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Abstract: Sweep-net sampling was used to collect macroinvertebrates from weeds occurring in the edges and
inside the fields of both wheat and sugarcane agro-ecosystems. The main objective of the recent study was
to determine comprehensive relationship between macroinvertebrate fauna and weed species associated to
wheat and sugarcane agro-ecosystems. A total of 2,468 and 2,963 specimens of macroinvertebrates including
arthropods and pulmonates, were recorded both from wheat (62 species) and sugarcane (162 species)
associated weeds. Cynodon dactylon (grass) supported most diverse and abundant assemblage of
macroinvertebrates in both wheat and sugarcane. It shared 52.02% of total collected individuals in sugarcane
and  33.47% in  wheat  and Orthoptera, Hemiptera, Diptera, Hymenoptera  and  Araneae  were  the most
abundant taxa. Edges of both  wheat and sugarcane fields  were significantly rich and diverse (S = 60, H = 3.16),'

(S = 149, H = 4.05) than in the centers (S = 38, H = 2.93), (S = 79, H = 3.56), respectively. Weeds were found' ' '

important in sustaining biodiversity and richness of macroinvertebrate species that in turn helped in the
sustainability of agro-ecosystem.
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INTRODUCTION regulation of macroinvertebrates communities inhabiting

Biodiversity refers to all species of animals, plants diversity and richness of macroinvertebrates at all trophic
and micro-organisms living and interacting within an levels [9-12].
ecosystem [1]. It plays a fundamental role in sustaining Maximum weed diversity is often recorded at the field
key functions of agro-ecosystems. On the contrary, loss edges which become the most favorable habitats for
of biodiversity adversely affects the productivity of an weeds as well as for the macroinvertebrates inhabiting
agro-ecosystem [2]. Weeds play a significant role in field edges [13]. The level of internal regulation of various
conserving richness and diversity of macro-invertebrate functions in agro-ecosystems is mainly dependent on the
assemblages in terms of providing basic survival needs to number and variety of macroinvertebrates and plant
them and shifting a predator-dominated trophic structure species diversity present in an agro-ecosystem [14].
to being herbivore dominated and likely impacting Relatively few studies have attempted to evaluate the
ecosystem functioning and services [3-5]. They influence diversity of macroinvertebrates and their association to
beneficial arthropods and enhance crop productively. weeds in Pakistan [15-17]. The main objective of this
Weeds also regulate such ecosystem processes, as study was to gain an insight into the richness, abundance
nutrient cycling, primary productivity of ecosystem, and diversity of macro-invertebrate fauna inhabiting
resistance to drought conditions, grazing and population various weeds growing at the edges and the center of

them [6-8]. Weed diversity determines the abundance,
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wheat and sugarcane fields. We, in particular, were that one of these quadrate was sampled from edge and
interested in exploring any relationships between other from the center of the field. Sampling was done
richness, abundance and diversity of macroinvertebrates fortnightly and each sampling session comprised of three
and weed of the wheat and sugarcane agro-ecosystem so hours in the afternoon until sunset. Sampling was done
they we may convey a message to the farmers that weeds for two consecutive cropping seasons of wheat and
enhance biodiversity and reduce pest load from crops. sugarcane.

MATERIALS AND METHODS quadrates of wheat and sugarcane fields were also

This study was conducted in the suburbs of morphological and physiological characteristics, they
Faisalabad (73° 74 E, 30° 31.5 N; 184.41 m asl) where were  divided  into  four  functional   groups.  These
irrigation canals fulfill 80% of water requirements of groups  were  designated  on  the  basis  of  plant
cultivated land. Soil comprises alluvial deposits mixed attributes  within  the  agroecosystem  and not with
with loess having calcareous characteristics, making the respect  to  their influences on macroinvertebrates.
soil very fertile (City District Government Faisalabad). Grasses with C3 photosynthetic pathway have larger

This study was conducted within a circumference of tissue nitrogen in comparison to grasses with C4
30 to 60 km of the University of Agriculture Faisalabad photosynthetic pathway. Forbs comprising herbaceous
during 2010 and 2011. One block each  of  wheat  and dicots including legumes fix atmospheric nitrogen [18],
sugarcane (area = 4.05 ha) was selected on 24 randomly while woody weeds produce a perennial stem. Twenty
selected  sites.  Three  plots  (area = 0.405 ha) from each seven species of weeds belong to twelve families were
of these  randomly  selected  blocks of  wheat  and recorded both from wheat and sugarcanes fields. Ten of
sugarcane were again randomly selected and two them were recorded only from wheat and 12 from
quadrates (area = 1m  each) of foliage macroinvertebrates sugarcane fields whereas five were common to both fields2

were sampled from each of these three plots in such a way (Table 1).

Weeds occurring within two randomly selected

recorded and enlisted. Based up on their phenological,

Table 1: Plant species and their functional group recorded from wheat and sugarcane fields
Botanical Family Species Sugarcane Wheat C /C Functional group3 4

Asteraceae Sonchus oleraceus - + C3 Forbs1

 Parthenium hysterophorus + C3 Forbs2

Poaceae Phalaris minor + + C3 Grassy3

Poa annua + - C3 Grassy2

Cenchrus setigerus - + C4 Grassy1

Cynodon dactylon + + C4 Grassy3

Dichanthium annulatum + - C4 Grassy2

Avena fatua - + C3 Grassy1

Desmostachya bipinnata - + C4 Grassy1

Euphorbiaceae Euphorbia prostrata - + C4 Forbs1

Euphorbia heliscopia + - C3 Forbs2

Ricinus communis + - C3 legume2

Polygonaceae Polygonum plebejum - + Forbs1

Rumex dentatus - + C3 Forbs1

Brassicaceae Brassica campastris - + C4 Forbs1

Coronopus didymus + C4 Forbs2

Apiaceae Anethum graveolens + + Forbs3

Coriandrum spp. + - Forbs2

Amaranthaceae Amaranthus viridis + - Forbs2

Chenopodium album + - C3 Forbs2

Chenopodium murale - + C3 Forbs1

Convolvulaceae Convolvulus arvensis + + C3 Forbs3

Compositae Cnicus arvensis + + C3 Forbs3

Malvaceae Malvastrum coromandelianum + - Forbs2

Malva neglecta + - C3 Forbs2

Papaveraceae Corydalis Ambigua + - C3 Forbs2

Ephedraceae Ephedra spp - + CAM woody1

Note: Superscript 1= weeds exclusively found in wheat, 2= weeds exclusively found sugarcane and 3= weeds found common in both wheat and sugarcane.
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and macroinvertebrates inhabiting weeds at the edges and Hymenoptera (7.38%) were more abundant whereas
center of the fields were collected either through hands or Lepidotera and Araneae collectively constituted (5.69%).
by using sweep nets. Collected specimens were preserved Pulmonates formed just 9.44% of the macroinvertebrates
in glass vials containing 70% ethanol. Various macro- on C. dactylon. Lowest number of macroinvertebrates
invertebrate taxa viz., arthropods, arachnids, pulmonates 2.71% (67) was collected from S. olearaceus (Table 3).
and flora (weeds) were identified by consulting relevant Richness and diversity of macroinvertebrates was
literature, Research laboratories and museums at the significantly higher on the weeds growing at the edge
University of Agriculture, Faisalabad, Pakistan as well as than those in the center but their distribution was more
Museum of Centre for Applied Bioscience International even in  the  center  of  the field. The maximum diversity
(CABI) Regional Biosciences Centre, Daata Ganj Bakhsh of   macroinvertebrates  was  found  on  Phalaris minor
Road, Rawalpindi, Pakistan were visited. (H = 2.894) and least on Ephedra spp. (H = 2.147) growing

RESULTS diversity was recorded on Cynodon dactylon (H = 2.447)

A total of 5,431 macroinvertebrates were captured comparison among the weeds growing in the field edges
from wheat and sugarcane fields (Table 2). Diptera was and  center  of  the fields showed  significant  difference
the largest taxa representing seven species (30.92%) from (p <0.001).
wheat weeds and 31 species (28.39%) from sugarcane Results of canonical correspondence analysis (CCA)
weeds whereas Neuroptera was the least abundant taxa are given in figure 1 macroinvertebrates species occuring
representing one species (0.73%) from wheat weeds and close to any variable (i.e., weed species) in CCA biplots
two (0.07%) from sugarcane weeds. Mantodea, Blattaria are particularly associated with that variable. Most of the
and Isopoda were recorded from the sugarcane associated macro-invertebrate species were found to be associated
weeds only (Table 2). with Phalaris minor, Avena fatua and Cyndon dactylon

Weeds of Wheat: Abundance of macroinvertebrates on
various wheat weeds was significantly different. Cynodon Weeds of Sugarcane: Macro-invertebrate abundances
dactylon (grass) alone harboured 33.47% (n= 826) varied significantly among weed species growing in
macroinvertebrates including both arthropods and sugarcane fields. Cynodon dactylon represented a little
pulmonates. Arthropods formed 90.56% of the more than half of the total (52.01%) of macro-invertebrate
macroinvertebrates, of which Diptera (49.03%), Coleoptera (Table 5). Diptera 31.93%, Orthoptera 22.32%, Hemiptera
(11.50%),   Orthoptera   (8.47%),   Hemiptera   (8.11%)   and 18.88% and Coleoptera 6.68% were the most recorded taxa

' '

on field edges. While in the center of the field maximum
'

and least on Chenopodium murale (H = 0.950). The t-test'

in the wheat fields.

Table 2: Number of families, species and individuals of macroinvertebrates recorded on the weeds associated with wheat and sugarcane crops

Wheat Weeds Sugarcane Weeds
------------------------------------------------------------------------------ --------------------------------------------------------------------------

Order No. of family No. of species No. of individuals (%) No. family No. of species No. of individuals (%)

Thysanura - - - 01 01 02 (0.07)
Orthoptera 04 11 152 (6.16) 04 17 571(19.24)
Mantodea - - - 02 02 138(4.66)
Blattaria - - - 01 01 12(0.41)
Hemiptera 04 07 654 (26.50) 16 29 690(23.30)
Coleoptera 04 11 334 (13.53) 08 21 251(8.47)
Neuroptera 01 01 18 (0.73) 01 02 02(0.07)
Hymenoptera 03 06 246 (9.97) 06 18 103(3.48)
Lepidoptera 03 03 51(2.07) 06 09 67(2.26)
Diptera 05 07 763(30.92) 20 31 841(28.39)
Araneae 05 09 82 (3.32) 10 19 227(7.66)
Isopoda - - - 01 01 07(0.24)
Pulmonata 06 07 168(6.81) 08 11 52(1.76)

35 62 2468(100) 84 162 2963(100)
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Table 3: Relative abundance (%) of macroinvertebrates recorded on the various weed plants associated with the wheat fields (n is the number of individuals)

Percentage (Number) of macroinvertebrates found on weed plants

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Orders 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Arthropoda 90.56 (748) 86.57 (58) 94.58 (192) 86.84 (66) 76.42 (81) 93.20 (137) 92.59 (75) 100 (76) 100 (123) 100 (126) 90.13 (137) 100 (140) 99.17 (119) 99.24 (131) 97.85 (91)

Orthoptera 8.47 (70) 4.48 (03) 2.46 (05) 6.58 (05) 12.26 (13) 6.80  (10) - 6.58 (05) 5.69 (07) 9.52 (12) 3.95 (06) 2.14 (03) 5.00 (06) 3.03 (4) 3.23 (03)

Hemiptera 8.11 (67) 25.37 (17) 43.84 (89) 11.84 (09) 14.15 (15) 34.69 (51) 37.04 (30) 35.53 (27) 39.84 (49) 13.49 (17) 42.11 (64) 50.71 (71) 53.33 (64) 40.15 (53) 33.33 (31)

Coleoptera 11.50 (95) 2.99 (2) 15.76 (32) 32.89 (25) 7.55 (08) 14.97 (22) 14.81 (12) 26.32 (20) 13.82 (17) 23.81 (30) 6.58 (10) 10.00 (14) 13.33 (16) 15.15 (20) 11.83 (11)

Diptera 49.03 (405) 25.37 (17) 20.20 (41) 28.95 (22) 25.47 (27) 16.33 (24) 30.86 (25) 14.47 (11) 17.89 (22) 18.25 (23) 23.03 (35) 28.57 (40) 9.17 (11) 23.48 (31) 31.18 (29)

Neuroptera 0.36 (03) - 3.94 (08) - - - 1.23 (01) - - - - 1.43 (02) 1.67 (02) 0.76 (01) 1.08 (1)

Hymen- 7.38 (61) 17.91 (12) 7.88 (16) - 16.98 (18) 15.65 (23) 8.64 (07) 15.79 (12) 17.07 (21) 24.60 (31) 5.92 (09) 3.57 (05) 10.00 (12) 10.61 (14) 5.38 (05)

optera

Lepidoptera 1.21 (10) 2.99 (02) 0.49 (01) 6.58 (05) - 2.04 (03) - 1.32 (01) 2.44 (03) 0.79 (01) 5.26  (08) 1.43 (02) 4.17 (05) 5.30 (07) 3.23 (03)

Araneae 4.48 (37) 7.46 (05) - - - 2.72 (04) - - 3.25 (04) 9.52 (12) 3.29 (05) 2.14 (03) 2.50 (03) 0.76 (01) 8.60 (08)

Pulmonata 9.44 (78) 13.43 (09) 5.42 (11) 13.16 (10) 23.58 (25) 6.80 (10) 7.41 (06) - - - 9.87 (15) - 0.83 (01) 0.76 (01) 2.15 (02)

33.47 (826) 2.71 (67) 8.23 (203) 3.08 (76) 4.29 (106) 5.96 (147) 3.28 (81) 3.08 (76) 4.98 (123) 5.11 (126) 6.16 (152) 5.67 (140) 4.86 (120) 5.35 (132) 3.77 (93)

1. Cynodon dactylon ,2. Sonchus olearaceus , 3. Convolvulus arvensis , 4. Euphorbia prostrata , 5. Polygonum plebejum , 6. Brassica campastris , 7. Ephedra spp. , 8. Anethum graveolens , 9. Avena3 1 3 1 1 1 1 3

fatua , 10. Phalaris minor , 11. Cnicus arvensis  , 12. Chenopodium murale , 13. Cenchrus setigerus , 14. Rumex dentatus and 15. Desmostachya bipinnata1 3 3 1 1 1 1

Note: Superscript 1= weeds exclusively found in wheat, 2= weeds exclusively found sugarcane and 3= weeds found common in both wheat and sugarcane.

Table 4: A  comparison  of  the  macro-invertebrate  diversity  recorded on various species of weeds in two habitats i.e. edge and center of the wheat fields.
(S = species richness; H' = Shannon’s index; E = evenness; ns: p>0.05, *: p<0.05, **: p<0.01, ***: p<0.001)

Edge Center Test statistics
-------------------------------------- ---------------------------------------- -----------------------------------------------

Wheat S  H´ E S H´ E df t-value p-value

Cynodon dactylon 48 2.726 0.31 18 2.447 0.64 308 3.39 <0.001***3

Phalaris minor 26 2.894 0.69 13 2.120 0.64 41 3.92 <0.001***3

Brassica campastris 24 2.803 0.68 08 1.808 0.76 31 5.50 <0.001***1

Convolvulus arvensis 21 2.649 0.67 10 1.739 0.56 80 5.74 <0.001***3

Chenopodium murale 21 2.126 0.39 03 0.950 0.86 35 6.02 <0.001***1

Rumex dentatus 21 2.599 0.64 06 1.340 0.63 30 6.01 <0.001***1

Desmostachya bipinnata 21 2.559 0.61 06 1.537 0.77 66 5.17 <0.001***1

Cnicus arvensis 19 2.325 0.53 07 1.639 0.73 50 3.73 <0.001***3

Cenchrus setigerus 19 2.321 0.53 07 1.721 0.79 64 3.43 <0.001***1

Avena fatua 18 2.619 0.76 11 2.205 0.82 40 3.22 0.002**1

Polygonum plebejum 17 2.543 0.74 10 2.233 0.93 32 2.84 0.007*1

Anethum graveolens 17 2.486 0.70 04 1.078 0.73 24 5.8 <0.001***3

Euphorbia prostrata 16 2.449 0.72 07 1.679 0.76 22 3.46 0.002**1

Sonchus olearaceus 13 2.328 0.78 06 1.644 0.86 38 3.99 <0.001***1

Ephedra spp. 11 2.147 0.77 06 1.531 0.77 39 3.58 <0.001***1

Note: Superscript 1= weeds exclusively found in wheat, 2= weeds exclusively found sugarcane and 3= weeds found common in both wheat and sugarcane

whereas Thysanura, Mantodea, Blattaria, Neuroptera, Amaranthus viridis, Ricinus communis and Anethum
Hymenoptera, Lepidoptera, Araneae and Isopoda graveolens  were  only  recorded  from  the  field  edges.
collectively constituted 18.09%. , Pulmonates shared only A comparison among the weeds growing at the edges and
2.08% of the foliage biota. R. communis harbouring 1.35% center of the fields showed significant difference in their
(40) of macroinvertebrates represented the lowest number foliage fauna (p <0.001) (Table 6).
of macroinvertebrates (Table 5). Results  of  canonical  correspondence  analysis

Weeds at the edges of field harboured more diverse (CCA)  are  given  in   figure   2  macroinvertebrates
fauna than those at the center. Cynodon dactylon species occuring close to any variable (i.e., weed species)
growing  both  at   the   edge   (H = 3.786)   and  center in CCA biplots are particularly associated with that'

(H  = 3.157) harboured  the   most   diverse   fauna  with variable. Most of the macro-invertebrate species were'

110    species and   57     species,    respectively    while found to be associated with Coronopus didymus,
P. hysterophorus at the edge (H'= 2.060) and E. heliscopia Phalaris minor and Chenopodium album in the
at the center (H = 0.955) had the lowest diversity. sugarcane fields.'
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Table 5: Relative abundance (%) of macroinvertebrates recorded on the weed plants associated with the sugarcane fields (n is the number of individuals)
Percentage (Number) of macroinvertebrates found on sugarcane weed plants
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Orders 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Arthropoda 97.92 100 96.18 98.63 97.76 96.00 100 99.08 100 95.93 100 100 98.08 100 97.92 100 100

(1509) (41) (151) (72) (131) (48) (216) (108) (145) (118) (40) (49) (51) (44) (47) (63) (77)
Thysanura 0.06 - 0.64 - - - - - - - - - - - - - -

(01) (01)
Orthoptera 22.32 56.10 21.02 4.11 8.96 36.00 12.96 15.60 3.45 30.89 17.50 2.04 9.62 22.73 25.00 12.70 7.79

(344) (23) (33) (03) (12) (18) (28) (17) (05) (38) (07) (01) (05) (10) (12) (08) (06)
Mantodea 4.35 4.88 6.37 10.96 2.24 4.00 0.46 4.59 0.69 14.63 2.50 4.08 1.92 13.64 - 6.35 9.09

(67) (02) (10) (08) (03) (02) (01) (05) (01) (18) (01) (02) (01) (06) (04) (07)
Blattaria 0.32 - 0.64 - - 4.00 - - 0.69 - - 2.04 1.92 - - - 1.30

(05) (01) (02) (01) (01) (01) (01)
Hemiptera 18.88 2.44 19.75 35.62 67.91 4.00 20.83 17.43 66.90 22.76 12.50 32.65 13.46 11.36 18.75 11.11 12.99

(291) (01) (31) (26) (91) (02) (45) (19) (97) (28) (05) (16) (07) (05) (09) (07) (10)
Coleoptera 6.68 2.44 14.65 3.73 7.87 4.59 8.97 7.32 10.00 26.53 9.62 6.82 6.25 14.29 49.35

(103) (01) (23) (05) (17) (05) (13) (09) (04) (13) (05) (03) (03) (09) (38)
Neuroptera 0.06 - - - - 2.00 - - - - - - - - - - -

(01) (01)
Hymenoptera 2.79 2.44 0.64 1.37 14.00 0.93 13.76 4.14 1.63 22.50 10.20 5.77 6.82 8.33 1.59

(43) (01) (01) (01) (07) (02) (15) (06) (02) (09) (05) (03) (03) (04) (01)
Lepidoptera 3.05 2.44 0.64 - - - 6.02 - 0.69 0.81 - - - - 4.17 - 1.30

(47) (01) (01) (13) (01) (01) (02) (01)
Diptera 31.93 4.88 19.75 30.14 12.69 16.00 46.76 36.70 14.48 8.13 15.00 14.29 38.46 25.00 27.08 42.86 16.88

(492) (02) (31) (22) (17) (08) (101) (40) (21) (10) (06) (07) (20) (11) (13) (27) (13)
Araneae 7.20 24.39 12.10 16.44 2.24 12.00 4.17 6.42 9.76 20.00 8.16 17.31 13.64 8.33 9.52 1.30

(111) (10) (19) (12) (03) (06) (09) (07) (12) (08) (04) (09) (06) (04) (06) (01)
Isopoda 0.26 - - - - 4.00 - - - - - - - - - 1.59 -

(04) (02) (01)
Pulmonata 2.08 - 3.82 1.37 2.24 4.00 - 0.92 - 4.07 - - 1.92 - 2.08 - -

(32) (06) (01) (03) (02) (01) (05) (01) (01)
52.01 1.38 5.30 2.46 4.52 1.69 7.29 3.68 4.89 4.15 1.35 1.65 1.75 1.48 1.62 2.13 2.60
(1541) (41) (157) (73) (134) (50) (216) (109) (145) (123) (40) (49) (52) (44) (48) (63) (77)

1. Cynodon dactylon , 2. Poa annua , 3. Convolvulus arvensis , 4. Malvastrum coromandelianum , 5. Parthenium hysterophorus , 6. Amaranthus viridis ,3 2 3 2 2 2

7. Chenopodium album , 8. Coronopus didymus , 9. Phalaris minor , 10. Cnicus arvensis , 11. Ricinus communis , 12. Corydalis Ambigua , 13. Euphorbia2 2 3 3 2 2

heliscopia , 14. Anethum graveolens , 15. Malva neglecta , 16. Dichanthium annulatum and 17. Coriandrum spp.2 3 2 2 2

Note: Superscript 1= weeds exclusively found in wheat, 2= weeds exclusively found sugarcane and 3= weeds found common in both wheat and sugarcane.

Table 6: A comparison of the macro-invertebrate diversity recorded on various species of weeds in two habitats i.e. edge and center of the sugarcane fields.
(S = species richness; H' = Shannon’s index; E = evenness; ns: p>0.05, *: p<0.05, **: p<0.01, ***: p<0.001)

Edge Center
------------------------------------ -------------------------------------

Sugarcane S H´ E S H´ E df t-value p-value
Cynodon dactylon 110 3.786 0.40 57 3.157 0.41 1300 9.679 <0.001***3

Convolvulus arvensis 38 3.237 0.67 17 2.415 0.65 94 4.711 <0.001***3

Cnicus arvensis 28 2.719 0.54 08 1.793 0.75 27 4.184 <0.001***3

Parthenium hysterophorus 24 2.060 0.32 13 2.149 0.65 95 -0.111 0.909ns2

Chenopodium album 24 2.145 0.35 12 2.192 0.74 66 0.366 0.714ns2

Anethum graveolens 24 3.018 0.85 - - - - - -3

Euphorbia heliscopia 23 2.834 0.73 03 0.955 0.86 12 6.394 <0.001***2

Coronopus didymus 21 2.355 0.50 06 1.738 0.94 35 3.642 <0.001***2

Malvastrum coromandelianum 20 2.405 0.55 04 1.277 0.89 11 4.274 <0.001***2

Dichanthium annulatum 19 2.706 0.78 08 1.970 0.89 25 3.774 <0.001***2

Corydalis Ambigua 19 2.661 0.75 04 1.321 0.93 17 5.459 <0.001***2

Amaranthus viridis 18 2.571 0.72 - - - - - -2

Phalaris minor 18 2.089 0.44 06 1.166 0.53 34 3.767 <0.001***3

Ricinus communis 18 2.608 0.75 - - - - - -2

Coriandrum spp. 18 2.539 0.70 07 1.798 0.86 37 4.037 <0.001***2

Malva neglecta 17 2.583 0.77 04 1.330 0.94 09 4..772 <0.001***
Poa annua 13 2.237 0.72 06 1.609 0.83 18 2.289 0.033*2

Note: Superscript 1= weeds exclusively found in wheat, 2= weeds exclusively found sugarcane and 3= weeds found common in both wheat and sugarcane.
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Fig. 1: Canonical correspondence analysis (CCA) biplot showing association of macroinvertebrates species with weed
species in the whea fields
Key to species: 1. Acrididae nymph 2. Dysdercus cingulatus 3. Acyrthosiphon gossypii 4. Schizaphus
graminum 5. Aphis nerii 6. Coccinella pupae 7. Coccinella septempunctata 8. Chilomenes sexmaculata 9.
Mayetiola destructor 10. Episyrphus balteatus 11. Culex pipiens 12. Apis mellifera 13. Camponotus spp.14.
Solenopsis xyloni 15. Pseudaletia unipuncta 16. Oxyopes javanus 17. Tetragnatha vermiformis 18. Punctum
pygmaeum 19. Daudebardia rufa 20. Planorbarius corneus 

Fig. 2: Canonical correspondence analysis (CCA) biplot showing association of macroinvertebrates species with weed
species in sugarcane fields
Key to species: 1.Acrididae Nymph 2. Melanoplus bivittatus 3. Acheta domesticus 4. Phyllopalpus pulchellus
5.Gryllidae Nymph 6. Miridae nymph 7. Oxycarenus spp.8. Agalliopsis sp.9. Perkinsiella saccharicida 10.
Aphis nerii 11. Pyrilla perpusilla 12. Coccinella septempunctata 13. Brumoides suturalis 14. Culex pipie, 15.
Aedes dorsalis 16. Anatrichus erinaceus 17. Oscinella frit 18. Musca domestica 19. Dolichopus plumipes 20.
Chironomus grande 21. Empis pennipes 22. Sargus bipunctatus 23. Sepsid spp.24. Solenopsis invicta 25.
Oxyopes sertatus 26. Oxyopes javanus.
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DISCUSSIONS Penagos et al. [23] reported in the maize agro-ecosystem

This study examined the macroinvertebrates
communities  associated  with  weed  species  occurring
in  wheat  and  sugarcane  in agro-ecosystem of
Faisalabad district, Punjab (Pakistan). In general, it
appears  reasonable  to  conclude  that   recognizable
weed  macro-invertebrate   associations   do   exist in
agro-ecosystem. Only  a  small  fraction of  the total
macro-invertebrate taxa is exclusively associated with
particular weed species.

In the present study, twenty seven weed species
were   recorded   from   both   wheat   and  sugarcane
agro-ecosystem,  Whereas previously Ashiq et al. [19]
has   documented  almost  50  weed   species   in   the
agro-ecosystem of Punjab  of which ten weed species
were grassy. The presence of grassier weed species
especially  wide  spread of Phalaris minor instead of
Vicia sativa in our  study  area is an indication of
changed  condition  of  soil from light sandy to loamy.
The application of fertilizers and canal irrigation in the
fields are among the major factor changing soil
conditions. In addition the farming practices and tillage
also has a great impact on weed flora [20].

Previously Ruby  et    al.   [16]   recorded  eight
macro-invertebrate taxa on weeds of wheat, sugarcane,
fodder and mustard whereas, thirteen macro-invertebrate
groups viz., Thysanura, Orthoptera, Mantodea, Blattaria,
Hemiptera, Coleoptera, Neuroptera, Hymenoptera,
Lepidoptera, Diptera, Araneae, Isopoda and Pulmonata
were recorded associated to weed plants of wheat and
sugarcane during the present study. The obvious
difference occurs due to more sampling efforts during the
present study that extended up to two consecutive years
while previous work by Ruby et al. [16] was conducted
for one year.

Overall abundance and richness of macro in
vertebrates groups including Thysanura, Orthoptera,
Mantodea, Blattaria, Hemiptera, Coleoptera, Neuroptera,
Hymenoptera, Lepidoptera, Diptera, Araneae, Isopoda
and Pulmonata were significantly higher on the weeds
growing on the field edges of both the wheat and
sugarcane as field edges comprsed of diverse weed flora
regardless of the management practices [13]. Sugarcane
associated weeds harboured abundant and species rich
faunal populations, the reason may be the little
disturbance because sugarcane is being a long duration
crop [21] as well as more weed diversity. Ali et al. [22]
concluded that more relative abundance of
macroinvertebrates   in   weedy   than   weed-free   habitat.

that presence or absence of weed species has significant
impact on the macroinvertebrates including arthropods
and pulmonates and the loss of weed species propagates
from agro-ecosystem through food webs, greatly
decreasing arthropod species richness, shifting a
predator-dominated trophic structure to being herbivore
dominated and likely impacting ecosystem functioning
and services [4].

Many researchers reported that Diversity of
macroinvertebrates generally found higher in the field
edges than in the centers and the edges seemed to be
significantly important refuges for arthropods [24-27].
Siemann et al. [28] suggested that macroinvertebrates
diversity in the field edges is high because of diversity of
vegetations on the field edges than the center of crop
fields. In the present study weeds found on edges in both
wheat and sugarcane showed more Macroinvertebrates
diversity than weeds occurring in the centers and
Individual weed species also showed similar trends for
macroinvertebrates diversity. Macroinvertebrates
diversity plays a key role in enhancing biological control
of insect pests [29]. Whereas vegetational diversity also
enhance predator populations and minimize pest-related
damage in the crops [30-32]. According to Marshall and
Moonen [33] field edges has major impact on the
production of crops by increasing predatory species
which in turn reducing pest load on the crops.

CONCLUSION

Diversity in the agro-ecosystem can be enhanced by
properly managing field edges (uncultivated land
patches). These uncultivated land patches constitutes a
variety of weeds, providing refuges for a large diversity of
macroinvertebrates, establishing the complexity of trophic
levels interactions initiating various crop-insects
interactions, which ultimately influence the yield of crop.
So it is suggested that field edges should be properly
managed to enhance biodiversity of macroinvertebrates
in agro-ecosystem.
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