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an expe was up e Gae effect of svule gamma liTadiatlen on apple
trees in late sumer. Begimning on July 25, 101 two.year-old trees of Spy, Rome and
fied Delicicus growing in pails were moved into the gamma fleld at the Brookbaven
National Laboratury for periods of 5, 10, 20 and LO days during which they received

a total dose of 5,000 r or 10,000 r« In Novewber they were transported to Geneva

and in May they wers planted at C.F.B.7s, Orchard 1, Row 10. : 2

Buds wers {ixed prior to irradiation to determine thelr stage of developments
Branches of Delicious/I exposed to the various dosages were fepeed in the spring
following irrediation and buds were fized in order io study the areas of radiation
damage. These have not yel been examined. S :

Dupring the summer of 1956 an attempl was made to meagure differences in response
to the three varieties that were exposed in 1955 to varying vates and duration of
delivery of gamua rays. The number of growing shoots per unit of leader and per tree
were counted. The growing shools were scored as long shools (those with internodal
elongation and terminal buds) and as short shoots or spurs (those with little or no
internodal elongation) with terminal buds or without thems, The cccurrence of f{lower
ing was noteds : : ‘

There was no correlation of the nuder of shoots with doom or duration of
exposure. The lethal effect of radialion on buds might better have been measured
as the ratio of the mumber of buds growing %o the total number of buds.

An indication of the lethal effect of radiation on the growing point of the bud
was given by the percentage of spurs which bore a few leaves but formed no terminal
bud in the total number of shoots. 1In general, this percentage increased with
increasing dosege. Budless spurs were lacking or rare in econtrols. In Spy this
figure was about 20§ in plante exposed to 5,000 r and 10,000 r for five days. It was
19-49% in plants of Spy receiving 5,000 r in 10-LO0 days and 80.90% in planis receiving

10,000 r in 1040 days. Rome showed high percentages of budless shoota: 66-18% for
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plants receiving 5000 v and 80-97% for plants reseiving 10,000 r, without a clear
relationship with duratien or amount of dose. Delicious tad 90% or more budless
spure in all groups except that receiving 10,000 » in S days (73%).

The proporticn of shoots developing into long shoots in all varisties decreased
vith increasing pericds of exposure in each group receiving 5,000 r and 10,000 r, but
bad no consistent relationship te that of controls. _

Thare was & conspicuous difference in the degres of "leafing cut® chserved in
the groups of Delieious trses receiving 5,000 r and 10,000 r. This was recorded by
photographs snd was related to the greater sise of the Jeaves in those plants
recei 5,000 r than in those receiving 10,000 ¢ for the same periocds of time.
These ferences wers less conspicuous in Spy and Eome than in Deliclous.

Bifurcated long shoots and double terainal buds on short shoots wers occasionally
found. M

%o Spy trees flowered. Flowers sppeared on Roms trees which received mo radistion
and less frequsntly on trees receiving 5,000 r, dbut did nos cccur on trees receiving
10,000 re Control Delicicus trees flowerdd, but the treated ones did not.

This experiment suggestss 1) Petted appls tress survive higher acute doses of
gomna rays deliversd at the conclusion of the active growing season Shan those of
X rays which dormant apple sclars survive.

2) Degres of lethality of gamss radiation to buds varies with varisty.

3) DBeth total dose end duration ef exposure appear to affect the degree of
lsthality to buds, but the present data doss not make the relationship clear.

Chservations on les in the f£ield; Miss Pratt worked at the Breokhaven
National .mmtory ¥ay 1,-18 and 35 X-August 3 and mads obmervations on the sgpples
" and grapes groving under chronic gamms irradiztion. This group ef 8l trees of six
varieties were set in spring, 195k, in arcs 32.52 N from the e¢cbalt & source. In
1956 they received 55-19 r per 20 howr day during the growing ssason. The cbssrvaticns
of 1555 and 1956 ou the apple trees planted in the gamma fisld in 195k have been
© contared on the fallure of spurs to form buds, the enlargement of long sheot tips and
spurs, ard on flowering and fruiting.

Club=shaped shoot tips wvhich set no buds at the end of the first growing seasen,
and, slthough leafless, snlarge during subseguent seasons was s striking feature of
Golden Delieious, and to & less degres, of Red Delicicus, Spy, McIntesh and Cax, bub
ot of Msooun. Club tips occurred most frequently on trees which are not flowsring.
They are nost {requent and conspicucus on varieties which bear flowers terminally and
vhich bave promimesat flowerirg shoots, sush as Gelden Delieiocus. 1safless ene. or
two«year-cld spurs on trees with club tips also enlarged.

The proximity to the scurce at which flowering and formation of buds on spurs

oocurrad varied {n 1555 and 1556. Factors whish may be related te this variability
may be the youth of the trees, their recent establishment in the field, sise of the
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frult crop in previcus years, and the fact that eounts of all buds were nas made.
However, in vespect to flowsring Macoun, McIntosh and Spy appeared to be more
resistant to radiatien than Golden Delicieas and Red Delicicus; Cax Orsnge was
intermediate. With referance to budded spure, Macown appsired ta be most resistant
and Goldsn Delicicus least resissant. 7The wide diffiéremces im resistance of individual
tress in the two years suggest that counts of total shoots and dbudlass sheots might be
made each year to determine if this variability contimues as the tress becoms better
established. Such counts were made en Gclden Delicious in 1956. ,

Bifurcations ecowrred meet Lrequently on vigorously grewing shoots. Counts of
bifurcations snd of ths long sheots were made both for the bifwrcations of 195k-1955
and for 1956, MNeo correlaticn between the ratie of bifureations 4o long shoots and
dosage was ocbtained, The ratios varled widely bLetwsen trees of the same variety and
in the same rev, ' '

A severe fromt on May 24, 1956, killed most of the flcwers. No fruit was
harvested.

Prepagations of apples from field; Dr. Xinsed collected dDudwood on
August 2 k&'ﬂ‘ﬂ% Bﬁﬁutﬁmn planted in 1954 and this wes budded
inte ,6 ‘m old tress in GJ.B.P‘., Orchard 6. Row 17,

Cbasrvations en ;ng{:‘:n the field: Ia Nay, 110 Gonecord grapes were planted
in the gamma field to rep m ek bad died. Piftesn plants were plasted in
& contrel field at Breckhaven. DNMeasuwements of shoot growth, counts «f nodss and
elassification of termimal buds were made on the new plants oa July 31, 1956, in aa
aptempt to study the effacts of chresic gamma radiation on the first sesson's growth,
The plants made unevan growth and no correlation hetwesn aversge length of shoots per
plant or average length of interncdes and daily dosage of gamma rays was ebserved,
However, the percentage of budless shoots which was 71-78% at 32 « LO M{ 55 - 34 r per
day) showed a sharp desreass at L2 M. Prom L2 - S8 M{ 31 « 15 r per day) 23 - 56%
of shoots lacked terxinal buds. Mo budless shocts were cbserved onr new vines
sot st 73 N{ 9 r per dayl Among the plants im the contrel fisld, 0.34f of the sheots

appeared budless snd these may have deen dus 0 mechanidal injury.

. Three shocta on vine #20 in the 73 M row bore late-riponing clusters -onsisting
of unusually largs berries and many "shot® berriss. fThe large berries did not bave
unusually high sesd eounte, for 16 such berriss contained 1.3 seeds each, while 20
large and medium berries from normal clusters had 1.2 sssds, Ceeds Zrom the large
berriss will be grown for ehromcsome couwrde. It is planned to propegats the large-
berried portions of this vine, '

Seeds from borne in the camaa field: Seeds from Concord grapes growing
in the 10, BL, L6, 5L and 73 N rows in the gamwa field were garsminated and 86
seadlings planted in the nursery below Vineyard 21. ZThe young seedlings ware
irregular in vigor, as may be sxpected in seedlings of Concord. Mottled or dis-
torted cotyledons and bifurcated epicotyls ocourred occasismally. These seedlings
will be growm to fruiting o find out if new types will oecur,

Seeds from vines in the L2, 50, 52, 53, 57, 58 snd 73 M rows in Ahe games field
were harvestad and will be goswn.

7.77/~f
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pore:nt-igc of budhu shoets increased markedly., Dr. Zahur's anatomical ntudiu showed
the most severe daatge to the apical meristem at these desages also.

Among the scicns irrsdiated im 1953, shoots frem & Macoun soion which had been
treated with neutrons for 6 hours, bore small, slightly irregular leaves throughout
3 year's growth, - Mo fruit has yet besn produced., IV has been propagated, and duds
will e checked for chromescas mmber. It is the first comsistens, visible chmge
which bas bean chsarvad in shoots from irradisted scions, ‘

The frult berne by the scions irrediated in 1953 showed no conspicuous

- deviations from the normale

n#& te indues dwarfing in spples: At the auggestion of Dr. Arnold Sperrow
of ths Brookimyen Laboratory, an attempt to induce dwarfing by irradistiion
of a band twe inches wids areund the trunk was initiased, Two-yearcli troes of
¥ilton were treated with 12,000 r, 18,000 r, 24,000 r©, 30,000 r and 36,000 r of

X rays. Ten of each 1ot and 13 controls were planted at CuFeB.r., Orchaxd 1, Row 10.
From 5 to 11 trees in esch growp of trasted plants and of controls planted at Gensva
bad green shoets st sid-summer, whils ethers had dexd or yellowinyg shoots. The
survival of the trees was not correlated with dessge. The bark of the irradiated
band was more or less drewn, rather than the yellew-green or yellow-broun of the
sinilar area of the controls. Sprouts appeared bslow the irradiated girdle more
freqguently than in ke controls. It appears that tie dosages used may have aaunsed
consideradls damage 40 she trunk. .

Tress of Nemrce ca Malling I, similarly treated, were grown: at Broskhaven and
vere reported by Dr. Sparrow %o have dled sdove the ares of irradiatien and to bear
sprouis below this area, :

Grapes: Irradiation ef cut%. A total of 113 dormens rooted cuttigs were
exposed to 200 r, SO0 r, 1000 T, r, and 4OOO r of X rays and to thermel meutrone
in the larger instrument chasber in-the resgtor where they recsived doses eguivalent
to those receivad in 20 min., 1 hour, 2 hours and k bours in the ohswber used in
provious years., 252 cutiings were not treated, one=half being sent to Brookhaven
and ons-half being retained at Geneva., The cutiings were 16 imches long, imstead of
7 inches as in fermer ¢xperimsnis. lower dosages wers used te allow zregjter swvival
of guttings. Surviwval of all lots was better than 8LX, except for those receiving
LOQO r of X rays, of which 155 were living at mid-summer,

" Az in previous years, plants veesiving L4000 » and the equivalent of L hours of
thermal nevirons showsd the most severe radistion damage - reduction in the number and

‘length of intsrnodes and high proportion of budless sheots. Plants of these lsis

grown k months in the gresenhcuse to study recovery showed little or no development

of axillary buds on the new shcots or of dormant buds after the initial growth period.
Plants receiving lower dosages showed symptoms of radistion damage whieh increased with
increasing dosage. 2hose receiving 200 r of X rays and 20 minutes of neutrons did

net, aiffer markedly from the controls. :

Studies of “recovery® of vines frem primary rediation alffecis suggest that this
ocours prinsipally by the development ef an axillary bud inte a shoot, wsually widh
Eersal leaves and & tarminal bud, This ocours frequently in mid.sumser cn budless
shoets at doses less than L00O » of X rays and L hours of thermal neutrorw.
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Anatomical st of effect of raiiation on shoot spices of Concord grape.
Builesa shoois 'fr"&!pim'u revelving SO0 I and LKOOU r of X rays and 2 ﬁfb@m
of thersal noutrons in 1955 were sectioned and compared with ths nermel spical meristem
of control planis. 7The normal shoot tip consistsd af & doms-shaped apical asristem
surrounded by a greduated- sexies of primerdia, When & budiess stam tip was sectioned,
1% showed differentistad lsaves around & flattened area. The cells in this area
showed variocus degrees of dumsge, whigh msy be divided into three types; 1) The
surface cells were mere or less collapsed, but the miclei wers still discernible.
2) The surface cells wirs completely sellapsed aad sudbsurface cells were enlarged.
Pivisions semetimes took place withib such & luge celle 3) In two meristess which
showed inactive but living cells in the whole shoct apex or in part of it, certsin
cells ia the upper four laysrs had spirally thickemed walls.

_This preliminary study suggests that the merictematic cells of the young lsaf

' and of ths upper laysrs of the apical meristen ars mcre sensitive to
radiatioh than the more differentiated cells. 7The fisld observatiens support this.
The budless shoot usually has l-6 lsaves, which may be assused to be differemtiated
in the dormant bud at the time of irratiation. These expard butl are varicusly
distorted, suggesting the death or retardation ef groups of cells, such as those in
the marginal maristem. Mo nev leaves or stem are produced,

Fleld data also shewed that the percentage of dudless shoote produced following
irradiation of darmant buds was a fairly consistent indication of radiaticon damage.
Dosages which preduced a kigh nuasber of budless shoots, especially when axillary
meristems wvere alse damaged, were useless as means to induce somadic mutatious.

Sesds of sppies and s Sesds of Golden Delicious, Rome and apples
and Steuben grapes, all open«pollinated, vere irradiated with 20,000 r, 40,000 r
and 60,000 r of X rays and with shersal neutrons for 10, 20 mdl;Obmm in attespts
to detersine a suitable dosage for the induction of somntic mutations. Ab each doss
300.500 seeds were irradisted scon after harvesting (25-33% watsr content in seeds)
and after after-ripening 10 weexs in dewp sphagmm in a polyethylene bag (12-343

"~ water content in seeds).

Thess dosages were all mcre than a 505 lethal doss. Ths frequensy of geraimation
decreassd with inoressing desage. Orape sesds were more sensitive than apple sseds.
No germination occurred except at doses of 10 and 20 hours of neutrons. Although the
separation of the cotyledoms occurred, shoot and root msristems mostly falled to
function. 0nly 107 apple seedlings from seed exposed to 20,000 r of X rays and fer
10 hours in the thermal columm grew snough to be potted. ‘

The geraination of l..‘dl irradiated afier after-ripening wes !'raquntiy lower
than that of seeds irradiated before aféer-ripening, dut this difference was not
censistent,

8plit cotyledons, irregular leaves and bxmruhd sheots were ccoasicnally
observed in the seedlings.

Seeds will be irrsdiated at lewsr dosages and the resultiing seedlings growa in

order to look for mutations. -
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‘n. - & recoghised th hoot spea is suscaptible
1on dmg-, there is 1little mtomtiou en the area ct greatest damage.

There are conflicting views on whether dividing cells are mors sensitive tham ressing

. cells, ¥The snatomical study of the shoct apex of some apple varieties exposed to both

acute and chronie irradiation was underteken with the hope of throwing some light en

these prodlems.

Rffect of scute irradiations Dormant scions of MeImtosh and Red Delicicus were
stbjectad to & wide range of acute doses of I rays and thermal nsutrons at Broskhavan
Hatiomal Laboratory, as shown belows ,

Vo.rhtL _ !pn' _ Thersial neutrons } 4 rayp
MoIntosh - 1955 2 hours P00 r
' L hours 5000 »

6 hours ‘

McIntosh 1956 $ bour 500 r
1 hour 1000 »
2 hours 2000 »
4 hours Looor
6 hours

Red Delicious 1955 2 hours 1oo0 r
L hours S000 »
6 heurs

Afver trestaent the scions were forced in water in the greenheuss at Geasva,
The buds were collected as they started to grow (1955) or at weekly intervals for
three weeks (1556). ZThey were fixed in F.k.As or in CRAP, dehydrated im t-butyl
alcohdl, embedded in Tissussas, sectiomsd transverssly aad lengitudinally at §-10 w,
and stained in safranin and fast green, ronu-'n iron chloride and tannic aeid, or
Heidemhain's hematoxylin.

The nermal shoot : It was thought worthwhile to study the morphology and
socidental damage, 1f any, in about 200 shoot apioss im dormant buds of Oolden
Delisious and green up b\ldl of Molatosh and Red Delicious. o differences Letwssn
varisties or stages of development were cbserved. 7The normal vegetative sheot apex
was found to be & £lat or slightly elsvated dome. The height of the dome depended
upon the stage of development of the shoot apex. It was narrowest and almoss flat
in the minimal phase of the plastochron (the phase at which the elsvation of the
youngest leaf primordium is detectabls) amd attained the greatest widih and height
in the maximal phase (Lhe phise before the emergence of tha youngest leaf pruoztnm).
The nuzber of mantle or tunica (outer) layers, to be indicated as Ty,
also varied with the developmentsl phase, The maziwum stratification Boa3iagile)
was identifisble either in the maximal phuse of Ahe plastochron or just afber that
phase. The minimum stratification (two layers) could be seen in the period following

‘_/-'_:.ﬂ £ .77
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the minimal phase to the mid-plastochron phase. The distinetion between tunies and
cerpus basad upen cell sise did not hold in spples. The colls of T} and Ty, the
usual tunica layers, showed ths same sise nrht.lm as those in T3 and ’h mn dasper

ring layers.

‘The serm corpus or eentral mothar cell acme, as used in the presens study, vas
applied to only those cslls which lay dstwesn the manile laysrs and the pith rid
. meristem, vhoss wpper limit wes usually 8-10 cells delow the surface of the apexs .

The eentral mother cells divided in all planes and at any time the cells could be
traced to a single call lying in the dddla. ,

Acetidental dmmage to ths cells of the shoot apsx, as dotcrnimd by ecunting
collapsed cells {n the msdien or near mdisn sectisns, wvas found to be negligidble.
In a very few cases a cell here and there showed some dmsags. 1In only two cases
wers all the cells in the ahoot apex eellapsed. IThe damaged shoot apex in deth these
cases showed sigms of uncontrolled grewth resulting from the aptivity of pith rid
nerigtiom.

© Rediation gsl_gs The microscopic examination of 200 shoot aplces subjected
to s ¢ range of lonising radiations showed three stages of radiatien
dsmage: 1) The cyteplasm of the damaged cell sialwed very lightly, but the nucleus
retained its normal appearance., 2) The cytoplasm was lightly stained, and the nusleus
had lost its norma) strusture, i.e., the nuclsar msmbrane was indistingt and the
chromatin was oclusped. 3) The csll wlls collapsed. This was related to pressure
exsrted by the growth of adjacert tigswea.

The degree of radiatien damage varied videly smong buds sxposed to the sane
dosage. 7This may Ds related te physlological variation in buds er te variations in
donage recaived dus te distance from the source ef radiatiom, shielding by the woody
stem, o%¢. Despite this wpriation in degree of dumags, s trend teward wmm
mqunncy of damaged buds with incressing dosage was cbserved,

The radiation dmmage in tle upoxboa'u more evidend ia buds of later eollecticms
from forced scions. In material exposed to mild sad severe doses ef ionising
radiation the degres of damage in buds cellscted thres days after forcing was similar,
whersas buds from the same scisns collesisd 10-14 days after forcing showed imoreasing
dtngo-ithincmumduo Unhthogrmnot the bud the radiatisn damage becane

nore uppu'mt

The Mhto nhodt-qm:m the site ofrmtundm. Eevever, the variows
layers of the shoot spax designated as T3, Ty, T3, T)» \be corpus and the pith rid
meristen showed varying degrees of responss. ]

8s T3 (the cutermost layer of the shoot apsx) which usually gives rise
to the spidermis of lsaves and stess, wvas found to be the acst resistant to Sfenising
rediation. The degres of resistance differed in different varieties. In Mclntosh
eight shoot spices out of 167 showed damage t0 T), wheress 2} out of 33 shoot spices
of Red Delicieus sxpcsed to comparable doses showed radiation damage in Ty,

be Resistance markedly decreased in the desper lying layers, Lm
duuuluﬁu!:, 3w!kwmdwmaulymmmmotrmumdmgo.
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¢« Corpus gells or the cells of the central molher cell sone were much

scre sensitive to radiation dammge than any ef the four superficisl layers.

de. The pith rik meristem shoved marked resistance %0 radiation dmmage.
In Helntosh 21 out of 167 shoot apless showd entirely or partislly dsseged pith rib
meristens IR all the rest of the cames the cells of this regioh were either nerwml
or composed of slightly enlarged oells. In & Zew cases more than one growth center
eould be distinguished balow the damaged corpus. It is postulated that these growth
contars may be the origin of tha bifwrcated stexs which ocour commonly following
irradiation, An inberesting feature of the dasaged or yartially damaged pith rid
meristem was the presance of oversiasd cells which cccurred almgly er inm groups.
- e Procamdium vas affected only abt heavier deses, PFollowing LOOO r of
X rays and 6 hours' exposure t0 thermsl nentrons she entire procambium wes deatroyede
At 5000 » of X rays even the differentisted vassular elewmsnts showed radiatieom
damage. The protepyimm elements becams clogged with a highly refractive material,
vhsreas phloam elsments wers esmpleiely obliterated.

The outermost layer of the Jsaf primardis behaved in the same way s T) in the
shood apaxe It wvas covered with & thiek laysr of cutisle and wes capadble of rapid
division. 7This layer was mcel resistant te Ww effect of fonising radiation.

Rffact of ohromic irrsdistion: Budless spurs and clwd tipe of Gelden Deliciens
grewn two years in the gamms ¢1sld at Breckhaven Nationsl Laboratory st 32.X snd 36 X
froa the cobalt source were fixed in F.i.A. and sectioned according to the method
previocusly deacribed.

Cons=year old spurs collected on August 1, 1956, prodused lsaves but no derminal
bud, When secticned, T, was found to be resistant, bub ¥,, T,, and rb and the corpus
‘wore killed. The cells’sf T, proliferated and the surfach vas tarom'imto folds, Mo
regularly organised leaf primordia were present. Divisiens in different plasss in the
pith rib meristem ocourred and contributsd to tha snlargement of the spur.

. C1wd tips one yusr old showed ths charssteristics of the spure dut had developed

further, Cracks occurrTed in the felded surface layer because ¢f the incroase in bulk
caused by the astivity of the pith rib meristests Feridera developsd from certical
oells and eventually covered the surface of the tip.

A larger elud tip presumed to Le twe years old showed peraistant periderm. The
bulk of the tip was compessd of parsnchyma with scattarsd stort tracheids.

Comclusionsy 1t appears frem thess prelimimary cbssrvations that the relative
sensiilyily of the cells im the apple shoot spex is not deterained solely by their
comparative ability te divide. The four tunica layers ars conpesed of cells having
the sapasity to divide actively, but 7y i» more resistant than the other layers.
Feriderm consists of dividing cells dulb it centinues its astivily under doses of
shrenic gamma irradiatisa which dsstrey the imer tunica layers. %The suticulay
coating of tim cell nown to be preseni on cslls eof T, periderw and en pellens,
whieh are notably insemsitive teo radiation, may be an important faotor in rediation
resistance. :

’75%-
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STATUSs The collection of irradiated nmh-aﬂwonmm.uhm“tm
ﬂyig%mu before evaluation, has been augmented in 1956. Studies on the
hmmmwmmnammﬂumﬁmnmummmwu
dosages. Field cbservations and amatomical ztudies indicated that the site of greatest
Muutbnpimm mwmmumtnawdfm

The severity of primary mum affecha (altmﬁ.oudaioh ocowy aftor radiabion
treatmont bubt which are not perpetuated in subsecuent growih) is a guide to the toleraunce
of the plant to redistion, and therefore il i2 used as a basis for the selesotion of
sultsble dosagess [However, the relabionship betwsen primary radiation effecte and
mswumummwtmnnmwm The variety and the natwre of the
material and ite trestment subsequent to radistion are important fectors in radiation
sensitivity. mwma{wtm certain dosages which cause faly
mmmaMMgmmmw uprmmhmm:w
bullding up & populatien in which to look for mutations. Suggested desages for apple
scions are 1680 r - 3000 » of X rays and 3 hours of thermsl neutronms BDetter survival
is cbtained if grafting is done as early as poosible. Whole trees ssem %o he more
mbﬁmﬁhMﬂthcim,wtmmaru cult to handle. Concord
grapes appesr to be more sensitive than the epple varieties tried. lsmr-m:-
axmma.;mmammmwummnmm. :

: Binses, J. and G. Pratt. mm»mdmmud,
s Vege wwmu falk presented a Work Conference
mmmmwmm, m«-;uwmmmzh. 1956, to be
w:«mmummamm

Pratt, G smmhpmmsz mmm m. m. 1956,

Prats; Ce um«mmmummamma: gr?
Fresented bofore thw General Sectlon of the Botanigal Secls armm, .3.5.'
meetings, Mmuw or CGonnesticut, Stmu, Gome, August 28, 1956

L i : mmmmmmmammmm -
umﬁnhﬁnﬂﬂdnmhd!&h&nﬂhﬂmm
mmnmm amamhwamunmmuumam :
to permit bether survival. Irradistion of apple scloms at guitable desages will be
performede mmmnwmmmtmgm:mdﬂnm»mm,

PaEP BYs ﬂmm Pratt and John Elnset






