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Short-term vegetable crop production often involves frequent tillage and other farm activities that results
in disturbed soil food web communities. A less disturbed soil community would have a more structured
soil food web which contains soil fauna higher up in the food web hierarchy, thus higher integrity in
soil nutrient cycling. The objective of this study is to examine if strip-till cover cropping and drenching
soil with vermicompost tea could improve soil food web structure in a short-term agroecosystem. Two
field trials were conducted in Waialua, HI, USA to evaluate the effect of strip-till planting of sunn hemp
(SH, Crotalaria juncea) or crimson clover (Trifolium incarnatum) cover crops in a zucchini (Cucurbita pepo)
cropping system. At zucchini planting, each cover crop plot was split to receive four soil treatments:
fertilizer (F, chicken pellet), compost tea (CT), fertilizer plus compost tea (F+CT), and none. Compost
tea was prepared from chicken manure based vermicompost aerated overnight in water at 1:10 (v:v).
Planting of SH increased bacterivorous nematodes and suppressed plant-parasitic nematodes throughout
both zucchini cropping cycles, but did not enhance the numbers of omnivorous or predatory nematodes.
Crimson clover did not enhance beneficial nematodes nor suppress plant-parasitic nematodes. Adding
CT to F suppressed the key plant-parasitic nematodes only at the initial stage of the zucchini growth,
increased percentage of predatory or omnivorous nematodes only toward the end of zucchini crops, and
increased the structure index at harvest in the first trial. Zucchini yield was increased by planting of
SH but not by drenching of CT. Despite the benefits of CT in improving the soil food web structure, a
correlation analysis revealed that zucchini yields were correlated to the reduction in the percentage of
fungivorous nematodes at planting, an increase in the percentage of bacterivorous nematodes at harvest,
and to reduction in the percentage of plant-parasitic nematodes at harvest.
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1. Introduction

Short-term vegetable cropping systems usually involve more
usage of pesticides, fertilizers and intensive cultivation of land that
likely leads to a greater disturbance of soil and a negative impact on
aquatic ecosystems than perennial cropping systems (Allan, 2004).
This disturbance to agroecosystems is especially intensive in warm
tropical climates. While farmlands are limited due to ever expand-
ing urbanization, the tropical climate in Hawaii allows for multiple
short-term crops in the same field per year. This type of frequent
cultivation in the same field site creates intensive disturbance to the
soil food web (Bongers and Korthals, 1994; McSorley and Wang,
2009). To conserve soil productivities, soil food web complexity
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must be restored periodically despite the continuous crop produc-
tion. A healthy soil food web should continuously compose of high
complexity of soil organisms with diverse functional guilds so as
to maintain soil nutrient cycling and other chemical and physical
soil processes, to ensure soil communities are resilient to transient
disturbance, and to keep pest species in check (Doran and Zeiss,
2000). Unfortunately, short-term vegetable crop production often
involves frequent tillage and other farm activities that may lead
to the disturbance of soil communities. A less disturbed soil com-
munity would compose of a more structured soil food web and
thus have higher integrity in soil nutrient cycling. Conducting no-
till farming would offer an option, but many short-term vegetable
growers prefer to cultivate their soil due to the high turnover rate
of cropping cycles and challenges of weed pressure.

Nematodes are good soil health bioindicators because they have
a wide range of functional guilds and have universal distribution
(Ferris et al., 2001; Ferris, 2010; Neher, 2001) and thus they can be
used to examine how various land management practices impact
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on soil health (Ferris et al., 2012a,b; Sanchez-Moreno et al., 2009;
Ugarte et al., 2013). A healthy soil food web should sustain nema-
todes with different life strategies and feeding behaviors ranging
from fast growing and reproducing bacteria-feeding nematodes
(colonizers) at the bottom of the soil food web to slow repro-
ducing but longer living predaceous nematodes (persisters) at the
top (Bongers, 1990). Most importantly, nematodes have numerous
interactions with other soil organisms and play important roles in
soil nutrient cycling (Ingham et al., 1985).

Some have suggested that the restoring of a complex soil com-
munity characterized by several trophic links and functional guilds
is not possible in disturbed agroecosystems (DuPont et al., 2009;
Ferris and Matute, 2003; McSorley et al., 2007; Neher, 2001)
whereas others argue that a more complex food web could be re-
established by implementing practices that increase organic matter
and reduce tillage frequency and depth (Okada and Harada, 2007;
Wardle et al., 1999). The key index used by nematode ecologists to
evaluate reduction in soil disturbance here is the structure index,
SI, which is mainly a weighed abundance of the omnivorous and
predatory nematodes. Using Canonical Correspondent Analysis,
Ugarte et al. (2013) reported a positive relationship between the
quantity of particulate organic matter (POM) and SI in a pasture
agroecosystem but not in row crop or vegetable production sys-
tem on the 3rd year of an organic certification process in Illinois.
This again suggested the challenge of enhancing SI (or reducing soil
disturbance) in a vegetable cropping system. While multiple soil
ecology papers admit the difficulties in improving SI in short-term
vegetable cropping system that rely on conventional tillage, little
research is addressing how to increase SI in this agroecosystem.

Growing sunn hemp (Crotalaria juncea) as a leguminous cover
crop in a strip-till cover cropping system (STCC) followed by
periodic clipping of living mulch intercropped between vegetable
cropping rows and added as organic surface mulch (SM) provided
an alternative approach to reduce soil disturbance, while fueling
organic materials to the soil food web over a longer period of time
than a conventional cover cropping system (Wang et al., 2011). This
STCC+SM practice periodically supplied organic matter through
surface mulching, continuously enhanced bacterivorous and fun-
givorous nematodes, and subsequently enhanced SI within two
cropping cycles as compared to the bare ground treatment (Wang
et al., 2011). Similar phenomenon was reported on fueling organic
matter to soil with residues of sugarcane in the sugarcane planta-
tions in Australia, resulting in increased abundance of free-living
nematodes and nematophagous fungi in the top soil layer com-
pared to the deeper soil layer (Stirling et al., 2011).

Another approach to improve the soil food web structure in
short-term agroecosystems is to enrich the soil with vermicompost
tea extract. Compost tea, a water-based extract, can be prepared
using a wide range of composts. Vermicompost is the product
of accelerated bio-degradation of organic matter by earthworms
through mesophilic decomposition. It generally has higher con-
centrations of plant available nutrients (NO3;~, exchangeable Ca,
P and soluble K) and significantly larger and more diverse micro-
bial populations (Tognetti et al., 2005). Compost teas may supply
microbial biomass, fine POM, organic acids, plant growth regulator
like substances and soluble mineral nutrients to plant surfaces and
soils (Edwards et al., 2006; Scheuerell and Mahaffee, 2002, 2004).
This advantage of compost tea may serve as a mean to enhance the
soil food web structure.

In addition, compost tea has been shown to suppress plant
pathogens including nematodes (Edwards et al., 2006; Gamaley
et al., 2001). Sunn hemp has also been documented to be sup-
pressive to several genera of plant-parasitic nematodes including
reniform (Rotylenchulus reniformis) and root-knot (Meloidogyne
spp.) nematodes (Wang et al., 2002b). In this study, we com-
pared STCC +SM of sunn hemp to that of crimson clover. Crimson

clover was studied because it is a legume and it is known to be
a good insectary plant to attract pollinators, which is important
for cucurbit crop production. However, crimson clover is also a
good host for root-knot nematodes (Wang et al., 2002a,b). It is
hypothesized that integration of sunn hemp STCC + SM and chicken
manure based vermicompost tea drenching could have a syner-
gistic effect in improving soil health in vegetable agroecosystems.
On the other hand, planting of crimson clover in STCC+SM would
improve nematode community structure, attract pollinators, but
may increase plant-parasitic nematode pressure. The third hypoth-
esis of the study was that mix planting of sunn hemp and crimson
clover followed by strip-tilled of sunn hemp and maintaining crim-
son clover as living mulch would complement the strength of both
of these leguminous cover crops planted individually.

Specific objectives of this experiment were to examine if: (1)
drenching chicken manure based vermicompost tea could suppress
plant-parasitic nematodes as a post-plant nematode management
approach; (2) integrating cover cropping with drenching of vermi-
compost tea could further improve the soil food web structure than
growing a cover crop alone; and (3) nematode community indices
are good indicators of zucchini plant health.

2. Materials and methods

Two field trials were conducted at Twin Bridges Farm in Waialua,
Oahu, HI from 2010 to 2011 to evaluate the effects of strip-till cover
cropping and vermicompost tea application on plant-parasitic
nematodes and soil food web structure in a zucchini agroecosys-
tem.

2.1. Triall

The first trial (Trial I) was initiated by planting cover crops on
December 2, 2010. A 4 x 4 factorial (cover crops x vermicompost
tea) strip-till experiment was conducted. Cover crop treatments
included sunn hemp (SH), crimson clover (CC), combination of
SH and CC (SHCC), and weed-free bare ground (BG). SH and CC
were planted at 33 and 22 kg/ha, respectively. Cover crops were
planted in rows at 0.9 m row spacing. Each experimental plot was
15m x 2.1 m in size. Each treatment was replicated three times.
All cover crop plots were arranged in randomized complete block
design, with a 7.5 m bare ground spacing between plots, whereas
the BG plots were separated 15 m away from the cover crop area
to avoid living mulch effects from the nearby cover crop plots. It is
important to avoid cross contamination from living mulch effects
as this project was part of a bigger project that involve evaluating
the use of SH and CC as living mulch to attract pollinators. Ini-
tial soil sampling prior to the initiation of cover cropping showed
no significant difference in nematode communities between the
designated cover crop area and the BG area. Cover crops were
irrigated whenever needed by drip irrigation. Due to slow estab-
lishment of crimson clover, cover crops were maintained for the
entire winter to early spring. Alternate rows of cover crops were
mowed using flail mower and tilled 15-cm deep with hand-held
tiller (0.6 m wide) on March 17, 2011. Thus, alternate rows of cover
crop remained as living mulch, while the tilled strips were pre-
pared for zucchini planting. Weeds between the cover crop strips
were further managed by glyphosate prior to crop planting. On
April 7, 2-week old zucchini ‘Elite F1 (Harris Seeds, NY) seedlings
were transplanted at 1.2-m apart into strip-tilled cover crop strips,
thus they were interplanted between cover crop strips. Zucchini
seedlings were transplanted at the same planting densities in the
BG, with 1.8 m between rows.

At transplanting, each cover crop plot was split into four sub-
plots: organic fertilizer (F), vermicompost tea (CT), F+CT, and
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unfertilized control (C). Each subplot contained 12 zucchini plants
planted in three rows. Plants that received F or F+CT treatments
were fertilized with 15 g chicken pellets (4-2-2) per plant at plant-
ing, equivalent to 66kgN/ha. Plants in CT or C plots received
no fertilizer. Plants receiving CT treatment were drenched with
120 ml/plant of chicken manure-based vermicompost tea (equiv-
alent to 16.7 mg/plant) at weekly intervals until the beginning of
fruit harvest on May 5. The CT was prepared by suspending chicken
manure based vermicompost in water at 1:10 (v:v) rate and con-
tinuously aerated with an air pump for 12 h (Pant et al., 2009). The
chicken manure vermicompost was cured by removing the com-
post from vermicompost bin and kept in a cool and ventilated
condition over a 3-month period before used for CT extraction.
The purpose of curing vermicompost is to allow more decomposi-
tion take place so as to convert more organic matter into nutrients
readily available for plant uptake.

Soil samples were collected from each main plot at termination
of cover crop (March 8), from F and F+CT subplot treatments at 1
week after zucchini planting (April 14), and at the end of fruit har-
vest (May 19). Subplot CT and C treatments were mainly to serve as
a control for yield comparison, thus no soil samples were taken. Six
shovels (GroundShark shovel, Forestry Suppliers, Jackson, MS, USA)
of soil of 20 cm-deep x 5 cm-diameter in a half cylinder shape core
were collected systematically in a diagonal pattern throughout a
main plot (March 8) or subplot (April 14 and May 19) and pooled
together as one sample per plot. Soil was taken from the rhizo-
sphere of the cover crop or from the bareground in the BG plot prior
to zucchini planting, but was taken from the zucchini root zone
after zucchini planting. Soil samples collected were transported
to the laboratory and nematodes were extracted as described
below.

Zucchini plants were harvested weekly from each of the 4 x 4
factorial (cover crop x vermicompost tea) subplots beginning May
5 and ending on May 16, 2011. Fruits damaged by pickleworms
(Diaphania nitidalis) and/or fruitflies (Bactrocera cucurbitae) were
categorized as unmarketable. Marketable and unmarketable fruits
were counted, graded according to US Standards for grades of
summer squash (USDA, 1997), weighed, and accumulated over
time.

2.2. Trial Il

The experiment was repeated in the same field site at the end of
Trial I. All zucchini plants in Trial I were removed and discarded, but
the cover crop planting rows remained intact. Weeds were man-
aged by spraying glyphosate between the living mulch. Crimson
clover failed to grow during the summer time in Hawaii despite
reseeding at termination of Trial I. Thus, only SH and BG plots were
included as main plot treatments in Trial Il. Sunn hemp growth from
Trial I remained vigorous, thus, was trimed back to approximately
1.2-m tall using sickles on July 14, 2011. The trimmed sunn hemp
biomass was left on the zucchini planting rows as a surface mulch.
Another challenge from Trial I was the heavy infestation of papaya
ring spot virus on the zucchini ‘Elite H1” (Harris Seeds, NY). Thus,
we changed the zucchini variety in Trial Il to ‘Felix F1” (Harris Seeds,
NY) which was reported to be resistant to papaya ring spot virus.
Two-week old ‘Felix F1"” zucchini seedlings were transplanted on
September 1, 2011. The subplot treatment remained the same as
Trial I. Soils were sampled from F and F + CT subplots at 1 week after
transplanting of zucchini (September 8) and toward the end of the
zucchini harvest (October 8, 2011).

2.3. Nematode assays

Nematodes were extracted from a 250-cm3 subsample of soil
collected from each field plot by elutriation followed by centrifugal

flotation (Jenkins, 1964). All extracted soil nematodes were iden-
tified to the genus level wherever possible except for those in the
family, Rhabditidae. All nematodes were counted and assigned to
one of six trophic groups: algivores, bacterivores, fungivores, plant-
parasitic nematodes, omnivores, or predators (Yeates et al., 1993).
The feeding habit of Tylenchidae (mainly Filenchus and Tylenchus)
was classified as fungivore (McSorley and Frederick, 1999; Okada
and Kadota, 2003; Okada et al., 2005). Prismatolaimus was grouped
as a bacterivore rather than a substrate ingestor reported by Yeates
et al. (1993). The total numbers of every trophic group in the com-
munity were calculated. Nematode richness was the total number
of taxa recorded per sample. Simpson’s reciprocal index of diversity
was calculated as 1/\, where A = Z (p;)?, and p; is the proportion of
each of the i genera present (specimens identified only to the order
level were excluded) (Simpson, 1949). The fungivore to bacteri-
vore (F:B) ratio was calculated to characterize decomposition and
mineralization pathways (Freckman and Ettema, 1993). All free-
living nematodes were assigned a colonizer-persister (c-p) rating
at the family level according to the 1 to 5 c-p scale of Bongers and
Bongers (1998). A weighting system based on c-p value and feed-
ing group of each nematode (known as nematode functional guilds)
was used to calculate enrichment, structure and channel indices of
the soil food web as described by Ferris et al. (2001). The enrich-
ment index (EI) assesses food web responses to available resources,
and the structure index (SI) reflects the degree of trophic connec-
tion in food webs of increasing complexity as the system matures.
The channel index (CI) represents the decomposition pathway in
the soil food web. In general, higher EI and lower CI suggest greater
bacterial activity, more nutrient enriched soil food web, whereas
higher SI indicate a less disturbed soil food web. Since the objec-
tive of the study was to evaluate soil health conditions affected by
different cover cropping practices with and without CT drenching,
nematode community was analyzed only on F and F+CT treat-
ments from each cover crop plots excluding CT and no fertilizer
treatments.

2.4. Statistical analysis

All nematode parameters were first subjected to sampling
date x cover crop x vermicompost tea three-way analysis of vari-
ance (ANOVA) to examine for homogeneity of variance over time
(Proc GLM in SAS, SAS Institute Inc., Cary, NC, USA). Nematode
abundance data was log(x + 1) transformed to normalize the data
prior to ANOVA. Whenever significant intereaction between samp-
ling date and the treatement effects (cover crop or vermicompost
tea) occurred, data were then analyzed by 4 x 4 factorial (cover
crop x vermicompost tea) ANOVA in Trial I, and by 2 x 4 facto-
rial (cover crop x vermicompost tea) ANOVA in Trial II for each
sampling date. Similar ANOVA was conducted for total zucchini
fruit weight and fruit numbers harvested for each trial. Mean sep-
aration for cover crop effect was conducted using Waller-Duncan
k-ratio (k=100) t-test. Whenever interaction between treatment
effects and sampling date were not significant, repeated measure
analysis over time (Proc MIXED in SAS) was conducted, and treat-
ment means were separated based on Tukey-Kramer t-test. To
further determine which nematode community indices or param-
eters were good indicators of zucchini yield, nematode parameters
(% of each trophic group, F/(F+B), richness, diversity, EI, SI, and CI
collected from initial planting (Pi) and final harvest (Pf) of each
trial were subjected to principle component analysis (PCA) using
MINITAB v.15 (Minitab, Inc., State College, PA, USA). The PCA results
were used to identify key nematode parameters that contribute
most to variation in each dataset. Then Pearson’s correlation analy-
sis between the identified key nematode parameters and zucchini
yield (zuchinni fruit weight and fruit number) was conducted.
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Table 1
Chemical properties and nutrient concentrations of chicken manure based vermicompost tea prepared for field trials at Waialua, HI in 2011.
Concentration (mgL-') Concentration (mgL-1)

N (Total) 139.1 Na 72.10 EC(mScm™1) 1.0

NO3-N 137.9 Fe 0.08 pH 7.5

NH4-N 0.6 Mn 0.01

P 11.0 Zn 0.01

K 451 Cu 0.02

Ca 59.6 B 0.27

Mg 61.6 Humic acid 464.80
3. Results crop (Fig. 1A and B). Unfortunately, crimson clover was slow grow-

3.1. Nutrient analysis from cover crops and CT

Prior to the initiation of zucchini planting in Trial I, sunn
hemp generated 8360 kg/ha of dry biomass, 3423 kg/ha of C and
140kg/ha of N. All of which were higher (P<0.10) than that from
CC (3337 kg/ha dry biomass, 1346 kg/ha of C, and 85 kg/ha of N). No
Cand N were contributed from the bare fallow treatment in BG prior
to the zucchini planting. Majority (96%) of the N from the cover crop
biomass was in organic form which was less readily available for
plant uptake, whereas that from the CT contained higher percent-
age of NO3-N (98.5%), making N more readily available for plant to
uptake. Other nutrient contents of CT are presented in Table 1.

3.2. Effects of cover crop and CT treatments on plant-parasitic
nematodes

The key plant-parasitic nematodes present in this field site
were reniform nematode (Rotylenchulus reniformis) and root-knot
nematodes (Meloidogyne javanica). In terms of the abundance of
plant-parasitic nematodes either reniform, root-knot or total plant-
parasitic nematodes, no significant interaction (P> 0.05) between
cover crop and vermicompost tea treatments occurred (Table 2).
Thus, main plot treatment means are presented. Results from both
field trials confirmed that strip-tilled of sunn hemp in SH or SHCC
plots suppressed these two genera of plant-parasitic nematodes
efficiently (Fig. 1). Planting of crimson clover supported high num-
bers of R. reniformis and M. javanica toward the end of the zucchini

Table 2

ing and did not flower well in Hawaii. Although it grew during the
winter time in Trial I, it senesced and could not be regrown in Trial
Il during the summer. Thus, this treatment was eliminated from
Trial II.

In Trial I, compost tea (CT) suppressed reniform nematode sig-
nificantly (P<0.001, Table 2) only at the early stage of zucchini crop
(April 14, 2011) but not toward the end of the crop (May 19, 2011)
(Fig. 2A). A similar trend was observed in Trial II, but results were
not significant (P> 0.05, Fig. 2D). Synergistic effect between SH and
CT treatments on plant-parasitic nematodes was not observed as no
significant interaction occurred between the main plot and subplot
treatments (Table 2).

3.3. Effects of cover crop and CT treatments on nematode
community structure

Nematode faunal analysis was presented in an enrichment index
(EI), structure index (SI), channel index (CI) as well as percentage
of trophic groups (bacterivorous, fungivorous, herbivorous, omniv-
orous and predatory nematodes). Planting of sunn hemp either
in the SH or SHCC plots enhanced % bacterivorous nematodes
(P<0.05) throughout the zucchini cropping cycle in Trial I as com-
pared to the bare ground (BG) and crimson clover (CC) (Fig. 3A
and F). A similar trend was observed in Trial Il where % bacteri-
vorous nematodes were higher in SH than BG. In Trial I, where
the sunn hemp cover crop was between 4 and 5 months-old, %
fungivorous nematodes was lower in the SH and SHCC plots at ini-
tial and mid-term sampling dates as compared to the BG control

Analysis of variance of the effects of sampling date, cover crop (CC) and vermicompost tea (CT) on nematode abundance, percent trophic groups, indices, and zucchini yield

in Trials I and I in 2011.

Trial I Trial Il
Date CcC CT Date x CC Date x CT CCxCT Date x Date CcC CT Datex CC Date x CT CCxCT Date x
CCxCT CCxCT

Reni <0.0001° <0.0001 0.0008 ns 0.030 ns ns ns ns ns ns ns ns ns
RK 0.02 0.0005 ns ns ns ns ns ns 0.042 ns ns ns ns ns
Ba ns 0.02 ns 0.056 ns ns ns ns 0.003 ns ns ns ns ns
Fu ns 0.032 ns ns ns ns ns ns ns ns ns ns ns ns
PPN 0.0001 <0.0001 ns ns ns ns ns ns 0.004 ns ns ns ns ns
Om 0.001 ns ns ns ns ns ns ns ns ns ns 0.031 ns ns
Pr 0.06 0.053 ns ns 0.047 ns ns - - - - - - -
% Ba ns <0.0001 ns 0.020 ns ns ns ns 0.002 ns 0.024 ns ns ns
% Fu ns 0.0004 ns 0.018 ns ns ns ns ns ns ns ns ns ns
% PPN <0.0001 <0.0001 ns <0.0001 ns 0.048 ns ns 0.0004 ns ns ns ns ns
% Om 0.029 0.062 ns ns ns ns ns ns ns ns 0.047 ns ns ns
% Pr ns ns ns ns 0.041 ns ns - - - - - - -
El 0.034 ns ns ns ns ns ns ns ns ns 0.019 ns ns ns
SI <0.0001 0.018 0.025 ns ns ns ns ns ns ns ns ns ns ns
Cl ns 0.041 ns ns ns ns ns 0.043 ns ns 0.033 ns ns ns
Zucchini yield

FW - 0.008 0.040 - - ns - - 0.005 ns - - ns -
FN - <0.001 0.008 - - ns - - <0.001 ns - - ns -

ns, not significant. Reni, reniform nematodes; RK, root-knot nematodes; Ba, bacterivorous nematodes; Fu, fungivorous nematodes; PPN, plant-parasitic nematodes; Om,
omnivorous nematodes; Pr, predatory nematodes; EI, enrichment index; CI, channel index; SI, structure indexFW, fruit weight; FN, number of fruits. Nematode abundance

data was log transformed, log(x + 1) prior to ANOVA.
2 Probability of significance based on analysis of variance (ANOVA).
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Fig. 1. Effects of cover crop treatments on plant-parasitic nematodes (reniform and root-knot nematodes) in Trial I (A, B) and Trial II (C, D) of a zucchini agroecosystem,
Wiaialua, HI. SH=sunn hemp; CC=crimson clover; SHCC=sunn hemp +crimson clover; and BG =bare ground. Means (n=3 on 3/8/11; n=6 on all other dates) in a sampling
date followed by the same lower case letter(s) are not different based on Waller-Duncan k-ratio (k=100) t-test. Cover crop treatment lines followed by the same upper case

letter(s) are not different based on repeated measure analysis and Tukey-Kramer t-test.

(Fig. 3B). However, % fungivorous nematodes in SH was not differ-
ent (P>0.05) from the BG in Trial Il where sunn hemp had reached
10-11 months-old (Fig. 3G). Planting of sunn hemp continuously
suppressed plant-parasitic nematodes in both trials (Fig. 3C, H).
Percentage of omnivorous nematodes was greater in plots planted
with crimson clover than BG at final sampling in Trial I, but was
not affected by planting of sunn hemp (Fig. 3D and I). Abundance
of predatory nematodes was relatively low as compared to other
nematode trophic groups, and tended to be higher in the SH and CC
plots, but no significant difference was detected in Trial I (Fig. 3E)
and the predatory nematodes became undetectable in Trial II.

Calculation of nematode community indices showed that plant-
ing of sunn hemp (SH and SHCC) only increased EI at early planting
of zucchini in Trial I but not in subsequent sampling dates (Fig. 4A
and D). Planting of cover crops (either SH or CC) reduced Cl in the
first two sampling dates but not toward the end of the zucchini crop
(Fig. 4B). Similar trend was observed in Trial II (Fig. 4E). Both cover
crops did not increase SI as compared to the BG control in Trial I or
IT (Fig. 4C and F).

Interestingly, CT drenching increased predatory nematodes
(P<0.10) in Trial I and omnivorous nematodes (P<0.05) in Trial
I (Fig. 3 B and E) at the end of each zucchini crop. Similarly, CT
increased SI toward the end of the zucchini crop in both trials
(Fig. 2C and F), though not significantly in Trial IL.

3.4. Effects of cover crop and CT treatments on zucchini yield

No significant interaction was observed based on the 4 x 4 (4
cover crops x 4 CT) ANOVA (Table 2). Thus, only means of main and
subplot effects were presented (Fig. 5). Zucchini fruit yield, in term
of fruit weights in Trial I, was higher (P< 0.05) in sunn hemp planted

plots (SH and SHCC) as compared to BG (Fig. 5A and B). Planting of
crimson clover increased number of fruits but not fruit weights as
compared to BG (Fig. 5B). Due to a change in planting a zucchini
cultivar ‘Felix F1’ that is more resistant to viruses in Trial II, yield in
Trial Il was much higher than that in Trial I. Performance of SH was
consistent in Trial Il where zucchini fruit weights and fruit num-
bers were higher in SH than BG (P<0.05; Fig. 5E and F). However,
drenching of CT alone did not improve zucchini yield better than
that of an unfertilized control and did not significantly improve zuc-
chini yield on chicken pellets fertilized plants in both trials (Fig. 5C,
D, G and H).

3.5. Correlation between nematode parameters and zucchini yield

Four PCA between nematode parameters and zucchini yield
measurements were conducted at initial nematode data set (Pi) and
at the final nematode data set (Pf) of Trial I and Trial Il to determine
(1) which soil health parameters measured were most correlated
with crop yields; and (2) whether soil health parameters measured
at Pi or Pf were most correlated with crop yields. First two prin-
cipal components generated from nematode parameters from Pi
accounted for higher percentage of variance (74.1% and 77.0% for
Trial I and Trial I, respectively) than those generated from Pf (65.6%
and 69.5% of the total variance for Trial I and Trial II, respectively)
(Table 3), suggesting soil health parameters measured at Pi were a
better indicator of zucchini yield. Number of nematode parameters
selected for correlation analysis with zucchini yield were based on
eigenvalues of the first two principal components of each data set.
For example, eigenvalues of 4.67 means 4 to 5 of the parameters
in the PC1 were selected for the subsequent correlation analysis.
Thus, % bacterivores, % fungivores, F/(F + B), El and CI from principal
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Table 3

31

Principal component analysis of nematode community indices contributing to variation in the dataset from Trial I and Trial I of a zucchini agroecosystem, Waialua, HI, USA.

Trial I (Pi® =March 8, 2011)

Trial Il (Pi=September 8, 2011)

Component 1°¢

Eigenvalue 4.67
Variation explained 0.52
Cumulative variation 0.52

Trial I (Pf>=May 19, 2011)

Component 2

2.03
0.23
0.74

Component 1 Component 2

4.89 2.04
0.54 0.23
0.54 0.77

Trial Il (Pf=0October 8,2011)

Component 1¢

Component 2

Component 1 Component 2

Eigenvalue 3.62 2.94 3.51 1.74
Variation explained 0.36 0.29 0.39 0.30
Cumulative variation 0.36 0.66 0.39 0.70

Trial I Trial Il

PC1 PC2 PC1 PC2
Attribute loading for eigenvectors (Pi)
% Ba -0.44 —-0.06 -0.43 0.07
% Fu 0.38 -0.39 0.31 0.34
% PPN 0.20 0.53 0.33 -0.29
% O0m -0.17 -0.37 -0.14 0.52
F/(F+B) 0.23 0.42 0.44 —0.003
Richness 0.40 -0.34 0.10 0.58
El -0.41 -0.15 -0.39 -0.25
SI -0.19 -0.20 -0.22 0.53
Cl 0.42 -0.27 0.43 0.04
Attribute loading for eigenvectors (Pf)
% Ba -0.09 0.54 0.49 0.15
% Fu -0.41 -0.29 -0.18 0.51
% PPN 0.28 -0.42 -0.39 -0.32
% O0m 0.29 -0.24 0.12 0.36
% Pr 0.23 -0.07 - -
F/(F+B) -0.35 -0.41 -0.49 0.12
Richness 0.26 -0.32 0.28 0.36
El 0.29 0.02 0.24 -0.34
SI 0.41 -0.15 0.09 033
Cl -0.40 -0.32 -0.43 0.33

Ba, bacterivorous nematodes; Fu, fungivorous nematodes; PPN, plant-parasitic nematodes; Om, omnivorous nematodes; Pr, predatory nematodes; F/(F+B), Fu/(Fu +Ba); EI,

enrichment index; CI, channel index; and S, structure index.
2 Only eigenvector loading for components 1 and 2 are shown.

b Pj, initial nematode samples for each trial; Pf, final nematode samples for each trial.

component 1 (PC1) and % plant-parasitic nematodes and diversity
from PC2 were selected for the subsequent correlation analysis for
data set from Pi of Trial I. For Pf of Trial I, % fungivores, F/(F+B),
SI, CI, % bacterivores, and % plant-parasitic nematodes (Table 3)
were selected. Only significant correlations are presented in Table 4.
Pearson’s correlation analysis indicated that zucchini fruit number
was negatively correlated with % fungivore, F/(F + B) and Cl at Pi, and
was positively correlated with % bacterivores at Pfof Trial [ (Table 4).
In Trial II, % bacterivores, % plant-parasitic nematodes, F/(F+B),
El, CI, SI and richness were selected from Pi, whereas % bacteri-
vores, % plant-parasitic nematodes, F/(F +B), Cl, % fungivores, and %

Table 4

omnivores were selected from Pf. Among the correlation analysis
conducted in Trial II, only positive correlation (P<0.05) between %
fungivores and zucchini fruit numbers was observed at Pf (Table 4).

4. Discussion

These two zucchini trials supported earlier findings that plant-
ing cover crop alone often do not increase omnivorous or predatory
nematodes even after two cropping cycles. It is encouraging to see
that the drenching of chicken manure based vermicompost tea (CT)
increased abundance of predatory nematodes and SI in Trial I and

Correlation analysis between zucchini yields and nematode community indices in Trial I and Trial II of a zucchini agroecosystem, Waialua, HI.

Zucchini fruit weight

Zucchini fruit number

re P r P
Trial I (Pi® =March 8, 2011)
% Fu - NS -0.62 0.03
F/(F+B) - NS ~0.62 0.03
Cl - NS -0.61 0.04
Trial I (Pf=May 19, 2011)
% Ba - NS 0.44 0.03
F/(F+B) —041 0.05 - NS
Trial Il (Pf=October 8, 2011)
% Fu - NS 0.63 0.03

Ba, bacterivorous nematodes, Fu, fungivorous nematodes, F/(F+B), Fu/(Fu+Ba); CI, channel index.
2 1, Person’s correlation coefficient; P, probablility. Only significant correlations (P<0.05) were shown. No significant correlation between zucchini yield and nematode

parameters were observed in Pi of Trial II.

b Ppj, initial nematode parameters for each trial; Pf, final nematode parameters for each trial.
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Fig. 2. Effect of chicken manure based vermicompost tea (CT) treatment on abundance of reniform nematodes (Rotylenchulus reniformis), predatory nematodes and structure
index as compared to chicken pellet fertilizer (F) alone treatment in Trial I (A-C) and Trial I (D-F) of zucchini agroecosystem, Waialua, Hawaii, USA. Columns (n=12 in Trial
I, n=6 in Trial II) at each sampling date followed by the same letter(s) are not different based on analysis of variance.

omnivorous nematodes in Trail Il at termination of both cropping
cycles. Drenching zucchini plants with CT also consistently sup-
pressed the abundance of the key plant-parasitic nematodes (R.
reniformis and Meloidogyne spp.) at the initial stage of the zucchini
growth but not toward the end of zucchini harvest. In contrast,
planting SH in STCC system followed by continued clipping of liv-
ing mulch as a surface mulch provided a continuous input of organic
matter, and thus resulted in enhancement of % bacterivorous nema-
todes throughout the two zucchini cropping cycles. Sunn hemp
treatment also suppressed plant-parasitic nematodes throughout
the entire growing season for both zucchini trials. Despite the
benefits contributed by SH cover cropping and CT drenching indi-
vidually, no synergistic effect was observed when integrating both
approaches together in terms of enhancing beneficial soil nema-
todes or suppressing plant-parasitic nematodes. However, it is
worth the efforts to integrate these two soil health management
approaches together due to the different services they provide to
improve soil food web structure.

4.1. Drenching of CT improve soil food web structure within one
crop cycle

The main goal of this study is to improve the soil food web
structure within one zucchini cropping cycle. Higher abundance of
omnivorous and predatory nematodes are indicators of improve-
ment of the soil food web structure as these are nematode trophic
groups higher in the soil food web hierarchy (Ferris et al., 2012a,b).
The current study showed that the drenching of CT increased SI
within one cropping cycle of zucchini, which suggested a faster
approach to improve the soil food web in this short-term agroe-
cosystem. Higher concentrations of plant available nutrients and
organic acids, larger and more diverse microbial populations, and
its constituent of plant growth regulator-like substances (Tognetti
et al., 2005; Edwards et al., 2006; Scheuerell and Mahaffee, 2002)
could be the main reason of enhancement of the soil food web
structure in CT treated plots. Pant et al. (2011) measured dehy-
drogenase activity and soil respiration and found that increased CT
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Fig. 3. Effects of cover crop treatments on percentage distribution of different trophic groups of nematodes in the soil communities of a zucchini agroecosystem, Waialua,
Hawaii, USA. SH = sunn hemp; CC=crimson clover; SHCC=sunn hemp + crimson clover; and BG =bare ground. Means (n=3 on 3/8/11; n=6 on all other dates) followed by
the same letter(s) on a sampling date indicates there are no difference based on Waller-Duncan k-ratio (k=100) t-test.
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Fig. 4. Effects of cover crop treatments on nematode community indices (enrichment index, channel index, and structure index) in Trial [ (A-C) and Trial Il (D-F) of a zucchini
agroecosystem, Waialua, Hawaii, USA. SH = sunn hemp; CC=crimson clover; SHCC =sunn hemp + crimson clover; and BG =bare ground. Means (n=3 on 3/8/11; n=6 for all
other dates) followed by the same lower case letter(s) on a sampling date indicates no significant difference based on Waller-Duncan k-ratio (k=100) t-test. Cover crop
treatment lines followed by the same upper case letter(s) are not different based on repeated measure analysis and Tukey-Kramer t-test.

concentration increased total soil microbial activities. These prop-
erties of vermicompost tea might serve as a mean to enhance the
soil food web structure that eventually leads to a tolerance of plant
to stress ( Arancon et al., 2004). Unfortunately, CT alone did not
increase % bacterivores and El, indicating that unlike STCC +SM, CT
did not improve soil enrichment which is also essential for main-
taning soil health.

4.2. CT provides early suppression, SH provides whole season
suppression of plant-parasitic nematodes

Drenching of CT consistently reduced abundance of plant-
parasitic nematodes early in the zucchini crop in both trials but not
toward the end. In contrary, SH suppressed plant-parasitic nema-
todes throughout the zucchini crop in the STCC system. Suppression

of plant-parasitic nematodes by CT has been documented (Edwards
et al., 2006; Gamaley et al.,, 2001). Amending soil with chicken
manure has also been known to suppress plant-parasitic nema-
todes such as root-knot nematodes (Kaplan and Noe, 1993; Riegel
et al., 1996). The mode of action of chicken manure is thought to be
based on the release of toxic levels of ammonium, although alter-
ations in soil structure, the stimulation of antagonistic organisms,
and improved plant tolerance also may play some roles (Lazarovits
et al.,, 2001). The plant-parasitic nematode suppressive effect of CT
that is constrained to the early zucchini cropping cycle could be due
to the termination of CT drenching soon after the zucchini fruits
began to develop. The purpose of this early termination is to avoid
food safety concerns. Future study could look into continued appli-
cation of CT toward beginning of harvesting through drip irrigation
system that could avoid the exposure of zucchini fruits to CT.
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Fig. 5. Accumulated zucchini fruit weight and fruit numbers in Trial I (A-D) and Trial Il (E-H). Means are an average of 12 except for G and H where n=6. US#1 =firm, tender,
no damage; US#2 =firm, tender, no major damage; US#3 = off shape, multiple damages; and UM = unmarketable, serious damage mainly due to fruit flies, some pickleworms,
and viruses. Grading in each columns followed by same letters were not different among treatments based on Waller-Duncan k-ratio (k=100) t-test.

4.3. STCC+SM alone enriched the soil but did not improve soil
food web structure for long

Planting of SH in STCC+SM system maintained higher % bac-
terivores throughout the two cropping cycles, indicating a rather
enriched soil food web condition. However, EI was only increased
in SH plots at termination of cover crop in Trial [, and SI was not
different between SH and BG throughout the two trials. This result
was similar to that reported previously (Wang et al., 2011) and
continued to show that using sunn hemp in a STCC+SM could not

improve the soil food web structure in short period. This result
supported our theories that SH cover cropping alone even with the
practice of organic mulching is not sufficient to enhance soil food
web structure.

Crimson clover is not a suitable cover crop for the tropical cli-
mate in Hawaii. It grew during the winter time, but only flower
sparsely at the end of the spring. It failed to grow in the summer
time. In addition, it did not suppress R. reniformis and M. javanica.
This is consistent with the previous report by Wang et al. (2002a,b)
that crimson clover is a good host of Meloidogyne spp. Unlike
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planting SH, planting of CC did not increase bacterivorous nema-
tode population densities. Thus, CC is not an ideal cover crop for
soil health management in this tropical climate in Hawaii.

4.4, Sunn hemp STCC+SM improve plant health more efficient
than CT drenching

The main yield improvement came from planting sunn hemp in
the STCC + SM system as shown in the higher yield of this treatment
than the BG in both trials. Similar crop yield was observed between
SH and SHCC as we only strip-tilled the SH rows in the SHCC plots.
Another benefit of planting zucchini in sunn hemp STCC+SM sys-
tem was the weed suppressive effect from the periodic clipping
of SH as a surface mulch. Although weeds in all plots were con-
sistently spot treated by glyphosate until prior to harvest, weed
coverage data collected at the end of harvesting in Trial Il showed
a trend of lower weed coverage in SH (5.33% weed coverage) than
that in BG (21.7% weed coverage), but the data was not significant
(P>0.05).

It was anticipated that CT could further improve plant health
than STCC and thus increase zucchini fruit yield. However only
minor or no improvement of zucchini yield by CT drenching was
observed in both trials. This result is different from that reported
by Pant et al. (2012a) where CT was prepared in the same manner
as in this study (3-month old chicken manure based vermicompost
brewed in water at 1:10 ratio). Pant et al. (2012a) reported that
CT increased shoot and root weight of greenhouse grown pak choi
(Brassica rapa Chinensis group). This positive effect of CT on plant
growth and yield were also reported by Hargreaves et al. (2008),
Reeve et al. (2010), Pant et al. (2011) and Keeling et al. (2003).
Contradictory results of the current study to the literature cited
could be due to the diluted CT concentration when soil drenched in
field grown zucchini. Total amount of N drenched from CT per plant
each week was 16.7 mg/plant, over a 5-week drenching period, only
a total of 83.4 mg N/plant were drenched. Conversely, sunn hemp
was incorporated once prior to planting with 140 kg of total N/ha.
At zucchini planting densities of 0.84m?, there was 11.8 g total
N/plant contributed from the sunn hemp biomass. This means that
the total N contributed from the sunn hemp cover crop is 713 folds
higher than that from CT drenching. Although mineralization rate
of sunn hemp organic mulch would be very slow (Reeves et al.,
1996), the SH plot would have still contributed more total N than
CT drenching. Lack of synergistic effect between SH and CT on crop
yield is not surprising when soil was already enriched by SH cover
cropping. Pant et al. (2012b) also found that chicken manure based
CT improved plant fresh weight of pak choi only in plants fertilized
by chicken manure but not on plants fertilized by tankage (meat
and blood meal) which has a higher N mineralization rate. Future
work should examine CT applied in a drip chemigation system to
increase the amount of CT application.

The yield of zucchini in Trial I was better than Trial I due
to better management of melon flies through establishment of
sorghum-sudangrass as a field border for GF-120 (a.i. spinosad)
insecticide spray (Vargas et al., 2008). It could also be due to select-
ing a virus resistant variety ‘Felix’ in Trial I vs a susceptible variety
‘Elite’ in Trial I. However, similar SH or CT treatment effects were
observed in both trials regardless of the melon fly management
program and varieties used.

4.5. Nematode soil health bioindicators at initial planting is
better indicator of zucchini yield

In general, zucchini fruit numbers were more responsive to
nematode parameters than fruit weight. More nematode param-
eters were correlated with zucchini yield in Trial I than Trial II
possibily due to much older stage of growth of sunn hemp in Trial

II. Mansoer et al. (1997) reported that when SH residues was used
as surface mulch in no-till system, the % N mineralization were
30-40% if residues were younger than 3-month old, but reduced
to 11% if it is older than 4-month old. Sunn hemp living mulch
was 4-6 month old in Trial I, but was 9-11 month old in Trial II.
As sunn hemp aged, its C:N ratio increased (Mansoer et al., 1997),
which stimulated more fungal decomposition, hence more fungiv-
orous nematodes (Wang et al., 2004). This correlation analysis also
implicated that it might be worthwhile to perform more frequent
clipping of sunn hemp living mulch so as to maintain younger age
of sunn hemp residues in STCC+SM system for better zucchini
yield.

Within Trial I, zucchini yields were more responsive (based on r
values) atinitial planting (Pi) than at final harvest (Pf). This suggests
that managing soil health at initial planting is more important than
managing it at final stage of cropping. Correlation analysis results
obtained from Trial I indicated that it is important to avoid higher
% of fungivores, F/(F+B) and CI at Pi to obtain a better yield of zuc-
chini. However, it is important to maintain higher % bacterivores
and lower F/(F+B) at Pf to obtain a better yield of zucchini. These
results are consistent with that suggested previously as higher %
bacterivores would indicate a more nutrient enriched soil ecosys-
tem whereas higher % fungivores, F/(F+B) or CI resembled fungal
dominated soil conditions. Fungal dominated decomposition has
slower decomposition rate than bacteria dominated decomposi-
tion, thus may lead to less nutrient supply for the crop (Ferris et al.,
2001). The percent of herbivorous nematodes was anticipated to be
negatively correlated with zucchini yield, but only a slight negative
correlation occurred between the zucchini fruit numbers and the
% plant-parasitic nematodes (P=0.07) at Pf in Trial II. This is most
likely due to a low plant-parasitic nematode pressure in both trials
(<250 and <500 R. reniformis/250 cm? at planting in Trial I and Trial
II, respectively). More significant negative correlation between her-
bivorous nematodes with zucchini yield might occur if population
densities of R. reniformis increased.

5. Summary and conclusions

Drenching zucchini plants with chicken-manure based vermi-
compost tea consistently suppressed the abundance of the key
plant-parasitic nematodes (R. reniformis and Meloidogyne spp.) but
only at the initial stage of the zucchini growth in this experiment.
This suggests that vermicompost tea drenching may serve as an
approach for initial post-plant nematode management. This effect
could potentially be extended if CT was continued to be drenched
toward the end of the cropping cycle. Results of this study sup-
ported the hypothesis that drenching CT increased the soil food
web structure as indicated by increased abundance of predatory
or omnivorous nematodes as well as SI within one zucchini crop-
ping cycle which was not achievable by SH cover cropping alone.
Unfortunately, CT drenching did not result in an increase in zuc-
chiniyield. In contrary, planting sunn hemp in the STCC + SM system
provided much higher amount of N inputs than CT, suppressed
plant-parasitic nematodes and enhanced bacterivorous nematodes
throughout the zucchini cropping cycle, and resulted in increased
of zucchini yield. Although no synergistic effect occurred between
cover cropping and CT drenching, it is recommended that farmers
should still grow sunn hemp in a STCC + SM system followed by CT
drenching at post-plant to achieve soil enrichment and improve the
soil food web structure for a short-term crop like zucchini. Based on
the fact that zucchini yields were more responsive to lower % fun-
givorous, or higher % bacterivorous nematodes during early stage
of zucchini growth, it is important to manage soil health early in
the cropping cycle.



K.-H. Wang et al. / Applied Soil Ecology 82 (2014) 26-37 37

Acknowledgements

The authors thank Twin Bridges Farms owner, Milton Agader
and his farm crews for providing farm land and field experiment
set up, Donna Meyer, Sean Gershaneck, David Lingerfelser and
Amber Tateno for their technical assistance for data collection. This
research was supported, in part, by USDA NRCS CIG Program (2010-
34135-21393), and in part by TSTAR (HAW01919-10G).

References

Allan, ].D., 2004. Landscapes and riverscapes: the influence of land use on stream
ecosystems. Annu. Rev. Ecol. Evol. Systemat. 35, 257-284.

Arancon, N.Q., Edwards, C.A., Atiyeh, R.M., Metzger, ].D., 2004. Effects of vermicom-
posts produced from food waste on greenhouse peppers. Bioresour. Technol. 93,
139-144.

Bongers, T., 1990. The maturity index: an ecological measure of environmental dis-
turbance based on nematode species composition. Oecologia 83, 14-19.

Bongers, T., Bongers, M., 1998. Functional diversity of nematodes. Appl. Soil Ecol. 10,
239-251.

Bongers, T., Korthals, G., 1994. The behaviour of maturity index and plant para-
site index under enriched conditions. In: Proceedings of the 22nd International
Nematology Symposium, Gent, Belgium, p. 39.

Doran, J.W., Zeiss, M.R., 2000. Soil health and sustainability: managing the biotic
component of soil quality. Appl. Soil Ecol. 15, 3-11.

DuPont, S.P., Ferris, H., Van Horn, M., 2009. Effects of cover crop quality and quan-
tity on nematode-based soil food webs and nutrient cycling. Appl. Soil Ecol. 41,
157-167.

Edwards, C.A., Arancon, N.Q., Greytak, S., 2006. Effects of vermicompost teas on plant
growth and disease. Biocycle 47, 28-31.

Ferris, H., Bongers, T., deGoede, R.G.M., 2001. A framework for soil food web diag-
nostics: extension of the nematode faunal analysis concept. Appl. Soil Ecol. 18,
13-29.

Ferris, H., 2010. Contribution of nematodes to the structure and function of the soil
food web. J. Nematol. 42, 63-67.

Ferris, H., Griffiths, B.S., Porazinska, D.L., Powers, T.O., Wang, K.-H., Tenuta, M., 2012a.
Reflections on plant and soil nematode ecology: past, present and future. J.
Nematol. 44, 115-126.

Ferris, H., Matute, M.M., 2003. Structural and functional succession in the nematode
fauna of a soil food web. Appl. Soil Ecol. 23, 93-110.

Ferris, H., Sinchez-Moreno, S., Brennan, E.B., 2012b. Structure, functions and inter-
guild relationships of the soil nematode assemblage in organic vegetable
production. Appl. Soil Ecol. 61, 16-25.

Freckman, D.W., Ettema, C.H., 1993. Assessing nematode communities in agroe-
cosystems of varying human intervention. Agr. Ecosyst. Environ. 45, 239-261.

Gamaley, A.V., Nadporozhskaya, M.A., Popov, A.lL, Chertov, O.G., Kovsh, N.V., Gro-
mova, 0.A,, 2001. Non-root nutrition with vermicompost extracts as the way
of ecological optimization, plant nutrition: food security and sustainability of
agro-ecosystems through basic and applied research. In: Fourteenth Interna-
tional Plant Nutrition Colloquium. Springer, Netherlands; Hannover, Germany,
pp. 862-863.

Hargreaves, J., Adl, M.S., Warman, P.R., Rupasinghe, H.P.V., 2008. The effects of
organic amendments on mineral element uptake and fruit quality of raspberries.
Plant Soil 308, 213-226.

Ingham, R.E., Trofymow, J.A., Ingham, E.R., Coleman, D.C., 1985. Interactions of bacte-
ria, fungi, and their nematode grazers: effects on nutrient cycling and plant
growth. Ecol. Monogr. 55, 119-140.

Jenkins, W.R,, 1964. A rapid centrifugal-flotation technique for separating nema-
todes from soil. Plant Dis. Rep. 48, 692.

Kaplan, M., Noe, ].P., 1993. Effects of chicken-excrement amendments on Meloidog-
yne arenaria. J. Nematol. 25, 71-77.

Keeling, A.A., McCallum, K.R., Beckwith, C.P., 2003. Mature green waste compost
enhances growth and nitrogen uptake in wheat (Triticum aestivum L.) and oilseed
rape (Brassica napus L.) through the action of water-extractable factors. Biore-
sour. Technol. 90, 127-132.

Lazarovits, G., Tenuta, M., Conn, K.L., 2001. Organic amendments as a disease control
strategy for soilborne diseases of high-value agricultural crops. Australas. Plant
Pathol. 30, 111-117.

Mansoer, Z., Reeves, D.W., Wood, CW., 1997. Sunn hemp as an alternative late-
summer legume cover crop. Soil Sci. Soc. Am. J. 61, 246-253.

McSorley, R., Frederick, J.J., 1999. Nematode population fluctuations during decom-
position of specific organic amendments. J. Nematol. 31, 37-44.

McSorley, R., Wang, K.-H., 2009. Possibilities for biological control of root-knot
nematodes by natural predators in Florida soils. Proc. FL State Hortic. Soc. 122,
421-425.

McSorley, R., Wang, K.-H., Church, G., 2007. Suppression of root-knot nematodes in
natural and agricultural soils. Appl. Soil Ecol. 39, 291-298.

Neher, D., 2001. Role of nematodes in soil health and their use as indicators. J.
Nematol. 33, 161-168.

Okada, H., Harada, H., Kadota, I., 2005. Fungal-feeding habits of six nematode isolates
in the genus Filenchus. Soil Biol. Biochem. 37, 1113-1120.

Okada, H., Harada, H., 2007. Effects of tillage and fertilizer on nematode communities
in a Japanese soybean field. Appl. Soil Ecol. 35, 582-598.

Okada, H., Kadota, I.,2003. Host status of 10 fungal isolates for two nematode species,
Filenchus misellus and Aphlenchus avenae. Soil Biol. Biochem. 35, 1601-1607.
Pant, A, Radovich, TJ.K. Hue, N.V,, Talcott, S.T., Krenek, K.A., 2009. Vermicompost
extracts influence growth, mineral nutrients, phytonutrients and antioxidant
activity in pak choi (Brassica rapa cv. Bonsai, Chinensis group) grown under

vermicompost and chemical fertilizer. J. Sci. Food Agric. 89, 2383-2392.

Pant, A., Radovich, T.J.K., Hue, N.V., Arancon, N.Q., 2011. Effects of vermicompost tea
(aqueous extract) on pak choi yield, quality, and on soil biological properties.
Compost Sci. Util. 19, 279-292.

Pant, A., Radovich, T.J.K.,, Hue, N.V,, Paull, R.E., 2012a. Biochemical properties of com-
post tea associated with compost quality and effects on pak choi growth. Sci.
Hortic. 148, 138-146.

Pant, A, Radovich, TJ.K., Hue, N.V., Miyasaka, S., 2012b. Pak choi (Brassica rapa,
Chinensis group) yield, phytonutrient content, and soil biological properties as
affected by vermicompost-to-water ratio used for extraction. Hortscience 47,
395-402.

Reeve, J.R., Carpenter-Boggs, L., Reganold, ].P., York, A.L, Brinton, W.F., 2010.
Influence of biodynamic preparations on compost development and resul-
tant compost extracts on wheat seedling growth. Bioresour. Technol. 101,
5658-5666.

Reeves, D.W., Mansoer, Z., Wood, C.W.,1996. Suitability of sunn hemp as an alterna-
tive legume cover crop. In: Proceedings of the New Technology and Conservation
Tillage 96. University of Tennessee Agricultural Experiment Station, Jackson, TN,
USA, pp. 125-130.

Riegel, C., Fernandez, F.A., Noe, ].P., 1996. Meloidogyne incognita-infested soil
amended with chicken litter. J. Nematol. 28, 369-378.

Sanchez-Moreno, S., Nicola, N.L., Ferris, H., Zalom, F., 2009. Effects of agricultural
management on nematode-mite assemblages: soil food web indices as predic-
tors of mite community composition. Appl. Soil Ecol. 41, 107-117.

Scheuerell, S.J., Mahaffee, W.F.,2002. Compost tea: principles and prospects for plant
disease control. Compost Sci. Util. 10, 313-338.

Scheuerell, SJ., Mahaffee, W.F., 2004. Compost tea as a container medium drench for
suppressing seedling damping-off caused by Pythium ultimum. Phytopathology
94, 1156-1163.

Simpson, E.H., 1949. Measurement of diversity. Nature 163, 668.

Stirling, G., Rames, E., Stirling, M., Hamill, S., 2011. Factors associated with the sup-
pressiveness of sugarcane to plant-parasitic nematodes. J. Nematol. 43, 135-148.

Tognetti, C., Laos, F., Mazzarino, M.J., Hernandez, M.T., 2005. Composting vs vermi-
composting: a comparison of end product quality. Compost Sci. Util. 13, 6-13.

USDA, http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5050329
(accessed 01.08.13).

Ugarte, C.M., Zaborski, E.R., Wander, M.M., 2013. Nematode indicators as integrative
measures of soil condition in organic cropping systems. Soil Biol. Biochem. 64,
103-113.

Vargas, R.I, Mau, RF, Jang, E.B., Faust, R M., Wong, L., 2008. The Hawaii fruit fly area-
wide pest management program. In: Koul, O., Cuperus, G.W., Elliot, N.C. (Eds.),
Areawide IPM: Theory to Implementation. CABI, London, pp. 300-325.

Wang, K.-H., Hooks, C.R.R., Marahatta, S.P.,2011. Can using a strip-tilled living mulch
system enhance organisms higher up in the soil food web hierarchy? Appl. Soil
Ecol. 49, 107-117, http://dx.doi.org/10.1016/j.aps0il.2011.06.008.

Wang, K.-H., McSorley, R.R., Gallaher, N., Tubbs, R.S., 2002a. Effects of winter- and
fall- cover crops on plant-parasitic nematode population development. In: van
Santen, E. (Ed.), Proceedings of 25th Annual Southern Conservation Tillage Con-
ference for Sustainable Agriculture. Auburn, AL 24-26 June 2002a, Special Report
no. 1. Alabama Agriculture Experiment Station and Alabama University, AL, pp.
152-155.

Wang, K.-H., McSorley, R., Marshall, AJ., Gallaher, R.N., 2004. Nematode community
changes following decomposition of Crotalaria juncea amendment in litterbags.
Appl. Soil Ecol. 27, 31-45.

Wang, K.-H., Sipes, B.S., Schmitt, D.P., 2002b. Crotalaria juncea as a cover crop for
nematode management: a review. Nematropica 32, 35-57.

Wardle, D.A., Nicholson, K.S., Bonner, K.I,, Yeates, G.W., 1999. Effects of agricultural
intensification on soil-associated arthropod population dynamics, community
structure, diversity and temporal variability over a seven-year period. Soil Biol.
Biochem. 31, 1691-1706.

Yeates, G.W., Bongers, T., De Goede, R.G.M., Freckman, D.W., Georgieva, S.S., 1993.
Feeding habits in soil nematode families and genera — an outline for soil ecolo-
gists. J. Nematol. 25, 101-313.


http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0005
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0010
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0015
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0020
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0030
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0035
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0040
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0050
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0055
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0060
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0065
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0070
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0075
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0080
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0085
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0090
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0095
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0100
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0105
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0110
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0115
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0120
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0125
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref1130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0130
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0135
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0140
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0145
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0150
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0155
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0160
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0165
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0170
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0175
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0180
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0185
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0190
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0195
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0200
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0200
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0200
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0200
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0200
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0200
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0205
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0210
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5050329
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0220
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0225
dx.doi.org/10.1016/j.apsoil.2011.06.008
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0235
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0240
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0245
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0250
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255
http://refhub.elsevier.com/S0929-1393(14)00151-6/sbref0255

	Integration of cover crops and vermicompost tea for soil and plant health management in a short-term vegetable cropping sy...
	1 Introduction
	2 Materials and methods
	2.1 Trial I
	2.2 Trial II
	2.3 Nematode assays
	2.4 Statistical analysis

	3 Results
	3.1 Nutrient analysis from cover crops and CT
	3.2 Effects of cover crop and CT treatments on plant-parasitic nematodes
	3.3 Effects of cover crop and CT treatments on nematode community structure
	3.4 Effects of cover crop and CT treatments on zucchini yield
	3.5 Correlation between nematode parameters and zucchini yield

	4 Discussion
	4.1 Drenching of CT improve soil food web structure within one crop cycle
	4.2 CT provides early suppression, SH provides whole season suppression of plant-parasitic nematodes
	4.3 STCC+SM alone enriched the soil but did not improve soil food web structure for long
	4.4 Sunn hemp STCC+SM improve plant health more efficient than CT drenching
	4.5 Nematode soil health bioindicators at initial planting is better indicator of zucchini yield

	5 Summary and conclusions
	Acknowledgements
	References


