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Abstract

The North American pawpaw [A4simina triloba (L.) Dunal] is in the initial stages of commercialization; how-
ever, little information has been published concerning flowering and ripening periods of commercially available
cultivars. Cultivars with late flowering or extended bloom period could be useful to growers for avoiding crop
losses to late spring frosts. The objectives of this study were to determine if mature trees of commercially avail-
able pawpaw cultivars display: 1) concentrated bloom periods, 2) late flowering characteristics, 3) high fruit set,
and 4) concentrated fruit ripening characteristics that were related to concentrated bloom periods. An orchard
was planted in the spring of 1998 in a randomized block experimental design with 8 replicates. In 2004 to 2006,
the cultivars ‘Middletown’, ‘Overleese’, ‘PA-Golden’, ‘Sunflower’,”Wells’, ‘Wilson’, ‘NC-1’ and the advanced
selection 2-54 were evaluated for flower number per tree, density, peak, and duration, as well as trunk cross-sec-
tional area, fruit set, days between flower and harvest peak, duration of harvest, fruit weight, yield, and number
of fruit per cluster. An extended flowering period or larger flower number did not improve fruit set. Mature trees
of commercially available pawpaw cultivars did not display concentrated bloom periods or ripening periods;
however, ‘Wells’ and ‘Middletown’ did have late flowering peaks (maximum number of flowers) that could allow
a partial crop if early spring frosts destroy flowers around or at the flowering peak. However, the average fruit size

of ‘Wells’ and ‘Middletown’ is small and undesirable for commercial production.

The North American pawpaw [Asimina
triloba (L.) Dunal] is in the initial stages of
commercial production across the United
States (6). The pawpaw fruit has both fresh
market and processing appeal, with an in-
tense flavor that resembles a combination
of banana, mango, and pineapple (1). Little
information has been published concerning
flowering, bloom period or fruit set in com-
mercially available pawpaw cultivars. This
information would be valuable to growers for
selection of cultivars for regional suitability
and microclimates.

Pawpaw flowers are strongly protogynous
and are likely self-incompatible (8), although
some cultivars, such as ‘Sunflower’, may be
self-fruitful. Pollination is by flies (Diptera)
and beetles (Nitidulidae), and possibly other
nocturnal insects (2, 3). Each fruit cluster de-

velops from an individual flower. Seedlings
normally flower when trees reach a height of
about 1.8 m; cropping is achieved at five to
eight years after planting. Grafted trees usu-
ally set fruit five to six years after planting,
although some cultivars such as ‘PA-Golden
(#1)’ may crop in the fourth year (7). The
bloom period for a pawpaw tree usually
occurs over 3 to 4 weeks; however, bloom
periods for specific cultivars have not been
evaluated. Late flowering or extended bloom
period could be useful traits to growers for
avoiding crop losses due to late spring frosts
and microclimates that are frost prone. Har-
vest from trees is labor-intensive, occurring
over several weeks, and has been thought to
reflect an extended bloom period for a par-
ticular cultivar.

In the wild, pawpaw trees are usually
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found in the understory of hardwood forests
and low fruit set has been reported in wild
patches (4, 8). Low light levels in the under-
story may limit flower bud formation during
the previous summer. If flowers are formed
and successfully pollinated, low light levels
may also reduce photosynthate partitioning to
fruit and reduce fruit set. Pawpaws in the wild
often produce many root suckers, forming
large clonal patches, thus leading to poor fruit
set within a patch due to flower self-incompat-
ibility. Pollinator limitation may also lead to
low fruit set in wild patches (8). Because the
pawpaw flowers are protogynous (8), lack of
pollen availability from other pawpaw geno-
types may also limit pollination. Pollinizer re-
lationships among pawpaw cultivars have not
been examined. Fruit set can be enhanced by
hand cross-pollination (5).

We tested a number of hypotheses during
this study concerning pawpaw fruit produc-
tion and flowering, including: 1) an extended
flowering period on the same tree will lead to
greater fruit set, 2) a larger number of flow-
ers on a tree will result in a greater number
of fruit on that tree, and 3) fruit set is low
in pawpaw. The objectives of this study were
to determine if mature trees of commercially
available pawpaw cultivars display: 1) con-
centrated bloom periods, 2) late flowering
characteristics, 3) high fruit set, and 4) con-
centrated fruit ripening characteristics that
were related to concentrated bloom periods.

Materials and Methods
In 2004, 2005, and 2006, flowering and
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fruit set characteristics were evaluated for the
commercially available cultivars ‘Middle-
town’, ‘Overleese’, ‘PA-Golden’, ‘Sunflow-
er’, “Wells’, and ‘Wilson’ (Table 1). In 2005
and 2006 the cultivar ‘NC-1" and the Paw-
Paw Foundation (PPF) advanced selection 2-
54 were also evaluated. The trees used in this
study were part of a pawpaw regional variety
trial (PRVT) that was planted in late March,
1998 in a Lowell silt loam soil (pH 6.9) at
the KSU Research Farm in Frankfort, KY
(7). The PRVT planting consists of about 300
trees, with five to eight replications (blocks)
of 28 grafted scion varieties per block in a
randomized complete block design (10 com-
mercially available cultivars and 18 clones
selected in the PPF orchards at the University
of Maryland Experiment Stations at Queen-
stown, Md. and Keedysville, Md.). Seedlings
from native Kentucky trees serve as border
row trees. Trees were fertigated with Peters
20-20-20 (20 N-8.7 P-16.6 K) water-soluble
fertilizer four times each year, in May, June,
July, and August, for a total of 12.1 kg N <ha'!
(10.8 Ibs N/ac). Supplemental irrigation was
provided as needed via drip irrigation.
Flowers were counted on individual trees
for the selected varieties three times a week
during April and May in 2004, 2005, and
2006. Fruit clusters were counted in June and
late July. Fruit were harvested from individ-
ual trees three times a week as they ripened
during the harvest season of mid-August to
late September. Trunk diameters were mea-
sured at 30 cm from ground level in March
of each year prior to bloom. The graft union

Table 1. Genetic background of pawpaw clones examined in this study.

Clone Genetic background

Middletown Wild seedling from Middletown, Ohio

NC-1 ‘Davis’ x ‘Overleese’

Overleese Open-pollinated seedling from Rushville, Ind.

PA-Golden Second-generation seedling from G.A. Zimmerman collection selected by John Gordon
in Amherst, NY.

Sunflower Wild seedling from Chanute, Kans.

Wells Open-pollinated seedling from Salem, Ind.

Wilson Wild seedling from Cumberland, Ky.

2-54 Open-pollinated seedling from George A. Zimmerman of Linglestown, Pa.
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was at a height of 15 cm from the soil line.
Values for trunk diameters were converted to
trunk cross-sectional area [TCA (cm?)]. The
number of fruit on each tree was counted in
late July each year following the normal fruit
drop period. Growing degree days (GDDs)
were calculated using a base temperature of
10°C (University of Kentucky Agricultural
Weather Center calculator, http://wwwagwx.
ca.uky.edu/calculators.html). Temperature
data were obtained from the University of
Kentucky Agricultural Weather Center’s
monthly climate summary (http://wwwag-
wx.ca.uky.edu/cgi-public/climsum?2.ehtml),
from temperatures recorded at Lexington.
Data on trunk cross-sectional area, flower
number per tree, flower density (number of
flowers per tree/TCA), flowering peak (date
at which the greatest number of flowers
were fully open; when flowers are maroon
in color), fruit set, days between flower and
harvest peak, duration of flowering, duration
of harvest, and yield by cultivar or advanced
selection were subjected to GLM analysis of
variance, LSD mean separation, and regres-
sion analysis using the statistical program
Costat (CoHort Software, Monterey, Calif.).

Results

In 2004, 2005, and 2006, TCA differed
significantly among cultivars, reflecting
variation in vigor among the cultivars (Table
2). Flower number per tree varied among
cultivars in each of the three years. There
was variation among cultivars in flower den-
sity, with ‘Middletown’ tending to produce
the most flowers per unit TCA in 2005 and
2006. Significant cultivar differences in fruit
set were observed each year. For example,
‘Middletown’ displayed the highest flower
density in 2005 and 2006, but the highest
fruit set was not observed in this cultivar in
either year (Table 2). Yield varied by cultivar
in each year. No crop occurred in 2003 due to
an April frost event. This likely resulted in a
heavy crop for each cultivar in 2004, lower
yields in 2005, and high yields again in 2006.
‘PA-Golden’ was the highest yielding culti-
var in each year of the study.

Peak flowering date, bloom duration pe-
riod, days between flower peak and harvest
peak varied among cultivars during each year
of the study (Table 3). Late-flowering culti-
vars were ‘Middletown’ and ‘Wells’, which
were about 8 to 10 days later than the early
flowering cultivars ‘NC-1" and ‘Overleese’,
and the advanced selection 2-54 (Table 3).
Bloom duration varied among cultivars in all
years ranging from 23-36 days (Table 3 and
Fig. 1). Significant differences in harvest du-
ration were only found in 2006, and harvest
duration varied from 15 to 31 days across
all years (Table 3). ‘Middletown’, ‘Wilson’,
‘Overleese’, ‘NC-1 and ‘Sunflower’, and
the advanced selection 2-54 had the longest
number of days between flowering peak and
harvest peak. ‘PA-Golden’ (New York), ‘Tay-
two’ (Michigan), and ‘Taylor’ (Michigan)
were selected in the most northern regions
and had the fewest days between flowering
peak and harvest peak. Fruit weight varied
(65 to 189 g) with cultivar and year (Table
3). ‘NC-1°, ‘Overleese’ and ‘Sunflower’
had the largest fruit, averaging over 150 g,
and ‘Middletown’, ‘Wilson’, ‘PA-Golden’,
‘Wells’ and the advanced selection 2-54 had
fruit weights that averaged less than 150 g.

Correlation analyses performed on all cul-
tivars combined (Table 4) showed a positive
linear relationship between TCA and num-
ber of clusters, TCA and number of flowers,
flower peak and harvest peak, number of
flowers and number of fruit clusters, number
of flowers and yield, and a negative linear
relationship between number of flowers and
fruit set in 2004; TCA and number of clus-
ters, TCA and number of flowers, fruit set
and yield, and number of flowers and yield
in 2005; and TCA and number of flowers,
number of flowers and number of clusters,
fruit set and yield, and number of flowers
and yield in 2006. Using regression analy-
sis, a positive binomial relationship was also
found between flower peak and harvest peak
in 2006. When combining all data and us-
ing regression analysis on the averages of all
years, there was a positive linear relationship
between TCA and number of clusters, TCA
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and number of flowers, flowering peak and
harvest peak, number of flowers and number
of clusters, fruit set and yield, and number
of flowers and yield. Due to year-to-year in-
consistencies and variation among cultivars,
no definitive conclusions could be reached
concerning correlations between flower and
fruiting characteristics in individual pawpaw
cultivars.

The average temperature in April was
similar in 2004 and 2005, and was warmer
in April 2006 (Table 5). May 2005 and 2006
temperatures were similar, with May 2004 be-
ing warmer than the following years. GDDs
from January 1 to first flower and from Janu-
ary 1 to flower peak, were higher each year of

Table 5. Monthly temperature summary during
pawpaw flowering for 2004, 2005 and 2006.

Average monthly

Month/year temperature (°C)
April 2004 13
May 2004 21
April 2005 13
May 2005 17
April 2006 15
May 2006 17

the study (Table 6). GDDs from first flower to
peak flower were similar in 2004 and 2006,
and were lower in 2005. Flowering peak and
duration were not correlated with GDD; in
2006, which had the largest GDDs before
flowering and by flowering peak, did not
display an earlier flowering peak or shorter
duration for most cultivars. The GDDs from

Table 6. Growing degree days (GDDs) during
pawpaw flowering across all cultivars calculated
using a base temperature of 10°C for 2004, 2005
and 2006.

Growing degree day

accumulation 2004 2005 2006
January 1 to first flower 174 216 244
January 1 to flower peak 299 308 366
first flower to peak flower 125 92 122
flower peak to harvest peak 2755 2932 2954

flower peak to harvest peak were fewer for
2004, than for 2005 and 2006, indicating that
these later years had warmer temperatures
than 2004. However, the number of days be-
tween flowering peak and harvest peak are
similar for the tested cultivars.

Discussion

This is the first report of combined flower-
ing and ripening characteristics of commer-
cially available pawpaw cultivars. There was
significant variation in year to year flowering
and ripening characteristics among the cul-
tivars examined. Mature trees of currently
available commercial pawpaw cultivars
did not display concentrated bloom periods
or ripening periods; however, ‘Wells’ and
‘Middletown’ did have late flowering peaks
that could allow a partial crop if early spring
frosts destroy flowers around or at the flow-
ering peak. However, the average fruit size
of “Wells’ and ‘Middletown’ is small (about
100 g; Table 3) and undesirable for com-
mercial production. Based on the data col-
lected in this study, we reject the hypotheses
that 1) an extended flowering period on the
same tree will lead to greater fruit set and
we do not reject hypothesis 2) that a larger
number of flowers on a tree will result in a
greater number of fruit on that tree. Pollina-
tor limitation has often been suggested as an
explanation for low fruit set (<0.5%) in wild
patches (8). Fruit set here was greater (5.6%)
than that reported in wild pawpaw patches
(around 0.5%) (4, 8). Pollinator limitation
may reduce fruit set in the wild compared to
that in the orchard. Strategies to attract flies
to flowering pawpaw orchards could increase
fruit set further. Alternatively, pawpaw trees
may be able to support a limited number of
fruit per tree both in the wild and in orchards
and pollinators may not be the limiting fac-
tor. Additionally, year to year fruit set may
have been influenced by a 2003 frost event
that destroyed the pawpaw crop. This likely
has resulted in biennial bearing which led to
high fruit set in 2004, low fruit set in 2005,
and once again high fruit set in 2006. Fruit
ripening duration was not related to bloom
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clone

2-54 2005

2006

FP

Middletown

2004
2005
2006

NC-1 2005

2006

2004
2005
2006

Overleese

PA Golden 2004
2005

2006
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2005
2006

Sunflower

Wells 2004
2005
2006
Wilson 2004
2005

2006

11 13
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Figure 1. Flowering duration and flowering peak for eight pawpaw selections in 2004, 2005, and 2006.

FP = flowering peak

duration. Identification of unique wild germ-
plasm and selective breeding will be required
to improve many of the flowering and fruit-
ing characteristics of pawpaw.

Conclusions

Annual variation in flowering and ripening
characteristics among the cultivars examined
was great. An extended flowering period or
larger flower number did not improve fruit
set. Mature trees of currently available com-
mercially pawpaw cultivars did not display
concentrated bloom periods or ripening peri-
ods; however, ‘Wells’ and ‘Middletown’ did
have late flowering peaks that could allow

a partial crop if early spring frosts destroy
flowers around or at the flowering peak. Un-
fortunately, the average fruit size of ‘Wells’
and ‘Middletown’ is small and undesirable
for commercial production.
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Figure 1. Scatter plots for average fruit weight (g) on crop density (no. of fruit per cm? of trunk cross-
sectionional area) for two rootstocks at three locations. Scatter plots show the relationship is some-
times poor.
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Table 2. Average fruit weight of ‘Gala’ apple on 10 dwarfing rootstocks at British Columbia for three
seasons. Values are least-squares means, adjusted for missing observations and crop density (CD).
In 2003 there was a significant rootstock by CD interaction, so least squares means were compared at

three CDs (3.0, 5.6, and 7.0 fruitccm™? TCA).2

2001 2002 2003

Stock CD=3.0 CDh=5.6 Cb=7.0
M.9 EMLA 190 a 177 b 142 b 151 ab 156 a
M.26 EMLA 194 a 180 ab 169 ab 143 b 129b
M.9RN29 202 a 197 a 156 ab 159 a 161a
M.9 Pajam1 197 a 187 ab 180 a 161 a 151a
M.9 Pajam2 195 a 189 ab 166 ab 157 a 153 a
B.9 194 a 185 ab 153 b 154 ab 155 a
0.3 196 a 181 ab 169 ab 162 a 158 a
VA 196 a 187 ab 165 ab 152 a 144 ab
Mark 161b 137 c 122 ¢ 129 b 134 b
M.9T337 203 a 197 a 165 ab 161 a 159 a

z LSmeans within columns were compared with PDIFF, P=0.05.

designs, scion cultivars, rootstocks and sta-
tistical methods may vary. This is the second
trial with ‘Gala’ where trees on B.9 produced
relatively large fruit. However, these results
also contradict those of the previous trial (14),
where trees on Mark produced intermediate
sized fruit and trees on M.26 EMLA consis-
tently produced small fruit. The positive re-
lationships between FW and CD, as indicated
by the positive slopes, were unexpected be-
cause there are many reports of a negative
relationship between these two variables (1,
9, 12, 20). There are several possible expla-
nations for these unexpected results. 1) Some
cooperators may have thinned trees too late
in the season to substantially improve fruit
size. 2) The number of replications may have
been too low to obtain the true relationship
because unusual observations can be highly
influential when there are few replicates. 3)
The unexpected results most likely resulted
from the narrow range of crop loads. In most
thinning experiments, treatments are selected
that will produce a wide range of crop loads.
However in rootstock studies, cooperators
use various fruit thinning techniques to ob-
tain crop loads that would encourage good
fruit size and adequate return bloom. For
these reasons, typical rootstock trials and

orchard observations may not be appropriate
for evaluating the influence of rootstocks on
fruit size. Perhaps the influence of crop load
on FW is relatively minor and inconsistent
when trees are thinned adequately. Ideally,
experiments should be designed specifically
to evaluate the influence of rootstock and
cultural practices on fruit size. Such experi-
ments would involve wide ranges in CD and
overlapping CDs for all rootstocks or treat-
ments. NC-140 cooperators are currently
conducting a study to evaluate the effects of
rootstock on FW over a wide range of CDs
and results from that study may help explain
previous inconsistent results.
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