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Inﬂuences of vermicomposts on ﬁeld strawberries:
1. Eﬀects on growth and yields
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Abstract
Vermicomposts processed commercially from food wastes and paper wastes were applied, to 4.5 m2 ﬁeld plots, under high plastic
hoop tunnels, at rates of 5 or 10 t ha1 to evaluate their eﬀects on the growth and yields of strawberries (Fragaria ananasa) var.
ÔChandler’. The vermicomposts were incorporated into the top 10 cm of soil and supplemented, based on chemical analyses, with
amounts of inorganic NPK fertilizers calculated to equalize the initial fertilizer rates of 85–155–125 kg ha1 NPK applied to the
inorganic fertilizer plots. All treatments were replicated four times, in a completely randomized design, at two ﬁeld sites on Doles silt
loam or Hoytville silty clay loam at Piketon and Fremont, Ohio, respectively. Vermicompost applications increased strawberry
growth and yields signiﬁcantly; including increases of up to 37% in leaf areas, 37% in plant shoot biomass, 40% in numbers of
ﬂowers, 36% in numbers of plant runners and 35% in marketable fruit weights. These responses seemed not to be dose-dependent,
since strawberries at one site grew fastest and yielded most in response to the 10 t ha1 vermicompost application rate, whereas they
responded positively and similarly to both the 5 and 10 t ha1 rates of applications at the other site. These responses could not have
been mediated by availability of macronutrients, since all plots were supplemented with inorganic fertilizers, to equalize macronutrient inputs for all treatments, but based on other research in our laboratory could have been due to production of plant growth
regulators by microorganisms during vermicomposting.
 2003 Elsevier Ltd. All rights reserved.
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1. Introduction
The use of organic amendments, such as traditional
thermophilic composts, has long been recognized as an
eﬀective means of improving soil structure, enhancing
soil fertility (Follet et al., 1981), increasing microbial
diversity and populations (Barakan et al., 1995),
microbial activity (Zink and Allen, 1998), improving the
moisture-holding capacity of soils and increasing crop
yields. Eﬀects on microorganisms have also been associated with their capability to suppress soil-borne plant
diseases (Hoitink and Fahy, 1986) plant parasitic nema-
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tode populations and increased crop yields (Johnston
et al., 1995).
Vermicomposts are ﬁnely-divided mature peat-like
materials with a high porosity, aeration, drainage, and
water-holding capacity and microbial activity which are
stabilized by interactions between earthworms and
microorganisms in a non-thermophilic process (Edwards
and Burrows, 1988). Vermicompost contains most
nutrients in plant-available forms such as nitrates,
phosphates, and exchangeable calcium and soluble
potassium (Orozco et al., 1996; Edwards, 1998). Vermicomposts have large particulate surface areas that provide many microsites for microbial activity and for the
strong retention of nutrients (Shi-wei and Fu-zhen,
1991). Vermicomposts are rich in microbial populations
and diversity, particularly fungi, bacteria and actinomycetes (Edwards, 1998; Tomati et al., 1987). We have
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shown in our laboratory that vermicomposts consistently promote biological activity which can cause plants
to germinate, ﬂower and grow and yield better than in
commercial container media, independent of nutrient
availability (Atiyeh et al., 2000a,b). For instance,
substitution of small amounts of vermicomposts into
soil-less bedding-plant potting mixtures (MM360), has
resulted in signiﬁcant increases in the germination and
growth of marigolds, tomatoes and peppers, in greenhouse trials, when all necessary nutrients are available,
even at substitution rates as low as 5–30%, into the
medium (Atiyeh et al., 2000a,b, 2002a). Vermicomposts
contain plant growth regulators and other plant growthinﬂuencing materials produced by microorganisms
(Tomati et al., 1988, 1990; Grappelli et al., 1987)
including humates (Atiyeh et al., 2002b). Krishnamoorthy and Vajrabhiah (1986) reported the production of
cytokinins and auxins in organic wastes that were processed by earthworms. Vermicomposts also contain large
amounts of humic substances (Senesi et al., 1992;
Masciandaro et al., 1997) and some of the eﬀects of
these substances on plant growth have been shown to be
very similar to the eﬀects of soil-applied plant growth
regulators or hormones (Muscolo et al., 1999). However,
most research on the use of vermicompost however, has
been in the greenhouse, and few workers have reported
on the use and eﬀects of vermicomposts in the ﬁeld.
The main aims of the research in this paper were to
assess the eﬀects of the application of diﬀerent types and
rates of vermicomposts, on the growth and yields of
ﬁeld-grown strawberries, under ﬁeld conditions independent of nutrients.

2. Methods
The ﬁeld research was at the Piketon Research and
Extension Center, Piketon, Ohio and at the Ohio Agricultural Research and Development Center (OARDC)
Vegetable Research Center in Fremont, Ohio.
The Piketon Center is in Pike County, Ohio. The
experimental soil is a Doles silt loam on 2% slopes. It is
a deep, nearly level and somewhat poorly-drained soil
with about 1.5% organic matter. The subsoil is about
18.5 m deep. The OARDC Vegetable Research Branch
is located in Fremont, Sandusky County in northcentral Ohio. The experimental site has a Hoytville silty
clay loam soil about 30 cm deep. It is nearly level, very
poorly-drained, moderately ﬁne-textured with an organic matter content of about 5%, moderate available
water capacity and slow or ponded runoﬀ.
2.1. Experimental design
The strawberries were grown under high polyethylene
tunnels supported by a hoop house structure 9.14 m

wide, 14.6 m long and 3.6 m high. The hoop houses were
unheated and could be ventilated by rolling up the sides
on bright sunny days. Raised soil beds 1.5 · 3 m (4.5 m2
per plot) were constructed. Commercially produced
food waste and paper waste-based vermicomposts were
used in the trials. Food waste vermicompost, which was
produced by the breakdown of organic wastes by
interactions between earthworms and microorganisms
in a continuous ﬂow reactor (Edwards, 1998), was
provided by Oregon Soil Corporation (Portland, OR)
and the paper waste vermicompost produced in outdoor
windows was provided by American Resource Recovery
(Stockton, CA). The vermicomposts were applied at one
of two rates: equivalent to 5 or 10 t ha1 . Vermicomposts were analyzed for major nutrients and based on
these analyses vermicompost-treated plots were supplemented with appropriate amounts of inorganic fertilizer,
to equalize the total recommended full rate of available nitrogen, phosphorus, and potassium (85–155–125
kg NPK ha1 ) among treatments. The vermicompost/
inorganic fertilizer mixtures and the inorganic fertilizers
were applied and incorporated into the top 10 cm of soil
in the whole experimental bed in each plot.
Plastic mulch and drip irrigation systems were installed on the raised beds after the vermicompost and
fertilizer applications. Mini-sprinklers were used in
addition to cotton mesh row covers for frost protection.
Six-week old strawberry plugs (var. ÔChandler’) were
transplanted at Piketon Research Station on 10 September 1999 and three weeks later similar plugs were
transplanted at the Fremont Vegetable Research
Branch. Twenty-four plants were transplanted into each
bed with 38 cm between plants in the row with three
rows spaced 38 cm between rows. Plants in the middle
row were planted in a staggered design, with respect to
the outer rows, to maximize distances between plants.
Treatments were replicated four times in a randomized
complete block design.
2.2. Sampling and data collection
Samples, each consisting of three randomly-selected
whole strawberry plants per plot, were harvested for the
assessment of mean leaf areas, numbers of ﬂoral buds,
numbers of runners and fresh and dry shoot weights,
110 days after transplanting at Piketon, and 150 days
after transplanting in Fremont. A similar second set of
whole plant samples was taken at the end of fruit harvesting, 220 days after transplanting from the Piketon
experiment and 200 days after transplanting, at Fremont. All leaves were removed from the plants and
passed through an LI300 (LiCOR, USA) leaf area
measuring machine. Leaves and stems placed in paper
bags, dried at 60 C for 92 h and weighed to measure dry
weights. All ripe fruits were harvested, graded into
marketable and non-marketable groups, and weighed.
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by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) (Munter and Grande, 1981). Total
carbon and nitrogen were measured in vermicomposts
by dry combustion using a Carlo-Erba nitrogen analyzer
1500 series 2 (Costech Analytical Technologies, CA,
USA). Extractable nitrogen (NO3 -N and NH4 -N) was
determined using a modiﬁed indophenol blue technique
(Sims et al., 1995). Soluble phosphorus was extracted
using a NH4 -HCl reagent. Color in the sample ﬁltrates
was developed with stannous chloride and ammonium
paramolybdate and absorbance was measured using

Fruits were classiﬁed as non-marketable when fruits
showed signs of decay due to diseases, insect feeding or
other malformations on the fruit surfaces. The relative
proportions of non-marketable fruits were expressed as
percentages of the total number of fruits harvested.
Non-marketable fruits were not diagnosed for speciﬁc
diseases or types of insect feeding.
Vermicompost samples were analyzed for elemental
nutrient content following nitric acid/perchloric acid
digestion (Singer and Hanson, 1969). Extracts were
analyzed for P, K, Ca, Mg, B, Cu, Fe, Mn, Mo, and Zn

Table 1
Nutrient composition of food and paper waste vermicomposts
Food waste
vermicompost
Paper waste
vermicompost

C (%)

N (%)

P (%)

K (%)

Mg (%)

S (%)

Fe (%)

Mn (%)

B (lg/g)

Na (lg/g)

Cu (lg/g)

19.5

1.3

2.7

9.2

4.4

2.6

23.3

609.8

23.3

842.4

50.1

17.2

1

2.7

6.2

4.5

1.8

6.2

605.4

31.4

986.2

47.1

900
30

800
700
cm2 /plant

Grams/plant

25
20
15

500
400
300

10

200

5

100
0

0
Inorganic
Fertilizer

(a)

600

Food
Waste
5.0 t/ha

Food
Waste
10 t/ha

Paper
Waste
5.0 t/ha

Paper
Waste
10 t/ha

Inorganic Food
Fertilizer Waste
5.0 t/ha

(b)

Food
Waste
10 t/ha

Paper
Waste
5.0 t/ha

Paper
Waste
10 t/ha

14
6

**
Number/plant

Number/plant

5
4
3
2
1

10
8
6
4
2

0

(c)

*

12

0
Inorganic Food
Fertilizer Waste
5.0 t/ha

Food
Waste
10 t/ha

Paper
Waste
5.0 t/ha

Paper
Waste
10 t/ha

(d)

Inorganic Food
Fertilizer Waste
5.0 t/ha

Food
Waste
10 t/ha

Paper
Waste
5.0 t/ha

Paper
Waste
10 t/ha

Fig. 1. Shoot dry weights, leaf areas, number of runners and number of ﬂowers of strawberries grown in soils treated with food waste and paper
waste vermicomposts and inorganic fertilizer control, 110 days after transplanting at Piketon, OH. Means of vermicompost treatments were grouped
for orthogonal contrast versus means of plants from inorganic fertilizer treatments. Signiﬁcant diﬀerences are designated with asterisk/s: ( ) at
) at P 6 0:01. (a) Dry shoot weights, (b) leaf areas, (c) numbers of runners and (d) numbers of ﬂowers.
P 6 0:05 and (
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3. Results

120
110
grams/plant

Bio-Tek EL211sx automated microplate reader. Microbial biomass was measured in chloroform-fumigated
vermicompost (Brookes et al., 1985). Dehydrogenase
enzymatic activity (DHA), was measured using a modiﬁed method of Casida (1977), where the accumulation of
the end product after sample incubation, triphenyl formazan (TPF), was determined with a Bio-Tek EL211sx
automated microplate reader.
An analysis of variance (ANOVA) in a 2 · 2 factorial
with a control was performed on each variate, and the
means were grouped for orthogonal contrasts: (a) inorganic controls versus vermicomposts (signiﬁcance is reﬂected on ﬁgures); (b) paper waste vermicompost versus
food waste vermicomposts; and (c) 5 t ha1 versus 10
t ha1 were also grouped for orthogonal contrasts using
SAS (SAS Ins., 1990). Signiﬁcance was deﬁned as
P 6 0:05 unless indicated otherwise.
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(b)

Number/plant

The unamended food waste vermicompost contained
more C, N, Ca, Fe, K and S (Table 1) than the paper
waste vermicompost, whereas the paper waste vermicompost had more B, Na and Zn than the food waste
vermicompost. The concentrations of Mn, Mg and P
and Cu were similar in both types of vermicomposts.
Dry shoot weights and leaf areas of plants in plots
treated with vermicompost did not diﬀer from those in
plots receiving inorganic fertilizers, whereas there were
more (P 6 0:05), runners and ﬂowers on plants in plots
grown with vermicompost treatments than on those
grown with inorganic fertilizers only (Fig. 1) 110 days
after transplanting. There were no signiﬁcant diﬀerences
in: shoot dry weights, leaf areas and numbers of runners
between plants in plots amended with vermicomposts
and those that received only inorganic fertilizers (Fig. 2).
Marketable strawberries yields were greater (P 6 0:05)
on plants grown in plots treated with vermicomposts
than from plants grown in plots treated with only
inorganic fertilizers (Fig. 3). No signiﬁcant diﬀerences
were recorded between treatments in the numbers of
fruits, weights of largest fruits and percentages of nonmarketable fruits. Strawberry plants in plots treated
with inorganically-amended food waste vermicomposts
had signiﬁcantly greater dry shoot weights (P 6 0:05)
than those of plants in plots treated with inorganicallyamended paper waste vermicomposts (Table 2). There
were no signiﬁcant diﬀerences in dry shoot weights, leaf
areas and numbers of runners and ﬂowers between
plants grown with 5 or 10 t ha1 of vermicomposts.
However, there was a signiﬁcant interaction (P 6 0:05)
between the types of vermicomposts applied and their
rates of application (Table 2). Strawberry plants grown
in plots treated with 10 t ha1 food waste vermicompost
had greater dry shoot weights than plants grown in plots

Paper
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5.0 t/ha

Food
Waste
10 t/ha

Paper
Waste
5.0 t/ha

Paper
Waste
10 t/ha

9
8
7
6
5
4
3
2
1
0
Inorganic
Fertilizer

(c)

Food
Waste
10 t/ha

Food
Waste
5.0 t/ha

Paper
Waste
10 t/ha

Fig. 2. Shoot biomass, leaf areas and number of runners and of
strawberries grown in soils treated with food waste and paper waste
vermicomposts and inorganic fertilizer control, 220 days after transplanting at Piketon, OH. Means of vermicompost treatments were
grouped for orthogonal contrast versus means of plants from inorganic
fertilizer treatments. Signiﬁcant diﬀerences are designated with asterisk/s: ( ) at P 6 0:05 and (
) at P 6 0:01. (a) Shoot dry weights, (b)
leaf areas and (c) number of runners.

receiving 5 t ha1 . Plants in plots treated with 5 t ha1
paper waste vermicomposts had greater dry shoot
weights than plants in plots treated with 10 t ha1 . Two
hundred twenty-two days after transplanting, strawberry leaf areas, number of runners, marketable yields
and number of fruits were signiﬁcantly greater (P 6 0:05)
on plants grown in plots treated with food waste vermi-
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(d)
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Paper
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Fig. 3. Yield and yield attributes of strawberries grown in soils treated with food waste and paper waste vermicomposts and inorganic fertilizer
control, 220 days after transplanting at Piketon, OH. Means of vermicompost treatments were grouped for orthogonal contrast versus means of
plants from inorganic fertilizer treatments. Signiﬁcant diﬀerences are designated with asterisk/s: ( ) at P 6 0:05 and (
) at P 6 0:01. (a) Marketable
yield, (b) number of fruits, (c) weight of largest fruit and (d) percent non-marketable fruit.

Table 2
Orthogonal contrasts of growth parameters, yields and yield attributes
of strawberry plants at Piketon, OH
Paper waste
versus food
waste
110 days after transplanting
Dry shoot weight
**
Leaf area
ns
Number of runners
ns
Number of ﬂowers
ns
220 days after transplanting
Dry shoot weight
ns
Leaf area
*
Number of runners
*
Marketable yields
*
Number of fruits
**
Weight of largest
ns
fruit
Non-marketable
ns
yields

5 t ha1
versus
10 t ha1

Rate ·
vermicompost
interaction

ns
ns
ns
ns

*
ns
ns
ns

ns
ns
*
*
*
ns

ns
ns
*
ns
ns
ns

ns

ns

Signiﬁcant diﬀerences are designated with asterisk/s: (*) at P 6 0:05
and (**) at P 6 0:01 and ns (not signiﬁcant).

composts than on plants grown in plots treated with
paper waste vermicomposts. Plants grown in plots
treated with 10 t ha1 food waste vermicomposts had
signiﬁcantly more runners and fruits and greater marketable yields (P 6 0:05) than plants in plots grown in
plots receiving with 5 t ha1 food waste vermicomposts.
In the Fremont experiment, strawberries grown in
plots treated with inorganically-amended vermicomposts had signiﬁcantly greater dry shoot weights and leaf
areas and more ﬂowers (P 6 0:05) 110 days after transplanting, than plants in plots receiving only inorganic
fertilizers (Fig. 4). Plants in plots treated with vermicomposts had signiﬁcantly greater dry shoot weights
more runners (P 6 0:05) (Fig. 5), greater marketable
yields and the weight of the largest fruits was greater
(P 6 0:05) (Fig. 6) than in those grown in plots treated
with inorganic fertilizers only, 220 days after transplanting. There were no signiﬁcant diﬀerences in any of
the growth parameters measured, in plants grown in
soils treated with paper waste vermicomposts, compared
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6
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Number/plant

**

10
number/plant

*

5

8
6

4
3
2
1

4

0
2
(c)

0
(c)

Inorganic Food
Fertilizer Waste
5.0 t/ha

Food
Waste
10 t/ha

Paper
Waste
5.0 t/ha

Paper
Waste
10 t/ha

Fig. 4. Shoot biomass, leaf areas and number of ﬂowers of strawberries grown in soils treated with food waste and paper waste vermicomposts and inorganic fertilizer control, 150 days after
transplanting at Fremont, OH. Means of vermicompost treatments
were grouped for orthogonal contrast versus means of plants from
inorganic fertilizer treatments. Signiﬁcant diﬀerences are designated
with asterisk/s: (*) at P 6 0:05 and (**) at P 6 0:01. (a) Dry shoot
weights, (b) leaf area and (c) number of ﬂowers.

Inorganic Food
Fertilizer Waste
5.0 t/ha

Food
Paper
Paper
Waste Waste Waste
10 t/ha 5.0 t/ha 10 t/ha

Fig. 5. Shoot biomass, leaf areas and number of runners of strawberries grown in soils treated with food waste and paper waste vermicomposts and inorganic fertilizer control, 200 days after
transplanting at Fremont, OH. Means of vermicompost treatments
were grouped for orthogonal contrast versus means of plants from
inorganic fertilizer treatments. Signiﬁcant diﬀerences are designated
with asterisk/s: (*) at P 6 0:05 and (**) at P 6 0:01. (a) Dry shoot
weight, (b) leaf area and (c) number of runners.
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Soil analyses showed that there were signiﬁcant increases in microbial biomass and activity in plots treated
with vermicomposts over those receiving only inorganic
fertilizers but no signiﬁcant diﬀerences in concentrations
of extractable nitrogen, orthophosphates and extractable potassium.
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Waste
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Paper
Waste
10 t/ha

**

36
34
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28
26
24
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20

(c)

151

Inorganic Food
Fertilizer Waste
5.0 t/ha

Food
Waste
10 t/ha

Paper
Paper
Waste Waste
5.0 t/ha 10 t/ha

Fig. 6. Yield and yield attributes of strawberries grown in soils treated
with food waste and paper waste vermicomposts and inorganic fertilizer
control, 200 days after transplanting at Fremont, OH. Means of vermicompost treatments were grouped for orthogonal contrast versus
means of plants from inorganic fertilizer treatments. Signiﬁcant diﬀerences are designated with asterisk/s: (*) at P 6 0:05 and (**) at P 6 0:01.
(a) Marketable yields, (b) number of fruits and (c) weight of largest fruit.

with those in soils receiving food waste vermicomposts.
There were no signiﬁcant growth diﬀerences between
plants in plots that received 5 t ha1 vermicompost
compared with those in plots that received 10 t ha1
vermicomposts.

The substitution of vermicomposts into greenhouse
container media in our laboratory has always been
associated with increases in germination, seedling
growth and ﬂowering of ornamentals and growth and
yield of vegetables even at low substitution rates and
independent of nutrient supply (Atiyeh et al., 2000a,b,
2001). In those experiments, we postulated that the positive eﬀects of vermicomposts on plant growth and
yield were not due to nutrients but due to the availability
of plant growth-inﬂuencing materials, such as plant
growth regulators and humic acids, produced by the
greatly increased microbial populations resulting from
earthworm activity. It was conﬁrmed in a later greenhouse experiment that small concentrations of humic
acids, extracted from vermicomposts and substituted
into container media, increased the growth of plants in a
similar pattern independent of nutrient supply (Atiyeh
et al., 2002a). The increases in growth and yield of
strawberries in our current experiment could not be
explained by the availability of macronutrients in soils
treated with vermicomposts, because they were equalized at transplanting, relative to those in the plots
treated with inorganic fertilizers. Analyses of the soil,
after application of vermicomposts and inorganic fertilizers, conﬁrmed that the concentrations of macronutrients in all plots were not signiﬁcantly diﬀerent.
We postulate that the increased microbial populations resulting from earthworm activity in the vermicomposts may have inﬂuenced plant growth indirectly.
Soils treated with vermicomposts had a signiﬁcantly
greater microbial biomass (P 6 0:05) than soils that received inorganic fertilizer only. It has been shown that
microorganisms can produce materials that may aﬀect
plant growth such as substances acting as plant hormone analogues or growth regulators (Frankenberger
and Arshad, 1995; Brown, 1995). There is a very substantial body of evidence demonstrating that microorganisms, including bacteria, fungi, yeasts, actinomycetes
and algae, are capable of producing plant growth regulators (PGRs) such as auxins, gibberellins, cytokinins,
ethylene and abscisic acid in appreciable quantities
(Frankenberger and Arshad, 1995). According to
Tomati et al. (1983), large quantities of plant hormones
such as gibberellins, auxins, and cytokinins are
produced during vermicomposting. Tomati et al. (1983,
1987) showed positive eﬀects of vermicomposts on the
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growth of Begonias and Coleus, especially a stimulation
of rooting, time of ﬂowering, and lengthening of internodes. However, scientiﬁc data on the type or extent of
growth eﬀects produced by plant growth regulators
produced by soil microbial activity is still sparse
(Frankenberger and Arshad, 1995).
The increased amounts of humic materials in vermicomposts could also have been responsible for the increased growth and yields of strawberries we recorded.
Muscolo et al. (1999) reported that humic materials
extracted from vermicomposts produced auxin-like cell
growth and nitrate metabolism of carrots (Daucus
carota). Masciandaro et al. (1997) reported positive
growth responses of plants to additions of humic
material extracted from vermicomposts. These humic
substances occur naturally in mature animal manure,
sewage sludges or paper-mill sludges but their amounts
and rates of production are increased dramatically by
vermicomposting. Other workers have reported signiﬁcant plant growth enhancements, in response to humate
applications to soils, under conditions of adequate
nutrition (Valdrighi et al., 1996; Goenadi and Sudharama, 1995). In laboratory experiments, Atiyeh et al.
(2002b) produced deﬁnitive evidence of dose-related effects of humic acids, extracted from pig manure and
food waste vermicomposts on plant growth. A range of
humates extracted from pig manure vermicompost, applied to vegetable seedlings grown in a soil-less medium,
increased the growth of tomato and cucumber plants
signiﬁcantly, even when the nutrient supply was not
limiting. We speculated that the growth responses were
due either to the ability of humic acids to act as plantgrowth regulators and promote growth or because the
humates may have hormonal plant growth regulators
adsorbed onto them. Recently, Canellas et al. (2000)
identiﬁed exchangeable auxin groups from humic acids
extracted from cattle manure, following a structural
analysis, which enhanced root elongation, lateral root
emergence and plasma membrane Hþ -ATPase activity
of maize roots.
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