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Introduction
That a certain antagonism exists between vegetative growth and repro-

duction seems still to be the rather prevailing opinion among students of
plant development. Luxurious vegetation is thought to be detrimental
either to the initiation of gametes or to their union, resulting in a con-
spicuous absence of seeds and fruit, while a limited vegetative growth is
considered to be the precursor of marked reproductive activities. In many
instances this apparently is true. The facts, however, do not permit one
to accept such a view as an axiomatic generalization, for careful analysis
of the development of many plants leads to a diametrically opposite con-
ception.

Both empirical and experimental evidence leave one hardly room for
doubt that only too frequently a clearly recognizable association does exist
between excessive vegetation and lack of fruitfulness on one hand, and
diminished growth and abundant seed formation on the other. The ques-
tion is, however, which in this relationship is cause and which is effect;
for our present knowledge of correlation, both quantitative and qualitative,
between the various parts or organs of higher plants compels one to accept
the existence of a causal relationship.

Data may be marshalled showing the effects of growth on reproduction,
but there is also ample proof of exactly the reverse situation. Plants be-
longing to all three groups-annuals, biennials and perennials-supply a
large number of examples where it is clearly evident (1) that vegetative
growth is almost quantitatively determined by the developing seeds and
fruit; (2) that it often decreases at the exact time and in the exact pro-
portion to the amount of flowers formed and seeds set; and (3) that the
rate of vegetative growth is controlled by the developing fruit. These
conceptions, though quite contrary to a current point of view, do not appear
to be overdrawn. Because of the sequence in time, vegetation usually pre-
ceding reproduction, and because of the greater economic importance of
seeds and fruit as compared with the strictly vegetative parts of plants,
there has been a consistent gathering of proof on the effects of vegetation

* At present with the College of Agriculture, University of Missouri, Columbia, Mo.
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on reproduction, to the seeming neglect of observing and of analyzing the
reverse phenomenon, which is apparently just as striking.

The present study was undertaken with the object in mind of determin-
ing by means of statistical and chemical analyses the character and extent
of correlation existing between vegetative and reproductive activities in
the tomato (Lycopersicon esculentum). The problem was limited to a single
phase, the effect of fruit on vegetative growth.

Review of Literature

A rather careful review of literature at the time of initiation of this
investigation (1922) revealed the surprising situation, that, beyond some
general considerations (26), practically nothing is known of the effects of
the developing fruit on vegetative growth of plants. In his unsophisticated
enthusiasm the writer thought that he had entered upon an almost virgin
and most fertile field of research. The striking results of a preliminary
study on correlation between fruit and stem growth in the tomato sug-
gested a renewed scrutiny of all available literature, which resulted in dis-
closing some valuable information on the subject from rather obscure
sources.

As early as 1899 AMATTIROLO (56)1 reports in detail a series of most
interesting effects of the removal of flowers on growth and development of
Vicia faba. While normal plants, after maturity of fruit, usually dry up,
those from which flowers had been removed daily, showed an excessive
vegetative growth of all organs, stems, shoots, leaves, flowers and tubercles
(nodules), continuing past the normal season of these plants. This re-
sulted in a total green weight of the plants three times that of the normal
ones. Removal of flowers was followed by an abundant branching of the
stems, by development of a large number of flowers clear down to the base
of the branches, and an increase in amount of tubercles. It is interesting
to note that during the period of fruit development the contents of tubereles
disappeared, thus establishing a close relation between the two organs.
Observation and chemical analysis revealed the fact, that, while in normally
growing plants practically all of the tubercles were more or less empty at
this time and showed an average nitrogen content of only 4.58 per cent., on
deflorated plants they were solid, hard, and held 6.71 per cent. nitrogen.
Though no experimental data are given, observation indicated that in
leguminous plants there is a periodic emptying of the nitrogenous contents
of the tubercles during the time of seed formation. Tubercles having
emptied thus, are refilled again after fruiting is over. The following table
showing the results with Vicia faba may be of interest:

1 Acknowledgment is due to Dr. J. L. Russo of the Department of Romance Lan-
guages, University of Wisconsin, for a careful translation of this article.
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MATTIROLO-SUMMARY OF RESULTS, Vicia faba

Per cent.
No. of Wt. of Wt. of Wt. of Wt. of Total N in
plants shoots roots fruits nodules Wt. nodules

gm. gm. gm. gm. gm.
Check ............... 54 3366 917 3408 41.9 6752.9 4.58
Flowers cut 53 9453 2858 7 150.7 12468.7 6.71

MATTIROLO points out the importance of these facts in relation to soil
fertility and crop rotation. It is surprising that an investigation and dis-
closure of such a nature should have passed almost completely unnoticed.

Working with Sea Island cotton MASON (54, 55) has recently observed
a striking retardation in growth of both the central stem and lateral
branches attendant on flower formation and fruit development. The rate
of elongation of the central axis decreased at the time of floral development
almost in the exact proportion to the amount of flowers formed and fruit
set. Coincident with this there was also a marked shedding of the imna-
ture flowers, and in older plants even a conspicuous dropping of the young
fruits. It is suggested that senescence of the central axis of the cotton
plant is associated with a paucity of carbohydrates and probably "other
growth promoting substances," as a result of their translocation to the
basal fruiting branches. Shedding of flowers and young fruits is attributed
to the same cause. Fertilization is assumed to operate in some manner as
a causal factor, stimulating the movement of assimilates into the fruit.
Very similar results have been obtained with cotton by EWING (21). He,
too, observed that toward the close of the fruiting season vegetative growth
and flowering ceases, all the energy of the plant apparently being utilized
in the development of the fruit. But after most of the fruit had attained
a mature stage, "second growth" is developed, resulting in new flowers
and fruits. In some vigorously growing plants, particularly when the soil
is very rich and moist, growth and flowering may be continuous. When
flowers were removed at the time of shedding, the plants attained a much
larger size and the total number of flowers per plant was nearly doubled.

This information is of assistance in analyzing correctly the extensive
statistical records on growth and development of Egyptian cotton made by
BALLS and HOLTON (6, 7, 5) and of South Sea cotton by HARLAND (29).
BALLS and HOLTON show that vegetative growth in the cotton plant de-
creases at the exact time and in inverse proportion to the amount of flowers
and fruit present. These results the authors unsuccessfully attempt to
explain as being due to environmental factors, particularly a "severe water
strain" and the resultant accumulation of "toxins" in the meristematic
regions. It is evident that very similar observations may be correctly
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interpreted on the basis of correlation, in this case between the developing
flowers and fruits and the vegetative organs.

In respect to the successive formation of vegetative parts, buds, flowers,
and fruit, the cotton plant and many of the legumes resemble closely the
tomato. Hence the above information is particularly significant. In fact,
MASON's experimental data and a part of his conclusions, though secured
independently and based upon a different plant, are conspicuously similar
to those obtained by the writer. This agreement is certainly suggestive of
the importance and fundamental nature of correlation in plant growth.

That the depressing effects of fruit on vegetative growth and maturing
of floral organs have been recognized in other plants, is indicated by the
suggestions of WORK (78) that the retardation in maturing of buds in the
tomato may be due to the heavy drain on the resources of the plant by the
developing fruit. CHANDLER (11), too, points out that fruiting has a
dwarfing effect on the apple tree, which is shown by a decrease in the
diameter of the stem and a marked reduction of the leaf surface of heavily
fruiting trees. KENOYER (41), has observed a similar reciprocal relation
between leaf formation and flowering of many representative species of
trees of the Indian monsoon forest.

Materials and Methods

All of the plants used for this investigation were raised from the same
lot of seeds of the Bonny Best variety. Having come to the proper stage
of development, the seedlings were transplanted from seed beds to three
inch pots containing rich soil. Usually a large excess of plants were
grown. When they had reached a height of 8-10 inches, at which time
the first flower buds were visible, a uniform lot was selected for future use.
The plants were lifted from the pots, all soil was carefully removed from
the roots by washing in running water and the seedlings at once trans-
planted to sand cultures. The latter consisted of white quartz sand, free
from organic matter, in 10 or 12 inch earthenware pots which were set in
granite-ware basins. Two to four plants were grown in each pot. These
cultures were kept on low benches in the center of a standard greenhouse.

All transplanting was done as much as possible in the late afternoon
or evening, the sand having been previously moistened and the cultures
watered once more after setting. If the days immediately following were
bright, special protection from the direct rays of the sun was obtained by
shading. Watering was adjusted so that the roots received frequent aera-
tion yet the plants were never allowed to suffer from lack of moisture.
The temperature of the greenhouse was kept within reasonable limits for
tomato culture by means of thermostats and by calsomining of the glass
during the summer months.
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With these precautions usually very good growth and development was
secured. Plants receiving the complete nutrient solution grew almost as
well as commercial stock and were identical with such as had been set in
pots containing garden soil which was frequently watered with a weak solu-
tion of sodium nitrate (see exp. 3). If permitted, some of the plants in sand
cultures grew to a height of ten feet and bore a large number of fruits.

The nutrient solutions employed were suggested by Professor E. J.
KRAUS. They were made up in the following way:

SOLUTIONS WITH NITROGEN
A B

2 per cent. MgSO4 3 per cent. CaCl2
2 per cent. KH2PO4 2 per cent. CaSO4
2 per cent. KNO3 4 per cent. Ca(NO3)2

SOLUTIONS WITHOUT NITROGEN
A B

2 per cent. MgSO4 4 per cent. CaCi2
2 per cent. KH,PO4 2 per cent. CaSO4
1 per cent. KC1

In each case the respective stock solutions, A and B, were diluted with
six volumes of water before using. For this, as for all other purposes,
water from the municipal supply of the city of Madison was employed. It
was found to be rather low in nitrogen in any form, but very high in Ca
and Mg, particularly in the form of carbonates.

As a rule 500 cc. of the diluted nutrient solution was applied to each
pot immediately after transplanting and thence as frequently as it was
considered necessary. Usually the solution containing nitrogen was added
at five or seven day intervals, that without nitrogen fortnightly or even
1ess frequently. A too copious supply of the solutes was found to result
in a high concentration in the lower part of the sand cultures, which would
lead to harmful effects on the root system.

In all series of plants two distinct types of growth were obtained. Those
receiving nitrogen in the nutrient solution were vegetative and very fruit-
ful. Plants grown without nitrogen were weakly vegetative and able to
set only one or two fruits at the most. These two conditions of growth will
be referred to hereafter as "nitrogen high" and "nitrogen low" plants.
It should be understood, however, that these terms imply only a relative
condition in respect to total nitrogen present in the two groups.
A certain standard procedure of treatment of all plants was adopted

and rigidly held to throughout this investigation.
1. In practically all instances control or check plants were grown side

by side with treated plants in the same pot. This was thought
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necessary in order that not only the aerial but also the edaphic
environment might be as uniform as possible.

2. Plants in each series were uniformly distributed over the greenhouse
benches.

3. By daily removal of axillary growth all plants were trained to a one
stem type of growth. This, of course, is easily accomplished with
the tomato. The total axillary tissue cut from any plant, at-
tendant on training, in no instance exceeded more than two grams
in dry weight, and usually consisted of only a small fraction of
this amount.

4. As a rule, all flowers were pollinated daily by transferring the pollen
with finger tips to the stigma. Naturally no harm is done in pol-
linating the same flower more than once. It is thought this pro-
cedure facilitated a high degree of fertilization and resulted in
the greatest number of fruits that the plant was capable of set-
ting. The importance of this fact will become clear from what
follows.

STATISTICAL
Measurements of growth in plants are commonly expressed in terms of

dry weight, volume, or height. When the amount or rate of growth is to
be ascertained at set intervals of time, manifestly some of the above pro-
cedures of measurements are either entirely inapplicable or else very diffi-
cult to execute. It is much more simple and convenient to estimate growth
by measuring the increase in height. In strictly uniaxial plants or plant
organs this method appears to be well within the limits of experimental
error, and has been successfully adopted by many investigators (54, 6,
62, 65, 32).

For the tomato plants used in the present studies, since they were
always trained to a single axis, growth was determined by measuring at
weekly intervals the height of the stem from a fixed point at the base to
the terminal growing tip. The original records were made to the nearest
half centimeter, and the computed averages to the closest millimeter.

In some instances careful data were also secured as to the total fresh
and dry weights of stems, leaves, fruits and roots.

CHEMICAL
The material used for chemical analysis consisted of two different types,

fresh and preserved tissues. In all cases a representative number of plants
were included in each sample.

I. PRESERVED MATERIAL

(a.) Sampling and preservation. Sampling was done as much as pos-
sible in the early forenoon on a bright day. Plants to be used for analysis
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were cut near the ground and fractioned at once into the requisite parts.
Where roots were also required, these were carefully lifted from the pots,
brushed, washed free of all sand particles under cold running water, and
dried between layers of filter paper. The fresh weight having been ob-
tained, the material was cut into small parts, usually fractions of a cubic
centimeter, and transferred to a large drying oven with forced ventilation.
Temperature of this oven was kept close to 650 C., since LINK and TOTTINIG-
11AM (49) have shown that probably the least alterations in the carbohy-
drate content by enzymatic and respiratory activities take place at this tem-
perature, when forced ventilation is employed. Under these circumstances
desiccation was accomplished in 3-7 hours, depending upon the kind of
tissues. For still more complete removal of moisture, the material was
transferred to a large Freas electric oven at 650 C. for 24-48 hours. The
dried material was ground in a drug mill and pulverized in a steel pestle-
mill till it passed through a 60-mesh sieve. The powder was preserved for
analysis.

(b.) Ether extraction. All fruit material was percolated with an-
hydrous alcohol-free ethyl ether for 18 hours to remove fats, lipoids and
other fat-like substances, which might interfere with the extraction and
determination of carbohydrates. The ether was removed from the powder
by drying for 48 hours at 700 C.

(c.) Dry weight. This was obtained by desiccating in vacuo to constant
weight, 1 gram samples. All subsequent data are expressed on dry weight
basis.

A. CARBOHYDRATES
(a.) Extraction. Five grams of the powder was extracted with 100 cc.

of 95 per cent. alcohol under a reflux condenser for two hours. The tem-
perature of the hot-plate was regulated so as to show but occasional ebulli-
tion of the alcohol. While still hot, the extract was separated through a
quantitative filter paper into alcohol soluble and insoluble fractions. Both
portions were freed from alcohol.

The soluble fraction was cleared with neutral lead acetate, deleaded with
a mixture of sodium sulphate and sodium carbonate, neutralized, and
brought to a volume of 250 cc.

(b.) Reducing sugars. Reducing sugars were determined on 50 cc. por-
tions of the cleared fraction by SHAFFER and IJARTMAN'S iodometric method
(71). The sugar equivalents, in terms of dextrose, were obtained from
Mu-NsON and WALKER'S tables (79).

(c.) Sucrose. Fifty cc. portions of the above extract were hydrolyzed
according to the official hydrochloric acid method in a water bath at 690 C.
for exactly 10 minutes, cooled at once in running water, neutralized, and
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brought to a volume of 100 cc. The reducing power was determined as
in (b).

Repeated attempts were also made to ascertain the possible presence of
maltose and other alcohol soluble carbohydrates, that apparently require
a more drastic method of hydrolysis. Though several of the methods sug-
gested by DAVIs and DAISH (16) and the one used by HARVEy (31) for
estimation of phloridzin were employed, the results were very inconsistent
and hence of little value. Apparently the increased reducing power due to
this extra hydrolysis, in this material at least, is often counterbalanced by
the destruction of levulose and dextrose.

(d.) Dextrin and soluble starch. The alcohol insoluble fraction was
extracted at room temperature for one hour with 50 cc. water and frequent
stirring. It was then filtered, and the residue washed thoroughly with
90 cc. of water. Ten cc. of hydrochloric acid (sp. gr. 1.125) was then added
and the solution hydrolyzed under reflux for 2.5 hours. When cold, it was
neutralized, clarified, and brought to a volume of 200 cc. The reducing
power was determined on 50 cc. aliquots.

(e.) Starch. The residue from the dextrin extraction was washed into
a flask and boiled for thirty minutes to insure complete gelatinization of
the starch granules. It was then cooled to 380 C., 10 cc. of freshly collected
saliva was added, and digested for twenty minutes at this temperature.
The mixture was brought once more to boiling, filtered and washed while
hot, hydrolyzed, and the amount of dextrose determined as usual.

(f.) Ilemicellulose. Hemicellulose was analyzed in the residue from
starch extraction by washing into flasks with 90 cc. water, adding 10 cc.
hydrochloric acid (sp. gr. 1.125), and hydrolyzing under reflux for 2.5
hours. The mixture was cooled, neutralized, clarified, and brought to
volume for the usual determination of dextrose.

In every instance analyses were made at least in duplicate and often in
triplicate and quadruplicate. All carbohydrates are expressed in terms of
dextrose. " Total sugars" represent the sum of reducing sugars and sucrose
as determined under the given conditions. "Total soluble carbohydrates"
include both the water and alcohol soluble fractions. "Total polysaccha-
rides" are represented by starch and hemicellulo-se, while "total carbo-
hydrates" is naturally the summation of all determined carbohydrates.

B. NITROGEN
(a.) Total nitrogen. Total nitrogen was determined in one gram sam-

ples of the air dry powder by the official KJELDAHL-GLUNNING method.
(b.) Nitrate nitrogen. Three gram samples of the powder were ex-

tracted with cold water at room temperature for two hours and filtered
through quantitative filter paper. The filtrate was removed to a Kjeldahl
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flask, diluted to 250 cc. and nitrate nitrogen estimated by the DEVARDA
method as modified by STROWD (73). The reliability of this method was
tested with pure KNO3 solution and found to be correct within 0.5 milli-
gram of N.

(c.) Insoluble nitrogen. Total insoluble nitrogen was determined by
the KJELIDHAL method in the residue left after extraction with water, the
soluble nitrogen being obtained by difference.

II. FRESH TISSUE ANALYSES
The recent investigations by TOTTINGHAM and his co-workers (75, 48)

on various methods of preservation and extraction of nitrogenous constitu-
ents of plant tissues, point to the fact that practically no method of preser-
vation will leave the soluble nitrogenous fraction of the cells unaltered.
Hence in the present study wherever and whenever possible fresh material
was employed for analysis of nitrogenous compounds. The method, though
very tedious when large numbers of samples are to be used, is very much
to be preferred.

(a.) Extraction. The fresh material was extracted according to the
procedure given by OSBORN (58, 59) and CHIBNALL (12, 13) and modified
in detail by TOTTINGHAM et. al. (75, 48). Approximately 100 grams of the
fresh material was cut into fine pieces, mixed and used as follows: Fifty
grams for extraction and five gram samples for dry weight and total nitro-
gen determinations (KJELDAHL-GUNNING method).

The 50 gram samples were transferred to large mortars and ground with
previously washed quartz sand to a fine pulp. Small amounts of ether were
added to facilitate the plasmolysis of cells. The pulp was transferred to
lawn cloth on a large funnel and extracted with five or more washings of
cold water. The extract was at once filtered through paper pulp in a large
Buchner funnel, slight suction being used toward the end, and the filtrate
brought to a volume of one liter.

(b.) Water-soluble nitrogen. Two hundred cc. aliquots of the filtrate
were transferred to Kjeldahl flasks, acidified with sulphuric acid and most
of the water driven off. The KJELDAHI-GUNNING method was employed
for determining the total nitrogen in the residue, the water insoluble frac-
tion being obtained by difference.

(c.) Protein nitrogen. Coagulable protein nitrogen was determined on
200 cc. aliquots of the original filtrate. It was brought to boiling, 2 cc. of
10 percent acetic acid was added and then boiled for three minutes. When
slightly cooled, it was filtered and washed through double layers of quanti-
tative filter paper into Kjeldahl flasks. The coagulum was transferred
with the filter paper to other Kjeldahl flasks and the total nitrogen deter-
mined as usual.
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(d.) Nitrate nitrogen. In cases where the fresh tissue extracts were
analyzed for nitrate nitrogen this was done on the protein free filtrate by
the DEVARDA-STROWD method.

(e.) Amino (aliphatic) nitrogen. The VAN SLYKE (34) method was
used for determination of the amino acid content. As the original filtrate
was used for this purpose, it undoubtedly represents to some extent other
hydrolytic products of proteins besides amino acids, also amide nitrogen and
ammonia, if any was present.

(f.) Hydrogen-ion concentration. Chopped tissues of representative
samples were crushed to fine pulp with previously cleaned quartz sand.
The paste was then transferred to clean lawn cloth and the undiluted juice
squeezed into clean test tubes. The PH values were determined electro-
metrically by means of the type K potentiometer. A small closed Bailey
electrode was first used, but this was substituted by the open Hildebrand
electrode, which gave just as exact results and was far more convenient.
The readings in millivolts were translated to the corresponding PH values
by consulting SCHMIDT and HOAGLAND'S tables (70), corrections being made
for temperature but not for barometric pressure.

(g.) Microchemical. In the present study only the following limited
number of substances were estimated microchemically: Free-reducing
sugars, starch, nitrates, and proteins.

The presence of reducing sugars was determined by the Fliickiger's
reaction in a heated solution of eopper tartrate and strong sodium hy-
droxide. The -presence of starch was tested by the familiar iodine-potas-
sium iodide solution. Diphenylamine, in various concentrations of sul-
phuric acid, was used for the nitrate reaction, while proteins were esti-
mated by biuret and Millon's tests.

Results
Several series of plants were grown with the primary object of getting

acquainted with the response of the tomato to treatment, and of develop-
ing methods of procedure. Some of these cultures were conducted in the
greenhouses of the Oregon Agricultural Experiment Station, others at the
Department of Botany of the University of Wisconsin. Valuable informa-
tion was thus obtained, which made it possible to secure the maximum
response in growth and fruit setting from the rather artificial sand cultures.

The following results have been obtained from experiments conducted
with the standardized procedure.

EXPERIMENT 1.-This experiment was undertaken largely for the purpose of
careful observation of the effects of fruiting on vegetative growth of both
nitrogen high and nitrogen low plants. A detailed description will be given
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of their behavior. Some preliminary microchemical analyses were also
made.

Seedlings of this series were transferred to sand cultures on Oct. 13,
1922, and 90 plants were grown till Feb. 22, 1923. During this period a
total of 17 applications of the full nutrient solution, and in addition four
applications of a weak (.72 grams per L.) solution of KNO3 was given to
each pot containing the nitrogen high plants. Those grown without
nitrogen received 12 applications of the minus nitrogen solution. All cul-
tures showed comparatively good development.

Nitrogen low plants, of course, exhibited very soon the typical signs
of nitrogen starvation, successive yellowing and dying and dropping off of
the lower leaves, and a very weak development of the tip of the plant.
Such terminal leaves as were still succulent had bluish-green veins and a
thin papery texture of the mesophyll tissues. As a rule, these plants were
able to set but one fruit. There was no further blossoming, all flower buds
yellowing and dropping off very early in their development. (Plate I, A.)

Plants receiving an ample supply of nitrogen developed rapidly, had
large clusters of blossoms and produced numerous fruit. All leaves re-
mained green clear to the base. Some time after the setting of fruit on
the first two or three clusters, these plants became noticeably weakened in
vegetative development. Such flowers as had opened, or were still opening,
could not be induced to set fruit. There was a striking yellowing and a
rapid increase in number of abortive flower buds. Terminal growth was
weak, and further extension very slow. In brief, these plants, too, though
continuously supplied with a nutrient solution containing a high percentage
of nitrogen, began to exhibit early signs of nitrogen deficiency. It should
be pointed out that so far as could be judged the fruit developed normally
(plate I, B).

On January 10, when plants of both groups had set the maximum
number of fruits, a number of plants were deprived of fruits by cutting
away all fruiting clusters close to the stem. Wherever it was possible the
vegetatively weaker individual was chosen for defruiting, a control plant
being left in the same pot.

The response to this treatment was marked indeed. Ten days later all
such nitrogen low plants from which fruit had been removed exhibited
already comparatively vigorous vegetative development at the terminal
end of the stem. New leaves and flower buds were being formed. The
flowers opened normally, were pollinated, and set fruit. At the time of
the closing of this experiment, Feb. 22, the treated plants had added
10-30 cm. to their height. The new growth was conspicuously more suc-
culent and often of greater diameter than the old portion of the stem.
This new region of the shoot had given rise to a fruit (rarely two), which
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was now 2-3 cm. in diameter (plate II). These results are particularly
striking in view of the fact that naturally no nitrogen was added to these
cultures throughout the experiment. Microchemical tests showed that
defruiting of nitrogen low plants resulted probably in a slight increase of
reducing sugars in the upper region of the stem and a decrease of starch.
No nitrates could be detected anywhere.

Control plants, growing in the same medium and carrying one or two
fruits, had made no further vegetative development during this period.
The terminal growing point in practically all cases had withered, the fruit
becoming "tip" as it were (plate III). It is to be noted that where the
fruit had attained full maturity and consequently had been removed,
usually no new growth appeared. Evidently a condition of complete or
almost complete nitrogen exhaustion prevails in these cases incident to
growth and development of the fruit.

Defruiting of nitrogen high plants was followed by a really tremendous
growth. It appeared as if such plants were starting life all over again.
The first sign of the effect, a change to purplish-green color of the youngest
leaves and the developing axillary tissues, could be observed as early as
three days after the treatment. This was followed by a most rapid develop-
ment in both terminal and axillary regions. Even an improvement in color
and texture of the old leaves had taken place. The top part of the stem
exhibited a very vegetative condition, a much greater diameter, the forma-
tion of larger and conspicuously greener leaves, and luxurious flower
clusters (plate IV, A). Microchemical studies indicated a slight increase
in reducing sugars and a rapid increase in nitrates in this region of the
stem.

Fertilization of flowers was effected readily on these plants and large
clusters of fruit were formed (plate IV, B). As soon as these began to
develop, they in turn inhibited vegetative growth of the new region. It is
a curious fact that an exceptionally large number of adventitious root
primordia were initiated in the basal region of the new growth. Morpho-
logically their inception could be traced back to the pericycle or probably
cambium.

Control plants growing side by side in the same pots showed striking
retardation in vegetative growth and reproductive functions during the
same time. Often they were only about half or less than half the size of
the treated plants, and had but few or no flowers. In many cases all flower
buds turned yellow and aborted. Terminal growth had ceased (plates
IV and V). No reducing sugars nor nitrates could be found in the terminal
portion of these stems. Even a cursory examination made it quite clear
that in these plants, too, a close correlation existed between the developing
fruit and vegetative growth. Moreover, it was clear that the decrease in
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terminal development was in inverse proportion to the amount of fruit
present at any particular time, and to their proximity to the growing region.
When a proportion of the fruits matured and were removed, particularly
from the upper region, growth recommenced and proceeded in this case
also in inverse proportion to the number of fruits remaining on the plant
and their nearness to the tip of the stem.

Since the experiment was conducted during the winter months, the
plants were subject to protracted periods of bright and cloudy days. A
prolonged exposure to a comparatively low intensity of light resulted in an
increased rate of growth of plants in both groups, but particularly those
low in nitrogen. Even such individuals as were very low in nitrogen con-
tent, and which had therefore ceased to grow, and appeared stunted, be-
gan to develop and made considerable progress when cloudy weather set in.
It should be remembered that no nitrogen whatever was available to these
plants during this period. Any rejuvenescence that was induced by
diminished light supply was, however, of very much smaller degree and
often insignificant as compared with that resulting from the removal of
fruit.
A large number of microchemical determinations showed invariably an

increase in nitrates and a decrease in reducing sugars and starch near the
growing regions of nitrogen high plants, after protracted periods of cloudy
weather, and a reverse situation following a number of bright days. A
similar chemical picture was presented also by nitrogen low plants, with the
exception that, whether cloudy or bright, no nitrates were present. Ap-
parently, if nitrates were released from other parts of the plant during
cloudy weather, which is possible, they were used up as fast as available
for the building of new tissues.
EXPERIMENT 2.-In order to obviate any differences in growth and develop-
ment that may be induced by decreased light, plants in this experiment were
grown during the summer months. A selected uniform lot of 120 seedlings
was transplanted to the usual sand cultures on March 16, 1923. The weather
was very favorable through the season, and particularly uniformly warm
and bright during the time of flower formation and fruit development. As
a result of the usual supply of the two kinds of nutrient solutions, the lot
was soon separated into two, nitrogen high and nitrogen low, groups. Both
developed exceptionally well and in all respects were similar to those of the
preceding experiment. Therefore a detailed description of their normal
behavior appears to be unnecessary.

On May 18, when to all appearance the maximum of fruit setting had
been attained, all fruits were removed from one half of the plants in each
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group. As the new set of fruits began once more to reduce or inhibit
growth, some of the plants were defruited for the second time on July 1.
As usual, one or two control plants remained in each pot.

Careful measurements of the linear increase in height of the stem were
made at short intervals, beginning with April 20 and ending on July 28,
when the experiment was discontinued. Gross weights of the various parts
of these specimens were also recorded.

To test the possible effects of cutting of flowers on their subsequent be-
havior, a number of average plants of both high nitrogen and low nitrogen
classes were continuously deflorated beginning with April 20, when the first
blossoms had opened. The flo-wers were cut on the day when they were
fully expanded. Subsequently fruit was permitted to develop on some of
the nitrogen low plants of this group, which brought about an immediate
checking of vegetative growth.

The summarized results of measurements of height of plants of all
groups are given in table I. Their graphical representation is found in figs.
1-4. The growth curve for normally fruiting plants of both nitrogen high
and nitrogen low groups is very typical. A natural decline in the rate of
growth is conspicuous. If the normal growth rate of a tomato plant were
to be illustrated by a typical S curve, these graphs would represent the
prolonged top end of such a curve, the so-called "autostatic phase." It is
interesting to observe that a continuous cutting of flowers made the plants
grow at a uniform rate-the curve is almost straight. When such deflor-
ated individuals were permitted to set fruit again their rate of growth
declined at once and ran parallel with normal fruiting plants (fig. 3 and
plate VI, A).

It is typical that the cutting of fruit was soon followed by a rapid in-
crease in the rate of vegetative growth, which ran exactly parallel with that
of defiorated plants. When fruit appeared once more, the rate declined
again and now ran parallel with normal fruiting plants. A second cutting
of fruit on the same plants was followed again by identical growth response
(figs. 1 and 2). The dip in the curves immediately after the dates of de-
fruiting (fig. 2, a and b) is due to the fact that, for reasons of emphasis,
usually the smaller plants were chosen for the treatment.

The characteristic uniformity of the results leaves no doubt of the strik-
ing effects of correlation between fruit and vegetative development in the
tomato. Moreover, it is difficult to see how the rate of growth may be due
to an autocatalytic reaction, such as has been proposed by OSTWALD (60),
BLACKMAN (9), ROBERTSON (68) and others (63, 65). The typical S curve,
so characteristic of the rate of growth of an organism or an organ, may be
accounted for on the basis of correlation. In fact, it is possible, as shown
in the tomato, to modify it at will. In this respect the criticism by PEARL
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18 PLANT PHYSIOLOGY

(61) that two sets of phenomena are not necessarily causally or in any
other way fundamentally related merely because they may be described by
the same kind of a curve, is entirely valid.

That the normal ripening of fruit is also promptly followed by a distinct
development, provided no other fruit is present, is shown in table II and
fig. 5. Naturally no such response could be expected from plants very low
in nitrogen, if, as a result of the maturing of fruits, a complete nitrogen
exhaustion were to take place.

90

to~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c-.00n>n >u
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FIG. 1. Differences in growth of normal and defruited nitrogen-low plants. Experi-
ment 2. First defruiting at a, second defruiting at b.
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FIG. 2. Differences in growth of normal and defruited nitrogen-high plants. Experi-
ment 2. First defruiting at a, second defruiting at b.
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PIG. 3. Differences in growth of normal and deflorated nitrogen-low plants. Experi-
ment 2.

FIG. 4. Differences in growth of normal and deflorated nitrogen-high plants. Ex-
periment 2.
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FIG. 5. Differences in growth induced by maturing of fruit, in nitrogen-low plants.
Experiment 2. Fruit removed at a.

TABLE II
EFFECTS OF REMOVAL OF RIPE FRUIT ON GROWTH OF PLANTS LOW IN NITROGEN.

EXPERIMENT 2. MEASUREMENT OF HEIGHT IN CENTIMETERS

DATE JUNE JULY
13 22 30 9 19 28

Plants with fruit.........................a..... 54.7 56.1 57 57.6 58.1 58.4
__fi, 2..4 4 _6 1

Plants with fruit off, ripe, 6/26...I48.4 i 48.5;) 49.1 51.6 159.1 166.7

The cutting of fruits effected an extraordinary development not only of
the stem but practically of all parts of the plant. This is shown clearly
in table III.

It is noteworthy that a single removal of fruit prompted the greatest
total development of the above-ground parts of the plant. The root sys-
tem, being insignificant in comparison, is not considered here (see experi-
ments 5 and 6). The total fresh weight of fruits, also, was higher than in
normal plants. However, on a physiological or chemical basis these can not
be compared with the more mature ones of the check plants. In general,
the less fruit was permitted to develop the greater was the growth of stems
and leaves. When the nitrogen supply was very limited there was, of
course, a loss of a large number of leaves by dropping, which were not in-
cluded in this record.
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TABLE III
TOTAL FRESH WEIGHT OF VARIOUS PARTS OF PLANTS. AVERAGES, IN GRAMS PER PLANT

No. of fruit Wt. of Wt. of Wt. of Total
per plant fruit stem leaves weight

PLANTS LOW IN NITROGEN

Normal (check) .................... 1.9 86.0 15.6 6.8 110.3

Fruit cut, once ............. 3.8 93.5 22.5 12.1 131.9

Fruit cut, twice ..2..5 38.2 23.5 9.3 73.5

Flowers cut 23.5 12.0 35.5

PLANTS HIGH IN NITROGEN

Normal (check) ................... 9.5 841.4 52.9 83.6 987.4

Fruit cut, once .................. 290.3 1202.3 160.2 251.0 1633.8

Fruit cut, twice ............. 16.5 620.7 205.4 259.0 1101.6

Flowers cut ........ ...... 319.4 360.1 679.5

EXPERIMENT 3.-This constitutes a parallel lot to experiment 2. These
plants likewise were grown during the summer, May 16 to July 28, 1923,
and involved a total of 150 specimens. Those of the nitrogen high group
were raised in ordinary rich potting soil, instead of sand cultures, for the
purpose of testing any possible edaphic effects on the behavior of the plants.
In addition they received 500 cc. of the nitrogen-containing nutrient solu-
tion at intervals of five to ten days. Naturally the nitrogen low plants had
to be grown as usual in sand cultures. The seedlings of this lot were some-
what low in vitality at the time of transplanting, and therefore a large num-
ber of plants in the minus nitrogen cultures were not able to set even a
single fruit. To obviate this difficulty a small amount of the nitrogen-
containing nutrient solution had to be added to pots containing these plants,
which naturally brought them to fruiting, a prerequisite for these experi-
ments.

In general the growth responses were identical with those of other series,
hence a detailed description is unnecessary. The results emphasized the
fact that the sand cultures permitted fully as good a growth and reproduc-
tion in the tomato as an ordinary soil medium, within the confines of a ten
inch pot. Fruits were cut from the requisite number of plants on July 5,
and all were removed for preservation and chemical analysis on July 28.

Differences in growth of normal and defruited plants are given in table
IV and fig. 6. Individuals much smaller in size, when deprived of all fruit,
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soon overtook and grew to a greater height than those left undisturbed in
the pats. This, of course, is identical with previous results. An examina-
tion of the data and graphs will show that, in the case of experiments 2
and 3, both nitrogen high and nitrogen low groups, which were selected as
the smallest in the lot, after defruiting caught up with the check groups
in 12 and 8 days respectively. This is an excellent agreement between the
two series.
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PLANT-S H/Gbb, /A/ N/7WC6EA

-/0o
kt/00-00

-so k.

qi

-50 ;
Ort

-90s

PLANT-S LOsW //V IVi-,qOGEN

-,
--_-- Noroal

-30 ul/sy
A1. 21 Re

FIG. 6. Differences in growth of normal and defruited plants. Experiment 3.
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TABLE IV
EFFECTS OF FRUIT ON GROWTH. MEASUREMENTS OF HEIGHT OF PLANTS, IN CENTIMETERS

JULY
DATE 6 14 21 28

PLANTS LOW IN NITROGEN
Normal (check) 36.3 36.4 36.4 36.5

Fruit cut, 7/5 .. 35.0 36.2 39.8 44.2

PLANTS HIGH IN NITROGEN
Normal (check).87.5 93.7 97.6 101.4

Fruit cut, 7/5............I. 77.1 89.1

Chemical analyses of fruit, stems and leaves of the two types of plants
were made at the time of defruiting and again at the end of the experiment,
July 28. Percentages of the various carbohydrate and nitrogen constituents
in terms of dry weight will be found in tables V and VI.

It is noteworthy that defruiting effected a conspicuous increase in prac-
tically all of the nitrogenous constituents in the upper part of the stem, but
in plants relatively high in nitrogen, in the lower part also. In leaves,
however, this increase is quite insignificant. No nitrates to speak of were
found in any of the groups. Apparently the supply or the absorption was
relatively low, hence nitrates accumulated in neither the stem nor leaves.
The proportionally high percentage of nitrogen, particularly of the soluble
fraction, is conspicuous in the fruit. But it should be emphasized here
that this organ shows also a very high carbohydrate content, largely in the
form of reducing sugars and starch.* As one would expect, the removal
of fruit resulted in a rapid decrease in almost all forms of carbohydrates,
excepting some of the polysaccharides, in the stem of nitrogen low plants.
The carbohydrate content of leaves is naturally very variable. Micro-
chemical tests corroborated these results quite clearly, though the amount of
reducing sugars appeared to vary within certain limits.

The close agreement between growth response, both vegetative and
reproductive, points unmistakably to nitrogen deficiency in the check plants
and to a relative abundance of nitrogen in those that were defruited. The
external appearance of fruiting plants during the late stages of growth was
typically the same as of nitrogen starved plants described and pictured by
KRAUS and KRAYBILL (45, series 0 and others) and by WORK (78, experi-
ment VI, L), the particular difference being, however, that in the present

* The data on fruit analysis, though based on a mixed material, agree very closely
with those of SANDO (69).
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PLANT PHYSIOLOGY

experiments such a condition 'was induced solely by the presence of a rela-
tively large crop of fruits under two widely different planes of nutrient
supply. It is evident therefore that a condition of nitrogen starvation with
all its attendant manifestations can be brought about in vegetative parts
of the tomato by the correlative effects of the fruit, and quite independently
of the external supply of nitrogenous nutrients. This fact constitutes a
very important point in studies of nutrition of higher plants.

EXPERIMENT 4.-This constitutes the largest experiment, involving a
total of 480 specimens. The seedlings were transplanted to sand cultures
on October 22-23, 1923, and grown till February 4, 1924. Some of the
plants were used for experiments as detailed under B to E. All of the
groups received the usual treatment, and responded similarly to those of
previous cultures.

A. CHEMICAL ANALYSES.

Most of the material in group A was employed for chemical analysis,
the latter involving both fresh and preserved tissues. Cutting of fruits was
performed on January 8, when retardation in the vegetative development
was very distinct. The response was definite and clear cut. Some of the
plants were removed for analysis on January 29 and the remainder on
February 4. (See table VII and fig. 7.)

TABLE VII
EFFECTS OF FRUIT ON GROWTH. MEASUREMENT OF HEIGHT OF PLAN\TS, IN CENTIMETERS

DEC JAN. FEB.
DATE 28 4 11 18 25 1

PLANTS LOW IN NITROGEN

Normal (check).48.0 50.3 51.7 51.9 5........;2.8

Fruit cut, 1/8................ 45.4 47.2 48.2 49.0 .. 54.1.5

PLANTS HIGH IN NITROGEN
Normal (check) ........... 74.0 75.9 77.1 77.9 79.0 80.4

Fruit cut, 1/8 67.9 68.4 69.6 73.1 81.1 94.2

Data in table VII and their graphical representation in fig. 7 show dif-
ferences in growth of normal and defruited plants of this group. The
results, of course, are identical with those preceding. The forepart of
the growth curves of this, as of experiment 3, has been omitted because
of its almost absolute similarity to the fully represented curves of experi-
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ment 2. While the upward slope of the graphs, showing growth of de-
fruited plants, is typical, it could not be carried forward far enough to
make the results more strikingly emphatic, the material having been selected
for chemical analysis. A few plants, however, were allowed to develop far-
ther and checked against experiment 2 (tables VIII and IX and fig. 7).

The results of chemical analysis of this series are found in tables VIII
and IX. In general, the data agree very well with those of the preceding
experiments. Again the removal of fruits caused an increase in the nitrog-
enous constituents and a decrease in carbohydrates in the terminal half of
the stem. The variations in carbohydrates in the nitrogen low plants may
be due to the particularly favorable conditions for photosynthesis during
the time following defruiting. A conspicuous feature is the comparatively
high percentage of nitrates in stems of the nitrogen high plants of both
check and defruited groups, thus pointing to an efficient and ample absorp-
tion of this constituent from the soil, most likely in excess of the current
requirements. That such a situation may exist in many, particularly
solanaceous plants, is shown by ANDERSON'S (3) work on nitrate reduction,

-/00

-90
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60
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FIG. 7. Differences in growth of normal and defruited plants. Experiment 4-A.
Fruit removed at a.
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PLANT PHYSIOLOGY

and emphasized by his conclusions, that the presence of nitrates is due
largely to differences in rate of assimilation (growth) and absorption from
the soil. If the former is slow and the latter rapid, nitrates will accumulate.

It is very interesting that the fruit contained no nitrates. ANDERSON,
also, found that while nitrates were present in the stems of many plants
(Physalis Alkekenyii, Solanutm Dulcamara, S. Lycopersicutm, etc.), no trace

of it could be found in the fruit even in early stages of development. Should
this be accounted for on the basis of an exceptionally rapid utilization of
nitrates for the synthesis of organic nitrogenous compounds in the fruit ?
In order to throw some further light on this matter, the nitrogenous com-

pounds were fractioned in analyses of fresh material and hydrogen-ion
determinations were made (4, 27, 38). The stems of nitrogen high plants
were cut into four parts for analysis in order that a more detailed knowl-
edge of the chemical composition near the terminal end might be secured
(tables X and XI).

TABLE X

CHEMICAL COMPOSITION OF NITROGEN LOW PLANTS. DRY WEIGHT BASIS

JAN. 29-31
MATERIAL ----

(Fresh tissue) CHECK FRUIT CUT

Fruit Upper stem Lower stem Upper stem Lower stem

Dry matter 9.01 11.17 16.07 10.18 14.66
Total nitrogen 1.42 .62 .39 .65 .48

Insoluble N .92 .33 .235 .375 .30
Soluble N .50 .29 .155 .275 .18

Protein N .. .195 .155 .095 .20 .095
Amino (aliphatic) N .16 .03 .006 .05 .07

As one would expect, the results show a very high nitrogenous content
of the fruit, particularly of the soluble and amino acid fractions, and a

greater acidity (PH). There is a steep gradient of proteins, amino acids,
and hydrogen-ion content in the stems. Coincident with the removal of
fruit, a marked increase in proteins and amino acids was noted only in the
very tip of the stem, while the hydrogen-ion gradient seems to be entirely
upset. The data indicate a correlation between the absence of nitrates and
a high amino acid and soluble nitrogen content in the fruit. This tends to

support the view that probably relatively large amounts of nitrates are

rapidly utilized for synthesis in tissues associated with reproduction.
Numerous microchemical tests for nitrates and proteins corroborate these
results.
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PLANT PHYSIOLOGY

B. RELATION TO DURATION OF LIGHT.

The effects of the relative length of day on growth and reproduction was
first clearly demonstrated by GARNER and ALLARD (23, 24, 25). Since
then, other workers have emphasized its importance (57, 1, 2). Hence it
was thought of interest to learn to what extent, if any, a drastic reduction
of the length of daily exposure to light would influence the effects of cor-
relation between fruit and vegetative growth.
A number of average nitrogen high and nitrogen low plants of experi-

ment 4 were selected for this study. The nitrogen low plants, however,
appeared to be too advanced, and therefore had to be discarded. On Janu-
ary 4 the nitrogen high lot was separated into two groups, one being exposed
to the normal length of day, the other being kept in a ventilated dark room
at approximately constant temperature, excepting that for 2-3 hours (11 to
2 o'clock) each day, they were rolled into the greenhouse on a wheeled table
and kept next to the first lot of plants. Immediately preceding the shorten-
ing of the day, fruits were removed from one half of the total number of
plants in each group. The experiment was continued for 21 days. All
of these cultures received the usual applications of nutrient solutions and
were watered regularly.

The outcome was rather interesting. Plants of the short day group
showed soft succulent tips, yellowish green leaves, smaller flowers, and softer
stems. They responded, however, most effectively to defruiting and in a
very similar manner to that of the normal long day plants. Checks in both
groups behaved as always, fruit reducing growth and inhibiting flowering.
That the mechanism of correlation between vegetative and reproductive
functions, whatever it mav be, was not materially altered by a drastic
shortening of the daily exposure to light is clearly evident from table XII
and fig. 8, which may possibly indicate its fundamental nature. The records
show a prompt response of both short and long day plants to the treatment.

TABLE XII
EFFECTS OF SHORT AND LONG DAYS ON GROWTH OF NORMAAL AND DEFRUITED NITROGEN HIGH

PLANTS. MEASUREMENT OF HEIGHT OF PLANTS, IN CENTIMETERS

DEC. JAN.
DATE 21 28 4 11 25

LONG DAY
Normal (check)....... 98.8 105.1 108.4 109.5 111.4

Fruit cut .85.2 87.6 88.6 95.1 112.0Futc t 8 .28 .68 .6 . . 9. .1 . 1*2.0

SHORT DAY

Normal (check). 85.4 86.6 90.0 93.0 94.4

Fruit cut ......... 78.5 80.1 83.0 90.6 104.9
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o 28 1/ 25

FIG. 8. Differences in growth of normal and defruited long and short day plants.
Experiment 4-B. Fruit removed at a.

Because of lack of material no quantitative chemical analyses could be
made. However, rather careful microchemical tests for reducing sugars,

starch, nitrates and proteins, were made of various parts of every type of
plant in this experiment.

As a rule, a remarkable stability in approximate amounts of all the sub-
stances tested for was exhibited by fruit. This was consistently true of
normal plants in both short and long day groups. Such a situation, to be
sure, was not presented by the stem. The usual fairly steep descending
gradient of carbohydrates, starch, and reducing sugars and the slight ascend-
ing gradient of nitrates were almost completely upset in the stems of short
day plants. A distinct reduction in starch and sugars was observed, par-

ticularly in the lower half of the stems. This was especially true in speci-
mens that were carrying fruit. At the same time a slight increase in the
relative amount of nitrates had taken place. Apparently the developing
fruit on the normal, and vegetative growth on defruited short day plants
was leading to a rapid exhaustion of the stored carbohydrates, the current
synthesis being entirely inadequate. Such an adjustment by the plant could
at least be but temporary. This continuing for any length of time would
naturally lead either to an absolute or to a relative carbohydrate deficit,
which would then operate as an immediate limiting factor in growth.

C. RELATION TO TEMPERATURE AND INTENSITY OF LIGHT

In his classical researches on the influence of environmental factors on

vegetative and reproductive functions in plants KLEBS (42, 43), among
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other things, points to a relation between light intensity and temperature
and the character of development. Working with Simpervivum Funkii and
S. albidum, he found that when light is intense temperature may be high
without ill effects on flower formation. A diminished light supply with a
relatively high temperature will, however, inhibit blossoming. Thus within
reasonable limits, not the absolute intensity of light nor degree of tempera-
ture is of consequence, but a relation between the two factors. In Simper-
vivum at least, flower formation will not be inhibited when light is reduced
even to total darkness, if the temperature remains sufficiently low. Light
and temperature, according to KLEBS, are not, however, the immediate cause
of such results. These important external factors affect the plant through
their influence on the internal carbohydrate complex, leading to alterations
of the carbohydrate-nutrient salt relations. This brings us to the more defi-
nite carbohydrate-nitrogen relation view, advanced by KRAUS and KRAYBILL
(45, 44). A discussion of this particular phase, however, will be deferred
till later.

More recently JOHNSON (39) points to very similar reciprocal relations
between light and temperature. Using buckwheat plants as indicators of
seasonal variations of climatic conditions in a greenhouse, he found that the
retarding effects on growth by radiation may be overcome by increased
temperature.

With the object in mind of testing the influence of a low intensity of
light and a comparatively high temperature on the development of the
tomato, a number of the nitrogen high plants were transferred to a green-
house where such conditions were obtained. In this particular situation
the direct rays of the sun but seldom reached the cultures, and in general
the amount of available light was always of low intensity. The temperature
was about 25° F. higher than in the greenhouse where a parallel group (A)
of experiment 4 was growing. Otherwise the plants were treated identi-
cally with those of group A.

The behavior of the two lots (A and C) is compared and expressed in
terms of linear growth of the stems in table XIII and fig. 9.

Though the differences in height are very conspicuous, it is doubtful
whether a comparison in dry weight or even volume would give the same
results. Dut to the very meager light supply and the high temperature,
plants in group C exhibited the commonly observed spindling growth, with
long internodes and small somewhat yellowish leaves. It is particularly
worth noting that most of the flower buds and many flowers, though pol-
linated daily, aborted on these plants. Consequently there were compara-
tively few fruits present, a fact which may account, at least in part, for the
more rapid elongation of the stems. The abscission of flower buds and
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TABLE XIII
COMPARISON OF EFFECTS OF LOW AND HIGH INTENSITIES OF LIGHT AND RELATIVELY HIGH

AND LOW TEMPERATURES ON GROWTH OF NITROGEN HIGH PLANTS.
MEASUREMENT OF HEIGHT OF PLANTS, IN CENTIMETERS

Nov. DEC.
DATE 16 23 30 7 14 21 28

Experiment 4-C
(Temp.-high. Light-low).... 52.1 67.0 87.9 108.1 119.1 131.9 137.0

Experiment 4-A
(Temp.-low. Light-high).... 40.7 47.5 58.2 68.3 73.2 76.1 77.5

apparent sterility must be accounted for on some other basis, for the usual
nitrogen high plants, when maturing but a few fruits, behave in just the
opposite manner. Most likely the quite prolonged exposure to diminished
light resulted in a carbohydrate shortage, the largest part of the available
supply being appropriated by the fruits. Under such circumstances natu-
rally the carbohydrates would act as limiting factors in the normal develop-
ment and functioning of the reproductive organs. A conception of this
nature would be more or less in accord not only with the theories of KLEBS
but also with the more specific conception of the carbohydrate-nitrogen
relations of KRAUS and KRAYBILL (45).

/40.

-/20

-/Oo

-80

-60 I
,'

-40 ~

tDov
523 .wo

D'ec.
7 /4 2/ Zs28...

FIG. 9. Differences in growth of nitrogen-high plants induced by relatively low and
high temperatures and light intensities. Experiment 4-A, temp. low,

light high; experiment 4-C, temp. high, light low.
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The evidence from this experiment shows very clearly that in all studies
of nutrition, growth, and development, a careful account must be taken of
both the qualitative and the quantitative effects of environmental factors
on the internal physiological complex of the plant. Though fairly well
appreciated, this fact is often lost sight of and appears to require periodic
reemphasis.

D. LOCALIZATION OF THE EFFECTS OF CORRELATION
An attempt was made to localize the effects of correlation. A small

group of nitrogen high plants were carefully trained to a two-stemmed type
of growth. When a large number of fruits had set on both arms, one of
them was defruited. The stem from which fruit had been removed began
to grow more vigorously and developed new clusters of flowers, which set
fruit in due time, while the opposite normal branch of the stem was markedly
reduced in vegetation and its buds and flowers dropped off. In this regard
the two sides of the plant behaved like individual plants. It should be
added that probably more conspicuous differences would have been obtained
had the plants not become infected with mosaic toward the end of the ex-
periment (fig. 10, and table XIV).

TABLE XIV
LOCALIZED EFFECTS OF FRUIT ON GROWTH OF TWVO-STEMMED PLANTS.

MEASUREMENTS OF HEIGHT OF EACH STEM, IN CENTIMIETERS

JAN. FEB.
DATE 15 22 29 5 12 19 26

Normal (check) half.................... 47.0 58.0 68.0 76.5 80.5 82.0 84.0

Defruited half ................. ....... 34.5 48.5 61.5 74.0 84.5 87.0 90.0

E. COMPLETE EXHAUSTION OF PLANTS BY FRUIT

Plants very low in reserve nitrogen at the time of transplanting, when
grown in sand cultures without the supply of nitrogen, frequently become
completely exhausted during the process of maturing of fruits. Under
extremely favorable conditions, even a single small fruit may accomplish
this. A number of such plants were selected from the general lot of nitro-
gen low plants of experiment 4 for further study. They were grown for
a period of ten weeks, during the last six of which no vegetative growth
could be observed; instead, a gradual exhaustion of all parts, excepting the
fruit, had set in until the plants had lost all their leaves. Finally the stem,
too, became exhausted, collapsed, and dried up. Dying of the stem began
quite consistently with the part immediately above the ground and pro-
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FIG. 10. Differences in growth of the two halves of the same nitrogen-high plant.
Experiment 4-D, fruit removed at a.

ceeded gradually toward the region of the fruit. Although mature, the
latter remained green and succulent till the end, evidently containing prac-

tically all the available food supply. A condition of this kind reminds one

of a similar exhaustion of many plants of the Gramineae and other families
during the time of maturing of fruits.
A "post mortem" microchemical analysis showed no nitrates anywhere.

There was plenty of starch in the fruit, but none or only occasionally gran-

ules in the stems. Reducing sugars were found in abundance in the fruit
and to some extent in the stem also. Evidently the latter collapsed before a

complete emptying of all reserve carbohydrates had taken place. Much
protein was observed in the seeds and in tissues immediately adjoining them.
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A number of such completely exhausted plants, without leaves, with
dried up stems, but still firm fruits, were analyzed (table XV).

Differences in composition between the fruit and stems are here really re-

markable, showing the extent to which the former may drain and exhaust
the vegetative parts of the tomato. Thus the soluble fraction especially may
be six or seven times as high, and the sugars twenty or more times higher
in the fruit than in the stem.

EXPERIMENT 5.-This experiment was conducted for the particular purpose

of obtaining material for a chemical analysis of fresh tissues parallel to those

TABLE XV
CHEMICAL COMPOSITION OF COMPLETELY EXHAUSTED NITROGEN LOW PLANTS.

DRY WEIGHT BASIS

MATERIAL
(Dried at 650 C.)

Total nitrogen .......................................................................
Insoluble nitrogen .........................................................
Soluble nitrogen ...........................................................

Nitrate nitrogen ..................................................................
Total carbohydrate ..........................................................

Total polysaccharides ................................................
Starch ..............................................................................
Hemicellulose ...............................................................

Total soluble carbohydrates .......................:
Dextrin and soluble starch ....................................
Total sugars .....................................................................
Reducing sugars ......................................................
Sucrose ..............................................................................

FRUIT (RIPE)

2.63
1.45
1.18
.000

37.41
7.66
1.08
6.58

29.75
4.95

24.80
23.45
1.35

STEMS

.48

.31

.17

.000
17.31
14.49

.66
13.83
2.82
1.52
1.30
1.29
.01

TABLE XVI
CHEMICAL COMPOSITION OF NITROGEN LOW PLANTS. DRY WEIGHT BASIS

JULY 29-31
JULY 14 _

MATERIAL CHECK FRUIT CUT
(Fresh tissue)

Upper Lower Upper Lower Upper Lower
Fruit stem stem Fruit stem stem stem stem

Dry matter 7.67 17.07 22.05 6.96 16.02 21.12 18.25 21.76
Total nitrogen 1.54 .44 .42 1.31 .42 .40 .55 .44

Insoluble N ... .83 .26 .25 .65 .285 .28 .35 .29
Soluble N .71 .18 .17 .66 .135 .12 .20 .15

Protein N ........... .22 .11 .09 .29 .07 .05 .09 .05
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PLANT PHYSIOLOGY

preceding but based largely on dried material. On June 3-4, 240 seedlings
were transferred to sand cultures and as usual grown in two groups, nitro-
gen high and low plants. Both lots developed satisfactorily. On July 14
and 16 fruits were cut from the required numbers in each group, on which
days representative material was also collected for chemical analysis of fresh
tissues. The final analysis was made on July 29 and 31 of both treated and
normal plants (tables XVI and XVII).

Although this particular experiment was run during midsummer, when
the environmental conditions are naturally different than in winter, the
chemical data agree remarkably well. Moreover, the percentage composi-
tion of all nitrogenous compounds, particularly the soluble ones, is com-
paratively high in the fruit. But as a result of defruiting a striking in-
crease in the various nitrogenous constituents had taken place in the
terminal portion of the stem. These figures agree so closely with those of
the preceding experiments, that further discussion is unnecessary.

At this stage of the studies it was thought of interest to determine
separately the approximate composition of very young fruits and of seeds
and pulp (carpellary wall, fleshy portion of outer integument and placenta)
of fully grown ones. Material for this purpose was secured on July 24,
when a large number of small fruits, 0.5-2 cm. in diameter, could be gath-
ered. The seed was separated carefully from the pulp of mature fruit,
though some of it perforce adhered to the former. Table XVIII contains
the data.

TABLE XVIII
CHEMICAL COMPOSITION OF YOUNG FRUITS, AND SEEDS AND FRUIT PULP OF RIPE AND NEARLY

RIPE FRUITS. NITROGEN HIGH PLANTS. DRY WEIGHT BASIS

MATURE FRUIT

MATERIAL
YOUNG FRUIT Seeds(Freshtissue) ~~~(Including part Pulp

of placenta)

Dry matter.6.89 8.88 6.50
Total nitrogen.2.19 3.13 1.81

Insoluble N.1.17 1.71 .525
Soluble N.1.02 1.42 1.285

Protein N..19 .32 .26
Nitrate N..019 .028 .026

When the chemical composition of young fruits is compared with that
of the more mature ones (tables XVI and XVII), it will be noted that the
differences are not so conspicuous as one would expect. This may probably
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be due to the much higher nitrogenous composition of the pulp in the young
specimens. This interpretation is supported by the figures in the two- ad-
joining columns, which show the distribution of the insoluble and soluble
nitrogenous fractions in seeds and pulp of more or less fully developed fruit.
The seeds seem to contain a much higher percentage of insoluble and total
nitrogen.
A table was also prepared to illustrate the approximate calculated dis-

tribution of total nitrogen in the nitrogen low plants. The data are self-
explanatory (table XIX).

TABLE XIX
APPROXIMATE CALCULATED DISTRIBUTION OF SOME N SUBSTANCES IN NITROGEN LOW

PLANTS. JULY 29, 1924. DRY WEIGHT BASIS, PER PLANT

MATERIAL CHECK FRUIT CUT

(Fresh tissue) Fruit Leaves Stem Roots Leaves Stem Roots

Total w e i g h t
(fresh), gmi 50.9 12.4 17.4 9.4 16.7 21.2 12.2

Total weight
(dry), gmi 3.54 2.29 3.23 1.7 3.34 4.24 1.8

Total nitrogen,
gm. .0465 .0275 .0132 .0070 .0401 .0212 .0090

Percentage dis-
tribution of
total N. 46.60 29.19 14.00 7.21 57.01 30.14 12.85

Careful records on rate of growth and the total yield of various parts
of nitrogen low tomato plants were secured, in order that they might be
compared with the chemical data. These are summarized in tables XX and
XXI and in fig. 11.

TABLE XX
EFFECTS OF FRUIT ON GROWTH. MEASUREMENTS OF HEIGHT OF PLANTS IN CENTIMETERS

JULY
DATE 1 8 14 21 28 31

PLANTS LOW IN NITROGEN
Normal (check) ...... .. 52.1 52.5 52.5 52.5 52.5

Fruit cut, 7/14.53.5 53.9 53.9 54.3 56.2

PLANTS HIGH IN NITROGEN
Normal (check) . 69.5 75.6 76.8 77.9 79.3 79.8

Fruit cut, 7/16.. 68.1 73.1 74.6 76.6 84.2 90.1
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removed at a.
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TABLE XXI
TOTAL FRESH WEIGHT OF VARIOUS PARTS OF NITROGEN LOW PLANTS. JULY 29.

AVERAGES, IN GRAMS PER PLANT

Fruit Stems Leaves Roots

Normal (cheek) ......................... 50.9 17.5 12.4 9.4

Fruit cut, 7/14 ............ ...... 21.2 16.7 12.2

EXPERIMENT 6.-The object of this experiment was to obtain as vigorous
plants as possible, in order to learn whether by this means the effects of
correlation could be disarranged or even overcome. Hence at the time when
the sand cultures of experiment 5 were started a number of the seedlings
were set into a deep greenhouse bed in a very rich garden compost, to which
was added from time to time a liberal supply of manure and bone meal.

Growth of these plants was extremely luxurious from the start and
remained so for a long time. All of the spurs carried large clusters of blos-
soms. The usual daily pollination was practiced, resulting in practically
every flower developing into a fruit. On July 25, when an average of
twenty-five fruits per plant was counted, one half of the group received the
usual defruiting. It should be noted that at this time but a slight retarda-
tion in vegetative development of the plant could be observed. The supply
of all the necessary nutrients appeared to be sufficient for both very vigor-
ous growth and the development of a large crop of fruits. On August 8,
twenty-three days later, a different picture presented itself, however. Plants
from which fruit had been cut showed an extraordinary terminal and axil-
lary growth. The newly developing stem was several times the diameter
of the check plants, the leaves were conspicuously larger and greener, and
exceptionally vigorous flower clusters had formed. The development con-
tinued in the same direction for another month. On September 10 all check
plants, which now carried an average of thirty fruits, exhibited the unmis-
takable signs of marked retardation in vegetation. The terminal end of
the stem became reduced in diameter and carried small rather pale green
leaves. The more recent blossoms could not be fertilized, and the compara-
tively small flower buds turned yellow and abscissed. The striking retard-
ing effects of the fruit were now certain (plate VII).

It is of especial interest that in these particular plants as many as thirty
large fruits were required to bring about the same results that were effected
by one small fruit on plants very low in nitrogen. Certainly the machinery
for absorption of soil nutrients and synthesis of organic substances was
ample, and efficient enough to take care of a great number of fruits, but
eventually it, too, was overtaxed by the excessive crop. This is particularly
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interesting in view of the fact that during this period the plants received
several large applications of fertilizers.

That inhibition in vegetative growth could be localized in these highly
vegetative plants also, was demonstrated by the behavior of the terminal
growth of spurs. On many of the specimens the terminal end of the pedun-
cle of practically all flower clusters extended into a vegetative shoot, which
of course developed like any other shoot. But the subtending fruits in-
hibited its normal development in the usual way (plate VI, B). The inter-
esting feature was, however, that this happened comparatively early in the
growth of the plant, at the time when the main stem did not as yet show
the slightest signs of retardation. These cases parallel closely those of ex-

periment 4-D.
To show the general distribution of tissues on normal and defruited

plants at the end of the experiment, the following table is appended (table
XXII).

TOTAL FRESH WVEIGHT

TABLE XXII
OF VARIOUS PARTS OF VERY VEGETATIVE PLANTS. SEPT. 10.
AVERAGES, IN GRAMS PER PLANT

Fruit Stems Leaves Roots

Normal (check) ....4305.0 279.8 907.0 36.5

Fruit cut .................................. 756.5 2386.0 135.2

A few of the plants were run through the usual analysis of fresh tissues.
Though the stems were sectioned in four parts for this purpose, only the
more representative terminal and middle regions were used (table XXIII).

TABLE XXIII
CHEMICAL COMPOSITION OF VERY VEGETATIVE PLANTS.

AUGUST 8, 1924.
DRY WEIGHT BASIS.

CHECK FRUIT CUT

MATERIAL Stem Stem
(Fresh tissue) Fruit

NxNe__

Next - Next
Tip to base Tip to.base

Dry matter ............... 6.09 6.18 7.31 6.86 8.75
Total nitrogen ............ 2.84 2.40 2.48 3.52 2.72

Insoluble N ............... .955 1.995 2.205 1.72 2.215
Soluble N ............... 1.885 .405 .275 1.80 .505

Protein N ............... .421 .29 .20 .39 .19
Nitrate N ........................ .016 1.32 1.76 .85 1.65

44



MURNEEK-CORRELATION

The results show much greater extremes in composition than those ob-
tained from plants in the usual sand cultures. One notes that the per cent.
of total nitrogen in the fruit and the tips of the stems was practically the
same, while in defruited plants it was even much higher in the tip (3.52
per cent.). In the latter instance practically all forms of nitrogen were at
a maximum, excepting nitrates. This may account for the extreme growth
following the cutting of fruit. Much more insoluble and nitrate nitrogen,
but less soluble and protein nitrogen was found in the stems of defruited
plants than in fruits of check plants. Again, the usual steep chemical
gradient in the stem is not very evident. Moreover, the nitrate content was
exceedingly high in the stems (1.76 per cent.), but practically absent (.016
per cent.) in fruit. Thus in this respect, as in all others, the fruit again
exhibited an unusual chemical stability (see also tables XI and XVII).

The approximate total distribution of some of the substances was calcu-
lated for all parts of these plants and expressed in grams per plant (table
XXIV). The relatively high percentage composition in nitrogen of the
fruit even under such extremely vegetative conditions is somewhat surpris-
ing. In comparison to this the total amount of nitrogen found in leaves is
low and in stems and roots almost insignificant. Concurrently with the
setting and maturing of additional fruit there is evident a "seasonal" in-
crease in the total amount of nitrogen in tissues associated with reproduc-
tion and a corresponding decrease in the vegetative parts. In this respect
all of the remaining organs of the plant apparently were profited by the
removal of fruit.

Discussion
In the present investigation a somewhat new departure in physiological

studies of nutrition of higher plants is introduced. The importance and
the role of the fruit in the adjustment of a plant to its environment is
emphasized. In fact, the fruit, because of its physiological significance, is
made the central feature. Judging from the results that have been secured,
this seems to be entirely justified.
A careful scrutiny of the foregoing data will disclose certain pertinent

facts. It appears to be quite clear that in the tomato vegetative growth
is regulated or controlled by the fruit. Under the conditions of the present
experiments, this control seems to be determined by two major factors:
(1) the number of fruits present on the plant and their proximity to the
growing points, and (2) the relative amount of the available nitrogenous
food supply. Under conditions of a short daily exposure to light, or a
continuous exposure to light of low intensity together with a relatively high
temperature, a shortage in carbohydrates may also operate as the immediate
limiting factor. Confronted by such a situation, one is led directly to the
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carbohydrate-nitrogen relation concept as proposed by KRAUs and KRAY-
BILL, the validity of which is indicated by the work of a large number of
investigators, who in one way or another have contributed similar evidence
(22, 8, 53,17, 46, 66, 77, 35, 33, 36, 32).

There appears to be little doubt that large quantities of nitrogenous
nutrients are absolutely necessary for the development of practically all
parts of the tomato. Under the category of vegetative tissues come also
all the major structures of the fruit, for in this respect it in no sense differs
from other rapidly growing organs. If anything, the fruit requires even
much more nitrogen. It is also more than probable that for the initiation
of floral primordia a preponderance of carbohydrates is prerequisite.
Hence a restriction in either the nitrogen nutrients in the soil environment
or the stored nitrogenous constituents within the plant would naturally
tend to retard development. And because of the effects of a striking
physiological control by the fruit, this retardation will be in direct pro-
portion to the amount of fruit present. In extreme cases this will lead to
complete cessation of growth as illustrated by all of the nitrogen low plants.
Conversely a similar dearth in carbohydrates would inhibit flower forma-
tion. This conception is more or less in accord with the results obtained
by other workers (45, 33, 36).

Tomato plants comparatively low in nitrogen were promptly inhibited
in vegetative development by the presence of even a single small fruit.
When this was removed, the plant would grow normally, would flower and
set fruit once more. Deflorated plants behaved in a similar manner.
Those with an abundant supply of nitrogen exhibited even more striking
results. In this case, however, the presence of a much larger number,
even as many as thirty fruits, were required. Moreover, it is possible to
imagine a condition where the supply of nitrogen is extremely large, and
carbohydrate synthesis unchecked, which would call for the development
of still larger numbers of fruit before a complete restriction in growth
would take place. It is apparent, therefore, that in these experiments the
behavior of normal fruiting plants has been tested to the limits of one ex-
treme only, the lowest plane of nutrition. The precise boundary line of
the other is yet to be established, though it may have been approached
quite closely.

Certain detailed features of the effect of correlation between fruit and
development may be of interest. When under the respective conditions of
nutrition the maximum number of fruits had set, no additional flowers
could be fertilized, though careful daily pollination was practiced. This
was commonly followed, in the respective order, by a decrease in size of
the flower clusters, the yellowing and abscission of the immature flower
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buds, and finally by a complete cessation of further growth and even a com-
plete drying up of the terminal end of the stem. All of these signs are
very suggestive of a condition of nitrogen starvation of increasing intensity
(45, 78). Yet in many of the series under consideration the plants were
provided with sufficient and even excessive amounts of soil nutrients, as
was testified by the extremely rapid recovery and growth of all defruited
plants.

The tomato plant apparently does not store any large quantities of
nitrogen. Hence with ample pollination a maximum crop under the par-
ticular conditions of nutrition is soon attained. The capacity of the plant
for absorption and utilization of the nitrogenous constituents seems then
to have been reached. Thus a close and delicate balance between absorp-
tion and assimilation is probably established. But here is the most inter-
esting feature. The tomato fruit in some way is able to monopolize prac-
tically all of the incoming or elaborated nitrogen, thus causing an evident
shortage in the strictly vegetative parts of the plant.

An analysis of the chemical data leads to the same conclusions. Coinci-
dent with their development, increasing quantities of nitrogen are absorbed
and incorporated into the fruit. This statement is supported by several
facts. Either no nitrates, or extremely small quantities, were found in
the fruit, while at the same time comparatively large amounts of amino
acids, soluble and total nitrogen were present (19). The fruit showed a
very surprising stability in chemical composition even under extreme con-
ditions of nutrition (10). When the intake of nitrates is limited, there
is naturally none present anywhere in the plant. But when ample sup-
plies are available, nitrates may be found in abundance in strictly vegeta-
tive organs, but not in fruits (64). Plants extremely low in nitrogen may
become completely exhausted (experiment 4-E) as a result of the develop-
ing of one or two fruits, practically all of the food supplies being moved
and incorporated into the fruit. It is but natural to suspect that under dif-
ferent environmental conditions carbohydrates may also be monopolized
by the fruit and their shortage then operates as a limiting factor, with
somewhat similar results on vegetation. This, however, has not been defi-
nitely established in the present investigation. In every case the fruit
contained a much higher percentage of all forms of stored carbohydrates
than the stems and roots, but particularly more reducing sugars and starch.

That a very similar situation is exhibited by maize and many other
plants may be gleaned from the results of several workers. By extensive
chemical investigations HORNBERGER (37) was able to prove that the high-
est absolute amount of non-protein nitrogen is found in maize at the end
of fertilization. From then on the path of this form of nitrogen is to the
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seeds, where it is changed into protein. This process may go on even when
there is a cessation of intake of nitrogen from the soil, thus leading to a
reduction of nitrogen in all parts of the plant and an increase in the
seeds (fruit). Other investigators (76, 40, 18, 47) have shown that at
various stages of development the grain of corn and fruits of other plants
may contain 50-70 per cent. of the total available nitrogen. Coincident
with this concentration in the fruit a conspicuous decrease was found to
have taken place in the vegetative parts of these plants. None of these
investigators, however, point to the effects of correlation between the de-
veloping fruits and vegetative growth.

The question naturally arises as to the mechanism in operation. Coming
as it does much later in the sequence of development of the tomato plant,
how is the fruit able to establish and exert its dominating influence? Have
we here instances of simple physiological mass relations quite similar to
that exhibited by Bryophyllum (LOEB 50, 51, 52) ? If so, how is this
initiated? It is probable that sexual reproduction or gametic union creates
a really extraordinary rejuvenescence in tissues closely allied to the develop-
ing embryos, thus leading to the establishment of a metabolic gradient
similar to that suggested by CHILD (14, 15). Still this does not answer
the more fundamental question as to how the fruit is able to monopolize
practically all of the incoming or synthesized nitrogenous food supply.

Another possibility suggests itself. It is conceivable that plants may
have a controlling glandular organization or a system of secretions similar
to that existing in animals (72, 30, 67). If such an organization of secre-
tions or hormones were to come into play at certain stages of development
of particular organs, one would more or less be able to account for the con-
trol by and diversion to the fruit of certain food constituents. That plants
may secrete hormones has been suggested by several botanists, particularly
ERRERA (20) and HABERLANDT (28). Evidently the basic part of the
problem may be accounted for by two possibilities: (1) Either it is a case
of localized nutrition brought about by gametic union and the consequent
rejuvenescence and initiation of a metabolic gradient, or (2) it may be that
we have to deal here with a hormonic control of the physiological substrate,
the indispensable chemical, possibly nitrogenous, constituents of the plant.
In both instances we enter upon almost completely unexplored domains of
plant physiology.

Summary
1. Tomato plants were grown in sand and soil cultures under several

planes of nutrition as regards nitrogen supply. In every case a maximum
crop of fruits had a strikingly retarding effect on vegetative growth and
development. The presence of flowers probably had no influence on growth.
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2. This inhibition proceeded in approximately the following order:
(1) Destruction of fecundity of the blossoms, (2) decrease in size of floral
clusters, (3) yellowing and abscission of flower buds, (4) reduction and
cessation of terminal growth of the stem, and (5) complete exhaustion and
eventual death of all parts of the plant, excepting the fruit. These signs
are typical of a condition of nitrogen starvation of increasing severity.

3. The rate of growth of the tomato, as measured by increments of
height, declines at the exact time and in inverse proportion to the amount
of fruit set and developing.

4. Chemical analyses and microchemical tests point to nitrogen as an
immediate limiting factor effecting these influences of correlation. The
percentage composition of nitrogen in the tomato fruit is always higher
than in any other part of the same plant. The fruit diverts and monopo-
lizes in some manner almost all the available nitrogen, accounting in part
at least for marked carbohydrate accumulation in vegetative structures.

5. Practically no nitrates were found in the fruit, even in extremely
vegetative plants, but comparatively large quantities of insoluble and
soluble nitrogen were always present.

6. Under certain conditions of nitrogen nutrition, nitrates were found
in abundance in the stem and leaves, but none in the fruit.

7. The fruits exhibited higher percentages in all storage forms of car-
bohydrates, but particularly in starch. But as these were also found in
relatively large amounts in other parts, carbohydrates do not seem to have
operated as the limiting factors. Conditions are suggested, however, under
which this may happen. The carbohydrate-nitrogen relation concept would
then come into play.

8. The tomato fruit is conspicuous by its chemical stability under the
tested conditions of environment and planes of nutrition.

9. The effects of correlation between the fruits and the growing points
may be localized to one half or part of a tomato plant.

10. The influence of the fruit is not neutralized by a short daily ex-
posure to light.

11. Removal of fruits leads in every instance to a complete recovery
of the terminal end of the plant and a marked increase in vegetativeness
in all other parts. The rate of elongation of the central axis is then iden-
tical to that of non-fruiting deflorated plants.

12. When these specimens set fruit once more, vegetative development
is retarded again. The rate of growth now runs parallel with any fruit-
ing plant.

13. Stems of defruited plants are very much higher in practically all
forms of nitrogen, but especially in the soluble fraction.
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14. Suggestions are made as to the possible detailed mechanism of this
striking correlation between reproductive and vegetative functions in the
tomato.
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EXPLANATION OF PLATES

PLATE I. Normal fruiting plants. Note the typical retardation in development
of nitrogen-low plants due to the presence of fruit (A). The characteristic effects of
the subsequent behavior of flowers in nitrogen-high plants is shown in B.

PLATE II. Nitrogen-low plants showing the effects of removal of fruit on vegeta-
tive development. Observe extraordinary growth of plant c as compared with others in
the same group (A). Point where fruit was cut at (x). B shows depression in the
rate of growth of the terminal due to the presence of a fruit (b). Compare growth
above line in plants a and b.

PLATE III. Nitrogen-low plants. A illustrates the effect of cutting the fruit at x

on behavior of the terminal, plant a. B shows how the growing point is often de-
stroyed by the subtending fruit, as at x.

PLATE IV. Nitrogen-high plants. The results of removal of two clusters of fruit
is illustrated in A. Observe the difference in growth above lines in a and b. B shows
striking inhibition of reproductive functions because of the presence of fruit in plant a.
Plant b (B) was made to set fruit normally by removal of the first two clusters of
fruit. Compare development above lines in a and b (B).

PLATE V. A close view of tips of two plants, showing the effects of correlation
on reproductive functions, caused by the absence and presence of fruit on the basal
portion. A, fruit cut. B, fruit present. Note setting of fruit in A, x, and abscission
of flower buds in B, X.

PLATE VI. The effects of continuous removal of flowers on vegetative develop-
ment is shown in plant c, A. Compare growth above the lines. B shows that normal
development of the vegetative extension of the peduncle is inhibited by the subtending
fruit. Observe point of abscission of flower buds at x.

PLATE VII. Highly vegetative plants, showing difference in development of de-
fruited (a), and normal plants (b).
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