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I  SUMMARY

4 stuily has beep made of growih in the fruit of apricot, cve
lioorpari, in Adelaide, South Australis. Horphologlieal chanzes in
the various tissucs which consiltuie the Jruit have Zeen sxamined
during the period {'rom anthesis to mafarity. fell division sontinued
in the sesocery for epprogizately 135 days after anthesls; cell
expansion sontinued Trem anthesis to meturitys DPifferences in the
skape of Frmid and of cells in the wesccarp hove been related to
stape of Jdevelopment and to various treatments laposed on the frult.

Signdficant positive relationshbips heve been shown (o axist
betweon the size of fruit ot carly plt-bardeming, and thet at the
end of pit-hardening emd at maturity. lerge fruit at pit-hardening
were also shown to ripen seriier. Fruit were shown fo vary in
sige and in the nueber and volums of mesocary cells, both within
and hetween trees., Size dlfferences in fruit within a Yrse were
mainly due %o differcmces in cell number, but betweer trees the
gontribution of cell numbsr mags less and cell size waa reletively more
importent then within trees.

Teelors have been tested for thelr effect upon frull growih,
and response hns been measured in terms of Truil velums, cell
sumber ond volume in ihe mesoearp, snd ondogenous gibbercliline

Trinning Plowers at Pull-bloon increased 21lightly the aise
&2 frait st seturity, but no éifference in slge, cell number or
cell volume could be detected at pit-hardening.

in 1984 frult Orom blossoms which flowered early grew at o
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slower rate then from blossoms which flowered late. 7¢ is sugpested
that the slower growth was due to the cooler conditions under whieh
the Pormer fruit developmi, fpplication of heet to spricot branches
st night for the first 10 days =fter anthesis lneressed the initlal
growih rate of fruit and of cells in the mesoesrp, and produced mors
repid ¢ell divieion in this tissue. 14 844 not affect finnl frult
sizge or the number and volume of cells in the mesocarym. Ho differences
in the level of endccenous ribherellin in fruit tissuss were produced
by heat ireatment.

fbbersilic acld injected into apricct branches, at or befure
fMll-hloon, inereased early growtk rate of Truit Wut subgecuently
depressed growth end finel size. fell numbers in frult Trom treated
hLranches were significentiy lower then controis. 'the level of
mndsrenous gibberellin in frult tissues was not affected by
sAbberellic acid spplicaticn.

“ndogenous ibberellir was estimnied using ‘he harley endosperm
test. There wos 8 positive reletionship between grovth rate of
seed, endocarp, snd mesocarp and the levzl of gibherellin Tound
in prude extroets of these itissues. 4An hypothesis is supgested to
explair the role of gibberellin in epricots. Using o partitioning

nrocedurs and paper shromatography nome sroperties of this gibberellin

were obtained and sre dlscussel. Unly one zone of activiiy was recoverad

on paper chromatogrems snd this ran st an 8F of Ue28 in isoproganol:
swmonistrater (10811 Je The compound ig nun-basie snd more polar
then glbbereilic seid, but it doss net regemblc eny of the known

%

gibbereilins.
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W iTROBUCTION

The attempt has been made in this study of the apricot to
gain ineight inte sowe of the mechanisms econtrolling fruit
growth., Three aspects of growth were of particular interest:
volume increase of the fruit sc indicated by diameter measurce
ments; growth as manifested by cellular changes within the
mesocarp; gibberellin changes within the developing fruit.

It vwas hoped that if overall growih could be influenced by
extermal factors, in i predictable manner, thc subseguent

examination of these fruits on the basis of cell number and size,

and gidberellin content, mizht give more insight into mechanisms
of growth than the same determinations on unireated fruit. The
project wes an atiempt to study, in one fruit, certain aspects
of growth, and fuctors affecting growth, whioh had more often
been investigated separately, or with different fruit., Such
results are more meaningful, zzd sny hypotheses drawn bear
closer scrutiny. This is partioularly so in work dealing with
growth substances uherein confliocting data and conclusions
abound. Such ebservations might indicate that no on: uechanisw
is present in all fruit, dut that emoh has evolved its own
paritioular system. It would thus appear more productive to
examine one such systen,

Among the treatments applied to apricots, the more
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predietable in terms of fruit response appeared to be the effect
of temperature and the effect of gibberellic scid. The project
has, therefore, as its main thesis: the study of spricot” fruit
growth, in terms of fruit volume, cell number and volume, and
endogencus gibberellin, and its response t¢ temperature
differences and applied gibberellic acid.

A few experiments were conducted with Elberta peaches, but the
main body of this research was concerned with Yoorparik apricots.



¥  REVIEW OF LITERATURE

—

A. A Geneval Description of Frull Growth

The morphcloglical changes, both preceding and subsequent
to fertilisation, which lead %¢ the formation of a frult are
deseribed in most betanicesl text beoks. These changes «ilil net
be detailed here, but certain aspscts of these changes are

discussed because they are relevant to the project.

1. _JRates of growth

If the oversll growth of fruit in terms of weight, volume,
length; or diaweber, is plotied as a function of time after
anthesis, the curve produced is either sigmoid or double-sigmeid
in character. Among the fruit amentioned in this review the
apple, psar, almend, iomato, strawharry, orange, and avocado
have simple sigmold growth curves. In contrast the curves for
spricet, peach, pium, cherry, {ig, snd grape are double sigmoid.
As pointed cut by Crane (1964}, the type of curve bears no
relationship to 1ts morpholezieal structure; thus simple fruits,
as almond and peseh, o compound fruits, as fig and apple, are

found in both groups.

=3

A fruit can grow by cell division, cell enlargement, o by



the groliferation of air spaces or other inclusions within ihe
existing {ramework. In any fruli there is «ften one Lissus
which is vredominantly responsible for sizs ineressc. In stone
fruiis, excluding slmond, it is that portion of the ovary wall

called the wepocarp,; im the spple and pesr it is the cortex,

which, sceording to ihe asusendleuiar theory {¥gcDanielis 1940},
is tissus derived from the fused bases of the sepals, potals,
and stawens, asd in the strawberry 1i is ihe fleshy roceptacle.

it i3 with these tissues that this work is primarily conceraed.
The parts which will eventually foram the fruii grow, prior

to blossoming, mainly by cell division. 4s enthesis i approach-

ed, srowth slows down and may cusse {ses luekwlll 1357). After

snthesis some fruit grow by cell division along, but the

majority grow by both cell division and expeasion. Cranme (1364)

summarises the reporied lemgth »f coll Jdivision in various fruits.

T the apple, poach, and gius it contioues for three to four

woeks, in the pesr for six to elght weeks, and in the avocvado

and strawberry it continucs until seturity. Houghtaling {1935}

concluded that in the Lomato {fgcopersicummgaaulentum} cell

division ceascs at anthesizs FeCeombs {1955) and Simons (1960)

same specics for apout 17 days zfter anthesis anl in other tissues
1% continued even lomger. GSrailey {personal comsunicatiom;, Trom
observations on wmitosis im the Tilten variety of apricol, found

>

ne evidence of oell division Iz the mesocarp of that {raii after

four wmeeks fron anthesis.



s Faotors affecting fruilt growth,

Thie review will e concerned primarily with reports on
modification of fruit growth, hy metheds similar to those

suocessful in these apricoi experimenta,

le Srew fastors

Tonns {(19473) otudied the tree fuetors affecting the growth
of apples in Yew %ealand: she found that the "alze of apple
fruits at hawrvest is influsneoed by position of the Ifruit on the
spur, seed number, spur size, number of frult set on the spur,
sositicn of the spur ou the branch, =znd the date of flowering
withia the slossom sesson”, Several workers have investigated
thé cause of withine and beijween. tres differences in fruit size
as related 4c cell nusmbsr and cell sise. Demme (1961} concluded
that, in dwerf Jox's Orange a% Jast Malling, variation in frult
gize wﬁthin 2 tree and between Lrees, was related %o both sell
number and size. In contrasy, for Sranny Smith in Australis,
Bain and Robertason (1951} showed variation in sizs of aature
avples on & single tree to bz dve to differences in cell number,
the sell size vemsining relatively nonstant. Differences in
pise for ceveral apple varieties ivn Tesmanis, betweern similar
trees bearing eithsr lizht or heavy crops, wee founéd by Mariin
end Lewie {1952) to be influerced by cell sims vather than cell
rumber. Seasonal differerces in fruit sise bave beer related
30 both cell size =nd cell number {Smith 1250; Pesrson and

Roberisca 1953). Thers are more and larger cells iv apple fruilt



in seasons when mean fyuit size im larpe, than when fruit sisze
is swalls In peach the studdes of Bradley (1552} showed o
sndancy Yor the lergee fruli te bewe larger cells. This huwvever

x

wes not inverisble, and cell size diftersnces were nel gewrally
sufficisnl to ecowmt Tor differances in frull size, Che conclude-
ed that probably cell mumbar was move laperfant then eell size

in acecuniting for fruls diiferences.

Although Idlieland (1930) was umable to femcnsirate any
relationsbip belxcen the sime of apricols 2l gli-hardening, and
that at rmturity bvetwew: soveral sesscusm,; olhaxr o
shown thet, for peaches, such o relationshipy does exist ‘e.g. Davis
end Pavis $98; Procheting 1952). This imowledge 1s used o
roediet the sise of frult ot saturity, snd, il neceusary, to
atterpt o wodify §1 by thimning. Ty thds time cell division
in the peach has ghopped (Mddems b gh sl. 1930; ERaglend 1934),
and it would seem jrobable that the nwber of eellz within the

segocars b thds stepe can 1444 the witimets zize to vhich g
= 5]

frudt growes. It mdght be postuleted that ony factor which affects
froii growth by lts eifect upon zell muvber, is operatiwve befare,

or within the firs! few wecks alter anthesis. A factor sffecting

growth by zoéifying cegll alze can concelvabhly be operative at

any siage during the growing season.

it has lonmg beom wiersteed that thinslag a tres #ill not

only ineressce frull sizec, bhul oftern will affect the crop im the
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follewing year., It is further known that the earlier the tres

is thirmed, 3he more advantageous it is in both respecis.

favis {1942 thinned peach trees ut consecutive two week periods
and demonatrated this scavincinglys. Ore report {Co Se 30 Re Ua
Asmaal dopert 1937 - 8) showed thet hand thinning apple fruitiets
in the cell fivision stace inoreased both cell number, and fruit
gize. Also in the appls, fenne {1960} produced an incresse in
Both cell size and cell number by severely thinning trees at the
pink-bud stage of blossom, Later she showad thet thinnirg sfter
ceil diviasion hed normally seased, would stimulate further cell

division in the coriex of apple {Denne 1961},

3e _ Tenperaiure

In 1529 ®ufts, inveatigating the growth of Roysl apricots
in relation to iemperature, concludsd that minimum night tempera-
ture was the most important factor in hastening or delaying
maturity; the higher the temperaturc the earlier the maturity.
By artifioial noating iillelead (1935) was able to shorten Stage
I 1z the apricct. Likewise Tukey on sour cherry (1952, MeoIntosh
apples (1956, 1960) ard Corcord grspes (1958) altered ihe rate
of srowth, and in many cases the final size, of These fruits by
srtificislly regulating the night temperature applicasion of
heat increased the rate of growth until an optimue temperature
was roacted, and sbove waich growth rate declined, Although the
nosi effective time for the applicatior of heet was in the early

growth stages, no details were given of its effect upon cell
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division or cell growth.

ke  Gitberellioc scid (22 ) sppligation

A recent review by Crene (196 on growth substances in
fruit setting end development hes, smong other things, summarised
the reseaxrch to date on the effect of gibberellic acid applied
%o fruit. He showed that one of the most remarksble properties
of gibtberellic zeid is its ability to stimuiste parthenocarpy in
nzny fruit. It hes veen proved successful on meny Iruite which
do not respond to auxin, og citrus and some Prunus species, and
often more successful than asuxin on fruits which do respond to
the letter. Although other fruit, produced parthenccarpically
with gibberellic acid, are smaller than normel, parthenccarpic
peaches have becn produced which, except for lack of seeds, are
almost identical with open~pollinated fruit. Crane concludes:
"These resulis provide indirect evidence that endogenous gibberellin-
like growth-regulators are present in peach fruits as a result of
pollination and fertilisation, =nd that they are involved not
only in the development and eclerification of the endooarp but
aleo in rogulating cell division and enlargement in the mesocarp....
The practically rormal growth and development of parthenccarpio
peaches produced by GAB applioation further indicates that
gibberellin or gidherellin-like substsnces are the only growth
factors produced in the seeds of pollinated fruits thet are lack-
ing in unfertilised cvesries of this species", This, it is felt,

is a reasonable hypothesis. It should be noted however that
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evidence from other fruit deoes not alwsys support similar cone
clusions and it would appear possible that different frult have
different hormonal requirements fo3 zrovih.

In contresi to the sbove resulis, GAB spplied to openw
pollineted fruits has senerally reduced growth, Carlone (1962),
by application of TA; %o J. He Hale peaches when the fruit vas
43 zm Alaneter, produced sn initiel stimulaetion of growth, which
lested for oue month, followed by a depression of growth. Ripe
frait were small and russetted. Citrus treated with Gﬁj are
generally ammallef and later-maturing then unireated fruit (Crane
1$6%}. 3Strawberries on the other hand rispoad to pre-bloom
spplications of QAB by the acceleration of both flovering and
rivenings early yields sre increased, while at optimal concen-
trations total yileld is sgusl to control:s high concentrations
of GA3 sroduced small elongated frult (Singh gi cl. 19607 Smith
et_nl. 15613 Turner 1963). Seedless varieiies of grapes respond
to GAg by increased fruit sise wheress seeded grapes do nots;

both sre mccompanied by reduced fruit set (Crane 1964). Lavee
(1560} showed thet spraying grapes (var. wueen of Vineyard) with
Gy , 23 days after full-bloom, increased the welght of berries,
conteining no seeda, by over 100%, berries with one seed were

increasod 50#%, and those with 2~3 seeds wers no different in size.

If Ci. osn, in some cases, replace the stimulus of pollination

3
and fertilisation, it would noit sppear to complement the stimulus

following nommal pollination and fertilisation. The response,

in fact, is one of growth depreasion or modification. Fruit may
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be smeller and matwre eariier, or latery they may be nis-
shapen (Grigse and dwskiri 1961), elongated (Veaver and

Heluns 19591, or barn o long pedlesls (Coggins gt al 1960;

Yalker and Doneho 1959).

tiypotheses (o explein growth, based on the response of
the fruit to applied growih rogulastors, should be suosiantiaied
by parellel work on endogencus growth repulstors. Crane
(1964) has summarised thas recent findings on endogenous
githerelline (ond auxins =nd kinins) within fruit, Seeds
generaily contain the bighest amount of extractable
Arberallin and xost woriers have concenirated on thess Lissues.
Srere stalesie~ "In gensral, & positive correlation was found
betwesn growth of the sced and lneresse in amount of
gbboreliin-like subsianCuBes.... Lowever, as in the case
of auxing, mp rolalicomilp beiwesu levels of lhese subs'ances
and froll growil was pporent®,

&6 previously wmentionad, for some cpecies of Prumus it
wea Tound the! the stismvlus to growtih follow.ng Tertilisation
eovld be roploced by wpeplicd "7}"3'“*1;-,% 1% seesed poseible that the
secd cupplied sibherellic or was scmebow roponsible for its
roleass te the fvoii.  Yeowver gf _al. {1962} found seeiless
proapes would respond to gibbersllic seid aplleaiion by
incrensed grovth, whercus (}:,3 often depyossad growih du ceed-

ed varieties, This might suggest that the latter, by virtue
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aof their seed content, were able to supply adequate glbber-
#1lin. 7hen, however, Goombe (1960} tested erude extracts of
uoth secded and secdlesa grapes he sus able to doteet gibber-
#115n activity in the latier onlyve The chivious difficulty
in interproting such resulis indicztes the posslbiliiy, that
ghat is messured a8 endogenous gibherellin, may not be operstive
within the fruit, or thet 2 high zibberellin content mey not be
ndicative of o hizh utilisation ratsz. Such diffievlities In
researel into endugenous horpones will he comsidered further
in the dscussion.

¥ueh work in identification of glbberellins oithin plants
has been dome by workers in the ICI sroup, Enplande. Jones (1968}
detected sibberellins A 1 s z‘< 5@ 6’ and faé 4 =nd tha lasctones

of two animowm gibberel lins,, in the seeld of 7 o multifioruse.

Sesds were dlssecied intu epbrvenic axis, cotelvdons, and seed
conts, 511 the gibberelline were found in esch tissne, but 8o
of Aha totel setivity was concentrated in the seed costs. He
discovers: that, with tho exception of & 5 which renche? iis
peak activity esrly, zibberellins wers most ebundant when the

seed was about 250 of its tot2)l zize.
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Vi MATERIALS AND METHODS

A. The Trees, the Climste, snd the Soil
inless otherwise stated, experiments were porremld on

Moorpark apricots aund Elberta peaches at the Wudte Agricultural
Research Institute, “len Osmond, South iustralfa. Apricot irees
were planted in 19%5.. and peaches in 19%55. Forty-elght apricet and
412 peach trees were available for experizentstion. FPeaches were 12
£t high and in full production {nc yield records are available).
An identieal deseription wonld apply to 505 ef the apricots im 1961;
the remainder were infected to a greater or lesser extent with the
limb-icilling fungus disease, gummosis (Butyps armeniacse). By
1963 the number of trees unalfected was emly 12.

Peachss haed been regularly pruned to form vase-shaped trees,
abouts helf the fruiting laterals generally being cut back.
Apricois were unpruned: ibis j¢ now a common practice im Swuth
instralis due to the greater likelihood of gusmmosis infeetion in
wut or demaged trees.

The main commercial plantings of apricets and peaches in
South sustralis sre im the Murray Kiver districts north-east of
Adelaide, where annual precipitation is 22,5 =~ Z0.5 em, and
irrigation is essential.

The climate of idelaide is less extreme than that of the
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Marray districts, bui the sumwers are hol and dry; January, the
nottest nonth. hes & mean meximun of 27 LB and 5 sean minimum
of 16.1°C. Winters ars mild and damp, aal frosis are not comuon;
Julyg the coldest moath, nas s Dean Baximun of 44.0% sad s mean
ainimae of 7 ﬁégc. Total precipitatiocs is GZ.) en o which January
contributes 2.4 cw and July L.2 cm. The above figures for
sdelalde have beer extracted frow information rucorded at the
uweleorological station ot the %Waits Institute.

Soils are elassified as Urrbrse losm within the Red Hrown
Earth soil group.

Gstablished trees in Adelaide will survive and bear fruit
without irrigation, but optimal preduction can only be gained
with regular summer irrigation. In the ¥aite Instptute orchard,
rezular irrigation had not been practised: during the experimental
pericd, vater was applied several times cach summer but at less~
than-optimuz frequency. No cbservabie effects of drought wers

however noticed.

8. Campling and Fruit Feasurcmenl

Three messurements al right-aucles $o each other were used
to characierise the fruit in terme of size. These are showa in
Fig. 14; “mean digmetver”, when used in the texi, refers to the mean
of the Lwo dicensions & and b, length refers tc the dimension
shown as ©. Hdeasuremsats were sade with a pair of vernier

calipers. frait volume was found by water displacesment.
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Fige. 1A~ The three major axes of apricot fruit.

adhesive tape

half circle
bark
rings

Ncotton wool

Fig. 1B .~ Method for injection of chemicals into

apricot branchese.
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Ripeness of fruit was estimated on a scale from O (fruit
showing ro signs of ripening) through to 5 (zripe). Thiz wes
entirely subjectiver- an wnripe fruit is green and hard, while
the ground colour of a ripe fruit approximestes o "Yallow ochre
07/2" in tke Reyal Forticuliural Soclety’s Colour Charts, and
the fruit is soft. IFoth firmmess and colour were taken lnto
scoount when makirng these estimations.

Fruit taken from the %ree for subsequent cell nmmber and
size determinationz were stored in standard formalin - aceto=
sleohol fixative (FAA), Samples for gibberellin bicussay were
kept in plastic bags, guickefrozen with dry-ice and stored at
-12°C, Within two months ssmples were lyophilised, the bags seale

ed, and semples stored zt 2°C.

Ce  Girdiing
Cirdiing or barkeringing refers to the method of removing
a circle of berk, S mm vide, down to the cembial layer of a

branch,

Te Applicstion of Chemicsls to Trees

Chemicals wers sprayed on to, or injected into, branches.
Spraying was performed with a smeil hand atomiser on selected
branches until *mme-off®, The method of injectlien is shown in

Fige 1B. Twe parasilel semi-circuler rings were cut around the



bark, with = sharp Imife, end the tissue between these was ze
down to the cambial loyer; another half ring of bark was removed
on the opposite side of the linb, two centimetres shove or balow
the first. A wad of coston wool, sufficient to absort 20 ml of
the injection liquid, was placed around the twe osuts and the
portion of branch 8o %reated was wrepped in black polythens,

the ends being sealed with adhesive plastic tape. The Plasiic
and cotton wool were not removed until after fruit were

harvested,

Ze_ Mesgurement qf Light

Friend (1961) desoribes the measurement of integrated iight
values in the field using Sepia Oxslid paper, No. 33 T, &% x
14 in. This paper vecomes bleached on exposure to light, and
light will penetrate 5 stack of papers in proportion %o the
bumount received, the bieached papars acting oo a series of
density filters. After dry development in mmmonic the yellow
unbleached ares becomes deep Llue.

A local firm, Harding & lialder, meks s similar paper which
they specify as #2 ¥, 10 Ammonia Paper", Fifteen 3 om squares of
this were stacked yellow side upward, edges were sesled from
ilght with blaek tapey, and & 1 ox diameter cirele at the top was
exposed tc sunlights These were positioned on branches for 24
howzrs. Up to six papers were peneiraied by light and 1t vas
found that the eye conld detect bleaching of the yellow paper
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and treatment vwith smmonis was not necessary. Number of papers

penetrated vas used as o direct measure of the smount of light

received over those 2% hours.

Fo Artificisl Heating of Sranches

The two methods uf branch heating are shown in Plates 1 and
2, Method 1 (Plate 1) consisted of a oylinder of wire neiting,
1e8 % 0u6 m, oovered with plastic film. 9This was placed over
the brench se shown, and temperature was regulated by means of a
strip-hoater znd thermostai. Becsuse of iuadequate air circul-
ation demnge wes inflicted on leaves, fruit, and branches close
to the strip-heater, and thie nethod waz replaced by lMethod 2.
Method 2 {Plate 2) involved a cylindricel metal cage, 1l.35 m long,
and 0.65 m in diemeter. Ends were covered with plastic snd hard-
bosrd, When ragquired, = plastic sheet, contained on & roller
plind beneath, was drawn around the cylinder as shown. i heire
dryer circulated wvarm air and tesperature in four cages was
controlled by & thermostat in one, Variation in bemperature
over the four cages was rarely rreater than & 290; when, however,
on windy nights gaps appeared between plastis and the {ramewvork,

disorepancies of b 3.5°% were ocomsionally noted.

Ge HMethodas of Cell Counting
Several methods of esitimating cell numbers in developing
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Plate 2.- Branch heating apparatus (Method 2).



fruits have been desciibed in the literature., Smith {154C)
estimated the cell numbers in the fruit of several varietles
of apple by dividing the tissue volume by the cell volume esti-~
uated from cross-sections of cells C.5 om balow the skin av the
equator. The sasumption was made that cells approximated to
spheres and the cells at thiz point contributed most to frult
size. Bain and Robertson (1951) used a similar method: aize of
cells in the nid sortex of the Cramny Smith spple were shown o
be aluost equivalent to the mean Ior the vhole fruit, Form of
cells vas found o approximate to spheres or oblate apheroids
and volume was calculasted ueing the Jormmle ’@j‘g T a.z‘b, vhere a
is haif the length of the major exis and b belf the length
of the minor axis. Cell number was found by dividing fruit
volume by cell volume, Bradley end Crane (1955) compared aspricot
fruit on the basis of cell nwbers by counting the cell layers
across the mesocarp, presuning thai a greater cell number in
fruit wouid be reflected in a greater mumber of layers across
the mesocarp. A further method of estimating cell numbers in a
fruit is by removing & representative portion of that fruit,
macersting to produce & single-cell suspension and estimating,
by varicus methods, the vumber of cells in the suspension,
thereby finding, by properiion te¢ fruit volume, the rumber of
cells per fruit (eg Zradley 1959

The examinsiion of sections has the obvious advanisge that
the position of cells in relation to %ihe wvhole frult is not
losts In stone fmuits for imstonce, the endocarp and the mesocarp
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can oo differentiated mioroscopically at su earlier developmental

stege than the iwo tissuss can be readily dissected. For this
reasor, & microscoplc technique wes adopted when cell numbers in

the mesocarp of apricots were reguired befors pit-hardening.

Sections were cut on a freesing microtome from samples
stored in FAA. They were mounted in 504 glyoerine and the cover-
8lip sealed vith nedl varnish. Ho staining was found necessary.
It wvas possible to out small fruit to a thicknese of 5 to 10 j
but the larger samples disintegrated after cutting unless a
thicker section was cut, In practice a renpe of thicknesses from
iC %0 50 p was uned, depending on the size of the fruit, the

larger the fruit $he thieker the section.

Jections were cui across the fwuli through the point of
maxiwum cheek diameter, and transecis were examined elong the
plane at wighteangles to the suture {(dimension &, Fig. 14},

The transect itself contained cells of varying dimensions, and

vhereas, close to full-bloom, cells near the endocsxrp and exvcerp
were similar in chape, at maturity, the former had & much greater
radial diameter than the latter. It wes decided ¢o estimate cell

nunbers in the mesocarp by determinimz the number of cells across
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the mesocarp at different dates and for different samples,

assuming, as did Bradley and Crawe {1955), that increase in cell
numbers in the frult would be reflected in the number of cells
across this transect.

On the transect across the mesocarp from the endocarp to
the epidermis ten cells wers selected at equidistant points.
Radial dismeter was measured for each cell and, to calculate the
number of cells in thet tenth portion of the mesocarp, the radisl
cell dianeter was divided inio one-itenth of the mesccarp diameter.
The sum of all ten vslues obiained wes the estimate termed
"number of cells zorosa the zesocarp”™ It should be noted that
an estimate could be gmined by dividing mesocerp diameter by
meen cell diameter; this is socurate where cells towerds the
endooarp are of similar diameter to cells near the epidermis, but
vhere gradation of cell diameter exists, this ecstimeie is less
reliable,

Cell sise hes heen expressed in terms of radirl diameter.
This, however, is btut one of the Jdimensions contributing to ocell
volume and fruit volume; suture diameier znd fruit lenyth may
in fact be dependent on a different pattern of cell srowth and
division, 4 detsiled study of other dimemsions was not made, dbut
& few general observations of mitosis and cell size in those

planes indicated that the pattern waz similar,

2s The counting of cells in macerates
Cornwall and Davison {1960 describe equipment based on &
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photowelectric detection methsd, far the rapid counting of apple

ael’ls

i,

7 suspension. This, in ssrepcs, snialls pagsing o suspen~
sion of cslls through a constrictesd glass tubs mounted on the
stage of 2 microscope, Light iz passed through the cumetrioted
area Focualng an image on io s photostransistor mourted, togethor
with a two=gtage awplifier, over the sye-piecns The imege of cells
passing through the comstricvticn preduess electrical pulses

which are anplitied and used o trigrer sp ¢lectronic counter,

To sops with the larpe mmber of ecell dsterminmeiions evvisapged,

o machine was coneirucled on the speeification: of Cormwmll apd

Daviscn. The Tollowing

o

descriptions refer to {he meceration
procedures used 4o prepsre & mingle—cell suepensiom, to the
standsrdisation and wodificatiomn of the eguipwent, and %o its
method of use, Jounts wers checked pericdleally with a haemo-

cviometey used in the normel way.

-

Three meceration tecimiques were tesited (-

Nethod 1. Jeffrey's method (Johensen 1940}, using & mixbture of
07 agueons nitric aeid and 100 aqueous chrumic acidc, caused
rupturs of 5% of celiss Im spite of pood separation lis use

was therefors shandonede

5

Hethod iI. @thylencdizminetetrascetic acid {(EUT4; Ge08 at
P 10,5 (Lethan 1560} produced cacellent macersiicn of apricot
tigzus. Ower 999 of cells wore as single intect wnits; sawe
of the remainder were ruptured and a few were in small cliusters,

EneTE. af not move than thyres cells,.
&



25
Hethod IT1I. Sodium hexamstaphosphate, 204/L at pi bel (Letham

1%62)s produced maceraiion eguivalent, bus mot superior, to
Hethod Il therefore LDTA was used,
Cell counting Uy this procedure was confined o apricot

tissue sampled at pli-hardening and stored for seversl months
in FiAs Circular plugs of tissue, & mm in diasmeter, were removed
with a coerkeborer from opposite cheeks of the apricots Tissues
immediotely adjacent tc the endocarp and epldermis were removed
one millimetre {rom each surface with a rasor blade. Plugs
vere quickly dried with tissue paper and weighed %o the nearest
milligram; weight of the two plugs together was 500 % 100 mg.
Bach plug was then cut into two semioirenlar sections and the
four pieces plmeed in a U ml conicel flask coniaining 10 ml,
0405 M EUTA, the pH having previously beem adjusted to 10.5 with
scdium hydroxide. Fiasks weres phaken with s motion reciprocating
15 om at 1 rvpme for 2 hours in a water bath st 45°C, Final
naceration wvas achicwed by shaking vigorously for three minutes
in 2 lidded plastic container with ridged sides.

ke vascular biseue, which resiets meceration, was contained
in the euapension descrived above. This tissue, constituting
shout 4% by weight of the plug, could be readily removed by
paseing through a 200p wire sieve, and washing the vescular tissue

remeining with distilled water to dislodge ocells adhering to it.
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The maximum dismeter of the largest cells was rarely more then

150p and it was felt that virtuslly all sells were recovered,

For convenience vashing vas used %o make the volume up to 200 ml;
2 ml of Tyypan Blue (0,57 in 43¢ glucial scetic acid) was included
in this volume, After 10 minutes @« 10 ml aliquot wus diluted

to 200 mL to give the soluiion nsed for cell countings one

tenth of this volume was used for each determination.

The mode of operation and the construction of this instrue
ment liae been described Yy Cornwall and Davison (19607, Comments
here relate only to modifications required for dealing with a
different fruit 2t = different stage of development.

Diameter of apricot cells examined was 50 « 100n, considere
ably smaller than the 70 ~ 500n recorded for apple cells by
Cernwall and Davison. Beczuse of this = swaller comstriction
(375u disuster capillary, ratber tham 50Cn) and a grester
magnification (x150 instead of x) wore meed. To cope with
incroased magnification the light asource was lowered below thé
casing snd ite light fooused onto the capillary by a lens
Placed betwsen the bulb and the microscope stage.

The cirouit of the eyeepiece unit hss besn modified by
Cornwall and Daviaon since publication of their work to include
8 sizing controly the revised circuit which has been incorporated

in the construction of the machine used here is shown in Plge 24
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+5 Volts

B
10 Turn Helipot with
Calibrated Control

Fig. 2.~ Lyepiece unit of cell counter, modified to
include a sizing control (Cornwall and

Davison, private communication).



27

The photoetransistor was found te be mors heal gensitive than
expecteds, Counts were generally higher on hot than cold days
ané heat accumlated in thé eye-plece umit from the light source
graduslily increased the ‘toia‘ié, count obtained, A 2,2 X ohm
collector bias resistor placed between points & and B overcame
this problem.

The cell suspensions sonbain a proportion of fragmented
naterial which is mostly cmeller than the smallest cells, acocord.
ingly some method of selection for sise is necessary. This can
be done by navrowing the sensitivity range of the instrument,
VUse of the light control or the sising oonirol inecrporated in
the revised cirouit ensbles this to be dore readily, DPure water
run throuzh the instrument #ill not record any count if the
amplifier gain is below 70%; sbove this walue a count is recorded
which becomes excessive ad 100% gain, £light vibrations or knocks
vill cause the instmment to record pulses, but, under normal
conditions, these sxire counts are negligibie when the smplifier
gein is below 70%. By etebilising the light to produce a kimb
reading on the smmeter it was possible to obtain satisfactory
counting raes below 70% gzains The graph in Fig. 3 shows the
count cbiained ot different maplifier geins, together with an
estimation of cell number, in the same sample, uaing &
haemocytometer. Gounts cbtained at 457 wmplifier gain at the
1ight intensity spscified above gave in this, and in other
samples, closest sgreement with hasmocytometer counte. Pointse

on this and later graphe are the means of fowr counts from 20 ml
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Fige 3.- Count of cells at different amplifier gain

settings of the cell counter.
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aliquots of the same sample (standard deviation 3.4%5}.

Cornwall and Davison {in thelr Fig. 4) demonstrate loss
of zounting efficlency at higher cell concentrations; thelr
explanation is that cells in cless proximity temd 4o sdhers
to cne another and record one pulse instead of twoe or more.
An almost ifdenticnl curve was obtained using varicus concentrations
of apricot cells in 20 ml of ligquid {Fig. 4}, In practice samples
were chosen containing sbout 5000 cells pexr 2G ml,

Uperatien

biquid containlag the cell suspension was contained in
a 200 a)l seasuring cylinder and mized by blowing air through
& 0 ml pipette imwediately belfore tsking a 20 al sample with
that pipette. The sauple was passed through the counder unfil
the gut-out terminals were axposed and the flow was stopped:
3.9 ml of the suspension was retained veneaih the cutwouf iLorme
inals and 9.0 =l was contsined in the iube before the constriction,
This amount of liguid was always present before counting took
place and each initial count was followed by two washes ausing
10 m1 water each time. <+% is saloulated thel, using this procedure,
98.5% of celis wers counied from each sampie, the remsining
1 3% would be recorded in the next sample. The whels oreration

tock less thasn five minutes.
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Fige L.~ Effect of suspension concentretion on

counting efficiency in the cell counter.



. Preparation of Tissus Extracts for Gibbersllin Piocassay

Txtracticn and bloaszsay of plant tissues took place in the
ter months following the season in which the {issue was
collected and frecse-dried.

The most common sxiractanis used in gibberellin work are
ethyl acetate, acetons, methanol, and ethanol. Fer Ghe present
study ethyl acetate wss initially useds Put it was discovered
later that methanol would remove from iissue, already cxtracted
with ethyl acetate, further and often greater gibbereilin
activity. Preliminary work alsc showed that the activity fros
both extracis ran at different if's on a chromatogram, aud these
twe peaks were not syparent in a normal wethanol extraci [see
Figs 14y seed at five days after full-bloom). {(onsequently wosi
material was oxtracted first with ethyl scetaie and, after
dryings the residue eas extracted with msthanol. The two extracts
were separately tested for gibbersllin activity.

in all sases described, where cthyl acetate has been used
for extraction, it has received no treatmeni ¢o remove iraces
of water. freviously it had been the custom in this gap&rtncnt
te dry ethyl acetate with excess anhydrous sodiuwe sulphate {B.D.H.
imalar), but recently Cohsn {private commnicationj feund that

this treatwent interfered with the barley cndospern test.

1. Bxtraction
Freesc=dried spricot tissue {usually 10 mg) was pround to a

powder with & morter and pestle, and shaken ccntimuously witn



10 »l =thyl acetate ix a 75 x 25 mm vial at room temperature for
two hours. The mixture was filtered and Lhe residus, with
filter paper, re-~cxtracied with snother ¢ =l for 7 hours ab
Z}“ﬂ. This was filtered and the residae wasihed with o further
10l and again flltered. Filtrates were combined and evaporated
under reduced pressurv at j@gﬁ to dryness. For chromatography
the volume was roduced 4o 3 ml, transferred to 7 x 1 or test-
iubes, and evaporated to dryness. Vials were washed twice with
1 21 ethyl scetate, the washings being transierred and svaporated
in the test-tubes.

After <rylng the residuc and filter papers were extracted

similarly with absolate metiianol

2a %titi oning

4 comuon method of purification (and sometimes separation)
used by many suthors (fheeler 1960; ARadley 1953, 1959;
Frankland and Yareing 1962; dest and Phinney 1955; Hayashi
and Yappaport 1962, utilises the fact that, at low pH, ethyl
acetate will generally remove activity Irom an aqueous phase.
if, however, the vater phase¢ iz wmade alkaline, activity will
usually return io this phasc, Using this information the

scheme shown on the Pollowing page wus devised,
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&

The extract in 30 ml othyl neetante wns shaken threc times

with 20 mi sodium Licarbomate to ¢lvs am aquesus fraciion of
60 mlas Afbter scidification this was shaken three times with
B0 ml othyl aeetsto. Jn equivalent erude extreet (31) wes made
and fyostions 1, 2, and &) were svoporated ss proviously
dasoribed; the acueous frastion {3%) wsa reduced o dryness by
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freeze-drying.

« Chromato

iscendlng paper chromatography, using ¥hatman®s No. 1 paper
and iso@ropaﬁolzammonia{dsnsity {eBi) 1water {16:4:1}, was selected.
Extracts wore run on single paper chrosatogras sirips, Ze7 €M
wide; they wers dissolved in thres drops of ethyl acetate or
sethanol sné streaked scross the paper, 5 em from the base, with
a2 Pine capillary; a further two drops were used us a4 wash, fure
@ﬂﬁ‘%ﬁs digsolved in eihyl acetate evaporated in 7 x 1 um tosi-
tabes, and treated similarly. Two strips were hung side by side
in a 2 1 gylinder at Zjnﬁa ifter eguilibration overnight the
chromatograns were developed to about 1) om and then dried in
e cold alr stream. Each chromatogram was divided inte 10 or 15
parts and each mection was placed in 1 ml autoclaved distilied
sater in vials for bleoassay; the paper remained im the vials

during the bioassay procedurs.

L. Gibbere 1lin Bioassay

is _ Barley endosperm test

¥ieholls and Pales {1963) describe & bioassay for gibberellin
activity based on the relesse of sugar from barley endospers.
It i capable of dsteciing auounis ¢quivalent to 10 pug &Aj in a
al of solution and contrasts favourably with the dwarf corn and
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dwari pea tests, where a responsc is rare below @Gj g Gﬁj.
Tne test is specific to gibberellins and dess not respond to either
xinetia or I4A., The responee to various gibvereilisms has been
gemonstrated by Paleg st al. {1964): G4, and GA, initiated release
of sugar st the lowest concenirations, &A% was only slightly less
motive; =sllogibheric acid, Gﬁg, and %&6 had lower activity, whilse
Ghg and Qﬁg were copnsidered inactive, or nearly so. The method as
deseribed by Hicholis and Paleg (1963} has been subsequently modi-
fied by B. G. Coombs and P. Cohen in this Departament, rendering
1t quicker and easler, without loss ia sensitivity. 7This modi~-

fied wmethod was adopted snd, as 1t is yet anpublished, is

described below.

Barley seed (variety Frior, 1960 harvest) was scaked in
50 %239& 8% EBQG for thres hours; Sthiz removes the husks aad
sterdilises the seed. Acid was decanted off and the seed shaken
vigorously and decanted ten times with dstilled water and five
Limes with sutoclaved distilled water, Lo dislodge husks and
remove seid. Seod was then soaked for 21 hours in autoclaved
distilled water at 9% . Excess seed, 10U, was used to enable

selection of undamaged, sven-sised se¢ed; in an average test A0

seeds were soaked in 250 =l 50% seid, followed by 250 ml water.

(b} Geed cutting and incubation

411 steps frox this time unitil incubation were serformed

under as sterile conditions as possible. Glassware, foreeps,



blades etc. were dry-hented to 140°C overnight before use,
agqueous solutions wers made with autoclaved distilled water, and
containers wers sovered whenever possible.

After sosking, water was decanted and seed was cut & mm
from the distel end (away from the embryo) with a rasor blade,
To do this & brass block with 20 half-circle grooves scross it,
each 4,5 mm vids snd 1.5 mm apart, was used. Seeds were placed
80 that the distsl end sbutted z stopping plate and the blade
was then yun down a fine groove 4 mum from this plate, seed being
held firmly with a brass bar, The endosperm pieces (withous
smbryo; were washed four times with antoclaved distilled water
and kept on sterile filter paper in a petri dish until use.

The subsequent operztions have been gpeeded considerably by
using sutomatic syringe pipetics {B = 5 Cornwall, Centinuous
Pipetting Dutfit), wooden racis holding ten 50 x 25 ma vials for
incubation, =and brass racks holding twenty 150 x 12 mm %este
tubes for immersiom in the boiling water bath. The racks have
facilitated handling and labelling of wials and tubes.

fna ml of water, containing known or unknown amounts of
gibberelliv, wzs added %o 50 x 25 mm viale, and two endosperm
rleces were added $o sach vial, It wss made certain that these
pleces were lying horizontally sc thet cut surfaces were exposed
to liquid, Viels were capped, ircubated in the dark at 30%
for 24 hours, and then frozem until sugar determination (ususlly
the next day).
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dbout 1 oo Asberlite IR - 120 (M) ion exchange resin was
néced Lo each vial io resove amino ecids and other positively=—
charged entities from soiution {these intsafeors with ‘he Tomogyi
test)e To ihis was pdded 9 =l &istilled woter snud the vials

were reocapped and shaken herisontally, end to ond, fo Mive
* > #

sdmabos ©

o)

4 filter cup, fumed by folding & © co cirels of ¥hatman's
Hoe 1 Tilter papor ovey o 2 e tubs, was slevly lowered into the
licuid: 0.5 ol wan pipetied fvom lusids the filier cup inlte a
150 % 12 wm tesletube comiaining 9,5 w1 dlsiilled water snd 4 ml
Somogyi copper reagent {see Faley 1559)e Tubes wers coversd
with martles placed in a boiling water batk far 15 sinutes, snd
then cocled in celd rumming water for five sdautes,

jrseno-nolyb@ate reagent {4 wi) {sex Paleg 1959) was added
to each tube and the contenis shaken vigorously until colour
develo ment was complels. Volume was made wp to 10 ml end, after
miving, absorption wes reed in = Tulomn 8¢ 1400 prisa
absorptionometer set at 560 mu and edJusied Yo zeroc om o reagent
blani.

Estimstion of sugar cguivalenis of known and unknowmn
glbberellin soiuticrs was meds by comparing their sbsorbency
with two Lvbes coentaining L0 wg glucose and another two containe
ing S0 nges Four such tubes were Included every time a batch of
tubes was boiled, since significant Jdifferences in absorption

values de ocour between balches. For this rocson also, when more
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then one batch bad Yo e belled, enci cxiract ov é;;q':s,j gstandard
wes, wherever cooslible, replicaien equally into all batches,

in glY coses desaribed, storderd soluiions were im triplicates
costaining ¢, 10, 109, 40" 4 1*’.2-‘:-}‘"" s 107 ppz G4 per winl. tooghe
(privite sommmication) cowld fetest me difference ln recponse
from standsrd solutions wiih or withoul chromatogran paper
aonivalent in sire to those uscd {or slution fres chromatography.
Vher: chrcaatopraphy was used, equivalen® pieces wers not include
ed in viale containing stencerd pibberellic zcdd soluiions.
Por cack test o siandard surve, log sugar concentrution cgainst
Gdy stendarde, wes cunstyuctods Ope: such curve iz shown in Fig,
16. The lest was raraly copeble of detectling smounts as low us
10 puz, reported by licholls amd Fwieg {1963). #lthough the
ewve is orten lineax Letwoasn Uhe points 10¢ and 105 mpg Gy, the
overall shepe is usuelly siguoid. Te obtain, statistiecally,
the Jine of boest it for such data is difiicult, hence, a line
hes been drewn by eye and %5 equivalents of unknown solutions
have been estimated from this, It 1s obvious from the genersl
avpearance of the emrve that interpolations of reaponses betweer
the levels 10° and 10% ypg G4, will be more acourate than
responses above or below, Dilution curves heve been constructed
from datz obtained when representative extracts of apricot tissue
heve been diluted by 1/1C end 1/100. Favullelise hes been
shosm in all cases between Lhees curves end the standard curves.

Conventrations of unknown solutions oblained by interpolation,



are therefore likely, within normal experimenial error, to be

nmcourete in teras of G-A3 ecuivalonts.

24 Dwerf corn test

Tne following procedure was used in the dwarf corn gibber~
ellin bicsassy.

& = § dwarf corn seed (supplied by Dr. B. U. Phinney,
tniversity of Californis, Los ingeles) was sosked for one day
in running tap water. Seed flats were filled to L ou from the
top with John Innes Wo. 1 Composi. They were firmed and seed
was sown closely in drille, & om apart, and covered witn 2 om
of river sand. Plants were grown under 12 hour days at 29°C in
& zrovth cabinet giving light of 17500 200 foot-candles. Flants
segregated 'tall! 1 ‘'dwarf! in the retio & : 1. GSeven days
after planting 'talls! were cut off at soil level and tdwarfs®
treated, An aqueous solution {0s1 ml} containing the sxtract or
standerd to be tested, was applied by sutomatic syringe pipette

4o the hase of the first ieaf blade. If this would not hold the
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required amount of liguid the remainder vas applied to the base of

the second leaf blade. 'here lesves had not expanded the liquid

was introduced down the centre of the unexpanded leaves. In all

cagses the cuticle was slightly seratched to facilitate penstration

inte the plant. ¥atering was necessary daily; on the day of
treatment it was so arranged that ireatment should lic midway
betwean two water applications. After a further seven days the

lengths of first and second leaf sheaths wers neasured, that ia,



the lemgth of sheath between the properoots znd the base of
firet or second leal blads. That of the secomd lsaf sheath
showed the mos! consistent respunse to gibberellic acld stanie
ard solutions, end hense the Figures presented refer %o this

parameter,
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VI, EXPERIMENTAL

As _ Gross Morpholosical Changes during the Developm

‘the Apricot Fruit

This desecription of Hoorpari apricot growth in Adelaide is
from dste collected in 1963, Examination of fruit in 1961 and
1962 showed a similar developmenial sequence, although there
was, between sessons, glight variation in the duration of each
stags,.

Anthesis, the maturation of the sexusl perts of the flower,
ocourred at the time vhen the flower was fully open, ie. full=-
bloom, The terms anthesis and fullebloom arc used in the text to
deplgnate o stage in ovary development: in this context therefore
sney nay Yo regarded as synonymous.

Stone frult growth is generslly desoribed as taking place
in thrae siages, Jtages I, TI, auvd III (Conners, 1920). Following
full«bloon, size of apricot fruit increases wapidly for a period
of about 30 days: this is termed Stage I. There follows a
pericd of approximately 40 days when overall growth of fruit is
slov, Stage IX. During this period the endoczrp (the pit, or
the stone) bardens; thus its slterustive name - pit-hardening.
Growth of the frult is complieted in Stage TII1 when size again
inoreases rapidily for a further 2¢ duys, and the fruit matures.

ihis double-sigmouid growil: curve has slready been described in
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the Neview of Idternture; severel figures show it clesrly,
Gege Tige. 7 #nd 9. Fipeness, invoiving sof'tening of the flesh
end & ctenge in shin colour from green to yellow-uehrs, soourred
at sbout 20 days af"ter snthesis.

¥ejor changes within the seed o spricots scewr during

Steges I snd IT; these are 1liusirated dlegrammaticnlly in Fig.
5, By %0 days the seed has veeched 1ts £ull zizs ond the
integoments have finished growzinge "he endosperm resains in the
frea-ruclear condition vrill 20-25 days after enthesis, at »hich
siope cell mlis form end Sho Liesue begins o expand repldliye
The cmbryo begins its pericd of rapid growth st 30 days, the
stese vhen the seed has renched its fail volumes Botween 30 and
i5 days the specs cccupied by the endospern diminishes and 1t
15 reploced progressively by embryos ‘he smdospernm never occupies
the same volume 28 ‘he nucelius, and, in e, diseppencs from
the seed hefore the nucellus, ISmbryo srowth is comploted by

50 @ays, i.o. tovards the end of Stage TI, vhen it completely Fills

the space within the integuments.

P Apricok and Pesch Frult

Te eorrelste certain tree Fociors with the growth of
sprieot fruit, 15 branches, approximately 3C ¢m long, wers
seleonted on esach of four trees after anthesis in i 1.  LEter

brenches on which fruit dvep had been excessive, were sxciuded



40a

10

nucellus
endosperm
embryo

35 45 1ecm

Fig. 5.- Seed development in apricots; diagrams prepared
from longitudinal sections in 1963,
(Nunbers refer to days after full-bloom, FB.)




and on 135 branchez in iree I, 17 cach in trees II and LI, and

9 in free IV the following data was recorded.

1. Branch diameter at base.

izal number at harvesie

N
&

Fs Truit aumber at harvesi.

lgal nusber

ive Ratio «
fruit nunber
5., Babio ieaf number
s & »

fruit aumber = braunch diameter

6s Cumlistive light intensity at vach branch.

7. Diameter of fruit at the beginning of pit-hardening (Cot. 30)

Ge Diameter of fruit at the end of plt-hurdening (Mov. 24).

10, Diameter of fruit at mturity (Dec. 19).

11, Diameter incrsase from det. 30 to Jec. 19.

12, Dismeter increase from Ust. 30 Lo PDec. 19 expressed as
a nercentage of the first disseter.

13, ilassificaticn of fruit ripeness at Dec. 19.

The smean valae of saet factor ; gaiculated for all

branches, and, with these as replicatez and trees as variasbles,
an znalysis of variance was done for esch factor. Trees varied

significantly in the {ellowlng =

I below 0,001

s

9, bDiasmeter increasze over period of pli~hardening. .

11. Idaweter increase f{rom Oct. 0 %o Des. 19,

Se Dinmeter inecrsase of {ruit over the pericd of pli-hardening.



1%2. Diameter increase from Uect. JU to Dec. 19 expressed as

a percentage.

P below 0.0

Ve Piameter of frait at Oct. 5U.
10, Diameter of fruit at Dee. 1%,

15, Ripeness at Dege 19

6. Light quantity.
Simple regressions were calculated (by computer) for the
following factors, both in individual trees and over &il

trees:~

Factor 1 was correlated with factors £, 3; &y /s gy 10, 11, and 12,

2 " " " 5, 72 8, 16, 11, 1€, and 13.
3 = " " " 7, 8, 10, 11, 12, and 93.
Lo " ' " 7, 8, 10, 11, 12, and 13.

5 ® " ’ " 7, 8, 19, 11, 42, and 13.

6 " " " " o 8y 10, 19, 12, a0d 1Ja

7 " " " " 8, 8, 30, MMy 12, and 13

g " W . " 10, 11, 12, aad 13.

9 ™ " L W 10, 12, and i3.

Correlations and thelr significance are shown in Table 1.

It might be noted here, that whem such a high number of

correlations are made, 2 = 5 pairs of variables would, by



TABLE 4
TREE FACTORS AND FRUIT CROWTH
Urowth correlations between thirteen veriables on four apricot trees in 1964
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chonee, be sxpected toc show either significance at ths 5.
level, o have their true significance reduced or obliterated.,
For thlz remson only oversll correlations which are highly
siwmificant and show significance in all o most trees will be
considered further,

4 definite differer~e was shown between trees, in the
rate of fruit growth frow the beginning of pit~hardening to
maturdty, in the sise of fruit at the beginning of pit-harden-
ing and at melurity, and in speed of ripening, From factor
corvelations it wus shown that fruit, within tress, whioh are
lurge &t carly pit-hardening, iend alsc to be large st the end
of pit-hardening end at maturityj they also riper carller.
Large fruit at esrly pit-bsrdening probebly add zore to their
glze than sualler frult; large frudt at the end of pit-harde
ening alwost certainly de. As eapected, number of leaves,
rumber of fruit, wnd lsef / frult ratio exe positively related

L0 braneh sizs,

Rineiy~five percent of the flowsr buds on apricot irees

in 1901 opencé over a iwe week pericd. Neximun blozsom was
noted on Sept. 17, which =a8 the »iddle of the flowering
peried, and flowers opening on Sept. 12, 43, and 44 were, for

this erperiment, Termed eurly, those opening on Sept, 20, 21,



and 2¢£, late. The following treatments were adopted :=
Treatzent 4. Barly and late blossons were labelled with smell
‘tie-on' cardboerd tugs on four trees.
Treatzment 2. Four trees wmere thinmed heavily over the blossom-
ing period to sboul one {ifth of the Lotal nuaber ef blossoms;
early and late flowers were then tagged.
ireatsent 3. %hree trees were thinned teo leave enly btlossocas
opening over the period desisznsted as varly.

Treatsent 4. Thre: $rees werc likewise thinmed to leave only

iate blozscam.

it vas estlzated that aboui four-rifths of blossomz were removed
in treatments 3 snd 4, l.6. treatwents 2, 5, and 4 had sn equive-

alent maweber of [lowers per trec.

{b} Results

{1} _Fruit diemeter and msturity

For each treaiment the diamelers of forty randomly selected fruit
per tree wers measuwred at full-bloom; fall-bloow plus four days,
and theunce at seven day intervals untll pit-hardening. iffereai
growth patterms of "early” and "late®™ fruit wmere shown in
treataoents 1 and 2, and between "early” frult of ireaiment
3 and"late” fmait of treatzent L. Up to the siaze of pite
hardeninz no significani differences between the various

thinning treatmsnts were found. Piameters of esarly and late



flowering fruit en unthinned trees during Stage 1 are shovm
in Pig. & (together with resuvlis from 2 sismilar compsrisen in
1962), "Lsie' fruit grew at a more rapld rate im 1961 end
resched pit-hardening in a shosiex number of daysz thaun
"eariv® fruit,

In Hovessber a severe stora caused grest loss of frults
from trees on the windwerd side of the orchard; Iwo irees
fron treatment 2 and one from treatment 1 were badly affected,
and it was consideyred that further records irom those trees
rdght be biased Ty the severe thimning induced., In Table 2
treatment 2 has Ybegn coltted and comparisons between 1, 3,
and 4 are shown on the basis of thres ives replicetlons. The
table shows only dlameter measurements al pit-hsrdening and
maturity. 4 comparison of frult ripences at a date
spprexinetely five daye before general meturity is also shown,

Analyeiz of thig deta was complicated by the fact that
untidnned Yeaxly" and "late® fruit werc on the same irees,
whereas thinned "eurly” snd "late® fruits were on dfferent
trees, PFor the nurpose of analysis i1 wase sssumec thal each
treatment was applied to different trees. Resulis of analysis
of varisnce for this data showed the only significant difference
to be the greater diamcter of thimned, comparecd with unthinned
froite at maturdty (P below :405)s There wng no significant
dfference botween frait feom early and late fleowors in

Alemeter or 4% ripeness elegsifiontion.



TABLE 2

EPFECT OF THINNING OF FRUIT PROM “2RLY AND LATE APRICOT PLOESRS

Diameter at pit-hardening and retucity, and ripences at Uoc. 1k, 1961 .

Tiameter at begl

of pit-barderdng

s :

Tres

PR Y

! Late flowers
Thismed to fosiy flowers

"“Minned to Tlate Fiowers

500 23eF 2063
o5 29eh et
6ok Hied 30a7
95,9 2847 ek

2.7

29,7

4G 3942 oot
395 T5eT o2
b5 .0 1540 1566
k2e6 B3ek 4867

l;f}.?_’
3945
539
bie2

2405 2485 3403
%'% 2435 B35

3e50 3455 2440

Ié.gtnn’ P mo‘ O‘m -

Jie3

Lk
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Semples collected at pit-hardeming, pricr to the stora, annbled
a comperizon to be made bhotween dnte of flowering end af'feet of
thinning in treatments 1 snd 2.

Thare wns found to be o significant corvelation [P below 0,001}
between mesccarp volume énd the total volume of Truit mensured by
wster Aiaplecement. The lime of lineor regression wiisi-

w

T = Goi7Hke {1040k, where ¥ = mesocarp volums and X = fruit volume

Wl

in mle In all cases mesocarp volumo was computed from the more easlly

memgured purameter, fruit volume. Gall numbers were obtainad using
the cell ¢sumtor, and cell volume wan salc lated o5 meaocarp volume/
eoll nusber. RJesults in terms of mesoearp volume, cell volume, snié
cell nupber are shown in Table %: cach Plgure is the mean caleuleted
from four frmilise. ‘malysis of ¢his date showed the followingt=~
41, There w8 no significant offect of thimndng wpon any varisble
at pit-hardesings The werianee ratio for the effoct of thinning
on nesocarp volumsz, wvell volume, and oell nusber was Le25,
3,02, ani 156 respectively, the sipgnifiennve level, vhers
P = 0,05, being 5.9 in ench vase. The offect of thinning
may have affected mesccarp volume after pit-hardening, since
at meturity thinning signifiecantly inceensed frult &isneter
iTebhle 2}s This would be through its effect on cell sise,
Por call diwision iv the mesccsrp stops before pit<hardening

{sec Pige 10/

)

There was o significant (P below 0.05) difference in mesocarp
volune and 2 highly siznificant (P below 0.01) difference in

eell number sttributablc to date of Tloweringe Farly flowers



TABLE 3

EFPECT OF BLOSSONM THINMNING® AND DATE OF FLOWERING ON MRSOCARP VOLUME, CELL FUMBER, AMD CELL VOLUME

OF APRICOTS AT PIT-HARDENING, 4964

Teage of |

Tmthirned

Thimed

Trec Mo+ 4

&

3 b

5 6 7

& Tean

4 =
%

il
p e
B

i 8
L1

Baxiy
lLate

4G 70
1Ga55

£0.25
G0

%95 11015

Be36 9025

Yean: |
Heli3| 10,91 10,76 1365
G,57| 16.66 790

42460

116416 1e0%

14465 1120

low
005

¥ teot,

thinning offect - % .

Bardy

3,2,56

51 0‘75_

L4 o4 -]

1266 15T
12689 15095

LT L5400 4345h S84

MGoS K360 Ste13 5102

“:i‘at‘ﬁf‘ 34.53.'&’:.

LheT3 45496

¥ tsat,

thinning effoct = BS .

—
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(ye25
;
gmbm

25,26
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15,92 2405

Beb9 | 2055 2aTE 23470
| 22430 19451 ZheB6

P
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¥ tomt,

thinning effect - 15 .

* Tyeos thinned daring blossoming to 207 of flowers.

o



produced fruit with larger mesicerp volune and more cells
st pit-herdening, Gespite tho previgus indlestion that fruit
diampter 5t pit-heriening and weiurity werc simiar in Tearl)
apd Mate® frult (Teble 2). ¥ithout furthor evidence it

is impossible to kmow whether ihie i3 duo Yo componsatory

B

evowth of eté fruit afier pit=hardening, or $o the feilure of

the dats in Table 2 to reveel these AffParoncets

5, A Bighly siegmifisent (¥ bolow G0 | effect of trees,
within thimming treainenis, on MeLOCarp volums vas Tounds
there was, however, no effest upon cell number or cell

glEess

Tn en attempt to discover which factor, gell number or cell
volupe, contributes more to diffcronces in mesocarp volume,
certain regression andlyses were nerformedl betwesn cell number
or size and mesoearp volume. Since resulis shom in peragr-eph 4
above indicoted no significant effeet ol thinning, the thiming
trestments were not separeted; oesulbes in parezraph &, howewver,
demenstrated thet Frait from serly and late flowers had
signifiosnt differcnces in MeSOCATD wolume and cell nuxber,
end, for this resson, "sariy” and “lote” were comsidere’
either topother, as ous populntion, or &8 geparets populations.
CoefPicients of correlatlion are presente’ beolow for belwemn~tree
differsnoss end Tor within-tres differences; Lhe laiter being
the cociPicients Tor individual Pfrait after the affect of trees

had becn removed.
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Correlation coefficients, cell number and ¢ell volume on mesocarp

volumg fop soriy~ snd late-Tlowerine fyuit. bl #nd beiween troes.

7 )
wiie 3ET Helle

¥arly

0.972 P bolow 0001

letyeen ) O T™ P below 0,05

%Qﬁ} ‘jﬁh‘?ﬁ N PR

7 2 o 2 v e, e S oo
arly ond DaFEh P balowr Delb
iate :

gorbined De627 P helow Dol

A ¥ brlow Gl

Hitkin Gafis
Iate

Zarly snd 0eb1?
wate :
conbined Gedhis Helin

Lo

r» = lorrelation coefficient, cell mumber on mesocarp volume.

¥

i

B
o

_ = Corrvelation coefficiont, ¢cell Tolums on mesocarp volume.

(-

Tt seems irat, betwssn trees, sarlyv-Tlovering frait vary in
sige zainly becsuse of Jifferences in eell volume, vet in loatew
#lowering frult the situstion is reversed and ¢all nomher in & mova
important fector tham cell size. The resulis, withirn iress, suggest
that cell number sow ,~§%sv,a%@5 pore to differences in mesccovp volume
for both early- and late-flowering fraite Then, in the ausiysis,
the two typss of frult were not separeted resuits suggest thet cell

sise ond eell nusber influence hetween-tres differsnces, bul hthat
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the lsiter has more sffeot in determining withia-tree differences.

in 1961 frult froz esriy snd lete spricot Tlowers sgrow

at differant mies over ths Pives growth period. To investisate
this effect in & 3ifferent senson, 17562, five trees were selectsd
and flowers were tazeod as esyiy or lotes Zayly flowers opmmed
on Septs 15, 16, or 17, vhile late omes openwd Depl. Z2, 23, or
2., Yeasurements were mede on five Trults of ecch type, removed
from the trec 5t fen dsy intsronle bepgiming ot fulli-dloom.
Unlike the previcus sesson, the pattern of frult growth
from seriy and late flowerz in 1962 was simcst identical when
expreased on the basis of nurber of deya fyom full-blosi. This
1s showm in ize & apd compered with results from 1961 (unthimed
fruitl, Delow, the aunber of days sach clase of frudi took %o

reach matwity are tabulated.

Tmeof = Damlo
flgwering —  maturlty

Year

, Sarly 93
§961
Late 1

P Py g,

farly 98
1962

P L L

Tate a7
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Fig. 6.~ Growth of early- and late-flowering apricots

during Stage I in 1961 and 4962,



Trults grew more repldly and took less tims o reach
maturdty in 1961 than 1962, Effect of time of flowering in
1961 was menifest both in rate of growth in stage T and in
time taken to reach maturity. Iu effect of flowering date was
noted in 1962,

Cell size and ecell zwmber were determined for "early” and
"lete” frult at pit-hardening in 1962. 5o significant
diff'erence was found andi the data is not presented,

The caume of differences in growth rate for the two types
of fruit in 1961, and the general differcnces in growth between
1961 and 1902, may have been due to terperature in whieh the
various fruit grew, Up tuv a dlameter of 2,3 um, fruits,
though stili rasidly expanding, wee approsching the peried of
pit=hairdening, For esch cwve (Fig, £} vesn daily ‘ewmperaiurs
{taken as the ween of deily weximum and dadly windmmum) wes
caloulated over the number of duys taken to reach this sige,
It wue discovered thal there wos & negative correlation
(significant at ihe i level) batween meon texpersiure and

numbex ¢f days tekens This data #4131 he presented lsicr in

conjunction with resulis from terparature cxperimenis,

Eight branches, aboul one metre long and distributed over
five trrez, were girdied nine days after fulle~bloan. Fight
simiier branches on the same trees were wygirdled and served

as control. At maturity ten froit per lisb were sawplesd for



g
diameter and ripeness. Ho variation between wmean fruit zize

or ripenszss could be atiributed to treataent.

Bud gevelopment and the early stege: of Iruli crowth

in apricot

On June 1 and Zug. 23, 1942 it was shown that diameter of
apricot flower buds was positively correlated wnith disveter of the
ovary they contained. In both instances the correlation was highly
significant (P below 0.001). Where X = bud diameter and ¥ =
ovary diameter (mmj, the linear regeession equations were
T = G088 + D0F7 and ¥ = Q73 = 0704 respectively. It was
decided to follow the growth of ovaries from twe typsas of buds,
labelled as large or zmall, on zirdled branches

Bizht brenches on five trees were girdled, 30 days prior
teo full-blesm, st & position where the volume of the branch,
distnl t¢ bths girdle, was 37.5 ml, az determined by water
displacerent. (Girdling severs the phloew vounections, and is
senerslly thought %o restrict movemeni, across the girdle,
of materials normally translocated in the phicem.; Hach
branch wes differentially tiinned so that half bad 32 and the
remainder 36 flower buds. Un esch branch half the buds
wers labelled as large [diasseter 2.7 - 2.9 mu) and the remainder
oo small (2.4 ~ 2.6 wmj. Four chemieal treatments were applied
to the heavily thinned, and the ssme four to the lightly thinmed
branches on cach tree.

It was plasped to Poliow growth of fruits developing



52
from these buds, Unfortumately prowth was seversly irhibited
by girdling, snd most bude dropped at, or near, Torering,

Full realisation of this coperiment was therefore impossible.
Letalle of the effect of chewicals en growih below the girdie
will be considered lster; apert from this, only the following
informetion was gained s-

(a) Lerge bufs flowered 2-5 doys before emall buds,

(b) ¥ore amall buds dvopped befare flovering than largs buds.

{e) Fleven large buds, tut only ore emzil bud, produced

mature frult.
The examination of buds and flowess st different dates

before and atter the general date of full=bloom (Sept. 16,
1962) provided an opportunity io weasure Lhe pereentage of
flowers with undoveloped ovaries and the mean Tfresh welght of
developed overies at three flowering stages, pink-bud, fulle
bloow, and petal=fall (Tables hi and 1B}, The same iive trees
were used, but flowers were selected from ungirdied branches.
The figures shown in the ‘wo tables are mesns of 100 = 150
randomly selected flowers. It was noted thak, whereas
developed ovaries had a meon dimmcter of 2 = 2 i, undeveloped
ovarics were norwally below 1 mm in diameter and often showed
slgns of tlackening and death; they were therefore readily
distinpmuished,

Analyeis of variance for Teble LA shoss significant differ-
ences between nurber of flowers with undeveloced ovsries st

plnk, full bleoow, and petal=fall, It Becus 14 wely that the



TABLE LA

PERCERTACE OF PLOTERS BITH UIDEVELCVED OVARITEG AT DIVFERENT
DATES AMD IN DIFYFEEAT STCES OF PLOWER DEVELOPWENT, 1962

{ 8toge Date of Semple
lowen e o
oicn| 1/9/62 [11/9/62 115/9/62 45/9/62 lon/o/62
+a
) 43 LS 53 18 Th L7
d i P below
£.05
Pall- | o § o oo | m | 3 |mmes] '6°
o~ A—
.y ¥ belw
Petel~ | 43 1 6 5 15 | 10.6 | 0,04
Fall + Ul
Hear, 88,0 | 38.7 36,3 { Mhel | BT
Difference: dus to Date of Sampling are not significent
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iow nudber sl the lzter siage of developmeni is due o
absciseion of a nusker of flowers or loscr buds wilh un-
devoloped ovaries. 4% axpacied there is s highly significant
difference Letween overy weight at the different stages of
develormante Rotween datles of sarpling 'here iz no siguificant

difference Letwesn ey varlsble,

Fight deyz sfter fullebloom of apricot snd 12 deys after

full-bloom of peaches, sn array of chemicals, which it was
suspected might Influence frult growih, ware sprayed on

amall branch units in four dxces, Branches vere upprovimately
26 om long and ach was sprayed Yo “mun = off* with & swsil
hand stondeer. Eech of the fowr trees hed one branch sprayed

with one of the following chemicsis or sdxiures of cheaicals,



Yiaterial

Cencentration
{in g / 1, unless
otherwise stated)

Water

Adenine sulphate
Asparsgine
Ascorbic acid
Uraeil
S=fluorouracil
Sucrose

Urea

Uoconut wilk

6 1 amino-purine
(kinetin;

taleic hydrazide
Gibherellic acid (GéB)
2, 4, 5-trichloroacetic acid

2y 3, Hetri-iodobenzcic
acid

p-chlorophenozyacetic acid
Beta~nephtlioxyacetic acid
o-naphthalenecacetic acid
3-indolyl=acetic acid (144}
GA

b
Kinetin and T4A

ané 1A8

Kinetin, GAz and 1ad

at sbove concentrations

(]

"

.05
2.0

2.05
C.10
0.10

0.20
0405
0.0%
0.05

0G5

L ]

W st




Heasursmenis of frult ddameter were wade 2t the eompietion
of each growiin vbase. In ths last date sn satimeliion of
ripeness s also made.

fo size or ripeness differences were noted in apricots

or peaches in this experiment, hence the values are not

vresented,

In Zxperimemt B5 4t was stated that, in sdédition to bud
thinning, certain chemiesls were applied to certain branches
on five trees, These waterisls were applied over a cosplete
girdie, in coutrast to the two semjecireular bark ringe
described under Haterials and Methods. In other respects the
method was identical. To two brancres on sach of five trees
the following were applied 30 doys before fiull-bloom,

1, PBaler.

2, Ainetin, 20 ppmy Gdz, L0 pomy 2, L-dichlorophencxyscetic
acid {2, 4=}, “Oppn,

3+ Sucrose, 2b and ures, U.b5,

ke Sucrose, 24 plus Whitelr cedlum [¥hite 1943) minus
orgenic constituents,

&8 s Indicated previousiy mest frulte sbeve the girdle
gropped: other oflfects; however; which werg stivibuied to

the subalanwes injected, were noted hoth shove and below the



wirdle, %heae sre gumrarised belew,

Te  Blnetin, Odg, snd 2, LD sizture tended 4o induce
tud drop, especially in those buds less adwanwed, Those
rempining had the following sknorsslitics: Leafl buds opened
aariier and produced spindly shoots with long intexnodes and
slightly chlorotic leaves, Flowsr buds opened at the normal
time, bui all [lower paris were larger than normal; in
adoition flowers amd the subsacuent fruit were borne on an
slongated padle«l, The contract belween ¢ normal flower and
one o treated is shown in Plate 5, This lstter fruit is
actually Crom & trench treated with Gis slone (Bxperiment
éplai)l, Tul the effect ia the same.

2,  SBucrose wni urea rdxture had the effsct of delaying
flowering and producing flowers which were amaller than
rormal. These {lowere bal & bigh rate of sbsgission, but fruil
when Lhey cevelopad were spparently normal,

5« The sosplets mulrient sclution produced growth and
deveiopment equivaleul to wabter control. dsswodng no
intersction botveen the sucrose and ures of iwsatpent 3, it
would appesy that the shnormal flowering of that treatment was
due to urea.

Growth measurencnts tsker nt ten day intervals ‘hrough-
out the ssason revealed no significant wedifiecations in

grawth or meturity.

(a4

geguent trial
VWhen it wes realised that injection of iinetin, GAz, and

86



Plate 3A.-

Plate 2B.~-

Left to right, a. normal apricot flower,
b. flower opening three weeks later than
normal, c. flower from gibberellic acid-

=

treated branche

Longitudinal sections; left to right, a.
normal apricot flower, b, flower from
gibberellic acid-treated branch, c. normal

flower of cherry plum (Frunus cerasifers).



2,4 vee produning perbens the most signiticant prewth
modifications yel reoorded and when, tee, the likely failwe
of the cxperiaeni lnvesiigating flower-bud thirnivg was
realised, another experiment wes designed, Four trees in the
orchard were flowering later than othern and it wasg possible
to aprly chewicals to these approximately aix days vefore
full=vloom, The following reierials werc lnjected st the
bare of branches, one mstre long, one trantment per tree.

1. Fator,

2. Rinetin, 2€ gpm.

2 @'&5 s 50 pom,

Le 2, k=T, B0 pome

S¢ EKinetie, Gaz, andé 2, L<D at above ecrecenirations.

6. Covomut sdil, undiluted,

Treatwent § produced offects pinllar Yo those noted In
the grellsdnnry Trial foe the ifontieal treosimant, It scon

became chbvious thal wmost of the amodifieations in growih were

dua Lo tha GA; eosponcat,  Slbbereilic seld applicd alome
produced ail the modifieations Jesoribed ghouve,allhough =
peenlisr chlorosis slong the velus; which waus tresent in the
conbined trasicent and with 2, 4~ when applied alone, was
shsents  latery soxudetlons of & reain-lilks substances, st cub
surfaces and bud scars,; were noticed in the 2, 4=D and coubined
treutnents,

Plometer of froit was messurad at teneday intervais,

heginning 12 dsys after fullebleom. By matuwdty only 2 - 5



il remeined on each bLranch end the means, at ten dey
intervals, for branches snd trees wers caleculated from the

gigee of thess frulc enly.

the graph (Fig. 7) shows the growth curve of Iruit frow
coniroi sab Gi, - ireaied brauchess finetin, coconut wilk,
and 2, LD irestments wers very similer to conirol; and hsve
been waitted., Two hranmches of trestment % lost all their fruit
and resulte from this tveailment are also vmitieds At 12 Cays
after full=bloom froit from Gz - trested branches had a
pignificantly preater diameter then other treaiments. This
Bize sdvantegs wes ;xadually lost and eventually GAz - ireated
fruit vere amaller, although not elznifiecantly sc. Fruii from
e cies treeied wilh Gy appcored to rigen shout five days
esarlior than other frull,

&% piteherdening two {ruit per branch were removed snd
deterrinatione of cell size, cell numbers, and mesocarp
volume were mede, No elgndficant differences wer: apparent
in any of these parametors.

It becams apparent laier in the sesson that &AE wes
affecting fruit bud productions In the avils ol leaves,
purticularly tewerds the tip of strongly iroving shoots, there
were often Four or five flower bude insteod of the normal quoie
of two (Flate 4). Urfortunately the production of flowers
and fruit from thess buds was pot investigated the follawing

SELBO,
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Plate L4.- The effect of gibberellic acid on bud production.

Left, gibberellic acid-treated shoot, right,

untreated shoot.
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iffect of concentrsticn snd time of injeciion of

gibberellic seid on bud aad frult drep, asd wpen fruit

growth

A frdal was designed and sel oui pi Saikerie fo Lest the

sffeout of varioss chesicals on bud snd fruit drop, and on growth
of apricnis.
To one brsach, approxisately one wetre im length, on each
of five frems, the lollowing chemieals were injected:-
1« GRLED .
2.  GA 55 15 ppm.
e “‘n-a 3 50 ppa.
Yw éxﬁj s 130 apm.
5»  2=shlsresthyltrisethylswmonium chloride {CLT), 50 ppm.
Bs £CC, 2000 ppm.
Fe  Alpha~naphibalencacetie acid (HAA), U ppme
These {resaisunts were spoiied o thres different scia
of five trevs on the Followims JAates: Jfpril 4, June 14, and

Augast 17, 1983, Pfull-bloom wes estimated ms Seplewber 2.

#ibberellic azeld at ail councentrations, when s
Jume oy August, bastoped burst of leafl buds by aboay five days

and produced the chsrscteristic effeeis cm Flower and shoot

growhh sreviously deseribed. The effect wns zligitly more
noticeadle in the Juume treatmeat and abt higher concentr-tions.
Gne pandred fiower buds were gounted on every bhranch

prior to ihe Tirst spplication im sarly April. Frull buds

retasined st full-bloocm and frult 355 days after full-bloom wesec



recorded, Yercont bud drop between April amd full-bloom, snd

perceat fruwit drop between Pull-blowm wnd full-bloom plus 35

days, were oalcoulated. Mo effecis of (CC or Wil wero
spperent and resulis from Giz treatwenis only sre shom: in
Teblie 5o Eoch figure is e wmean frop five branches over five
trees, and significance levels were calculsted using branch
mean: 28 replicates.

The effect of inreszipg the concenirsiion of i%ﬁ: is to

incxewse both bud dvop and fruit 2rope In both cases the

overall effect is significant at the ¥7 level. Fetween
sdjacent moans the preales! differonces ars betwoen 15 snd
50 pepens for bud drop; snd § and 19 pepens for frult dropg
these are in fach, the omly sdjecent wnives which are
sigmificantly different (both at the 5 level, bu! approsche
ing 1%j. Lower concentrations may therefere be recuired io
indues fruit drop than to indues tud Jrop.

Late of appilieation significantly affected bud drapy dub
not fiuit drop, sarlier spplications being rore effective.
The oversll effect on bué drop was significant st the 1%
level. Differences between Apeil and June wexre highly
significont (P helew 0.81), W between Junme and sugust there
was no simificances The interactien belweon concentration
and fste of applicsiiom was not signdiiicant, therufors there
iz no ressom fer supposisg that date of applicstion aliers

the effect of iy, it zay simoly indicete a differential

response €6 the time of girdling or injectien of liguid.



61

Langth and mean dlaseter of fyuil were nesswred 5, 15,
25, end 35 deys sfter Pullebloun for the water snd 'L}.&} 50 pepeinta
injection ireatments only; results are shows in Teble G,
There wers no dovicus efiects of FAA or GCC oo jrowth and GA-

¢

at 15 or 150 Bepew. Uid wel sppeur, {rom general cbsexrvations,

- =

to Qiffse from @g;‘v, B0 pepelty

au snalysis of verisnce shoved signdficent differences
in lenglh and mean diameisr due (o date of measuwrerent, and
& saigraficant inversction lov volb inese pureasetless in
measoreaeni dete X application deie x Giz concentration, all
at the U.i7 level. L. 3¢ 5y values for e interastion
BLOwed iy epptled in April 434 not significently affect
fruic 2ize. Juae applicalion slgnilicantly incrcazed both

dimensions al 5, 15, and 25 deys bul the effect wus lost at

35 duyn. August application increased lengti: and diamveler al
Pive days put 414 net affaet 11 svbsequently.

Mifferances attributeble to dats of water sppiieation
prly rovely mooroach the 990 significanes level, eny

differences, therefore, due to date of GLy spnlication are
H »

LY

likely to @ becamme off the cshomienl, rather thao the rrocess

, N - - - N g
af injection. Thy prester increase in sarly ;jrovth induced
by GA. drgection in June, covpared vo April or Aupwt, is

eontirmed by corparing detes of application within the G,Aj

sardes. ALl differencos are lost by 3% days after anthesis,
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¥eAN FRUTT DYAIRTEE AT 5, 15, 25, iFD 35 DATS AFD
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Bight hwranches, 1.0 » 1,2 m long, ware saiscied on one

peach tree and four were heated by the metiod descpibad
{Mothod 1), Hest was given at nighi Yeiween € pm and § an, of
the fifth day efter fullebloom, aad eaniinued for 20 consecutive
nights, Temperature was aljusted to a mean of 27°C, while
the sown avbisnt vight sinime over this porlod was 1 ® g,
G pemoval of the heating spporeive, fredt were lsbe led on
the shght bwranohss spnd dlameter was recorded then, and
sobsequently, ep shewn in Fig, 8.

The aethed of heating caused damage (o fruil, leaves,
and branches close 4o the heater and some jeeves and Trult
dropped ferr this reanun, Fruit mmbers wore slsg severely
and unequally roeduced Ly & severe storm two weeks after
termination of heating, It was posaibie %o anslyse slalis!le=
ally enly lhose moegurooenis faken tn Uole 20 and Sov 2, 1904,
Impediately aftor the cages were removed heated fyrull was
significantly larger than unheated fruit (P below 0.01)s On
Nowe 5 this sdtuation was rowveed, nor=beated frait being
lspger (P belsy GoSH)a

Altheuph high tesperatures have signitieantiy increasec
the esrly owih rate, they heve sehesd Do incresse in floald
size, anl may, in fael, have reduced 3t. lHealing, however,
does appear to have hastened the matwriiy of the fruils
Because of the low, and unequal, fruit mwbers per brsnch later
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Fig. 8.- Effect of temperature on the growth of Elberta

peaches; heat applied at night between
Sept. 25 and Oct. 19, 1961 (inclusive).
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in the season, doubt sculd be expressed on the validity of thesze
coaglusiong, however, ihe sarly incresse in growkh rate and the
hastening of maturity are interesting in that they support later
results with apricots. The redusticn in final fruit sise in~

dicated here was not found in latzr experiments en the effect of

heat on apricots {see #ig. 9).

8. e effec bberellic d and differen t tem 8

and endezenous =zibberellins in appicobs

a Int on

sithough experiments in 1961 and 1962 did not demonstrate
any predictable wethod of altering fival fruit size or esll
number, certain methode of altering xrowth in Stage I were
suggested. It vas therefore decided to study mere slossly the
aef'feet of certain troabtuents oo the fruit daring thds period.

Twe factors were investigated for their effeci upon
apricch vis Lemperaturs and ﬁﬁ% injection. Hesponse was
measured in terss of fruit growsh, rate of cell multiplication
and oxpansion, and coatent of endogencus gibberellin. The latter
was measured because of its intrinsiec interest and becauss pre=
1iminary trials indicated that sidberellin setivity was present
in extracts of apricot fruit tissus, was grestest during Stage I,

and spoesred Lo parailel fruit growth rate al this time



A preliminery experiment was designed ‘o test the
equipment of ¥ethod Z, the method of i&ﬁ:sﬁ application, and
different temperature regimec.

on Mags 5 (5 » & weeslis before flovering) four limbs on
eoch of four irees were enclosed in cagee fram & pm to § am of
esch plght, ard temperalure was afjustcd to 1€%¢, Vithin four
deys sone buds were ghowing signs of expension and by Augs 26
many flowers were at full-bloom snd the following treatmente
were applied 3=

Treatment 4. Might tespesrstuwre maintained at 18%,
Treatment 2. Hght tecperniwre, 16% 3 R4z, £0 pom, injucted
Aug, 28,

Traptaent &

a3
Y

Misht tempereturs, 189C; GAz, 500 pom, sprayed
Aug, 26,
Treatment 4. Iight temperature, 25.5°C.

At t¥is Jote no flowers were cpen except on ihe heated
1limbz, which had flowered two weeke earlier than normal. Two
typee of {lower were leobelled; carly {lowers, cpening between
the dates 26 - 29 suge. inclusive, ané lete flowers, between
Aug, 30 = Sept., 23 all other flowers werc removed. It wos
hoped that such a selection would determine whether it wes
better to apply GAy U = 3 days or L « 7 days before anthesis.

Heating was discontinued ¢n the evening of Sept. 4 and

fruit diameters were mensured ai seven day intervals,



beglnning seven days after esrly and late full-bloom
respootively.

Bw Sept, 4 the sffect of the higher tempurature treatment
in incressing fruit size was apporent. Up Lo Septs © mo
significant effect of Az, injected or sprayed, could be found,

Growth curves from this cxperiment are not showm becaucse
there were too few fruits remsdndng on msny branches to glve
very rellable resulis, Fovertheless tme resulis did temd to
support the next experiment and ave as followss The highe
tempuraturs treatment (Treatment L) incressed carly growth
rate and hastened maturity, omsspared with the low=tenperaturs
treatment {Treatment 11, GAy applieations caused a depression
of growth rate, 2 reduction in fingl size and hastened maturity
relative to the low teuperaiure, no - GAs treaiment; this
wss more pronounced with ths injection, than with the spray
treatment., No conclusions ¢ould be drewn on differcnces

betw: en fruit from early and late flowers.

The previous experiment hed confirmed the suspicion that
hest would increaze the early growth rete of fruit. It did
not indicate, until later in the weason, vhether epraying ov
injection was the superior apvliecation wethold for G.x%}. A%
¥alkerdie, injected G.s&s at 15 peDenis was giving srowth
modifications similar to Gazat 50 pepem, and a trend towerds

less Lud drop with the former was suspecied, In comsequence
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{‘3 application war made by injsction al 15 pepen. Three
temperatuwrs reglmes, with and without Ghig, were coubined in

a factoriel as follows =

Injection iicquid

Mght teuperatuwre

Water #dy ~ 15 pom

snheaced

- branches not caged A B

(Mear night mdnimuws
14.4°C)

Brasches caged

Yean night ¢ P
3

Lemparature 18°C

Branches caged
Heoast night &
temperature 25,5°C

]}

Six similar branches were selected on each of Pour trees.
They were lujocled on Septs 7 at the bese of the branch, just
outside the cage. Fulle-bloom was taken as Sept. 5 and
flowers opsralyg wore than iwe days on slither eide of this dsie
were ronoveu. Heating was applied at might betweern & pm and © am,
for ¢ peried of ten daye, hegining ai fullehloes,

At five days after fuil-bloom as seny fruil a8 possible



Wero tagged end their diameter recorded then, and at five day
intorvals over the growth pericds It was hoped to take tour
fruits for cell determinations at 5, 10, 15, 20 dsys after full-
bloam, and at meturiiy, and ‘o take cight fruit et five days

and three fruit at 15 Jdeys for gibberellin eatimations. Howe
ever, in some branches there v'vere too few fruit remaining to

take & full sample «nd, in such ceser, aumbers were proportionally
reduced, Table 7 gives the nwiber of fruit on sach branch after

the ten day sample had been removed.

TAZLE 7

NUMBEER OF FRUIT R2TALIND BY PRANCEES ON TUUR TRYEG, UNDEE
DIFFERENT TENPLRATURE 4D G»Aj TREMUERTS, 10 DAYO AFTER
ANTHEBIB.

: i
Trestoend Teot 4 Tiee 2 Fﬁ-oo ¥ tUyes b
; E‘O GA.E} 21 2§ 3!«." 1&0
Unheated ]
Gag 26 15 31 14
i Mo GA 25 26 2 27
18% 5
GA3 . 8 7 9 b2
o 3A 1& 13 ik 30
25,5% 5 , ,
3 3 €
¢ AB i 4 2 ¢ 1




T+ will be seen that there is a tendemcy for both & ﬁ)
end W ghetempuraturs treatments o imerecse fruit dror in the

enviv port of ths season.

Zosults in berss of mean fruil dismeter per trootiaent o
shows in Fige %o O anclysis of varience was done on the
dnta ochiained ot esch ssmpling date using trees =8 remlicates.
The probebility figures at the Lop of Figs 9 vefer to overall
ei'fects of temperntuwry and %5 end 8o no%t nevessarily enply
to individual volnts shom on {he curves.

¥igh temperetures have cleurly increesel the growth rate
eariv in $he sensanj they have possibly increased growth et
the begimning of Stage IXII, and heve hastened waturity by
2 - & §aye. Tempernturs doss not sppear o have affected the
fina? slize to vhich the Truit growe &fter & stimulation to

growth ot flve days, vﬁ} hes nignificently deprossed growth

sver the repeinder of the season. Finmal aize of frudt recelving

GA} 1s significently less thap urtreated fyult {P below Ol ja

interections Qﬁg % tempsrature are not generslly

significent.

Txamination of the origzinal messurements Tor the three
pajer frult sxes Lsee Flg. $4) shoved ihat the veletive

shape of the zruph sonstrueted from cach was similar to thai
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drewn from meen diemeter in Flg., 9. I% l1s therefore safe to
say thet the treatment effects ave produced in threa
dimensions, Teble 8 shows the ratic length / mean dlameter
and Teble 9, the retio muture diameter / non - suture dlometer
(b/a) at difteremt siages after anthesis,

It ie cleur thet fruit develops from a shape which is
oval, in longltudinal - section and in cross - section, io
an alwost sphexrical struetlure, Bigh Lemperatures sppear to
hasten this change but do not salter the final shape.
Gibberelliec scid has, if anmything, delayed the change, but

again bas not altered the final shapeo.

The dates at vwhich fruit ripen are shown in Fig. 9 for
each trestment. 41 88 days alter enthesia ripeness of all
fruits ses setimeted as previously describad. Heeulis were
anplysed sc the facterial= temerature x GA5 z irees, and are

a8 foliows g=

Signifs
Ho GA 2ot
3 P below 005
{h\s Ze30
14.4°C night minimum 240 )
B ¢ " 2480 3 P below 0,01
¢
25459 " . 3450 j

There was no GiA: x temperalure interaction,



TABLE 8 €9

RATIO LENGTH / MEAW DIAMETER OF APRICOT FRUIT AT DIFFERENT DATES
AWD UNDER DIFFERENT TF PERATURS AND GIBBERELLIC ACID TREATHMENTS

Degs No GA GA3
after FB | 1449 | 18.4% | 25.5% | 14.4%0 | 18.4% 25.5°C
5 170 | qer0 | 167 | semr | G 1450
10 1.66 1458 1.22 1.87 1,62 1454
15 140 1.33 1.19 149 | 1.5 1437
20 1434 §. 06 1.4L 1433 1425 1227
25 1.4 1044 1,08 1419 1.15 11k
30 1.08 1407 1.05 1.42 1,09 1.09
40 1.03 103 1.02 1405 -;.os 1.05
50 1.02  1.03 1.00 1,04 1.03 1.03
60 1,02 1.0 1,01 1.03 1402 4402
65 1400 1402 0.99 1403 1.01 1,02
70 1400 1.1 D699 1.02 | 1.0 1.02
75 1.00 0.99 0.98 1,02 1.00 $.99
80 100 (.98 097 1,00 0,38 0,98
8, 0,96 0.96 0.96 0.99 - 0,97 0.95
88 0.95 0.96 T 0a9k 0.98 0.57 0.9
i Ca9is 0.95 0.9k 0.96 0497 Ou Sk




TAE 9

RATIO SUTURE DIAMFTER / HON - BUTURE DIAMETER P APRICOT FRUIT

AT DIFFERENT DATES AND UNDEE DIFFERFNT TESFERATURE AND

GIBBFRALLIC ACID TREAZMENTS

e S

Beme

696

11.4% FEMAS & 2., 50

ey

Hedy €

142

19 ? fa1% 1&0? j @;13)@ %35 :nﬁﬁ
j2 t.43 110 FolH 1414 fed 4990
4o et $408 1609 110 | 1.7

& Tt 4 S = " Nl 25, 7
&0 £ QQ«' i ,-,f% '3 % .’«5 3 j?x;’? 4 olsh
R
& LT e
Q‘ﬁ Q”k r‘ ;g LA
==} =

5 107 1 ol
283 I e 00

=k 1% 1480 LEN ‘;“3




70

T4 is interesting to ncte that, despite different «ffects
on fruii grawth, both zmj and temperature ireatmenis hasiened
ripening. It can be seen from Fig. 9 that this was fron 2 -~ 5

LEYS.

(iv; Cell sumbers in the mesocarp

Humbers of cslls across the scsocarpy were neasured at
9s 10, 15, and 20 days sfter fall-blooin, wud at maturity.
i minimus of eight fruit per trestment {i.e., twe per bLranch) were
uzed & give the poiabs shown i Fg. 1. * The data was
analysed as ithe factorial:~ jeasersture x m«i x time, using
the four trees as reciicates. fverall effects of tsuperaturs,
E}AJ‘, aad time wers all highly significaunt (P below 0,001} dbut
the only significant interaction wmas temperature x time (P velow
G0t} Yeans (with corresponding L.3.5's} are given in Table 40
and are helpful in Laterpreting Pig. 10.

The analysis shows that before 15 days, temperaturs has
significantly increased cell number; thereafter, however,

this effect i€ losl. Xetween 10 and 15 days the unheated

4% botk 15 and 20 days after fulle-bloosz, only one of ihe
four tres replicates, for the trestzent 25.5@(; with i%g, had
fruit for cell determinations. These two peints arc omitied om
the graph and figures ia bracikets in Table 10U have three missing

values snd should be trzated withecaution.
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DAYS AFTER ANTHESIS
Effect of three night temperatures, with and
without applied gibberellic acid (GAB)’ on cell

numbers across the mesocarp of apricot fruit.
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fruit show a highly significant {P below 0.001) iwercsse in
zell mmbers, (hose wnder "medium® heat are just significantly
differect vhile under high lemperature there is probsbly no
significant difference, Thus higher temperaturss indues more
repid o]l division bul de ne! significantly elter fingd cell
nupber in the mesocarp. The oversll effect of applicd G4, is
to raduce the smoumt of cell division. In a preliminary
trigl it wee Poumd that Giz st 50 p.peme, aprlied two weeks
betfore fulle-bleom, incressed ¢sll numbers st full-bloom.

It is suggested that 8A; increases carly growih rate {Figs.
7s 9) and cell numbeyr {Fig. 10} pud later causes & decresse;

these deprossive effects are hastened by high temperaiuxre.

I will be remembered that the calculatiom of cell
nunbers was made by selecting single cells 2t 0 equidistant
poinis across the mesocary, messuring thedy radial dismeter
ani, togelther with the knowledge of mesocary width, computing
the masher of eells across thet transect of wesocarp. The
values of radial dismeter 86 zainel are prosented in Fip. 11.
Diameters of cells near ihe skin, notated as cell mumber i,
to those close to the endocarp, cell mmber 10, ziw presented
28 histograms for all treatments at cack date., Figpwres from
each date after Full-bloom were analysed as the factorial @

temparaturs x Giy % distense froo side (1 - 10), and



Fige 11+~ Effect of three night temperatures, with and with-~
out gibberellic said (GA.), on the redial dias-
eter of cells aorogs the mesoocarp of apricot.

Matograns, left to vight, pive the size of cellis
at 10 egidiatant poinis from epidernis to endow
garps fge of froit in terms of dsys after anthesis
are shown Mrzstly benenth ecch histopran. Bignife
icance in the ¥ tsst of the analysis of variance
for the faectoriel is shown at the right of this
dlagrang non-signifieant resulis arc omitted,

x = P below 0.05, =xx = P bslow 0.01,

xzx = P below 0.001.
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significeni effectis are shown 8t the right side of the dlagraa.

The resulis show the differential growth in radial cell
diasster of cells close to the skin and endocaryp respectively,
froe five danys «fter snthesiz te maturity. Uells close to
the endocarp expand more in this plane thas do cells closz to
the skin. There is no treataent effect on cells st maturity, but
up bo 20 days, temperature dos: increass diagmeter and also
interacts significantly wita the eflect of distance of celis from
the skin. Tous high tempersture induces au earlier difference
in radisl diameier betmween vells in the differcnd positicns
across the mesocarn. The effgset of G4, is even briefer; st

P
five days 1: has lnereascd radial diaseter, Wl thereafter it is
barely significant, or is mol apparent. Up to 24U days thers
is 5 significant interactlcn betwein Qﬁﬁ and temperature; 3&5
seems to reduce Lthe relative inmcresse due to high fewperatures.
That Shie say be due to its effect in dlssupting bhe swooth
trancition from meariy sgusl eells mear the skin and sndocary
at Pive days, to the unequal radisl cell diassier Iater in the
season, is indicsted by the mppearance of the nistograns an
the imierzction: tespersture x Gi, X distancs at 2U days.

Tige 11 shows that, «t maturity, lae radial diameter of
celle oclose to the endocary is 3.5 tizmes that of cells near the
gpidermis; yet other observatioms, made st the same tims,
reveaicd that the tangential diameter of celis ncar the endocarp
was (.58 stimes those near the skin at the same stage. Assuining

she volume of the cells sdjseent to the spidermis approximates

cud
7o
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to cblate sphercids and those mesr the endocery tov prolate
spheroids, it can be celeulated that ihe cells near the enfocarp
are only 1.16 times the volume of ihose nesr the epidermis,

Thus the differences showm in Pig. 41 are largely differences in
cell shape rather than volumt. The change in cell shaps at

the two positions with growth cun perhaps be appreeiated from
the @bﬁ@ﬂm, that, at five days after full-bleom the ratio
radial to tangentisl dlamster was unity at both position, at
pit=hardening it was 0.€9 and Z.1h, and at maturdty 0.70 and

bely for celle sdjacent to the skin and endocarp respectively.

In Txperiment 3 it was found that, if the mean daily Lemp-
eraturs was taken over the pericd from full-bloom mntil the
fruit diameter was 2,7 om, i1 waz negatively corvelsted with
the meber of days taken ‘o reach thal Jameter. The compe
srison was made between “eorly® and "late” fruii of 1964 and 1962,
in Table 11 the results fros this sxperiment {Experiment
&) ploe datz from "eariy” and "late® fruii, 1953 were
included, #nalysis proved o highly sipgnificant negalive
carrelation between number of days and mean {emperature {F below

0,001} Where T = mmber of days and X = mean tenperature f;“c}
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TABIE 11

THE NUMPER OF LAYS TANE BY APRICOT PRIIT T0 #E4ACH A MEAN UIAMETIE
W 245 en, COPARED VITH MEAY DILY TP RATURY OVER THAT PERIOD,
Date from various experiments st the Faite Institute over a perdoed
of three yeers

Experiment Date of F.B, | Days Temperate (V0)

Baxly © %6/9/62 3 $3.8

A,** Late= 18,29 | 31/8/63 A 159

Late *# 23/5/6e 56 i3eh

&y Parlye 18,45%C £8/8/63 26 15.2

Ay Lebtew 25,5°C 31/8/63 2 1546

Fxly | 12/5/68 | 26 | 1646

Tarly 1H/63 25 15k

&y Bariy=25.5°C esfefes 25 16,2

B *% . Unbeated | 13/9/6 Y 16,2

B - 124450 | 13/9/63 23 16.9

lele R LY 140 22 1645

Late 20/5/6% = e

B = 25,5% 13/9/63 24

R

¥ "Early” refers to fruit foom flowers which cpensd eavly
" ale® n 4 L # # “ # a

w0 PAN pefers o preliminary hesting tvial 4963
'BB!! [ " m o @ 73

After these letiteys in the hesting trisl 4n glver the night temperature
at which the frult was maintained.



the linear regression equation is Y = 56,29 -~ 2,57 « This
1ine is probably o portion of a rectangular hyperbola whose
ndore appresches the vertleal st 2 temperabure shere vo
growkl: cccure. [ff this particelar tesperaiure is taien as
zere aiud feuperatures above are sppropriaitely adjusted, the
product LV sheuld be coustant. Zeasonsbls consiapoy is in
facs obtsined for the data, if a Luse temperature of 5°C is
shosen, (This, incidentally, is similsr ¢ thet utilised by
Brown {41952} for predicting harvest time of apriccts from
teuperature dats in the First 42 days after full-bloom.; The
product. Says x mean Gally temperature minuz 5, is approximately

273 “Tegrec=-daye”.

{vii} Fndogencus gibberellins

Seed or pericsrp {10 mg) From sazples of all =ix treatments
at 5 and 15 days sfter anthesis was extracted with ethyl acetate
and the residue re-sxiracted with methansl. Extracts wers
chiromatographed and the chromatograms divided into ten equal
pleces and tested for gibberellin activity in the barliey endo-
sperm test. Twelve chromstograss, l.e. ¥ extractants z ¥ Séj
irestwents = % temperature treatuents, plus another , spottes
wish 107 aps &aﬁﬁ were tested mach week. OUver four weeke this
vas repeated witu seed or perlcarp a2t 5 v 15 days alter
anthesis. 7he whole serles was revsated to provide duplicates

during the folliewing four weeks.



%

Activity from GAy ~ spotied chromatograms Wes always
contained hetvesn BF 0.2 - 0,6 with & peok estinaied as Ok
hotivity Frcm all axtractc was contained between RI Gol = 0.5
with pesk activity at sbout G.26. Fo difference in the position
of the peak due to extractants or ireatments was apperent butl
thers was variation between tissue and time. Activity was
always prosent in the meibasol exiracts and for each chromato-
grem the Bf of maximm sctivity was cstimsted. The twelve
figures - duplicuies (2} =z Gis {2) x tenperature (3) were
rrected as veplicates and the data analysed with tissuss and
time being trested as independent variables, &I values and

1.8 D's wore us followst

Bead Q4204
FE 4+ 5 { P below 0.05 = 9,020
Yericaxy Ge 226 g
fé B below Jeld = Vo027
Ceed (PPl {
FJ2 4 15 ? P helow 0.001 = 0,030

R ey 04265

The preatest diffevence iz shomn in perlcarp at Five deys
which has o grester R (P below 0,001).

‘The {otel activity in Giy equivalents was calculated for
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each chromatogram and activity from sguivalent sthyl acetate

and methanti ohaersd sheds The betsd sotivity

LRI PR
per 40 mg tissue so obteined wes assiyeed as ibe faetorial o
{issue & time X »»#.? # tespevature (2 = 2 x £ 1 3, with two
repilestes, Tnly two signdficsnt pointe wors reailseC; a

very highly sigrificent difference in aotivity of tissee and

& highly sigeificamt tissue x time interuetion. These are

shown in Table 42: for comperieon, activiiy is stigl sselals
and eothanel extrects 1s also swown, but L.Gels waines yeder
anly to dotal aubivity. lone of the oiher varlables, nor their
interactions, wore sigalficanti lemeoe the gibborellin and
tesperature treatmonts hed no messured effool on the content
of cxdogonous givhereilin per unit of dry wolght of seeds or
PErLCEE e

¥othanel, it will be seen, ssiracis mere selivity feom
tha residue them ethyl apetale aripimally extracted fyen the

tiseue, dend has significantly sore activily thes purleoarp

at both dates, sud from 5 to 15 deys solivity incresses in

the seed but decresses in the pericarpp beoth the increass and

the decrease are close to ithe S level of sigmilicance,.




TABIE 12

T6a

GIEBTRELIIN ACTIVITY (GA; EQUIVALIHTS - LOG wig) FROM SEED

AND PERICARD & AID 15 DAYE APV ANNIERSIS UZING 170 EXTRACTANTS

Extractast » 6. 8. %
zgfm ’ Tissue | mazﬁty {?5%;1'" ;cﬁvmy
o Ethyl Hethanel only)

ivatate
i B -r
Yeed 2495 bt he3E ¥ helow 0,05 =
§ i ) ‘T Y - ' + Q' 56
Pordcerp] 3413 Y 3450 ¥ below 0,01 =
Ou7h
Seed heh 5elG o34 ¥ below Go00t =
i (Peicarp | 2.7% 3a11 3e35
Lo _ " S— - oweie
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Hesulis are presented below of two bexrley endosperm tests
for gibberellin sctivity in secd, endocsrp, and megocarp of
apwieets throughout the growing sesson, The firs: tested
sotivity in ethyl acetate exiracts, and the acoond, activitiy
in methonol exirasts of the residue afier avhyl acetate
axirocticns 100 mg of {issue wae extracted, aliquots
squivelent %0 0 mg boing placed in each of slx vials, Aftor
evaporation {1 @l of weter wos alded to three visls snd 4 w1
containing ag® g 3,13 %8 the other Ylwee, The results for

"

bath extracts wee shovn du Pig, 12 ag Giy ‘equivaliuts per 10 mg
dry welght. ¥ech point is s moan fres thres viels contalning
extrsct without a‘m}‘ Bo extraet wher inwinded with 104 ng

Ghy mignifieantly lowered iis vespouse, thus no eridence wos
gained of the presence of inhiditor in any exiract,

Above the pointz cn the graph dlegrans are shown represent-
ing the gro+ih of the it and growth ratc of various fruit
{issues, the parpese being to relate gibbereliin activity to
growth and developmen® of the fruit; 4his will be discussed
laters %The fipure domonstretes again the greater affectiveness
of methanol 28 an extrectent (cf fxperimens & vi). It is
apparent that the ssed has grester activity than entocarp e
mesocarp at all stages befor: pit-hurdening, but that nesocarp
iz the only tissue which retains sppreciable activiiy later
in the season, Pealks occurred iz 21l {i8sucs at the same

time, de. 20 days after anthesis,



Pigs 12~ Gibbereliin activity in orule ethyl acetate extracts
of apricot tissues, and mzthanol extraots of the
residue sfter ethyl asetate extrection. /hove, and
for corparison, are shomw diagremsatic reprosantations
of growth ond growth rate of variocun tissues, and

sell dlvisiom rate in the mesootYp,
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One hundred mg of seed and pericarp five days after fulle
bloow were partitioned as previously desceribed, From each
fraction - crude ethyl acetate {51}, sthyl acetate non-acid
fraction (82), squeous acidic fraction (83) and ethyl acetate
acidie fraction (S84}, 10 mg tissue eguivalenis were placed in
each of three vials and 1 mg eguivalent in a further three
vialss Gibberellin activity wes measwred using the barley
endosperm tests The slope between the valuss obteined from the
extracts contalning 10 mg and 4 mp tissue was perallel to the
standard curve. The results in Table 13, therefors, could
have boen computed from cither value; results frem the former

were in fact used,



TABIE 13
FIPRERELLIN ACTIVITY (@As BGUIVALENT, 108 mpg) PR

40 mg AFRICOT TISOUE SXTRACTED AMD PiRF I ICED
FROM ETHYL ACETHME

5 Days after 20 Tags Ther Pull-
Pull-blocm Bloom
Exiract ! . . .
Seed l’wimp Seed l&ﬂwan} !ﬂuw,
Crude othyl | & & y
;mata mm? (gdgg%}' @‘55 30&7 %'6& %'2}
5 Sl
m&tﬁ Mim; !‘;Osﬁg) @‘20 '3 -12 [ sml ‘( @a-'}g
| 82 e ed
:m@wmm b7 § 2,95 § 3,00 | 35.26 2415
&3
Acidieo othyl
acetote fractien 1492 3.7& 2,40 164 035
8,




These resulis arc from the second of two identicel tests.
The galiculation of Why equivalents in the firsl tes! wae made
Aifficult by rather erratic volues iz ithe standard curve.
Exiracts however appeared 1o behmws in a similer manne: o
this test, with one noticesble exception, that 82 was belew
&1 rather ihan greatly above, in sesd at five days sftew
full=bloom. These iwo velues are shown in braciets in  Table
13« With thie ome exceptisn it ic opparent that the non-acid
fraetion bee recovered virtually no activity. Hos: was con-
tained in the scicie fractions 53 sna &, particoulariy 83, In
21l cases, excopl sesd al 20 days, thers hes been o greatey
rvecovery of activity from the sum of ihese two fractions than
in aruds extracis.

It is difficull o reconcile the resulis from purified
extracts here, with those from crude =thyl acetale exiracts chown
in Figs 12 where, in conirsst, sctivity risss from 5 o 20 days
in all tissusz, Fwven activity in orude extracts Prom bolh
enperimenis is al voriance. Both experiments ¢1 snd 2 {a) were
ropested and the rewulis presented in Fig. 12 and Table 13 are
the second of two identical femis, Uheress the two resulis
from Baperiment &1 gave sizest equivalent activity at all stages,
the first {es! in Fxperiment €2 (a) vas wmostly 4 fallure and
these resuits oblained were somelises &l verisnce with the
second tost. lUnless resulls wre reprodueible it is obvicus that

a itrue comparison helween two experiments canrol be satisfactory.



80

Experiment 02 {2) will clearly have Lo be renseted at scme
foiure doto hHefore the fiadingg osa bo related to thoss {rom

crudte sxtrsels,

Lol sotivity
- and chres

Troections 89, 82, 83, and 5 of seed five days after fulle

blowm were prepared by perditioning, chromatographed, and

Leated for gibherelilin setivity, Another {ert wes conilucted t

goir
W
£

ghov the behaviowr of 1C* pug CA_ under partitioning and
-’

chromaiography ., and resuliz from both tesis are shown as
Mstorrans in Fig., 13

Contrary to rosults of experiment 02(a), fraction 52 has
w0% retained any spoveelsble setivity, This snd the vesults
in the first ‘est im Txperiment €2{a), shown in brackets in
Table 13, sugrest the high walue for 52 oblained in the second
test toy have been erranecus. Unlike Ci», the activily from
the extracts partiticne equelly bebween 33 ami 84, Without
further experimentetion it is impessidble to tell shether tide

B

is due to ke pressrce of two compounds in the extract, or to

e

ircomplete recovsry of cne compound by ethyl acetats. Had the
acueous Traction been portitioned agein with ethyl acetaie,
lesding 4o & similar distribution of echtivity, the presence

of one corpound would have been inferred, Both fractions,

however, had sebivity which ran ai an aimost ideniical Bf and



Pige 15+~ ¥“ibberellin sciivity frow an ethyl acetate extract
of apricot seeds, 5 days alter full-tloom, aud {rom
gibberellic acid £§ﬁ3} after partitioning and

chromatozraphy. Ordluatez on log scale.
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this favours the interpretation that only one couspound is
involved. This gibberellin msy be difficult to extract into
sthyl acetate from an aqueous seolution because of the presease
of severai hydroxyl sroups in the meleculs. Its low B shows
that it is more polar than Gﬁ3. this may be due Lo 1ts content
of more than two hydroxyls, the mumber present in ij.

Gﬁj, unpariitioned, has a lower sctivity than expeoted.
Unlike Uxperiment (3{c){vii) there 1z ne defiuate difference in
R hetween seed glbberellin and &AB.

fneiuded in this teat were three chromabozram sirips
equiliberated and ran in the norual way. The ©irst was unspolied,
the second and third were apotted with the residue siter

evaporstion of 30 =l ethyl acetate and 30 ml methanol respectively.

fone showed activity.

c) Aetivity of ethyl acetate and methanol s after
chrosatogrsa
Geed and periearp Pive days after anthesis and seed ,

endocary, and mesocary twenty days after anthesis were axtracied
as foilows. Orude ethyl acetste ani meihanol extracts,cach of

4G mg tiesus, were prepared and chrommiographed. The orude

sthyl scetate extract of seed st five days, having been previous-
1y tested (Mig. 13}, was ot repested. Results are shown in Fig.
1he Hoest activity is recoved from the seeds, and methanol has
proved ltself the betier exirasctant for this tissue tham #thyl

ncetate. Rf values are somevhat erratic when the activity is



Fige 1he~ Gibbercllin activity fros chromatographe of
ethyl acetate and methancl extracts of apricot
tissue, % and 15 days alter anthesis. Ordinates

on log seusle.
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below 107 pyg %.‘5 equivalent, Above 100 Wag Gi, peaks ocour
between the Bf velues 0.27 apd 0435, the wean being U.5h which
’ A5

is bigher than the mean in Beperiment C8 (c) (wii,

Yo test whether nmetive sugsrs in the extyact werc conm
s

tribulting to the responss in the berley endosperm test, seed
=t 20 days was extracted with sthyl acetate and methonel. Doth
were chromatographed and subjecied to the barley endosperm
test without the addition of endosperm pleces. lo activity was
roecorded,

Seed at 20 days (10 mg) was exiracted with et yl acetate
and after evaporation re-extracted with meihanol, These two
axiraets ware chyomatographed :néd fested for gibberellin activity,
A further 10 mg was identlcally exiracted snd the melhanol
exiract (SH) wes evaporated snd evivescted with ethyl scetate,
Thls extraot was chromtographed end tested for activity. ZDesulis
are shown in Fig, 15. It is appereni that once the activity
bos been takewn from the tissue with wmethenol, etiyl zcetate will
recover of least the mejority of this setivity. BHthyl acetate

is obviously unrelisble as an ¢xtracisnt for spricot tissue {see

Figs. 12, 14, 45 and Table 13).

Three 33 mg samples of apricot seeds, 15 days after
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GIBBERELLIN CRUDE
ETHYL TAT T
ACTIVITY ETHYL ACETATE METHANOL EXTRACT YL ACETATE EXTRAC

(GA3EQUIVALENT, EXTRACT OF RESIDUE OF SM
tuug) (s1) FROM S1 (SM) (AFTER EVAPORATION)

105 —

T

109
104

102

Below 101'5 —

Fige. 15.- Gibberellin activity, as revealed by three
extraction methods and chromatography, in
apricot seeds (10mg) 20 days after anthesis.

Ordinates on log scale.
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snthesis, wvere crlructed with ethyl ecetsie and the residue
yemgxiracted with methanols The volumes of the zix extracie
werg reotuced and spoiied on chromatograms, After developing,
woromalogrens were oul into six svctions covering the B

&

voiues U o= Ueihy Deld = Gellhy Uedlh w 035, Ce35 = 0450, G50 =
0.70, and .70 = 1.00; each section was shaken for two hours
with L ml ethyl ecetate or aethanol. Exiracte were evaporated
4o dryness =pd activily teken up by shaiking in 0.4 wml water for
g further two hourss Thres d - 5 dvarf corn seedlings were
treated with Cui sl of thias soluticn; thus from theree
chronniograns nine plants were treated, at each Rf walue, with
5425 mg tissue. 825 mg of itiseue war exiracted with ethyl
acetate foliowed by wmethanol, chromatographed and subjected to
the bariey endosperm tsei. The resulic :mmd the respective
standard cwves are shown in Fig. 16,

Hethanol extracts iz both test: have gimilsr aectiviiy,
and this rune at the same Rf, The dwarf corn test apparently
is not sensitive encugh ¢ show activily in elihyl acetate

SLEracis,
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GIBBERELLIN CRUDE
TEST | ACTIVITY ETHYL ACETATE METHANOL EXTRACT
SYSTEM  [isageounauent it i OF RESIDUE STANDARD CURVES
Dy FROM S1
9) (S1
104 '_ ____________ N ____104___: [ .
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BARLEY 3 18 [
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Fige 16.- Gibberellin activity, as revealed by two
test systems, in apricot seeds (8.25mg) 15
days after anthesis.

Crdinates on log scalee.



VIil. DISCUBILON

This exeminstion of growth of Usorpark spriest fyuis in

Melaids supports, in gensral, the peguence shown ir sesd and
Pt growkh of neny stome fruit (e Idlleland 1330; fagland
P93 Tukey 1933, 19%3 Tubkey and Young 1 939). Ths sesd shows
the usuel developmentsl sequence of nuwallus and integuments,
followes by endosperm, thes asbyyo (Yaheshwari 1950j. The endp-
spern ves vnusual in that 1% sas Qigested’ by the shryo by the
tine it had attained only helf the volums within the Anteguuonts
(®ize 5)s The shope of the fruit wes shown to change from
sval {saeh of the thre: risht-angic ssetions 8, by 2nd ¢, being
ovel, 8os Fize 14} near fuli~bicsz, to on elmost spherical
styucture st watority (Tobles 5 and 10). The whole fmuilt showed
the wallsprover dovhle-sismnld sucve (Fige 121

Growth of ¢he mesoorry was o produnt of oell cupansion
from snthosis orserds and cell Alvigior Eill sprruximedely 15
dsyz sfter anthesis. It was therefore similer in thiz respoct
%o wost cultiveded frult wardatics (Creme 19°4je Ihe differemes
between cells olose to slther the epidormdie or the endesary at
paturdty (Fig. 11) was shown ¢o0 be one of ghape rether then
volume. DJimilsr differences in shupe were shown by Jterling



(1953) for Prunue domestica. They cre no doubt due to the frot
thei cell division ¢rases long before the firuit atops axpanding,
o asoonodate size inmcresse im sush 2 Teult, consiruoted indte
ially of sowlly-sised salls, cells nesy the clrovaierenss
would mainly exend tenzemtlsliy whilc those nearerithe centve
would tamd to wvpond redieiliye

Bs __Tagtors afisoting the Svowkh of ferioct

1 & . j,—" » ,f . .v{,_&i A g
s and beiwespetyos fuelors

T Py, whieh ore conmatieorlly identienl, ddiTorences in

£

sise ov vabe of srowth szt be due to fontors, cscwring Wihin
or hetwern iross, which favour the gvowth of some frull al ihe
aepenge of otherze These expovizents ghowal thet trees Aiffe
areld sigpnificantls in frult slos al plt-handening and at melurity,
ord in pade of growth betwesn fhese stages. Prvite within
trees shoned considerable viwiation in size ot any 2inge of
growthe

Sinoe feuwit zise ot pit-hardening was corrolated signils
Seantly with mescesrn wolum: ot thiz stape, and with fruid sine
ot matwidty (boih with P below 0,001, diffevencea in fwuli ais
een bo related 1o the mesocirp componants, coll sics and coll
pwribere (Intercollivier epooes vave nel oheerwed in the spricnt,
and the ptone docs not cxpend after (he commeasement of pit-



hardening. ;

Hertin end Lewis (1952) showed thet differcoces in fruit
size belvween similer 2pple troos beering either light or henvy crops
weré not rolsted o ¢ell number, and, on this evidencs, concluded
that differences woers due to ¢ell size. The present invesiigntions
sugpest that both gell numbor and eell size contribute to between
irec slge difforemies, but thet in ©rult fron esrly ond lade
flovers opposing mochamdsms ars cperstive. Thus, == the onc hend,
there wea ¢ very definlie csorvelation bebwes:: Prudt size snd cell

volume in Yearly® fruld. althoueh the some corrslation in “lase”

Pt was not siymificant, while, on the other lnnd, cell nunbers
correiated with frult size in “late”, but not "early” fruit (seo

: 533. To the suthods lmwiedss no other workews hawe roported

such diiferences end 11 iz f21t thet confirmeiory evwidence is needed
haefore o pussling rosult such ad thls oon be discussed with sonlidencc.
The present dscusslion will thersfore he lizlisd o the oversll
wWildn~ and belween~iras off'echs.

These zxpevimsnis oconfirmed the resulds of Tein and Beberison
{1951 Por apples and Bradley (1959) for pesches that variation
in fuit pize within 2 free 18 moinly o functien of eell mamber.

The present experiments groved thet o sigdficsnt positivs
correlation existed in four trees individually, amd over these Tour
trees collectively, batwesn sige of frultd at sit~bardening snd
size at maturity. Thers sos 2 similar but less sipniiicent corm-

elation dbetwesn this sarly alze snd subsequent growih rete god



earliness of ripening. A relstionship between the sige of peaches
at carly pit-hardening and that st maturity has beon sghown fo axist
when the data of several of several sesasons are corrcizted (Gege
Yovig and Doviz 19483 Troebsting 1962). T41lelend {1930} was
uvnable to demomsirete 2 similer relatiomghip with apricois; his
results did augeest, however, that in the seme cesson ¢ free with
larger fruilt at plt=hardening hed larser Prult st satwrity then a
similer tree with spaller feult ot pit-hardsning.

Correlations of {rudt growth with fruit muwber, lear/fouit
retio oic. {fperiment #1) are rot sonsidered definiie onough 4o discuss
in reletion do vithin~ and hetween~tree differonces. Demns 14963
howover, wns gble to show thet such faciors cs the position of
the {rult on the spur, the position of the spur on the bruneh, oit.,
254 infloence apple fruit growth. Hertds ob gl. (1964), comeluding
exporiments o natural and induesd wvariation in cell nusbers of
the Jonathan apole, sugsest that the ma jor factors controlling cell
dvision are reserves aveiiable from the pravicus season. [leserves
are probably mainly cerbohwirates, bhut ey, in addition ,' contain
minerals, hormones, snd other organie sonstituents. Although
rot proven in spricots, indirect evidence for ths importance of
roserves has hoom geined by Fartin e sl. (1994 and by other
workers {see Review of literature, who have shown thmt thimming at
wr neer foll-biloom will ineveasgse cell nunmbers, presumably by reducing
competition for reserves. The results of Abbott (1960), investisnting
the relationshly beiween zrowth and the bourse sheet in spples,

suggented that competition betwoen leaven and frult reducad



early fruit growth and limited cell division; later the presence
of leaves stimuvlated frult growth, ehiefly by inoressing cell
sige.

In accordsnec with the above speculations twn factor groups
can be suzpgested o8 affecting growth: {(a; position of the Fruit
in relation to reserves, and the degoree of competiilicn from
develcping leaves for these veserves, b} leef/fruit ratie,
natritien and voter avallebility. It iz sugpested that, within

& tres, movememt of nubvienis, hoth crganic and inorgw

i, is
greater loter in the senson than early, so ihet fectors of

grovw {b) would be distributed move avenly %o sil frult than
factore of grouwp (a). This might suppest why belween-tree 44¢7-
srerces are pove affecis’ by cell zize than withinetree differ-
smges. The pesults would furthor sugeest that pesition of

Frult in velgtion $o reserves weries more within trees than

hoetween Treesd.

The effect of Tlovering date on spricot growih wus
sapleined by eonsidering the different tempersture conditlons
wder which Prult grewe Thus, in 19861, vhen the cenditions
during development in the first few wecks after aonthesis were
mieh warner for frult from late flowers then from esrly flowers,
the former zrew at a more rapid vate (Fig. € and ripened in
Towey J6V8e

The rajor experimenis on iempersture «ffect upon fruil
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growth: oonsidered thres temperature regimes, with and without
sibberellic soid, upon frult srowth, oell anlargement, san? cell
division. Uxoep: im effent upor cell sise, there wee o res)
evidenne for intersotion hetweo: m} and temperature; neither
ws there any observable effect of tempereture {or %33 on
endogenous ibberellins. I% is possidic tharefore ‘Szo. sonsider
temperature =feots, for the most part, independemily from
gibberellic asid effoects.

Several workers (Tufts 1929; [dileland 19353 Tukey 1952,
1956, 1952, 1960) hove shown that tempereture affects the growth
of fruit, but none bave denmonstrated vhat #fPect this has had
on the growth «f cells. Under the sxparimental conditions of
ke work, the efleot of dnereasing night temperature bhns boem
to compress the whole process of arowth into a fewer nuwber of
dayse Thus frult grew more rapidly and metured carlier (Fige 9)
and the shange in frult shape from spproximetely ovedd io sphericsl
was hastened by high temperatures (Tebles ¥ and 10). Yo evidencs
that temperature altered finnl size or ahape wns pined. The
wmoquel growth in redisl diemeter of cells ciose $o the endocory
end skin regpectively was sccentusted serly iv the seasorn, bui mo
affect on finel eell size or shope was found (Fige 149)s The
rate of cell divislon wus incroesed but the fimel ceil number
was the same (Pig. 10). Bather similar vesults weve cbieined by
thumphries and Yheeler (1961 ) with leaves of Thaseoius yulsaris:
growth and cell divieion wers stimulated but final leoy sise ang

sell number were not aiffested,
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Although aurdne, kining, =nd glbbereills acid were teated
Tor thelr of ot won cpriocis, only the laticy «fPestively
altersd frult growth.

Fizbe 3. shows the general effect of gidberellic acid
Epplied pre~uluom Lle cliomgating tue pedleels of apricol filowers,
ané this is shows iv lomgitudinal seotlon in Flate 38, lLisc
shown in plate 3, is an exomple typical of very late flowors
(untreated) showing the elongated pedicel snd modified flower
parbse Unw wonders whether 3his elungsted podicel 1s due o &
greater availebility of cndogenous glbberellina al this Limes
In Flete 35, the elongated podicel of &%mﬁmtra” apidooLs is
compared with £ flower of Eropug garesifeve (cherry plumie It 18
interesting %o note that alli cases of parthenccarpiceliy-induced
growth in Prunvg by Gd,, heve beor in spesics with neariy-cessile
Troits, ep cimond, apricct, and peach (Crawe gb al. 1960, Plum
has not responded %o 843 and cherry bas done so only in the
presence of an awxin (Gobels and Crane 1961)s The length of
the psdicel may perheps be an indlcstion of the gibberellin status

in the fruit. DLeck of parthemoecarpic respomse tn GA_ shown by

3
specics with lomg pedicels ¢onld be related to thelr alresdy-
Bigh gibdberellin coniant, parbaps inferring o different hormonal
mechanism controlling fmit srowihe

Sibbereilic aeld applied to apricots before blossoming: inde-
used elongatel vezetative growth, tended o hasten lesf and

shoot production in the spring, and czused many latersi shoots
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to develop inkc spines. These are net uncommon manifestations
of %3 treatment and have baen shown €o ocour with other fruid
specios {sce Review of Tdterature). One pesult which confliicts
with that of other workers 4o the effest of G“ﬁ on hud profucte
jome Predley sudt Creme (1560) sprayed spriect trees at fulle
bloom, and sne wesk lster, with 84, st 50 end 250 pepene The
lower comesrbration inhibitad flower bud production, vhille the
highor inhibited both flowerw gnd leafsbud initiaticr. Hareeile
end Sironpveli 1962) foumd thed in en eppie tres ity voluood peroent
Mowor buds in relation o vogetative duds, hut increased the
total mumber of flower huis. Suttridpe {1962), sisc with apple,
showed thet an single brensher vegetative spurs were incrocood
amd Floverding spurs weve reduced in nunder. %he abowe rosulia
snd these of Yull ond fouis (1959) with cherry, pesch, and apple,
indleate o genernl depressive effect of @As on Fiower bud inile
iation. By comtrest, in the present sxperiments, ihe proporiion
of fiower Hulils 4o Jeaf bnlds whs imcrassal, espoeialiy Sowards the
tip of sebiwely-growing byanohes (Plats L), amd, slthousk no
ooumta were mads dwring the doveant songea, or at floweria: the
following saason, it seemed probebls that the tobtal produstion
of fiower buls wan incresseds

Seyeral oonslunions ean he made on the elfevis of i’:ﬁj on
Mower-dysd Avop and vpon Trt groviie. Cibderallic esid, whother
applied sarly, in the middle, or iate in winter, tends lo csuse

bed dvop before anthesis, snd friit drop afber this, roushly
iy direst proportion to the comesmtrmiion spplied {(Tabie 3, and
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compere Table 7). The general effact of 64, injection is to in-
crease sarly growth mate of frult but 1o depresr 1% subsecvsntly
{Pige 7)e The extent of this is dependent on the dote of spylioe-
ation; Jme injestion inereases early srowth mors, ond aize rossine
greater for longer, then Apmil or Aueust trentmomte (Tublo 4,

1t was not determined whether this was wef'lantsd in 4ifferonces
in oell sige, or aell mmben or hoth, but the comeral resull of
%3 spplieniion 46 4o reduce growth by ite affect on oell numbes
rather thon sise (of. Figs. 40 and 14): The finel sajer effeot
of @&5 wes on frult shesae: Mg-trm#m@ Pridts weres lenper an?
possibly somewhtt move loterslly {Simmmmion 2, Fiz. 12) Flattensd
than control in the sarly pert of the season, but thic wms lost
by moturity (Tables 8 and %)

The singles peak of gibdberellin sotivity in oxtrecis of

apricet tigsue found in two test systems {the barley endosporu
test and the dwarf-porn test) sugzgested the presence of only one
gibbercliin with an RE in isopropanclsemsonisiwater (402124} of
veife Macmillan {19¢1) hos summarissd the Rf values an paper

in four different solvent systems of the themelmown gikberallins
(4, _ 4.)e In a similer systea %o the present ome no glibereallin
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runs at such a low K& , though 3&3 has a mobility, relative
Lo .::,.;aj, of 70%, which is similar to &he spricot gibberellin.
faleg et al. {1964}, however, found G4, vas probably inactive
in the barley endospera tesi, and it seems unlikely theit this
iz the gibberellin present in apricot fruii,

Yhe results of partitioning when ocompared with results of
other workers using simiiar extraction procedures {e.g. Fheeler
1960; madley 1958, 1959; Yayashi and Happaport 196Z, do not
greatly assist in the identification of the compound in apricot.
It has been;concluded from these results und those of chromat-
ograprhy, ﬁgat the gibbereilin astivity in apricot frult is prob-
ably due to one compound, witleh ls wot busic, and is wore
polar than gibberellic acid (Expeviwent ©2(bj)j.

thile the if of pealr sotivity in most bissues tested
3i¢ not differ significantly from the mean of O.20, pericarp
at five days after anthesisz, with a mean Rf wvalue of 0.2, was
significantly greater | below G.001) (Experiment & [ej iviij).
This, coupied with 2 marced increase in fotal activity of
this tissue from ciromstographed extracts (Table 11, compared
with erude extracts{¥®ig. 12}, snd the suggested increase
piter zeavititioning {Table 13}, wight indicats that the prop-
ertles or the typs of glbberellin in the pericarp sight vary
with tims. This iz perhaps supported by the fuct that
absoiute values oy seed in Table 11 and ¥ig. 1< are
similar, bui pericery gibberellin drops between 5 and 15

days in chromatographed oxiracis, while ln crude extracts



it shows a big imorease.

The presence of inhibitors was investigeted, but not scon
firmed, in ernde extrmots (Experiment € 1), ond m» ather cper-
imenis were conducted to test the posaibility that Inhibitors,
ispuritiss, or aynergism could bde responsible fsv 4ho shows 1M~
erempes, Thess differences, alihough interesting, need 4o be
substentisted by further wesenroh indo chamgss of the purdiied

extraets with ¥ize snd tissue, and by & nors comprehensive

survey of inhibiters ele. in the tissuse Results vith crude
extracts will therei'ore be emamined assuming, in the shaence of
edequate evidenoe to ihz sontrary, that velues there aprrovimate
to actuml levels in the tissues.

This work is wmusuel in ohisining o fairly good srrpeistion
betwes: hormone level and growth yatep soanibly for the veason
that, sherens most workers lavs eorpslatad normone oondent of
the whole frwit, or one part {eg. secds), with growdh ap a whols,
tierues here have been relobed to thelr Individuel horaone
ocomtents Thus 4n Pige 12 it can be seen that the levol of zibbe
endospern, and embyye sye supidly cupanding. Ths pesk of sctivity
ocours when the nusellus cipands st i¥e most repid redo and endoe
sperm heconos oallular at the begimning of its pericd of yapdd
srowthe Endocnrp gibbereilin recches its peal during the noXe
imun growth rais of this tissue {which is equivalent $u that of
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the mescosrp in Stage I - Flge 12 but drops suddenly at the
bogiming of pli-hapdening. The level in the resocarp reaches
a paenk at the sepe fime, but remaine high throughout growlh of
the spricot. &part from there being no spperent pusitive reletisp-
ship betwesn mesooarp pibberellin ond Stage IT and TIT o growth,
the overall ispression is that, whonever growth is notive in any
tissue, glbberellin ievel is high in that tissue.

£1lthough & gocil correlation hss been chtained it should not
be assumed that the level of gibherellin has & caussl relationship
with zrowthy it could conceivably be a by-preoduct of growth and
have no caustl role whniascever. This Aifficulty in interprototion
is a sejor prablem of hormone vesesrch and soxme rof'orence o resulis
and conclusions of other workers, although they concorn s Ailerent
tissue wad horeone might he prefitable.

In 1977 Tent 2nd Thimonn shoved thet swdrn diffusing from
the tip of ivenn coleoptiles exhibited suite 2 good sorvelation
with coleoptile srowth; thoy therefore comelnded that aumin
produced in the tip was responsible for growth. later,
Yent (1942) found srowth vate of individual segments Trom dee
capitsted coleoptiles correlated Letber with ether-extinctable
auxin then Aiffusible suxin frox thet segmenl; il wes sugpested
that since ithe normul supply of 2iffusible zuxin wng remuved,
extrocteble auxin wes o better nessure of hormons physiologleally
sctive in the cell. Duttarey snd Yer [1964), vho extrected the
whole noleoptile with sther snd relsied thiz to growth, found

no deifinite correlation; they posinlated that extracteble suxin



ig a messurs of the diffeverce between rate of synthesis and

the wmie of consumption, and, a8 such, is not necessarily relsted
to growth. It 1z suggestel here that Dettarey and ¥er's prop-
asition wpould spply when the tissue oxtrectod contains both the
8ite of sroduction an? the site of consumptionj by separating
these sites TWent and Thimann {1937) and Vent (41942) probebly
overcame this problen and thersfore obtained & better correlation.

In arricots no investigation of dlffusible gibberellin wes
made, and since ell tissues coninined high extractabie giblerellin
at one stage of enother, no indication 4hat one tissue adeht be
the site of production and another the site of utilisction ves
gainede Thus, although seed, which is of'ten thought to supply
auxin for growth in other vegions of the fruit {see Urare 15647,
conitained more gibbereilin then sny other tlssve in Jtage I,
#ibberellin in the mesocorp remelned high after the ?;;‘%;:,}. in the
seed had beem reduced Lo & low level., It is fell thet ecach
tissue, a2t least after pollination, manufactures its own gibberellin,
and if production exoeeds ubilisation 2 surplus exists which is
largely responsible for the level of hormone measured asz extrect-
able gibbereliin. The possible consequences of such an idea will
be discussef bhelow.

There are seversl reports of Ga, incrsasing diffusible
auxin in plants (cege Kuraishi and Muir 1962, 1963), and 1% is
possible that one nechanism whereby gibbersllin sxerts its
infiuence on grovih 1% vio cwtine Yhereas mmbireated and un-

pollinated plants containel no 4iffusible suxin, Jastry and



#air (1963} showed that pollination, or the application of Sﬁi
to tomatve: st anthesis, stisulated ihe croduction of dAiffusidble
auxin. Slnes pollen wu:z shown t¢ coniain high levels of glibb~
erellin, it may be suggested that, apart froa fertilieation,

the effects of pollination aand &ﬁ} application sre egualvslient

in initizting suxin producticn vis gibberellin. In other words
the stimulation of auxin producticn by asn sxternal supply of
gibberellin ia the prercvgulsits for frult greowth following
pollination. 4n suxin applied to the iruit may perhaps obviate
the aeed for pollinstion or %4, appllestion if it can successfully

s
rezlace the matural suxin. This hypotheszis may explain why G4,

2
and suxin are soastlimes aqually effective in initiating parthenc=-
carpy isec Reviow of literature). It is further suggested thai
the applied hormone {auxin or gibberellin;, which most closely
resenbles Lthe naturally-eccurring compound is the mosi successfal
in producing partheioccarpy.

Zince prevention of pollination »ill normally inhibit fruig
growth, most workera have concluded thst acsrmonw supplied by ihe
seed has & causal offect on growid of the other fruit tissues;
yet = hormone will generally induce parthecocarpy when apslied
at or near full-bloom only {{rame 1944} smd indsed, in the apple,
seeds may be removed luter in the season with no adverss efTects
vn growth {Abbott 1959; Southwick et al. 1962). Tt is suggested
here that after pollication tissuez are self-sufficlent in growth
hermones, and, iz particular,; the level of gzibbereilin exiracted

from apriect: may, as was previously pestulated, be a measure
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of excess and have other physiclogical functions. A clus s
the sotion of glibersilin resulting from this hypothesis may
be found in the eifest of i;% on growth in seeded frult. It
wiil Ge rewesbered ihat, =t fali~bloom, &&5 arimliated growkh in
poilinated spricots bui later depressed it {Figs. 7, 7), and
similar effects were noted for other fruits in the Review of
literature., Comparative levels of auxin and gibberellin were
studied in seedless and secded grapes by Coombe [1960}. Gibbw=
erellin activity was found in seedless but not seeded grapes,
seeded grapes, however, contained s higher concentration of
auxin which appeared io paraellel meristematic sotivity iw ibe
seed. Prosser and Jagkson {1959; found auxin activity only im
pollinated fruilt of Hosa arvensis; those produced parthenc—
carpically with G4, Ped no suxin, yet their sTowth pattern wes
simlisr. It might be suggssted that once auxin production has
been stimalated by vollination, high gibberellin levels way
becoms inhibitory.

Confirmatory evidenecs for the abvove hypothesis is avallable
{ros tissue-caliure work. Bergmann (1958} showed that when
auxin levels were idepletad, %:é;?gj stimsiated enilug production,
while when auxin levels were high, %‘3 asted ln ke reverse way.
Other worikers have shown that low levels of gibberellic acid

wiil stimalsss and high levels depress growth in tlssue culture

{3chroeder andé Spector 19573 Straus and Npp 1960; Niokell and
Tulecke 1961}. It is perhaps surprising thai :f.‘-{-k::‘ applied four

days vefore anthesls dld not aif'est endogenwus gibberellin 5



and 15 days after anthesis (Experiment 8{c){vii)) but still

ai'fected growth {(Fig. 2. Iif, however, the Géﬁ was wtlliised
for suxin production at full-bloom, s higher level of auxism,
together with $he increasing =adogsnous gibuerellinm level in
the frult, could have & limiting effect upon growth.

The obvious sequel to the above speculaticns is that the
bigh lsvels of extractable glbberellins, found at the veriods
of most rapld growth in cach tissus, are respoasible for the
veduction or cessation of growik shortly alterwards. 7That anplisd
%ﬁj reduces osll nuzbers {(Fige. 10) but sst cell slze (Fig. 11),
might suggpest Ghat cell dlvision 13 more ssusitive Lo high
gibberellin levels than cell exsension, and therefore, in a
noraal fra;a. sell dlvision would be arrested Lefors glbberellin
lovels wers surficlently hipgh to reduese eell sypansion. If the slow
growth phase of the mesocarp iStage II) is dus to it= high
gibbsrellin content, it is possible that the gradual lowerlng of
glbberellin over this stage way onable the sesocery ¢o enter iis
final flush of growii; aeed and endocarr srs probably prevented
fron further growth by the mechsnical resiriction of the stony
endocarp.

The effeat of 2,4,5-trichlorophenvzyacetic ncld (&,4,5-17
in increasing growth vver Stage Il for apricots, and thereby
hastening maturity and incressing zize (Urane and Brosks 1952,
might be c¢lited as evidence apainst the above scheme; yet the
increrss in growth induced by Z,4,5-T, zeems to be related

to & mueh higher degree of polypleidy in the mesocarp cells
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of drested fruil then normel Fruit (Bredlev and Urens 1955,
This way inliesde {iat s mechenliem of growth hrs been induced
by 2,457 whieh ip 2ifTerent to that normelly operative within
the fruit. If sc the objection may not be a very sericus one,
though eloarly more vesearch on thie nnd other zspects will he
necied befors the ahove hypothesis of gitberellin setion cmn be
regarde’ as uneguivesal.

Gibbarellin hes been dlscussed in the role of growkh reguiator,
rather than 2z » growth stimmlent. Thers is ne evidenes, however,
that zibberellin almusys aets this wmy, or anly stimuletes provth
vin ts offect upon suxing 1% mey itself be reculred as = stimulent,
althonugh, if the loontion of the sile o7 synthesia cannot be
2ifrerantinted from the site of action, thin will bhe J1fTicult
to prove. Ths extent of thls work has aesesserily bheen Limlted,
and the poasible rele of other hormeres or of inhibitors has
bem omitted, or infefed from reports of other worker: with
Sifferent fruit. Yo one satisfeohory sysiem has bheen found
for all frait, snd the asbove scheme has besn supgested 28 one
possibls method whereby wpibherellin wmight exert its conirol

over growth of ons= fruli, the apricot.

D, _Conclusions

Thie project las investipateld some of the chenges which itske
pisce dwring the growsh of épricot fruld;, =nd has attempted Yo

geinte thess fo factors which were showm o influenes growth.
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Fruit were shom to vary in sige and in the number and volume
of cells within the nesocearp both within and between trees. Hige
variation within o tree deponds sors on differences in ¢ell numbey
then cell volume, ond 3% Jz suggested thet this iz due o the
resirioted movement of reserves in the tree ut blossom time and the
competition {or these reserves from other fliowers and developing
lesves. leater, when leeves are no longer competing and thers is
& greater movement of solutes withdn the tree, differerces svye likely
to be due to feciors such ns leaf/Pruit rotic and weter or nuirient
avellebilityve. Thess probebly wary wore between than within trees,
and, since cell dlvision ocsases within two weeks of Tull-bloon,
mey account for the relatively grester contribution of cell zige
to between~tree diffcrences than within-iree differences. Relative fruit
sizes at maturity were probably determined corly in the senson, since
gige at the begimming of pit-hardening wns positively correlated
with sige et maturity.

Tt was possible tv influence growth by medifving the night
tempersture in whieh the frult grew. Higher temperaturs increasad
sarly growth of the fruit by incressing rate of mesocarp cell
division and ceil zipension; ii also hustensd frult maburity.

Since the finel size end cell number wers similsr at maturity iw
8ll tempersiure treaiments, 1%t is congiuvded that high tomperaturss
nerely compress the growth perdod into s shorter murber of days.
Gibherellic acid opplied %o spricots slao incressed the carly
growth rate and hastened saturity f the frult. One might theroe

fore hypothesiszse that the offects of fé:f‘} and temperaturs on f{rait
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growth are connected; perhsps inereased temperaturs scts via
ineresged gibbereilin. GHibberellic aecid, however, reduced cell
wasber apd ceoll sige, and, furthermore, neither GA 3 por temperature
effected endogenous gibberellin; on both counts therefore, this
hvpotheslis seems unienable.

Severel ‘ntercsting aspecis of glbberelliic acid aprlication
wore dlscovered, but further resesrch will be needed to understand
their relationshinp to grovth phenomenn. “hus GA5 epplied mid-
winter gev: more pronownsed =ffects on fruld grosth then the
sams concontration anplied esrly or late iz winter. Ulibberellle
acid inltisted 2 higher proporitiorn of {lower huda in the scason
following spplicntion, an offeet which is contrary to mosi
reported work Invelwing Geﬁ’a}. Treated fruit tonded to have
elongote? podlcoels. It is neted thet & commeciion secms to exist
beiween langth of the pedied in Prunus specles and its likelihood
to grow perthenccarpicelly af'ter L‘*j; treatnent.

Investigatione into eniogenc:s glbberellln in spricots
sogpest the presenes of only me active compound; this is non-
besic and sore polar than gibberelilic acid, bat it could not be
identiTied ns any known gibberellin. lLevels of glbbereilin Lyon
crade extrects of sesd, endocsrp, und sesocary during growin
Prom anthesis £0 asturity vore discussed in relation o growih
of these tissuess The seount of gibberellin in partialiy-purified
extrects did not aiwmavs asgrec with that in earude oxbracisg
unf'orburately insofficlent dats was avellabie o decide wint

significsnes should be sttached to this finding. *ore work om
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this sspect is required, perticularly to 2iscover rhat offect
A3 PParent purificstion wmothods bave on the recorded level of
gibberellin over the growth period.

In spite of these uncertainties, this vork is wnusual in
chtaining o rood positive relstionship beiween growih and an
sndopenous Lovel of hormone in & Prults £ 4hecry 18 propounded
whieh, it i& feii, accounis for severnl aspscisz of gibberelldn
in fruit, recorded both here ond elsewherce Gibberellin estimied
Prom extrmcted tissue is considered & memsurc of that vhieh is
surplus %o normel requirements for growth in the particuler tlzsuc.
After the stimoelation of pollination, o %@5 spplication, gibberellin
ia probebly menufectured by the tlessues themselves, where, in
addition to supplying their own needs for further growth, 1t may
pet as o regulator of other fumctions. Thws high lsvels ere
postulated oz being inkibitory to growih, ard may be responsible
Por the ploteau in Htage LI; lower levels may acth by stimutating prod-
setion of diffasibie suxin, especially in seedless fruit. Toe
hypothesis is temdered thel pollinstion 1iuelf stimulates ovary
growth by the offects of pollen gibbarellin initiating suwin prod-

netion.
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