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ABSTRACT

BehaviorrandupplIination’effectiveness of honeybees, Apis

i me]]ffera.L;; were-studied using muskmelons, Cucumis melo L;, grown 1n‘
an enc]oSedvenVﬁronment at Tucson, Arizona, 1np1972.

7 Four groups of melon p]ants were grown in an a1r inflated
po]yethy]ene greenhouse, with one group serv1ng as a contro] Blooms =
- were shielded from bee visits by using gelatin capsu]es. |
In the control group, b]ooms‘were shielded during the entire;
" study. In a second group, bTooms werevshie1ded for the first 21 days.
In a third, -bTooms Were shie]ded 21 days after the appearance of the
: f1rst fema]e b]ooms, and the fourth group was open to bee visits during '
 the ent1re exper1ment |
P]antsvwhose_b]ooms were shielded for the entire experiment
o prpduced no;edib1e meTpns which indicated thatlp011ination,was not
satfsfactory, The_preduction of those p1ants whose bToems were ex-

posed atrsometime‘dnring the experiment did not vary significantly.

o 'Seed countss percent so]ub]e so11ds and we1ghts of melons indicated

~ adequate pollination had taken place.
' The maintenance of bee activity was enhanced by the presence .

i'-;of supp1ementa] po]1en cake Th1s po]]en appeared as necessary as . .

;~}vthe attract1ve b1ooms to st1mu1ate bee act1v1ty

'Qarbqn-d1ox1de percentages within the greenhouse appeared to’p
ni;'affectidireCt1y the,sq1ub1e_so1ids,percentages.1n mature melons.

Covii



INTRODUCTION

Ihsects, especiéi]y»honeybees, have-been.used in greenhouses
Afbr many years to facilitate po111hation. Highly varied results havé'
| beén.observedg possfb]y'due toAdeferencés 1h constructiqnimateria1§"
of the greénhouses | |

Recent]y, the soph1st1cated sand culture techniques developedr_
for usé in greenhouses -in ar1d ‘regions of the world have Ted to the
" need for more efficient techn1ques'for essential pollination of cer-
n'taih:crops by'iﬁSécts I | |
Th1s study was made to determ1ne if bees wou]d maintain them-

se1ves, v1s1t blooms and successfu]]y pollinate melons, Cucumis

 melo L°9 within an air inflated po1yethy1enagreenhouse of the type

currently used in the arid lands research.



LITERATURE REVIEW

Poliinati@n_by-insects is essential in most curcurbits, 16—7 
c]ud{ng'melqns (A1e25'1957;ahd'dthers). Other'hethods such as hand-:*
pollination that might'obtain pollen transfer appear thus far to héve
been unsu¢gessfu1 ok:impractica].' |

- Self po]]inaiion of me1¢ns withouf insects was shown to be
possible by Ivanoff.(1947), a]thbﬁgh the results of his teéts demon-
.strated ho'commercialrapplication; efforts to produce me]bns'without :
po]]inatibn'by'Rosa'(1924)fproveHJUnsuccéssfu1 " Davis and Meinert
;(]965) showed that even perfect flowers needed some form and mechan1ca1
: 1ntervent1on for po111nat1on to occur.
» Hand p0111nat1on, tne mechan1ca1'transfer 6f pollen with an
~instrument such as a camel's hair brush, has been attempted. Wolf and
Harman (]942) reporéed a tdta] ofléix melons obtained from 292 hand
pol]indtions. Shemetkov“(1960)}estimdted,that to‘hand pollinate

one hectare of cucumbers, Cucumis siteva L., it would require an im-

praética]:300_man days He est1mated that the eff1c1ency was from 35 1A
- to 42 percent. Me]ons w1thout suff1c1ent po111nat1on have been shown _
‘.to Be malformed and poor in quality. (Mann,.]953' Bohn and Davis, ]964).
Thrlps and 1adybugs were. d1scussed as poss1b1e po111nators by o
‘; McGregor and Todd (1952), a]though Tsyganov (1953) d1scounted th]s

possibility, est1mat1ng one bee as be1ng equ1va1ent5to 11,000 thr1ps,' 
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These works suggest that there is still no practical subst1tute

for insect po111nators Honeybees and bumblebees work equaJ]y well in -
pq111nat1ng_runner beans in greenheuses, eecording to Free and Racey |

- (1968). Szabo (1969) showed that the bee, Megachile rotundata (F.),

- was partially successful in pollinating melons.

Bee Activity Within Closed Environments

Bohn and Davis (1964) c]a1med that bees orient by v1s1b1e
‘responses in the1r pollination act1v1t1es Berthoif (1931a) suggested
_that bee vision was similar to human vision in the visible spectrum, i
i;e.s 540-550 nanemeters; howeVer, he suggested further (1931b) that
fhefr vision was nearly five timesves acute neéar 350 nanometers in the
r_vulfraviolet spectrum than»in the spectrum visible to humans. The UV

"response has been furtherfdemonstrated by e]ecfro-retinalgram record-
~ings hy-Goldsmith (1960) and others. Hertz (1939) speculated that UV
o and blue Tight were comp1ementary colors to.beesAand that 1fght colored
| }f]Aowers reflect U, but not white 1ight. Stephen (1970) stated that
| ..fiberglass does not adm1t UV Tight of the necessary wavelengths.'
: H1s observat1on was substant1ated by Berthoif's 1931b work. No 7
references were found in.this Titerature review that related poiarized
11gh£ or other e]ectromegnetic wave response to‘erientation‘behavior of '
| bees confined 1nfcages | B :

D'Aguilar, Be]]a and Lecomte (1967) reported that bees conf1ned
'under glass -had prob]ems in detect1ng end panes and that they con-
"t1nua11y wou]d-f]y against the ends of the greenhouse. These bees also.

~spent more time nearer the hive than was considered "normal; from



this one might infer fhat_semething other than identified light
| phenomena is used for orientation. The fruit set, however, appeared
lto be uniform at all distances .from the hive. Praagh (1972) used |
-a coarse mesh net to cover a f]ight‘cagevwhich was appérent]j not
e'_vfsib1e,to bees. xThis’net appeafed to offer broad visible boundariee
. ﬁovassist'bees in detekminihg the extent of the cage limits. He con-
iC]Uded that only a small proportion of the bees used in his indoor
- cage took;part in foragfng activities. ”
-Stimulative feeding of”bees_to ihduce visite to specific
eblossons.within a_greehhouse was attempted bvahemetkovv(1957),7thOUQh__
"no;conc1u$ions wefe:mentioned. Nevkhyta (1953) attempted to.entice
: ‘bees to work by attracting-them to blooms with various scents.
B Shemektov (1960) sums up the knowledge of cage work in stat1ng

that desp1te the effect1veness of bee po1]1nat1on prob]ems of the1r

. ut111zathn have not yet been Norked out. Bees st111 weaken and

‘ co1onies perish in caged conditions. Though problems in'colony
: ma1ntenance were acknow]edged in: h1s work, few suggest1ons were offered

5e'for overcom1ng these problems..

;THEAMELON PLANT

~ Under greenhouse condftions, spaCihg and training of_vines are .
impdrtante} Wolf and Herman (1942) suggeSted pruning of melon vines
- to one main and two auxi]iahy'branches This techn1que s1gn1f1cant1y
7_1ncreased hermaphrod1t1c b]ooms on the cu1t1var "Hal's Best“', Rosa
”_(1924) also discussed ' n1pp1ng '‘of vines; however, he offered no con-

‘clusion as to its value.



_f ‘Plaﬁt spaéing’and meJon éroductionfﬁas under outdoor con- '
':ditidns;Studiedfby Pewv(1952),"'He worked-withuij-foot rows planted
in hi]]é from 4 to 24 inches apart and concluded that 6 to 12 inch
spacings Were best. This was verified by -Davis and Meinert (1965).
"3-,Sma11 unde?e]oped melons may be observed at the base ‘of the
pisti]]ateiblossbms the‘day before the blooms open (Figure 1). Thesé
- meldns*deve]op.successfui1y only %f po11eh is transferred to the
stigma of the bloom. Where melons are growﬁ_within an enclosure,
~pollinating insects must‘be.present or'the pistillate flowers must be
poTTinated by hand (Beatpie and Doo11'tt1e,;(_'1951)° Successful pollina-
tion also depends ubon;bo11en trahéfer being accompiiéhed when the
' sty}evis rebeptive and when pollen is available in sufficient amount. -
. Jones‘and Rosa (]928) described dehiscence as the longitudinal
sp]itting‘of»thé anther iobes.‘ The'me1qn pollen, howéver, remained in
masses in the.dpen po]]eﬁ sacs, apparent1y'due to a characteristic
| 'bi]yhfiim,'and,was not dispersed excépt by mechanica];trahsfer."Honey-
beeﬁ,are idéé]]y suited fdr this po11en transfer because of their uhiqﬁe,
hairy bodies, social habits, énd'avai1abi1ity. ' | |
‘Seaton and Kfemer (1939).§howed that dehiscence of mé]on anthersr
could occur ét any hour. Though 8 a.m. was feported as- a mean time,
dehiscence took‘p1ace as earTy as 4 a.m. on warm days, hbwever;'blooms '
did not open at all on cool- days. rMcGregdr andszdd (1952) showed |
"_that'1ow temperaturesfand_high humidity deiayed bloom opening sig-
hifiéant]yo,_McGregor and Todd (1953) further showed that bee activity |

‘began earTy, peaked at about ll_a;m_ and ceased by about 5 p.m. Nectar
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Qas'c011eeted until nearly 5 p.m,, e1thpugh pollen was avai]abTe'only
until about 1 p.m. »Mann (i953) showed that bee activity occurred about
one hour Tater than reported'by McGregor and Todd (1953),: Seaton and :t
;Kremer (1939)lstudied effeéts'of climatological factors on cucurbits |
and suggegted that temperature was the most important factor, since
anther‘dehiscenceloccurred at a]most any hour with favorable tempera-
ture. Whitaker and Bohn (1952) demonstrated marked variations in the »"
'micreciipate Qf the plant with corresponding variations in bee visits.
Although temperatures of 35o to'40° C. increased bee morta]ity,-their
performance was equa11y good at these h1gh temperatures These ob-
“servat1ons differ from those made by McGregor and Todd (1952) a]though
rrthey reported that nectar was available until about 5 p.m. Seaton and
. Kremer (1939)»shpped that biooms Opened'andrbees became active daily
at dawn, when temperatures were‘from~20°'tp 25° C. (Figure 2, 3, and
", e ,- _ .
N 'According toiWhitekerrand Dayis'(1962); most American cultivars
are andromonoeciopé in character,.thh“both staminate and hermaphroditic:
f]oWers_pn the same_vtne. | |
| ‘ Menn andqubinson'(1950) fo]]owed their poT]ination‘investigaQ
;tfon witp'dbeervattons of fruit set,TTTheir test showed that thinned
VVines set 60 to'ZQ percent of total hermaphroditic flowers. Most of
;theSe:Sets sqon,aborted deépite successfuT pollination. This in-
~dicated that plant physiological factors determine the numbers of fruit
"Jmaturipgion.vines,» This!meqhanismjapparent1y is sti]]_pot understood

at this writing. Mann (1953) showed a ratio of 53 hermaphroditic
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. Female bloom on afternoon prior to'day of opening--note

development of inmature melon at base of bloom.

Female bloom during early morning on day of flowering--note

; young undeveloped melon.

Female bloom with ge1at1n capsule in p]ace to prevent bee
visits.

. .Fema]e b]oom in full f]ower This stage was readlly visited

by. bees throughout the exper1ment



Fig. 1. Female bloom prior to Fig. 2. Female bloom early morn
opening. ing.

Fig. 3. Bloom showing gelatin Fig. 4. Blossom in full bloom.
capsule in place.
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b]oohetto 42 ma1e~b1ooms as did McGregor and Todd (1952) They
further reported that th1s rat1o dropped as blooms set and fruit
deve]oped reach1ng a 1eve1 of 1 male to 10 hermaphroditic b]ossoms
Foster (1964) also observed that developing melons tend to restrict
further setting of’hew.fruit (FigurepZ)w

| LeVin,AKUeh1 and Carr (1968) compared techniqueS'for estimating
bee”populationé and estab1ishihgvcriteria'for activity (Figure 5).
These techniquestincluded tagging 10 blossoms and watching them for 10
minute periods, counting numbers of blooms and observing the number of
bees .active on these b1ooms on each of three.50—foot rows three'times
during three 10 minute periods. No statistical differences'Were bb;
served between any of the techn1ques used.

| McGregor, Lev1n and Foster (1965) est1mated that a bee visit o
everye]S,m1nutes was des1rab1e~for maximum po]hnatmn° - They also
suggested that a count of one bee per 10'hermaphrod1tic flowers was -
1 necessary for'maximumﬁsucces$7(Figure 9). S



" METHODS AND MATERIALS

This research was conducted during 1972 at facilities of the
Environmental Research Laboratories, University of Arizona, at the
Tucson Internationa] Airport, Tucson, Arizona. The two subspecies of

Cucumis melo L. grown were reticulatus, "Perlita" muskmelon; and

inodorous , ”Crenshaw“; winter melon, respectively. The environment
inc]uded an enclosed polyethylene greenhouse facility and sand culture,

~with honeybees used as pollinating agents.

The Greenhouse

A defai]ed description and discussion of the greenhouse
7féci]ities and thecontrolled environment used, is described by Jensen:
-and Eisa (1972). Basically, the structure was a sheet of 10 mil |

Monsanto "602" polyethylene that was air inflated and supported by
A 'pressurefproduced by fdhs. An environment with pressures of from one. -
“to three atmosphéres was thus created. ‘ |

| The tii]ab]e spacé in thislhouse was aﬁproximate]y 1500 square - -
~ feet. At the south end there were éacked-co1umhlheat exchahgers.

These wefe Tow honeycomb-Tike stacks of corrUgated asbestos (AsbesdekR)

_through which fresh water was sprayed. Air circulation could be mod-
'.ifiedvdepehding upon the requiremenﬁs of a crop._A31ncé the chambek |
"was.éir‘inflated, théke"were no overhead éupporfs thus eliminating

A"shadow$;
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The p]dstic was sbrayed with white Time and white glue to
Vcentro1vand redUce_radiant-enefgy penetfation in a uniform manner.'
The greenhouée environment was closed, lacking any sigﬁificantf
exchange wfth»outside air.  The air f]owed therlength of the house,
was déf]ected back-through a central tunnelg and the proceSs repeated,r
"in‘an endless oval pattern. Because the cyc1e Waé'closed; the same
trappedlair}swept repeatedly through the moistrpacked column, becoming
almost Saturéted. Thus'the,humidity was kept high reducing transpira-
tion. The temperature_also could be reguiated within limits. |
. Two A-frame trellises eight feet across thelbase, extended
~along the Tength of the greenhouse (Figure 6). They were constructed
' ofv3/4 inch conduit and eonsisted of eight, 10 foot sections; each of

“which were seven feet high.

Preliminary Observations

In 6fder to determine whether a co]ony-ef honeybees ceu]d be

~ maintained within this poTyethy]ene]structuregﬁéma11,fivejffame hives
ief:beee,:eaeh.eal1ed aefnﬁcTeu§'er‘"hue" fn‘the,beekeepfng‘tféae;‘Weke
.placed inside the greenhouse on Febrqary 8, 1972. Each hive was

‘_supp]iedeitﬁ'e p011en>cake'supp1ement that eoneisted of one part
1'gfeund»po11eh énd two parts suCrose; TerramycinR'and Fumegiilin-BR
were added for‘breventioh of disease. Water_wes supp]ied in twe
'containers;:one-Teeated=neer eaeh_nqe,A | o

| : Theée»bees performed'quite'we11. Aftef‘severa} deysg few beeﬁ

"Were'Seen fiying to the‘piastic; and as’ time Weht by fewer'bees were

" found dead along the edges16f the greenhouse frame. During: this time,



11

water»gatherers were continuai1y f]ying between the‘Water jars and the
h1ve in an apparent]y normal manner. | |

Egg 1ay1ng and brood rear1ng w1th1n these h1ves was consistent
with similar h1ves outs1de5'

" At one end of this facility were planted several Cassava plants,

' Man1not esculinta, wh1ch bees freely v1s1ted for nectar from the stem
nectar1es | _
About.Marcﬁ-first a:Vo]unteer crop of Lehdon Rocket vSisxmbrium :
'fir1o L » Sprouted in the otherwise bare sand in the greenhouse Be-

v‘, causerth1s plant was recognized as being attractive to bees its growth
.was ehcouraged and gave this portion of the eXperiment an adaed dimene.V
sion. Ceged'beesvhave been reported as foraging somewhat normally on |
this pfent_(Spangler, 1971). The bees freely worked the London Rocket

until the infense sun-]itera1]y."burned up" the plants.
| On April 13, one of the nucs showed symptoms of a fa111ng queen
and therefore was requeened - The new queen produced good egg patterns
for several days, but these eggs hatched efratica]]y., The hive was
*then moved oufside:and subseqUently’gainedvin weight. This fndicated
a thriving colony and suggeeted that\fhe decline was due to some factor.

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

'seveFaT weeks until it was returned to the bee yard in fairlcondition.

Experimenta]fDesign

- Seed samples of each of the varieties were obtained from”Fekhyf}
Morse Seed Company in April 1972. On-May 14, 100 seeds from each samp1e>'

were»plahted, one-half in synthetic s0i1 cubes and one-half in peat pots
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containing a 50-50 mixture of vermiculite and sand. These p]ants'were-
fransp]énted to their fina1~]ocations within the greenhouse on Juhe
18.a-Théy.wére set at 18 inch intervals alternately along the trel-
lises. AEach freilis,thus accommodated 100 plants.

| ' The.p]ot'deéigﬁ called for five random sets of 20. plants each..
This téchnique a]]owed ihe establishment of a design which simpTified '

- the analyses of variable factors and permitted accurate interpretation

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

Each lot of plants was further divided into four sub lots. The female.
blossoms in .sub lot A (tfeatment 1) theh were exposed to bee visits
“only during the first 21 days of the experiment. The female blooms of
sub 1ot B'(treatment 2) wéré covered to éxc]ude bees throughout the
entfré experimént. 'Sub Tot C (fkeétment 3);4was éXposedAto bees for
the ehtire‘ekperimeﬁt. - Sub lot.D (treatment 4) was eXposed to bee
visits aftér being'coVered for 21 days.

A_comp]ete mixture of chemical nutrients was used, prepared
according to a standard formuTation‘deve]oped by the Environmental
,,Reﬁearch Laboratory df The University of Arizona; These nutrients -
were supp1ied in ah automatic wétering system for 10 minute periods
six times per day., represent1ng an app11cat1on of one ga]]on of

so]ut1on per plant per day (F1gure 8). | |
| As ‘the plants grew, they were trained upward by synthetic tw1ne
supported from the top of the trellis. The p1ants were pruned to
éstab]iSh'one runnef'as the feﬁhfnal.portion of each vine. Ail othek

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



.Fig.
:-Fig.

Fig.

Fig.

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

. Five frame bee hive nucleus showing p]aeement half way

along the trellis in greenhouse Nuc is situated so that
it would receive early morning sun, and have uniform access

- to p1ants in all directions.

Young melon set three days after pollination. Stem growth e,
and callous where bloom detached are visible. '

.- Maturing melons and fully autometic 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 set. Fig. 8. Maturing melons and watering system.
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- On June 23, the first male blooms appeared.' On June 26, the |
_first female blooms appeared. At this time the bees were moved into
fhe greenhouse. Within two weeks.b1ooms were present on all plants of
both varieties.

From preliminary observations it was determined'that the best
utf]izafion of bees in the greenhouse ‘waé obtained when a young, unQ V
oriented field force of bees was used. To facilitate this, the nuc used
in this experiment wds made up of a selection of frames containing about
80 percent mature brood, and having a productive ydung queen. This nuc -
was moved from the apiary about 4 p.m. during the height of the bee 3
flight activities, leaving many of the older field bees:behind. This

‘nuc was placed half-way along the trellis, facing east, to receive
eariy morning sun eXposure (Figure>6). ‘During this experimeht, there
weré no large congregations of disoriented bees obser?ed on or near theA
‘plastic greenhouse‘covering.; |

A pollen cake supplement was kept-uhder the 11df0f the nuc -

~ “available to the bees at all times. This source of protein was taken

freé1y.at the ratelof ébout oné—hé]f pound per week_during'the course
6f the experiment. |

” To prevént bee viéits, fhe‘hermaphrodific b1o§sbms oﬁ the
‘aﬁbropriate plants were covered with size 00 gelatin capsules (Figufe
‘.3).each morning by dawn before=bée§:became‘active. GeTatin capsu1es:
sati;faétofi]y prevented access”of bees to the éty1e of the female
portion of -these flowers and With a minimum of effect on the plant; |

the-bees were allowed to visit the male flowers on these plants.
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;'Because:the geTatfn capsu1esVWere used, screéns‘were not réquired on
'Vthe p]ahfs, and thus fhere was not the additional variable that shading
would have introduced. | |
Pollen samples were co]]écted‘hourfy from several blooms, ahd
'sgérminat10n~was tested on’agér plates consisting of 10 percent sugér‘”
~and 15 perceht dextrose in distilled water. Germination was observed
on agar plates from samp]és taken at hourly intervals from sun-up
- (5:30 a,mg)'un¢i1 12 noonQ Though most of the pollen was gone by 10
a.m., @ few'grains were found up until noon but hone thereafter.
;Bée-actiVity among the blossoms waé-fecorded on several océa—A
»siohs and detailed counts were made~duf1ng one minute periods. Time-
1ap$e ﬁhotographs of b]oésoms were taken over a four day period, to
record bee visits and b]ossbm cycles. - ’

‘ MatUrfty‘of the muskmelons was}judged by the formation of a
'thin'abrasiqh‘cfack completely encirdlinQ the stem where it attached -
td the;fruit,_vThis was termed the "fu]]-s]ip" stage, Davis, et al,v_
A(1965). Me]ons‘Were harvésted as they réachéd this stage every
*'mornfng fo]iowing the covering of fema]e:blooms..
| A detai1ed.recérd was kept for edéh'me1on.inc1uding weight,

" seed count and ‘soluble solids. These data Were recorded only in ré-
1af10n to pérticu]ar plants, with no referénce to the treatment each -
:: P1ant receiVéd;:" S

| Seed counts were used to:measuke énd éva]Uate:suécessfuT

' po]]ination;' Acceptabifity and palatability were judged on the basis

~ of soluble solids.
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‘Measurement of the soiub1e solids was made by direct refractive
indékfwith'a,Carl«Zefss‘refréctometer; The sample was taken midway |
~ from stém.fo blossom end and one-half way ihto the flesh of the fruit
 since thié‘index varies in different locations within the melon. Since
1”h§ objective critéria’cou]d beréstablished for flavor, this method was_-
"not considered.a valid characteristic. No record, therefore, was takeh
. Qith'refefence to flavér_or taste.
| ‘An_anaJysis of~Variahce was made on the>data for melons har-
: vested. Duncan multiple range'tests were used to evaluate this anal- -
'_,ysis,' |
| Thé'Taét ﬁeloﬁé wéké harvested and the experimentnwas terminéfed

‘on September 6, 1972. -



~ RESULTS AND DISCUSSION

Bee dctivity within this c]oéed system was judged similar to :
_thatrfound out of doors. Bees apbeared to forage‘norma11y (Fﬁgure 11).
_ At no time during the eXberiment was there a Targe number oﬁ bees ob-
~ served on or near the plastic. Deaths at the far corners of the

structure were extreme1y Tow. o
'The-humber of bee visits to blooms averaged 3 to SVminutes per
“hermaphroditic bloom. Counts on 100 shcéessive blooms -showed from 10
to 12 hOneybees per 100 blooms at any time during'the'active‘period.
Ten bees per 100 hermaphroditic blooms was the Criterion-establiShed by
MeGregor>and Todd (1952), also Levin; et al. (1968) to achieveAsuccessé
fu]’poﬂination° Time-lapse photographs of blossoms were taken and
_suggeSted fhat_the three beesiper five minﬁtes average might be a»va]id :
.estimate for the visitatione which occurred.
| The bees were always busy, some collecting water from the
hum1d1fy1ng pads at the south end of the greenhouse, and foragers '
a]ways were active. The few times the pollen supp]ement was not avai1—_'
able represent the only periods when there were excessive numbers of
k.bees c]ustered on the hive.
As the-p]ants matured and begah:setting blooms, it became ap-‘
| Apérent*thaf the cultural techniquesfemp10yed were fairly We11 suited
for the muskme]on "Per11ta", but the prun1ng of the "Crenshaw" melons

me1ons removed fru1t1ng spurs wh1ch were not rep]aced until 12 to ]5

17
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inches of’new growth developed. Due to the limited space alloted per
| p1aﬁt, itlwés decided that fruit counts and data taking would be Timited
,_fo the "Pér]ita" melons, leaving the “Crenshaw" melons for observatiohs_'
of bee activity but foregoing any quantitative data ana]ysis on these.

Dur1ng the ent1re exper1ment the b]ossoms were open and de-
v'h1scence had occurred by sun-up .(Figure 4) Po]]en germ1nat1on began
within 20 minutes on the.agar p]ates regard]ess of the hour collected.
‘Within one hour nearly 100 percent of these grains had germinated. |
'iContrary to Mann's (1953) suggestion that bees removed only a portion -
of the po11én, Virtua11yia11 pollen was removed from the blooms by |
nbon. Un]iké the reports of problems with glass ‘and fiberQTass green-
vhouses, the bees seemed to work well under the polyethylene.

On August 3, the first melons were harvested. Data collected
inc]uded'weight,_seed count and soluble solids. Following compilation
of theée data, an analysis of variant was made of the data represent-
~1ing the tota] numbek of melons produced per vine (Table 1). By visual
xlinspection,,the control; (freatment 2), was determined signiffcant]y
) differenté’however; a Duhcan's multiple kange.test was run to see
whether this was the only varient (Appendix). The results of this
test concluded that the means of treatments 1, 3, and 4 are probably |
V closely re]ated, i.e.;not significantly d1fferent

Further ana1ys1s of variance was run on the data tabulated for
the éeedfcounts, (Table 2), melon weights (Table 3) and soluble solid
“content (Table 4). Thé."F” values for these_testé each indicate an

~almost homogeneous population (Apbeﬁdix)l.‘*lt might be noted that even
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Table I. Number of melons harvested per plant with blooms subjected
- _to four separate pollination treatments within a po]yethy]ene
greenhouse Tucson Arizona, 1972. '

~ Blooms exposed Blooms not ex- Blooms exposed Blooms covered
. to bees during posed to bees: 'to bees during for 21 days prior
Plant = first 21 days during.entire entire experi- to permitting

Number of experiment: experiment ment . bee visits

1 5 0 5 2
2 5 0 3 3
3 2 1 3 1
4 5 0 3 6
5. 6 1 5 5

6 e 2 4 3
7 6 0 4 3
8 3 0 5 6
9 4 0 5 4
10 e 0 3 4
I . 0 2 :

Totals*- 42 4  wm | 37

Averages**  4.20% o3 . e 13,7oa,

¥ -Harvest period was 34 days

: ﬁ** Means not fo]]owed by the same letter d1ffer s1gn1f1cant1y at p =
~0.01, Duncan s mu1t1p1e range test
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Table II. Number of seeds from melons. produced from b]ooms subJected _
~ to pollination by honeybees for three different periods with--
in a polyethylene. greenhouse, Tucson, Arizona, 1972.

- Blooms exposed to - S o Blooms covered for -
-bees only during - Blooms exposed to 21 days prior to
first 21 days of bees dur1ng ent1re permitting bee
experiment . : experiment , visits

541 - | 502 | S 341
574 . 489 380
609 430 430
459 ‘ 575 . 575
292, I 389 | 552
588 o o459 706
500 o 463 g 449
516 | 652 - 543 .
66 . a1 643
565 . 49 384
628 . . 543 - 636
426 T R 527
517 . 384 | 383
74 e 558
463 655 a | 602
515 Y4/ I 546
654 - 805 o 458
308 [ - SR 651
287 . 5% | o 590
.58 .. 544 | - 531
587 o410 . 542
516 - 405 B 671
559 o 400 R 639
312 497 | 722
. 467 o 647 |
Csa2 o 549



Table II.Cohtinued

S
i

B1ooms exposéd to
‘bees only during
~ first 21 days of

Blooms exposed to
bees during entire

21

BTooms covered for

21 days prior to

permitting bee

505

experiment ~ experiment visits
337 520
506 517
595 720
514 612
514 - 504
495 625
607
558
438
435
© Number of melons examined: =
36 | 32 oa
Average number seeds produced: VVH ,
524 544
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- Table III. |eights of individual melons produced from blooms subjected
: to pollination by honeybees for three different periods with-
in a polyethylene greenhouse, TucsongrArizoha; 1972.

Blooms exposed to - - L ' Blooms covered for
bees only during . Blooms exposed to - 21 days prior to
first 21 days of bees during entire permitting bee
experiment S experiment » - visits

30 - 3 , BNV,
a0 | 58 | . 33
72 - ) 72 | oM
80 . 819 . - 56
96 . 46 69

35 ' . a : 88
8 56 50 -
66 - 89 B 66
56 - . 41 60
58 46 - 40
54 40 | 40
40'_ : j : R VO - 38
65 - 39 g
42 - a2 - 54
12 L 70 - 49
57 54 R 64
o a9 56
51 e | 40
g2 s - @

- 61 . o o 35 s B 68
48 . ” _]'cj a9  ' 56
1 s | B2
25 S £ T 56
S e e
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 ‘Table III. Continued

Blooms exposed to . o Blooms covered for
© bees only during o - Blooms exposed to 21 days prior to
“first 21 days of = bees during entire - permitting bee
experiment = ' experiment - visits

65 L 63 | 50
o 67 | | 18
8 R o 66
o o o
260 o 56 51
53° - - - 57 - 76
68 39 - e

By 2T | R | 55
42 . 8 o 82
52 S | 60
66 9. 93
.o
7 - 40
42 I

48 - S
60 . 108

58

38

81

Number of me]ohs weighed: - _
2 . -
' ,‘Average weight: |

522 sa7 517




:_Tab1e Iv.. Per cent soluble so]lds of me]ons from b]ooms subaected to
' pollination by honeybees for three different periods w1th1n
©a po]yethy]ene greenhouse, Tucson, Arizona, 1972.

Blooms exposetho _ S ' Blooms covered for

bees only during , Blooms exposed to - 21 days prior to
first 21 days of . bees during entire - permitting bee .
experiment ' , exper1ment, o visits
- T | 10.0 10.
7 12. 12.
6 13. 5
10. 5 7
1 7. 8
8. 8
- 8. 10.
7 - 10.
8 12.
8 9.
10 9.
10.
10.
10. 1

O N O ©~N ©® N ®.0® N N ©m®oO®™®®P ®

o o e o

NN O WO OO N N NYO oy 0 ¢
O O Ul O Ul © 01 © U1l TOD O O Ul © U o1l OO O — O O vl U

O OO0 0 U OO0 UM OO OO0 OO U oo U O o oo

7.
7.
9. 1
9.
11. B
1 7.
1 9.
6 5. 1
3 8.
13. 7.
13, 8. n
0.

—
—
°

et
—
-—
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| Table IV. "Continued -

Blooms exposed to o Blooms covered for
bees only during ~ * ° Blooms exposed to 21 days prior to.
first 21 days of ' bees during entire permitting bee
experiment o - experiment visits :
8.0 6.0 10.5°
8.0 1.0 9.0
7.5 ~11.5 9.0
7.5 7.0 8.5
7.5 . 7.0 10.0 -
8.0 1.0 12.0
9.5 10.0 8.5
8.5 - 11.0 9.0
8.0 5.5 11.5
8.5 5.0 10.5
- 11.5 8.0 - '
10.5 9.0
8.5 10.0
7.5 9.0 -
6.0 10.0 -
| 8.5
- 7.5
Number of melons tested:
2 . 7 - 37

~ Average péf cent soluble solids:

85 .86 . 92
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‘ though melons were harvested from the. contro] (treatment 2), they were

malformed and 1n two cases the seed chamber was rotted and no signif-

’ v1cant data could be obtained from these me]ons

McGregor and Todd (1953) and Bohn and Dav1s (1964) suggest a gu1de
of 400 deveToped seeds per melon as-an est1mate for sat1sfactory :
_po111nat1on of blossoms. Seed counts from'treatments 1, 3 and 4
. ranged “from 426 to 720 w1th means of over 500 (Table 2)9 indicating
adequate p0111nat1on as evaTuated by th1s method
'; The testing of p0111nat1on in terms of eat1ng qua11ty was .un-
dertéken by Currencerand Larson (1941). The refractive 1ndex or mea-
sure of the soluble solids by;means'Of a refractometer was shown to be
thevmosf Tike]yrand reliable method. Resu]té of this experiment also
showed TTtt]e re]atidnshipibefween melon flavor adceptabi]ity and
the percent soluble solid. 'FTavor seems to.be a high]y'personal matter
without objective-criteria Acceptab111ty of flavor d1d not seem to
be related to 1ncrease in soluble solids contest

| The soTub]e solid data (TabTe 4) indicated that the first
set melons are‘possib]y ‘the Psweetest"; rather than the melons from
the crown b]oomSV(MCGregorﬂand'Todd; 1953), the Tater sets beThg

VTctTms of "pTanf'fatigue. Further research in the area should be

‘iconeidered'befdrekahy cothdsipns are-drawn.

o -Duringrthe~th1rd week in'August, gas burners were,eperated to
increese the carbon dioxide content within-the greenhouse. The re-

sthing cérbonfdfoxfde content of the atmosphere increased from 100 to |

1200 ppm to near 600 ppm. The content of soluble solids, which had been .
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runﬁing at about 8.pefcént in maturé me]ons; increased'to levels close -
to 12 pércént'and remained at this'1eve1 for'the rest of the experiment
'(Tab]e 4). Prfor to the,dse of the gas burners the carbon dioxide inr
| -thé air decreased after sunrise as it was rapidly utilized during
photosynt_hesis° The actiyities of the bees did not.apﬁearrto be
affected by the 1hcrease of carbbn dioxide.

_Changes.in temperature; though often extreme, d1d not appear -
o to affect the bees in any.way. | | | |
Jensen and Teran (1970), showed a;need to contrd].Penici11ium
,;infections'during;tegts at Puérto Peﬁasto; Sonora, MeXico, and used

h Beh]ateR

5 which was -effective in preliminary tests. During this ex-
periment several larger melons became the victims of Penicillium
' infectibﬁs and did hot mature’_proper‘ly° QnrAugust 15, two plants
“diedy apparently due td méchahica] fnjury and from inoculation wfth'
Peni¢111iﬁm spp. Plant exhaustion may have played a significant‘rp]ei
~ here a]sd, Plant exhaustion was reported to be a direct contribution
~ to. a second .crop failure by Dngdi]ar et al. (1967) in. tests on squash, C.
pepo, in greenhouses. |

- In concurrence with}van Prqagh G972),.there were no pfob1ems
with swarming, howe?er, brood was continuously being raised'as long as -

pollen suppTement'was fed. The fieid force of bees appeared'to work

effectively throughout thé;experiment;



'Fig. 9. Each p]antrwith'blooms exposed to bee visits produced an
~ average of over three melons.

°*  Fig. 10.. ‘A close up of maturing melons. -These, if left alone, will

. fall free from the vine at that time.

Fig. 11. A honeybee packing pd]]en on a melon blossom.. Pollen
collecting and pollinating activities were judged to
- be identical to those observed under open field 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.



7 CONCLUSION

Honeybees, Apis me]]ifera L., successfully pollinated me]oné,

vCucum1s me]o L., ih po]yethy]ene greenhouse dur1ng research- conducted
':at Tucson, Arizona, in 1972 |
A f1ve—frame-h1ve of bees was~ma1ntained.within an air inflated
| ]0 mil po]yethy]ene'plastic greenhouse for‘60 days. Melons were suc-
cessfu]]y produced from blooms which were exposed. to bee visits.
V‘Blooms under.identica]‘conditions but shielded from bee visits produced.
no edib]ejmelons,.1ndicattng that pollination Wasr11ke1y,not satis~
B factory | |
" The overa]] bee activity resembled that seen under open f1e1d

cond1t1ons Po]]en cake was prov1ded to ma1nta1n colony strength

- The use of honeybees underrpo1yethy1ene appears to be a

practica] and easy method of po11inating greenhouse crops. At no time

'k'dur1ng this work were there any major prob]ems encountered with the -

. bees.p
- Seed_counts,hmelon weights.and soluble solid contents taken
from fruit produced from_unshielded bTooms showedvhomogeneous.re]a-
'tionships throughout the tests. |

| An 1ncrease in carbon d1ox1de percentage within the env1ronment
probab]y 1ncreased the percent so]ub]e so11d content of the mature

, me]ons without appear1ng to affect the bee act1v1ty

29



~APPENDIX

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

Sum of Squares

31

ISR

1.6613

- Source DF- Mean Square F
Main Effect 100.98 3 33.65 19.04
"Déviatipn V68f93>' 39 17.67
Total ' 169.91 N 12

ﬁF"AVa1Qe (1%5 2 3 4

v._SSR o  3.825‘ o 3.988 4.008
71.551 16167



Analysis of Variance of Melons from Vines
Pollinated by Honeybees

S ®

Source - - Sum of Squares DF Mean Square - F
~ Main Effect ©1.85208 - 2 0.92604 0.41722
Deviation 64.36667 29 - 2.21954
g - , ' N.S.
Total 66.21875 -3
Ana]ys1s of Variance of Seed Counts from
Melons Pollinated by Honeybees
Soufce‘fl"' 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 86291400 . 91



- Analysis of Variance of Soluble Solids of
~ Melons Pollinated by Honeybees

Sum of Squares DF Mean Square

33

Source F

Main Effect 10,300 -2 5.150 1.320

Deviaiion" 468.070 120 3.900"4' N.é.-
Total . 478.37 122

'Ana1y51§ §f Variance’of weightsikin Ounces)
from Mg]onS‘PoT1inated>by Honeybegf

o Soﬁrce_} f’ Sum of Squares . .fﬂ DF Mean Square - ' ?Fr

Main Effect | 587.13767 2 293.56883 1.00116
~ Deviation 35773{61433'. 122 293.22634 N.S.

.Total .  ‘:“363604752 : | o 124
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