Effects of ploughing in and removing litter leaves from the ground on the development of scab epidemics in an organic apple orchard
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Abstract

Ascospores produced on scabbed leaves in the leaf litter are the main source of scab primary inoculum, causing scab infections in apple orchards. The purpose of this experiment, carried out during two years in a commercial organic orchard, was to assess the effect of combining leaf removal from the alleys and leaf ploughing in within the row, on scab primary inoculum and therefore on scab epidemics. Scab lesions were monitored on leaves and fruits by assessing scab incidence and scab severity. In 2003, scab severity was monitored at different distances from the unremoved leaf area, in order to estimate ascospore spreading. At fruit harvest, along two years with low (2003) and high (2004) levels of scab development, the leaf litter ploughing in / removal method reduced fruit scab incidence by 82% and 54% respectively, and fruit scab severity by 74% and 68%. Measures of ascospore spreading indicated that the spreading was not important beyond 20 meters from the unremoved leaf area.
Introduction

Apple scab, caused by Venturia inaequalis (Cooke) G. Wint., is one of the most serious diseases of apple worldwide (MacHardy, 1996). Ascospores released from pseudothecia on overwintered infected leaves in the leaf litter are the main source of scab primary inoculum, causing scab infections in commercial apple orchards. Some sanitation practices can decrease ascospore release by reducing apple scab inoculum in orchards. When apple leaves are destroyed by shredding, scab risk may be reduced by 90% in northeastern USA (Sutton et al., 2000). However, because of operational difficulties to shred all the orchard leaves, the effective reduction in scab risk ranges from 50% to 65%. Urea applied to the leaf litter in November reduces the number of trapped ascospores by 50% (Sutton et al., 2000). Combining leaf shredding with urea or fungal antagonist treatments could enhance leaf decomposition, increase microbial competition, or restrain pseudothecia maturation (Carisse and Dewdney, 2002; Carisse et al., 2000). Urea and leaf shredding reduce ascospore production by 92.1% and 85.2% respectively. Shredding combined with urea resulted in 90.5% reduction of ascospore production (Vincent et al., 2004). Removal of litter leaves from the ground in autumn can also reduce primary scab lesions (Longpré, 2003, personal communication). All the experiments about shredding or removing the leaf litter mainly eliminate leaves from the alleys, because it is more difficult to eliminate leaves within the row, even though their elimination would favour apple scab inoculum reduction. The purpose of this experiment was to assess the effect of combining leaf removal from the alleys and leaf ploughing in within the row, on scab primary inoculum and therefore on scab epidemics.

Methodology

The study was carried out during two years, in 2003 and 2004, in a 2.5 hectare commercial organic orchard located in Loriol (Drôme, France). The orchard, sown with grass in the alleys, was planted in 1994 with two apple cultivars, Smoothee® and Fuji. Cultivars were grown on M.9 rootstock and trained to vertical axis. The experimental orchard was divided into three blocks, each of them with two leaf litter managements :

(i) On 2/3 of the block (2400 m²) called "leaf ploughing in / removal area", removal of litter leaves from the alleys was combined with leaf ploughing in within the row. All these farming methods were done immediately after leaf fall. Removal of leaves was done with a lawn sweeper Wiedenmann® coupled with a tractor. A rotatory brush at the back of the tractor collected the leaves left at the edge of the alleys.

(ii) On 1/3 of the block (1200 m²) called "unremoved leaf area", litter leaves were left unremoved from the alleys and within the row. This latter treatment was considered as control.

Fungicide applications consisted in copper and sulphur sprays within the whole orchard. Each year, from the first recorded scab infection period to harvest time, scab lesions were monitored on leaves and fruits by assessing scab incidence and scab severity. Leaf and fruit scab incidence is the percentage of leaves or fruits with scab lesions. Leaf scab severity is the number of scab lesions per shoot. Fruit scab severity is the number of scab lesions on twenty fruits per tree. In 2003, for two blocks, scab severity was monitored at different distances from the unremoved leaf zone, in order to estimate ascospore spreading. In 2004, ascospore projection was monitored for each leaf litter management with two spore traps (Burkard Manufacturing Co. Ltd., Rickmansworth Hertfordshire, England).

Results and discussion

Leaf scab incidence and severity monitored in June 2003 and June 2004, as well as fruit scab incidence and severity at harvest in 2003 and 2004, were significantly (P ≤ 0.05) lower in the leaf ploughing in / removal area, compared to the unremoved leaf area. 

Leaf litter ploughing in and removal reduced the number of scab lesions on leaves by 67% and 61% in June 2003 and June 2004 respectively. At fruit harvest, 0.7% vs 4% (2003) and 30% vs 66% (2004) of scabbed fruits were counted respectively for the leaf ploughing in / removal area and the unremoved leaf area. The leaf ploughing in / removal method reduced fruit scab incidence respectively by 82% and 54% at fruit harvest in 2003 and 2004. Fruit scab severity was reduced by 74% and 68% respectively, at fruit harvest in 2003 and 2004. 

Measures of ascospore spreading indicated that the spreading was not important beyond 20 meters from the unremoved leaf area. The leaf litter ploughing in / removal method reduced ascospore projection by 95% from March to May 2004.
The removal of leaf litter can be performed with sweepers available on the market which are those used in gardens. Prototypes might be soon developped and available.

It might be easier to shred leaves than removing them, and it is another sanitation practice that could be done in order to reduce scab primary inoculum. Many farmers use a commercial shredder to shred wood after pruning or to control weeds in the orchard alleys. Nevertheless, depending on the topography of the orchard and fall weather conditions, it might be difficult to shred enough leaves to have an effect. MacHardy (2004) suggested that after shredding, apple leaves should be removed from the orchard. However, this requires additional machinery. Ploughing in leaves within the row is complementary of the alley leaf removal. Ploughing in leaves can be easily adopted in organic farms because farmers generally use tillage machinery to control weeds. After leaf fall, soil tillage within the row could be used both to control weeds and to plough in leaves that can’t be shredded or removed.

Conclusion

The leaf litter ploughing in / removal method in automn reduced the number of leaf and fruit scab lesions in the study apple orchard, for two levels of scab risk (low in 2003 and high in 2004).

The spreading of ascospores was measured in 2003 and limitated to a distance of twenty meters from the source area. Therefore, potential inoculum present in infected surrounding apple orchards is not likely to reduce the effect of leaf litter ploughing in / removal method.
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