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S'umu,arv. Determiiniationi of stoniatal (leinsities of the banana l)eel (Mlusa a(cLl iniiitia L.
var Hort. Valery) 1w micros co)ixc ol)servations showed 30 timiies fewer stonmates o01 frulit
el)idermuis thani found on1 the banlana leaf. (O)bservations also showed that peel stomiatel
were nlot lai(l dowA-ln in a liniear l)atterli as onl the leaf.

It was (lemollstrate(d that .tonmatal reslpolnses occurred in banaall fruiit. Specific coii-

ditionis of hig,h humidity and light were necessary for stonliatal opening: low hutimiditv
and darkness were neciessarv for cloutire. Responsiveness of the stomates cointinuiie(l for
a considerable length of timiie after thie frutit had been severedl fromii the lhost.

Althotilgh stu(lies hia-e been llla(le of the distribu-
tiol lpatterils ail(l fulinctioIns of stomilates onl gyreeni
leaves ( 2. 5. 7. ) relatively little work has been
(loie oni stomiiates of fruiit. It hals leeln noted in the
literattlure that stomates exist on somile fruits. but it
lhas been assunle(l that they probably were 1o longer
functional ( 1. 8).

Th'le commercial iniportance of banana frulit and
its ili:v ill transit an(l storage instigate(l the fol-
lowvimg investigation of the natuire of .tomiates on
banana lpeels.

Materials and Methods

'T'lle following work emp)e(l greenll frulit of .1/ tos
(W1I/linl(t( L. v-ar. lIort. \Valery. a conmmercil1v imi-
portalt variety.

Stomatal dleisities wxere (letermined(l by milicirscop)ic
ol)servations uisinlg siliconie rulbber impressions (Gen-
eral Electric RTV-1 1) (6) of siurfaces of -reenihouse-
gOrowni friuit. This comipound. wvhich vuilcanlizes at
roomii tenpl)erature, gives a l)erfect niegative impres-
sionl of a suirface vithout any physical damilage to
that suirface. At each stage of maturity. the central
finiger of the ouiter friuit row of a haid, located about
lhalfwvav up the stein, was chosen. Duplicate imlpres-
SiOl0s were made fromii 4 of the faces of each finger.
Clear nail polish. l)ainte(l on these ipll)ressionss to
create a positive l)rinlt. was l)eele(d off whenl (Ir- an(
floate(d onito microsli(des and the stomates. couitite(l.
The generanl appearance of banana leaf and fruit
sutrfaces u.ingi this techliii(itle is -shownii ill figure 1.

T'lhe ability of stomiiates to op)eln and close in re-
sponlse to light and (larkiuess was investigate(l with
fruit of 3 categories: inltact hangin, fruit ill tile
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FT(;. 1. Positive prinits of epiderimial surfaces takeni
troiil silicone rubber impil)ressio Ins. .\. laniana leaf siur-
face. B. Baalniaa peel surface. ( Both l>)iotogral)lpe(l at
sam11e imiagniificationi.)

greenhouse: freshly picked greenhouse fruit; and 10-
day-old fruit harvested ill the tropics and shiipped on
the hanid throughll lnormiial commiiiiercial channels.

Although silicone rubber imlpressions Nvere effec-
tive for counltinig stomiiates, the degree of stoniiatal open-
ing was (lifficuilt to ascertaini. Tlherefore. relative sto-
matal opening was dletermiinie(l every 15 minutites after
exl)osure to light or (larkness b)-y a chloroplast-bleach-
ing tecllhniquie uising- chlorinie gCas (4). Previously.
thi.s technii(qtue w-as used onl g,reeni leaves wherein it
w as foutii(I that portions of leaves with open stomates
bleached to a l)ale yellov after exposure to chlorinie
ga(IS for a few secon(lss: portions (If leaves wvith closed
stomates. however. remiiainie(d greenl after at least I
hioturs exl)osure.

Results

A sIimilary of the stom.atal (lensitv counits and(I
the statistical variation is griven in table 1. Tlhese
dlata show fewer stomates oii the lIel tlhani Sktitclh
( ) fouln(d o ilbanatna leaves. His c(tiiCtllts avera-e(d
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18.520 cmll 2 near thle mi(ribil an( 14,890 cmI-2 near the
margin. .\s seen in fig-ire 1 the stomates oni the peel
are niot arrange(d in a lilnear fashiion as on the leaf.

'I'lie resnlts of the chlorine bleachin- are snniuniar-
ize(l in table 11. T'lie stomates were close(l oi hang-
ing frulit ini the greenhoilse (29-300. 20-30 %/c relative
hltmiditv ) after 1 lionri- of (larkiless. Stomiates re-
imiainie(l clo)v(d after 2-Iorsi exposuire to the 500 ft-c
of Stullighit whhich filtered throuighi the leaves. A
suibsequenit 2-houir exposnre to 4000 ft-c of light from
a floo(dlihlit canise(d stoniatal opening. Similar re-
snilts wvere obtained from a number of stems of vary-
ing sta,es of (develol)plent.

Fruiit severed froi0 the steini in the greenhouse
showed startling (liffereiices betw\ een those fingers
hiel(d in (larknless anid thlose held in lighit. Also. the
bleaching effect -was miiore initenise tihall that of hang-
ilng fruiit. I)irect suliiliglit pro(ltlce(l openi stomates ill
2 hours anid 1 lotilu of (larkness cauise( stomiatal
clostire.

Fruit receiveed fromii the tro)pics wvas placedl in a
holdinig chamber (at 130, 90-100 % relative Ihuildiity)
for 24 houirs before transference to a ripening chali-
ber (at 160, 90-100 % relative hutimidity) and(l ex-
posure to 1000 ppipm of ethylenie gas. Light intensity
in 1oth chambers -was 10 ft-c.

WNThen the fruiit was takeni fromil the holding chaim-
ber and treated as in the previous experimilenits. lighit
treated filigers hlad open stomlates dlarkene(l finigers
closedl stoimiates after 2 houirs. Fingers takei dlirectlv
from the 10 ft-c light of the holding chamber also

ha(l Ol)Cil stomates. Fingers takenl froImi the ripening
chamber onl the day following- expostire to ethylenie
gas showed the same responses.

Discussion

Stomatal fuinictioni oni the leel of banana fritit is
an interesting p)llenlomileio)n in view of the assimpl)tioll
iimade oni othier fruiit ( 1, 8); that this fuinictioni persisted
after bananas everence fromli the stemil was evenimore
interesting. IProbablv, this xw as dtie to tnirgor mainte-
laice in tile frnlit 1)v the self-sealing effect of latex
bleeding after finiger severence. A sevelred leaf,
however, conitinuties to lose wvater and stoniates close
ill a very short timne (3). Compared \vith the leaf.
the fewer mtimber of stomates oni thle peel makes
water loss throuigh ol)el stomiates less critical.

It ilight be exp)ecte(l that stoiiates on1 hatmming or
freshly picked firtit votild opein inl resl)Onlse to lower
lig-lt inltenlsities and(1 close faster il (larls-nes- thani
\wouild stolmates oni storedl fl-rlit. Th'liat tlle opposite
was obs0erve(l wavr he (lime to the relatively hi-hlihh-
n)i(lities in the holdin-g anl ripening chamberS (see
table 11).

Therefore, apparently the amount of liglit was nlot
the importait factor for iniitiatinig anid sustaining
stomilatal openin,g buit was necessary onily as a trig-
ger. p)rovi(ling the othier conl(litioins were favorable.
\t a very highi humidity, the stomates teli(le(l to opel
at lower lig-ht initenisities, w-hereas at losx litimidity.

Table I. A\ltinber of Sto,nio(tcs i-III '2 ,), ItIlcl ! ,Fr,itt

Face Iimmiiiature Three-quarters full Full

'Fop
(conicave face) 1106.2 + 216.8 915.9 +- 146.0 646.0 A- 141.6
Bottom 309.7 A 57.5 376.1 A 75.2 327.4 -+ 92.9
Left 455.7 + 110.6 358.4 + 92.9 327.4 +- 101.8
Riglht 526.5 -+ 92.9 460.2 - 88.5 451.3 -4- 146.0

Table II. SitYnmoarv of Stona(tal Belua'ior Rcsults

E-Invironnment con(litioins at source

Te:nlp (,C)Souirce of fruiit
I tact lhanlginig

in g,reenhouse

Sexerecl fromii
greenhouse

I-Iolnling chamber

')- 30

29-

1 3

16Ripening chamber

Relative
lhun1idit\'

20-30

20-30

90 -100

90 100

ft-c

D)ark
500

4000

1)ark
4000
10
Dark
10
Dark

Stomniatal coiidition

Closed in one-half hr
(ho0sedl
O)penedl ini 2 lir

Close(l in I hr
Opened in 2 hr
Opei)
Closed in 2 hr
Open
Closed in 3 hr
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higher light intensities appeared to be required. \Vil-
liams (9) founid this same effect to he true in the
case of the leaf of Pelargoniwitnl. He observed that
in darkness, stomates in a dry atmosphere close very

quickly, whereas closure in a wet atmosphere is slow
and incomplete.
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