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CATALASE, OXIDISE AND IONI”ABLE
CONSTITUTNTS OF THE TOMLITO A3

INFLUFHCED BY THE SOIL REACTION

INTRODUCTION

The removal of the old soil in greenhouse
benches is an expensive procedure. Plant growth is
sufficiently better when new soil is placed in the
benches to warrant the necesssry expenditure for
soll renewal at frequent intervals, in many cases
as frequently as once a year. One of the important
alterations occurring in bvench soils in sreenhouses
is the change from a slightly acid reaction, common
to most soils wvhen first placed in the benches to
a highly alkaline reaction, due to the addition of
alkaline material in watering.

The present problem was undertaken to
determine the effect of the soil reaction (pH value);
first, on the growth of the tomato plznt, second,
its effect on catalase and oxidase activity, znd
third, its effect onlionizable constitucents as

determined by electrodialysis.
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HISTORICAL REVIEW

Catalase and oxidase are usually thouzht
to be assoclated with the respiratory processes of
the plant, but many workers have found results which
conflict with this view. ‘ppleman (3) concluded that
with a decrease in the respiratory activity in the
potato, the catalase activity decreased. The same
author (2) in a later work found thot eatalase setivity
of the juice of the potato tubers was associzted with
respiratory aetivity, but that oxidase sctivity -as not
aggociated with the rate of respiration.

Bzell and Crist (19) working with lettuce,

-

radish and spinach »lants found only s slizht negative
correlation between oxiduse sctivity =nd srowrbth or size
of the plants, but the catalase acltivity of the szne
plants was negatively signifieznt. Drain (17) tried

to correlate the catalase activity with respiration in
a numbexr of varieties of apples btut daid not find the

twé parallel in all varieties. Oldenburg was low in
catalase activity as compared with Yinesap, but the

rate of respiration was much hizher in the latterx
variety. The catalase acetivity was greatest in the skin
and subepidermal tissﬁe of the apple, while the greatest

oxidasge activity occurred near the core. Reed {(39)

—ty



demonstrated thalt oxidase znd catzlase were independent
of each other and that in the ripening of fruit catalase
increased while oxidase remained constuont or nearly so.
Magness and Ballard (34) working with Bartlett pears
found catalase to lncrease for a time as the fruiv
ripened but then decrezsed much more rapldly than the
rate of respiration. Thatcher (46) mads tests on
diastase, invertase, tannase, esterase, protease, oxidase
and emulsion types of enzymes, and concluded that ripen-
ing changes in apples were chiefly due to oxidases.
Pathogenic organisms may influence the "res-
piratory enzymes™ ag shown by the results of a number
of workers. ‘loods (H1l) found thut mosaic-diseased arscas
of tobacco plants shoved hiliher oxidase content and ithat
arkexr green areas of diseased lesves showed less oxidase
activity than mosaic areas. Accorxding to Bunzell (11),
sugar beel tops affected with curly-top disease had two
to three times as great an oxidase activity as healthy
leaves. When plsnts were stunted by exceusive drouth,
or when gxow.h wag retarded through unknown agencies,
the oxidase activity was increased. The same suthor
(12) found curly-dwarf potato plunts to show this same
relation. Rose (42) found apple tree burk affected with
Illinois canker to have greater oxidase activity than

healthy bark. Harvey (25) working on over-growths in




-l

the potato wart disease, due to Bacterium tumefaciens,

showed that this abnormality was accompanied by increased
catalase content. He waes led to believe that the lowered
acidity brought about an increased catalase actbivity

since the enzyme is known to deteriorate ia acid solutions
but is fairly uniform in its properties at reactions be-
tween pH 7.0 and 8.0. The same zuthor (24) observed a
deerease in catalase sctivity in mosaic tobacco plants

and an increase in hydrogen-ion concentration in the
palisade cells of the diseased areas. Welss and Harvey
(50) working with the potato-wart disease produced by

Chrysophlyctis endobiotica found the hydrogen-ion con-

centration greater but the catalase activity greater as
well.

Respiratory enzymes, in dormant and germinating
secds have been investigated by several authors. Crocker
and Harrington (15) found catalase activity and respira-

tion in the fruits of Andropogon halepensis ran parallel,

but they a4id not find this condition in seeds of

Amaranthus. Rhine (41) stated that the early curve for

respiration varied from the typical cataluse curve for
germination. She concluded that catalase could be used
as an indicstor of metabolism only in cases where there

is not a rapid chanzge in respiration. FHemee and Duchon
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(37) were able to show a positive correlction tetween
catalase activity and the viablility of sceds., Borasio
{9) found the opposite to be true, "By compnring the
catalase velues of & number of scmyles of rice represent-
ing different varieties and different harvests with the
germinating power of the seed, no relationship could be
established.”

Zaleski and Reinhard (52) studied the effect of
potassium nitrate, di~potacsium earbonate, meznesium
sulphate, ete., on the respiration and respiratory enzymes
of wheat, maize, peass, rape and luvines. They compared
the resplration of nlants grown in distilled water with
similay ones growing in distilled water to which various
amounts of salt solutions had been added. In nearly every
instance lowered resopiration as well as lowered action
of catalase, reductase and zymase occurred in plants grown
in the salt solutions.

Catalase activity in relation to growth in fruit
trees, especially the apple, has been studied considerably
by Heinicke and his co-workers. Heinicke (26) found
growth-producing substances increased catalase activity
while substances which tended to innibit vegetative
activity had a retarqing influence on catalase activity.
Organic nitrogenous materials seemed to increase the

aetivity while carbohydrates were believed to be the chief

——
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cause of reduction in catalusge activity. The same author
(27) found apple trzes grown on sandy soll showed less
catalase activity in the leaves than those from trees
zrowing on a elay soil, whether the trees were culiivated
or grown in sod. Apple trees when grovm in sod cnd ziven
applications of nitrate of soda up to 8 ounces per tres
showed an increase in catalase activity of the leaves,
Heinicke (28) also determined that fruiting tends to reduce
catalase activity In the bark of the apple tree. By
aoplying nitrates to only one side of the trees Auchber
(4) obtained increased catalase activity on the nitrated
side. Biechy (8) found thut an addition of potassium
fertilizer decreased the cabalase asctivity of the plant.
According to Xnott (30} the catalase activity of spinach
leaves was not influenced either by vegetative or
reprofuctive type of growth.

Gruss (21).reported that it was impossible to
make quantitative determinations of catalase in fresh
potato extract on account of the rapid degeneration
during and after grinding. Appleman (3), however,
discovered that if the potato was ground with calcium
carvonszte to neutralize the acids freed by the grinding,
diluted immediately and kept at 20°C or below, this

rapid degeneration was overcome znd comparable results
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could be secured without any difficulty. IHeinicke (26)
found that the amount of calecium carbonate egual to the
green weizhlt of the tissue was in excess of that needed
for the acidity to be corrected, but far more could be
added without affecting the reaction. Becking znd
Hamnton {6) using sodium carbonate to neutralize the
plant acids eoncurred in this belief. According to
Knott (3l) catalase activity of the tomato and spinach
decreased more slowly at cool temperaturses,

According to Rzell and Crist (19) samples of
tissus preparéd for the determination of oxidase activity
should be allowed to stand for about six hours before
uging. Oxidase activity of the sample increased for aboutb
six hours and then remained constant for ten or twslve
hours, alter which there was a slow decline.

Within recent yeurs electrodialysis as a means
of studying certain chemical and physical phenomena hsas
come into use. Dhere and Gorgelewski (16) and Bernhard
and Beaver (7) used this method as a means of determining
the composition of serums. Lisbonne and Vielguin (55)
and Fricke et al. (20) used this means of studying enzyme
activities. The active and inactive c¢onstituents of
insulin were separated by means of electirodialysis, by
Paylor, Brown and Scobtt (45). Hoffman and Gortner (29)

split free uszar acid from its calcium salt by this means.
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Xonig, et al. (32) studied the replaceable bzses of soils
by the seme method. Mattson (35) by the use of & three-
chambered cell improved thie method by which the replsce-
a.le buses of the soils mizht be studled.

Woore, Reeves - ud iixon (36) made use of the
Yattson cell in studyinz apple tissue s Zected with
Jonsthan-gsot as compared with normai tizsue and sub-
stuntliated Fentzer's (33) results, thet Jonsthan-spot
was accompanied during storaze by & loss of acids in the
diseased ares.

Bradfield (10) by means of the Matison cell,
using ¥ 81, ¥53804, znd K HzPO4q, all normal solutions
with respect to the jpotassium conbent, concluded that in
gvery case the ca.ion was removed more guickly thun the
anion. The rute of removal of The ¢ tion was influenced
by the nztiure o. the uwnion with which it wuas combined,
while the rate of removal of the anions was in vhe order
of C1>3047HoP04. In every case the cuatlion was removed

quantitatively, “ut thes time reuulred wWus g res- er, €8-

4

pecially ivn %the case of the phosphate ion. iHe sugcsesled
that the rste of removal of anions would be Tfacilitated
by the substitution of a positive membrine for the

nesative parchment nmembrane on the unode side.
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IATERIALS AXD METHODS

New compost soil was placed in the grecenhouse
bench. The individual plots were sepsrated by boards that
extended the entire depth of the bsesnch in order to prevent
the soil of one plot from mixing with that of another.

The reaction (pH wvalue) of the soil when placed in the
benches was 6.5.

Since the so0il was always acid when placed in the
ﬁench end became highly alkaline due to the addative
effect of the salts in watering, three reactions (pH
values) were decided upon, one extremely alkaline, pil
8.5~9.0, one neutral oxr nearly so, pH 6.5-7.0, and one
extremely acid, pH 4.0-4.5. These plots were all run
in duplicate. To secure the alkaline reaction, the soil
was treated with hydrated lime in suilficient quantity so
that the pH value was about 9.0 a week after treatment

vhen a fair degree of equilibrium was reached. For the

neutral plots the soll was not treated, since it was nearly

3 L3,

neutral without treatment. Tne acld reaction was secured
by adding phosghoric acid (HzpPO4) so that the reaction
was 4.0 a week after treatment.

The tomato plents used were of the Bonny Best
variety. The seed was sown in a flat, the seedlings

nricked oif when one and one-half inches hizh and planted
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ot and

~

in two-~inch pots, later shifted to four-inch
finally transferred to the treated plots ten days after
the so0il had been treated. 'The soil used in potting was
ordinary compost with a pH volue o0f 6.,0-6.5.

The fall crop was placed in the jgreenhouse
bench Oc¢ctober 1 and completed its growth February 1.

The sprinz crop was placed in the beneh Pebruzry 20.
Determinzations of the pH values of the soill of the
various ﬁlots were made at ten-Gay Intervals after the
crop was benched. Small amounts of hydrated lime orx
phosohoric acid were added from time to time to keep the
pH within the desired range.

To secure the desired information regarding
growth and fruit production, yields were recorded by
weighing the fruits when ripe. Relative growth on the
various plots was secured after the fruit had been
harvested. The plants viere dug, the roots washed free
of soil with tap water and then washed with distilled

water. Roots, stems and leaves were separated from each

plant and air-dried in the laboratory for four weeks with

the temperature ranging from 75° to 85°C., and then
weizhed to determine the relative amount of growth.

Catalass and oxidase activity were messured on Tresh

material of leaves and fruit on both spring and fall crop.
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Measurements of ionizable material by electro-
dislysis were made only on the fall crop. Tlectrodialysis
of the fruit was made with sam:les picked froem the vines
and used immedistely. Ionizable constituents of the root,

stem and leaf were determined from air-dried material.
Measurement of Catslase

Essentially the same method was employed for
preparation of samples as that used by Bzell and Cfist
(12). A composite saumple from several plants was made by
means of a Ganong leaf punch. The leaves from which
samples were taken were Jjust reaching vegetative maturity
and scmples were token from the seme aged materisl each
time to secure conparable resulis, since younz tissue
had been found by numerous investigetors to be more active
with regard to most enzymes than old tissue. One gram of
leaf tissue weighed immediately after removal Irom the
plant was used for all leaf determinztions. Samples of
the fruits were taken by punchinz out & c¢ylinder bty means
of a cor’: borer one centimeter in dismeter. Pruits of
approximately the same size and degree of maturity wvere
uged and the samyple weighed immediztely. The sample of
both leaf and fruit waes mixed with an equal weight of dry

caleium carbonzte, then 2 ce. of distilled water added

g A et o i e e e+ e i 1n
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and the mixture zround gently in 2 mortar until & uwni-
form ereamy mixture was obtained. Distilled water was
the: added so that the fresh ground tissue was suspended
in 25 cc. of water. The solution was then placed in a
tizhtly stoppered bottle and kept on ice until used.
Catalase activity was determined by Harvey's
(23) modification of the Bunzel oxidase apparatus. Two
ce. of the plant solution were nlaced in the shori arm
of the tube and 5 c.c. of hydrogen peroxide in the long
arm of the tube. The tube was suspended in a DeXhotinsky
water bath held constant at 35°C. Uniform shaking was
accomglished by mezns of a motor-driven mechaniesl shaker.
The osecillations were timed so as to cause the solution
to flow from one end of the tube to the other at the rate
of 90 times per minute. Before shaking commenced the
tube containing the materials was slsced in the bath and
allowed to stand for ten minutes until it had reached the
temnerature of the bath. The tube was then shaken for

three minutes and the amount of oxyzen evolved measured.

Keasurement of Oxidasa
Portions of samples prepared for catalase deter-
minations were used fcr oxidase determinations. The
procedure as essentially the same as that used by Rzell

and Crist (19). 7Two c.c. of the prepared sample were
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placed In the short arm of the tube, while 5 e¢.c. of a
fresh one vercent pyrozallol solution were placed in the
long arm of the tube. An alkall vile containing 1 c.c.
of normal sodium hydroxide wss put in place und the man=
ometer adjusted. The reaction tube was ulaced in the bath
10 minutes before shaking to allow the materisls to reach
the temperature of the bath. The realing of the man-
ometer at the end of one hour was taken as a messure of
oxidase activity.

Checks were run on all samples for both catalase
and oxidase. L1l results given sre from samples which
cnecked within 0.4 c.c. Jamples from the same plot taken
the same day checked within this range. 411l resultis

ziven are avereges Ifrom four samples.

Measurement of Icnizabtle Coanstituents
The Mattson (35) cell for electrodialysis as
modified by Cl:srk, IHumfeld and Alben (14) was used for
this purpose. The procedure was similar to that of
lioore, Reeves and Hixon (36) with the exceptions of size
of samples, time intervals z=nd voltage which are'noted
in the tatles. In running sam.les o the rool system

& composite sams le of twio root

C')

it was nececsary Lo maxe

)

systems, since grans of bthe ground tissue vere used

aind the root system of one plant did nei furnish adeyuate
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material. In all cases of stems und leaves J-gram
samples of individual plants were used. The air-dried
material was ground in a Wiley mill snd passed through
s 60-mesh sieve. In the case of the fruits, sanmples of
fresh material comososed as near as possible of equal-
sized fruits were made up. Tests were run on both ripe
and green fruiv. The green fruits were picked just zs a
faint trace of yellow color appeared at the blossom end.
By this means it was possible to get composite samples of
fruits of aboul the same maturity. 7hen very green fruits
were plcked, it was impossible to determine the degree
of maturity. Some blossoms were tazszed the day they were
hand pollinated, but since all blossoms pollinated on the
same day 4id not mature their fruits anywhere near the
same time, this guage of maturity was not reliable. Both
ripe and green fruits were run through a feod chopper until
they were of a creamy consistency. It was impossible to
attain this condition with very green fruits, wiiich was
anobher reason for using the fruit just as the first trace
of color appeared at the blossom end. Truits used for
analysis «hen just showving a Taint trace of color at the
blossom end will be referred to henceforth as "green
mature.”

In case of the ground tissue of the plant 35 grams

were placed in 300 c¢.c. of distilled water in the midile
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compartment a2nd 275 c.c, of Water in each of tne snode and
cathode compartments. The parchment paper used o
separate the compariments was dialyzed 1 hour in distill-
ed water to remove ionizable constituents. The parch-

zept in @ humid atmosphere before using

L4

ment paper was

it in the cell, the swelling was so great after the water
was added as to cause the papers to be limp and flacid.
Tlectrodialysis of fruit, leaf, stem and root
rendered none of the pigments soluble, so no discolor-
atvion of parchment paper occurred. Consegquently, the same
parchment paper was used until broken or torn rather
than change to new parchment paper beccuse if the paper
was stretched tightly originally, the samples checied much
closer. After the sample had been dialyzed, the compart-
ments were filled with distilled water and paper red-
ialyzed to remove any ions remalning from the previous
sample. With the fruits 250 grams of the green fruit or
275 gyams of the ripe fruit, after making up to volume
of 300 ec.c. with distilled water in a 500 c.c. graiuzte,
were plsced in thne middle compartment, and 275 c.c. of
8istilled water were used in ecach of the cathiode and
anclde compartments. 105 to 110 volts of direct curzent
from storage balteries for all the root, stem and leaf
samples were pa;séd through the esll. The voltuge used

on the fruits varied and is given in the tables.
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1l data ziven are the resulis ol three o
five analyses on samiles Tfrom eacit plot. These checked
vithin narrow limibs when conditions were s nexmrly alike
as possible. In ord:r 1o obtuln comp rable gumples, Lhe
pl-tinun electrodes must alwoys occupy the sume position
in the cell and the parchment membranes must be stretched
taught snd not allowed to bulge. ‘'When these precautions
were observed 1t was relatively easy to obtaln checks
within 2 to 4 c.c. where the total N/10 titrateavle acid
or base would run as high or hicher than 200 c.c. The
mabterial which cume out on the basic side (anolyte) was
titrated with N/10 HgSO4 ond on the acid side (estholyte)
with T/10 ¥aOH. At the end of the designated time the
snolyte and cniholyte were drained =nd the current shut

fill

"D

off. It regquired about 2 minutes To drain and ¥

+1

the anode asad esthode compariments snd then the ceurrent
was turned on azain snd the time was recorded from the
starting

difTered from Moore, Reeves and Hixon's work (46) in thet

they left the current flowing while draining =znd refilling

to prevent a return of the ions in the middle conpart-
ment, However, closer checks were obtainable here the
current was shut off and the same length oi lime used

each period for draining snd refilling. Tiftrations on

and stoppuage of the flow of current. This method
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the acld side {ecatnolyte) were bitrzuted with N/lO HaOH,

but are given in the

able acid present in

determined withh K/10

base present in the Lissue.

T I T REDNT
nEPER TRIENT

wifact on Growth and Yield

resulis as the

the plant tissue.

2L WORK

amount of titrate-
Titiateable base

HpS04 uTe given In terms of K/L0

As will be noted in table I the soil reaction

had considerable effect on both yi=ld and growth ol the

tomato.
Table I
Bffect of Soil eaction on Growth and
Yield of Tomato Plants
: : Averaze welght per plang
: : Haterial air-dried
Soil :Yield per: : : :
Reaction :plant. : Roots : Stems : Leaves :Total
pH 8.5-9.0:2.52 1lbg.:2.52 gms.:32.90 gmsa gms:32.32
pH 695“7:014006 1bSa:2u30 g!ns-:31925 3I‘L.>a.79 gm%ilr°35
DH 4,0~4.5:3.04 1lbs.:2.34 gms.:124.74 zms«a57.84 gnscB84.92

Two plznts on one of

plots

»nd three

plunts on the alkaline plots showed evidence of mosaie,

and were discarded.

thse

One of the vines on an acid plot in

series became infected with wilt snd was likewise

P
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discaxded.
The lurgest yield per plant ras secured on plots
where the soil reaction had a pH value of §5.5~7.0 and
the smallest yield on the alkaline plots, pH 8.5-%.0.
¥aximam root growth as measured by the weight of the aclr-
78S

iried material occurred on the alkaline nlots. There was

very 1little difference in root growbth between plants srovn
Y [} O

~on the neutral or acid plots. The greatest amount of

total dry matter was secured on the plots with a neutral
g0il reaetion, while the alkaline plots produced only
8l.4 nercent as much total Qry matter as the neutrsl

lots, and the aeid plot only 74.9 percent as much.
) o
Effect of Catalsse and Oxidese Acvivity

Measurement of catalase snd oxidase activity
were made on the leaves and fruit of both fall and spring
crop. Tables II to V, incluslve, give the results of the
findings with respect to oxidase and catslase activity
for the fall crop.

Differences in catzlase activity were most
pronounced in the case of the green mature fruits.

Fruits on plonts from soils with a weaction of pH 6.5~7.0
consistently showed less catalase activity than those

from soils with pH 8.5~9.0 snd 4.0-4.,5. Fully Tipe fruits
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TABLE I1

Catalase and Oxidase fctivity of

Tomato Fruits of Different Stages
of ¥aturity Grown in Soils ¥With
Different pi Values.

December 20

Gatalase

Oxidase c.C.
:{e.ec. of water displaced)

of Hg dis-
placed at

Soil end of 60 Time in minutes
R 11 minutes : :
eaction 1 : 5 . 3

Green Mature Fruit

pH 1.70 1.1 1.3 1.5

pH 1.50 0.8 0.9 0.9

pH 1.30 247 ) ST
Ripe Fruit

pH 1.65 0.9 1.1 1.3

»H 1.75 1.2 1.5 1.7

pH 1.35 1.4 1.7 1.9
Green Fruit

pH 1.10 0.6 0.7 0.7

pH 1.25 0.7 0.9 1.0

pH 1.30 0.7 0.8 0.9

gy




S R L L S T

A Tl T S S B 2 e e ST o
ST N T s e e s e e

R D TR i M S S 2 T

20~

TABLE III

Catalase and Oxidase iclivity of

Tomato Frults of Different Stazes

Ay

of Maturity Growan in Soils Witn

Different pH Values.

January

L4

'Ul

. . Catalase
a ° . o - .
Oxidase G.C. .{c.c. of water displaced)

of Hg dis-

Soil gﬁicig gg . Ti@e in minu?es
Reaction minztes . -
. 1 & ; )
Green Hature Fruillb
pH 0 1.40 1.6 1.8 2.0
pH 0 1.5H 1.0 1.2 1.9
pH 5 1.70 27 3.0 Bed
Ripe Fruit
pH 2.00 2.5 207 C«og
pH 1.85 0.8 1.0 1.1
pH 2.10 0.9 1.1 1.2
Very Green Fruit
pH .95 0.5 G.7 0.8
pH 1.05 0.5 0.6 0«6
1.25 Do 0.9 1.0

pH
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PTARLE IV

Catalage and Oxidase Activity of

Tomato Fruits of Different Stages

of #aturity Grown in Soils With

Different pH Values.

January 19.
Oxidase ¢.Cco 3 Catalase
of Hg dis~ :{c.c. Oof water displaced)
placed &t 4
Seoil end of 60 : Time in minutes
Reaction minutes : : :
1 : 2 : 3
Green iabture Frult
DI{ 805'960 1080 202 2.4 206
pn 605"760 1075 loO lez 105
p?i 4u0"é‘05 1090 204: 207 239

Ripe Fruilt

IJI‘I 8o5""900 2010 009 l.O 101

pH 6.5-7.0 2.18 0.9 1.0 1.1

pf[ 4:0(.\"4.‘05 1090 100 1-5 loé
Green Fruit

pII 8:5"‘900 anO O.? Oog 1«0

pi 6.5~7.0 20 0.7 0.8 0.9

pH 4.0-4.5 290 0.6 0.7 0.7
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TABLT V

Cetalase and Oxidase Activity of

Tomato Frults of Different Stages

of Maturity Grown in Soils With

Different pH Values,

Tebruary l.

Qxidase G.Co ; Catalase
of Hg disg- t{c.c, of water displaced)
placed at :
Seil end of 60 : Time in minutes
Reaction ninltes : : :
: 1 : 2 s
Green Meture Fruit
pH 8.5“90-0 lago ?00 2o2 2»4:
PI"I 605"'700 1090 102 1-5 105
PE[ 4:@0"'4‘05 1080 da‘!g: 207 :Zog
Ripe TFruit
pH 8-5""900 1075 y luo lob 105
pH 6‘5""?00 lago 1@3 1:5 laﬁ
PE 4.0-4.5 2000 1.4 1.% 1.9
Green Truit
pH 805"900 lolo Ov6 007 007
pH 6.5"700 1615 O¢7 008 009
pH 4.0-4.5 1.25 O.7 0.9 1.0




also showed less activity from the neutral plots than
from vhe acid or zlkaline »lots, but the differences were
not so marked ag in the green mature fruit. Ho consistent
differences in catalase activity were noted in the very
greern fruits, but catalase activity'was &% the minimmum

at this staze of maturity; so if there were aony diiler-
ences, they vere not significant.

Oxidase activity was zreater in ripe than In the
veYry green or green mafure stages, out this waé independent
of the soil reaction ox growth and yield. The oxiduse
activity of ripe fruils from acid, alkaline or neutral
plois was practically the sanme.

3ince the least cavalase activity occurred in
fruits taken from plots of pH 6.5-7.0, it was ihou:zht that
this difference in aetivity misht be due to differences
in oH velue of the fruit in various stages of ripening.
The Jjuice of the fruits was squeczed out through several
layers of cheese cloth and the pH value of the Jjuice-
determined by the gquinhydrone method. The following

table snows the resulis.

—
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Table VI

The pH Value of the Tomate Fruit in
Different Stases of Ripening.

Soil . Condition pH : pH
Reaction : of fruilt i January 13 :  Januwaxy 20
Ripe 4,25 4.11
pH 8.5-9.0 Hature Green. - 4,03 3.921
Green 4,11 $.98
Ripe 4,25 4,11
pH 6.5-7.0 Mature Green 3. 75 3.94
Green 3,96 4,08
Ripe 4o 29 4,13
pH 4‘0 0“4105 3'-’{'&13111"6 G’I‘Gen 4‘. 04’ 3095
Green 4,06 4,02

In general, the changes in pH value were not
great, but this might be expected in a well-buffered
solution sueh as that of the fruit juice. In ripe,
mature green and very green samyles tauken from the same
plot the pH value was slizhtly lower in fthe green mature
stage than in the very green or ripe siazes. However,
the dlf{erences were not great enough to account for the
increase or decrease in catalase gctivity at any particu-
lar stage of development of the fruit or from any
particular soll reaction.

Catalase and oxidase activity in the leaves were
measured first on ?ecember 20 when the fruits were
beginning to ripen; again on January 12 when about one-

half of the crop had ueen picked &nd sgein on February 1




i
i
H
|
i
e
)]
i

when practically all of the crop hzd matured.
The oxidase actlivity of the lesves was not in-
fluenced b the soil reaetion or resulting growth.

atalase activity of the leaves showed the seme relation-

O

ship with reference Lo scil reaciion znd resulting growth
as the green mature fruits, i.e., the least catalese
activity occurred in the plents from plots with a coil
reaction of pH 6.5-7.0, IHMescurements made on December
20 showed less catalese activity on all plots than t:iose
mede on January 12 snd February l.

Since the soil reaction and resulting growth
apparently had no effect on the oxidase activity of frnits
or leaves Tor the fall 2xop; i0 mqasurements were mode on

the spring crop. Cstaiase activity in vhe leaves was

=t

measured ab two~weeﬁrlhtervals, Shfﬁarch 00, April 12 and
hpril 26. Determinations were-made--on the fruits only on
one date, namely April 27. ‘Mhen leaf samples of March 30
and April 12 were taken only small green frults were
present in thes first three clusters. Resulis are given
in table VIII.

Results oxn catalase activity in the spring crop
azgree with those secured on the fall crop., Catalase
activity of the leaves was less on the neutrzl plots
{pH 6.5-7.0) andugreater on the acid (pH 4.0-4.5) and
alkaline (pH 8.5-9.0) plots. Both ripe, very green and

———— s
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TABLE VII

Catalase and Oxidase Activity
of Tomato Leaves Grown in
Soils VWith Different pH Values

Oxidase C.C. Catalase

of Hg dis-

placed at

:@.c. of water displaced)

Soil end. of 60 Time in minubes
Reaction : nminutes : . :
. . l . 2 . "5
December 20
pH 8.5~9,0 1.55 4.0 Se2 5.7
pH: 605"‘7a0 1055 3.5 4.3 4:08
piH 4.0~4.5 1.40 368 Dad 5.9
Jenuary 12
pH 8.5-9.0 1.30 5.1 6.5 7ed
_pH 6- 5"'790 loéO 258 508 4:1:4:
pII 4.'-:(}"{55 1025 8.8 806 907
February 1
pII 8-5"900 1-50 405 608 7.6
p}I 695"’7.0 104:0 3.5 501 5:6
pH 4'00"‘4::5 1045 4‘05 6«9 718
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TABLE VIIX

Catalage tetivity of Leaves

=

£

rruit of the Spring Crop of

Tomztoes.

: : : Catalase
: : Soil s{c.c. of water displaced)
Date : Sample: Reaction :
: : : Time In minates
: : 3 1 : 2 : 5
H 805"‘900 :508 501 ,506
March 30 Leaves H §.5-7.0 Be 4.1 4.9
pH 490”405 509 5»2' 500
l)}i 8«5"“900 4‘-06 504 6.&1
April Teaves DH 6.5-7.0 e 3.6 3.8
pH 450‘4-5 361 z.5 5:7
pH 8.5-9.0 4.2 5.1 5.9
April Leaves pH 6.5-7.0 2o 2.8 2.9
PH 4‘@0"4:05 1:':0.1 r'.je:':: 508
Green T 8.5-9,0 1.1 1.7 2.1
Apfil Mature i 6a5”700 098 Oog 1a0
Ffuit pH 400’405 208 605 508
}Zipe H 8.5"9B0 lubb, 1v5 168
ﬂpfil 2 Fruit pH 605-790 Oog 101 1o5
400”405 104 107 199
Greeﬁ H 805“9!0 On? 008 009
April 27 Fruit I 8:5-7.0 G.6 0.7 0.7
I 4;0"445 007 ch lco




green mavture fruits showed the same relstion to soil
saction and growbh as the leaves, though the difference

in the cage of the very green frult may be within the

limite of exporimental error. As with the fell crop

catalase acbtivity was greuter in the leaves than in the

Tffect of Soil Reaction on Ionizable Materilzl

Table IX includes some physical and chemiecsl

e

measurenents of ionizable material in the rive fruits.
The voltage given is the initizl voltoge recorded st the
begzinning of the period of dielysis. A small drop in
voltage ocourred where the ampersge yan above 1.0, vul
at no time was the drop more than five volits by the end
0f the period. The dialysate was arawn olf freguently

enough to prevent the temperature from going above 3000

3

itratesble acid and bLase are given in c.c. and are
Pigured on a basis of I/10.
Differences in acid asnd Lasic constituents due

t0 s0il Teaction were very small in the ripe fruit.

Q

ithin 5 hours snl 20 minutes all of the basic constituents
wvere removed fruits vaken from plunis grown on the
alkaline plots and within 4 hours {rom the nsutrsl and

acid plots. There wag 4.43 percent more N/lo bese present

A e 5



TABLE IX

Results ¢f Flectrodislysis of Ripe
Tonato PIULt Trom 80ils of Ditfer—
ent pH Values.

: So0il H So0il H Seil

: nH 8,5-9.0 : pH 6.5-7.0 : H U4, 0-4.5
Tinme Volts AL.peres Deose Acid Amperes Base Acid Amperes Base Acid
I‘.’iin. - . C.G. O.G. CQC‘ C'c' 0.0CO C_.G..
10 82 1.30 19.2 10.2 1.50 254 12,8 1.40 23.4  10.5
10 82 1.30 20.2 10.2 1.10 204 11 7 1.30 2z 10.6
20 3z 3.&0 86.6 29.9 3.05 g2l 8.6 3.50 g1.4  20.1
20 32 1.15 37 17.3 1.05 39,0 1 .7 1.10 79.0 18.1
20 108 0.85 i5.8 0.80 15.0 1%.6 0.90 15.0 16.5
Lo 108 1.10 14 2 1.2 0.80 10.& 1%.2 . 0.80 10.8  21.9
4o 108 1.00 10.3 18.3 0.40 8.7 15. 6 0.20 1.7 18.9
g0 10% 0.55 3.7 26.1 0.65 3.0 27.0  0.30 1.7 2&.1
80 108 0.25 1.1 17.9 0.25 0.0 20.7 0.10 0.0 15.6
80 108 0.15 0.0 14,3 0.10 0.0 17.5 0.10 0.0 13.8
400 : 2ih.6  181.2 205.4  18hk.h 195.4 189.1
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In the samples from the nlots with 2lksline reaction
than in those from the neutral »lots. Conversely, there
was 4.87 percent less N/10 tase in the fruits from the
acid plots than in fruits from the neutral plot. Truilts
from plunts grown on the acid soil contained very little
more acid than fruits grovm on the highly alkaline soil, |

On the other hand, fthe acid cunstituents were
removed muech more slowly then the basic ones. again
differences due to soll reaction were noted, but they
were very small and probably nob significant, since all
of the zcid constituents were not removed in the time
allowed for electrodialysis. The fruit from plants on
the alkaline plots contained l.7% gexcent less aeid than
fruits from the planté on the neutral plots, but fruit
from the acid plots contained 2.54 percent more zcid than
fruits from the neutral pnlots.

The agid_constituents were removed alt a more
uniform rate than the basic constituents as shown in
fimures 1 and 2. Hlectrometric titvations were run on
the anolylte and catholyte and sre given in the appendix,

Positive correlation between the soil reaction
end ionizable acids and bases of the green mature frult
is shown in table X,

- Differsnces in the ionizable acids and bases

in the green mature fruit, depending on the soil
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T {5 ;L.Lz X
Results of Zlectrodialysis of Green ¥sturs
Tomato FFruit from Soils of Different
nH Valueg.

So1l : Soil : 3cil
i 8.5-9.0 : pH 6.5-7.0 : pH 4,0-4.5
Tolts Amperes Base Acid Ampsres Bage Acid Amperes Bage Acid

C-CO C.c. CO(;‘Q 0 G. COCO c‘c.
1.90 27.0 12.37  1.15 21.1 9.2 1.60 20.0 1h.h
1.70 25.0 10.9 0.80 1.6 g.2 1.00 17,8 13%.8
7.50 36.3 28.6  3.20 72.2  2%.1 3.30 71.3 30.1
1.20 0.8 16. 1.50 5.2 17.% 0 1.10 34,9 1;.2
1.10 28.1 1. b 1010 22.8 1,2 . 1.00 25.1 L8 &
1.00 18,6 2,1 1.00 22.8  21.2 1.00 2.9 22. 5 3
0.50 h.6 1h.2 0 0.35 5.Z 1h.2 0.40 ?.3 16.9
0.70 h,5 5.2 0.35 9.6 2%,0 .70 L3 27, 6
0.20 0.6 17.9  0.40 3.7 26.6 0.50 L, 25.8
0.10 0.0 1%3.9  0.40 2.9 25.B 0.30 2.4 20.1

225.5  178.1 220.2 147.5 209.3 203%.2
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Results of Electrodialysis of Green
Moture Tomato Frult for Twesniv-seven

Hours.,
: Soil : Soil
: pH 6.5-7.0 : pH 4.0-4.5
Time Volts Anmveres Base Acid Ammeres Base Acid
CeCoa CeCoe C.C. C.Co

10 mln, g2 1.90 28.0 12.J 1.50 20.1 15.6
10 82 1.80 23,8 11. 1.10 1, 1.7
20 g2 3400 70., 24.& 3,20 72. o 26.5
20 " g2 1.00 33.% 1h.8 1.50 Lz,0 12.8
20 108 0.50 1%.6 14,4 1.00 05,48 13.7
ho o 108 1.05 22.0 13.7 1.10 2e.8 20.7
ho 108 0.110 2.7 12,3 0.60 73 12.3
g0 " 108 0.40 2,8 30,0 0.50 &.4 2.1
80 108 0.35 2.2 20.7 0.20 0.0 1%.2
80 108 0.2 0.0 22.9 0.20 0.0 - ez.6
150 108 0.10 0.0 21.7 0.25 0.0 29.4
13 hars. 108 0.10 0.0 66.4 0.30 0.0 56.6
3 108 0.05 0.0 5.8 0.10 0.0 13.0

2 v 108 0.05 0.0 5.7 0.10 0.0 10.9
1630 min. 218.3% 286.1 211.0 307.1

e gt e e e et s e
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those given in table X for the green mature fruit from

the neutral and acid plots when electrodialysis was carried
on for tine short period.

The bases were removed in 5 hours and 20 minutes
from the neutral plots and in 4 hours from the acid plots.

Tiiis corresponds to the length of time required for the

removal of bases, as given in table X, in which case
electrodialysis was carried on for 6 hours and 40 minutes.
Although the acids were not completely removed at the

end of the long period, there was a difference of 7.34
percent between the fruits from the neutral and alkaline
plots as compared with a difllerence of 3.37 percent for
the short period. The zabtes of removal of acils and bases
are shown grapnically in figures 5 and 6.

A comporison of the ionizable constituents of the
leaves from the three series of soll reactions given in
table XII shows & tendency similar to that of the fruit.
The lesves from the plants from the plots with an acid
reaction contained more acid and less bvase than leaves from
plents from the neutral plots, while leaves from pl:ants
grown on soll with an alkaline reaction contained less
acid and more base than leaves from plants grown in neutral
s0il. The rate of removal of acid and base is shown in

figures 7 and 8.
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TABLE A1

Resultp of Plectrodialysig o

Trom Soils of Different pH V|
: pH g?%EQ.O ;

Time Volis Amperes  Base pH Acid pH Amperes Basge
Min, CaCoa CeCo c.C.
10 108 2.30 32,7  11.1k 7.0 2.70 0.85 21.

10 108 2.10 33.9 | 11.11 8.6 2,67 1.20 2l

15 108 2.60  53.6 11.59 15.8 2.52 2.20 5.

36 108 1.10 24,0 10.72 20.5 2.3%  1.95 25.

30 108 0.70 19.1  10.59 10.0 2.73 0.60 19.

60 108 0.80 11.5 9.92 16.8 2.3% 0.65 19.|

120 108 0.30 7.1 9.61 15.5 2.43  0.40 10.
120 108 0.20 10.7 9.88 9.8 2.7% 0.20 10.
395 192.6 108.0 141,







i TABLE XII

!

brodislysis of Tomato Leaves

- LPferent pH Values.

Soil : Soil

_ o 6,5-7.0 : pH 4.0-4.5

émperes Bage pH  Acid pH  Amperes Base pH Acid pH
( c.C. C.Co CeQs Celo

éO.S5 21.5 11.07 6.8 2.68  1.40 28.7 11.07 8.7 2,94
§1.eo 4.1 11,0 7.2 2.73 2.15 26.0 10.97 10.9 2.57
Ee.ea 45.7 11.53 13.6 2.50  3.90 47,7 11.46 27.3 2.38
21.95 29.9 11.10 28.5 2.33 1.40 27.0 11.10 19.2 2.u4
fo.éo 18.9 10.65 10.9 2.79  0.65 17.0 10.65 18.5 2.48
5 0.65 19.% 10.58 14.9 2.73 0.30 11.1 9.80 17.1 2.57
g 0.40 10.8 9.28 17.h  2.48 0.20 9.6 9.19 10.2 2.94%
i 0.20 10.7 9.19 10.6 2.6% 0.10 8.5 8.74 8.7 3.07

181,9 109.9 175.6 121.1
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The pH values of anolyte and catholyte were
made by means of the Bailey (5) hydrogen electrode. The
E. M. P. readings were converted to pH values from the
tables given by Schmidt znd Hoagland (43). Differences
in titrateable acid of the catholyte Letwsen some of the
runs from the sume tissue were very great, but the
relative change in pl was very slizht. The range in pH
from the csatholyte irom all the plots was from 2433 to

ter, showe

3.07. Changes in pH from the anolyte were grea
ing a range from 11.59 to 8.74. Differences in pH
corresponded tc the differences in titrateatvle base but
the relative differences in the case of the pH values
were not as great.

Data presented in table XIII indicate that the
ionizable constitucnts of the stems were influenced by
the soil reaction. Percentage differences in titrateable
N/10 acid and base, depending on the soil reaction in
vhich the plants were grown, were greater than with leaves
and fruit. Differences in pH values of the catholyte
were small compared to the amount of titrateable acid,
Changes in pH of the anolyte showed & greater positive
correlation with chsnges in titrateable base. The rate
of removal of the ions from the stem ftissue is shown in

figures 9 and 10.




TABLE XIII

Results of Electrodialysis ¢
From Soils of Different pH 1V

DHsgfé-9.0 pH 2?%E
Time Volts Amperes Base ‘ pH Acid pH Amperés Base
Min. C.C. C.C. C.C.
10 108 4.70 b b 11.75 16.2 2.31 3.90 ho.5 1
10 108 2.85 26,4 11.32 11.0 2.46  2.10 21.8 1
15 108 2.45 21.6 11.35 12.5 2.31 1.80 12.6 1
30 108 1.50 10.0 10.71 16.1 2.2%  1.90 10.6 1
70 108 0.70 5.9  9.73 6.2 2.77 0.60 7.6
60 108 0.50 5.1  9.16 7.9 2.69 0.50 3.5
120 108 0.140 6.2 10.02 9.1 2.6% 0.50 53
120 108 0.15 2.3 6.93 3.5 3.16 0.25 5.8
395 126.9 82.5 103.7
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TABLE XIII

Lectrodialysis of Tomato Stems

' Different pH Values.

pH 2?%57.0' ngoi%o-uta
nperés Base pH Acid pH Amperes  Base pH Acid pH
C.Co cC.C. C.Co C.C.
3.90 40.5 11.56 13.2 2.48 3.70 36.4  11.53 12.8 2.36
>, 10  21.8 11.10 8.9 2.58 3.00  20.0 11.32 12.8 2.36
1.30 12.6 10.78 8.9 2.60 2.50 10.5 11.09 12.2 2.38
1.90 10.6 10.53 14.8 2.34 7,45 10.%3 11.05 28.1 1.8%
0.60 7.6 5.12 16.4 2.31 0.85 3.7 9.70 10.7 2.60
0.50 3.5 L, g5 8.0 2.57 0.65 3.2 9.33 13.6 2.43
0.50 5.3 9.%3 13.7 2.48 0.55 3.9  9.61 15.9 2.40
§.25 5.8 9.75 8.4 2.75 0.20 3.l 9.58 5.9 2.96
é 10%.7 92.5 91.5 112.0
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The greatest differences between amounts of
ionizable acid and buse, depending on the soil reaction,
were found in the root tissue as shown in table IV. Rod
tissue from the alkaline plots contained 78.06 percent
more N/10 base than like tissue from the neutral plots.
However, the tissue from the acid plots contained only
15.19 percent less base. The root btissue contained 60.14
percent more N/10 acid when the plants were growm in an
acid soil tian when they were grown in a neutral soil.
Changes in pH of the ectholyte were small, however,
differences in the titrsteable acid were great. C(Changes
in pH of the anolyte corresponded to changes in titrate-
able base to a greater degree than »ith any of the other
tissues dialyzed. Figures 11 and 12 indicate the rate at
which the N/10 acid znd base were removed.

Table XV is a brief summary of the more important
findings presented in tavles IX to XIV inclusive.
Differences in total titrztesble K/10 zcid and base only
are included. Differences in c.c. und psrcentages of the
amount of acid and hase contained in the respeétive
tissues are presented. TFindings with respect to the
amount of ionizable constituents in tissues from plunts
grown in the neutral plots were token as & basis of

comparison.

e e e e e st A s £ B



49~

Results of Electrodialysis o

TABLE IV

From Soils of Different nH V

nﬂsg?%—g.o : pli g?
Time Volts Amperes Base  pH Acid pH  Amoeres Bage
Min, C.C. C.C. C.C>»
10 108 1.30 20.8 11.%6 5.5 2.90 1.30 21.0 1
10 108 1.10 1k,9 11.05 L.9 2.84 0.70 10.2
15 108 1.35  15.7 1l.22 6.0 2.84%  0.70 10.8
30 108 1.20  13%.3 10.85 10.0 2.38  1.00 8.1
30 108 0.40 70.1 11.B4 4,0 2.92 0.20 4.3
60 108 0.25 3.5  5.12 5.7 3.09 0.25 2.0
120 108 0.30 2.4 4,81 4.1 3,13 0.20 1.1
120 108 0.15 2,0 5.00 4.5 3.26 0.05 0.4
395 103.1 b7 57-9







TABLE IV

| Etrodialysis of Towato Roots

Different oH Valuee.

oF 6527, R ok

=Tes Basge pH  Acid pH Amperes Bage pH  Acid pH
' C.C., C,.C. . C.Co C.C.
.30 21.0 10.51 '7.0 2.94 1.40 10.0 10.5% 6.0 2.84
.70  10.2 g.44 5.3 3.09 0.55 2.7 .90 6.0 2.49
.70 10.& £.90 6.5 3.00  1.00 5.5 9.58 7.0 2.8k
.00 8.1  7.50 11.0 2.57 3.30  18.7 11.15 25.6 2.08 |
.20 b.3 L.9g 10.6 2.69 0.50 2.4 g.47 6.1 2.75
.25 2.0 L,90 6.0 3.02 1.00 4.3 9.33 13.1 2.40
.20 1.1 .80 6.2 2.9% 0.50 7.1 “2Q25 16.3 2.31
.05 o4 b.71 1.6 3.28 0.25 s 7.96 7.5 2.73

5749 54,7 ho,1 87.6
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TABLE XV

Differences in Titrateable Acid and Base
'rom Various Parts of the Tomato Plant.

Summary of Tables IX to XIV

B0il

: T NW/10 Base : Difference ¢ N/10 Acid :  Difference
Samnle : Reaction 2 CeCo ! C.0. Percent. ! C.C. ! C.C. Percent
Ripe pH 8.5-9.0 21L.6 + 9.2 + .48 181.2 - 3.2 = 1.73%
Fruit pH 6.5-7.0 205. 1 18 .4

pH 4.0-U4.5 195.4 ~10.0 - L. g7 189.1 ~ 4,7 4 2.54
Green pH €.5-9.0 225.5 + 5.3 + 2,00 178.1 - 9.4 - 5,01 &
Mature pH 6.5-7.0 220.2 137.5 o
Fruit pH 4.0-4.5 209.3% -10.9 - .95 20%.2. +15.7 # 8.37 f

pE &.5-9.0 192.6 +10.7 + 5.93 104.0 ~ 5.9 - 5.46
Leaves pH 6.5-Z.o 181.9 109.9

pH 4.0-U.5 175.6 - 5.3, - 3,46 121.1 +21.2 +#19.29

pH 8.5-~9.0 126.9 £23.2 +22.37 g2.5 ~10.0 =10.81
Stems pH 6.5-7.0 163.7 92.5

oH 4,0-1.5 91.5 -12.2 ~11.76 112.0 #19.5  421..08

pH £.5-9.0 10%.1 #15.2 +72.06 iy -10.7 =19.56
Roots  pH 6.5—?.0 57.9 S5t 7

pI{ )1“.0-"%-5 ﬂgul hadl 8.8 —15~l9 87'0 'f 3209 *‘60011:'
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DISCUSSION

The soils used in the »lots were all ol the
same bype, were uniformly prepared by composting and were
thoroughly mixed in a highly eifficicnt voll shredder; it
was thcuszht that this method would reduce the variable
Tactors to a minimum. The use of soils with notural pi
of the desired range was suggesied. It was thousht that
the variations in fertility between the soils from various
sourcaes would increase the variable f{actors which in-~
fluence growuth,

The use of water or sand c¢ultures with pH values
of the desired range rould no doubt have kept the vari-
able factors to the minimum, but growth of the plints
would not have bLeen comparable to that secured when plants
were zrovm in soil. Since this was a study of greerhouse
soils, the conditions were more naarly comperable than
with water or sand culbures.

By the addition of shosphoriec acid to secure the
acld reaction and hydrated lime to obtain the alkaline
reactvion, the calcium, hy@rozen, hydroxyl and phosohate
ions and the action of these on materials in the soil
were Ffacbors whiceh misht affect the growth snd yield of
the plant. Howevér, since the respeciive ilons mey cause

acidity or alkalinity as measured by pH, the acidity or
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elkalinity of the soll was considered in general as the
factor which caused variation in growth and yield.

Phosphorus is one of the essential elements for
plant groasth. Only the acid plot wes trealted with
puosshoric acid, but available nhosphorus was present
in the soil in sufficlent quantities on the neuitral and
alkaline »lots to secure normsl zrowlbh. Repeated tasts
and observatvions of plant zrowth in the compost used in
the greenhouse venches showed thut it contained enough
of the essentlal elements for plant srowth without the
addivion of any fertilizers. Hence, phosriorus was
readily available on all the plois. The csame wuas true
for calcium added in the hydrated lime.

Sixteen plots in the greenhouse with soll re-
actions rangsing from pii 5.5 to 9.0, used for another set
of expsriments, zave gimilar results with reference to
yield znd growth a8 the gix plots included in this
experiment, The largest yields and maximam growth were
secured on the plots with a soil reaction which was
neutral or slizhtly acid.

| Van Alstine (48), Tarr and MNoble (44), Dugzsar
(18) and Appel (1) reported chlorobic effects from the
use of nutrient solutions where fthe pH was on the
alkaline side. This was said to be due to the in-

solubility of the Ion. No such results occurred on the

PO
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plants grown in the greenhouse plots in & soll with a

similay reaction.

Catalase and Oxidase ictivity

The data show clearly that there was a relsbion
between the catclase nebivity and amount of growih and
yield in the tomato. The differences in catalase activity
of leaf tissue from plunts growing in verious soil re-
actions were greatef than irn the fruit. Catalase zctivity
was mach greater in the leaf tissue than in any staege of
maturity of the fruit and may account fox these greater
differences.

The catalase activity in very green fruiis wes
very low and coasequenitly no consistent differeace could
be noted between fruits from Tthe various plots. Cuatalase
activity of the fruilt appeared te be greatest in the green
meture stage, «nd consistent difrerences due Lo conditions
of zrowbh were noted. .s the fruit ripened catalase |
actbivity égain decereased for Truits from all the plots.

Knott (30) found in spinach that when the plant

changed from a vegetative to 2 reproductive type.of

growth the catalase activity decreased. In the experiments
reporbed here yield and growth were associuted on the
neuvial plot and éatalﬁse aetivity decreased under these

conditions. Since production of fruit was high on the
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neutral plots, the tyve of zrowth secured could not de

considered & vegetative bype. The results reported here

v'!" ‘t

2ith resnect Lo catalsse acbivity were in aceord with

the results of Bzell and Crist (19) who

i

oxnd a negalive
correlation between yield and sryowbth wné catalase

activity in the leaves of bthe ansle. lHelnieke (27)

found catalase sctivity was reduced in the bark of the
apple tree by frulting. He concluded that growth-producing

substances lncreased catzlase activiiy, while substances

0w

which retarded vegetative activity had & retarding in-

- fluence on such activity., ¥zell and Crist (1S) took

gxecention to this since thelr resulis, eswvecially wibth
lettuce, shewed that as growbh incressed, catalase sebivity
decreacsed.

It e~pears from the osressent Work that increased
srowth accompanied by increased yield may be associuted
with decreasel cotalese sclbivity. Heinicke (27) consider-
srowth as associctbed with decreased

(o)

ed only increased
abaluse aetivity ond disregsrded yiesld of fruit as a
factor.

No corxrelution was found in the present work be-
tween growth, yield and oxidase aclivity., Teed (30)
found catalase and oxidase achiivity to be independent of

each other, and this is substantiuted here,
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Ionizable Constituents

Three zrams of air-dried tissue was used in sll

cases where roots, stems und leaves were diaslyzZed. TFresh

meterial was used with the fruit, 250 grams of the "green
mature”™ and 275 grsms of the ripe fruit. According to
Wehmer (49), the ripe tomato Trult contains 92-94 percent
of water. Therefore, the fruit samples contained 7 to

9 grams on a dry weight basis. This was two to three
times as much as the root, stem and leaf samples. Con-
sequently, the roots and frults contained the least
amount of ionizable manterisl and the lezsves conbained

the greztest amount, as measured in terms of XN/10
titrateable ascid and bvase.

The various samples of the plznt tissue used
were as large as practiceble in order to obtain a lurge
amount of acid and basic material. Since the titrations
were with N/10 HpS0, cnd N/10 NaOH, the larger the total
amount of acid or base reguired to neutralize the
dialysete the smaller the error. The size of the sample
was governed by the amperage in a given length of time.
It was not deemed advisable to allow the amperage to go
above 4 Tor more than 1 oy 2 mimmtes, =ad 1t wes
preferable to hold it below 2 amperes sinee with high

amperaze high temperatures resulted. It may be noted

g e e et e e
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that the amperage ccrresponied fo the amount of acid and

agse removed, esneciazlly in the early stages of dialy:sis.
The greuter the total of ilonizable constituents present
in the dislysate, the grester the amperage.

The greatest percentage differences of the ascid
end basic constituents, depending on the acldity or
alkaelinity of the soil, were found in the root systems.
These differences decreased in the order of roots, stems,
leaves, green mature fruit and ripe fruit,

It is not surprising to find the greatest differ-
ences in acid and basic materials in the root systems
of plants grown in acid and basic soils. Since the
alkaline soil was treated with hydrated lime, one would
expect to find a greater amount of calcium szlbs present
in the plents. The acid soll having been treated with
phosphoric acid would contain more acid muterial.
Hartwell {(22) fdund tiie percentage of phoschorus in
turnips to be positively correlated with the amount of
available phosphorus in the soil. Truog (47) pointed out
thet the pH value of the tissue or extracet of & number of
agriouitural plants could be raised by the addition of
lime to gcid soils in which the plants were groving.

This would indicate the intake of & greater amount or

proportion of nlkaline meterial. The findinss of Reed

R
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and Haas (40) viere contiary to this, as they repoxrted
no diffevences in pH wvalues of the sap expressed from
walnut sesdlings regardless of the reazchbion of the solu-
tion in wiiich they viere grovia.

rs stated sreviously, the differences between
titrateable acid and base, depending on the acidity or
alkalinity of the soil, becume less in the order of root,

stems, leaves and fruit. Burgess znd Pember (13) found

@
v

the higzhest pereentag of aluminum in the roots; con-
giderable in the leaves; & litltle in the stems and none
in tine gr:zin of barley. It may be logical to sugzest
from their results and those reported in these experi-~
ments tuat there is an egualization of base and acid
materials by the time the ionizable material reaches Lhe
fruit.

The pH values of anolyte and catholyte were
taken for roots; stems and leaves, but the differences
werxe small, especially where the amounit of titrateable
acid and base was larze. This might well bhe eipscted
where the solutions were well bLuffered. In many in-
stanceslthe oH value on the basic side (anolyte) was
less than 7.0 or neutral. The Aisbilled water used was
about pH 5.0, so one mizghi exvect readings lower than

the aneutral point.

L
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SUMMARY

Tomatoes grown on soil with a pH value of

6.5=-7.0 zave hirzher yields and mede greater ziowth as

messured by btotal dry matter than tomatoes zrown on soils

of oH values 4.0-4.5 znd 8.5-G.0.

Catalese activity, gfowth,and yield were
negatbtively correlated in the vegetatively mature leaves,
green mature fruit and ripe fruit. XNo apparent Giffer-
ences viere observed in very green Iruitvs.

In the tomato fruit catelase acbivity was low-
est in very zreen frulis, mmeh greater in the green
mature stage, and became less in the rive fruit.

Soil reaction und subseguent growth and yield
had no asparent effsct on oxidase activity, altnough
oxidase activity wes zreater in the ripe fruits than in
very green or sreen mature f{rulvs.

Cotalace and oxidase activity were apparently
indenendent of each ovher.

More acid materials zs determined by electro-
dialysis were found in plants grown on acid soil wnd
more basie muterials In plonts grown on an alkeline

soil. The percentuaye differsncss weve In the order of

Tine leaves contained the greatest amount of
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ionizable materials, vinile roots und Truill aparsntly
conbained the least.

O
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APPENDIX

Electrometric titrations made on the
dialysate are ploted im the fellowing graphs, The
symbols Ry, Rymmmmm = Rg refer to the titrations made
on the anolyte of the dialysate. The symbols Ll’

Logm=~me—- Lg refer to the eleetrometric titravions mede

on the catholyte of the dialysate.
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RIPE FRUIT.
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