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Table 1. Mean (* SE) number of immature stages of Ostrinia nubilalis in the corn monoculture and the five strip-intercropping systems of corn and

sunflower in 2016 and 2017

Cropping systems

Number of egg mass per plant

Number of eggs per plant

Number of larvae per plant

Number of pupae per plant

2016 2017 2016 2017 2016 2017 2016 2017
Corn monoculture 05+0.04, 0.4+0.03, 93+12, 8710, 5.25+0.65, 5.07+0.73, 3.36+0.56 , 3.09+044,
Intercrop 2C: 2S 0.09+0.01, 0.10+0.01, 1.8+03;, 21+04, 0.30+0.06; 0.33+0.07 0.12+0.03 0.13+0.03,
Intercrop 4C: 2S 0.11+0.01, 0.13+0.01, 24+04, 26+0.3, 0.45+0.07 ,. 0.43+0.06, 0.21+0.03, 0.17+0.04
Intercrop 8C: 2S 0.16+0.02, 0.14+0.01, 32205, 28%06, 0.62+0.11, 0.53+0.104 0.29+0.04, 0.21+0.04,
Intercrop 4C: 4S 0.11+0.01, 0.10+0.01, 23+03y, 2.0x04, 0.41+0.08,. 0.35+0.08, 0.18+0.03,, 0.13+0.02,
Intercrop 2C: 4S 0.08+0.01, 0.10+0.01, 16+03., 18+04, 026 +0.05. 0.32+0.09, 0.10+0.02 0.12+0.03

Means followed by the different letter in a column are significantly different (P < 0.05; Tukey's HSD test).

100

80

60

40

The percentage of infested
plants

20

0

)——4

02017

(2016

T
Corn monoculture

2C: 25 4C: 25

8C: 25 4C: 45

2C: 45

G195 ClS hw £5 g8y § DO ST o Ostrinia nubilalis 4 e3g)T LT wo3d (XSE) pSiko —) <4
1F45 51740 S Jlo 33 o3ls ,DL3T 9 &3
Figure 1. Mean (+ SE) the percentage of infested plants by Ostrinia nubilalis in the corn monoculture
and the five strip-intercropping systems of corn and sunflower in 2016 and 2017
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Table 2. The percentage of relative abundance of the predator species of Ostrinia nubilalis immature stages in the corn monoculture and the five
strip-intercropping systems of corn and sunflower in 2016 and 2017

Predators Intercrop Intercrop Intercrop Intercrop Intercrop
Corn monoculture 2C: 25 4C: 25 8C: 2S 4C: 4S5 2C: 4S5
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
Orius niger 31.9 34.6 24.9 26.1 276 26.9 28.4 27.1 236 25.1 22.7 24.1
Nabis punctatus 8.9 7.8 10.1 11 9.8 112 10.2 9.8 124 116 13.2 11.6
Nabis pseudoferus 2.6 5.1 4.6 5.7 42 49 3.6 4.1 6.1 56 6.7 5.9
Podisus maculiventris 0 0 5.1 5.4 47 43 3.4 2.9 3.7 43 3.9 4.7
Chrysoperla carnea 21.1 19.8 17.3 15.1 18.2 17.8 19.1 20.2 16.8 17.6 18.1 17.8
Hippodamia convergens 22.1 20.8 19.2 18.2 19.3 189 21.1 22.2 18.6 194 18.7 19.3
Coccinella septempunctata 13.4 11.9 12.6 11.3 11.2 10.7 10.2 9.8 131 118 11.2 10.3
Propylea quatuordecimpunctata 0 0 6.2 7.2 5 5.3 4 3.9 57 46 55 6.3

S s sl (H) ogls g8 pasls polie (FSE) (mSle -¥ J3ur
9 DD Gilg ST e £ g8 9 DD ST 8 Ostrinia nubilalis
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Table 3. Mean (xSE) values of Shannon diversity index (H") for

predators of Ostrinia nubilalis in the corn monoculture and the five
strip-intercropping systems of corn and sunflower in 2016 and 2017

Cropping systems

Shannon diversity index (H")

2016 2017
Corn monoculture 2.14+£0.11, 2.09+£0.13,
Intercrop 2C: 2S 2.64+0.14 , 259+0.15,
Intercrop 4C.: 2S 257+£0.13, 254+0.14,
Intercrop 8C: 2S 252+0.11, 250+0.12,
Intercrop 4C: 4S 2.61+0.16 , 2.63+0.15,
Intercrop 2C: 4S 2.63+£0.15, 2.65+0.18,

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 (Cyy) for species composition of predators of Ostrinia nubilalis in the corn monoculture and the five strip-
intercropping systems of corn and sunflower in 2016 and 2017
Intercrop Intercrop Intercrop Intercrop Intercrop
Corn monoculture 2C: 28 4C: 2S 8C: 2S 4C: 4S 2C: 4S
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Cropping systems

Corn monoculture

Intercrop 2C: 2S 0.861 0.856

Intercrop 4C: 2S 0.871 0.881 0.964 0.972

Intercrop 8C: 2S 0.887 0.894 0.947 0967 0947 0953

Intercrop 4C: 4S 0854  0.848 0990 0993 0952 0.957 0946 0.934

Intercrop 2C: 4S 0.847 0.839 0987 0979 0961 0.955 0944 0.939 0974 0.968

3% Ostrinia nubilalis geud 43l SlagsY 9 Bas wwoyd (£SE) pwSle -0 Jyus
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Table 5. Mean (£ SE) the percentage of parasitized eggs and larvae of Ostrinia
nubilalis in the corn monoculture and the five strip-intercropping systems of
corn and sunflower in 2016 and 2017

Cropping systems The percentage of parasitized The percentage of
eggs per plant! parasitized larvae per plant

2016 2017 2016 2017
Corn monoculture 16.5+2.2, 13.4+16, 9.2+£0.7, 8.6+£0.7,
Intercrop 2C: 2S 286+3.1, 269+3.1, 213122, 19614,
Intercrop 4C: 2S 252+3.0, 23.7+24, 19.7+17, 18916,
Intercrop 8C: 2S 24.7+28, 233126, 189+16, 18418,
Intercrop 4C: 4S 30.2+2.7, 26.4+ 3.2, 203+18, 21.2+19,
Intercrop 2C: 4S 324+33, 286+3.1, 23.1+25, 221120,

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.

% The percentage of parasitized larvae per plant is a cumulative measure for the entire
cropping season by five larval parasitoid species that are presented in Table 6.
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Table 6. The percentage of relative abundance of larval parasitoid species of Ostrinia nubilalis in the corn monoculture and the five strip-
intercropping systems of corn and sunflower in 2016 and 2017

Parasitoids Intercrop Intercrop Intercrop Intercrop
Corn monoculture 2C: 2S 4C: 2S Intercrop 8C: 2S 4C: 4S 2C: 4S
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
Lydella thompsoni 46.2 42.7 338 348 364 372 394 40 329 316 307 319
Exorista larvarum 0 0 122 117 96 102 8.9 9.1 135 126 152 137
Bracon hebetor 53.8 57.3 28,6 269 298 286 304 291 256 267 257 25.8
Diadegma majale 0 0 162 159 153 149 137 141 192 186 182 176
Simpiesis viridula 0 0 9.2 10.7 89 91 7.6 7.7 88 105 10.2 11

1145 9 1720 Sla Jlo 50 D53 Culs” Calidko (S i 38 D933 0 Shos Sl o 50 § 30 8 Khos (2SE) (puSlw -Y Jous
Table 7. Mean (£ SE) grain yield of corn and the percentage of grain yield loss in the different corn cropping

systems in 2016 and 2017

Cropping systems

Grain yield (g/m°)

Percentage of grain yield loss per m”

2016 2017 2016 2017

Corn monoculture (non-sprayed) 691.5+281, 687.3+26.4, 37641, 35.3+3.2,
Intercrop 2C: 2S 7743+£253. 743.8+29.1, 30.1+3.2, 300+3.1,
Intercrop 4C: 2S 917.6+24.4, 869.3+37.3 17.1+£16, 182+1.6,
Intercrop 8C: 2S 997.3+£29.3, 9554379, 99+£0.8, 101+£11,
Intercrop 4C: 4S 886.6+31.9, 839.2+32.1, 199+21, 21.0+2.4,
Intercrop 2C: 4S 75244278, 741.3+28.2, 32.1+35, 30.2+29,
Corn monoculture (sprayed) 1107.3+22.3, 1062.4+38.2, -

Means followed by different lower case letter within each column are significantly different (P < 0.05; Tukey's HSD test).
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Abstract
Background and Objectives
The European corn borer, Ostrinia nubilalis (Hubner), is an important pest of corn in Iran.
Intercropping systems has been proposed as one approach that can be used for reducing pest
density and improving biodiversity of natural enemies and crop yield. Therefore, the present
research assessed the densities of immature stages of O. nubilalis, biodiversity of its
predators, and parasitism rates of immature stages in experimental plots where corn was
grown either as monoculture or strip-intercropped with sunflower. We also evaluated the
effect of the intercropping systems with natural infestation of O. nubilalis on corn yield.
Materials and Methods
In this research, the influence of five strip-intercropping systems of corn (C) and sunflower
(S) including 2C: 2S, 4C: 2S, 8C: 2S, 4C: 4S, and 2C: 4S along with corn monoculture was
studied on density of imaginal stages of O. nubilalis, its natural enemies biodiversity, the
percentage of parasitized eggs and larvae, and the grain yield of corn and the percentage of
grain yield loss in an experimental field in Ardabil region in 2016 and 2017. These
experimets were conducted in a randomized block design with four replicates.
Results
The densities of imaginal stages (eggs, larvae and pupae) of O. nubilalis in intercrops were
significantly lower than corn monoculture. Among the natural enemies of this moth, Orius
niger (Wolff), Lydella thompsoni Herting, Bracon hebetor Say and Trichogramma
brassicae Bezdenko had the high relative abundance in the tested cropping systems. The
Shannon diversity index (H') in intercrops was significantly greater than in corn
monoculture. The calculated values of Morisita—Horn index for the predator’s species
composition between intercrops were Cyn > 0.946 in 2016 and Cyy > 0.934 in 2017. In both
years, the percentage of parasitized eggs and larvae of O. nubilalis in intercrops was
significantly higher than in corn monoculture. The highest grain yield of corn and the lowest
percentage of grain yield loss of corn were found in 8C: 2S intercrop.
Discussion
Based on the resource concentration hypothesis, the lower density of O. nubilalis and the
lower percentage of infested plants in the intercropping systems of corn and sunflower could
be demonstrated by overlapping of the secreted volatile compounds of two crops that caused
disruption in the host finding. Moreover, based on the enemies hypothesis, the higher
attraction and conservation of predators and parasitoids in intercrops caused lower density of
O. nubilalis than in corn monoculture. In this study, the competition for nutriants between
corn and sunflower was also reduced with increasing of the corn rows between the sunflower
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rows; the percentage of grain yield loss of corn was reduced in 8C: 2S copmpared to other
intercrops. Therefore, it could be concluded that 8C: 2S intercrop is the most suitable
intercropping system for use in integrated management of O. nubilalis in corn fields.

Keywords: Parasitism, Predators, Species abundance, Species richness, Strip-
intercropping
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