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ABSTRACT
Botrytis cinerea and Colletotrichum acutatum are important strawberry 
pathogens. Nitrogen (N) application can increase yield, but also 

were grown in sand, fertilised with base nutrients plus ammonium nitrate, 

water only. Flower production, fruit yield and berry size all increased with 
increasing N-concentration, but N-source itself was not important. Disease 
susceptibility was affected by both N-concentration and N-source. At high 
N-concentration, C. acutatum fruit lesions were largest in ammonium 

Botryits 
cinerea lesions were largest in ammonium nitrate > ammonium sulphate > 
calcium nitrate. Similar trends were observed for leaf susceptibility to the 
two pathogens. These data suggest that calcium nitrate may be a suitable 
source of nitrogen, helping growers to reduce disease risk.
Keywords: Botrytis cinerea, Colletotrichum acutatum, ammonium 
sulphate, ammonium nitrate, calcium nitrate, disease susceptibility.

INTRODUCTION

loss from pathogens, in large because of infections of grey mould (Botrytis cinerea) and 
anthracnose (Colletotrichum
regulates yield, but it can also increase susceptibility to grey mould and anthracnose 
infections. Howard et al. (1992), for example, reported that growing strawberry plants in 
soils with low nitrogen levels can reduce the severity of anthracnose. In grapes, Keller 

B. cinerea bunch rot 
and yield. 

The research described in this paper investigated the relationship between nutrient-N 
concentration, N-type and susceptibility of strawberry fruit and leaves to anthracnose 
and grey mould.

MATERIALS AND METHODS
Disease susceptibility of strawberry plants fertilised with base nutrients plus 

of ease in plant availability, ease of production using potted plants in a glasshouse, and 

nutrient treatments are presented in Table 1. 
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TABLE 1: Composition of nutrient solutions (ppm) used in the eight strawberry 

hydrochloric acid (1 N HCl).

Actual nutrient concentrations (ppm)1

Treatment N-source N P K Ca Mg S Cl
Ammonium sulphate NH4SO4 64 24 144
Ammonium sulphate NH4SO4 64 24 144
Ammonium nitrate NH4NO 64 24 42 144
Ammonium nitrate NH4NO 64 24 42 144
Calcium nitrate CaNO 64 49 24 42
Calcium nitrate CaNO 64 24 42
Nil control Water only
Nutrient control  2 64 24 144
1

Horticulture and Hydroponics, Christchurch, and were of fertiliser grade. The non-
nitrogen salts used were potassium dihydrogen phosphate (KH2PO4), sodium dihydrogen 
phosphate (NaH2PO4), potassium sulphate (KSO4), calcium chloride (CaCl2), magnesium 
sulphate (MgSO4), ferric ethylenediaminetetraacetic acid (FeEDTA), borax pentahydrate 
(Na2 4O 2O), manganese sulphate (MnSO4), copper sulphate (CuSO4), zinc sulphate 

4), and sodium molybdate (Na2MoO4).
2All nutrients excluding nitrogen.

Plants were obtained as bare rooted runners from a commercial runner grower in Katikati, 

except for 1-2 emerging trifoliate leaves. Plants were potted into washed concrete 

eliminate algae growth. Plants were watered immediately after planting. First nutrient 

sealed plastic containers in the greenhouse. Plants were provided with additional water 

Bombus terrestris

to facilitate pollination.

four plants for each treatment plot and cultivar, with the four pots placed separately for each 

Pathogens
Wild type isolates of Colletotrichum acutatum Botrytis cinerea 

Colletotrichum

© 2008 New Zealand Plant Protection Society (Inc.) www.nzpps.org     Refer to http://www.nzpps.org/terms_of_use.html





Disease Control in Horticultural Crops

B. cinerea as mycelial 
plugs in sterile distilled water in the dark at room temperature. Pathogens were grown 

Physiological measurements

were also determined. Fruit were picked twice a week (Monday and Thursday) when 

Very small, damaged or diseased fruit were removed. The remaining unblemished fruit 
were then used for the disease susceptibility studies. 
Disease susceptibility

fruit considered an experimental unit. Fruit were placed into surface sterilised single cell 
C. acutatum, the fruit was 

injured (1-2 mm) with a sterile needle prick on both fruit shoulders and inoculated with 
C. acutatum spore suspension 

C. acutatum spore
suspension was also applied to the tip of the fruit, without the injury. For B. cinerea, fruit 

B. cinerea 

C. acutatum and for 
B. cinerea 

Leaf susceptibility was determined at the conclusion of the experiment. The youngest, 
fully expanded trifoliate leaf was collected from each plant. Leaves within a treatment 

allowed to dry on sterile paper towels. Leaves were subsequently halved and placed onto 
new trays lined with moist, sterile paper towels for Botrytis or Colletotrichum assays.

of sterile distilled water and pathogen

Statistical analyses
The effects of nitrogen type and nitrogen concentration on physiological and disease 

measures were assessed using mixed-model ANOVAs. These models tested the effects of 

(e.g. block, leaf or plant) as a random factor. In some instances (e.g. the development 

temporal comparisons. Data are summarised as least-squares means derived from the 
ANOVA models, and pair-wise comparisons were undertaken among these means as 
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RESULTS
Trends observed were very similar for both cultivars, therefore data were pooled. 

but not by nitrogen source, as demonstrated by the dry weights (Fig. 4). These trends 
were also true for fresh weight measurements and leaf counts (data not shown). There 

FIGURE 1: The total number of flowers counted for three nitrogen types 
(ammonium nitrate, ammonium sulphate or calcium nitrate) at 
two nitrogen concentrations (40 or 140 ppm N) along with control 
treatments. Values are from 40 plants (four plants/plot for the two 

in a glasshouse and nutrient solutions applied three times per week.
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FIGURE 2: The total number of strawberry fruit/plant counted for three nitrogen 
types (ammonium nitrate, ammonium sulphate or calcium nitrate) 
at two nitrogen concentrations (40 or 140 ppm N) along with control 
treatments. Also shown are overall means for low and high nitrogen 
treatments. Values are from 40 plants (four plants/plot for the two 

Strawberry plants were grown in sand in a glasshouse and nutrient 
solutions applied three times per week.

FIGURE 3: Mean fresh weight of strawberry fruit (g) for three nitrogen types 
(ammonium nitrate, ammonium sulphate or calcium nitrate) at 
two nitrogen concentrations (40 or 140 ppm N) along with control 
treatments. Also shown are overall means for low and high nitrogen 
treatments. Values are from >160 fruit for each treatment (pooled from 
two cultivars and all harvests) with standard error bars indicated. 
Strawberry plants were grown in sand in a glasshouse and nutrient 
solutions applied three times per week.
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FIGURE 4: Mean leaf biomass of strawberry plants (g dry weight/plant) for three 
nitrogen types (ammonium nitrate, ammonium sulphate or calcium 
nitrate) at two nitrogen concentrations (40 or 140 ppm N) along with 
control treatments. Also shown are overall means for low and high 
nitrogen treatments. Values are from 40 plants (four plants/plot for the 

Strawberry plants were grown in sand in a glasshouse and nutrient 
solutions applied three times per week.

In contrast to the physiological observations (as described above), where the 
presence of nitrogen was more important than the type of the nitrogen source, disease 
susceptibility was affected by both nitrogen concentration and nitrogen type. These 
trends were observed for both pathogens, both cultivars and both assessment days. 
Therefore, data were pooled for the two cultivars, and disease data are presented for 
the second assessment, as differences were more apparent. In water-inoculated fruit or 

water treatments were ignored in the data analyses.
At the high nitrogen concentration, anthracnose lesions were generally larger in 

plants in the ammonium sulphate, followed by the ammonium nitrate and then calcium 
nitrate treatments. This was true for both wounded and non-wounded treatments 

was more noticeable in non-wounded inoculation sites, and the effect of nutrient 

respectively.
Fruit susceptibility to B. cinerea was also affected by nitrogen concentration and 

largest lesions being found in the ammonium nitrate, followed by the ammonium sulphate 
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FIGURE 5: Mean lesion size of strawberry fruit (mm) inoculated with 
Colletotrichum acutatum
for three nitrogen types (ammonium nitrate, ammonium sulphate or 
calcium nitrate) at two nitrogen concentrations (40 or 140 ppm N) 
along with control treatments. Also shown are overall means for low 

sterile needle and inoculated with 10 µl spore suspension on the right 
side of the fruit shoulder and a water droplet on the left side of the fruit 

Fruit were incubated at room temperature for 7 days and lesion size 
measured. Values are from >60 fruit for each treatment (pooled from 
two cultivars and all harvests) with standard error bars indicated. 
Strawberry plants were grown in sand in a glasshouse and nutrient 
solutions applied three times per week.

Similar trends were observed for leaf susceptibility to the two pathogens. Again, 
nitrogen concentration and source affected the ability of C. acutatum 
B. cinerea
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showing the least colonisation by the pathogens, particularly noticeable in the case of 
B. cinerea . There was no cultivar difference in leaf sensitivity to C. acutatum 

FIGURE 6: Mean proportion of strawberry fruit rot (%) inoculated with Botrytis
cinerea for three nitrogen types (ammonium nitrate, ammonium 
sulphate or calcium nitrate) at two nitrogen concentrations (40 or 
140 ppm N) along with control treatments. Also shown are overall 
means for low and high nitrogen treatments. Strawberry fruit were 

of the fruit shoulder and a water droplet on the left side of the fruit 
shoulder. Fruit were incubated at room temperature for 7 days and 
fruit rot (%) estimated. Values are from >80 fruit for each treatment 
(pooled from two cultivars and all harvests) with standard error bars 
indicated. Strawberry plants were grown in sand in a glasshouse and 
nutrient solutions applied three times per week.

DISCUSSION AND CONCLUSION

were observed. There was also an increase in disease susceptibility with increasing N 
concentrations, and plant physiological responses were not affected by nitrogen type 

susceptibility to Colletotrichum spp. was affected by nitrogen source and concentration 

Mississippi, USA, use calcium nitrate as their preferred nitrogen source to help manage 
anthracnose disease. The present trial demonstrates that this practice will also be useful 

Colletotrichum spp.

present data suggest that calcium nitrate may be a suitable source for nitrogen that will 
also help growers to reduce disease risk caused by B. cinerea. While the fertiliser does 
not prevent fruit infection and fruit rots, nor act as a fungicide, it seems to improve the 

Monilinia fructicola B. cinerea fruit 

© 2008 New Zealand Plant Protection Society (Inc.) www.nzpps.org     Refer to http://www.nzpps.org/terms_of_use.html





Disease Control in Horticultural Crops

potassium in the nutrient control may protect the fruit from rotting, i.e. the increasing 
 is known to 

be an important secondary messenger playing a crucial role in plant responses to various 

provides a possible mechanistic link with the reduced susceptibility of fruit treated with 
calcium nitrate. In the studies described here, it was probably the lack of nutrient in the 

FIGURE 7: Lesion incidence of strawberry leaves (%) inoculated with 
Colletotrichum acutatum (top) and Botrytis cinerea (bottom) for three 
nitrogen types (ammonium nitrate, ammonium sulphate or calcium 
nitrate) at two nitrogen concentrations (40 or 140 ppm N) along with 
control treatments. Also shown are overall means for low and high 
nitrogen treatments.
inoculated with 15 µl spore suspension. Leaves were incubated at 
room temperature for 7-10 days and incidence (%) of leaf lesion 

each treatment (pooled from two cultivars) with standard error bars 
indicated.
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The aim of showing that nitrogen type can affect disease susceptibility was achieved. 
The applicability thereof warrants further investigation in strawberry and other berries. 
Reduction in disease risk by fertilisation and choice of nitrogen source is a highly 
tangible approach. 
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