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Abstract ;
A natural technique to control weed emergence and decrease the use of synthetic

perbicides could. be the applic:.:ltion of phytochemical substances with phytotoxic
effects from Acacia bark. In Medlterranean area, A. melanoxylon and A. dealbata bark
arean abundant waste material from non-native tree species control actions, requiring
suitable disposal. The presence of phytotoxic substances in young harvested biomass is

reater than in mature plant tissues, thus for organic substrates formulation aging
treatment is only effective (phytotoxicity reduction after 8 weeks) for A. melanoxylon
mature bark, which potentiate young bark for different valorization. This study
explores A. melanoxylon and A. dealbata bark extracts from young debarked trees,
regarding their bio-herbicide effect on germination and development of cress seeds.
Extraction conditions were performed under fixed time (t: 45min) and a maximum
teniperature of 120°C, using the following solvents: ethanol, water and an equal volume
of ethanol:water. The extract yield was greater in water extracts (40 g dry extract L),
followed by 50% ethanol:water (36 g dry extract L) and ethanol (28 g dry extract L-1).
In water extract essay, the extract yield remained constant even after bark percentage
gradual reduction over the extraction ratio conditions (liquid:bark ratio from 1:5, 1:10
and 1:15), suggesting a possible final liquor saturation. However, all bark extracts
inhibited the tested seed growth (root index <8%) compared to deionized water
control (root index = 100%). The bio-herbicide activity of water soluble Acacia bark
phytochemical substances increases its phytotoxic effect as extract concentration
increase.

Keywords: bark extracts, A. melanoxylon, A. dealbata, phytochemicals concentration, seed
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INTRODUCTION
Weed infestation is considered a limiting factor for horticultural food production
Systems which decrease crop yield and therefore fruit yield. To feed the increasing ‘global
Population and meeting the sustainable development goals, the use of synthetic herbicide for
e control must be reduced, while the search for alternative herbicide is growing
worldw1de (MOhammadi’ 2013) ;
biooh? natural and environmentally friendly method to control weed growth is thf v:/l::d(;f
S0 Ca“n:ilcals produced from specific species which have a phytotoxic effect on targe 35 A
eta el' a]le_lopathic phenomena (Jelassi et al., 2016). Most allelochemicals are sehc'o?1 a?é
commoltes inherent to native species and activated for plant self-defense, V:.IC o
amOUr?tnly Presented in external plant tissues (Feng et al, 201‘3). Tree barks con (;mcloi i
Option of those phytochemicals, thus making them potential alternative wee
S (Ogawa and Yazaki, 2 018).
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this biomass has been analyzed, and previqus research (Chemetova et al,, 2019, Souza
et al,, 2018) revealed Acacia bark suitability as natural weed control. The allelopat ic
was attributed to the presence of naturally produced compounds such, phenolics, ﬂavoef et
and tannins (Chemetova et al., 2019; Ogawa and Yazaki, 2018). Nojq

The natural allelochemicals are mostly water-soluble, although different cp,, -
composition resulted when extraction is fractioned among solvepts of increasing pgim'
(Feng etal., 2013). A common biological essay for plant a!lglochem!cals thtOtOXicity actér!
evaluation are the germination tests using model-senSI.tlve. species (e.g. Lepidyn, Satim
and/or Lactuca sativa) (Lorenzo et al., 2016). The .appllcatlon of Acacia bark Ethactsviu
promising approach due to its simplicity, easy extraction method and ready availability of, s
material, however the minimum concentration of the extract that has phytOtOXicity actisw-
must be determine (Mohammadi, 2013). ity

The objective of this research was to evaluate the potential of A. melanoxylo, and 4
dealbata bark extracts from juvenile debarked trees, regarding their bio-herbicide effect oy
germination and growth of cress seeds.

MATERIALS AND METHODS

A. dealbata and A. melanoxylon bark collection was conducted during the winter seasg,
2017-2018. Both barks were sampled from juvenile tree stands (up to 6 years old). 4
melanoxylon bark was collected from Tapada da Ajuda, the Instituto Superior de Agronomia
(ISA) Campus (38°42'27.5"N, 9°10’56.3"W) (Lisbon, Portugal), while A. dealbata was collecteq
from Mata Nacional do Bussaco (40°22'36.7”N 8°22°05.4”"W) (Luso, Portugal).

The bark samples were collected separately after on-site ring-barking method
application, air-dried and ground in a knife mill (Fritsch pulverisette 15 - Fritsch GmbH, Idar-
Oberstein, Germany) with an output sieve of 10x10 mm?, followed by 2x2 mmz2. The 0.4-0.25
mm fraction was used for extractive content chemical analysis, while the coarser bark from
output sieve of 10x10 mm?2 was used for testing bio-herbicide effect.

The dry mass content was assessed by oven-drying samples at 105°C for 24 h, and the
ash content was determined by combustion of the oven-dried sample at 550°C for 5 hina
muffle furnace, according to TAPPI Standard Methods (T211 om-02). Samples (around 3.5 g
dry mass) were full extracted using a solvent sequence with crescent polarity
(dichloromethane, ethanol, and water) in a Soxhlet apparatus (T204 cm-07) for total
extractives determination. The extraction analysis was done in duplicate and results were
reported as percentage of the dry mass material.

For bio-herbicide effect evaluation, the extraction was performed using a stainless-steel
reactor (max ca. 4 L) with fluid recirculation. The conditions were set according to previous
pre-tests (data not shown) under fixed time 45 min and a maximum temperature of 120°C
using ethanol, water and an equal volume of ethanol water as solvents. For water extraction
different liquid-to-solid ratio (R) were tested: R1:5, R1:10 and R1:15. From the obtained
liquors, solvents were left to evaporate, and distilled water was added as dissolution agent

Phytotoxicity of extracts was evaluated using Lepidium sativum as model plant
According to European Standards (CEN, 2011), a total of 10 seeds were place on toP_Of Petr(;
dish filled with perlite and a filter paper impregnated with 50 mL of the water dlssolvem
extracts (0.25, 0.5 and 1.5 g per Petri dish), the incubation was performed at rooas
temperature (25°C) in the dark, for 3 days, and water as a control. The allelopathic effect ™

t
ev;lua(tgd) based on the average germination rate (GR), and root length (RL) to calculate 10
index (RI).

RESULTS AND DISCUSSION

el
B_oth Acacia barks presented equal ash content, around 3% dry basis, hoW%%
extractives content was greater in A. dealbata compared to A. melanoxylon bark, 36 a0
dry b3515'.respectively. According to Taflick et al. (2017), exhausted Acacia bark sho
of extra'ctlves even after the industrial hot water-based process for tannin extraction: ont (%
Figure 1 describes the extractives distribution, within the total extracted ¢ jelds:
total extractives), by solvent. In both Acacia species, ethanol extracts showed igher Y
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three times greater than water extracts, and dichloromethane
yields, meaning that the most of Acacia extractives wer
compounds, while lipophilic compounds were residual.

extracts registered the lowest
e composed by hydrophilic

A. dealbata bark extractives by solvent
2%

A. melanoxylon bark extractives by solvent
3%

W CH2CL2

B EtoH

H20

Figure 1. Soxhlet extraction: A. dealbata (left) and A. melanoxylon (right) bark extractives

content (% total extractives) by solvent: dichloromethane (CH:Cl2), ethanol (EtOH),
and water (H:0).

The stainless-steel reactor extraction data focuses on A. melanoxylon bark as a
representative species for further determination of the minimum concentration of Acacia
extract that has bio-herbicide activity. Table 1 presents total water (100% H:0) extract (g L)
variation with decreasing bark material in the reactor, and different solvents for the higher
liquid-to-solid ratio R 1:5. The extract saturation may occur among the water extraction even
after bark percentage successive reduction over the extraction ratio conditions successive
reduction, from R1:5 to R1:15, the final extract difference was less than 12%, respectively,
using same reaction condition. Acacia is widely known as tannin rich species (Souza-Alonso
et al,, 2018), and water is more suitable solvent for extracting tannin from the bark than
ethanol (Taflick et al., 2017).

Table 1. Stainless-steel reactor extraction: A. melanoxylon bark total extract (g L) using
liquid-to-solid ratio (R1:5, R1:10 and R1:15); and water (100% H:0), water:ethanol
(50% EtOH:H,0), and ethanol (100% EtOH) solvents.

Liquid:solid ratio

S R1:5 R1:10 R1:15
ovent 400 g:2000 mL 200 g:2000 mL 133 g:2000 mL
Bark extracts (g L)
100% H,0 40.2 37.0 355
50% EtOH:H,0 35.7 2 5
100% EtOH 27.5 5 2

Between solvents at R1:5, water presented the highesF yieldo(40 g L-l),. whllci ethanol
reduces the total final extract, reaching minimum of 28 g L* in 100% EtOH. Figure ref)m;)ts
ethanol as a solvent with greater extractive content, however, this finding mlay on 3t/ e
attributed to sequence of soxhlet extraction; while, when bark is extracted only gne ime
('I}'lable 1), there is evidence that water can extl;jact ?gsiv(\);f :irre})l;tr;gi&tlil‘oing (?t(k)ll(i;ssii tssg:tcuisg

€ influen icle si also considered betwe .
E.n‘:lings (Socvf/r(:g}?:glrcaljililzi ;r;a;zzg f 5) highlighted that polar solvents are responsible for the
1gher yields. _ :

P};Wtotoxicity of extracts from R1:5 ratio extraction is presented in Tabtlcle) 2t. A}l elftrac;s
Presented an allelopathic effect on tested seeds (RIle%')-.UP to 0-51 gb TXU'HE ; cil 2 e tz
8erminated (GR=100%), however the bio-herbicide activity of sosléo/e HSIE) E t:gl}ie :i]sleg 010/
Phytotoxic effect as extract concentration increases. The solvents 507 H0: an b
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i bio-herbicidal effect among the con.centration increme
Hzodhiflgiaigi?r(l:lz%rR and RI = 0%) at extract concentration 1.5 g Petri-, v
i(re:ss seed germination (GR=86%) and showed the highest cress growth,

nt; reac i

r hin
hile ethanoliﬁfﬁs
S

Table 2. A. melanoxylon bark extract phytotoxicity on cress seeds: germinatj

onr
length (RL) and root index (RI); using 0.25, 0.5 and 0.15 g extract per Pittii gis)}; e
[Extract] GR RL RI
Solvent (g petri) (%) (cm)\%\
0.25 100 0.59 8
100% H.0 0.5 100 0.23 3
1.5 0 0 0
0.25 100 0.64 8
50% H.O:EtOH 0.5 100 0.31 4
1.5 0 0 0
0.25 100 0.88 12
100% EtOH 0.5 100 0.83 11
1.5 86 0.45 6
Control H.0 - 100 £.95 100

Acacia bark water soluble extract had greater yield (Table 1) and combining its
inhibitory effect at minimum extract concentration of 30 g L, could be a promising bio-
herbicide which, simultaneously, promotes sustainable management of juvenile Acacia tree
stands, and may alleviate the costs of invasive plant control.

CONCLUSIONS

A. melanoxylon and A. dealbata bark can be extracted using polar solvents. Water can
extract most of semi-polar and polar substances. For the studied conditions, the extract
saturation may occur among the water extraction even after bark ratio successive reduction.
All bark extracts were phytotoxic for tested cress seeds. The bio-herbicide activity of water-
soluble substances rises its phytotoxic effect as extract concentration increase, and 30 gL
extract may establish the minimum concentration of Acacia extract required for full cress
seeds germination and growth inhibition. The tested innovative bio-herbicide approach
contributes for synthetic herbicide replacement using natural allelochemical, \_/vhlch also
addresses agroecological value of sustainable control and management of non-native plants
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