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Abstract. In a simple, yet elegant experiment conducted 30 years ago, Chan and Cain
(1967) using‘ Spencer Seedless’, afacultatively parthenocar pic apple (Malusxdomestica
Borkh.) cultivar, proposed that seeds inhibited flowering and accentuated biennial
bearingin apple. Their conclusionshave been extrapolated widely toinclude apple and
other species. We havetested the universality of their conclusionsusing ‘Bartlett’ pear
(PyruscommunisL .), acommercially important, facultatively parthenocar pic cultivar.
Unlike ‘' Spencer Seedless' applesand seedless‘Bartlett’ pear grown in France, Califor-
nia-grown seedless‘Bartlett’ pear fruit strongly inhibited flowering thefollowing year.
However, the presence of seeds increased ‘Bartlett’ pear fruit sizerelative to seedless
fruit by 13% and 20% in nonthinned and heavily-thinned pear trees, respectively,
indicating that seedsincreased fruit sink strength.

Chanand Cain (1967) addressed therol eof
appleseedsinfloral initiation using onetreeof
afacultatively parthenocarpic apple cultivar,
‘ Spencer Seedless’, growing at Geneva, N.Y.
They concluded that seedsexert aprimary role
in the inhibition of flowering in apple. In
recognition of theimpact of thisexperimentin
the world horticultural community, it wasin-
cluded among the* Classic Papersin Horticul -
tural Science” (Proctor, 1989), and numerous
authors(e.g., McArtney, 1994; Newell, 1991;
Sprugel et a., 1991; Stanton et ., 1987; and
Steffensetal., 1991) havecited Chanand Cain
(1967) over the past 30 years as evidence for
theinhibitory roleof seedsinflowering. With-
out questioning the elegance of the original
experiments (Chan and Cain, 1967), vegeta
tive parthenocarpy isunusual in apple (Nyeki
et a., 1998), and concerns may beraised with
respect to the validity of extrapolation of their
results and interpretation to other apple culti-
vars and species.

‘Bartlett’ pear is a commercially-impor-
tant, facultatively parthenocarpic, self-ster-
ile cultivar that sets fruit without pollination
when grown in the Sacramento River Dis-
tricts and Lake County of California. Else-
where(inCaliforniaandtherest of theworld)
itgenerally requirescross-pollination (Griggs
and Iwakiri, 1954). Being facultatively par-
thenocarpic like ‘Spencer Seedless’ apple,
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‘Bartlett’ pear hasalso been studied to inves-
tigate the intra-spur relationship between
seededness and subsequent flowering. In
studies conducted in France, Huet (1972)
reported that spurs supporting seedless fruit
of ‘Williams Bon Chretien’ (Syn. ‘Bartlett’)
were more likely to flower in the subsequent
year than were spurs in which seeded fruit
werepresent. In contrast, neither seedlessnor
seeded fruit of ‘Bartlett’ pear were particu-
larly inhibitory to floral initiation when
studied in California (Griggs et al., 1970).
Giventhecontradictory resultsof Huet (1972)
and Griggset al. (1970), our objectiveswere
to: 1) reassess the relationship between
seededness and flowering in ‘Bartlett’ pear;
and 2) quantify the effect of seededness on
fruit sizewhen resource availability isvaried
as aresult of manipulating crop load.

Materialsand Methods

Expt. 1.A. Effect of seededness on return
bloom: Tagged spurs, full crop load. On 19
Mar. 1992, 12 mature, cropping ‘Bartlett’
pear trees, weresel ected for uniformity within
a single orchard row in Kelseyville, Calif.
(lat. 39°N, long. 123°W). Two treatments (6
replicate trees per treatment), “pollinated”
and “nonpollinated’ wererandomized within
a section of the orchard row. Thirty-five
spurs per tree were selected from throughout
the tree canopies and tagged before bloom.
Six trees were randomly designated ‘polli-
nated trees’. When the flowers on the tagged
spurstreesreached full bloom (27 Mar.), they
were manually pollinated, using glass rods,
with pollen obtained from the Pyrus commu-
niscv Winter Nelisto ensure devel opment of
seeded fruit. The flowers on tagged spurson
theremaining six treesset fruit without hand-
pollination. Spurious pollination of “nonpol-
linated” treeswasunlikely becausetherewere

no pollinizersin the orchard. In late July, all
fruit from tagged spurs were harvested, la-
beled with their respective spur number and
weighedtothenearest gram. Fruit weresliced
transversely, and seedswere counted to docu-
ment parthenocarpic vs. seeded fruit set. A
total of 375 of the 420 tagged spurs persisted
over the winter, and the effect of seededness
on the percentage of return bloom was deter-
mined in the last week of Mar. 1993.

Expt. 1.B. Effect of seededness on return
bloom: Light crop load. On the same day (19
Mar. 1992) an additional eight trees (four
replicate trees per treatment) were selected
from asection of the samerow using thesame
criteria (uniform size, vigor, previous season
yield), and 30 spurs per treewere sel ected and
tagged. At full bloom (27 Mar. 1992), trees
were randomly assigned to one of two treat-
ments. All flowers on tagged spurs on four of
the trees were hand-pollinated as described
aboveusing‘Winter Nelis' pollen; theflowers
ontagged spursontheremaining four trees set
fruit parthenocarpically. All nontagged flower
clusterswere removed, and tagged spurswere
thinned to one fruit per spur on 26 May to
ensure that fruit growth was not resource-
limited (Grossman and DeJong, 1995). Fruit
were harvested at the end of July to determine
fruit weight, fruit diameter, and seed number
per fruit.

Expt. 2. Effect of parthenocarpic cropload
on return bloom, fruit number, fruit weight
and yield in the subsequent year. In 1993, the
total number of flower clusters per tree were
counted on 16 trees representing four treat-
ments from the previous year; nonpollinated
(parthenocarpic)—nonthinned and pollinated
(seeded)—nonthinned, from Expt. 1.A and
nonpollinated (parthenocarpic)-thinned and
pollinated (seeded)-thinned from Expt. 1.B.
Only four of thesix treesper treatment in Expt.
1.A were used in Expt. 2. Fruit on all 16 trees
set parthenocarpically in 1993. At harvest,
both the number and weight of fruit per tree
were recorded.

Satistical analysis. Data were analyzed
using analysis of variance procedures of SAS
software, version 6.10.

Results

Expt. 1.A. Effect of seededness on return
bloom: Tagged spurs, full crop load. Manual
pollinationof ‘ Bartlett’ pear flowerswith*Win-
ter Nelis' pollen significantly increased fruit
number per spur, fruit weight, fruit weight per
spur and seed number per fruit (Table 1).
Seeded fruits averaged >12% heavier than
seedless fruit, and pollinated spurs carried
=25% greater fruit weight than did spurs car-
ryingseedlessfruit. Fruitfrom pollinated flow-
ers contained more than seven seeds per fruit,
whereasthosefromnonpollinated flowerswere
seedless, as expected (Table 1).

Eight percent of the tagged spurs bearing
seedlessfruit in 1992 flowered againin 1993
vs. <1% of the spurs bearing seeded fruit
(Table 1). Thus, although return bloom was
higher on spurs bearing seedless vs. seeded
fruit, the percentage of return bloom on spurs



Table 1. Effect of pollination on seed number, fruit retention and fruit weight in ‘Bartlett’ pear in 1992 and
on return bloom in 1993.7 (Expt. 1.A, full crop load).

No. of 1992 1993

spurs  Fruit Fruit wt Seeds No. of spurs Spurs
Treatment tagged per spur (g/fruit) (g/spur) perfruit Persisting Flowering flowering (%)”
Pollinated 210 17 176 301 7.3 188 1 0.53
Nonpollinated 210 15 156™ 24" 0.0" 187 15 8.02

“Each datum represents the mean for six trees.

YPercentage spurs flowering was calculated by dividing the number of spurs flowering by the number of

persisting spurs.

“**Significantly different from pollinated at P < 0.05 or 0.01.

bearing seedless fruit was an order of magni-
tude lower than that reported for ‘ Spencer
Seedless' apple (Chan and Cain, 1967). The
inverse relationship between crop load of
seedless fruit in 1992 and the number of
flower clusters per tree in 1993 indicated
that, unlike ‘ Spencer Seedless’ apple, even
seedless fruit of ‘Bartlett’ pear inhibited re-
turn bloom.

Expts. 1.B. and 2. Effects of seededness
and crop load on return bloom, fruit number,
fruit weight and yield in the subsequent year.
Trees thinned to 30 seedless fruit in 1992
produced 44% more flower clusters per tree
than did nonthinned treesthat carried anormal
crop of seedlessfruit (Table2). Unlikeflower-
ing, yield and fruit growth were independent
of the previous year’'s crop load and differ-
ences in the level of return bloom (Table 2).
Trees produced between 44 and 50 kg of fruit
per tree irrespective of previous year’'s crop
load and the level of flowering in the current
year (Table 2). Thus, flower number was not
the yield-limiting determinant and did not
appear to affect bearing under conditions of
this experiment. The effect of seededness on
fruit growth potential was assessed following
thinning the trees to 30 fruit to minimize
interfruit competition for resources. The
average weight of seeded fruit was 13% and
20% greater than seedlessfruit on nonthinned
and heavily-thinned ‘Bartlett’ pear trees, re-
spectively (Table 2). The increases in fruit
weight associated with fruit thinning were
56% and 66%, respectively, in seedless and
seeded fruit (Table 2). Seeded fruit contained
an average of 7.7 seeds per fruit on heavily-
thinned trees (Table 3), which was very simi-
lar to seed number per fruit on nonthinned
trees (Table 1).

Discussion

Seeded 'Bartlett’ pears, like seeded * Spen-
cer Seedless apples (Chan and Cain, 1967),
inhibited return bloom. In contrast with the
results of Chan and Cain (1967) and Huet
(1972), however, seedless fruit also inhibited
return bloom in both this study (Table 1) and
a previous study in California (Griggs et .,
1970). Thus, seeds are apparently not the pri-
mary determinant of flowering in California-
grown ‘Bartlett’ pear. Why Huet's studies,
conducted in France, yielded different results
than those in Californiais not apparent. The
magnitude of the inhibitory effect of seeded
fruitonflowering hasbeeninconsistentamong
the various studies with both * Spencer Seed-
less' apple and ‘Bartlett’ pear. Besides seed
number, other endogenous, genotype-specific
variables, such as length of bourse shoot and
leaf area per spur, influence flowering (Chan
and Cain, 1967; Dennis and Neilsen, 1999;
Griggsetal., 1970; Huet, 1972; Neil sen, 1998;
Neilsen and Dennis, 2000 ). Less frequently
mentioned, however, are environmental vari-
ablesof possiblelocal or regional significance
that influence the capacity for parthenocarpic
fruit development in ‘Bartlett’ (Griggs and
lwakiri, 1954) or, perhaps, the inhibitory ef-
fect of seed development on flowering. Seeds
weremoreinhibitory to‘ Bartlett’ floweringin
France(Huet, 1972) thanin California(Griggs
et al., 1970). The magnitude of the inhibitory
effect of seeded fruit on flowering was also
inconsistent between studies with ‘ Spencer
Seedless’ apple(Chanand Cain, 1967; Neilsen,
1998; Neilsen and Dennis, 2000). The effect
alsovaried annually asseed-associated inhibi-
tion of floweringin‘ Spencer Seedless varied
between 30% and 90% within two trees (one

Table 2. Effects of seeds and severity of fruit thinning in 1992 on fruit weight in 1992 and on return bloom
(flowersclustersper tree), fruit per tree, yield and fruit weight in 1993in ‘ Bartlett’ pear.z (Expt. 1.B. and

Expt. 2).

1992 1993

Fruit wt (g/fruit) Flower clusters ~ Fruitno.  Yieldper  Fruit wt

Tree crop load Seedless Seeded per tree tree tree (kg)  (g/fruit)y
Nonthinned

(=270 fruit/tree) 156 176 (12.8)* 275 269 475 177
Heavily thinned

(=30 fruit/tree) 244 292 (19.7) 396" 269+ 46.0 171

(56.4%)" (65.9%)"

“Means for eight trees per treatment.
vYield per tree divided by fruit number per tree.

*Percentage increase in fruit size due to the “ seed effect.”
" Percentage increase in fruit size associated with greatly reduced interfruit competition.
v **Nonsignificant or significantly different from nonthinned at P < 0.01.

Table 3. The effects of pollination on fruit weight,
fruit diameter and seed number per fruit under
non-limiting resources (trees thinned to 30 fruit
per tree), of ‘Bartlett’ pear in 1992.2

Fruitwt  Fruit diam Seeds
Treatment (g/fruit) (mm) per fruit
Pollinated 2922 79.9 7.7
Nonpollinated 244 728" 0.0”

2V aues represent means for four trees.
“Significantly different from pollinated at P < 0.01.

orchard) over a7-year period (Neilsen, 1998;
Neilsen and Dennis, 2000).

Biennial bearing has been linked to the
inhibition of flower induction by seeded fruits
in ‘ Spencer Seedless apple (Chan and Cain,
1967; Dennisand Neilsen, 1999). In‘ Bartlett’
pear, however, flower number per treewasnot
a primary crop-limiting determinant in this
experiment. Fruit yield was =47 kg per tree
irrespectiveof thelevel of flowering (Table2).
Thus, as long as some minimal number of
flowers was produced, additional flower pro-
duction did not increase cropping. Previously
published work on oaks (Quercus alba L.,
Sharp and Sprague, 1967) also suggests that
cropislimited ultimately by thelack of carbo-
hydrate resources (Lloyd, 1980), which may
limit flower initiation (Jackson and Sweet,
1972; Monseliseand Goldschmidt, 1982), pro-
mote abortion of flowers or immature fruit
(Stephenson, 1981), and restrict fruit growth
(Wright, 1989).

Thepresenceof seedsincreased theweight
of ‘Bartlett’ pear fruit by 13% under natural
crop loads and by 20% under reduced crop
loads (Table 2). Theincreasein fruit sizewas
probably not theresult of anincreasein photo-
syntheticcapacity, sincephotosynthatesshould
not havebeenlimitinginheavily thinnedtrees.
Thus, our data appear to indicate that seeds
increasefruit sink strength. Increased resource
availability on heavily thinned trees resulted
in fruit growth increases of 56% and 65%, in
seedless and seeded fruit, respectively (Table
2). Thus, the “seed effect” on fruit growth,
expressed as a percentage of fruit enlarge-
ment, increased as resource availability in-
creased (Table 2).

Conclusion

Thirty years ago Chan and Cain (1967)
conducted a smple, yet elegant, experiment
that has been cited widely. The stimulatory
effectsof seedsonfruit growthwereapparentin
both ‘* Spencer Seedless’ (Chanand Cain, 1967)
and ‘Bartlett’ pear, (Tables 1 and 2), but the
extent of theinhibition of return bloom attribut-
able to seeds appearsto differ greatly between
the two genotypes. In different geographical
locations and/or years, the magnitude of seed
inhibition of flowering has varied within each
of the two genotypes (Chan and Cain, 1967;
Griggset a., 1970; Huet, 1972; Neilsen, 1998;
Neilsen and Dennis, 2000). Thus, seed-derived
hormonal inhibitors may not function consis-
tently asthe primary determinant of floral inhi-
bitionineither ‘ Bartlett’ pear or * Spencer Seed-



less'. The relative importance of nutritional
factors, i.e., resourcelimitationsand hormonal
inhibitors, may be influenced both by geno-
type-specificand environmental variabl es, but
onecannot partitiontherel ativeimportanceof
these variables in most apple cultivars, be-
cause parthenoocarpy is not characteristic of
the species (Nyeki et al., 1998). In any case,
broad extrapolation of Chanand Cain’ sresults
to other apple cultivars and other species may
be inappropriate.
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