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ABSTRACT

Two Golden Queen peach blocks, one propagated from virus-free
scions (Block A), the other from non-indexed sources (Block B), were
EL|SA-tested 5-7 yearsafter planting for prune dwarf virus (PDV) and
prunus necrotic ringspot virus (PNRSV). Treesin Block A were 18%
infected by PNRSV at year 5 and 60% by year 7, at which time 1% also
had PDV. Block B was 100% infected by PNRSV and 9% with PDV by
year 5,increasingto 15% by year 7. Betweenyears5and 7, salableyield
reduced by 18% asaresult of PNRSV-infection. Dual infectionwaslikely
tohavereduced averagesal ableyield by 32% (9.6t/ha) and grossreturns
by $4,805/ha.
Keywords: peach, prune dwarf virus, prunus necrotic ringspot virus,
peachrosette, ELISA

INTRODUCTION

Prunus necratic ringspot virus (PNRSV) and prune dwarf virus (PDV) in New
Zealand werefirst reported by Fry and Wood (1971), their widespread occurrencein
Golden Queen peach trees was reported by Wood (1979a). PNRSV is relatively
symptomlessinNew Zealand stonefruit (Wood 1979b). Peachrosette (PR) describesthe
symptomsproduced by dual infection of both viruses, whereinfected branchesdevel op
shortened internodes and rosetting of foliage, gradually |eading to severe stunting and
decline. Both viruses are pollen transmitted and bees can spread these viruses rapidly
withinand between peach blocks. Wood (1979a) first reported decliningyieldsasaresult
of PNRSV infectionandthisledtotheestablishment of agovernment-fundedvirus-free
planting scheme for the Golden Queen peach industry in Hawke' s Bay. This scheme,
based onindicator plant indexing, wasabandoned on groundsof cost when ‘ user-pays’
wasintroduced by thegovernmentin 1986. However theavailability of EL1SA kitsafew
yearslater enabledlower cost virus-indexing andtheability for thefirsttimetotestlarge
numbersof treescheaply andrapidly. Pine(1964) in California, and Smithand Challen
(1977) inVictoria, had measured thedramati c effectsof dual virusinfectiononyieldbut
thishad not been donein New Zealand. Thispaper presentstheresultsof threeyearsof
ELISA indexing of two Golden Queen peach blocksin Hawke' sBay for PNRSV and
PDV and records the effects of both viruses on growth and yield.

METHODS
Two, five-year-old (1991-92 season) Golden Queen peach blocks near Hastings,
about 400 m apart were selected asthe sitesfor this study. One (Block A) was planted
withtreespropagated fromvirus-free scionsand theother (Block B) from non-indexed
material (likely tobevirus-infected). During November to 20-December 1991, 1992 and
1993, all treesfrom both bl ockswere sampled by randomly pinching off five shoot tips
(severa unfoldingleaflets) fromterminal saround eachtree. Thesewereplacedinplastic
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bagsin achilly bin and virustested by ELISA within 24 hours of sampling. To avoid
possi ble contamination, hands were washed between tree sampl es.

ELISA kitsT987 and T305 (Agdialnc., 30380 County Rd Elkhart, IN., USA) were
used to test for PNRSV and PDV respectively. Substrate colour changeswerevisually
assessed in comparison with known controls. Selected trees were resampled up to 10
dayslater and confirmation-tested for PNRSV in 1992 at MAF sLynfield Diagnostic
Station and in 1993 at HortResearch Mt. Albert Research Centre, using cucumber
seedlingindicator plants.

Yield and growth parameters were recorded each year from 10 replicate trees for
each of the following virus infection/block combinations: Block A, uninfected and
PNRSV-infected trees at 5.4 x 4.9 m spacings; Block B, PNRSV-infected, PNRSV +
PDV-infected (PR latent) and PNRSV + PDV-infected (PR visual) at 6.1 x 6.1 m
spacings.

Each year, trees were individually harvested at maturity and yield data and butt
circumferences (20 cmaboveground) wererecorded. Thedatawereanayzedtoobtain
variousyield parameters(see Table3) and grossreturnscal cul ated based on the current
prices for process grades. Data were statistically analyzed using ANOVA. Between-
block statistical comparisonswere not made dueto different tree spacingsand orchard
management practices. Wheretreesintheyieldand growth study blocksbecameinfected
withanew virus, silver leaf or blast, they werereplaced withtreesof thesamevirusstatus
tomaintaintenreplicatesineach category. After thefirst season, itwaslearned that Block
B trees were of two ages (see Table 2), which added a confounding factor to the
comparison.

RESULTSAND DISCUSSION
Incidence and spread of PNRSV and PDV

InBlock A (initially virus-free), 82% of treesremained heal thy (freeof PNRSV and
PDV) after five years but only 39% were healthy by year 7, indicating that virus
introduction into the block had been relatively slow inyears 1-5 but rapid after year 6
(Tablel). By year 7, 60% of thetreeswere PNRSV -infected and 1% PDV -infected. It
wasobserved that most infected treesin Block A wereonthesideclosest toBlock B (400
maway), consi stent with observationsfrom earlier work whichindicated that beeswere
themost likely vector (Wood 1979b; Uyemotoet al. 1992). By contrast Block B had no
healthy treesat year 5, with 100% PNRSV -infected and 9% PDV -infected, increasing
to 15% PDV-infected at year 7.

ELISA tests of Block B indicated achangein virus status of 11 trees from PDV-
positivein 1991 to negativein 1992. In 1993 most of thesetreesagainindexed positive.
Thiswasmostlikely duetoanunevendistributionof PDV inthetrees. In 1992 therewas
close agreement between ELISA and indicator plant testsfor plantsthat were PNRSV
negative. That, EL | SA detected morePNRSV positiveplantscould bearesult of thetest
being more sensitive. However, the correl ation between the two test methodswas poor
in1993. Only 18% of EL I SA-positivesand 29% of EL | SA-negativeswereconfirmed by
indicator plant tests(Table1). Whilesomedisagreement between EL | SA and indicator
tests can be expected (D. Elliott pers. comm.), the level of disagreement found was
unacceptably high. Themainreasonssuggestedfor thisare: 1) an unevendistribution of
virusin newly infected treesi.e. in 1993, ELISA detected alargeincreasein diseased
trees; 2) samplesfor confirmation-teststakentoo latein season and virustitremay have
fallen due to higher growing temperatures; 3) a loss of virus titre during transit to
Auckland. The first two factors could explain how the inconsistency between virus
detection methods was worse in 1993 than in 1992.

TheEL|SA resultswereconsideredtobeamorereliabl eindication of virusspreadfor
several reasons: 1) theyearly pattern of virusincreasewassimilar tothatinacomparable
study by Uyemotoet al. (1992); 2) the location of infected trees within the two blocks
followed expected patternsand producedyield effectswhich correl ated withthevirusstatus
indicated determined by EL | SA tests; 3) ELISA PDV test resultswereinagreement with
thosetreesexpressing PDV + PNRSV symptomsintheorchard.

TABLE 1. Results of ELISA and indicator-plant tests for prunus necrotic
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ringspot virus(PNRSV) and prunedwar f virus(PDV) monitoringin
Golden Queen peach trees.

Number of: 1991 (%) 1992 (%) 1993 (%)
Block A

treesEL | SA tested 192 - 192 - 192 -
healthy trees 158 (82) 149 (77) 76 (39)
PNRSV +vel 34 (18) 43 (22) 116 (60)
PNRSV + PDV (PR) +ve 0 0) 1 (0.5) 2 (D)
Block B

treesEL | SA tested 198 - 198 - 222 -
healthy trees 0 0) 0 ©) 0 0)
PNRSV +ve 198 (100) 198 (100) 222 (100)
PNRSV + PDV (PR) +ve 18 9) 16 (©)] 33 (15)
Initially PR +ve, now PR-ve - - 11 (6) 5 2
newly PR +vetrees - - 9 (5) 22 (10)
Confirmationtests

treesindicator-plant tested 0 - 92 - 100 -
total ELISA-testsconfirmed - - 80 (87) 22 (22)
PNRSV +ves confirmed - - 11/22 (50) 12/66 (18)
PNRSV -vesconfirmed - - 69/70 (99) 10/34 (29)

1 +ve(s) = positive(s); -ve(s) = negative(s)

Effect of virusseverity onyield and treesize

A differencein PNRSV -infected treesi zebetween Blocks A and B wasstill apparent
atyear 7 because4treesinBlock B were 1year older (and consequently larger) thanthose
in Block A (Table 2). This age difference together with management and spacing
variationsmeant that treesof similar virusstatusineach block couldhavedifferentyields.
Also, becausetreeswith higher virusseveritiesweremostly 1year older thanthosewith
lower virus severities, actua yield effects could be higher than those recorded.

TABLE 2: Yield and sizeof treeswith different virusstatusin 1993.

Buitt. circumf. Treeage
Virus Yield(t/ha) Total fruit (cm) in 1993 (Nos)

Block Statust Total Sdable (No/ha) Blocks Mean 7yr  8yr
A Healthy 4952 37.7a 408942a 526a 520 10 0
A PNRSV 40.2b 30.7b 325046b 5l4a 10 0
B PNRSV 488a 287a 466,729a 56.7a 53.2 6 4
B PR-latent 359b 239a 326,821b 50.3c 3 7
B PR-visual 40.7ab 222a 405321ab 526b 2 8

IPNRSV = prunusnecrotic ringspot virus, PR (peach rosette) = combined prune dwarf
virus+ PNRSV infection

2For all tables, different letters within the same block and column indicate statistical
significance, (P<0.05).

InBlock A inyear 7, healthy trees produced moretotal fruit thaninfected treesand
PNRSV reduced salable yields by 7 t/ha (19%) without significantly affecting butt
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circumference. Thiscompared with areduction of 8t/hainyear 6 and 1.4 t/hareduction
inyear 5. In Block B inyear 7, additional infection by PDV further reduced total fruit
numbersand salableyieldsby 6.5t/ha(23%). Thisoccurred within 7 yearsof planting,
and differences would probably have been greater had all trees been the same age.
Significantly smaller butt circumferenceswererecorded in PR-infected trees.

Theyield depressions recorded here exceed those recorded by Pine (1964) in the
USA andby Smithand Challen (1977) inAustralia, whereyield reductionsof about 32%
occurred from dual infection with PDV and PNRSV. Uyemoto et al. (1992) reported
30% yield and 23% trunk girth reductions respectively over a four year period in
California. Their study aso showed anincreasein dual infectionfrom0to 72%inone
block and demonstrated that bees carried infected pollen.
Effect of virusseverity on fruit quality

In Block A inyear 7, healthy trees produced more undersized fruit but less split,
decayed or dropped fruit than did virus-infected trees (Table 3). Thisconfirmed trends
apparent in years 5 and 6 and grower observations that virusinfection increased fruit
splitting, which had the effect of increasing the incidence of brown-rot-infected and
droppedfruit.

TABLE 3. Percentage of fruit in size classes! from trees with different virus
statusin year 7 (March 1994).

Block Virus Gradel Grade2 Undersized Split Brown Dropped
Status? rot

Healthy 19.0a 470a 203a 19b 25b 9.2b
PNRSV 253a 39.1a 14.1b 36a 48a 13.2a

PNRSV 10.2ab 36.7a 328a 39a 45a 119a
PR-latent 15.5a 38.3a 24.8a 32a 35ab 146 a
PR-visual 56b 36.1a 41.7 a 29a 29b 10.8 a

wmww >>

1Gradel, fruitweighingover 151g; Grade2, fruitweighing 108-151 g; undersi zed, fruit
weighing<108g; split, split fruit notincluding thosewith brownrot or dropped; brown
rot, fruitwithbrownrot but not dropped; dropped, all naturally fallenfruitincludingsome
with brown rot or splitting.

2PNRSV = prunusnecrotic ringspot virus, PR (peach rosette) = combined prune dwarf
virus+ PNRSV infection

InBlock B inyear 7, Grade 1 fruit numbersin PR-visual trees were significantly
lower thanin PR-latent trees. Thisconfirmed atrend observed inyear 5 but not inyear
6. Over the three years there was no consistent pattern in effect of virusintensity on
percentage of fruitineach grade.

Onaverageover thethreeyearsof thisstudy, PNRSV infected treesyielded 18.5%
lessthanhealthy trees(Block A, Table4) and treeswithvisually apparent PR symptoms
yielded 19% less than trees with PNRSV (Block B, Table 4). Since PNRSV infected
trees at both blocks produced similar mean yieldsand grossreturns, it was possible to
comparethe PR infected treeswith the performance of healthy treesin Block A. Under
thiscomparison, over years5-7, treeswith visible PR symptomsyielded 9.6 t/ha(32%)
or $4,800/halesson average per year than healthy trees. Thereal lossin potential yield
between years 5-10 may actually be higher than this estimate, due to virus infection
reducing tree growth and hence potential for yield increasewith increasing tree size.
Effect of virusseverity on grossreturns

TABLE 4: Salableyield and grossreturnsfor the 1991-92, 1992-93 and 1993-
94 seasons.
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Sdlableyield(t/ha)
Block Virus 1992 1993 1994 Mean Mean
status loss

A Healthy 28.6 22.7 37.7 29.7

A PNRSV 27.2 14.6 30.7 24.2 18.5%
B PNRSV 29.4 16.3 28.7 24.8

B PR-latent 28.2 14.9 23.9 22.3 10.1%
B PR-visua 27.9 10.3 22.2 20.1 19.0%

Grossreturns? ($/ha)

A Healthy $12,334 $9,157  $16,523 $12,671

A PNRSV $11,899 $6,047 $14,011  $10,652 15.9%
B PNRSV $11,399 $6,582 $12,149  $10,043

B PR-latent $10,716 $6,170  $10,310 $9,065 9.7%
B PR-visua $10,181 $4,356 $9,060 $7,866 21.7%

1PNRSV, prunus necrotic ringspot virus; PR (peach rosette), combined prune dwarf
virus+ PNRSV infection

2Correctedfor treeageand assuming areturn of $560/t for Grade 1 and $375/t for Grade
2

CONCLUSION

Thisstudy demonstrated that initially virus-free plantingscan become60%infected
by year 7 if diseased plantingsarenearby, whilenon-indexed trees, if not already 100%
infected by PNRSV, are probably infected very early in their productive life without
necessarily showing obvious symptoms. PNRSV aone can reduce salableyields and
grossreturns by around 18%. The combined effect of both PNRSV and PDV islikely
tobea32% reductioninboth averagesalableyield and grossreturns(9.6 t/haand $4805
/ha respectively) per year. Thus, orchards planted in non-indexed trees are likely to
becomeuneconomicrelatively earlyintheirlife. By contrast, orchardsestablished from
clean stock are more likely to produce normally until year 5 and potentialy for
considerably longer if frominfected trees.

Re-establishment of a virus-free planting scheme in Hawke's Bay is urgently
required and has been initiated on the basis of theseresults. Whilevirus-free plantings
can be expected to remain virus-free for only 5-7 years, this is much better than the
present use of non-indexed planting material. Significant increasesinyieldsand gross
returns are possible. However, if clean trees are planted within bee foraging range of
diseasedtrees, the potential gainswill beshort-lived. A coordinated district approachis
required.

Thelack of agreement between EL | SA andindi cator plant testsinour study requires
further work to confirm the cause(s) of the discrepancy and increase confidence in
ELISA screening of the large numbers of treesrequired in aclean stock program.
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