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4 STUDY OF THE RELATION OF PHOSPHORUS AND FUNGI
TO "BLACKIEART" OF SUGAR BEETS

INTRODUCTION

The study of phospnorus in relation to nutritional
functions has received increasing attention in tae last
decade not only in human and animal physiology, but also
in tne btotanical fielde.

Reéently the so-called Blackneart disease oI bpeets
has been attrivuted to pnosphorus deficiency and has bé=~
come a matter of investigation in various sections of the
sugar beet-raising areas of the world.

However, there has arisen some confucion between the
effect of phospnorus deficiency on beets and injury from
so-called "Iate Blight" generally attrituted to water de-
ficiency and soil reactionse. Also little is known oi the
occurrence of organisms wnich appear to ve agsociated
with the diseasese.

There 1g a genefal agsumption taat paospaorus
stimulates root development;whether this nolds tru€ for
veets hasg not been definitely snowne

Further, no complete bibliography uas been agsempled

of paosphorus on plants generally and beets in particulars.

It is the purpose of the following discussion to gilve

a brief account of tne fungi found on Blackheart oveets,
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to snow the root development of beets at different stages
of growth with different paosphate applications and to
present a rathner complete review and bibliograpny of

literature on the role of paosphorus in planise




HISTORICAL REVIEW
The history of the study of mospnorus in plant life
may be divided into tnree periodss
1. Thé beginning of research - up to 1874
2. The early plant physiologists 1874-1902
Sde The new century = since 1902

l. Previous to the discoveries of Lavoisier,

Priegtley, Cavendish and othners in tne cunemical sciences

‘yery little had been done in the study of the mineral

f nutrition of plantse. With the newer knowledge gained by

Co ) .~ - .
- tnese men Ingen-Housz,3eneuier, DeSaussure (21, 110) Show-

H

ed the relation of tne interchange of gases in plants to

nutrition and respiratione

Although the favorable effect of organic waste pro-
ducts and manuresg upon plants was generally known, it was

not until 1743 that L. Hargraf, (21) who discovered the

" sugar in the sugar beet, first obtained Pnospaorus out of

plants (Mustard, Lepidium and waeat).
Ruckert, (21, 110) in 1789, far anead of many ol his

conteuporaries in nis views concerning the role of mineral

nutrition had already known pnosphorus as an important

" element in plant life. Boussingault (108) in 1834 was the

first one pernaps to conduct field experiments ana to

determine guantitatively the manures applied and tne crops|




vegun by Liebig (108, 110, 21) in 1840 when he disregarded

al balance of the elements was emphasizedes

-
harvegtede.

In 1795 the Earl otr Dandonald (108) considered al-
kaline phosphate & nutritive salt. He placed hils cnief
empnagis however upon the humus as a plant toode
DeSaussure in his classic "Recherches ciaimiques sur la
vegetation™ 1804, detrinitely stated tnat no normal nutri-
tion ot plants was possible without the introduction of

nitrates and mineral matters (110, 47 ).

CIF

A new and more intensive study of mineral nutritionwa

the humus and vital torce theorye. Instead of taose preva-
lent views he stressed the intluence of minerals upon

. s . . . !
plant growthe His research and discussions started great ;

oppogition and at the same time renewed investigationson
that subject. In his book "Chemistry in its application
to agriculture and physiology" (1840), the first specific

tunction of phospnorus was given, namely tnatl it was

necesgsary for seed formatione The law of minimum previous
ly formulated was applied to plant nutrition by Liebige.

Thus almost a hundred years ago the importance of nutrition-

During tne same period of increased interest shown in
agricultural chemistry, tne famous Rothamsted experiments,§
started by Lawes and Gilvert(108) began to lead to the

game conclusions, that mineral nutrition was of vital ime-
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portance. This, nowever, was overempnasized by somne WOrk-
ers at the expence o1 pnotosynthetic activities. & rtew
years later observations made by Lawes brought out another

important points that pnosvaates enhance root development,

|
|
|

especially of lateral and fibrous roots. BRBesides tae rield

experiments two methods ot studying plant nutrition were

employed. Tae tirst, tne media tor plants consisted of in-|

obtained from candy sugar), the idea was probably based on

Wiegmen's and Polstofr's (21) platinum rilings and sand

media (1842). This method was used by Salm-Horatmann, 18356, |

5(21) who declared pnosvhnorus to be esgential to plant
fgrowth. From that time the sand-veat method replaced the
‘somewnat delicate older one. The other method of finding

{
‘out whether an element was needed for growtih or not was

3
t

iworked out by Knop, Nobbe and Sachs wno used tne water
fculture method (109, 110). DesSaussure (110) used tnis
‘method to some extent for water vlant studies but the addi-
tion of nutrient solutions and the use of land plants for
experiments is ascrived to the atove mentioned invesgtiga-
torge

2. Sachs (111) in 1374 publisaed nis "Textkook of
éBotany“ in which he confirmed the orevious view taken that
jphosphorus ig indispensable. He furtaermore added tnat if

it ig not present growth stops or abnormel growth would

‘soluble artificial soil (pulverized rock crystal and carbon

1
i
i
{
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take place. e stated clearly, however, that no definite
relations had been determined as to special physiological

functionsg, but he indicated the possiocle role phospiates

may play in cell formatione
Zight years later Sachs (109) made some furtiher ad-é
vances in this view concerning the influence of pnosphorus
upon plants. He found that it was a constituent of proto-
‘plasm, that minerals were brougat to the leaves in extreme-é
ly diluted solutions and nad to te in suitable, available

combinationse. Furtaermore he mentioned that molds grow

very rapidly in weak nutrient solutions of phospaoric acid

.but no relations to agsimilation and metakolism nad been

‘investigated. During this period furtuer lignt upon the

role of minerals was shed By tne chemical ash analyses whicﬁ
» !
‘Wolff, Xonig and otiners carried out (47).

Another well known plant physiologist, Bfeffer,
3(99) wasg able to give some new information concerning the
,occurrence of phosphorus. It was found in the form of
organic compounds, in proteids, nucleins, lecitnin, and in

globoids deposited in seeds. 3Heacting phosvnates, 1t was

understood, were liberated again by proteid-decomposition

and by metabolism in general. Phospaorus was detected in |
living cells in a dissolved form as organic compounds but
after death of the cells reprecipitated in combination

with calcium or magnesium. In regard to tne question

'




.
whe ther pnospaorus would be preferred by some plants in
organic form, Pfeffer answered that certain fungi were atle
to obtain their reguirement of pnosphorus from proteid

compounds. Oats was found to be able to partially satisfy

its needs of phosphorus by absorbing lecithine. The solvent!
i
i

action of carbonic acid was already kxnown at tuat tinme.
Wiyoshi (99) observed a strong attraction of pnosphates
;upon fungi of the Saprolegniaceae. Cnemotropism of root {
radicles of Lupinus toward pnosphates had been studied by
the same authore. Macallum (21) was atle to demonstrate in

1898 by microchemical methods the presence of phospnorus as
b

‘an integral constituent of tne nucleus &and nucleoluse. }

¢
¥

The next important contribution to the knowledge of

‘that study of mineral nutrition was made by Loew {(72) in

! i
§ H

;1899. Loew believed, as 2feffer, Sachs and otners had
%shown, that phosphorus was necessary for lecitnin formation%
{

H

5and nucleo-proteids. He said, "Embryos develop only by
cell division, if phosphnorus is stored up in seeds." Phos-i
phorus was determined as calcium- and magne sium-paospaate
in globoids and as potassium phosphate in tne geed. Phos-
ipate moreover was found more or less abundant in the ash of
cereals, some as nigh as 75 per cent. Loew indirecily 3
congidered tne function of phospanorus as an aid in respirai
‘tion, because lecitnin was necegsary and used in this life

process. de said, "Lecitinin represents the form into which;




the fat must be changed to become combustitle in the proto-.
plasm since tne substance serving for regspiration must be i
pregent in the protoplasm in & dissgsolved condition." !

]

Furthermnore nhe maintained that pnosphorus was absolutely

SN~ S

required in chlorophyll formation. Tnis statement he soughi
to prove hy such prominent invegtigators as Stocklaga,
Macecniata, Frecul, Gautier and Hoppe, that crystallized :
Echlorophyllan contains 1.39 per cent phosphoric acide
‘Loew nimself made experiments with Spirogyra to determine
!the phospnorus requirement of chlorophyll. 1n nutrient

isolutions without phospinorus the chlorophyll turned yellow

H

iand an accumulation of fats and albumins took place. In i

the control solution, chlorophyll retained its normal 5

‘color, tne amount of fat and aluvumin stored up was much
{
smaller than in the untreated one, the number of cells had
;
H
i

|
i
i
!
!
more tnan doubled wnile in the phospnorus deficient solu- g
‘tion no growth occurred. After eight weeks extreme anounts?

{

of potassium phospnate were added and in a snort tiae a

norral functioning of cell division begane 4An interesting

contrast has been cited by Sorauer (123) who mentioned ex-
periments made by Nobbg, which would indicate that caloro-

phyll could be formed witaout phosphoruse Anotuer contra-

dictive experiment was carried out by Bichen (123) who
i ~ : - R} -
‘grew an oak geedling for taree years 1in a pnosphorus-free |

The foliage remained dark green, whnile in other

solutione.
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plants the color changed to a dark orange to red. No in-
terpretation, however, has been found to this experiment.

On the bvasis or the knowledge gained from previous

invegtigators and from nis own studies Jost (64) in 1902

publighed his "Plant Paysiology". 3But little new Iinforme-
tion was added in that sanort periode. Jost taought that
phosphates may be stored up by plants in compounds wnich

iGid not show any reaction to tests witn the usual netnods.
' 3, During the last 30 years a great numter of experi-

i
i

‘mentg have been carried out in the field of plant nutri-
; o B

‘tion and,.tactors intluencing it. The tirst two years

1

4
¢

comparatively few contrivutions were publisned on the

|phosphorus relation. Stoklasa (129) in 1911 putlished his

‘regsearcn done on the "Biochemical cycle of the pnospnate-
ion in the soil" in which he described the important role

played by microorganisms, in giving off immense guantities

of carbon dioxide, tueir extensive microbiological activit-

1

{eg by enzymes in building up in some phases and decompos-

ing of organic compounds in otaers. He also empnasized the.

4
H

large amounts of phosphates needed for bacteria in the soij.
Stoklasa furthermore pointed out that bacteria have &
gimilar list of elements which are essential for tueir
‘growth. The fact brought out, tnat microorganisms need

‘guch inorganic compounds to begin with, in order to in=-

‘creage the productiveness of the soil, grestly stimulated
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new research in the same direction. The different experi-
nents conducted during this last period will be comnsidered

‘under the various titles and subdivisionse

The Occurrence of Phospiorus in tne Soil

Phosphorus is found in the soil in organic and in-
organic forms fully oxidized as phos.hate. The organice
gcompounds are formed from tne decomposition of plant and
zanimal tissues and from all the lower organisms present in
'the soil. Inorganic phospnorus compounds occur in various

:forms, originally as apatite. 3y the addition ot various

éphosphate fertilizers different inorganic compounds may

result, such as calcium-, iron- and aluminum-phnosphateés as

‘well as in other combinationse

H
3
{ The Occurrence of Phospunorus in Plants
§

% In plents, pnospnorus has been found in the cells

zof any part of the seed, root, stem or leaves (21, 101,

80). The protoplasm was found to contain very complex or-

ganic compounds in the form of proteins, phosphatides,
lecitnin, lipoids and in various otaner combinations. The
‘difficulty is pointed out that phospnate seems to be in

.combination with many substances whica are rapidly used up

in the metabolic processes and wnich are so unstable that

'they are extracted with great difficulty in tineir origil=-

‘nal forme The gquantity of phosphorus in plants varies
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groatlye.
Three methods usually have bpeen employed to s tudy
the pnosphorus reguirement and tane amounts in plants. The

first method is the agh analysis ot plants, the seccnd, the

solution culture (99, 109)e <The third method, the sand-
peat method or Helliriegel {54) nas been used successiully |
since 1880 in studying the phospnate requirements of sugar

i beetse

t

'The Role ot Phospnorus in Plants

as. The cell and its activitieg -

Tne ¢ tudy o1 the cell, as the unit of plant
structure, brought to light the requirement o1l essentieal
mineral elementse. That phosphorus is necessary Ior normal
plant life has been already mentioned. Not so very many 5
new discoveries have heen made since the time of the earl-

ier plant physiologistse Barton (3) in his took on "Recent

§Advances in Plant Physiology" made the statement that the
1functions of phosphorus in cellsg were diff'icult to ascer-
taine A short review, however, will ve given of the ex-
periments conducted in relation to cells, tneir content
‘and activitieg.

Brelik (9) tuought that a close physiological re-

lation exigted petween phosphorus and chlorophyll. He

:believed that this element was o1 egual value to magnesgium




-12-
or potassiume In contrast to tnis view lamelil (77) op-
served that the lack oI magnesium nad an etiolating effect
‘upon cnloroplasts, whereas i1in the case 0I phnosphorus the

plagtids remsined normal in those regpectise Schertz (116)

working with cotton and potato leaves, noticed & dally
variation o1 the chloropnyll components and & narrowing of
the absorption band when phospnorus wag deficient or lack- |

ging. The abgsence ol phosphorus, compared to tnat ot nitro-

gen or potassium, resulted in tne least amount alt chloropnyll

Eormed. In & Russian article,(65) the author observed that

o

ith an iIncreasing guantity o1 pnosphorus the amount or

%hloropnyli decreasgsed, especially &t snortened day-lignt

&eriods, wnile tne maximum caincides either with solutions

{
keeping & minimum amount ol phosphorus or in free phos- ;
|

phorus solutionse.

g The intluence of phosphoric acid upon the antho-

i

|

tyanin in culms or barley was studied by Suzuki (132). He

%hought that the production ot anthocyanin was due to a
nutritional derangement, mostly & dericiency ot reacily
available phosphoric acid or nitrogen or a lack ol kothe.
Doak and HMiller (27) studied anthocyanin production in
.sorghum by various applications of phosphnorus and nitrogene.
.The results indicated a rather complex picture. Antio-
icyanin was produced in a maximum gquantity in three varietie?

wnen N was at the lowest level regardless of the amounts of




¢ barley, that anthocyanin production may be agsociated

' with alumnium. absorptione

-13-
phosphorus present. With an &cess ol N the maxXimum .ro-
duction appeared only wnen pnospnorus was dericient. oLX=-

cese oI phosphorus in combination with moderate surplus

N gave a minimum production of anthocyanine Some varieties
produced no such pigment at all under any given conditionsi

others only medium amounts when rhnosphorus was deficient
whetner N was deficient or in excesse. Harvey (S51) gives

this explanation tfor the production oi anthocyanin ariter

phospnorus dericiency or starvation in apple trees anc in

After a longer period of phospnorus depletion
Lckerson (33) tound protoplasm Ttecaue refractive.

Phospnatides began to dissociate and to brezk down, sugarg'
!
increasged, wnlle the carbohydrates decreasede Chloro-

plasts gradually disintegrated in thne upper leaves until

finally the protoplasm further decomposed. After a cer-

tain stage of disintegration it was usually very dirticult
for the cell to recover and it frequently failed to do soe.
McCool ( 82) studying various mineral elements intluenc- |
ing cell sap concentration observed that phosphorus alone
decreased tne cell gap concentration while in comtination

with potassium the concentration increasede.

The importance of the pregence ol pnospnorus nhas §

already bheen emphaslzed by LOew (72 ) on Spirogyrae. A
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gimilar experiment was carried out ty Reed {102) wno ob-
tained the same results witn tne same algae, €. g« CELL

division was suppressed 1 the plant was grown without

phosphorus 1or thnree weekse If tnis element was added :

|
after that period, mitosis occurred but with difficultiess.:

Reed believed that such cells first lose the soluble
pnosphorus compounds and later snow injuries in the livingf

parts of tne cellse

The study of the influence upon mitosis was furiner
more investigzted by Sommer and Sorokin (122). Tney found
that the external form of cells of root tips of peas in
the absence of phosphorus appeared almost normal if boron |
was present. But the internal plasma arrangewent geemed 10
have changed. Tne nuclei lost tneir typical more or legs |
spnerical shaped form and assumed an extremely irregular
outline. “Aroceboid, elongated, spindle shaped and con-

stricted nuclei were often found in the meristematic

reiong." Smaller nuclei were oubserved under tne same
conditions éomgared to normal cellse. The positiomn of the:
nuclei was changed somewnate. Insteaa of being more or

legs in the center, they were found in a flattened posi-

tion against the transverse cell wall. lioreover, normal

mitotic figures proved to be absent. Those injuries des-
. . . . i
cribved were similar to tiose found in pea-roots in the g

absence of boron which by these authors 1is clained to
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have an even more serious effect than pnospacruse

b. Phosphorus in relation to bacteria, fungi and algae.

The pioneer work of Pasteur, Koch, Winogradsky and
s great number of other scientists opened & new field of

research in bacteriologye

The mineral reguirement of those lower organisms is

gimilar to that of the nigher plants, but not as many
elements have been discovered to te essential as in the
case of the Spermatophytese Also great differences exist
between the various groups in the quantity necessary for
normal growthe Tne asn apalysis gives an approximate
idea akout the importance of phosphorus in the me tacolic
processes. It was found that the asn of bacteria, yeasts
and fungi may snow great variations in tne gquantity of
thig element deposited in these organismse. 3ackett (112)

found that bacteris may contain nmore than 50 per cent of

chosphate in the ashe 4&. Hayer (148) , made the following

|
i
i
:

determinations of asn analyses:s Bacteria 10 to 55 percent,

fungi 44.8 to 59.4 per cent, algae 51 to 59 per cente.
These guantities of pnosphateées of those organisms are to
a great extent determined by the phosphate content of
their substrata. The importance of sufficient mineral
gupply to the algae, fungl and bacteria Dbecowes WOTE out-

standing if one realizes the numicer of tnose microtve-
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population in a gram ot soile. I&yer shows the tollowing

goil flora:

le Bacteria 50 - 1200 nmillions
2+ Fungi 30,000 - 900.00 >
3. Algae 28.000 - 60.000 7

A number ol investigations have bpeen carried out to

determine the iniluence of pnospnorus upon tacteria.

Ruchanan (14) summarized the effect oI shosbhate thuss:
"Paosphutes, in suitable concentration stimulate cell
growth, fermentive and other metatvolic activities."

The carbon dioxide production and its importance heag
been pointed out by many regecrch workerse. VWalksman (148)
mentions thnree ways in wnich micro-organismes are able to
transtorm insoluble tricalcium-pnosphate intc soluble 1 ormg

1. By direct metabolism (enzyme action)}

2. By the carbon dioxide production

3« By the formation or inorganic acids in thne

metabolism of the autotrophic nitrifying

and sulphur oxidizing bacteria

The acsimilation of phosphorus from the soil fungi

has been shown by Brown (13). Dox (31) reports an exceri-
ment in wnich Agpergillus nigerrsecured its pnospuaorus
need from organic and 1inorganic compoundse (Pytin, nucleie
acid, lecithin, casein, etc.)

In regard to the guestion whether molds have any
important role to play in soil fertility has veen doukted
by Joneg and Murdoch (63). Co, production has a

dissolving ability but to what degree the inorganie




pnospnoric acid and organic alconols or tuneir derivativess

=]l e-

compounds are made golutle no references gave any

angwer.

ce The Influence of Fnospnorus on Enzyumeg.

Pagteur in his famous regearcin on fermentation was

probably the first to rexzlige the importance of enzymese
As nus been investigated, the enzymes also need elements;
(147) six nave been so far claimed to be essential, one
of thtssphosphorus.

The function of the enzymes seems to be To Trans-
form organic and inorganic substances for the production
of energy and to tuild up within the cell vital products
and metabolic activitiess Tne enzymes may also function
as dissolving and digesting agents in order to prepgare
and facilitate the entrance of nutrients into the cell.
Furthermore they are designated as catalysts and activa-
tors in various hydrolytic and synthetic processes 1in the
cells. Tuere are a great nuuiver of enzymes in eaca algn-
er plant; bvacteria and fungl have lesse Phosphatase (147)

hydrolyses organic phosphate compouncss €. g. esters of

* Other enzymes act synthetically upon a mixture of sugar

1

' and pnosphates to form complex organic compoundse Pnos-
‘ phateg have been found to be of importance in diastase

[ activity. Englis and Gerber (34) obscrved an increase in
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diastage activity waen acid pnospnate in small amounts wasg,

added. Above a certain quantit., however, tnis activity
decreaged noticably below that of tne control experimente.
Thus without tne help of those enzymes tn€ pnos-

phorus ion could never complete its cycle 1in nature.

de The Influence of Fhosphorus upon Feruentation

The various types of fermentation are closely

related with enzyme action of microorganismse. Fnosphates,

. as has been found out up to date, largely modify the

fermentation process. Alkaline pnosphate may increage
the rate of yeast fermentation to 20 times the normal
(3,20). Harden and Young and Henley (3) ohserved that
phosphates enter into organic union witn hexose to form
nexodiphospnates They consider tals as the first stage

in the process of fermentatione.

e. The Influence of Pnospnorus on Zlant Regpiration

Maximov (80) called attention to tue Tact tnat
there exists & close relation hetween alconolic fermenta-
tion and anaerobic respiration. Anaerobic respiration 1is

designated as a vital process in certain microorganisms to

obtain energye. The work of Lyons (73) dealt with the

study of the role of pnospnate in anaerobic and aerobic

‘regpiration. In nis first paper ne€ confirmed Witzemann's

(73) view that phospanorus acts as a catalyst for tne
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oxidation of glucose in the preseénce or absence of hydro-
gen perqxide. Tne conclusion drawn from his discussion is
that phospnates may accelerate aerobic regpiration.

Heutral phosphat@ gsolutions consideratly increasge
the rate of carbon dioxide production in Elodeae« This
increase lagted from one to six aours, then gradually de-
creaseds A second riging curve of earbon dioxide pro=-
duction, Lyons found to taxe place following the deatn of
the plant cell, oxidation appeared to go on for several
hours under the influence of phosphate. In ancther paper
Lyons (74) studied the influence of pnosphate on potato
oxidases. In anaerobic respiration the carbon dioxide pro-
duction increased as in aerobic respiration wnere pihosg-
phate acts és a catalyst toward oxidasee. Iron-catalysis
influenced by phospnate as the promoter catalyst is con-
firmed by Lyons wino based hig view »aurtiully on nis

judgment of Willstatter's investigation on tne presence

of iron in resgpiratory enzymes. Moreover Lyons emphasized!

the importance of the carbon divxide production from

anaerobic respiration waich is little less than that of

~aerobic respiration, if phospnate is presente.

The experiments of Gregory (48) show that tne rate
of respiration varies greatly when phospnate 1s deficientes
In the first four weeks it increased, from the fiftn to

tne ninth it decreaged and did rise again the next tnree
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weekse
In a Russian article (65), the author founa taat the
energy of respiration changed but little when different

guantities of phosphate were added. A slight increase was

obgserved at a change from a higher to & lower concentration
of phosphate in the solutione An excess of panospnorus

sometimes caused a weakening of the energy of respiratione

: fo« The Influence of Pnosphorus upon Transsiration

Apparently little conclusive data ha?‘%een collect-
ed to demonstrate that soil fertility is a factor affect-
i ing transpiration. As a fact it is seldon mentisned
directly in textbooks of physiology. However, the experi-
ments conducted by Burgerstein (16) and otners, point out

that transciration is leas intense in a fertile soil than -
i

i

in a depleted soils. No specific fertilizers were used in
these studiesge McCool (82) stated that in his experiments

the transpiration stream in sugar beet leaves was legs in

the case wnere a coumplete fertilizer was used compared to
that where either an incomplete fertilizer or phosphate
alone was appliede Anotner experiment to the same effect
:has been conducted by Newton (87) on barley. He confirmed
definitely the statement that an lncreased concentration
‘of the culture solution in contrast to a weak nutrient
" golution decreased the rate of transpiratione. The amount

v of water transpired in the case of the more concentrated




" amount of it and also at insignificant cnanges of P ion
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clution varied from 30 to 60 per cent of tune amount given§
off in the weak solutionse. Rater (101) gtates in a general
way tnat acids may accelerate, alkalies, retard transsira-

tion and pointed out thzt specific salts may exercise such

inhibitory and accelerating effectse

The Influence of Phospnorus upon Photo-

synthesis and Translocation

"ery 1ittle is kxnown regarding the role of mineral
nutrients in photosyntnesis." Spoehr (124). However
Tre boux (124) found that very dilute solutions of 0.000IN
acid phosphate may have a sgtimulating effect. Waether the
mineral concentration in Evard's (35) experiments nave
veen the same as that wnich Treboux used, was not deter-
mined. This might leave a possible explanation for tne
contradictory statementses Another experiment in favor of

the view neld by Treboux was shown by a Russian investiga-

tor ( 65) who observed that with increasing amounts of
phosphorus the photosynthetic activity augmented in tiae
same proportione. A special rise was not noticed &t the

trangsition from free phosphnorus to & solution with minimum

cancentrationge

The deficiency of nutrient salts has been studied

vy Briggs (11). He noticed that & lack oI or deficiency
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in any of tnese elements, XK, Mg, P and Fe decreased photo-
synthetic activity. His explanation is tnat the "reactive
surface of the chloroplasts is reduced." Andre (128)

velieved that there is a definite ratio between organic

magnesium, and phosphate to residual magnesium and phos-
phate in the leaves and that photosynthetic

activity depends upon tnis ratioe

E ge The Influence of Phospnorusg upon Assimilation and
: Metabolism

i Investigations concerning tne influence of pnos-
' phorus on assimilation have been conducted mainly by
éanalytical methodse It is thought that lipoids, wnilch
icontain organic phosphorus compounds, play an important
Zpart in the synthetic process of the cell (80) but no

i clear facts have been brought out so fa-e Loew (72) be- |
H
élieved that phospnorus wazs necessary in the agsimilation
;

. of fats , because there is no cell division without pnos-

‘phorus and that the ahsence of phosphnolipoids may nave
bveen the cguse.

It is tne view of Kraus (68) thaat large quantities
;of PO4 may exist or accumulate as reserves witnin the
Eplant. They may be metabolized when a deficit of phds-

phorus is created in the nutrient mediume

‘ Nitrates in tomatoes grown without phospnates

t

were noit reduced according to Bckerson (33). Wnen tne in- |

i

* ¥

H
:
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organic phnospnorus was used up, the tissues became more

acid. An accumulation of nitrates resulted. Iater the

- chloroplasts and pnosphatideg disintegrated and the amount

of sugar increased. If phosphate was added in the earlier
stages, the plant was able to recover, but if added at a
late stage only a small percentage was brought back To

normal growthe Gregory and Ricnard (48) who studied the

. effect of dhospnorus deficiency upon assimilation in

barley'found that barley grown in phosphate deficient sand

_cultures caused & slightly subnormal assimilation under

low or high light intensity.

Phytin was assimilated by ocats and red clover
according to Heck and Whiting (53)e Tnis organic compound
proved to be ah important source of phosphorus to oat

plants, it was even wmore readily assimilated than phos-

: pnorus from inorganic formse. Red clover gave & gimilar

" resulte Two to three timesg as much pnospaorus was Ifound

in clover under those conditionss
The conversion of sugar into starch and cellulose

was found to go on in the absence of phospnorus tut

“epparently not from ingoluble carbohydrates into solutle

and available sugars &s food (135)«

Silicates proved to be of influence in an increased .

aggimilation of phosphate, as has been shown by several
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workers (3). There even seems to be a direct relation be-
tween the amount of phosphoric acid taken up ty the plant

and the amount of water ssluble gilicate in the goile

he The Influence of FPhosphnorus uvon the Flant as Affect+

ed by Light, Temperature and Wagter
=4 & xe

'

Ecological factors influencing tne relation of

i

phosphates to the plant have been but recently emphasized.é
{

The law of minimum as applied by Lievig (8) in regard to
plant nutrition has been modified by litscnerlich and
Lundegarth (8) as followsz The relative effect of a
factor is so much'greater s tne more the factor is in the

minimum compared to the other factors. Tne relative

effect decreases permanently with increasing intensity of;

: ;
the factor and approachnes in tne maximum region the ;
effect of the value zeroe They formulated it in such a
way that all the factors influencing vegetation may be
included under that lawe With tais consideration in wmind,
light, temperature and water have been included in the
list of factors affecting the phospnate relation to plant
growtie

In some very recent experiments lagistris (76)

studied the effect of light and temperature upon the re-

cegsion of water soluble phosphatidese During or previouss

ly to dialysis an increase in permeabllity took place
which was expressed in an increased exudation of organie

:
i
§
t




soluble phosphatidess This vrocess was found to be !

Y

;tion of phosphatides, winile tne alkali earth wetals re-

i
|

a

light. The explanation given by tnose investigators was

i

tion which decreased the availability of phospnate in the

-25-
phosphoric compounds. The causes for those cnanges in
p?rmeability of the border layers of the cell were sougnt
in the effect of light, e+ g« that light may nave caused &

de composition of the unstable moleculese. An incressge in

temperature was followed by a greater excretion of water

revergable according to temperatures. i

Alkali-ionsg and magnesiunm-ion increased thne exuda-

and bases

Q.
[ 6]

strained tnis excnange. In solutions of aci
exomosis of phosphatides was always greater tuaan in pure
water, the concentration of those solutions naturally
modified the rate of exomosise.

The absorption of vhosphnorus was increased witn &an

increasing concentration and with an increased period of
light (65).

Gracanin and Nemec (46) stated in tueir discussion

of the influence of diffused light upon phospnorus ab-
gorption from the soil that direct light was léss effective:
than diffused lighte During intense radiation, & lower

regorption of phosphate took place tnan with diffuse

that girect light caused greater transciration and evapora-
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soile A decrease in temperature resulted in a decrease

of phospnoruse

An increase in water requirement by phospuoTrus

deficiency was reported by Dickson(25) and Sorauer (123).

i« Tne Influence of Phospaorus upon Seeds and Fruits

As previously mentioned punospnorus ig attricuted

an important function in seed formation (108). P‘aosphorusjE

ig stored in the seed in compounds of proteins, fats,
phosphatides gnd carbonydrates. Iiost of the experiments
cited dealt with the negative sgide of the provlem, €. ge
the absence or deficiency of phospnorus in relation to

seedse

An extreme deficiency of phospaorus in the soil

suppressed seed foruwation in a large percentage of grasses

according to Henrici (55)« As soon as fertilized, in-
numeravle kinds of grasses under observation, developed
geedg,provided surficient water was present. Pnospiaorus
deficiency wag considered as tae primary cauze, snortage
of water as & gsecondary factor in the lack of forning
grass seeds. The great loss of water by transpiration

was considered by Henrici as a result of tae extre.ely

1ow concentration of the phospnorus in the soll solutione

Several other investigators reported tne failure to form

seeds in the absence of availavle phogProruss

i
i
t
4
i

}




of phospnoruse. Soybeans failed to produce viabtle seed in

Tt is understood, of course, that a relative shortage of

! pnosphorus decreases the yield of any crope Tne total

‘in another test, dropped to 46 per cent, tnat of straw tToO

'10 per cent of the normal amount, only one-tentn of the

tion of the tomato plant has been worked out by acGilli-

parts of tne plante

' normal amount of phosphorus was suppliede

-2 -
Bartz (1<3) believed that the falling off of jlums

at tne time of stone formation wes due to tune deficlency

the abesence of phosphate according to experiments conaucted

by Ginsturg (43).

A deficiency of phospnorus in :rains lowered the
total dry weight (24). The ratio of grain to straw in-
creaged if phospaorus was insufficiently suppliede. Like-

wise an increase in weight of individual xernel was rioticed.

phospnorus content of grain, was reported vy Dickson (25)

The effect of phosphorus starvation on the composi-

vray (75). The regults obtained corroborate with the
observations made by other research worxers and may be

summarized thus (75):
l. The percentage of phospnorus decreased in all

5. A re-utilization of phosphorus is possivle.

3. The regions of growth contain tne nighest per-
centage of phospuaoruse.

4. An insufficiency of pnospuorus caused a de-
creage in tne size of the fruite

5. The dry weight of the plant trekled in two
monthngs about aalf of the total phosphorus in tne fruit
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slowly recovered after two montas of lack
of phosphoruge.

6. The atsence ot phospnorus effected a greagtier
drop ol blossomse.

7. Tne chlorophyll content in leaves decreased
by a sanortage o1t phospnoruse.

8. lore sugar accumulated and less starca was
formed when phosphorus wag wantinge. The
reverse was tound to be true in tae case of
nitrogene

9. The plant may absorb more phorpinorus taan
needed for its growth and maturations

Sorauer (123) reported a case where an excess of
phospnorus was sald to nave brougnt about a greater per-
centage of sterile spikeletse

Recently, Morgan (185) advocated the tobacco plant
ag an‘indicator in studying nutritional deficiencies of
soils on account of the sensitivenesg and easily detect=-

ahle symptoms of the plante.

je Tne Influence of Phospacrus upon Seed Geraination

The utilization of the stored rood material of the
geed includes an energetic process of bringing tnose

regserve substances into proper combinationse The phos-

phate located in seeds is liverated from organic compounds!

into inorganic form during its translocation toward tae

~growing points where 1t again enters into organic comtina=-

tionse Tnig was reported on Phaseolus multiflorum by

Klein (90) and sustained by vonOnlen (90) in his experi-
ments on soybeans. loreover he stated that inorganic

phosphorus was found in roots, except the root tips where
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only organic phospnorus could be detectede. No organic

phospaorus was discovered in tihe exhausted cotyledons but

the inorganic salts were still present.

Turnips, vetch, rye, suntlower and grassg seeds were,
{

1

studied by Gracanin (45) to determine the inrluence of
phospnorus upon the release or energye. He reported tnat
phogphoric acid had a stimulating effect upon the germina-i
tive energy ot seeds and that it "awakened the germinative
capacity" of seeds which otnerwise would not have germina-
tede The eftect oI phosphorus as a stimulant accelerated
the germination process and wag more effective tnan HCl,
HQSG4 or HNOs. Even olLd oat and barley seeds showed a
more favorable germinating efrect in & solution or .1 E
to 1 per cent PO4 concentration than in plain water. Buck-’
wheat seed, however, gave negative results. 1lhe diffi-

culty of obtaining accurate results from such pnospnorus

determinations im illustrated by experiments made by

: Pazler (95) who believes that sprouting seeds may €ven

absorb phosphorus from glass sande.
An excess of phosphorus affected seed germination
of corn and sugar beets unfavorably. Rost (106) found

that an excess of superphosphate showed no deleteriouas

" effects on germinating corn seeds in the first year but g

the second year serious damage was done to tne geedlingse |
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Placing tne phosphate too near sugar veet seeds in dry
soil retarded or even reduced geramination (89).

k. The Intluence of Pnosphorus upon Development of
Rootsg

Comparatively few exact data are accumulated on the
subjec: of phosphnorus in relation to root growthe
Pernapsg the first man to observe root development

influenced by phospnate wgs Sir Jonn Lawes (108) when he

| wrote in 1847 on the apparent inrluence ot superphosphate

upon turnip roots. Solacolu (121) showed that Lupines nad
gshorter roots, especially lateral roots, if placed in a
nutrient solution deprived of phosphnorus.

Soil structure has a profound intluence upon root
developunent. If a layer of clay is present in a more or
less sandy soil, it may contain more nutrientse. ILateral

roots may thus invade tanat region to absorb them, in spite

" of sufficient water in another section with less clay.(61)

Lees (71) working with wheat found that the plants
where the plot was treated with superphospnate showed an

average of three inches increage over the untreated. A

fsecond reading later on showed & difference of 7 to 8

inches and the final chneck up demonstrated a lengtih of 5

. to 11 inches over those without phosvuate. Tuere existed

' great variations, however, in different varieties and in

different plantae.
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Fruit trees wanting phosphate were reported by
Wallace (149) to have small coarse roots with a 1little
lateral, absorptive root systeme The color or the root
appearte brownish.

The experiments conducted by Turner (143, 144) on
barley, wheat, cotton and corn illustrate a ditterent rela-
tion and are somewhat in contraast to previous statements |

gmade. He found tnat the ratio between roots and tops de-
:creased in the treated plotse. An increase in the phosphate
sconcentration did not stimulate root growth, neitner in

fdepth nor in lateral development, both indicated a retard-
}ing eftrect under given conditionse. Cellular activities
!

i . . . , . X
were not augmented. The invegtigator explained tials de-

gcrease in the ratio of top to roots that "compounds or
]
{gimple substances were formed in connection with photo-

|
synthetic activities in the tops, walch are translocated to

{
'the roote and manifest themselves taere by stimulation or |
: : !

storage effectse"

Nygard (89) in studying phosphate defieciency of

‘soils reported a very slight ditference (0.07%) in the

‘relation between top and root growth on sugar beetse.

l. The Influence of Pnosphorus upon Different Periods

gf Growth

Pember (96) studied the effect or phcsphate upon f




of phosphate supply seriously depressed growth, the numker

' Phosphate withheld the tirs® Tour weeks prohibited the
fheading of tie plant, but tillers were not affected.

" Brenchley thought that the discrepancies 1n Pember's ex-

i limiting amounts o1 phosphorus absorbed this element mosgt

phosphate was omitted atterwards. Shorter initial periods
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growth when applied for only certain periodse. Wnen phos-
phate was aedded during the tirst eight weeks and none
afterwards, bariey, oats and wheat plants developed the
teste Reducing the amount or phosphate to nalf a quantity;
depressed growth and reduced phospaorus absorption. In a
later experiment, Pember (97) found that applying small
amounts of phospnate, during different periods of growth,
effected the plant equally well &s giveh during thne early
part. This was not the case in Brenchley's experiment as

later mentioned. The plants grown in solutions with

vigorously during the second nali oI & geventeen-week

period of growth (9 to 13 weeks).
i

H

The results obtained by Brenchley (10) do not en- ;
tirely agree with tnose ot Fember. Plants deprived of é
phosphorus after four weeks were sald to show no decrease ?
in any functional activity, while Brenchley tound six week%
the minimum time. Six week's growth in a complete solu- |

tion insured normal development of bvarley plants, although}

of tillers, ears and grain was less, dry weight decreesed.




which had traces of pnosphate and the tillers removed from

} periments conducted by Gericke (41) on wheat btring out

periment were due to thne ract that ne used well water

the plants permitted the main shoot to develop. The ex-

. again the importance or naving a sufticient guantity of

~ phosphate at hand in the earliest period ot the lite of th@

‘ the larvae of the gout fly which attacks tne plant during

the periods before headinge. I those plants matured a

! trary to Lagatu's report, an omission of either nitrogen,

plant. According to Gericke the tirst 1our weeks were
adeguate enough tc supply the phosphate need 1or the plant
if atterwards it was removede

Thomas (138) working on Pyrus malus found that con-

phosphorus or K from a nutrient treatment always resulted
in a decreased absorption ot the particular elemente.
Wallace (149) reported a decrease in absorption of
phosphorus if it was deficient in the soil. It is pointed

out by Thomas (138) and Wallace (149) that the differences

in their experiments might have been due to the other :
factors which were difficult to controle.
A rapid development ot barley, according to Russell

(108), due to phosphate application, saved the crop from

1ittle earlier, the damage done by those larvae appeared

to be much lesge




me The Intluence of Pnosphorus upon Stems, Stalks

and Culms
Solacolu {12L) noticed that the inrluence oi phos-
phorus shortage in nutrient solutions aftrected the ana-

tomical structure or Lupinug very lLittle.

An insutticient quantity of thne same element showed

variations in the anatomy of the culms ol bari€ye ﬁoweveﬂ

the cells were larger, with thinner wallse The tissue
appeared to be more spongy and brittle wnile under normal
conditions the tissues were more firm with smaller cells
and thicker wallse Thesge experiments were in agreement

with those made by Guttroy, Lienau, Kissel and others

as reported by Doerrell (28)e It needs to be kept in rmindi

that a phospnorus defriciency gives a relative nitrogen
excess and in that particular soil, tests snowed a nigh
content of potassiume.

Hoagland (56) in discussing artificial culture
golutions pointed out the many factors influencing phos-
phate concentration and absorption (soil reaction, ovuffer
power, colloidal content of the soil, etc.).

An excess of phosphoric acid in the solution gave
small and frequently compressed cell foruis in potato
stems as indicated by the experimenis of Huxdorff (58).
The collenchymea material on stems and petiole witn an €x-

cess of phosphorus caused the cells to be somewhat ir-

4

i
1
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regularly arranged. On the tubers a one-sided phosgphate
fertilization 1increaged the cortical cell layers

Anatomical observations made Lty Volk and Tiemann
(113, 114, 115) on various nerbaceous and woody dicoty-
ledon stems saowed, by a lack or insufficient guantity of
phosphorus, a smaller development of phloem and Xyleme.
Phosphorus excess plants, due to the rapid development i
early in the season ultimately caused a nitrogen de-
ficiency wnich showed similar signs of derangerment in the

plant structure as phosphorus.

n. The Influence of Pnospnorus upon Leavese.

A great amount of work has peen done in tne study
of the effect of phnospnorus upon leavese. In most of the
experiments conducted a sanortage ol phospanorus was i
studiede. Wallace (149) observed that phosphorus-starva-

tion on fruit trees was tollowed by a delay and restric-

tion in the opening ot the leat buds and owing to the
death of lateral tuds the rlowers were seriously affected.;
A smaller amount ot leaves was produced, termninal leaves |
may only develope On the leaves themselves appeared
bronzed and purple tints accompanied with krownish spotse.
The first season no such eftfects were tound but the next
summer, the lack of phosphorus became obvious. The leaves

dropped in June and no further sign of growthh was noticed
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that year. The fruits of such trees were found to nave
poor keeping gualitye.

The parenchyma layer, oI leaves of Lupinus deprived
of phosphorus showed a smaller amount ol that tissue.

Eichen (123) reported an interesting experiment
with oak plants. +they were grown for three years in solu-
tions without phosphoruse Tne leaves remained dark green,
while in other species they chnanged to dark orange or rede.
Pine needles turned to a dull violet in'tne absence of
phosphorus according to ioller (123). The same results
were reported by Busgen (17) . Vater (17) suggested tnat
this discoloration may possibly be due to anthnocyanin
formation in an alkaline reactione An insufrtficient amount
i of phosphorus made brown to purplish spots appear on the

leaves of beans and pease. An excess ol this element

Jacob (59). Tobacco leaves turned first yellow, later

geemed to nave no typical injurious effect as observed by

brown, according to Dreyspring and Krugel (32), if phos-
ohorus was wantinge. The leaves remained greeénish trown.
In general such plants lacking phosphorus soon dried upe.
Kruger and Wimmer (69) feported their results on tihg
phosphorus deticiency on potatoes, red clover, oats and

tobacco which fairly well agree in the essentials with the

previous authors mentioned. Volk and Tiemann (113, 114)

{ found the following resulss due to a shortage of phosphorué

|



. due to a snortening ot tne paligade celisg. Similar resultsg

" were obtained in tests with Honocotyledonse

PE—

‘monocots and dicots, upon the changes in leal color,

inot have taken place, according to the investigatorse

‘out on peach seedlings that an excess of phospaorus in the
'leaves made the leaves fall during the nonths of Septewter

“and October. A deficiency of phosphorus seemed to have had
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The leaves were smeller per leaf area. The margins may 4

show deeper incigsionse Tne thickening oI leaves was legs,

In another paper, Scharinit and volk (114, 115}, dii
draw the tollowing conclusions, based on studies of phos-
ohorus deficiency in 32 dirterent trikes, that this lack «

or shortage of pnospnorus had similar effects, coth in

appearance of necrotic area and the typical changes of the
"habitation representation® (Habitationscild) wnich gives
an applicable criterion concerning the nutritional condi-
tion of the plant. Fhosphorus deficiency is expressed in
delicate, small plant formse. The delicate structure of
plants short on phospiorus 1s anatomically correlated with

a different development of the supporting tissue.

The wood elements ot the dicotyledons and the |
gclerenchymatous elements of the monocots were suppressede
Anthocyanin tormation was bvelieved to have taken

place due to a shortage of phospiaorus which normally would

Volk and Tiemann{11l3) tound in their work carried




i extreme shortage of phospnorus was allowed to take place.

- base of the tasgsels pistillate fruit structures developed

‘at the same timee. This pPhenomenon was found now and then

. Was much more freguente

the opposite effect. The leaves were still green on
December IS8. The surprising thing was,however, to pe
noticed next spring, when the buds of those seedlings with

a dericiency of phospnorus opened firste. The importance

of proper nutrition in respect to frost injury is emphasiz-

ed by the same investigatorse ‘
The inrluence of phosphorus deficiency upon the

effect or fungi intection on leaves will te taken up under

the heading of plant diseasese

oe The Influence of Phosphorus upon Flower Formation

In several instances experiments have been carried

out to deteriiine whether flower formation is in any way
influenced by phosphate relations. Schatinit (113) found
Chrysanthemum flowers were much smaller, the numker of

flowers was only one-eighth ot the check plants, if an

It was also reported that phosphorus deficiency may cauge
an increased formation of pistillate flowers over staminate

flowerse Staminate flowers showed no branching and at the

in normal plants, but in phosphorus deticient plants it ]




pe The Influence of Phospnorug upon Larliness

and Maturity

The observation made by Russell (108) on barley
attacked by the gout fly has been mentioned, and taat by
Schaftnit (113) on peach seedlings. Little exact data
has been tound in literature which clearly stated the in-
fluence of phosphate upon earliness comp.red to other
treatmentse The statement thus frequently made that phos-
vhate hastens maturity or truits and seeds tnererore needs
further researche.

Noll (88) working with cereals, cabbage and cotton
found that phosphate fertiligers induced an earlier
ripening of the crops grown on soils deficient in phos-
pnorus + A confirmation or those results obtained by
Noll was given by Dickson (24, 25) in his experiments, in
so far that a deficiency of phosphorus , potassium or

nitrogen siuowed a shortened period of development wnile by

" & shortage of Ca or lg the period was lengthened. The

results of Teakle's (134) experiment imn soil cultures do

not support the view that phosphate nastens maturitye.

qs The Influence of Phosphorus as affected by

the Soil iledia, pH Value, Sterilization, etce !

since the plant uses the soil as substrata it is of

great importance to understand the tactors whicn influence;
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phosphate atsorption and plant nutrition. The role of
microorganisms nas already veen discussede.

rnospnates need to be in an avallable, soilubple
form in order to bte or any value to plantse.

Sterilization oI & soil may tirst have an unfavor-
able intluence upon the availability or minerals, micro-
biological activities vut within a snhort period an in-
creased activity ot soil microrlora takes place wnich may
stimulate plant growth (62, 66, 98).

Soil reaction is one oi tne most important factors
in the relation to plant nutritione Davidson (22) tound
that wheat seedlings absorbed more pnosphorus from soils
have an initial H-ion concentration of 5 or leéss. &
similar experiment carried out by Tidmore (140) contirms
the statement made by Davidson (22) that acid soils are
giving off more phosphoric acid to the plante. Indivcatlon

of the physiological availability depends upon the pH

 yalue of the mediume. An excess ot phosphorus absorbed

from the solution was tound in the tops of the seedlings.

The roots ot plants absorbing phospinorus from neutral

"golutions contained more than those from the acid solution.

In contrast to the apove stated experiments, 1s the

~one by Domontovitch (30). According to him, the pH ot the

‘nutrient solution had little intluence upon the rapidity

| of absorption ot 304 .

‘




-b)e
Burd (15) showed tnat the paospnate concéntration
may pe increased to a certain pH, tnen it declined or €ven
may precipitate ir tne rezction becomes too acide The

bufier power of the goil nas a great influence upon the

soil reactione The full signiricance of phospaorus in the:

ionic equilibrium or tne soil solution nas not peen fully
understood, states HcKibbin (83)e Tne tact brought out
bty Teakle (133) again demonstrates that the solubility of
various phospnateg at various reactions under ditrrerent
treatments ig not always the same. Tous wihat may be of
benerit in a calcareous soil under dirferent molsture
relations may be or disadvantage in an acid or neutral
solle.

Parker (92) round that liming increased the phos-
rhorus content or the soil solution and soilil extract from §

a soil receiving acid phosphate or basig slage Tnis nolds

true only under given conditionse

The availability of acid phosphates was shown by

Stokla ca (129) to decrease rapidly. It was otserved that

within 30 to 50 days according to tue kind of phospnate
(mono- die or tricalcium-phosphate or in the form of

orthophosphoric acid) applied, it became water-insolutrle.

Truog (142) thinks that plants containing & rela-

tively high calcium oxide content nave « relatively nigh




Eand a great number or otners (104, 118} !
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feeding power. He explains tnis by the law oI mass zciion|
and chemical equilipriume. Based upon tne experiment of
Czapek and otner, Truog (l42) peiieves tnat O, and water

are the only important agents to pring minereal material

into available rorm. Chnemotroplsm as an active agent to-
ward tne root nalrs has veen advanced ag & tiheory con-
cerning the tactors 1lnIluenclng pRnosphorus apsorpuLlone i
Parker (92 and Scanreiner (L1L17) and others snowed 1n
their experiments tnat a considerabie amount oI phospnate
in the soil 1is Tound in organic torm whicn undergoes &a
difrerent chemical process oI decomposition thnan the 1in-

organic compoundse. Tnus the absorptive power ol organic

phospnate is much lower tnan inorganice. Flerre and rarker
(100) worked on similar guestions and 1n general agreed
with the above mentioned authorse

r. The Influence of Phosphorus upan Animal Nutritionm

!
é
H
i
The analysis ot various agricultural plants, plus g
!

' other tactors observed, led to the supposition that a lack

0t phosphorus and Ca in tiae plant was closely related with-
diseases of cattle known as "brittle bone", chewling tone,
(ogteomalacia), Pica in America and Hurope, or lanziekte

in South Africa. rrominent investigators in this rield

of research were Theiler (136), Ritter (104), Scott (118)

N
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Tne experimentg carried out so rar by taese
gcientists generally agree tnat an extreme snortage of
" pnospheorus and otner factors causes serious disturbances

and abnormalities in animal nutritione.

S The Inrluencé oI rnospnorug on riant Diseasess:

Thelr Susceopticility and Hegigtance

Proper nutrition o1 plantg was thougnt to have an

%attack. Up to the present time tnere 1g no clear concep-
tion as to the efriciency of tertilizers in protecting or
i favoring parasitic diseases. 1nere exists a great varia-
tion in dirrerent plants and 1ungi in tneir requirement or

nutrients, water, pH value and temperature. The genetic

factors are considered 1 this discussione

% Tne stage o1 development pleys an important role in

of chemical resistance in cells just recently received in-
creased attentione It is to be expected that many new im-
portant racts will be brought out in studying tiis phage
"ot plant resistance.

iaze (81) tiought tnat a natural immunity in & cell
-may be established in a tew days by an active elatoration
~of the organic-mineral substances due to an intense in-

' golation and & raised temperature. Those ratheér new €X-

factors nave been nere omitted and only the above mentioned

"the lite o1 the plant wnen infected with 1tungie. The study

int luence upon tneir susceptibility or resgisvance to Iungusg
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periments need further invegtigatione.

Verticiitlium wilt or potatoes was 1tound by artin
(78) to re more destructive on undertred plants than to
thoge treated with a properly balanced nutrition. He
guggested ,to maintain cell sap acidity,an avplication of
phospnates instead too much nitrogen fertilizers.

Neal (88) working on cotton wilt in relation to
nutritional problems was unable to tind a detrinite, uni-
torm relation between nutrition and tne development of
cotton wilt. The pots receiving an excess ol potassium
and phosphate showed varied vascular discoloration in the
i plants. Lateral root discoloration was tound in plants
where phosphorus was omitteds Ln the latter case the
; number of plants i1nrected with wilt was 20 per cent less
than in the phosphorus survlus. Discrepancies in the
checks and on other trield plots pronibited giving a con-
I clusive statemente.

The proper applilication and use ot tertilizers was
found hy Haenseler (50) +to delay and reduce injurious
effects of pea root fot. Superphospnate in this instance
_proved to be not ag effective as nitrate sulrate and
' chloride-fertilizerse.

Benes \6) ovbserved that .hosphoric acid had com-
%pletely checked mildew on potatoes whereasg no treatment

‘or an application or suliur showed no etffects.
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Rernastky (7) descrived a chlorosis oI grapes,
wnich ne tuinks was the result oI an application of
alkaline pnosphate wnile acid cnosphate had a curative

etftecte.

An increase in tip gpurn and mildew of cabbage 1is
~reported by Cnupp (18). =ne round, that it nitrogen &nd
 potassgium were detricilent or lacking an application of supeﬁ-

phosphnate 1ncreased tip burne Tne experiments reported

‘were not completed at the time oI that report and no
further results were ottained in Literature on this sub-
jecte

The effect o1 one-tenth of the normal amount af
phospnate in an acid solution reduced the intection of

Gitterella sauginetti on corn by 37.8 per cent against

10.5 per cent in the alkaline solution, according to

Hofter and Trost (57) who also round that the injuries

from Gibbereila dirfered in a normal solutione.

iiles (84) studied the intluence ot phosphate upon
the susceptibility o1 blighted potatoes to disease. In
all but one case, the per cent infection increased with an
increage in the amount of guperphosphate added as againsgt
that where no phosphete was added, tut the totzl per cent
of plants attacked by other diseases was much nigneérs An
application ot gypsum on sorie plots without phosphate

added, had a deleterious effect upon the health of the
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the plante

The Writer's conclusion drawn frcm tnose 1€sis WEre
that with gradual increase ot compound manurial tertili-
zers the degree ot immunity, on tne part of the plant, was
inclined to te nigher than witnout tertilizers.

The guantities of an excess of ammonium sulfate
supplied nad a benericial eftect upon the health of the
potato plant irovided potassium Wwas adequately supplied.

This experiment 1s in contradiction to the views held by

- Stakeman (R5), Spinks (84) and others that an excesgs of

(N, )

2804 favored a greater susceptibility in plants to

! digeasgee.

Stakeman and Aamodt (125) studying the effect of
fertiligers in relation to stem rust of wheat coucluded
that if needed, phosphate should be added and an €xcess
of nitrogen was indirectly conducive to gtem rust.

The influence of the stage of tae develodaent unon

suscentibility to stem rust was worked out by Gasaner (38).

He did not find a definite influence of vhosphate de-

ficiency or excess upon resistance or susceptinility of

~cereals to rust. In two varieties of club wneat little

or no Puccinia graminis occurred on a plot fertilized with
phosphate at the time of geeding. Gassner eupuasized that
it was more important tinat tne plants had reacined a cer-

tain stage of developuent taan the amount of phosphate

i
‘
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applied to a soile. Doak (26) gstudying wheat rust in rela-
tion to mineral nutrition, noticed thnat an excess of
" phosphorus decreased the per cent of intected points oy

Uredinia, it decreased chlorosis in %ota the suscepticle

snd wore or legs susceotivle varietiese In anot.aer group
of varieties, phospanorus surplus did not prevent the forma-
tion ot primery uredinia, but it retarded or prevented the |

v

, development of secondary urediniae.

An unbalanced trertitizer application, €. g. without
fphospnate, according to Janssen (60) caused potatoes to e
fmore suscepticle to Phytopatora infegtans.

An excess oI phospnate brought avout an increase of
§4O to 72 per cent in more diseased plants tnan winen
%applied normallye.

Cormany (19) tound that curly top of sugar beets

was influenced by fertilizers. Tne symptfoms of this

idisease developed slower in fertilized plots thnan in tne E
‘untreated plots, which also greatly influenced the yielde
Schaffnit and Volk (114, 115) made detailed studies

of tihe influence of various nutritional treztments upon thq

susceptibility ot ten different scecies from ten different

‘fungi. They found that the manner ol nutrition nas a great

"influence upoh the degree of susceptibility of plants to

fungi. #ostly nerbaceous plants were used. TPhospnorus

nutrition @s a whole in most cases had no definite pre-
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ventive power. Pnosphnorus deticiency, nowever, played an
important role in tne susceptiicllity ot plants to discase.
In all cases a phosphorus shortage decreased tne severity
of intection of the fungie. In other experiments no
fructification ot tne fungi occurred om intected plantgs.
The lesions on leaves caused by rtungual infection usually
were much smaller tnan tne other treated plotse.

The phosphorus surplus plants were in many in-
stancesg less suscepntiple it tne inrection took place atter
the completion of the main developmeni of tane plant, in
cereals snortly berore neadinge Infections at eariler
stages did not show any diftrerenceg between normally
developed plants and tnose ted with unbalanced solutionge.

The ions phosphate and potassium showed nlgher
resistance to fungiwhich is explained by Schafinit (114)
due to the relative nitrogen deficiency which was almost

as registant as phogphorus shortages.

With an increasing application or amounts oI the
deticient nutrients, in this case, phospuaorus and nitrogen,
the percentage of infection became greatérs The regig- .
tance of such plants, deficient in one element or in

another is attributed partially to the chemical composi-

tion of the cells, the food supply for fungl and the

mechanical protection ot the tissues as inrluenced by

variousg treatmentse. A later study made on woody dicotyle-
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dons in general agreed with tne results ovbtained on the

herbaceous plantse

t. The Influence of Pnospnate upon Sugar Beetls

The mineral requirement ol sugar beetg 1g studied

By greenhouse and rield experiments. Tne sand-peat metiod,

<

developed by Hellriegel (54) is to ve prererred over the
;water culture pecause it approacnesg more nearly the normal

conditions of tne soil, altnough the shortcomings are many.

i
7}y . - s re e 03 - 3 .
%:hosphate reguirements ofr beetg differ with soil, climate

and guality of beets and crop rotations. The amount re-

P . .
iquired for & good crop per acre nas bteen establisned

by various workers from 50 to 70 kg or phospnoric acid.

; Jean and Weaver (61), Andrews (1) and otiners tround

H
i

that molisture has a great inrluence upon root developments.

The depth beet roots penetrated was dependent upon tae

i
!
i
‘amount or available moisture, the soll structure ana goil |
/ i
' §
i 3 > . . N Ao H
fertility. Roots irrigated compared to dry land condl=- !
tiong were from one to several feet longer taan without

irrigation. But gradually the latter seemed %o penetrate |
|

‘% little deeper so that in tihe 1inal end tae depth was lesﬁ

i . . . . L
‘marked than tne increase in diameter of tae roote

'

, Wilfarth, Romer and Wimmer (153) in 1904 determined |

ﬁthat atout 1 gr. of P205 per beet was considered to be

;about tne normal and sufficient amount for a norinal crop

under the given conditionge The awount oI phospinate ab-




" have Dbeen read in German publicationge According to
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gorbed was 1ound to pe in close relation wita tae amount
of phospnaorus supplied to tae pilante An i1nsufricient
guantity ol phosphate resulted in & decrease in the nunmber

or leaveg which noramlly averaged around tirty as well as

an enormous decreage in vielde

The iniluence of pH value upon the riprous rootlets?
and extremely Iine rooT gtructures was sald to be visibly |
deteriated if tae layers ot soils were acid (49).!

Nygard (89) working on pnospnorus dericiency ob-
gerved that no "vlackheart" was detected in rields trezted
with phosphate. The yield increage wag tive-iold. Similar
results in tne ILarimer County gave even nigher figurese.
(Six to eight times as much i1n trewted fields reported by
farmers.) Similar results or tne sugar company's in-
vegtigations are reportede

The sugar content ol beets wag very little affect-

ed when phospaorug detricient soll was tae medium ol the

beetg growne. Nygard (89) gives 0.16 per cent decrease.
Similar reports as to the glight cnanges induced ty

phogphate deficient soils upon the sugar content or heets

*(Abstract of a German publication walch appeared
Just before finishing this paper so tanat the original
article could not be obtained.)




. frequently been studiede. Stormer (131) in 1909 attrituted

D]l

Schafrnit (115) a phosphorus detriciency of tne soil caused |

a delay 1in maturitye.
Water regulirementsg or beetg vary consideranle. The
figures given bny over 10 workers vary from 268 to 497 kg

of water per kg dry substance produced (105). Those

- dirrerences may be partially exprained py differences in

climate, soil fertility and individual difrterences 1in the
beetS¢

Diseaseg in relation to pnospnate supply nave

false mildews and Pytnlum root rot to some extent to low
phospnorus and Ca contentse The s.udy or thne so-called

—
|9

"blight" in America, "heart and dry root" in Furope, has
been going on in Germany tor more than 30 years and still
no definite uniform results have heen obtainede.

There seemed to be a number of faciors intluencing

this disease, any one of those factors may be more donmi-

‘nant in one section of the country tnan in anctner. 3Be-

haps may bring & solution to the problem, Gaumann (39)

‘experimented on tiaree varieties with 15 different fertili-

‘reaction above 7.8 pH favored the disease. Nitrogen

cause 1t was thought that the intrluence of fertilizers per-

zer comkinations. Only one combination consistently de=-
creased the percentage of diseased teets, namely Thnouas

slag, sodium nitrate and potassium carbonates An alkali
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geficieney was more harmtul than normal quantities. The

presence oi Pnoma betae eitner at the initial stage or

later on gave no definite conclusion to its importance in
producing the disease. Richard and Tompkins (103) con-
gidered three main factors intluencing vlignts the effrect

on tillage, the soil fertility and moisgture relations.
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METHODS OF INVESTIGATION

INTRODUCTION

In Colorado and adjacent states a new diseasge,

conmonly called "placxneart®, nad peen sgeriously affecting

the yields ot sugar peets for geveral yearse Later 1t be-

came known that where a surricient amount or availabple
pnogphate was in the soil tne symptoms of plackieart did
not develop. Upon the investigations conducted py agri-
culturists of some sugar companies it was disclosed that
soils deficient in available phospnate snowed tne highest
percentage of blackhearte The close relations between tne

symptoms of "blackheart" and or "late plignt" or veets

fand the uncertainty which exists as to the actual causal

agents of these disease, make i1t very difficult to ascribpe
the underlying causes to one disease or anothere The
succeeding experiment and discussion covers tne following

phasgesgt

l. What kind of microorganisms are connected with
blackheart?

2. Is there a consistency of one or geveral
organisms present?

3. Does the statement: "phosphate increases lateral
root developuent" hold true in the case of
gugar beets when grown on soil deficient
in phospnorus?

The experiment was divided into two parts, first,
"Fungi in relation to blackheart", and secondly, *Root

development of supar beets under various fertilizer treat=

i
i
I
|




mentge™ In the time allotted it was possicle to study

only a few phases of tanis disease and tne eftfects of phos-

" phate on beet growthe

SYMPTOLS OF BLACKHEART

Blackneért, wnen seriously affecting sugar beets,
influences primarily tne leaves and rootse. The pretioles
are seldom aftecteds.

The tirst signs of tnis disease pecome apparent in
the spring, if an extreme phosphnorus shortage exists, in a
reduced, slow growth, which may go on at taat rate during
the whole season and produce a peet of small size with
gmaller leaves and less in numbere. (Figure 1) If phos-
phorus deficiency affects the beets in a later stage of
development, little increase in leat area and diameter of
the beets takes places. The leaves may turn to a dull dark

greenish blue colore. The healtny lusturous appearance of

the leavesa gradually cnanges into a dull, tarnished tinge.

Along with these symptoms, localized or widespread, areas
of brownish color may show on the leaveges They may ori-
ginate on the margin or between the veins, and eventually
gome cover almost the whole leaf area leaving the green
veins in a marked contrast to the drying leaf. (Figures 2,
3 and 4) There is a tendency of the leaves and petioles

to lie flatly on the ground (Figure 5). The nature and



















‘many variations due to the stage ot tne development of the

extent of thege leaf distortions are subject to great

=60

beet, the mineral supply in the soil, the water relations
and the activities of the microorganismse

No pronounced effects have bpeen obgerved on petioles

except a less rirm structure to upnold tne leal Waen lying |

flatly on thne grounde. Somewhat bent or twisted vetioles
are reported by Kruger and Wimmer (69). Roemer (105)
gstates that petioles never nave those spots cnaracteristic
of the leavese

The roots are iniluenced, it a greater dericiency of
phosphorus occurs in the soll at an egrlier stagee. The ratg
ot development of tneé roous bEcCOmMES retarded and a bpeet af
only medium size is rormede. Coarse roots with tew lateral
and tibrous rootg are oirten agsoclated with phosphorus
deticiencye. Dark lesions appear on the surface o:r the

root, and the i1nternal vascular sys.ém 1is discolored.

Other beetg again, may siow no evidence of tissue destruc-:
tion of the presence ol tungi (Figse6,7,and 8)e There 1is
some guestion &s to whether these symploms ou leaves,
petioles and roots here degcriced are due entirely to phoesg
phorus deticiency or to untavorable waier relution and
other factors as suggested by Richard and iompkins (103)
who discuss in & recent paper jgart- anc dry-rot in

Europe and their own irvestigations on "late tlignt of

sugar beetg%.
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ISOIATION OF FUNGI
During tae montas or Septemver and October the
whole beets were brought into the laboratory. Discolored

tigsues were surface tre.ted with mercuric chloride ana

sterile water and plated ag were algo apparentily normal
ingide tissuese. Common potato dextrose agar was used as
substrata. With leaves and petioles the same method was |

, used as with tissues of the rootse

! GROWING THE BEETS IN T3 GREENHOUSE

In order to give the rootsg a fair range of develop-
ment, wooden boxes were made up. Thne size of these boXes
was 36 x 24 x 18 inchese. The bottom was punctured with
6 to 8 noles to permit sufficient drainage. The front
gide, e« g. tne 24 inch widta, was closed with taree |

3
L

boards, each 12 incues wide, which were screwed on to tne

N

box in order to open up the box readilye Twelve of the

toxes were filled with soil as followg?

3 "untreated soil"

3 "gterilized soil®
3 "751bg. of 46 per cent superphosphate per acre"
3 "1501lbs. of 46 per cent superphosphate per acre

The soil was nauled in onDecember 22, 1930 frow ur.

iuntz's fara located about two miles west of Wellington,
Colorado. In order to gain & soil of more or less uniform;

. phosphorus deficiency, the depth at wnich the sample was |
I
i




'soil the box was t'illed about two to tnree incheg with

‘minutes with steam in the greenhousej three tillings were

il

H
i

]
¥
H
H

|
|

i

]

fgr. in the "150 pound treatment™.

moisture content of the soil.

‘were comparatively smalle. Iater, another board was taken

B0
taken varied from 12 to 24 inches. X2ach box contained

cloge to 450 pounds or soil. In the case ol tiae untreated

cinder and sand at tae bottom and on top of it was placed

the soils. The sterilized soil had peen treated Ior 30 ‘

wade tor each vox and for each tilling tae steam applied. §

!
The two groups of boxes wihich were to contain some fertili-
zerg were tilled up to six inches from tae tope 4&kout 100
pounds of soil were mixed with 1.8 gre of superphosphate in

the case ot the "75 pound treatment™ for each box and 3.8

The soil was allowed to settle several dayse. The
geed was a "selfed line", obtained from Dre. D. Stewart of
the U. S. Dept. of Agr. Fourrows were planted lengthwisge
through the soil in the boxes so that each of the four in-

tended diggings would leave the rest of tne heets, still

growing, toward the rear of the boxes.
The water was uniformly applied to eachh boxe The

smount of water added was regulated according to the

At the time ot the first excavation ot the roots it

was necessary to remove only one board, because the roots

off and the rest of the soil dug oute The soil was care-
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fully removed from the roots by use of & slender pick
which loosened the soil little by little. DPiftriculties were
encountered in breaking up some of the clods or heavy par-

ticles witnout injuring the tiner roots, and in preventing

the regt of the soil to loosing and to sliding downe Care-

ful drawings were made o natural size of all roots dug and

i

selected. From tnese were gelected typical roots for ?

i

] . . .
(photographic reproduction.

EXFERIMENTAL DATA

Fungi in relation to clackneart -

§ Platings were made from two hundred and fifty beet

1
!
§roots affected by "blackheart®™ and the percentage of fungus

H
H

1

iinfection determined. The same was done with the fungi

iisolated on the leaves and stemse. All ovacteria were

omitted from this study, only the proportion of tnem was

lincluded in the datas. The following genera of fungi were

‘determined from lesions and discolored regions of "black-
neart" vpeets, petioles and leaves. Time did not permit of
identification of all the species igolated.

() On leavest
Al ternaria
Fusariua
Phoma
(b) On petioless
Altenaria
Fusarium
(c) On rootss: _
Altenaria Phoma Penicillium
Fugarium Rhizoctonia Aspergillus
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(c) On rootsz (continued)
Rhizopus and Pytaiume.

Bacteria were found most dominant on tne roots.
They compogsed akout one-tourth or all the organisms isola-
ted. Phoma was represented with one-sixth, Fusarium one-
.eighth,Alternaria one-tifth, Rhizoctonia one-twelfth
of the fungi isolated, with a few otaer fungi with less
Ethan two ver cente Atout 15 per cent of the platings made
Eshowed no fungus growthe
‘ On the leaveg and petioles Alternaria was the most
gcommon tunguse. It amounted to two-tanirds in leaves and
5two-fifths on the petioleses DNext in freguency came
gFuS@rium and Pnoma.e
i This brief survey and the concensus of the litera-

ture does not suggest a consistant relationship ketiween

go-called "Black neart® and microorganismse The kind of

soil flora, soil conditions, climate, etce, may vary with

%the time of examination of the beetse A recent publica-
tion by Richard and Tompkin on "Late Blight" of su.ar bveets
‘further shows the complexity ot the factors involved in
‘this problem of unbalanced nutrient solution. These investi
'‘gatorg summarized and confirmed in general the results
obtained so far in Europe on late blight that water rela-
tion,soil reaction, (pH value), soil fertility and possibly

‘attacks ot Phoma betae, etc., are among tne main factors
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causing this disease. Because geveral factors above indicaé
~ted are also found in "tlackaeart" and the symptoms of g
. 1
.toth diseases nave many things in common, it seems probablg

' f
~that a phosphwrus deficiency was ‘the initial cause for the |
'symptoms as ascribed to "plackheart" but that also othner
i ’ i

‘factors, such as water relations , nigh lime content,

goil reaction and subseguent invasion by various fungi,

; !
ietc., played an important part in btringing avout "vlackhesart"
%

;and later on "late blight"*. The presence of such a great

K
‘number of tungi and bacteria, which nhas nownere been re-

iported before, may be explained by the lateness of tiae

lseagon when the beets were examined. ( Fitteenth of

Septenter to fifteenth ot October.)

THE ANALYSIS OF THE SOIL

f
% As the problem itself suggests, the relation of the
1

plant to the soll made a soil analysis indispensablee.

%Soil relations rank next in importance to the water rela-
‘tions considered from the standpoint of "blackaneart" and
"late tlight". The following analysis of the soil was
ccarried oute
i a. Phosphorus determination

(1) Total phosphorus

22; Winogradsuy test
3) Colorimetric, metnod Dirke

b. Nitrogen determination
(1) Total nitrogen amount ;
(2) Nitrate nitrogen amount
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c. Calcium carbonate detsrmination
d. Hydrogzan-ion detesrmination
e. Mechenical analysis
Soill Analyses
1. (a) The total phosphorus contzsnt of thz soil was
found to be 123% P205
(b) The Colorimetric detsrmination of availablse
phosphorus was l.24 p.p.m.
(¢) The Winogradski test showad resdy responsz to

phosphate tresatmesnt.

2. (a) Thz2 total N content vecs C.Ca2%
Nitrate N . 16 p.p.m.
3. Calcium carbonate 5.5%

4., Tne H-lon concentration of ths soill wes 8 To &.bpH

©. Tae mechanical analysis showed:
Sand 36.,16% (L - 0.05 mm.)
Silt 18.2 ¢ (0.005 - 0.0005 mm)
Clay 45,64% (0.0005-.0002 mm
Finzr clay 40.4 0.0002-0.000 mm

Tiiis clessifies this soil as a heavy clay soil.

The conclusion drawn from the soil snalyses mads ig
that the soll is distinctly alkaline. It has a high % of
+ime carbonate.

The availilable phosphorus is very deficient. The
condition of this soil suggests thesse factors as predis-
vosing to "Biackhesrt" and "Late'Blight" of sugarbests.

Tne moisture content of thz soil in thz boxes
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varied from 16 per cent to 20 per cente according to

determinations made during the difterent periods of the

‘experimentge

The temperature in the greenhouse during thne day

varied Fetween 240C. to 32°C. During the night the

| temperature was 15° to 20°c. The actual loss of water per
" day from an atmometer during larch was L7 CCe April 1 to

14, and 28 cce.

THE ROQT AND TOP IEVELOPLENT OF THE BEETS

Four days after planting in the greenhouse the
seed had come up in & rairly unitorm manner. About two
weeks after planting "demping ofr" was observed on &ll the
unsterilized soile Tne tungi isolated from & tew seed-
lings were Pythium de3aryanum, Fusaria species and rhona
betae. The plants in the untreated soil were the most
seriously affected and showed the least resistance to

recovery from the tungual attack. The other two groups

showed a marked ability to recover and overcome the injury
by a wmore rapid growth which resulted in a callus growth

i
H

| of the infected areas on the roote The beets in the
}
| gterilized soil did grow in a uniform manneXe

The first bheets were taken out Tour weeks after

planting. The roots excavated showed & marzed difference

in their development of lateral rootse In figures 9 to 16




" microtiological activities was, to a certaln degree,

-7l
are shown the root development of the beets at different
veriods ot growth under ditterent soll conditions. It wil
te noted in Fig. 9, wnich represents tne rirst 28 days of
growth, that the length oI roots did not differ very much

but the tormation of a root system Yor rapid water and mird

'
|

eral atsorption developed much faster in the case of the
treated soile. Little ditrerence, ir any, could be noticed
Letween the two soils except that the roots of the 150
pound treatment nad a few more lateral roots develaped

as clearly seen in ¥ig. 6, C and De This brings out the
fact which has been often puointed out, that phospnorus
deficiency externally may not come to the attention or the
investigator until lLater in the growing season becausge a
reagonakle amount or that mineral is present to gtart with
The root development of the beets in the gterilized soil

was about the same as that of the untreated.(See Fig. 6B)

Due to the effect ot sterilization of the soilws, the

chemical reaction had to become readjusted and the lack of:

2

i
1

another influential factor in bringing about somewhat
different results than in the untreated soille.

The period of growtih during the next 28 days

krought no remarkaktle changes &as indicated by rigures 10
and 11. The plants of the untreated soil were still

guffering from "damping off"™ and recovered but slowly i
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‘while those treated with phospnate showed a much better
come back. Some sand was placed on the soil of the boxes

to diminisn the effects or tne 1ungl. The heets were akle

to grow comparatively rapidly and develop a considerable

amount of leaves and lezf areas in this next four weekse. |

. The second excavation of the roots snowed an entirely

,different picture tnan the previous four weeks. A marked

increase in the length of the roots was observed in all
four plotse The most striking increase was tound in the
treated soil. (Figure 11 A and B and Table 1.) This
rapid increase no doubt was due to tne phosphate, because
every soll received the same qguantity or watere. The keets
in the sterilized plet during this period, increased in
gize and lateral root development much more than tne un-
trezted. (See Figure 10 B.)

The development of lateral roots in the btoxes with

prhospnate compared to the untreated soil was not as pro-

| z
'nounced because at this time the teets of tne latter had g

rgotten a better foothold in the soil and gradually the

ceffects of the seedling disease were becoming legs ser-
éious. (Figures 10 and 11) Increase in diameter of the
Eroots in either one or the plots was very small as yete.

E(See Table 1.) Top development from this period on was
§of a slow, gradual nature in the case of the plants treat-

‘ed with phosphate and to a legs degree in the sterilized




-81-
plot. (Table l.) Thne tops of tne untreated plants in-
creased but lLittle from tnis time one.

The tnird period or growth showed about ine same

" proportional increase ag in tne last tour weekse. The rooct

drawings (Figure 12 &) of the plants in the untreated

soil indicate tnat tney gradually developed somewnal more
la-eral growth and showed &an Increase in depth. The same
was true or the plants in the sterilized soil, tigure 1ZB.

The peets in the tresated soil had almost reached their

! greatest root development in the third period and began to

increase rapidly in diameter and top growth. (Table 1
and figure 13) Incresse in diameter and top growtia, in
Loth the sterilized and untreated plots were still going

on slowlye. M"Damping off" at this time had almost entirely

disappeared. The chuaracteristic lateral root development

near the base of the main root was clearly noted in all
four plots. (Figures 12 and 13.)

The fourth and last excavation showed the roots of
the treated soil to have reached the kottom of tne boXe.
The actual cepth of the soil at that time was akout two
and one-half feet. Some were already growing horizontally
near the bottoms Branching did not increase much over the
previous periode In most of the beets increase in dia-
meter was at least twice as much as in Tour weekg tefore

1little difference could be observed between the two treat=

|




 much more favorable growth as compared to the untreated

=82«
ed soils (¥Figures 14, 15, 16 and Table L). As & wnole
the total Increase in growth wasg slightly in tavor or the
150 pound phospnate applicatione A very interesting ob-
sérvation was made on the development o1 the roots of the

untrected soil. Only a tew lateral roots were 1ound to

i

have grown from the extremely thin taproots wnich extendedé
. |

down abtout 60 cme iIn spite or the ract thnat surficient :
moigture was in the upper part of the soil, figure 16.
The plants or the sgterilized goil showed up better at this
time than in tne last periode Tne roots showed increased
brancning and depth as shown in figure 14 B.

Photographs taken at the end of the experiment
give a guggestive illustration of the intluence of phos-
phate upon leaf development, figures 17, 18, 19 and 20
It is obvious from figure 17 that a shortage of availatle
phosphorus hasg serious effects, not only upon the root

development, but also upon the leaf production. The leaves

of the beetsg in the sterilized plot (Figure 18) show a

plote Thig may have been partially due to the absence of
the destructive fungli and partially due to the ascribed
beneficial influence of soll sterilization. As 1is ob-

gerved in figuresl9 and 20, there i1s comparatively little !

difference in the numbter and size or leaves produced ex-

cept that the leaves of the 150 pound treatment were uni-
















formly largee.
The following tatle gives thne results or the efrfect

of phosphate upon the development of the roois, diame ter

of roots and length of leavese !
H
|

It is observed that in the rirst four weeks the in-|

fluence of phosphate was less pronounced upon tiae length ;
of the roots than upon lear development. Tne favorable |
effect of the fertilizer upon lateral root development is
to be seen on the photographed drawings of the roois. Al-
though during the nexi period lateral root developnent

wes still obvious, the increase in diameter of the root,
and length of the leaves was much more striking in the
cagse of the treated soil, over against the untreated. The
increase in the development of the beets the next twa
periods again was most noticeable in the trezted plotse.

No signs of tlackheart were found on the beets in the un-

treated goil at the time of the last excavation of the

sugar beet rootse This corroborates with tae reports
given by other workers, that the symptoms usually appear
later in the season or ohly at extreme phosphorus de-

ficiencies.
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SUMMARY

1. In the atove paper a careful survey has been made
of the literature on the role ot phosphorus in plantse.

2. Thig literature review and bibliograpny is
believed to be quite complete, comprising the chief
articles on the role o1 phospnorus and particularly the
effect ot phospnorus detricilency in beets, not only 1n
English but those papers written in German, ¥rench and a
few Russgian and Italian articlese.

3., The tnesis further considers tne relation of tungl
to "blackheart®™ and indicates that tnere is no consistant
relationshipe

4. Tne study of the development ol sugar beets with
various phosphate treatments includeg drawilngs made

periodically of the roots receiving ditferent phosphate

[49]

avplications, the relation of top growth and a comparison

between the ditferent treatments as a wholee

a. The root development wa the untreated soil
showed little lateral and tibrous growth during all four
periodse. The leavesg produced were gmall and few 1n
numbere.

be The sterilization ot the untreated soil had a
favorable effect upon the root development of the beets.
They were larger, longer and more Numerous, both the later-

2l roots and the leaves, than the plants grown in the un-
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treated soile.

c. The growta ol tie peets in tae soll susplied

with 75 pounds superphospnate and L350 pounds reg ectively

in general showed turouguout tue wiole period a unitoria
development o1 tine leaves, of the lateral rootl lengtii,
and diameter of the rootse.

Tne 150 pound treatuent sligntly favoread a
somewnat greater and pmore even lewi productiomn, dianeter

and lateral root development oi The pveets as couparea to

. the 75 pound &pplication of phospnate.

5. Tne effect of pumosphnorusg upon the sugar ceetl,
as compared to the soil dericient in tuls element, is
expressed in an increased development of tine leaves,
Toth in size and number, & more extensive lateral and

fibrous root svystem and greater diameter of tne rootse
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