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Vermicompost extracts influence growth,
mineral nutrients, phytonutrients

and antioxidant activity in pak choi (Brassica
rapa cv. Bonsai, Chinensis group) grown under
vermicompost and chemical fertiliser
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Abstract

BACKGROUND: Multiple studies have been reported on the effect of compost tea on suppression of certain plant diseases.
However, relatively little work has been done to investigate the effect of vermicompost tea on yield and nutritional quality of
vegetable crops. In this study, experiments were conducted to determine the effect of extraction method on vermicompost
tea quality and subsequent effects on growth, mineral nutrients, phytonutrients and antioxidant activity of pak choi plants
grown under organic (vermicompost) and synthetic (Osmocote) fertilisation. Three vermicompost teas obtained by different
extraction methods, namely non-aerated vermicompost tea (NCT), aerated vermicompost tea (ACT) and aerated vermicompost
tea augmented with microbial enhancer (ACTME), were applied to the plants. Aerated water served as control.

RESULTS: Mineral nutrients were significantly higher in ACTME compared with other teas, but total microbial population and
activity did not differ with extraction method. All vermicompost teas similarly enhanced plant production, mineral nutrients
and total carotenoids, and this effect was most prominent under organic fertilisation. Antioxidant activity and total phenolics
were higher under organic compared with synthetic fertilisation. Vermicompost teas generally decreased phenolics under
organic fertilisation and increased them under synthetic fertilisation compared with the control.

CONCLUSION: The effect of vermicompost tea on crop growth is largely attributable to mineral nutrient, particularly N, uptake
by plants. Non-significant differences among extraction methods on plant response within fertiliser regimes suggest that
aeration and additives are not necessary for growth promotion and nutrient quality under the conditions reported here.
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INTRODUCTION

Aqueous extracts of vermicompost (vermicompost teas) applied
as afoliar spray or soil drench have been demonstrated to improve
plant health, yield and nutritive quality by (i) enhancing beneficial
microbial communities and their effects on agricultural soils and
plants, (ii) improving the mineral nutrient status of plants and (iii)
inducing the production of plant defence compounds that have
beneficial bioactivities in humans.' = Although the chemistry and
microbiology of vermicompost extract are complex, it is believed
that soluble mineral nutrients extracted from vermicompost
will have a positive effect on plant growth with foliar and soil
applications of vermicompost extract.* It is also postulated that
the action of living micro-organisms and microbial metabolites will
stimulate plant growth."? Water-extractable growth regulators or
phytohormones extracted from vermicompost may also have a
positive effect on initial root development and plant growth.”®
Several studies have shown a positive effect of vermicompost tea
on suppression of certain plant diseases such as Botrytis on green

beans, strawberries, grapes and geraniums, leaf spot on tomatoes,
bacterial speckin Arabidopsis and powdery mildew on apples.>°~1>
However, little work has been done to investigate the effect of
vermicompost tea on yield and nutritional quality of vegetable
crops. Even fewer studies have addressed the links between
extraction conditions, chemical and biological characteristics of
vermicompost tea and subsequent plant growth and yield.
Vermicompost tea may be extracted under aerated or non-
aerated (passive) conditions. During aerated extraction, air is
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pumped through water containing vermicompost to maintain the
oxygen level above 5mg L='.4 Sugar, grain, fish emulsion, kelp
extract, humic acid and other products are often incorporated as
additives during extraction of aerated tea to enhance microbial
activity of the finished product, but little work regarding the
impact of these additives on tea quality or plant response has
been reported. For passive extraction, vermicompost is placed
in a certain volume of water and allowed to sit for several days,
with occasional stirring.® Several investigators have reported that
non-aerated compost tea has a consistent and significant positive
effect on disease control and plant growth compared with aerated
compost tea, while other works suggest that non-aerated compost
teas can be inconsistent in quality, may cause phytotoxicity and
are generally less preferable than aerated compost teas.%121316:17
Increased crop yield and dietary antioxidants of broccoli with
the use of compost and non-aerated compost tea have been
reported.'® Non-aerated compost tea has been reported to be as
effective as compost and inorganic fertiliser in promoting growth
of strawberry plants.!”® Based on a two-year field experiment,
Welke?° concluded that both aerated and non-aerated compost
teas extracted from composted animal manure for 7 days had
positive and similar effects on strawberry yield and suppression
of Botrytis cinerea. In contrast, Arancon etal.?! reported that
aerated vermicompost tea had a more positive impact on plant
growth than non-aerated tea extracted for the same period of
time (24 h).

We hypothesise that compost tea extraction method and
fertiliser type will independently and interactively affect extract
influence on plant growth and nutritive quality. Therefore the
objectives of this study were to determine (i) the effects of
extraction method on mineral nutrient content, chemical quality
and biological activity of vermicompost tea and (ii) the individual
and interactive effects of vermicompost tea type and fertiliser
regime (vermicompost and Osmocote) on plant yield, mineral
nutrient content, phytonutrient content and antioxidant activity.

MATERIALS AND METHODS

Experimental set-up and design

A leafy green pak choi (Brassica rapa cv. Bonsai, Chinensis group)
was selected as test crop for the experiment. This fast-growing
vegetable has tender green leaves and crispy green petioles. A
member of the Brassicaceae, pak choi is rich in vitamins A and C
and folic acid.?? Two greenhouse experiments were conducted
in January-February and April-May 2008. Pak choi plants were
grown under both organic (chicken manure vermicompost) and
chemical (Osmocote, 14:14:14 N-P-K, Scotts-Sierra Horticultural
products Company, Marysville, OH, USA.) fertilisation at a rate of
135 kg N ha~'. Plants were grown in tree tubes (volume 148 mL)
in the first experiment and in garden pots (volume 865 mL) in the
second experiment. Three or four pak choi seeds were sown in
each tube/pot. Two days after seedling emergence, plants were
thinned to one plant per tube/pot. Plants were allowed to grow
in the greenhouse on a bench fitted with overhead sprinklers
that operated for 5 min every 6 h. Three types of vermicompost
tea obtained by different extraction methods as well as the same
amount of aerated water (control) were applied weekly to the
root zone and foliage of plants at a rate of 25 mL per tree tube
or 150 mL per pot for 4 weeks, starting 5 days after seedling
emergence. The greenhouse experiments were arranged in a
completely randomised design with 2 x 4 factorial treatments and
ten replications per treatment.

Vermicompost tea extraction method

The chicken manure vermicompost used in the study was obtained
from Waikiki Worm Company (Honolulu, HI, USA). Vermicompost
teas were prepared using three different extraction methods,
which constituted three treatments. They were (i) non-aerated
vermicompost tea (NCT), (ii) aerated vermicompost tea (ACT)
and (iii) aerated vermicompost tea augmented with microbial
enhancer (ACTME), with aerated water serving as control. NCT
was prepared by the method of Weltzein.® Vermicompost and tap
water were mixed in the ratio 1:10 (w/v) in a 19 L plastic bucket.
The mixture was left open for 7 days at 20-21 °C and stirred once
on day 4 of preparation. The resulting NCT was filtered through
a nylon membrane just before application. ACT was prepared
using vermicompost and tap water in the ratio 1:10 (w/v) in
a 19 L plastic bucket and aerated using a commercial compost
tea system constructed of coiled polyvinyl chloride (PVC) tubing
attached to an air pump (Keep It Simple Inc, Redmond, WA,
USA). The aerator of the KIS brewer was pressed securely to the
bottom of the bucket. Tap water (11 L) and vermicompost (1.1 kg)
were placed in the bucket, covered and aerated continuously for
12 h as per the manufacturer’s instructions. The resulting ACT
was filtered through a nylon membrane just before application.
ACTME was produced in the same way as ACT but with the
addition of 11.74 g of dry humic acid and 32.4 g of kelp extract
to the vermicompost/water mixture before extraction to enhance
microbial growth. The amounts of humic acid and kelp extract
(kg~" vermicompost) used were calculated on the basis of the
manufacturer’s recommendations and published reports.*

Analysis of vermicompost, kelp extract, humic acid

and vermicompost tea

The pH and electrical conductivity (EC) of vermicompost were
measured in a 1:1 (v/v) deionised water/vermicompost mixture
using a sympHony SB80PC conductivity/pH meter(VWR Scientific
Products, St Paul, MN, USA).2 The pH and EC of humic acid
and kelp extract were measured in the same way. The pH
and EC of vermicompost teas were also determined with the
same instrument, while dissolved oxygen (DO) was measured
at 21-22°C using a thermo sympHony SP70D dissolved oxygen
meter (VWR Scientific Products). NH4-N and NOs-N were extracted
from fresh vermicompost with 2mol L= KCl and measured
colorimetrically using an Easy Chem Plus discrete analyser
(Systea Scientific, Oak Brook, IL, USA). Total C and N in
vermicompost were analysed by dry combustion in a LECO
CN-2000 analyser (Leco Corp., St Joseph, MI, USA). Other nutrients
in vermicompost were measured after wet acid digestion®* using
an inductively coupled plasma (ICP) spectrophotometer (Jarrel-
Ash Division/Fisher Scientific Co., Waltham, MA, USA). Nutrient
levels in humic acid and kelp extract were analysed in the same
way. Total N, NHs-N, NOs-N and NO,-N in vermicompost teas
were analysed colorimetrically using an Easy Chem Plus discrete
analyser (Systea Scientific). Other nutrients in vermicompost teas
were measured using the above-mentioned ICP procedure.

Microbial analysis of vermicompost and vermicompost tea

The microbial composition of vermicompost and vermicompost
teas was analysed in three separate samples from each extraction
method. Samples were taken by filtering the vermicompost tea
through a nylon membrane immediately after 12 h of brewing
for ACT and ACTME and immediately after 7 days of steeping
for NCT. A tenfold serial dilution of each sample was prepared.
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Active bacteria and fungi were assessed using a 1:10 dilution
under epifluorescence microscopy at 40x and 20x objective,
respectively (Olympus America Inc., Melville, NY, USA).?> The same
dilution and slide as used to evaluate active fungi were used
to quantify total fungal biomass under differential interference
contrast (DIC) microscopy at 20x objective (Olympus America
Inc., Melville, NY, USA). A 1:100 dilution of liquid samples was
used to assess total bacteria under oil immersion epifluorescence
at 100x objective. Fluorescein isothiocyanate staining was used
to quantify total bacteria, while fluorescein dicompost extractate
staining was used to assess active bacteria and fungi.?® A 1:100
dilution was used for all analyses except that of total bacteria in
vermicompost, for which a 1: 1000 dilution was used.

Data collection

Plants were harvested 5 weeks after emergence. Leaf numbers
of each plant were counted. Plant height and fresh weight were
measured using an Adventurer SL AS811 electronic scale (Ohaus
Corporation, Pine Brook, NJ, USA) and leaf area was measured using
aCl-202 portable leaf area meter (CID Bio-Science, Inc., Camas, WA,
USA). Plants were immediately frozen in liquid nitrogen, stored at
—20 °C and freeze-dried using a D4A lyophiliser (Leybold-Heraeus
Vacuum Products, Inc., Monroeville, PA, USA). The dry weight of
each plant was recorded, after which the dry material was ground
with a mortar and pestle and stored in an airtight container
pending further analysis.

Measurement of phytonutrients and antioxidant activities

Phytochemicals and antioxidants were analysed in ten lyophilised
samples of each treatment from each trial by extracting 25-50 mg
samples with 10 mL of ethanol/acetone (1:1 v/v) in glass vials. All
data reported are based on the dry weight of lyophilised samples.
Extraction was aided by a sonic water bath for 1 h, soaking for 12 h
and sonication for an additional 30 min. Following centrifugation
and filtration through a 0.45 um polytetrafluoroethylene (PTFE)
filter (Fisher Scientific, Pittsburgh, PA, USA.), supernatants were
evaluated for total carotenoids at 470 nm using a Helios Gamma
spectrophotometer (Fisher Scientific, Pittsburgh, PA, USA.). Total
carotenoids were calculated according to the equation of Gross:?’
total carotenoids (mg kg~') = (AV x 108)/(A'* x 100G), where

A'is the absorbance, V is the total volume (mL) of the extract, A'%

is the extinction coefficient (2500) and G is the sample weight (g).
Total soluble phenolics were measured by the Folin-Ciocalteu
assay according to Swain and Hillis?® and are reported as mg gallic
acid equivalent (GAE) kg~'. Antioxidant capacity was measured
by the oxygen radical absorbance capacity (ORAC) assay using
a FLUOstar Optima fluorescent 96-well microplate reader (BMG
Labtech, Durham, NC, USA) at an excitation wavelength of 485 nm
and an emission wavelength of 538 nm.?° Aliquots of solvent from
the original extracts were evaporated in a 50 °C water bath and the
compounds were redissolved in water with the aid of a sonicator
to give a tenfold concentration. The concentrated extracts
were evaluated against a standard curve of Trolox. Antioxidant
capacities are reported in umol Trolox equivalent (TE) g~'.

Measurement of mineral nutrients in plant tissue

Composite samples of dried tissue were subsampled to three
of each treatment from each trial and analysed for mineral
nutrients. Total C and N in dried tissue samples were analysed
by dry combustion in a LECO CN-2000 analyser (Leco Corp.).
Other nutrients in tissue samples were measured after wet
acid digestion?* using an ICP spectrophotometer (Jarrel-Ash
Division/Fisher Scientific Co.).

Statistical analysis

Analysis of variance (ANOVA) of growth parameters, mineral nu-
trients and phytonutrients in plant tissue was performed on treat-
ments and interactions, and means were separated by Duncan’s
multiple range test, using SAS 9.1 statistical software.3° Statistical
significance was obtained at 95% confidence level (@ = 0.05).

RESULTS

Chemical properties of vermicompost and vermicompost tea
The chemical properties of the vermicompost and additives used in
this study are presentedin Tables 1 and 2.The pH of vermicompost
was near neutral and its EC was 3.7 dS m~', with a /N ratio of
13:1. The pH and EC of humic acid and kelp extract were higher.
The pH, EC, DO (Table 3) and extractable nutrients (Tables 4 and 5)
of vermicompost tea varied with extraction method. The average

Table 1. Chemical properties of vermicompost (mean =+ standard error, n = 3)
mgg™' ugg™'
EC
pH (dSm~") Moisture N NOs-N C P K Ca Mg Na Fe Mn Zn Cu B

69+0 3.7£03 67.2+0 18+1 224+£0 237+£16 23£2 71 169+6 110 2+0 8702+ 1683 828 48 552 +73 91£11 565

EC, electrical conductivity.

Table 2. Chemical properties of kelp extract and humic acid (n = 1)

-1

mgg Hgg
Material pH EC(dSm™) N NOs-N  NH4-N  NO,-N P K Ca Mg Na Fe Mn Zn Cu B
Kelp extract 9.34 14.22 12.7 6.0 1.9 0.06 01 1908 25 33 406 42 2 16 83
Humic acid 10.05 16.34 11.5 1.9 89 0.02 0.0 213 7.7 0.9 76.4 1850 171 6 5 81

EC, electrical conductivity.
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Table 3. Dissolved oxygen (DO), electrical conductivity (EC) and pH
of vermicompost tea across extraction methods at application (mean
=+ standard error, n = 8)

NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost
tea with microbial enhancer; ACT, aerated vermicompost tea; con-
trol, water.

pH values of ACTME and the control were significantly higher than
those of ACTand NCT.However, the pH values of ACTand NCT were
not significantly different. The DO level in vermicompost tea was
influenced by the use of microbial enhancer during production.
The DO level in ACTME was significantly lower than those in
ACT and NCT. DO levels in ACT and NCT were not significantly
different. EC was highest in ACTME and lowest in the control,
with no significant difference between ACT and NCT in all trials.
Chemical analysis of humic acid and kelp extract showed that the
use of these additives added about 48, 19 and 15 mg L~ of total
N, NOs-N and NH4-N respectively to ACTME. This is reflected in
higher levels of total N, NOs-N and NH4-N in ACTME than in ACT
and NCT. NOs-N content in ACTME was about 33 and 22% higher
than that in NCT and ACT respectively. Similarly, NH4-N content in
ACTME was about 13 and 16 times higher than thatin NCT and ACT
respectively. P content in vermicompost tea was not influenced by
production method. K content was significantly higher in ACTME
than in ACT and NCT. Although the concentrations of N and K
in vermicompost were lower than that of P, the concentrations
of both N and K in vermicompost tea were higher than that of
P irrespective of extraction method. Other extractable nutrients
were significantly higher in ACTME than in ACT and NCT, while
secondary nutrient and micronutrient contents were comparable
between ACT and NCT.

Microbial population in vermicompost and vermicompost tea
The microbial populations in vermicompost and vermicompost
tea are presented in Table 6. The total bacterial populations in
vermicompost tea and the control were not significantly different.
However, the population of active bacteria was significantly higher
in all types of vermicompost tea compared with the control. Both
total and active fungal populations were higher in all types of
vermicompost tea compared with the control. There was no
significant difference in total and active biology among extraction
methods.

Table 5. Micronutrient content (ug L") in vermicompost tea across
extraction methods (mean = standard error, n = 8)

Extraction
Extraction method DO (mgL~") EC(dSm™") pH method Fe Mn Zn Cu B
NCT 75+04 1.24+0.1 7.5+0.1 NCT 0+0 0+0 0+0 0+0 03+0
ACTME 50+1.0 2.5+0.1 8340.1 ACTME 15401 03+0.1 0.6+0.1 04401 06=+0.1
ACT 7.94+0.4 1.240.1 7.840.1 ACT 01+0 0+0 0+0 0+0 03+0
Control 8.7+0.8 0.440.0 8.14+0.1 Control 0+0 0+0 0£0 0+0 0+0

NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost
tea with microbial enhancer; ACT, aerated vermicompost tea; con-
trol, water.

Effect of vermicompost tea on plant growth

The effect of vermicompost tea on plant growth is presented
in Table7. All types of vermicompost tea increased above-
ground fresh weight significantly compared with the control
across fertiliser regimes. However, there was no significant
difference in above-ground fresh weight among the three
treatments receiving vermicompost tea. Average above-ground
fresh weight was significantly higher with Osmocote than with
vermicompost. The interaction between vermicompost tea and
fertiliser was not significant on above-ground fresh weight.
The effect of tea type, fertiliser type and their interaction on
above-ground dry weight was similar to that on fresh weight.
The interaction between tea type and fertiliser type on plant
height was significant. Vermicompost tea had a greater effect
on plant height under vermicompost fertilisation and a much
smaller effect on plant height under Osmocote fertilisation. Leaf
numbers increased significantly in vermicompost tea-treated
plants compared with control plants across fertiliser regimes.
However, plant height and leaf number were not influenced by
vermicompost tea extraction method. Average leaf number was
significantly higher with Osmocote than with vermicompost. Leaf
area increased significantly in vermicompost tea-treated plants
compared with control plants across fertiliser regimes. The effect
of vermicompost tea extraction method on leaf area was not
significant.

Effect of vermicompost tea on mineral nutrient content

of plant

The effect of vermicompost tea on mineral nutrient uptake per
plant is presented in Tables 8 and 9. All types of vermicompost
tea consistently increased total N content per plant relative to
above-ground dry weight (Fig. 1) under both fertiliser regimes.
Total P and K contents per plant were also higher in vermicompost
tea-treated plants compared with control plants across fertiliser
regimes. The effect of vermicompost tea extraction method on

Table 4. Macronutrient content (mg L=") in vermicompost tea across extraction methods (mean =+ standard error, n = 8)

Extraction

method N NOs-N NH4-N NO,-N P K Ca Mg Na
NCT 749+ 4.6 733445 0.6+0.2 03+£0 16.2+ 1.0 166.6 +10.3 48.6 +2.2 42.8+2.3 100.6 + 2.6
ACTME 106.9 +£6.3 97.5+6.1 834+0.7 0.5+0 16.5 £ 1.1 656.1 £ 21.7 83.4+3.6 61.5+3.4 258.7 7.7
ACT 81.7+4.4 80.2+4.4 0.5+0.1 04+0 16.2+1.7 180.4+5.9 49.0+2.8 439+23 102.8 +3.0
Control 9.6+ 1.8 9.0+1.7 0.34+0.2 0.1£0 0.24+0.1 561+£1.3 1244+0.3 15.34+0.2 65.6+ 1.6

NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost tea with microbial enhancer; ACT, aerated vermicompost tea; control, water.
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Table 6. Microbial population in vermicompost and vermicompost tea (mean =+ standard error, n = 3)

Vermicompost/extraction Logi active bacteria Logi total bacteria Active fungi (ug g~' DW Total fungi (ug g~' DW

method (cellsg~! DW or cells mL~") (cells g~' DW or cells mL~") orugmL~") orugmL~")
Vermicompost 8.1£0.1 9.9+0.1 143+1.9 634.9 £135.2
NCT 7.1£0.2 8.54+0.1 0.24+0.1 33+1.1
ACTME 7.14+0.3 8.6 +0.1 0.54+0.2 58+1.6
ACT 7.24+0.2 8.74+0.1 0.44+0.2 56413
Control 1.7+ 1.1 8.2+0.2 0.0+£0.0 0.5+0.3

DW, dry weight; NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost tea with microbial enhancer; ACT, aerated vermicompost tea;
control, water.

Table 7. Effect of vermicompost tea on plant growth (mean =+ standard error, n = 20)

Above-ground Above-ground

Extraction method  fresh weight (g per plant)  dry weight (g per plant)  Plant height (cm)  Leaf area (cm? per plant)  Leaf number (per plant)
Vermicompost

NCT 13.5+3.3 1.1+£0.3 12.1+0.6 289.7 £59.9 10.3+0.7
ACTME 11.7+2.2 1.0+0.2 12.0+0.7 275.3+40.6 10.4+0.6
ACT 9.6+2.0 0.8+0.2 11.94+0.6 236.0 £37.7 9.7+0.6
Control 23407 0.2+0.1 7.0£0.6 63.0+15.9 6.0+04
Osmocote

NCT 23.5+4.1 1.7+0.3 13.54+0.6 453.8 £70.7 12.6 £0.7
ACTME 22.24+3.9 1.9+£0.3 13.2+0.6 431.5+67.6 12.4+0.7
ACT 20.7t3.4 1.6+0.3 12.7 +£0.7 422.3 +65.3 12.34+0.7
Control 11.0£1.2 0.9+0.1 11.8+04 241.7 £27.3 9.84+04

NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost tea with microbial enhancer; ACT, aerated vermicompost tea; control, water.

total N, P and K contents per plant was not significantly different
across fertiliser regimes. Similarly, there was a significant positive
effect of vermicompost tea on Ca, Mg and S contentsin plant tissue
irrespective of extraction method under both vermicompost and
Osmocote fertilisation. Except for Fe, all other micronutrients
in plant tissue were significantly increased by application of
vermicompost tea irrespective of vermicompost tea extraction
method and fertiliser regime. The effect of vermicompost tea
on Fe content in plant tissue depended on fertiliser type. NCT
had a significantly greater effect on Fe content in plant tissue
compared with other treatments, including the control, under
both fertiliser regimes. The effects of ACT, ACTME and the control

on Fe content in plant tissue were not significantly different under
vermicompost fertilisation. After NCT, the effect of ACT on Fe
content was significantly higher than that of the control and
ACTME under Osmocote fertilisation. Fe content was lowest in
plants treated with ACTME among all treatments under Osmocote
fertilisation.

Effect of vermicompost tea on phytonutrients

The effect of vermicompost tea on phytonutrients is presented in
Table 10.Vermicompost tea increased total carotenoids compared
with the control across fertiliser regimes, most notably under

Table 8. Effect of vermicompost tea on macronutrient content (mg per plant) in plant tissue across fertiliser regimes (mean =+ standard error, n = 6)
Extraction method N P K Ca Mg S Na
Vermicompost

NCT 19.3+5.4 8.2+22 422+11.6 222+57 69+1.8 7.5+£2.0 10.6 £2.9
ACTME 16.1 £3.6 7.0+1.4 384183 17.9+£35 56£1.1 6.8+1.5 9.5+£2.0
ACT 149+3.8 55+1.3 29.8+7.4 16.3£3.6 49+1.1 56+1.3 7.6£19
Control 2.1£08 20+0.8 55+£22 42416 1.5+0.6 1.6+0.6 25+£1.0
Osmocote

NCT 33.8+6.8 10.1£1.9 74.8 £15.2 37.9+6.9 13.5+£2.5 13.0+2.6 16.0 £2.9
ACTME 27.5+54 9.4+1.7 66.3 +13.1 30.7+5.4 125+2.4 123+£24 19.3+£3.6
ACT 29.2 +6.1 88+1.7 57.44+12.1 32.5+6.1 124+£25 11.3+£24 15.8+2.9
Control 15.3+£25 49+0.7 33.9+5.6 17.3£2.1 6.7+0.9 6.5+ 1.1 9.1£1.2
NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost tea with microbial enhancer; ACT, aerated vermicompost tea; control, water.
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Table 9. Effect of vermicompost tea on micronutrient content (lLg per plant) in plant tissue across fertiliser regimes (mean =+ standard error, n = 6)

Extraction Method Fe Mn Zn Cu B
Vermicompost

NCT 172.2 +48.7 130.2+35.4 116.2 +31.9 18.0+4.0 309+7.8
ACTME 63.1+£10.4 540+7.9 74.7 £14.1 15.1+1.3 259+4.7
ACT 50.0+9.3 427 +7.7 55.7+12.6 11.2+1.5 21.7 4.5
Control 122+4.6 74425 22.0+8.9 6.3+25 6.2+24
Osmocote

NCT 551.7 £114.2 183.1 +37.7 250.2 +54.9 259+4.2 52.2+09.1
ACTME 111.1 £ 234 166.4 + 36.8 140.4 + 28.1 26.8 £4.5 48.8 + 8.1
ACT 286.0 £ 54.2 170.4 +35.9 158.2 +35.0 22.8+3.5 452 +8.0
Control 192.0+12.6 98.5+ 14.6 82.1+14.3 13.5+£1.5 23.7 £ 3.1

NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost tea with microbial enhancer; ACT, aerated vermicompost tea; control, water.
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Figure 1. Above-ground dry weight relative to N uptake (a) under vermicompost (n = 80), (b) under Osmocote (n = 80) and (c) across treatments
(n = 20). Treatments: NCT, non-aerated vermicompost tea; ACTME, aerated vermicompost tea with microbial enhancer; ACT, aerated vermicompost tea;
control, water.
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Table 10. Effect of vermicompost tea on total carotenoids, total
phenolics and antioxidant activity (mean =+ standard error, n = 20)

Extraction Total carotenoids Total phenolics ORAC
method (mgkg™") (mg GAE kg™") (umol TEg™")
Vermicompost

NCT 478.54+35.3 2313.4+ 166.5 2029+ 18.8
ACTME 501.6 +£38.6 2561.4 + 209.0 178.4+14.8
ACT 591.1 £ 46.7 2829.2 +231.5 240.2 £18.8
Control® 305.2+£725 3398.0 +436.6 341.7 £118.4
Osmocote

NCT 548.78 + 45.69 2097.99 £+ 97.56 171.24 £11.93
ACTME 517.34+30.86  2363.55+173.20 214.70+18.73
ACT 566.87 + 53.92 2433.80 £ 188.80 238.87 £+ 15.96
Control 477.65 £+ 38.16 1999.58 + 147.33  223.34+14.85

GAE, gallic acid equivalent; ORAC, oxygen radical absorbance capacity;
TE, Trolox equivalent; NCT, non-aerated vermicompost tea; ACTME,
aerated vermicompost tea with microbial enhancer; ACT, aerated
vermicompost tea; control, water.

@ The number of measures was 11 for total carotenoids, total phenolics
and antioxidantactivity of vermicompost control, which was generated
from one composite sample from ten plants of trial 1 and ten individual
plant samples from trial 2 owing to the low amount of plant materials
available from trial 1 for analysis.

vermicompost fertiliser where tea-treated plants had 72% higher
carotenoid content than control plants. However, tea-treated
plants grown under Osmocote fertiliser had about 14% higher
carotenoid content than control plants. There was also a significant
interactive effect of vermicompost tea and fertiliser on total
phenolics. The effects of ACTME and ACT on total phenolics
were significantly higher under Osmocote fertilisation, while the
effect of NCT was intermediate. In contrast, there was a very limited
effect of vermicompost tea on total phenolics under vermicompost
fertilisation. The treatment effect on ORAC was not significant
under Osmocote fertilisation for all types of vermicompost tea
except NCT. Plants treated with NCT appeared to have low ORAC
under Osmocote fertilisation. The effect of all vermicompost teas
on antioxidant activity was lower than that of the control under
vermicompost fertilisation.

DISCUSSION

The use of kelp extract and humic acid resulted in higher EC
and nutrients and lower DO in ACTME. The higher total N, NO3-N
and NH4-N in ACTME relative to other extracts (by about 30,
20 and 9mg L™ respectively) can be accounted for by that
supplied by the additives (Tables 1-3). Microbial activity is the
most frequent explanation for reduced DO levels during tea
extraction.* Although total and active microbial populations in
ACTME were not significantly different from those in ACT and
NCT, it is possible that the additives did increase microbial
populations in ACTME but that some microbes remained bound
to vermicompost particles that were removed during filtering.
The chemical reduction of humic acid during extraction is also
a possible explanation of the reduced DO in ACTME without a
corresponding increase in microbial activity. However, laboratory
tests run concurrently with the experiments reported here showed
no decrease in DO when humic acid was aerated in water
without vermicompost (data not shown). Total N concentration
in vermicompost was lower than P concentration; however, the

concentration of total N in vermicompost tea was significantly
higher than that of P irrespective of extraction method. The
higher level of K in ACTME compared with ACT and NCT
can be attributed to the use of kelp extract as microbial
enhancer.

Vermicompost tea consistently enhanced plant growth and
mineral nutrient concentration in plant tissue under both
fertiliser regimes, in accordance with the findings of previous
studies.'®3! Although above-ground fresh and dry weights were
higherunder Osmocote fertilisation compared with vermicompost
fertilisation, the effect of vermicompost tea was most pronounced
under vermicompost fertilisation. Soluble mineral nutrients and
microbial by-products in vermicompost tea can enhance nutrient
uptake from the soil and increase foliar uptake of nutrients.*32
Nutrient analysis indicated that vermicompost tea supplied a
considerable amount of soluble mineral nutrients to plants
compared with the control (Tables 4 and 5). The strong correlation
between above-ground dry weight and nitrogen uptake by plants
explainsthe yield response to vermicompost tea across treatments
(Fig. 1). However, tissue N concentration on a dry matter basis was
about 17.3 mg g~', which is below the critical level of 32 mg g™’
reported for cabbage.3® Increased above-ground fresh and dry
weights, leaf area and extractable mineral element concentration
in plant tissue as a result of vermicompost tea treatment were
observed in this study. Keeling etal® reported that applying
vermicompost tea to oilseed rape plants at the initial stage of
growth increased both root development and plant growth.
Siddiqui etal3* observed that compost tea enhanced plant
growth and increased tap root length of okra. Although our
experiments did not measure root growth, the better nutrient
uptake by vermicompost tea-treated plants compared with control
plants suggests that improved root growth or nutrient uptake
per unit root might be one of the mechanisms involved in
stimulating plant growth. Arancon etal.?! reported that humic,
fulvic and other organic acids extracted or produced by micro-
organisms in vermicompost tea could induce plant growth.
Garcia Martinez etal.®® found that compost aqueous extract
contained compounds with molecular structure and biological
activity analogous to auxins. Leachate from well-decomposed
compost has been shown to contain cytokinin-like substances
derived from the hydrolysis of glucosides by the enzyme
B-glucosidase produced by microbes.3® Although phytohormones
or growth regulators in vermicompost tea were not measured in
this study, we suggest that they may play a greater role in plant
response.

Plant growth was not influenced by extraction method.
Although there were higher levels of total N, Kand other secondary
nutrients and micronutrients present in ACTME compared with
ACT and NCT, the effect of ACTME on plant growth was not
significantly differentfrom that of ACTand NCT under bothfertiliser
regimes. In fact, micronutrient uptake in ACTME plants was lower
than that in other plants (Table 9) despite the higher levels of Fe,
Mn and other micronutrients in ACTME (Table 5). This discrepancy
may be explained by the higher pH in ACTME reducing the
solubility of Fe and other metals. Also, the higher levels of total N,
K and micronutrients present in ACTME compared with other teas
are due to the contribution of humic acid and kelp extract (Table 2)
and may not be available for plant uptake. Ingham3’ noted that
aerated compost tea augmented with microbial enhancer gave
a better result by increasing the microbial population in the tea.
Some workers have suggested thatincreased microbial population
in compost tea will increase microbial activity in plants and the
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Figure 2. Total phenolics relative to above-ground dry weight across treatments. Treatments: NCT, non-aerated vermicompost tea; ACTME, aerated
vermicompost tea with microbial enhancer; ACT, aerated vermicompost tea; control, water.

soil, which in turn will contribute to better results. However, the
microbial population in ACTME was neither higher nor its effect
on plant growth more pronounced compared with ACT and NCT
in this study. Since the same level of active and total microbial
populations was observed in all types of vermicompost tea, the
contribution of their activities to nutrient uptake and plant growth
may be equivalentirrespective of the nutrient levelin the tea. There
is debate regarding the efficacy of aeration during compost tea
production. Ingham3’ suggested that ACT would provide better
results than NCT, but several other investigators have reported that
NCT prepared by Weltzein’s method has a more consistent and
significantly positive effect than ACT on disease control and plant
growth 912131617 Arancon et al.?! observed a stronger effect of
ACT than NCT on disease suppression and plant growth. However,
the extraction period of NCT adopted by these authors was
only 2 days,?’ whereas Weltzein’s method recommends 7 days.®
It may be that the lower effect of NCT than ACT observed in the
study by Arancon et al.?' is associated with the shorter extraction
period. Welke?® has shown that ACT and NCT have a similar effect
on plant growth and disease suppression. The present results are
consistent with the finding of Welke? that aeration is not essential
for plant growth promotion provided that the extraction period is
of sufficient length.

Vermicompost tea consistently increased total carotenoids un-
der both fertiliser regimes compared with the control, though
the magnitude of the treatment effect was higher under ver-
micompost fertilisation compared with Osmocote fertilisation
(Table 10). The increases in total carotenoids in this study are
associated with improved crop growth in vermicompost tea
treatments. This agrees with Hussein etal,*® who reported
that higher carotenoid levels in plant tissue corresponded with
increased plant growth at higher fertiliser rates. The better
plant growth with the application of vermicompost tea may
have contributed to carotenoid synthesis under both vermi-
compost and Osmocote fertilisation in this study. A higher
level of total carotenoids was observed in the tissue of plants
grown under chemical fertiliser compared with vermicompost
in our study. However, Pérez-Lopez etal3® reported a sig-

nificantly higher content of total carotenoids in organically
grown sweet peppers than in integrated and conventional
peppers.

It has been demonstrated previously that stress, particularly
low N, can induce greater concentrations of phenolics in plant
tissue.*%41 Nutrient stresses can reduce growth more than
photosynthesis; the excess C relative to nutrients will be allocated
to C-based defensive compounds, including phenolics.*? An
increased concentration of total phenolics was associated with
lower plant growth (Fig.2) and low mineral N concentration
in plant tissue of control plants compared with vermicompost
tea-treated plants grown under vermicompost fertilisation in
this study. A higher level of total phenolics was observed in
plants grown under vermicompost fertilisation than in those
grown under Osmocote fertilisation. This could be due to a
more rapid release of plant-available nutrients from Osmocote
compared with vermicompost. Asami et al.*> and Wang et al.** also
observed consistently higher levels of total phenolicsin organically
grown crops compared with those produced by conventional
agricultural practices. A higher level of antioxidant activity was
observed in control plants compared with vermicompost tea-
treated plants under vermicompost fertilisation (Table 10). Dixon
and Paiva®® and Zhao etal*® reported that a higher level
of antioxidant capacity of leafy vegetables is associated with
reduced pant growth, lower N concentration and accumulation of
higher levels of phenolic compounds in plant tissue. A higher
level of antioxidant activity is also associated with the high
total phenolic content and low mineral nutrient content of
control plants compared with vermicompost tea-treated plants
grown under vermicompost fertilisation in this study. Although
plant fresh and dry weights and tissue N content of NCT-
treated plants were not statistically different from those of
ACT- and ACTME-treated plants under Osmocote fertilisation, the
numerical values of these parameters were higher in NCT-treated
plants. The lower antioxidant activity present in NCT-treated
plants compared with other plants may be associated with
the higher plant growth of NCT-treated plants under Osmocote
fertilisation.
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CONCLUSION

The chemical properties and mineral nutrient content of vermi-
compost tea varied across extraction methods, but the microbial
population and activity in vermicompost tea did not differ with
extraction method. The addition of kelp extract and humic acid
increased the mineral nutrient content in vermicompost tea but
did not affect its biological activity after filtering. The application
of vermicompost tea enhanced plant production, mineral nutrient
content and total carotenoids in plant tissue under both organic
and chemicalfertilisation; however, the effect was more prominent
under organic fertilisation. Vermicompost tea-treated plants had
lower antioxidant activities and total phenolics compared with
control plants under vermicompost fertilisation. Vermicompost
tea had a non-significant effect on antioxidant activities and a
significant positive effect on total phenolics compared with the
control under chemical fertilisation. Vermicompost teas obtained
by different extraction methods had an equivalent effect on plant
growth and nutrient concentration, which suggests that aeration is
not essential for growth promotion and nutrient quality provided
that the extraction period is of sufficient length. We suggest that
the vermicompost tea effect observed here was largely a response
to mineral nutrient, particularly N, uptake by plants.
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