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a b s t r a c t

Concerns that land application of organic waste may introduce microbial contaminants into the envi-
ronment could be mitigated by growing plants with antiseptic properties in waste-amended soil. We
investigated the potential for two myrtaceous plants, manuka (Leptospermum scoparium) and kanuka
(Kunzea robusta) with antiseptic properties to reduce numbers of the pathogen indicator Escherichia coli
in soil. Pots containing perennial ryegrass (Lolium perenne), manuka and kanuka, were spiked with
Escherichia coli and a rainfall event was simulated. Decimal reduction times (DRT) showed E. coli
numbers were reduced under kanuka and manuka compared to a pasture control (8, 5 and 93 days
respectively). Potentially, these myrtaceous species could mitigate the threat of microbial contamination
of soil, while producing valuable biomass for fuel, essential oils or honey.

© 2016 Elsevier Ltd. All rights reserved.
In many countries farmers traditionally cycle large quantities of
animal and human wastes back onto the land for practical and
economic reasons (Albihn, 2001; Hutchison et al., 2004; Petersena
et al., 2007; Miaomiao et al., 2009). Such wastes can contain
harmful elements such as heavy metals, antibiotics and disease
causing organisms (Sarmaha et al., 2006; Elving et al., 2009;
Miaomiao et al., 2009; Sidhu and Toze, 2009) that require strate-
gies to control the associated environmental problems. The use of
vegetative buffers for intercepting andmitigating contaminants are
one such well-established on-farm technique for managing pol-
lutants such as nitrogen and phosphorus.

Coupling the properties of plants as natural biofilters, with
additional bioactive producing capabilities may offer enhanced
ecosystem protection against potentially pathogenic organisms
that re-cycled wastes can contain.

Manuka (Leptospermum scoparium) and kanuka (Kunzea eri-
coides) are pioneer species in the Myrtaceae family that colonise
disturbed environments in New Zealand and South Australia
(Mohan et al., 1984; Bergin et al., 1995; Stephens et al., 2005) and
have known antiseptic properties (Stephens et al., 2005). Prosser
et al. (2014) hypothesised that the components responsible for
well).
the antimicrobial ability of these plants may enter soil and
ameliorate pathogen-contaminated sites. We aimed to determine
the potential of manuka and kanuka to reduce the risks of pathogen
contamination associated with recycling of organic waste to land. A
silt loam soil (top 20 cm) was sourced from the Lincoln University
Dairy Farm (43�38011.7000S, 172�26017.0000E); pH 5.6, C content 2.0%,
and N content 0.18% (Table 1) (Knowles et al., 2011). The soil was
homogenised, large roots removed and 6.25 g lime L�1 added to
raise the pH to ~6. Nine of each of three plant species were used;
Perennial ryegrass e Lolium perenne grown from seed (approx. 12
months old); Manuka e L. scoparium; Kanuka e K. ericoides, seed-
lings, approx. 2 years old.

Pots were adjusted to field capacity and inoculated with
1 � 109 cfu Escherichia coli (ATCC 13706; New Zealand Reference
Culture Collection Medical Section, ESR, Wellington) (1 � 106 cfu
E. coli g�1 dry soil) in 100ml sterile PBS (phosphate buffered saline).
Immediately following application, a rainfall event was simulated,
one pore volume (1.375 L) of sterilised water was applied at the rate
of 15mmh�1. Three of each plant species were chosen at random to
be destructively harvested on days: 1 (T0), 3 (T1), and 7 (T2)
following E. coli inoculation. Soil samples were obtained by
removing the bulk unattached soil and subsequently shaking the
remaining soil from the plant roots. Soil was homogenised by
mixing and analysed immediately. Soil pH was determined
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Table 1
Physicochemical profile of the soil used for the current study. Values
represent averages ± standard error. Adapted from Knowles et al.
(2011).

Property Mean result (n ¼ 3)

pH 5.6
CEC (cmolc kg�1) 12.4 ± 0.5
C (%) 2.0 ± 0.1
N (%) 0.18 ± 0.01
P (mg kg�1) 518 ± 25
S (mg kg�1) 193 ± 15
Ca (mg kg�1) 3005 ± 101
Mg (mg kg�1) 855 ± 11
K (mg kg�1) 1401 ± 119
Na (mg kg�1) 136 ± 4

Fig. 2. Lineal trend lines applied to log cfu mpn data, used to calculate decimal
reduction times (DRT) of E. coli under pasture, manuka and kanuka. DRT values
represent the time (days) required for one log decline in E. coli numbers.
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according to Blakemore et al. (1987), and moisture content was
determined by overnight drying at 105 �C. Enumeration of E. coli in
soil was carried out using a five-tube Most Probable Number (MPN)
(Feng et al., 2002). Microsoft Excel was used for the calculation of
averages, standard deviations (SDs) and standard errors (SEs) for
E. coli MPN and soil pH. MPN for E. coli were calculated using pre-
pared MPN tables (Alexander, 1982; Woomer, 1994), and signifi-
cance of difference was determined by comparison of 95%
confidence intervals (p < 0.05). For pathogen data, log averages and
associated SDs were calculated from each set of three replicates for
each sample time. After fitting lineal trend lines to the data, decimal
reduction times (DRT) were determined as described in Horswell
et al. (2009). The hypothesis that all the trend lines had the same
slope was tested using Analysis of Covariance (ANCOVA) p ¼ 0.031.
A p-value for each individual curve was calculated using the t-test.

Total E. coli declined in all treatments over the trial period but
there was a significant (p � 0.05) difference in the rate of decline
between plant species (Figs. 1 and 2). At day 7 (T2) the number of
E. coli (CFU) were significantly reduced under kanuka when
compared to pasture; manuka also exhibited a considerable
reduction in E. coli (Fig. 1). Analysis of Covariance (ANCOVA) un-
dertaken on the lineal trend lines (Fig. 2) indicated that the trend
lines had different slope (p¼ 0.031). Decimal reduction times (DRT)
indicated soil under kanuka and manuka facilitated 90% reduction
of E. coli after just 5 and 8 days respectively (Fig. 2), whilst DRT for
pasture was 93 days. Results for soil pH indicated a difference be-
tween plant species in the order of kanuka < manuka < pasture
(Fig. 3), however by day 3 this was not significant. Although pH has
previously been shown to influence soil bacterial populations
(Bååth, 1996) it is unlikely to be the mechanism by which manuka
and kanuka affect the survival of E. coli in this study.
Fig. 1. Survival (cfu g soil�1) of E. coli in soil samples from underneath pasture, manuka
and kanuka over a seven day experimental period. Error bars represent standard error.
Decimal reduction times (DRT) indicated that soil under kanuka
and manuka facilitated a more rapid reduction in total E. coli than
the pasture control.

It has been suggested that the antibacterial agents frommanuka
may enter the soil via rhizodeposition (Prosser et al., 2014), thus
altering rhizosphere soil through the release of root exudates,
mucilage and sloughed cells (Castaldi et al., 2009). Studies have
found that root exudates can remain stable in soils for significant
lengths of time (Quartacci et al., 2009), and through altering soil
conditions plant roots may be able to select for favourablemicrobial
populations (Cheng et al., 2004; Quartacci et al., 2009). The anti-
microbial agents responsible for the antimicrobial activity observed
in this study are unknown. However, Cornes (2005) found that
leptospermone (thought to be responsible for antimicrobial activity
in manuka oil) produced by the roots of bottle brush (Callistemon
citrinus) suppressed weeds around the plant's base. The phyto-
chemical composition of manuka varies considerably between
species, population, age and seasons (Porter et al., 1998; Porter and
Wilkins, 1999). In manuka essential oil, triketones are reported to
give manuka its antimicrobial properties. The major triketones are
flavesone, iso-leptospermone and leptospermone, however, this
varies with region and these triketones were not detected in
manuka from some regions (Porter andWilkins, 1999). The effect of
antimicrobial plants will probably be different in different soils.
This will be due to differences in the sorption of the phytochemicals
from manuka and kanuka, resulting in differences in their
Fig. 3. Average soil pH from beneath pasture, manuka and kanuka plants grown in
pots. Days represent time since E. coli application. Averages are that of three replicate
plant pots, error bars represent standard error.
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bioavailability to the pathogens. As noted previously, the chemical
composition of these plants varies between regions due to both
environmental and genetic factors (Porter et al., 1998; Porter and
Wilkins, 1999).

The study indicates that antiseptic plant species may help
reduce microbial contaminants in land applied organic wastes.
Incorporating manuka and kanuka into shelter belts or riparian
margins may help mitigate the risks of pathogen contamination of
receiving waters.
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