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ABSTRACT

Behavior and pol l ina tion effectiveness of honeybees, Apis 

mell ifera  L . , were studied using muskmelons, Cucumis melo L .9 grown in 

an enclosed environment a t  Tucson, Arizona, in 1972.

Four groups o f  melon plants were grown in an a i r - i n f l a t e d  

polyethylene greenhouse, with one group serving as a control .  Blooms 

were shielded from bee v i s i t s  by using ge la t in  capsules.

In the control group, blooms were shielded during the en t i re  

study. In a second group, blooms were shielded for the f i r s t  21 days. 

In a t h i r d ,  blooms were shielded 21 days a f t e r  the appearance of the 

f i r s t  female blooms, and the fourth  group was open to bee v i s i t s  during 

the en t i r e  experiment.

Plants whose blooms were shielded fo r  the en t i re  experiment 

produced no edible melons which indicated th a t  po l l ina t ion  was not 

s a t i s fac to ry .  The production of those plants whose blooms were ex­

posed a t  sometime during the experiment did not vary s ig n i f ic an t ly .

Seed counts, percent soluble solids and weights of melons indicated 

adequate pol l ina t ion  had taken place.

The maintenance of bee a c t iv i ty  was enhanced by the presence 

of  supplemental pollen cake. This pollen appeared as necessary as 

the a t t r a c t iv e  blooms to s t imulate  bee a c t iv i ty .

Carbon dioxide percentages within the greenhouse appeared to 

a f f e c t  d i r e c t ly  the soluble sol ids  percentages.in mature melons.

■ V : -  “11 -



INTRODUCTION

Insects ,  especial ly  honeybees, have been used in greenhouses 

for  many years to f a c i l i t a t e  po l l ina t ion .  Highly varied re su l ts  have 

been observed, possibly due to differences in construction materials  

of the greenhouses.

Recently, the sophist icated sand culture  techniques developed 

for  use in greenhouses in a r id  regions of the world have Ted to the 

need for  more e f f i c i e n t  techniques for  essen t ia l  po l l ina t ion  of cer­

ta in  crops by in sec ts .

This study was made to determine i f  bees would maintain them­

se lves ,  v i s i t  blooms and successfully  po l l ina te  melons, Cucumis 

melo L . , within an a i r  in f la ted  polyethyl ere greenhouse of the type 

currently  used in the arid  lands research.



LITERATURE REVIEW

Poll inat ion by insects  is essen t ia l  in most cu rcurb i ts ,  in­

cluding melons (Alex «, 1957; and others) . Other methods such as hand 

pol l ina t ion  tha t  might obtain pollen t r an s fe r  appear thus f a r  to have 

been unsuccessful or impract ica l .

Self pol l ina tion of melons without insects  was shown to be 

possible by Ivanoff (1947), although the re su l t s  of his t e s t s  demon­

s t ra ted  no commercial applica t ion;  e f fo r t s  to produce melons without 

pol l ina t ion  by Rosa (1924) proved unsuccessful. Davis and Meinert 

(1965) showed tha t  even perfect  flowers needed some form and mechanical 

intervention for po l l ina t ion  to occur.

Hand po l l ina t ion ,  the mechanical t r ans fe r  of pollen with an 

instrument such as a camel's hair  brush, has been attempted. Wolf and 

Harman (1942) reported a to ta l  of six melons obtained from 292 hand 

po l l ina t ions .  Shemetkov (1960) estimated tha t  to hand po l l ina te  

one hectare of cucumbers, Cucumis s i teva  L . , i t  would require an im­

pract ical  300 man days. He estimated th a t  the eff ic iency  was from 35 

to 42 percent. Melons without su f f i c i e n t  pol l ination have been shown 

to be malformed and poor in qua l i ty  (Mann, 1953; Bohn and Davis, 1964).

Thrips and ladybugs were discussed as possible po l l ina tors  by 

McGregor and Todd (1952), although Tsyganov (1953) discounted th is  

p o s s ib i l i ty ,  estimating one bee as being equivalent  to 11,000 th r ip s .



These works suggest th a t  there i s  s t i l l  no prac t ical  su b s t i tu te  

fo r  insect  po l l ina to rs .  Honeybees and bumblebees work equally well in 

pol l ina ting runner beans in greenhouses, according to Free and Racey 

(1968). Szabo (1969) showed th a t  the bee. Megachile rotundata (F . ),  

was p a r t i a l l y  successful in po l l ina t ing  melons.

Bee Activ ity  Within Closed Environments

Bohn and Davis (1964) claimed th a t  bees o r ien t  by v is ib le  

responses in th e i r  pol l ina t ion  a c t i v i t i e s .  Bertholf  (1931a) suggested 

th a t  bee vision was s imilar  to human vision in the v i s ib le  spectrum, 

i . e . , 540-550 nanometers; however, he suggested fu r th e r  (1931b) th a t  

th e i r  vision was nearly f ive  times as acute near 350 nanometers in the 

u l t r a v io l e t  spectrum than in the spectrum v is ib le  to humans. The UV 

response has been fu r the r  demonstrated by e le c t ro - re t in a l  gram record­

ings by Goldsmith (1960) and others .  Hertz (1939) speculated tha t  UV 

and blue l ig h t  were complementary colors to bees and th a t  l ig h t  colored 

flowers r e f l e c t  UV, but not white l ig h t .  Stephen (1970) s ta ted  tha t  

" . . . f i b e r g l a s s  does not admit UV l ig h t  of the necessary wavelengths." 

His observation was substant ia ted  by Bertholf 's  1931b work. No 

references were found in th is  l i t e r a t u r e  review th a t  re la ted  polarized 

l ig h t  or other electromagnetic wave response to o r ien ta t ion  behavior of 

bees confined in' cages.

D'Aguilar, Bella and Lecomte (1967) reported t h a t  bees confined 

under glass had problems in detect ing end panes and th a t  they con­

t in u a l ly  would f l y  against  the ends of the greenhouse. These bees a lso 

spent more time nearer the hive than was considered "normal"; from
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th is  one might in f e r  th a t  something other  than id en t i f ied  l ig h t  

phenomena is  used for o r ien ta t ion .  The f r u i t  s e t ,  however, appeared 

to be uniform at  a l l  distances from the hive. Praagh (1972) used 

a coarse mesh net to cover a f l ig h t  cage which was apparently not 

v is ib le  to bees. This net appeared to o f fe r  broad v is ib le  boundaries 

to  a s s i s t  bees in determining the extent  of the cage l im i ts .  He con­

cluded th a t  only a small proportion of the bees used in his indoor 

cage took p a r t  in foraging a c t iv i t i e s .

Stimulative feeding of bees to  induce v i s i t s  to spec i f ic  

blossoms within a greenhouse was attempted by Shemetkov (1957), though 

no conclusions were mentioned. Nevkryta (1953) attempted to  entice 

bees to work by a t t r ac t in g  them to blooms with various scents .

Shemektov (1960) sums up the knowledge of cage work in s t a t in g  

th a t  despite  the effectiveness of bee p o l l in a t io n ,  problems of t h e i r  

u t i l i z a t io n  have not ye t  been worked out. Bees s t i l l  weaken and 

colonies perish in caged conditions. Though problems in colony 

maintenance were acknowledged in his work, few suggestions were offered 

for overcoming these problems.

THE MELON PLANT

Under greenhouse conditions, spacing and t ra in ing  of vines are 

important. Wolf and Harman (1942) suggested pruning of  melon vines 

to  one main and two auxil iary  branches, This technique s ign i f ican t ly  

increased hermaphroditic blooms on the cu l t iv a r  "Hal's Best". Rosa 

(1924) also discussed "nipping" o f  vines; however, he offered no con­

clusion as to i t s  value.
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Plant spacing and melon production was under outdoor con­

di t ions studied by Pew (1952). He worked with s ix - fo o t  rows planted 

in h i l l s  from 4 to 24 inches apar t  and concluded th a t  6 to 12 inch 

spacings were best .  This was ve r i f ied  by Davis and Meinert (1965).

Small undeveloped melons may be observed a t  the base of the 

p i s t i l l a t e  blossoms the day before the blooms open (Figure 1). These 

melons develop successfully  only i f  pollen is t ransferred  to the 

stigma of the bloom. Where melons are grown within an enclosure, 

pol l ina t ing  insects  must be present or the p i s t i l l a t e  flowers must be 

pol l inated by hand (Beattie  and D o o l i t t le ,  (1951). Successful po l l ina ­

t ion  also depends upon pollen t r ans fe r  being accomplished when the 

s ty le  i s  receptive and when pollen is avai lab le  in s u f f i c i e n t  amount.

Jones and Rosa (1928) described dehiscence as the longitudinal 

s p l i t t i n g  of the anther lobes. The melon pollen, however, remained in 

masses in  the open pollen sacs ,  apparently due to a c h a rac te r i s t i c  

o i ly  f i lm , and was not dispersed except by mechanical t r an s fe r .  Honey­

bees are idea l ly  su i ted  for  th is  pollen t r an s fe r  because of th e i r  unique

hairy bodies , social hab i t s ,  and a v a i l a b i l i t y .

Seaton and Kremer (1939) showed th a t  dehiscence of melon anthers

could occur a t  any hour. Though 8 a.m. was reported as a mean time,

dehiscence took place as early as 4 a.m. on warm days, however, blooms 

did not open a t  a l l  on cool days. McGregor and Todd (1952) showed 

th a t  low temperatures and high humidity delayed bloom opening s ig ­

n i f ican t ly .  McGregor and Todd (1953) fu r the r  showed th a t  bee a c t iv i ty  

began ear ly ,  peaked a t  about 11 a.m. and ceased by about 5 p.m. Nectar



was collected unt i l  nearly 5 p .m . , although pollen was avai lable  only 

unt i l  about 1 p.m. Mann (1953) showed tha t  bee a c t i v i t y  occurred about 

one hour l a t e r  than reported by McGregor and Todd (1953). Seaton and 

Kremer (1939) studied e f fec ts  of climatological  fac tors  on cucurbits 

and suggested th a t  temperature was the most important f a c to r ,  since 

anther dehiscence occurred a t  almost any hour with favorable tempera­

tu re .  Whitaker and Bohn (1952) demonstrated marked varia t ions  in the 

microclimate of the plant  with corresponding varia t ions  in bee v i s i t s .  

Although temperatures of 35° to 40° C. increased bee m or ta l i ty ,  th e i r  

performance was equally good a t  these high temperatures. These ob­

servations d i f f e r  from those made by McGregor and Todd (1952), although 

they reported th a t  nectar  was avai lable  unt i l  about 5 p.m. Seaton and 

Kremer (1939) showed th a t  blooms opened and bees became act ive  daily  

a t  dawn, when temperatures were from 20° to 25° C. (Figure 2, 3, and 

4) . ' ' . :

According to Whitaker and Davis (1962), most American cu l t ivars  

are andromonoecious in charac ter ,  with both staminate and hermaphroditic 

flowers on the same vine.

Mann and Robinson (1950) followed th e i r  po l l ina t ion  investiga­

t ion with observations of f r u i t  s e t .  Their t e s t  showed th a t  thinned 

vines se t  60 to 70 percent of to ta l  hermaphroditic flowers. Most of 

these se ts  soon aborted despi te  successful po l l ina t ion .  This in­

dicated th a t  plant  physiological fac tors  determine the numbers of f r u i t  

maturing on vines. This mechanism apparently is  s t i l l  not understood 

a t  t h i s  writ ing.  Mann (1953) showed a r a t io  of 53 hermaphroditic



Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4

. Female bloom on afternoon p r io r  to day of opening—note 
development of inmature melon a t  base of  bloom.

. Female bloom during early morning on day o f  flowering--note 
young undeveloped melon.

. Female bloom with gela tin  capsule in  place to  prevent bee 
v i s i t s .

. Female bloom in full  flower. This stage was readily  v is i ted  
by bees throughout the experiment.



Fig. 1. Female bloom prior to 
opening.

Fig. 2. Female bloom early morn 
ing.

Fig. 3. Bloom showing ge la tin  
capsule in place.

Fig. 4. Blossom in ful l  bloom.



blooms to 42 male blooms, as did McGregor and Todd (1952). They 

fu r the r  reported th a t  th is  r a t io  dropped as blooms se t  and f r u i t  

developed, reaching a level of 1 male to 10 hermaphroditic blossoms. 

Foster (1964) also observed th a t  developing melons tend to r e s t r i c t  

fu r ther  se t t in g  of new f r u i t  (Figure 7).

Levin, Kuehl and Carr (1968) compared techniques for  estimating 

bee populations and establ ishing c r i t e r i a  for  a c t iv i ty  (Figure 5).

These techniques included tagging 10 blossoms and watching them for  10 

minute periods, counting numbers of blooms and observing the number of 

bees act ive  on these blooms on each of three 50-foot rows three times 

during three 10 minute periods. No s t a t i s t i c a l  dif ferences were ob­

served between any of the techniques used.

McGregor, Levin and Foster (1965) estimated th a t  a bee v i s i t  

every 15 minutes was desirable  for maximum po l l ina t ion .  They also 

suggested th a t  a count of one bee per 10 hermaphroditic flowers was 

necessary for  maximum success (Figure 9).



METHODS AND MATERIALS

This research was conducted during 1972 a t  f a c i l i t i e s  of the 

Environmental Research Laboratories, University of Arizona, a t  the 

Tucson International  Airport ,  Tucson, Arizona. The two subspecies of 

Cucumis melo L. grown were r e t i c u l a t u s , "Per l i ta"  muskmelon; and 

inodorous^ "Crenshaw", winter  melon, respect ive ly .  The environment 

included an enclosed polyethylene greenhouse f a c i l i t y  and sand c u l tu re ,  

with honeybees used as pol l ina t ing  agents.

The Greenhouse 

A deta iled  descript ion and discussion of the greenhouse 

f a c i l i t i e s  and the controlled environment used, is described by Jensen 

and Eisa (1972). Basically ,  the s t ruc tu re  was a sheet  of 10 mil 

Monsanto "602" polyethylene th a t  was a i r  in f la ted  and supported by 

pressure produced by fans. An environment with pressures of from one 

to three atmospheres was thus created.

The t i l l a b l e  space in th is  house was approximately 1500 square 

fe e t .  At the south end there were packed-column heat  exchangers.

These were low honeycomb-like stacks of corrugated asbestos (Asbesdek ) 

through which fresh water was sprayed. Air c i rcu la t ion  could be mod­

i f i e d  depending upon the requirements of a crop. Since the chamber 

was a i r  in f la te d ,  there  were no overhead supports thus eliminating 

shadows.
.■ ■ : ■ . v  9 . /  : ; ■ ,
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The p la s t i c  was sprayed with white lime and white glue to. 

control and reduce radiant-energy penetrat ion in a uniform manner.

The greenhouse environment was closed, lacking any s ig n i f ic an t  

exchange with outside a i r .  The a i r  flowed the length of the house, 

was deflected back through a central  tunnel ,  and the process repeated, 

in  an endless oval pattern.  Because the cycle Was closed, the same 

trapped a i r  swept repeatedly through the moist packed column, becoming 

almost sa turated .  Thus the.humidity was kept high reducing t ransp i ra ­

t ion .  The temperature also could be regulated within l im i ts .

Two A-frame t r e l l i s e s  eight  f e e t  across the base, extended 

along the length of the greenhouse (Figure 6). They were constructed 

of 3/4 inch conduit and consisted of e igh t ,  10 foot  sec t ions ,  each of 

which were seven fee t  high.

Preliminary Observations

In order to determine whether a colony of honeybees could be 

maintained within th is  polyethylene s t ru c tu re ,  small ,f ive-frame hives 

of bees, each cal led  a "nucleus" or "nuc" in the beekeeping t rade ,  were 

placed inside the greenhouse on February 8, 1972. Each hive was 

supplied with a pollen cake supplement th a t  consisted of one part
D R

ground pollen and two parts sucrose. Terramycin and Fumagillin-B 

were added for  prevention of disease. Water was supplied in two 

containers ,  one located near each nuc.

These bees performed quite  well.  After several days* few bees 

were Seen f ly ing to the p l a s t i c ,  and as time went by fewer bees were 

found dead along the edges of the greenhouse frame. During th is  time.



n
water gatherers were continually flying between the water j a r s  and the 

hive in an apparently normal manner.

: Egg laying and brood rearing within these hives was consis tent  

with similar  hives outside.

At one end of th is  f a c i l i t y  were planted several Cassava p lan ts ,  

Manihot escul ir i ta , which bees f ree ly  v i s i ted  for  nectar from the stem 

nec tar ies .

About March f i r s t  a volunteer crop of London Rocket, Sisymbrium 

i r io  L . , sprouted in the otherwise bare sand in the greenhouse. Be­

cause th is  plant  was recognized as being a t t r a c t iv e  to bees i t s  growth 

was encouraged and gave th is  portion of the experiment an added dimen­

sion. Caged bees have been reported as foraging somewhat normally on 

th is  plant. (Spangler, 1971). The bees f ree ly  worked the London Rocket 

u n t i l  the intense sun l i t e r a l l y  "burned up" the plants .

On April 13, one of the nucs showed symptoms of a f a i l in g  queen 

and therefore was requeened. The new queen produced good egg patterns 

for  several days, but these eggs hatched e r r a t i c a l l y .  The hive was 

then moved outside and subsequently gained in weight. This indicated 

a thr iv ing  colony and suggested tha t  the decline was due to some fac to r  

within the greenhouse. The second nuc remained in the greenhouse for  

several weeks until  i t  was returned to the bee yard in f a i r  condition.

Experimental Design

Seed samples of each of the v a r ie t i e s  were obtained from Ferry 

Morse Seed Company in April 1972. On May 14, 100 seeds from each sample 

were planted, one-half in synthetic  soi l cubes and one-half  in peat pots
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containing a 50-50 mixture of vermiculi te and sand. These plants were 

transplanted to t h e i r  f ina l  locations within the greenhouse on June 

18. They were se t  a t  18 inch in te rva ls  a l t e rn a te ly  along the t r e l ­

l i s e s .  Each t r e l l i s  thus accommodated 100 p lants .

The.plot design called for  f ive  random sets  of 20 plants  each. 

This technique allowed the establishment of a design which simplified 

the analyses of variable  fac tors  and permitted accurate in te rp re ta t ion  

where missing ,data might occur (LeClerg, Leonard, and Clark, 1962).

Each lo t  of plants was fu r ther  divided into four sub lo t s .  The female 

blossoms in sub l o t  A (treatment 1) then were exposed to bee v i s i t s  

only during the f i r s t  21 days of the experiment. The female blooms of 

sub l o t  B (treatment 2) were covered to exclude bees throughout the 

e n t i r e  experiment. Sub lo t  C (treatment 3) , was exposed to bees for  

the e n t i re  experiment. Sub lo t  D (treatment 4) was exposed to bee 

v i s i t s  a f t e r  being covered for 21 days.

A complete mixture of chemical nu t r ien ts  was used, prepared 

according to a standard formulation developed by the Environmental 

Research Laboratory of The University of Arizona. These nutr ien ts  

were supplied in an automatic watering system for 10 minute periods 

six times per day, representing an applica t ion  of  one gallon of 

solution per plant per day (Figure 8).

As the plants  grew, they were trained upward by synthetic  twine 

supported from the top of the t r e l l i s .  The plants  were pruned to 

e s tab l ish  one runner as the terminal portion of each vine. All other 

growth was cut back, in most cases to the second node.



Fig. 5 

Fig. 6

Fig. 7 

Fig. 8

. Honeybee actively working a bloom. Activity of th is  type 
was observed from dawn to about 5:00 p.m. daily.

. Five frame bee hive nucleus showing placement h a l f  way
along the t r e l l i s  in  greenhouse. Nuc is s i tua ted  so tha t  
i t  would receive early morning sun, and have uniform access 
to plants in a l l  d i rec t ions .

. Young melon s e t  three days a f t e r  po l l ina t ion .  Stem growth
and callous where bloom detached are v is ib le .

. Maturing melons and ful ly  automatic watering system used in
the experiment. Nutrients were supplied by the automatic 
watering system to each plant .
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Fig. 5. Honeybee working bloom. Fig. 6. Nuc placement in greenhouse.

Fig. 7. Young melon se t . Fig. 8. Maturing melons and watering system.



On June 23, the f i r s t  male blooms appeared. On June 26, the 

f i r s t  female blooms appeared. At th i s  time the bees were moved into 

the greenhouse. Within two weeks blooms were present on a l l  plants of 

both vari e t i  e s .

From preliminary observations i t  was determined th a t  the best 

u t i l i z a t i o n  of bees in the greenhouse was obtained when a young, un­

oriented f i e ld  force of bees was used. To f a c i l i t a t e  t h i s ,  the nuc used 

in th i s  experiment was made up of a se lec t ion  of frames containing about 

80 percent mature brood, and having a productive young queen. This nuc 

was moved from the apiary about 4 p.m. during the height of the bee 

f l i g h t  a c t i v i t i e s ,  leaving many of the older  f i e ld  bees behind. This 

nuc was placed half-way along the t r e l l i s ,  facing ea s t ,  to receive 

early  morning sun exposure (Figure 6). During th is  experiment, there 

were no large congregations of d isoriented bees observed on or near the 

p la s t i c  greenhouse covering.

A pollen cake supplement was kept under the l id  of the nuc 

avai lable  to the bees a t  a l l  times. This source of protein was taken 

f ree ly  a t  the ra te  of about one-half  pound per week during the course 

of the experiment.

To prevent bee v i s i t s ,  the hermaphroditic blossoms on the 

appropriate plants were covered with s ize  00 ge la t in  capsules (Figure 

3) each morning by dawn before bees became act ive .  Gelatin capsules 

s a t i s f a c to r i l y  prevented access of bees to the s ty le  of the female 

portion of these flowers and with a minimum of e f f e c t  on the plant;  

the bees were allowed to v i s i t  the male flowers on these p lants .



Because the ge la t in  capsules were used, screens were not required on 

the p lan ts ,  and thus there  was not the addit ional  variable  tha t  shading 

would have introduced.

Pollen samples were collected hourly from several blooms, and 

germination was tes ted  on agar plates consist ing of 10 percent sugar 

and: 15 percent dextrose in d i s t i l l e d  water. Germination was observed 

on agar plates from samples taken a t  hourly in te rva ls  from sun-up 

(5:30 a.m.) unt i l  12 noon. Though most of the pollen was gone by 10

a.m., a few grains were found up unti l  noon but none th e re a f te r .

Bee a c t iv i t y  among the blossoms was recorded on several occa­

sions and deta iled  counts were made during one minute per iods . Time- 

lapse photographs of blossoms were taken over a four day period, to 

record bee v i s i t s  and blossom cycles .

Maturity of the muskmelons was judged by the formation of a 

thin  abrasion crack completely encirc l ing the stem where i t  attached 

to the f r u i t .  This was termed the " fu l l - s i i p "  s tage,  Davis, e t  a l . 

(1965). Melons were harvested as they reached th is  stage every 

morning following the covering of female blooms.

A de ta i led  record was kept for  each melon including weight, 

seed count and soluble so l id s .  These data were recorded only in r e ­

la t ion  to p a r t i cu la r  p lan ts ,  with no reference to the treatment each 

plant  received.

Seed counts were used to measure and evaluate successful 

p o l l ina t ion .  Acceptabili ty  and p a la t a b i l i t y  were judged on the basis 

of soluble so l ids .
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Measurement of the soluble so l ids  was made by d i r e c t  r e f rac t iv e  

index with a Carl Zeiss refractometer . The sample was taken midway 

from stem to blossom end and one-half  way into the f lesh  of the f r u i t  

since th is  index varies in d i f f e ren t  locations within the melon. Since 

no objective c r i t e r i a  could be establ ished for  f lavo r ,  th is  method was 

not considered a valid  c h a ra c te r i s t i c .  No record9 there fo re ,  was taken 

with reference to f lavor  or t a s te .

An analysis  of variance was made on the data fo r  melons har­

vested. Duncan multiple range t e s t s  were used to evaluate th is  anal­

y s i s .

The l a s t  melons were harvested and the experiment was terminated 

on September 6, 1972.



RESULTS AND DISCUSSION

Bee a c t iv i ty  within th is  closed system was judged s imila r  to 

tha t  found out of doors. Bees appeared to forage normally (Figure 11). 

At no time during the experiment was there  a large number of, bees ob­

served on or near the p l a s t i c .  Deaths a t  the f a r  corners of the 

s t ruc tu re  were extremely low.

The number of bee v i s i t s  to blooms averaged 3 to  5 minutes per 

hermaphroditic bloom. Counts on 100 successive blooms showed from 10 

to 12 honeybees per 100 blooms a t  any time during the act ive  period.

Ten bees per 100 hermaphroditic blooms was the c r i te r io n  established by 

McGregor and Todd (1952), also Levin, e t  a l . (1968) to achieve success­

ful po l l ina t ion .  Time-lapse photographs of blossoms were taken and 

suggested th a t  the three bees per f ive  minutes average might be a valid  

est imate for  the v i s i t a t io n s  which occurred.

The bees were always busy, some col lec t ing  water from the 

humidifying pads a t  the south end of the greenhouse, and foragers 

always were ac t ive .  The few times the pollen supplement was not a v a i l ­

able represent the only periods when there were excessive numbers of 

bees c lus tered on the hive.

As the plants matured and began se t t ing  blooms, i t  became ap­

parent tha t  the cultural  techniques employed were f a i r l y  well sui ted  

for  the muskmelon " P e r l i t a ", but the pruning of the "Crenshaw" melons 

melons removed f ru i t in g  spurs which were not replaced unt i l  12 to 15



inches of new growth developed. Due to the limited space a l lo ted  per 

p lan t ,  i t  was decided tha t  f r u i t  counts and data taking would be limited 

to the "Per l i ta"  melons, leaving the "Crenshaw" melons for  observations 

of bee a c t iv i ty  but foregoing any quan t i ta t ive  data analysis on these.

During the en t i re  experiment the blossoms were open and de­

hiscence had occurred by sun-up (Figure 4) . Pollen germination began 

within 20 minutes on the agar plates regardless  of the hour co llec ted .  

Within one hour nearly 100 percent of these grains had germinated. 

Contrary to Mann's (1953) suggestion th a t  bees removed only a portion 

of the pollen,  v i r tu a l ly  al l  pollen was removed from the blooms by 

noon, Unlike the reports  of problems with glass and f iberg lass  green­

houses, the bees seemed to work well under the polyethylene.

On August 3, the f i r s t  melons were harvested. Data collected 

included weight, seed count and soluble so l id s .  Following compilation 

of these data, an analysis of varian t  was made of the data represent­

ing the to ta l  number of melons produced per vine (Table 1). By visual 

inspection,  the con t ro l , (treatment 2) , was determined s ign i f ican t ly  

d i f f e re n t ;  however, a Duncan's multiple range t e s t  was run to see 

whether th is  was the only var ien t  (Appendix). The re s u l t s  of th is  

t e s t  concluded th a t  the means of treatments 1 , 3 ,  and 4 are probably 

closely r e la ted ,  i . e . ,  not s ig n i f ic an t ly  d i f f e ren t .

Further analysis  of variance was run on the data tabulated for  

the seed counts , (Table 2) , melon weights (Table 3) and soluble so l id  

content (Table 4) . The "F" values for  these t e s t s  each indicate  an 

almost homogeneous population (Appendix)1 I t  might be noted tha t  even
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T a b l e  I .  Number  o f  m e l o n s  h a r v e s t e d  p e r  p l a n t  w i t h  b l o o m s  s u b j e c t e d
t o  f o u r  s e p a r a t e  p o l l i n a t i o n  t r e a t m e n t s  w i t h i n  a  p o l y e t h y l e n e
g r e e n h o u s e ,  T u c s o n ,  A r i z o n a ,  1 9 7 2 .

Blooms exposed Blooms not ex-
to bees during posed to bees

Plant f i r s t  21 days during en t i re
Number of experiment experiment

1 5 0

2 5 ; 0

3 2 1

4 . 5 0

5 A  6

6 1 2

7 6 0

8 3 0

9 . 4 0

10 5 0

11 - 0

. 12 - ' . \ -  '■ •

Totals* 42 4

Averages** 4.20a 0.36b

* Harvest period was 34 days

Blooms exposed Blooms covered 
to bees during for  21 days pr io r  
en t i re  experi-  to permitting 
ment bee v i s i t s

5 2

3 . - ' 3

3 1

3 6

5 5

4 3

; ° 4 3

5 6

' 4

. 3 4 :  Y

2

2

44 37

3.66a 3.70a

** Means not followed by the same l e t t e r  d i f f e r  s ig n i f ic an t ly  a t  p = 
; 0.01, Duncan's mult iple range t e s t
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T a b l e  I I .  Number  o f  s e e d s  f r o m  m e l o n s . p r o d u c e d  f r o m  b l o o m s  s u b j e c t e d
t o  p o l l i n a t i o n  b y  h o n e y b e e s  f o r  t h r e e  d i f f e r e n t  p e r i o d s  w i t h ­
i n  a  p o l y e t h y l e n e  g r e e n h o u s e ,  T u c s o n ,  A r i z o n a ,  1 9 7 2 .

Blooms exposed to Blooms covered for
bees only during Blooms exposed to 21 days p r io r  to
f i r s t  21 days of bees during en t i r e  permitting bee
experiment experiment v i s i t s

541 : 502 341
574 489 380
609 430 430
459 575 575
492 389 552
588 459 706
500 463 449
516 652 543
626 451 643
565 449 384
628 543 636
426 643 527
517 384 383
374 636 558
463 655 602
515 577 546
654 505 458
308 436 651
287 598 590
589 /  544 531
587 : . 410 ' . 542
516 405 671
559 400 639
312 497 722
467 647
542 549
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T a b l e  I I .  C o n t i n u e d

Blooms exposed to 
bees only during 
f i r s t  21 days of 
experiment

337 
506 
595 
514 .
514 

/ 495
607 
558 
438 
435

Number of melons examined

Blooms exposed to 
bees during en t i re  
experiment

520
517
720
612
504
625

Blooms covered for  
21 days pr ior  to 
permitting bee 
v i s i t s

36 32

Average number seeds produced:

505 524

24

544
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T a b l e  1 1 1 .  W e i g h t s  o f  i n d i v i d u a l  m e l o n s  p r o d u c e d  f r o m  b l o o m s  s u b j e c t e d
t o  p o l l i n a t i o n  b y  h o n e y b e e s  f o r  t h r e e  d i f f e r e n t  p e r i o d s  w i t h ­
i n  a  p o l y e t h y l e n e  g r e e n h o u s e ,  T u c s o n ,  A r i z o n a ,  1 9 7 2 .

Blooms exposed to Blooms covered for
bees only during Blooms exposed to 21 days pr ior  to
f i r s t  21 days o f  bees during en t i r e  permitt ing bee
experiment experiment v i s i t s

30 34 17
. 40 58 33

72 72 41
80 49 56
96 46 69
35 41 88
38 56 . 50
66 . 69 ; 66
56 47 60
58 46: 40
54 40 40
69 58 72
40 34 38
65 39 42
55 . 38  " ' 72
42 42 54
12 70 49
57 54 64
41 49 .- 56
51 46 40
82 48 64
61 35 68
48 49 56
77 44 52
25 79 56
33 ■ 69 ; 61
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T a b l e  I I I .  C o n t i n u e d

Blooms exposed to 
bees only during 
f i r s t  21 days of 
experiment

Blooms exposed to 
bees during en t i re  
experiment

Blooms covered for  
21 days prior  to 
permitting bee 
v i s i t s

65 
40 
85 
37 
26 
53 
68 
57 
42 
52
66
36
37 
42 
44 
60

68
67
35
62
56
57
39 
31 
81 
64 
98 
46
40
41 
75

108
57
58 
38 
81

50 
48 
66 
81
51 
76 
68 
55 
82 
60 
93

Number of melons weighed: 

; 42 ^

Average weight:

;  52.2

46

54.7

37

57.7
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Table IV. Per cent soluble sol ids  of melons from blooms subjected to 
. pol l ina t ion  by honeybees for three d i f f e ren t  periods within 

a polyethylene greenhouse, Tucson, Arizona, 1972.

Blooms exposed to Blooms covered for
bees only during Blooms exposed to 21 days pr ior  to
f i r s t  21 days of bees during e n t i re  permitting bee
experiment experiment v i s i t s

7.1 10.0 10.5
7.1 12.0 12.5

. 6.0 13.5 5.0
10.5 5.0 7.0
13.5 7.0 8.1
8.5 8.5 8.0
8.0 : 8.0 10.0
8.5 7.5 10.0
8.5 8.5 12.5

. 8.0 : 8.0 9.5
9.5 10.0 9.0
7.5 10.5 9.5
7.5  10.0  6.0
8 . 0  10.0  10.0
8.0 7.0 7.0
7.5 7.5 7.5
8.5 7.5 7.5
7.0 9.5 12.0
9.0 9.5 9.5
6.5 11.5 10.0

12.0 7.0 5.5
10.0 9.0 9.5

6.5 5.5 " 10.0
3.0 8.0 7.5

13.0 7.0 7.0
V 13.0 8.0 11.5

11.5 10.0 11.0
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T a b l e  IV .  C o n t i n u e d

Blooms exposed to 
bees only during 
f i r s t  21 days of 
experiment

8.0 
8.0

7 ' 5
7.5
7.5
8.0 •

• - --9.5-; ' ■
8.5 ■
8.0
8.5

11.5
10.5
8.5
7.5 ’
6.0

Number of melons tes ted :

Average per cent soluble

8.5

Blooms exposed to 
bees during e n t i re  
experiment

6.0 
11.0
11.5
7.0
7.0 

11.0 
10.0 
11.0

, 5.5
5.0
8.0
9.0

10.0
9.0

10.0
8.5
7.5

44

so l id s :

8.6

Blooms covered for  
21 days pr ior  to 
permitting bee 
v i s i t s

10.5
9.0
9.0
8.5

10.0 

12.0

8.5
9.0

11.5
10.5

37

9.2
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though melons were harvested from the control ( treatment 2) ,  they were 

malformed and in two cases the seed chamber was ro t te d ,  and no s i g n i f ­

icant data could be obtained from these melons.

McGregor and Todd (1953) and Bohn and Davis (1964) suggest a guide 

of 400 developed seeds per melon as an estimate for  s a t i s fa c to ry  

pol l ina t ion  of blossoms. Seed counts from treatments 1, 3 and 4 

ranged from 426 to 720 with means of over 500 (Table 2) ,  indicat ing 

adequate pol l ina t ion  as evaluated by th is  method.

The tes t in g  of pol l ina t ion  in terms of eating qua l i ty  was un­

dertaken by Currence and Larson (1941). The re f ra c t iv e  index or mea­

sure of the soluble solids by means of a refractometer was shown to be 

the most l ik e ly  and r e l i ab le  method. Results of th i s  experiment also 

showed l i t t l e  re la t ionsh ip  between melon f lavor  accep tab i l i ty  and 

the percent soluble so l id .  Flavor seems to be a highly personal matter 

without objective c r i t e r i a .  Acceptabili ty of f lavor  did not seem to 

be re la ted  to increase in soluble sol ids  contest .

The soluble so l id  data (Table 4) indicated th a t  the f i r s t  

s e t  melons are possibly the "sweetest", ra the r  than the melons from 

the crown blooms (McGregor and Todd, 1953), the l a t e r  se ts  being 

victims of "plant fa t igue ."  Further research in the area should be 

considered before any conclusions are drawn.

During the th i rd  week in August, gas burners were operated to 

increase the carbon dioxide content within the greenhouse. The re ­

su l t ing  carbon dioxide content of the atmosphere increased from 100 to 

200 ppm to near 600 ppm. The content of soluble so l id s ,  which had been
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running a t  about 8 percent in mature melons, increased to levels  close 

to 12 percent and remained a t  th is  level for  the r e s t  of the experiment 

(Table 4). Prior  to the use of the gas burners the carbon dioxide in 

the a i r  decreased a f t e r  sunrise as i t  was rapidly u t i l i z e d  during 

photosynthesis. The a c t iv i t i e s  of the bees did not appear to be 

affected by the increase of carbon dioxide.

Changes in temperature, though often extreme, did not appear 

to a f fe c t  the bees in any way.

Jensen and Teran (1970), showed a need to control PenlciIlium 

infections during t e s t s  a t  Puerto Penasco, Sonora, Mexico, and used
D

Beni ate  , which was e ffec t ive  in preliminary t e s t s .  During th is  ex­

periment several la rger  melons became the victims of Penici llium 

infections and did not mature properly. On August 15, two plants 

died, apparently due to mechanical in jury  and from inoculat ion with 

Penicillium spp. Plant  exhaustion may have played a s ig n i f ic an t  ro le  

here also.  Plant exhaustion was reported to be a d i rec t  contr ibution 

to a second crop f a i l u r e  by D'Aguilar e t  a l . (1967) in t e s t s  on squash, £. 

pepo, in greenhouses.

In concurrence with van Praagh (1972), there were no problems 

with swarming, however, brood was continuously being ra ised  as long as 

pollen supplement was fed. The f i e ld  force of bees appeared to work 

e ffec t ive ly  throughout the; experiment.



‘Fig. 9 

Fig. K

Each plant  with blooms exposed to bee v i s i t s  produced an 
average of over three melons.

. A close up of maturing melons. These, i f  l e f t  alone, wil l 
f a l l  free from the vine at  tha t  time.

Fig. 11. A honeybee packing pollen on a melon blossom. Pollen 
col lec t ing  and po l l ina t ing  a c t iv i t i e s  were judged to 
be ident ica l  to those observed under open f i e ld  conditions.
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Fig. 9. Average of over three Fig. 10. Close up maturing melons,
melons per plant.

Fig. 11. Honeybee packing pollen.



1 ' CONCLUSION

Honeybees, Apis mell ifera  L . , successfully  poll ina ted melons, 

Cucumis melo L . , in polyethylene greenhouse during research conducted 

a t  Tucson, Arizona, in 1972.

A five-frame hive of bees was maintained within an a i r  in f la ted  

10 mil polyethylene p la s t i c  greenhouse for  60 days. Melons were sue- 

cess fu l ly  produced from blooms which were exposed to bee v i s i t s .

Blooms under ident ica l  conditions but shielded from bee v i s i t s  produced 

no edible melons, indicating th a t  po l l ina t ion  was l ik e ly  not s a t i s ­

fac tory .

The overall bee a c t iv i ty  resembled tha t  seen under open f i e ld  

conditions. Pollen cake was provided to maintain colony strength .

The use of  honeybees under polyethylene appears to be a 

prac t ical  and easy method of pol l ina t ing  greenhouse crops. At no time 

during th is  work were there  any major problems encountered with the 

bees.

Seed counts, melon weights and soluble so l id  contents taken 

from f r u i t  produced from unshielded blooms showed homogeneous r e l a ­

t ionships throughout the t e s t s .

An increase in carbon dioxide percentage within the environment 

probably increased the percent soluble sol id  content of the mature 

melons without appearing to a f fe c t  the bee a c t iv i ty .

29 '



APPENDIX 

ANALYSIS OF VARIANCE TABLES
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Analysis of Variance of Total Melons Produced and 
Accompanying Duncan's Multiple Range Test

Source Sum of Squares DF Mean Square F

Main Effect 100.98 3 33.65 19.04

Deviation 68.93 39 17.67

Total 169.91 42

"P" Value (1%) 2 3  4

SSR ■ 3.825 3.988 4.098

LSR 1.551 1.6167 1.6613



I Analysis of Variance of Melons from Vines
Poll inated by Honeybees

Source Sum of Squares DF Mean Square F

Main Effect 1.85208 2 0.92604 0.41722

Deviation 64.36667 29 2.21954
. n. s .

Total 66.21875 31

Analysis of Variance of Seed Counts from 

Melons Poll inated by Honeybees

Source Sum of Squares DF Mean Square F

Main Effect  21258.0 2 10629.0 1.0

Deviation 841656.0 89 9456.0 N.S.

Total 862914.0 91
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Analysis of Variance of Soluble Solids of 
Melons Poll inated by Honeybees

Source Sum of Squares DF Mean Square F

Main Effect 10.300 2 5.150 1.320

Deviation 468.070 120 3.900 N.S.

Total 478.37 122

Analysis of Variance of Weights (in Ounces) 
from Melons Poll inated by Honeybees

Source Sum of Squares DF Mean Square F

Main Effect 587.13767 2 293.56883 1.00116

Deviation 35773.61433 122 293.22634 N,£.

Total 36360.752 ’ 124
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