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ABSTRACT

Potential sourcesof grey mould (Botrytiscinerea) wereidentifiedin
two Nelson boysenberry (Rubus hybrid) gardensin 1993/94 and 1994/
95. Moredatacollectionin 1996/97 confirmed and quantified inoculum
sources in a Nelson and Hawkes Bay boysenberry garden. |mportant
Botrytisinoculumsourceswerelitter ontheground, desi ccated primocanes
and receptaclesleft after fruit were harvested. Minor Botrytisinoculum
sources were dibs, leaves and dead canes at the plant base. Both spore
trapping results (1993-95) and berry washings (1996/97) found that
Botrytisinoculum peaked at harvest. A strong correl ation between fruit
surface contamination and latent berry infection was observed.
Management strategiesto reduceBotrytislevelsare discussed.
K eywor ds: Botrytiscinerea, boysenberry, epidemiology, New Zealand

INTRODUCTION

InNew Zealand, control of BotrytiscinereaPers.: Fr. (grey mould) in boysenberry
has been an ongoing challenge. Although, disease control with fungicidesispractised,
Botrytishascaused substantial fruitlossesprior toharvest (Langford 1993). Unsetisfactory
control based on fungicides may be the result of the development of resistance to
commonly used compounds and/or atargeting problem where the fungicide does not
come into contact with the pathogen at a vulnerable stage (Williamson and McNicol
1986). For effectiveBotrytiscontrol (chemical and/or cultural), anunderstanding of the
diseaseepidemiology isrequired.

The nature of the boysenberry growth habit and garden management suggest a
number of potential sourcesof Botrytisinoculum. Thefloricanes(twoyear old fruiting
canes) aretypically trained onto wiretrellisesto ease management and harvest. Asthe
floricanesarepulledfromtheground, terminal tiplayering (dibs) areoftenlifted withthe
caneontothetrellis. New emerging canes, called primocanesor suckers, whichgrowinto
the trellis can interfere with floricane harvesting. For this reason the early emerging
suckersareusually removed by hand or sprayed (desuckered) with herbicides. Closeto
harvest the suckersareallowed to start growing, giving them timeto produce adequate
growth beforewinter, whilenotinterferingwith picking. After harvest (orinthewinter)
thefloricanesare pruned off. This practise often resultsin alarge amount of dead cane
at the base of the plant. Old cane and leaves are | eft on the ground to be shredded.

During 1993to 1997 weinvestigated potential Botrytisinoculum sourcesand their
rel ativecontributiontoBotrytisinoculuminNew Zeal and boysenberry gardens. Research
in the 1993/94 and 1994/95 seasons was aimed at identifying sources of Botrytis
inoculumintwoboysenberry gardensinNelson. In1996/97, moredetail ed studieswere
carried out qualifying inoculum sources and quantifying the potential contribution of
Botrytis spore rel ease from these sourcesin a Nelson and a Hawkes Bay boysenberry
garden. Assessmentsof flowersand berrieswerecarried out todeterminetherel ationships
between latent Botrytis infection of the fruit, spore release in the field and potential
diseaseincidenceat harvest.

MATERIALS AND METHODS
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I dentification of Botrytisinoculum sour ces (1993-1995)

Experimental designsinthe 1993/94 and 1994/95 seasonsaredescribedindetail by
Pykeetal. (1994) and Stanley and Pulford (1995), respectively. Briefly, ten plotswere
randomly selected from two commercia boysenberry gardens(cv. RiwakaChoice) in
Nelson. Standard cultural and plant protection practices were applied by each grower
duringtheseason. Inthe 1993/94 season, asinglecollection of 20 samplesof eachtissue
typewastakenat randomfromeach plot (dibs, debrisontheground, suckersandold cane
fromtheplant base). Inthe1994/95 season, ten sampl es/tissuetypeweretakenrandomly
from each plot at two collection timesfor leaf debris, canedebrisand old canefromthe
plant base and at five collection timesfor dibsand suckers. Botrytisincidencein tissue
sampleswasassessed after incubationunder ahighrelativehumidity at 20°Cfor 24 hin
1993/94 and 72 h in 1994/95. In each garden, spore trapping was carried out using a
Burkhard high throughput jet spore sampler and Botrytis selective medium (Kerssies
1990).

M ain Botrytisinoculum sour ces (1996/97)

In the 1996/97 season, two commercial boysenberry gardens, onein Hawkes Bay
(cv. semi-thornless Hawkes Bay late) and one in Nelson (cv. Riwaka Choice) were
selected. Inboth gardens, ten plotsweresel ected at random. Plot lengthwas7.5malong
therow and plot depth was 0.5 m measured from the center wireinto therow. Standard
cultural and plant protection practiceswere applied by each grower during the season.

Host tissuesidentified in the previous studies (1993 to 1995) were sub-sampled at
six different timesin the Nelson garden and at four different timesin the Hawkes Bay
gardenover thegrowing season. Sampling commenced on 29 August 1996 (midwinter)
and terminated on 14 January 1997 (harvest). Tissues were sampled as available and
consisted of litter ontheground, leaveswith necrosis, damaged suckers, dibs, dead canes
within the plant base and receptacl es of harvested fruit.

Litter samplesweretaken at random using two quadrats/pl ot (0.04 m?/quadrat). All
litter withinthequadratswascollected. Inthecanopy, greenleaf sampleswerecol | ected
randomly usingthreequadrats/plot (0.04m?/quadrat). All leaveswithinthequadrat were
harvested to the centre wire. Necrotic area on each leaf was estimated visually as a
proportionof thetotal leaf area. Thenumber of total suckers, damaged suckers, dibsand
dead canewere counted in each plot at each sampling timeand 10% of each tissuetype
wascollected. Atlateharvest, approximately 30 receptacl es/plot werecollectedand the
total berry number estimated by counting all fruit within aknown area. Theinoculum
potential of thevarioustissuescoll ected was measured using the proceduresof EImeret
al. (1995). Insummary, sampleswereincubated under highhumidity at roomtemperature
for 5 days. Botrytis inoculum potential was measured by visually estimating the
sporulating area(mm?).

Flower and fruit infection studies (1996/97)

From each plot 20 flowers or berries (flowers-berries) were collected randomly at
each samplingtimeto determinetheeffect of flower-berry contamination byBotrytison
latent fruitinfection. Tenflowers-berrieswereexaminedforBotryti ssurfacecontamination
using a modification of methods described previously (Elmer et al. 1995). The ten
flowers-berries were washed by shaking them vigorously for 5 min in 20 ml sterile
distilled water amended with 0.05% Tween 80 (tween water). A 10 ml aliquot was
removed and centrifuged at 3000 rpm for 2 min. The supernatant was decanted and the
sporepelletresuspendedin 1 ml tweenwater, vortexed and pi petted (250 ml/plate) onto
four petri dishes containing Kerssies medium. Petri dishes were assessed for Botrytis
colony formation after 14 days of incubation at 18°C in the dark.

The remaining ten flowers-berries/plot were used to determine latent Botrytis
flower-berry infectionby surfacesterilising with 0.3% sodium hypochl orite (Wil son) for
5 min, rinsing twice in tap water, incubating for 5 days under high humidity at room
temperature and ng for Botrytis incidence. To assess the contribution of latent
infectionto potential berry rot, at late harvest in HawkesBay and early and | ate harvest
in Nelson, 20 ripe fruit/plot were sampled at random individually into sterile plastic
containers(L abserv P354) and assessed forBotryti sincidenceafter 5 daysof incubation
at 20°C under high humidity.
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Datafromthe 1993 to 1995 seasons are expressed asBotrytisincidence (%o)/tissue
type. Datafor each year were analysed separately using the PROC MIXED procedure
inthe SA Sstatistical package. Datafrom 1996/1997 season areexpressed qualitatively
and quantitatively as Botrytis inoculum potential/tissue type/plot. These data were
subj ect tologarithmictransformation beforeanalysisof variance and the appli cation of
Fisher’sLeast Significant Difference Test using Systat.

RESULTS
I dentification of Botrytisinoculum sour ces (1993-1995)

Initial investigations in the 1993/94 season revealed no significant differences
between gardenswith respect toBotrytisincidenceof varioustissuesamples(Table 1).
Dibsshowed the highestBotrytisincidencefor both gardens. Inthe 1994/95 season, the
dibsagain showed highest Botrytisincidencein Garden 1, whilst al inoculum sources
were of equal importance in Garden 2.

Sporetrapping over two seasonsinthetwo Nelsongardensresultedin considerable
variability inthenumber of coloniescounted during thetwo seasonsfromday today and
betweengardens. Thenumber of coloniescounted early inthe 1994/95 season at Garden
2wasunusually high, but thenumber trapped dropped during mid-season. Thenumber
of coloniesmeasured at thetwo gardens peaked at harvest in January in both seasonsin
Garden 1 andin 1993/94 in Garden 2 (Fig. 1).

TABLE 1: MeanBotrytisincidence(% ) detected on varioushost tissuessampled
from two gar densin Nelson over two gr owing seasons.

1993/94 1994/95

Garden 1 Garden 2 Garden 1 Garden 2
Host tissues
Suckers 17 10 17 19
Dibs 70 81 37 20
Dead cane 9 10 3 34
Debris(leavesand canes) 7 6 4 18
ANOVA variables
Garden ns x Kk
M ate" d * %% * %%
Garden*Materia ns xHk

ns=not significant different (P<0.05)
*** = highly significant different (P<0.001)

M ain Botrytisinoculum sour ces (1996/97)

Total inoculum potential of Botrytiswasgreater (P<0.01) intheNelsonboysenberry
garden than in the Hawkes Bay garden. However, in both gardens Botrytis total
inoculum potential followed similar trends as no interactions between sites and time
could be detected (P>0.05). Total inoculum potential of Botrytis fluctuated, with two
peaksat flowering and harvest. Themainti ssuescontributing toBotrytisinoculumwere
litter, suckersand receptacles(Fig. 2). Throughout the seasonin both gardens, dibsand
dead cane contributed less than 7 mm?/plot to the average (7750 mm?) total inoculum
potential of Botrytis(Fig. 2). L eavesin HawkesBay harboured moreBotrytisinoculum
than leaves in Nelson (P<0.001), because leaves in Hawkes Bay were damaged by
herbicidedrift. Therel atively highBotrytisinoculum potential for HawkesBay compared
with Nelson at mid season was due (99.4%) to the contribution of leaves (Fig. 2).
Flower and fruit infection studies (1996/97)

During the growing season the number of Botrytis colonies from conidiawashed off
boysenberry flowers-berriesincreased (P<0.001; Fig. 3). Similarly, latentBotrytisinfection
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FIGURE 1: Number of Botrytisspores trapped throughout two season in two
boysenberry Gardensin Nelson. (Sporetrapsoperated for 5min at
each of four times/day at arate of 750 litres of air/min. Each data
point representsdaily totalsaver aged weekly).

of flowers-berries increased (P<0.001) between flowering and harvest (Fig. 3). Latent
infectionand surfacecontamination of flowers-berrieswerecorrelated (r=0.512; P<0.001).
Latent infection and potential Botrytisberry rot were also correlated (r=0.616; P<0.001)
(Fig.4) withlatentinfectionscontributing onaverage 92% of thepotential berry rot. A weak
correl ation betweenBotryti stotal inocul um potential and surfacecontamination of flowers-
berrieswas observed (r=0.212; P<0.05) indicating that Botrytistotal inoculum potential
may reflect the actual size of Botrytispopulationsinthefield.

DISCUSSION
Botrytisincidenceon plant tissuesvaried between the 1993/94 and 1994/95 seasons
and between the two gardens (1994/95). Thismay betheresult of climatic parameters
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FIGURE 2: Seasonal trendsofBotrytisinoculum potential/plot on arangeof host
tissues sampled during the 1996/97 season in Nelson and Hawkes
Bay boysenberry gar dens. (a=not sampled; b =receptaclessampled
at lateharvest only).

and/or changed garden management practices which are known to affect Botrytis
epidemiology (Marois1996). For exampl e, thereducedincidenceof Botrytisondibsin
1994/95 was probably the result of changed pruning practices which involved cutting
dibs out during the winter pruning (Stanley and Pulford 1995). The new strategy was
adopted in 1994/95 after the 1993/94 findingsby Pykeet al. (1994) onthe highBotrytis
incidenceof dibs. Therefore, in 1994/95, only alow number of very small dibscould be
found and thesedried out morerapidly.

Studiesin 1996/97 were designed to measure the relative contribution of various
plant materials harbouring Botrytis to the total inoculum potential of Botrytis in
boysenberry gardensfromwinter to harvest. Our studieshaveidentified severa important
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FIGURE 3: IncreaseinlatentBotrytisflower-berryinfection (—+—)andincrease
in Botrytis colonies washed off the flower-berry surface
(- - -0 - - -) during the 1996/97 season in Nelson and Hawkes Bay
boysenberrygardens.
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FIGURE 4: Correlation between potential Botrytisberry rot and latent Botrytis

berry infection at harvest in Nelson and Hawkes Bay boysenberry
gardens (1996/97).

Botrytis inoculum sources. These were litter on the ground, primocanes burnt off by
desuckering herbi cidesand receptacl esleftinthecanopy after fruit wereharvested. L ess
important Botrytisinocul um sourcesweredibs, |eavesand dead canesat the plant base.
Becauseof seasonal growth habitsand garden management practices, not all tissuetypes
were avallable at each sampling time (eg suckers and receptacles). Under current
management strategi es, dibs, dead caneintheplant baseand necroticleavesinthevines
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werelessimportant compared with litter, suckers and receptacles, with regard to their
contribution to thetotal inoculum potential of Botrytis.

In Hawkes Bay most suckers were removed either mechanically and/or chemically
throughout the season, explaining the low contribution of this tissue type to the total
inoculum potential of Botrytigplot. In contrast, all suckersin Nelson wereremoved after
flowering. The highBotrytispeak at flowering stressestheimportance of Botrytiscontrol
on suckers, particularly if suckershave been burnt of f by aherbicide, asthedying tissues
provided an ideal environment for Botrytis development. Botrytis could be controlled
chemically by ensuringthat botryticidesaretargeted directly onto suckers. Wheresuckers
aremechanically pruned, suckersshould beremoved and shredded finely to ensurerapid
tissuebreak down. Early sucker control prior to and during flowering needsto becarefully
managed to prevent Botrytisbuild up and flower infection.

Receptaclesof pickedfruitareanideal substrateforBotrytiscolonisation. Because
of continual harvesting over 4-6 weeks, fungicideapplicationsto prevent col oni sation of
receptacl esislimited dueto potential contaminationof fruit withfungicideresidues. The
only botryticide registered in New Zealand with less than
2-3 days withholding period for export boysenberries is iprodione. However, the
devel opment of resi stanceinBotrytispopul ationstoiprodione(L angford 1993) limitsits
regular use asaprotective spray during harvest.

Thefluctuationsin Botrytisinoculum potential of thelitter during the season may
bedrivenby environmental conditions, garden management practi sesand/or changesof
litter compositionduring theseason. For exampl e, thewarm andwet conditionsin spring
may trigger the over wintering inoculum to develop. Dry summer conditions and the
drying of host tissues and/or fungicide applications during flowering and the resulting
run off onto the ground may explain the decline in Botrytisinoculum. Theincrease at
harvest may bearesult of dropped fruit andBotrytisinfected mummified berriesonthe
ground. Litter management may beanimportant tool forBotrytiscontrol. Inboysenberry
gardensall potential Botrytis sources usually will end up on the ground. Prunings are
generally shredded and | eftintheai slesbetweentherowsor raked around theplant base.
Enhanced litter degradation and therefore decomposition of Botrytis sources using
suitableorganic and/or inorgani camendments may decreaseBotrytis contaminationin
thelitter. VVariouscompost applicationsandinorganicfertilisershavebeen successfully
used to enhance the decomposition of over wintering black spot in apple leaf litter
(Trankner 1993). Alternatively, boysenberry growerscould employ sanitary measures
by removing al prunings and thus Botrytis inoculum sources from the garden (Jarvis
1962a).

After flowering, there was an increase in total Botrytisinoculum potential in the
garden. Associated with this, not only the number of Botrytis conidiaincreased onthe
surfaceof thegrowing berry, but alsolatent berry infectionincreased. Accumul ation of
Botrytis sporeson fruit surfaces has been reported on kiwifruit (ElImer et al. 1995). To
date, latent infecti on of Rubushasbeen associated primarily withflower infection of the
styles(Dashwood and Fox 1988). Our research suggeststhat boysenberry stylesremain
suscepti bl etoBotrytiscol onisationthroughout thedevel opment of thedrupel etsright up
toharvest. Thisissupported by Williamsonet al. (1987). They reported that althoughthe
rate of Botrytisdecay wasreduced when flowerswereinocul ated at al ater growth stage
(growth stage 5, green drupelets formed), berries remained susceptible to Botrytis
infection. Unfortunately, the post harvest decay was based on unsterilised fruit only,
therefore the contribution of |atent infection to postharvest rot isunknown.

Thehighproportionof latentinfectiontototal potential berry rot (92%) suggeststhat
external contamination of the fruit surface itself did not cause berry rot. Thisisin
accordancewith findingsby Jarvis(1962b) who attributed only 1% of infectionsinthe
fieldto conidiagerminatinginwater filmsonfruit surfacesof raspberry and strawberry
fruit.

Atany timeduring thegrowing seasonBotrytispopul ationsin aboysenberry garden
will beaffected by substrate availability and favourableweather conditionsfor disease
development. Botrytis control strategies should be targeted to protect tissues from
colonisation by the pathogen and/or remove potential plant materials harbouring the
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diseasefromthegarden. Thisisparticularly importantinthelight of our thefindings, that
with anincreaseinBotrytisconidiaon surfacesof flowers-berries, latent fruitinfection
aso increased. Considering that 92% of potential berry rot was attributed to latent
infection, Botrytis accumulation on the flowers-berries should be prevented. Future
researchisrequiredtofurther investigatetherol eof stylesintheprocessof development
of latent infections and their susceptibility to Botrytis colonisation from flowering to
harvest. Further, theeffect of gardenmanagement practi ses, inparticul ar litter management
on Botrytis build up, dispersal and/or decomposition needsto be examined.
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