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Abstract. Honey bees (Apis mellifera L.) are important pollinators of triploid watermelon 
[Citrullus lanatus (Thunb.) Matsum & Nakai]. Pistillate (or female) watermelon fl owers 
require multiple honey bee or other wild bee visitations after visiting staminate (or male) 
fl owers for fruit set, and pollination is even more of a concern in triploid watermelon 
production since staminate fl owers contain mostly nonviable pollen. Six honey bee visi-
tation treatments—1) no visitation control, 2) two visits, 3) four visits, 4) eight visits, 5) 
16 visits, and 6) open-pollinated control—were evaluated to determine the effectiveness 
of honey bee pollination on ‘Millionaire’ triploid watermelon fruit set, yield, and quality 
utilizing ‘Crimson Sweet’ at a 33% pollenizer frequency. ‘Millionaire’ quality characters 
(hollow heart disorder or percent soluble solids) did not differ (P > 0.05) between honey 
bee pollination treatments. The open-pollinated control provided the highest fruit set rate 
(80%) and the greatest triploid watermelon numbers and weights per plot compared to 
all other honey bee visitation treatments. Fruit set, and fruit numbers and weights per 
plot increased linearly as number of honey bee visits to pistillate fl owers increased from 
0 (no visit control) to the open-pollinated control (about 24 visits). This study indicated 
that between 16 and 24 honey bee visits are required to achieve maximum triploid wa-
termelon fruit set and yields at a 33% pollenizer frequency, which is twice the number 
of honey bee visits required by seeded watermelons to achieve similar results. This is 
probably due to many honey bees visiting staminate triploid watermelon fl owers (that 
are in close proximity) before visiting pistillate fl owers thus providing mostly nonviable 
pollen that is useless for fruit set and development. Therefore, more honey bee visits to 
pistillate triploid watermelon fl owers would be required to achieve maximum fruit set 
and subsequent development compared to seeded watermelons.

Honey bees are important pollinators of 
vegetable crops requiring pollination for fruit 
and seed set, and the activity of these insects 
can be the most limiting factor in watermelon 
production (Delaplane and Mayer, 2000; Free, 
1993; McGregor, 1976; Stanghellini et al., 
1997). Watermelon requires insect pollination 
for fruit set (Delaplane and Mayer, 2000; Rob-
inson and Decker-Walters, 1997; Schultheis et 
al., 1994; Stanghellini et al., 1997) and many 
watermelon growers rent honey bee colonies 
to ensure that maximum fruit set and develop-
ment occurs.

Pistillate (or female) watermelon fl owers 
require multiple bee visitations after visiting 
staminate (or male) fl owers for adequate fruit 
set to occur (Adlerz, 1966; Stanghellini et al., 
1997; Stanghellini et al., 1998). Pollination is 
even more of a concern in triploid (seedless) 
watermelon production since staminate fl owers 
contain mostly nonviable pollen (Rhodes et al., 
1997). A standard diploid (or seeded) cultivar 
(hereafter referred to as a pollenizer) must be 
interplanted with a triploid cultivar as a source 
of pollen to ensure that adequate fruit set occurs 
(Maynard and Elmstrom, 1992; Rubatzky and 
Yamaguchi, 1997). It is recommended that at 
least a 20% pollenizer frequency be used to 

maximize triploid watermelon production 
(Fiacchino and Walters, 2003; NeSmith and 
Duval, 2001). However, to ensure that there 
is adequate pollen available for fruit set, many 
growers use pollenizer frequencies in the range 
of 25% to 33%.

There is limited information on triploid wa-
termelon pollination. Generally, studies have 
primarily dealt with the infl uence of seeded 
pollenizers on triploid watermelon yields 
(Fiacchino and Walters, 2002, 2003; NeSmith 
and Duval, 2001). The objectives of this re-
search were to determine the effects of honey 
bee pollination on fruit set, yield, and quality 
characteristics of triploid watermelon.

Materials and Methods

This research was conducted at the 
Southern Illinois University Horticulture and 
Forestry Research and Education Laboratory 
in Carbondale, Ill during the 1998 and 2002 
growing seasons. Six honey bee visitation treat-
ments—1) no visitation control, 2) two visits, 
3) four visits, 4) eight visits, 5) 16 visits, and 
6) open-pollinated control—were evaluated to 
determine the effectiveness of honey bee pol-
lination on ‘Millionaire’ triploid watermelon 
quality and yields using ‘Crimson Sweet’ at a 
33% pollenizer frequency. The fi eld was de-
signed with two rows of triploid watermelons 
alternating for every one row of the pollenizer, 
with the size of the fi eld about 20 m wide by 50 
m in length. The experiment was a randomized 
complete block design with four replications. 

Each of the six treatments was repeated twice 
on each plant with 10 plants per replication (n 
= 20 treatment observations per replication). 
Watermelon seedlings produced under green-
house conditions were transplanted at the two 
to three true-leaf stage into raised beds that 
were 0.9 m wide and 2.1 m center to center. 
Plots were 12.0 m in length with watermelon 
plants spaced 1.2 m apart in the row. 

Standard fertilization and pest control 
practices for triploid watermelon production 
in Illinois were followed (Foster et al., 2002). 
Before bed formation, 34 kg·ha–1 nitrogen 
(N), 41 kg·ha–1 phosphorus (P), and 80 kg·ha–1 
potassium (K)

 
were broadcast applied; plots 

were side-dressed with 45 kg·ha–1 N 4 weeks 
after planting. Recommended pest control 
was used, and consisted of spraying a tank 
mixture of carbaryl [Sevin XLR Plus (less 
toxic formulation of carbaryl to honey bees); 
Bayer CropScience, Research Triangle Park, 
NC] and chlorothalonil (Bravo; Zeneca, Inc., 
Wilmington, Del.) during the evenings when 
honey bee activity was minimal at recom-
mended rates at 10- to 14-d intervals for the 
duration of the test. Weeds were controlled by 
mechanical and hand cultivation. Overhead 
sprinkler irrigation was used to ensure that 
plants received at least 2.5 cm water per week 
throughout the growing season. At fruit set, ir-
rigation was applied during the afternoon hours 
as not to interfere with honey bee visitation 
and pollination.

A strong honey bee colony (about 25,000 
honey bees) was placed along the north edge 
of the fi eld once watermelon plants started 
to fl ower. All previous watermelon fruit that 
had set were removed before the experiment 
was initiated, as existing fruit load can inhibit 
additional fruit set (Cunningham, 1939). To 
control honey bee visits the following day, 
pistillate triploid watermelon fl owers were 
bagged the evening before anthesis with 3.8 × 
5.1 cm sealed bags. On the day of anthesis, bags 
were removed to allow 2, 4, 8, 16, or unlimited 
(open-pollinated control) honey bee visits, and 
bags did not hinder corolla expansion once 
removed. The open pollinated control fl owers 
were not monitored for visitor type or number 
of visitations; these fl owers remained open for 
the duration of the daily sampling period and 
then the bags were resealed. However, the 
number of visitations for the open-pollinated 
control was estimated from about 10 to 15 
observations each year. The no honey bee visit 
treatment was also included as a control. Each 
time a honey bee landed on a pistillate fl ower, 
it was counted as a visit. After each fl ower had 
received the desired number of visits, the bag 
was closed and tagged with treatment and date. 
Pistillate fl owers were removed from plants 
if they were visited by another type of bee, 
besides a honey bee. Bags on the open polli-
nated controls were left open from 0900 until 
1300 HR [peak pollen viability and stigmatic 
receptivity (Sedgley and Buttrose, 1978), and 
honey bee foraging activity (Ambrose et al., 
1995)] and then closed. The bags for the no 
visit control remained closed the entire day of 
anthesis. Bee visitation on triploid watermelon 
was from 29 June to 12 July 1998 and 1 July 

HORTSCIENCE 40(5):1268–1270. 2005.

Received for publication 18 Dec. 2004. Accepted 
for publication 24 Feb. 2005. The author gratefully 
acknowledges technical assistance of personnel 
at the Southern Illinois University Horticulture 
and Forestry Research and Education Laboratory 
(Carbondale, Ill.)
1Associate professor; e-mail awalters@siu.edu.

AugustBook.indb   1268AugustBook.indb   1268 6/14/05   12:13:01 PM6/14/05   12:13:01 PM



1269HORTSCIENCE VOL. 40(5) AUGUST 2005

to 14 July 2002. All subsequent pistillate fl ow-
ers that developed after a honey bee visitation 
treatment was applied were removed for the 
next 7 d regardless of whether it was the fi rst 
or second fruit set, ensuring that treated fl owers 
were given an optimum chance for develop-
ment. The second fruit set was applied to a 
particular plant as soon as possible after the 
seven day period had elapsed.

Pistillate fl ower abortions for each honey 
bee pollination treatment were recorded to 
determine the percent fruit set. Watermelon 
fruit that developed to maturity were hand-har-
vested, with numbers and weights recorded, and 
then evaluated for hollow heart disorder and 
percent soluble solids. Hollow heart disorder 
was rated on all harvested watermelons from 0 
to 9, with 0 = no evidence of hollow heart and 
9 = severe hollow heart disorder. Soluble solids 
concentrations were also determined on heart 
tissue of all harvested watermelons using a 
refractometer (Fisher Scientifi c, Pittsburg, Pa.) 
measuring from 0% to 18% soluble solids.

Analysis of variance procedures were per-
formed using general linear models procedure 
of SAS (Cary, N.C.) to determine the effects 
of honey bee visitation over years on percent 
fruit set, hollow heart disorder, soluble solids, 
and yields of ‘Millionaire’ triploid watermelon. 
Data were also analyzed using regression pro-
cedures to determine the infl uence of honey bee 
visitation on ‘Millionaire’ triploid watermelon 
percent fruit set and yields.

Results and Discussion

Percent fruit set, and numbers and weights 
of ‘Millionaire’ triploid watermelon were af-
fected by honey bee pollination treatment and 

year (or growing season), while hollow heart 
disorder and percent soluble solids were not 
(Table 1). There were no signifi cant interac-
tions (P > 0.05) between honey bee pollination 
treatment and year. This indicated that the 
honey bee pollination treatments responded 
similarly over the 2 years.

No relationships were detected between 
the number of honey bee visitations and hol-
low heart disorder or percent soluble solids in 
‘Millionaire’ triploid watermelon. Hollow heart 
disorder was minor during both years, with <10 
harvested watermelons showing symptoms of 
hollow heart each year.

Fruit set rates were 0% for pistillate triploid 
watermelon fl owers receiving no honey bee 
visitation (Table 2). All honey bee visitation 
treatments differed (P ≤ 0.05) from the open-
pollinated control for percent fruit set from 
pistillate fl owers, with the open-pollinated 
control providing the highest fruit set rate of 
80%. The highest honey bee visitation treat-
ment evaluated (16 visits) provided a 53% fruit 
set rate. As the number of honey bee visits to 
pistillate fl owers increased from 0 (no visit 
control) to the open pollinated control (about 
24 visits), percent fruit set increased linearly 
[y (% fruit set) = 6.02 + 3.13 (number of honey 
bee visits), r2 = 0.97, P = 0.0004]. These results 
indicate that between 16 and 24 honey bee 
visits to triploid watermelon pistillate fl owers 
are needed to adequately prevent fruit abortion 
compared to the open pollinated control when 
a 33% pollenizer frequency is used.

Similar results were obtained for triploid 
watermelon fruit number and weight obtained 
per plot (Table 2). Triploid watermelon fruit 
number and weight per plot were highest with 
the open pollinated control, and this treatment 

differed (P ≤ 0.05) from all other honey bee 
visitation treatments. There was a linear rela-
tionship between honey bee visits and ‘Mil-
lionaire’ triploid watermelon fruit numbers per 
plot [y = 1.18 + 0.62 (number of honey bee 
visits), r2 = 0.96, P = 0.0004] and fruit weights 
(kg) per plot [y = 4.96 + 4.25 (number of honey 
bee visits), r2 = 0.96, P = 0.0002].

The process of pollination in triploid wa-
termelon stimulates the ovary to enlarge and 
develop parthenocarpically (Rubatzky and 
Yamaguchi, 1997); and, fruit set and enlarge-
ment is dependent upon growth regulators 
produced from pollen grains and embryos in 
developing seeds within the fruit (Hayata et 
al., 1995). For diploid watermelon, pistillate 
fl owers should receive at least 6 (Stanghellini 
et al., 1997) or 8 (Adlerz, 1966) honey bee 
visits for maximum fruit set. The distance 
of staminate seeded watermelon fl owers to 
triploid watermelon pistillate fl owers is of 
the utmost importance, with triploid pistillate 
fl ower distances greater than 6 m from the 
seeded pollenizer row causing decreases in 
yield (NeSmith and Duval, 2001). Since triploid 
watermelons do not produce suffi cient viable 
pollen to fertilize pistillate fl owers (Rhodes et 
al., 1997), honey bees that carry this nonviable 
pollen to pistillate fl owers are not aiding in fruit 
development. This hypothesis is supported 
strongly by the fact that triploid watermelon 
fruit set required more than twice the number 
of honey bee visits in this study than did diploid 
watermelons evaluated by other researchers. 
In fact, the deposition of nonviable pollen 
likely hinders pollination, as stigmatic surface 
area may be obstructed, leaving less space for 
the deposition of viable pollen (Stanghellini, 
personal communication).

In summary, this study demonstrates that 
greater numbers of honey bee visits to pistil-
late fl owers are required for maximum fruit 
set and development in triploid watermelons 
compared to diploid watermelons. This is prob-
ably due to many honey bees visiting staminate 
triploid watermelon fl owers (that are in close 
proximity) before visiting pistillate fl owers 
thus providing less viable pollen for fruit set 
and development. This study further demon-
strates the need for interplanted pollenizers as 
sources of viable pollen in seedless watermelon 
production systems, and is the fi rst to defi ne 
the pollination requirements, in terms of honey 
bee visitations needed to obtain maximum 
production of triploid watermelons.
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as the pollenizer (33% of the total planting).
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