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Part T, Physiological Studies on the Pathogenicity of
Fusarium lycopersici Sacc for the Tomato Plant

INTRODUCTION

According to records of the Plant Disease Bureau of
the United States Department of Agriculture, Fusarium wilt
1s distributed widely through the Middle Atlsntic, Gulf and
Mississippli Valley States with scattered areas in other States
from the Atlantic to the Pacific. The wilt of Tomatoes
(Lycopersicum esculentum Mill), caused by Fusarium lycopersici
Sace, 1s prevalent in most of the tomato sections of Marylend,
particularly the Eastern Shore.

Two aspects must be distinguished in investigations of
soil«borne parasites, The first has to do with the inception
of the fungus into the plant and the second deals with its
progress up the stem, They are two distinct phenomona, Many
resistant plants will exhibit symptoms of the fungus in the
stem at or near the root crown yet the fungus does not advance
up the stem and therefore, externally, the crop is normal.
Controlled experimentation should be directed primarily along
four lines: s0il and air temperatures, optium moisture, soil
composition, end varietal responses, These factors are the
determinants of the general distribution and severity of the
disease.

Many of the factors underlying the resistance and sus-
ceptibility of tomato varieties to Fusarium lycopersici have

been widely investigated, These studies, however, have dealt



Principally with ecological factors of temperatures, moisture,
evaporation and hydrogen-ion concentrations. Studies have
been made by investigators of the Fusarium diseases of other
crops which have shed 1light on the responses of the plants to
the fungus under various nutrient treatments. Thev do not
state, however, whether the treatements decreased the original
infection of the plants or reduced the ultimete damage to the
crop yield because of some metabolic change within the plant.
It has been known for some time that deficiencies or excesses
of mineral elements modify the organic composition of plants.

A deficiency of phosphorus, for exsmple, will cause an
increase of soluble forms of nitrogen and also an increase in
the percentage of‘sugars in the plent., A deficlency of nitrogen
will also increase the percentage of soluble carbohydrates in
the.plant. What effect would these metabolic changes have on
the relative susceptibility of the crop to this disease? Will
an excess of these soluble orgenic substances in the conductive
vesséls favor the growth of the fungus in the plant? What in-
fluence would excesses of these essential eleﬁents have on the
severity of the wilt disease?

Tne suthor has made nutritional atudies of the Fusarium
wilt of tometoes with these important questions in mind. The
work was begun in the Fall of 1930 at the Maryland Agricultural
Experiment Statlon., Two generel phases of the nutritional re-
lationships of this disease have been investigated, In the
first phase of the work the effects of varying the amounts of

the different elements on the susceptibility to the wilt disease



were studied for early and late growth stages of the plant,

In‘the second phase of the study, the elements woere
varied, by increments, from total absence up to an excess of
the elements, The scope of the second phase of the work could
not include all of the elements so calcium was chosen because
preliminary work indicated that 1t exerted the greatest influ-
ence on the infection of tomatoes by the wilt fungus,

In sddition, the effects of fertilizer applications on
tomato wilt was investigatedfor greenhouse pot cultures,

During the past year, particular attention has been
given to the toxic action of the fungus within the plant and
to the inhibitory effect of extracts from a resistant variety
to its growth 1in pure cultures.

REVIEW OF LITERATURE.

It 1s the intention in this paper not to present a
conmplete review of the physiological studies that have been
made on disease resistance but rather to refer to only a few of
the outstanding contributions dealing directly with Fusarium in-
vestigations, Jones (36) sounded the keynote for such an in-
véstigation as this when he stated that "In plant pathological
studie8e.s.....,the time hss come when we should put relatively
less stress upon the parasite as an independent organlsm and re-

latively more on the disease." IHe suscested that workers. give
"increased attention to the relation of environment to disease

inception and development?,

Symptomology of Fusarium wilt of tomato - This disease




has been sdequately described in earlier reports by McWhorter
and Parker (48), Clayton (5,6), Norton (50,51), Edgerton (12),
Edgerton and Moreland (13,14,15), Humphrey (31) and others.
Whole fields may become infected or, even more frequently,
spots of infection will occur throughout large plantings of
tomatoes, The loss from this disease ranges from ore to one
hundred per cent and it has been estimated that the average
annual decrease in marketable crop ia 115,000 tons,

It is frequently found on bluff, prairie and sandy soils
where the climate 1s dry and warm, The most prominent symptoms
exhibited by the plants are yellowing, stunting and wilting,
culminating in death, The fungus enters through the robts and
grows up through the woody, conductive tissue of the stems to
the leaves, fruit pedicals, frult and sometimes the seeds. Fu-
sarium lycopersici does not penetrate the root hairs of the
tomato but infection takes place somewhere on the small roots,

The yellowing of the plants begins freguently, although
not always, at the lowsr leaves. The leaves curl upward and in-
ward, Stunting is noticed if infectlon occurs when the plants
are young but wilting is a varlable symptom. The disease may
be apparent as a blight rather than a wilt under unfavorable
environmental conditions or with resistant varieties.

The most important diasgnostic symptom is the brown dis-
coloration in the vascular tissue, making a ring between the
pith and bark. This mey be seen by making cross and longitudi-
nal sectlions of the stem,

Immature frults, one inch in diesmeter, become ysllow and
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then deep red, indicative of ripeness., Their seeds and pulp,
however, fail to develop as normal fruits.

In the field, the death of the host does not usually
occur until the first flowers and fruits are produced but in
greenhouse cultures it sometimes takes place at a much earlier

stage of development,

Description of Fusarium lycopersici Sacc. - Fusarium

lycopersici was first described by Saccardo from Italy in 1882

as a variety of Fusarium oxysporum. It belongs to the sub-
group "Elegans" of the genus "Fusarium", This sub=-group contains
all the Fusarium wilt organisms such as those causing wilt ¢f
cotton, cowpeas, melon, cabbeg: and potatoes,

A grealt desl of difficulty has been experienced by wo rkers
with Fusaria in identifying the organism because of the gradual
growth of a voluminous mass of species, the polymorphism of the
organisms in culture, the range of spore size and the kalejdos-
copic range of colors, The monograph of Appel and Wollenweber (1)
contained reliable criteria for the classification 6f this fﬁngus.
This was followed by the work of Wollenweber, et al, (53,67,68),
Lewis, 1913 (43), Sherbakoff, 1915 (57), Haymaker, 1928 (28),
Leonian, 1929 (41), Coons and Strong, 1931 (7) and others., All
of these reports have led to a clarification in terms, standardi-
zation of media and a closer definition of the physiologic strains
within the specles.

Edgerton (12) describes the fungus as follows:

"Pusarium lycopersicil produces two types of conidis, the

small, singlecelled, hyaline microspores and the larger falcate,



hyaline, septate macrospores. In the macrospores there are
usually three septae, though any number from one to five are
not uncommon,

"The fungus grows well on almost all of the common
culture media, producing spores in abundance in pure culture,
There 1is some variation in different strains of the fungus on
culture media., Some of the cultures make an almost flat growth,
while others are covered with a rather heavy.floccose growth of
aerial mycellium., On some culture media some strains produce &
rather deep pink or purple color, while other sﬁrains are colored
only slightly. These varying strains are all able to infect
young tomato plants, producing the typical wilt disease, although
some are more pathogenic than others,

"pusarium lycopersici grows best on a medium testing not
higher than # 15 of Fuller's scale, It will grow on a medium
tesﬁihg slightly above ¥ 30 but the growth is considerably re-
tearded even at ¥ 20, Growth does not seem to be retarded in =
medium testing slightly alkaline",

Cause of wilting and death of host =- The two theories

that have been presented in the literature awe (1) the clogging

of the xylem tissues of the stem and limiting the passage of water
and, (2) the production of & toxic substance in infected plants,
This substance might be a specific secretion of the fungus itself
or produced as a result of the interation of the host and parsasite,
If the former theory 1s the correct one, it should be possible

to reproduce the symptoms artificially by cutting away the xylem

tissues on one side of the stem of a healthy plant. It has been



proved, however, that no wilting occurs if the xylem tissues
are cut eway, since there is sufficient lateral diffusion of
water, %0 keep the plant turgid. (Clayton, 5) It is diffi-
cult, even, to find mycellium in some of the discolored vascu~
lar tissues even when some virulent spores might be present,
Tomato wilt is also different from mechanical wilting In that
there may be a complete killing of vascular tissues and yet
new shoots may regenerate just above a wilting branch.

It appears that the injuries produced seem more com=-
parable to the injection of toxic substances, Evidence present-
ed in the literature by investigators of Fusarium diseases
support this theory, Brandes (4) in observations of the Fusarium
wilt of bananas, Haskell (27) studying the PFusarium wilt of
potatoes and Goass (22) working with potato wilt and poteto stem-
end rot, conclude that death in these diseases is due to a toxic
substance produced by the fungus. Brandes was one of the first
to express the toxic theory of wilting., White (66) is one of
the tomato wil%- investigators who believes thaet the wilting
is due to toxins. Haymeker (28) came to this éame conclusion.
‘Evidence‘presented by Bisby (2,3) suggests that the toxic sub-
stance produced is not specifically active in certain gants.
Ludtke and Achmed (45) believe that the wilting caused by para-
gitic fungl is attributed to one or several substances of amine
nature, Filtrates contain organgcally bound nitrogen. Synthetic
amines caused similar wilting. They were not sure whether the

amines present were the cause or effect of wilting, however,
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The lateral diffusion of a toxic substance in tobacco was
found by Gray (23) to be very slight and affected only the
leaves directly #n its path.

The conclusions reached by Clayton (5) indicate that
this toxic substance exerts an influence on the permeability
of the cell membranes, If the permeability were increased the
loss of water from the cells would be facilitated. Similarly,
if permeabillty of the cells were decreased, the movement of
the water would be resarded. The cells, therefore, which are
farthest from the veins might dry up, while those next to the
veins remain turgid. ©No datea has been found concerning the
di fference in transpiration per unit weight between healthy and
diseased plants, The author has made the observation, however,
that just before the wilting of infected plants transpiration
1s slightly increased but this is invariably followed by a
merked decrease therein, after external symptoms are apparent.

Control of Tomato wilt -~ The following general methods

of control have been suggested by investigators with this dis-
ease: selection of high grade seed from uninfected fields; new
plant beds every year; burhing of diseased plants; crop rota-
tion practice or planting on virgin soil; use of wilt resistant
varieties; and fertilization to ¢Obtain appropriate alkalinity of
the soil. Spraying is impractical because the internal Infection
occurs beneath the surface of the soil.

Many investlgators have developed resistant strains of

tomatoes. Foremost smong these must be mentioned Pritchard (52).
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The diseese can be carried over in the seed but most commoﬁly
it occurs through infected seedlings, Rotation of crops re-
duces infection but it never entirely eradicates it since
the fungus 1s viable for long periods iﬁ the soil (10 years),
Over a perlod of many yeers Pritchard selected four reaistant
varieties - Greater Baltimore, Stone, Marvel (Merveille des
Marchis) and Norton. Characterized by their work on this
phase of the problem also are Edgerton (9,10,11), Edgerton and
Moreland (13,14,15), Elliott and Crawford (16), Essary (17)
and May (46). From the standpoint of resistance to Fusarium
wilt, the Marglove and Invincilble were superior to the Stone
variety in tests made by McWhorter and Parker (48) in Virginia.
However, resistance at best is but relative, for White (66), work-
ing in Kansas, reports heavy infection on two strains of
Bonnie Best which had been selected for resistance in Ohio,
This apparent "loss" of resiétance may be caused by environment-
al changes, which affect either the host or the pathogene or
both, introducing factors modifylng the cheracter of resistance,
or by the presence of distinct phystological races of the
pathogene in different localities. McClintock (47) has also
mede this same observation.

Edgerton (9,10,11,12) reported that an application of
lime at the raté of ten tons per acre reduced the disesse in
the szed bed from 51,0 percent to 4,4 percent.s In the fileld

the wilt wes reduced in the Acme variety from 77 per cent to 40



Percent and in the Earliana from about 75 per cent to 23
percent.

Influence of temperature on tomato wilt -- Clayton

(6), in a detalled study on the effects of temperature on
Fusarium disegses of the United States, states that all
occur in regions characterized by high temperature. He has
ascertained the definite temperature limits of the Fusarium
wilt disease, the fungus alone and the host alone. Tomatoes
(Susceptible Chalk's Jewsl variety and Mangus variety) develop
most vigorously at temperatures ranging from 24° to 31°C. Tais
range includes the optimum tempersture for the fungus which is
2800. He gives the following classification of the influence
of temperature on external symptoms,

"Ad. Temperature optimum for the dlsease, 1i.e., 25° to
5100, a sudden wilting which appears first in the lower leaves,
then in those progressively higher up, and 1s rarely accompanied
by yellowing of the leaves affected,

2. Temperature just above or just below the optimum,
1.0., 32° to 34°C or 20° to 24°C, wilting acoompanied, and
often preceded the‘ yellowing of the leaves. The appearance
may frequently be that of a slow blight rather than of a wilt,
for there is more yellowing than sctual wilting and the plants
often show stunting of growth,

3. At temperastures above 34°c or below Qooc there is no
external evidence of the disease,

4, In addition to the manifestations of disease mention-
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ed above, the fungus may enter the host but penetrate the
bundles in only the lower portions of the stem. This condi-
tion is often the result of a short exposure to temperatures
favoring the disease, followed by a drop in temperature suffi-
cient to check further development of disease. FPlants thus
infected are possibly lighter in weight than uninfected plants
grown under similar conditions.

Air temperatures were as effective in controlling the
disease as s0i1l temperatures,

Edgerton (11) makes the statement that Fusarium wilt
"was associated with high temperatures®.

Investigations have been made by Johnson and Hartman
(34) of Tomato wilt and Thielavia root rot of tobacco with
special reference to temperature. Seasonal variations of
resistant strains varied as much as 100% because of this one
factor alone. These diseases are favored by high soil temper-
atures, Jones (36) believes that with all the Fusarium
diseases the dlrect influence of temperaturé is upon the vege-
tative éctivities of the parésite. No definite conclusions
to this were presented, however. The optimum temperature
for the Tomato wilt disease and for the fungus alone is 2800.
Jones leaves this gquestion in our minds for consideration.
How far is the disease due primarily to the influence of
temperature on the parasite, how far primarily to the influence

on the host and how far to a combination of these?
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Influence of moisture on Tomato wilt =-- Humbert (30

made the statement that hot, dry weather favors the Pusarium
wilt, This is true especlally 1f preceded by a period of
high rainfall. Clayton (6) also worked on the relations of
soil moisture to this disease, He grew plants from soil
moistures of thirteen to thirty five per cent, the higher
value representing complete seturation. Low soil moistureg,
thirteen to nineteen per cent, favored resistance to the
disease, Plents growing in soil kept saturated were immune
from attack. Any moisture shortage sufficiently severe to
check the vegetative growth of the host below 2/3 of the
moisture holding capacity of the soil, also checked the .
disease, If rapidly growing plants at below 20°C were placed
in a favorable temperature of 25° to 30°¢C they were soon
attacked, However, 1f the soill became dry, wilting was de-
layed.

Influence of hydrogen~-ion concentration on tomato

wilt -~ Sherwood (58) has investigated the influence of hydrogen=-
ion concentration of the soil on Fusarium lycopersici. He
states that the highest percentage of wilt always occurred in
the most acid soils of his series but no limiting degree of
acidity or alkalinity could be found at which the disease would
not develop.

He also investigated the pH range of the organism in
pure culture. His series ran from pH of 1.8 to 8,4, No growth

of the fungus was apparent at pH 1.8 but it grew well in the
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range of p H 2.8 to 8.4. At all hydrogen=-ion concentrations

from pH 3.6 to 8.4 the growth of the organism was accompanied

by a change towards greater acidity of the culture media.
Scott (56) found that in pure cultures of Fusarium

lycopersici, maximum growth was sattained at a pH of 4.5 to

5.3 and 5.85 to 6.85, with a decrease between 5.3 to 5.8,

He also grew plants under varying pH values in the soil.

Minimum wilt was obtained from soils with a pH value of appro-

ximetely 7.0 with maximums on.either side of this value, the

higher maximum occurring at about a pH of 4.5 to 5.3.

Investigations of Fusarium wilt of other crops -=-

Reynolds (54) worked on the wilt of Flax (Fusarium lini). The
problem was investigated from the standpoint of the substances
present in the plant which are used by the fungus. Glucose
produced more mycelliar growth than any other sugar, and
potassium nitrate proved to be the best source of nitrogen.

He found that sutoclaving caused some changes in the
julce of flax which permitted growth of Fusarium lini. This
was attributed to the destruction of an injurious material,
the alteration of some enzyme which wés in some manner effective
in depressing growth, or to the changing of substances of doubt-
ful food value to some more availaeble form. The glucoside
linimarin or phaseolunatin 1is present in flax plants. Hydro-
cyanic acid 1s produced from this glucoside ..npon hydrolysis,
Reynolds found a greater guantity of this compound in resistant
varieties.

In a later work (55), he gives evidence of the presence

of a second toxic compound in the flax juice, which is relitive-



ly thermostable, soluble in water, ether and alcohol and 1is
essentially non-volatile. Its toxicity is low, however, and
only in high concentrations inhibits growth completely.

Several workers have reported on investications with
the Fusarium which causes cabbage yellows. Gilman (20) found
that Fusarium conglutinans Wollenw has a high optimum tempera-~
ture and 1s very resistant to drying both in pure culture and
in the soil. Tisdale (62) and Jones, et al (40) state that
cabbage yellows is prevalent in Wisconsin during midsummer
when the soil is dry and hot; resulting in infection of even
small seedlings of high resistant varieties, Tims (61) studied
Wisconsin varieties of cabbage and found temperatures of 27° to
330 favorable for disease inception correlated with low soil
moisture.

With the scurf organism, Fusarium batatatis Wollenw
and the stem-rot organism, Fusarium lyperoxysporum Wollenw of
sweét potatoes, Harter and Whitney (25,26) have found that the
optimum temperature is 3000 while infection occurs over a wide
range of soil humidity. Goss (21) has studied the environment-
al conditions favorable to the potato wilt ceused by Fusarium
oxysporum,

The wide distribution of Fusarium moniliforme Sheldon
end its role in the ear-rots of corn have been discussed by
Leonian (41,42). There have been questions raised as to its
pathogenicity in seedling blight diseases of this crop.

Leonian believes that it does infect the corn plant at low
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temperatures (20° to 23°C) and recommends as a control, late
planting to avoid cool, wet soil conditions.

Garcia (18) found thet the percentage of Chile wilt
(Fuserium annuum) is greatest on heavy soils where water
accunulates and remeins for some time after irrigation.

Dickson (8) investigated the resistance of corn to
seedling blight (Fusarium stage of Gibberella saubinettiim).

He states that soil temperature, moisture and light intensity
are the most influential factors in this disease, coupled,
undoubtedly, with some effects of mal-nutrition due to soil
deficiencies or excesses. The fungus attacks the plant when
the metabolism thereof is sufficiently unbalanced to inhibit
the normal production of protective tissue,

Taubenhaus, et al (60) reports that cotton wilt is
more common in scid soils. Neal (49) presents a rather com-
plete discussion of the litersture pertaining to cotton wilt,
caused by Fusarium vasinfectum Atk., He conducted physiological
experiments on the fungus and found that the optimum temperature
was 28° to SOOC and the optimum pH was 4.0 to 5.5, He presents
the theory that this Fusarium disease is caused by toxic sub-
stances produced by the fungus, which cannot be destroyed but
are reduced in dilutions, He found no correlation between the
severity of the disease and iron accumulstion, aluminum toxicity
nor verious nutritive treatments, with the exception of potassium
and calcium. The results of both greenhouse and field experiments

show that an excess of potassium salts decreased the wilt damage,
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because of delayed infection. For control of cotton wilt he
suggests the use of resistant varieties and fertilization,
using a formulae of eight to 10 per .cent phosphoric acid, four
to five per cent potash and from four to six per cent nitrogen.

Similaer types of investigations have been reported for
the Fusarium wilt and root rot of peas. Foremost in this work
are Gueguen (24), Turésson (65), Jones (35,37), Jones and

Drechsler (38), Jones and Linford (39), Gilchrist (19), Togeshi
(64), and Linford (44).



EFFECTS OF NUTRIENT TREATMENT ON THE SUSCEPTIBILITY OF
TOMATO TO FUSARIUM WILT

Water Cultures

Methods

Germination of seeds -- The seeds of the Marglobe

(resistant) and Bonnie Best (susceptible) varieties of tomato
were germinated between layers of mbist filter paper in a
moist chamber fitted with a glass cover., They were kept at
room temperature until the roots were approximately one centi-
meter in length. They were then transferred to a germination
net, similar to the one described by Johnston (32): two strips
of paraffined cotton fly-netting were fastened over a circular
glass dish., These pieces of netting were separated}from each
other by a piece of bent gilass tubing about 0.5 centimeter
thick. Tap water was kept continuously flowing thr?ugh this

germinator,

Distilled Water ~- The distilled water for the culture

solutions was obtained from a Barnstead steam heated still and
stored in a 25 gallon tin-lined tank and 5 gallon glass bottles

until used,

Solutions used -- The solutions used in the following

experiments were devised by Johnston (33) end were composed of
calcium nitrate, magnesium sulfste and potassium phosphate, The
complete golutions contained ell six of the elements in these

three compounds,

A second series of solutions was used in which each of
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the elements was removed from the culture medium., In this
éase, it was necessary to introduce a new compound coﬁtain-
ing the element with which the deficient element was asso-
ciated in the original solution.,

Teble 1 shows the volume-molecular concentrations of
chemically pure salts used in preparing the stock solutions
for these deficient solutions. The stock solutions were di-
luted 100 times with distilled water for growing the plants.
The approximate concentrations of these elements in the de-
ficient solutions expressed as parts per million are present-
ed in Table 2,

A third series of solutions was used in which the con-
centrations of fhe elements were double those of the normal
complete solutions, with the exception of celcium, wherein the
concentration was three-fourths greater than the normal concen=-
tration. These solutions will be referred to hereafter as
"excess solutions™, The volume-molecular concentrations of
salts vsed in preparing the stock solutions for the excess
solution cultures are given in Table 3., These stock solutions
were also diluted 100 times with distilled water for growing
the plants. Téble 4 pives the approximate concentrations of
the salts in these solutions expressed as parts per million.

A comparison is drawn in Table 5 between the calculated
end actual osmotic pressures of all of the solutions used.

Traces of mangenese (1.0 p.p.m.) as MnS0, and boron
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(0,55 p.p.m) as HsBOS were added to sach of the three'series
of solutions. Iron as Ferric tartrate (0.5 percent) was
added every day to each culture in two cubic centimeter
aliquots, while the plants were young, and thereafter only
three times a week,

The pH values of these solutions, ss determined by
the Youdon quinhydrone electrode method are listed in Table 6,
They are all within the maximum hydrogen-ion concentration
range for this disease,

Teble 1 - Volume=-molecular concentrations of chemically pure salts used
In preparing stock solutions for deficient nutrient solutions,

Solutions H Ce P. Salts
Containing ECa (NOz ). ECa (HE,P04)9 :CaSO,_,C:Mg(NOs)é :MgSO4 :KH2P04 :Kgs% ;NH4N05
All Elements : 003 M: -——- ; .001: - ; .001: .002 ; ----3 0003
No caleium : —-——— : - ; -——-§ .001 : .002: .002 : --—-: « 005
No magnesium : .002 ; ———— ; ¢002; ———— ; ----; «002 ; —---; .004
No potassium : .002 : 001 i 1001: 2,001 : .001: ———— i ----: +003
No nitrogen : - ; .001 ; ---—; ——— ; ,0012 ——— ; ,001§ -
No phosphorus : 004 : ——— : -~--: - : .001; -———— ; .001; .002
No sulfur ; . 004 ; -———— ; --»-; » 001 ; ----; .002 ; ----; 001
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Table 2 -~ Approximate concentrations of elements in deficient
nutrient solutions expressed &s parts per million.#*

Solutions : Elements

containing ] Ca ¢ Mg s+ K 3 N s I3 H S
A1l elements : 160 : 24 : 78 : 168 : 62 : 64
No caleium _ : =--: 72 s 78 : 168 : 62 _: 64
No magnesium : 160 : == : 78 : 168 : 62 : 64
No potassium 3 160 s 48 : - s 168 3 62 ¢ 64
No nitrogen : 40 : 24 i 78 i =-= i 62 : 64
No phosphorusc: 160 : 24 : 78 : 168 : =~ 3 64
No sulfur : 160 : 24 i 78 : 168 i 62 3 w=m

% Parts per million equals milligrams per liter,

Table 3 -- Volume-molecular concentrations of chemically pure salts
used in preparing stock solutions for excess nulrient
solutions,

Solutions : Ce P. Salts
containing ECa(NOS)giGa(H2P04)2ECaSO4EMg(H2P0472ngSO4fKH2PO4fBéSOQFMB?&@m
A1l olements : o003 i  mmmw= _ t 4001  m=== 2,001 : 4002 smm==mnm2,00
Excess H : H : : : : : :
calcium ¢ L,006 : 001 § mmews - 24001l 3 ==== :,00)]s=-=:~=
Bxcess s : : : s : : 2 5
magnesium : ,L,004 : - 2 mm—— -——— $,002 ¢ 4,902 gmm-mim—=:,(Q
Bxcess H : H : : : : : :
potassium 3 L0002 .001 3 o001: - 26001 ; mu=w g=—--:,004:,0C
mxcess : : : : : : : : :
nitrogen s L0003 - : 4001z - 24001 2 ,002 t=—e=itee=s,C
"Excess s 3 2 : : : : : : :
phosphorus : L,002 : - : 2002: 2001 tmm=- 2 4002 j=--mimewsC
Excess sulfur g =--=-= ¢ 2001 ¢ 40033  =~—-- £0001 ; —=m= gmeme:,002:,CC




Table 4 -- Approximate corcaantretions of elements in excass nukrient
solutions expressed as parts per million, *

Solutions - : Elements

Containing s Ca : Mg : K s N P : 8
All elements : 160 : 24 : 78 i 168 : 62 : 64
Excess calcium : 280 : 24 : 78 : 168 : 62 : 64
Excess magnesium : 160 : 48 : 78 : 168 i 62 : 84
- BXCess potassium“\;~~16®nw: 24 : 156 ; 168‘: 62 : 64
Excess nitrogen : 180 : 24 : 78 : 336 : 62 : 64
Excess phosphorus : 160 : 24 : 78 : 168 : 124 : 64
Excess sulfur 160 24 78 168 62 128

% Parts per million equals milligrams per liter.



Table 5 == Calculateds*and actual values of Osmotic
Pressures of the Solutions.

: Calculated s Actual
Solution H Value : Value
H VeMaCo H Os P. H O.P.
Complete . .010 : 0,50 : 0,57
Boron deficient : J010 3 0,50 : 0,57
Boron excess s ¢010 3 0,50 0,57
Caleium deficient  : .010 : 0,50 3 0,47
Calcium excess ¢ o009 ¢ 0,45 0,46
Potassium deficient : +009 : 0.45 :  0.46
Potassium excess 2 L0011 ¢+ 0,55 0.58
Nitrogen deficlent : .003 : 0,15 : 0,25
Nitrogen excess : 015 : 0,75 0.69
Sulfur deficient . 008 : 0,40 :  0.60
Sulfur excess | s L0l2 : 0,60 0,59
Magnesium deficient : ,010 : 0,50 : 0,54
Magnesium excess s o010 : 0,50 0.56
Phosphorus deficient ; .008 i 0.40 ; 0,43
Phosphorus excess s #011 + 0,55 0,54
#* Formulae v.M,C, 0. P,
.040 W 2,00 Atm,
Q30 1.50
«020 1.00

+010 0,50
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Teble 6 -- Hydrogen-ion Cencentrations of Solutions.

Solutions : ¢ Solutions H
containing : PH Values : containing : pH Values
All elements : 5.20 : All elements 5,20
No boron : 527 ¢ Excess boron 5.08
No calcium s 5,28 ¢+ Excess calcium: 5,10
No magnesium 3 5.24 : Ex, magnesium : 5433
No potassium : 5.05 : Bx, potassium 5.25
No nitrogen s 4.60 ¢ Ex, nitrogen : 5433
No Phosphorus : 5.91 ¢ Ex. phosphorus: 4,60
No sulfur s 4,96 s Excess sulfur : 5,30
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Origin of fungi cultures -- Cultures of Fusarium

lycopersict weéé obtained from the United States Department

of Agriculture, the University of Chicago and pure culiures
from transfers of infected plants on the Horticultural Farm of
the Maryland Experiment Station at Beltsville, Maryland, and
the greenhouses of Mr, T. H. White. Tests made with these four
strains of the fungus proved the one from the greenhouses of
Mr. Te H. White to be the most virulent and in all of the
experiments reported this strain was u3zd,

Media for fungi culturss =-- Boiled rice and Coon's

synthetic media for Fusaria are the best media for the Fusarium
organism., The formulae for Coon's media is as follows:; Saccharose,
7.2 gramss Dextrose, 3.6 grams; Magnesium sulfate, 1,33 gramsg
Potassium acid phosphate, 2,73 grams; Potassium nitrate, 2,02 grams;
Water, 1000 cubic centimeters and Agar agar, 12 grams, Sterilized
alsike clover and tomato stems can be umed with satisfactory
results,

Time of harvest and data recordsd =-- In the following

greenhouse experiments the plants were always harvested when the
fruits were beginning to set on the lowest flower clusters. This
varied from nine to twelve weeks,‘depending on the season of the
year, the kind of weather, and the solution treatment. The data
recorded included the spread of the disease, the symptoms of

di sease and treatment, height of plants, number of flower clusters,

)
welght of fruit, green weights and dry weights (100 for 24 hours).
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Environmental conditions -- Temperature records were

kept during the course of the experiments., The optimum temper~
ature for the disease is 82°F (28001. The only greenhouse
available for this work had a wide range of temperature, from
50°F (10°C) during the night to 86°F or more (30°C) in the
afternoon. The average of this range is approximately 70%F
(2200). According to Clayton (5), as reported above, the disease,
at this temperature, "may frequently be that of a slow blight
rather than of a wilt",

The moisture of the water cultures appeared to be too
high for the proper development of the fungus. This difficulty
was eliminated when sand cultures were used, however, and the
moisture content of the send plots was about 20-23%,

Light intensity was fairly constant during the experi-
ments, with occasional periods of cloudy weather, However, light
does not seem to be an important factor in the development of
this disecase,

The hydrogen=-ion concentrations of the solutions were
wi thin the maximum range for Fusarium wilt.

Culture jers and solution treatments -- Wheh the seed-

lings were about a week old or when the cotyledons had become well
developed, they were transferred to two-quart Mason jars, one
plant per jar. These jars hold about two liters of nutrient solu-
tion. The plants were supported in paraffined perforated cork
stoppers by a little cotton around their stems, Most of the light

was excluded by wrapping them with heavy, brown, manila paper,
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thereby preventing the growth of algae in the solutions, The
jers were placed on tables (two feet wide and ten feet long),
the tops of which are thirty -six inches above the floor of the
greenhouse,

The plants were grown for thirty days in complete
solutions, The jars were then thoroughly washed with tap and
distilled water, The roots of the plants were rinsed with dis-
tilled water. The cultures were dlvided into groups of ten
plants and each group was subjected to treatments with solutions
deficlent in one of the essential slements until the plants
matured.

It has appeared desirable in salt nutrition work to
.maintain the initial proportions of salts during the course of
experiments. Arrangements were made to actuate a continuous
nutrient solution renewal in the cultures. Shive's "Drip Method"
for constant solution renewal (59) was chosen as an easy yet
efficient method for obtaining the desired results. (Fig. 1)

Description of Shilve's Drip Methods for water cultures -=-

Shelves for the storing of the solution reservoirs were erected
in the center of the greenhouse tables. These shelves are six
inches wide, eighteen inches sbove the level of the tables and
run their entire length. The solutions are stored in two-quart
glass jars with a 0.5 millimeter bore capillary tube outlet de-
livering approximately 1000 cubic centimeters per day, This
outlet leads to another tube (2.0 millimeter bore) which extends

to the bottom of the culture jar and serves also for aerating the
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culture solution. A 1.0 millimeter bore waste tube maintains

the level of the solutions in the culture jars at a constant

height. The waste solutions are gathered in a pan and thrown
away daily.
I Hrm
Fig. 1 — Shivefs Drip Apparatus for Constant Solution

Renewal for Water Cultures

Methods of Inoculation Since the author does not
know of any previous study of tomato wilt in water culture, pre-
liminary experiments had to be undertaken in order to determine
the best methods for artifically reproducing the normal in-
fection of the tomato, which takes place through the roots. The
following methods were utilized; (1) transference of fungi into
a vertical slit cut in the stem at the root crown, (2) inocula-
tion with a spore suspension in distilled water by the use of
a hypodermic needle inserted in the stems and roots, (3) float-
ing a mat of mycellium in the nutrient solution and (4) floating
inoculated slsike clover and tomato stems in the culture solu-
tions immediately surrounding the roots of the plants. Inocula-
tions by each of these methods were made at three stages of
growth; at the seedling stage when the plants were one week old,

at five weeks of age, and at maturity, Just before the fruit set.
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Criteris of infection -= In this series of experi-

ments satisfactory criteria for infection was difficult to
ascertain because wilting and dwarfing rarely occurred, perhaps
because of temperatures slightly below the optimum. The only
constant symptom was the discoloration of the stem and this was
used, therefore, to determine the progress of infection. To
estimate the percentage of infected tissue, longitudinal and
cross-section (at root crown) examinations of the discoloration
of the stem tissues were‘made. The fipures for the percentage
of infection were determined by microscopic examination of
cross and longitudinal sections of the'stem tissus. Each plant
was cut off at the root crown and examined, The percentage of
infected tissue for the cross section indicates the amount of
discolored areas of the whole conductive tissue. The percentage
given is the average of the number of plants examined for each
treatment., The stem was then slit from base to terminal and
the height of the stem discoloration was measured. 'The percentage
of the stem darkened was determined from the total heights of the
stems, These percentages were averaged for the number of plants
examined in each treatment,
Experimental Results

The best method for inoculating tomato plants with
the Fusarium organism as shown by the results of the preliminary
experiments 18 to float inoculated alsike clover stems in the
culture media around the roots of the plants. When inoculated

at the seedling state the maximum percentage of infection occurred,
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2s might be expected, regardless of the time of year and method
of inoculation. At the second stage of development there was a
decrease in the amount and rapidity of infection, governed to a
marked degree by the environmental conditions. At maturity,
infection was so slow, a good crop of fruit was set before the
fungus penetrated the plants sufficiently to cause them injury.
Table 7 gives the percentages of infected tissue in

one of the water culture experiments following the preliminary
work. 'Later studles in sand are of more interest and no further
data will be presented here. This table indicates the trend
of subsequent results with sand,

Table 7 -- Percentages of infected tissue of inoculated plants

in Experiment Three in deficient solutions as indicated by the
microscopic examination of the discolored stem tissue. 5

: Bonnie Best : Marglobe .
Solutions s Cross-section : Longitu-: Cross-section : Longitu-
containing :(et root crown): dinal :(at root crown) : dinal
') ° ﬂ ! » ﬁ-;r‘f " . . _?’y ' ﬂ“
: 20 : 2. 2 O SR . %
A1l elements : T : T 0.00 : 0,00
No boron 2 0,00 3 0,00 ¢ 0.00 H 0,00
No calclum __: 60,00 : 60,00 40,00 . 40.00
No magnesium @ T $ T : 0,00 s 0,00
No potassium :  60.0U . 60,00 : 40,00 : 40,00
No nitrogen  : 0,00 : 0,00 0.00 . 0,00
No phosphorus ; 55,00 : 45,00 0,00 ; 0,00
No sulfur : T : T 3 0,00 : 0,00
311 elements & 30,00 . 50,00 s 0,00 : 0,00

# T signifies a trace of discolored tissue.
Average infections of five plants per treatment.
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Sand Cultures

Methods
The general proceedures described above were used in
these experiments with certain necessary alterations,

Send and culture jars -= The sand was obtained from

fhe Berkeley Springs, W. Va. mine of the Pennsylvania Glass
Sgnd Corporation of ILuwvistown, Pa. The factory analysis of
this samd is given as follows: "Silica, 99.81%; elumina, 0,17%;
oxide of iron, 0.014%; lime, none; magnesia, none; size, 20-

mesh screen", An anlysis of the sand for size follows:

Particles passing through Percent
20 mesh 51.71
40 34.18
60 5.14
80 3.54
100 5.39

It originates in a hard, quartzite rock and in addition
to the commercial washings at the mine, it was further washed in
tap water and flushed three times with distilled water before
using.

Two-gallon cylindrical glazed earthenware crocks were
obtained from the Red Wing Union Stone Works of Red Wing,
Minnesota as "coffee urn linings", They are particularly adapt-
able to this work because they are "self draining". The bottoms
of the crocks are convex with a flattened aréa at the centere.
The inside slopes on all sides to a one~inch hole,

The crocks were placed on the regulation greenhouse

tables. Shive's "Drip Method" for sand cultures was used in
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these experiments to obtain a constant renewal of solutions*
(Fig.2)

Description of Shlve’s Drip Method for Band Cultures —
Reservoirs and storage shelves similar to those used in the
water culture experiments were employed in these experiments*
The 0*5 millimeter bore capillary tubing drips directly on the
sand and the solution .spreads by capillarity throughout the
culture crock. One thousand cubic centimeters or more of the
solution were supplied to each crock daily. The speed of flow
was gradually increased as the plants matured so that the
hydrogen-ion concentration was kept as nearly constant as
possible. The pH values of the waste solution were recorded
frequently and renewal increased if these values went below 4.0
or above 6.0. The waste solution drips through the one-inch

hole bored in the bottom of the crock into a waste pan which is

emptied every day.

Pig. 2 -- Shivefs Drip Method for Constant Solution
Renewal for Sand Cultures



It 1s necessary to flush the sand at least once s
week to prevent "concentration levels" and it is important
that the nutrient solution be supplied in sufficient quantities
to insure an excess constantly dripping into the waste pans,
This enables the plants to obtain the necessary -amounts of the
elements and inhibits the accumulation of salts at any spot in
the culture mediﬁm, In changing from cdmplete solutions to
deficiencies or excesses, the sand must be flushed at least six
times with distilled water. This was found to be sufficient
for removing most of the elements of the complete solution which
might have accumulated around the sand particles,

Method of inoculation -- Inoculations were made by

placing the fungus at the base of the roots through s hole bored
with a wooden dibble, A liberal supply of the fungus mycellium
was transferred from boiled rice‘and inserted in this hole and
covered with sand. It was found desirable to add a one per cent
sugar solution to the nutrlent teeatment to furnish carbohydrate
supply for the fungus.

Criteria of infection -~ Sand has advantages over water

cultures in more nearly approximating soll conditions and it was
found that these cugtures reduced the difficulties experienced in
inoculsting and in establishing criterie for infection. Since
the moisture content of the medium was decreased to the optimum
of the fungus, wilting occurred more generally and other external

symptoms of this disease were more frequently apparent.



For guantitative measurements, however, the heights of stem
discoloration from microscopic examination end transfers of
tissue from various levels of the plants to rice or agar
slants were used for the determinations of the percentages of
the plants infected.

Experimental Results

Experiment 1 -- The results of this experiment show

the relative susceptibility of Bonnie Best and Marglobe

plants to artificisl inoculation in complete solutions. These
data are presented in Tables 8 and 9,

Table 8 -- Average height and percentage of infection of
Bonnie Best and Marglobe tomato plants grown in complete

nutrient solutions and inoculated with Fusarium lycopersici
Sace s

H Bonnie Best é Mareglobe
Series s Stem ¢ Percentage ¢ Stem ¢ Percentage
treatments : Helight : of infection : Height : of infection
: cms, ¢ pe rcent H CHSs 3 percent
Uninoculated : 92,40 : 0,00 . 92,60 : 0,00
Inoculated 64.60 100,00 : 82,10 : 25,00

™ e

% Averages of six plants for each treatment.



Table 9--Average green weights and dry weights of Bonnie
Best and Marglobe tomato plants grown in complete solutions
and inoculated with Fusarium lycopersieci Sacc. *

Series : . _Bonnie Best : Marglobe
treatments H s g :
: Green weights Dny weights : Green weights ¢ Dry weights
: Tops: :Roots 'Total.Tops °RootS°Total ;Tops :Roots :Total ; TopS.Roots;Total
Pogms.: gmS. gmS. IgUS. IgUS. :gus. igms. :gms. :gms. .gms. .gms. T gms.
Uninoculated 2166.9) :61.00 -227.90: 24. 67 5. 8’? 50.54 1104.9055.55 +848.25. 50 8'7 6.80 :37.67
Tnoculated  + 84.05:35.33 :117.36 15.0b 2.81. 17.82 154.3057.77 . :27.18

192.07.23.58.3.60

[
>

»
& L . . . . l

¥Averages of six plants for each treatment
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Externally, the roots appear normal. Adventitious
roots occur on the stem which keep step with the yellowing
of the leaves as the fungus spreads up the stem. (Pigs. 3 and

4) This symptom has not been recorded by previous investigators.

Pig* 3 Pig. 4

Pig. 3 -- Tomato plants of the Bonnie Best variety* Left-
Infected plants with adventive roots* Right -
Uninfected plant with clean stem.

Pig. 4 — Bonnie Best plant showing brown discoloration of
vascular tissue, the dead leaves and a shriveled

petiole.
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Experiment 2 -=- Preliminary experiments proved that

infection was heavier when the plants were inoculated in the
seedling stage snd up to five weeks. Therefore, all inocula-
tions were limited to these early stages of growth snd were
varied according to the time of changing solutions., All solu-
tions were changed when the plants were four weeks old, In
this experiment, the plants were inoculated one week before
the solutions were changed from a complete solution to solutions
with deficlencies and excesses of the essential elements. The
percentages of infected tissue for the Bonnie Best variety are
given in Table 10, The same data for the Marglobe variety are
presented in Teble 11,

Experiment 3 -- In this experiment, the plants of both

verieties were inoculated gt the time the complete solutions
were replaced by solutions with deficiencies and excesses of the
elements, The percentages of infected tissue for the Bonnie
Best and Marglobe varieties are given in Tables 10 and 11 res-
pectively.

Experiment 4 -~ Inoculations were withheld in this

experiment for one week. The solutions were changed when the
plants were four weeks old and inoculations were made one week
later. The influence of delayed inoculation on the percentage

of infected tissue of the Bonnie Best plants is shown in Table 10,

In Table 11 the same data for the Marglobe variety is given.



Table 10 -« Percentages of infected tissue of BONNIE BEST
plants inoculated st different times and treated with de~-
ficient and excess nutrient solutions.,

'
»

;Inoculation before: Inoculation at same:Inoculation after
Solutions :_Solution Change : time as Sol. Change: Solution Change
containing :Cross SecsLongitudaCross Sec:Longitud. :0ross Sec:Longitud.
: : : Z : % : % : %
All elements : 100,00 : 100,00 : 25,00 : 10.00 : 25,00 : 8,00
No Boron : 0,00 : 0,00 : T : T : -t : -
No Celcium : 100,00 : 100,00 : 25,00 : 25,00 : 20,00 : 58,00
No Magnesium : 50,00 : 50,00 : 25,00 : 15,00 : o : ——
No Potassium : 100,00 : 100.00 : 0,00 : 0,00 : 8,00 : 2.00
No VNitrogen : 0,00 : 0,00 : 0,00 : 0,00 : 0.00 : 0,00
No Phosphorus : 25,00 : 30.00 z 0,00 : 0,00 : - 4; -
No Sulfur : 0,00 : 0,00 : 0,00 : 0,00 : 0,00 : 0.00
Ex. Boron ; 90,00 : 100,00 : - : - : oo ; ---
Ex, Calcium : 50,00 : 74,00 : 10,00 : 5,00 : 6Q, 00 : 65,00
Ex, Magnesium : 50,00 : 87,00 : ——— : - : ——— ; -
Ex., Potassium : 100,00 : 100,00 : 75,00 : 85,00 i 31.00 : 34,25
Ex,., Nitrogen : 75,00 :zlo0.00 : 70,00 : 35.00 : T : T
Ex. Fhosphorus : 60,00 : 60,00 : - : - : -—— : N
Bx. Sulfur- | : 50,00 : 60,00 i 100,00 : 100,00 : 0,00 : 0,00

# "P" denotes Trace,
$---" denotes No Treatment,
Figures represent averages of infected plants,
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Table 11 =-- Percentages of infected tissue of MARGLOBE
Plants inoculated at different times and treated with
deficient and excess nutrient solutions.

:Inoculation before; Inoculation at same:Inoculation after
Solutions ¢ Solution Change : time as Sol. Change: Solution Chance
containing :+Cross Secslongitud:Cross Sec:Longitud. :Cross Secs:longitud

2 % 2 A % : 4 : % : %
All elements : 0,00 : 0.00 : 0,00 : 0,00 i 0,00 : 0,00
No_Boron : 0,00 : 0,00 i 0,00 : 0,00 i -t : -
No Calcium : 25,00 : 37 .50 : 25,00 : 15,00 : 10,00 : 5,00
No Magnesium : 0,00 : 0.00 : 0,00 : 0,00 : - : - :
No Potassium : 50,00 : 63400 : 25,00 : 20,00 : 25,00 : 20,00 |
No Witrogen : 0,00 : 0,00 : 0,00 : 0,00 : 15,00 : 8,00
No Phosphorus : 0,00 : 0,00 : 0,00 : 0.00 : - “;_ -
No Sulfur : 0,00 : 0,00 : 0,00 : 0,00 : 25,00 : 10,00
Ex., Boron : 3,00 : 10,00 : - : -— : e i -
Ex. Calcium : 3,00 : 8.25 : 0,00 ; 0,00 ; 0,00 : 0,00
Ex, Magnesium : 0,00 : 0,00 : - : ——— : ——— : -
Ex. Potassium : 30,00 : 44,00 : T ; T 5 8,00 : 68.50
Ex, Nitrogen i 30.00 _: 20,00 : T . i § i g
Ex, Phosphorus : 0s00 i 0,00 & mm= _ :  mem 4 mee 3 oo
Ex, Sulfur . 25,00 3 25,00 : 0,00 i 0400 i 5,00 i 2,00

% "7" denotes Trace,
M- donoctes No Test,
Figures represent averages of infected plants,



An examination of these composite compardtive tables
shows clearly the influence of the time of inoculation and
nutrient treatment on the susceptibility of the two varieties
to the Fusarium organism,

Boron deficiency inhibited fungus infection in both
varieties of tomatoes., Excesses of this element render them
more susceptible to infection, A lack of calcium in the nutrient
solution broke down the resistance of the Marglobe plants re-
gardless of the time of inoculation. Calcium excesses reduced
infection in Bonnie Best plants and from the reports of Edgerton
(10) it appears probable that greater applications of lime would
reduce this infection further,

Magnesium and phosphorus deficiencies‘and €xc¢cesses re-
duced the infection of the Bonnie Best plants 50 percent and in-
hibited any infection of the Marglobe variety.

The resistance of the Marglobe variety 1s again destroy-
ed when the plants are grown in solutions either deficient in or
with excesses of potassium. The Bonnie Best variety does not
lose its susceptibility when growing in excesses of potassium
but infection is reduced when treated with solutions lacking in
potassium, if inoculations are delayed.

The absence of nitrogen in the culture solutions is
asgociated with practically no infection of either variety.
However, when nitrogen is in excess, infection is increased in

the resistant variety and appears normal in the susceptible



variety unless inoculations are not made until the plants are
five weeks old. Sulfate deficiency and excess cause the same
reactions on the two varieties as do treatments with nitrogen.
Excesses of nitrogen and sulfur increased infection in both
varieties as compared to their deficiencies while excess of
calcium reduced it in comparison with its deficiency.

Bxperiment 5 -- Because calcium showed this interest=-

ing difference, a series of experiments was conducted in sand
cultures wherein the concentration of this element was varied
from total absence to 400 p.p.m. The data covering the per=-
centages of infection for these experiments is given in Tables
12 and 13. With the Marglobe variety, an interesting trend
is dsscernible, Below 80 p.,p.m. over 50 per cent of the plants
showed infection and the amount of darkened stem tissue was
highe At 160 p.pem., the normal concentration, and above,

there was a marked decrease in the number of plants infected

and in the discolored tissue.
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Table 12 -~ Number of infected plants grown in varying
concentrations of Calcium as indicated by external
symptoms of wilting or death and by examination of in-
ternal discoloration of the stem tissues,

Calcium Concen-
trations in the

Bonnie Best Marglobe

s Je: fud »0 BB sb we

solutions : Wo. Inoc.: No. Inf.: % Inf.: o Tnoc.:No.Inf: % Inf.
s Plants ¢ Plants : Plants: Plants : Plants Plants

P.DeM, : No. : No, : &, Nos, ¢ No. : ., _
0 : 10 : 6 : 60,00 10 ; S : 50,00

5 ‘: 8 : 4 : 50.00: 9 : [+] : 55,00

20 : 8 : 4 : 50.00: 10 : 5] : 50,00

40 : 9 : 3 i 55.00: 10 :: 5 : 50,00

60 : 8 : 3 : 57.502. 10 : 8 : 60,00

80 : 10 : 10 : 100.002 10 : 6 : 60,00
160 : 9 : 8 : 88.88: 10 : 0 ; 0,00
280 : 10 :: 7 : 70;00; 10 : 3 : 30,00
400 : 10 i 9 : 90.00; 10 : 2 : 20,00




Table 13 -- Percentages of infected tissue of inoculated
Plants grown in solutions containing varying concentra-

tions of calci

umn e

Calcium concen=-

; Bonnie Best : Marglobe
trations in the : Cross Sec,: Longitud.; Cross Sec.: Longitud,
solutions : 2 : :
P.P.m, : % : % 3 % : A
0 : 60,00 : 80,00 : 45,00 : 42,00
5 : 55,00 : 81,03 i 55,00 : 40,30
20 :  60.00 i 70,00 i 50,00 i 40,00
40 : 60,00 : 58,00 : 60,00 : 63,00
60 : 70,00 § 83,00 : 40,00 : 46,60
80 : 85.00 ; 86,00 : 55,00 : 31,00
160 : 25,00 ; 25,00 : 0,00 : 0.00
280 : 50,00 § 45.00 : 10,00 : 6,00
400 : 80,00 : 75.00 : 10,00 : 11,00
Such & definite trend is not found in the data for

the Bonnie Best

variety, however,

There seems to

be a slight

decrease in infection at a concentration of 160 p.p.m. but in

other experiments 100 per cent infection has been obtained at

this concentration so this decrease 1is not significant. It

may be than the concentration of calcium in this series was

not #ufficiently high to bring about a reduction in infection

in this varilety as it did with the Marglobe variety,
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Calcium, as Calcium nitrate, was added to Coon's
media Syom U to 53,000 p.p.m. The higher the concentration,
the slower the growth of the fungus but only at 53,000 p.p.m,
was the ultimate growth decreased to any marked degree.

It would be interesting to increase the concentration
of calcium still higher in sand culture work and to conduct a
similar series of experiments with nitrogen and sulfur.

Effects of Fertilizer Treatements on Tomato
Bilt in Greenhouse Pot Cultures

Methods

For several years field experiments with Fusarium wilt
have been carried on by the Horticultural Department of this
Station at the Beltsville Farm. Soll waes obtained from these
plots and to insure thorough infestation it was inoculated
shortly after it was brought to the greenhouse. Three week
0ld seedlings were potted out November 11, 1933. The plants
were harvested April 2, 1934, Each treatment was duplicated,
six plants to a pot. The plants were thinned out as they
matured,

Experimental Results

An examination of Tables 14 and 15 shows the results
of these experiments.

In comparing these tables with Tables 10 snd 11, it
will be noticed that increases and decreases in infection are
quite similar for related treatments., Where the soil recsived
no treatment or a 4-10«6 fertilizer, the Bonnie Best plants

showed symptoms of infection, while the Marglobes sre nighly
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Teble 14 -~ Effects of fertilizer treatments on Ronnie
Best plants in soil infested with Fusarium lycopersici,
rate of application, pH values, percentage of infected
Plants and discolored stem tissue,

* » o
*

Treatmentss:Rate per acre:pHd values:Infected:Discolored Stem Tissue

s ¢ (Truog) :_Plants :Cross.Sec.: Longlitud,
: 1bs s s % : % s %

No : : : : :
Fertilizer: —— : 6.5 : 80,00 : 75,00 59, 00
Lime . 4000 . 8,0 : 80,00 : 80,00" s 81,00
4-10-6 . 1000 . 6.0 : 100,00 : 40,00 = 37,00
4-10-6) 1600 . : . .

Lime ) 2000 : 8,0 + 0.00 : 0,00 - 0,00
Blood : 500 : 5,0 : 80,00 : 60,00 3 55,00
Manure . 20000 : 5.5 : 100,00 : 75,00 : 67.75
Manure) : 20000 : : : :

Lime ) 4000 : 8,0 : 60,00 ¢ 50,00 63,00
8-0-0) : 1000 : . : .

Lime ) s 4000 : 8.5 : 100,00 :+ 75.00 s 72,30
0-10-6 1000 . 6,0 : 60,00 . 10,00 5,00
8-10-6 ;1000 ;645 : 100,00 : 75,00 : 84,08
4-0-6 . 1000 : 6.5 : 40,00 ; 10,00 : 75,00
4-20-6 . 1000 . 8.0 : 60.00 : 45,00 :  42.70
4-10-0  + 1000 : 8.5 __: 100,00 ;: 85,00 : 91,00
4-10-12 s 1000 . 6.0 & 100,00 : 70,00 :  56.00




Table 15 -- Effect of fertilizer treatments on Marglobe
Plants in soil infested with Fusarium lycopersici, on
relative heights, percentage of infected plants and
percentage of discolored stem tissue,

Treatments : Relative ¢ Infected ; Discolored stem tissue
] Hgts, : plants : Cross Sec., : Longitud,
: __cms. : . 3 % : A
No : : . .
Fertilizer 77433 0,00 0,00 . 0,00
Lime . 103,11 : 40,00 : 5,00 s 18,00
4-10-6 . 92.83 0,00 0,00 i 0,00
4-10~6) . 92.27 - 0,00 0,00 = 0,00
Lime ) . : . .
Blood . 85.17 : 0,00 0,00 1 0,00
Manure . 92,71 : 20,00 10,00 s 30,25
Manure) . 91.30 :  60.00 s 50,00 - 30,00
Lime ) : : s :
8-0-0) . 94,40 : 80,00 55,00 s 33,33
Lime ) : s : i
0-10-6 - B83.93 0,00 0,00 1 0,00
8=10-6 . 88,90 0.00 = 0,00 s 0.00
4-0-6 :  79.80 1 0,00 : 0,00 3 0.00
4-20-6 . 83.32 : 40,00 s 25,00 18,00
4-10-0 . 78,10 : 80.00 : _ 60,00 71.50
4-10=~12 ; 74,35 6300 0,00 : 0,00
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reslstant in both of these series. Lime appears to have an
;nhibitory effect on infection unless it is spplied with

manure or large amounts of nitrogen. Treatments Wwith ex=-
cesses of this element in sand cultures always results in
decreased infection. Low nitrogen reduces the susceptibility

of the Bonnie Best variety to a marked degree., High and low
phosphorus treatments. follow the same trend as they do in sand
cultures for the Bonnie Best plant but high phosphorus applica-~
tions to the soil reducss the resistance of the Merglobe variety.
Potassium treatmenis : show similar Qgreement.

The results with the above fertilizer treatments and
the =sand culture experiments suggest that heavy applications of
lime would be of practical value in reducing the amount of wilt
infection. If a fertilizer mixture 1is used, lime should be
added, preferably, with a well balanced fertilizer, such as a
4~10-6,.

STUDIES ON THE TOXIC ACTION OF THE FUNGUS

Recent evidence suggests that toxic substances are
probably responsible for the wilting of plants. Twe studies
were made in order to obtain some information with regard to the
probably toxic action of the fungus,

The experiment reported by Neal (49) in his work on
cotton wilt was repeatsd for this study. The fungus was grown
at room temperature for 18 days in 40, 125 cc Erlemmeyer flasks
on 50 cc of Coon's nutrient media and treated as follows: 1In a

series of 8 flasks, the mats were collected on a #50 filter paper,



by means of a Buchner suction filter and the filtrates boiled
for 10 minutes. Another series of 8 flasks was treated
similar]ly but not boiled. 1In another series of 8 flasks, the
mycellial mats were collected on filter paper as described
above, ground with fine quartzsand for several minutes in a
mortar and the mixture extracted with 75 cc of sterile distilled
water. Another series was prepared in the same way and the
extract boiled for 10 minutes, A fifth series of 8 fiasks, for
controls, contsined Coon's media. Hach series was divided into
two groups of four flasks each, Bonnie BRest plants, which had
been grown in complete nutrient solutions until they were 8 to
10 inches high, were placed in two flasks of each series with
roots intact. Other plants were inserted in the remaining two
flasks after the roots had been severed under water. This was
repeated for Marglobe plants, All the flasks were placed in
the greenhouse and examined until wilt symptoms appeared. They
were then photographed. Figs. 5 to 8 show these plants at the
end of 48 hours. Notes recorded as the wilting developed are
given in Table 16,

Osmotic pressure, conductivity and pH values of Coon's
media, the filtrate and mat extract are presented in Table 17,

Both the filtretés and extracts of the mats possess
toxic properties and caused severe wilting after 48 hours. The
reaction was the same regardless of whether or not the roots had

been removed,
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Teble 16 -- Effects of Filtrates and Mat extracts
of 18-day o0ld cultures of Fuserium lycopersici on
Tomato plants,

*

Treatment

Wilt symptoms present after

»

H 12 . 24 2 48 : 60
¢ shourss hours : hours @ hours
Control: ; ; ; ;
Coon's~Roots intact : None : None : None ¢ None
Coon's-Roots off : None‘; None ; None ; None
Filtrate: : : : :
Boiled-Roots intact : None : None : Slight ¢ Positive
Unboiled-Roots intsct: None i None : Slight : Positive
Boiled-Roots off :Slights Slight: Positive : Pronounced
Unboiled-Roots off :Slight; Slight: Positive ; Pronounced
Mat extract ; : : s
Boiled~roots intact : None : None : Slight s Positive
Unboiled-Roots intact:; None : None : Slight ¢ Positive
Boiled-Roots off :Slight¢Slight : Positive : Pronounced
Unboiled-Roots off :Slight:Slight : Poslitive : Pronounced

# Bonnie Best and Marglobe showed the same reaction

to these treatments.

Teble 17 -- Osmotic pressure, conductivity and pH
values of Coon's media, filtrate of 18-day o}ld

culture of Fussrium lycoperslci and mat extract.
‘of same cultures

Media s pH : Conductivity: Osmotic Pressure
H : : atm,
s : 7 v
Coon's : 4,50 ¢+ 5,13 x lO5 H 3,496
Filtrates : 7.29 ¢ 3.75 % lO4 s 1,411
Mat extract : 7,20 : 2,10 X 10 : 0,061
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Fig*x 5 -- Marglobe plants with roots cut off after 48 hours
in flasks containing (1) Coon’s media, (2) Filtrate
of 18 day-old culture of Fusarium lycopersici, not
boiled, (3) Filtrate boiled, (4) Extract of mycellium

mat not boiled and (5) Extract of mycellium mat
boiled*

1 2 5 4 5
Fig* 6 -- Marglobe plants with roots intact after 48 hours in
flasks containing (1) Coon’s media, (2) Filtrate of
18-day old culture of Fusarium lycopersici not boiled,
(3) Filtrate boiled, (4) Extract of mycellium mat not
boiled and (5) Extract of mycellium mat boiled.



Pig# 7 -- Bonnie Best plants with roots cut off after 48 hours
in flasks containing (1) Coonfs media, (2) Filtrate
of 18-day old culture of Fusarium lycopersici not
boildd, (5) Filtrate boiled, (4) Extract of mycellium
mat not boiled and (5) Extract of mycellium mat boiled.

1 2 3 4 5
Pig. 3 -- Bonnie Best plants with roots intact after 48 hours in
flasks containing (1) CoonTs media, (2) Filtrate of

18-day old culture of Fusarium lycopersici not boiled,
(3) Filtrate boiled, (4) Extract of mycellium mat not
boiled and (5) Extract of mycellium mat boiled.
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Heating does not remove the toxic properties of either the
filtrate or mat extract. The control plants remained turgid,
Therefore the wilting must be caused by some specific secretion
of the fungus. If this substance is of apine nature as report-
ed by Ludtke and Achmed (45) it would be expected thst they
would be present in the filtrates and mat extracts even after
heating for such substances are relatively thermostable. Both
the filtrate and mat extract were clear fluids yet the plants
wilted in each. This would definitely indicate that toxins
cause the wilting and mechanical clogging is only an indirect
factor,

The second study approached the subject from a differ-
ent angle. The terminels of young plants 8 to 10 inches high
were removed with a sharp scelpel. A V-shape was cut into the
stem at this point. Two methods were used. 1In the first, a
piece of rubber tubing about 1% inches long was inserted over
the stem about #/4 of an inch and held in place by a small
rubber band., A 2 mm bore glass tube of the same length was in-
serted in the rubber until it rested on the cut stem. The fungus,
from a 7=-day old rice culture was placed in the bottom of the
glass against the cut surface. The glass tube was kept filled
with Coon's media. The second method consisted of wrapping
cellophane around the stem and tying it in placéd with thin

cotton string. The cellophane cap extended about inch above

W

the cut surface and rice grains covered with mycellium were
placed in this cap. This served as a reservoir for Coon's

solution.
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The fungus grew down into the stems of both varieties
tested. At the end of ten days, darkened tissue was visible
from one to five inches. Transfers were made from a section of
these stems to agar slants and the fungus was obtained from it
again. As the fungus progresses down the stem it would seem
that, if a toxic substance were present, the leaves would wilt
or show wilt symptoms. This would be definite proof that the
wilting phenomena is not caused by mechanical clogging, because
the roots and stem below the wilted leaf would not be affected.
The method for inoculating through the terminal is shown in
Pigs. 9 and 10. ©Note the wilted Lateral shoot in Fig. 9.

The fungus was obtained from this shoot on an agar slant.

Pig. 9 Fig* 10
Fig. 9 — Glass and rubber tubing inserted over cut stem for
terminal inoculation. Note wilted lateral shoot at

base of tubing.

Fig. 10-- Cellophane wrapped around cut stem for terminal
inoculation.
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EFFECTS OF PLANT EXTRACTS ON GROWTH OF FUSARIUM
LYCOPERSICI IN PURE CULTURE

Considering the possibility that the resistant
Marglobe variety might contesin some inhibitory substance for
the growth of the fungus,tests were made on the expressed
Juices. of the Bonnie Best and Marglobe tomatoes. Experiments
were carried out using both solid and liquid media. The tops
of the plants were cut off, ground in a Nixtemal mill and the
juice pressed out under 2000 pounds per square inch in a Carver
hydraulic press,

Juice that is to be neither ultrafiltered or autoclaved
is immediately centrifuged and then transferred to flasks or
test tubes for inoculation. If solid media is desired, agsr is
added.,

For ultrafiltration tests, the juice is centrifuged to
throw down all the particles that are in suspension and iz then
filtered through Coor's Filter candles or a Mandler Filter into
sterilized flasks. Transfers are made from these with sterilized
pipettes into test tubes, previously sterilized and ready for use.
Agar may be added here, also, if solid media is desired.

The juice is taken immediately from the press to the
autoclave. It is then centrifuged to throw down the heat coagu-
lated material and reautoclaved., Agar should be added before the
second sterilization for solid media,

If the Marglobe julce 1s esutoclaved, Fusarium lycopersici

will grow on it normally as it does on Coon's media. However, if
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the juice is not heated, growth is greatly retarded and

sometimes completely inhibited. The fungus will grow on the
Bonnie Best Jjuice under any treatment. This same condition
occurs in solid media. The fungus growth on liquid cultures

of the two juices, autoclaved and unautoclaved can be seen in

Figs, 11 and 12.

Fig, 11 — Fifteen-day old cultures of Fusarium lycopersici
growing on extract of Bonnie Best plants. (1)
Extract autoclaved, (2) Extract not autoclaved
and (3) Coonfs media.

Fig. 12 — Fifteen-day old cultures of Fusarium lycopersici
growing on extract of Marglobe plants. (1) Extract
autoclaved, (2) Extract not autoclaved and (3)

Coon’s media.



The mats of the fungus were dried between layers of filter

paper and weighed, Data are given in Table 18, Note that

the mats were much larger on autoclaved Marglobe juice than on
Coon's or Bonnie Best juice, indicating that growth was accele-
rated in some way under these conditions. This confirms Reynolds
work with flax, (55) It is apparent, therefore, that there is
some inhibitory substance in the Marglobe juice and that this
substance is destroyed by heating. It has also been observed
that this substance is removed or undergoes alteration if the
juice is permitted to stand for four to six days before inocu-

lating.,

Table 17 -- Weights of mycéllium mats of 12-day old
cultures of PFusarium lycopersici on juices of Bonnie
Best and Marglobe plants autoclaved and unautoclaved.

Culture ; Coon's ; Bonnie Best : Marglobe
Number : Medhas ¢ Autoclaved :Unsautoclaved:Autoclaved:Unautoclaved
H £MS o H gms . H ZS o 4 M. ¢ £gMmMs
1 : 0,1298 ; 0,1653 _:  0,1704 : 0,2146 : 0,0733
o i 0.1242 : 0,1852 i  0,1763 : 0,1876 : 0.1042
3 ; 0.1324 ; 00,1509 ; 0,1718 ; 0.,2048 ; 0,1126
Average * 0,1288 * 0,1871 : 0,.,1728 : 0,2023 @ 0.0987
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The fungus will grown on the extracts of both
varieties following ultrafiltration. (Pigs, 13 and 14) The
pores of the filter candles have negative charges. If this
inhibitory substance should be charged positively it would be
removed from the solution during the filtering process. It is
undoubtedly an absorption phenomona. If the extracts are treated
with charcoal for 24 hours, the fungus is able to grow on them.
No effort has been made to determine the exact nature
of this substance. An interesting observation was made during
the expression of these juices from the plants. The Jjuice from
the Bonnie Best plants came out mucii more readily and at a
lower pressure than the Marglobe Jjuice. This suggests that
there ipay be some anatomical differences between the two varieties
or some physical characteristic of the Marglobe variety, in

addition to this chemical wvariation, not found in the Bonnie Best

which resifets invasion by the fungus. Observations were made
of freehand sections of stems at various levels. Two general
differences were noted. The xylem of the Marglobe wvariety was

more compact than that of the Bonnie Best and the walls of the

1 £t o

Pig. 13 Twelve-day old cultures of Fusarium lycopersici
growing on extract of Bonnie Best plants. (1)
Coonfs media, (2) Extract not filtered and (3)

Extract filtered.
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Pig. 14 — Twelve-day old cultures of Fusarium lycopersici
growing on extract of Marglobe plants. (1) Coon'’s
media, (2) Extract not filtered and (3) Extract

filtered.

pith cells of the former type appeared to be about twenty-five

per cent thicker. Just what influence these variations might

exert on the inception of the fungus would make an interesting

study.
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SUMMARY

1. Tomato plants of the Bonnle Best variety and
Marglobe variety were grown in solutions deficient in, and
in solutions with excesses of the following essential elements:
boron, calcium, magnesium, potassium, nitrogen, phosphorus and
sulfur. They were inoculated with Fusarium lycopersici Sacc.,
the fungus which causes Fusarium wilt. Bonnie Best plants are
susceptibde to this disease. The Marglobe variety is relative-
ly resistant under normal growing conditions. This work was
conducted with both water and sand cultures, The maximum per-
'centage of infection occurred when the plants were inoculated
before they were one month o0ld. Boron and nitrogen deficiencies
inhibitead fungus inrection in the Bomnie Best variety. The
susceptibility of this variety was decreased when the plants
were treated with excesses of calcium, magnesium and phosphorus
and solutions lacking in magnesium and phosphorus. If inocula-
tions ars delayed until the plants are five weeks old, Bonnile
Best plants are not as susceptible to infection in potassium de-~
ficient solutions as they are under normal conditions,

The resistance of the Marglobe variety is decreased when
the plants are treated with solutions lacking in calcium and
potassium and excesses of potassium, nitrogen and sulfur,

2, A study was made of the effect of varying calcium by
increments on the infection of these plants. Concentrations were
ranged from complete sbsence to 400 p.p.m. Wone of the concentra-

tions of calcium used in this investigation caused significant de-
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creases in the susceptible of the Bonnie Best plants. The
Marglobe variety, however, was definitely susceptibde at
concentrations below 160 p.p.m. |

Ss Fertilizer plots in the greenhouse svuggest that
heavy applications of lime accompanying a well balanced ferti-
lizer, such as a 4-10-6, would be of practical value in reéuc-
Ing the amount of wilt infection.

4, Filtrates from 18~day old cultures of Fusarium
lycopersici and extrgcts from the mats of fungus the same age
possess toxic properties to the same degree., Heating does not
destroy these properties. The reaction was the gsame regardless
of whether or not the roots of the plants were removed.

5. The wilting of the upper leaves following terminal
inoculations would show that the wilting phenomena is not caused
by mechanical clogging but by some toxic secretion of the fungus,

6. Untreated Marglobe juice inhibits the growth of the
fungus in pure culture, If the juice is autoclaved or ultra-
filtered, growth will be normal. The fungus will grow on un-
treated Bonnie Best juice.
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Part II. Responses of the Tomato in Solution Cultures with
Deficiences end Excesses of Certain Essentlsal
Elements,
INTROLU CTION

McMurtrey (12) investigated the effects of the de-
ficiencies .of certain elements on the growth of tobacco.

In the introductionto this report he makes this statement:
"Once the distinctive symptoms of = deficiency of each ele-
ment are known for one plant species, such as the tobacco
plant, their recognition in other plants will be relatively
simple. Although there may be minor variations in the
symptoms shown by different plant species, the characteristic
‘effects are likely to be essentially the same,"

It would seem wpon first thought that this is a very
broad statement to meke and it is hardly conceivable that
plants with entirely different types of vegetative growith from
those of the tobacco, would react in the same way to a de=-
ficiency of the elements. The tomato might be expected to
resemble the tobacco more closely than such crops as corn and
wheat., The author experimented with wheat, treating with de-
ficiencies of the mein elements and found the symptoms to be
somewhat different from those reported by McMurtrey. A genersl
study of these symptoms as exhibited By ths tomato has been
carried on at thls Station for several years, In the main, the
work has been conducted in connection with the investigation of
Fusarium wilt reported in rPart I and includes notes on the
effects of excesses of sach 2lement. In 1929 and 1930 a study

of the effects of removing phosphorus at different stages of



growth was made., It is true that the needs of different
plants for a given element vary widely and also that the
needs of a definite plant vary at different stages of its
growth,

The practical value of this work was demonstrated
last year. E, H, Nicholson planted about 40 acres of
tomatoes on land at Stemmers Run, Maryland, owned by H. L.
Jacks of Crosse and Blackwell, Baltimore, In large areas
the plants began to yellow on the lower leaves and turn dark
at the terminals., Dead spots were abundant on the leaves,

No parasitic organism could be dstected as cuasing this con-
dition. The symptoms seemed to indicate that the soil was
deficient in phosphorus and the Plant Physiology Department
recommended an application of superphosphate., A heavy rain
followed this application and shortly thereafter, the plants
showed signs of recovery. It is undoubtedly important, in
addition to measuring the growth attained by each crop, under
various nutrient treetments or fertilizer practices to recognize
the external characteristics of plants resulting from the soil
conditions under which it 1s grown.

REVIEW OF LITERATURE.

The literature dealing with the decreased growth made
by plants grown in media deficlent in sach of the essential
elements, is abundant. Most of the work, however, has been

limited to the effects of a single element on the chemical



composition and enatomy of various plants. A key has been
prepared by McMurtrey (12) which is a considerable value in
recognizing the malnmutrition diseases of tobacco. He states

in his summary: "Typically, a deficiency of nitrogen is shown
by the plant a2s a whole assuming a liecht-green color, with
more or less yellowing and drying or firing of the lower

leaves to & light-brown color. The roots are long, little
branched and white. A shortage of phosphorus, on the contrary,
produces a plant that is dark green in color and may show some
yellowing and drying of the lower leaves to a greenish-brown
color. The roots of such plants are long, little branched, and
reddish brown in color, owing to the presence of iron compounds
on their surface.

"Potassium and magnesium hunger, in contract to nitro-
gen and phosphorus hunger, show localized effects, of which
chiorosis - of the lower leaves 1s the dominant characteristic.
Typical potassium hunger 1s disﬁinguished'from magnesium hunger
by the small necrotic spots or specks at the tip and margins of
the chlorotic leaves which usvally do not occur in the case of
the . latter. -The chlorotic areas in the case of potassium
hunger are of a yellowish color, while with magnesium hunger
they are pale green or white, with the principasl veins tending
to retain the green color in both cases. The leaves turn or
tuck under at the tips and margins with potassium deficiency

and tend to turn or cup up in the case of megnesium hunger.



"As contrasted with the deficiencles given asbove,
which are general or become apparent on the older or lower
leaves, those showing themselves typically on the new growth
or bud leaves are iron, manganese, sulphur, calcium and boron.
Deficiency of iron, manganese or sulfur does not result in
the death of the terminal bud, while lack of cslcium or boron
produces death of the terminal bud as a final result. The
first three deficiencies produce chlorosis of the younger
leaves, each of a characteristic type. Iron chlorosis and
manganese chlorosis resemble each other in that the veins tend
to retain their green color, but in the case of manganese de-
ficiency a necrotic spotting occurs sScattered over the leaf,
while no necrotic spots occur with iron deficiency. The
chlorosis resulting from sulfur deficiency differs from that
just described in that the veins are of a lighter green color
than the tissue between the veins. In the case of sulfur
hunger the roots are typical, belng unusually gbundant and
white in color, while with iron and manganese shortage they
are not so abundant nor so white.

"caleium and boron deficiencies differ from each other
in that the initial effects of their shortage produce different
symptoms. A shortage of calcium first becomes apparent as a
peculiar hooking downward of the tip of the young leaves of
the bud, followed by the death of the young leaves at their
tips and margins, and if later growth takes place the tips and

mergins show a cut-out appearancé., In contrast with this effect,



shortage of boron is shown in s light-green color at the base
of the young leaves of the bud, followed by their breakdown
which, if not too severe, 1s followed by later growth, which
causes the young. lsaves to become distorted or twisted at
their bases. In most cases of boron deficiency the tip of

the leaf remains alive for some time after the base has broken
down. "

No such composite review is available for the tomato
plant and no reports have been encountered covering the effects
of excesses of the elements on this crop.

Pember (15) studied the effects of potassium and phos=-
phorus on barley at the Rhode Island Agricultural Experiment
Station. The actual phosphorus absorbed was greatest during
the first six w:eks and even though an excess was present
there was a limit to the amount the plant absorbed.

Brenchley (1), in a recent work, has upheld Pember's
results that the greatest absorption of phosphorus by barley
occurs during the sixth week. For thilis reason the necessity
of fertilizing just before or just after sowing is emphasized.
She found that if phosphorus was present for six weeks, tiller-
ing and ear and grain formation were as good, if not slightly
better, than if it were present till harvest. The uptake of
phosphorus continued steadily upward until just before harvest
so that the percentage of phosphorus absorbed could be corre-

lated with the length of time phosphorus was available. Enough



Phosphorus was absorbed during the first six weeks, however,
to make the maximum smount of dry weight.

The results of some work by Cericke of Cslifornie
(2,3,4,5,7) are well worth reviewing. All elements are not
required by the plant to the same degree to produce normal
growth. Generally more of the elements are absorbsd than
absolutely needed by the plant but some elements are needed
at one time and 1n greater guantities in the 1ife of the
plant while others are needed at other times and in smaller
amounts. Chéosing wheat as his crop, he found that if plants
were grown in deficient magnesium, phosphorus, sulfur and
potassium solutions after six weeks, they developed more grain
and straw than those which grew to maturity in the presence of
these elements., These elements are elither unnecesséfy for the
plant or harmful to the plant in later stages of growth,
Nitrogen is essential at all times for good, normal, vegetative
growth. Calcium and iron must be present for at least twelve
weeks.

Sorokin and Sommer (18) find that if calcium is absent
from the culture media, plants die within one or two weeks,

METHODS

The Marglobe variety of tomato was used in these studies.
The methods of seed germination, solution reservoirs, solutions
used end Shive's "Drip sMethod" for continuous solution renewal

have been adequately described under “"Methods" of Part I. The



elensents included in taese studiss were Joron, cileiumn,
potussium, nivrogen, Hevgnesgium, puosohiorus wnd suliur.

In most of the experiments rencerted, the plants were Trewt-—
Sd wita = solution containing all of tie clements for <he
first tairty duys. Transfers were then made %0 jars
contelning excesses of cach martvicular slement or to jars
lacking in one of The essential elements. 8Svumtoms of
deficicncies and excesses, el

kg of plints, flower

clusters, fruit, green wreighbis and dry wreighits were

3

recordad.

EYPRRINENTAL RESULTS
Deficiencizs of Esgential Elemenis in the Culture Mzdia
The data for these experiments are given in
Taosles 1 and 3. Tae foma:r twole glves the aversge neigts
and green welgihts for the plants recelving tiese treatments

and t.e latter twaodle presents the numoer of flower clusters,

num ser of fruit wnd weight of fruit.



Table 1 -- Average heights of Marglobe plants after
growing 30 days in complete solutions, the heights at
harvest (95 days), the growth made by these plants be-
tween the 30th and 95th day while recelving treatments
with deficient nutrient solutions and the green weights,:#

AT

Solutions ; Helehts : Heights: Growbth - @reen Weights
containing s 30 days : 95 dayss30-~95 dayss: Tops ¢ Roots : Total
: cms. cms. cms., s gms, & gms, s pms,
All elements : 10.5 : 112,9 : 102,.4 i 156.4 : 60,7 : 217,11
No boron L 14,7 53.7 39,0 55,7 15.9 71.6
No calcium : 11,8 : 55,0 : 43,2 : 63.7 : 8.7 : 7244
No magnesium ; Q49 : 6849 : 50.4 : 48,4 : 6s2 : 54,6
No potassium : 13,1 : 68,9 : 55,8 : 57,7 : 9.8 : 6745
No nitrogen : 12,9 : 46,9 : 34,0 ; 20,7 ; 10,9 : 31.6
No phosphorus : 10,9 : 83.8 : 7249 : 60,3 ; 23,9 : 84,2
No sulfur ; 12,1 : 9340 : 81l.4 : 128.6 : 28.6 : 187.2

# Averages for five plants,
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Table 2 -- Number of flower clusters, number of fruit
and weight of fruit of Marglobe plants treated with
solutions deficient in one of the essential elements.¥%

Solutions ¢ Number ¢  Number ; Weight
containing s of 3 of s of
¢ Flowers ¢ Pruit s Fruit
2 H H g_mS.
All elements  : 13 . 7 . 62,0
No boron . 5 : 0 . 0.0
No calcium : 4 . 0 . 0.0
No magnesium s 6 s 0 s 0,0
No potassium s 5 : 0 . 0.0
No nitrogen ; 4 ; 0 ; 0.0
No phosphorus ; 8 s 2 s 4,5
No sulfur z 8 H 2 : 9,0

% Figures are totals for five plants,
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There is a decrease in height and green weight
whenever any one of the elements is removed from the cul-
tural solutions. This decresse is of the smallest value
with sulfur deficiency and with a lack of phosphorus is
slightly larger. The greatest decrease follows nitrogen
starvation. Generally, no fruit is produced in these
cultures except on plants growing in solutions containing
no phosphorus and no sulfur. The fruit that are produced

are small and light.

Deficiencies of Phosphorus ot Different Stages of Growth

In this pert of the investigation, a study was made of
the effect on growth when phosphorus was withdrawn from the
culture media at intervals. A large number of plants were
divided into groups of ten. One group was placed in phos-
phorus deficient solutions at the beginning of the experiment.
A second group was grown in complete solutions for the duration
of the sxperiment (100 days). At intervals of ten days, a
series of ten plants were transferred from the complete solu~
tions to solutions with phosphorus withdrawn. The average
heights of these plants showing the effect of transfer into a
solution lacking in this element are given in Table 3., (Fig. 1)
The green welghts, dry weights and fruit produced by these
plants are presented in Table 4.

A second phase of this study consisted of transferring

the plents to phosphorus deficient solutions for a short time
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and then returning them to complete solutions.

The data

for this study are given in Tables 6 and 6., (Fig. 2)

Table 3 -- Average heights of Marglobe plants grown
in complete then in permanently phosphorus deficient

solutions. 4
Phosphorus : Ten~-day period ending
removed ¢ January : February : March
after ™79 : 89 : B ¢ 18 ¢ 28 1 10 1 20 T 30
¢ ¢ms, s Ccms, : cms., 2 Ccms, : CcCms, ¢ CmsS, ¢ CmsS, 2 cms.,

30 days e 11.7 § 19.7 : 27,7 ; 34,4 ; 39,0 i 42,1 : 44.6 : 46,6

" : : ” : : : : :
40 : 10.1 : 20,0 | 28,9 ; 42,3 : 47.5 ; 54.9 ; 60.2 ; 65.6
60" : 11,0 ; 18,6 : 26,1 : 34,3 I42__'.l[_~ . 51,8 : 57.3 ; 62,7
o M . 10.7 : 18.0 : 25.5 : 33.4 : 41.0 } 52.2 : s8.2 . 64,0
g0 " : 9.1 : 16.4 : 23.9 : 33.1 : 38,6 : 47.0 } 53.9 ; 60.7
g0 M . 11.2 : 19.9 : 28.3 1 36.5 3 47.1 3 55.5 : 59.8 | 64.3
100 " s 11.3 : 19.6 : 27.6 3 34,9 : 44,8 : 54.4 ; 61.3 : 68.3

Pirst measurements taken Jan.

plants had grown in complete solutions for thirty
days.

19 were taken after the

The diagonal line indicates the heights at the end of
each ten-day period in which they were grown in
complete solutions and just before they were changed
to the solutions deficient in phosphorus.
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1 2 3 4 5
Pig. 1 — Msrglobe plants grown in permanently phosphorus
deficient solutions. 1. Check; 2. - P after 60

days; 3-50 days; 4-40 days; and 5-30 days.
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Table 5--Average heights of Marglobe plants grown
for thirty days in a complete nutrient solution
and then in phosph~orus deficient solutions for
varylng periods.¢

Time in :Phosphorus:Phosphoruss

completetremoved : returned : Ten-day period ending
solutiontafter s after : H 3
H : H January o February H March
: : : 19, : 29 :+ 8 ¢ 18 + 28 : 10 : 20 s 30
days : days : days : cmS. ¢ CmS. : cmS. : CmS. : CMS. : CmS.: CmS. ¢ COS.
30 s+ 30 T .- s 11.7 : 19.7 2 27.7 : B4.4 o+ 39.0 : 42.1: 44.6 : 46.6
30 : 30 : 50 : 11.9 : 20.4 : 28.7 $:38.8 : 57.9 : 68.8: 72.3 i 75.9
30 : 30 : 70 : 10.8 : 18.7 : 26.7 : 33.9 i 37.9 : 47.4: 55.7 i 64.9
100 ¢+ - : - :11.3 : 19.6 : 27.6 : 34.9 : 44.8 : B54.4: 61.3 : 68.3

-?'[-

*Averages of ten plants
First measurements, January 19, were taken after the
plants had grown in complete solutions for thirty days.



Table 6--Average green weights, dry weights and fruit
production of Marglobe plants grown for thirty days in
a complete nutrient solution and then in . phosphorus
deficient solutions for varying periods.¥*

9

Time in ;Phosphorus;PhOSphorus; Green weights ; Dry weights ; Fruit
complete: removed : Teturnedt 5 5 : : : :Produc~
solution: after 3 after : Tops ;.Roots :Total :Tops : Roots : Total s _tion
days days : days : gms. ¢ gms. ¢ gms. : gms. : gmsS.  gmS. : gms.
30 i 30 i1 ==  319.2 : 12.3 : 3l.5 : 3.2 : 1.0 & 4.2 -
30 : 30 : 50 : 62.0 : 3l.7 : 92.7 : 12.0 : 3.8 : 15.8 : 15.3
30 : 30 i 70 : 48.0 ¢ 20.9 : 68.9: 7.9 : 2.6 : 10.5 N
100  : — ¢ —= i 59.8.: B33.0 : 92.8 : 11.5: 5.2 : 16.7 i 4.1

-g'[—

#Averages of ten plants
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Marglobe plants grown in temporarily phosphorus
deficient solutions. 1 Check; 2 - P for 40 days;
3 - P for 20 days; and 4 P to harvest. All

plants were grown for 30 days in complete
solutions.



In preliminary experiments it was found that tomato
plants doinot grow normally when deprived of phosphorus dur-
ing the first thirty days of their life. If this element is
supplied for thirty to forty dsys, however, plants later de-
prived of phosphorus at successive ten-day interwals show an
increase in hejght, green weights and dry weights. It will
be noted that if phosphorus is lacking after seventy days
(nine weeks) no definite imjury becomes apparent for the
length of the experiment and the total heights and weights
do not vary markedly from those grown in complete solutions.

Phosphorus must be present for at least forty days be-
fore any flower buds will develop. Occasionally a few are
found on plants deprived of phosphorus before this time but
they soon dry up and drop off. It was noted, also, that even
though flower budsform on plants receiving phosphorus for
longer than six weeks, fruit does not set unless the element
is present for at least seventy days. This parallels the
time when injury from the lack of phosphorus does not become
significant to the plants. There was an average of about six
flower buds formed in these cultures, but only a small per-
centage of fruit was set when the experiment was concluded.

Gericke (6) has reported stimulation of growth in
wheat when some of the elements were removed, temporarily, from
the culture solution. There seemed to be a similar stimulation

in tomato plants as shown by the above experiments when phos-
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phorus was removed from the culture solution for twenty days.
However, McMurtrey (12) believes that, under these conditions,
the plants were retarded from starvation but just at the time
when the elements were applied to the plants again tﬁe days
were gradually lengthening and under the favorable light con-
dition, growth was stimulated, He does not believe the same
results would be obtained in the fall when the daily light
periods are becoming shorter. Gericke increased the nitrate
ion in his phosphorus deficient soclutions. McMurtrey states
"that the plants might have been stimulated in growth by the
presence of more nitrate and that they were able to develop
for the time under consideration without showing the effects
of phosphorus deficiency”.
Excesses of Essential Elements in Culture Media

Typical date on plants receiving excesses of the nutritive
elewrents are given in Tables 7 and 8., An excess of nitrogen
causes a decrease in height and green weicht. A decrease in
these growth data also occurs on plants treated with excesses
of calcium. Potassium end sulfur in abundance increase these
values. Fruit 1is produced on 2ll cultures with the exccption
of nitrogen.

Varying Concentrations of Calcium in the Culture Media

In these experiments the concentrations of calcium were
varied from jits entire absence to 400 p.p.m. The growth re-
sulting from these treatments is presented in Table 9. It will

be noticed that there is a gradual increase in height and preen
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weight from 5 p.p.m. of calcium to 180 p.p.m., the normal
concentration. However, after this optimum is reached,
there 1s a dropping off in these values indicating that 160

P.p.m. of calcium is the optimum concentration of calcium

for artificial culture work.

Table 7 -- Average heights of Marglobe plants after
growing 30 days in complete solutions, the heights

at harvest (78 days), the growth made by these plants
between the 30th and 78th day while receiving treat-
ments with excess nutrient solutions, the numbef of
flower clusters and number and weight of the fruit.:

» 3 L4 »
] d

L 1]

Heights: Heights: Growth ¢ Number : Number

»
L

Solutions : :Weight
containing : 30 days: 78 days:30~78 days: of of ¢+ of

: 3 H sFlowersFruit (Fruit

H Ccnis. ¢ cmsa. ¢ CIS ¢ s H s RIS,
All elements . 8.5 i 115.5 : 107.0 : 9 : 4 : 74,10
Excess boron : 6.9 : 113.2 : 106.6 : 10 : 3 : 27.85
Excess calcium . 6.5 : 103,8 : 9.3 : 8 i B 1 36.75
Excess magnesium ; 5,5 ¢+ 111.2 : 105,9 Q9 4 . 38,00
Excess potassium  : 5.7 : 118,7 :  113.0 : 9 : 6 _: 50,00
Excess nitrogen s 6.2 s 100.,2 = 24,0 9 0O : 0,0
Excess phosphorus ; 6,0 ¢+ 111.2 105.2 5 4 + 67,50
Excess sulfur : 5.9 : 121.0 s 115.1 : 5 : 3 : 14.35

# The helghts represent averages of five plants

The flowers and fruit are totals for five plants.
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Table 8 -- Average green weights and dry weights
of Marglobe tomato plants treated with solutions
containing an excess of the essential elemeénts.it

Solutions
containing

Green Weights

Dry Weights

Tops tRootg:Totel

gms. ; gms.: gms,

All elements

-

e Jon josfun o

11.62

1,25

13,72:15.75:129,47 5
20.20:21.27 :141,4 5

s® {80 % (% ] o8

at fes a0 Jun 9% Jee an [0 D e b

Excess boron 15.68: 1.59 17,17
Excess calcium 98.12:29.47:127.59: 15.08: 4,56 3 17.64
Excess magnesium 3 58.75226.75:165.502 11.69: 2,52 14.21
Excess potassium : 48.57:51.87:189.24: 16.17: 3.51 19.68

Excess nitrogen

.

] -

87.70:14.62:101,32+

8.25; 1.21

Excess phosphorus

-

50,001 46.00:198.00:

10.59; 1.58

EBxcess sulfur

e ob Jou b Jer en

L4 -

5%.75:30.50:184.263

12.74; 2.08

»

S ¢ Ja8 5% {vb e jus e fee we [se o0 Jeo se Jer e Ja

# Figures represent averages of five plants.,

RootstTotal
gms., 3 gms,

12,87

12.17

14,82
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Table 9 -- Average height growth and green weights

of Marglobe plants treated with varying concentra-~
tions of calcium, %

Calcium concen-

trations in the : Heights : Green Weights

solutions : : Tops_: Roots s Total
P.P.m, s cms., : pms. 5 gms, s gms,

0 : 60;49 : 95.53: 21,38 : 116.71

5 i 57.65 : 82.25: 27.36 : 109,59

20 : 59,89 : 88.44; 28,38 : 116,82

40 : 66.64 : 97.50: 23,69 : 121,19

60 : 72,16 ; 121.58: 33,90 : 155,28

80 : 83.78 : 154,64: 32+ 99 : 187 .63

160 : 95,30 ; 167.08: 42,80 : 209.68

é86 : 89.36 : 150.85: 52,06 : 202,89

400 : 82.02 : 141.00: 33422 : 174,22

% Pigures represent averages of ten plants,
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COMPARISON OF EXTERNAL SYMPTOMS PRODUCED BY DEFICIENCIES
AND EXCESSIES OF CERTAIN ESSENTIAL ELEMENTS.

All comperisons of the growth produced when any of the
elements were lacking or were in excess in the solutions were
based on the growth obtained in a complete solution which has
been found to give good results for the tomato plant. 1In
general, plants grown in the control solution showed an in-
crease in dry weight over plants grown in incomplete solutions.
The same decreese in dry weights was not produced in every
case by an excess of these elements in the solutions. The
Plants appeared normal in every respect, with an abundant
vegetative growth, many flower buds, large fruit setting and
many branched roots. The leaves showed a good healthy dark
green color and the roots were white, abundant, well branched
and averaged 73.2 centimeters in length. (Fig. 7)

BORON

A constant source of boron is necessary for normal
growth, setting of fruit and development of fruit. (10) It
functions as a simple nutrient element needed in extremely
minute gquantities. It is essentlal for all meristematic cell
division.

Deficient cultures -~ The effects of boron deficiency

were usually apparent about nine days after the plants were
transferred to a solution lacking this element. The cotyledons

and leaves turned to a distinect purple color in a few days.
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The stems became stunted and the terminal shoot curled inwerd,
yellowed and died. The conductive tissue broke down. A
striking characteristic was the extreme brittleness of the
petioles and mid-ribs, described by Johnston and Dore (9) as
similar to the breaking of a piece off cheese. The roots
showed extremely poor growth and were yellow to brown in
color. The fruits were covered with darkened or dried areas
which were apparently due to the breaking down of the cells
making up this tissue. These dead areas may be compared to
the injury by blossom end rot with the difference that they
do not always begin at the blossom end of the fruit but are
scattered over the entire surface. (10) (Fig. 7)

Excess cultures =-- The effects of an sxcess of boron

were not apparent for several weeks after the plants were
transferred to & sgolution with 1.10 p.p.m. The heights and
color of these plants were gulte norma)] In appearance. The
only evidence of injury from an excess of this element was o
"surning" eround the margins of the lower leaves. In all
other respects they were normal, Newell (13), however, using
a concentration of 2.75 p.p.m., reported "a yellowing of the
whole leaf with large brown spots giving them a curious mottled
appearance™ in addition to the death of the margins of the
leaves. He found also a slight decrease in dry welghts at
this concentration. (Fig. 9)

CALCIUM

Calcium is necessary for normal root and leaf develop-



ment. Cell walls have been thought to contain calcium in
some¢ form in the middle lamellae. Cells formed in its
absence, therefore, are likely to be weak and more easily
injured. It favors the translocation of starch. Its exact
function as a plant food is still debatable., (16,17)

Deficient cultures -~ Three to five days in deficient

calcium solutions were sufficient for plants to exhibit the
symptoms denoting a lack of this element., Turgidity was
immedi ately lost, the plants becoming weak and flabby. The
terminal bud soon died. The stem, near the terminal, becamne
spotted with dead areas and the upper leaves, first s darker
green than normal, soon yellowed at the edges, dried up and
dropped off. The lower leaves generally remained normal., If
new leaves were produced, they also died in a short time.
Since nuclear division may occur without the formation of cell
walls, the entire plant is stunted in growth. The roots were
-short, numerous, much branched and dark brown in color, accom-
panied bj some decomposition. The average length of the roots

was 28.4 centimeters. (Figs. 3 and 7)
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Fig. 3 — Typical leaf symptoms of plants grown in solutions
deficient in calcium, nitrogen and phosphorus.

Excess cultures — Although the plants grew tall, they
appeared weak and less turgid than plants in normal solutions.
The leaves were 3-ong and slender with small, pointed leaflets.
The terminal shoot was small and poorly developed. A small
amount of fruit was set. The roots were apparently normal in

color, bunched at the top with several longer, unbranched tap

roots, averaging 44.4 centimeters in length. (Fig. 9)
MAGNESIUM
Magnesium is a component of chlorophyll. It has been

thought to be necessary for the formation of nucleoproteins.



Raber (17) states that "it also seems to be necessary for
the transportation of phosphorus, and , since this latter
element is necessary for fat formation, perhaps the magne-
sium affects the formation of fats only indirectly."

Deficient cultures -- Chlorosis of the lesves of

plants deprived of this element occurred in fivé to. eight
days. A mottling of the leaves to a light green and yellow
began on the margins and gradually spread inward between the
veins until the whole leaf was affected. The velns remained
normal in color. Growth was stunted because of the inability
of the plants to produce chlorophyll and the stem became ab~
normally slender. An etching of the petiole occurred simul-
taneously, weakening them snd causing the leaves to drop.

The roots were long, with few lateral branches, (Figs. 4 and 7)

Excess cultures -~ There were no abnormal symptoms

apperent from the excesses of this element employed in these
experiments, except a series of light brown, pin spots up and
down the stem but these evidently did not interfere with
normal growth. The plants were tall, strong and healthy,
with numerous flower clusters. The roots appeéred somewhat

shorter snd there was no definite tap root. (Fig. 9)
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Pig. 4 — Typical leaf symptoms of plants grown in solutions
deficient in magnesium,

POTASSIUM
Formation and translocation of carbohydrates is in-
hibited without the presence of potassium, (14) Potassium
salts are radioactive and their effect upon the general health

and nutrition of the plant has been attributed by Stoklasa to

this property (17). Cessation of growth occurs because of de-
creased cell division. The cells elongate but fail to divide
and the plants are very susceptible to disease. It is

necessary for turgesence, increasing the pressure in the cells



-28u

and the water absorbing power of the plant as a whole. (19)
Deficient cultures — Deficiency symptoms of this
element appeared after seven to ten days as yellowish to
brown spots on the leaves near the margin, which gradually
spread until the whole leaf became yellow, and premature
death occurred. Growth was general retarded. Etchings were
found on the main stem, which was more slender than normal.
The margins of the leaves turned under and the lower leaves
were pimpled between the veins. The roots were 45,1 centi-
meters long and had few lateral branches. The color of the

roots was a pale yellow. (Pigs. 5 and 8)

pig# 5 Typical leaf symptoms of plants grown in
solutions deficient in potassium.
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Lxcess cultures -- The excesses of potassium used

exerted no abnormal influence on the plants. They remained
strong and healthy with many flower clusters and 2 heavy
setting of fruit, A slight tendency for a decrease in the
hairs on the stem was noted. The roots were darker brown and
bunched at the top. Theéir average length was 34.8 centi-
meters. (Fig. 10)

NITROGEN

Nitrogen enters into the composition of protein,

nucleoproteins and other nitrogenous subétances which are
synthesized by plants, Because of its role in protein produc-
tion, protoplasm development is closely correlated with the
amount, of nitrogen in the medium.

Deficient cultures -- A yellowing of the entire plant

occurred in about six to eight days. The lower leaves slowly
dtied up and dropped off. The decressed protoplasm caused 2
general reduction in leaf and stem growth. The veins became
pink in color. The roots were approximately 61,7 centimeters
in length, unbranched and white. (Figs. 3 and 8)

Excess cultures -- An excess of nitrogen stimulated

vegetative growth at the expense of flowers and fruit. The
terminal shoot was depressed but lateral branches were numerous.
Few fruits set. The leaves were spotted with dead areas, curled,
roughly pimpled and yellowed interveinously. Maturity was

sreatly delayed and the resistance of the plant to disease was
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reduced, probably because of "a change in the physiological
resistance within the plant and also to a thinning of the
cell wall, allowing a more ready infection from witaout",
(8,16) The roots were light brown in color, with few branches
end averaged 45.8 centimeters in length. (Fig. 10)
PHOSPHORUS

Fhosphorous is generally supplied to the plant as
phosphate and it enters into the formation of nucleic acid,
nucleoproteins and lecithin. Photosynthesis may occur in
its absence but the breaking down of the insoluble carbohy-
drates into a soluble form for translocation is inhibited.
Root growth is stimulated by this element and ripening pro-
cesses nastened. (16) Loew (11) stated that no cell division
took place in the absence of phosphorus«-and attributed this
to the absence.of phospholipoidas for the formation of which
phosphorus is necessary. It is an essential constituent of
the chloroplasts and these are necessary for carbohydrate
synthesis. Phosphorus is most abundant in meristematic
tissues. If the element is withdrawn from the plant and this
supply is used up, it may be forcibly withdrawn from the lower
leaves and roots (19).

Deficient cultures -- The deficiency symptoms appeared

in seven to ten days. The plant took on a very dark blue~-
green or purplish color. The lower leaves gradually turned
black. The s8tem was slender, stunted and covered with deep

plue pin spots. The roots were long, with few lateral branches
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and brown in color. McMurtrey (ll) attributed a similar
discoloration of tobacco roots to the deposits of iron
compounds on their surface. (Figs. 3 and 8)

Excess cultures ~- The stems appeared slightly re-

duced in size and vigor. Otherwise, this treatment did not
seem to affect the normel growth and development of tops,
flowers, fruit or roots. (Fig. 10)
SULFUR

Sulfur functions as a building material in the
formation of proteins. It is needed in much smaller
quantities than any of the ten major essential elements, with
the exception of iron. It is necessary for cell division and
fruit setting. (17).

Deficient cultures -- It took two weeks for symptoms

to appear on these éultures. Because of the small amount
necessary, the supply was exhausted slowly. The leaves be-
ceme very thick and firm. The entire pdant took on a pale
green color and the under sides of the veins turned purple,
but there were no necrotic spots. Cell division was not re-
tarded to the same degree as with some of the other defi-
ciencies, but there was a marked decrease in dry weight.

The stem was stiff, woody and more slender then normal. It
freouently was teller then plants grown in medis containing
this element. The roots were white, abundant a2nd much branched,
The roots of these plants averaged 28.7 centimeters in length.

(Figs. 6 and 8)
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Pxcess cultures —-— The leaves of these plants were

marked hy a rough pimpling and curling inward as with

nitrogen excess. No dark areas occurred interveinously,

however. The lower leaves died on the margins. The termi-

nals were a pale yellow. The hairiness of the stem was re-

duced. The roots appeared long, light and unbranched,

averaging 61.2 centimeters in length. (Pig. 10)

pig. 0 — Typical leaf symptoms of plants grown in

solutions deficient in sulfur.
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SUMMARY

1. Tomato plants of the Marglobe veriety were grown
in solutions deficient in and in solutions with excesses of
the following essential elements: boron, calcium, magnesium,
potassium, nitrogen, phosphorus and sulfur. Data on the
external symptoms exhibited by tomato plants under these
various treatments were recorded.

€., Generally there was 2 decreased growth of plants
grown in solutions deficient in each of the elements. This
same decrease was not produced in every case by an excess of
these elements in solutions. It is eapperent that the plants
can make relatively good growth in concentrations double
that of the control cultures, with the exceptions of calcium,
nitrogen and sulfur,

3., The distinctive symptoms of tomato plants grown in
solutions deficient in each of the essential elements studied
were strikingly similar to those reported by McMurtreyfor
tobacco. It was noticed, however, that these effects were
generally manifested much earlier on this crop. However, this
varies considerably according to the time of year and environ-
mehtal conditions. Because of the sbility of the tomato to
withstand the presence of high concentrationé of the elements
in the nutrient media no such distinctive responses could be
di stinguished between the plants treated with excesses of the

v-rious elements,
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4, When the concentration of calcium was varied
from zero to four hundred parts per million, optimum
heights and weights were obtained from plants treated
wilth one hundred and sixty parts per million of this
element. On either side of this concentration a decrease
in growth data was produced.

o5+ Phosphorus must be present for the first forty
days or no flower buds will be produced and growth will be
retarded. Plants placed in permanent deficient solutions
after sewenty days (nine weeks) showed no appreciable in-
jury from a lack of phosphorus. Greater dry welght was
obtained from plants grown in & temporarily deficient
phosphorus media for twenty days than that obteined by
plants where phosphorus was present until maturity. This
msy be due, however, to the season of the year when the
experiment was conducted or to the concentration of the
other ions in the solutions rether than to the temporary

absence of the element.
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Fig. 7 -- Growth attained by Marglobe plants in (1) a
complete solution, and in solutions deficient
in (2) boron, (3) calcium and (4) magnesium.
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3 4

Growth attained by Marglobe plants in solutions
deficient in (1) potassium, (2) nitrogen, (3)
phosphorus and (4) sulfur.

Fig.
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Fig. 9--Growth attained by Marglobe plants in (1) a complete
solution and in solutions with, excesses of (2) boron,
(3) calcium and (4) magnesium.
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Fig. 10--Growth attained by Marglobe plants in solutions
with excesses of (1) potassium, (2) nitrogen,
(3) phosphorus and (4) sulfur.



-39~

LITERATURE CITED

1. Brenchley, W, F. Fhosphate requirements of barley at
different periods of growth. Am. Jr. of Bot. 43. 1929.

2. Gericke, W. F. Beneficial effect to plant growth of the
temporary depletion of some of the essential elements in
the soil. Sci. 59. 1924,

Se Beneficial effects to wheat growth due to
the depletion of available phosphorus in culture media,
Sci. 60, 1924,

4. On the esdaptation of wheat to growth medis
deficient in nutrients. Sci. 58. 1923,

Se On the physiological balance in nutrient
solutions for plant cultures. Am. Jr. Bot. 9:180-182,
1922,

6. Salt requirements of wheat at different

phases of growth. Bot. Gaz. 80, 1925,

7. Studies on the effect of nitrogen applied
to oats at different periods of growth. Jr. Am. Soc.
AgI‘On. 14. 1922.

8. Heald, F. D. Manual of plant diseases. McGraw-Hill
Company, New York. 1926,

e Johnston, &, 8, snd W. H., Dore. The influence of boron on
the chemical composition and growth of the tomato plant,
P1t. Phys. 4:;31=-62, 1929,

10. and P, L, Fisher. The essential nature
of horon to the growth and fruiting of the tomato. FPlt.
rhys. 5:387~392. 1930,

11, Loew, Oscar The Physiological role of mineral nutrients,
UOS-D'OAO DiVo Vego Phys. 8.1’ld Path. B‘lll- 18' 1899.

12. McMurtrey, J. E. Distinctive effects of the deficiency of
certain eesential elements on the growth of tobacco plants
in solution cultures. U.S.D.A. Tech. Bul, 340. 1933,

13. Newell, H. J. Range of boron concentratlions in nutrient
solutions for plants, Master's thesis deposited in library
of University of laryland. 1930,

14. Nightingale, Schermerhorn and Robbing. Some effects of
potassium deficiency on the histological structure and
nitrogenous and carbohydrate constituents of plants. N.J,
Agr. Exp, Sta, Bul. 499. 1930.



15,

16,

17.

18.

19.

~40~

Pember, F. K. Studies by means of both pot and solution
cultures of the phosphorus and potsssium requirements of
the barley plant in different stages of growth. R. I.
Agr. Ezxp. Ste. Bul. 169, 1917,

Russell, E., J. Soil Conditions and Plant Growth.
Longmans, Green and Company, New York, 1915.

Raber, Oran. Textbook of general plant physiology.
McMillan Company, New York. 1928,

Sorokin, H. and A. L. Sommer. Changes in the cells and
tissues of root tips induced by the absence of calcium.
Ami JI‘. Of Bot. 16. 1929.

Woods, A. F. Relation of nutrition to the health of the
plants. U. S. D, A. Yearbook 1901:155-176., 1901,



