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Effect of Organic and Conventional Farming on the Activity
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ABSTRACT

Spider activity occurred on three medicinal plants (Wormwood, Chrysanthemum and Spearmint) with organic and
inorganic fertility was assessed using pitfall traps in Fayoum, Egypt. Community composition of the organic and the
conventional cultivation of collected spiders were determined throughout the period of study using the Shannon-Wiener
and Simpson Indices of diversity. Totals of 387 and 350 individuals including 20 and 24 species in the organic and the
conventional cultivation, respectively, were of higher diversity index in the conventional system. According to Simpson,
it was found that organic cultivation included the highest number of dominant species. Most species caught belonged
to the family Lycosidae with especial high captures of Wadicosa fidelis and Pardosa species. Sorensen Quotient of
Similarity concluded that the two communities were nearly approximate, as they recorded 64 % of similarity. The
monthly fluctuation of the total number of spiders showed high population in March.
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INTRODUCTION

Organic management promotes the development
of soil fauna such as earthworms and above ground
arthropods, improving the growth conditions of the
crop. More abundant predators help to control
harmful organisms. Spiders constitute one of the
major groups of generalist predators due to their high
abundance and predominantly insectivorous feeding
habits (Tahir & Butt, 2009). They play an important
predatory role in agro-ecosystem (Nyffeler and Benz,
1987; Nyffeler, 2000a & b; Symondson et al., 2002).
However, crop type had more effect on the activity of
spiders than management system. However, several
factors affect population density and diversity of
spiders. Of these, organic field support a higher
abundance of spiders than conventional fields (Feber
et al., 1998; Schmidt et al., 2005 and Fuller et al.,
2005). (Eyre et al., 2007) found that fertility rather
than crop protection management had considerably
more influence on the activity of beneficial
invertebrates.

The biological diversity in the organic system is
important because it contributes in keeping the
biological equilibrium, which is essential in an agro
ecosystem. It brings about greater stability for the
system and consequently fewer problems with
diseases and pests (Bettiol et al., 2002). Diversity
indices provide more information about community
composition than simply species richness that tacking
relative abundance in consideration. It is an important
tool for biologists trying to understand community
structure. It is argued that organic systems are more
diverse and therefore more stable resulting in lower
incidences of pest and disease problems and increased
biodiversity (Lampkin, 1990).

Present study aimed to evaluate the influence of
the organic and the conventional cropping systems for
three medicinal plants on the activity density and
diversity of spiders.

MATERIALS AND METHODS

Field trial

A field experiment of 2100m? in two different
regions in Fayoum governorate for conventional and
organic management was conducted. Each region was
divided into three equal plots (700 m? each) cultivated
with three medicinal plants; wormwood, Artemisia
sp.; Daisy, Chrysanthemum vulgare (L.) and
Egyptian spearmint, Mentha niliaca Jacg. The
conventional plots were treated with inorganic
fertilizers and sprayed with pesticides when
appropriate; while the organic plots were fertilized
with compost and no sprays were used. Spiders were
sampled by using pitfall traps method as described by
Southwood (1978) and Slingsby &Cook (1986). Ten
pitfall traps were placed for each plant every ten days.
Samples were sorted in the laboratory; collected
spiders were kept in glass vials containing 75 % ethyl
alcohol with some droplets of glycerin, counted and
identified to species level as much as possible.

a- Frequency and abundance values

The frequency values of the most abundant
species were classified into three categories
according to the system adopted by Weis Fogh
(1948); “Constant species” more than 50% of the
samples, "Accessory species"” 25-50 % of the samples
and "Accidental species™ less than 25%. On the other
hand, the classification of dominance values were
done according to Weigmann (1973) system in which
the species were divided into five groups based on the
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values of dominance in the sample; Eudominant
species (> 30% individuals), dominant species (10-
30% individuals), subdominant (5-10% individuals)
recedent species (1-5% individuals) and subrecedent
species (1% individuals).

b- Species diversity

The biodiversity of ground fauna collected were
estimated by using equilibrium. Diversity of collected
arthropods was determined for samples pooled over
one summer season by two different patterns of
fertilization. It was measured by diversity index that
reflected the number of species (richness) in the
samples. Two common indices were computed,
Shannon-Wiener index "H” and Simpson index "S”.
and calculated as described by Ludwig and Reynolds
(1988).
H'=-Y(ni/n) In (ni/n) and S=3 (ni/n)?
ni is the number of individuals belonging to the i of
"S" taxa in the sample where "n" is the total number
of individuals. "H" is more sensitive to changes in
number of species and diversity, while "S" is a
dominance index that gives more weight to common
or dominant species (Ludwig & Reynolds, 1988); it
highly suggests that the two individuals drawn at
random from the population belong to the same
species. If the result is high then the probability of
both individuals belonging to the same species is
high, and as a result the diversity of the community
samples might be low.

c- Sorensen quotient of similarity

To allow a comparison of the two samplings
between microhabitats of the two cultivation systems,
Sorensen's quotient of similarity (Sorensen, 1948)
was used to determine the similarities of spider
species composition among the communities, it is:

QS=2C/A+B.

Where A and B are the number of species in samples
A and B, respectively, and C is the number of species
shared by the two samples; QS is the quotient of
similarity and ranges from 0 tol.

RESULTS AND DISCUSSION

Spider assemblage

Collected spiders recorded 737 individuals
representing 10 families, 26 genera and 27 species.
The 10 families found in the present experiment
represent 25 % of the 40 families recorded in Egypt
by (El-Hennawy, 2006).

Spiders inhabiting land of organic management
A total of 387 spider species were caught in the

organic cultivation. They were classified in 7 families

and 20 genera and 20 species. Juveniles comprised

26.6 %; while adults averaged 73.4 %. The sex ratio
was 2.9 males: 1 female Table (1). Of the most
abundant species, 5 ranked in the top, Wadicosa
fidelis (195 individuals), Pardosa sp. (89
individuals), Hogna sp. (35 individuals), Thanatus
albini (14 individuals), and Zelotes sp. (12
individuals).

Vegetation type influenced spider abundance as
plots of spearmint and daisy plants Table (3) received
a high number of spiders,151 individuals for both
plants, while wormwood showed the lowest number,
85 individuals, its natural chemical structure
contained within leaves become detergent to common
pests and in turn the abundance of spiders was
reduced. However, wormwood plant seemed to have
a higher diversity than spearmint and daisy plants
because it had the greatest number of species
recorded 14, 12 & 13 species, respectively. This result
is in accordance with Rizk et al. (2012) who indicated
that spider assemblages were highly influenced by
variations in plant community structure. Liu et al.,
2003 indicated that the density of spiders in the field
increase with the increase in plant size and
complexity, thus smaller plants has fewer spiders than
tall ones.

Spiders inhabiting land of conventional

management

A total of 350 spider individuals were cached in
the conventional cultivation. They were represented
by 10 families and 23 genera and 23 species.
Juveniles comprised 28.3 %; while adults averaged
71.7 %. The sex ratio was 2.4 males: 1 female (Table,
2). The most dominant species was Wadicosa fidelis
(218 individuals), Pardosa sp. (46 individuals),
Steatoda erigoniformis (13 individuals) and Hogna

sp. (11individuals).

Daisy plants supported a higher abundance of
spiders, 137 individuals and two egg sacs; while
spearmint and wormwood plants had 118 and 95
individuals, respectively. However wormwood plant
had the fewest number of spiders in the conventional
management but rather of high diversity which
recorded 16 species; while daisy and spearmint
recorded 15 and 11 individuals, respectively. Schmidt
et al., 2005, found that most activity density of spider
was in conventional management crops.

Members of Theridiidae and Linyphidae were
more active in conventional management while
Lycosidae and Gnaphosidae preferring organic
management; this result was in accordance with that
of Eyre et al. (2008).

Species richness
Among the 23 species of spiders collected during
the study, 20 species of 7 families were recorded in
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Table (1): Species richness of spiders inhabiting land of organic management

L Wormwood Daisy Spearmint Py 0
Scientific name g 9 i 3 9 il 9 i 3 5] i 3 Total %

Lycosidae 2 1 1 3 1 4
Wadicosa fidelis 25 8 1 32 17 40 41 20+A 11 98 45+ A 52 195+A 13434 835
Pardosa sp. 11 7+A 2 8 3 6 37 7 8 56 17+ A 16 89+A '
Hogna ferox 4 1 2 5+tA 19 3 1 9 T+ A 19 35+A
Salticidae 1 1 1
Phlegra flavipes 4 4 4 6 15
Heliophanillus fulgens 1 1 1
Philodromidae 14 36
Thanatus albini 2 1 5 4 1 1 11 1 2 14 )
Eutichuridae 3 0.8
Cheiracanthium sp. 2 1 1 2 3 )
Theridiidae
Steatoda erigoniformis 1 2 1 2 1 5 1 6 8 21
Enoplognatha gemina 1 1 1 '
Kochiura aulica 1 1 1
Gnaphosidae 2 1 3 3
Zelotes laetus 3 3 1 5 8 4 12 20 5.2
Micaria dives 1 1 1 1 2 2 4 '
Trachyzelotes jaxartensis 1 1 1
Linyphidae 2 1 1 2 1 1 4
Mermessus denticulatus 2 1 1 2 1 1 4 13 34
Sengletus extricatus 1 1 1 '
Gl 1 1 1 1 3 1 4
P 56 17+0 12 58 27+A 66 97 29+A 25 211 73+3A 103 387+3A 387+3 A
Total 85+ A 151+ A 151+ A 387+3 A
A: Eggsac

Table (2): Species richness of spiders inhabiting land of conventional management

Wormwood Daisy Spearmint P

N 0
Scientific name g o i g o i 3 9 f 3 9 i 3 Total %
Lycosidae
Wadicosa fidelis 20 16 22 34 13 42 40 21 10 94 50 74 218
Pardosa sp. 7 1 2 12 2+ A 4 14 2 2 33 5+A 8 46+A  276+2A 789
Hogna ferox 2 3 2+ A 2 2 5 4+ A 2 11+ A
Geolycosa urbana 1 1 1
Salticidae 1 1 1
- 5 14
Phlegra flavipes 1 2 1 4 4
Philodromidae 9 26
Thanatus albini 1 1 2 2 1 2 5 2 2 9 '
Eutichuridae
- o 1 0.3
Cheiracanthium isiacum 1 1 1
Theridiidae
Steatoda erigoniformis 2 1 10 13 13 17 49
Enoplognatha gemina 3 3 3 '
Kochiura aulica 1 1 1
Gnaphosidae 1 1 1
Zelotes laetus 1 1 2 1 3 2 5
Micaria dives 22 1 1 3 3 6 14 4
Trachyzelotes jaxartensis 1 1 1 2
Dictynidae
Lathys humilis 1 1 1 ! 03
Linyphidae 2 1 2 1 1 2 1 4 7
Prinerigon evagans 1 1 1
Sengletus extricatus 1 1 2 3 1 4 22 6.3
Erigone sp. 2 2 2
G1 1 1 1 1 1 1 2 2 2 4 8
Thomisidae 2 06
Thomisus spinifer 1 1 1 1 2 )
Titanoecidae 3 0.9
Nurscia albomaculata 2 1 2 1 3
) 40 22 33 62 2512 A 50 76 26 16 178 73+2A 99 350+2A 350+2A
Total 95 137+2 A 116 350+2 A

A: Eggsac
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Table (3): Occurrence of spiders in organic and conventional managements

Wormwood Daisy Spearmint Total

Scietific name A B A B A B A B
Lycosidae 3 1 4

Wadicosa fidelis 34 58 89 89 72+ A 71 195+ A 218
Pardosa sp. 20+ A 10 17 18+ A 52 18 89+ A 46+ A
Hogna ferox 5 2 26+ A S5+A 4 4 35+ A 11+ A
Geolycosa urbana 1 1
Salticidae 1 1 1 1
Phlegra flavipes 4 1 2 1 4 4
Heliophanillus fulgens 1 1

Philodromidae

Thanatus albini 3 2 5 5 6 2 14 9
Eutichuridae

Cheiracanthium isiacum 1 1
Cheiracanthium sp. 2 1 3

Theridiidae

Steatoda erigoniformis 1 2 3 1 2 10 6 13
Enoplognatha gemina 1 3 1 3
Kochiura aulica 1 1 1 1
Gnaphosidae 2 1 1 3 1
Zelotes laetus 6 1 2 5 3 12 5
Micaria dives 2 4 2 2 4 6
Trachyzelotes jaxartensis 2 1 1 2
Dictynidae

Lathys humilis 1 1
Linyphidae 2 3 1 1 4 4 7
Prinerigon evagans 1 1
Sengletus extricatus 1 2 2 1 4
Erigone sp. 2 2
Mermessus denticulatus 4 4

Gl 1 3 1 3 2 2 4 8
Thomisidae

Thomisus spinifer 2 2
Titanoecidae

Nurscia albomaculata 3 0 3
Total 85+ A 95 151+ A 137+2 A 151+ A 118  387+3A 350+2 A
A: Organic management ; B: conventional management ; A:Egg sac
Table (4): The dominance-frequency relationship of spider communities in organic land

Scientific name Wormwood Chrysanthemum Spearmint
Total sp.% Dom. F.% Freq. Total sp.% Dom. F.% Freqg. Total sp.% Dom. F.% Freq.

Lycosidae 3 3.5 R 1 0.7 sr

Wadicosa fidelis 34 40 E 89 58.9 E 72 47.4 E

Pardosa sp. 20 235 D 729 ¢ 17 11.3 87.4 ¢ 52 34.2 E 84.9 ¢
Hogna ferox 5 5.9 sd 26 17.2 D 4 2.6 R

Salticidae 1 0.7 sr

Phlegra flavipes 4 4.7 R 5.9 A 0 0 0 0 0.7 A
Heliophanillus fulgens 1 1.2 R 0 0 0 0

Philodromidae

Thanatus albini 3 3.5 R 3> A 5 33 R 3.3 A 6 3.9 R 3.9 A
Eutl_chundae_ 24 A 06 A 0 A
Cheiracanthium sp. 2 2.4 R 1 0.6 sr 0 0

Theridiidae

Steatoda erlgomfor_m|s 1 1.2 R 12 A 3 1.9 R 33 A 3 1.9 R 19 A
Enoplognatha gemina 0 1 0.6 sr 0 0

Kochiura aulica 0 1 0.6 sr 0 0

Gnaphosidae 2 2.4 R 1 0.7 Sr

Zglote§ Iagtus 6 7.1 sd 11.8 A 1 0.6 sr 9.7 A 5 3.3 R 3.9 A
Micaria dives 2 2.4 R 2 1.3 R 0 0

Trachyzelotes jaxartensis 0 0 1 0.6 sr 0 0

Linyphidae 3 1.9 R 1 0.7 sr

Mermessus de_ntlculatus 0 0 24 A 0 0 2.7 A 4 2.6 R - A
Sengletus extricatus 1 1.2 R 0 0 0 0

Gl 1 1.2 R 1 0.6 sr 2 1.3 R

D) 85 151 152

Frequency (abundance), by Weis Fog

Dominance, by Weigmann

> 50 % = Constant (C)

> 30 % = Eudominant (E)

1-59% Recedent (R)

25 - 50 % = Accessory (ac)

10 - 30 % = Dominant (D)

> 1 % = Subrecedent ( Sr)

> 25 % = Accidental (A)

5 - 10 % = Subdominant (sd )
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Table (5): The dominance-frequency relationship of spider communities in conventional land

Scientific name Wormwood Chrysanthemum Spearmint
Total sp% Dom. F.% Freq. Total sp% Dom. F.% Freq. Total sp% Dom. F.% Freq.

Lycosidae
Wadicosa fidelis 58 61.1 E 89 67.9 E 71 61.2 E
Pardosa sp. 10 16,5 Dom. 73.7 C 18 13.1  Dom. 823 C 18 155 Dom. 80.1 C
Hogna ferox 2 2.1 R 5 3.6 R 4 34 R
Geolycosa urbana 0 0 1 0.7 sr 0 0
Salticidae 1 1.1 R 1 0.9 Sr
Phlegra flavipes 1 1.1 R 22 A 2 1.5 R 15 A 4 34 R 43 A
Philodromidae R
Thanatus albini 2 2.1 R 21 A 5 3.6 36 A 9 7.8 sd 8 A
Eutichuridae
Cheiracanthium isiacum 0 0 0 0 0 1 0.9 sr 0.9 A
Theridiidae
Steatoda erigoniformis 2 2.1 R 1 0.7 sr 10 8.6 sd
Enoplognatha gemina 0 0 32 A 3 2.2 R 29 A 0 0 86 A
Kochiura aulica 1 1.1 R 0 0 0 0
Gnaphosidae 1 1.1
Zelotes laetus 0 0 2 1.5 R 3 2.6 R
Micaria dives 4 4.2 R 14 A 2 15 R 3 A 0 0 26 A
Trachyzelotes jaxartensis 2 2.1 R 0 0 0 0
Dictynidae
Lathys humilis 0 0 1 0.7 sr 0 0
Linyphidae 2 2.1 R 1 0.7 sr 4 3.4 R
Prinerigon evagans 1 11 R 0 0 0 0
Sengletus extricatus 0 0 6.4 A 2 1.5 R 5.9 A 2 1.7 R 6.8 A
Erigone sp. 0 0 2 15 R 0 0
Gl 3 3.2 R 3 2.2 R 2 1.7 R
Thomisidae 21 A
Thomisus spinifer 2 2.1 R ) 0 0 0 0
Titanoecidae 11 A
Nurscia albomaculata 1 1.1 R ) 0 0 0 0
P 95 137 113

organic system and 23 species of 10 families in
conventional system. A total of 14 species had
common occurrence in both plants. Families
Dictynidae, Thomisidae and Titanoecidae were
absent in land treated with compost as organic
system.

Table (1&2) showed that the family Lycosidae
was represented by 323 & 276 individuals and 3 & 2
in organic and conventional system, respectively. It
was the only dominant family, as it comprised 83.5
and 78.9% of the total catch in organic and
conventional cultivation, respectively. Bengtsson et
al. (2005) indicated this result which found that
organic farming usually increase species richness,
having an average 301 higher species richness than
conventional farming system; the same result was
recorded by Schmidt et al., 2005 who recorded higher
spider densities in organic field that being favorable
habitat for spiders. Also Tahir & Butt, 2009 found
that Lycosidae was the only dominant family,
comprising 77.37 % of the total catch. Moreover,
Ostman et al. (2003) indicated this result in which the
organic management where agrochemical application
prohibited diversity of spider and provided more
complex and diverse physical milieu which gave
spiders more protection from natural enemies and
improved microhabitat as well. Also, Oberg (2007)
indicated that organic practice added diversity to the
soil structure and increased the abundance of prey and

in turn abundance of spiders.

Frequency and abundance values

Tables (4&5) showed the frequency and
abundance values of the most abundant spiders.
Family Lycosidae was considered “constant”
according to Weis Fog system, in the two types of
cultivations organic and conventional, occupied 83.5
and 78.9 %, respectively; also, considered “constant”
in the three cultivated plants, Wormwood, Daisy and
Spearmint. Members of this family: Wadicosa fidelis
and Pardosa sp. ranged between “Eudominant” and
“Dominant” according to Weigmann classification of
dominance. Our results agreed with Shuang-lin and
Bo-ping (2006) who indicated that Lycosidae, was
the dominant family and occupied more than 60% of
individuals' community. Moreover, Rizk et al. (2012)
indicated that members of Lycosidae were
represented by three common species: Wadicosa
fidelis, Pardosa injucanda and Pardosa sp. and all
their developmental structures were collected by
pitfall traps below the four plants Spearmint,
Castorbean, Roselle (Karkadi) and Red pepper.

On the other hand, all the remaining families were
“Accidental” while their members ranged between
Recedent and Subrecedent except of Zelotes laetus of
the family Gnaphosidae for organic cultivation and
Steatoda erigoniformis in the family Theridiidae in
the conventional cultivation being Subdominant. This



74

result was in accordance with that of Eyre et al., 2008
who stated that linyphid species preferring plants in
conventional cultivation and larger Lycosid,
Philodromid and Gnaphosid species favoring the
organic cultivation.

Species diversity

Table (6) compared the biodiversity of collected
spiders in different vegetations between organic and
conventional cultivation by using Shannon-Wiener
"H" and Simpson "S" Indices of diversity.

The vegetations of different plants varied in their
spider richness. The collected spiders on plants
treated with compost was the highest (recorded 151
individuals, in Daisy and Spearmint) except of
Wormwood plants was higher in conventional
cultivation than organic.

According to Shannon-Wiener "H" Index, the
Wormwood of conventional cultivation recorded the
highest value 1.05 of 16 sp. and 8 families; while
daisy of organic cultivation recorded the smallest
value 0.57 of 13 sp. and 6 families), so we can say
that wormwood plants had a higher diversity index
and daisy had a lower diversity index . Similarly, the
values calculated for other cultivation described the
different species diversity index for each group.

According to Simpson Index, which reflected the
measure of dominance, it was found that the Daisy
and Spearmint plants included the highest number of
dominant species in organic cultivation, recorded 132
& 129 individuals of Lycosid members, respectively.
Our results are in good agreement with Bettiol et al.,
2002 who assumed that the number of collembolans
found in the organic system was three times as high
as that in the conventional system.

Similarity of species

Species richness of spiders collected from organic
system (387 individuals) was greater than that of
conventional system (350 individuals); while the
number of spider species was greater in conventional
(24 species) than that in organic (20 species). Among

Table (6): Estimation of Shannon-Wiener and
Simpson Indices of spider diversity in land of
organic and traditional managements

Organic Traditional
management management
A B C A B C

Shannon-Wiener Index 0.99 057 0.62 1.05 0.75 0.85

Simpson Index 0.55 0.82 0.73 0.55 0.69 0.63

A: Wormwood (Artemisia sp.),
B: Daisy (Chrysanthemum vulgare),
C: Spearmint (Mentha niliaca)

Type of index

the 27 genera obtained, 24 species were catched from
conventional land and 20 in organic land, and the
common genera were 14 (Table 3). To allow a
comparison between the two habitats, Sorensen's
Quotient of similarity (QS) for the two communities
was 0.67; it is concluded that the two communities are
slightly different, as they recorded 64 % of similarity.

Monthly fluctuation of spider population

Monthly counts of spiders collected from the
organic and conventional cultivations, between
October and first week of May, occurred in high
abundance in March recorded 109 individuals and 3
egg sacs for the organic while respective numbers in
conventional cultivation was 88 individuals and one
egg sac.

Several authors reported that the winter was the
lowest abundance for spider while in summer its
population density of spider increased; Rizk et al.
(2012) indicated that spiders appeared in few
numbers in early summer on the four different plants
Spearmint, Castorbean, Roselle (Karkadi), and Red
pepper and the population density gradually increased
showing a peak in June. In general, this data indicated
that spiders were active during summer months.

In  conclusion, This study exposing that
biodiversity of spider is impacted by different
management strategies, organic and conventional. So,
vegetation architecture and type of fertility are known
to affect spider activity. The diversity Indices account
for some species are rare and others being common,
they serve as variable tools that enable biologists to
quantify diversity in a community and describe its
numerical structure. It was found in our study that
there was considerably more activity in organic plots
for most species with the least on the conventional
plots. In general, spider abundance, were highest in
the organic management plants while conventional
cultivation plants had higher species diversity. These
results go in line with Eyre et al. (2008) and in
contrast to other reports.
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