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MTSCiJCTICS

A jrojaet »e« begun at the (Caneas State College la

1989 to lRveet'Rete the relationship of leaf area to tree

growth and frultfulnees *lt>. the apple. In 10SC, Flckett

reported on the relationship between loaf area and vice of

fruit, ami In 1S3* # ha reported on the eorralatlon 94 In*

tarsal structure or apple leaves to their photosynthetie

activity* In 1956, Obarla worked on the photosynthetie

aetlvlty of tl viand mi*". Torfc appla leave*. Kenaes Airrl-

miltural Bfeperlnent f tatlon Technical Bulletin 48 by

Flckett on tha relation of Internal structure and pboto-

eynthetle behavior of appla laavaa appaarad In 1637.

Turrell rubliehed a fornola 1b 1984 by which one sight

etheaatleally express eartetn Internal characteristics of

follare laavaa* This foraula «aa used In thta study.

Thla atudy was dee i fined to discover (1) tha dtffer-

eneoe of tha Internally exposed cell surface of tha laavaa

of certain varlatlea of apples and (J?) tha ratio of the

Internally exposed surface tc the external surface of

t'-ieee leavea.



The varieties of apples u*ed In thia study were

selectee ec that eowperteons ectild be aide with Pickett'

a

results of similar aeasureKentc In previous work. These

varieties represent • rene* ef mrowlnp aeesons.

RXV1XC Of LITSRATJHE

Seaerel Anatoay of i^erelventrel I.eevoe

MM! and BaeXanlela (19P6) ststec. that the thin*

wallec porencbyas between tha upper ant' lower epldersila ef

leaves la knows aa aeeophyll. Rear the upper eplderale

there eeeur elongated, aore or lees cylindrical, pomjart

cells, whlpi are known as the pellaade meeophyll, am". ere

perpendicular to the leaf surface. In leewea In a dreoplne

or aere or lees- vertical position the palisade aeaep'yll

eay develop on bets aide* or wBw leef . Zn the apeag*

aesophyll the eells leek regularity of ahape and ere loose-

ly errenpeii. The radletlnr eras of tfee eells In the apoagy



rsesophyll tend to co-nect with armis of other cells, and

1b this manner form a network of cells which It very loosely

arranged. The cells of this network connect with the mall

near-^y branch** of the vein** Thee* cells alao connect

with MM lower *ptd*nr.!s throw?* which gas entera by way

•f stenets.

Haborlandt (19*8) stated that the pallaatle meaophyll

la reeoonl«*d ae the most Important photosynthetle tissue

of the leaf. The sponey sieaophyll constitutes the physio-

logical ll*k, eon-eetlnf the photesynthetle tiaatse with th*

efferent channels* The products ef photosyntheela are

diffused through the flret layer of pall cede seaophyll to

the layer h*n**th It, and on to the apcn&y Meophyll which

carries it to the minute branches of wains. In this manner

each palisade cell functions Independently ef the adjacent

cell* of the same layer of meaophyll. The apontry aeeopbyll

alao contain* a aawll Meant ef ohloroplasta, but phote-

•yntheala la a eeeondary function of these cells.

Lellele (1938) reported that the alt* and shape of a

leaf at thin e species are due both to cell number and cell

enlargement. The chat-* of the leaf Is not the result of

differences In cell shape, but due In part to factors

limiting the number of calls en<3 the direction of cell en-



Differentiation In ierstventrel leaves

Haberlendt UW8) stated that the differentiation of

lellsade cells le always Initiated by the eppearenee of

active anticlinal division In approximately leodle**trle

arether-eells, and that the pellsade cells never erlae from

the ware elongation of leedlenetrle aterletea elesente.

The a tare of development at which tbeee partltlona appear

varies In different plants. In Carapana fruteaeeaa .,

the pellsade tlaeue appears efter the »epresetIon of the

principal vein* end hefora the eearegatlon of the scalier

velne or vaeeuler bundles. In 1 leus clcstlcc Boxbr« the

pallaade tlasue eppeers contemporaneously *ltb the epa.ll

velne.

Avery (19S7) worked with tobacco plants end found

that layers of the pellsade end spcegy oesophyll vera

rmltlpllec 1-. a plane perellel to the leef surface. Cell

division ceased flrat In the epidemic* followed by the

epoagy aesoatoyll, end then lr. the palisade aeeophyll. The

cells of the pellsade aeeophyll bepan to acquire t rlr

eheraeterletle chape when the leef wee 1/8° to 1/76 of

Ite flnel else. Intercellular epeee did not develop



asarzedly until the leaf wee free 1/4 to 1/8 of It* final

•Is*.

Mount* (19»f ) worked with Vitftc tuIbIp* ft* and Ca^alpe

hie—l*^d»a .alt. end concluded that th* intercellular

•pee* «*• *ehlK«(t*ncu* in origin. Th* greater expansion

of th* epidercal leyere doubtleeely tendo to rer*rat« th*

o*ll* of both the pallsad* end i)Wqr *teco{hyll # and 1* an

toportent factor in th* d*velo;sent of tV'* intercellular

•jeee. Th* eell layer* k*«tn to differentiae* into epider-

mis, relieede and sposry atesorhyll *h*n th* blade la fro»

fiw* tc eipfet aillln*t*rs lea?.

Int.*ro*llul*r Spa** and Internally Expoe*e
Surface of l+*m

•nd Naclenlela (19E8) atat*d that th* norsal

•truotur* of th* Mnophyll 1* each th*t a lare* cell-well

surface 1* aapceed to the "internal *t«o*ph*r»* of th*

l*af . Th* portion of wall eurfece of th* meeophyll 0*11*

•xpoeed to th* intercellular rpaees varlaa gr*stly is

different jler.te.

Turr*ll (1934) d**iftn*d fomnl** for the B*aeuree»at

•f th* internally exposed eurfae* of *oo*nephlo> atrenely

», and eueeulent leaves. »tth these formulas,



the ratio (R) of the Internally exposed aurfeee to the ex-

ternal eurfeee could be determined. HI* foranle for the

Reaeurecent of the Internally expoeed aurfeee and ealeule-

tlon of ft for a Maeaorphlc leef lai

r( Btr...8nbn ) 1 Cod * ££) hi

„ r _ . 1

In thlc forerale, the pert " (ab...anhn )" represents the

aurfeee expoeed in the pelleede rerloni *l(«d • 8 ££)"

represents the expoeed. aurfeee In the aponry »eeophyll|

£i" represent a the expoaed aurfeee of the lower epidermis

|

and "fie* represents the external aurfeee. The aeaaureaente

represented by letter* were mede with a ehartoseter and

plantneter froai camera luelda draalnpe.

Ferxealaa for aeasureaent of the lnternell;. expoeed

aurfeee of leavea of the ••»« types of structure were again

publlahed by Turrell (19S6) In another form. Ule formula

for the eeaaurectent of the Internally expoaed eurfaee end

ealculatlon of R for a «eaomorpMe leef fellows. For ex-

planation of the formula aee pace CO.

21p t(h« PA «) •» (K - A) -1

r,c
r

He cheeked the accuracy of the Ir.atrumente uaed and the

formulae vera basetf or calculations ssede from a theoretical



leaf. The oeeeuresser.ts were taken fros «ea*ra lucid*

drawl-.ps. This forsssle does not take Into censldwretlen

the exposed eurfaoe of t?c upper *pldermis which, •eeorcW

lnp to Turrell, represents, at scut, 0«f? per sent of the

Internally expose*? surfece.

Turrell (1957)1 stst*d that the two foremlaa ere

precisely the saws. However, the raplrleel use of letters

In the preliminary paper was changed la the later public**

tloa for letters sore susrestlve of the measurement* which

they represented. Also the pcrtlon of the fornula Zip

M**n* lp • ljpj • l^pj. .... He also stated, *The ua* of

as ell issaerelon objective Is *ae*titl*l. Projection with

an 'BdlnFor' projeeter was not »n eatlafaetcry aa the cast-

ers l'iclde."

The paltaade region of a leaf has the largest percen-

tage of Internally exposed surface, according to Turrell

(19?6). Korklnr with froaj three to five drawln,?*, he de-

termined the Intemelly expose* surface of several renera

end sreetes, and the ratlottof the Internally expesed sur-

face to the external surface was computed. In ahade leave*

of ^fPtwy ttM ratio was 6.8 while tn Euealrptu* it

Sl.S | these ratios represented the range of hi a work.

1 Personal correspondence, lev. 30, 1987.



rector* Affect in* the Aaateay cf Leavea

tight . Emmi and Beelentels (19f6) ate ted that the

•f palisade layers, end the deeeity of cell atrue-

ture defend lsr«rely upon U"ht Intensity. Bonnier (1094)

eosijeree ti-.t eene specie* of plant* et various elevation*

la the Alps and Pyrenees *nf found that the Alpine lecvea

bad a better developed palleade tissue due tc larger cell*

or an Increase In the masher of rows.

Inndejardh (1931) fount1 that brlpht llpht produced

thick, veil Cifferentiatod leaves, while leaves prewlnjr

In shady plseee were tbln and poorly dlfferentleted. c*r~

teln trees, such es aah and birch, are unable to produce

typical sVade leave*.

Pfelffor (19*8) at* tod that t'e leavea of four-o-

elocka, sunflowers, and eoybesns deereesec In thleknese

In the order of the following degrees of llluslnstloni

full sunlight, full speetrum, visible epeetrum, einue

violet, blue shade, ami red* The outdoor leavea developed

tvo rove of palleade cells, while only one row developed

in the ahade.

Penfound (1931, 19?£) observed tret loaves of sun-



flower, water pepper, ant carter been ted a bettor devel-

opment of awaophyll and vara thicker whan frown la full

aunllpht than when frown In ahade,

Aeeordlnc- tc Heaaelman (1904), leave* of foraat traaa

prows In tha atronrer llpht had sera pallaede call a than

these in tha poorer llrht, Shade leave* prodveetf sere

etereh than sun leaves of tha aana specie* whan tha llrht

wa* equal.

Cleteente anc' Urn? (1936) ahewed that with Hellantfaue .

fete Breaker tea par cant of illumination, tha greater tha

thieknee* of tha leaf. Tha palisade tlecue consistently

eoBp'eed mora than 60 par cant of tha laaf thleknaae.

Steak (19S8), aorklng with leevee ef cornsa Mcrltia

L., founc that laavaa wara thlelcar and somewhttt analler In

the open than In tha woods. Alee, tha laavaa wara sotaewhat

thloker on tha aouth alda than on tha north aide of tha

tra«.

Laavaa from dasaa ahada sara found by JteDouftall and

Penfound (19£0) to ba thinner, had awre surface, with leea

pallaede (ae to number of layer* and depth cf Individual

eella), and a hlrhar par eant of Intercellular spaa* and

*pen try meeophyll than leave* of tha ea&e plant In xtasaw

sunlight.
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leie thiekaeoa of m leave* of evergreen anplo»p*r»e

waa found by Bergen (1904) to bo greater then that of tho

ahade leaves. Tho peliaade layer vac double In tun

leavee one a ingle In ahade leavee t tho cello next to tho

epldernle woro longer la tho bub loovo*. Tho intercellular

eyeee aae lees In upper portion* of tho oeeophyll of ma
leave* and a pallaade leyer eeeaelenally developed noxt to

tho lower epidemic of ma leave*.

Turrall (loss) reported that ueaonorphle aun leavee,

taouofc thin, way have a relatively larva Internal eurfaee,

(8 • 11.6 to lc.s), arc that xereaerrhle leavee of aun

apaalaa nay have an extensive Internal aurfaee, (a » 68*6

to 81.5), xeronorpble leavee or ehada epeelee nay have a

United Internal aurfaee, (R 8.1S to 9.88), while eueeu-

lant leavaa any have a relatively enall Internal aurfaea,

(R 7.86). In thla work, "H" aaa uaad to represent the

ratla of the internally expoeed aurfaea to the external

aurfaee of leavea.

Shade leavee have a enall Internal aurfaee, (E - S.8

to 9.9), intermediate Internal aurfaee for leavee of meeo>

orphte type, (R n.e to 19.?), and hicfc for xaronorphle

"« laavae, (S • 17.9 to 81.S), eeeordlnr to Turrall

(1988). The ratio of the Internally expoeed aurfaea to

the external aurfaee 1* represented by 'R".
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Clenser.te (1904) stated that decreased llcht caused •

sewwwhat looser arrangement af mesc;hyll ealla and m in-

ereaee In thleines* of leaf.

Poeltlon of L»«f . forkin- with plants of a swrata,

Tapp (101S) found that leaves nearer tha rroun; *m larger

than those higher In tha air or en tha etas* Kwert (1908)

reewved all lateral buds free shoot* of Tllla europea t.,

leevlnr only tha terminal buds* Leevec produoed by tha

tern'nal bid* vara amen lerrer thar those ah J eh pre* on

Bor*al planta* However, their ealla were of tha same alra

ee these of ordinary leaves, IndtMtlnr that leaf enlsrre-

atent was due to eall division »ni that thla plant is

eharaeterl cad by a constant nerval call slse.

Heleeejewa (1950) gave a statement of 'Zalenelcy'a

law", *£al«nsky( etudylnp non- cotjrledoneus and dicotyle-

donous plants on « very extensive and va,rlej*eted material,

ahewad that the higher up en tha tree tha leaf prow a (or

the nearer tha wad of tha branch), tha greater the xero-

»orph!c properties it acquirer j that la, tha epidermis end

eeophyll ealla are smaller, the eonduetinr strand la

thicker, the stenata are wreeter in mother and smaller,

and the palisade tisane la mere elearly defined," lie

atatad that a alcsllcr law waa found for OyanoeFsrs.ee

.

Leevee at flf farent nodaa of sunflower and water
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pepper plant* differed with retpeet to thlekneoe of leef ,

en,' depth Of pel'sade end epengy »esophyll, according tc

Prnfcond (1051).

covert (19?5) reported there was en Increase of pell*

cede tissue froet the beee of epple shoots to the tip, eleo

e perellel lnereeee In per cent of pelleede neeophyll end •

decrease In Intercellular *p«ee In the BOaophyll. .:« In-

dicated e negative relationship between there characters

end vigor of ehoote*

Soil Boleture. Leaves of sunflower, water pepper

plants, end eastor been were observed by Penfcuad (1051,

lfM) to be thicker when the plente were grown In eoll of

e hlrr. water content than when crown In eoll of a low water

content. The pell cede and npmgy weaophyll wore deeper If

rrown In eoll of high amietare* Uowever, tho nuaber of

rowa of palteade and sponge eelle waa constant under all

•oil wolsture conditions.

Clements an<: Long (19!"5) ehowed that with Bellanthue .

greater the per cent holard, the greater tho thleknoae of

leaf, and that the pelleede tleeue competently coajpoeed

ere than 60 per eent of t.e leaf thleknoes.

Clements (1004} observed thet Increased water eaueod

a decrease In thlckneaa and a looser arrangement of tho
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Beeophyll calls, especially of the sponge cells. A d«-.

TMte in veter eaueed an opposite effect.

Inheritance or varietal H ff»reaqe*« Aeeordln? to

Ter-opyr (1919), the cell* or lent* ehoved considerable

variation In else In the seae tleeue, but the average eell

else for any one tleaue of a species or variety li a fairly

constant and hereditary character, roll nine depends upon

the tine or stapie of i
1 evelonment j the later appearing

leave* hevlnf mailer cells.

Bala* (10T9) foun-* that Eureka an<* Lisbon lctton* had

three rc»e of pulleade eells, »nd that the other epeelea

possesses only t«o row* of pallaade cell*. The percentage)

of pellaade t?s»- a was practically constant for a epeclea,

raaglnr froa FO.O to SI .9 per eent. This jeTc«nte<~e

verier *lth age of laef end lllumlnatlcn.

The rutin? of tlvlend, t'eeltby, York, Vineaap, Qeno,

Jonathan, and !eltclous varieties ef apple* In aeeendlng

order of crwpaotneae of aeaophyll, and ti.e j-firtmeter of the

Intercellular apace In tho eponry nesophyl! was reported by

Pickett (ions). Field leaves of Uvland and Salleloua

trees hat* fixcater Intercellular apsoe then frreenhouae

leaves Mi orehard grown tlvlend leeves hod «ore extensive
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intercellular spec* tnan orchart grown .ellclcua leaves,

•ecorcln? to Flekett (1924). .our varieties c: apples ware

rated b; flccett (1837) on the basis of the extent or

lntercellulsr spec* as judged from treeing projected lmagea

of cross seetloaa. In eecenfilmr order they rateC as

follows! LIviand, laHclc^s, Jotiathen, ant York.

Macsllansoua Faotora . krtsoruin? to Lutawn (19?4),

In general, the alee 01' plants *at found to be correlated

with that of the eell end eell organs. Slth the potato,

the leaves groan vith exeeen n!tro,?en were erowdad with

smell, r.hort eelle with relatively ana11 air spaces

f

whereas, wit!: an abaanee of nitrogen the leaves were

spongy, and had large Intereelluler spaeas snr: long slender

eella. A study of rape plants showed the length of pall-

aade eelie aiicrtened whan any variation was msds frost the

eoaplete eolation, buckwheat showed a greater variation

then rape.

Hill (1934) found tiiat the loaves of potato plants

affected wlVi (riant hill v/ere found to be thinner than

those of the healthy plants. The call a of the psllesde

msaopfcyll of lesvaa of the dlssased planta were eaeller

than those of healthy planta, with a mailer rstlo of width

to length, am' sasllar volume.
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Soeuchl (1W8) and Voleett <19?«) ahowed that X-rey

•cwlii change the asatonlcsl stricture of leaves. In tbla

regard ftopuehl etetod that the stea and shape of palisade

tlamia any be disrupted to the axter.t that It eaimot ba

distinguished fro* the spoagy jsrenchyaia. The longer the

Irradiation, the praetor the disturbance*

Leaves of Llvland, Jonathan, one York varieties of

aprlet had a greater extant ajf intereelluler apace In a

ware house than In a cool bouse aa reported by Pickett

(1957). The reverse m found to bo true with the Oano.

MMM
Mold Leavee

CelloetlEc ant laboddlnr. of teavet , Cn SaptaaBsr »,
1957 a auafear of leaves wi collected from Llvland, Vealtby,

York, Vlnesep, and Jonathan trees to the orchard on the

Horticultural Far*. The leaves aeleote<3 vera removed .'rw

the aeuth aide of the periphery of the tree ant! near the

lddle of the twigs.

Portions of the 1 af used were located near the midrib

mnC aildvay between the basal am apical regions. The aar-
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rlr.el an nltirlb portions of ••eh leaf vera (lecarded. fct

—re than six places, eaeh on* eentloater equere, were taken

frea a elngle leaf. Theee laef place* wore plaeed in • one

per rent chrtKO-aeetle aelti killing and fixing eolutlon.

Aftar leaving than In the klllln and ffxlnjr aelutlon far

84 hour*, they ware warned and dehydrated with S-butyl

alcohol, (Zlrkle 10?O), after which the leaf pleeaa vara

lobeddo lr aroffln.

Preparation e_ r
llc!ee . Twelve eet* of all tie* were

aade fcr e«el variety. A eat of elide* eeneleted of five

eroee taction mm five tangential elide*, parlad at rondeau

In eaeh sat, the eroaa eeetlon alldaa ware nace froai one

leaf i!ere, and another leaf plaoe van used In saklnr the

tangential elldae. The tangential allda* were kept In

eerlee throuph the leaf In ordor to facilitate making

drawing*. All eertlena were eltrht alcrona thick, fixed on

the elldae with eg? albualn, than etalned »lth one-half to

ana per eant aafranlna In 60 per eent alcohol, and

aownted with halaaa. Several eeetlon* were pleeod on eaeh

elide.

1rawing* . Bljrht peree of drawln?* wore wade from each

eat of elldae, except the twelfth, fro* which twelve pagea

ware a>ade. lour drawing* o? eee loaf region ware Bade
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from cm* elldo. On* hndrwi pages of drawings wsro

for eooh variety. Bsofc pegs of towing* isolated the rol-

lovlngt on* crowing of • flold SO micros* seuara of oaob

tho first, second, and third larora of pallssdo cell* from

a tangential slide* ona drawing of a flold of tho spongy

mocophyll 80 micron* aouarc, from a tencentlal olldof end

one drawing of a flold 80 micron* wldo, oeroo* tho spongy

moaephyll, in eroaa •action (Plato I). Thooo drawing*

vara arranged stress tha para and from tho top to tho

bottom In tha orfar mentioned. Tho drawing* were made with

• camera Isolds, using a 1.9 mm. oil lmmeralon objective

snd s 10s eyepiece with the mirror arm at ICO mm. Thla

produced a magnification of approximately 1760.

In making tho tangential drcwlnr*. It waa dtfflealt to

determine which layer of pallaede cello vac In the field.

Croaa section* of each variety chewed that the epidermis

dipped where coins wore present, end that ell leaves con-

tained three layera of palisade cello (Platea II, III,

XXI). Above lerge coins tho epldermt* emme down ea e aim*

gl* layer to the parenchyma colls surrounding the handle.

Above small veins the epidermis wee found in a number of

layera, there being ca many aa si* layera of calls before

reaching the pereaehymb eclla surrounding the bundle. Con*
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siderlng this behavior of tho epldertsis, the layor nunber of

poll soda cells. In tsnpentlsl section, was determined no

outlined holow.

•hen • microscopic field was Team' In obioh tho eolle

were definitely of tho upper epldonsls but sot noor o vein,

tho adjacent palisade eolla were considered to bo of tho

first layer. Also flolda which showed vein traclapa of

opidormol like eolla, but Inducing no traeholda, were oon-

aldorod to bo of tho flret layer of pall Bade eolla (Platea

Til, VIII, IX, XXII, XXIII).

Xleroeeonte fields which showed veins with traeholda

that disappeared toward tho upper palisade eolla woro *-n-

sldorod to bo of the seoon layer* Also tho loaves of all

varieties contained cruses or Inclusions which woro always

In the eocene layor of polloedo eolla. Puch druses or in-

clusions wore significant lr. lceattnr fields of t! e second

layor ©f palieode cells (Plates X, XI, XII, XXIV, XXV).

Tho third layor of pollaodo colls was determined in

similar aaaner as tho second lsyor. Tho oolls of nlero-

aeopio fields, in the palisade region, that eontainod veins

with traeholda which disappeared when tho field was oovod

toward the apongy Moophyll woro considered to bo of tho

third layor. The eolla of tho third layor of pallaado

tissue woro always leas eoapact than tho first and second
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layers. This fact facilitated dlfferenttatlon between the

seeond Mid third layers of palisade eells (Plates XIII,

xxv, it, xxn, xxvii).

rrawlnge of the spongy nesophyll ware made froa adore*

seoplr fields that were free of veins. In cross sections,

drawlnga were nade from regions that showed the lover epl»

derals lntaet. Whan a eall af the spongy Msephyll wes In

eenteet with a palisade eall, the pallaade eell n» drawn

end labeled aa such, but wee not neeeured. Due to the

wnrpln*» of leaf pleeae In tie prceeae of lnbeddlnr, abso-

lutely tangential aeetlcns were practically Impossible.

Areas which were unlfom In cell else were need In asking

tha drawings In order to eliminate using the tips of pall*

sade cells.

In sane preliminary work a drawing oeular was used to

melee drawings. Irenlnse made with, the drawing oeular were

only one-fo-jrth as large as those nade with the camera

lac Ida. Twelwe pages of drewlnga ware made for each vari-

ety aiKi foar pages *ere made from each set of slides. The

ease sets of slides were used In nskln? eaaere luolde

drawings.

Macauresents . See stiremante were sade free the draw-

ln«rs with a chsrtoateter and plantneter. These meee-rements
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were required for MM following foranla uaed by Turrell

(10SS) for eonputlnc the ratio (F) of the Internally ex-

posed surface to the extemel surface of Mesomorphic

1caveat

(lp)o(l1p1 )o(l£ps )oZ.(lM*n^&)«(K
c««)^L

• * 7—

'

Tho Mtiurtanti represented by these symbols, stated

briefly, are an follow*i

p - Expoaed perimeter of upper palisade cell* In tanren-
tlal sections

Pj » Exposed perimeter of aeeotv. layer of palisade oella
In tenrenllal aeetloai

pc - Expeeed rerlmeter of third layer of pelleade eella
la tangential eeotlmi

• • Averare length of the expoeed cell wall In tangential
aeetlon of the epongy mesophylli

A Averare area of eellc of spongy neaephyll In tsmren-
tlal section!

1 - Averare lenrt!-> of 10 cells. In rraaa aeetlon, of the
upper palleade cells, Sesaured directly with eye-
piece nitrometers

1. - Average length of 10 cell a. In croaa section, of
scone layer of pelleade cells. Measured directly
with eyepiece micrometer!

1E
- Average length of 10 cells, la craas section, of

third layer of palisade calls* Measured directly
with eyepiece micrometer

|

t • Average number of tiers of calls In the spoagy
neeophyll. In croaa eeetl.nj

h - Averare length of vertically exposed cell walls In
spongy aaaophyll of cross eectlcn;

le - Total length of exposed coll walla aaklnp an ends
greater than 48 degrees with the vertical In croaa
aeetlon or the spongy neeophyll!

lt * Total length of exposed and non-exposad cell valla
aeklnr an angle greater than 46 degrees with the
vertleel In croaa aeetlon of spongy aeaophyllt

1. - Average length or Inner wall of lower epidermis In
cross section!

C - Constant, length of one aide of sample area.
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All MM«urMM>»t» except A, 1, ij, and lg vera re-

eorded In pentameters. The tMtviriMnt A was reerrded In

ecuare Inches, and meesureatentf 1, lj, and l
g
vara re*

eorded In microns. All caaauremanta vara transposed to

microns cr square ml prone befor* computing R. The

measurements 1., 1^, Ij, and K vara ua«d In ratios of

ZX »nd it and than ratios vara computed from tha aeatl*
l t *
r.eter n«tn riawtt.

tha fomnia the following nay be computed I tha

Internally exposed surface of the palisade, (lp) (ljPi)

(lrPj,)| tha Internally exposed surface of tv a aponay

maeophyll, t(he fA ii) (s* - A) *Ii tha horiaontally

espceed surface of t'-e epestgy meaophyll, t(hc)| tha ver«

tlsally exposed surface of Mm eposey neeophyll, r,{SA Zl)t
U

and f a exposed surface of tha lovor epidermis,

<K» - A) il .
X

The meaeitreaeiite were aubetltuted In tha foramla

tha ratio (K) ef the Internally exposed aurfaea to tha

external aurfaea vas computed fcr eaeh page of drevlngs*

In Table 1 are presented the aeasureaenta taken from tha

drevlnrs 1- "late I.

Tha eutetde diameter of the pallaada cells wee meas-

ured and Riven eyeV ola of E, V%, and Ej raapaetlvely.

These measurements were taken from tha drawings and re.



corded In »Ierone. Twenty eell* of ••eh drewlnr were

»ee»ure<*.. Should a drawing have leee than £0 cell a, cnly

10 wera c;«i>:.;r«C4 In thlt Banner the averape diameter of

f,000 e«ll a of the first end eeeenc layer* of rallaade

•••11 » »r<J eprrcxinetely 1,800 eella of th« third layer

were obtained for ••eh variety.

The member of e*lla In th* tangential drawlnge of

the apengj neeophyll waa needed tor the eemjutetlon of the

average exptaed surface (e). Th!r determination wee

declgneted as H. The number of cell* In the eroaa section

drawings of the aponge needed to compute the average ver-

tically exposed eell well (h) wee given the symbol of V.



Table 1* V*aiur«Hnti mod aalculatlona of "8* for tirmminrm
In Flat* I.

•yl..- «1 Canttaetara Klerona Symbol

p 86.0 517.70 1 48.80 Mlerona

n 80.0 S55.80 H 86.70 mlerona

H 77.0 488.80 h 85.00 mlerona

a 7.S 48.54 A !Et6.74 aq. microtia

h S.O 18.48 L 7.00 av. no. calls

if- uil Si - 0.91 *. 1§ef^-i.«
Calculation of R

Araa In
pallaaoe « Sip- lj i ri 1E i p, 1, i p,

- 4E.8 x S17.7 88*7 x 888.8 86.9 * 468.8

" 64,843.?;7 eq. mlerona

Araa la
L(hc 8A -1) (K* - A&

• 7(4S.S4xl8.4S*458.48xO.01} • (8800-888.74) 1.88

11*891.84 aq. mlerona

Xlp L(he 8A T? U* - A) li,

. -p £_

Pallaad*

V
KB

64,848.87 • u
i

,201..84

-*

5.
IS.88

MM

- r,
•.-••.—

11,: SSVII

8af4
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Oreenhouea Ieavee

On January 86, 1933, two-yeer-old treea of Seelthy,

Jonathan, an Tork var'et'ea of applea ««ra planted In lf-

Ineh eley pota, end pleaped Into a ereeBd bed In the green*

heuee.

Ob June 14, 1933, leave* froa theae rarletlee were

roll«ete<i, killed and fixed, end 1needled, ualnr the aaee

method aa with Meld leaves. Iron theae, cne aet of tildes,

16 alereaa think, ees aede rron eeo- leaf, Irea aaeh aet

of alidea, n pepee of dreelnea were aede and ateoauroaonta

eere taken In the eeae rancor ea with field leaeea.

FftHZftTATIC* 01 TATA

l"rel letnery

The dreetnra for the prellalnery eork on thla preblea

eere aede by ualnr a drear!nr ocular at a aepnlfleetlon ef

440. rrca eeeh variety 1C peree of dmelnpe were aede.

Four papee of drevlnpe were cede fross eeek aet of elides.

The are ra.-e of the aeeeureaeata free there drewlnga la



recorded In Table E. Tor explenaMe-n or the eyobol* ueed

In the Meeureaenta, tee par* to*

Ccneldereble variation vaa found between verletlea In

regard to all aeaeureieenta In Table £. Tta* Mrhaat value*

were obtained vlth the LIviand variety, except for tha

value of l*/lti *nd the lengtba of the pallaede eelle.

Aleo, the Llvlend variety had the hlgheet valuee of all tha

varlettea for Reaauramante taken frco tha drawing*. in the

tangential alldaa of tha Llvlend variety, the eelle of tha

pallaace tlasue vera more looeely arranged anc. larger in

diameter than the eelle of the pelleade tle»ue of other

varletle*.

A difference of 1*00 between oean R valuee of varle-

ttea wae fount* to be of elgnirieenee by tha nee of tha "t"

table of rnedcoer (19S8). In a elnller Banner a difference

of 0.89 between nean T/t valuaa wee fount to b* *lrnlfleant.

Thia difference Indicate* a algnlfteaat difference between

all varlatlae except the Mnaaep, Jonathan, en« LI viand

eecblnetlcne In regard to R valuee. Tha dlfferaneea be-

tween P/P valuee ware elgal fleant only between the LIviand

and Jonathan varlatlae*



TaMa £.

ii •

Naasuranenta of
IS :.Mfre;.*nt«)

ursvlnga nade Kith drawing ocular (eac- value la the •verap• of

.lusure-
swat Liviand ©althy

Igft&J.
York Wlnaaap Jonathan

P SOS.08 408.69 8£8.36 404.70 417.74

$ 478.99 874.85 44E.84 372.65 4B6.78

*e 458.88 886.60 468.88 370.54 4E6.74

1 46.90 51.80 49.60 55.68 66.60

S S6.90 89.60 87.40 45.11 44.E0

*£ 88.60 18.40 80.00 88.39 31.40

I, 6.70 5.10 5.90 8.67 6.00

A £40.91 £88.49 167.89 £36.34 166.98

o 4£.B9 48.05 84.14 4S.fi? 84.06

* 18. Of 18.69 BO.98 £0.61 19.4£

V*t 0.86 0.9E 0.87 0.84 0.87

it/: l.lfi 1.07 1.10 1.08 1.08

miHda S3,880.67 47,626.41 45,639.74 51,850.77 55,461.54

Sponga 10,483.88 8,600.89 8,484.86 9,7£4.73 8,130.07

12.76x0,,80 11.19x0•SO 10.8U0.S4 l£.l£xO.37 1£.70±0.S4

p/s 8.16X0.11 6.6710.50 5. 442.0.20 6.69±0.71 6.89x0.25
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la ord*r tc <!*t*r«jin* tb* feasibility of dviplloatlag

tb*»e o*»b retc»nt », 18 a»re a»a« ..re»ent« **re teats* of tb*

Hamp vtrl*ty fro* oth*r alio**. The Wic**ap variety *aa

ralaetats for thle trial b***u** it *bev*d the hlghaat

•tandard arrcr of E •lu«*. Th* r**ult* of thaa* Craving*

ar* pr*B*nt*d lr Tabl* 3*
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Tabla 8. Variation* of »«a»ur«aents, ftra»lng ceular, Vina*
aap (aaeh value la the averapa of It naaauremnta I

J*P*
Flrat f«rl«»
of oraalrR*

- •COBQ t Oleics
of crn*lnra _

P 404.70 418.67

PI 37E.SS 801.68

H S70.84 418.74

1 HaM 87.8*

ii 48.16 47.8*

H 88.89 84.80

i B.«7 8.68

i •86.84 £08.87

• 48.1P 86.16

h po.61 tt.68

i.At 0.84 0.66

iiA 1.08 1.08

Fallaada 81,880.77 86,978.80

Map 0,TC4»73 9,809.88

l lP.iexO.87 lS.E4i0.Pl

P/S 8.63x0.71 6.48x0.64
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•a ihna by Table 8, the exposed area In the pallaadw

tiara we* greater In the Nmxl aartaa of rtrawtngai In

eontreet tv a expcaed araa In tha apongy eeophyll waa laaa

in the eeeond aarlaa. Tha F welue for tha aeeond aarlaa

of arawlnrt waa algnlfleantly rraater than In tha flrat

aarlaa.

With thla taat ehowtnr a elgnlfleeaae between R vrluee

of too aata of drawlnga fro* tha was* learea, tha met* racy

of awaa-irosanta ana also of drawlnga vara queatloned.

Therefore, a eaatera luelda vaa aeleeted for asking drawings

whleh wculc bo higher In •amslfieatlon and fro* which aera

aeeurate aaaavravanta would ba mede. Tha Wlnaaap variety

waa uaad and two aarlaa of t'rewlnga ware aade from tha aea*

elides uaad In obtaining tha aaaauramanta of Tabla 5. Tha

drawings wade with tha eajtara luelda wara of an approximate

sagnlfleatlen of 1*60 and tha auiaaurewente are rreaentsd In

Tabla 4.
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Tablo 4. Variation* of noar-.rai&ente, catera lueltia, Klno-
aap (each valuo la tba avarare of IE —ar-raaianta).

MMNi
ft ,

I trat aarlaa Second atrlaa
of Orawinita

i 686.80 646.70

Pi 018.60 670.40

Pf 840.80 866 »S0

1 48.10 47.60

ll ss.co 86.80

*« es.io S8.80

t ••10 6.00

A 174.46 i7e.es

e 41.88 46.14

h le.ifi 16.60

*tAt 0.84 0.88

iiA 1.18 1.17

Mtom 67.886.S4 66.676.84

liMp a,Mi*ei 8,960.£4

18.88X0.56 14.04X0.41

/' T.88x0.56 7.8SX0.8C
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Ae shown lo Table 4, the difference between the It

veluee of the flret cad tve second aeries ef drawings wee

net significant beee-;*e the turner* luelde drawlnre were

lerrsr end the aeesureamite •owls' be wede more eecuretely*

Alto, the awwsureanmte of the exposed surfaces enclosing

eswll »p*pss say be nsde free, the larger drawings, whereee,

these surfaces ep;e*r es cell wells that ere In contact

wit! other eell well? In the snallar drawings.

Slnee the eurfeces bordering snail spaces can be

a«asurod by use of eaetera luctea drewlnge, the total In*

ternelly exposed area in the palisade region wee larger

fer the oeaiere lucid* drawings, '.or some reaeon, the

Internally exposed area In the spongy waaopliyll was leas

when calculated from cswers luctde drawings*

?***use ef the greeter accuracy of the weaeurevents,

luelde was used In the rewinder of this work*

Field Leaves

One hundred pages of drawings were wad* for eeeh

variety ami seaeureawnts were taken In aeeordaaee with the

aethod pl»en on peg* 18. The weans of aeasvreaente of

the tengentlelly exposed cell wells In the yelleede layer*

are reported In Table 6.
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Table 6. Internally *xpo»«d paltaede eell valla, f600
aquaro ailerona of leaf, In tariaantial eeetior. -
alerona {everare ef 100 Beeeurevente ••eh).

Faltaade Variety
,.

layer ITvlead "ffiealthy terlc tlnoeap Jonathan

flrat (p) 568.61 570.69 608.89 041.09 659.10

Seeead (pi) 634.94 576.8* 6?9.66 614.76 617.77

Third (pg) 460.66 619.46 084.49 869.65 664.86

Total 1,868.10 1,670.96 1,818.04 1,818.48 1,811.48

The tlneeap variety, »eeor<S!n{r to Table 6, had th«

greatest total teneeatlally eapreed soil ealla. Tarfe,

Jonathan, Wealthy, wnti Liviand relieved In decreasing or*

der. Tht* ratinr waa eeneletert only In th» "eelthy and

tiviand varieties vhen th« expceed eell valla of ••eh layer

of palisade were considered. In th» ftrat layer of palleeda

Jonathan had aor« than Tarfe. Zn the aaeoad layer Yerk had

the greatest value with Jaaathar. having a value axeeedlng

that of *ln«Mp. la th« third layer Yark had acre than

Ulneeap (Flatee VII, VIII, IX, X, II, XIX, XIII, XXV, XV).

In general, there aaa a greater eaeunt af expeeed eell

valla In the flrat than la the ••earn layer of pellaede and

a greater aaxunt In the second layer than In the third. The

realthy •nd Tark varieties are exceptional they had a»re ex-
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poeed cell welle in t r. aeeonc layer of pallaatie tl»;ue

then in the flrat.

The men length* of the eelle of eeeh layer or pell-

of each variety ver*> obtained by direct neeeureateejt

are reerrdad In Table 6.

Table 6* Length of jallssde eelle - nlcrone (everaee of
1000 eel) a ench).

Falleade Variety

layer Llvland Keelthy Ycr,. vinaaap Jenathai

Firat (1) 46.0

reeend (li) 88.7

Third (le ) ce,i

47.8

88.8

'' ,

48.1

SJ5.6

M
48.8

83*6

B7.7

48.0

88.7

Hal

Total 100.8 110.1 98.4 116.1 87.8

The greatest tetel depth oi pallaade tlamie, aa shown

In Table 6, awe found In the Meeaap variety, followed In

order by eelthy, Llvland, TorSc, ano Jonathan. This rating

awe eoneletcnt for ell layer*, with the followlnr exeep-

tlonai Jonathan 888 lonjw ealle In the firs* layer than

York, and Livlane had loarer eelle In the third layer than

Wealthy. Without an a re; t ion, there wee a decrease In

lenjrt'- rf eella free: the first to the aoeeac and third
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layers of p-llaade 1b ell the varieties (nates XX, III,

I*, V, VI).

Ther« was • 1p* correlation between the length of

pallasde cells and the length of the tangenttally exposed

call valla. This correlation wee sot slpnlflcant aoeordlng

to the table presented by Snedeeor (1988), glvlnr tha

correlation coefficient* necessary for rlpnlfloanoa.

Tha diameter of tha calls for aao>. layer of palisade

tisane was deteralned froa tha drawings for aaoh variety

aa outlined aarllar. Tha aeons of thaaa aeseurectenta ara

praaantad In Table 7.

Tabla 7. riaaeter cf ralteede eelle - nlerone (average of
1600-fOOO calls).

Felleade Vrl»ty
layar tl viand Wealthy Tor* *ln*aap Jonathan

First C) 8.80 . 7.16 7.46 7.84

Second (£}) 8.44 8.SB 7*07 7.50 7.61

Third (tgUO.Sl 0.76 3.88 8.0S 9.11

In Table 7 the varieties rank I LIviand. Vealthy,

Rlneaat, Jonathan, and York with an exception In the third

layer where the Jonathan value me greater than that of

the Slneaap (rlates VII-XV). Thle ratlnr la In a nagatlve
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relational tp to the tsrire-'tJelly exposed surface presented

In Table 5. Tba correlation between the neem —aenrsnent

of the diameter of pelisade eella and the Bean length of the

tangenttally exposed valla of palisade eella waa -0.P1.

This correlation la highly significant according to

taeaeerr (1986).

The nunber of tiers of cells In the spongy neaophyllt

the Tuafcer of eel! a In a tangential plane of en area of

£800 square alcronsf the nuaber of cells la s plane across

the spongy neeojrhyll, 80 ailerons videf and the sverare

tangential area ef the eella In the spongy neaophyll era

presented In Telle ••



Tatle 8. Co«partneee and iIm of eolla In
(v«r«ofi cf 100 ceteraslnaMcne).

epengy aweophyll

Variety

Soother of eolla
Colli llTland Kaalthy tork »lnoaap Jonathan

Aeroaa aeao-
phyll In eroaa
aeetlon (t)

In tarsre-.tlnl
aoetlon / 5000
aq. clerona
loaf aurfai-e () 5*?

In creee aoe-
tlon wleth, 60
alerona (I) 11.6

«•*> 6.4 M

8.S S. ta 7.1

11. 11.6 IS .6 1B.6

Aaerare aroa a egunre n'prono

In tangential
eeetlcn (A) £04.04 816.68 106.66 174.76 164.77

fa eeneletent rating of varletlee In regard to compact*

naaa of -eeopbyll la ahovn In Tablo 0. There «aa a clraot

reletlonahlp between the depth of aponpy aaaophyll and tho

nuafcer of eolla preeent In tho nleroaeeple fields. An In-

direct rolatlonahlp la lm looted between tha nuaber of cell

a

par unit area In tangential eeetlon and tho area of the

eolla In tenpentle) teettm. The llvland variety hat' tha

creeteat depth ef apenay Maophyll and tha Tork tha leaat.
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The ?tln««»p anc Jenethsn varieties hso the west eoapnet

spon.-y seaophyll In rerard to nuaber of eelle er.e evil

etse| the Llvland and Wealthy varieties were the leeet

eoapaet (fletee MX, XYI-XVTTT).

The distribution of the Internally exposed aurfaee of

the eraser wear.rhyll aay be eelmileter ea given en pare El.

TM» dletrtbutton t* preeewte*! In Ta*le 0.

Table 9. distribution of Internally exposed surface la
peaty aeeophyll (square i
terear ef leaf surface).

Flare o
airfare

Variety
Llvlanc wealthy Tork Tl-eeep Jonathan

-orison-
tal

vartleal

8,8*5.76 5,861.90 4,631,78 4,615.94 4,161.74

£,441.85 8,868.87 1,861.06 1,857.15 1,813.77

Inner
eurfaaa
ef lover
aeleerala 8,640.36 8,884,80 £,690.11 £.697.89 8,738.88

Total 10,400.06 10,061.57 9,178.95 9,170.88 8,617.73

The varieties, ae shown In Table 9, rated consistently

In reicaro *a the vacant of Internally expose* eurfaaa In

eeefc plane anc total surfsee expose; . This ratIn? awe la

deeresslnr orders ttvlend. Wealthy, York, Tlneeep, end

Jonathan. The Internally exposed surface of the lower apt*



•f all varieties exceeded that exposed In a vertical

plane* The (greater aaount of Internally exposed surface In

t:.e epo««y aesophyll was In t e horSaontal plnne.

Free the date nreeented In the preeedln~ tables, the

per cent or the Internally exposed surfaee for each regies

of the leaves *ae computed. These eeleolatlons are pre*

sented In Table 10.

Teble 10* ristrlbutloR ef Internally exposed surface m per
cent (ealeulated freai »eer> of 100 aeaaurecents )

.

Flans ef Variety

exposure Llvland Wealthy York Inessp Jonathan

Pell Bade
esophyll B4.6 | .

r 88.0 88.6 87.7

First layer S7.8 87.0 88.8 80.4 IM
Soapnd leyor S8.B C0.7 30*3 £8.8 88.1

Third leyer 18.0 18.8 lo.a 10.8 17.7

esophyll 16.4 18.8 18.1 11.4 1C.S

Hoi*t son tail 8.0 7.4 6.7 8.8 6.0

Vert leal S.T 8.S 8.7 E.8 1 .:•

Inner surfaee
of lower
eplderala 4.0 8.4 5.9 8.4 8.9
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The aoat ilgnlfleant fact, presented la Table 10* la

the par e«Bt of exposed aupfaca located In the palleeoe

ae»e;hyn. Vera than 84 per cent of the Internally ex-

poaed surface «aa found In the palleade region* The elne-

•ap, althooeb hifheat In total per cant In the palleede

laeecphyll. did net have the greeteet ;er<-entare In any

layer* Thar* waa no eenatateet ratine of varletlaa la the

par aent cf expoaed surface located In t e different layara

of palleede. In the flret layer Jonathan had the lerrae 1

,

and Id the eeaonC and third leyere Terk had the lergeet

percentage. Wealthy wan ecnaletently third In all layara.

Livlend had the lergeet par aent of exposed aurfaaa In the

spongy eeeophyll and alnaaep had the eaalleet* The lower

apldarala consisted ©S approximately 4*0 par cent cf the In-

ternally exposed surface In all varlatlaa*

By eubatltutlae; the Beasure^ ante recorded In Tablee 4,

6, an<
:

e In the formula glwen In the proaadure, the ratio

of the Internally exposed surface tc the external aurfaaa.

aatf the ratio between the area In the pal! cede noecjhyll

and the arae In the spongy ateacrhyll vara aeaxattad. Table

11 present* theee ratloa.
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Table 11. Ratio of Internally export, surface to externally
exposed aurfaea (R) end Internally exposed sur-
face of raltsade t< aponn-e (P/T).

Variety
Ratio Mvlanc ealthy M Mneeap Jonathan

R lS.96xO.er 14.19x0.£0 13!.8?i0.15 16.85t0.15 13*7810.17

PA 6.84x0.1? 6.46x0.19 6.78x0.17 B.OJiO.lfc 7.69x0.14

A ween difference of 0.60 between the ratios of In*

ternelly exposed surface to external aurfaea, presented In

Table 11, wee significant. Thle value Indicate* a altmlf-

leant difference between tlneeep and all ether varieties,

while Ltvland differed elpnlf lcently froai Wealthy and Tork.

Jonathan waa not significantly different from any except

Mneeep. The R value for Jonathan waa deubtleaaly low be-

eauee of wwtfjg shaded.

By analysis of variance, the varlatloaa between verle-

tlaa ware found to be elgnlflcantly rraeter than between

leave*. However, a raaabar of laavaa In each variety had a

nean R value whleh waa slpnlflee-'ly wester or laaa than

other laavaa.

For a slpnlfleant difference between the values ob-

tained for the ratio of the exposed aurfaea of tha palisade



aeaopbyll t« the exaaaad nrfui In the apongy aeaephyll, •

mean difference of 0.53 aae faoad to be neeeaaary* Thle

M«rt difference aaa f«-«or. In varietal ceaparlaona exeept

between Wealthy and York. The analyalB ef variance ahoaed

that greater variation between verletlee than betaeen

leevea ««• hlpbly elrnlf leant.

Oiaeutioviac Laeraa

Ae ni ate tad la tha proeed re, eaeurec.ente vara

ta*en froc leeaee ef fcealtiiy, Jonathan, and York traaa

planted In tha trreenhovsee. Tha area of exposed eell aalla.

tawaanttiiTj. of aaai layer of pallaade tleeue la recorded

In Table 18.

Table II. Internally exposed pallaade aall wall*, par £600
equare alerene or leaf. In tangential aaetlon a
al arena (averare of £8 eeaureaenta eaeh).

IWlMf
falleade
layer

Wealthy Jonathan ' 'Talk

"

First (p) 968.11 667.86 664.74

Seeoad (Pl ) 605.44 647.75 878.66

Third (pe) 4H.S6 489.70 488.74
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As shown la Table If, the varieties rated consistent-

ly! Jonathan, eelthy, and Tork except In the third leyer

of palisade nasophyll* *here e&lthy had a rreeter value

then Jonathan.

The nees-renent of the lentrt) of palisade cells peve

the values rercrded In Table 13.

Table IS. Lenjrth of palisade cells - microns (average of
£50 cellr each)

.

Pallaede Variety

layer 1 ealthy Jor>at vxr Tork

First (1)

Seeond (lj)

Third (12 )

47.50

S6.S0

£5.50

88.50

80.50

20.20

81.20

24.60

18.80

Total 109.50 80.20 64.10

In regard to the length of pallaade cells in eaeh

layer, as (riven In Table IS, tv e varieties consistently

rated est Vealthy, Jonathan, and Torlc. teal thy had •

depth of palisade tlssiie sufficiently deeper than Jonathan

to cause it to have a lrper total internally exposed

surface in the palisade aescrhyll than Jonathan, although
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the Jonathan had « greater value for the tenrenttelly ex-

posed cell vallci aee Table If.

The mnrt dlaaeter at ••«•- leyer of ^tllntSe r.eto-

phyll eelle for N«h Terlety It recorded la Table 14.

Tabic 14. IlMMtor or pelleaeie eelle microns {bv«t*t
of £60-500 Mil* eech).

Palisade Verlety
layer Veelthy Jonathan Tor*

1 trst ( . ) 7.97 7.44 7.88

•Mend (tj) 9.01 VWM 8.94

Third (tfc) 10.44 9.44 10.10

Table 14 shews a consistent Increase In diameter of

pellemJe eelle fre» the first to the laat layer. also, tha

Oleaster wss consistently rreeteet In eelthy and laaet In

JoneMan.

tha nuafcer of eelle tn eroae ant tangential sections,

free) which the compactness of the sponry stesophyll awy ba

eoeqpmtsd, ami MM average area or the ealla la tangential

aeetlon ere race, dad In Table IB.
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Table IS. rcs^eetneac snt) ilu of calls 1b apoegy
p^yll (aswa^e of f>B detersilnatloee).

Variety

icbar of calls

rolls .ael thy Jonathan York

Across tosorhyll
In croea section (t) 4.4 6.1 8.1

In tanprantlsl
.action / 5000 so,.

microns loaf surface m 4.e 8.4 4.3

In eroaa eaetloa
width, 60 mlerona («i 9.0 11.8 7.4

Average araa a square aleroi

In tangential
aaotlon (A) 816.68 lo8.14 188.17

Tabla 16 lndleates that Jonathan had tha stoat cca^-act

•aophylX and tha eaellest calla. » oalthy vaa

approximately of tha aaoa c apectnes* but had tha largest

<-alla. Tha York leaves hac tha least eoapeet sponpy «teeo-

P
vyll anc tha aweraca area of tha ealla was greater than

those of tha Jonathan.

Tha distribution of Internally exposed surface In the

teaophyll Is presented In Tabla 16.
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Table 1£. 11 atributton of tnternally expeeea surface In
ess&fhyll (square tercns per 8000
Klerons of leaf surface).

Flan* ef Variety
surface Vsealthy Jonathan Ark

Horizontal

Vertical

Inner surface of
lover apt dared*

ti,Via.B7

2,4 55.17

9,638.77

4,846.65

1,7£S.1S

9,685.00

3,700.49

1,680.71

1,848.81

Total 11,909.91 9,£04*76 7,eoe.n

TaMa 16 shove a roneletant ratlnr ef Wealthy, Jen*

athan, and York varieties In rerard to horlaontel, vertl-

aal, em! total exposed surface In the spongy neacpbyll.

The Jonathan herf a greatar area of lover epltSercla exposed

than the Wealthy leaves, with tha York leaves having the

least.

Frew the above tatelea, the per eent of the total In*

ternally expoeec eurface lceeted tn each rep-ton or plana

of the leef tree calculated. These ealeulatloae ere

In Table 1'.'.



Table 17* Distribution of Internally exposed eurfece • per
cent (eel ruleted from aeen of 86 eeeurements )

.

Plane or Variety

expos-ire Wealthy Jonathan fork

rellasde
aesophyll 84.64 85.80 84.87

Flrat layer 40.04 40.78 40.61

1—end layer M.ee 51.86 88.80

Third layer 15.17 14.10 18.88

Spengy
aeeopnyll is.se 14.81 15.78

Barlsontel 9.04 7.60 7.88

Vertical 8.SI 8.74 1 •
". .-

Inner eurfece
•f lower
eptderala 8.81 4.18 5.07

Aa al own In Table 17, the pallsad* neeorfeyll con-

tained 88 par cent of the totel Internally exposed surface.

The Jonathan variety contained the jrreetest pereentere of

eurfece In the pellesde eeserhyll, and the prcetest mini
In the seecn layer of pellaada. The York variety con-

tained the lerfeet percentage af eurfaee la the epoery

esophyll with the greeteet eaeunt of exposed inner wall of

the lower epidermis af theee varieties. A higher pereentepe

af the exposed eurfaee of the sponry casopbyll la exposed
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in the horlaaatal plana 1" all varieties.

Freai the data In tha prmatnr table*, the rati© of

the Internally expeeed aurfaaa to tM external aurface.

and tha ratio ef tha eurfere espoaed la the pall aede ra-

tion te t'-e aurfare expoeed In tha epeaay ateeophyll ware

eeejwated. Theae ratloa are prerented In Table 13.

Table 18. Ratio of internally expoaed aurfaee to external
aurface (B) am] Internal: j exposed surface of
pell aede to epcagt (PA)*

Variety

Ratio feelthy Jonathan M
II

»/a

16.SliO.65

5,?no.r?

It.o0i0.14

6.00±0.£1

10.09*0.18

6.«o*o.n

Tha Kealtby letres had, aa ebown la Table IP, tha

hlrneet rat It? of Internally aapoeed aurfaea to external

eurfeee with the T«rk Vavlnr the lowest. Jonathan leaves

had tha M(Cheat ratio of Internally exposed aurfaaa in tha

pallaada neeophyll to tee expoeed etirfeoe of tha aponry

aaophyll while Tork had the loveat ratio. The ratio*

vere leae than for field leaves except for tha ealthy

variety. A aeen H difference of 0.66 aaa form! to bo aip-

alfleant. Thla flvee atpnlfleaat dlfferaneea between all
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varieties. A Men t/r difference cf 0*60 la eljmlfleant

}

therefore, there ere no elpnlfleant differences between

P/S values c* Mm varieties.

ciB<sjerioi

Aa enelysta of the date collected In thla lnveatlpe-

tlcn waa undertaken In an effort to reduce the volume of

date and tc shorten MM tine required In maklnr compute*

tlons. If some measurement ehould be directly correlated

with the ratio of the Internally exposed surface to the

asternal surface, the volume of necessary data and the

tine required would be redVeed*

With Meld leaves there wea no slgnlfleant correla-

tion between the mean length of the relleede cells and the

r-een lenptfc cf the tano-entlelly exposed cell wall ef the

pallaede tissue. Per t e neaaurement or these leavee the

cross section slides and the tangential slides were net,

unless 07 chance, from the aame leef • with greenhouse

rrotn leaves, the eroas aeetlen and tangential sections

were free the esse leaf* The correlation between s teller

values for these leavee was highly significant. Thle

would Indicate a algal fleant correlation between the
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length of pellaade eella and the length of tbo tangent! ally

expoeed aurfare »b tild the fcangentlallj expoted eurfaee

and the length of the pallasde eella be aoaeured trtm the

Ms* leaf.

The data enow a general deereaee In length el pellaade

eella iron the flrat te the third layer. Aleo a general

lnerr-ae of the dlatseter of pellaade eella from the flrat

to the third layer la ehown. Theee tender.elee would in-

dlaete a negatt • relattonehlp bat—en the lenrth ene the

dlaeieter of palleece eella* In fart, negative eerreletlen

of hlfth elgnlfteeno* «ee Tmr>e between the dlajtetera end

t v e length of the tangential ly expoeed eoll wall* of the

pellaade telle.

With the length of the pellaade eella being In a

negative reletloaehlp with the dlacetere. end the dleitetere

•f t? « pelleade eella balnr in a negative reletloaehlp

with the tangontlally expeeed eurfere, the totel Internally

expeeed aurfaee of the pellaade tlaeuo may '« eelnuleted

froej the neaeureawnt* of the leagtha of the pellaade celle

whlah would be la a poeltlve relattonehlp te the tencen-

tlelly expeeed aurfare.

In the aaengy aeeerhyll there le a poaltlvo reletlcn-

ahlp between the tangential area of the eella and the total

area of Internally expeeed surfere of the apongy ateaephyll.
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There la alee • peeltlve relatlcnehlp betweei; the amber

or cell* per Milt ere* In tanrentlsl eeetlon ano the total

Internally exposed surraee of the spongy Joesophyll. Tlth

the above too relattonahlps, the Internally exposed sur-

feee of t'o rpon«y aesophyll nay be calculated by neaeurlatr

the area of t r e call a In tenpeatlal eeetlon or <-oantlnr

the oalle In tenirenttel sootlon.

Ualnr the above relationship*, the ratio or tho ln»

ternally expoeee* surface to the external surface my bo

oejaut sfl by swans of eorrelatlone to the aeaaureaients of

tho lenfft of pallaada cells one the tanrentlsl area of

relle la the spongy meeophyll.

If tho tanpentlal area of tho oolle la tho spongy

sesophyll Is required in order to eoapute the ratio of the

Internally exposed surface to the external rurfaee bj

eorrelatlone. tho number of slides required will not be re-

*>**d. In order to ellnlnete the use of tangential elides,

a neaeureeient frcei the eroae sectional slides that la

correlated with the ratio of the Internally exposed s- rface

to tho external surfaee ts necessary. Beoeuse the pall*

aedo neeophyll contained 88 per cent of the total lnter-

nally exposed surface, tho total depth of pallaada layara

was considered for this relationship. An average for eaoh

loaf «ae ceteneined, thus glvln- IE neesuraaenta for eaoh
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variety*

Antlyel* by eoverlenee wee used end the correlation*

for eeeh T/erlety and all the Beeaurenent* together with

ether relationship* ere preeented In Teble 19*
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The correlation* preaented la Table 19 ere all highly

•Ignlfleant. Velar tbeee correlation*, the ratio of the

Internally exposed eurfaee to the external surface may be

computed free the total depth ef pelleade meeophyll. tee

to the variation or roll lengt' In the pelleade meeophyll,

the aeaeurement ef eaeh layer should be mad* separately

and then totaled lnateed ef meeeur'n? the total depth ef

the pallaede oeacphyll In one measurement* Sine* the

regreealon coefficient* are approximately the eeae, one

repression Una a*y b* ueed tc compute the retlo el the

Internally exposed eurfaee to the external eurfaee for all

varletlea*

In Table 19, Sx8 equela the variance of t'.e total

depth of pallaede layer*, Sy8 equal* the variance of the

ratio of the internally exposed eurfaee to the external

aurfece, and Exy equals eoverlance or X end T. Variance

ef bath measurementa and eoverlance between them fluctuated

In the ease direction between varieties. There «*• creator

variation In the total derth ef pellaadc layer* than In the

ratio of the Internally exposed surface to the external

aurface because the value* of the total depth of pelleede

layer* were maaerleelly prester than the ratio value*.

The greeteet variation wee found in the Ll viand variety and

the Terk variety had the leaat variation*
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The ratio ©r the Internally exposed *mrfeee to the

external eurfe.ee wee significantly correleteC wit!- the

ratio of the Internally exposed surface of the palleade

esopbyll to the Internally exposed eurfeee of the spongy

»eeofhyll when all the neeaurenents of field leavea vara

eonaldared.

The limitations or magnitudes of neaaurencnts nay he

•xonpllf led by the uee of ranges of the date collected*

The total depth of pellaade tlaaue lr field leavaa ranged

from 65.4 to 145.5 nitrons. This depth la the sum or the

lowest end highest sieaeurenent for each layer of pelleede

neeophyll. The ratio of the Internally exposed surface to

the external surfaee ranged froai 0.48 to 18.S9. The lowest

ratio value le within the range of values established by

Turrell (1974. 1«3S«) for eueeulent leaves. The hlphest

value Is witMn the range set by Turrell for xeronorphle

leaves.

The ratio of the exposed eurfeee In the palisade tis-

sue to the exposed surface In the spongy neaophyll rented

fros S.07 to 18.6ft. The above ranpea Indicate the neces-

sity for toklnp a large senfle and naklnr a large nuafcer

af daterm! netIons.
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All of the vsrtetles wsr* found to hsve thro* lorer«

•f pelisade eelle. Tho third layer woo frequently, espec-

ially in tho tlviand variety, only partly developed. Too

•ete of cross section alldee of Wlneeap shewed a fourth

partial layer. Cut to tho lnpoeelMllty of ^operating the

middle too layer* of palisade In the tangential *eotlen,

tho fourth layer wo* teraed "paltsode-llkc* epenry neaophyll

er>. wee meoeuret! with tho sponey mesophyll. In two sots of

lie**, one klnesap and en* Llvlend, wer* obaerved a layer

ef eel Is t v st resembled pollesdo eelle Just sbove the lower

•plderwls. Thl* l*y*r of eelle msy h*ve developed near

tho lower epidermis beeeuss of blrh light Intensity on the

lower surfaee of the loaf. The** eelle were *l*o eon*

pldered e* cell? or tho spongy meeophyll.

Verlatlon* between varletlee pr^wln? la the field nay

be explelnod In part by environmental factor*. The author

Is of the opinion* however, thst these variation* are duo

to varietal difference*. Slnee e number of footer* other

than tree and vsrlstal vsrletlene wore not controlled, the

results frond herein may be somewhat mlaloedlnp. In the

greenhouse whore ell factor* other than tree and varletel

verletlona were controlled, it wee found that tho treea hed

e ratio between tho Internally exposed surface to the ex-



ternel surfeee that derreeeed ea the length of the growing

••••en inereaeed. The author believe* that alallar reaulta

could be obtained for all verletlea la the field If all

faetors were the aeae.

Light haa been considered by a —after of workers to

have the greatest Influence on th« enatoaqr of leave*. The

intenelty ei llrht In the greenhruee 1* considerably leaa

than that 1 the field. Total Internally exposed surface

of the pallaade reason we a rreeter tn the greenhouse frown

«eelthy leaver than In these grown In the field but the

reverse waa true for the Jonathan atw* York verteties.

Total Internally expeeec aurfaoa or the apongy atesephyll

waa greater for the rreenhouse leaves of Jonathan and

-ealthy than for field leaves t the ravaree wea true for

Torlc. The length ef the tanr-entially exposed eall walla

of the flret layer or pallaade tleaue waa greater la the

greenhouse for all verletlea than la the field. The length

of tangentlelly exposed eall walla in the aeeood layer of

palleede tissue waa greater In the field than In the greet*,

house for the "aalthy and Jonathan but leaa for York. Tha

length ef tongentlelly exposed eall walla In tha third

layer of pallaade waa leaa In the greenbouae than In tha

field for all verities, Tha length ef tha pallaada cells

In all layara waa leaa In the greenhouse than la the field



far ell vertetles. ro»p*etneas of the aponjry acaophyll and

tha tangential area of tha nails vaa leas la the rreen-

houeo than In tha field.

Tha ratio of tha internally axpoaad surface to tha

external «urfa«e vas greater In tha rreeahruee than In tha

field for Wealthy i this ratio vaa materially reduced for

Jonathan sne York. This behavior Indicates a varlsttl

variation la regard to tha effect of light oa the anatoay

•f the leaves, particularly la regard to the ratio ef tha

Internally expeeed surface to the external surface.

The ratio of tha Internally expoead surface la tha

palisade ireaorhyll to the internally exposed surface la tha

aponsy aeaophyll aaa materially reduced for all varieties

In tha greenhouse. This ratio was decreased aalnly by tha

raduetloa 1- length of palisade cell*, coupled with a leas

eoapaet, aare shallow spongy aeaophyll of tha leavaa groan

in the greeahouee*

Tha data presented ac-rae with Turrell (1956) la that

the greateet per ant of the internally aapoaad surface la

faaad in the palisade region. The internally axpoaad sur-

face found in the pallaade naaophyll of apple leavaa vaa

vary consistently 86 par cant of tha total surface axpoaad

Internally*



Tba aajorlty oi aorkere who ham atu6ia<i the pboto-

ayathatle bahavlor of laavaa and lta ralatloa to laaf

anatomy have aaeapted tha etruetura of tba epoapy maophyll

aa an Index to tha Internal laaf etruetura. Tha apoagy

aaaephyll ha« baan etndlad aa tha portloa of tha laaf that

baa tha greateet Influence ea photoeyatheale. Baberlandt

(1889) atataa that phetoByatheale la a aubaldlary faaetiea

of tha »poary reeophyll. Zrldenoe In regard to this

etateaent aay va fraud In the rat* of elffuetee of light

throne* tha laaf. The pallaade ratten of a laaf acald

have the graataat lntaneity of llffht, atth tha lnteaalty

beiar aeterlally redueod aa It paaeee through a laaf that

i» parpeneioular to tha tnetdant raye of light, tba faet

that tha •ponpy aoecphyll (Baberlaadt, 19*0 ) eaatalna only

a aaall pereoatage of tha abloroplaatt of a loaf, oftaa aa

lev aa 11 par east, U la agroaaent «lth tha fart that tha

apoagy aaaaphyll haa a lo* photoaynthetle activity.

If the rata of photoeyntheata la ralatad to tha ex»

tout of tba latarnally exposed e«rfa<-e, tha pallaada

aaaaphyll of appla leevee weaie hetre a greater photoayn-

thetlr artlTlty than tha epoaiqr aoaophyll. Tha phetoeyn-

thatIf activity of a laaf ration vcald daaraaaa aa tha

region ltaa aora dlatant froa tha uppar eplderale* Tula



ie aupported by the dat« of Table* 10 and 17 In which the

per eent of irtamally expoaed surface ~on*late tly ta-

ereeeee J rom the ft rat layer of pall tad* to the lower

eridermle. The lc««r eplderale haa no photoaynthetic

value beeeuae of the leek of rhloroplantc. It eentalaa

approxlsately 4*0 per cent of the total internally ex-

posed imrfeee of apple leave*. Rben tbta 4*0 per oent la

dedueted, only M par cant of the Internally expoaed

faee la left to function In photesynthetlc aetivity.

The alia of eblc-roplaeta vhould be rcnaidered aa

Index tr rbotcfynthettr activity* Raberlendt (l»Pn)

ehoved that the ebloreplaeta of the specie* be atudied

larrep in tbe apensy aaaophyll than in the pallaada neao-

phyll. Observation of the aeetlona ueed In tale atudy

abcved that the aeoe la true for apple leave*, k varietal

variation In regard to ataa of ehlcroplaata vae observed.

Thi* variation vaa aaaoclatad with the diaaiater of tbe

palieace cells. The mwber of ehlcroplaata vaa alae

aaaoelated with the deleter of the pallaada eella. Zn all

raaee a ehloropleet vaa observed to lie against the exposed

s-.rfaee of MM cell. The ebleroplcata vara alao obaerved

to be larrvr in the mreenbcuee rrovn leave* than In tho*e

fro* the field. Thi* vaa attributed to the decreaae la



60

lntensltr OS llrht. Tbe author believes the relctlon of

ehloroplssts to photosyntl stle eotlvlty snC Internal

structure offers * Hole for further research.

Eeologlete explain the shape of the cells or the

pallssds assf epongy seecphyll by the reaction of th«

ehloreplaete to light (Weaver ant, Cl»c«nt», ItfES). A nua-

bar of verkere have obe. rve> that tho ehloroplaeta change

their petition In the cell anr.; the surface they exposs

when the light Intensity vrrles. When the light Intensity

la great* the obloroplaata recede to the part of the call

fartherest from the source el light or novo to a "profile"

position, when the light Intensity is snail, the ehloro-

plests are well dispersed throughout the eell and the

"fas*" aurfeee la exposed. Thle behavior. In part, ex*

plains why the ehloreplasts acre larger In a taagantlsl

vie* of the spongy neaepbyll then In s eross section vie*.

••aver and Clements (IOCS) stated that the palisade sells

ers cf an elongated e>.ape because tee ehloroplssts nevs to

their "profile" position to reduce the amount of ehlorc-

plast surface exposed te light | sod that the sells af the

spongy neeophyll have lrraclatln." arme beeeuse the ehlore-

plasta nova to a "face" position, thus Increasing the sur-

faca of the ehloroplssts exposed te light.
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The above explanation suffices as a raaaon why a

larger percentage of the Internally exposed surface of the

spongy aooopbyll la exposed: In a hcrlsonUl plane, rather

than In a vertical place. If t 1 * hypothesis, that ' r

photonynthetle activity la related to the eurfaee 01 tho

ehloroplaeta exposed to light, la useO aa a baala to ee-

tabllah a cirferenoe In the photceynthetlc aetlvlty between

the palieed* end spongy naecjhyll, there la neec

further supporting evidence.

The also of stosats was observed to vary between

varieties. Also, the etcuata were larger In tho grtenhcuae

lsavaa than In those froti the field. The number of stonata

vara found to vary between varieties) there ware fewer

atOBSta per unit leaf area In the greenhouse than In the

field. Plekett (10?7) foun. that the else ant nuaibar of

storata behaved In a s!»ller wanner for t:-e varieties of

a -lea used In this study.

The rata of diffusion of gassa through as opening la

increased proportionally whan the dlaateter of the opening la

tnereceed to twice Ita slew and the diffusion rata la pro*

portlonal to tha masher of openings available through which

*ha ••• »y dlffuaa. With tha above law of dlffuaiea In

Kind, all varieties say have approximately tha asne rate of



gaeeeu* interchange into the epoagy jieeophyll. Eovever*

this he* not b««n estebllrhec by eleauate evlUeuee.

Due tc Internal itrict re, there la • varietal dif-

ference In the fecllltle* Ml the Interchange of gaeee be-

tween the different regions of • leaf. Aa the claaeter of

i.ellsrde decrease*, ti.er* le e proportional -oereeee In

clexeter of the apnea thrawgh «hl«h gaees any dlffuee. The

rate ef Interchange *f gaaea haa a direct eon»rol over

phctoaynihoala. The above Cec rtlena Indicate that the

elaaeter or celle of the peliaede tleiroe nay be weed aa an

Index to photoeynthetle activity.

sotbukt MM covcttrrxon

1. The foraule need In thle etudy ean be used to de-

termine the ratio of the Internally expoaed surface to the

external turfare of aprl* leave*.

£. The ratio* of the Internally expcaed curfaee to

t • external eurfaee for tie field groan leave* cf the

verletle* acre: Llvlar.d, 13.56 1 Jonathan, taWHf Toric,

ia#M| vealthy, 14.19J and Wlneeap, 16.8C. A aean alf-

feranee of 0.60 *aa algrnlf leant.

9. The ratio* of the Internally expoaed eurfaee ta

6£



M

the externsl surface or greenhouae grown leaves of tho

varieties studied wares York, 10.09 i Jonathan, IE.60

l

sn£ »ealthy, 16.81. A ween difference of 0.68 was slg-

IftaHii

4. The ratio* of tho 1- ternally exposed aurfaee In

tho palisade mesephyll to tho Internally exposed surface

of tho spongy sseaophyll far Mold crown apple leaves werei

Uvlanc!, C.84| Wealthy, 8.481 York, 6.73| Jonathan,

7.W| and wineeep, 8.0S. Tor greenhouse leeveat York,

8.80| Wealthy, 8.71 1 one Jonathan, 8.00. A atoan dlf-

foroneo of 0.88 voe significant for Mold grown loaves,

•hllo a difference of 0.68 war necessary for o-reenhouee

leaves.

6. Tho palisade res©; hyll contained 88 per cent or

ore of the total internally exposed surface of apple

leaves.

8* tha first layer of palisade sesophyll contained a

larger per eaat of the total Internally exposed surface

than the second layer} the second layer aero than tha third.

7. The spongy eaephyll contained 16 per cent or

leaa of tha total Internally exposed surface of apple

leeves.

8. A larger per cent of the exposed surface In the



spongy eeephyll ves In the horiscntal plan* than In the

vertical plan**

9. The Inner wall cf tha loaer eplderale ooapcaed

approximately 4.0 per cent of tha total Internally expoaed

aurfaea of apple leaves.

10* Tl-.e Inner vail ef tha lo»*» apldarala eoapcaed •

larger par rant ef tha total internally exposed aurfaea

than tha aall walla In a vertleel plana, b«% leaa than

thoaa In a horisontal plana of tha epengy veeophyll of

apple leave**

11. There vae a general deereeee In tha per cent ef

tha total Internally exposed aurfaea aa tha repion eon-

eldered Boeaae sjere dleta*t fro* tho upper eplderale.

Ma Proa the flrat to tha third layer of tha pallaado

uesorhyll tha dleaeter of the pallaado aall a lnereeeed.

18* The length of the po.llee.do eella deeraaaed frov.

the flrat to tha third layere of the pallaade osaacphyll.

14. T-ere vae no coaaletent rating of tha field grovn

varlatlea In regard tc any of tne ateasurenente exeept

there for the dlaaetere of pallaade eella*

16. There vae a fairly consistent rating of the green-

houee varlatlea In regard to all ajeoeureventa, »hen similar

meeeureaente for different tleauea vere ecvpored.



16. There »•• • correlation betwoen the total depth

of pel" rede meeophyll end the ratio of the Internally ex-

posed eurfeee te the external eurfeee. This correlation

vee hlrhly significant for field traee of all varieties.

17. The ratio of t'-e Internally exposed nurfaoe to

tho external surface wee significantly correlated with the

ratio of the Internally exposed surface of the pslleedo

oesophyll to tho Internally exposed surface of tho speagy

eeophyll when all the awaaorenenta of field lnaves were

ecMldered*



PUtc z

Repretentatlve dwtln b ef the Mvlantf variety
(*«). Upper loft - first layer of pellesde
call a In tangential eeeMcn* Upper rirht •
ee«onc! layer e( pellead* eella In tangential
sertl'ti. ranter left - third layar of jallaatie
ealla in tangential aeetlea. renter rl.-I-.t •
aronpy aeaephyll In tenreetlal aeetlrn. Rottca
area 60 aileron • wide a^roee epoary aeaephyll In
ercaa eeetton.
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