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o 1.
THE ABSORPTION OF MINERAL NUTRIENTS AND THEIR EFFECT UPON
THE METABOLISN OF THE . PLANT WITH SPRCIAL - REFERENCE TO THE TOMATO

INTRODUCTIQN.

A backward glance over one hundred years shows that
Sir ‘Humphrey Davy (9) in early‘Work in Agricultural Chemistry
d,foundkmineral’constituents fo'be essential’for plant development;
‘ Lieﬁig, in 1850, presented his classical Law df the Minimum,
,,shbwingnthat certain particular,minerals were necessary and that
“thé,absence of one of them retarded or prevented plant growth
~even ﬁhoﬁgh;al1~dthers should be present in abundanceo  LaWes,
’#aﬁ~Rothaﬁsted, foliowed Liebig, contradiéting o1 some poihts'
“‘dandfprdgressing to further findings on others, Woiff,(53) in
1871, and. again»in'1880, showed that the guantitative composi-
d tion of one and the same plant would vary according to the s011l
dindwhich it Was~growh., Many -later workers have denied, or sub-
:Stituted for; or eléborated‘upon the,theoriés pregsented by these
earlier ones. At the eﬂd_of,thewcentury Loew (29) stated that |
plants absolutely require a certain minimum of each mineral nut-
‘rient; and in most casés théy take up not only an excess of
"these-variOﬁs compounds‘butkaléo‘substances which are perhaps
useful, bﬁt not absclutelv neceSsary to the plant. On these
; theofiés of T olff and LoeW the 1ntent10n of the present inves-
tlgatlon is based., | :

PURPOSE OF THE INVBSTICATIONe

The tomato, Lycoper51oum esoulentum Mllla’ being a
wplant well adapted to nutrient culturethas been chosen for
;the 1nvest1gat10n, It is purposed to;flnd when certain ions

':enter~the tqmato rlant and to learn whether a withholding



VOf these ions at certain times will have an effect upon the
growth and fructificétioh of thé plant, It wasffelﬁ that
fertilizers'may'often be applied when they are unnecessary:
that is, as suggested by Loew, while the plant absorbed these
nutrients, they might hot be essential and normal development
might be obtained without them. These elements might, there=-
fore, be wastefully applied, or conversely, might not be
supplied at the crucial time. These nutrient materials, as
has been indicated, enter the plant in the ionic form: for
instance when potassium nitrate is used as a fertilizer the
X andg NO3 ions are absorbed independentTy; The ions to be
concentrated upon are 8;, ﬂéﬁ g64, NO3, +, 56;

7 The absorption of these six ions has been followed
throughout the life of the plant in the Absorption Experiment

of Section I, and NO3, K, and PO4 have been espe01a11y stud=

ied in the Nutrltlon BExperiment of Section II,.

REVIEW OF LITERATURE.

‘Petrie (38) has iecéntlykpresented a summary of the
intake of ions by the plant and its relation to the respira-
‘tlon of the root, and lists as causes amongst others for ion
absorptiqn;

l. Chemical fixation.

2. Donnan equilibria in the bytoplasm

3s The accumulation of free iohs in the.

vacuole at the expense of energy

rendered available in respiration,

4. Adsorption
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7“Tneee'mechaniSms*operate infeaohrliving'cellsofkthe plantmr'k
 ’Agﬁafthé,rgtsféf}snpply,of,ionsyto:the,shOOtwill be determin-
f edrwithinflimits'by\the~concentrations that are'maintained in
the cell-sap ‘of” the root oells lylng in the path of the trans-‘
plratlon stream.‘ This. Wlll, aceordlng to the hypothe51s,‘ |
depend on the rate of- resplratlon of these cells, so that
"~f1'w1th1n llmlts the rate of resplratlon of the root cells Wlll .
”determlne the rate of . supply of ions to the roots., Some S
’experlments Wlth oat plants in whieh ‘the roots were made to
in resplre at dlfferent rates, and the rate of - 1on 1ntake there—m
upon measured, Were performed, and were found to: conform with

the above hypothe31s.“ Thls is 1nterest1ng in view of" the"

,present~1nvest1gatlon.

oot

A rev1ew of the theorles and cons1deratlons of

oertaln 1nvest1gators on- the partloular ions is 1llum1nau1ng.

L : 5 42%&&&2@1/ ; .

o | Ca1c1um has long been regarded as an essentlal |
"“éiement.' Its deflclency w1ll cause a yellow1ng and dwarflng
Heiof all parts of the plant. It has been sald to be necessary

for the formatlon of - cell walls and thus for normal 1eaf and
root development. Some have oons1dered 1t to be necessary
for the synthe81s of fats and probably of pro»elns, due to
1ts formatlon of olant soaps.; nghtlngale 55) experlmentvng

: Wlth ample calolum and calclum deflclent tomato plants, founds

that 1n the calolum deflClent plants, nltrates were not ab-

'n’sorbed' there was therefore a deflnlte 1nterferenoe with the

‘r‘_ formatlon of protelns essential to the protoplasts of llving




S A
 cells. The yellowing and*dwarfing‘ o‘f,ecaleium starved plants

sﬁasfthus?eCCountedAfOrg Slnce the absorotlon of nltl‘ateS did

’jnot take place, there was an aocumulatlon of carbohydrates.~

| {{He suggests that calculm is present in the plant as “comblned"*

' :and "uncomblned" ca101um, and that the latter type is dlrectlyf

p reSpons1ble for the ca101um act1v1t1es in the plant. He re-

A 7"fﬁestab11shes falrly conclu51vely the fact of the presence of ’
"~ia mldde lamella of" ca101um plctate.’ Ca101um deflclent plants,
ljihe polnts out are short llved the calclum present belng |

giconflned to the lower parts of the plant lt 1s thus a non—k
‘1fam1gratory element and necessary at all tlmes of growtha k‘
lwﬁColby (5)‘corroborates nghtlngale, flndlng that low calclum
'F!plants absorbed very llttle nltrate, that oalc1um starvatlon
,iftrevented absorptlon of any cons1derable quantlty of any ion,
'lvﬂland that 1t prevented root growth entlrely, the root twps
felnvarlably dylna. rhe elfect Ol ca101um 1n antagonlsm and
,fon cell permeablllty Would seem to be apparent here. Dorothyt
ﬁ~uiDay (é) flnds ca101um deflclent plants to be shorter, the
'flower leaves chlorotlc, and the youngest tough and curled,,
k'.'xbut the dlfference is in a varlatlon in the amount of elonga-
;ltlon, rather than 1n the anatomlcal structure. She thlnks

that many<solut10ns 1n use may have more than the “optlmum

fkamount of calclum” but undoubtedly certaln plante are calm

e[oip;,;es and others calc1pholes. Wallace (47) has reported

"“on a "llme 1nduced chlor031s" of fru1t trees row1ng in
S g

:e"s01ls contalnlng large amounts of ca101um carbonate, since

”‘5tthe trouble was corrected by appllcatlons of ferrous sulphate




epreysiﬁoktne foliage,'it_would seem that this chlorotic con-
,diﬁion~15adne to the“unaVailabiliﬁonf iron", due~infturn to
| ~an oversupnly of ca101um._,Again,'calcium has been‘found to be

eﬁa co—enzyme, greatly facllltatlng pectase in 1ts funct1ons.

Magriesiim,

Magne31um is the only mlneral element in the chloro-

e:;phyll molecule, but as suoh 1t holds the central p031t10n andf/

ils aosolutely essentlal in 1ts synthesls, Belng a mlgratory*
1lielement that 1s, belng capable of translooatlon, its lack may
’lnot show for somelllttle tlme, but flnally a spotted chloro—

;515 Wlll appear, beglnnlng from the veins ouuwards. It is .
<(¢more abundant, aocordlng to Raber (40) in parts undergoing 
fndevelopment and is therefore thought to be necessary for the

f*formatlon of nuoleo proteins. It seems also to be assoclated

k‘efw1tn planb 01ls and in. some way to afTect thelr synthes:.se

lThe catlons, ca101um and magne31um, perhaps because of their
V,ostrongly antagonlstlc effects, are often llnked together.
?“nghblngale (35) found that there was no marked excess ‘nor
i!deflclency of magnes1um in ca101um deflclent plants;'that 189
:iothe absence of absorption of" ca101um dld not affect that of
*imagne31um,:‘Tyson(46)fstate5'that 1t‘appears that "magnes1um
5f:has an 1n3ur10us effect on the plant When 1t 1s taken up in
/;amonnts equal to or greater~than thefamounts of calecium preé

'f,sent, even thouoh there are favorable concentratlons and ratﬁos

‘ lof the other elements present'" though thls Wlll depend on the

‘[nature of the 5011 end the fertlllzer treatmenus. ,BUuePfe1f9~

lfer and Rlppel (39) have,shownuthatyln oat plants,ftherratio,
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of magnesium to céicium may vary within rather wide limits,
With‘no‘notioeable'effect’uponfthe plant. Tyson (46) has
noted the percentage of oalciﬁm'in leaves of large beets,to
be higher than the percentage of magnesium; whereas the per-
VVCehtage'of magnesium in the leaves of smallibeets is higher
| fhan that of calcium. Raber (40) considers magnesium to be
neceSSary for the tramsportation of phosphorus and suggests
that'it is only indirectly in thisyway asSociated‘with the

- synthesis of fats. In this connection Colby (5) has found
phosphate absorption to be more badly affected by magnesiﬁm
~starvation than by potassium or‘sulphate starvation. Wallace
(45) ihsists that a proper potassium : magnesium rafid is

- necessary in plant nutrition.

Sulphste.

The sulphate ion is the slowest moving of the ions
aCcordiﬁg to Hoaglahd (19). Thé necessity of the element
~sulphur to plant nutrition, lies in the fact that it enters
into the cdmﬁosition of proteins. Wallace (47) experimenting
with appiles~ and small fruits, found the omission of sulphate
kitdypfgduce iﬁ.fhese piants é condition resembling in generai
that causedtby partial nitrate starvation. There was a res-
 tricted shoot growth, a paling and yellowing of the leaves,
followed by brilliant coloring and finally early defoliation.
~Colby (5) found that a sulphate omission had a depressing
'fefféCt dﬁ the absorption of all the other eleﬁents, but that
it was least depressing on nitrate absorption. The condition

‘existing, however, might conform to Wallace's "partial nitrate
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starvatlon" and therefore account for it. MdMurtry (32) des-
crlbes the veins as belng a lighter green than the tissues
between in sulphate chlorosis. Tomato seeds contain a consid-
erable amount of sulphur, but insufficient to carry the new
,seédling to full development. Its deficienecy, it is believed
results in a retardation of cell division and a hindrance or
suppression of fruiting, The élowly moving sulphate ion has
an effect on the other ions in slowing down their absorptlon

as Colby has shown.

' Witratess

The essential nature of nitrate in the synthesis of
proteihs;and iherefOre of pro£0plasm, is well recognized and
the yellowing and stunting due to its lack is a foamiliar fea-
ture. Kraus and Kraybill (27) have demonstrated that a large
yield of fomatbes‘is assoclated with an abundant~supply of
both‘hitrogen‘and carbohydrates, and that they must be in the
correct'fatio. Basing his work on theirs, Watts (51) finds
that it is the amino-nitrate fraction within the plant which
is of importance in fruiting. The percentage of nitrogen with
sPeciél reference to the amihd-acid fractibn, decreases when
temperature or 1nten81ty of light or duration of the photosyn-
thetic perlod is increased, thereby increasing the carbohydrate
content. A high carbohydrate content, especially starch, ié
usually accompanied by a low amino-nitrate content, While a
 loW'carbohydrate éontentfis accompanied by a~high to moderate
>amind—hitfate content, Fruitfulneés is associated with a

balanced carbohydrate ratio, giving a moderate succulence to
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the‘plantg He therefore adviées the grower: that to obtain the
greatest fruitfulﬁess9 much nitrate may be used in an abundance
of light conditions; such as in the field; whereas under less
light conditions, such as in the greenhouse, less nitrate is
needed@ Nightingale (34) oorroborateskthis‘work,emphasizing
thaﬁ it is the assimilated soluble compounds, that is the amino-
acids, Which are of importance not the nitrate nitrogen as such.

lMurneek (33) believes that large quantities of nit-
fogenous material are necessary for the developmeﬁt of all
parts of the tomsto plant, including the fruit. He goes so far
’aé fo state that in the tomato "vegetative growth is controlled
'by the fruitﬁ@ 'Thé plant "appareﬁtly does not store much nit-
krogen" and "a close and delicaﬁe balance between absorption and
assimilation is probably éstablished"@ The fruit in‘some way
is able to monopolize practidally all the incoming or elabora-~
téd nitrogen9 thus causing an evident shortage in the strictly
vegetative~parts‘of the plant. He considers carbohydrates may
also be similarly monopolized by the fruit, again causing a
shorte_gec fhis shortage of carbohydrates and nitrogenous
-maﬁérials results in cessation of vegetative growth.

. Bmmert (10) shows ﬁhéfe,is a close correlation bet-
ween the nitraté present in the soil and in the tomato plant
and that thisLis, in turn, véry closély correlated with yields°
He also states that an alkallne reaction not only stimulates
nlorlflcatlon in the soil, but also stimulates both absorption
and assimilation by the growing plants. Hektooy finds toma-

toes to be heavy nitrate feeders. In an alkaline medium, as
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’contfasted with an acid one, while there is more nitrate in
the stems there is less in the growing points, since it is so
Trapidly utilized by the growing tips. In contrast to Emmezt,
Hoagland (18) claims that nitrate usually one of the‘swifter
moving ions, enters the plant more slowly in an alkaline ﬁed~
 ium.

Also working with tomatoes, MacGillivary (31) found
a\prédominant storage of starch in plantskfroﬁ which nitrogen
~had been withheld. Heralso,obtained higher sugars in the
fruits.

lcCool and Cook (30) obtained a rapid rate of trans-
 fofmati0n of nitrate nitrogen in small grains and Kentucky blue
grass. This was indicated by a considerable decrease in
nitrate content of the expressed sap three hours after the
~source of supply was removed,

Harrié@nf(lg)%shéws“itjto be possible to kill Ken-
tucky blue grass plants, fréquently fer%ilized with nitrates
by repeated”defoliatiohs. The reason for this was that rapid
growth exhausted the reserve carbohydrate supply and defolia-
tion prevented s replenishing and therefore growth between
defoliations became less and less.

In"reference toylight relationshipngottingham and
kStephens (45) found with young wheat plants that the nitrate
radiéle was absorbed more freely from K NO3 in nutrient solu—
tion than from nitrates of other common metals and this absorp-
‘tion was‘promoted by increases in blue to longer ultravioiet

radiations., The form of radiation used, they point out, is
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'deficieht as regards the shorter radiations as compared with
sunlight. Tottingham and Lowsna (44) also found radiations
of the hlghest lrequency in the visible spectrum and the lowest
in the ultrav1olet to promote absorption of nitrates by young
plants, but that yellow to violet rays increased the synthesis
kdf protein, whiie long ultraviolet raysrdo note.
o Brazeale (3) considers there is a direct relation
between the absorptlon of potass1um and nltrates. that potas-
,51um is probably necessary in the process of synthe51s of
prote1n~11ke comp0unds, although it does not enter into their
"chemlcal compoelulona Lf much"hitrogen is available much
~p0ua331um will De demanded‘ if 1little nitrogen is available
llbtle pota881um will be demanded.

| Dav1dsen (6) found in certaln field experiments
that potass1um was higher in plants from plots treated with
e NO3’than were those from the cheok plots. Here again is
a linkage bétween the two.

Finaglly it is‘interesting to note that Kraus and Kray-
belll(27) think that nitrates "may aid in rapld growth and
formﬂtlon of new cells which have relatlvelv thlnner and less
llqulfled walls and a greater percentage of amphoteric sub=
staﬁces Whose”water holding capacity is relatively high.® This
would account for the fact that a high nitrate supply gives

a hlgh degree of succulence°



- 11 -

" Potassiums

Considérable research upon the effect of potassium
- on tomato plants has been carried‘on by Jensen and Bartholo-
mew and they have issued seVeral bulletins and papers thereon.
They find:’theré is- evidence that potassium is necessary for
cell divisions that in a potassium deficiency, it is trané~
’located and reutilized by the growing pari of the plant;’
~totél and,soluble nitrogen is much higher in potassium defi-
cieht plantsy that there is an optimum potassium concentra—
tlon which is conduc1ve to the normal assimilation of carbo~
hydrate compounds above and below which ass1m¢1at10n is red-
veedy and they‘suggest that in as much as high nitrogen and
vhigh sugars are correlated in the'blooming stage of low pob-
‘assium plants, the absence of good growthfmay have been due
to a lack of condensation or polymerization of these com-
pounds to more complex forms due to thekpbtaSSium lack (23).
Again (24)kthey further suggest “that rapid absorption of
1arge amounts of potassium by plants durlna their early
stages of growth with a subsequent translocation and reutili-
zatioﬁ during the latef Stages of development is,under some :
oonditions,nthe,processwby which plants’absorb,potassium"a
There ﬁhen followed a report on experimenﬁs with corn, cow-
-peas, soybeans, oats and Soudan C—rassa It is noteworthy that
in one of these experiments with one lot of plants,potassium
- was absérbedkvery slowly for a tiﬁe and then rapidly whereas
7the hext group absorbed it more steadily. This sameyirregu~

larity was found in the present investigation. The nature
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of~£he culture medium, whether water or»soil eculture, did not
affect’the general rate of absorption. This is again note-
worthy suggesting the practicability of water and sand culture
work to soll conditiomns, They maintain that plants take up
poéassium rapidly at all stages of growth if a good supply is
‘aﬁailable; and that when the concentratiqn of the nutrient is
reduced plaﬁts;Quickly readjust themselves to feed on the
lower concentration. They point out that when fertilizing
with potassium, there is no residual effect, since the plant
will absorb potassium in euch large concentrations if it is
.present in the soil solution:'but if it is no longer supplied
tﬁere will be translocation and reutilization. Theykfound no
definite relationships between the percentage of potassium in
the plants»and the simple carbohydrates and nitrogenous com=
pounds (25), B

| Potessium,is a rapidly moving ion. It is known to
be radio-active: as such it is enienergy pfoducer and: its -
uses therefore manifold. While sodium has been shown to re-
place_potassium to some extent (14) it cannot do so in this
field. of radio-activity. Hoagland (19) finds the absorption
of pdtassiumﬁto~be'dépressed by sodium salts,‘

James and Penston (22) found potassium to Dbe needed

for greenhouse tomatoee in dull weather. Haes and Hill (15)‘
in considering the work of Stoklasa;. state the role.of
”potassium to be partly indirect and only in darkness does it
fplay aﬁ important,part in protein development. Its radiem

active quality is of interest in this connection and will be
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disoussed later.: Janseh and Bartholomechonversekg found

potassium to be taken up by plants as readily by night as by

Cday. |

Wallace (49) and Tincker and Darbyshire (42) and
nuﬁerous‘other workers have noticed an abnormal requirement

for Waﬁer in potassium starved,plantsok This is considered

'invthe discussion and theories of such investigators as James

(21) Weevers (52) and Warne(50) are presented there.

James and Penstom (22) found potassium in all reg-
~ions of the potaﬁo‘plant, and consider that it may be a high
percentage of the dry matter. It is especially high in all
~actively growing tissues, i.e., in stem, root, sprout and
~ reproductive parts. They can discover no evidence that
potassium precedes and provokes growth'but it is related to
itg That plants may collect potassium they reguire for fur-
jtherogrowth they state, is allowable. This would bé in ac-
cordance with Jansen and Bartholomew (24) who also qualify
the statement using the expression “under soﬁe conditions."
James and Péhston think transiooation of potassium in the
’ form~of salts'of amino-acids or proteins is not unlikely.

. This is in contrast to Bragzeale (3) who thinks nitrates and
,'poﬁassiom afe,ﬁot chemically bound up but merely associated.
‘The_former Workers base their opinion on the fact that potas-
sium and proteins have a similar distribution in the meris-
‘tematicrtissues and appear to be abundant in sieve tubeoa
'k“The older leaves continually lose potassiuwy while at tho

- same time theymger ones gain it, and the work of Ruhland and



~~g‘be necessary in the storage of carbohydrates, for the syn-
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, Wetze1~quoted~by'0nslow (36) with begonia suggests a similar
: movement for aminoaaoidse Histochemical and analytical
ﬁ’eVidenoe considered together suggest a'oontinuous circulating.®
| Jamesf(él) has found potassium to be plentiful at
theAsurfaQe of the plastids, in the cell vacuoles and cyto-
plasm and suggests that in viow of the marked effect of potas-
gium nutrltlon on carbohydrate metabolism, the presence of the
5imetal at the chloroplast surface is 1ntere5u1ng. Tincker and
fDarbyshlre (43) agree that potassium is possibly a catyllst
facilitating the condensation and hydrolysis of starch.

In working with corn stalks, Hoffer (20) reports
that in the absence of potassium, there will be an accumula=-
tion of insoluble*iron which kills the plant tissues. In
:addition to the necrotic effect-upon'thektissuesawould be . the
suggestion that iron would not be present in as large quan=-
titiés in its role of catylist in photosynthesis, if it were

© in the insoluble form.

Phosgwat&o‘
A typloal phosphorus deflclepcy will show & purpling
and stﬁntlng of growthe ﬂallaoe (47) has lately Iound this
to be true of such Varlea plants as strawberrles, gooseberries,

raspberrles, apples* and many Workers have found it to be

true of uomatoes end other crops0 It has been con81dered to

'ohe81s ol»nucleo~protelns andfalsoblt is of consequence 1n
the assimilation of fats through thé fbrmation of phospho-

‘ lipordsa vMacGillivary (31) finds phosphorus to be essential
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yhlhfatfeil'Stages‘of;gTOWth.”‘If there isfa Shortage, there Will

k;eibe a mlgratlon of phosphorus to the grow1ng tlp, end a re-.
ysf;;utllizatlon of 1t.’;But,‘MaoG1111very stetes, "1nsomuoh'as
’k;lhtb%ﬂssomﬁtrequlrepcell'division for development“ andefreshw
Vih“ﬂhhﬁoleer~ﬁatefial, "it would seem the 11m1ted supply Was not
f‘h?itsufflclent for all the organic and 1norganlc phosphorus

ffnecessary“a,fﬂe reports that in all plants,ywhether amply‘

‘if;f;supplled with phosphorus or not there is a gradlent of more

’ ”and more phosphorus from the base of the stem upward untll
Vt?ithe frult is reached, where there is as much as in the rest‘
©of the plant. He contrasts this function of phosphorus with
'5f:thateoffnitroéen,ewheteethe;highestrconoentration is found

71inethe‘gfowing tips; ahd egain,‘whefeas‘nitrates_move_rapidly -
iioﬁ?the movement of phosphates is slow.‘ lt has been contendea
ﬁhtthat phosphorus is neoessary for seed formatlon. hacG1111-~

:t:ofgvary protests that this seems to be true of the frult as a

hsgmhole,end,thet it lanuSt as essentlal to the formation of

'Lﬂlﬁglp QS[of‘the}seeds;'7He'pOints‘out,,howeVer, thekdiffiouity
’h';sZoflseperatiﬁgi9u1p fhomfseed ih“thehtometoty Ststements that

:fj[it~isinecessary'to Seed"pfoductien are based on analysis of

"tfpsuch plants as Wheet end corn, but the outer coats of these

;flkls'a portlon of the carpel wall and therefore they are frults.'

 f;fHe points out that pulp is decreased in . amount both in. the

fﬁp,carnel Walls and 1n the central placentareglon and that the

shi?dlfferences are s0 great thet one would expect a dlfference /

‘“7°f1n/var1ety.p Fru1ts grown Wlbh a phosphorus deflclency had

‘1tfhtfewer and smaller seeds than the ample phosphorus plants, :
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"t;but the seeds from,both had almost the same percentage of

’:phosphoruse‘ They gave similar germlnatlon tests and produced;k

f?51m11ar plants. Phosphorus deflclent plants showed an ‘in-

"',h?crease in the percentage of dry welght of: starohes and total

kfnltrogen and a decrase of coaguable nltrogen, and of growth,
"polllnatlon, s1ze, Welght and quantlty of fruit Gerlcke-(ll)'

o'worklng Wlth Wheat, felt that maturﬂtlon Was benefltted by a

"‘thessatlon of phosphorus but hacGllllvary p01nts out that the -

:fftomato dlffers from wheat in that there is vegetatlve growthk,
fand frultlng at the same time and that it Would seem essen-
;tlal to supply the plant w1th a- contlnuous supply of phos-

ffphate, Thls is necessary durlng fruit formatlon 1f good

e s1zed frults are des1red" s1nce such g large proportlon 1s'

; present 1n the frult.o
Andre (2 ) flnds that a reutlllzatlon of phosphorus

is greater than Wlth the other elements and that this may be

“fjthe reason why plants have such a small total amount 01

v~ffp;phosphorus. Emmemt (lO) reports the total phosphorus content

1'of tomato leaves varied- w1th the phosphate phosphorus content~

t'fjof the soll° 1t Was hlgh at & strongly a01d concentratlon,

'fjlow in a 11med s01l and medlum 1n a sodlum carbonate treated

‘5s011. The total phosphorus content of the frult was not very‘“

'"5ocon51stent lime appl1ed to the soil decreased it somewhat,

”;whlle phosphorlc 301d dld not,, Phosphate absorptlon was more

*'aﬁbadly depressed by magne51um starvatlon ‘than by potass1um or ,'

"uh‘sulphete starvetlon, and a phosphate starvatlon serlously

' 77depressed nltrate absorotlon even cau51ng a loss from the




5‘17’,

"footé‘late in the seaSOn. The Kentucky Workers consider an
,lfanaly81s of the plant tlssues for phosphorus, nlurogen and
« potass1um to be of more value as an 1ndicator of avallable

kt501l nutrlents than is an analys1s of the soil itself° They

o  have developed a speedy technlque appllcable to use in the

k!:,fleld. Slmllar WorL has also been carrled out in the fleld

v;fanaly51s of corn stalks at Purdue Uhlver51ty.
‘ E Of partlcular 1nterest in this 1nvest1gat10n are
[EféZéalefs flnalngs that the absorptlon of;both phosphorus

~and potassium increased up to a certain concentration after

| :“7~ﬁﬁiéh thefe Was‘a shar§ decline,



In conclus1on are quoted a few addltlonal 1nveSt1ga—‘

“~list10ns of 1nterest.‘ Wallaee (47) whose experlments with applesﬂ

k°r;<and small frults in sand cultures have already been referred '

kf;to, shows that a deflclency of nltrate, potas ivum, phosphorus,
: el01um, magnes1um and sulphur produces characterlstle effects
A!,ln the varlous plants, and the v1eW 1s expressed that eome of
ﬁlthese mey be of ‘use for dlagnostlc nurposes 1n the fleld,
uDav1sl(7) contlnulng walloce s type of exnerlment Wlth apples,'
:ffound the omlss1on of an element was reflected by a lOW per-k

'«eentage of that element 1n ash end dry matter, and demonst-

"‘;frates a hlgh degree of correlatlon between symptoms exhlblted

s;and the amount of the related element 1n ash and dry matter.

r{sGregory and Rlchardson (12) clalm resplratlon to be subnormal

'*fwhen nltrogen 1s w1thheld, normal When phosphorus is Wlthheld,

‘*;,and supernormal When pota551um is w1thheld., They also show

tltthe rate of a551m11at10n to be dlsturbed through the omlss1on o

“of uhese elementso A number of 1nterestlng observatlons are

ei}*presented by Tyson (46) as-a result of h1s enperlments Wlth

‘*;p;ysugar beetsa He has found that 1n the early stages of ETOWth

”fpthe rate of absorptlon of" elements 1s greater than that of

llfass1m11etlon. When the plant 1s maklng rapld growth there 1s

f'a smaller peroentage of tne Varlous nutrlents in the dry

‘fkmatter, 1ndlcat1ng that now as51mllet1on is greater. than ab-

W*T,f sorptlon. lhe llfe processes are more 1nfluenced by the ratio

klfffand ooneentratlon than by a supply of any one element other
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ﬁﬂhah hgtrogen, He finds light'inteHSity to be important in
VxﬁhefﬁtiliZafion of,minérai‘nutriénfs but not in their ébsorp-
"~ tion: plants absorb juét‘as much if they are shaded as unsha-
 idéd;7;Hitratés inéreased ﬁhe”absorption éf phdsphorus and all
 {piant‘foods,in§réased‘the aﬁsofption of potassium. Thé intake"
}fof'CQICium‘w5§fn6ﬁ increaséd by potaSsium, phésphateSVOr |
nitrates. ‘Hoégiandk(IB)'finds that with barley there5will be
- ab’éorption,offnu-*trient meterials at all stages, if a suitable
[f;QOhcentratioh’of iohs be mainfainede But’intenSe abscrpfion
during“later‘stagés of growthklead to;no imﬁortant increases
in crop Yield, whichkseem rétherfto be c§ndiﬁ10ﬁed_in a 1&3g9
} ﬁeasure byka‘favorable sup%ly‘éndfconcentfatibn'in the earxy
n';stageé;-‘Heydemann,;howeverg ilé)kfound with tomatoes that
- the assimilation of niﬁrogeh, calcium,'ﬁotaSsium,,and phos¢
?hate préceeded atfan equal rate for a time, aftér“which

qpotassium and nitrate were used more rapldly.
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| PRELIMINARY E}CPERIIVENTS

The purpose of these experlments has already been ;l
'f po1nted out that 1s,,an endeavor was made to learn the‘exaet

k{?perloa of absorptlon of the ions E;. ﬁé, 554, N03, K and 56;

8 lm the development of the tomato, Wlth ‘the object of learnlng

\_the most sultable tlme for fertlllzer appllcatlons. Prellml-

wnary absorptlon experlments were carrled out in the greenhousef

during 1931-32.

: Maté*ialS‘and Methodso‘

mhree dlfferent sets of planulngs were worked with
L«in‘théSe experlments. lhe flrst ran from November 18, 1931 to

.llJanuary e 1932; on November 13 twelve tomato plants of an

‘~];average helght of De 5 cm.kwere set up in 2 quart glaso Jars

'Jland grown in a nutrlent solutlon, These were first thoroughly

",Washed and rlnsed Wlth dlstllled Water and coverea Wlth dark

l‘paper to prevent the growth of algae, The metal tops were:

l‘cut and a cork with a 4 cm. bore fltted 1nto the openlngso

~

/‘{fThe roots of the plants Were rlnsed free of any s0il from the

‘leeed bed, the stems were Wrapped Wlth a small piece of absorn

kffbent cotton, and the plants were fltted through tne corks 1nto
‘the Jaru. Hoagland‘s Nutrlent solutlon cf the normal concen~
‘ltratlon was made up and the Jars almost fllled Wlth 1t. A
lfeW drops of iron 01trate wewéaddea every few days and the

'“isoluulons kept up to volume Wlth dlstllled Water.‘ A sample of
fthe nutrlent solutlon was kept for the subsequentkcomparatlve

,,analy51s.‘
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The- plants were. allowed to grow for one week, when
'*xtbe solutlons ‘were poured off, measured, and thoroughly mlxed,
}and 8., sample takens. Upon remov1ng ‘the used solution from the

: "egars, the plant roots were washed off and a fresh solution was

";;given~them¢, This procedure was carried on Weekly°

The sample of solutlon in Whlch the plant had grown'

"efand”the sample of'unused solution were taken to.the laboratory‘

: S e
‘¢and parallel -analyses run on them for the ionsi- Ca, Mg, 804,

= e

i gNO3§ K, PO4. vStandard sclutlons,contalnlng knewn parts per

"imllllon\of:these ions Were'also‘analyzed~and compared with the

/4lfoheck -and used solutlons.k The parts per million of the varlous

1l10ns absorbed by the plant could thus be. calculatede The ions

W”f;~were determlned oolorlmetrlcally with a Klett Top Color1meter°

'l The,procedure for the nitrate 1Qn was the vhenol dlsulphonlc
~ method (1), for the potassium ion the method outlined by
Gemeron andfFeilyerk(4), phOsphateS‘Were~determined by ‘the
;ammonmum molybdenum blue method of Parkes and Fudge’(37),
';magne51um as outlined by Hubbard (17) ,end thefca101um and
"fsulphate ions eccordlng to the procedures of Richard and
l{iWells (41) | . \
o : Unfortunately thls first planulng could not be . ..~ ;:

PFcbntinuede eny length of tlme. A cola nlght caught the

{{.plents from whlch set- back they never greatly recoverede In

“Viaddltlon it was not reallzed at this pelnt that aeration was
 reguired in the SOlU.‘thI’lS to provide suff 10181113‘ oxygen for B
fethe?roqtse, By January 7 so much disintegration'ef‘the roots

'Wes'going on with the consequent release of the ions that it
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'jwas d801ded to abandon these plantsc Table I page 24, glves

*the parts per mllllon of the ions absorbed durlng thls perlod.‘

 "v By January 7 all lons were belng diffused.

Second plantlngs Were set up in the same manner as
5tbe flrst ones on January 22nd. The plants chosen were 8 cm,
‘fhlgh‘~ Hoagland s solution was used for the Tirst tWO‘Weeks.
VeShEVe~S~soiublonvfor the-fqllow1ng'three weeks and Hoagland’s
'eefoT the final week. At the time‘Shivefs solutionewas*subsfi-
.3£utedrthe questioh of eeration'was beconing urgent anid it was

4 Pelt that ‘s ehange of- medlum mlght allev1ate ‘the nece851ty of

f‘ﬁiarranglng ?or the’ aeratlon.e The plants were given a fresh

yi"solutlon weekly as with the prev1ous plantlng, and analyses

"Were madee Agaln, unlucklly, the plants were chllled/and

little growth was being made. On February 20, it was decided

1f”‘toeuse‘aeraticn'on'half the plants. A system was set upkas

'eefollowse— A pump was 1nstalled and’ connected Wlth the Jars by
’;a system of ‘glass and rubber tublngso The amount of air enter-
ek;ng,each Jarfwasrcontrolled and~kept uniform by elamping the
g'rubbef"tuﬁing,“A distinct 1mproveme nt in the appearance of
'ithe plants Was apparent but 1t Was found to be too 1ate to
estlmuTate them to normal growth w1th uheihope of reaching

: maturlby in the feW'Weeks stlll left, GonseQUently two weeks

"e£~1ater,kthls plantlng,was,also dlscarded.f Whereas'c0nsiderable~

disintegratiOn'had been going on befofe aeration, as was in-
'1dlcated by tﬂe analy51s, the tests Tun follow1ng 1ts apnllcam
“ t1on showed a lower concentratlon of ions being dlffused out

'by the plant, The final week the SOlUleﬂS from the non -
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5,,aerated;andkthe aerated plants were both compared With the

\7ydriginel."AnalysisfshOWed thoSe,plentskwhich had been aerag-

‘ \ted to be, upon the Whole, healthler than the non~aerated.

1A further dlfflculty with all plaatlngs was root injury, due

i eto the Weekly dlsturbance and the Washlng of the roots with

Vfcold watere Table II, page 24, glves the analy31s results_
ke‘ffor thls plantlng.' It is hoted that in the period larch 4 -

 el the flnal week, aefated aﬁd non-aerated results are giveh.
- A third nlantlng was made on March 18 Six 1ergeee
‘plants about to blossom were: set up in glass Jars in thek

k/;manner~prevlously employedel Hoagland's solution was used and

'ff;aeration was installed. Again'difficulties were experienced

e ?1n malntalnlng the continuous functvonlng of the pump, and

 f“1n preventlng 1n3ury and breaking of the roots when changlnﬂ

'j the solutlons 1n handllng plants of thls size. These plants~

fwere crown for five weeks, and as before Weekly analyses were

‘fmadegl Very little growuh tookeplace, but,uome;fru1t was

kkfgff;dbtaihed}: Table III, page 24, glves the absorptlon during

this nerlod.
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RESULTS,
‘The results of thé.firét two experiments were
largely negative, showing the action of an unhealthy plant
- rather than a normal healthy one,

Ca, Mg, and SO, were consistently diffused out of

4
fhe plant under the adverse conditions. NO3 continued to be
absorbed in some degree at all times, except on one occasion
when the plants were diéintegrating rapidly. X and POy did
not act with anybconsistency,but there was less diffusing out
of the X ion than of the PO, from the unhealthy plants.
| With‘aeration analysis showed a distinct lessening
of disintegrationa

The third planting, showing‘the period between
blossoming and fruiting, gave the following general absorption

resultss

I\TO3 was absorbed at first, but then ceased. It was noted
that the plants made little végetative growth at this time,
which would correlate the laék of NO3 absorption. The final
week,'gbsorption again occurred. Thé K ion was absorbed in
1arge quantities alternatély»with none at all or even a d4if-
fusion out; This diffusion was explained on the grounds that
the roots were inadvertently broken in changing the solutions
from'wéek.to week. The PO4 ion was absorbed in same guan-
tity the third and four week but veryllittle the fifth week.
Therekwas Ca'absofption the first two weeks and thereéftei

a diffusion out whioh was again accounted for by the breaking
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of the roots, and consequent diffusing out of the ions. There
was diffusion out of g Wheﬁ large amounts of Ca were diffused
out, but this diffusion was followed by renewed absorption. |

80, showed a fairly consistent absorption.
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MAIN EXPERIMENT.

The Preliminary Experiments were followed by
further absorption and'nutrition invéstigations in 1932-1933,

The Absorption Experiment cbncerned the ions dealt
with in the prellmlnary work Wthh has been presented, that
is EZ, Mg,’;64, NO3» K, 562. The materials and methods used
and the results obtained are presented in Section I.

| kTﬁé Nutrition Experiment concerned the effect of a

deficieﬁéy of nitrate, potassium and phosphate, a change in
Qoncehtration, and complete starvation. The materials and
meﬁhodé used are givenkin Section IT. The results upon plant
growth and fructification, and avchemicél analysis are pre- |
séﬁted.’

Since interesting cdrrelations were found to occur,
diséussion of the results of the two eXperiments appears under

“one heading.

VARIETY USED.

Riverside Favorite tomato seeds were planted in
well=washed non-nutrient sand; and watered with distilled
‘water only. These seedlings were used in both the Absorp-

“tion and Nutrition Experimentse.
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- SECTION I. ABSORPTION EXPERIMENT.

Materials and Methods.
~:'A newkmethod’uas devieed’for the absovptienTexperi-‘
gfmeut, A pump was no 1onger avallable, and‘eince it had been
ﬁuehOanln the prelxmlnary experlments that aere&;ene‘was*esseno f

'ftlal, Water cultures could not be ueed. Acéordingly efseries

*sifyof send cultures was set UPe On December 20, four of the

' be¥seed11ng tomato plants were planted an five inch clay pots Of
kaell washed quartz sand. Means Were~taken;to prevent the sand
4ffrom 1each1ng out of the dralnage holg, By'00veriﬁg‘itywith:

;;an=alumlnum_thlmble~an inch in diameter, :The;pients were fi
ﬂ{ﬁeﬁeréd»with'Hdagland's'nutriéﬁt"eolution'of~the;regular con~

'"ceutration. A check pot of sand Wlth ‘no plantlng was also set

‘f_f~up;] rhe pots were placed upon plnt sealers, thatfany drippings
’"1f§m1gbt be caught. Brown paperfwas wrapped around'the Sealers
"'a;fto prevent algae growth in the drlpplngs and derk paper was

'“gfﬁrtted over the tOps of the pots arpund‘theﬂplants'to prevent o

L*jfelgaefgrQWth on the hﬁtrient saltS‘in‘the sanéek'The amount of

f,fkfsolutlon fed to each plant was tabulated and the check pot

rf;egwatered with- an equal amount. Plate I Fig. (a)~(Appenle)

“ayrshows the arrangement of the pots of the mature plante upon

féuftbe sealers.,k]

After eeventeen days the solutlons were Wlthdrawn

?mffor analy31s. Procedure was as’ follows;, Dlstllled ‘water was

'”Effflushed through each pOt to wash out the salts Wthh Werek”~e

",present there,‘ The Weshlngs Were;collected in crooks and
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emeéSdrement‘Was made,ofnthe.solution'ﬁhich passed through each

pot;CSUfficient,waterzwas used to bring this measurement up
to twice the %qlume,of the nutrient solution fed to the plant.
f TheuWeehings‘of;the/fOurdpots Were/We11‘mixed and a‘sample
ilwas-faken.; The check pot was similarly treated~and a sample
r”taken'o? “the WashingS‘ffom ite It Was felt that the use of
krthe check pot Would prov1de an adequate comparlson as the
{{unused solutlon, since it was reallzed that the pots might
ddabsoro nutrlenus whlch must not be attrlbuted to the plant0 ‘
, The scheme for washing out the salts is shown in Plate I,

o E;g; (b) (Appendlx). After washing,the plents through in
"tbis fashieﬁ'it was found necessary to allow them“to dry~eﬁt

" for a day or more before feeding the new soluulon. otherw1se
Wt Would drlp through the pots at all parts and control of '

‘bhe cuantltles of the solution Would be lostek The fresh solu-\
tlon Was supplled in such a quantlty as the pot would take e

'adw1thout leakagee During the first perlod, whieh was seventeen

f, days, each plant recelved 500 CaCoa 1he amount fed was gra-

7

vdually 1ncreased untll 2050 C.C. Was belng glven in June, the
ﬁflnal month. The pots were Washed tbrough and a fresh 8501U=
ktlon glven, as has been descrlbed. ~After two three-week

| perloas, andfthereafter every two weeks, analyses of the used

'"“and unused solutlons and comparison w1th a known standard were

: made in- the manner of the prellmlnary experlments. Measure-

‘ment of growth Was taken at eaeh change of the solutlon, All

‘suokers were removed and the plants kept to one stem and

estaked. Atythe fourth changing of the solutlon on March 7th,
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the plants were transplanted to 6 inch‘pots, the average
height at this time being 49.6 em. They remained in these
until the close of the experiment on June 29th, when it was

considered vital activity was ceasing.

Results.
Tables are presentéd td show the aBsorption of the
various ioné:’ |
Table IV.; Page 33 The‘absorption of the’nutrients in parts
;péfkmiilion (p.p.m.) and inkmilli—equivalents (m.e.) for the
periods between analysiso
Tsble V. - Page3d: The absorption of the nutrients in DeD.m.
‘ énd m.e.’during vegetative growth, blossoming and fruitin_g0
Chart I. - Page 23:The absorption of the ions in milli-equiva-
iénﬁs charted against growth in centimeters.

It is notable that all the ions are absorbed through-
. out the'lifeyéf the plant, Mg only, definitely ceasing to
enter two weeks before the others stopped.

At Dblossoming time there was a slight falling off in
nitrate absorption, but during an unusually fine periocd it
went uﬁ‘again to almost as high a point as it had reached
duiing the period of’purely vegetative growth. Pdtassium
showed aacontinuous fluctuation in absorption until the final
mbnth or more when it dropped very low. Phosphate absorption
,increased gradually until blossoming time, when it suddenly
ceased for‘one‘period, was low through'blossoming time and.
_increased again during frﬁitinge ABsorption of calcium in-

- treased gradually as early growth was being made, after which
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‘o :tit’fluotuated. A reference to Chart I - Pagesfa, however,

- ‘shows that both calclum.and nltrate absorptlon fairly Well

s,Hfollow the growth curve., Eo ca101um was absorbed early in
June end then llke ‘the phosphate there was suddenly a 1arge
=ef:amount absorbed the latter part of the month, the fruit had

j;been,'and stlll Was, rlpenlng 1n‘1arge~quant1t1es. Magnes;um

B absorptlon also fluctuated though there Was llttle correle—

‘itlon With calcium absorptlon,’ Sulphate Was absorbed in the
f 1argest amount early in the vegetatlve growth but Was used
‘f 1n,a falrly unlform degreefuntil harvestlng of the plants. -

The relative amounts of the gix 1ons absorbed in ,

k‘tlmllll eoulvalents is also 1nd1eated in Chart I Page 29&91t

, ,18 shown thet nlurates are absorbed in the largest amounts,

f Wlth oalclum next in quantlty. The phosphates ions enter,ln

o the smallest amountso -

Table VI Page 35 presents data on: the relatlon of
inthe absorptlon of nltrete and pota581um to the ratlo of sun- |
'shlne to possible sunshlne;andvto the solar redlatlon as

I
g

"smeasﬁred by a blaek‘bulbothermometer. Data was obtalned fromn'

”tbe Domlnlon Meteorologlcel Serv1ce end is therefore rellable,

'but 1t ‘is p01nted out that complete statlstlcs were not

' avallable for the early'months of;the vear. The averages,l‘
however, are felt to bekrepresentatlve; There seems to be
Tlvery little correlatlon between the elementary absorption-

L and solar radlatlon, but Wlth the ratio of sunshine to pes=

‘~,281ble sunshlne there is a notable correletlone During per-

Hb_1ods of greater sunshlne there is generally greater nitrate
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absorption, and in periods of lesser sunshine there is lesser

potassium absorption.




The absorptlon of the nutrients A
for the perlods ;'between analyses., :

TAZBLE IV

ne parts per million and Mllli-' equivalents
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RESULTS OF  WUTRITION EXPERTMENT,
S ‘showihg,size»and weighti @7

AviHt.of  'Effect on First “Average Average'  Average. - Average

NI Plantat ' the plant Fruit ‘height at-  ‘lengih . Cgreen green:

-Beries . Change of firsti . --harvesting . of roots cwelghti' “weight
Ireatment. visible- in feet. in:.inchies “of fops. “of roois.
“Mar, 4. . e : i TR ’ T S

:fAverage"AveragefVPercentage; Average . Average  #Average
sAry e dry T motsture weight' Noiiof Cweight
21 ©oweight - in'topsy . - Yof fruit fruit A
of rootsil - wcieper plant per il fraite -
o S ingrs. . oplant Tl R

Lo Pl Sutrient 34.375 o ey 14 .50 © L a6u75 T 485020 88.80 . 574.0 110000 géjooff' ”é7;33k 235418
II, Nitrate ‘ o Mar. 23 L N E B ‘ : . T e ¢ SR Lt e
Deficiency . 32,75 “Yellowing May .9 4,80 7124600 7149500 33400 . 182,5 24050 Ay10- 83 56 U 460,8
II.Potassium ’ ‘ D AT PO Lo R
Deficiency 2741 Bronzing - May 16 1 6.95 220450 333475 54..50 388s2 777 08,00 76,66 ‘ 155054f
IV.. Phosphate Moy 19%h S : R e Ty e R : a L
" Deficiéncy” 33:L: - Purple Mottling May 2. - - 74100 e 21,00 477.38. - 169.25 . 546.6 83420 116525 282058 1 01402,3 344750 T4052.¢
Ve 2 x Qoncen- - : : ) ‘ Do - ‘ B e SR e
. tration ’ 33.75 - May 9 © 7525 § 220257 7. 429,25 19245 522,0 102.50 . 14,25 - 7612 22698 - 36.3~  5442 .
VI, Cbm;’ilete o . . ) : : ’ R 5 . v C % - B AN ‘ : L ; T
Starvation 32400 Mar, 23 - May 4 455 v 13.00.0 337025 35.25 17245 1126475 4450 80,55 ST A07B 1540 - . 2742

Caok

s

X - The treatment was changed in these Plants .at an’ earlier date.

#: =~ There was considerable variation in the size of ‘the friits, While those of ‘thé Potassium deficiency;show~a’1arger average .sized fruit, there was conside:@blé‘
variation.in size and ‘the total amount by weight was lows @ : ST e : B :
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AL ANALYSIS OF'VEGETATIVE PARTS-
o

TABL'E VIII. :

. e L e S T i e e e e ‘;»Pér‘éen’cagegi’i‘o‘teins‘
Percentage of carbohydrates in~_ Oven-dry: -weight, .- 0 Lodnoven~dry weights
Series S T - ; T
LEAVES : . STEMS i : ; ROOTS
| reé Treduc-" Totéi Starch ’TTotal Cars '- iHree: i'édixc-‘ 'rota.l B Starch”‘i‘otal Lar-’ ‘)sree reduc- lotal Starch”‘l‘otal Car-| i
1nfz suparq Sugars . bohvdrates 1ng sugars Supars : bohydra ‘o8 ~;mg sugars Sugars : g ; Leaves Stems Roots
I. Full utriont 2.70 - 6uao 5.20 1150 L 80 ‘10, 24 ']é;36;;f 19.507f‘ Ty 48 ,49;‘ 5, : {12, 66 7 35 12, 125_'
Deficiency 2,70 CRe70 5200 w7ine’ 23404 BL9g Y6.72 v abiyy 133 2.20- 14,00 16480 By 200 2 895 7, 375‘
IIT, Potesaivm L . o  ‘ ; e : g . S o i ) e ;
Deficiency 6460 6.85 6480 1865 L35 BL56 . Blaa g b 0490 0.96 . 17.70 18768 - 1400 9 25 ;15’25' e
IV; Phosphorus \ : e 4 ' : Sl : 1 S S
.. Deficiency 3505 3405 6,42 94w 1,81 9+42 12,00 21,42 0473 L.12 10400: . 11:48 16425 8,62 14'75;1;7
V.2 x Concen~ . ';, o : . k ot e Ll Lo
tration <3450 4,00 6:75 10.7.5 10450012072 7 10495 28787 2.14 2436 4,14 11.62 8,25, 19,81
VI. Complete . : . ; RS - L A o5
Stagvation '2.50 2450 4,25, 675 2622 11,20 14472 28,08 1,40 1,47 14740 1587 375 3 45. 19,45

‘Sugarsf6r S£arch.




CHEMI CAL " ANALYSIS

Ser,:i'es’

'kl‘otal

Aciddty dn. "

- Texrms: of

Citrdc Addd.

"Spe/c"‘i\‘fi‘c

Free Reduclng Sug
in Percentage S

gars

Tota Sugars :
dn-Percentage.

in Percentage :

Extracted ‘Green.

Julce

- Veight. -

hry

Ju:.ce

thracted; ;Green;
; : Welght

Extracted Green .,
il J’ulce o

Dry ]
\’Jelgh‘l; Welght}ﬂj

Percent Percent
Dry Wi Moisture
~dn

s Fruit

1. 'Full Nutrlent

Witrars
Deficiency
‘111, Povassium
Deficiency

Phosphiorus
Deficiency

Vi oox Concen-
: ‘tration

: Complete
Starvation

—
Li6s
sz
55376"
512

04

Lo
izd33  i
voys
1?0:271 i

1,059

1,80

1;63!

i ,1"-?58»/‘ ;

CiLiad

‘fﬁ~.454:k

818

716

5691

402

399

: 29722' :

628

0343

7:33
4483 10,

. 3;46,




'SECTION II. NUTRITION EXPERIMENT.

Materlals and Methods.f‘

: Nutrltlon experlments were commenced on November 8.
lTwenty-four young tomato plants of aehelght of 4.5 cm° were
;planted in flve 1nch pots of well-vashed quartz sandol They-
klwere to be lelded into- 51x series whlch Were to be treated as
"follows. |
‘Q;lI, Eull nutrlent throughout growth and frultlngQ

-ffII. !Full nutrlent until blossomlng tlme and then a
SR nltrogen om1351on.k '

‘klIII; Pota331um deflclency treatment.

k“f ,IV. Full nutrlent until blessomlng tlme and then a
SO phosphate omission., : ,

kaV;"5*Full nutrient throughout; but‘fed twice the
- concentration once a week instead of the regular
: fconcentratlon tw1ce ) Week. :

"VI{““Full nutrient until blossomlng tlme and then an
g om15510n of all nutrlents.

All plants wére Watered w1th Hoagland's solutlen

f foﬁr tlmes the regular conoentratlon belng used fer the flrst
Ltwo %aterlngs. Eor the pota851um deflclency serles (Serles

:;kIII) sodlum was substltuted for some of the potassium,‘ Serles

"e I Il, III, IV'and VI Were fed the solutlons twice a. Week and
JlSerles V once a week with the double concentratlon. Further

"‘Waterlngs Were glven Wlth dlstllled Water as seemed necessary‘

feFor several weeks the normal concenuratlon of the salts was

"iﬁl glven untll on January 3, 1t was doubled and was kept so for

1ﬁthe remalnder of the experlmento lhe amount of solutlon glven

l,geach plant was - gradually 1ncreased from 50 CsCoe to 150 cece‘ :
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g“eThe:P?ants were kept to a single stem and all suckers were

 removed.

On January 20, the pots Wlth the potass1um deflclency

/’*eitreatment (Serles III),Were Well washed through Wlth dlstllled

 “ffWater and all pota851um was omltted from that tlme on, ‘Sub~'

”Vce}eﬁltutlon Was made with sodlum,accordlng,to Hoagland?s defi-k

i*ieeciencyaselutiens;- At this time the plants averaged 16 cm. in

 height.

. By January 31, the fiVe‘series of nutrient pients

eehad reached an average helght of 23.3 cm. and the potas51um ,

**if]deflclency plants a helght of 17 cm. They were thereupon'

"‘,utransplanted to 10.inch pots, 14 of the pets being glazed and

i l@,clay. ~The‘plants were staked and 250 c.c. of the nutrlent :

‘¥f_301utions given. - This quantlty of. solutlon was fed for

| several waterlngs and was then gradually brought up to 400 c,c;‘

 e 5at Wthh 1t Was malntalned for the duratlon of the experlment, 5

:e5ffjwater1ngs Wlth dlstllled water were glven as’ reculred, the

'>,clay pots eveporatlng cons1aerably more than the glazed,k 

The flrst week 1n March it was felt blossemlng time

ﬂc'l'had arrlved, at which point the treatment Was to “be changed»

f;VMarch'7 the pots were well“washed through w1th hose Water,

e‘and flnally with dlstllled water, 50 that all traces of salts

i77f7m1ght be removed. Measurement of the plants was’ takeno_ On

i“ff;March 10 Waterlngs were glven accordlng to the series out=-

11ned_ aboveo Hoagland's defIClency solu‘tlons belng used for -

. rﬂthe om1551on treatmentsw~ 400 CeCo;Of solutlon, of thce the,,

fe‘normel concentratlon W&S glven tw1ce a week as before the
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‘sw’change,of treatment;ﬁ ‘series v recelved four tlmes the con«

‘;-g;centratlon once a Weeke

Polllnatlon wasg seeured, partly by hand and partly

lilby tapplng the stakes, all plants, however, were given iden-

\lsfrtlcal treatment.

Observatlons were: made as to the subsequent be=~

‘/3;hav1or of the six series- as. regards amount of growth dls-

fi[ef“coloratlon of follage, time of fruit rlpenlng. lhe fruits

Vﬁwere plcked as they rlpened and records of size and Welght
:iwere kept. ,' | ’

Plates II Flg. (a) and (D), (Appendlx) kshow'the
ﬁlestand of plants in the greenhouse at maturlty. | i

‘ On June ZO‘the plants were harvested. op and

"5:Troot measurements and Welghts were taken and the plants were

jlspread out to dry on the greenhouse benches. Throughoutkthe'

ksummer they were: contlnually turned in order torbecomegthoé

‘?f rqughly~arr-dr1ed. When quite dry they were Weighed‘and,

k“’if'sfqred@ Total weights of the fruit produced were recorded

and representative samples were preserved, some in alcohol

_ and others by sterilization in quart jars.

k Chemical Analysis;

Chemlcel analyses were made in the laboratory uponk

7,f70ven-dr1ed samples of leaves, stems and roots for reducing f

\e‘fssugars, total sugars, starches and protelns. The p.Ho and

f;total a01d1ty of the frults Were taken and they also were

‘5 ";Hfanalyzed for reduclng sugars, total sugars, starches and

>Q"prote1nso;
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Thekextiaction of the sugars:from leaves, stems,
and roots was accomplished in the following manner: Semples
- which ranged from 10 to 25 grams were prlaced in Erlenmeyer
k'~f1asks, and 100 c.C. 0f alcohol plus 1.5 gram of Ca, 003 were

fadded@ These were b011ed for 15 minutes when the clear
liguid was decanted off. 1This was repeated twice by adding
further 50 c.c. portions of alcoholyand again decanting the
liquid. After the third extraction the residue was trans-
ferred.to a Saxhlelt extracters 200 c.c¢. of alcohol with
1 gram of Cak003 was used for the extraction which continued
' ufOr.several hours until the liquid siphoned over colorless.
 This was added to the‘liquid previously decanted and dis=-
tilled down to about 75 c.c. 200 c.c, of’distilled water
‘were addéd,;the.mixtures,wére placed on a hot piate and
again brought down to about 100 c.c., care being;takéq both
~at. this point~and'during,distillaticn:not~to let the tem=
f~§erature,gokbeyond 900 C. The~alcbhols now having'been
driven of f thekmixture of sugars and Water was strained
through cheese-cloth, and theffiltrate was cleared with
“neﬁtial lead acetate and deleaded with sodium oxalate}
Actual determlnatlon of sugars was made by the Lane and
iEynon Method (28) by the use of Fehllng S Solutlon and
,methylene biue as an indicator. This was found to give ex-
éeilent fésn1tse

: Tdtelfsugafs Weré found by inverting‘EO b.c. of
“ ‘thé sugar solutlon Wlth 5 grs. of picric acid. The mixturé

. was boiled exaotly 10 mlnutes, was cooled, and neutralized



|  ~; culence, though?there is growth from the upper part.
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,Wifh 20% Na OH, and then the sugars determined.
‘ Starches were determined by boiling the pulp remaine-
ing”from»the sugar extractions in 20 c.c. of conc. H Cl dilu-
ted,to\250 c.¢. for 24 hours. The mixture was allowed to
stand,; was nearly neutralized Witﬁ Na OH and filtered., Deter=~
mination of the resulting sugars was again made by the Lane
and Eynon liethod. |

Determination of the sugars of the sterilized fruit
ﬁas made by straining out the pulp through a cotton sack and
.squéezing it very dry, then clearing the juice with lead
acetate and deleading with sodium oxalate. Determination was
made as with the vegetative parts.

The Kjeldahl Method of protein analysis was used
for leaves, stens, roots and fruit.

The p. H. of the fruit was taken by the qulnhydrone
method: and total a01d1ty was deternlned by tltratlon against
Na OH using phenolthalein as an indicator.

s

Results.
Comp1ete records of uhé morphological changes in
the plants as a result of the six different treatments were
kept. A report at the end of three and a half weeks is quoted:
"The Full Nutrlent plants show good heglthy growth
with an abundance of fruit forming. The Nitrate omission
plants are nowlshowing the effects. Yellowing of the lower
_ieaves cammenced Within tenAdays of_the change of the treat-

ment. The'vegetativé part of the plant is losing its suc-
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Blossoms are still appearing ahd fruit is being set, bﬁt
hardly more than is the case with plants deprived of all nut-
rients. Potassium deficient plants have made almost as good
growth as the fulljnutrient, but they look slightly less
virile and slightly less fruit is Being borne. Blossoms
appeared quite as early as with the other series. So far the
omigssion of phosphorué is not noticeable in any way. The
vlants are healthy, growing and fruiting well., ’Those plants
- with which the concentration of the solution was varied
(Series V) from the beginning showed slightly the best growth.
There afe many fruits which are somewhat further advanced |
‘than thése of the Full Nutrient Seriés,in which the same
amount was fed, but in two periods instead of one, Within a
week the Complete Starvation plants were showing some yellowé
ing. There has been little if any further growth. Blossom~
ing and fruitiag is continuing though the fruits are ﬁof
‘maturing as rapidly as in‘the Full Nutrient Series. The
whole vegetative part of the plant is lifeless in appearance."

Table VII, Page}ﬁésgiﬁes the final morphological
effect’ of the various treatments.

Plate III, fig. (a), (b), (c), (d), (e), and (£)
(Appendix), portray the typical mature plant of each series
éonﬁrastéd with a typical plant of the Full Nutrient Series.-
In all photographs the Full Nutrient ?lants are designated
necw L Complete.

o A comparison of the leaves of all series is given

in Plate IV (Appendix). Unfortunately they are not in color



but, in that they were photographed from the same spot, the
comparison in size is a true one. Thé fragile nature of the
Nitrate deficiency and the Complete Starvation (-ALL) plants
is visible, All leaves were cut from the same position on
the plant and were representative ones, ‘

. Plate V (Appendix) shows typical roots of the plants
of the six series,

Table VIII, Page3), presents the data obtained by
~chemical analysis of leaf, stem,and root-and Table'IX,kPagegggg‘
‘ presents the data obtained by chemical anélysis of the fruits.

The leaves of the Nitrogen deficiency plants con-
tinued to yellow throughout the treatment and finally whitened
until by June 20,the date of harvestlng, they had become very
fragile, Withkthe veins prominent and a purplish cast. Ref»
erence to Table VII, Page 3, and Plate III, Ffig. (a), (Appen-
dix), shows growth, green and dry weights, the amoﬁnf and
size of the fruits to havé been muchyless‘than that of the
fﬁull Nutrient plants. ‘The leaves are smaller and there was
poor root growth. MNone of the fruits were 1érger than 6 cm.
~in diameter but they were usually well shaped. The percentage
of moisture in the tops was felatively high. Chemical analy-
s8is showed the vegetative parts tQ be high in carbohydrates;
‘especially so were the stems and roots where large quantities
of siarch were presents reducihg sugars were high in the stems.
In the fruits, the p.H. was 4,75 more a01d than any of the
‘other series. Total acidity was 1.64 (in terms of Citric A01d)

- which was three times as great as that of any of the other
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;i}serles except the Starvablon nlants, in Whlch case it was

kflg;tw1ce as greate Spe01flc Gra71ty was 1ower than that of the

7?1/Full Nutrlent frults 1ndlcat1ng a lesser amount of mineral

3cffand volatlle mattere_ The dry weight is also 1owere’ Total

*‘”}fsugars were sllnhtly higher than in the chech plants. Proteins

%731were rather higher in the frults but low in leaves, stems and.

'fff‘roots.f‘

In the Pota531um deflclency series a bron21ng gradcu
Jfgf'ually made its appearance on tne leaves. By June 6 a yellow~

1ﬁg had appeared around this bronzlng and by harvest tlme many

of the leaves S0 affected had shrlvelled,‘;The effeetfof,the

:efjpota831um omlssion was therefore graduals The plants Wéré
 ;;scarce1y'less tallaﬁhan those of~the Full NutrientiSeriee'butg
fi”the ‘green. and dry Welght was less and there was less frult
ﬁ? Produced,; Plate~IV,f(ApPend1X) ‘shows the‘leavesft°*be-s°me“ :
ﬁ!what less v1gorous than those of Serles I,,'The foots’éhew an
kﬁlnterestlng condition in belng long and splndllng, and 1eath~
‘%é;erywwlﬁh;few;root halrs;i,thGY‘WeTe_dark brown 1n.°°l°r'ﬂ the:
ieeverage’sizeeand'weiéht oPethe fruits was coﬁsiderably greater
;”?fjthan uhose of any other . serles,‘there belng more . frults meas~-
,g5e ;ur1ng 6. 5 - 7 em, in dlameter, but, as has been noted the

n4Qtota1'fru1t:produetlon was~lower.,fCaemical analysxs showed a

,ffhlgh reduclng sugar content in thefleaves., The roOts have a
‘yiﬁflow proportlon of both reduc1ng and to»al sugars, but starcmes £
Mfeare partloularly hlgh, glVlng a. hlgh carbohydrate flgurea The

je*p.H, and total acidity o; the fruit Julces was much as 1n the

;;;conurolxplants,¢the peﬁs belngk4o85\and the a01d1ty;@512.,~




tdjThe~Specific Gravity agaih waS~eomewhatflow; CThe percentage.

Tizof dry welght of the fruit was less than that of the Full

’Nutrlent frults, so that whlle total sugars were somewhat.

"thlgher in the Potas31um deficiency series when calculated to .

“'sdry Welght, they were sllghtly lower in the extracted Julce.

k][fProteln content Was “found to be high in leaf, stem, root andi'

“‘:flfrult,

Bo effect of Phosphorus starvatlon was apparent 1n

\'jfthe Serles IV plants unt11 May 9 when a purple mottllng or

kk;~l¢b10b0hlng appeared on the leaves of the lower half of one of‘

‘“the plantso A week later it had~made>1ts~appearance,on two
’fﬁoffthe,othere,\ Onlynjust beforé~har?estingedid it:appear on
lftheuf@urth@*"This'mottling crept upWardS’to°SGme degree and

dfthen‘halted. A strong correlatlon was obtalned here Wlth the

'*f_AbsQrptlgn Experlment. At no. tlme was there a severe eflect,

’fthe plants were otherw1se perfectly healthy and frultlng went
'f;on in-an apparently normal manneru Akstudy of,Table and
UViPlates; however, showe,the~ayerage dry weight of the tops to

‘be low and. the moistﬁre content to be7high§'kFruit production

k‘7uiS‘cdnsiderablyflower;\the average size is the same but the

”tanumber of frults produced per plant is mnch ‘less, Like the

"fPotaselum deflclency plants there was much 1rregu1ar1ty in

"t,~31ze which ranged from 4 to 7 cm, - This same 1rrecular1ty,

'd”however, was found in plants glven the Full Nutrlent treat=-

 ment. Plate IV, fle. (a), (Appemilx)» shows the 1eaf’ 1% 18

7pd1fflcu1t to ‘discover any blotching and it is apparent1y

kﬂ‘;;fstronger than the "K" leaf., The'roots Were,usu311YfleSSl
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| extensive than those~ofvthe complete feeding, as Plate V, fig,

' (d);f(AppendiX) indicates, and there were relatively fewer
:rOOt‘hairs. These roots, too, were brown in color. Ana1y51s
ishowed no significant difference between these phosphorus defi=

clent plants and the check plants in total and reducing;sugars.

", Reduding sugars were slightly higher in the leaves and lower

"*n the roots of plants with the phosphorus lack. The stems

. showed the same relative increase of total over reducing sug-

'1”ars in both‘serles. Starches were high in both stems and roots.

The frult ‘juices showed no varlatlon 1n P-H. but the total

~  a01d1ty was slightly higher. The Specific Gravity of the
juiceé was lower than for any of the other series and the per-
” centgge of the dry weight of the fruit was also lower. This
’Wiilube discussed later. Both reducing and total éugars were
~found to be a little higher than the éheck plants when calcu-
lated to dry weight but IQWer oﬁ,the green'weight baéisa Pro-
 teins were notably high in root, leaf and fruit, but were not
© found so in the stem.

| - The plants of Series V, doubie’theyéoncentration fed
 ha1f as often; have beén reported as making slightly better

k‘:grewth~than the Series I check plants, Both continued strong

- healthy plants. At harvesting some of the leaves had become

”,a paler green or the normal dark green had become somevhat
~blotched and recently formed blossoms on both were shrivelling.
‘ The tables and plates show llttle dlfference in any respect

‘f expept in fruit productlon. The amount produced was almost

the same, but the average number of fruits on the Series I
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plants Was greater than on‘the Series‘V plants; but those;of
the latter serles were larger than those of the former., Both
redu01no and total sugars taken for the plant as a whole, that
: 1s 1eaf plus stem plus root, were in approx1mately the same
perqentage in both series., The Full Nutrient plants showed
a 31ightly higher total sugar content in ths 1éaf,and the
‘k_doﬁble concentration'plants,in stem and root. Both showed.
‘high totél sugars in the stem, The p.H. of Series I was 4,86,
kkabile1Qf-Serieé V it was 4.96. Total acidity, nevertheless
was the same. FProtein content was highér in the roots and
kfruits of the double#concentration plantss it was slightly
higher in‘thekstems of thiS'series,but higher in the 1eéves of
Series I. The Speq;fic Gravity of the juices and the dry
weight of‘the fruits of the two series approximated each othere
| The Complete Starvation plants exhibited a contine |
uous yellowing, with cessation'of growthe Some of the'fruits
/developed'brown lésions ahd spots. Later the foliage became
bronzed'énd rurpled and finally éolorless, with a blue cast
_about the veins, much as the fdliage of the Nitrate deficiency
plants. A comparison of these two series is shown in Plate
III, fig. (b),r(Appendix). The Tables and Plates show that
plants which havekbeen starved of all nutrients reflect thé'
treatment in a much restricted growth of root, stem and leaf,
and’a'smali fruit production.' On'fhe other hand, the chemical
‘aﬁalysisievidencéd reducingAand fotal sugar content to be
: Uéquai to that of theffﬁlly fed plants in root, stem and 1éaf,'

and almost so in the fruit, with the exception only of a low
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invert sugar content in the leaf of the starved plant. Since
the leaves of the starvation-plants had begun to wither, it
is possible the invert sugars had passed from the leaves to

the stem. The percentage of moisture in the tops of these

plants, nevertheless, was greater than that in the Full Wut-

rient ones. Proteins were higher in roots and fruits of the
starved plants, and higher in the stem and leaves of the well-

nourished ones., The P.He of the juices was higher for the

- starvation plants, but total acidity was greater. The Speci~-

fic Gravity of the juices and the percentage of dry weight of

the fruit were a little less for the starvation series, in-

dicating a lower mineral and volatile matter content.
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SUBSIDIARY EXPERIMENTS.,

(2) Complete Potassium Omission -

o Segds of plants which had been grown in 1932 with
no potassium whatever were planted, Plant (a) of Plate VI,
(Appendix), received no potassium throughout its lifetime,
Whereas plant {(b) was fed potasgium ih the usual amounts from
blossoming{time. The difference in height is notable, though
neither attained any great size., Both, however, bore fruit
.as is evidenoedvin,the photograph. The greeﬁ weight of the
toprof plant (a) was 14.2 grams, and that of plant (b) 31.5

grams.

(b) Seed Experiment‘:
- ' Seeds from all séries of the Nutrition Experiment,
from the Absorption Experiment, from the 1932 Potassium omis-
sion seeds, and sceds from plant‘(a) of the Subsidiary Experi-
mént (a) were planted in 1933. Germination tests were rum by
plantihg the seeds in flats of well washed quartz‘sand and
' wateripg with distilled water only. A descri@tion of the
VSeeds and the‘percentagé of germination dbtained is given in
Table X, page 53

A second series of flats was planted similarly, but
was fed a complete nutrient solution. These plants were cared
’for in the manner of the NutritionvExperiment and are now in,
ten inch élazed and clay pots. Plants whose parents and -

grand-parents had no potassium are slighter stemmed and



Description and Percentage Germination of
Seeds in Subsidiary Bxperiment (b)

- 5’3.,

TABLE X.

“Series

Description and Size

- but uniform

Percentage
Germination

Full

Nutrient taken as normal 58

2 x Concen- as Full Nutrient

tration but more wringled 81
Potassium as Full Hutrient

‘deficiency but depressed 54
. Potassium

omission slightly smaller

1932 seeds but uniform in size 68

Potassium e :

_omission smaller than 1932

1933 seeds parents and more variable 65
. Phosphate slightly smaller ,

deficiency and less uniform - 49
 Nitrate smaller and less uniform

deficiency in size and shape 66
;Complete smaller and less uniform ‘

starvation in size and shape 77

Absorption smaller than Full Nutrient

Plants 74
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rather less vigorous than those whose barents only were depriv-
ed, and these latter in turn, are only slightly less so than the

~plants from the seeds of the Potassium deficiency plants of thé
Nutrition‘Experiménf. The plants from the seeds of the othev
five series of the Nutrlbnon Bxperlment show a more or less
uniform growth. Seedllngs from the Absorptlon Experiment had
a much better root system than any others, and it is noticeable
that the plants are making befter growth. The effect of star-

vation in one generation has little permanent effect.

(Q) Phosphate and Potassium Omission -

E2n Seedllng toméﬁéss from seeds of plants completely

; starvéd of phosphates and from seeds of pota331um deficient
plants are being growne They are being entirely starved of the

nutrient in question. Histological examinations of these and

the potassium range in Experiment (b) are being carried on.

- (d) Iron Detection in Potassium Starved Plants -

A test for iron dep081ts in the tissues of plants
vtreated with a potass1um omission accordlng to the metbod des-
crlbed by Hoffer (20) were performede Plants from seeds of the
~Potass1um deflclency series of the Nutrition Experiment Wh1ch
were fed no potass1um were used° In the absence of potassium,
1ron is believed to accumulate in that it becomes insoluble. A
very distinet browning of the tissues resulted indicating this
accumulation. When seeds of the various potassium deficient
treatmenﬁsgbeing gfown'invSubsidiary'Experiment,(b), now being
. fed é complete nutrient were tested, no brown discoloration

appeareds
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DISCUSSION .,

The findings of the investigation would seem to in-
dicate that Petrie (38) is correct in his theory that the rate
;of’respiration ofkthe root cells of the plant will determine
the rate of absorption of the ions. BEvidence points clearly
to the fact that the plant absorbs the nutrients which its
metabolism requires. It is impossible to agree with Loew (29)
"that in most cases they take up not only an excess, but also
substances which arer"perhaps useful, but not absolutely neces-
sary to the plant®, |

~Absorption of the ions studied was found to take
place throughout thﬁklife‘of,the plant, and a strong correla-
tion was obtained between the Absorption and Nutrition Experi-
ments. A discussion of the individual ions is presented, when
“these correlations will Dbe poiﬁted out. Calcium, magnesium
and sulphate were worked with only in the absorption experi-

ment so that statementé cannot be made regarding their essen-
~tial nature, There were no plants in the Nutrition Experiment
‘ whichfwere»withheld these ions. But such a strong correlation
was obtained between the two'experiments in regard to the
other ions that it would seem permiSsible to suppose that
fhese too Wére‘probably being absorbed in only the required

amounts,
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Calcium&

In the Preliminary Experiments 1 and 2, the diffusion

of calcium into the solution is accounted for by the disinteg-
ration of the ﬁlants, when the cells in separating would rel-
ease the calcium of the middle lamella. In the third Prelimi-
nary Experiment, the early absorption during growth would be
expectedksincekcalcium.is required in the building up process
and is of imporfance in the absorption of the other essential
elements (Colby). When these plants began to disintegraﬁe,
~there was again a diffusion out.

In thekMain Absorption Bxperiment there was a gradual
“increase of absorption during earlier growth. The calcium was
‘required for the diéision of the cell in the formation of the
middle lamella, and for norﬁal’root and leaf growth, The effect
of calcium on nitrate absorption‘is an interesting point. It
is noted that Dorothy Day (8) tﬂinks there to be too muéh cal-
cium in some nutrient solutions, However the importance of
calcium ih cell permeabilityg through its effect on other ions,
and as a corrector of poor soil>conditiohs, cannot be over=-
esfimatedo No calcium was absorbed early in June when growth
had reached its maximum, but the renewed absorption in large
quantities when fruiting was at the maximum opens up an inter-
'esting field. :One wonders if calcium is present in large
amounfs in the fruits, and it is suggested that a mineral
analysis of the fruit for calciumywould be of value in exp%ainf
'ihg,this renewed activity in the absorption of calcium. Such

is later shown to be the case in regard to phosphates also.
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Kzegnesium,

During the adverse conditions of the first two
Preliminary Experiments therelwas a diffusing out Wﬁioh would
“be acCouﬁtable to breaking down'dfrthe cells and disinteg-
“ration of chlorophyll. When absorption did occur, as it daid
‘in several periods, magnesium entered in fairly large amounts
to be utilized in the building up process. In the third
Preliminary Experiment, magnesium absorption fluctuated; it
was diffused out when calcium was diffused out in large
’quantities; Whether there is a linkage here is uncertain,

In the Main Absorption EXperimentg thére was again
a fluctuation in mggnesium absorption. One might hope to
explain it on the grounds o£~Chlorophy11‘development'in the

‘photosynthetic reactions, but there appears to be no cor-

relation with sunlight, as one would expect, if such were
the cause. The correlation of growth and magnesium absorp-
~tion, however, is fairly well defined, as a reference to

,Charb I &Eagew29a39 will show. In the early stages of

growth more proportionately was required than at any other
time, Recalling the migratory guality of magnesiumkthis

would seem reasonable.
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Sulphate.

Like calcium and magnesium, the sulphate ion, on the
VWholeg was consistently diffused out of the plant under the
;conditions of Preliminary Experiments 1 and 2. Indeed it was
even more contlnuously diffused out. Inkthe third Preliminary
Experlment it was, in all but one period, consistently absor-
bed.
| In the Main Absorption Experiment sulphate was
absorbed fairly uniformly throughout the whole periocd of
: growth aﬁd fructification; The largest amount of absorption
; oocurfed during vegetative growth, however, and again during
the heavy ripening of fruits. Since it enters into the com-
vosition of protelﬁé, it would be constantly required as long
as growth was going on. The literature has shown it to be
present in the seed, and it would seem that the fruit must
contain a considerable quantity. Agaih a chemical analysis
of the fruit would be valuabley the persistent absorption of

sulphate through all phases of development and in fruiting,

Would‘guggest that it must be present in some guantity in the

fruit.
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Nitrates, it Would’séem from the data of both the
Nutrition and Absorﬁtion Experiments; are being constantly
utilized by the plant as long as grorth and fruiting is prog-
res31ngo‘ It the life processes of the tomato are similar to
those of the small gralnsy and the rate of transformatlon of
nltr te nltrogen in the plant is very rapld as shown by McCool
and Cook (30), it would logically follow that a constant sup-
ply of nitrate must be maintained that protoplasm.might be
~built up. The oonsequeﬁdes of the Withholding of nitrate
ffom the Series II plants, therefore, were the expected ones
in 1ack'0f growth and diScoloration of the foliage. vThe‘leaves
have lost the poweriof chloréphyll formation. In contrast to
ﬁhe fragilé pale lavendar of the leaf of the tomato in the
final stageé, MacMurtrey (32) with the tobacco plant obﬁained
‘d vellowing followed by a “firihg” of the ioWer leaves to a
bright brown color, ’ﬂightingale (24) in contrast to McCool
and Cook and to lurneek, thinks‘niﬂrates may be stored within
\thé plant wntil the’proper conditions arise for synthesis'fo
6ther forms of nitrogen. 1If this is so the cessation of nit-
rate ébsorption in the third planting of the Preliminary BEx-
veriment could be accounted for. There was little growth
'during two periods, possibly dwe to adverse cOnditionsg and
~little nitrate was neéded. As fruiting commenced more nitrates
- would be'fequired,/according.to Wurneek (33), and there was

a further absorption of them.
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The literature cited in the intrdduotion‘by Totting-
~ham and Stephens (45) and Tottihgham and Lowsna (44) on thé
influence of'shorter light rays is of intense interest in
reference to thé‘increased absorption of nitrates on bright
fdéyé, Table VI, page 35@’ Tt has been mentioned that utiliza-

'tion'of nitrogen is very rapid; we know photosynthesis to be

‘continually going On; and have often observed the rapidity and

SUddénness:of growth almost and in truth overnight,‘following
usunny,Weathergwhenrthere would be much carbohydraté manufac-
tured and much nitrate enter the plant. It would seem, there-
fore, that there is an immediate response in metabolism to
an adequaté nitrate and carbohydrate supply. The potassium

and nitrate relationship is interesting in this connection,

in that less potassium is absorbed on bright days. fThis will

be more fﬁlly discussed'undér potassium, but it is suggésted
here,that poﬁassium possesses some kinetic or electrical
 energy akin to light'raysg~whichvmaké its absorption in large
amounts unneéessary during bright weather. Brazeale's (3)
_’Claim that the supplyyof'nitrogen is the limiting factor in
the ahsorption of potassium WDuld still be a validlonebunder
kthis hypothesis; though~lesser amounts would be required
dufing Sﬁnshing. That mitrates should be more readily‘avail~
able frdm a KNO3 solﬁtion than from other nitrate sclutions
ig an‘interestihg poiﬁt{ ~Both k and ﬁ53 however are rapidly
moving ions aﬁd Would’have some effect one upon the other.
?%e Obtaiﬁed 1ittle‘correlatioh between temperature and nitrate

k and potassium absorption aé evidenced by Solar Radiation,
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‘ Table’Vi, page 35, while Tottingham did.

As 1is consistent with Krauvs and Kraybillts work, fruit'
production was very 1éw, but théfpercentage of mdsture was relQ
‘atively high. ‘The high starch content of stems and roots would
‘also be in accord with Kraus and Kraybill’s theory, The accu-
mulétion of these carbohydrates would be due 1o ﬁhe non-utiliza-
tion of the manufactured sugars’of the leaves, now stored as
‘starch in stem and root. Proteins‘naturally Weré low. Hére
there is' & 1bw protein cohtent, which would indicate a low~
amino nitrate content, balanced against a high carbohydraté
supply, vhich has resulted in a low fruit produciion. OFf int-
 erest at this point is Harrison's work (13)'a1ready referrad
to where, by frequently cutting off the cafbohydrate supply
and still maintaining a high nitrate supply, Kentucky Blué
Grass plants were actually kiiledo ’By lowering the nitraﬂeksupu
ply~and théreby keeping akbetterﬁbalancekthe plants coantinued
tb send'up rhizomes which tillered.

' Murneek’s claim that the fruit of the tomato draws
on the nitrate and carbohydrate supply is probably a valid one.
Thoughrfruit pfoduction was low, they continued to develop
after nitrates were withheld, and were quite as high in pro-
teins and sugars as were the Full Nutrienf'plants.

The high aéidity in the fruits might be considered
to be due’to a possible ecaldum-nitrate relationship‘ It has
been shown by Nightingale and his co-workers (35) that nitrates
a?e not abéorbed in the absencé‘of Hfree" calcium. Possibly
~ﬁhe opposite Qohdition may also be true. The "free calcium"

might have a neutralizing effect on the organic acids. An
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analysis of the fruits for calcium would be of interest, in

order to learn if a nitrogen deficient plant also contains

less calcium.
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Potassium,

~ The relationship df:nitrate and potassium absorption

has already been discussed and reference made to Table VI, page
k35,“éhowing,the effect of sunlight on their absorptiony it
has been pointed out that lesser amounts of potassium are
5;absérbedkon bright days. This'coiroborates James'and Penston's

findings, though refuting those of Jansen and'Bartholdmew (24).
, It is suggested that the reason for this irregular’absorption
may be found in the fact that potaséium is radic-active, and
"that an important part of its function in the plant is such,
L Yhen the sun Supélies this energy, lesser amounts of’potassium
are required. The piant has adjusted itself to this situation.
In fact, it would seem that plgnts,are not merely the creatures
pf casualciiéumstance9 absorbing materials whether they are
"useful or not as is sometimes'thought, but that they have devel-
oped during their long existencéka working relationshipytoward

outward bondi_tions° This, and other phases of the Absorption

- Bxperiment which Will;bé pointed out later most clearly point
-to the plant absorbing only thevnutrienﬁs~which it requires.
It was. shown in the Absorption Experiment that growth and nit-

rate ‘absorption were strongly correlated and the Nutrition

Experiment bore this out. Yow & consideration of potassium and
’itsiradio—active guality evidences that the thrifty plant ab-
sorbs less potassium in fine weather. Temperature, as recors

ded by the black bulb thermometer, was without effect. The

literature shows, however, that James and Penston (22) and

Jansen‘and'BartholomeW (24) think that plants may collect and
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store votassium, 'Thej both qualify their statements, howevers
Undqubtedly the absorbed potassium must be reuntilized as W111 
be showh later, |
| This peculiar‘radio~active guality of potassium is

also oQtstanding in consideration of the water-holding qualit-
ies of plants. Many Wofkers have noted that potassium deficient
plants require much more water than do those with a normal sSup=
ply. The water is quickly transpired and the leaves soon wilt.
A digression at this point to a consideration of a recent paper
by Shull‘(42)wis illuminating: He points out that the rela-
tion between root and soil and soil water is a dynamic one,

énd that it is in the water itself that this dynamic force
principally resides. A water deficit which reduces vapor pres-
sure of the cell colloids by 7% below that of pure water is
believed to develop forces close to 100 atmospheres. "The cell
maybnot, for some reason develop sufficiently high forces to
attract the Water, which passes on up the transpiration stream., "
A water deficit may exist in the root when the tensional pull
of the water column in the {tracheae draws the water more rapid-
yly from the living cells in the xylem than it can be supplied
by transfer of the water from the epidermis across the inter-
vening cells to the pericycle. This pull may exceed the force
- of osmotic diffusion and the hindrances of the cell wall and.
protbplasm. The forces Which~are‘important in determining

the osmotic pressure of the cell are physical, chemical, cole
loidal, or electrical0 imbibition-also plays an importanf

role in supplying the plant with water and in the transfer of
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water in the plant. "It is suggested that in the absence of
pota531um, the electrical propertles of the cell are 1essened
and that the osmotic forces are thevefore reduced, resultlng
|  1n a decreased ability on the,part of potas31um deficient

,celis to drawﬂwater from the stream. A certain osmotic force

‘would stlll ex1st due to colloidal matter, sugars and such

 11ke, and 1mb1b1t10n would play its part. 4An abundance of ’
o - water Would9 thereforeg be reoulred by potassium sterved’plante.
e,Jemes (21) corroborates this theory in p01nt1ng out that the
Jpotess1um.nresent 1s in many cases capable of exerting a: consadw
erable portion of the osmotlc bressure recorded by Dixon, andze
thet;a higher concentration of potassium will result in a
gfeater_abilify,on the part of the cell to maintain its tur-
gidity. Especially will this be the case, if as recorded by
,KetySchewjane Eliasberg (26), all of the potassium in the
cell.exists in an ionic form. In many plants petassium salts
seemfto be the‘predominant‘solubie gsalts, and this may_be the
ease With tomatoes, Warne (50) has shown; with potatoes, fhere
eis_a Withdrawal of pbtassium,frOm theeassimilating areas re-
mote,f?om»the main veins, end sﬁggests there may be as a con-
kseqﬁence;less,photosynthesisfin»these areas; the carbohydrate
concentration'wili be reduced in those spote, wilting will
kfollow due te a, reduced osmotic pressure and discolorationuand
scorch Will;reeulﬁg It is suggested that the bronzing of the
'ieaves ofypotassium deficient tomaio plants'may be'also in
:gart'due £o‘this,' The 1inkege of the brongzing with an iron

,aecumulation also forms an interesting speculation. MacMurtrey’H
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(32) has also found a localization of potassium starvation
effect. |

A study of Table VII, page 36, shows the Series III
plants to have produced less growth and fruit than did tbose
of berles I which were fed the normal amount of solution. Jan-
sen and Bartholomew (23) and James (21) have both shown that
less carbohydrates are manufactured and James (21) has shown
fewer proteins are synthesized.k An absénce of growth, there-
fore, would be expected. iChemical analysis shows a high per-
centage of starch to be stored in the roots, and that proteins
are high in all parts. Evidently a high percentage of the
carbohydrates which were manufactured were not utilized and
there was in turn available nitrogenous matter. The leaves,
too, were high iﬁ reducing sugars‘whioh have neither been
assimilated nor translocated@ This is’in accordance with Jan-
sen and Bartholomew's findings that in the absence of potas~
'51um.there Wlll not be an assimilation of carbohydrates and
of soluble nitrates: and recalls his statement that high pro-

teins and high sugars found in the absence of good growth and |

fruiting in potassium deficient plants are likely dge to a
lack of’polymefization of these to higher compounds.

Attention is drawn to the brown leathery roots of
the potassium deficient plants, With‘a suggestion of a storage
organ; This is interesting in view of-the large amount of
starch'present in them. It is recalled that there are few root
hairs, but these roots are, nevertheless, very efficient as

absorbing agents, for large quantities of water were transpired.

i
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. i
I S S P S Er S S, )



: o

While fruit production was low in guantity, there
were many large fruits. These though were apt to be irregu-
klar in shape. Both sugar and protein content was high in
these fruits., Probably the available potassium was utilized
by tﬁe earlier formed fruits of a cluster and from them there
Would,be no re~tranélocation. Then the abundance of unutilize-
ed nitrogenous matter and sugars would be readily available to
swell the size of the fruits. Irregularity in shape might bek
dﬁe te an improper balance., The later fruits-formed in the
; clﬁster would necessarily be‘smaller. The average weight of
the fruits, nevertheless, was high.

The dry weights of the tops and fruits Wefe leSB
and the Specific Gravity of the juices was less in these pot-
assium deficiency plants;thanfthose receiving Full Butrient,
thus indicating that there’is less mineral and volatile
matter.kaugars and proteins being higher, the percentage of
other dry matter would be still less. It is recalled that
James and Penston (22) consider potassium to make up a large
part of the dry weight of plants, and therefore in the absence
of potassium from the plant food there is a noticeable dif-

ference in dry weight.

The prelimineary experiments in Section I showed less
diffusion out of potassium in the first two experiments and
then the same ifregularity df absorption in the third experi-
,ment which was obtained in the main experiment.

The success in growing plantstrom.seeds whose

parents had no potassium for two generations would lend strong



"'68-“"

suppdft to the theory of the translocation of potassium in
‘potassium deficient plants. It must uﬂdoubtedly be stored in
the'éeed and then be reutilized repeatedly in the new plant.
These seeds,as Table X, page 53, shows are smaller in size
thaﬂvnormal seeds and become more -so each year of continued
‘ ‘potassiuﬁ starvation. The seeds from the potassium deficiency
fplants of 1933 showed little difference from the Full Nutriéht
séeds; those from the complete potassium omission grown in
1932 were considerably smallers while the 1933 complete potas-
sium omission seeds whose forebears had received no potassium
for two generations were further declined in size and showed
greater variation. They did, however, carry enough potassiun
~to ensure a reasonable develeopment to the ﬁew seedling in the
germination teét. All plants from.seeds of even the second
generation of omission When fed a complete nutrient are
s making good growth and fruiting;though, as was pointed 6ut

~under "Results", they are less vigorous.
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Phosghatee

| That a small total}amount’of phosphates :is required
for plant growth (Andre) would be in accordance with the finde-
ints in the Absorption EXperiment where less phosphate was ab-
sorbed'in milli»equivalenté than any other ion. The gradual
ébsOrption during the growing periocd and then the sudden cesgso-
tion about blossoming time,kfollowédg by an absorption of small
guantities, and the later increaée during fruiting is intensely
intereéting in view of the correlation in~the Nutrition Experi-
ment., It is notable that no effect of phosphate starvation
'appeared in Section II Phosphate deficiency plants until nearly
two months after the omission from the feedings. The piants of
the two sections were about two weeks apart in growth processes.
At the time corresponding to the development of the Nutrition
plant at which phosvhates were withheld, it ceased to be absor-
bed by the plant of the Absorption Experiment. Apparently the
vlant had all that it required for its present needs or Was
reutiliiing what it did have. There was none being absorbed and
yﬁhe planﬁ of the Nutfition Experiment showed no effect of its
" omission. Later, in blossoming, small amounts were absorbed
“and,‘finallyg as frﬁiting became more prolific, larger zmounts
were used. It Waé only at this point that the Nutrition Experi-
mentgplant developed fhe purpling which is accepted as an indica-
tion of a phosphate lack, 'Brazeale (3), it has already been men-
'tioﬁed, found also, that phosphate'absorptioh by wheat plants
inéréased ﬁp to a certain concentration after which there was

a sharp decline
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- According to MacGillivary (31), phosphate is neces-
sary fqr cell division and therefore for all stages of growth;
,but‘if there is a shortege there will bé translocation'and
reutilization, This was probably the case with our plants,k He
alsdypoints out that large guantities of phosphorus are used
in the ffuit: "half the phosphorus of the plant is in the
;ﬁfruit", It is atrthis stage that the Section I plants again
absbrbed largekquantities of‘phosphates, and that the Section
. II plants shoﬁred its lack. Table VII, page 36, and Plate ITI,
(appendiX) show fhe growth of the phosphofus~deficiencyuplants
kto be very similar to that of the Full Wutrient plants. .Ak
afﬁrther‘study of the table; nevertheless, indicates a lower
| dry weight of tops ahd a distinctly lower fruit produbtioh;
,Thiskwould Support the thebry of MacGillivary again, that
phosphates ére necessary in the synthesis of nuoléo»proteins,
‘,and‘thaﬁ phosphorus‘isjhigh in the fruits. The activity main-
- tained wbuld be due to the'translocation and reutilizatiom.
TheyMcGiilivary plants were treated with an entire phosphate
omission from the seedling stage and where his plants showed
a very decided effect in decreased growth and fruc%ification
oﬁrs showed alrelatively slight one. It would seem that’the
plant can manage'withva relatively smallyamount of phosphorus.

kThe purpling of the leaves would be due to a discqnw
tinuance of chlorophyll production, accompanied by other
changes as'yet ﬁnaccounted fo;;‘pdssibly accunulations of
,énd prodﬁcts due to a diSorganizatipn of the cell, on acoount |

of a derangement in functioning, decomposition of chlorophyll,
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or 'some obscured veason.,. MacGillivary suggests that an accu-
mulation of sugars would stop a further synthesis of sugars,
and it is unlikely chlorophyll would be formed if'it were not
gbing‘to be used.

_ ~ The roots of the MacGillivary plants were a dark
brown. Oursralsovwere darker than those of the Full Nutrient
’feeding. VWhether this 1s an indication of high starch storage
is a logical question, for a similar but more pronounced
effect was found in the roots of the potassium deficient plants
where starches were in an even higher percentage; The phos-
ﬁhorus deficient plants did not lack rooit hairs to any great
extent as did the potassiumvdeficient series. The high
starch conteht of the roots would bé dﬁe'to the fact that
nucleo-proteins are not formed in the absence of phosphorus
and the carﬁohydrates are not utilized,

i1t seemed early, that there would be'fruit produc=
tion equal to the Full Nuiriﬁion plants, for there were an
équal number of floral buds. MacGillivary too, found this,
but suggests that there is later a falling off. The earlierk
buds’pbllinated would draw on the phosphorus and continue to
‘grbw at the loss bf the later ones.  As was pointed out in
the case of the_pétassium deficiency plants, this would
account for the irregularity of size. While we did not obtain
the pronounced difference in amount of pulp and difference in
séed size, our results ran fairly parallel with his. ‘he
lower dry weight énd the loWer Specific Gravity of the fruit
is accounted for by the fact that phosphate is considgred to

make up such a large part of the tomato fruit. Protein andk
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Sugar content of the fruits were high. Since nucleo-proteins
and phosphoiipoids are not formed in the absence of phosphorus
and the carbohydrates are not utilized, larger amounts of
nitrogenouS'matter and sugars‘would be available. With an

‘ingféased @epletion of phosphorus&’MaoGillivary obtained a
higher pércehtage‘qf carbohydrates and total nitrogen in leaf
and stem also. His records throughout are extreme in the /
light of ows. Evidently a émall amount of phosphorus will
héve very effective results.

| - Seeds grown in the Subsidiary Seed Experimént (b)

’kare shoﬁn by Table X, page 53, to be only slightly smaller

ﬁhan the Full Nutrient seeds and give a similar germination

/tes’t,.k Again, it is pointed out that the plants of this in-

‘veStigation were not so gréatly starved for phosphorus as |
Wére MaoGillivary'so Seeds of the Subsidiary Experiment (c);

’on the other hand? which were from parents Which had no phos-
phate fed; and are nOW being fed nong have produced a séedling9
at preéent 12 inches high, wnich differs in leaf shape from

- the parentjy so that here one would indeed "expect a difference
fin’variety“._ This same effect of a phosphorus omission has

‘béen féund by other workers in the University. A genetical
study and chromosome count show no difference in such cases.

\It seems to be a cytological mutation.
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Double - Concentration,.

Hoagland (18) has said that yields seem to be deter-
mined by a favérable supply énd concentration in the early
stages of growth, rather than by intense absbrption in the
later stages. Tyson, (46)khas stafed that the life proéesses
arekmore influenced by the ratio and coacentration of the
nutriehts than by a supply of any one element. Both are proé
bably referring to a well-balanced solution and to concentra-
ﬁion in fhat sénsee The two statements are only applicable to
this’investigation in a general way. Nevertheléss, the chaég«
ing'of thé concentration in Series V, giving double the con-
centration, but only half the feedings; undoubtedly gave
iﬁtéfesting results. The plantsywere nérmalkin every way,
fruiting well. They did, howéver, seem to0 make sligﬁﬁlyvmore
éucdulent‘growth than the Series I, Full Hutrient plantsg the
ffuits Weré somewhatklargex in éverage size, but sincé ﬁracti»
~cally ﬁhe same total weight of fruit was produéed, they were
nécéssarily fewer in numbers. Total sugars were slightly
'highéi‘ in the leaf of the Full Wutrition plant, but in the
double conéentratibn they were higﬁer in stem and root. Since
the total éugars were practicélly the same for the two types
of plants taken as an entity, i.e., root plus stem plus leaf,
it is pfobable that the Double Concentration plants may have
beeh a little more advanced than the checks and the sugars
were passing out of the leaf to the stem and fbot, Total
;tarches were identical in the two series. Proteins were much

higher in the roots and somewhat so in the fruits. These
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differences in protein content are unaccounted for, but it
would seem the difference in concentration.may have produced
‘a slightly more succulent vegetative growth, perhaps with more
’nitrogenous matter which has resulted also in larger fruits,

' In considering the guestion of concentration, atten-
tion is drawﬁ to fhe Subsidiary BExperiment (b), where seeds
from the Absorption Experiment plants were grown. In the Ger-
Mination Experiment, the roots were consistently larger and
more vigorous. Those plants from the Absorption Plant seeds
_ which are being fed a complete nutrient now, are making notice=~
ably bétter gfowth than those from the Full Nutrient seeds.

It is possible the question of a balance of salts may enter
in this connection. In the Absorption Expériment, the plants
Weré washed through with distilled water foftnightly, thus
keeping the,foots washed clean. The fresh nutrients absorbed
would be unaffected by any depogit of ﬁnused materials. if
the plant was thus able the more feadily to keep the balance it
desired, the advantage might be reflected in the seed. These
plants are being kept under observation, and they will be
followed to maturity and compared with the plants from Series
I seeds. |

It is suggested that the more frequent waterings with
distilled water which the Double Concentration plants would
réceive over the other Series might perform the function of
keeping the roots washed.off. It is noted that the roots of
Series V ?lants were not supérior to those of Series I. In-

deed it cannot be said that the plants as a whole were superior.
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But seemingly a change in concentration does have an effect.
It is pointed out elsewhere that this investigation seems to
show that plants absorb only those nutrients which they require
and will use, Thére may, however, be an alteration in these

‘~rqquirementsvin response to a change of environment.
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Complete Starvation Plants.,

| | The»chahgé 6f color in the leaves is an intriguing
‘péﬁnt in the Complete Starvation plants. WNitrate omission
resulted in a yellowing and finally a whitening with a purple
caét; potassiﬁm omissidn producéd é bronzing;and phbsphate
,deficiency;gave a purpling. It would seem that the syﬁptoms
- of all thréé types of starvation were preseﬁt here in some deg-
ree, though that of the nitrate starvation was most apparent.
In the Complete Starvation plants a yvellowing first appeared,
and later a bronzing and purpling, until finally they became
completely colorless and fragile.

| That growth and frﬁiting should be less Would be

kexpected in that the plant had only the matérials within itself
to draw upon“ That fruiting should occur would be in confor-
mity with the law that reproduction will tend to occur when an
organism is deprived of its accﬁstomed grdwth'environﬁent. In
 this case, however,.the»nutrients,were not cut off until the
blossoms had formed. Since growth was so greatly decreased,
"thé pércentage of sugars Lo weight did nbt vary greatly from

-the Full Nutriént plantSFQ'though the percentage of dry weight
- of stems and fruits and the Séecific Gravity of the fruits
was slightly less, it is probable thé mineral content would not
vary to any great extent either. Starches were high in the
roots. Before the leaves began to yellow, photosynthesis would
be;continuing and if the carbohydrates were not being util?zed

in growth there would be an accumulation. Apparently these
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were stored in the roots. The proteins in the prlant as an
entity, were equal té those of the check plants, but by far
the largest amount was in the root,

Acidity was slightly higher in the fruits of the

fully starved plants. Organic acid content must have been

greaters this is not accounted for,

NotekRegarding Potse~

glazed and clay. The clay pots required more watering, but
no apparent difference in growth was obtained. The pots were

mixed throughout the series.
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RECOMENDATIONS

It is recommended that in growing tomatoes, soils
must be kept supplied with mineral nutrients at all étages of
growfh@ Somezquaiifioations as to the supply may be made9 how-
evers, Wﬁile nitrates are needed throughout growth, a larger
amount may be supplied in the field where light conditions
are at the maximum, than in the greenhouse under poorer light:
conditions. The value of calcium is too well known to reguire
stressing here. llagnesium and sulphates seem o bé'required
kthroughout the life of the plant, but small amounts are actual-
ly uéedo Potassium and phosphate fertilizers ﬁeed not be
applied in large gquantities to an annual crop since there is a
reutilization of both these nutrients,

| Fiéld tests upon the plants themselves are an excel-
lent indication of the available nutrientsyin the soile

It is suggested that aﬁ investigation in regard to
the mineral content of the planﬁ,vand particularly of the
fruit, under omission treatments such as were carried out in
this investigation, with additional treatments of & calcium,
and a sulphate omission or deficiency, would be of considerable

interest and value.
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SUMMARY .

Investigations‘were carriéd out with the tomato plant,
Lycopersicum esculentum Mill., as to;— (a) the period of
development at which the nutrient ions 53; ﬁg, é64, ﬁb3, E,
and PO, were absorbed; and (b) the effect the partial with-
holding'of nitrate, potassium,kand Phosphorus, a change in
concentration of the ionsg and a complete starvation might

have on the growth, fructification, and sugar and protein

content of the vegetative parts of the plant and the Ffruit.

The methods employed and the r esults obtained for each of
the two parts of the investigation are given separately as
Section I and Section II, but*Since intefesting éorrelaa

fions developed‘beﬁween the twb experiments, discussion is
reserved until the findings of both are‘preseﬁted, and is

therefore general. -

In Section I, which is nominated, Absorption Bxperiment,

~the plants Werevgrown in nutrient cultures and analysis of

the culture was made'fortnightly to find the abéorption for

- the designated ions during that periode.

In’Section II, designated as Nﬁtritioh Bxperiment, the
plants were grown in nutrient sand cultures and six series
of treatments were given as follows:- I Full Nutrient,

II Nitrate omission from-blossdming time, III Potassium
deficiencykthroughoutg Iv Phosphorus deficiency from blos-

soming time, V Double the concentration of Series I, but
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- elements, calcium, magnesium, sulphur, nitrogen, potassium

7
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fed once a week instead of twice, VI Complete Starvation

from blossoming time,

Tables, plates and descriptions are given to show that the

and phosphorus are essential to normal plant growth, and

that their omission causes a typical starvation effect.

Calcium, magnesium and sulphates are absorbed at‘all stages
of growth and fruiting, but the effect of their omission

was not studied.

Nitrates are necessary at all stages of gfowth, blossoming

and fruiting; more are utilized during bright weather.

Potassium is absorbed throughout the life of the plant.

it seemsAto have a iradio-active ‘or electrical quality and
is not required in asyiarge‘quantities in sunlight as in
dﬁll weather, In its absence‘thefe Will be a reutilization
of the potassium already present. The ability of plants

conmpletely starved of potassium to continue into the third

~generation, without being supplied any, gives strong sup-

port to the theory of reutilization.

Phosphorus is needed for both growth. and fruiting. But,
as evidenced by a cessation of absorption at bloséoming
time, correlated with an indifference to its omission at
that %ime, it would seem not to be essential, at least in
added guantities at that point.' Since it is more abundant

in the growing parts of the plant, it is possible there is



http://tvri.ce

- 81 -

a reutilization at that time. Storing would be a possibi-

lity, but the evidence of this investigation does not point

to a storage of mineral nutrients by plants.

10, A change in concentration gave slightly more succulent

o growth and a larger average size of fruit. There were
fewer fruits, but the total weight was almost equal to that
produced by the Full Nubrient check plants. The total

amount of ions fed in the two series was identical,

- 11l. A complete starvation of all nutrients and of nitrates only

produced similar results.

12, Thé amount of fruit produced in all omission series Waé
. considerably less than in the check plants: in the Fotag-
sium deficiency it was 60% of the check, in the Phosphéte
omission from blossoming itfwas 65%, in the Nitrate omis-
sion from blossoming it was 20%, and in the Complete Star-

vation 18%,

13. Analyses were made of the leaf, stemy, root and fruit of
all series in Section II, for carbohydrates and proteins

and tables are given presénting the findings.

1l4. A high storage of starch was found in the roots of the
plants of all omission treatments, and of proteiné in the E
rodts of the Potassium deficiency, Phosphate omission and |
Complete Starvation rlantse. |

15. The variations in sugar, starch'and protein content are

discussed in detail. ~ | : ‘ - |
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17.
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Sugars were found not to vary to any great extent in the

fruits; proteins varied rather more;

Acidity was found not to vary to any extent except in the

Nitrate omission series,

18.

Seedlings grown from seeds of the Absorption Bxperiment
plants had a more extensive root system than had any of
the others, and this is reflected in a somewhat better

growth they are making over the Full Nutrient seedling

~ plants. It is suggested that a better balance of salts

19.

20,

- a Sulphate deficient series added, would be of values

21,

It is recommended that a mineral analysis of the fruits

was maintained in washing the roots of the Absorption

plants fortnightly.

The results of the investigation strongly suggest that
plants absorb only those nutrients which they reguire and f

will utilize.,

of similarly grown plants, with a Calcium deficient and

It is further recommended that all mineral nutrients must
be‘kept continuélly supplied to the growing plant, but
that other than calcium and nitrate they need not be

supplied in large amountsa.
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APPENDIX,

ig. (a). Absorption Plants

PIATR 11, fig. (b). Absorption Plants
being washed through.



T, (2 ' 7 Fig. (b)

PLATE 1I. DNutrition Experiment at Maturity.



Fig. (c) ! Fig, Td)
PLATE IIT. Typical Full Nutrient and Starved Plants,
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Fig. (£)

ved Plants.

sStar

(L)
and

(g)
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PLATE IV.

Showing Variation in leaves.
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PLATE V. Showing variation in roots.

PLATE VI. The Potassium Omission Plants of
Subsidiary Experiment (a), showing on the
left the plant which has had no potassium for
two generations. The one on the right was
from the same seeds but was fed potassium

at blossoming.



