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Table 1. Mean (+ SE) density of eggs, larvae and pupae of Plutella xylostella in the four cropping systems

of canola and clover

Cropping systems Number of eggs per plant Number of larvae per plant Number of pupae per plant
2015 2016 2015 2016 2014 2015
Canola monoculture 43+04a 46+05a 33+£02a 37+04a 14+£02a 1.6£02a
Strip-intercropping 2Ca: 2C1 1.2+0.2b 1.1+£02b 0.8+0.1¢ 0.7+0.1¢ 0.5+0.1¢ 04+0.1 ¢
4Ca: 2Cl1 1.4+02b 12+02b 09+0.1bc 0.8£0.1bc 0.6+0.1bc 0.5+0.1bc
6Ca: 2Cl1 1.7£03Db 1.5+02b 1.2+0.1b 1.1+0.1b 1.0+0.1b 0.8+0.1b

Means followed by the different letter in a column are significantly different (P < 0.05; Tukey's HSD test).
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Figure 1. Mean (+ SE) percentage of infested plants by Plutella xylostella in the four cropping
systems of canola and clover
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Table 2. Predators of immature stages of Plutella xylostella on canola plants and the percentage of their
relative abundance in the four cropping systems of canola and clover in Ardabil region

Predators Canola Strip-intercropping
monoculture 2Ca: 2C1 4Ca: 2C1 6Ca: 2Cl
2015 201 2015 201 201 2016 201 2016
6 6 5 5
Hemiptera
Anthochoridae
Orius niger (Wolff, 1811) 28.6 279 21.4 20.8 22.5 23.1 243 23.8
Nabidae
Nabis pseudoferus Remane, 1949 52 5 11.3 10.7 9.6 10.1 9.2 8.9
Nabis punctatus A. Costa 1847 3.1 3.8 9.7 9.9 8.4 8.6 8.6 8.1
Neuroptera
Chrysopidae
Chrysoperla carnea (Stephens, 1836) 279 282 18.7 19.1 19.8 18.9 19.8 20.4
Coleoptera
Coccinelidae
1842 Hippodamia convergens Guérin-Méneville, o 199 168 173 184 176 182 176
158) Coccinella  septempunctata  (Linnaeus, 79 79 103 10.8 1 104 97 102
Hippodamia variegata (Goeze, 1777) 7.4 8.1 11.8 11.4 10.3 11.3 10.2 11

s Plutella xylostella § s slaa 8 S 5 ¢l (H) 0 5ls g5 Lals palia (5 Ikl (gl +) SSbe ¥ J s
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Table 3. Mean (£SE) values of Shannon diversity index (H") for species composition of Plutella xylostella
predators in the four cropping systems of canola and clover

Cropping systems

Shannon diversity index (H)

2015 2016
Canola monoculture 1.76 £0.02 b 1.83+£0.03b
Strip-intercropping 2Ca: 2C1 1.98+£0.03 a 2.02+0.03 a
4Ca: 2Cl1 1.97+£0.04 2 1.96 £0.04 a
6Ca: 2Cl1 1.92+0.03a 1.94+£0.03a

Means followed by the different letter in a column are significantly different (P < 0.05; Tukey's HSD test).
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Table 4. Values of Morisita-Horn index (Cun) for species composition of Plutella xylostella predators in
the four cropping systems of canola and clover

Years  Cropping systems Canola Strip-intercropping
monoculture 2Ca: 2C1 4Ca: 2C1 6Ca: 2ClI
2015 Canola monoculture - - - -
Strip-intercropping ~ 2Ca: 2C1 0.863 - - -
4Ca: 2C1 0.884 0.993 - -
6Ca: 2C1 0.897 0.974 0.986 -
2016 Canola monoculture - - - -
Strip-intercropping ~ 2Ca: 2Cl 0.837 - - -
4Ca: 2Cl1 0.852 0.984 - -
6Ca: 2C1 0.861 0.958 0.973 -

ol 5 1T ST e Sl o Plutella xylostella sis « 51,L (slas juis 5 bas,Y s Lo > (ESE) SSle =0 J g

Table 5. Mean (+ SE) the percentage of parasitized eggs, larvae and pupae of Plutella xylostella in the
four cropping systems of canola and clover

Cropping systems The percentage of parasitized  The percentage of parasitized The percentage of parasitized

eggs per plant! larvae per plant? pupae per plant®
2014 2015 2014 2015 2014 2015
Canola monoculture 6.1+0.5¢ 49+04c¢ 347+34c¢ 384+3.0c¢c 6.4+0.8b 56+0.5b
Strip-intercropping 2Ca: 2Cl 174+15a 159+1.7a 76.1 +5.1a 70.5+53a 179+1.6a 17.1+1.6a
4Ca: 2Cl 154+1.4ab 132+1.5ab 68.2+3.9 ab 63.7+4.2 ab 163+15a 159+1.4a
6Ca: 2Cl1 127+ 1.1b 109+ 1.4b 59.7+43b 57.6+3.2b 154+13a 141+1.7a

Means followed by different lower case letter within each column are significantly different (P < 0.05; Tukey's HSD test).

! The percentage of parasitized eggs per plant is a cumulative measure for the entire cropping season by egg parasitoid
Trichogramma brassicae.

2 The percentage of parasitized larvae per plant is a cumulative measure for the entire cropping season by six larval parasitoid
species that are presented in Table 5.

3 The percentage of parasitized pupae per plant is a cumulative measure for the entire cropping season by larvae/pupae parasitoid
Oomyzus sokolowski.
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Table 6. The percentage of relative abundance of larval parasitoids of Plutella xylostella on canola plants
in the four cropping systems of canola and clover in Ardabil region

Larval parasitoids Canola Strip-intercropping
monoculture 2Ca: 2C1 4Ca: 2C1 6Ca: 2Cl1
2014 2015 2014 2015 2014 2015 2014 2015
Hymenoptera
Ichneumonidae
Diadegma majale (Gravenhorst, 1829) 364 379 26.8 28.4 30.2 29.6 32.1 31.7
Diadegma semiclausum (Hellen, 1949) 6.5 4.6 12.6 13.1 13.1 124 10.6 11.2
Diadromus collaris (Gravenhorst, 1829) 7.6 6.9 6.1 5.9 6 5.4
Braconidae
Cotesia vestalis (Haliday, 1834) 306 28.7 22.7 20.7 20.6 22.7 22.1 21.6
Bracon hebetor Say, 1836 8.7 9.2 13.2 12.8 12.1 11.1 10.6 11
Eulophidae
Oomyzus sokolowski (Kurdjumov, 1978) 17.8  19.6 17.1 18.1 17.9 183 18.6 19.1
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Figure 2. Mean (+ SE) percentage of seeds dry weight loss per canola plant in the four cropping
systems of canola and clover
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Abstract

The diamondback moth, Plutella xylostella (L.), is an important pest of canola in Iran. In this study, the
effect of four treatments including strip-intercropping of two, four and six rows of canola with two rows
of clover (2Ca: 2Cl, 4Ca: 2Cl, and 6Ca: 2Cl) and canola monoculture were studied on the population
density of P. xylostella, species diversity of its predators, parasitism on eggs, larvaec and pupae, and
associated yield of canola under the field conditions in Ardabil region during 2015 and 2016. The density
of eggs, larvae and pupae were significantly higher in monoculture than in intercrops. Moreover, the
density of larvae and pupae was lower in 2Ca: 2ClI than in 6Ca: 2Cl. Shannon diversity index (H') for
predators' species composition of moth was higher in intercrops than in monoculture. The values of
Morisita—Horn index (Cwn) for predators species composition of moth between canola monoculture and
each of the three intercrops (Cwn < 0.897) were lower in comparision with the values of this index among
the three intercrops (Cwn > 0.957). The percent parasitism for eggs, larvae and pupae was significantly
higher in intercrops than in monoculture. Moreover, the percent parasitism for eggs and larvae was higher
in 2Ca: 2Cl than in 6Ca: 2CIl. The dry seed weight loss was also lower in 2Ca: 2Cl and 4Ca: 2Cl in
comparison with other two treatments. Thsese results indicated that intercropping 2Ca: 2CI and 4Ca: 2C
could be useful in integrated management of P. xylostella in canola fields.
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