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INTRODUCTION

The practice of‘grafting is employed in great measure
because of the pelief that stock and scion retain their
individual characteristics, However, the}reciprocal influ-
ences of stock and scion are well established in many fruit
trees and conslderable practical use has been made of the
results 8and experiences gained through experimentation, Pro-
blems regarding the mechanism of this interaction have at-
tracted the attention of horticulturists from time to time,
Most of the workers consider these reciprocal influences as
quantitative ones and suggest thét the only way in which
each part is influenced is through changed nutrition. It is
generally assumed that apart from nutritional effects there
is no interchange of qualities between scion and stock, each
retaining its own identity intact. However, during recent
years qualitative influences, such as the translocation of
alkaloids across the graft unions, have been demonstrated in
herbaceous plants, but still the observed phenomenon of stock-‘
sclon dinteraction in fruit trees is mostly explained as ‘exer-
cised indirectly through growth reactions,

The results concerning the effect of the stock on the
nature of the scion, reported by Daniel (1897, 1904, 1911,
1920), are not in accord with those.noted ag having met the

general acceptance., He has described many cases in which,



as a result of grafting, a shoot was produced combining
characters of scion and stock and he considers that such
variations may be inherited. A similar concept of
"yegetative hybridization" has been held by certain scien-
tists in Russgia where a strong controversy has been going
on since 1950 between the "Jendelian" and "non-Mendelian"
geneticists., The "non-lMendelian" school of genetics hag
been headed by Lysenko. The princip&l experimental basis
for Lysenko's new genetical theories is formed by evidence
on effects of grafting. Hudson and Kichens (1946) in
their review of the new theories, after carefully analyzing
the data of graft hybridizétion in every detail, mention the
difficulty of interpretation., - They emphasize the urgent need
for a repetition of some of Lysenko!s experiments under
strictly controlled conditions, In summarizing they state
that "the evidence for genetic interaction betweeﬁ stock and
scion is not compelling but suggestive,”

It was with the aim of analyzing some of these highly
controversial points in the field of genetics and plant
physiology that this problem of stock-scion interaction was

selected,



REVIEYW OF LITERATURE

Prior to 1946, several historical and theoretical
papers have appeared in varioué journals on the genetics
controversy in the U.S.S.R. (Sax 1944, Pincus 1940, Es-
pinasse 1941, Haldane 1940, Mather 1942), The first com-
prehensive information in English on Lysenko'!s school of
thought was made available in 1946 by Dobzhansky's trans-
lation of Lysenko's book "Heredity and its Variasbility",
which was first published in 1940. Hudson and Richens
(1946) provide additional information on "The New Genetics
in the Soviet Union" snd discuss the results obtained by
Russian scilentists,

The most important and radically different views held
by Lysenko, as revealed by Dobzhansky's translation, center
around the idea of inheritance of acquired charécters. Here~
dity of organisms according to hiuw is controlled by the en-
vironment, He considers "heredity as the property of a living
body to require definite conditions for}its life, its deve-
lopment and to react definitely to various conditions"., How=
ever, according to Mendelian theory which has been génerally
accepted, heredity is controlled by the genes., This view of
heredity regards that the characters of an organism are the
result of an interaclhion between its hereditary genotype and

the environment in which it develops. Altering the environ-



ment may change these characters but such a change 1is
not innerited; this is what 1s called non-inheritance
of acquired characters. & perianent hereditary change
can be accomplished only by altering the genotype.

Davies (1947) considers that Lysenko's interest in
genetics grew out of his classical work on vernalization.
Probably his success in altering the phenotype through an
envirénmental change led him to conclude that the distinc-
tion drawn by the jendelian group betwéen phenotype and
genotype was not correct, and that inneritable changes
could be produced by modifications of the environment in
which the organism developed. Davies states that.'tne re-
Jection of orthodox genetics and its replacement by the'
form of Lamarckism advocated by Lysenko, Prezent, Dolgﬁsin
and their followers is quite unjustified by the experimental
evidencs whicn they submit®,

Fyfe (1947) while mentioning Lysenko'!s ignorance of the
progress in génetics and disagreeing with his theories sug-
gests the withholding of judgment on Lysenko's recent ex-
periments until they have been adequately tested,

Stern (194¢) and Goldschmidt (1946), reviewing Lysenko!s
concegtion of heredity and its varizpility, criticize the
main points. 3tern states tnat “Lysenko may or may not have
discovered new facts. In-any case his sttempt to ignore

nearly a nalf-century of scilentific achievements seems to



have resulted in replecing rational insights by hunches
and vague generalities”,

Darlington (1947), in his article "4 Kevolution in
Soviet Science", quotes Lysenko'!s views with regard to here-
dity frowm Dobzhangsky!s translation and criticizes the line
of argument followed by him. He interprets Lysenko's main
idea as follows: "Heredity is development, The environment
can change development. Therefore the environment can change
heredity".

Ashby (19406) finds that the experimental ﬁechnique fol-
lowed by Lysenko and other workers of his school is poor,
that the plant material is heterozygous, the physical controls
employed are insufficient and the statistical analysis of
- data is lacking.

In view of the disagrecsments in the reported observatiors
and conclusions of the Hussians and the generally accepted
views in genetics it seemed‘desirable to atﬁempt the repeti-
tion of at least the most striking of the Russian experiments,
A8 mentioned earlier, Lysenko has plzced special emphasis on
bgrafting experiments, of which he cited several results in
support of his theories. It would not ne out of'place, there~
fore, to review the "graft-hybrid" concept and some of the

earlier work in this connection,



welss (1250) and Jones (1954) have reviewed the
various problems relating to graft hybridization. Jones
states that “the nature of 'graft hybrids' has been con-
celved so differently by different workers, and often
with such & lack of precision, that it is impossible to
know exactly what is implied in any given case without
further definition." The most clearly expressed versica
of a true graft hybrid is, that it results from the fuéion
of somatlc nuclei of scion‘and stock in a manner anailogous
to that in which fusion petween gaiétes or sex-cells gilve
rise to a seed hybrid. However, some workers' conception
of a graft hybrid, that it combines the qualities of scion
and stock without the occurrence of nuclear fusion, is
rather peculiar and hard té explain,

Jones (1954) has stated the views of Daniel Who sug-
gested that there is no justification for regarding seed
hybrids, gréft hyorids and chimzeras as fundamentally dif-
ferent tyres, Daniel considers that all are the result of
the union of two plant strains by nuclear fusion of either
sex-cells or vegetative cells. Commenting on the hypothe-
gis, Jones staztes thet "the occurrence of nuclear fusion
between the geneticslly dissiwmilar vegetative cells leading
to the groduction of graft nyorid is not theoretically iuw- |

possicle; sach fusion isg certainly exceptionsl and stilil



awaits demonstration®. Welss (19530) is also inclined to
the opinion that hereditary interaction between the stock
and scion of grafts has not yet been demonstrated,

Hudson and Richens (1946), while tracing the basis of
Lysenko's graft hybridization theory, mention iiichurin's
theory of vegetatilve rappfbchement and Timirjazev!s Dar-
winian notion of graft hybridigation. ACGording to iMich-
urin, the genetical natures of the two elements of the
graft should approach each other, He assumed that the mere
action of grafting is sufficient to bring about hereditary
changes. His assuwmption appears to have been supported by
a number of Russian papers cited by Hudson and Richens,
| Most of the recent experiments which form bhe impor-
tant basis of Lysenko's genetical theories, involved graf-
ting of tomato varieties differing in such characters as
fruit size or color, number of carpels, leaf shape, and
habits of vegetatiﬁe growth. These experiments have shown
that gll these characters may be transmitted from stoék to
scion under prescribed conditions using mature plants for
stocks and very young plants as scions, The most important
paper which supporté Lysenko's views is that of Avakian and
Jastreb (1941)., It has been thoroughly reviewed by Hudson
and Richens. Hspecially interesting are the results of
grafting the tomato variety Albino (scion)onto the red

variety, iexican $59 (étock). It has been claimed that



the white scion shoot bore frults of various colors
ranging from red to pale yellow, Further records of Fl
and F2 generations showed a gradation of colors. The
reciprocal effect of scion on stock was also shown by
aAvakian and Jastreb by using Albino variety as stock
and Mexican 45% as scion. In this case the characteris-~
tics of the scion were imparted to the stock.

Results of sevéral-other invéétigations in the U.S.S.R.,
involving grafting of herbaceocus plants and depicting simi-
lar changes as discussed above, are presented by-Hudson and
Richens. In addition, some experiments on grafting of
.cereels like wheat, to combine some of the morphological
characters of both stock snd scion, are given,

Qutside the U,S.3.R. very little evidence is found in
suprort of the graft hybridization concept. As mentioned
previcusly, Daniel's (1897, 1904, 1911, 1920) expefiments,
principally on fruit trees or Helianthus spp., did show
. that heritable modifications can be induced by mere grafting;
but his findings have not been confirmed.

Wettstein and Pirschle (1948) found that a chlorophyll
defective petunia could transmit leaf and shoot characters
to normal plants by grafting. Heinicke (1927, 1936) noticed
that some apple varieties, when top worked with other varie-

ties produced fruits below the graft unions displaying



charscters of the scions. ERemoving stock leaves and
ringing the branches below the fruits helped intensify
the scion effect, Swarbrick (1930), and Tukey and Brase
(1953) have dealt at length with the effects of various
apple scions on thelr rootstocks. They have pointed out
that the scion had, in sore instences, an appreciable
influence upon the growth and character of the rootstock.

Problems regarding the chemical relationship between
the stock and scion have been investigated by many workers.,
warne and Wallace (19¢5) have made an investigation of the
possinle relationships between rootstock effect and chewi-
cal factors. Tnese workers.conclude that many of the out-
standing rcotstock effects could not be explained on the
basis of the chemical characters examined. Hofmana (1927)
did not find the transfer of anthocyanin pigment thrqugh
graft unions of reddish purple Refugee be&n and white Navy
bean, Similarly Biffen (19U2) did not observe the movement
of red pigment in reciprocsl grafts of red beet and sugar
beet, Daniel (1926¢) found no transfer of inulin from arti-
choke scions to sunflower stocks.

The transfer of certain alkaloids across the graft
union has been demonstrated from time to time. Daniel

(1894) showed that atropine passes readily from atropa

Belladonna scions into potato stocks. Kraevoi and Nechaev

(1941) =nd Xerkis and Pigulevskaya (1941) found that atro-
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pine was translocated from Datura stramonium roctstocks to

Lycopersicum esculentum scions, Dawson (1942) has shown

that nicotine produced in tobacco roots is transported
across the graft unions into tomato scions. Kuzmenko and
Tikhvinskaya (1940), while working on the inheritance of

nicotine znd anabasine content of Hicotiana tabacum x

Nicotiana glauca hybrids and interaction of stock and scion

when these species are grafted, observed that when tabacum
(which lacks anabasine) is used as the scion in & graft with
glauca, & considerable amount bf anabasine appears in the
leaves of tabacum, and a precipitable amount in tabacum when
it ig used as the stock,

Lysenko has pased his theories very firmly on results
reported from grafting experiments, Hils claims are some-
what surprising, since the experimental evidence, as far
as it is accessible, appears to be meager. It was deemed
desirable to repeat some of his znd his followers' tomato
grafting experiments, following the technigues outlined in
the nussian publications as closely as'possible. in order
to substantiate the stuales, some physiologiéal characters
of the fruits of grafted w«nd ungrafted plants -- total
soluble solilds, total acidity and ascorbic acid content --
were determined. 1In addition, a study was made on reciprocal
grafts of normal plants and plants modified through the action

of 2, 4-dichlorophenoxyacetic acid.
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GENERAL u&ZTHODS sadD waTioRIALS

selection of Flant Material - Tomato varieties dif-

fering in color, shape, size and number of locules of fruit
were selected in fall, 1946. These were: John Baer (large,
red), Stokesdale (large,red), Golden Queen (large, yellow),
Italian Red Pear (small, red, pear-shaped), Italian Ked Plum
(small, red, plum~sheped), and White Beauty (large, white),
The seeds of these varieties, which were guaranteed for
purity of strains, were obtained from commercial seed com-
panies, 1Incidentally, some of the varieties selected were
found to be the same as those selected by Wilson and Withner
(1946) whose work on sbock—scidn»relationships in tomatoes
was reported in December, 194, In addition to the above
recorded varieties, one line déveloped by Yeager and Purinton
(1946) for high ascorbic acid content, was added to the col-
lection in 1947 for studies on ascorbic acid synthesigs.#

Procedures of Grafting - The method of splice grafting

illustrated in figure I was used entirely in the first year
of the investigations and mostly in the second year, The

terminal portion of the plant (to be used as stock), in-

#The seed of tomato with high ascorbic acid content was ob-
tained by Dr. S. H. Wittwer, lichigan State College, kast
Lansing, Michigan, through the courtesy of Dr. A. F., Yeager,
University of New Hampshire, Durham, New Hampshire,



Figo I
Technique of Grafting

Consecutive steps in the procedure when scions
from three-week old plants were grafted onto
six-week old stocks,






Fig. 11
Technique of Grafting

Consecutive steps in the procedure when scions
with two cotyledons and two small leuves were
grafted onto six-week old stocks,



Figure IX
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cluding the apex and young leaves, was removed with an
obligque cut., & similar cut was made on the terminal
portion of the comparatively younger plant (to be used as
scion). The cut surfaces of stock and scion were brought
together and taen held in place by wrapping them with a
narrow strip of wet raffia fiber as shown in figure I (1-3).
Imnediately after grafting, the plants were placed in the
humid atmosphere of chambers, each of which held thirty-
8ix 4-inch polts. The plants were kept in the chambers
until the grafts had begun to unite which usually took
seven to ten days., In the meantime the humidity was kept
high by occasidnally sprinkling with water. However, too
high a humidity and temperature always proved conducive
to the development of non-specific fungi which destroyed the
graft unions, Froper aeration helped to reduce the damage.
The plants were taken out of the chambers when some healing
had taken place and were transferred to the shaded section
of the gre<nhouse, If scilons showed drooping owing to lack
of prower union, the plants were agéin placed in the chaumbers
for another few days. When the union Waé completed, the raf-
fia fiber was removed carefully by cutting it into small
strips.,

The method, illustrated in figure IT, was used to a
limited extent in the second year of the investigations, in
5rder to study the stock-scion interaction when very young
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seedlings were used as scions., The terminal portions of
plants to be used as stocks were decapitated and later
split open by & cut as if for cleft grafting. The hypo-
cotyl of the seedling, with two cotyledons and two small
leaves, was given an oblique cut on one side only and in-~
serted into the slit already made in the stock, & sﬁrip
of raffia fiber was wrapped, as shown in figure LI (2-3),
to hold the see@ling in place. Further éteps taken, to secure
a good union, were the same as discussed in the first method,
1t took about two weeks for the union to form sufficiently
so.that the plants could be removed from bthe wmoist chamber,

Determination of Total Soluble sSolids, acidity and

Ascorbic sncid - For these determinations, four to eight

representative fresh and fully ripe fruits from each plant
were analyzed at one time. Two samples of 100 grams each
were weighed separately from the longitudinally cut sectors
of representative fruits. One sample was used for the es-
timation of total soluble solids and acidity and the other
for ascorbic acid determination.

The sample meant for total soluble solids and acidity
determination, was crushed in 10u ml. of distilled water
by the use of a Waring Blendor and tnen filtered through a
dry filter paper, The filtrate was tesfed for total solids
by means of a refractometer. sncidity was determined by ti-

trating a 20 ml. aliquot of the filtrate against standard
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sodium hydroxide using phenolphthalein as the indicator.

The method of crushing the fruit in & limited quéan-
tity of water, and then transferring the crushed material
to a volumetric flask and making up to volume, was not
adopted, because during the process of blending, introductim
of unknown and unequal quantities of air nhindered in the pro=-
cesgs of making up to the final volume,

ascorbic acid determinations were made after the pro-
cedure of Lucas (1944), A fresh 100-gram sample of fruit
was placed in 500 ml. of 2 per cent metaphosphoric acid in
a Waring Blendor and crushed, The crushed material was
filtered through dry filter paper. An aliquot of filtrate
wasg titrated against.stgndard sodium 2,06~dichlorobenzenone-
. indophenol solution and the amount of ascorbic acid was ex-

pressed as milligrams per 100 grams of fresh fruit,



EXPERIMENTATION

Stock-Scion Relationship with Reference to the Inter-
action Claimed by Lysenko

As has been stated in the "Review of Literature”,vgene-
ticists have been rather critical about Lysenko's and his
follower'!s ideas. Many of them, although strictly opposed
~to an acceptance of the conclusions drawn by Lysenko, have
stressed the need for a repetitioﬁ of some of the experiments
described by the Russian school, The present st@dy attempted
to contribute a critical examination of the results of-graf-
ting experiments with tomatoes claimed by avakian and Jastreb
(1941) by repeating them as closely as the details given in
their reports perimitted. Their work was singled oubt because
it provides, according to Lysenko; the most notable support

for his hypotheses.

Bxperiment (1947)

Procedure - Seeds of all the varieties previously men-
tioned were sown in separéte flats in the greenhouse during
January, 1947, Uniform seedlings of &ll varieties, éight to
ten days old, were transplanted into 4-inch new pots, The
plants were grafted during the last week of March and first
two weeks of april, when they were 40 to o5 cm. tall, heci-

procal grafts were made between John Baer and White Beauty
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and between Italian Pear and White Besuty. In the

case of

the rest of the varieties, viz., Stokesdale, Golden Queen

and Italian Plum, they were used as stocks with White Beauty

ag the scion in esach case.

The plants to be used as scions

were grown later so that very small terminal parts without

any flower primordia could be obtained and grafted
plants, Usually three-week o0ld seedlings, 8 to 10
were used for obtaining terminal portions to serve

The numbers of total and successful grafts in
shown in table 1.

Table 1. Numbers of plants of varieties differing

characters, which were grafted and which
during 1947.

onto old
cm., tall,
ag scions,

1947 are

in fruit
survived

Graft combinations

Fruit character differences

Stock Scion Nwaber Number Color Shape Size No.of
’ grefted survived ’ locules
John Baer White Beauty 698 Sl X - - -
White Beauty John Bser S0 28 X - - -
Stokesdale .White Beauty 66 51 x - -
italian Pear White Beauty 96 39 b4 X X
fihite Beauty Italisn Pear 86 33U b'd X X
Italian Plun White Beauty o6 55 X X X
Golden Queen White Beauty 56 o4 X - -
Total 252 224

X indicates =

difference in the character between two varieties,
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Most of the grafted plants vere trained to two shoots,
one from the stock and one from the scion, but some were
limited to one shoot from the scion. The development of
lateral branches was suppreésed by regular and ffequent re-
moval of axillary buds. The flower buds were also removed
until June ©, when the plants were transplanted into the
field in rows O feet apart, the distance between plants
also being S feet., Soon after transplanting, the plants
were staked and the following experimental treatments
started:

(a) Only one shoot of the scion was allowed to develop.
and bear fruit, The stock provided only roots and a small
piece of stem, 4All buds developing below the graft unions
were removed. This freatwment provided conditions for study-
ing the influence of the rootstock on the fruit of the scion.

(b) Two shoots; one from the stock and the other from
the scion were trained. The scion shoot was kept defoliated
and the flowers allowed to set fruit on it. Only two or
three small leaves protecting the shoot apex, were left on the
scion. They were ulso removed after two clusters had set
fruit., The leaves on the shoot from the stock were left in-
tact but the flower clusters were removed as soon as they
sppeasred. The scion fruits in this treatment developed under
the influence of stock leaves, but in the absence of stéck

fruit,
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(c) This treatment was the opposite of treatuent (Db)
and provided conditions for studying the development of stock
fruit under the influence of scion leaves but in tie absence
of scion fruit.

(4) Both stock aad scion shoots were allowed to bear
fruit, o leaves were removed., This treatment served as a
grafted control,

The number of plants under each treatment from different
graft combinations is shown in table 2, In addition, twelve
plants of each variety were grown on their own roots for the
purpose of comparison of fruit characters, and to serve as
controls, Oout of these, six plants vere trained to a single
stem and zllowed to set fruit (treatment (e)). The remaining
six plants were trained to two shoots. One of these shoots
was defoliated and the fruit allowed to set on it; on the
othier shoot, 1eaves were left intact but no fruit was per-

mitted to set (treatment (f)).
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Number of plants of different graft cowmbinations

under various treatments employed during 1947,

Graft combination

Nunber of graft symbionts under
various treatments

Stock Scion (a) (b) (c) (d) Total
John Bzer White Beauty o 8 o 4 5%
White Beauty dJohn Baer 4 10 8 6 28
Stokesdale White Beauty © 10 10 6 Sl
Italian Pear White Beauty © 12 11 6 35
White Beauty Italian Pear ©O 12 8 5] o0
Italian Plum White Beauty 6 12 11 6 55
Golden Queen ‘White Beauty 6\ 12 10 o o4
Total | 57 76 o4 39 216

%*The nuwiber varies from table 1 because eight of the success-
fully grafted plants died soon after transplanting in the field.

Results and Discussion - The developument and maturity of

fruits on defoliated shoots of treatments (b) and (c)'were
normal, Obviously, the frult on the defoliated shoots drew
elaborated food materisls from the other symbiont,

No changes 1in visible characters of fruits from grafted
plants, were produced under any experimental treatment eum-
ployed. Defoliation and deflopation of either stock or scion

did not result in changes in color, shape, size or numper

of locules of fruit, which could be attributed to the treatments.
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The plants under treatment (&), where the influence of
stock roo%s alone on scion frult was studied, produced nor-
mal fruits of the scion variety., similarly, the fruits of
grafted control plants (treatment (d)) developed normally
and showed no modifications in characters, Xach graft sya-
biont bore fruit characteristic of its own variety.

These results are in perfect agreement with those re-
ported by Wilson and Withner (1v46) but fail to éonfirm the
changes in fruit characters of graft syubionts reported by
avakian and Jastreb (1941). vWilson and Withﬁer {lgéb) used
similar varieties to those used 1h the present investigation.
Howevef, the nuuber of plants grafted and employed by them
in each treatment was too limited to draw any solid conclu-
sions. In the presenf investigations the number of grafted
plants under each treatment was sufiicient to give a high
significance to the results,

Of>thebsix varieties used White Beauty and Golden wueen
were late-ripening. ‘[he variety White Beauty was not ap-
preciaoly influenced with regard to the time of wmaturity of
fruit vwhen grafted on the other varieties. However, effects
on the time of fruit ripening, in grafts between early and
late varieties of fruit trecs, have been reported quite often
and explained on nutritlional basis,

The variety White Beauty was foundvigorous and very

prolific in fruit bearing, It was highly compatible with



-2 -

the other varieties employed, and no difficulty was ex-
perienced while grafting it with other varieties, as is
evidenced by the number of successful grafts in table 1,

In contrast, Wilson and Withner (1946), who did not find
appreciaople differences between the vigor of varieties used,
considered Crystél White & poor grafting variety. However,
the recent work of WNickell (1948) on heteroplastic grafts
clearly indicates that even grafts between unrelated pléants
can be made with consideraivle success,

The analysis of fruit from control plants of all the
varieties under study, showed that maximwa differences were
exhibited between John Baer and White Beauty with regard to
total solupble solids, bitrateble acidity and ascorbic acid,
Hence a study of the fruit compositioﬁ, of the reciprocal
grafts of only these two vafieties, undef different treat-
ments, was undertaken in the first week of September, 1947,
Representativé sauples of fruit from four plants of each
treatment, were anaslyzed separately, The results of an-
alyses are presented in tables o, 4 and 5, The total soluble
solids, =acidity and ascorbic acid content of fruits from
different treatments of graft symbiohts, did not show signi-

ficant differences, when compared with the controls,
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Table 4., HKffect of different treatments on the total soluble
solids content of fruits, 1947,
Graft Treat- PFruit Fer cent total soluble solids of
combination ments# analy- fruits of 4 individual plants
zed
+

Stock—3cion 1 2 %) 4 M e an = S.H.
JB WB (a) WwB 4,4 H,6 4,0 5.8 8.9 o L7
JB WB (b) WB 5.8 4.0 4,6 4,0 4,1 .20
JB WB (ec) JB 5.2 ©.0 bH,4 5,0 5,.b o L7
: /JB b-z 5.6 O-O '5.8 b.9 .lO
JB WB  (4) .

T~wR 4.6 4.0 4.0 5.8 4.1 .17
JB (e) JB 5,4 5.8 ©.,2 b,6 .7 .17
JB () JB 5.2 5.0 0,0 b.4 5.4 .22
WE JB  (a) JB 58 5,0 6.2 5,06 5.6 .25
W3 JB (b) JB 5.2 4,8 6,0 5.4 5,0 215)
WB JB (ec) WB 4.4 4,0 G4 9.8 9.9 21

WE 4,6 4.4 4,0 3,8 4,2 .18

/ [ L] o .
WB JB  (4)

T~~JB 5.4 5.6 6.0 5.0 5.5 .21
WB - (e) WB 4,4 S.6 4.2 0.8 4.0 .18
WB (£) WR 5,6 4,0 4,0 0.4 5.7 el5

#For tables &, 4 and 5,

JB and WB indicate John Baer =nd White Beauty

respectively.,

Treatments:

(
(

oo

with lesves,

from stock; defolisted, with fruits,

laaves and fruits,

shoots;

one defoliated »ith fruits,

e ted with leaves (ungrafted, control),

varieties

) One shoot from scion, with fruits and leaves.

) Two shoots; one from scion, defolisted, with fruits; one
from stock deflorated,
Two shoots; one from scion, deflorated, vith lexves; one

Two shoots; one from scion and one from stocik; botin with

One shoot with fruits and leaves (ungrufted control).
Two

the other deflor=
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Pable 4, Effect of different treatmernts on the titratable
acid content of fruits, 1947, '

Graft Treat- Fruit Acidity in terms of ml. of 0,1 W NaOH
combination mentss* analy- used to titrate a 20 ml., aliquot
zed
. +
Stock ~ Scion 1 2 S 4 Mean - 3.8,
JB WB (a) WB 0.4 7.0 ©.8 5.7 6.5 .29
IB WR (b) WR 6.2 Do 5.8 6,8 6.3 .21
JB WB (c) JB 9.2 7.5 8.1 9.0 8.4 o 27
JB 8.0 8,6 9.0 7.8 8.5 .28
JB W3 @
T~ 4B 5.6 6.2 6.4 6.8 6.2 .25
JB- (e) JB 9.2 9.0 8.7 8.5 8.8 .20
JB (f) JB 8.4 8.8 9.1 7.6 8,5 R
WB JB (a) JB 7.8 9.0 9.2 8.7 8.7 .51
WB JB (b) JB 9.1 7.2 8,7 8.1 8,3 .41
WB JB (c) WB 5,6 5.8 6,2 0.6 6.0 .22
1\1“1'B 5.2 bCU 508 008 519 el
WB JB (a)~
TT— B 8.5 9.0 9.2 7.9 8.6 .29
WB (e) WR B.0 6,4 5,5 6.2 6.1 .20
WB () WB S 6.4 6.7 6,0 5,8 6,2 .20

#See footnote to table &,



Tsble 5. Hffect of different treatments on the ascorbic acid
content of fruits, 1947,
Graft Treat- Fruit Aascorbic acid, mg/100 gm. of fruit,
combination ments¥% analy- of 4 individual plants
zed
Stock - Scion 1 2 S 4 Mean S.E.
JB ° wB (=) WB 0.0 29.2 27.6 28.4 23,8 .52
JB WR (b) WB 28.4 28.8 28,0 27.6 23.2 0 26
JB WB (c) JB 26,0 24.4 28.0 20,6 25.5 .97
v f) Iy ™ -
o - (d)’_/,-JB 25,2 24,0 26,0 24,0 24,8 .49
T 4B 27.2 25.0 oU.0 26.0 27.8 .85
JB (e) JR 24,0 20,0 256.6 27.2 29.2 .86
JB (f) JB 24,8 24,0 20.0 26.2 25.0 042
WB JB (a) JB 24,0 206.8 22.8 25,2 24,7 .85
WB JB (b) JB 27.2 24,4 24,0 26.0 25.4 074
whB JB (c) WB 28.0 29.0 00,0 27,6 28.6 « 04
' @B 30.0 28,4 31.6 20,0 27.6 1.20
WB I3 Q)
T B 24,0 26.4 25.6 26.8 25,2 .82
WB (e) WB 29.0 27.2 26.0 40,0 28.2 .92
WB (f) WB 50.0 27.2 28,0 29,6 28,7 65

#See footnote

to table .
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The variety White Beasuty was found to be significantly
'lower in total soluble solids and titratable acidity, and
significantly higher in ascorbic acid conbtent than John Baer,

ag is evidenced frow the results under treatments (e) and (f),
the ungrafted controls. The values for these different com-
position factors for frults obtained from the scions of plants
under treatment (a) compered closely with that of the fruit of
the scion variety used.‘ This shows that the influence of the
rootstock was negligible, The fruits from the scion shoot,
which developed unier the ihfluence of stock les es (treatment
(b)), had more or less similar composition to that of the fruit
from the scion variety. The stock fruit from treatment (c),
which apparently obtained its elaborated food materials from
sclon leaveé, contained total solids, acilds and ascorbic acid
comparable to the fruit frowm control plants for treatment (f).
In other words, the defoliation of scion snd stock, and the
development of fruit in each case under the influence of the
other symbiont, 4id not result in an appreciable change in fruilt
composition, which could be associated with either stock or
scion influence., The shoots of grafted plants, in treatment (4),

produced fruit on each graft symbiont with the guality characte-

ristic of its own variety. These results show that the composi-
tion of fruit was not changed by any of the experimental treat-

ments,
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Instances, in fruit trees, of the influences of stock
on the quality and composition of fruit borne by the scion,
are qaite common in horticultural literature. The observed
effects have been explained éither on the basis of direct
influence of stock on the vigor of the scion or the indirect
influence brought about by the degree of compatibility of
stock and scion. As discussed earlier, the varieties used
in these investigations were perfectly compatible with each
other and the grafted plants grew without any signs of change
in vigor, It appears that in this experiment, tne fruits of
one of the graft sywbiont, although developed under the in-
fluence of the other sywbiont maintained the metabolic =ac-

tivity of that variety,

Bxperiment (1947-48)

Procedure - at the conclusion of the first yearfsAwork,
it was thought desirable to limit the nuwuber of varieties
used and pursue the studies under more controlled conditions
in the greenhouse. It was also considered neceséary to in-
crease the scope of the problem by attempting to graft the
plants at difrerent stages of growth., Farticular euphasis
has been placed by Lysenko on the age of the scion. He has

mentioned that the younger the plant, the characters of

vhich are desired to be changed, the wore successful will be
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the experiment. On the other hand, he has claimed that the
plants from which it is desired to obtain a certain property
or character must be older; it is besﬁ if they are middle aged.

The work was started during fall, 1947, in the greenhouse,
with the object of studying the interaction of very young
scions and comparatively older stocks, Two varieties which are
stable for different characters, John Baer and White Beautys
were selected., 4 number of attempts were made to graft very
young seedlings, buf without much success at first., The fail-
ure was mostly due to inability to exercise proper controls as
far as humidity, temperature and aeration were concerned, How-
ever, constant and vigilant efforts did help to develop the
technigue and secure conditions favorable for establishing the
graft unions, |

During January, 1948, twenty successful reciprocal grafts
of John Baer and White Beauty were mede, using the method il-
lustrated in figure II. The stock plants»in each case con-
sisted of six-week old tomato plants with flower buds, which
were removed just at the time of grafting. The scions con-
sisted of smail sezdlings with two cotyledons and two small
leaves,

The scions in all these grafts grew, but the leaves of

the developing scions presented peculiar symptoms. They were
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thick, curled and deformed. The causes of these abnor-
malities were not accounted for, and the plants were
rejected. Another attempt to graft younger seedlings
met the same type of results and had to be given up in
favor of the method followed during the previous year,
with a view to repeat once again the experiment of
Avakian and Jastreb (1941),

During the last Qart of april, 1948, eighty success-
ful reciprocal grafts of John Baer uand white Besuty were
made, using the technique followed during the previous
year, Tne‘plants used as sbocks were six wecks old and
25 to SU cm. in height. The scions were obtained from
three weexs old plants, These grafted plants were set
in the greenhouse in five rows during the first weck of
June, Thé rows were % feet apart and the plants in the
rows were spaced 1% feet apart, |

In addition to the grafted plants, five plants of
- each variety, of the same age as those used for stocks,
were transplanted for the purpoce of compering the fruit
. from the graeft syubionts with fruit from ungrafted plants.
Soon after the transplanted grafts showed signs of es-
tablishment, treatments were started. The grafted as
well as the control plants were trained to two shoots on
trellises, These trellises were especially set up in the

greenhouse for the purpose of providing uniform light



—-29-

conditions which could not be procured otherwlse because

of close planting. In the case of grafted plants, one
shoot from the scion and one from the stock were allowed to
grow, The different treatments adopted consisted of the
following types of training: |

(a) In the case of ungrafted control plants, one shoot
was defoliated and the fruit sllowed to set and develop
under the influence of the leaves of the other shoot, which
was deflorated,

(b) The shoot from the scion was defoliated, the flowers
were allowed to set fruit and mature under the influence of
stock leeaves but in the absence of stdck fruit,

(c) The scion shoot was defolizated and the fruit was
allowed to set and develop on both stock and scion shoots.
In other words, the fruit on the scion shoot developed under
the influence of lesves and frults of the stock.

(4) This treatment consisted in defoliation of the
stock shoot =nd zllowing it to set and develop fruit under
the influence of the écion which was not allowed to set
fruit, but on which the leaves were kept intact,

(e) The stock was defoliated and allowed to set and
develop fruit under the influence of scion leaves and fruits.

In each of the above treataments only the first cluster
of filowers vwas allowed to set fruit on the defoliated shoot.

All vegetative growth wes supressed after the fruit had set,
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The number of plants under different treatments are

presented in table 6,

Table 6, Nunber of ungrafted and grafted plants under
different treatments employed during 1948,

Graft combination No. of Number of graft syabionts
ungrafted wunder different treatments
plants
Stock - scion (a) (b) (c) {d) (e)
John Baer White Beauty 5} 20 5 10 5}
" White Beauty John Baer S 20 5 10 5
Total 10 40 10 20 10

Results and Discussgion - The fruits of graft syuwbionts

under different treatments developed normally., No changes in
the charscters under study were exhibited by fruit from graf-
ted plants,

The fruits under treatwent (b), where the influence of
stock leaves in the absence of its fruits on the development
of scion f'ruits wes studied, were typical of the scion variety
used. The fruits from the defoliated shoots of the scion,
which aeveloped under the inf'luence of stock fruits and leaves,
treatuwent (c), were normal and compared in form snd color

exactly with the scion variety used,
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The influence of scion on stock fruit was studied in
treatments (d) and (e). The stock fruit developed under the
influence of scion leaves but in the absence of scion fruit
in tr-eatmentl (d) and under the influence of scion leaves as
well as fruilt under treutment (e). The stock frult which de-
rived elaporated food materials mostly from the scion leaves
did not present- any change in the characbters under study.

These results which were obtained under carefully con-
trolled conditions and strict observation of experimentsl

treatments, confirmed the findings of the first year.

Stock-Scion Kelationship with keference to Synthesis
of aAscorbic acid and its Helation to Total Zoluble
Solids and Acidity

Tomato varieties are known to differ considerably in
the ascorbic acid content of their fruits. Is this differ-
ence in ascorbic acid content the expression of & character
entireiy under genetic control? Can the ascorbic acid con-
tent of fruits of a particular variety be changed by pro-
viding roots or photosynthesizing parts of another variety?
To study these questions, an experiment was designed in
which reciprocal grafts were made of plants of two varieties
differing greatly in the ascorbic acid content of their
fruits, Various treatuwents, to be discussed later, were

glven to secure the conditions for investigating the problem.



It was considered that the exceriment might furnish sowme
additional information in support of the studies previously

reported,

Procedure

Two varieties of towmatoes, John BRaer and & selected line
of high ascorbic acld tomato developed by Yeager and Purinton
(1946), hereafter called "Veager", werc chosen for the experi-
ment, The sezeds of these varieties were grown in flats in
the greenhouse during the beginning of march, 1948, The seed-
lings were transplanted into 4-inch pots a week after their
ewergence, & uniform and well nixed éreenhouse potting soil
was used to fill the pots. The plants of the two varieties
attained a height of 25 to 50 cw, by the second weer of WMay,
1948, They were then paired =zccording to size. Twenty suc-
cessful reciprocal grufts were obtained by using the splice
method of grafting illustrated in figure 1. 1In addition, ten
plants, five of each variety, were successfully grafted onto
their own rootstocks. Ungrafted plants, ten in nuuber, five
of each wvariety, were selected to serve as controls,

The thirty grafted and ten ungrafted plants were trans-
planted in the greenhouse during the first week of June, 1948,
in five rows for experimental treatwents, in addition, one
'buffer plant was set at the end of each row,., Bach row con-

tained eight exceriuwental plants which included four reciprocal



grafts of the two varieties; also two plants, one of each
variety, grafted onto their respective rootstocks, and two
uhgrafted plants one of each variety. The rows ran worth-
South., They were & feet apart, and the plants were set 1i
feet apart in the rows, The soil conditions in the green-
house were uniforum,

In order to have a comparison of greenhouse and field
grown toamatoes, ten ungrafted plants, five of each variety,
of the sawe age as vsed in the greenhouse, were traansplanted
into the field during the first week of June, 1948, They
were trained to a single stem and staked, The greenhouse
tomatoes were trgined on trellises to provide uniform light
conditions.

The following treatwents provided conditions for the study
of the influence of rootstock on the ascorbic acid content of
scion fruits in the two graft cowmpinations:

(a) Ungrafted plants of each variety were trained to a
single stewn and the flower clusters were allowed to set and
develop fruit. This treatment served as control,

(b) Two shoots, one from the stock and the other from the
scion, were trained, The scion shoot, in each graft combina-
tion, was kept defoliated, and the fruits permitted to set
on the first two clusters. Later, the shoot was decapitated
just above tne sécond cluster, The scion frults developed

under the influence of the stock shoot, on which no fruit was
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allowed to set but the leaves of which were Kept intact.

(c) Only the scion shoot was allowed to ygrow and bear
fruits. The stock provided roots and & small pieéce of steu.

(d) Two shoots, one from the stock and other from the
scion of plants grafted on their own rootstocks, were
trained. The scion shoot was defoliated and permitted to
bear frulits on the first two clusters which were nourished
by the stock shoot without fruits.- This treatuient served as
control for comparison with treatment (b).

(e) Ungrafted plants of each variety grown in the field,
were trained to single stems, and allowed to set and develop
fruit under field conditions.

Roofs and walls of the greenhouse were whitewashed during
the month of July, in order to keep the temperature low., This
lowered the intensity of’light end provided conditions for
better and uniform distribution of light to the plants., Water
was applied uniformly, whenever needed, to 21l plants during
the season. However, these factors were not under control in
the case of outdoor grown tomatoes,.

A sufficient number of frults sturted ripening in the
last weeik of August‘to cermit the analytical work on fruits
to be done at that time. The ripe fruits, usually nuwabering
four to eight, obtainéd frow the first and second clusters of
each plant under different treatments, were collected on

august 27 and 28, 1948, These fruits were narvested around
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ten ofclock in the morning and placed in cold storage at
40°F., They were removed from the storage after 2 hours

and analyzed for ascoroic acid, total soluble solids and
titratable acidity. The methods used for these estiwations
have becn already described. The data were statistically
analyzed, Standard errors were calculated for each mean and
the significance of the difference between two means was
tested by calculation of Student's "t". (0dds greater than

19:1 were considered si nificant.

Results and Discussion

Ascorbic acid Content -~ The ascorbic acid content of

scion fruits from treatment (c) was not influenced by the
rootstock (table 7). The variety John Bser, when provided
with roots of Yeager, bore fruits which contained ascorbic
acid comparable to the fruits from ungrafted control, treat-
ment (a). Likewise, the Yeager scions (treatment‘(c)) yiel-
ded fruits which had more or less the same ascorbic acid con-
tent as the fruit from ungrafted Yeager plants of treatment
(a), table 7, These results show that the synthesis of as-
corblc acid proceeded in tne green assimilating parts of the
plant regardless of the root system. Harding et al (1948,
1942) found some differences in the vitamih C content of

oranges which were assgociated with particular rootstocks.



The selective absorption from the soil, of particular
mineral elements.which are known to play some part in as-
corbic acid synthesis, may explain those results. iHowever,
the results of the present investigation point out that
the rootstock did not play any significant part, directly
or indirectly, in the synthesis of ascorbic acid by tom&to
fruits.

The ascorbic scid content, of fruits of John BRaer,
which developed under the influence of the leaves of Yeager
(treatment (b)) was significantly higher than the fruits
from treatment (d), where the fruits of John Baer scion were
furnished with elaborated food waterials from the-leaves of
John Buaer stock. On the other hand, the fruits of Yeager
in treatment (b) had slightly lower ascorbic acid content,
though not significantly so, than the fruits of Yeager in
treatment (d). It appears that the leaves played some part
in the synthesis of ascorbic acld of fruits either directly
by supplying the synthesized ascorbic acid which was trans-

- mitted through graft unions, or indirectly by supplying the
precursor or substrate to the fruits. Hubin and Spiridonova
(1940) considered that, in tissues of fruits, where no cor-
relation exists between ascoriic acld content and enzyme
activity, ascorbic acid is « product of storage and has been
synthesized by other tissues. The results of the present
studies are insufiicient to support their views, If ascorbic

acid is considered a mere product of storage in fruits, which
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has been synthesized in the leaves and then translocated
into fruits, there should have been wider differences in
the ascorbic acid content of fruits frowm graft symbionts
under treatment (b).

The ascorbic acid content of fruits of John Baer nou-
rished on Yeager leaves, treatment (b), was significantly
lower than that of the fruits from field grown tomatoes of
the John Baer (treatment (e)). This further raises the
question whether the increase in ascorbic acid content of
John Baer fruits frowm treatment (b), over other treatments
in the greenhouse¢, 1s sufficient to draw any conclusions.

It would have been possible to draw final conclusions only

if the ascorbic acid content of fruits from scions of graft
symbionts under treatment (b), had approached very closely
that of the respective rootstocks which supplied the elabo-
rated foods to the scion fruits. The results of present
findings suggest that there wmay be 4 mechahism in the fruit
of a variety to prevent the accumulation (if ascorbic acid is
synthesized in the leaves wnd trunsloceted to the fruits for
storage) or synthesis of ascorbic acid,beyond certain limits,
Kelley and Somers (1948), from their studies on the reciprocal
grafts between potato varieties differing in ascorbic acid
content of tubers, hdave concluded that it was regulated Dby
the genetic constitution of the underground portion of potato
plants regardless of the genetic constitution of the aerial

parts of the plant, Howéver, théy h.ve stuted that the aerial



portion of the pofato plant is not entirely without in-
fluence. It was observed by them and Smith and Gillies
(1940) that the ascorbic acid content of potato tubers de-
creased soon after the tops died., On the basis of these ob-
servations, they proposed that the living leaves and steuas
are essential for maintenance of a certain level of ascorbic
gcid in the tubers, which 1s determined by the nature of the
underground portion of the plant,

The field grown tomatoes of the two varieties had signi-
ficantly wmore =ascorbic acid content than the greenhouse toma-

toes of the respective varieties,

Total Soluble 3o0lids -~ There were no significant dif-
&

ferences among different treatuients of any graft combination
as far as total soluble solids of fruits of greenhouse toma-
toes wére conéerned (table 8). The field grown towatoes of
two varieties had significantly higher total soluble solids
than the greenhouse tomatoes of the respective varieties,

It may be remeubered that the field tomaﬁdes also contained
more ascorbic acid than the greenhouse tomatoes, It appears
that the ascorbic acid content was correlated with the total
soluble solids of the fruits, This correlation way hold only
under certain envirommentsl conditions. Harris (1941) ob-

served that vitamin ¢ was correlated with the sugar content
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of tomatoes, He found that the tomatoes grown in the warm
areas with wuch sunshine were =zlso wich in vitamin C. How-
ever, McCollum (1944) did not notice cénsistent relationship
between ascorbic acid and total solids and sugar content.

The iﬁcrease in ascorbic acild content of John Baer fruits
treatment (b) which were supplied with food materials by the
lesves of Yeager, was not associated with an increase in total
soluble solids, This shows that no relationship between as-
corbic acid and soluble solids existed under the conditions of
this treataent,

“hen the total solids znd ascorbic acid contents of the
two varieties, either under greenhouse or fleld conditions,
are considered together, it becomes evident that the low
total soluble solids content of Yeager was associsted with &a

cld conteut wheresas a high total soluble solids
L)

%)

high ascorbilc :

t

content of John Baer was coupled with a low ascorbic acid con-
tent., These varietal differences, with regard to the relation-
ship of total solids and ascorbic scid, can be explained on the
basis of two assuaptions, (1) that the capacity of the two
tomato varieties tquynthesize and accumulate soluble carbo-
hydrates (sugars) in their fruits was more or less alike; (2)
that part of the ascorpic acid in the fruits was synthesized
frowm the sugars under jenetic control, Uader the above assuap-

tions, it may be said that a greater part of the total soluble



-4

solids was changed to ascorbic acid, unaer the control of
genetic factors im fruits of Yeager, with the conseguent
result that a comparatively lower quantity of sugars accumu-
lated in the fruits, On the other hand, a greater amount

of sugars accumulated in the fruits of John Buer probably be-
cause the genetic constitution did not allow Lhe conversion

of sugars into ascorbic acid beyond certain limits.,

Titratable Acidity - The differences with regard to

titratable acidity of John Baer fruits from any two treat-
ments were non-significant (table 9). The fruits of Yeager
frow different treatuwents of greennhouse grown tomatoes also
showed no significant difierenoes.’ However, the acid con~
tents of fruits of Yeager from defoliated scions of treatments
(b) and (d) were significantly higher than the field grown
tomatoes,

The lack of definite evidence of increase or decrease
of acidity in the fruits of either of the varieties of field
grown tomatoes as compsred with greenhouse tomatoes, and . the
presence of strong evidence that field grown toamatoes con-
tained greater amounts of ascorbic acid and totul soluble
solids, suggest that there was neo relationship betwecn aclidity
and ascorbic acid or total soluble solids, Yarbrough and
Satterfield (1959) and Harris (1941) also found no correlation

between acidity snd vitamin G content,
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Table 7. Ascorbic acid content of ripe fruits of tomatoes
from different treatments of two graft combinations,

_ 1948,
Treat- Graft ascorbic acid mg/l00 ga of fruits
ment#* combination from 5 plants analyzed separately
Stock - Scion 1 2 & 4 5  lMean fg.i.
(a) JB 16,0 15.6 16,0 15.6 16,7 16,0 .20
(b) Y JB  17.3 16,0 19,4 17.5 20.5 18.1 .80
(c) Y JB 15,2 15,2 16,7 15.6 17.1 16,0 .40
(a) JB JB 14,8 16,3 16,0 14.8 16.3 15.6 .55
(e) JB 22.4 20.9 20,9 22.4 19.8 21,3 .50
(a) Y 28.5 55,5 29,6 52,7 0.8 51,0 91
(b)  JB Y 28,5 27,7 20.6 26.6 27.7 26,8 .86
(¢) JB Y 27,7 32.7 50.4 29.7 31.9 50.5 .87
(d) Y Y 50,4 26.6 28,5 0l.2 52.3 29.8 1.01
(e) Y 41.8 55.2 5l.3 53,2 50.2 49.9 2.11

#Footnote for tables 7, 8 and 9.

JB and Y indicate John Baer and 'Yeager! varieties res-
pectively.

Treatment:

(a) One stem vith fruits; ungrafted plant (in greenhouse)

(b) Two shoots, one from scion and one from stock; scion de-
foliated and its frults developed under the influence of
stock leaves (other variety), :

(c) One shoot from scion with fruits; stock provided roots only.

(d) Two shoots, one from scion and one from stock; scion de-
foliated; its fruits derived food waterials from stock
leaves (same variety).

(e) One steu with fruits; ungrafted plant (in field),

Notes (a), (b), (c), and (4) treatments perforumed in greenhouse
and (e) in field. ’



Table 8, Total soluble solids content of ripe fruits of
tomatoes from different treatwents of two graft
combinations, 1948,

Treat- Graft Per cent total soluble solids of
ments# combination frulits of 5 individual plants
Stock - Scion 1 2 5 4 5  Mean T g.m.

(a) JB 5,0 5.6 4,8 5,2 5.4 5.2 14
(b) Y JB 5.0 5.4 5.2 5,0 4.8 5.1 .10
(c) Y JB 5.2 4.8 5.4 5,6 5,0 5,2 .14
(d) JB JB 5.2 5,0 5,0 4,8 5.0 5,0 .02
(e) JB 7.8 6.8 6,0 6.4 7.0 6.8 .30
(a) Y 4.0 4.4 4.2 4.0 4.4 4.2 .09
(by  JB Y 4.2 3.6 4.4 4.6 3.8 4.1 .19
(c) JB Y 4.4 35,6 3.6 4,0 4.5 4.0 .19
(d) Y Y 4.4 3,8 4.0 4.0 5.8 4.0 W11
(e) Y 6,0 6.0 5,6 4.4 5.0 5.4 .31

#*See footnote table 7.
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Table 9., Titratable acild content of ripe fruits of

tomatoes frouw different treatuwents of two

graft combinations, 1943,
Treat- Graft aAcildlty in terwms of wl, of 0.1 ¥ NaOH
ment® combination used to titrate a 20 ml, aligquot

Stock - Scion 1 2 3 4 5  Mean ¥Z,k,

(a) JB 10.4 9.2 847 9.0 10,0 9.0 02
(b) Y JB 8.7 9.5 10,0 9.0 10,9 9,0 028
(c) Y JB 9.7 10.4 9.1 10.2 Se7 9.0 002
(a) JB JB 8.8 10.7 10.2% 10.0 9.6 9.9 .»2
(e) JdB - 11.0 11.9 9.0 11,9 10,9 10.7 .45
(a) Y 7.7 7.4 8,0 7.1 Bed 77 .20
(b) JB Y 7.5 8.0 8.6 s 9.0 Gel LOL
(c) JB Y 7.5 8.1 Oel B.2 8,0 7.6 009
(a) Y Y 7.5 7.1 8.8 8.0 Be0 8.1 o O4
(e) Y 0.9 ©.9 7.5  ©.5 7.0 O 27

#3ee footnote table 7.



-4 o

Stock-Scion KHelationship in Connection With Studles on
Keciprocal Grafts of Normal Plants =and Plants iodified
Through the action of R2,4-dichlorophenoxyacetic acid

The malformations produced by phenoxy compounds, with
their similarity to virus mznifestations and induced chromo-
somal disturbances (Stein 1909), have been of interest ever
since thelr observation. The mechanism by‘which the phenoxy
compounds act and produce these physiological and morphologi-
cal disturbances in plants is yet unknown,

The transmission of certain viruses throu.h graft unions
has been shown by varlous workers such as Vasudeva and Sam Raj
(1948). Stein (1959) observed that grafting of a tomato wmutant,
with dwarf character and chlorophyll deficiency (radium induced
variations which resembled 2,4-D induced changes), onto a nor-
wal tomato plant caused its elongation., However, other morgho-
logical characters of the grafted mutant remained unchanged,
The object of the present investigatidn was to study how the
plants, in which typical morphological changes had been induced
by the use of 2,4-D, would react when grafted with normal

plants,
procedure
Plants of the John Baer variety, five weexs old and oU to

40 cin. in height, were treated by lmmersing their third basal
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leaves in a 10C0 p.p.m. aqueous solution of sodium 2,4~-dich-
lorophenoxyuscetate during the first weex of November, 1947.
The neﬁéssary precautions, to prevent contamination of other
parts of the plants, were taken by covering the treated leaves
with cellophane bags,

After displaying the usual nastic effects, all plants
developed malforimiations on their terminal psarts. Three weeks
after the treatment, when those eficcts were well established,
reciprocal grefts were made with untreated plsnts. The method
of splice grafﬁin&, illustreted in figure I, was used., Before
grafting the treated leaves were rewmoved., Twelve successful
grafts of each combihation were obtained, In addition, twelve
plants each of the treated and untreated groups, were allowed
to grow on their own roots. The graft unions were found estab-
lishedvseven to ten days after grafting. saxillary shoots were
not allowed to develop frow the stock during this period and
for two weeks afterwards, However, subsequently the plants

were allowed to grow without being disturbed,

Kesults and Discussion

Three weeks after the unions had developed, scions star-
3

ted growing apovreciably. At that tiume signs of forwmative in-

fluences vwere noticed on soume normal scions grafted on stocks
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in-which morphological changes had been induced by treatment
with 2,4-D. The symptoms evident on the plants three months
after grafting were recorded. Quantitatively, there were con-
siderable differences in the response of individual plants of
the graft combination where normal scions were grafted on
treated stocks. qualitatively, however, a definite trend was
noticed. Typical plants of each group are shown in figures 1II
and IV.

Plant 1., &an untreated plant, ©~No peculiarities were evi-
dent.

Plant 2, & treated plant. It showed extrene modifications
of leaves and even fruits,

Plant o6. & norwmal stock was gralfted with a séion which
originally was the apical portion of a treated plant, The tag
and arrow indicate the graft union, Wwith the exception of
those few lesves which were modified before the scion was re-
moved from the original plant, no morphologically changed or-
gans were recorded,

Plant 4. &4 treated stocx was grafted with a scion which
originally was the apicul portion of & normal plant, ‘The
foliage of the scion exhibited morphological abnormalities
which indicated that the formative stimulus had been trans-

mwitted through the graft unlon,



Fig. III

Plant 1, Ungrafted, untreated.

Plant 2. Ungrafted, treated,
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Fig, IV.

Plant 8, Scion frowm a treated plant grafted
onto a normal stock,

Plant 4. scion frow a normal plant grafted onto
a treated stock,

arrow indicates the graft-union,
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Prom the experiuental results, 1t would appear that
greater quantities of the stimuli were stored in the stock
portion and from there could influence the normal scion,

It seems that the normal scion, after it had united with the
treated stock (Plant 4), came under the constant influence of
the stimulus just like the terminal parts of the treated but
ungrafted plant (Plant 2)., The stimulus moved from the lower
portion to the young growing parts which subsequently deve-
loped modified leaves, Zimmerman and Hitchcock (1942) no-
ticed that the cut stumps of tomatoes treated with p-chloro;
phenoxyacetic acid produced many new shoots with modified
leaves, 50 days after treatment. They mentioned that it was
not known whether the growing tips were still under the in-
fluence of the chemical applied to the stump or whether gene-
tlic changes could have occurred such as were induced by col-
chicine, They further suggested that if the influence were of
a direct chemical nature the substance must continue to move
downward in the old stea =nd then upward to the tip of the.
new shoot, The present findings indicate that no genetic
changes were induced since the modified scion when grafted on
a normal stock develogved into a normal top (Plant $). The
influence seews to be of direct chemical nature, The modified

sclons used for grafting (Plant ) either did not carry any



formative stimulus or it was too insignificant to express
itself in the forw of modifications in new growth,

No positive statement can be made about the form of the
stimulus, =«s mentioned by Zimmerman and Hitchcock (1948),
only & few cases have been recorded in ¢hich the applied chemi-
cal was detected or identified beyond the reglon of applica-
tion, The presence of 2,4~D in plants has not been shown
after its absorption, However, numerous workers have reported
on absorption and translocation of 2,4-D deriving their con-
clusions from indirect evidences of growth responses. #itchell
and Brown (1946) have suggested that the transport of 2,4-D is
agsoclated with that of orgunic foods. Nothing is known about
the fute of the substance after its absorption znd transloca-
tion and particularly during the subsequent period when mor-
phological chunges tuke place. Under the assumption that 2,é¥D
in the present ex?eriment was absorbed, translocated and re-
tained as such for three weeks, the conclusion is perwissible
that»it was 2,4-D thatbmoved througnh the graft union and
caused thé modification of the leaves of the scion. However,
until such an assumption can be proved conclusively, it is a
matter of Speculation whether the causative agent was 2,4-D
or a derivative or even a resctlon product,

attempts were made to test the validity of the assumption
under which 2,4-D as such could be the form of the stimulus

which moved through the graft unions, Direct upproaches, by
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trying to 1solate and detect 2,4~D, were made to investigate
whether 2,4-D could be absorbed, translocated and retained as
such for sufficiently long periods. The results of those
findings do not lie within the‘scope of the studies reported
here and will be presented in a separate paper elsewhere,
However, it may be stated that it has not been possible to
find detectable quantities of 2,4-D in tomato plants after
its application to the léaves in concentrations as used in

the present investigations,



GENERAL DISCUSSION

The studles on stock-scion interaction, the results of
which have Dbeen reported in the previous sections, were
started in order to analyze the vegetative hybridization con-
cept since no other work had been reported. Wilson &and
Withnert's (1946) paper appeared after this work had been inia-
ted. The results of the first years work during 1947 con-
firmed Wilson and Withner's findings, No changes in fruit
characters of grafted plants were noticed under &any graft com-
binations tried., The fruits were not influenced with regard
to their composition in teras of ascorbic acid, total soluble
solids snd titratable acidity. These findings indicated that
the metabolic processes of the firuits were not disturbed by
the experimental treatments, which consisted in defoliating
one graft symblont and allowing its fruits to develop under the
influence of the other graft éymbiont. However, these results
were nofg oonsidered to be conclusive enough to disprove the
vegetative hybridization concept. Lysenko has claimed that
the interaction between stock and scion occurs only under ap-
propi-iate biological conditions, He has stated that the fre-
quency of cbtaining vegetative hybrids would depend upon the
ability of the experimenter to force the scion to "assimilate!
as many as possible of the "nutrient' materials wenufactured
by the variety, the properties of which are to be traasmitted

to the scion. He has further added that in making grafts, the



scion should be as younj; as possible =znd the stock of medium
"age'". Aas wmentioned by Hudson and Richens (1946), Lysenxo's
terminology of nutrients and assimilétion 1s very vague,
Hutrients, to him, may be either inorganic substances, environ-
mental conaitions, whole organisus such as gametes; or organic
substances such as are supposed to pass from stock to scion

in grafting. Siwilarly, he uses the term asuimilation in con-
nection with all four types of "nutrients'. It seems that when
he mentions the comparative ages of stocx and scion he .ay be
basing his tefminology on his concept of "Phasic Development

of Plants'", Considering this, the complete analysis of the
vegetative hybridization concept becomes difficult. Lysenko
and his -followers, as revealed by the Bnglish translation of
their work, fail to supply detailed information onvthe techni-
cal aspects of experimentation., It Would be desirable to know
more about their experiumental procedures before their claims
can be tested more adequately,

Attemplts made during 1948 to graft very young scions with
two cotyledons =znd two small leaves onto old stocks (six weeks
old, frow which the flower buds wers removed at the time of
grafting), though successful, did not help in the study of in-
teraction between very young scions znd old stocks, The scions
soon after thelr estavlishuent, presented peculiar symptows in
growth reseubling virus manifestations, and the plants had to

be rejescted,



a repetition of the experiment of 1947, during 1948,
which consisfed in grafting scions obtained frow three-week
old tomato plants onto six-week old plants, confiraed the
results of the previous year. It can pe stated on the basis
of these results, that an interuction between stock =nd scion,
of the type claimed by Lysenkoc, is unlikely when plants are
grefted =t the stzges of growth mentioned., However, the re-
sults of the present studies are too scanty to justify a de-
finite conclusion »nd any claim thsat the findings of the
Russian scientists have»been disproved. The proof of a
scientific discovery has always been in the reproduction of
its crucial experiments. It is only by careful additional
repetitions of the experiments which are supnosed to lend
support to Lysenko's theories, that the controversy will be
resolved,

Considering Lysenko's theory of “Phasic vevelopment of
Plants" which is the subject of some disagreement but not
complete rejection, 1t would seeum desirable to repéat some of
the experiments on grafting by selecting the stock and scion
on the basis of physiological or developuental ages of the
plants, This new approach would involve considerable work be-
cause of the technical aspecté of the provlem. It is rather
difficult to select plants of dif.erent developmental ages
because these may not be associated with any morphological

changes; and profound internal developmental changes may be



revealed only under definite environmental conditions,
The problem is further complicated by the fact that no easy
methods exist to ascertain some of these internal qualita-v
tive changes, It would be necessary to carry out these ex-
periments under strictly controlled environmental conditions
which are an essential prerequisite for the determination of
physiological age of plants, |

The studies on the interaction of stock and scion may be
extended by attempting to find out the physiological differ-
ences between the grafted and ungrafted plants as indicated
by certain constituents, such as vitamins., On the basis of
the findings of some workers, which have already been re-
viewed, it would be logical‘to assume that substances of an
alkaloidal nature can be transmitted from stock to scilon or
vice versa,., These substances way play some role in growth
and developmental phenomena., Wilson and withner (1946) found
no evidence of transfer of thiamin, riboflsvin and niacin
from one symbiont tQ the other in grafted tomato plants. The
results of the present investigations on the synthesis of as-
corbic acid gave no strong evidence that the ascorbic acid
conteént of a tomsto variety cou.d be changed by allowing its
fruits to develop under the influence of the leaves of &nother
variety,.

slthough Lysenko'!s hypotheses are open to arguuent, a
heed for thorough sn=lysis of his greafting experiments has been

Suggested, It 1s considered that any facts revealed by further



repetition of his experiments, could be incorporatsd into
the rapidly progressing fields of developmental physioclogy
and physiological genetics,

Fyfe (1947) has stated that the new theories of genetics
proposed by Lysenko mey be cntirely wrong and way be disre-
garded as a cuntribution to blology, but that his experiments
must be adeguately and carefully tested, before a verdict is
passed, UWhyte (1946) seeumed to appreciate the findings of
the Russlan worxkers in thelr grafting experiments. He hus
proposed a connection between these results and the research
on grafting in relation to hormonal exchange to induce flower-
ing (Hamner and Bonner 19538), and even speculates about the
possibilities of the wpplication of these results to crop
production,

Went (1908), in investigations of the effect of stock on
scion, using differenﬁ varieties of garden pea, found that the
growth of the scion was not merely a simple nutritional ef-
fect, He considered that the expression of wmany characters in
the scion apparently depended on the presence of growth factors
in the rootstock which he named "calines". It is quite pos-
sible thut such substances of hormonal natare may be presenﬁ
in tomatoes snd may influence the stock-scion reactions, re-
sulting in morﬁhological changes. The possibility of a carry-
over of such worphologlceally changed characters into the next

generation is doubtful. However, th.ore 1s evidence that some



of the effects induced by synthetic growth regulators are
carried through seed into the following generstions (Clark
and wWittwer 1949)., The question of how this influence 1s
carrizd through 1s yet not decided.

Strasburger as quoted by Batchelor and Webber (1948)
found protoplaswmic connections (plasinodesms) between the
cells of the stock and those of the scion in certain plants;
it is thus possible that there is migration of idioplasm
and plasii particles. It does not seeom likely that plastids
or organized protoplasmic bodiles would pass from scion to
stock or vice versa, but substances such as hormones and
engzymes may be expected to do so =nd produce charscteristic
resctions., The results of the studies on the transmission
of the formative stimulus induced by 2,4-dichlorophenoxy-
acetic zcid, through graft unions, suggest that other similar
stimuli can be translocated across the graft union,

The mbdern concepts in physiological genetics about gene
action cover & very wide range, Some of the results claimed
by Kussian worikers may be easily explained on the basis of
the "hormone-gene" hypothesis proposed by Goldschmidt (1938).
However, Schmuck (1945) has wentioned that the fheory of the
”hérmone—gene" is an inadequate explanation of stock-scion
interaction, especially in view of his opinion that the s@ctual
exlstence of the genes is very doubtful. The Conception that

genes are not inert protein molecules but play an active role



in the physiology of cells, probably Ry releasing sub-

tances of howrwmonal or enzyuic nsture, which control the

[43]

processes of differentiation and worghogenesis, usakes the
biologist asswie that the essential continuity witﬂin the
living organism is a chemical continuity. Goldsclhunidt

(1988, 1940) has put forwafd the view that the deteruwina-

tion of regional characters in developuwent is brought about

by the emission of svccessive "hormones", Kach of these
"hormones" reacts in turn with that part of the organism
whiéh has reached the appropriate stage of maturity or couw-
petence., waccording to this notlon, local differences in

rates of maturation lie at the pacu of differential determina-
tion in the tissues; specific "hormones' are responsible for
the details of the individuation. In the light of such con-
ceptions it would be natural to assume thgt substances which
govern the destinies of cells could diffuse from one cell to
another and change its ontogenesis,

It is generally believed that the sowatic cells are
vgenetiéally identical throughout the body; and vet they suf-
fer extreme divergences in differentiation. Wiggiesworth
(1948) has suggested that "there must be elements in the cyto-
plasu concerned in these cellular specializations, --~!that
the differences in cell heredity that arise within & multi-

cellular organism =re cytoplaswic!." Darlington (1944) and
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wWright (1945) develored the ides of self-reproduction in
cytoplasmic constituents, “hich they naaned "plasmagenes”,
Darlington has linked up heredify and developnent by showing
that nuclear genes and plasinagenes both sct and interact. Wad-
dington (1948) has stated that certain char=zcters of some plants
are dependent on self-reproducing bodies in the cytoplasm. If
the importance of cytoplasmic factbrs of & self-reproducing
nature in morphogenesis is accepted then the explanation of
stock-scion interaction claimed by Soviet scilentists becomes
evident, The possibllity of migration of plasma particles
from stock to scion or vice versa has already been discussed.
Haldane (1940) suggested that Lysenko's results might
be explicable through the invasion of either stock or scion
by a non-pathological virus from the opposite member of the
graft, dspinasse (1941) supported Haldane's explanation.
Later, in 1944, Haldane suggested that Darlington's'remarks
on bud~grafting in roses .hich in sowe cases causes a re-
version of climbing habit to bush habit, might lend some sup-
port to the results obtained by the Soviet workers, Darlington
(1944) regarded that the causative agent transmitted through
graft union was a plasiagene rather than a virus, since the
bushy habit in roses could not be considered pathological, He
concluded his article by stating that "The frontiers that
exist between the studies of heredity, developuent and infec-

tion are thus technical wnd arbitrary and new possibilities



of analysis and experiment will arise when we have learnt
the passwords to take us across", These considerations,
that no resl distinction can be drawn between cytoplasiic
inheritance and virus infection, wmake the elucidation of
results of the Hussian work on vegetative hybridization
difficult.,

It is also difficult to distinguish between vegetative
hybridization and the induction of wutation in one wenber
of a graft by the other. Kostoff (1929) observed physio-
logical interaction between stock and scion of certain
solanaceous specles accompanied by worphological changes.,
He explained the results by postulating antibody production,
The possibilities of induction of mutations by antibodies
4have been sugiested by Sturtevant (194«) and Hnerson (1944).
Sturtevant considered that, "if a particular gene is res- |
ponsible for the formation of a given antigen, there is a
possibility that the antibodies induced by this antigen may
react with the gene', He has advised that cases presented
in support of views demonstrating the inheritance of acquired
characters should be reexamined with the gene-antigen-antibody
interaction possibility in mind.

The above mentioned considerations make the task of an-
alysis of the vegetative hybridization concept very intri-
cate., However, there is no other convinoing way than to

repeat the experiments with all possible modifications, under
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strictly controlled conditions, in order to uarrive at

definite conclusions,.
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SUMMARY »ND CONCLUSIOQWS

The results of studies on stock-scion relationships in
tomatoes are reported walnly with the aim of analyzing recent
claims of hussian scientists th&at they have demonstrated the
genetic interaction between stocxk znd scion., In addition,
the results are presented of studies, with reference to stock-
gscion relationships, on the synthesis of ascorbic acid, its
relation to total soluble solids wnd titratable sacidity, and
on the formative stimulus induced by 2,4-D.

1. 3even graft combinations of the six varieties selec-
ted for the study, vere uade durilng 1947, The effects on the
developuwent of fruits of defoliated shoots of one graft sym-
biont undér the influence of the other graft syuabiont, were
observed, WNo changes in visible characters of the fruits of
a variety which developed under the influence of leaves of
another variety, were produced, vhich wight indicate an inter-~
action between stock znd scion., wnalyses of fruits from
graft symblonts under difserent treatuents, for total soluble
solids, titratable acidity and ascorbic uacid, did not reveal
BV ohangés in frult cowosition., Only varietal differences
iere observed with regard to the composition factors under
study.

attenpts were wade during 1948 with the object of studying

the interaction of very youang scilons and comparatively older
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stocks, Scions with two cotyledons and two small leaves

were successfully grafted on six-week old}stocks. The scion
leaves consistently developed abnormslities and stbudies could
not be continued,

2. Studies on the éséorbic acld content of fruits were
made on :eciprocal grafts of two varieties differing greatly
in their capacity to synthesize ascorbic acid, It was de-
monstrated that the formation of ascorbic acid proceeded in
the green assimilating parts independently of the root system,
No rootstock infiuvence was observed.

ascorbic acld content of fruits of one variety which
developed under the influence of Tthe leaves of the other
variety, was not changed appreciably. HNo definite conclusion
could be drawn sas to whether ascorbic acid was synthesized
in the leaves and then translocated into the fruits, or was
independently synthesized in the fruits, the substrate being
supplied by the leaves,

No changes in the total soluble solids and acid contents
of fruits which developed either under the influence of root-
stock without leaves, or rootstock with leaves, were noticed,

The total soluble solids showed a relationship to the
ascorbic acid content. No relationship was found between the
titratable acidity and ascorbic acid, -

O, The foirmative stimulus induced by.2,4—dichlorophen-

oxyacetic acid was transmitlted through graft unions of tomato
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plants from stock to scilon. The stimulus seemed to be of
chemical nature but its actual form was not determined,

4, The results of the investigations, with suggestions
for additional work to analyze more thoroﬁghly, the vegetative
hybridization concept, have been discussed. The results re-
ported have bee¢n considered inadequate for drawing final con-

clusions,
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