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A. Growth Regulator Studjies

l. Beans

Among the noteworthy investigations on the effects
of plant growth regulators, have been the studies of their
histological effects on bean plants. Kraus, Broﬁn and
Hamner (51) found the endodermie and cambium the most re-
sponsive to application of indoleacetic acid, “he endo-
dermis proliferating and differentiating into vascular
strandse, and the cambium cells proliferating rapidly but
with delayed differentiation of derivatives. The primary
phloem was also highly sensitive with abundant prolifera-
tion and frequent radial elongation. The epidermis and
pericycle were not very responsive while the pith prolif-
erated slowly but profusely. Hamner and Kraus (43) extended
their observations over Kraus, Brown and Hamner (51) to
indolebutyric acid and naphthaleneacetic acid with similar
results. Kraus and Mitchell (52) reported the histological
responses of the bean to naphthaleneacetamide. There was
less extensive proliferation than with indoleacetic acid
and the most evident feature was the great increment of
secondary xylem, the decided thickening of the walls of
cells of most of the tissues composing the stem and the

partial suppression of elongation of axillary bude. The



INTRODUCTIQON

Tukey and Hamner (98} repdrted in 1947 from field
obaservations that fallbapplicaticn of & spray mixture of
2,4Adichlorophenoxyacetic acid and naphthalenéacetio
acid to cherry trees, resulted in delayed bloom and in
changes in form and composition of the fruit. They noted
among -gross effects, injury to trees, delayed abscission
of abortive flowers and abortive fruits, elongate shape of
- fruits with péinted apex and development of a strong'vas—
>cular‘system within the fruits. Their data have been
summarised under "Review of Literatu&eﬁ; These obser-
vations seemed to indicate the value of a more detailed

study of the responses of the cherry (Prunus avium, L.

and Prunus cerasus, L.} to the fall application of growth

.regulators. This thesis is a report of such a study of
the morphological and histological responses, made at the

experimental orchard of the Michigan State College,
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REVIEW OF LITERATURE

For a decade and ﬁore, morphologic¢al and histological
effects of plant growth regulators have been rather inten-
sively studied. This review describes the responses of
plante that asre generally chéracteristic of the_particﬁlar?
substances used, for example the formative effects of
phenoxy co&pounds ané unless the differential effects of
concentrations are a factpr, they will not be mentioned.

The literature has been dlassified under the follbwing
groups:

A. Growth Regulator Studies

1. On beans
2. On tomatoes
3. On other herbacequs plants
4, On herbicidal effects
5. Effects of soil and seed treatments
8. Special studies of formative effects
7. Studies with fruits other than cherries
8. Stvdies with cherries
B. Studies on merphology, growing habits and devélopment

of cherries.



A. Growth Regulator Studies

1. Beans

Among the noteworthy investigations on the effects
of plant growth regulators, have been the étudies of their
histoloéical effects on bean plants. Kraus, Bro%n and
Homner (51) found the endodermis and cambium the most re—
sponsive to application.of indoleacetic acid, *the endo-
dermis proliferating and differenfiating into vascular
strands, and the cambium cells proliferating rapidly but
with delayed differentiation of derivatives. The primary
phleoem was also highly sensitive with sbundant prolifera-
tion and frequent radial elongation. The epidermis and
pericycle were not very ieSponsive while the pith prolif-‘
erated slowly but profusely. Hamner and Kraus (43) extended
their observations over Kraus, Brown and Hamner (51) to
indolebutyric écid and naphthaleneacetic acid wifh similar
resulte. Kraus and Mitchell (52) reported the histological
~responses of the bean to naphthaleneacetamide. There was
less extensive proliferation than with indolescetic acid
and the most evident feature was the great increment of
secondéry xylem, the decided thickening of the walls of
~cells of most of the tissues composing the stem and the

partial esuppression of elongation of axillary buds. The
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effect was gimilar in the African Marigold and in
Mirabilis. Another most obvious characteristic was the
increased firmness of the treated internodes, resulting
in prevention of abScission, when decapitated and treat-
ed. Among other effeéts were the reduction in the
height and total leaf area, and reduction in size of
primary leaves. |

Mitchell and Stewart (68) compared the effects of
naphthaleneacetic acid and naphthaleneacetamide upon the
bean. They showed again the tendency of the acetamide
to increase the wall material, especially of the xylem
and the pericycle fibere, and not to affect the cortex.
They made other observations that the treated 1eaﬁes
“weTe lighter green in color and thicker, that the zbscissim
of cotyledons was deléyed by several days, and that treat-
ment inhibited bud development. Mullison (71) obseived
that application of tetrahydrofurfuryl butyrate induced
certain different reéponses from those obtained ffcm other
growth substances, among Which-were the more localized
reSponse; the highest activity of the xylem and moderate
activity of the endddermis with no differentistion of
vascular tissue.

Hamner (38) found that A-naphthaleneacetémide when

applied %o the bean in nutrient solution reduced top
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growth and increased root growth, and induced earlier
maturity and greater exteneion of xylem and phloem in

the roots. Pelser (79) observed that Vicia faba feSpond-

ed to indoleacetic acid histologically with activity to
some extent in every parenchymatous tissue, andmﬁotably
with somewhat extensive.vascularisation of derived |
tissues. Beal (12) applied 4 substituted phenciy com—
pounds and found that in the second internode nearef
the point of application, with the exception of the epi-.
dermis, possibly the pericycle and limited portions of
outer cortex, all the other tissues responded actively,
whereas in the first internode and hypocotyl, farther
from the point of application, only the'endodermis, can—
bium, phloem and ray parenchyma were activated. Whiting
and ﬂurray (108) reported that histological reactions of
" bean to phenylabetic acld consisted of marked prolifer-
ation of inner cortical parenchyma; endodermié and.primary
phloem pafenchyma, élso of the activity of the outer
cortical parenchyma, the rays, and the peripheral pith,
and the oambium; with slight rGSponée in the pericyclé
and secondery phloem; and no activity of the epidermis
and the centrsl pith.

Swanson (86) studied the histological reSponées of

the Red Kidney bean to aqueous sprays of 2,4-dichloro-
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phenoﬁcyacetic acid and noted the activity in the endo-
dermis, pericycle (if undifferentiated or embryonic),
phloem parenchyma, camb_iuingand rays (the latter two zones
being very sctive). He found ‘bhat the form.at'ion of xylary
elements was greatly inhibitsd and when occurring, much
disorganized; that cortex showed little response; and
epidermis and pith no response. He observed that the
effect of 23,4-D was systemic in nature, even at relative-
ly low concentrations and in this respect, it différed
from other growth regulating substances. Murray and
Whiting (76) applied 2,4-D acid and four of its salts to
decapitated stem of kidney bean plants and foﬁnd similar
histological responses in the éarly stages, with iniftia-
tion, soon after treatment, of proliferation of the paren-
chymatous tissues of the inner cortex including the endo-
dermis, of the pericycle, phloem, cambial zcne and rays.
W@aver {(100) in . studying the subsegusnt growth of various
parts of red kidney bean and soya bean plants éprayed
with 2,4-—dichlorc>phénoxyacetic e.:cid observed that the
p:rifnéry- ieéves of treated plants were much heavier and
that those of red kidney beans remained gresen and attached
to the plants long after those of the controls had with-
ered and fallen, that the growth regulator iﬁhibited the

growth in length and width of leaflets which developed
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after treatment, and delayed the onset and decreased the
amount of pod-formation.

Murray and Whiting (?5) studied the histological re-
sponses of bean stems to low concentrations of indole-
.aoetio acid and compared with those described by Kraus
»(SO) for tryptophane. The important differences between
the two substances were that with tryptophane, the cor-
tical parenchyma was more reaotive,‘vasculariSation in
proliferated endodermis greater, primary phloem less
active, pith relativeiy inactive and the course of vas-
cularisation in other tissues different for the two sub-
stences.

Laibach and Fishnich (54) observed the histological

effects of indolescetic acid upon coleus, Vicia faba and

the tomato and noted in coleus that new vascular bundles

appeared among the three originally present on each side.

2 Toﬁatoes
Tomato is‘anothef plant which has received attention
from workers not‘oniy in connection with effects of growth
regulators on fruit-set but also as an eXperimental
matérial;for morphological and histoiogical studies. .
Borthwick, Hamner and Parker (18) studied the histological

response of towmato stem to indoleacetic acid. The results
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were quite similar to those reported previously for the
bean. Cortical enlargemsnt occurred, accompanied by some
divieion; the endodermis divided actively; the phloem

and the wood parenchyma proliferated, whils the epidermis
and pericycle were not very responsive,

Bausor, Reinhart and Tice (9) reported the réSponse
of tomabto stem to treatment with B-naphthoxyacetic acid.
in the young stem, there was énlargement of the cortical
cells and great activity of cambium and differentiation
of secondary xylem. In older stems the cortex was also
activated put the greatest change occurred in the tissues
from cambium to endodermis inclusive in which prolifer-
ation took place rapidly.

‘Hamner, Schomer and Marth (40) in using growth-
regulating substances in aerosol form for fruit-set inb
tometo found among other observations that as a result
of the use of B-naphthoxyacetic acid, the style persisted
longer and was enlarged and the treated tometoss ripened
earlier, were larger in dismeter and heavier than controls
and some fruits were "mis-shapen', ahd there was bul-
inhibition and leaf "malformation“.

Murneek, Wittwer and Hemphill (74) found in their
experiments with greenhoﬁse tomatoes that sprays of p=-

chlorophenoxyacetic acid and.g,4-dichlorophenoxyacetic
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acid at certain concentrations had a strong morphogenetic
effect on meristematic tissues resulting in elongatibn.
of internodes, modification of newly formed leaves and
abnormal growth of pericarps. In_thé-case of 2,4-D, and
chlorophenoxyacetic acid as a whole, notable was the
influence on the development of fruits which at maturity
became unusually large, mostly pointed, softer, with an
6range color. The authors concluded that some of these
chemicals stimulated directly or indirectly the growth

of the outer region oftheidericar‘pe Murneek (72) con-
firmed in further investigations the formative influences
of p-chlorophenoxyacetic acid and cautioned that in
spraying of a whole plant for fruit-set, the spray should
avoid the growing poiﬁts to prevent undesirable formative

effects.

3, Other Hervaceous Plants
Ennis, Swanson and others. (31) reported that 3,4,5-
trichlorophenoxyacetate significantly reduced the yield
of potato tubérs, stunted the vegefative growth, showed
swelling of the pulvini and thickening of the stem im-
mediately adjacent to the petiole. Goldberg (38) applied
indoleacetic acid to cébtage stem and found that all

tissues responded to some extent; most generally respon-
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sive were those of phloem, rays and pith. The cambium,
cortex, endodermis, and xylem were moderately stimulated,
while epidermis and p=ricycle reacted weakly, Harrison

(45) treated Iresine lindenii with indoleacetic acid.

The endodermis and cortical parenchyma were not very
reactive, while the phloem, pericycle, rays and extra-
fascicular cambium proliferated. Thinning of the walls
of the collenchyma was alsco noted. The fascicular cam--
bium was not very responsive. Of rather unusual response
was the proliferation of cutinised epidermal cells with
thickened walls. The general degres of sctivity of .
Ireeine resembled more closzly that of the tomato than
nf the besn. |
eal (10) worked on thres species of Lilium with
ihdoleaoetio acid. The rate of response was much slower
than that reported for bean, tomato and Iresine. In

Lilium philippinense and Lilium longiflorum, there was

proliferation of the parenchyma cells centripetal to the
bundles, which later became organised into roots. In
these, the outer cortex and the epidermis were only

slightly affected. In Lilium harrisii, however, the

epidermis and the cortex in the axil of the leaf were
activated to divide and become organised as buds.

Hamner (43) worked on Mirabilis jalapa with indole-

acetic acid and found wide variation in histological re-
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sponses of the various tissues. The pericycle, inter-
fascicular parenchyma just inside it and the interfas-
cicular cambium (in the older stems) were the most re-
active, while the vascular tissues were generally un-
responsive, the gpidermis and cortical parenchyma showed
little response and the endodermis considerable. The
pith was slow to start azctivity but once it started,
proliferated ra:pidly, differentiating as‘ internal roots
or as strands of vascular tissue.

Blum (18) worked on sunflower stem and found that
naphthaleneacetic aci.d causad marked epinasty, completely
inhibited bud development, caused extreme development and
differentiation of secondary xylem and marked development
of activity of the horizontal cambium.

Beal (11) trested sweet pesa with 4—chlorophenoxyabefic :
mcid and observed siem curvature, epinasty, inhibition of
buds, swollen root-tips with\ .most proliferation of peri-
cycle. Pfeiffer (80) worked on the aerial réots of

Cissus sicyoides L. with indolebutyric acid and found that

the cells of the phloem and pericycle proved most rTeactive,
enlarging and dividing, with derivatives of the pericycle

opposite the protoxylem forming the lateral roots.



-12-
4. Herbicidal Effects

Tukey, Hamner and Imhofe (97) were the first to study
histological effects of herbicidal concentrations of 2,4-D
and the experimental plant materials were bindweed and
sow-thistle. In the bindweed, the pollengrains were plas-
molysed and disorganised, flecwers arrested in development, .
chlorophyll formation checked and cell division éctivited
in the large vascular bundles of fhe leaves. The majority
of the cells in the lesaves were plasmolysed. -Gell division
was greatly increased in all cambial zones and phloem '
regions of the stem and rhizomes. Enlargement and rup-
ture of cortical cells were conspicuous. In the rhizdme'
of sow-thistle, the reactions éf'cortex, cambium énd
phloem zones were siﬁilar. Hamner and Tukey (41) in study-
ing the herbicidal action of 2,4-D on several shrbus,
vines and trees, noted marked proliferation of the regioh
outside cambium lsading to splitting of thevbaik, curva-
ture of new shoots and downward bending of petioles.
Young trees were more réSponsive than old ones and in
general, plants which had just broken dormancy in the
€pring and Weie making new growth were more sensitive to
treatment than plants with fully developed foliage.

Pridham (81) studied the delayed action of 2,4-D on
trees, shrubs, and perennials, sprayed in the fall and

observed delayed bud-bresk in spring and production of
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distorted foliage, excessive serrations, exaggeration of
length/width ratio of leaves, prominence of veins and

thickening of leaf,

5. Effects of Soil and Seed Treatments

While uptg this stage, the literature has dealt with
direct application of growth regulators to planté or trees,
it is relevant to-sﬁate that some workere have experimented
with trestment of soil or seed with growth regulating
substances and noted the subsequent effects on plants,
Allard, DeRose and Swanson (1) found that treatment of
seeds of several crop plants with 2;4-dichlorophenoxy~
acetic acid, 4-chlorophenoxyacetic acid, 8,4,5~£richloro~
phenoxyacetic acid in'general.inhibited germination, de-
creased the growth of young seedlings, and caused abnor-
malities in the anatomy of the séedlings. As examples
of the latter in the hypocotyl of kidney beans were the
delay:in the maturation of the primary conductive tissues,
failure of the pith to éplit to give rise tp a hollow
stem, enlargement of co:tical and pith cells and slight
stimalation of oell—prolifefation in regions of the pri-
mary phloem and the rays. Hamner, Moulton and Tukey (39)
treated in one case soils with 2,4-D prior to sowing and
in another soaked the seeds in solution of 2,4-D and in

both cases, seedlings of beans exhibited characteristic



-14—

formative effects and "virus-like" symptoms.

8. Special Studies of Formative Effects

Of particular importance to the subject of this thesie

ére the series of papers on formative effects of growth
regulating substances presented»by’Zimmerman and Hitch-
cock (110, 111, 112), and Zimmerman (109, 114). Zimmer-
man and Hitchcock (110) treated several SpeCies of plaﬁts’
with solutions and vaﬁors‘of B-naphthoxyacetic acid and
ite derivatives and found that in the new leaves that
were formed after treatment, there was modification of
the}vénation,pattern and form. They varied from frenched
or fern leaf types to simpie leaves., The leaflets often
failed to separate on one side of the mid-rib giving a
different appearance to the two sides of the 1éaf. In
many respecte, the leaves resembled those of virus-dis-
eased or mite-infested plants. There was pronounced
clearing of the veins. With treatment of soil with the

- solutions of naphthoxyacetic acid, the effects were even
more pronounbed-and more lasting. The flower-buds of
tomato plants.treated by way of.soil weré abnormally long
"with a decided calyx tube, separating only at the tip.
The floral parts — petals, stamens and styles —- per-

gisted for an abnormally long time during parthenocarpic
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development. Zimmerman (102) in further experiments with
B—naphthoxy compounds, not only confirmed the findings_
above but alsc found that they modified the simple ten-
dri}_sv of cuq_u.mﬁers into branched and leaf-like structures,
and the size and shape of flowker—buds and fruits.
Zimmerman and Hitchcock (112) reported that under the
infiuence of fri—iodobenéoic acid, a hormone-like sub-

ance, axillary buds which normally produced leafy shoots

n
ct

were induced to grow flower-clusters. The main shoot of
the lant a2lso lost the Ashoot. producing bud and termin-
ated in flower-clusters, ’ | |
Zimmerman anci Hitchcock (111) emphasized the more
lasting nature of t he responses of dich_l»orophe'noxyacetic
‘acid with low concentrations compared to of,her hormone-
like compounds and also showed that in tomato, cell di-
vision of the cambium and various parts‘of the corte'x was
accelerated within 24 hours, by chlorophenoxy compounds,.
Other observations of theveffect of chlorophenoxyacetic
\ac“id ‘on tomato were bud-inhibition, persistence of floral
parts, and formative influences on the leaves, Zimmerman
(114 ) reported tha;t plants treated with active xelenoxy
acids grew modified. leaves differing from the normal in
size, shape, pattern, ﬁexture and venation, and appearing

like those of. virus diseased plants. Burton (26) studied
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the formative effects ofvsubstituted chlorophenoxy com—
pounds and found that treatment of young plants with 0.5
per cent concentration of 2—0h10r0phenoxyécetic acid in
carbowax'inhibited the formation of intercellular spaces
in the mesophyll of bean leaflets, Similar application
of 0.5 per cent 4-chlorophenoxyscetic acid in lanolin
inhibited the activity of plate meristem in the laminae
of bean leaflets. Similar treatment with 0.5 per cent
concentrations of 8,4-dichloropheﬁoxyacetic acid, in either
lanolin or carbowax as the carrier induced progressive
modificetion of bean leaves. The earliest leaves were
similar to thos¢ induced by treatment with 2-chloro--
phenéxyacetic acid. In later leaves, the,exteinai form
and internal structure resembled that found in leaflets

of planfsAtreated with 4~-chlorophenoxyacetic acid.

7. Fruits Other Than Cherries

Marth and Meader (58) used four compounds, indgle-
acetic, indolebutyric, B-naphthoxyacetic and 4-chloro-
phenoxyacetic acids on somewhat unfrﬁitful blackberry
- selections at the time of flowering dnd obtained sig—
nificant increase in berry weight and reportéd that the
vféeatments stimulatéd the development of the receptacle
and of the pulp of the individual drupelets and increased

- the number of drupelets and seeds per f ruit but many of
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the seeds were small and undeveloped so that the ratio
of seedweight to fresh berry weight was agt;ally less
in treated fruits than in control. |

Clark and Kerns (88) reported data obtained from
pineapple plants treated with naphthaleneacetic acid
after completion of normal floral differentiation but
prior to actual blossoming. Higher concentrations in-
cfeased»the weight of the fruit and delayed fipening a
week or more, and no treatments induced anatomical effect
 within the flesh of the fruit, but the concentration of
the juiée of treated fruits was about 2° Brix lowéx than
~ that of the controle. Treatments did not also affect the
number of‘fruitleté per spiral. High_concentrationé'
induced longer and thicker peduncles and difficulty in
~ separating the fruits from the peduncles.

Stewart and Klotz (88) brought td attention some
unusual effects of 2,4-D on the morphology pf'orangeé.
Young Navel orange fruits sprayed with concentrations
varying from 25 to 235 p.p.m. of 2,4-D developed seedé
or ﬂeed-like structurés. The highest concentrations in-
duced a thick rind and excessively large, protruding
navels, in some fruits and cylindrical shape and small

navels in others. When applications were made during

the period of full bloom, all treatments induced a down-



-18«
ward and inward rolling of the margins of the young,
expanding leaves, the response decreasing with lower con-
- centrations; later prevented flower-dropvbut reduced
fruit-set. It was found that the blossom~retaining effect
was not transmitted from the sprayed portion of the tree
to the unsprayed area. In Valencia, the high>concentra-
tions'caused a curioug pebbling of the peei of the green
fruit due to outward and inward elongation of the oil
glénds, and highly marked thickness of rind of the
sprayed fruits, Some fruits became cylindrical in éhape
and developed a small navel "complete with juice-vesicle,
and a persistent style". Lower cbncentrations increased
.fruit size by 25 per cent, but at the expénse‘of commer—
cial qualivty.

Nixon and Gardner (77) reported that'applicafion of
| naphthaleneacetic acid to dates, in higher concentrations
of adqueous solutions of 0.1 and 0.0l per cent inhibited
development of carpels but caused the enveloping peri-
anthe to persist and to show apparent enlargement in some
instances. The strand with its persisting perianths was
stili alive and normally colored long after they were
dead and dry in the untreated ones, Naphthaleneacetic
acid at 0.0l per cent aqueous spray applied ten days

after pailination followed by 0.02 per cent six days later



-19-
reduced set by 50 per cent and induced a considerable
number of fruits with varying degrees of "malformation',
The dates ripened a little earlier.

Moon, Regeimb@l and Harley (70) airplane sprayed a
small block pf‘apple trees Wifh'BlOO p.p.m. 3,4-D in an
oil-enmulsion, on November 9, 1946. Stayman Winesap and
Winesap trees so treated held their leaves well-into the
winter after all leavesnwere dead and long after untreated
trees were completely defoliated, and in the spring of
1947, numerous leaf petioles were still attached to the
branches, even though the blades had been broken off during
the winter. Subsequently‘during the growing season, there
‘were typical signe of delayed foliation, badly deformed
primary leaves, death of lateral buds on terminal shoots
and of weaker spurs on older branches. Similar feSpdnse,
~even more widespread, was obfained_with 10 p.p.m. of |
8,4=D butyl ester as groundspray of Stayman‘Winesap applied
on August 29 and September 11, és also tigzht adherence
of all subseduent blossons and fruits killed by frost on
-May 9 to 11. Thesse éuthors observed in addition the
residusl effect of 2,4—D\aﬁ 10 p.p.m. applied in Augusf
B9, 1848, for a full year later, in reducing harvest drop.

Bryant, Vincent and Schafer (23) observed that appli-

cations of 2,4-D made to bindweed in 1945 in late summer
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in an apple orchard resulted'in abnormalities in %the
apples harvested i=n 1946. GSome of the fruits showed‘only
rudimentary or no seed development. McIntosh apples,
normally round oblate, had become oblong in shape with a
more open core, while Jonathan had changed from round
conic to oblong conic. A considerable number of Jonathan
and Delicious apples were "doubles". The auvthors consid-
ered that "these malformations may have come from the
2,4-D being transmitted through the roots of the trees,'
from the material drifting at the time the bindweed was
sprayed, or from volatile matefials in the spray itself".

" Marsh and Taylor (56) applied 2,4-D on August 22,
-1945, as an eradicaﬁt spray for poison ivy in an apple
orchard. After cleaning and rinsing the Spfay equipmeﬁt
. with water as much as to remove 2ll traces of odor and
visivle evidence of the 3,4-D residue, applied an oil spray
one week later to control orchard mites. In fall, fruit |
and foliage in this Winesap and Stayman block adhered
tenaciously tb the trees.. Through the winter, the foliagé
hung éﬁ those trees "dry and brown like the 1eavés on |
shingle oaks". In 1948, the blossoming of this block was |
7 to 10 days later. The leaves were narrowed, deeply
serrated, epinastic, frequently mottled. There was a very

low amount of total foliage area. The adherence of un-
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developed, dried apple blossom parts was very noticeable.
The fruit-set was very much reduced., The apples were

prematurely ripened and not suitable for storage.

8. Cherries

Hitchcock and Zimmerman (48) have rsported effects
of application of summer sprays of potassium naphthalene-
acetate to Montmorency cherry trees, in retarding open-
ing df buds. The degree}of inhibition varied with the
concentration of the substance;'and the time the spray
was applied. The vegetative buds were generally delayed
to a greater extent than flower buds. The sprays of dJuly
nad the greatest retarding and those in September the
least. The increased delay resulting from an increase}in
concentration wasvrelatively the same as that due to the
difference in time of application. Flower buds located
on spﬁrs were delayed %o a greater‘extent.thén those on
one year 0ld shoots. The opehing of flower buds was
_delayed from a few days to 14 days depending on the con-
centration and time of applying the spray, and that of
vegetative buds similarly. up to 19 days. _Terminal vege—
tative buds were retarded to = 1eéser extent than side
budé. The fruit-set on trested branches was delayed
slightly and appesred to be spread over a longer period

a8 compared to the controls. Ripe fruit had the same
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general appearance on the treated and control branches.
The experiments of the author also included those on’
varieties of apoles, pesches, pears and plums, with sim-
ilar results but with a variation in resiétance to the
material, the apple was slightly mofe resistantlthan
cherries, and peach and plum more sensitive than cherry.

Tukey and Hamner (48, 98) gave an account of Ebser~
vations of the effects of fall application of 3,4-D and
naphthalenea¢etic acid to sweet and sour cherries and
brought out the facts of injury to twigs, buds and spurs,
delayed blossoming in the followiﬁg spring, delayed ab-
scission of abortive~flowers and abortive fruits, and’
above ali the elongate fruit with pointed apex, and strong

vascular development within both the fruit and the pedicel,

B. Studies on Morphology, Growing Habits and Development

of Cherries

Bradbury (20, 21) in making a study of the develdping
and abbrting fruits of sour cherries came to the conclu-
sion that lack of nutrition was the principal cause of
the abortion, particularly of the first drop fruits.
Chandler (27) described the nature znd position of fruit-
budg in cherries and stated that differentiation of buds

in cherries is discernible in early July.



DB

Tukey (94) has described the growing and fruiting
habifs of the sour cherry, making the distinction between
the shoot zand the spur, and mentioning the correlation
vetween the positions where the flowér—buds are formed
and the continued fruitfulness of the tree. In describing
the distinctive growing habits of the three major var-
ieties of sour cherry in the Hudson River Valley, he
sums up the growing habit of Montmorency cherry thus;:-
"Shoots over 6 inches in length tend to form leaf-buds
in contrast with blossom buds which are formed largely
by shoots less than 6 inches in length. The leaf-buds
develop into spurs or strong lateral shopts - moétly
‘Spurs in the case of shoots between € z2nd 15 inches in
length which besr repeatedly in subsequent years. The
blossom-buds on one year old wood, however, fruit and
leave barren wood behind'.

Tukey (95) reported three stages of pericarp devel-
opment in sour cherry; namely, I - a period of rapid in-
crease following fertilization, II}— a period of delayed
increase during mid-season, and III - a second period.of
rapid incfease to fruit ripening. He found.ﬁhe duration
of stages I and III nearly identical in the three var-
ieties tested and the duration of period of dGelayed in-
crease (Stage II) correlated directly with the season of

fruit-ripening. T N
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Tukey and Young (98) made detziled histologicél
study of the development of the different tissues of
the sour cherry fruit (Montmorency variety), step by
step fhrough the three sfages mentioned above,. and corre—
lated the internal histologicasl changes with the exter-

nal evidences of growth.
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MATERIALS AND METHQODS

Bearing trees of the Montmorency sour cherry (Prunus

cerasus L.) and of the Schmidt sweet cherry (Prunus avium L.)

were selected in the experimental orchard of Michigan
State College, East Lansing, for treatment and study.

The trees at the time of freatment were fifteen to six-
teen years of age. One sour cherry tree and one sweet
cherry free were éprayed and one of each left untreated
for comparison. The spraying was done on September 82;
1947, between 6 and 7 P.M. with a Hydraulic Bean Sprayer,
30 gallon capacity, operating at 500 pounds pressure.

The discharge eduipment included a single nozzle bean
gun equipped with No. 10 diéc. The spray consisted of
100 p.p.m. of 2,4-dichlorophenoxyacetic acid in the

form of "Dow 70% Wettable", a commercial product of the
Dow Ohemical‘Company and 30 p.p.m. of naphthaleneacetic
acid in the form of "Endrop", a comwmercial product of the
Shell 0il Cémpany. The method of spraying consiéted of
spraying the wholé tree thoroughly from top to bottom
until the spray material dripped from the leaves. |

Collection oif Material

Samples of buds were collected beginning October 1,
1947, at intervals of three weeks upto the 20th of March,

1943, and at intervals of two weeks until the 22nd of
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April, 1948. From then on, the required plant materials
for examination or preservation were collected as fre-

ouently as the needs arose.

Fixation, Sectioning and Staining

Subsequent to spraying, $ill the harvest of fruits,
the materials collected were 2ll fixed in killing solution
of the following proportions:-

500 mL. 95 per cent alcohol

450 ml. distilled water

2l ml. glacial acetic acid
60 ml. formalin

In the case of materials like stem, pedicel, leaf,
and certain stages of the fruit, it was easy to make suit-
~able sections‘with the table micrétome. In many cases,
the tissues of such sections were clear enough without
staining so that sémipermanent slides were conveniently
made with glycerin as explained by Sass (82). In sonme
sections, however, to make a proper distinction between
1ignified and cellulose walls, methyl green and Bismarck
brown were used. Certain stages of the winter buds were
utilizéd for making‘sectidns, for ﬁhe sake of some con-
firmatory observations, by running up to paraffin, then
sectioning with a rotary microtome and staining with

Delafields hematoxylin.-
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In advanced stages of fruit development when the
stony pericarp had begun to harden, freehand sections
for detailed study were made separately in the different
regions of the fruit outside the stony pericarp.
The epidermis of the leaves and fruits was examined
in surface view by'stripping thin pieces with razor and

in both cases, no stain was needed to show good contrast.

Measurements and Drawings

Outline drawings, where no cell-details were desired,
were made with the use of a Bausch and Lomb triple purpose
micro~projector, using the same objective and a constant
set-up for the same set of'comparative materials. Detailed
drawings were made with a camera lucide, to one}scale for
the same set of comparative materials, to give identical
enlargeﬁents.

vIany detailed measurements became unnecessary, be-
cause of the obviously large differences>resu1ting‘from
treatment. In an experiment of this kind, it is the com-
parative,:ather than the original measurements that stress
the nature of responses obtained by treatment. Where,
however, to make a point clear, an original measurement
was necessary, i1t has been provided,

Besides this, the behavior-pattern of the sour cherry

and the sweet cherry hag been identical in so many respects
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that to separate them in the treafment of subject would
te merely repetitious. To avoid this, where there was
no need to réfer to them separstely, the expression
"echerry" has been used or no Dﬂ*tloular mention is mude
of any of the cherrle

For histological studies, descriptions and drawinge,
sour oherry has veen more freely used than sweet cherry
because of the advantagze of detalled information on normal
development of sour cherry zvailcble from Tukey (95) and
Tukey and Young (98) andbbecau se of incompleteness of
materials from sweet cherry, due to injury. An exzmin-

atlon of the ava 11umle motpr als from sweet cherry, how-

(D

ever, showed no si lflClnt difference 1n general, except

for a tendency for a relatively zrester accentu tion of
responcee to treatment.

Bven in the case of sour cherry, to avoid the inter-
fering factor of injury, meterials from the healthier
portions of the tree were utilised for observsiions of

direct responses %o ureatmenu. The reasons for this

become clﬂar from the description under "Tree-I pgury"



-2 8-
RESULTS

1. Tree Injury

Injury to tress as & result of applicétion of high
concentrations of plant growth substances, particularly
of naphthalensacetic acid and 3,4-dichlorophenoxyacetic
zcid, has frequently been reported (68, 57, 93, 87, 56).

-

Such injury was also found in our experiments. The

following is an account of the anaturs and extent of injury.

Reductisn of Leaf Arce

The wost severe injury was to the leaf buds. A lsrge

proportion of them on the tree as & whole were killsd,

This was reflected in the ultimate reduction of leaf

ares, Plates o and 4 show this condition of sour and
sweet chnerry trees respectively, on July 13, 194%2, in

T

contrast to the normal l=zafl ares of the treses, as shown
in Plates 1 and 3. The framework of the treated trees

in the photozraphs, because of lack of folizge

ge, can be
easily traced to its intimate details, while it is com-

letely hidden from view by the foliage in the control trees,
3 g

=

Py

The malformed and stunted leaves that emerged from

the inhibited leaf-buds as shown in Plates & and 7 aleo

contributed to the decreznse in leaf arez,
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Reduction of Fruit-set
Compared to the‘yield of fruits from the untréated
trees, there was a great reduction, by 90 and 95 per cent
in the sour and sweet cherry respectively, as a result
of treatment. Damage to frﬁit-buds was severe. A great
number of them were completely dead. A smaller propor-
tion of them were inhibited in varying degrees and while
opening subsequently, proved abortive later. The ulti-
mate result of reduced fruit-set is, however, attributable
to three causes, decrease in leaf area, damage to fruit-

bude and injury to the tree as a whole.

Factors in Injury

hile injury itself.was a direct result of the treat-
ment, there were certain factors, chiefly light, vigor of
branches and the method of spraying adopted, that seemed
'either to accentuate injury or to resiest it. The term-
inal portions of branches that had more light tended to
develop greater'ambunt of foliage, whereas the inner
portions of pranches wers almost bare. This is cleaily
indicated iﬁ Plates @ and 4. The less vigorousvbranohes
showed greater injury to buds and spurs on them than the
more vigorous ones.

Above all the very method of application of the spray,
viz., spraying the wﬁole tree till the materisl dripped
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from the leaves seemed to have created a situation in
which the drip from the topmost portions added on to the
amoﬁnt of material on the lower portions of the tree,
creating a differential concentration with relatively
harmless lower concentrations in the upper levels and
relatively toxic higher concentrations in the lower
levels. ’This is evidenced also by the difference in
intensity of responses that have been noted, which have
been correlated with difference in conéentration by other
workers such as Hitchcock and Zimmerman (48).

Plate 3 shows clear indiceations of such a demarcation,
with better development of foliage at higher levels com-

pared to the relative bareness of lower branches. This.

distinction has been made use of in our experiments in

selection of materials for observations of direct responses

to treatment, to avoid as wmuch as possible an intervening

actor like injury.

Nature of Injﬁry
A closer examination of the twigs that were injured
showed small nécrotic areas and brown fleckings either .
in or under the bark. Pronounced browning was notice-
able in the pith and xylem of spurs. A4 few lower branches
of sweet cherry that were dead recembled winter injury

from an oil-spray.
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Varietal Differences
In comparing the total effect of injury, it was
clear that the sweet cherry tree suffered more than the
sour., This difference, is very clear from the appearance
of trees in Plates 2 and 4. Varietal differences in
resistance to injury have been pointed ocut by Hitchcock

and Zimmerman (48).

2. Observations Connected with Abscission

From the time that the applic-tion of spray was made
to the cherry trees %o the time of harvest of fruits, dne
of the most conspicuous responses observed successively
wag the noticeable délay or even complete prevention of

normzl abscission of plant parts.

1

The Ledves in the Fall

#While on the untreated trees, the leaves started to
£2ll by the 10th of November, the leaves on the treated
treas continued to be green and held onto the twigs.
These latter turned brown through the winter, but never-
theless most of the leaves with their petioles stayed
firm, with the result that as late aé the 20th of llarch,
the treated tress could be easily distinguished from all
the rest by the brown lesves gticking out 8ll over the

tree., hile subsequently, due to winds, most of the
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blades were torn off it was stil 1l possible to see here
and there full brown leaves, and portions of brown leaves
holding on with the petioles, as shown in the photograph
taken on the 24th of April, 1948 (Plate 8). Still later,
almost all through the succeeding summer, one could
observe most of the petiole-stubs tight on the twigs, a
Specimen'of which is shown in the photograph (Plate 8).
Thus the formation of an abscission layer was entirely

prevented by the spray.

Previous-season Fruits
The abscission of the few stray fruits that were
bripening late on the tree, at the time of application of
the spray, was affected zlso and long after the fleshy
| portion of the fruit decayed‘and dried, the pedicel'with
. the stone attached continued to stayrfirmly on the twigs,
Here also the normal process of abscission was thus

completely prevented as a result of treatment.

Flowere and Flower-parts
In the case of flowers that opened in spring, where
fertilisation had taken place, the petals were slow in
dropping off. .In the case of flowers where pollination
had not taken place, the flowerec stayed on the twigs.

They subsequently dried up but still held on. FPlate 6



shows the photograph of such an example, taken on the
18th of July. It is evident from this photograph that

)

every part of the flower - the calyx, the petals, the
stamens and the pistil -~ were still iﬁtact. When the
trees were observed on the 15th of LDecember, 1248,

the dried-up flowers were still there. Here again,ﬁhe
formation of an sbscission layer was complétely pPre-

vented. In the case of frults, with aborted ovules, they

took on color early and continued to stay on the iwigs,.
g

Mature Fruit
The abscissibn of the fruit was also nofioeably
delayed; and the fruit held on for weeks after the har-
vest ftime, indicating a continuity of effect of the plant
growth regulators for more than ten monthe from the time

of application.

Thé Style
The style of the developing fruit on the treated
trees persisted not only.fdr an abnormally long period,
but a small portion of it remained attached tc the nature
fruit, thus sccentuating the pointedness of the fruit.
Delayed abscission of style =zs a result of treatment with
olent growth regulators has been reported by Elmsweller

and Stewart (30), Hamner, Schomer and Marth (4C), Zimmerman
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and Hitchcock (110) and Stewart and Klotz (88), among

others,

Diescussion
The ability of plant "hormones" in varying degrees
of effectiveness to prevent or delay =zabscission of flowers,
fruits and leaves heg been demonstrated by numerous

workers (44, 34, 110, 111, 88, 7C). But what deserves

particular attention in this respect in our experiments

ic the fact that there was no plant organ, which normally
undergoes abscission in some stage or other, that did not
show effective response to the treatment. That there are
anatomical differences in the process of abscission of
different plant parts has been conceded (59, 80, 55) and
it may be pointed out that under conditions of this ex-
periment, the difference in method of abscission has not
stood in the way of effective action of the plant growth
substances.

Litersture reveals that plant growth regulators have

acted consistently in this respect not only on different

parts of the same plant, but on a variety of plants in-
volving different types of abscission. To mention a few

g yp » >
Gardner, Marth and Batjer (33 reported delayed ebscission

of mature fruits of apples; Milbrach and Hartman (81)
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“that of leaves of holly; Kraus and Mitchell (52) that of

treated internodes of decapitated beans; Beal and Whiting
(13) that of treated internode of decapitated Mirabilis
jalapa; Mitchell and Stewart (68) that of cotyledons from

treated bean plants; Weaver (100) that of primary leaves

~of red kidney beans; Zimmerman and Hitchcock (110) that of

petals, stamens and styles of tomatoes; Stewart and Klotz
(88) that of leaves and blossoms of oranges; Nixon and
Gardner (77) that of perianth and fruits of dates.

In spite of 211 this evidence of the potential

' capacity of plant growth regulatdrs to delay or prevent

abscission, or in other words, to arrest senescence, a
certain opinion has beenvheld popularly but on insufficient
data, by some workers (33, 23, 52) that when a plant
growth régulator has not proved effective in preventing
or delaying abscission, it is because of a difference in
type of abscission. But a review of a large amount of
literature in the field of pléht growth regglators, in-
dicates that while there may be some fruth in it, the
problem is not as simple of explanation, but that it is
allied to the problem that is faced in the whole field

of plant "hormones", in attempting to explain the differ-

ential rezction of the various tisesues of the same organ,

the differential varietal responses, the differential

responses on account of changes in external environment



-37 =
or the selectivity of 2,4-dichlorophenoxyacetic acid a8
a herbicide. It seems to be more related to the funda-
mental problem of the variable and unknown state of
protoplasm, the substrate,'at the time of application

of the causal factor, the plant growth regulator.

3. Effscts on the Opening of Floral snd Vegetative Buds

Floral Buds of Sour Cherry
Some general but continuous obserfations from the
time the tree was sprayed, on this aspect were possible
with the sour cherry but was not possible with the sweet
cherry, because of the fact that the buds in treated
sweet cherry tree were very severely injured and during
the winter,'almoSt every bud that was examined from this

tree was discolored and showed signs of injury.

Growth of Buds up to the Bloom Stage,

The observations on sour oherfy buds at fréquent
intervals showed that as far s externallevidence of size
was concerned, the untreated buds showed slightiy larger
size as the first few Weeks went by and they were some-
whet noticeably larger when examined on the 3lst of

December, 1947. Between this date and the 2nd of April,
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1948, the treated buds had almost caught up and very
little difference in size could be noticed between the
treated and the control.

But when & subseduent examination was made on the
17th of April, it was evident that while the control
buds had advanced farther towards subsequent opening,

though still closed, actually as far as the size of the
budg was concerned, many of the tfeated buds were defin-
itely larger than the control, both in length and width.
-Seven days later, i.e. on the 24th of April, 1948, such

a size comparison was no longer possible, since in the
untreated tree, the pedicels Ahad elongated and the indi-
vidual flowers st111 close:_d, ‘had emergéd out of the bracte
while in the case of the trested tree, many buds had
swollen further but no such elongation of the pedicels

had taken place. Please see Plate 8 for comparison.

After another interval of six days, i.e. on the Botﬁ
of April, 194&, in many flower-tuds of the treated tree,
the pedicels had elong;at‘ed with the flowers still closed,
a etage comparable to the bude of the control,. 6 days
earlier. in‘ making observations of the flower-buds of
this comparable stage, it was noted that those of the
trested tree were again mdch longer and broader than the

buds of the untrezted. At this stage, in both the treated
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and the untreated, the length of pedicels was variable

and was not a factor for comparicon.

QCpening of Buds.

Day by day observations showed that the untreated
tree attained ite full bloom on the 30th of April. On
this date,'flbwers in the treated tree were still closed
without exception. This was evidencé by itself of the
effect of treatment in delaying bloom. Further daily
observatione revealed that the upper levels of the tree
were the earliest to bloom, and in a relatively uniform
manner. The maximum flowering in these relatively healthy
portions of the tree wae attained on the 7th of May,
indiceting a definite delay of 7 days, as a direct response
to treatment. |

In the rest of'the tree, the story was different.

The vehavior of blossoming was erratié. The'flowers were
opening here and there at irregular intervals. There

was definitely an interfering factor of injury but there
were evidences, however, that the delay in these cases

was due to a combination of factors of effect of injury
and effect traceable directly to the treatment; as the
formative pattern of the flowers subsequent to the opening

proved in almost all the flowers. In these portions of
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the tree, flowers were seen opening, as late as. the 13th

of June, 44 days after the conftrol had rscorded full bloom.

Floral Buds of Sweet Cherry

The untreated sweet cherry tree attained full bloonm
on the 238th of April. Since, as mentioned before, the
treated tree was>severely injured, there was no possibility
of demarcation between the injured and the uninjured por-
tions, with the result that a8ll that could be said was that
there was definitely S deley in opening of flowers, and
that the first few flowers opened 9 days later than the
untreated and subsequently, the flowers continued to open
at‘irregular intervels here and there. On the 4th of June,
1948, 37 days after the date of full bloom of the untreated
tree, a few flowers were still opening. As late as the
19th of -July, two fldwers were noted opening out. In sweet
cherries as in portions of the sour cherry tree, the delay
in blossoming was due to a combination of effects of injury
and treatment, as the formative patterns of flowers and

fruits produced subseduently showed,
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Leaf-buds

General Observations.

The effect of the treatment in retarding the opening
of the vegetative buds was even moxre severe. There was
not only delay in the opening of the vegefative buds; there
were buds thaﬁ wera killed completely as mentioned under
"Injury". Thers was curvature and twisting of leaves as

t

¥

ey emerged from the buds (Plate 5). In some severe

cases of affection, the 1eaveé 2s they emerged were chlor-
otic to some extent and had mottled appearance. On account
of these differences between the untreated and treated
trees, the comparable appearances of the trees were also

differént.

Sour Cherry.

On the 3rd of May, 1948, the untreated sour cherry
was almost fully clothed with foliage and in contrast,
the trested tree was almost care of leaves, with a very
negligible number of opened vegetative buds. It was
oﬁly on the 2&8th of May, that the tips of brahches and
the upper levels of the treated tree were noticed to be
covered with lsaves, indicating a delay of at least 35
days inithe opening of vegetatife buds of the sour cherry.

From this dete onwards, the opening of the buds in the
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other portions of the treated tree was by fits and starts
and'wasbprolonged by an iﬁdefinite period. For insfanoe,
as late as the 10th of Octobver, 1948, 3 buds_were noticed

opening.

Sweet Cherry.

In the treated sweet cherry, the retardation effect

~and the irregularity of opening of vegetative buds was

even more severe. The maximum foliation had occurred
by the 30th of April, 1948, in the untreated tree, and
it was not until the 38th of May that. the tips of branches
and the topmost levels of the tfeated tree showed foli-
ation. The opening of vegetative buds on this tree was
noticed zs late as the 19th of July, 1948, and the feason
ﬁhy no further opening was noticed was obviously due to
the fact that the rest of the buds had been killed on
the treated tree. |

Thus, in comparison to the floral buds, the retard-
ation effect and the irregularity of opening of vegetative

buds was even more severe.

Discussion
The whole question of delayed foliation and delayed

blossoming is related to the subject of bud-inhibition,
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the relation between which and the growth regulators
has besn a subject of inquiry by several workers (for
example, 90, 103, 52, 68). Observations on the extent
cf'delay of flowering haVe_been made by Krone and
Hamner (53) who reported a délay in gladiolii of about
twvo weeks as a result of the'soii application of 2,4-D
at 10 to. 30 pounds per acre, by Winklepeck (107) whe
reported a‘delay-cf 11 days in peach as a result of
agueous spray of naphthaleneacetic acid at the rate of
125 mg. per liter prior to blossoming and by Hitchcock
and Zimmerman (48) who reported a delay of a few days
to fourteen days in sour cherry depending on the concen-~
tration and time of‘applying potassium naphthaleneacetate
summer éprays. The inhibition effect on vegetative buds
has been studied extensively (19, 37, 91).

While in all this literature quoted, a direct response
of delay in opening of buds was reported, there are & few
workers (57, 63) who considered any delay obtained as
being associated with injury and not a direct response to
treatment. In our experiments, the'delﬁy in almost all
cases was to some extent at least due to the treatment
as shown by formative responsas but the greaster the injury,

the greater was the additional delay.
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4, Formative Effects and Histologzical Studies

The Fruit
Under these studies, the fruit is taken up first,
because of convenience, its economic importance and
vecause the most notable modifications are found in it,

ag a result of treatment.

Compsrative Description of the Treated Fruit.

Since the pattérn of changes was alwmost identical in
both cases of sweet cherry and sour cherry, the descrip-
tion applies to both unless there is a distinctive point
to be made or a distinctive measurement to be stated.

The original measurements of the treated and untieated
fruits are mentioned in Tables 1 and 8. The description
ziven here is to emphesize the changes in the morphology
of the fruit, also from a horticultural point of view,
compared to the untreated fruite. Plutes 11 and 12 show
the photographs of comparative appearances of the fruits
of the untrested and trezted sour cherry and sweet cherry
respectively.

Hanging Quality:= Fruits of the treated cherry held
tenaciously to the tree. In meny cases, it was. not
possible to harvest the Fruit by stripoing it from the
tree without the stem, If the frult was mature =snough

at the time of harvest, attempts to pick the fruit would
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Table 1. Measurements of Fruit of Sour Cherry*

Untreated Treated

Size — length in mm. 16.9 20.1

diameter in mm. 19.4 - 18.0
Weight in gn. _ 3.7 4.3
Volume in ml. water displacement B 4.1 4,8
Widsh of rebeptacle in mm. _ 3.8 : 8.5
Stem -~ length in mm. ‘ 25:9v 233.1
thickness in mnm. : 0.8 3.1

Stone - length in mm. 9.4 11.7
width in mm. 8.7 8.2
thickness in mm. 6.7 7.0

Volume in ml. water displacement 0.37 033

Weight in gm. ' 0.4 0.9

Thickness of stony pericarp in mm. 0.8 1.8

sValues given are from average of 100 fruits.

ordinarily result in the soft flesh tearing away, leaving
the pit and stem on the tree. A closer examination re-
vealed that it was because the pit and the vascular system
were firmly attached to each other. Observations on the
_ﬁascular system will be mentioned later. In fact, even
after the fruits were over-ripe and rotting, it would be
hanging on to the tree in contrast to the normally easier
dropping of the fruits of the control trees.

Size:—- By water displacement method, the average

volume of the treated fruits was almost identical with
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Table 2, leasurements of Fruit of Sweet Cherry*

Untreated Treated

Size - length in mm. _ 18.4 22.1

diameter in mnm, 31.9 12.8
Weight in gm. 4.9 5.8
Volume in ml. water displaecement 4.8 4.7
Width of receptacle in mm. | 345 S.1
Stem = lengvh in mmn, 33.0 | 45,1
thickness in mm. 1.2 2.1

Stone - length in nmm.

9.6 11.3

width in mm. §.8 9.8
thickness in mm. 6.9 8.9

Volume in ml. water diSplécement 0.50 0.87
Welight in gm. 0.3 0.4
Thickness of stony vericarp in mm. 1.1 Bed

*Values given are f rom average of 100 fruits.

that of the untrezted fruits, within about 2 per cent.
This came as a surprise, since the differing shapes of
.the treated and untreated fruits gave no indic=tion of
that being the case.

Weight:« Wnen the same set of fruits that were uéed
for measurement of size above were used for weight measure-

u
ment, it revealed that the treated fruits showed definite

incrsase in welght, over the untreated. The sour cherry

X}

chowed 16,3 per cent increace znd the sweet cherry 18.4
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per cent, Increese of weight of fruit as a result of
application of plant growth regulators has been reported
for example, in tomatoes (40), in blackberry fruit (58)
and pineazpple (23&).

Shapei- One of the most evident effects of the
trestment wes on the shape of the fruit. The fruits of
the treated tfees were elongate and broader near the

down to a point at the apex, ususlly

i
&

stem end and tapering
with a smail persisting portion of the style. This descrip-
tion was brozdly true of slmost all the fruite irrespective
of from which portion of the treated ftres they came. The
only varietion in shape that was noticezble was the more
regul~r or symﬁetrical shape of the fruits coming from the
healthier portions of the tree and thé'laok of that regu-
larity and symmetry, increasing with the injury to the tree.
A1l this is in contrast to the fairly round and regular
shape of the fruits from the untreatsd tree,

Some measuremente of length and diameter of the fruits
were indicative of the pattern. The length of the trested
fruits was 18.9 znd 20.1 per cent hizher in the sour and
gweet cherry respectively, over the untrested. The dia-
meter was 3.1 and 2.6 per cent less respectively, over the
untreated. A length/ciameter ratio is even more indica-
tive of the eloungation aspect of the frult and such a

ratio ige hivsher in the treated fruits,
L3
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Suture:- The suture of the treated fruits was more
distinct.

Lpexi~ The treated fruit had a well-pointed apex,
csometimes with a small nipple-like protuberance as pre-
viously mentioned. In contrast, in the untreated fruit,
it was almost absent, but with a very indistinct blunt
point at the tip.

Receptacle:~ In the untreated frﬁits, the receptacle
is glmost dry and shrivelled to the size of the pedicel,
but in the trested fruit, the receptaclg is often green,
fleshy and sprezd out in more or less =z circle with anv
increase in diameter of 103.1 and 1£80.0 per cent in the
sour and sweet cherry respecfively, over the untreated,

Marth and lieader (43) reported that the receptacle
of blackberry was'stimulated by application of growth
regulators at time of flowering.

Stem or Pedicel:- The treated pedicels of sour and
sweet cherry showed'an increzse in thicknées of 182.32 and

7

SOt

.0 per cent respectively over the untreated. They were

firmer to the touch and this firmness wes most noticeable

[

the time of taking freehand sections for histological stud
Increased development of the pedicel has been reported b
others. Amony them, Stewart and Ereling (87) reported in-

creased thickness of pedicel and secure attachment of

alsco

at

ies.
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lemon fruit when 5-year-old lemon trees were Sprayéd with
2,4-dichlorophenoxyacetic acid in September. Clark and
Kerns (43) found that high concentrations of naphthalene-—
acetlc acid resulted in larger and. thicker peduncles and
difficulty was experienced in separzating the fruite from
the peduncles at the time of picking. ”

Color of the Fruit:- The treated fruits were defin-
itely lightér in color than the untreated fruits; and
this lightness of color was more accentuated in the case
'of the sweet cherry. Decrease in color as a result of
application of growth regulators hes been reported in
tomato (21L). |

The Skin:-= The skin of the treated fruit was pronoun-
cédiy thicker, tougher, more astringent and more_adherent.
Stewart and Klotz(44) reported that-as.a result of 8,4—
~dichlorophenoxyacetic acic application, the rind of'oranges
became several times thicker than the normal.

The Flesh:— In the treated fruits the flesh was lighter

colored and the resulting juice was also lighter colored.

jag

egarding texture, since in the treated\fruit, there was
leck of extension of the vascular system into the flésh,
the flesh seemed finer to the touch than in the control
fruit where, becauvee of the greater extension of the vas-
cular system into the flesh, it seemed to be coarser to

touch.
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Taste and Flavor:= The flavor of the treated fruit
28 relatively poor and taste relatively insipid and less
sweet.

The Stone:;~ The stone in the treated cherry had elon;
gate and pointed shape like the fruit and the sufface rough
and variously—ridged, compar=d to a roundiéh shape aﬁd an
almost smooth sgrface of the stone in untreated fruit,

As far as adherence of the stone to the flesh was con-
cerned,-as explained previously, it wes ecasy to slip off
the flesh from the stone with the vascular system sticking
to the stone in the case of the treated fruits, whereas
this was not possiblé with the untreated fruits.

Comparative mezsurements of the three dimensions of
the stone revealed that there was a closer correlation
bgtweén the shape of the fruit znd the shape of the stone
iﬁ the case of the treated fruits than in the case of the
untreatedrfruits.

The size of the stone as a result of‘tfeatment showed
by water diéplacement method 18,5 and 34.0C per cent increase;
the weight 125.0 and 100.0 per>cent inoreasé; and the
thickness of the stony pericarp 100.0 and 109.1 per cent
increase, respectively over the untreated.

These figures are indicative of an undue development

of the stone, in relation to the rest of the fruit,



Developuent of the Fruit.
A clezr picture of what we have seen of the large
number of modificztions in the mature fruit as a result of

the application of spray of &Z,4-dichlorophenoxyacetic acid

fon]
3
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and naphthaleneaceu . only be obtained by going
throﬁgh the development of the fruit‘at the different
es of growth.

The observations made are detziled below:

The Shape of the Fruit (some developmentzl observa-

tions):~ At the time when the flowers are Jjust open, re-

D
2
4]
)
]
1]

garding the shepe of the ovary, close observation re
no very significent differences between the treated and the
untreated, But there is a factor which creates an impression
of a difference at firet glance. The style of the tre=ated
pistil is much enlarged in size, and often it tapers at

its bzse indistinctly into the tip of the ovary and the

ovary itself is not much thicker at thie stage than the

vase of the enlarged style and sll thitc conbtributes to g
different appearance of the ovary. In fact
ovaeries in the flowers of both the fremted and untrested are
elongzte and moré or less cylindrical. The ghape is very
disfinct in the case of the ovary of the untreated bscause
of the distinciness with which the styie separates off

from the outline of the ovary. At thies stége, there is

no relationenip to the ultimate shape of the mature fruit,
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particularly in the case of the untreated cherry where
normally thé‘shapé is more or 1ess'rouhd. 'In this
respect, perhaps, the ovary of the treated cherry is
slightly more akin to the final shape of its mature fruit,
which is elongate, but in other respects the pronortions
of dimensions are different. When dbservations were made
of the fruits of untreated sour cherry on May 21, 1948,
“they were still cylindrical, with the tip rounded off and
with a 1ittle portion of the style attached. Before 7
days more elapsed, i.e. by the 28th of May, the fruits had
slightly enlarged breadthwise. From then onward, every
external.. evidence of growth was more and more towards the
ultimate rounded shape of the fruit. In the case of the
fruit»of the treated sour cheiry, within about 15 days of

fruit-set, the fruits were more like the ultimate shape

m

of the fruit. Here again, the persistent styvle and the
original elongate nature which does not change much is
reSponsible.for this distinguishing feature,

The pattern of behavior in the matter of shape was
the same in both the cherries. '

A discussion of what factors contribute to the modi~
fication of shape will be made later.

Size;- Here again, when the flower is just open, there

~is very little distinction between the ovaries of the
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treated and untreated trees., YWe have already noted the
little difference in size of the mature fruits =lso. A
discussion of the factors that contribute to the main-
tenance of size, irrespective of treatment will be made

later.

Histologiqéi Observations of the Developing Fruit.

General Observetions:- The otservations made here
and the data quoted in their support relate to sour
cherry. This ig becsuse, for comparison and proper in-
terpretation, the work of Tukey and Young (98) is
available., But examination of sweet cherry revealed broad-
1y the same pattern. |

According to Tukey and Young (9€), the ovary wall
consists of three principal tissues, the inner and outer
epidermis, inner and outer stony pericarp, and the
fleshy pericarp. The fleshy pericarn in turn consists
of an inneimbst 1ayer of small thin-walled parenchyma,
a middle region of large thin-walled parenchyma and an
outer or hyﬁddermél layer of collenchyma. The fleshy
‘and stohy pericarp are derived each from distinct group
of cells., The developmental behavior of fhe fleshy and
stony pericarps is somewhat different. In the three char-
acteristic stages of development mentioned under Tukey '

(95) in "Review of Literature", while in Stage I both
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the pericarps multiply and enlarge, in Stage II greater
activity is in the stony ﬁericarp, where there is con-
tinued thickening of cell-walls and ﬁardening and there
is less activity in the fleshy pericarp, where the en~
largement of cells is very slight, and in Stage III there
is almost cessation of activity in the stony pericarp but
in the fleshy pericarp, there is greatest activity with
increase in size of cells, radial elongation of cells
towards the inﬂervregions of fléshy pericarp and tangential
elongation of the hypodermal cells.

Examination of series of cross-sections of the devel-
oping fruit from the full bloom stage revealed that in the
broad patternIOf-development, the treated fruit behaves
just in the same manner as describved by Tukey and Young
(98). But there are certain features which stand distinot
as a consistent result of the treatment. To indicate
these features, detailed diagrams have beenAmade at
certain relevant stages (Plates 14, 15, 18).

Figure 1 of Plate 14 is a cross—section of the fruits
in the early part of Stage II, when the first rapid devel-
opment of pericarp has been completed and thickéning and
hardening 5f the cell walls of stony pericarp has commen—
ced. There are certain conspicuous differences which

vecome immediately evident, particularly in the vascular

. system and the stony pericarp.
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The Vascular System:- 45 shown in the disgram, the
relative position of the vasculér system has completely
changed. According to Tukey and Young (98) and as showﬁ
in the drawing (Plate 14, Fig. 1B), the vascular system

normally exists as a ring of vascular bundles, generally

18 to 30 in number and extend throuzh the fleshy pericarp.

In the words of Tukey and Young (98), "thne vascuiar
sysﬁem, moreover, is extended progressively throughout
the tissue as the fruit develops, largely by transverse
divergence of small bundles from the mein bundles......
At maturity the vascular bundles ramify throughout the
fleshy pericarp to give a skeleton network of conductive -
tissue."

In contrast to this, in the case of fruit of the treat-
ed sour cherry, the relative position of the vascular system
has shifted from about the center of the fleshy pericarp
to close to the outer 1éyer of the stony pericarp. But
for a few interruptions, it hugs close to the outer edge
of the stony pericarp."There_has also been a great -
amount of proliferation of the vascular tissues'résultihg
in an undue thickness and éoaleScence of bundles giving
an appearance of one solid mass of vascular tissue with
very few gaps in-between, in contrast to the "ring of
vascular bundles" in the fruit of the untreated cherry.

Examination of the ovary, just aftser the flower opened
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from the bud, revealed that this pattern of vascular

system had already been established prior to opening.
Moreover, this pattern appearsd even more accentuated

“when mature fruits were examined. Plate 14, Fig. 3

shows a part of cross-section through epidermis and
-+

fleshy pericarp extending to almost the outside of stony

rmc rp. The remarkable proliferation of the vascular

]
]

tissue into a‘thick mass of network is shown out against
the moderate size of the vascular tissues in the untreested
mature fruit. The qondition and extent of the wvascular
system is most impressive in opening up the fruit by hand,
The outer portion of the flesh comes off free from the
stony pericarp and ite strong vascular tissues, adhering
to and enveloping the stony pericarp. | |
Ston? Pericarpi—~ The next important difference lies
in the stony périC&rp. There are evidences of prolifer-
ation of the tissues of the stony pericarp resulting in
a gre ater thickness of the stony perlcﬁrg.’ Its ultimate

thickness belng more than twice the normal has alreudy

been mentioned. The proliferation is so irregular that

1

the nargln of the outer layer of stony pericarp takes on
an uneven, wavy, and rough outline. The appearance femains
so throughout the development of the fruit so thet finally
: when a mature fruit is opened, and the clinging vascular

tigsues are removed, and the stone i¢ wiped dry, the diff-
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erence in appearance of the stone of treated cherry from
that of the ﬁntreated is remarkable, the surface of the
untreated being relatively smooth, in contrast to the

roughness of surface of that of the treated, as shown in

Plate 13. The accentuation of these rough markings on

the sweet cherry stone is well seen in the photogreph.

It iswobvious that the irregularly outlining vascular
system clinging to the stony pericerp region even prior

to opening of the flower~bud has exerted also a retarding
‘influence on the expansion of the cells of the stony peri-
carp at the points in contact and has thus contributed to
the irregular markings'on the stone of the treated cherry.
Part of the markings may elso represent the impression left
by the clinging vascular tissues early in the development

of the stony pericarp, when the cells were still pliable.

Cellular Details,

Stage II:- Tukey and Young (98) have also reported
enouzh information on the cell-size, shape 2nd thickness
nf cell-walls, étc., of the different tissues of the sour
cherry at different stages of growth of the f:uit. Early
part of Stagé II marks an importent stage in development
and due to the suppleness of the stony pericarp for taking

sectione of the fruit, it has advantage in detailed obser-
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vations of the cells. Drawings in Plate 15 represent

portions of epidermis, hypodermis, fleshy
outer and inner stony pericarp. As shown
at this stage, the cells of ths epidermis

layer do not show much difference in size

pericarp, and
in the diagram
and hypodernasl

or shape, between

the treat@d and the untreated. In the case of the cells

of the thin~walled parenchyms of the fleshy pericarp, there

is very little difference as far as size is concerned, but

regarding shape, the cells of the untrezate
lar than those of the treated. It appears
the treated, the enlargement of these cell
Stage Il has been rather irregular, result
amount of intercellular spaces.

In the case of the outer layer of the
the individusl cells of the treated are sl
but the}amount of thickening at this stage
more or less thé same, anc there is very 1

in shape,

Regarding the inner layer of the ston

d zre more rezgu-
as though, in
g prior to

ing in some

gtony pericarp,
izhtly lsrger,
appears to be

ittle cgifference

y pericarp, the

hape of the magorlty of celle, and the kind of juxte-

&

osition of ind1v1dual c2lls, dovetaili

zre the gsame in both treated and untreated.

aain seems to be certzin irregularity in

individusl cells of the trested.

Stege III:

* into each other,

But there

expansion of

In this connection, it .must be remembered that
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Stage II of which we have reported above, represents,
according to Tukey and Young (98), the culmination of a
period in which the cell-enlargement of the fleshy peri-
carp had not progressed much, It is Stage III in which
2 rapid enlargement occurs with csrtain changes in shape
of cells in the different regions of the fleshy pericarp.
To ascertain, therefore, in what menner this sspect of
development has been affected by treatment, tissues were
examined from the cross-section of the mature fruit and
the résults are shown in Plate 18. It shows thé~following
features: |

While the tangential enlargement of the_epidermal
cells does not differ much, that of the hypodermal cells
has been conspicuously greater than that of the untfeated.

In fact, during Stsge III, the growth of the individual

cells of the hypodermis in the treated fruit has all

around been greater than ?hat of the ﬁntreated fruit,

The result of all this with regard to the hypodermis is -
reflected in the additional thickness of the skin noticed
in the treated fruit.

In examining the size and shape of cells involved in
the final sweil of fleshy pericarp in radial direction,
thé pattern is similar to thaﬁ mentioned by Tukey and
Young (98), irrespective of treatment, viz. that the
cells next tb the hypodermal layer are roundiéh, followed

by oval tchape indicating beginning of radial elongation
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followed subsequently by a decided radial elongati@n in
the inner region. As far as the individual size of cells
in cross-cection is concerned, there are only slight

differences.,

The Pedicel
General Obéervations.

A study of certeain histological aspects of the pedicel
is essential for fhe following reasons. It is important
aé an intermediary between the branch and the fruit,
whose nature of conductive tissues to a large extent
decides the type of nutrition to the fruit. It plays an
important role in the abscission phenomena connected With
the fruit, Besides all this, we héve previouly described
certain modifications in»the pedicel as a result of treat-
ment, which need correlation with a study of the internal
structure. Plate 17 shows the cross—sections of the
treated and untreated pédicél at the mature stage of the
fruit. In examining the different zdnes, there haé been
increase in thickness of every zone, the epidermis, the
cortex, the fiver-sheath, the vascular cylindef,_and

the pith.
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Fiver Cells:-~ The fiber-sheath, which by virtue of its
position may be called as pericycle fibers, is shown as
continuous in the diagram for the sake of convenience, but
it is actually discontinuous, and consists of groups of fiber
cells with gaps in between. The fiber-sheath of the treat—
ed is more continuous, or in other words, the gap between
groups of cells is relatively smeller and each group 1s
individually larger and more extensive. Plate 18 shows
the differsnces in individual cells. In the untreated,
the cell-wall is so thick that there is hardly any vacuole
left, while in the treated there ie relatively less amount
of thickening, but'fair enough to contribute to the strehgth
of the individual cells. The wmain purpose of fibers cells
is to contribute to strength of the tissue, and this
difference in thickening of cell-wall is of minoi importance
from this point of view, since in the case of the treated
pedicel, the largeness of individua celles, the 1argenéss
of individual groups and a greater continuity of fiber-
sheath all contribute to greater strenzth and firmness
of the pedicel, which has béen observed in hendling the
pedicél, even without examining the tissues inside,

The Vascular System:~ Of the other tissues in genéral,
the vascular system again, as in the fruit, is of striking
importance. If the radial width of the vascular region

is taken into account, (See Plate 17, B amdF) thet of the
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treated pedicel is more than twice that of the control.
Whzt this means in actual total area of the vascular tissues
in cross-section and in the ultimate amount of vascular
tissues insicde the pedicel is of great significance, in
the conduction of nutrients from the stem into the fruit.

In a closer examination of the phlbem region and
the xylem regicn, in several sections, 1t was consisﬁently
clear that the phloem zone exceeded in its radial width
over the xylem, in the case of the treated, while it wes
the reverse in the case of the untreated pedicel. Besgides
thie, a detalled examination showed that not only hes
there teen during the development of the pedicel, a greater
activity of the phloem but also. to sonme extent an inhibition
of the activity of xylem, of which we will mention in a
1ittle more detzil in dealing with the shoot growth in
spring and summer, during the peribd of our eXperimeﬁt.
While this was the condition in the vascular system
of the mature pedicel, examination of the pédicel just
when fhe flower was open revealed generally a fluted shape
of the vascular cylinder in cross—section, which developed
later into a more uniform thickness, as shown in the
mature pedicel. At the time of flower opening, in the
treated cherry, the number of ridgee in the fluted shape
of the vascular eylinder generally exceeded those of

the untreated, the former being 10 to 12 and the latter
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6.to 8. It was sometimes noticed that, at this stage,
the bundles might be distinguished as individual bundles
with very little gap particularly towards the center.

At this stage of flower-opening, there already has
arisen a'remarkable differenée in size of the vascular
tissue, Plate 18 shows a camera lucida drawing of
cross-sections of compsarable portions of the vascular
system. In the trested, the radial width of the vascular
area is twice that of the untreated and the tangential
7idth sbout one and one-hall tinmes, Galbulations'of
relative areas in cross-section indicate the vasculer
system being 4 to 5 times larger at this stage due to
treatment.

A comparison alsc &t this stage between the relative
proportions of phloem and xylem indicate that in both
treated and untreated, the xylem elements seem to Dbe

~greater in content than the phloem, but the crester activ-

n

ity of the cambium layer is already evident, as repre-
sented by a wider.bénd 28 indicated in Pl=te 1E€.

The comparatively greater development of the vas—
cular-system ae & result of treatment, accompanied with
certain other important differences in details becoﬁes

even more impressive, in watching subsequent development

of the pedicel. For instance, Plate 19 reprecsents camera
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lucida drawings of the same comparable portions of vas-
cular tissué as sgeen at the end of & weeks after full
bloom. In cowmparing these drawings with those of Plate
18, certain points stand out clearly. 1In the untreated,
during this period, the vascular tiéspe has doubled itself,
both radially and tangentially. But even after three
weeks of development, it has not caught up, however, with
the radial development that the tissue of the trested |
had attained three weeks earlier. |

Besides this, the measurement of the radial.width
shows that in the untreatasd, the development has been

more towards greater develcpment of xylem than of phloem.

In the case of the treated, the tendency of develop-
ment 1is cléar, While the radial width of the xylem has
changed very little, the average width of the vhloem has
almost doubled. Whaf wag a ridged cylinder is being
straightened out into a more uniformly thickened cylinder
and in doing so, the phloem is tending to GXpand farther
than the xylem. The ultimate result, however, of this
relatively higher development of the vhloem over the
xylem in the develépment of the vaséular tiesue, as a
result of treatment is most clearly brought out in the
examination of the cross-section of the pedicel, when the

fruit is mature, -avout which we have already spoken before,

Thus, as a result of treatment, a more expansive
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development of the vascular system takes place in the
pedicel, as we have already seen in the fruit. We have
also gone one step further in noticing that there iz 2z
relatively higher activity in the phloem than in the
xylem., From all this, it would be reasonable to assume
that the most important contrivutory cause for the
strength of the pedicel of the sprayed tree is its well
developed vascular system and among other important
causes is the more extensive pericycle fibers encircling
the pedicel. The importance also of the development of
phloem in its nutrition role cannot be overlooked.

Plate 19 also shows a conspicuously Wide tand of cambium
zone in the pedicel of the treated. ;ﬁ fact, under the
microscope, it was in the nature of a multilayered band,
giving the impression of a ladder-like structure and
givins indications of delay in differsntiation of derive-
tives.

Other Tissues:- Plate 30 shows the camera lucida
drawings of representative cells of the tissues other than
the vascular and fiber. The drawings show the obvious
differences and similarities, There were clear differ-
ences in the cuticular structure. It seems &s though
because of a greater length of the epidermis, forwing
the circumference of the treated pedicel, the cuticle

rets flattened out (See Plate 20),
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In the cells of the epidermis, the collenchyma and
the parenchyma cells of the cortex, in the treated, there

ha

0

been cell—enlargement by about 50 per cént, on the
average, over the untreated, “ut no chanze in shape from
the untreated. Further development of the ﬁedicel showed
even more increased enlargement‘of the cells of these
tiesues. It was evident from observations throughout

the deveIOpment of the pedicel that the increase in size
of these regions, epidernmis, cdllenchyma, and the cortex
in the case of the trected, was almost solely on account
of the increase in size of the cells. |

Examination of the cells of the pith did not show
mﬁch difference in size at the'time'of cpening of the
flower obut in further development showed enlargemeﬁt in
size, oontiibuting its quota to increzsed thickness of
the pith, in the treated pedicel.

In calculzting the increasé in size of the cells dﬁe
to treatment, it was found to vary over the untreazted from
80 to 100 per cent in thevcase of pith and cortex and 50
per cent in the case of epidermal and collenchymacells,

during the whole course of development.

Other Parts of the Flower
Having dealt with the ovary, its development to a

.....

mature fruit and with the pedicel, it is relevant at this -
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juncture, to note observations on the other accessary parts

of the flower.

The Receptacle,

The larger size of the flower buds of the treated
"cherry, noticed prior to opening and mentioned before in
the studies of retardation of opening of floral buds, was
mostly on account of a fleshier receptacle. Thus from the
very early stages upto fruit maturity, the more prominent
receptacle is one of the consistent responses to treat-
ment, Its spread in the mature fruit comparéd to the

untreated hes been described under the comparative descrip-

tion of the treated frﬁit.

Thé Calyx. - ‘

The first difference that is noticedAbeﬁween open
flqwers of treated and untreated cherry is the difference
in 2ngle at ﬁhich the calyx lobes are bent. UNormally in

an open flower, the lobes are completely reflexed, so that

ct

n
he lobes are bent pérallel'to the axis while in the
Tlower of the treated cherry, it was very usual tb find
Varying.degrees of bending, some of the flowers having
the lobes either a2t right angles to the axis or even hent
slightly in the opposite direction to the normal oz, in

other words, tending to bend towards the axis..(See Plote 9)
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This aspect in the calyx is emphasized, because 1t is in
consonance with a tendency observed for certain types of
organs of the plant to bpend in'the same direction.

“

esides this feature, the lobes of the calyx in the

9y]

treated were thicker and narrower with a characteristic
triangular shape, a reletively acute tip, more prominent,
more numerous and desper serrations, and more conspicuous

venation, than in the untreated.

The Corollsa.
A 1little more study of corolla than of the calyx was
involved, because of the strikingly different appearances

of the petals as a result of treatment, even at first

mlance, -

The change in shape was the most easily noticeable.

The petal had bz=come elongate and narrow comparsd to an

2lmost roundish chape of the petal. (See Plates 9 and 10).

It was usual that the increase in length was by 20 per
cent and the decrease in width by 33 per cent comparzsd to
the dimensions of the untreat=d flower,

The thick, leathery texture with o stiffness of the

o

t ne increased thickness

@

1 was again most striking., T

j2¥)

5
coneisted mostly of the enlargsment of cells, of inter-

ellular spaces and of the vascular tissues, which latter

Q

contributed alsco to the stiffness of the petzl. In dis-
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ection of the flowsr, cons quently it was easier to

[£2]

handle compared to the petal of the untreated cherry which
wae comparatively delicate, thin and easily folded on
itself. It was slso not so easy bto oull oub the petal of
the treated cherry.

The very thch and prominent venation of the petal
of fhe treated cherry was even more striking. 4 detailed
drawing of the venation has been made in Plate 21. This
ie in many waye comparable to the charscter of the vas~

culaxr syetem in the fruit articularly in its massiness
b o )

W

>
and its lack of tendency to remify. The finer ramifica-
tions as seen in the flower of the unireated cherry are
almost lacking in the treated.

A surface view of the epidermal cells indicated cer
tain differences and a2 group of such cells have been
drawn (Plate 81). The waviness of the margin of the cellé
of the untreated petal OCCOMuD more or less levelléd:up

4.

ne a result of treatment and the distinet increase in

size is also indicated., It is a case of longitudinal

etretching.
Lastly, enother important feature with regord to
the petal ie agaln the tendency to incurve or to bend

towards the axis, so clearly seen in Plztes 2 and 10.

[6)]
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The Stamens.

The following features were noticed as a result of
tfeatment.

The length of “the stamens was variable just as in the
case of the normel flower, but the averase length was
often higher, particularly in the case of the sweet cherry,
by 0 per cent (Plate 10).

There was a decided increase in thickness of the
filnments, often veins twice thicker than the normal file-
ment. This was most prominent in the sweet cherry (Plate
10). The increesed thickness was mostly on accoﬁnt of
enlargement of individual cells and increased vascular
material., This was reflected also in handling df the
stamens in disssction, beihg firmer and stiffer and
ezsier to handle,

The anthers were noticeably larger (Plate 10) and
they had o chorscteristic heart-shape, pointed at tip,
comparsd to the roundish shope of the anthers of the
normal flower,

The stermens, again like the petals, had o téndency
%o ihcurve'or pend towards ﬁhe axie,

The viability of pollen of the flowers was tested by
serminating it in suger and agar media and treatment was

not found to zffect the normal viability of the pollen.
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The Pistil.

The ovary =nd the development o»f fruit have been

dealt with above.

The increased thickness of style, as well as its per~
sisting quality as a result of treatment, has also been
mentioned.

The stigma was also slichtly 1argef, but more irregular
in shape, as = result of trestment.

Enlargement of style and its unusual persistence as

a result of applicztion of growth regulators has been

recorded in tomatoes (40) and in oranges (88).

’ : | The Leaf.

EZxternal lodifications.

 Under délayed foliation has been mentioned the Tact
that in many cases of leai emergence, the leaves were
twisted (Plate 5). Here agmin, as in certain cases of
flower parts mentioned vefore, the twisting or curving
was 3 bonsistently regular pattern, i.e. -ending towards
the axis,.

This was not characteristic, however, of the leaves

in portionsg of the tree which were relatively uninjured.
In such cases, the emergence was fairly normal, but often

-

with a slightly noticesble twist and the lsaf expansion

was also normal. Buf consistently the leaf was narrower,
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the tip acutely pointed, the serrziions more numerous
particularly at the tip, much thicker, not as pliéblé as
the normal leaf, and with a stronger and thicker petiole,
and with a very prominent and thick midrib and venation.
fost of these characteristics are evident from Plote 9,

But distributed over the rest of the tree were all
degrees of twisting ét emergence, later showing varying

rees of expansion, all depending on the extent of injury.

ol
09

ex

Ore of the most striking features wes the number of

modifications of egize and chape of leaves that could be

collected at rendom from the tree, as a whole when the

]

leaves had reached moturity. A representative sample is

shown in Plate 7.
But from whatever portion, the leaves mizht be

gathered, there were certain common features for all the

leaves from the treated trees. They were a tendency
towardé narrowing and elongation of the 1eaf; the thickness
of the leaf, the prominence of the veins and the midrib,
creater number of serrations, and the apex of the leaf

being ecute and pointed,

In other ieSpects, there were differences., Some of

and

o

nce

the leaves were chlorotic or had a mottled aopear ,

in some, the veins were translucent and on the whole had

the appearance described by Zimmerman and Hitchcock (109)

as resembling virus infected leaves,
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But in the case of leaves coming from relatively
uninjured portions, it was usual to find the leaves actually
looking greener than the normal leaves, indicatinz stim-

tion to chlorophyll formation. Such stimulation by

ula
plent growth regulators has been indicsted by workers (73,
74).

Internal Structure.

'

A study of the internal structure of the leaves reveals

a Tew important features as indicated in the diagrams

(Plate 22).

RIS 2

The crose-—section of the midrib shows the increased

size of almost every region in it, particul=zrly the cortex,
the vascular tissues, and the fiber-sheath. Here again
the fiber-sheath'is‘ndt continuous, though shown in the
diagram.for convenlence but consists of groups of fiber-
cells which ereldiscontinuoxs. But just as in the pedicel,

the individual fiber-cells are larger, the individual

sroups are bigger, and the gaps between two adjacent sroups
smaller as a result of trestment.
Here again must ve noted the proportional larger
=5 > k =Y

-~

shloem zone as comopared to the xylem, as was nointed out

in the pedicel,.
The cross-section of a segment of the laminf shows

the following features as a result of tre=tuent:

f

TRV
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The number of layers of cells that form the thick-
ness of the lamina are more or less the same. But there ieg

a greater increase in size of the cells, particularly the

length, and there is a marked increase of intercellular
spaces both in the palisade and spongy parenchyma.

In fact, the increased thickness of the treated
leaf 1s almost solely made up by the elongation of cells
in cross~section and by the increase of intercellﬁlar
Spdces. There has also been increase in the size of the
epidermal cells,

A surfzce view of the epidermal cells reveals
that the individual stomatza are larger in the treated

leaf. A longitudinal stretching of the epdiermel cells

] is also indic=ted.

Diecussion,

The treatment in our experiments thus resulted in
increase in growth of t he midriv and veins, and also
increase in growth of the mesophyll. Some previous

'wbrk_relating to this is of an interesting nature. Avery
(2) working with lsaves of Nicotizna was the first to
correlate growth of the midrib and probably of the larger
lateral veins with suxin concentration. He indicated that

auxin is not directly concerned in the growth of the



-7 B
laminza, it giving no resnonse to applied auxin. Wenf
and Thimann (105) and Went (102) alsoc suggested distinc-
tion hetween the gsrowth of the vein which can be increased
by auxin application and growth of_mesophyll which 1is
independent of auxin. Bonner (17) went further and ob-
tained gross enlargement in area and thickness of the
leaf sections of tobacco and radish grown in pea diffu-
s2te and the internal structure of such treated leaves
showed that there was cell enlargement and marked incresse
of intercellular spaces of the spongy parenchyma, a
resvlt that is identiczal to ours. He concluded that the
Corowth of leaves is also controlled by 2, hormone. It is
-therefore of deep interest to consider here in our exper-
imént that a mixture of 2,4-dichlorophenoxyacetic acid
and naphtheleneacetic acid, in the case of the leaf, have
not only substituted for the auxin in increasing the
thickness of the veins and midrib but has also substituted
for or stimulated the production of hormone for the growth

of mesophyll.

The Shoot-growth in Spring and Summer
Among the observations mede on the spring growth waeg
the fact that there wis a tendency for reduction in lensth
of the shoot, varying in degrees. Eut invariably, the

stem wae much thicker, firmer and stronger &s a result of
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i
e

tre~tment.
Plate 17 shows the various rezionsg as seen in cross-—
section.. There may ve noted certain simularity in

features between the cross-sections of the annual growth

and the pedicel. Even the charccteristic shape of the
vascular cylipder is similar. The points explained in
connaction with pedicel with regard to size, Shaﬁe, and
charscter of cells in seversl tissues as well as broad

features of development, are almost generally applicable

H

to the spring growth, as fa

as histological obéervations.
are concerned, “
ﬁ It is here, however, that the points regerding the
compar=tive develooment of ohloem and'xylem can be even
more emphatically mentioned.

In the cross-section of the untreatéd stem, the radial
Awidth of the phloem zone 1s only one—third tc one-half of

the xylem region, whereas in the cross-gection of the

treated, the position is almost the reverse; at any rate

the radial width of the phloem region i1s greszter than that

£

of the zxylem.

deg this, the difference in size of the xylem

1

®

-

5

vessels between the treszted snd the untreated is very
remarkable, The individual vessels of the normel stem

are in many cases more then double that of the tre=ted




stem (Plate 17) in spite of the fact that the cross-section
of the treated pedicel iteelf ie so much larger. This
indicates that not only has there been increzsed asctivity
of phloem as & result of treatment vut that there has been
relative inactivity or even inhibition of thevxylem.
Inhibition of xylem as a result of treatment with growth

regulators has been reported by Swanson (86).
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5. Other QObservations

Influence on Period of Maturity of Fruit

No detailed studies of this had been planned. But
during the lazst days of ripening of fruit on the tree,
it vecame evident that some of the fruits onvtreated:trees
were catching up with those on the untreated; with regsrd
to ripening. Even then, when on the 28th of July, it
.was found that most of the sour cherry fruits were ready
to be picked and samples were taken for measurements and
detailed observations, it was not expectsd that enough
fruits of the same stage could be obtained from the
treated sour cherry for such examinations, because of the
initial delay in opening of flowers, But on close exam-
ination of the tree, particularly of the higher levels,
it ghowed that many of the fruits had attained that
stage and could be picked on the same date. Considering
that there was s delay in bloom by zabout 7 days, this
was a fairly definite'proof of earlier maturity as a
result of treatment.

It is of interest to note here that in varietal
differenbes in period of maturity in sour cherry, Tukey
(95) has reported that the difference in duration is re-—
flected only in the cduration of the period of delayed
increage (Stage II) 2nd the durations of the other stages

are not affected.
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In trying to ﬁracé indications of the stage in which
the treated sour cherry made up in the duration, the pre-
gerved specimens were examined step by step, for external
evidences of the size, color, and firmness of fruit. The
evidences tended more towards snccelerated ripening occur-
ing in the last stage, The indications are that after
the completion of hardening of the stony pericarp in
stage I1, the stimulus is transferred from that arez to
the tissues of the fleshy pericarp and accelerates there
the chemical and phyeical processes associated with
ripening. Further work on the modifying influence of
growth regulators on the normal pattern of development
and maturity of cherry fruits as described by Tukey (95)
would be of utmost interest. |

The most remarkable effect on the period of maturity
of fruits upto date is the report of Blondeau and Crane
(15) that the period of maturity of figs was reduced
from 130 days to 80 days by the use of 3,4,5-trichloro-
phenoxyascetic acid. Earlier ripening by growth regulators
has been reportsd also by‘other workers (87, 35, 3).

In this donﬁection‘it may be stated that thers are
certain factors that are likely to mislead in the matter
of determining the date of ripening of the treated sour
cherry. The color of the fruit never attains the deep

color of the normal fruit, and this difference is partic-
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uiarly accentuated in the sweet cherry. Agein, the firme
ness of the pedicel helps in holding the fruit on the
tree much longer on the treated tree, even though the
fruit has reached its maturity earlier, giving delayed
observations an impression of delayed ripeness. More-
over, even a month after the normal date of harvest there
would be a few ripe fruits on the tree bécause of the‘

unduly delayed orening of many buds,

Influence on the Storage Quality
When the fruits of sour cherry were harvested on
July 28th and the observations.and measurements requireqd,
were made, the rest of the fruits were kept away in the

cold storage room, with the idea that they might later

be required for any further checks, if needed, on some

of those already made. When 10 days later, these samplés
were taken out of the cold storsge roon, the treated.fruits
were well on their way towards decay, whereas the fruits

of the control tree continued to be firm. No detailed
studies were nossible, a&s at that time not many fruits

were available for comparative study. Depreciation of

storage dquality of fruits of plante or tress tres-ted
with plant growth regulators has been reported by others

(35, 3).
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Influence on Composition of Fruit

It s-emed evident fr0m'the taste and flavor of the
tre-ted fruit thet somé changes in its composition must
have occurred. The fruits were therefore analysed.
The determinations as shown in the table below (Table 3)
were made for sour cherry. They were averaged values of
the results from replicate determinations, expressed on
the weight of the pitted fruit except for the pits

which are expressed on the weight of the whole fruit.

- Taple 2.

Per Cent | Mi. 0.1 W
Dry Hatter Total Sugar Pits acid/gram

Control 13.87 7.39 °  11.62 2,03
Treated 11.15 5.04 20.93 1.85

From this analysis, the following points are clear:-

1. The weight of pits has been almoét doubled as a
result of treatment. The increasedeeight, thickness and
sige of the pit have previously been mentioned.

-2. The normal fruit shows increased percentage of
dry matter, total sugar and acildity. This is thebcompom
sition of the pitted fruit and not of the whole Iruit.

As such it gives an ides of the couposition as it affeéts

the quality of the edible portion of the fruit.
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The decreased contents of sugar and acid in the pulp
are reflected in the flavor and taste, the poorer quality
.of which has been noted previously under the description
of the tresated fruit.

However, to find out how the dry matter and sugar
are affected, as perdentages of the whole fruit including
the pit, since the pit in the caze of the treated sour
cherry fruit forms a much larger proportion, than the
untreated, this time samples of sweet cherry were testad
on thies basis., The following detzrminations in Table 4
are the averaged values of the resulté from replicate

determinations expressed on the weizht of the whole fruit.

T ble 4.
Per Cent
Dry Matter  Totael Sugar ¥l. of 0.1 ¥ acid/gram
Control 24.5 ~ 8.85 1.07 '
Treated  25.1 9.85 . 1.40

In connection with this data, 1t may be mentioned that,
the sweet dherry.fruits that were used were not as uniformi'
ag in.the case of sour cherry, fTor the obvious reasons
that fruits of very uniform size znd stage were not avail-
able. Even g0, as a totoel content in the fruit including

the pit, the ory matter and sugar have increased, as antici-

s

Iy

nated.

a



Stewart and Klotz (88) reported that in oranges, as
@z result of application of 2,4-D sprays, the total acids

and soluble acids were decreased in the fruit juice and

the percentage of rind and sap were increased. Clark

snd Kerns (28) observed that in pineapples, spray-appli-

cations  of A-naphthaleneacetic acid resulted in decrease

of 2% Brix in the juice.

T

Z
:
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GENERAL DISCUSSION

Translocation of Stimulus

Among the most significant observaticns in this
study is the remsrkable influence of the treatment:on
every plant organ and every aspect of annual growth.
This indicates transport of the "spray-stimulus® through-
out the plant as a whole. Some workers (6, 81) have
observed indicaticns that the absorption of such spray
materials ig first through the leaf and petiole into
gtem. That it was clearly so undsr conditions of our
experiment is indicated by the high physiologic%l activ-
ity that was first shown by the leaves and the petioles
where fhis activify ied4to a prevention of abscission of
the leaves,

In trying to decide fhrough which of‘the tissues,
the stimulus is translocated, Bausor, Reinhart and Tice
(9), by obeerving distant effects of applic&tidn‘of a
growth regulator to tomato stem sug,ested that "the dis-
tent movements were probably oonfined to the xylem
and eSpeciéily to the external phloem". Mitchell and
Brown (82) observed that the movement of 2,4-dichloro-
phenoxyacetic acid stimulus in plahts was associated with
the transldcatiqn of organic materials from the leaves

into other parts of the plant and concluded that the
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translocation was "apparently confined to living tissues,
which indicates that it travels mainly in the phloem and
parenchyma cells”, We have very definite indications in
our experiments that the phloem in general seems to be
the most important fiSSue for such trenslocation. We
have shown relatively higher activity in phloem in almost
every organ of the.plant, the leaf, the stem, the pedicel,
the fruit. We have particularly shown indications that
the xylem is not sctivated so highly and in fact have
given instances of their inhibition, and as far as the
evidencebof these experiments go, the xylem probébly does
not play an important role in thies respect. Besides all
this, one fact has particularly struck us, viz.,, the fact
that curvature towards axis has been shown.by~the-calyx,
the petals, the stamens and léaveé -- all organs in which
normally the phloem is on the side away from the axis,
indicating that curvature has been caused because of
elongation of the cells on the =side of the phloem. In
the case of the fruit, mobilisation of fobd was grestly
iﬁcreased, a8 evidenced by increased dry matter mentioned
under composition and that thie mobilisation and tfans—
location of stimulus wes dirscted to the nearest tissue
of the vhloem, viz., the stony pericarn, adds up to the
indications of the ilmportance of phloem in translocation

£ e s
of shimulus,
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The Order in Succession of Responses

An orderly succession of responses is a striking
feature among the ovservations:-—
Firstly, the action on the peticle and leaf

almost immediately following treatwent, causing

inhibition of flower and leaf-buds,

Secondly, & release of the inhibition of flaower-
buds, leading to opening of flowers and their
normal subseqguent functioning.

Thirdly, s release of the inhibition of leaf-

ouds leading to emergence of the leaves and

their normal subseqguent functioning.

It is obvious that this orderly succession of events

ig tied up with the state of growth of the tissues at the
time of applic:tion of stimulue, the mobilisation of food-
matefials to the points of activity at the expense of
other growing portions of the plant and the movement of

that activity from one set of tissues to another, releasing

| &

the inhibitions and activating them, in succession. To

- H'

explain this clearly, there is earliest activity in the

leaves and petioles, beczuse they are the first points
of abscorption, probably becsause they are relatively the
mogt tender at the time of spraying. Now, the high physio-

logical activity caused at these portions of the plant
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mobilises.the necessary ifocod materials from other parte
of the plant, causing inhibition particularly of both the
flower-buds and ths leaf-buds. After having set up the
stimulus there, the stimulus now seems to move tc the
next set of tissues which are in a growing condition.

Of the flower-buds and the leaf~buds, according to

Chandler (B?),_leaf-buds are differentiated much earlier
than the flower»buds, indicating that in the end of Sep-
tember, it would be reasonzble to assume that the tissues
are more tender in the flower-buds then in the leaf-buds

so that the stimulus ascts mere readily on the flower-buds

: than on the leaf-buds. This releases inhibition at those'
points and at the same time accelerates their activity |
and by the mobilisation process continues to cause inhi-
bition in the remaining growing portions of the plant,

which are particularly the leef-buds. This explains the

reason for delay in releasing inhibition of the leaf-buds,

ultimately causing delay in emergence of leaves. These

: conclusions are supportsd by the findings of workers on
; the nature of bud~inhibitions, the mobilisation of food
Tactors, and the kind of tissues most readily acted upon,

all az a result of applicstion of growth regulsators.

Regarding the mobilisation of food factors at the region

of activity of growth regulstors; a consistent point of

view ag a result of experimentsl data have been presented




—5E=
by many workers (89, 69, 85, 97, 8, 7, 30, 53).
Regarding the fact that the readiness with which plant
srowth regulators act on a tissue depends on its growing
condition, it-has been confirmed by many Workers‘(loi,
87, 41, 1);
Regerding the nature of inhibition itself, a large

amount of literature has been accumulated (for example,

90, 92, 104, 103, 53, BB). Went (104) explained clearly
that "the inhibition is due to removal of growth factors
(in the avena coleoptile, the food factor) from the zone
~of inhibition, which are then accumulated near the place
of applicatioﬁ of the zctive substanées". The findings

of Wenﬁ-iﬁ another report (103) are of particuiar intérest'
to our experiments, where as a result of application of

growth regulators, for two to four or more days,.ths buds

were completely inhibitad and that the inhibition was
then "almost instantaneously and completzly released" and
it even seems that the initial growth of the buds was
slightly more rapid than when they had first been ihhib—
itedh, This is in accord with our observations that

in spite of initisl inhibition, the sTowth was highly
accelerated during the subsecuent period prior to opening

of the bud.



The Vesculalr System

The histological studiss have revealed that among
the most significant responses of treatment has been
the development of the vascular system,, zlmost out of
all compafison to theAnormal. There was no organ arising
out Qf the subéequent growth to the treatment that did

not show this response, and w2 have described its gross

development in the annual shoot, in the leaf, in the

pedicel, in the different parts of the flower, and finally

in the mature fruit. In almost 211 of the literature

4]

s of gr

C

concerning histolozicsl respon with regulators
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5 activity of the vascular tissues has teen recorded bﬁt

it sezems to the author that only a few have rescorded it
with the emphasis that it néeds. For, in going through
details of the responses in literature, one‘is struck
with the fairly close correlation between the growth rez-
ulators and the vascular system. vAmong those that have
1laid emphagis on this aspect, Overbreek (78) reported

that "suxin is most effective in inhibiting lateral buds

when inbtroduced into the vascular system of the stele....

This indicates that the place of action from which auxin
controls development of the lateral buds must be the

vascular system". He stated zlso that "any treatment

leading to the development of lateral btuds is followed
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by an increase iﬁ the vascular supply to these buds",
The;whole trend of our observations in this respect seem
to amply bear this out,

But in dealing with the relationship of plant growth

regulators and the vascular system, one of the most strik-

ing effects of these substances that is noticed when
going through literature is the consistent tendency for
vascularization of derived tissues even outside the
normal regions of existence of vascular strands, for
examples in such unusual places as the pith; the endo-
dermis, etc. (51, 52, 79, 42). Leibach and Fishnich (54)
noted in coleus.that new vascular bundles appeared among
the three originally pressnt on each side.

There is no doubt that the vascular system has played

~an important role ae a conducting tiesue in producing =211

the responses which we have recorded, such growth responses
as the increased thickness of organs - the stem, the leaf,
the pedicel, the receptacle and almost every other part

5

of the flower - and ultimately, in the increased weight

[4N]

of the fruit iteelf. There is aleo no doubt that it has
nlayed its part in éll the formative responses that we
have noticed, particularly in the-fruit, some aspects of
which we will reserve in dealing with the discussion of

the size and shape of fruit. It has also nlayed its part

in strengthening plant organs and making abscission
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phenomena difficult.

Other Histolowmical Responses

In other histologicsl responses, it has been in

consonance with the general feature of behavior of the

;rowth regulators to the effect as expressed by Kraus,

Lt

3

Brown and Hamner (51) that none of the types of cells
wag fundamentally different from cells occurring in the
plant grown under the usual conditione of culture and
environment.

In our experimants, the activity of the growth

regulators has been grestest in the vascular region and

¥

1a& been mostly confined to enlargsment of c=2lls in the

4-
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The Size

It has been ovreviously mentioned thet the gize has
largely been unaffected by treatment. This lezds one to
suepect whether size in the chérry is a genet
not ecaily affected by either internal or external environ-
mental changes. A discussion of thies aspect is veyond
e scope of this-papér. But one would have, ﬁowever,
eznected an increase in size as o result of all the

factors for accelerat=d gzrowth, particularly the increased



-G8

conductive tisesues and the incressed mobilisation of

food materials In many experiments of inducing fruit-
set with plant growih regulators, significent increase in

size has very often besn obtained (113, 108, 99, 73, 40,
74, 72, 88). Even in our experiments, the incresse in
gize of organs such ss the stewm, the pedicel, and the

stamens has been the rule but the fruit has incressed in
weisht and has been modified in ghape almosﬁ out of
recognition, out still the size hoe not increased., BRut
to us, the grestest factor that has been responsible for
thie end result is the role olayed by the stony pericerp,
a structure similsr to which is not found in most of the

fruits in which increase in size hzss besen repofted by

the uee of nlunt growth rsgpulators. Sinnott (83) in
discussing the differences in fruit sizes of the cucurbite
‘reoorted evidence that in the ceee of smaller size, Ya
more importnnf factgr in liniting the amount of expansidn
is the deposition of the secondary cell-wall, which soon
hecomes so strong thet further enlq*uewent is imposesible,
The fscot that it is commonly those types (notatly the
smell fruited forms) with the lsagt amount of'cellueXpanm
gion which becomz the most hard and woody at maturity,
and thae ones with relatively great cell expaneion which

tend to remain soft (l;k: the pumpking and watermelons)

seeme to indicate the importance of secondsry wall forma-—
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tion in limiting growth”. Such a limitation of size has
ocourred in the treated cherries on account of the second-
voll thickenings of the stony pericarp. Reference to

€ 45 will show that the weight of the

q-’.
]
D
&)
ot
8]
©
2]
ctr
O
pn}
<
<

pericarp has been more than doubled by
treatment. This zgives an indicstion regarding the extent
of physiological activity that hes gone towards the forma-
tion of 2 highly compact tissue, which has controlled the
ultimate size of the fruit, from expanding.

ALl this also explains as to why the size of the

pedicel which has increzsed even as far as nearly three

N

ct
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imes the normal, as a result of respcnse, h not pro-

duced an increase in size of frult, whereas in sonme

experiments the €ize of fruit has been to some extent
influenced by the size of the pedicel (84, 38). The

pedicel, however, through its increased size of conducting

tissue haze contributed toue és increase of the total

weight of the fruit and has therefore played its expected

TolE .

Shope or Form

One of the most puzzling Guestions thet are involved
in these experiments ig regarding the consistizant and

o]

definite changs of shape of the fruit as o result of treat-



ment. It has lony been a fundamental problem to bviologists
ag te what Tfactors caontribhute to differences ir form.

Talking broadly about form in animals, Huxley (47) spoke

of the growth gracCiente which were "either directly or
indirectly correlated with the morphogenetic gradients

or fielde of child, VWeiss and others and in general with

the various polerised snd field effects in the animel

41

body". He alsc talked of the two shases of development
which together uwltimately decide the form and called themn
the "auxano-differentiation® and the "histo-differentia-
tion". Coming down, however, to differences in fruit

form within the varietics of the same plant epecies, Zurr

(24) in a study with the cucurbits sugzested a significant

41
L
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relationship between the field forces in the fruit and
form which it ultimetely assumes. But as Burr and Sinnott
(35) have stated, "the morphogenetic implications of the
problem of electrical correlates of organic form are not
well understood" and a discussion of this in relation to

the change in shape of the cherxy fruit under these exper-

syond the scope of this paper, except to state
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the applicetion of plant growth regulators might result

in modification of the field forc=s in the fruit.
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But there are & o atreesed

in this connecticn. Firet of all, it is the elongation



.spect of the fruit. That the fruits are elongate in

Iy

shape, Tukey and Hamner (86) emphasized with regard to
cherry, under slmost identical treztment to ours and it
wes 20 in our experiments as previously descrired. These
are not the only reports of tendency of fruits to elongate
as é result of treatment with growth regulators. Stewart
and Klotz (88) reported Washington Navel oranges and
Valencia oranges both of which became cylindrical in
shape as a result of spraying trees with 2,4-D. Eryant,
Vincent and Schafer (22) reported that as a result of

,4=D spray to the apple trees, licIntosh ap-les, normaily’
round oblate, had become oblo 5 in shape and Jonathan
had changed from round conic to oblong conic. In some
experiments, where‘changes ir shape have been»noticed a8
a result of treatmen% with growth rezulators, they have
not been definitely described since they were not presum—
ably important to their'main subject of research and have

therefore been mentioned merely as "aobnormal", "misghapen®

or “maiforméd”, But where there was 2 poggibility of

looking at the photographs of such fruite, there seemed to

be no mistaking the tendency for elongation, at least in
ost of the fruits photographed {109, 77). It is not

only the fruite that are e’ong bed; the leaves, and parts

of the flower, like the petal ané the stamen, have also

~

ahovwn thie chzracterietic., The surface view of the epi-
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dermal cells in the petal (Plate 31} and in the leaf
(Piate 23) show definite longitudinal stretching.
Particularly in the pstal, this stretching has resulted
in the.leveling up of the wavy outline of the cells. An
;examination of the longitudinal section of the frﬁit 2lso
shows the elongation of the individual cells parallel to
the axis. All this means that the basic patterﬁ that re-
sultes in an elongation of the fruit is nothing else than
that characteristic of auxins —-- cell elongation. This
seems to explain the first main characteristic‘of the
fruit around which the principle meodification of form
has been bullt up.

The next thing that needs explaining is the modifi-
cation of the shape of the fruit as a whole from a

roundish shape to oblong conic. As previously explained

under comparative description of trested fruits, commencing

with a meximum diameter néar the stem end, there is a
tapering down to a point at the zpex. In this respect,
there seems to be more or less a definite correlation

between the shépe of the fruit and an approximate outline

nf the stone. If we go back to the differentiation of

the zone destined to becom= the stony pericarp, Tukey

o

né¢ Young (98) have mentioned that it had happened when
the ovary was examined 18 days prior to full bloom. The

same thing applies to the psttern of vascular system.
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When the cherry ovary was examined by us,‘at the time §f
opening of the flower, this vascular system was closely
woven around the stony pericarp zone. Ve have also
explained that this was so¢ throughcut the life of the
fruit. vWe have also indicated that the nearness of the
stony pericarp area to the vascular system seems to have
been responsible for a greater stimulus to the growth
of this particular tigsue and the proliferation of the
vascular tissues themselves has resulted in an undue
concentration of the vascular system in one piace, with
little of that ramification, which ig characteristic of
a2 normal fruit, as per Tukey and Young (98). The vas-—
cular system after all is akin to a skeleton to which
flesh of the fruit is the "clothing" and what form or
appearance would be finally taken by the fruit also de-
pends to some extent on the vascular skeleton. Here in
the case of the cherry fruit, the vascular skeleton hap-
pens to follow the outline of the étony pericarp and
that outline is more or less followed by the final shape
of tﬁe fruit. Further, the points of reach of nutrition
or even of the stimulus from z plant growih rezulator
dEpend on the distance from the vascular strands and
these strands in our experiment zre close to the etony
pericarp and 1t seems as though the resuliing outline of

the fruit envelops points approxinately esduidistant from
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the vascular tissues and hence of the stony pericarp.

v, the fairly thick short portion of the style

that persists with the mature fruit adde un to the final
characterictic shape of the fruit of the trseted cherry.

The Preponderent Effect of 3,4-dichlorophenoxyvacetic Acid.

Mixtures of growth substances have been now and then
ussd with the hope of increased effectiveness (85, 44, 29,
4). In some instances competitive action has been noticed
as in the‘cbmbination of phenylbutyric acid and indole-
acetic acid reported by Skoog, Schneider and Peter (85).
There are specific instances, however, when 3,4-dichloro-
’phenoxyacetic acid and naphthaleneacetic acid have been
comoined g o stop;drop material for aprles but no more
effectiveness was found than their individual action (44,

29, 4). Nevertheless, the relatively shorter period of

o
8

effect of naphthsleneascetic =zcid has besen finitely ob-
_ P y

served by seversl workere (44, 33, 93). Thompson and

Eatier (93) have emphasized al ocn the greater intencity
of effect of 2,4-dichlorophencxyescetic acid, Besides thise,

Titclhcock and Zimmerman (47) whils obiaininz delaved bloom
in zpring in cherrizs as & result o
of potagsium naphthaleneacetate, reported development of

only normsl frult &t & normal rate. In fact, almest all
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azcid has no formative effects, whereas the formative ef

b))

ects

£
4

of 2,4-dichlorophenoxyacetic acid have been well-known (23,

i

1, 39).

#ith this background, if we cowvare the duration of

-£L

effect of trestment in this experiment lasting for ten

months, its intensity in growth responses and the strong

7

Tormative effects, thers seems Lo be no doubt that 2,

IS

—Q i

chlorophenoxyacetic acid hese shown a preponderent effect

fd
Q

nver néphthaleneacet acid at the proportion of concen-.
trationsg used. It also leads to the supposition that the
use of 2,4-dichlorophznoxyacetic acid by itself, at ade~
gquate concentrations, is likely to lead to the same type

of responses z2& observed in this experiment.

Practical Applications

Importance to the Fruit Grower
From the point of view of & fruit grower who is con-
cserned with fruit as the economic product, and with con-
Tinued maintenance of the health of the tree, the chem-

icale ueed, at ths proporticns and concentrations mentioned,

[92]

have not in our experiments led us to encourage their

use, considering the extent of injury to the tree, reduc-
tion of yield, and Llowering of the markebrzble cuality of

were certain portions

ot
b
o
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the fruit. But the fr2ct tha

of the tree which were relatively hzalthy, indicates theat
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injury to the tree and consequent reduction in yield may
perhaps ke lessened by lowering the concentrations. Such
lower concentrations, 1f effective may =zlso lessen the
extent of harmful effects on quzlity. It is even con-

ceivable that by further trials with seversl concentra-
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osgible to arrive at an.optimum in which

the stony pericaro is not unduly stimulated vut the stim-
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ulus wil towardes increasing the suszar content
and dry matter of the pulp. After all, the final result
28 we havs noticed has been to incresse the eugar contént
and drv matter of the fruit as =z whole,

As mentioned by Hitchcock snd Zimmerman (48), the

definite effects of dslay in opening of flower and leaf

J4Y)

puds throush thz use of plent growth regulators can be

o

utilised in a variety of ways, in proteCting the fruit
trees from gpriny frost injury, resulating the zrowth and
development of plante in the nursery, and extending the
totzl period of flowering in soue srnementsl pl=nts.

—

Importance to the Taxonomist or Systematic Pomologist

«
<

To the texonomist and the systematic pomologist the
findings present a problem, because of the ever-incressing
use of plant growth rezulators, particulsrly of 2,4~dichloro-

phenoxyacetic acid, for various purposes. For instance,

there have been reports of the Tormative effects on spnle

o 5
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fruits in corchards, where 5,4-D has besn used ag herbi-
cide (23, 56). The modificatione as we have seen in the
cherry are thorouuh with regard to shape, thickness of
skin, color of ekin, flesh and juice, tauté, flevor and,
in fact, in almost all cheracters on mnich a systematic
pomologist bases his classificztion of varieties,

Often stone markings and patterns ic a drupe such as

£z

£

the cherry have been described ze valuable evidence for
identification of & veriety, as for example oy Elake angd
Bdgerton (14). Ope of the responses of treatment in
cur experiment has been the entirs alteration of the
gurface charszcter of the stone.

Under such modifications as we have repoTted in the
eriment, of 2lgo the 1éaf, floral =and growth characters,

the taxonomist does not have even the hope of identifica-

tion of & variety by tree char acters, the identification
of fruit having failsd. ©Such findings, hohever, open up
to the taxonomist the vigta of possibilities of growth

rezulators in this direction and impress on him th@ fact
thet plant descriptions do not stay etstic but that they
need modification with the prozress of such apolication

of science.

Importance to the Rorticulturist

In connection with the diazgnestic prcblems that a
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horticulturist nmeets with tree behavior, 1t is interesting
to note that Kinmen in 1930 (49), in studying the problem
of unproductive cherry tiees in Californis, re@orted
certain characteristic symptoms in the way of morphblogical
modifications observed as a result of treaﬁment in our

ing to him "the shape and color of
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leaves on the unproductive trees differ from thoseof

xr
closeonm bucs fzail to open. In affected leaves the margins
are very irregular." There was also mottling due to less

chlorophyll. There were changes in shape of the fruit.

bar

& g ps

4 zlence at the photographs o ieaf modifications showed
them to be similer in many respects to those in our ex—
periments., The author at that.fime, 1€ years ago, consid-
ersd such trees~a result of prOpagétion of sporting
branches. But 2 similarity of wodifications to those
described by us leads one to suspect the probabilities

of hormonal maladjustments within a tree and of the role

that the ¥nowledge of such responses as we have described

might play in the field of diagnosis.

Importance to the Genebticist
To the gensticist, who considers such characters as

the shape and gize of the lesf, the shape of the florsl
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parts, the size and shape of the fruit as functions of the

gene, it gives an idea of the hormonal complexities that

might be allied with the genetic complex, in the repro-

duction and maintenance of charscters.
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1. Cherry trees (Prunus avium and Prunus cerasus)
1

were sprayed in the fall (September 32, 1947) with a

b4
mixture of 100 p.p.m. of 2,4-dichlorophenoxyacetic acid
and 30 p.p.m. of naphthaleneacetic acid and the subsequent
morphological and histological responses studies the next
orowing season.

2. There wzs injury to both the vegetative and florsl
buds, spurs and twigs, resulting in reduction of leaf
area end fruit-set, Light, vigor and the method of
spraying iteelf influenced the degree of injury in the

various parts of the tree. The sweet cherry showed more

injury than the sour cherry.

3. There was delay or even complete prevention of

abscission of all plant parts that normally absciss, be-

ginning with the leszf-fall to the dropping of mature

fruits., Evicdences were cited for cuestioning the contention

)

that the effectiveness of a plant growth regulator de-

pended on the anatomical type of abscisgsion.

&

4. The opening of floral and vegetative buds was

delayed and very irregularly distrivuted. In no cease was
the cdelay solely due to injury, where injury was severe
vut was to some extent direct result of treatment, as

subsequent formative patterns reveoled,
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5, The modifications in the fruit as a result of
treatment were so thorough that the fruit was not recog-
nizable as belonging to the specific variety. The shape
became elongate and pointed, broader at stem end and
tapering to & point at the espex, instead of the roundish
shape of the normel fruit. The skin was lighter in
color and thicker; the flesh uand juice also lighter
colored, with poorer taste and flavor. The fruit was
heavier by as much as 18 per cent., There was an abnormsal
development of the stone. It showed a close correlation
to the fruit in shape, had a rough, variously ridged
surface compared»to a relatively smooth surface of the
normel stone; its size increased by as much as‘34.0 per
cent, and the weight by 135.0 per cent and the thickness
of the stony peiioarp by 108.0 per cent.

The pedicel increased in thickness by hearly twice
that of the normsl, as zlso the receptacle.  The pedicel
was slso much firmer to the touch and adhered strongly to
the tree and to the fruit,venhanoing the hanging,Quality
of the fruit.

Against all the rest of the modifications; there was

one aspect of the norm2l fruit that aid not chenge -- the

2
size,

r

6. A study of the histological development of the
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fruit revealed distinct gffects of the treztment. The
vascular system proliferated abnormally and shifted its
position from the center of the fleshy pericarp and
adhered and alwost clinged to the oubter layer of the
stony pericarp, forming a masey network, and ramifying
very 1little.  The tissues of the stony pericarp also
showed undue activity and proliferation.

In the other tiesues of the pericarp, while the

attern of shape of cells broadly resembled the normal,

& &

o]

the cells of the-hypodermal 1ayer'showed incrsased en-
largement and relatively higher degree of tangential
elongation, compared to the normal.

7. Histological study of the pedicel, the petiole
and midrib of leeves, and the annual érowth'showed an
increase in slze of almost every tissue inside due to
enlargement of cells, and increased zctivity of the vas~
cular system, but of mors of the phloem, than of the
xylem., There were, in fact, evidences of inhibition of the
aétivity of xylem.,

The pericycle fiber cells became larger, both individ-
ually and as groups, and formed a more continuous sheath

zround ths vasculer cylinder, contriduting to the strength

he pedicel, etem, and pnetiole and widrib of the leaf,

of -

Lon

8. The accessory parts of the flower were also
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affected. The calyx lobes, the petals, and stamens all

'-XiS . Eoth

@
n

had a definite tendency to bend towards th
the calyx lobes and the petals were narrbwer, longer,

and thicker and with a much stronger developument of the
vascular system than the normzl. The filaments of the
stamens were thicker and longer and the anthers larger
and more pointed at the end. The style was thicker and

&

portion of it persisted with the mature fruit.

9. The leaf showed bending at emergence, in the
same direction 28 parte of the flewer mentioned aove.
The expanded leaves were renerally narrower, 1ongei,
thicker, with acutely pointed tip, deeper znd more numer—
ous serrations, with =z very strong and thick petiole and
very prominent midrib and venation. There were, however,
several modifications in size and shape, though a
highex length/breadth ratio compared to the normal was
always consistent.

The internzl structurs of leaves showed enlargement

of cells and markéd.increaée of intercellular spaces.
The treatment wag shown to substitute for the auxin in
increasin:; thicknese of veins and midrib and for the
hormone for grbwth of mesophyll, both specificslly differ-
ent according to published literature.

10, There were indications of earlisr ripening of
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the fruits due to treatment and of the transfer of stim-
ulus after the completion of hardening of the stony peri-
carp to accelerate the activities of thé fleshy pericarp
tbwards ripening.

11, There were indications of depreciation of
storage quality of mature'fruite, due to treatment.

12. Chemical ansalysis of the fruit showed increase
of total sugars and dry matter in the fruit as a whole,
o large pert of which contributed to the abnormai
development of the stone, resulting in lower proportionk-
in the pulp, and thus contributing to the poorer marketing
QualityQ

13. The translocation of stimulus was discussed and

the evidences Tor the phloem playing the most important

role in this furnished.

14, The orderly succession of responses from the time
of application of treatment was an=zlysed and correlated
with the gradstion of growth of the tissues or organs.

15.. The general influence of growth regulator
treatments in inducing greater vascular development was
brought out. |

18. The role played by the abnormal develonment
of the stony pericarp in controlling size and by the

vascular pattern and cell-elongation effect of growth




~109~
regulators in addition, in evolving shape was brought out.
17; The preponderent effect of 2,4-dichlorophenoxy-
acetic acid in the mixture applied was explained.

18. The practical applications of the results
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PLATES

Explanation of abbreviations:

CA — cambium

Cco - cortex

cu ~ cuticle

EPp —_— epidernis

Fp —_— : fleshy pericarp

FS - - Tiber-sheath

BY - hypodermal layer

ISP -— inner stony pericarp
osp — outer stony pericarp
PH ——— - phloem ‘
Pl - pith

PP - palisade parenchyma
sP —— stony pericerp

SPFP — spongy parenchyma

ST — stoma

X - xylem

Xp — xyvlem parenchyma

cL . Collenchyma

vT Vasculay bissaes.
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Untrested sour cherry tree

Photo raphed July 1€, 1948
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Plate 2
Trested sour cherrv tree

Relative bareness of 1limbs due to
Killing of leaf-buds, by treatment .

Photographed July 1€, 1948
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PLATE 3
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Treated sweet cherry tree

Framework almost bare due to
severe Xilling of leaf-buds

Photographed July 15, 1948
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Plate 5
Leaves of sweet cherry sfter emergence

Left — normal emergsnce from untreated tree
Center and right - bending and twisting of
: : leaves at =mergence

Photoyraphed May 4, 1948
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Plete &

Sour chrerry twig from treated tree
with aborted flowers not sbscissing,
and narrow, elongate, mottled leaves

Photograghed July 18, 1848
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Plate 7

iodificstion of size and shape of
saves due fto trsatment

Top - sweet cherry

Bottom -~ sour cherry

Photographed July 16, 1948
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Plate 8

Flower buds of sour cherry on
April 24, 1948

re=ted ~ flower
buds retarded in opeining.
Leaves of fall not abscissed.
Right - two twigs - untrezted

Left - two twige -
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Plate ©

Leaves and open flowers of sour cherry

From left to right:-~
1. Leaf from trested tree ; :
s. Flower and single petal from treated tree
(The incurving of the petals ie shown)

3. Flower with pstals removed to show the
incurving of czlyx lobes and stamens -
from trested tree ‘

Flower and single petal from untreated tree
Flower with netals removed to show the
normal position of calyx lobes and the
normal pogture of the stamens

Leaf from untreated tree
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Plate 10

Sweet cherry flowers

Top. Left — single petal from treated tree

)

Right - single petal from untreatsd tree

Eottom from left to right- v

1. Open flower from trezted tree with in-

curving of petals clearly shown

2. Flower with petals removed with incurving
‘of stamens, greater thickness of filaments,
larger sized anthers, onointed at apex, and
thicker pedicel, shown '
Cpen flower from untreated tree
Flower with petals removed
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Plate 11

Mature fruits of sour cherry

Top - untreated
Btottom - treated
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Plate 153

. Stones of mature

1,

o

53]

0p =~ trested
left - sweet cherry
rizht - sour cherry

Bottom - untrezted

left - sweet cherry
right - sour cherry

cherry fruits
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crose~cection of sour cherry fruit in
early pert of Stage II showing tissues
of pericarp (tissues in the locule not
shownj

A - treszt=d

2 - untreated

portion of a egection through fleshy

pericarn of mature frult showing the

nature and poeition of vascular

system

A - Trested
- e
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Plate 156
Camera lucida drawings

Cellular details of cross-—-sections of tigsues
of the pericarp of sour cherry at commencement
of Stage II (mid-stage of ripening) '
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Camera lucida draswings

Cellular ¢

z2tzils of cross-—~section of tissues
of fleshy perics

ry of mature sour cherry fruit

Fig, 1 -~ untreated
Fige 8 - tresa ued
& - epidermis and hypodermis
L - cells next to thoonrmal layer
¢ - cells in the middle of the fleshy pericarp
d — celle in inner reglon of fleshy pericarp
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drawings

Cross—-section of xylem vessels in stem

Projectoscope drawings

Crosc—section of stem showing tissue regions

Cross—-ssction of e dicel showing tissue regions

4]

- untrested
F - treated
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Plate 18

Camera lucide drawings

Cross—section of comparable portions of the
vascular system in pedicel of scur cherry
open flowers

Left -~ treated
Right ~ unireated




)
Ty

5

i

S5

PLATE I8

-CA



Piaste 19

Camerz lucida drawings

(ros = —~sections of fiber cells of the pedicels
01 mzture frultes

4 — +treszted

ecti
lar sy
ye alt

ong of comparable portions of
stem in sour cherry pedicels
er the flower opened '

mireated
treated
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118 of the cross-—sectinns of

Celiulzr ceital &
tissues of pedicel of sour cherry open flowere

Top - trested
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Camera lucida drawings

Surface view of
cherry leaves
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- treated

A
B - untreated
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Segments ¢f cross-sec of the sour cherry

leaves

C - treat

ted
I - untreated

Projectoscope draviings
Cross-—gection of the mid-rib of the sour
cherry leaves

E —~ treated
F = untreated
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