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The modern and intensified agriculture can cause significant reduction in diversity of soil macro-invertebrates
resulting in negative impacts on soil organisms, aeration, and decomposition of organic matter and functional
roles of component populations. Keeping in view these facts, the present study was conducted to evaluate the
effects of high input farming on soil macro-invertebrates diversity in comparison to low input farming system. Soil
samples were taken by core sampler from three micro-habitats from a randomly selected field (open edge, sub-
shadow and within field) for two consecutive years, for the session 2008 & 2009. Soil samples were sorted out in
the laboratory for the collection of macro-invertebrates by direct hand picking, preserved in the 70% ethanol
solution with few drops of glycerin and identified up to species level. A total of 2138 specimens belonging to
various order and families were recorded from both low input and high input. Out of 2138 specimens, 1400 were
recorded from low input belonging to 79 species as well just 738 specimens belonging to 61 species from high
input crop fields of sugarcane. The abundance of macro-invertebrates in the low input fields was significantly
higher (p<0.001) than in the high input fields and species diversity was also higher in the low input fields (H'
3.630), than the high input fields (H' = 2.932). T-test analysis between them was highly significant (t = 10.24).
Order Pulmonata, Hymenoptera, Oligochaeta and Coleoptera were the most abundant from both the low input
and high input fields. The data showed that organically managed low input fields of sugarcane are supporting the

diversity of macro-invertebrates, which is essential for appropriate functioning of ecosystem.
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INTRODUCTION

The soil not only houses a huge proportion of the soil's
invertebrate biodiversity, which is essential for the soil
health but also provides the physical substrate for most
human activities. Although soils have been extensively
studied and classified on the basis of physical and
chemical characteristics, knowledge of soil invertebrate
biodiversity and function is far from complete (Swift,
1997; Wall and Virginia, 2000; Swift et al., 2004,
Brussaard et al., 2004). This gap in the knowledge is
partially due to the limited recognition that soall
organisms plays a significant role which are useful to
determine the physical and chemical properties and
productivity of soils, as well as partially due to the
enormous diversity of soil micro and macro
invertebrates and the difficulties faced for their
identification as well as for the study of their direct
linkages to soil function (Brussaard et al., 1997; Lavelle
and Spain, 2001; Coleman et al., 2004).

Recent knowledge reveals that soil micro and macro
invertebrates are an integral component of agricultural
ecosystems. The presence of a range of soil
invertebrates is essential for the maintenance of

healthy productive soils. An excessive reduction in soil
biodiversity, for example the loss of species with
unique functions, may have disastrous effects, leading
to the irreparable degradation of soil and the loss of
agricultural productive capacity. As a result, more land
would be needed to increase the agricultural
production to fulfill the demands of growing population
(Ruiz and Lavelle, 2008).

The depletion of the beneficial functions carried out by
soil macro and micro invertebrates in agricultural
ecosystems as a consequence of inappropriate soil
biological management is contributing to increased
rates of land deterioration, nutrient reduction, and
decline in fertility, water scarcity, and reduction in yield.
All these factors have a negative impact on the
livelihoods of human population who depend directly
on agricultural products for their survival (Ruiz and
Lavelle, 2008).

Especially the role of soil invertebrates in high input
agricultural ecosystem has received little attention
because in the high input field's natural and biologically
mediated processes like those regulating soil structure,
nutrient supply, and pest and disease control have
been mainly replaced by human inputs (soil tillage,
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fertilizer and pesticide applications) that ultimately
depend on non-renewable energy sources. In natural
ecosystems, the internal regulation of function is
largely a result of plant biodiversity that influences the
magnitude and temporal distribution of carbon and
nutrient flows; however, this form of control is
increasingly lost through agricultural intensification
(conventional farming) (Swift and Anderson, 1993).
Therefore, in recent decade organic farming gaining
popularity, characterized by prohibition of majority of
synthetic chemicals, so purportedly sustainable
farming systems such as organic farming are now seen
by many as a potential solution to loss in the soall
characteristics as well as loss of functional biodiversity
(Hole et al., 2005).

In view of this the present study was planed to
determine the deleterious effects of HIP (conventional)
farming on the soil macro-invertebrates, which plays a
vital role for the fertility as well as other important
function of soil in turn increasing the productivity of soil.
The objectives of the study were quantitative
assessment of decline of soil-macro-invertebrates in
sugarcane crops owing to high input (conventional
farming) vs low input farming (organic farming) and to
determine the intensity of reduction of soil-macro-
invertebrates among high input fields over low input
along the micro-habitat viz. open edge, sub-shadow
and inside the field.

MATERIALS AND METHODS

Study area: A preliminary survey was made to select
the sugarcane fields under chemically low input “LIP”.
The area from Gatti (Name of locality)- was selected,
situated in north-east about 24km away from main city
in district Faisalabad and chemically high input “HIP”
cultivation with intensive farming using pesticides and
synthetic fertilizers was selected from Ayub Agriculture
Research Institute, Faisalabad. A block of 10 acres
was randomly selected from each locality. Low input
farming system was taken as control whereas, those of
high input farming system was taken as treated.

Soil sampling: For the extraction of invertebrates,
soil's samples were taken from randomly selected
three fields each of one acre from each 10 acre block
in each month. Three different microhabitats from each
acre field were sampled for the extraction of macro-
fauna from the soil. These sites are defined as follows:

Open edge: It is an elevated ridge making the
boundary of sugarcane field. Samples were taken from
any place on this ridge without any shade of shrub/
scrub/ tree plant on it.

Sub-shadow: Samples were taken from the above
said boundary ridge under the shade of a shrub/ scrub/
tree plant.

Inside field: Samples were taken from inside positions
in the crop field

Procedure: An iron square quadrangle measuring one
cubic ft. was used to collect the samples of soil from
open edge and under tree in each crop field. Core
sampler measuring 7.6 cm diameter was used to
collect the samples of soil from third micro habitat i.e.
inside the crop field. Three core samples were taken
diagonally as the triplets of three, one ft deep inside
the field (Dangerfield, 1990; Magurran, 1988). Samples
of the soil were brought to the laboratory for sorting the
various invertebrate. They were sorted through hand
sorting and after it through burlese funnel, and
preserved in 70% ethanol. Identification of the
specimens was done with the help of reference
material (Triplehorn and Johnson, 2005; Blanford,
1898.) in the Biodiversity Laboratory, Department of
Zoology and Fisheries, University of Agriculture,
Faisalabad.

High input/low input: The assessment of low and
high input was made on the basis of the following
standards approved by the Govt. of Punjab, Pakistan
to get 2400-2600 kg ideal yield of sugarcane. Govt. of
Punjab recommended the below mentioned doses of
fertilizers along with sprays of different pesticides at
the hours of need. Cultivation accordingly was high
input and cultivation other than this was low input
farming (Govt. of Punjab, 2008). Sampling was done
for two consecutive sessions from January to June for
six months (each month for new field from 10 acre
block) for the session 2007/08-2008/09. Ratios of
different fertilizers used for standard cultivation as
described by Govt. of Punjab (2008) are: nitrogen (70
kg/acre), phosphorus (50 kg/acre), potassium (70-80
kg/acre), calcium (7 kg/acre), sulfur (12 kg/acre),
magnesium (12 kg/acre) and organic fertilizers (2400-
3200 kg/acre).

Statistical Analysis: Correspondence analysis (CA) is
a weighted-average technique that reciprocally double-
transforms community data (by species and SUs) and
then employs Correspondence analysis to produce
“corresponding” species and SU ordinations by using
the programme CA.BAS and Minitab 13 (Ludwig and
James, 1988) as well as calculate the diversity
according to Shahnon’s Diversity Index, 1948
(Magurran, 1988; Ludwig and James, 1988) through
GW-BASIC  Microsoft  (www.daniweb.com). Al
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statistical tests were conducted at the level of
significance a=5% using ¢ distribution (Microsoft Excel).
The richness, diversity and evenness indices were
computed by using the Programme SPDIVERS.BAS.

RESULTS AND DISCUSSION

A total of 2138 specimens of macro-invertebrates were
captured out of which 1400 from the low input farming
system representing 10 orders, 32 families, and 79
species as well as 738 specimens from the high input
farming system representing again 10 orders 32
families and 61 species. The dominant orders were
Coleoptera, Hymenoptera and Pulmonata (Table 1).
The data shows that LIP farms were highly abundant
as well as species rich. Three species were found
highly dominant in the low input and restricted only to

this habitat viz Punctum spp (127), Cryptaustenia spp.
(80) and Caecilloides spp. (40). No species was found
which is dominant as well as restricted to HIP fields of
sugarcane while a number of species were collected
which were almost equally abundant in both LIP and
HIP farming systems like Trachelipus rathkei (441),
Formica spp. (109), Hawaiia minuscule (102),
Solenopsis invicta (100), Pheretima posthuma (88),
Forficula auricularia (66), and Planorbis planorbis (49)
were commonly occurring on both the farming system
showing that they are resistant to synthetic chemicals
which are used to eliminate the pests from the HIP
farms. According to Matson et al. (1997) pesticide and
insecticides resistance has become a ubiquitous
problem as well as stated that soil fauna are generally
dominated by a single or small number of species,
highly adapted to the changed environment.

Table 1. Population Dynamics of macro-fauna in the microhabitat of LIP and HIP farming

Order Family Species

LOE | LUT | LIF | Total | HOE | HUT | HIF | Total

@
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Haplotaxida Megascolecidae | Pheretima posthuma
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+ + +

+

+ +

Pheretima morrisi

Pheretima hawayana
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+|+

Pheretima houlleti

Pheretima elongata
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Pheretima suctoria

+ |+
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Orthoptera Gryllidae Nemobius fasciatus

Gryllotalpidae Gryllotalpa orientallis

Dermaptera Forficulidae Forficula auricularia

||+ +]

Forfi. spp.*
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Hemiptera Cydnidae Pangaeus bilineatus

|||+

Tritomegas sexmaculatus
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|||+
||| ]|+
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Staphylinidae Paedurus littoralis

'
'
+

Coccinellidae Adalia decempunctata

Tenebrionidae Gonocephalum stocklieni

++|+]
+ |+
v
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Gonocephalum vagum

Gonocephalum depressum

.
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Eleodes hirtipennis

+
.
,

[+

Balps muronota

+|+|
+
'
+|+ |

Heleus waitei

Blastinus spp.
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Scarabaeidae Pentodon bispinosus
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'
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Cleonus jaunus
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Cleonus riger

Hymenoptera

Formicidae

Formica sanguinea

Formica exsectoides
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Formica rufa

Formica spp.

Solenopsis invicta

Manuel antonio
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Araneae

Anyphaenidae

Hibana spp.

Lycosidae

Hippasa madhuae

Hippasa partita
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Phintella piatensis
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Spartaeus uplandicus
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Oxyopidae

Oxyopes javanus )
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Clubionidae

Cheiracanthium tigbauanensis

Tetragnathidae

Dyschiriognatha hawigtenera

Isopoda

Trachelipodidae

Trachelipus rathkei

+
+0
+
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Armadillidae

Armadillium nastum

Aramd. spp.1*

Aramd. spp.2*
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Schendyla nemorensis
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Pulmonata

Lymnaeidae

Lymnaea stagnalis

Planorbidae

Planorbis planorbis

+|0
|
|
+[ 4+
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Planorbis convexiusculus

Planorbis merguiensis

Planorbis nanus

+| 4+
+|+]!
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Ferrussaciidae

Caecilloides spp.

Glessula spp.

Pupillidae

Pupoides spp

Endontidae

Punctum spp.

||+ [+
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Endon. spp. 1*
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Endon spp. 2*
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Endon spp. 3*
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Achatinidae

Zootecus spp.

Curvella spp.
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Cryptaustenia spp.
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Diversity, species richness and evenness (Table 2)
were calculated by Shannon diversity index (1948) and
the largest value of H' and evenness when every
individual belongs to different species, is the relative
measure of diversity (Kikkawa, 1996). The comparison
of LIP& HIP fields have showed significantly
differences (p<0.001). But, the comparison of LIP and

HIP microhabitat viz., open edge, under tree and inside
the fields have also showed significant differences
(p<0.001). In previous field studies (Siddiqui et al.,
2005; Rana et al., 2006; Kapagianni et al., 2010) have
reported negative association between low (organic)
and high input (conventional) farming with sever
deterioration in high input system. But, in the present
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Table 2. Shannon diversity indices among low input and high input in sugarcane fields

. Open Edge Under Tree
Crop |Locality No [H' NI N2 [E5 No |H' [N N2 E5 t- test |df p- value
Open Edge Under Tree
LIP 63 [3.566 [35.38 [24.03 [0.670 |55 [3.256 [25.94 [16.22 [0.610 [4.958 [>120 [0.000***
Open Edge Inside Field
~LIP 63 [3.566 [35.38 [24.03 [0.670 [43 [3.145 [23.21 [13.94 [0.583 [4.972 [>120 [0.000***
; Under Tree Inside Field
c [LP 55 [3.256 [25.94 [16.22 [0.610 [43 [3.145 [23.21 [13.94 [0.583 [1.275 [>120 |0.203ns
o Open Edge Under Tree
§ HIP 55 [3.058 [21.27 [8.88 [0.38 [35[2.469 [11.80 [5.23 [0.39 [4.723 [>120 [0.000***
n Open Edge Inside Field
HIP 55 [3.058 [21.27 [8.88 [0.38 [32 [2.488 [12.03 [5.35 [0.39 [3.996 [>120 [0.000***
Under Tree Inside Field
HIP 35 [2.469 [11.80 [5.23 [0.39 [32[2.488 [12.03 [5.35 [0.39 [-0.126 [>120 [0.899ns
LIP HIP
Open Edge [63 [3.566 [35.38 [24.03 [0.670 [55 [3.058 [21.27 [8.88 [0.38 [5.553 [>120 [0.000***
Under Tree  [55 [3.256 [25.94 [16.22 [0.610 [35 [2.469 [11.80 [5.23 [0.39 [8.310 [>120 [0.000***
Inside Field  [43 |3.145 [23.21 [13.94 [0.582 |32 [2.488 [12.03 [5.35 [0.39 [5.105 [>120 [0.000***
Total 79 |3.630 [37.71 [22.84 [0.59 |61 [2.932 [18.77 [6.67 [0.31 [10.24 111]0.000***

"Shannon diversity indices of sub-habitat of low input and high input of sugarcane fields. P-value for the factor are given (ns:
p>0.05, *: p<0.05, * *: p<0.01, * * *: p<0.001). No = S where S is the total number of species in the sample, H' is the Shannon’s
index of diversity, and where E is the index of evenness, and N1 and N2 are the number of abundant very abundant species

respectively in the sample.

study main focus was on the below ground-soil fauna,
to investigate the impacts of low input and high input
among three micro-habitats.

The correspondence analysis was performed on the
1% reduced data to determine the ordination of
dominant species. Table 3 and 4 depicted the
ordination of three microhabitats of (LIP) and (HIP) on
the species of orders Oligochaeta, Orthoptera,
Dermaptera, Hemiptera, Hymenoptera and Araneae,
Isopoda and Pulmonata respectively.

The axis one, two and three of the analysis extracted
43.44%, 23.56% and 17.18% the proportion,
respectively (Table 3), while the species Solenopsis
invicta and Camponotous spp. were the major
contributors to the first axis which contribute 19.2% (r =
0.821) and 16.6% (r = 0.781) as well as the species
Gryllotalpa orientallis, Pangaeus bilineatus and
Tritomegas sexmaculatus contribute 34.7% (r=0.477),
16.1% (r=0.521) and 18.5% (r=0.454) respectively to
the second axis (Fig.1). The axis one, two and three of
the analysis extracted 61.57%, 33.26% and 04.13%
the proportion respectively (Table 4), the species
Trachelipus rathkei and Punctum spp. contribute
52.0% (r=0.989) and 15.3% (r=0.651) respectively to
the first axis. While the major contributor of the second
axis were Planorbis convexiusculus and Hawaiia
minuscula contributed 21.0% (r=0.653) and 20.2%
(r=0.656) (Fig.2).

CONCLUSION

It has been concluded from the whole investigation that
the introduction of intensive agriculture farming to fill
the gap between supply and demands for massively
boosting human population, has many paramount
handicaps and it can cause unmanageable losses to
soil macro-faunal diversity. Therefore, organic farming
is recommended for sustainable future that is self
regulatory, self perpetuating and a better option to
avoid from these handicaps.
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Figure 1. Ordination on axis 1 and 2 of six microhabitat (three microhabitat from each LIP and HIP) and
13 species recorded belonging to Oligochaeta, Orthoptera, Dermaptera, Hemiptera and
Hymenoptera from July to December in two consecutive years on the three microhabitat of
each low and high input sugarcane fields) in high and low input sugarcane fields.

Species identity: 1.Pheretima posthuma, 2. Pheretima morrisi, 3. Pheretima hawayana, 4. Pheretima elongate, 5. Pheretima

suctoria, 6. Gryllotalpa orientallis, 7. Forficula auricularia, 8. Pangaeus bilineatus. 9. Tritomegas sexmaculatus, 10. Formica

spp., 1. Solenopsis invicta, 12. Camponotus herculeanus, 13. Camponotous spp.
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Figure 2. Ordination on axis 1 and 2 of six microhabitat (three microhabitat from each LIP and HIP) and
11 species recorded belonging to Araneae, Isopoda and Pulmonata from July to December in
two consecutive years on the three microhabitat of each low and high input sugarcane fields in

high and low input sugarcane fields

Species identity: 1. Hippasa madhuae, 2. Trachelipus rathkei, 3. Planorbis planorbis, 4. Planorbis convexiusculus, 5. Planorbis
merguiensis, 6. Biomphalaria havanensis, 7. Hawaiia minuscule, 8. Caecilloides spp. 9. Punctum spp., 10. Curvella spp., 11.

Cryptaustenia spp.

* LOE = Low input open edge, LUT = Low input under tree, LIF = Low input inside field.
HOE = High input open edge, HUT = High input under tree, HIF = High input inside field

R.A. Virginia. 1997. Biodiversity and ecosystem
functioning in soil. Ambio 26(8):563-570.

Brussaard, L., T.W. Kuyper, W.A.M. Didden, R.G.M. de
Goede and J. Bloem. 2004. Biological soil quality
In: Managing Soil Quality: Challenges in Modern
Agriculture (Eds. P. Schenning, S. Emholt and B.T.
Christensen). CAB International, Wallingford.
pp.139-161.

Coleman, D.C., D.A. Crossley and P.F. Hendrix. 2004.
Fundamentals of Soil Ecology, 2" Ed. Elsevier
Academic Press, Amsterdam-Boston. pp.82-83.

Dangerfield, J.M. 1990. Abundance, biomass, and
diversity of soil macrofauna in savanna woodland
and associated managed habitats. Pedobiologia
34:141-151.

Govt. of Punjab. 2008.
www.agripunjab.gov.pk
Hole, D.G., A.J. Perkins, J.D. Wilson, I.H. Alexander,
P.V. Grice and A.D. Evans. 2005. Does organic
farming benefit biodiversity? Biol. Conserv.

122:113-130.

Ziratnama, Lahore.

from biomass to biodiversity-importance and
resilience to management stress and disturbance.

Kapagianni, P.D., G. Boutsis, M.D. Argyropoulou, E.M.
Papatheodorou and G.P. Stamou. 2010. The
network of interactions among soil quality variables
and nematodes: short-term responses to
disturbance induced by chemical and organic
disinfection. Appl. Soil Ecol. 44:67-74.

Kikkawa, J. 1996. Complexity, diversity and stability.
In: Community Ecol. Pattern and Process, pp. 41-
65 (Eds. J. Kkkawa and D.J. Anderson). Blackwell
Sci. Pub., Melbourne, Australia.

Lavelle, P. and A.V. Spain. 2001. Soil Ecology. Kluwer
Academic Publishers, The Netherlands. pp.201-
356.

Ludwig, J. A. and F.R. James. 1988. Statistical
Ecology: A primer on methods and computing.
USA.

277



Naureen, Shahnaz, Hammad and Anjum

Magurran, A.E. 1988. Ecological Diversity and Iis
Measurement, Princeton University Press, New
Jersey. pp.34-36.

Matson, P.A., W.J. Parton, A.G. Power and M.J. Swift.
1997. Agriculture intensification and ecosystem
properties. Science 277:504-509.

Rana, N., S. A. Rana, A. Sohail, M. J. I. Siddiqui and
M. Z. Igbal. 2006. Diversity of soil macrofauna in
sugarcane of hip and lip nature: past finding and
future priorities. Pak. Entomol. 28:19-26.

Ruiz, N. and P. Lavelle. 2008. Soil Macro-fauna Field
Manual. Food and Agriculture Organization of the
United Nations. pp.1-100.

Shannon, C.E. 1948. A mathematical theory of
communication. Bell system Tech. J. 27:379-423.

Siddiqui, M.J.l., S.A. Rana, A. Sohail and N. Rana.
2005. Biodiversity of insects in high and low input
wheat (Triticum aestivum) fields agroecosystems
of Punjab. Pak. Entomol. 27:25-28.

Swift, M.J. and J.M. Anderson. 1993. Biodiversity and
ecosystem function in agricultural systems. In:

Biodiversity and ecosystem function (Eds. E.D.
Schulze and H.A. Mooney). Ecological Studies
99:14-41.

Swift, M.J., A.M. N. Izac and M. Van Noordwijk. 2004.
Biodiversity and ecosystem services in agricultural
landscapes are we asking the right questions?
Agriculture, Ecosystems & Environment 104:113-
134.

Swift, M. J. 1997. Soil biodiversity,
intensification and agro-ecosystem
Applied Soil Ecology 6(1):1-108.

Triplehorn, C.A. and N.F. Johnson. 2005. Borror and
Delong’s introduction to the study of insects, 7"
Ed. Peter Marshall, America.

Wall, D.H. and R.A. Virginia. 2000. The world beneath

our feet: Soil biodiversity and ecosystem functioning.

In: Nature and Human Society: The quest for a

Sustainable World (Eds. P.H. Raven and T. Williams).

Committee for the Second Forum on Biodiversity,

National Academy of Sciences and National Research

Council, Washington D.C. pp.225-241.

agricultural
function.

278



