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ITYROLUCTION

Factorg that influence salt absorption by plants have long
been a subject of study. Only recently however, have the effects of
certain metabolic processes in the plant been recogrized as intimatoe
ly comnected with the process of salt absorption.

Thig investigation has been concerned with the cationanion
balance in several plants with special reference to the role of ether
soluble orsanic aclids. A study has been mske of the selective cap=—-
acity of various plants with reapect to inorganic ions; of the quanie
ity and kinds of eorganic acids in a number of different crop plents
crown in a uniform culture mediumi of the correlation between inore
sanic cations and ether soluble orpanic acids in the different plants
as z proup, and of the preferential absorption of cations as influenced
by specific organic acids. The relative imporbance of phosphate and
organic acids as conbtributors to the titratable acidity of plant sap

has also been considered.



KEVIEY OF ILITERATUIS

Prior to the work of Pucher, Vickery, and Wakeman (15),
(17), (18), on the quantitative determination of organic acids in
plant material, lack of accurate methods led to a dearth of signe-
ificant data in this field. Since that time papers have besun 1o
appear and their number will undoubtedly continue to grow.

Riddle (20) made an extensive survey of the literature and
found that it conbtains practically no analytical data on the organic
acids and inorganic cations occurring in the same plants. From pure-
ly theoretical considerations, he predicits that when such data becomes
available it will be shown that the gquantity occurrence of the inor:an=—
ic cations within the wvarious plants depends to a larﬁé extent on the
king and quantity of the varlous or:anic scids within each plant. lle
assumes that the orgranic scids orient themselves abl membrane interfaces
in root hairs in a partially disscciated forme There they are ready
to receive incoming cabtionse If one or =nlc acid disscciates more
than another there will be a correspondin:ly creater rumber of its
anions at the interface, camusing a ;rester cation absorption. 3ince
oxalic aclid has a rreater dissoclation constant than any of the other
commenly occurring plant acids, plants containing oxalic acid should
have a larser amount of cations. In conjunction with this theory he
also assumes a 'salt phase' or layer of salt alony the interface. If
this interface 'salt phase'! is temporarily saturated with a salt as
calcium oxelate then no more calcium will combine with the oxalic acid,
and if no other acid anion is available then the absorption of calcium
is inhibited. This does not prevent the abgorpiion of some other cation

whose oxalate is more scluble than calcium oxalate. However if some
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other acid, such as propionic, is present at the interface, calcium can
combine with it, and since the solubility of calcium propicnate is much
~roater than calciunm oxalate, calcium absorption will be enhanceds On
the other hand proplonic acid is much less dissociabed than oxalic acid,
and s0 less of its anions will ve avallable. The result therefore, will
be a decresse in calcium absorptione In conclusion, he lists three factors
which contribute, in a hi h de;rec, to the selective assimilation of cate
ions by plantes: (1) the quantity and kind of orsganic acids specific to the
plant, (2) dissociation constants of such organic acids, and (3) scolubility
of the organic salts formed at the interface by combination with the availe
able incoming cationse.

I13in {(10) has analyzed seversl species of plants Trom all
types of habitats for calcium and or-anic acids. lie found that spece
ies vary considerably in their ability to regulate calecium intake.
Those species naturally adapted to calcarious soils have a lower cale
cium content and show some sort of resulatory ability. Uther plants
not adapted te limestone soils tmbt found ; rowlnz there may absorh as
much as five times the amount of calcium they would ordinsrily absord
if srovm on thelr native soil. [lants having a regulatory action to-
ward calcium uptake are lower in total calcium and in totsl organic
acids than those plants with no re ulatory ability. However he found
scveral species of plants which contained no oxalic acid end very small
amounts of other orpganic acids but still had a vi orous precipitating
capacity for calcium. lie found that citric zcid increesed markedly
with increase in calcium uptake and was correlated to a considerable
extent with the soluble celciwm in the plant. Yalic acid increased
in the same manner bub o g lesser de ree than citric acid. In

plants containing larre quantities of oxalle acid nearly the enbire
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amount of calcium in the plant is precipitated, while cther nlants
with little or no oxalic acid have a lar e proportion of their calw
cium in a sap soluble stabte.

Pistnitsky (15) studied the effect of mineral salts on the
storaze of citric aclid by excised leaves of tobacco. Iglf leaves of
Young cvergrovn seedlings were used. One half of the leaf was dip-
ped in the salt solution and the other hall was used as the controle
A wide range of X, 'ig, and la, salts were tested. None of the salis
uged geemed to have a definite predominance over the others as re-
saras its influence on the storagse of citric acid by the leaves.
iowever in the case of leaves from adult plants ;- lg did increase
citric acid very considerably. Vhen the tobascco leaves were kept in
0.25 1 ¥:C1ls for 24 hours they decreased considerably in protein, car-
bohydrates, and especially melic acid but increased greatly in citric
acide The increase in citric acid was practically equivalent to the
decrease in malic acid.

Pucher, Vickery, and “akeman (19).found in to:acceo a large
excess of positive ions over inorganic anions and this excess of
positive ions wes positively correlated with the ether soluvle ore
ganic acidse Iirom this they concluded that in the case of toiacco
organic acids occupy a dominating position with respect to the bale
ance of positive and negative ions, and thet these acids are closee
ly concemmed in the phenemena of inorsanic nutritione.

vorking with barley roots Hearland and Iroyer (8) found
evidence from buffer curves that organic acids were in some Way re-
lated to the absorption of cations. Ulrich (24) extended this work
and determined the total orpanic acidity of barley rocts exposed to

different salt solutions. iie found that vhenever catlions were gie



5
gorbed in excess of anions the root cells tended to compenseate for the
potential incresse in alkalinity throush the formoltion of organic acids.
“hen anions were absorbed in excess oi cabicns a tendency toward a de-—
crease in organic acids was indicated. ‘he formation of organic acids
took place readily as long as sufficient sugars were gvailable. Vhen
thege sugars were depleted, the ammonia or unsteble amides increased
until finally the source of cener;y reflected in these cnd-products was
exhaugted to a level at which it could no longer be used for metabolism.
Thereafter the organic acids decomposed te supply energy. vhen more cabe
iong than anions were absorbed, a decrease in the respiratory guotient
occurred, indiceting the formation of organic acids. Vhen more anions
than cations were absorbed, the respiratcry cuotlient becsme greater than
one, su;-esting the utilization of organic acids in respiration. These
cbservationg indicated a close relationship Letween the acid-base al=
ance in the root cells and their orpanic acids.

Chandler (3) workin~ with the leaves of seversl forest troess
found in eneral that the total cxalates were correlated with the total
calcium contente. Yore siﬁnificéﬁtly, he found that in all Lut Lwo spece
ies eoxamined the total oxalates were just egquivslent te the acetic acid
insoluble calcium. irom this he concluded that all of the oxalates were
present as insoluble caleium oxalate. In none of the species studied did
the total oxates exceed the total calcium content. iunne (8) worlking
with uckwheat inferred that the oxalic acid could bhe precipitated v POt
zssium as well as calciwm, the insoluble potessium selt being in the form
of potassium acid oxelate. In contrast to the material used by Chandler
(8), buckwesat contains oxelie acid in excess of the total calciume

Frow a compilation of data on the analyses of & wide variety of

plants, Parker and Truo; (12) found a close correlation between calcium



and nitrosen content. Potassium, magnesiumn, and phesphorus did not
beayr this close relationship teo the nitrogen content. The authors
congidered that the larrer the amount of nitrozen the mere protein
was formed and hence nore oyqanmic aclds, as oxalic, acetic, succinice
and formic, were formed. Larper amounts of calcium were then necesse
ary to neutralize these acids. This of course is based on Lhe assunpe
tion that proteins are the major source of or anic acids in plantse
I1j3in (10) observed that in several species of plants calcium content
seened to vary directly with the amount of nonalburincus nltrogen.
Chandler (%) found no r@létiﬁnship setween the nitro en and oxalate
content of the folisse of trees. It appeared that the production of
oxalic acid in the forest trues considered was dependent upon more
factors than simply nitro;en contente.

Yadleich and Shive (2¢) found in corn that plants grown with
a mixbure of ammonia and nitrate nitrogen contained less orcanic acids
and had a lower bhase content than plants grovn with nitrate as the sole
source of nitro:en. Jlark (4) workin: with tomato found essentially the
same thins to e trues Vickery and Pucher (25) claim that it is probably
a zenerel phenomenon that nitroren applied as nitrate causes a hizher or-
ganic acid and inorganic base content than nitrogsen applied as ammonium
salts. They also state that not only the total amount of or;anic acids,
but the relative proportions of the different acids present are profounde

ly affected Ly the form in which the nitrogen is adwinistered to the plante.



MATEETALS AND METHOLS
Culture Yethods

Twelve species of plants were chosen for this experiments
spinach, variety Summer Savoy; beets, variety -arly Supcerbj wheat,
variety Leeplandy Kentucky blue grass; alfalfa; lima beansj peas,
variety Alaskas soy beans, variety Biloxij; buckwheaty lettuce, vare
iety Grand lapids; cantaloupe, variety "hite Seeded Pink Meat; and
tomatoes, variety Dreak of DUaye.

The seeds of the various species were planted in sand and
when the plants had attained sufficient height they were thinned to
a few uniform plants per pot. O&ix pots were zllotted to each species
of plant.

The 1940 crop was planted the latter part of September and
all plants had been harvested by the end of lovember.

An effort was made Ho keep the nisht temperature of the greerse
house betwsen ©5° and 70° F,

The following nutrient solution, table I, was applied to all

plants at the rate of approximately 1 liter per crock, per 24 hourse



TASLE T

Composition Of Hutrient Jolution

¥ajor ulements Yinor Llements
|
falt "'ols per Liter of calt vrams ser liter of
tutrient Sclution stock Solution
Ca(1i0g ) o « 4Ho U .005 ‘nilpedtig0 587
KHpl'Og4 .0025 70804 «THgO -057
HgS0 44 7Ha0 L0025 L0y «509

1 cc of stock
solution per
liter of sutrient
solution.

Iron: 10 cc of a 0.5% ferric tartrate solution per 18 liters of nutrient
solutions.

In 1941 the experiment was repeated, ‘hig crop was plante
ed the latter part of Janmuary and all plants had been harvested by
the middle of fpril, with the exception of cantaloupe. The canta—
loupe was not planted .ntil ~April so as to benefit by the loner days
and greater light intensity.

The planting and treatment of the 1941 crop was the same as
that for the 1340 crope.

These experiments were concerned only with the vegetative
phase of growthe A1l plants were harvested before they blossomed or
in cases where blossoms appeared before sufiicient veretative growth

had been attained the Llossoms were pinched off.



A ocdified Capillary ivip dethod For Use In Seclution Culture Vork

Pamerous methods have been sugiested in bthe literature to
accurately contrel the amounts of solutio:: supplied to culture vessels.
in devising such a method certsin factors rust be kept in mind. Tthe
apparatus must be accurate within reascnable limits, simple, easily
conagtructed, and should not require umdiue labor to keep it functioning,.
The ecapillary drip method as originally described by Shive (23) is ac~-
curate, but requires a large expendibture of time to keep it functioning.
it requires freguent refilling of the individual reservoirs and acjuste
ment of the caplillaries after each filling.

The system used in the present arpeviment retains the cepillar—
ies ut is so constructed that after the initial sdjustment lit:le time
is regquired tec keep it working. The apparatus consists of a series of
small reservoirs connected by siphons. The culture solution is maine
teined at a constant level in these reservoirs Ly an 12 liter Lotile
filled with solution and inverted into a small cupe. ihe cup 1s con=-
nected to the ifirst reservolr by o siphon. . oclution flows from the
bottle to the first reservoir and from there it siphons into the next
raeservior in the geries or through the cepillaries directly into the
culture crockse The small reservoirs are white enamel basins. Bbach
basin is covered with a round 1id made from Celotex. ‘‘hese lids are
painted with black asphalt to prevent water ahsorption. The tops of
the lids may “e painted white Lo reflect light and thus keep the tenp-
erature of the culture solution downe ‘he lids are nctched on the une
der side to facilitate the introduction of the cepillary and siphon

tutes. Hach basin supolies several crocks, usually ‘ours
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The culture crocks arse arranged in parallel rows on 3 sulbt-
able table and the basins are set on & shelf about 2-3 inches higher
than the tops of the crocks. The capillary and siphon tubes are ine
serted in the notches in the 1id and allowed to dip into the solution
in the basinse. 'The cepillary tubes are supported by an adjustable
guppoert fastened to the shelf abt the base of the reservoirs. The cap-
1liary tubes, acting ag siphons, are then adjusted by the metal support
to deliver the roguired amount of solution to each culture vessel.
M™Mrure 1 shows the couplete set upe.

After the initial adiustment of the capillaries, which can be
done with the aid of a stop watch, the only thing required is to keep
the 18 liter reservoir full. The capillaries may occasionally become
clogged but they can be cleared by applying suctione. If this does not
suffice it is a relatively simple matter to have another set of capili-
aries which may be used to replace the clogged ones.

The shapes snd dimensiong of the apperstus are shown in fisurss
2 and 3.

The adjustable support, {figure £, is made from screps of itin
that may be obteined at any plumber's shope It is made in two pleces
and the size governed Ly the reguirements of the set-up. The larcer
piece 4 is cut from a strip of tin an’ small holes drilled ne=z=r each
ende It is then ;iven 2 half twist o that it can be festened to the
shelf with a screw. Piece ! is also cut from a piece of tin and a2 hole
drilled near the center. Une end of 3 is notched and the two flaps
twisted to form a Y to support the capillary tube. riece 4 and 13 are

—

then bolted together with a small stove bolt and lock washer to foru (a



Fig* 1%

Complete set-“up of solution culture apparatus¥*
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The bolt acts as & pivot facilitating the raising and lowering of the
raising and lowering of the capillary.

‘‘he siphon tubes, figure 3, connecting the reservoirs are
made from & rm (inside diameter) glass tubing. 7These tubes are first
painted black and then a coat of white over the blacke This complete-
1y eliminates the growth of algae in these tubes.

The capillary tubes, figure 5, are made from 1 mm. capillary
tubinge imeller bore (0.5 mm.) facilitates more accurate adjustment of
flow but clogs more easily.

he modified capillary drip method used in the solution
culture work has the following sdvantages:

I, Iimple and easily constructed from roadily obtainable

materialse.

2+ Accurate for all ordinary work.

%e Lebor seving. lequires only the filling of cne

reserveir and an initial regulation of capillaries.

4o A constant head of pressurc is maintained insuring cone

sttt {low cf the sclubion abt all tinmes,
Analytical Yethods

£11 samples were baken bhetwees 3:00 4. M. and 11:00 a. 2,
tach set of plants was divided into twu equal lots and the fresh weight
obtained immediately. ‘here possible both lots were divideu into stems
eni lesves, peticles being included with the stems. 7The leaves and stens
of one lot were placed in separate cuart fruit Jars, the 1lid put on tishbe
ly and the jars placed in a refrigerator at -15° C. The leaves and shems

of the other lot were placed in separate wire baskets, dried in a hot azir
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Hagram of capillary support.

idlagram of siphon and capillary tube.
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oven at 70° C., ground to pass a S0 mesh seive, then stored in aluminum
boxes until ready for analysise. The wethods of the Association of (fii-
cial Arsricultural Chemists (1) were used for the final determination of

caleiun, maynesium, potassium, sulphur eand nitric acid.

v

wxbraction and Analysis of Juice

o

ihe samples put up for juice analysis were frozen at ~15° C.

4

for 2t lezst 12 hours. After this time they were allowed to stand ot
roon temperature until completely thawed. This usually required 5 to
4 nourse Phe mabterial was then nlaced in e stout muslin cloth and sube
Jected to 10,000 pounds pressure in a Iz2rver hydraulic press. The julce
wag collected in a beaker.

ihe determination of sap socluble constituents in the extracted
Juice is based on the work of Sayre and Yorris (21), (22).
Specific gravity.——ouplicate 2 ml. samples of tie julce were pipotted ine
to tared, glass stoppersd, weighing bottles. These were immediately
weirhed and the specific gravity caleulatec.

Jotel golidge~~The somples used for specific gravity were dried in a hod

air oven at 70° C. then placed in a vacuum oven at £5° U, and € - 3 cme
pressure until drying waes comslete.

fitratable acidity and pll.=—=Iuplicate 5 nml. samples of the juice were

pipetted inte 50 ml. bhezkers and titrated to & pi of .5, using 1./10
normal scdiwn hydrexide., the 2nd peint was detormined wit! 2 Veclkman

pll teter employing a glass electrode. the pH value of the ssp was deter
miped on the samples usad for titratable acidity.

Cxalic acide-—ili-uvots of 5 to 10 ml. of juice, depending upon the oxalic

acid content, were pipetited into 25 ml. volumetric flasks and made to vole=

umee lmplicate 10 ml. aliquots of bthe diluted juice were measured into
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100 mle. beskers and 0.8 N HEL added until slightly acid to congo rede
This wag alloved to stand overnipht and any meterisl that Tlocculated
was filtered off on an ashestos mat. The cospulum was washed 2 or 3
times with sr 21l amounts of water sli htly acidified with tll. Two
drops cof methyl red indicater were added te the filtrate armmonia dile
uted 1-4 zdided until faintly alkaline, then 2-8 mle. of lacial acetic
acid followed by 5 mle of 10 per cent celciun chloride. I1his was al-
leowed to stend et least 4 hours, when the precipitated celecium ovelate
vag filtered off in n Upoeh crucible and washed with a little very di-
lute amonia (1-50). The crucible and contents were transferred to the
10C nl. ‘ecker, § mle of 50 per cent sulphurdc acid and 30-40 ml. of
woher acdeds  The solution was hegted to ©0® C. and titrated with 02 )
potassium permanganate.

This method is essentially the one employed toy Pucher, Vickery,
zd Vakeman (16) in determining the oxalic scid in the ether extract of

-

dried Ligsuce.

e~ unlicate 10 mi. soemples of the juice were reasured into small
porcelain crucibles and dried in 2 hot 2ir oven at 70° C. The material
was moistened with a few drops of sulphuric acid (1-10) and heated rente
1 ooy & low flameitntil thoro shly charred. The crucibles were then
ploced din 2 mffle Purnace and ashad for 4 hours at 600° U, The addition

of sulpiuric acid was necessary to eliminate explosion of the material dure

ihe ash was “dssolved in dilute HCl, taken to drvnmess to dow
rwdrate any silica, redissolved in dilute 101 and made to a volume of
5 mle Caleium was determined on 10 ml. aliquots of this solution by

the micro method (1).
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Analysis [lor Total constituents

Holsture.——~inmediately after cutting the plants, duplicate 15-20 gram
samples of leaves and stems were snipped into tared aluminum boXese

The samples were dried to constent weipht in a vacuum oven at G5° <,

and 2-3 Cchne Pressuree.

Aigh. Luplicete 3/4 pram semples of the dried, finsly ground materiel
were weighed into tared platinum cruciles. The material was moistened
with 25 drops of sulphuric acid (1-10), dried in an oven at 95° l.,

then placed in a muffle furnace and ashed 4 hours at 600° Ce 'The gulw
phuric acid was necedsary to avold explosion of the material while ashe
inge

Salciume Ihe resldue from the ash determination was used for the deteye
mination of celciume The method used was identical with that employed
for the analysis of calcium in the juice, except that the volume of the
ash solution was 50 ml.

Maynesivmue. ‘he filtrate snd washings from the calcium determination did
not contain suiflicient magnesium to permit an accurate determination of
this congtituente. A larger aliquol, 20 ml., was used. This was treated
in che same way as the caleium determination and wmasrnesium determined on
the filtrate and weshings.

Potagsiume. tuplicate 10 ml. aliquots of the ash solution were usad iov

vhe determination of potassium. The rrpid method was used {1).
Phosphoruse. /£ separate ashing wes necesssry for the determinaltion of
phosphorus an. sulphur. fuplicate 1.0 gram samples were weished into
large porcelein crucibles sng ashed by the magnesium nitrate method (1).

ihe ash was diluted to 250 ml. and 5 ml. aliguots of this solution used
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yor the determination of phosphorus Ly the method of Fiske and Subbarow
(7). A&n éminco photometer was used for the comparisons. A standarde
ization curve was constructed, using varyving concenbtrations of pure
“ﬁzyﬁé. It was thus possible to read the unkmown in the colorimeter
and find its concentration directly from the standardigsation curve.
Sulphure. iuplicate 200 ml. aliuucts of the ash solution were used. for
the sulphur determination (1).

lotal organic gcidse The method used was that of Pucher, Vickery, and
viakeman (16).

Tuplicate 2.0 'ram samples of the dry, ‘inely zround tissue
were acidified with 4 ¥ sulphuric acid and extracted in a ZJexhlet with
ether. 7The extract was washed with dilute sodium hydroxide and the ether
carefully distilled. The residue was then nade to e volurms of 100 ml.
with carbon dioxide free water. luplicate 10 ml. aliyuots were btitrated

electrometrically to determine the totel orsanic aciditye.

Oxalic and citric acids. Lhe method used was that of Pucher, Viclkery, anc
Gakeman (16), (17).
Yalic acide The urenium acetate method of Junbar and acen (5), modified
by Vickery and Pucher (15) was used. Hdmitedly this method is not as
seod as the one developed later by Pucher, “ickery, and “akeman (18) but
the time seaved geemed to Justifly its use.

implicate 20 ml alicuots of the or;anic scid solution were
measured into 25 ml. volumetric flasks, sz drop of phenolphthalein was
added, followed by 2.5 I sodium hydrowide until 'he reaction was just
alkalines It was then azcldified with 045 ml. of lacial acetic acide.
Three rgrams of powdered uraniurm acebate and a little lorite were added

and the {lask shaken o a mechanicel shaer for 1 hour. The solution



was nade to volume with saturated uranium acetate sclution, thoroughly
mixed and filtered into a 2 decimeter polarimeter tube. The rotation
was observed in a Haensch and Schmidt ssccharimetere Twenty separate
readings were taken and the average used. The grams of malic acid in
25 ml. of solution secured from the aliguot of original solution taken

is equal to 1=

ve x

Hitric acide The method used for the extraction of the organic acids
also extracted the nitric aclid guantitativelye A suitable aliguot,
usually 2 wl., of the organic scid extract was placed in a 300 ml.
Kjeldahl ilagk, the nitrate reduced with sulpluric scid and reduced
iron powder, the ammonia distilled and lesslerized (l). Readings
were taken in an Aminco photometer and the guantity of nitrogen read
from a standardization curve. Varying concentrations of a standaxd
ammonium sulphate solution were used to construct the standardization

cuIrve.
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TAL RESULTS

At the time of harvest the heilghts of the plants and fresh

weigshis were recorded. Vhere possiule
was also obtained.

time of harvest are recorded in tables

Plant

Spinach
Neets
fheat

Blue ~rassg
Alfal.
Lima “eans
Peas

Soy beans
= ckwheat
Iettuce
Cantaloupe
Tomato

 Plant
~ date

Get.Be
Octel
Qote.2
Oct.2
SCteR
Soept.RE
Septe28
Octed
OcteZ
ote8

iarvest

"date

iBC.
Kove
liove
YHoves
Lece
NOoVe
Eove
Gehe
Oct.
Hove
OV e
OV e

&
30

12
11
i1

31
51
Re
R0
28

These data as well

TATIE IT

srowth data (1940

Age

days

63
58
30
54
€9
39
8

32
B2
49
48
5%

the number of plants per samnple

ags the age of the plants at

IT and ITI,
erop)
Hoe of Total
plants ¥resh
whe
FTams
i 438
1é 430
186 406
e 190
— 368
12 403
30 i72
3 455
1] 381
23 227
18 475
15 1447

Average
hei:sht

inches

8

14
14

6
12

7
-

5
19

~3

——
18

Av. whe
per plant

srems
4.5
REC9
3.8

34.
Ba7
15.2
10.6
98
2646
96.5
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TASLE 11T

Crowbh data (1941 crop)

Plant Plant. Harvest Are 0. OF Total Ave Ave whe -
date date Plants  Fregh wte Jleight per plaat.
days Crams inches grams

Spinach  dJane 31 Apre © 3 350 769 T 2546
(tops)
Wheat Jane 831  lar. 5 32 108 308 11+ Rel
orasg
Alfalfa Jane. 31  Apr. 8 66 — 4R4 13+ —
Iima

beans Tebs 86  Apr. 11 44 18 879 2R+ 38
Peas Jane 31  HMar. 10 37 GR 868 7t 5a9
Soy

beans ebe 25  Apr. 2 37 30 475 13+ 15.98
“uek-

wheat Jane 81 lar. 10 37 &0 448 15+ Te5
Tettuce Jane. 31 Lare. R1 46 4r REB S5l 5.6
Canta~

loupas  Apre. © lay 14 37 ERS 9354  — 51.9
Tomatoes Jan. 31 Apr. © & i2 1203 164 100.2

it can be seen from the averase fresh welzht per plant that the
two crops are fairly comparable with the exception of cantalovpe. The
1940 croo of centaloupe was prowm in the late fall when 1li~ht intensity
was low and conscquently there was less growth than in the 1941 crop
which wag rown in April and Hay when lisht intensity was increasinge.
Fegpardlegs of this rreat difference in the smount of srowth of the two
crops, analyses based on dry wel ht showed them to be quite comparablees

In the cese of alislfz and blue yrass the great number of nlants

made it inadvisable to attempt a count as the plants would loge lar:e
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ynantities of moisture during the processe This would lead to serious
error in latter determination.

Inorganic Cations and Anions

vable IV pives the inorganic cetions in millieguivalents per 100
grams of dry tissue in the different plants for the 1940 crop and table V
the inorganic cations and anions for the 1841 crop. The inorganic anions
were not determined in the 1940 crope. It can be seen that the inorganic
ion content is quite comparable in the two crops. The data on the cations
of the 1941 crop are shown more clesrly in figure 4. iigure 5 shows graph-
ically the distribution of calciume. Since the 1940 crop was similar it is
not included.

TABLIE IV.

Inergamic cations
(1940 crop)

2lant :ﬁilliQQﬁivalents per 100 grams of dry tissue

|
Tobtal Total Total ¢ Soluble  Soluble calcium
magnesium potassiuom caleium calcium  as percent of total
Iima beans leaves 7440 111.2 117 .2 e 80,5 847
stens 446 168745 Cle7 575 705
Yeag laaves 6248 7568 128.0 —_— —
Alfalfa leaves 5647 0.6 132.6 69.6 5.5
stems 42.8 927 45,6 1643 3548
Soy beaus leaves 935 865 112.3 55.8 497
stems 8545 146.1 803 88.8 4543
eets leaves  240.6 1766 99.C 2.3 Red
peticles 0$2.9 3485 278 447 17.2
Spinach leaves  165.3 18G5 127.6 1.3 1.0
petiocles 103.0 3337 TédeB 2.0 28
Buckwheat leaves 188,56 6le9 146.5 4.8 b8
stems 110.8 243.0 105.8 135.6 12.5
ue srags leaves bR WG 155.1 R4 .6 20e3 BRe65
Yheat leaves 52.1 1581.5 R2 6 170 7563
Tomatoes leaves  114.3 102.0 183.0 91eC 2348
stems 12944 2280 104.3 B3B8 2244
Tattuce leaves 58.2 246.9 1.6 457 5048
Cantaloupe leaves  1R25.0 96e3 L9513 45.7 15.7



Plant

i

fdma
bears

Soy
beais

Beets
Spinach
Suck=
“heat
“lue grass
“heat

Tonatoes

Iettuse

Cantaloupe

leaves
stems

Teoves
stens

Isaves
stems

Teaves
stons

leaves
Felicles

leaves
Peticles

leaves
stems

2044
10644

Séu:’:’

44.3
120.7

Inorganic anions and cations

1941 Crop

“illiequivalents per 100 grams of dry tissue

Total
ligPly

18,1
15.2

2549
15.8

1%.4
2l

~

45.9
346

Fa Bl

248

15.2

397
5749

2741
2.1

Jotal
nagnesiun

(o))

(906
£ eb

o

§

476
3547

41.4
55.é

7140
58.1

£ A
éﬁlow

[ M4
'\,«42} o<

13744
8&e2

174.9
92.1

4747
41.7

10543
118.3

5045

14846
21,1

Total

Potassium

0G.8
126,7

77 o8
114.4

0Ze4

12346

7846
10442

5le7
2640

18¢,.7
24861

L
le

186

AR

T

oo

-3

14242
17541

GRad
1514

15568

112438
75+C
10545
66.0

109.0
4947

1R8.7
810

11240
4243

13347
8143

157,.0
10€.0

obal 'soluble
cacium calcium

0.6

>y -
Elec

8645
4%.1

5%e9

1844

T1eE
5640

1.8
g7

17.0
1540

116.8
3847

4745

51.0
59.8

Soluble
calcium &
as % of
total
7848
42,1

8Re1
6543

4944

3743

LEe7
44,4

1.2

S

8e9

3
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STEMS AND PETI!IOLES

50

100 GRAMS OF DRY TISSUE

LEAVES

250

200

MILLIEQUIVALENTS PER

; CaMg K JCAaMe K [CaMoe K JCaMs K [CaMs K [CaMo K [CaMe K [CaMe K [CaMs < [CaMg K
\_VMA-J PEAS [(ALFALFA{ SOY BEETS [SPINACH| BUCK- | BLUE | WHEAT 'TOMATO LETTUCE| CANT

BEANS WHEAT | GRASS

e ]

e and K in leaves and stems of t

g

stribution of g,

plants tested (1941 crop).
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It is clearly shown that when different species of plants a{e
all growm under the s:me conditions of nutrient supply they take up in-
organic ions in varving proportlons according bto inherent characterist-
ics of the plant. It should be noted that even plants in the sane fam-
ilies as the lesumes -~ soy beans, lima beans, alfalfa, and peas; the
Chenopodiacae~ beets and spinachi the gresses -~ blue grass and wheat,
all tend to accumulate cations in the same relative proportionse. These
results corroborate those of Hewbton (11l).

Galcivr and masnesium tend to eccumulate in greater quantities
in the lsaf blade tissue than in the stems and petiocles. The reverse is
true of potassium. LNuch lar:er quantities of this element accumulates in
the stems and peticles than in the leaf blades. The exceedingly high a-
mount of ealcium present in centaloupe lsaves 1s of special interest and
will be considered later.

“he soluble calcium as per cent of total calcium ranges from 70
- 80 percent in some plants down 1o 1 percent in others.

Tebles VI and VII give the percentage composition of the vare
ious inorgenic constituents for the two crops 1940 and 1%41. The per—
centages of ash appesr very hirhe This is due to the necessity of treate
ing the drxy tissus with sulphuric scid before ashinge. The quantities of
ash are therefore reporbed as sulialted ashe All samples were treated the

s:zme so comperiso: of relative amounts are valid with this experiment.

Organic acids

fableg VIII and 1X »ive the various organic acids in miilieguie

valents per 100 zrams of dry tissue in the two crops 1940 and 1%41. Tables

¥ and XI rdive the same dota calcnlated as percentace of wet and dry weirhte

A word of warning is necessary when comparing the data in this experiment



Clant

Lina Teaves
heans stems

Peas leaves
gtems

Alfalfa lesves
stens

Soy beans leaves
stens

Feets leaves
peticles

Spinach leaves
petioles

Buck- leaves
wheat stens

Slue Teaves
£rass
Theat Ipaves

Tomatoes Ieaves
stems

letiuce Ieaves

Cantaloupe leaves
giems

TABLE VI

Percentage Composition of inorgpanic constituerts

Ash
. (sulfated)
tet wte  Lry wte
270 2071
Re51 2208
295 15612
2,08 15448
3.00 15,07
242 13,09
8.66 18429
Redd 2045
2.06 2275
2428 3576
380 33416
D488 29,31
2e38 28497
1.69 32405
R+93 17488
2403 19658
2.59 FATSAR
1.76 S2e52
1.42 20,56
3.77 34.43
L.58 28483

{1840 crop)

Taleium

048086
0171

0417
04159

0,417
(e169

Ce327

00158

(1188
06085

04293
GelRE

Cldll
e 106

0084

SNy

0.561
0,113

Ge0E1

0687
0.087

et whe ﬂDrY whe

Jedb3

566
2.09

1.633.

5483
1.59

Hagneglium

et wbe  Iry wt.
06117 Ce80C
0,082 Oe77€
Ce104 0.640
0.057 04420
0.108 04680
0.098 06880
0.166 1.14
0,109 1.04
0273 L83
0.072 1.13
0.281 201,
C.105 LeR5
0,321 220
i).i?ﬁ‘& } 1055
0.108 0ef:20
0,063 0,653
0,145 1.39
0,085 1457
0.036 04720
04166 1.52
0.062 1.13

Potassiun
Yelb wte try wte
DeBB7 4.35
3.686 6054
J.508 %.09
D608 4,50
D406 Ze15
Je671 5.08
D504 3446
De588 71
0.645 .91
7809 13.63
0.087 T8
1.08 13.05
D589 LedR
0.488 S.50
1.028 807
G778 749
De415 %.99
Cedfl £.91
0.422 £2,48
0.412 3.77
(0.485 B.48

ge
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slant

Iimea
beans

Peas

Alfalfa

[#p]

(VA
beann

Ceots
Spinach
mek-
wheat
Tlue
7rass
-heat

fomatoes

Iettuce

Lanta-
loupe

leaves
stemns

leaves
steng

leaves
steoms

leaves
tens

leaves
petioles

leaves
netioles

leavas
slems

leaves
leaves

lesves
gtens

lesves

leaves
stemn

Ash

{sulfated)

R
¥ l} .

&.‘j 02&/
1672

14455

1685
16404

]

1 e

A e U
Gl

15488

51,44
5R410

52468

o an
(3‘1'*':0

RE 58
254060

17.16
1£49¢

RS04
TebR

b
[hg]
3
b

>7

22
T O

-
S

]

.

[
Lo

et

wh

W \/.

228
v o
et f

Percenta;e composition of inorpsnic constituents
(1941 crop)
Caleiun nonesium Sotassium Lityate
nitrozen
!

et ry et % 40 et iry
wthe e Wit tite e whe

5 % % b pe 3

( :li) 2.5;; 01]5 C‘ 96 Gerw Oo?)':«‘?
06195 1,50 a0 4590 JLT 0,458
7830 211 W51 TN .83 0.075

00581 U .4.
£
w

6.170 oo 04410 045 06682

60153 ‘\0995 {:'QOSZ 004% Qv?éf) ‘?:0‘5 G.'E"f; ¥ o‘?,;l&.
D422 2487 Teld]l U BB83 04489 R2.9°6 0,084 (R0
(“' . i‘:iff’ 1 3 \32 0{31‘5 ‘:} 0706 0 céf}& ‘f? . ';4 “?Z Q 005«": (’ O ‘ji;ﬂ

(o242 RoR4  00RCE 2,45  0.642 5,08 0434 0.815
04058 Co0AD  0a040 04705 0,639 10,21  0J036 2421

©el37 Cal70 1,67 Ce0BE  C56E

0079 1.03 0078 1404 Cel06 1440
0406 D14 TelTh  Bell 0.RO2 2,20 U002 D.247 1
Dell7 7Tell G067 1412 Q436 7430 (e 120 2 el
D070 e To5ED  D.EAT  BJEE 0.1k 1.04

04124

1,08

0,427 7,33 HeldR  LeRE  (.5BE DB.228 0,032  0.285
00155 2024 (_}0{186 1045 \! 04,20 7009 G'GEF 1049
0.079  1.21 U040 TL013 0,488 7,63  Cu04% C,760

0,728 $.73 a4 1e81  Ca337 2484 04073 « 520
0,116 1.83 DeBR  UWBLB 0,367 LJ70  Cuall 1.60

~et
wt.
~

N »e
x.“C'._,;;}

74 0RC

0.0E5

0.026

Y
\.\X

0.037

0e060
04045

0,052
0012

t ’ .G )ﬂ
'.OQ?

0.011

0.065

04209

(1,187
0.028

.? g6

“elb3

Uedld

SPRAE
Vel S

04550
2

G565
CeB74
A3y ]
0,188

04488
(04355

(14336
Cel85

£ €
e R

I THen
04358

1.16
o

\_.;t,l

Jhosphorus

Let
7t

04054
14061

0.118
0,061

0 Ge

LreS

el(4

020

0.126

. .,4\,

0.104
0e0b4

e128

04099
04051

0

LTy
whe
~ * '{‘OS
(o470

04740
Qo475

04500
04675

770
0730

(4770
0470

1.23
1.18

4840
0,685

0,725
1.11

930
0,920

0770

04835
0710
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¥ith data from plants growr: under different conditions. As Clark (4)
and Wadleizh and Shive (26) have shown and as Vickery and Pucher (25)
have stated the kinds and amounts of organic acids occurring in plants
are profoundly influenced by the form in which nitrogen is supplied
to the plante.

It is evident, that in many cases it is possible to account
for only a small amount of the total orgenic acidity as oxallic, malic
and cibric aclids. In wheat and blue grass the unknown orpanic acids
make up 70 « ¢0 percent of the totale In beets, spinach, ancd buckwheat
70 - 85 percent of the total acids can be accounted fore. Data of this
nature clearly show that there is still much to be done in the way of
developing methods for the determination of the acilds of the unknown
£roupe

Cation-Anion 5alance

Pucher, Vickery, and VYakeman (19) have showvm in tobacco grown
munder controlled fertilizer conditions, a larger excess of positive ions
over inorganic anions and this excess is positively correlated with the
ether soluble organic acidse. An attempt has been made in Lhe present
investigation to determine if this is 2 common phenomenon amon: plants
in genersl.

In the analyses no atiempt was made to fractionate organie
and inorganic sulphur snd phosphoruse. In the calculations of millie
equivalents of inorganic anions all sulphur was considered as sulfate
and all phosphorus as phosphate. This is not strictly true as phose
phorus and sulphur are known to enter into many organic compounds as
preteins, phosphatides, hexose phosphates, etce iowever it scems sate
to assume that the major portions of these elemcents are in the ine

organic form in the plant. All phosphorug wes caleulated as the moOnom



TABLE VIIT

Crganic acids., (1940 crop)

!
Plant Filliegnivalents per 100 grams of dry bissue ' Unknown as
; percent of
Total acids Oxalic Velic Citric tnknown acids total.
Iima beans leaves 2572 3062 24,9 3845 14846 60.5
stens 259,53 298 20.2 3242 16743 84.5
Peag leaves 265,7 17.0 5641 23640 9048 278
gters 219.6 a0 4740 5600 1_1.006 55.%
Alfalfa lesves 199.5 3040 24,9 R2e9 121.7 61.0
stems 16648 Ve 18.5 10.9 129.3 775
Soy beans  leaves R46.1 17.4 13 5«0 16044 6848
gtems 235845 1.8 2642 2048 16642 708
Geets leaves 05,9 298,0 1.2 208 8.1 16.3
peticles 201.8 E6e6 40,0 e 5248 2842
SpiHQCh 193“-’93 :7!62 01 29@ 04* 6-5 507 7105 15}.7
peticles 23865 150.9 158 449 £5,9 7.6
Puckwheat  leaves 355 e6 £5%2.8 15.8 284 5768 16.3
stens 2078 10%.2 18.8 1%44 67«8 5247
Plue grass leaves 14247 G0 7 d0e3 108,47 7642
Fheat leaves 133.5 0.0 18 ol Geb 11006 BZef
Tomatoes leaves 39,7 6943 3049 5Ze8 05a7 Zhe7
stens 22045 B2 5.7 1067 750 34,0
Iattuge leaves 197.2 2ed 72.1 18.6 104,2 5248
Cantaloupe leaves 8546 040 RReR 540

2944 4.3
stems 1RG7 0.0 Za'7 10.7 6543 50.3



TABIE I¥

Organic acids. (1941 crop)

Plant i1liequivalents per 100 srams of dry tissue | Unknown as

\ ’ percent of
Total acids Cxalic Lalic Gitric Unknown acids  total.

! A :

Iina beans | leaves R49,7 1649 8548 4846 11844 4744
stens 171.1 31.1 2445 53.1 8244 4842
Peas lsaves 212,9 15.1 42,86 530’8 744 5449
stens 1}108 TeB 46 .5 Bde5 9267 51.2
Alfelfa leaves 18547 14.1 21.8 14,5 15843 7249
stens 140,7 4.9 30.9 Hed 9 b Geb
Soy beans  leaves R48.7 15,9 10,6 104.6 117.6 4743
Yeets leaves 42745 52249 12.4 3240 59.2 13.8
petioles 203.1 9748 RE¢9 24,6 51,6 25.4
Spinach leaves 38044 302,0 8.9 1045 5240 1347
petioles 22648 110.2 6041 948 A6 eB 20.5
uckwheat leaves 3¢0.1 20547 14,1 12.8 G845 19,5
sters 205,86 110.4 34,1 646 5446 28,5
"lue grass lecves 10845 o0 Ol R7.8 7146 6640
“heat leaves 122.1 0.0 1843 9.6 94,2 7742
Tomatoas leaves 26948 45,2 61,1 7444 89,1 83.0
stems RB1l.8 8Le3 G2 eB 1243 48.7 21.0
Lettuce leaves 2208 1.4 10,0 32,2 T2 3544
Cartaloupe leaves 9942 0.0 2642 1844 5546 5440
stens 119.4 0.0 5444 5.9 59,1 48,5

0g



Plant

Iing besns

Peas

Alfalfa

Soy bheans

“eets

Spinach

clwheat

Hlue srass
Yheat

Tomatoes

ttuce

Cantaloupe

leaves
stems

leaves
stems

leaves
stems

leaves
stens

leaves
petioles

leaves
petioles

leaves
atens

lsaves
leaves

leaves
stems

leaves

leaves
stens

TAULE X

Percentage compositicn of organic acids.

(1540 crop)

Uxalic acid
et whe Lry whe
5
0.18 1.56
Qllé 1055
0.13 0477
0.04 0427
0.21 1.35
0,08 Cedd
0411 078
0.10 0.%8
1.25 18,41
0e25 5490
l.45 12.62
0.57 £.79
1480 11.42
0¢85 4,91
040 0.0
0.0 (140
0.32 3412
0420 3470
0.005 0.10
0.0 0.0
0.0 0.0

Halic acid
wet whe LW r‘??to .
b e
1) 1.67
0021 2¢O$
0.6 3476
0443 3415
CeRB 1.67
0«21 1,13
0.01 0.09
013 1.76
013 142
0.17 R eCi3
0405 044
0009 1.15
.15 1.08
0.06 1.13
0.0¢8 0452
011 1.10
0.22 Re07
018 3e53
CeR4 4483
0.16 1448
0.20 3460

Citric acid

%etjwt.

#
0.32
0.22

0480
(49

023
0.13

0.56
0,14

0,12
0.09

0403
0.03

(a4
0o

6 2%73¢]
0404

036
0.04

G406

0.24
0.04

Dry wt.
¢
247
2.06

5e51
3459

1.47
070

3.81
1.22

1,32
1.44

0.24
(e81

1.69
0eE6

1.68

043

TS



TADTE ¥T

Percentaze composition of or anic acids
(1941 crop)

Plant Oxalic acid ¥alic acid Citric acid
et wh, Lry whe Wet whe bry whe . Uet wto . Iry wh.

, # & e £ %
Tima beans | leaves 0.10 0,76 0.59 441 0442 %.11
- stems 0.18 1.40 .21 1.64 0,27 212
Peas leaves C‘oll 0. &8 0045 2488 Gof‘:}. 5017
stems GL.04 0,33 040 3.12 0425 2421
Alfalfa leaves 0.10 0,64 0.24 146 0.15 093
gtens 0 003 0022 0.52 2407 (}.5—58 00 BY:S
Soy beans leaves 0,12 0.71 0.12 D71 1.10 6470
shens 0.11 0487 0.09 GeT5 Ce&l 1.71
Deets Jeaves 1.57 14,55 0,10 0450 0422 2.05
petioles 0.26 4.40 0.12 1.%4 0.10 1.59
Spinach leaves 1.42 13,91 006 Qc% 0,07 0,87
petiﬁles 0.8 4,96 O.31 4,08 005 0.62
‘uckwheat leaves 1.55 11.96 0412 0485 0,11 0.09
Jlue grass leaves 0.0 0.0 009 0.61 0427 1.78
“heat leaves 0.0 0.0 0,14 1,23 Ce07 0462
Tomatoes leaves 0.23 R.03 0.46 4,10 0454 4,76
stems 0.22 B.06 0.35 5489 0.05 5,78
Iettuce leaves 0.004 006 0.48 7«30 (0e13 2.06
.:'aﬁtalo‘ape leaves U.O 000 9021 107{:' 0.15 1024

stems 0.0 00 023 565 0.02 0.28

(4%
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phosphate ‘on as this is practically the only form in which it can exist
at the pil characteristic of the sap of the plants tested.

Table X¥II present the relationship between the excess inorganic
cationg and ether soluble organic acids in the leaves and stems of the 1941
crope. Fi:ure © presents the data of table XIT in graphic forme. In the case

of the leaf tiscue the two compenents of the graph are nearly superimposable.

TABLE L11

Correlation between excess inor.anic cations and total or-anic acids.
(1941 crop)

!

Plant | rHlliequivaierts per 100 grems of dry tisaue
Leaves Stems and Petioles
Total  Total ixcess Tobal Total  Total in- Excess  lobal
Lay Mo, inorgenic Cations or ande Ca, -y organic Cationz Urganic
K sndong W acids K anions acids
Tima 2EL 8 59.9 2R6.2 248,7 40,2 E7 .0 19242 171.1
beans :
Peas £81.2 CG e 16820 212.9 214 .1 TE oS 15742 18140
Alfalfa 2455 TGed 16544 185.7 2C5e7 G a8 132.2 14047
Soy .
beans R70.8 GR9 21343 24547 24343 790 18443 177 o0
eets 48545 TT el 5883 4275 BEB.5 185.0 1885 205841
Spinach 457.7 110.5 RLTeR 380G .4 2767 160 .4 2185 22E.2
ek BOG,.7 £5.8  BRB.9 360.1 384.8 196.2 188.0 R205L.6
wheat

“lue
crass £12.9 124.3 508 10845

Yheat  237.0 14R.6 V4.7 122.1
Tomatoes370.2 142.1  237.1 20040 £12.7 151.3 RBl.4 R31«8
Ietituce 306.5 105.4 20049 2200

* 0%, SDE;'Ez?Og #**  Total cations mimis ineorganic anions
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s far as the author is aware these are the flrst data to show
that inorsanic cations and ether soluble organic acids are positively
correlated in a series of different species of plants. The correlation
in the leaf btlade tissue is exceedingly high (+.990), that in the stem
and peticle tissue not as hizh (+.79%). These data indicate strongly
thab excess positive ions in many plants and particulerly in leaf tis-
sne are closely concerned with balancing the or anic acidse.

It will be noted that cantaloupe is not included. 7This plant
has the hisghest cation content but the lowest or anic acid content, of
any cf the plants tested. It is obvious that or anic acids do not play
an important role in balancin catlons in this olante. It is entirely
possible however, that cabtions and or anic acids are positively correlate
ed, but zt a much lewer lavel in this plent then in the other planits test-
©6e The exceedin: ly hi:h amount of calcium present in the leaves of canta-
loupe 1s rather unusual. Approximatsly £5 percent of it is insoluble but
it is not obvicus in what combination it ewists. There is no oxalic acid
in cantaloupe so the possibility of insoluble calcium oxalate in the plant
is excluded. The pi of the expressed sap is unusually high, 74 = 7.6
This immediately sugsests the posgsibility that pert of the cations are
tied un ag bicarbonate. Freliminary experiments however <o not indicate
a very larre smount of COp in the sape Under more careful conditions
this may not prove to be the case. work is now in progress to determine
what substances other than phosphate, sulfate, nitrate, and orsanic acids
are bindin the lar;etquantities of cations in this olante.

I13in (10) and nIiddle (20) have considered the possibility that
the selective absorption of cations by plants is tied up with occurvence

of various oryanic acids that exert an influence on “he avsorption of a
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particular cation over other catlionse.
i13in (19) found in zeneral, that soluble calcium in plants
was positively correlated with malic and citric acid contente

¥ ures 7 and 8 comparce graphically the amounts of determined
crzanic acids as well as the unkuown group ith the amounts of cations
four:d in the various plants of the 1941 crope o strikdng relation-
ships are evident. lalic and citric acids are found te be somewhat
correlated with soluble calcium, particvlarly in the leaf tissue.

Citric acid and those acids of the unknown sroup show a small ne:;ative
correlation with tobtal magnesium content in the stems and petiocles.
iddle postulated that when data are avsilable it will be
found that cation absorption is correlated with the occurrence of spe-
cific orgenic acids in the plantse. Ilis hypothesis is bassd on the dige
socliation copstants of the acids and the gclubilities of the salts forme
ed. Since in many plants it was possible to determine only 25 - 30 POTw
cent of the orsanic acids, it is not possible to put Iiddle's nyvpothesis
to a teste liowever in spinach, bects, and buckwhest where the major pore
tion of the or anic scids can be accounted for, some support for Mddle's
hypothesig is evident.

&s presented earlier iiddle postulated that plants rich in aecid
such ag oxalic would show a depressed cslcium uptake with the consecuent
effect that some other cation, the oxalote of which is more sclunhle than
calciun oxalste, would e taken up in large quantities. In ‘mckwheat,
gpinach, and beets a large portion of the total orianic aciditv is nade
up of oxalic acid. TFipure 7 shows that in the leaves of these plants
total caluiun decreases as total oxalic acid increases. Teotal masnesium
content is considerably higher in these ‘lants than in the others, ine

cdicating enhanced marmnesium absorptione Ma:nesium oxslate is nore sole
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uble than calciwn oxalate and too 1% tends to form rather stable super-
saturated solutions. According to liddle's hypothesis the decreased
calcium uptake is due to the cell sap becoming quickly saturated with
the difficultly soluble celcium oxalsbte and hencz calcium absorption is
temporarily stopped. Since marmesiun is available and it forms a more
soluble salt with oxalic acid, the absorption of ma nesium is enhancede.

iddle's hypothesis is certairdy intevestin: and when it is
pogsible to obtain a mcre complete picture of the kinds and amounts of
orpganic acids in various plants, further evidence substantiating his views
many be foundes

tesults of the present experiment indicote that those plants
which produce oxalic acid have very small quantities eof inscluble calcium,
ficures 7 and 2 The major portion of the calcium is in a2 sap solu-le
state. There are exceptions to this such as cantaloupes In the plants
that nroduce some oxalic acid “ut no lar e cuantity all of the oxalic

acid is precipitated, presumably as calcivm oxalate. iowever the major

portion of the calcium is still in a sup solulls state. Thiose plants as
beets, spinach, and uckwheat which produce large quantities of oxalic
acid have practically all of the calcium in an inascluble state, only
traces of vap soliuble calcium occurringe In addition these nlants have
congsiderable cuantities of oxalates dissolved in the cell sude Accordine
to this the picture ran:es from those plants witﬁ no oxalic acid and a
relatively larse proportion of sap solulxle czlcium to those plants with
lar=ze guantities of oxalic acid and little or no soluble calcium.

Tahle XIII shows the higsh positive correlation hetween insol—

uble calcium and insecluble oxalates in hoth the 1940 and 1941 crops.
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Mgure 9 presents the same deta in _raphic form for the 1541 crope. It
will be noted that in “he three plants producing the lar est quantities
of oxalic acid, inscluble oxalates exceed the amount of insoluble calciume
Obviousl— sone other cation besides caleivm ugst exist in the form of an
insoluble oxalate in the plant. Vhenever juice of beets, spinach, or
tuclwheat is allowed to stand for a few hourg & white crvataline precipe
itete appears. This has been identified as pure magnesium oxelate

Previous evidence has been obtained by the author (34) that me:mesium is
precipitated b~ oxalic anclid. Hasnesium oxalste is known to form a super—
saturated soiuiion rathesr essils and i1 apuears that this is whia® happens
in the plant. However with an increased uptske of masnesium the limits
of superasturastion are bound to be exceeded and some of the marnesium
oxalate will be precipitateds T counectiun witl: this it should »e uen-
tioned that Dunne (6) has presented evidence indicsating that in buckwheat

oxalic arcid can be precipitated as potessium oxalate.
Vitratable Acidity and Free Acid Plus Free Phosphate.

Considerable worl has been done in tryving to identifs plant ufe
fers by duplicatin: buffer curves of plont sepe This duplicsation is ac—
complished b mizing substances as KipPUu, various orranic acid salts,
amino acids, and sugers which are known to occur in plants and which show
buffering sction at various hydrogsn=ion concentretions.

Hurd-Karrer (9) has succeeded in duplicating the tuffer curve of
the expressed Juice of whest over a wide ran-e of hydromen-ion concentram
tion. She concluded that for wheat the orincipal buffers between pH 58,

©eQ and 8.0 were phosphate and a small amount of owsanic acids. Pucher,

Vickeryv, and !akemen (19) in criticizin “he technigue of usin: titratable



TABLE XIIX
Correlation between insoluble oxalic acid and insoluble calciunm
1240 Crop
Plant . 1Hlliequivalents per 100 grams of dry tissue
L lLeaves Stems and Peticles
© Inscluble Insoluble Insoluble Inscluble
Oxalic acid calcium Uxalic acid calciunm
Tima heans 50a.8 36.7 28«6 4.2
Peas . — -— J— —
Alfalfa %00 65 40 9.8 293
SO}" beansg 17.4 585 21.8 4145
Beets 2088 987 879 2%e1
Buckwhesat 242.¢ 141 .82 10542 920
Blue grass 0.0 4.3
Vheat 0.0 5.8
Tomaloes 6943 920 B2.1 705
lettuce 2ol ZR0
Corre coef. = 4,386 Corre. coefs = +,929
1541 Crop
Iima beans 156.9 275 31l.1 45,6
Peas 51.1 12.0C Ted 22.9
Alfalfas 1’.’;.1 55.1 4 o5 3108
Soyv beans 15.9 57.1 183.9 45.0
Jeets 151.0 110.7 B5.1 33.5
Spinach 167 4 132.8 4844 43,7
Suckwheat 259,8 154.2 100.6 2.5
Blue grass 0.0.0 8.0
*heat 0.0 Te7
Tomatoes 45.2 T4 o2 8l.3 725
lettuce 1.4 13.2

Corr Coef. = +.046 Corre coef, = 4,804
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acidity as a meessurc of the chanse in organic acidity state that such
a determination is merely a meagsure of ihoe water soluble aclds that ree
main wnnoutralized at the pll of the cell sap.

In <he present experiment an abtemp! has been made to determine
the main buffers in the plant gep that titrete Letween the FH of the oe
tracted juice and »H Defe “his was accomslished Ly calculating the amount
of HpPUg free at the pli of tlie sap and adding it to the amount of organic
acids {ree ab Uhe same pHe This conhined value vas then compared with the
Yiteratanlice aciditye.

The pli of the sap of lhe plants tested shows thal phosphate can

sxlst only as the IprCz acd HPCL™ ionse Uetween the pl limits chosen the

entire amount of BQIC7 bt oone of the i is titrotede Therefore the

rl“,.:‘

amouitl, of HaPﬁz ion present at the pil of the sap was used as the amount
contrivated by phosphate tc the titratalble acidity. The iLotal pheapborus
content of the plant tissue was uged in this calculation rather than just
tnat present in the sape Uven so the date Indicabte thabt no rest error re-
sultede In calculating the amount of organic acids free at the pl of the
sap the same method was used as for phosphorus, ennet-Clark {(2)e Citric
anG nalic acids were considerod as enbtirzely solunle while only the sole

onsidered. How o csloulate

(’\

ulde porticon of the oxalic acid if anyv was
the unknown ;roup of acids prescnted a problems It wos {inally decided to
consider thenm 8ll s feur carbon scids similer to nalic aclid and sc the
dissgociation coasteats of malic acid cere used in the celeulations. |y
sraphing the amounts of the c¢ifferent ions of ithe acids exdistin. at var-
ious pil values it wes posslble bto rsad directly the poercent of an acid
present in any form at a siven pHe It was found that all of the cormmone

1y oceurrin erganic aclds are completely titrated at p.l Hebe



Table XIV shows the high desree of correlation between titrate
able acidity and free acid plus free phosphate for the 1841 crope Jone
gidering the estimations that it wes necessary to meke, the equivalence
between the tvo values in many cases is remarkable. It can be seen from
fifure 10 that the free acid is not correlated with titrateble acidity
but when free phosphate is added 4o free azcid the correlation is very
pronounced. Any large discrepancies as in tomato leaves and tuckwheat
stems are probably due to the necessity of calculating the unknown acids
on the bagis of malic acid and using total phosphorus rzther than soluble

phosphorus in the calculations.
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TANTE XXV

tielationship between titratable aclidity and free acid plus free phosphate.
(1941 crop)

Plant

phi of leaves

plant

sap Milliequivalents per 100 grems of dry tissue

Total free Total free Free acid Titratable
acid HoPOZ plus free acidity
HpPOZ

Iima beans 5.95 18.5 11.3 R7 8 2Ge4
Peas 5480 18.8 20.8 27 o5 837
Alfalfe 5408 9.2 16.1 255 22.0
Soy beans Gel7 11.5 19.2 8047 23,3
Neets G a7 5.0 178 RRe9 18.7
Spinach 6+30 35 28,2 2l.5 23.1
uckwheat 5.84 .0 R35e3 20.1 R6.8
“lue ~rass Eedb 240 14.5 17 .5 20.1
Wheat 5.80 9.0 31.4 40,4 388
Tomatoes 5.71 28.1 27.3 Eie 42.0

Corre coaf. +,919

Stems and Petioles

ILima beans 568 1.2 14 .0 3548 71eR
Peas .01 10.4 12.8 52 25eB
Alfalfa B85 11.8 19.4: 51.2 24’5
Soy beaans 578 1543 2l.2 375 40.1
Deets 5.88 Ge2 13.4 2R G 2l.d
Spinach 5.96 8e8 3.7 £1e3 3449
"uekwheat  4.€8 365 21.9 5842 4444
Tomatoes 5.55 22.8 278 50.6 51.2

Corr. coef. 1902
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tTRETA TS 7Y AT T e e
SUITIARY ALY CORCIOLIOND

welve different species of plants were grown in the greenhcuse
under conditions of controlled solution culture and all plants received
the same nutrient supplye Chemical analyses were made with the idea of
studying the cation-anion balance in the different species of planis.

Inorganic ions were found to be itaken up in varying propor-
tions according to inherent characteristics of ‘he plante Plants in the
sanme ramily tended to accuwrulate ions ir relatively the same proporticne

Tata were obtained on tie kinds and snmounts of organic acids
occurring in & variety of plants. In some plants the unlmown frachion
of orpanic acids made up 70 -£0 percent of the total while in others the
unknown fraction amounted te only 15 - 25 percent.

In 2l11 plants a large exceas of inorgoenic cabtions over inorganic
anions wes found and when all plants, with the exception of cantaloupe,
were considered together this excess was found to be highly correlated
with total ether solubls organic acidse. Cantaloupe wes an oubtstanding

xeeptions It contained the largest amounts of cabions but the snalle
eat amounts of crganic acids of any of the plants testeds Obviocusly
crganic sclds do not play an important role in balancing cations in this
plant,

ito outstanﬁimg example of any one organic acid cauging select-
ive absorplion of & specific cablon wes founde. In the leaves malic and
citric acids showed 2 rather low poositive cerrelation with soluble cale
clume Citric @cid and those acids of the unknown ;roup showed a rather
small nesative correlation with total marmesium conterdt in the stems and

petioles.
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Insoluble oxalates and insoluble calcium were found to be hipghe
1y correlated when the plants were considered as a group. In three cases
insoluble oxalic acid exceeded the amount of insoluble calcium. Bvidence
wag cited that the additionsl insoluble oxalic acid was present as mage
nesium oxslate. Marmnegium content incressed with increased oxalic acid
content.

Those plants with 1little or no oxalic acid had a large proportion
of the calcium in a sap soluble state while those plants hish in oxalie
acid had but traces of sep soluvle calciume

A comparison of titratable acidity with free phogphate plus free
organic acids showed a hirh degree of positive correlation, in many cases
a remarkable equivalence. Free organic acid alone was not correlated with
titratable acidityv.

Department of Botany

University of Haryland
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