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A B S T R A C T

To investigate the interaction of organic substrates and fertilizers on productivity
and quality of strawberry (Fragaria × ananassa Duch. ‘Selva’), the experiment was
conducted as a complete randomized design with four different organic media (S1;
Persian turpentine trees leaf mold (50%) + mineral soil (50%), S2; oak leaf mold
(50%) + mineral soil (50%), S3; cypress leaf mold (50%) + mineral soil (50%) and
S4; liquorice processing wastes (50%) + mineral soil (50%) ), three levels of complete
fertilizer (0, 0.5 and 1 g L-1) and five replications. The results showed that plants
grown in S4 had highest numbers of floral buds, fruit yield and shoot and root fresh
and dry weights. Vitamin C content was the greatest in S3 substrate. The interaction
of substrates with nutrient solution did not show considerable increase in productivity
and quality of strawberry. In the most cases, plant grown in organic media without
fertilizer, had highest measured traits.
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INTRODUCTION

Strawberry (Fragaria × ananassa
Duch.) is a fruit plant that grows in a
wide range of environments (Galletta
and Bringhurst, 1990). It can be
grown successfully in different parts
of Iran, where more than 20,000
tones of strawberries is produced
each year (Eshghi et al., 2007).

Fruit yields of strawberry
cultivars depend on soil fertility and
water availability during growing
season. Therefore, to obtain uniform
high yield of good quality fruits it is
essential to provide adequate nutrients
for proper plant nourishment (Sharma,
2002). In the last decades more
attention has been paid to developing
organic farming and to minimizing
the use of inorganic fertilizers. At
present large quantities of organic
residues are available which can be
used in agriculture.

A list of organic wastes has
already been reported in Spain for
potted plants (Abad et al., 2001). An
inexpensive and nutrient-rich organic
media can reduce fertilization need,
irrigation and nursery costs (Wilson
et al., 2001). So, these substrates can
be used noticeably in organic culture
of agricultural crops. For that reason
it has been decided to start using
several types of leaf molds and
liquorice processing wastes in the
preparation of substrates for strawberry
cultivation.

Thousands tons of leaf mold are
produced per year at Zagros mounta-
inous forests in South-Western Iran
that can used by local farmers.
Similarly, large quantities of liquorice

processing wastes are available which
farmers normally use to improve soil
texture. These wastes can be purchased
at low price. These agricultural wastes
must be properly disposed so as not to
create environmental problems.

So far, wide range of organic
material including pine bark, leaf
mold, sewage sludge, cocopeat, rice
hull and others are reported being
used for agriculture crops (Chen et
al., 1988; Cull, 1981; Verdonck and
Gabriels, 1992). Coir has been tested
as a horticultural medium for several
ornamental and agronomic crops
with acceptable results (Cresswell,
1992; Evans et al., 1996; Meerow,
1994; Pill and Ridle, 1998). Increase
in yield and fruit total soluble solids
content has been reported in tomato
when used either coconut coir or
perlite plus carbonized rice hull as
a growth substrate (Inden and Torres,
2004). Salvador and Minami (2004)
reported that pine bark + earth worm
humus substrate showed to be
inadequate to Lisianthus cultivation.
According to Parks et al. (2004),
there was no significant effect of
coir, sawdust, rock wool, perlite as
substrate on plant dry weight,
cucumber number, cucum-ber weight
or on the fruit quality. Beneficial effects
of mixtures of cotton gin trash compost
and rice hulls as growing medium have
been shown for some ornamentals
(Papafotiou et al., 2001).

Recently, use of factory wastes
has been expanded (Saviozzi et al.,
1994; Tripepi et al., 1996; Baran et
al., 1998). To recycle and reclaim solid
wastes and various organic residues
produced in agriculture, livestock
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farming, forestry and, industry are
being successfully used as container
media for ornamental plant produc-
tion (Verdonck, 1988). Kütük et al.
(2003), investigated the effect of
brewery sludge on growth of sugar
beet and found that it increased leaf
and root yield, sugar content and
refined sugar yield. Barbiris et al.
(1988) made several experiments
with encouraging result on container-
grown olive trees, using several types
of wastes. Tattini et al. (1990) used
grape-urban sludge on container-
grown olive trees.

The aim of this study was to
compare four natural organic substrates
on productivity and quality of
strawberry of fruits in order to reduce
inorganic fertilizers application.

MATERIAL AND METHODS

Experimental substrates

The experiment was arranged in
a complete randomized block design
with twelve treatments and five
replicates. The treatments consist of
mixture of four organic substrates
and mineral soil and three levels of
nutrient solution.
The compared substrates were:

S1: Persian turpentine trees leaf mold
(50%) + mineral soil (50%).

S2: oak leaf mold (50%) + mineral soil
(50%).

S3: cypress leaf mold (50%) + mineral
soil (50%).

S4: liquorice processing wastes (50%)
+ mineral soil (50%).

The leaf molds used in this
experiment were collected from Zagros

mountainous forests located in
Shoorab area in South of Shiraz, Iran.
The liquorice processing waste was
obtained from liquorice processing
factory in Zarghan, North-Eastern of
Shiraz.

The mineral soil used was sandy
loam, pH 7.8, with available K content
250 mg kg-1 dry weight, available P
content 27.5 mg kg-1 dry weight,
total N content 0.14%, organic C
content 1.4%, CEC (cation exchange
capacity) 14.2 meq/100 g, EC (elec-
trical conductivity) 1.5 dS m-1, bulk
density 1.3 g cm-3, total pore space
50.94% and easily available water 28%.

Substrates physical and chemical
properties

Substrate’s bulk density (BD),
particle density (PD), total pore space
(TPS) and easily available water
content (EAW) were measured by
Verdonck and Gabriels (1992) methods.

pH and electrical conductivity
(EC) was measured in soil/water
suspension 1:5 (v/v). The organic
carbon (OC) was measured by
dichromate oxidation method accord-
ing to Nelson and Sommers (1982).
Cation exchange capacity (CEC) was
determined using sodium acetate
(NaOAc) at pH 8.2 (Chapman, 1965).
Nitrogen was analyzed by Kjeldahal
method, phosphorus spectrophoto-
metrically and potassium by flame
photometry.

Plant material and growth conditions

Cold stored rooted runners of
strawberry (Fragaria × ananassa
Duch. ‘Selva’) were planted on 10
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March 2007 in plastic pots filled with
2 kg of mixture of substrates as
above and mineral soil and then
placed in a greenhouse under natural
day length and average day and night
temperatures 28 and 20oC, respec-
tively. After the establishment of
plants, they were fertilized fortnightly
with a nutrient solution (Melspray) at
concentrations 0, 0.5 and 1 g l-1. The
relative humidity varied between 55
and 60%. The plants were watered as
needed. Yellow sticky glue traps were
used to monitor insect population.
During the experiment, the number of
floral buds, primary fruit weight and
fruit yield were measured. Total
soluble solids content in the juice
was determined using refractometer.
Vitamin C content was determined
by indophenol method. At termina-
tion of the experiment, roots were
washed and plants were divided into
shoot and root parts, weighted and
then dried (at 70oC for 48 h) and
finally shoot and root dry weights
were measured.

Statistical analysis was performed
using MSTATC and SPSS softwares.
Means were compared using Duncan’s
multiple range tests at p = 0.05.

RESULTS

Chemical and physical properties
of the substrates

The physical and chemical
properties of the media are shown in
Tables 1 and 2. Organic carbon (OC)
content was the highest in S4
substrate and the lowest in S3. There
were no significant differences in OC
content between S1 and S2. Cation
exchange capacity (CEC) of all

potting media was very high. The
highest value was 61.22 meq 100 g-1

for S4 and the lowest was
51.49 meq 100 g-1 for S1. There were
no significant differences in pH
between substrates, except for S1 for
which it was the lowest. The
electrical conductivity (EC) was the
highest (2.4 dS m -1) in S4 substrate
and the lowest in S3 (1.5 dS m-1). S4
had bulk density significantly lower
than the rest of the substrates. On the
contrary, particle density was the
lowest in S3. Similarly, S3 had the
lowest total porosity. The easily
available water (EAW) content was
significantly higher in S2 then in the
other substrates. Substrates’ mineral
content were within acceptable
range. There were no significant
differences in nitrogen (N) content
between treatments except for S3. S2
had higher phosphorus (P) and
potassium (K) than other substrates.

Effect of nutrient solution and sub-
strate on productivity and quality
fruits

The number of floral buds was
significantly on plants greater grown
in S4 and S3 substrates (Tab. 3). But,
the better result was obtained in
interaction S4 with 0 and 0.5 g l -1

nutrient solution and also S3 with
0 g l-1 concentration, Strawberry plants
grown in S2 had the highest primary
fruit weight when compared with
these grown in other substrates (Tab.
3). The interaction of S2 and 0.5 g l-1

nutrient solution increased mean fruit
weight up to 13.61 g. In all substrates,
except for S1, strawberry yield was
high and there were no significant
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T a b l e 1 . Physical properties of different media

Medium Particle density
(PD)

[g cm-3]

Balk density
(BD)

[g cm-3]

Total porosity
(TPS)
[%]

Easily available
water (EAW)

[%]

S1 2.35 b* 0.55 a 76.59 b 15 b

S2 2.54 a 0.54 a 78.74 b 21 a

S3 2.01 c 0.56 a 72.14 c 16 b

S4 2.42 b 0.39 b 83.88 a 14 b

*Means within the column followed by the same letter are not significantly different at p ≤0.05

T a b l e 2 . Chemical properties of different media

Med-
ium pH EC

[dS m-1]
CEC

[meq 100cm-3]

Organic
carbon

[%]

N
[%]

P
[mg Kg-1]

K
[mg Kg-1]

S1 6.9 b* 1.66 c 51.49 d 10.41 b 3.1 a 61.3 b 120 c

S2 7.2 a 1.91 b 53.98 c 9.92 b 2.4 ab 75 a 200 a

S3 7.3 a 1.5 d 57.07 b 8.19 c 1.88 b 74 a 175 b

S4 7.1 ab 2.4 a 61.22 a 13.42 a 3.27 a 56 c 120 c

*Means within the column followed by the same letter are not significantly different at p ≤0.05

differences among them (Tab. 3).
Highest yield was obtained in S3
substrate without supplementary
fertilization. Similarly, vitamin C
content was the highest in fruits
grown in S3 (Tab. 3). The shoot and
root fresh weights were significantly
greater in S4 than in other substrates
(Tab. 4). Also, S4 substrate without
supplementary fertilization had
highest shoot and root fresh weights.
Similar results were obtained on the
shoot and root dry weights (Tab. 4).
Relationships between media
properties and plant productivity
and fruit quality indices

The correlation coefficients of
substrate properties with fruit pro-
ductivity and quality indices are
shown in Table 5. Primary fruit

weight had a positive and
significant correlation with pH,
phosphorus and potassium of the
substrates. Fruit quality was
controlled by organic carbon (%)
and EC. Also, shoot and root fresh
and dry weights had a positive and
significant correlation with organic
carbon (%), CEC, EC and nitrogen
and a negative and significant
correlation with phosphorus and
potassium of substrates.

DISCUSSION

The number of floral buds, yield
and shoot and root fresh and dry
weights of plants were greater in S4
than in other substrates (Tab. 3, 4).
The physical and chemical charac-
teristics of S4 are in the range



S. Yavari et al.

J. Fruit Ornam. Plant Res. vol. 16, 2008: 167-178172

T a b l e 3 . Interaction of different substrates and fertilizations on the numbers of floral
buds, primary fruit weight (g), fruit yield (g), vitamin C (mg 100 g-1f.w.) of strawberry

Treatment

Media
Nutrient
solution

[g l-1]

Numbers of
floral buds

Primary
fruit weight

[g]

Fruit yield
[g]

Vitamin C
[mg100g-1

f.w.]

0 1.25 c* 6.25 g 30.45 d 63.6 e
S1 0.5 3 b 10 cde 46.50 c 60 f

1 1 c 8 f 30.50 d 62 ef
0 3 b 11 c 48.93b c 82.8 b

S2 0.5 1.6 c 13.61 a 48.14 c 38.4 g
1 2.8 b 12.6 ab 44.35 c 27.6 h
0 4 a 12.57 ab 56.98 a 88.8 a

S3 0.5 3 b 9.33 def 43.50 c 70.2 d
1 3 b 11.36 bc 50.66 abc 79 c
0 4.2 a 8.63 ef 46.20 c 18 i

S4 0.5 4.2 a 10.08 cd 56.08 ab 40.8 g
1 3 b 11.36 bc 51.04 abc 88 a

Means
S1 ▼ 1.75 C 8.08 D 35.82 B 61.87 B
S2 ▼ 2.47 B 12.40 A 47.14 A 49.6 C
S3 ▼ 3.33 A 11.09 B 50.38 A 79.33 A
S4 ▼ 3.8 A 10.03 C 51.11 A 48.93 C
0 (g l-1) ▼ 3.11 A 9.61 B 45.64 AB 63.3 A
0.5 (g l-1) ▼ 2.95 A 10.76 A 48.56 A 52.35 B
1 (g l-1) ▼ 2.45 B 10.83 A 44.14 B 64.15 A
Significance ▼

Media [M] ▼ ** ** ** **
Nutrient
Solution
[NS] ▼

** ** * **

[M] x [NS] ▼ ** ** ** **

*, **significant at p = 0.05 and 0.01, respectively

acceptable for strawberry cultivation
(Tab. 1, 2). In all substrates except
for S4, bulk density values were
high. High bulk density values have
the disadvantage of increasing the
transportation costs and reducing
porosity and air capacity (Corti et al.,
1998) (Tab. 1). Decreased bulk
densities were associated with
increased root growth (Abu-Hamdeh,

2003) (Tab. 5). Decreased cotton
root growth in a soil with high bulk
density was reported by Taylor and
Gardner, in 1963. On the other hand,
optimum plant yield and growth are
dependent on optimum root growth
(Abu-Hamdeh, 2003). Table 5 was
shown a negative and significant
correlation for shoot fresh and dry
weights and substrates bulk density.
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T a b l e 4 . Interaction of different substrates and nutrient solution on fresh shoot weight (g),
fresh root weight (g), dry shoot weight (g), dry root weight (g) of strawberry

Treatment

Media Nutrient
solution [g l-1]

Fresh
shoot

weight
[g]

Fresh root
weight

[g]

Dry
shoot

weight
[g]

Dry root
weight

[g]

0 50.77 de* 32.87 bc 7.93 c 8.55 b
S1 0.5 51.2 de 32.1 bc 8.58 c 7.18 bc

1 56.50 cd 28.25 c 9.54 c 7.10 bc
0 48.62 de 26.86 c 8.30 c 5.68 c

S2 0.5 54.50 cd 26.70 c 7.92 c 5.40 c
1 65.88 b 27.78 c 9.38 c 6.33 c
0 45.04 e 33.36 bc 7.19 c 6.86 bc

S3 0.5 56.57 cd 33.60 bc 8.88 c 7.49 bc
1 63.36 bc 33.40 bc 9.35 c 7.39 bc
0 90.36 a 47.72 a 14.99 a 11.73 a

S4 0.5 71.06 b 33.24 bc 12.24 b 6.71 bc
1 85.40 a 37.94 b 14.12 ab 8.46 b

Means
S1 ▼ 52.82 B 31.07 BC 8.68 B 7.61 B
S2 ▼ 56.33 B 27.11 C 8.53 B 5.80 C
S3 ▼ 54.99 B 33.45 B 8.44 B 7.25 B
S4 ▼ 82.27 A 39.63 A 13.78 A 8.97 A
0 (g l -1) ▼ 58.70 B 35.20 A 9.57 A 8.20 A
0.5 (g l-1) ▼ 58.33 B 31.41 A 9.41 A 6.70 B
1 (g l -1) ▼ 67.78 A 31.84 A 10.60 A 7.32 AB
Significance ▼

Media [M] ▼ ** ** ** **
Nutrient
solution [NS] ▼

** NS NS **

[M] x [NS] ▼ ** NS NS **

NS, *, **non-significant, significant at p = 0.05 and 0.01, respectively

Increased root growth may also have
affected mineral element uptake
(Preusch et al., 2003). The positive
and significant correlation was obtained
of media nitrogen content with fresh
shoot weight (r = 0.404*) and dry
shoot weight (r = 0.485*) (Tab. 5).
Nitrogen is necessary for proper
growth of the strawberry (Sharma,
2002). Breen and Martin (1981)
reported that nitrogen deficiency in

strawberry plants resulted in reduction
of growth and yield. Moreover high
levels of nitrogen enhance plant
photosynthetic activities and hence
more dry matter is produced. The
numbers of floral bud, yield and
fresh and dry shoot weights were
also significantly controlled by CEC
(r ≥0.501**, p < 0.01) (Tab. 5). The
cation exchange capacity of all
substrates was very high (Tab. 2), the
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T a b l e 5 . Coefficients of correlation between selected physical a chemical properties of substrates and productivity and quality indices
of strawberry

Characteristics of
media

Numbers of
floral buds

Primary
fruit

weight

Fruit
yield

Total
soluble
solids

Vitamin C
Shoot
fresh

weigh

Root
fresh

weight

Shoot dry
weight

Root dry
weight

Organic carbon
[%] 0.240 -0.164 0.057 -0.026 -0.420* 0.644** 0.248 0.713** 0.269

CEC 0.614** 0.273 0.589** -0.132 -0.110 0.609** 0.244 0.501** 0.164

Balk density -0.314 -0.067 -0.365* 0.079 0.229 -0.466** -0.329 -0.474** -0.190

Particle density -0.133 0.060 0.060 0.046 -0.428** 0.195 -0.090 0.207 -0.122

Total porosity 0.058 0.023 0.058 -0.119 -0.396* 0.535** 0.112 0.501** 0.094

pH 0.140 0.349* 0.330* 0.107 0.207 -0.070 0.151 -0.082 -0.054

EC 0.160 0.134 0.315 0.06 -0.386* 0.605** 0.160 0.606** 0.089
Easily available
water -0.165 -0.358* 0.050 0.300 -0.124 -0.233 -0.340* -0.258 -0.237

Nitrogen -0.027 -0.582** -0.254 -0.036 -0.219 0.404* 0.205 0.485** 0.322

Phosphorus -0.064 0.591** 0.084 0.155 0.165 -0.482** -0.367* -0.525** -0.3

Potassium -0.006 0.508** 0.214 0.119 0.075 -0.320 -0.339* -0.401* -0.354*

*,**correlation is significant at the 0.05 and 0.01 levels, respectively
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highest value was 61.22 in S4. High
CEC values have the advantage of
increasing growth indices.

S2 had highest fruit weight in
comparison with other media. This
was probably due to the higher
nutrient content in S2 than in other
media. Increased phosphorus content
may be effective in increasing yield,
berry size and weight of strawberry
(Sharma, 2002), and also increased
in potassium levels the plants may
improve the fruit quality (Sharma,
2002). Phosphorus and potassium
were both significantly and positively (r
≥0.508**, p < 0.01) correlated with the
primary fruit weight. Moreover,
substrates chemical characteristics,
such as EC, may have affected total
vitamin-C content and fruit quality
(Adams, 1991; Chrétien and Gosselin,
2000) (Tab. 2, 3). A negative and
significant correlation was obtained for
vitamin-C values and EC (r = 0.386*,
p < 0.05) (Tab. 5).

Plants in S3 did not grow as well
as S2 and S4, probably due to high
pH. Although strawberries are
tolerant of a wide range of soil pH
values, they grow better on soils with
a pH of 6.0-6.5 (Hancock, 1999).

S1 showed the lowest produc-
tivity and quality indices compared
with other substrates; despite its
standard physical and chemical
characteristics for growth. This
might be due to allelopathic effects.
Toxic allelochemicals especially
have been found in leaves and roots
and have been released mostly from
degradation of dead plant parts
(Kocacaliskan and Terzi, 2001).

In this study, the interaction of
substrates with nutrient solution did
not show considerable increase in
productivity, quality and growth of
strawberry (Tab. 3, 4). In fact in most
cases, plants grown on substrates
with no added nutrient had highest
values. So, these substrates can
reduce the amount of needed
fertilizer for optimum strawberry
plant growth.

CONCLUSION

The results obtained in this study
point out the need for optimizing the
tested organic growing media in
order to increase the nutrient
acquisition and utilization efficiency
of the plants and also release the
conclusion that improved organic
growing media can supply most of
the necessary plant nutrients needed
for the plant, thus limiting the need
for supplementary fertilization and
being an alternative to conventional
production with inorganic fertilizers.
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WPŁYW RÓŻNYCH SUBSTRATÓW ORGANICZNYCH
I SKŁADNIKÓW MINERALNYCH NA PLON I JAKOŚĆ
OWOCÓW TRUSKAWEK (Fragaria x ananassa DUCH.)

‘SELVA’
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S T R E S Z C Z E N I E

Badano wpływ czterech organicznych substratów, kompostowanych liści
perskiego terpentynowca, dębu, cyprysu i odpadów technologicznych z lukrecji,
z dodatkiem gleby mineralnej (1:1) na plon i jakośćtruskawek. Rośliny uprawiane na
substracie z odpadów technologicznych z przeróbki lukrecji w mieszaninie z glebą
mineralnątworzyły największąliczbępąków kwiatowych, wydawały najwyższy plon
owoców i charakteryzowały sięnajwiększąmasąpędów i korzeni. Dodatkowe
nawożenie mineralne nie miało większego wpływu na plon owoców i wzrost roślin
uprawianych we wszystkich badanych substratach organicznych.

Słowa kluczowe: organiczne substraty, nawożenie, truskawka, plon owoców, jakość
owoców


