
INTRODUCTION

In intercropping more than one crop is grown in an area

simultaneously, in such a way that they interact agronomically

(Vandermeer, 1989). This type of cropping can suppress weed

growth, and insect damage is often lower in such polycultures

than in monocultures (Root, 1973; Altieri & Letourneau, 1982;

Theunissen, 1994).

Carabid beetles (Coleoptera: Carabidae), appear to be suc-

cessful as generalist predators in controlling many crop pests,

including aphids (Dunning et al., 1975; Sunderland, 2002). The

effect of plant diversity on populations of Carabidae is well

studied (Alderweireldt & Desender, 1990; Tonhasca, 1993; Car-

camo & Spence, 1994). Increased biodiversity may provide

benefits for the carabids by offering them a more stable and

favourable microhabitat (Hance, 1978). Booij et al. (1997)

record that intercropping of e.g. cabbage with clover had a posi-

tive effect on the abundance of carabid beetles.

The main object of this study was to compare the species

composition and abundance of carabid beetles in yellow lupin

intercropped with spring triticale. In Poland mixtures of these

plants are grown for feeding to ruminants.

MATERIAL AND METHODS

The occurrence of carabid beetles in mixed crops of yellow

lupin (cv. Markiz) and spring triticale (cv. Wanad) was studied

at the Experimental Research Station at Paw owice near

Wroc aw, Lower Silesia, Poland, for three seasons (2001–2003).

The mixtures and the monoculture were grown in plots of 15

square meter size (10 m × 1.5 m) on sandy soil. The 0.3 m wide

space between the experimental plots was maintained mechani-

cally as a bare soil and the plots were weeded. The experiment

was designed as a split-plot with four replicates for each mixture

of plants. Lupin and triticale were sown at 6 different rates

(Table 1).

The abundance of adult carabid beetles was recorded using

pitfall traps. Each trap was a glass jar, 90 mm diameter and 110

mm high. In the bottom of each trap was placed 100% ethylene

glycol, which acted as a killing and preserving agent. Traps

were protected from rainfall by plastic covers mounted 10 cm

above the trap opening. There were four traps in each monocul-

ture and mixture of plants (one trap in the middle of each plot).

Traps were emptied once a week, from the time when the plants

germinated to the end of the growing season. Insects were

counted and identified to species in the laboratory.

Seasonal abundance of the Pseudoophonus rufipes, the most

numerous species, was graphically plotted as the average

number of beetles captured per trap in each sampling period.

The results were analysed using analysis of variance (ANOVA)

and the Tukey HSD (honest significant difference) test. In all

statistical analysis, a significance level of 5% was used. The

response variable was the number of P. rufipes and the factor

the treatment.

RESULTS AND DISCUSSION

Species richness and abundance

In Table 2, only the most numerous species of carabids are

presented. A total of 1442 specimens in 2001, 1752 in 2002 and

1253 in 2003 were captured by the pitfall traps. During the three

years of the study carabid beetles were most abundant in the

yellow lupin monoculture. The beetles were also abundant in the

mixture with the lowest proportion of spring triticale. In term of

total catch the tendency was for beetle numbers to decrease with

increasing proportion of triticale in the mixture. In two out of
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In 2001 carabids were trapped in treatments 1, 3, 4 and 6, and in

2002 and 2003 in treatments 1, 2, 3, 5 and 6.
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  6320  205

14240  404

27160  603

50  80  802

100–  1001

% of yellow lupin

seed in mixture
Spring triticaleYellow lupinTreatment

TABLE 1. Number of yellow lupin and spring triticale seeds

sown per 1 m2 in the different treatments.
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* Treatment (see Table 1).

4526222629304115222427243224232120Number of species

1253208222727432117523012813413974321442281331403427Total number

162293229373510471926262612126334220
Other species,

total no. of specimens

481566714Anisodactylus binotatus (Fabr.)

3748889547714179Clivina fossor (L.)

511771197Amara aulica (Panz.)

515131815Amara plebeja (Gyll.)

37126136Calathus erratus (Sahl.)

14222358415223116Calathus melanocephalus (L.)

285510818948564639Calathus fuscipes (Goeze)

29274124Harpalus tardus (Panz.)

83211215161919463513012765Harpalus affinis (Schrank)

24872254272825Bembidion femoratum (Sturm)

1423451962542381010126Bembidion lampros (Herbst)

10742181723736213381195212Bembidion quadrimaculatum (L.)

15222242447359112612233816831313967Broscus cephalotes (L.)

617681121201241931312217217258290330668110154187217Pseudoophonus rufipes (De Geer)

65321653216431*
Total

2003
Total

2002
Total

2001
Species

TABLE 2. The most numerous species of carabid beetles collected in 2001, 2002 and 2003.

Fig. 1. Seasonal changes in abundance of Pseudoophonus rufipes in treatments 1, 3 and 6 in 2001. (ANOVA; Tukey HSD test, p =

0.05), *significant difference. The lines indicate mean number of beetles caught. Whiskers indicate Standard Deviation (SD).



the three years (2001 and 2003), the lowest number of carabids

was found in the triticale monoculture. It is likely that the pure

stands of yellow lupin and the intercrop with the least triticale

provided the most favourable microclimate (higher air

humidity) for this epigeal group of arthropods.

In 2001, 32 species of Carabidae were identified, 41 in 2002

and 45 in 2003. Altogether, 59 species were caught over the

three years (Table 2). The most abundant species in each plot

was Pseudoophonus rufipes, which made up from 46% to 75%

of the catch in each year. Other numerous species were: Broscus

cephalotes, Calathus fuscipes and Bembidion spp. P. rufipes

responded negatively to an increase in the proportion of triticale

in a mixture as did the overall number of beetles.

Seasonal dynamics

Seasonal dynamics presented in Fig. 1 is that of Pseu-

doophonus rufipes, which was the most abundant species in all

three years. To show more clearly the effect of intercropping on

the dynamics of P. rufipes the results for only two of the treat-

ments were included in this figure. In 2001, in all three treat-

ments presented in the figure, P. rufipes was captured in small

numbers from mid-May to the beginning of July. The highest

number of this species (72) was recorded in the lupin monocul-

ture on July 17th. The maximum number of beetles in the lupin-

triticale mixture 60:160 (58 insects) was recorded later, on

August 7th. Significant differences between this treatment and

the others occurred on July 31st (F3, 65 = 3.12; p < 0.001) and on

August 7th (F3, 130 = 5.29; p < 0.001). On both these dates, sig-

nificantly more beetles were captured in the intercrop. In triti-

cale monoculture this species was trapped in small numbers

throughout the growing period. The high numbers of carabid

beetles caught later in the season was probably a consequence of

the better soil coverage provided for them by the bigger lupin

plants.

In 2002 and 2003, the seasonal dynamics of P. rufipes are

very similar to that recorded in 2001, and because of this the

results are not presented in the figures. In these two years there

were no significant differences in beetle numbers caught in the

various plots at any time.

CONCLUSIONS

Carabid beetles were most numerous in yellow lupin

monocultures and the intercrop with the highest proportion of

lupin. Therefore, it is suggested that yellow lupin can provide a

sheltered habitat for carabid beetles.

The most abundant species in all the treatments was Pseu-

doophonus rufipes. It was captured in small numbers up to the

end of June and then increased in abundance at the beginning of

July and remained abundant until harvest time.
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