kg soil) 131
Ca*'/Mg™* 2.59
Mg®/K* 1.95
(CaZ* +Mg? /K" 6.98
www.ijasrenet ~ Pageb5l
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These results indicate that the soil used has a neutral pH, with low organic matter content and adequate cation exchange capacity
(CEC) and basic cations content.

3.2 Germination Petri dish assay

At the end of the germination test in Petri dishes, statistical analysis did not show any significant differences either on bean or
maize germination percentage (p > 0.05). On the contrary, the inhibitory effects of Calliandra calothyrsus Meisn, Senna siamea L.
and Gliricidia sepium (Jacg.) Walp leaves were clearly visible for the radicle growth, as shown in Table 3.

Table 3. Bean and maize radicle elongation (cm).

Treatment Bean radicle elongation Maize radicle elongation
T, : Control 7.43b 12.47a
T, : Calliandra calothyrsus at 2 g/100 mL of H,O 9.77a 10.33ab
Ts : Calliandra calothyrsus at 4 g/100 mL of H,0 6.40b 6.97c

T, : Senna siamea at 2 g/100 mL of H,O 5.27bc 11.67a

Ts : Senna siamea at 4 g/100 mL of H,O 3.27¢ 8.20bc

Te : Gliricidia sepium at 2 g/100 mL of H,0O 5.30bc 2.83d

T, : Gliricidia sepium at 4 g/100 mL of H,0O 3.13c 2.50d
General mean 5.58 7.85

F test 18.78 *** 20.98 ***
Probability <0.001 <0.001
C.V (%) 16.1 19.3

Mean values with identical letters within the column are not statistically different at p < 0.05.

With the exception of Calliandra calothyrsus Meisn at the lower application rate (2 g/100 mL of H,O) which showed a
stimulatory effect (+ 31.5 %). bean radicle elongation was lower in all other treatments as compared to the control. The highest
negative (allelopathic) effect was observed with the highest application rates of Senna siamea (- 55 %) and Gliricidia sepium (-58
%). Application rates did not show any effect on bean radicle growth for Senna siamea L. and Gliricidia sepium (Jacq.) Walp,
while a significant difference was observed between the higher (4 g/100 mL of H,0) and the lower (2 ¢g/100 mL of H,0)
Calliandra calothyrus Meisn leaves application rates.

With regard to maize crop, radicle elongation was lower in all treatments as compared to the control. Gliricidia sepium (Jacq.)
Walp extracts depressed more maize root elongation (- 80 %), independently of the application rate. For Calliandra calothyrsus
Meisn and Senna siamea L., an application rate effect was visible, as the higher rate significantly reduced maize radicle elongation
comparatively to the lower application rate. Overall, the depressive effect of the root elongation followed the order: Gliricidia
sepium>Senna siamea = Calliandra calothyrsus.

3.3 Pot study
3.3.1Bean

Results on the bean growth (expressed in height) has shown exponential growth curves (Figure 4). Analysis of variance performed
on germination percentage did not show any significant difference between tested treatments, including the control (p > 0.05). On
the hand, significant differences between tested differences were observed for bean root biomass, total biomass and the root/shoot
(R/S) ratio (Table 4).
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Figure 4.Thirty-five-day bean height growth (cm) in the pot study.

45

Two-way ANOVA analysis of the exponential bean growth has shown considerable affects of either the treatments (p value =

0.0001) or the time (p value < 0.0001).

Figure 4 indicates that, set aside the treatments with Gliricidia sepium (Jacg.) Walp (only from the 25th day), all other treatments
showed a slight increase in bean height growth as compared to the control treatment. A simple significant effect of tested
treatments was observed on root biomass, shoot biomass and R/S. All amended treatments showed lower root biomass, shoot
biomass and R/S comparatively to the unamended/control treatment.

The observed negative effect of selected agroforestry species leaves, both on root biomass, shoot biomass and R/S was more
pronounced in soils amended with the higher rates (4 g/4 kg of soil) of Senna siamea L. and Gliricidia sepium (Jacg.) Walp.
Apparently, Calliandra calothyrsus Meisn at both high and low application rates, and to some extent the lower application rates (2
0/4 kg of soil) of Senna siamea L. and Gliricidia sepium (Jacg.) Walp showed less inhibitory effects on measured bean growth

parameters.
Table 4. Bean root biomass, shoot biomass and root/shoot (R/S) ratio.
Treatment Root biomass (g/pot) Total biomass (g/pot) R/S
T, : Control 1.16a 2.75a 0.41a
T, : Calliandra calothyrsus at 2 g/4 kg of soil 0.88ab 2.50a 0.35ab
T, : Calliandra calothyrsus at 4 g/4 kg of soil 0.71ab 2.37a 0.30ab
T, : Senna siamea at 2 g/4 kg of soil 0.92ab 2.51a 0.35ab
Ts : Senna siamea at 4 g/4 kg of soil 0.39b 1.68a 0.21b
T : Gliricidia sepium at 2 g/4 kg of soil 0.48ab 1.83a 0.26ab
T, : Gliricidia sepium at 4 g/4 kg of soil 0.30b 1.48a 0.19b
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General mean 0.69 0.30
F test 4.06 4.06*
Probability <0.05 <0.05
C.V (%) 39.3 23.7

Mean values with identical letters within the column are not statistically different at p < 0.05.

3.3.2 Maize

Results on the maize growth (expressed in height) hasalso shown exponential growth curves (Figure 5). Analysis of variance
(ANOVA) test performed on maize germination percentage, root biomass, shoot biomass, total biomass and Root/Shoot ratio did
not detect any significant differences between tested treatments, including the control (p > 0.05). Consequently, corresponding
data are neither shown nor discussed here. However, significant differences (p < 0.05) between treatments were observed for

maize height and root length (Table 5 and Figure 5).

Table 5. Root length and height growth (cm) of maize plants.

Treatment Root length Shoot height
T, : Control 34.67a 56.83a
T, : Calliandra calothyrsus at 2 g/4 kg of soil 38.50ab 49.50ab
T; : Calliandra calothyrsus at 4 g/4 kg of soil 42.00a 53.00ab
T, : Senna siamea at 2 g/4 kg of soil 30.83ab 51.00ab
Ts : Senna siamea at 4 g/4 kg of soil 30.83ab 44.33b
Te : Gliricidia sepium at 2 g/4 kg of soil 40.00ab 50.50b
T, : Gliricidia sepium at 4 g/4 kg of soil 27.50b 48.67ab
General mean 34.90 50.55
F test 3.66 * 3.92*
Probability <0.05 <0.05
C.V (%) 14.1 6.7

Mean values with identical letters within the column are not statistically different at p < 0.05.
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Figure 5.Thirty-five-day maize height growth (cm) in the pot study.

As for the bean growth, the 2-way ANOVA analysis of the exponential maize growth has shown considerable effects of either the
treatments (P value < 0.0001) or the time (P value < 0.0001).

Calliandra calothyrsus Meisn at both leaves application rates and Gliricidia sepium (Jacq.) Walp at the lower application rate (2
0/4 kg of soil) showed some stimulatory effects (+ 11 to + 21 %) on maize root growth as compared to the control treatments. On
the other hand, Senna siamea L. at both high and low application rates and Gliricidia sepium (Jacg.)Walp at higher rate (4 g/4 kg
of soil) reduced maize root growth, as much as - 11 to - 21 %. As for maize height growth, comparatively to the control, a slight
reduction (- 14 %) was apparent in most treatments, with the exception of the treatment amended with the higher Sennasiamea L.
application rate (4 g/kg of soil), in which as much as - 22 % reduction in maize shoot growth was observed. Again, the inhibitory
effect of selected agroforestry species on maize root and shoot growth was as follows: Gliricidia sepium>Senna siamea =
Calliandra calothyrsus.

Findings of our investigation are corroborated by other similar works performed under diverse ecological conditions. In fact,
many investigators reported allelopathic effects on germination and early growth of a number of staple crops[40, 41, 50-53]. Tian
and Kang (1992)[41] reported phytotoxic effects of Gliricidia sepium leachates on maize ((Zea mays L.) and cowpea (Vigna
unguiculata L.) seedlings in both laboratory and field conditions[40]. Qudduset al. (2014)[54] and Abugre et al. (2011)[55]
observed and reported that plant roots were more sensitive to allelochemicals effects than shoots[53, 55]. A similar conclusion
was drawn by Oyun (2006)[40] who observed that seedling root length was the most affected and could, as such, be considered
the most suitable and reliable tool for allelopathic studies[40].

Kugedera and Kokerai (2019)[10] reported that Leucaena leucocephala L. contains a toxic, non-protein amino acid (mimosin) that
inhibits the growth of other trees[9]. Similar situations were observed with Gliricidia sepium (Jacq.) Walp, whose allelochemicals
affect the effectiveness of litter decomposing microorganisms.

Allelochemicals suppress weeds, thus reducing costs of herbicides and weeding. They can be both positive and negative
depending on the concentrations[40]. EI Ayebet al. (2013)[56] advanced that foliar biomass could be used as post emergence
herbicide (biological agriculture), part of the Integrated Pest Management (IPM), while Ayeni (2017)[57] proposed that Senna
siamea L. and Pinus carribaea could be used to control weeds[56, 57].
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When comparing Gliricidia sepium (Jacg.) Walp to Acacia auriculiformis Cunn, Oyun (2006)[40] reported that the former species
showed more inhibitory effect on maize ((Zea mays L.) growth[40]. This investigator also found that the inhibition of growth
parameters of seedlings was more pronounced than that of seed germination, and, at the same time the inhibition of seed
germination and seedling growth were proportional to concentrations of leaf extracts.

From theliterature review, one can notice that contrasting findings on allelopathy were reported by a significant number of
investigators[10-15, 39-41, 53]. For example, root extracts of Sennasiamea L. promoted germination of Zea mays L. [53], while
leachates of Acacia nilotica (L.) Willd inhibited germination and growth of Zea mays L. and Phaseolus vulgaris L. Aqueous root
extracts of Senna siamea L. and Gliricidia sepium (Jacg.) Walp stimulated seed germination of Zea mays L. but inhibited that of
Vigna unguiculata L., Hibiscus esculentus L. and Lycopersicum esculentum L. The most dramatic inhibitory effect was observed
on Hibiscus esculentus L., while Tithoni adiversifolia (Hemsl.) exhibited stimulatory effects on the vegetative growth of cowpea
(Vigna unguiculata L.) and maize Zea mays L.[54]. Interestingly, Mutaquien (2017)[58] reported that gemination of Vigna radiata
(L.) R. wilczek was slightly inhibited by allelochemicals released by decomposition processes of Calliandra calothyrsus Meisn
leaves. This inhibitory effect was temporary and was progressively reduced over times. Senna siamea L. inhibited the nodulation
and N fixation of clusterbean (Cyanopsis tetragonoloba L.), while Gliricidia sepium (Jacq.)Walp promoted the growth of tomato
(Lycopersicum esculentum L.) seedlings[59].

As outlined in the previous discussion and illustrated by our study, allelopathy remains definitely a complex research domain, as
the action of allelochemicals may be inhibitory, neutral or stimulatory, even within the same species and presumably under
different ecological conditions. Thus, this domain remains an exciting world yet to fully discover and understand.

4. CONCLUSION

Because of the difficulties to separate allelopathy from water, nutrient and light field interferences and competition, allelopathic
effects are best evaluated from the early plant development stages (radicle elongation, root and shoot growth) under controlled
conditions. Such an approach was used in our study to compare the potential inhibitory effects of Calliandra calothyrsus Meisn,
Senna siamea L. and Gliridia sepium (Jacq.) Walp leaves on bean (Phaseolus vulgaris L.) and maize (Zea mays L.) early growth
under laboratory and greenhouse conditions. The study revealed tangible depressive effects of leaves of all three tested
leguminous agroforestry species on radicle elongation, root and shoot growth of bean and maize. We also observed that inhibitory
effects were more pronounced on bean than on maize growth, while roots showed more sensitivity to allelochemicals than shoots.
On that basis, roots should be considered the most suitable and reliable plant organs for allelopathic studies. From there, we
conclude, in line with previous studies, that allelochemicals are not only species specific, but also organ specific. Their inhibitory
effect is also controlled by their concentrations as the highest concentrations of Senna siamea L. and Gliricidia sepium (Jacqg.)
Walp showed highest negative effects on tested plant growth parameters. Interestingly, it could also be drawn from our study that
Calliandra calothyrsus Meisn at both leaves application rates and to some extent Gliricidia sepium (Jacq.) Walp at lower rates
showed stimulatory (positive) effects on maize root growth as compared to the control treatments. In the end, the allelopathic
effect on bean and maize early growth parameters followed the order: Gliricidia sepium>Senna siamea = Calliandra calothyrsus.
This study outlines the potential detrimental effect of agroforestry species foliar biomass on associated plant growth when directly
applied to soil. As an alternative, we recommand to farmers the co-composting approach with low quality crop harvest residues
(e.g. maize stover, wheat straw), in which the leguminous leaves play a stimulatory effect on the overall decomposition,
allelochemicals dissipation and plant nutrient release.
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