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S0 PICOT CICAL STULTES O SiuD VTARILITY

e enm——

IT. Reduction of Fotassiur Permargerate

As a "'easure of Se.d Vianility

Introduction

The possibility of develoving a simrle methad to serve as a
measure of seed viability was the basis of ttis study. 1In spit: of
the wide divergence in the cVeﬁica; e'd vhysical comcosition of dif-
ferent seceds wit in & group or class, it was bored thet trere right Uve
some sirnle relestion, that would orerate as a function of the rerm-
inetirg vower of tre seed, and thus serve to messure that rower.

The previous work conducted at this Instituticn on this problem
Fes bear alorg two lives: the first, the measurerert of t'e vlectrical
corductivity of seed extracts; the second, the deterriration of the
reducticn of chemical reagents, rotably rotassium permancarate.
DPevelopment of the method of electrical conductivity measurerent is
described in a parver preserted by Fick and Fibbard btefore the Vichigan
Acedery of Science, Arts, ard Letters(12). This work was cortirued
by Miller ard is reported in his tlesis, presented in 1526. The latter
veper contains in addition the study of the chremical methods.

The presert study wes vlanned as a contiruation of the ver-
manganate reduction method, with a view to refining it sufficiently
to establish differences of germiration of two or three per cent.
Considered from that viewroint, the results are rather conclusively
nepative, but with further studies it has been possible to demonstrate
some of the factors resvonsible for the results obtaired.
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Bistorice

0f tre levr list of rearents used in oxidetion-raduction
reanctions, rotassiur rerrmanranate ie undoubtedly tl'e most favored, both
for irorrsenic end or~anic redustiors. Its chility to rez~t in aerid,
elkalive, or reutrel solutions, corbivad with ite in*cnse coloretion,
which serves £s its own irdicntor, lieads to its edoriion in a wide
revece of situations,

Wickin the more restricted ranpe of plart rateriels, it is
1ften used. Reictoert(?5) lists a rurber of wethods for its u=e ir iie
rrereretion of soluile sterch. Lasser-Cotn(2G) in his "Yanual of

Crea ic Cherisiry”, gives tle rractions of poteseium permancancte with

a nurber of aromatic cermpounds, including a quaniitative estimetion
of glycercl. Re=d(34) recrorted a reduction of concerircted motassiun
vermanganste by horseradish extract, in which tre rveroxiceses were breld
to be the reducirg a~ents. Runzel and Passeliurire(4) refuted tre
evidence of Feed very soon after his cublication, insofer ss the rer-
oxidese is concerned as they list tern orranic comcourds thrat redure
permenpanata. In all tre resctions the formation of hydrated peroxides
of mesncanese was noted.

Its direct avrzlicetion to seed extracis, however, is nrew, hence

the feesivility of ettemcting to establish a quantitative relstionship

between it and somre comuonent of the seed extra-t.



fethods Other Than Permancanate Reduction

Waller(43) made use of trs after-currents arousad by singls
induction shocks to determins whether seeds of beans wers dead or alive
Dead seeds always develooed an after-current, or "blaze current”, in the
oprosite direction to the induced current. If the after-current aroused
by induced currents of both directions were in the same direction, or if
there was no change in current direction between induced and after-currents,
the seed was alive..

The electrical conductivity of plant materials has been studied
by a number of workers, but not all this work is applicable to this
problem. Osterhout(32) studied the resistance of disks of Laminaria,
using a modification of the Wheatstone bridre. Brooks(3) made a definite
contribution to the field in his studiees of conductivity as a measure of
vitality and death. He defines "net conductance” as the conductance of
the tissue, independent\of the conductivity of the bathing fluid. In
most cases, conductance of dead tissues was only 35% to 607 of that of
live tissues.

Fick and Hibbard(12) applied the method of electrical conductivity
to determinations of seed viability. The relative exosmosis of salts was
greater in seads of low germination, and hence the resistance of the ex-
tracts to the passase of an electric current was less. A positive cor-
relation was found for timothy and red clover. With a larger number of
samples, and improvements in the technique, ¥iller reporte in his thesis

that he has not been able to correlate viability and solution resistance,
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and that no definite equilibrium is reached, even after twenty four hours.

The decrease in the heat of resniration has besn usad by Darsis,
Elliott, and Pierca(1l0) as an indication of the laws of germinating vower.
The temperature which was developed by cerminating seeds in silvered Dewar
flas%s, under conditions suitable for germination, was taken to indicate
the viability. A "normal temperature”™ for each svecies of plants studied,
wag used as a basis of comparision. Another application of thermel relations
is sugrested by Munerati(26) who finds that as seeds of wheat age, they
germinate better at temperatures above threir mormal. This could be taken
as an approximation of the ere of the seeds, within a relatively narrow
range.

Lesare(22) presentad a method which had as its basis the ability
of seads to color solutions of KOH. He used solutions rarging from N/1
to N/683 and found thet dsad seeds colored all, while live seads colored
only the solutions stronrer than N/32. He sugrested the use of thie re-
azent in a concentration range between X/32 and }/633, as a means of
determining viability.

Brocq-Rosseu and Gain(2) were among the earlisst workers on the
relation of enzymes to viability. They reported peroxidase in wheat
estimated as beinz from two to five thousand years o0ld. All samrlss of
lesser antiquity showed the presence, in an active state, of the enzyne.

McHeargue(24) did not verify these findings, as he states that in
every case where the seeds showed a weak or zero germination, they showed

also a weak or zero peroxidase test. Using tests described by Kastle(18),






he found peroxidasas in twenty speciss, but oxidase and peroxidase in only
three species, namely: 1lettuce, alfalfa, and soy beans. His tests enabled
him to classify seeds as high, medium, and low germination.

The relation of enzymes to germination is mentioned ﬁy Crocker(T)
in his study of the delayed germination of Xanthium. He was unable to
detect any differences in digestive activity of extracts from the upper
or lower seeds, altho the latter germinated a year sooner. A more extensive
study 6f catalase and oxidase activity appeared in a later work, Crocker
and Harrington(8), in which they study Johnson and Sudan Grass seeds.

They do not find a very close correlation between either of the enzymes
and the vitality of the sead, but stated that the decrease of catalase
activity with age was a fair measure of are in continuously dry-stored seeds

Shull and Davis(40), in contrast to Crocker's resulte, find that
the lower seeds show greater catalase activity than the upper seeds,
both under laboratory and field conditions. The enzymatic differences
wore held to be in harmony with other physiological differences, which
cooperate to delay germination.

Nemec and Duchon(27) reported investigations of catalase activity
which gave much promise. Working on oats and peas, they obtained a re-
markable correlation of catalase activity and germinating power. They
used 2 grs. of meal, to which was added 15 ccm of neutralized 0.37
hydrogen peroxide. The net volume of oxyzen liberated in 5 minutes
was about equal in cubic centimeters to the percent germination.

The at temcts of other investigators to duplicete these results

have not been uniforrily successful. In the same year, de Vilmorin ard






Cazauton(42) applied the test to differert verieties of peas. They
concluded tret there wes nro consistancy between the reletion of catalase
activity ard germinability.

Wilmer Davis(1l) found that the meal from dead ard live seeds
of lettuce often showed & catalase activity nearly parallel. If the
meal was scaked in weter over night, that from the live seeds shcwed
sligrt change in catelase activity, while trat from dead seecds showed
a decrease. This he internreted &s & reduction or chemical decomposition
of the catalase. A more reasorable explanation would be to ascribe

the difference to greater permeability in the dead cells.



Experimental Work

At the point where work on this problem was terminated by Miller,
the procedure in the potassium permanganate method wes as foliowa: The
seeds were socked over night in water and one cubic centimeter aliquots
withdrewn for tre test. To this was added cne drop of N/2 K¥nC4 eud
the time required for reduction noted. In order to obtain a cleer end
point, a few drovs of /10 oxelic =zcid was added when the reaction was
neerly complete.

It was deemed advisabtle to germinate tlhe seeds after soeking,
as the irregularities within a suamcle were often greater than the
differernces between srmrles. In view of this, a further effort wes
mede to evaluate tre vitality of the seedling produced. A system of
scoring wves arbitrarily sot up, based on the vigor of the seedling.

As 20 seeds were uscd, a perfect score for a strong seedlires would le

Eﬂ. Thoes of medium vieor were civen 47, the week sproutirg ones, Bﬂ,
ard those which failed to gerrinate, (. While it is recogrized thut

this is suiject to & personal error, it wss nevertheless roras reliable
than a rere plus or minus rating. Furiher, it is rore in harmony with
the order of accuracy of a cherical reacticrn,

After a few preliminary tests, with veryins amounts of aqueous
extrect, and verying arounts «»d concerntrations of sotessium rermenganate
es tle subject, the following test wes tried. Twe:ly seads were sockaod
in 40 c.cm. of distilled water for a psricd of 24 hours et room te perature.
The extract was decerted, the seeds sterilized wit} Chlorozere, evd
rla~ed in sterile disres to germinate., To 5 c.cm. of t e exiract, S oc.cr.
of ¥/61.2 'nC4 was «dded, and tle tire of reducti-n noted. Oxulic acid

. . 1 o .
£s g clorifying reent wes wlso added to the wrouwrt of [c.cm. This in

(3



itcelf »ould reace with the pormongeorate iv 1 Yr. 25 min,, Yence any
sclutions reguirin~ resrly ivot time for reduction would have zero

reducirg vover. Talle 1 s“ows the ~ajor esrscts of 2 reantion of iris

Tyre.
Table 1
Tine Rzate of Reduction
As a Yeusur: of Viability
Sample |percentage Reduction Sample | Percentage |Reduction
Cerminstior Time 4n Min, Germination|Time 4n Min. |

9 100 44 .5 4 80 30.2
10 95 45,3 1 72 34,5
13 95 42.2 5 65 26.3
12 95 37.1 4 55 21.2
3 g3 31.7 16 45 11.4
£ 95 27.6 2 42 10.6
17 90 32.2 1 35 27.8
11 g0 28.0 15 q 17.7

sffvite Sre-d dn tha results, end that is

(o9

Théro is merely e
not &t all consisitevi. £An erd reint was found difficult to obtair, es
there wes o merved terdorey £or the forretion of a collaidal, brown
susuersion of Fn02, which wes relatively stevle. Yo reason wee arvcareri

to exrlain wky a tine rete reassursment should have any sadvantace over

a conventilceneal titration method. Yevertheless, several nore series were

run with very mediocre results.






Cxidation-reduction reactions of permanranate are usually
corducted at a temperature of 70°C. Since &t this temperature, oxalic
acid reacts quantitetively with permarganate, it was omitted.

In this arnd subsequent experiments, several concentrati.ns of
Kfzan4 were used as work oun tre method progressed. However, these will
all be reduced to a basis of N/10 KinC,, computed on the pertavalent
reactivity of this reagent in an acid medium.

Table 2 shows the r=sults of a run made under the following
conditions: 10 c.cm. of extract were heated to 70°C. on a water bath

ard permanganate added until en end point of a brown suspension was

obtained.
Table 2
Titration of Aqueous Extracts of Corn
By Neutral KIJnO4
at 70°C.
Sample Percentace KMnOg4 Sample Percentage KMnOy4
Germination | 4in o.com Germination! dnc. ¢
10 95 130 4 45 2199
11 94 2139 g8 __ 49 2130
17 89 .163 1 42 2.371
3 g3 2179 6 31 .146
12 82 179 5 21 .139
13 13 130 16 12 .289
2 94 146 14 10 2122
1 91 114 12 0 465
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A discreparcy in the method was epparent. Sample lo. 1 failed
to reach any definite end point in its absorption, as theres was apparently
an accelerative formation of the colloidal hydrated oxides of manganese.
The totel absorption was low, &s may be seen by comparison with Table
3, useing the seme sarmples, but with 2% by weicht of sulphuric acid
added to the extract.
Table 3

Titration of Aqueous Extracts of Corn

By Acid KVnO, at 70°C.
Sample ] Percentare Km0y Sample Percentace KMnOy4

Cermination 14n ¢c. ¢m, Narmination in c. cm

10 98 1.33 4 45 2.24
11 94 1.217 8 45 2,71

17 89 1.74 1 42 2.0

3 89 2.22 é 31 2,39

12 g2 1,60 9 21 2.36

13 135 1.75 16 12 2.42

2 54 2,26 14 19 1.36

1 o1 1.67 19 Q 2.£0

The greater amount of reduction was a favorecble feature of this
series, but the fact that an erd point of a clear solution was not
attainable would irdicate that the reaction was not reaching a point of
equilibrium. Inasmuch as the conditions established are exactly com-
parable with those prescribed for a permangenste oxalate reaction, it

was next decided to titrate the excess permanganate with sodium oxalatc,
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Table 4 shows the rs=sults of this precedure, &s well as the modificetion
used: Permargenste in excess (lc.cm. I'/2 KYn04) was added to the solution,

(acidified to 27 E,50, and kept et 70°C.) end ai ihe end of exactly

4

ten minutes the unreduced rerrmangenate was titrated back with sodium

oxelate.
Table 4
Acplication of Stendard Oxidetion-Reduction
Reaction to Aqueous kxtracts of Corn

Sample Percentaze | Net c¢. cm.|| Sample ercentage | Net c. cm.
Cermination] KMnQg armination | KNnO,

12 96 1.25 4 £9 2.00

11 95 3.00 6 £7 3.90

10 95 3.15 1 £0 2.68

8 93 3.15 5 21 1.15

17 88 2.30 1 50 4.30

3 81 2.75 14 __42 1.75

13 74 4,67 16 _21 4,91
2 73 2.95 19 0 425 |

"It is hardly politic to claim that trere is any correlation
between tre reduction as carried on in this exveriment, end the viability
of the seed. If there is e relation between reducing power and viability,

it does not appear to be a direct functicn.
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Three sumrles from the sare lot of corn were extracted undsr
differert conditions. Mo. 1 was allownd to sosk for 24 hours at
room temperaturs, No. 2, vlaced in a constant temperature oven at 50°C,
and No. 3, left in the ice box. The hot-water treatment killed the
seeds, but increased slightly their reducirg power, es will te shown
by teble 5.

Table 5
Effect of Tempersture Upon

Reducing FPower of Extrects

Sample Percentare | Net c. cm.
Germination| KMnO,

3 98 3.70
1 90 3.45
2 0 4.05

An attempt was mede to aEply the test to beans, but no con-
sistert results were ontsi-ied altho wide differences in reducing vower
of the extrccts were noted. Sters were also taken to adect the alkalire
vermenfanate method to thece extracts. It took several days to ottain
differences in reduction, which fact in itself would disqualify the
method .

As permanganate absorption, within definite time limits,
closely vearallels methods used for icdine absorvtion, it wes throught

feegible to try the lattier method. In this cese, the rearents used
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were of the normality recommended in tre A.C.A.C. Handbook(1l), but tre net
iodine sbsorvtion is cormruted on the basis of N/lO solution. The solution
wrs left in contact for 15 minutes, and the excess iodine titrated with

sodium thiosulphate, using starch as an indicator. The results are shown

in Table 6.
Table €
Absorption of Iodire
by Aqueous Extracts of Corn
Sample 'Percentaqe Net Sample Percent ace Net
Germination] JIodine Cermination ! Todina |
12 96 16 4 69 220
11 95 24 b 61 10
10 98 11 1 60 11
8 93 .17 g 51 17
17 88 13 1 50 .20
3 61 117 14 42 .19
13 74 16 16 21 20
2 13 J4 15 0 28

There seers to te even lees possibility of correlaticn by this
reaction than by t e permanganate tests. The low reasctivity of the
extracts with this reacent, would indicete that there was not a definite

reaction, which observstion is fortified by the inconsistencies in
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amount of net iodine absorbed.

At this point it was decided to substitute an electrometric
titration method for the colorimetric titration method, which had failed
to give consistent results. The potentiometsr set-up which was ueed is
described by Sherrill(39). A mechanical stirrer was connected with a
Cenco motor, as a means of insuring a uniform solution. The reference
electrode was not the conventional calomel electrode, as it was desired

to avoid the presence of the Cl ion. Instead the half-cell, Hg (metal),

Hg,50,, H, 80, (1N), technically known as the mercurous sulphate cell,
was used .9 A platinum foil, carefully cleaned and not platirdized, was
used as the other electrode. This was later changed for a platinum wire,
because the latter did not collect bubbles, which usually cause incorrect
voltage readings.

Altho diffusion proceeds from the greater to the lesser concen-
tration, and the liquid electrode was 1 N, which wae greater at all
times than the titrating solution, the electrode yet suffered contamination
from the permancanate in the solution. Other salts might also proceed
up the arm of the electrode, and being colorless could not be detected.
To overcome this error, it was necessary to allow a small amount of the
liquid in .the electrode to drain into the beaker at intervals during
the titration,

A solution temperature of 70°C. was maintained by the use of

© credit for the sugzestion to use this electrode is due Mr. A. M. Malloy,

of the Chemistry Department, M.S5.C.
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a "micro-burner”, regulated to sive a minimum flame. This feature, to-
zother with the use of the special electrode and the mechanical stirrer,
were the only deviations from the usual assembly employed in this work.

The method next vassed through a period of trial variations.
Direct titration of ths solution was not possible, because it possessed
an apparently endless ability to partly reduce permanganate. The first
few runs were made by adding a set amount of KMnO, and after ten minutes
at optimum temperature, titrating the excess with sodium oxalate. The
formation of colloidal brown MnO, was often a deterring factor, as it
was characterized by a sharp drop in voltage at a time when none was
justified. It was necessary to add as much as 1 c.cm. of oxalate in
excess of the end point, when the colloid would be broken down, and the
excess could be run back with permanganate.

The acid concentration was raised to 5% by weight, in order to
keep the cell well supplied with active ions, and not have a sluggish
chanze in voltage readings.

The standard solutions used in this phase of the work were more
carefully prepared than those formerly used. The potassium permanganate
was standardized repeatedly, and the sodium oxalate was electrometrically
titrated against the permanganate. The permanganate was .1141 normal,
and the oxalate was .0985 normal, but again the results are computed to
the basis of .1000 normal permanganate.

Theee trials led to the development of a technique where-in the

permanganate was added at the rate of 1-1.5 c.cm. per minute, so that a
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purple tinge was noted in the solution at all times. At the end of ten
minutes, the beaker was placed in the apparatus, and oxalate solution
added drop by dropo until the fall in voltage indicated the end point.
By these discrete édditione of permanganate, the colloid was eliminated.
While it would be possible to show titration curves for all the

reactions studied by this method, there would be no particular justification
for the inclusion of such a mass of data. Instead, a few charts, ( Fig.l-4)
ars to be found on the followinz rvares of tris varer. It is to be noted
that the reneral form of trese curves is nearly identical. Often the
identical readirg in millivolts wus roted for t»e end-points of differe:t
raactions.

Teble 7 shows tha first series run by this metiod, with only tre
nut XMnly colurm of tie ori~inal data sheet included.

Table 7
Floctrecmetric Titration

As a Veasurs of Viavility

Sevile lerceit-se Vet ¢. ~r Sem-Je Percuntore Yeo ¢. ocm.
Gerniratiorn| ', Fer~iration | KMnO,

19 1060 16,55 . ¢4 10.33
11 33 <34 61 7 b
1< 95 7.41 5 7 2.50
7 91 13.70 14 33 9.20
10 91 15.20 1 2t 1.64
13 9u _5.99 9 24 13.90
3 Vi 7.0G 135 U 46,358
14 79 13.48
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Figure 2
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Figure 3
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Figure 4
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Tre extremely rizh rsactions showm Ly most of the saules in this
series was rardly exrlicabla. In ssarchince about for & vossille flaw in the

4

toechnique emrloyed, blanks were run on all the res~erts ermcloyed. As 3,.
prienol hed been used to rreserve tre solutions of this szries, this was
included in the test. The results ar: shosi below:

Table 8

Reartivity of rlienol with Fermancanats

Water, acid, 5 drops
rhenol 6.27
|__Extract IOV T—

Extract, 0.2 ¢. cm. phenol 16 .57

K8 the vienol va3 added to T

.

1is series with no particular vains
10 rerulate the armount, it is evident thet the results are thereby
vitiated.

Rernlicate determinations were run on sarcles without phe ol,
end the reductim of verrancinuts checked exactly in soveral runs, while
in none did it vury wore than a fowv hundredths of a c.ct.

Table 9 shows the rasulis of a series of fresh oxtrects, run
i-mediately after the covvletion of tre rericd of soukine. The
titratione made here are of a de~ree of a-curscy which would ue worthy
of batter ends. There is every reason to telieve tret the technique is
such that tre maxinum reducti.n of permanzanate occurs, and the eace
with which checks &are secursd on duvlicate deteruinatiins leads the

1

writer to holieve tiat the retrod is cte icelly sourd.
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avia 9
Klecirometric Titration of hqueo:s Extrects

of Corn az e Yeasurs 5f Viavility

Sample Percentaga Net c¢.cm Samcle kercentaqe Net c¢.cm.
fermination | ¥MnOy Cermination K¥nO,
11 100 1.25 13 14 1.10
1 100 1.6] 2 AQ _4.54
10 93 1.90 9 36 2.48
17 93 1.69 1 36 .78
12 91 1.£0 3 35 3.20
b £3 1.052 16 25 1.96
B8 16 9.936 15 0 12 .38
14 15 1.88
Tre results of tabls 9 iadicets tread Sers is .0 siv.le relntion

betveen vichility +nd redact on of rerven~wnniz. From the craoh, (Fir. 5),
there 1s vos<ible evidence tlat tho tota!l ruduction is due Lo a nambar

1

of comnonents in tre extrast, wnd Ztess mar e rresent in sacn a nmuliti-

vlicity of crocvirtio-s that it would Le iwpossitle to estaviish a correlatim
The detsrminutions recorted tius far are not conclusively necative,
Yet they are even less conclusively cositive. Durinc tie time ihat the
wor¥% on imurovoment of tire method w=s in rrorress, some secondary develop-
ments appeared, the pursuit of which justified the coutinuence of thse work.
First among these was the faci that the atility of the solutions

to reduce permanranate was dimirnished quite raridly by excosurs to room

conditions, This ie apparent in Table 10, the history of which could be



-23-

Figure 5
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multiplied by that of every otrer extract used.
Teble 10
Effect of Prolorged Standing

on Reducing Power of Extracts

(Aga of Sample |Net KinQ,
|1 day 0.64
2 dnys 0.39
3 days 0.39
3 wecks 0.00

It is evident that tlese reactions, irvolvinrg probetly the
oxidation of unstable organic compounds, may go on with atmospheric
| oxygen at room temperatures. Where fungi appesred on the extracts, the
lose was hastened. Coons end Klotz(6) rerort tre lowering of tre content
of certain classes of nitrogenous compounds in the diseased leaves of
celery. The loss of reducing power in eeed extracts may be due to a
progressive break down of protein compounds irto a-emino acids.

Inasmuch as the results thus far presented have shown that there
ere larce discrepencies in the correlations attempted, it follows logically
tﬁat sorie attempt to discover the bases of these discrepancies should be
made. The physical state of the extracted materimls might give a clue.
It is & primary concept of colloid chemistry that tre ability of a
material to pass through the pores of a semi-permeable meribrane is

governed by the stete of division in which the material is found. Non-






dielyzeble compounds sre usually of & hich molecular weirht, so the

rossession of the reducing vower by that fraction mieht first rvoint to

proteins as the reducine agents. The results of tre first experiment in

this direction are stown in Teble 11. Collodion sacks forrmed on the iin-

side of & larre test tube were usad in tris experiment. ‘
Table 11

Pialysis of Agqueous Exiracts

in Colloidon Seacks

Period of [Mature of | Net K3nC, Eeduction

Dinlysis [Vemirane Dielysste |Colloid Originel
16 hrs.| rediun 0.17 0.£1 0.78
16 " " 0.17 0.30 048
16 " _0.17 0.24 045
40 " thick 0,08 0.23 0.43

This would indicate thet uecth fractions heve the wbility to
reduce perrargancte, altkho the l=r-or vart of thet ability lies with the
nazteriel fourd in e colleidul state. In the sbove seriws, there wus no
ettenct to remove the croducte of dielysis. The sack, with extract, wes
pleced in a teaer corteinivg 75 c.cn. of distilled wetler arnd left at
room conditio: s,

The question tren erose as to wrhether tie riducin~ vower of the

.

colluidel fractiion ri~ht rot swervae o ¢ weossuras of vinbiliss

« It would

3

seem from the ubove thet tte dialyscote did ot very sreatly in its re-
ducins rower, while tte coll.idal reterizl siowed convsideravle variation.
h ?

\

A complete seris: wes sttencted, in which the extracts were cleced in



uriform collodion saclks, which were treu fitted wit’ tubes erd vl:iced

tde

n
an apreratus for contiruous dialysis. Distilloed weler was si-lioned
throurh t'e VYeokers from sn overhead surtly et t'e rate of 1 1iter ver
hour. At the erd of & week, the con*ents of t'e brrs were tested for
reducins rower, t'o rasults of these tesis beias siown 1o Teble 12,

2

)
-
—
o]

[

Reduci: = Fouer

of Dianlyzed Seed Exir:cts

Percentage Net Percentage Net
Sample Germination KMnOgq Sample Germination| KMnO,

i 100 0.19 3 19 0.32
11 93 0.11 A 0s 0.25

2l

10 ¢b CAa7 61 013

17 90 0.C3 14 51 0.00

b an 0.1% 1 41 0.21

13 L3 0,15 15 g 0,27

i check series, consisting of aliquots of the same sclutions
kevt in etopprered flausks, ws tested sirilinrly et tre end of an equal
tire reriod, ard tie results avpzar in Teble 13.

Wrile theorevicelly, dislysis misht tave stebilizad the extrects
by rewovins oxidizivg ererts, the ounly eviderce fren these tebles is thaut
tie loss of reducine vower is more ropid wen ihe vroducts of oxidation

are renoved Ly dinlysis srnd hydrolysis. The premsvel of 1. rroducts

enailes tte reaction to vrocend in e direction until noihine revaius






to be oxidized or brukwn dovn. There is no aprlicavilily to measursnents
of vievility.
Table 13
Reducirg Powar

of Undialyzed Seed LExiracts

Percentage Net Percentaﬂ Net
|___Semple |Germination] KMnO4 Sample Germinati KMnO4
1 100 e 3 43 127
11 99 0.37 b %2 L.A5
10 63 0.43 2 61 G 36
17 40 C.35 14 21 Q.5
4 g0 4.95 1 47 2,77
£ 0y U.94 16 L4 2.24
13 &3 (oA 15 5 1G. 5t
12 03 U.50

Reducing Fower of kExtrszcts of Corn Yesal

It is an obvious conclusion that tve extract of corn razl would
possess creater reducine power then the extrict of +vhole erains. PRecauce
it wus desired to serminute all the seeds which were tested for reducing
vower, it had bteen imvossitls to work with meal. Comrarative results
on this were desirable, however, so 500 grains cf serplie No. 1T were
coarsely prourd. This sarple hed an aversce of 90% germiietion during
tre period of experimentation. From Table 9, it will ie seer that

whole seeds of this se-ple had = net reduction of 1.89 c.cm. of per-
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mancanete. When meal was}extracted at room temperature for 24 hours,
care being taken to use a proportionate amount of water, the net reduction
was 22.84 c.cm.; and when the extraction of meal was made at 30°C. for
12 hours, the net reduction was 37.29 c.cm.
Comparision of Electrometric and Colorimetric End-Points

As velueble as the electrometric titrations proved to ve in the
development of the technique of the method, it is evident from the
charts, (Fir. 1-4), that the color end point coincides very closely with
the point of maximum change in voltege. The very abrupt drop in voltage
was not any more striking than the fading of the purple color, when the
appropriate amount of oxalate had been edded. In the interest of simpli-
fication of methods, there was no reason why a return to colorimetric
titretions should not be effected. Thus it is that all succeeding
determinations of permancenate reduction are on that basis.

Isolstion of Reducing Compourds in Seed Extrects

Cn the besis of the preliminary experiments so far reported,
there seemed ample justification for an attempt to isolate the compound
or corpounds, which were responsible for the reduction of permanganate.
The loes of reducing power on prolonged standing would indicate organic
compounds. But such an assumption is not the basie for any conclusions,
because of the number ard complicity of orranic compounds that might
diffuse out of the seed. It becories necessary to examine farther as to
the rature of the compounds in question. Emp;rical considerations would
indicate that proteins have no monopoly on the property of reduction,

yet they would secem to occupy a commarding position in the study.
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Hawk(15) 1lists lead acetate ernd ammoriur sulrhate erons the
common precipitants for oroteins. Seaturation with these rearents is
supposed to hring do&n ell the vroteins. In the case of the foruer sslt,
the excess lead in solution is reroved b& anhydrous sodium carbonate.
Table 14 gives the results of tests with these rearents.

Table 14
Reducing Power of Fractions

of Extract of Corn Meal

Description Net Description Net
of Fraction KMnO, of Fraction KMnOg4
Original Original
Extract 37.29 Extract 7.40
Filtrate of - Filtrate of
Lead acetate 4,53 (mmgzsd_QL 2,42
Precipitate of gggggsg};xte
Lead acetate 0,00 1mg) 5 S0, 2.46

In the ammonium sulphate precipitetion, the failure of the two
portiors to equal the oricinal in reducing vower rey be attributed to
the fact that some of the proteins were denaturalized and failed to re-
dissolve in the dilute solution of ammonium sulphate which resulted.
The lead precivitate was entirely insoluble in the concentration of acid
employed In these tests.

Osborne and his associates(28, 29, 30, 31) devoted a lifetime
to the study of the veretable proteins. Their classifications, nomen-
clature, and methods of isolations are standard, hence ary procedure
dealing with proteins well te borrowed 'en tout' from their works. 1In
relation to the proteins of corn, their amounts and properties, the

following classification is valuasble.
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Classification of the Proteins of Corn, "Zea Mays"
1. lrrotein soluble in pure water-e=-c--cecccceco- - Proteose------- 0.06%

2. Protein soluble in aqueous extract
(Very dilute salt and acid solution)

A. Re-precipitated by dialysige==-e-cccecace- Maysine-eeecee- 0.25'

B. Coaguleble by heat in presence of NaCl---- Maize globulin-0.04%

3. Protein soluble in 10% NaClee-wec--- cveece=cc-- Vaize Edestin--0,10%
4., Protein solutle in €0-90% alcohole-emmececmccnce Zeinemmmeocona- 5.00%
5. Protein solutle in dilute alkalires and acids-- Glutelin----«-- 3.15%

In attemrting to isolaze trese compounds, one must follow a
laboricus schemre, the essentiul features of which are shown in the
description of the actuel technique. Forty grams of the ground meal
of sarple No. 17 were weiched out ard extracted in 200 c.cm. of distilled
water for a reriod of twelve hours. The extract was decarnted, en equal
arount of water added to the neal,'and tre extrauction repeated. The
fractions were then combired.

All the proteins and proteoses were precipitated by complete
saturation of the solution with (NH4)2SO4. Tre precipitete was redis-
solved by dilution with water. It was tlen dielyzed in a collodion sack
for & rverivd of ten days, using rurniing distillea wrter. Yaysin sepearated
out withir a fewv days, and filtrete showed only & faint trace of maize
plobulin by testing with 109 NaCl in HC1 solution and heatine to 8G°C.

Filtrate tested for proteoses and their presence indicated in
sliptt amount uvon dialysis of the filtrate into corcentrated alcobol,

ard further concentration of tie alcohol to hirl percenteges by addition
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of 95% alcohol.

The meal wes tlren extructed for a similar pericd of time with
10% NaCl, the extraction repeated and the solutions combined and dialyzed.
A emall amount of raise edestin was obtaired, when sufficient salt had
been removed to cause vrecivitation.

The meal was next extracted with 50% alcohol. Zein was ottained
in abundence, corbined with souvie alcohol soluble pirFments. Petrol ether
removed part of the yellow cerotinoid vigrents, but not enough to justify
fraucticnation. By evacoration of the alcohol and replacement with water,
the zein was precipitated in lerre masses. Redissolution in 55% alcohol
and evaporation left the zein as a flaky, horny, hyaline layer on the
éover class,

After these treetments, the meal was devoid of color, and wus a
powdery, granulated raterial. No extraction with dilute alkali or acid
wvas atterpted. Such treatrient would not furnish a protein wrose reactions
would be characteristic of the compound in its natural state.

It is rot claimed that the proteins were obtairned in even
approximately a pure state, but they were revertheless recognized as
entities, and it was possible to measure their reducins vower. Because
of the cht that precipitation of the glopulins end altumins is apt to
cause the formaticn of irreversible colloids, it was found more valueble
in sore cases to conduct the tests uron tlie solutions. In the case of
maysin, which is coarfulated oy reroval of the prote tive icns, it wes

imrossible to entirely redissolve it, only a s:2ll fraction teing
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ameeneble to boilinm with 5% H2504. VMaize globulin wes entirely refractory
when once precipitated, but it wus rossible to keep it in solution. The
results of the tests are shown in Table 15.
Table 15
Reducirg Power

of Proteins of Corn

Amount Net

Material in gms. Klmg4
Proteose 001 0.09

Maize Globulin '

plus Proteose 004 0,60
Maysin .020 1.96
Edestin 006 Q.65
Zein 020 4,24

Thus, instead of finding a single protein capable of reducing
permanganate, all were found to possess tke ability. Osborne(29) reports
the reduction by zein of ferric chloride in an alcoholic solution, but
the failure of that protein to reduce rotassium ferricyanide. The writer
wes not avle to secure reduction of potassium dichromate, using aqueous
extracts which reduced permancanste strorgly.

If the proteins reduce permenganate, might it not be that they
do 80 by beinc themselves broken down bv the ricorous conditions of tne
test, If such an assumption is sound, then amino-acids should be ablse
to reduce permanzanate as well, Oshorne and Clapp(30) give tihe products

of hydrolysis of the proteins of maize. It was not possiole to obtain






all the amino-acids listed, but several were availa.le. In this comnectiion,
it might be noted that non-protein comvounds of nitrogeneous nature are
found in corn, Schulze and Castoro{35) reportine 0.90 per cent of non-
oroteins. Schulze(37) found that maize contains 0.25 per csnt of
leoithin, while Czanek(9,3d.1, v. 157), revortad tha same amount in
yellow maize and 0.28 per cent in white maize. Jodidi(17), studying the
non-oroteins of the ungerminated seeds of maize, found polypevtides,
free amino acids ard acid amides present. An indication of the re-
ducine power of some of tlaese comrou:ds is found in Talle 16.
Table 16
Reducine Power of Primary

Viiroreneous Compounds

Material Net c. om. Material Net c. om.

h | _KMn04 (20 mg, of each used] KMnO4 |
ucine 2.31 ‘ucleic Acid (Yesst) 2.49
Asrertic Acid (.08 Sodiur Clycocholate 0.57
Asprrigine .60 Rrucine 13.12
[Tyrosire 24 26 Yantliine 0.19
yptopkane 17.54 Cresting 0.00

cithin 1.4

The first half of Taile 16 denals vith emino-acids fourd &s
craducts of t7e hydrolysis of the protsins of corn. Included in tlis
~roup is the phoscho=-rrotain, lscithin. The letter half of the tacls
is not dircctly ap:licaols to this study, wut has ~eneral interest in

demonstrati-w the wide rance of reactivity of vermancanals.
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It is interesting to note tiat all of the high reactine compounds
contained a rins structure. According to the claseification of Haas
and H111(14, p. 224) these aro as follows: tyrosine, an aromatic compound,
B-parahydroxyphenyl, a-amino proprionic acid; tryptophans, a hetero-
cyclic comoound, B-indole a-amino proprionic acid; brucine, a complex
alkaloid of tre quinoline esroup, craracterized by two six-membered
rings condensed torether. Lasser-Cohn(20) mentions also that permengan-
ate roactivity is a means of distinmuishin~ between unsaturated acids
ard saturated acids cont=inine oren or closed chains, and carboxylic
acids of benzene or similar bodiss.

The role of this group of comnourds was thus sufficiently
‘eazablished, but there rhad also bean indications that the simple sugars
wareg not lacking in reducins ability. Qualitative tests on pglucose
confirmned the susvpicion, 8o the tests tabulated below were performed.

Table 17
Permancanate Reduction

by Common Surars

Sugar Net c¢. cm. Sugar Net c. cm.

|20 mg, of each used] KMnO, [K20 mg, of each used] KinOq |
bralircae 3.13 Gol:ctose 9 3
Xvlcse 2.0 Sucraose 9.3¢&
Dexirose R Yeliose 5.13
aunos GaC1 La~tosy 3.4
Levulose b .36 Beffiyuse 4,43
Sorboege .6t







While the data on reducinz power of sugars in no way constitutes
a scientific novelty, the dirsct aprlication of permanranate is not
mentioned in the literaturs. The nearest aooroach is the indirect
method wherein the raduced copver is measursd by permancanate titration.
In this connection, mentiovn miocht a~ain w3 made of t'e action of per-
manranate on starch, noted by Reicnert(35). The sienificance of suear
in trhe agueous extract is differently intercreted by Miller and Fibuvard(29).

1.

They considerad 1% as a sisbilizinm e~emt in e forwtion of silver sols
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influential in the reduction, yet not in equal meusuarz, or zven inc=nsity
of reaciion. The fuct €' at thoe rodicin~ co er is quite racidly dininisned
unon svandin~ ray be in rart 3 nmatter of actuzl decriase of the materials,
or it may be an oxidation witl.out any other quantitative differsnces.

A test of the correlation of the content of crotein, rnon-pr.tein,
and su7rar, with the reduction of cerman~anats, was next attectad. It
was hoped that some clue to tre unusual reactivity of several s:mrles of
good germination, micht *e o tained.

The methods were conventional. The surer tast wus as siven in
the precedin~ pares of this paver. Total nitro~er was run .y the
Kjeldarl method, usine CuSO4 as the catalyst. The acid used to absorbd
the LE3 riven of f was found to be exuctly K/10 by rravimetric determination.

Cn the first few sarples, it was attempted to run tre ron-protein

nitroren from the clarified sucrar-tast extract. This proved impossible
becunuse the lead covntairad considerasle itrocen as a contamination.
Precipitation ny vhoscho-tun~stic acid proved more consistent. The test
is as follows: 57% phospho-tungstic acid in 5% H,504 is added to a seed
extract made acid to 5% with H,504 and heated to boiling. Fortunately,
a sufficient amount of the orisinal extract from the samples remained to
repaat the test with the latter reacent. The protein nitroren was
obtained by dif ference. Direct determination was unaccountably incon-
gistent, and it was not considersd rermane to this siudy to evend time
on that problem.

Permanganate reduction was run on the oricinal extract and the

surar-tast extract. The rasacting power of the latter to permansanate
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exuctly equaled that proverty in the extract from tre vhospho-tungstate
precipitation, so that tke results stown in tabls 19 are as applicable
as if run on the identical sclutions.
Table 19
Test of Correlation of Content of Proteins,
Non-Proteins, and Sucars, with Reducing Power

in Terms of Permanranate

Percentage Total Total | Non-Pro. | Glucose Second
Sample | Germinationn KMnO, N-in mgd N-in mg. in mg. KinOq |
10 94 0.53 195 130 0.29 0.42 |
3 oL 1.16 146 2122 3,60 0.91
8 83 6,32 32 2204 8.83 2.13
1 13 0.71 2130 082 2 .26 0.49 |
2 71 1.08 2163 2130 0.f0 —0.48
o (4 0.52 J114 082 224 0.42
Lt £0 0.77 212 2203 1.52 0.42 |
1 29 5.05 J489 Jdbg 2.12 2495
14 21 £.49 619 2521 6.53 3,62
15 0 9.15 1.695 1,368 12‘.77 1 .82

In this series, 100 seeds of esch sample were placed in a flask
with 200 c.cm. of distilled water and allowed to soak for 24 hours at
roor temperature. The extract was decented, filtered throuch a coarse

filter reper, and made uc to 200 c.err. 50 c.cm. of this was preciritated






with lead for surar end rermancarc.e tesis, 50 c.cm. with vhosgho-tunrstic
acid for ron-protein ricroren, 50 c.cm. used for durlicete determinations
of total nitrogen, and the renninder davoted to total permarcanz.e re-
duction tests.

As tre dazta in previous tuoles is &l) on the basis of 10 c.c.
of extract, the ariount obtained from five seaeds, the results of these
determinatiors will ve sirmilarily reduced. In that procoriion the emounts
of sone of trhe conetituents would Le too srmell for detection, tut as the
results were obtal ed on sarples avererinre five or ten times the miuinum
amount, c!ecks were very consistert.

From table 19 it may be comvuted trat t-e wurmount of surar in the

’
ve?

extrect vericd from 027 to .5 of the evernce weichi of the corn, while
ithe armoun®s of ritro~en were of & lower order. But within lhe rance
presented, wide differerices are evident.

The emall erounte of sclutle rateriel in the un~erminated seed
was the subject of early investirations. In 1CE5, Portele(33) mede &
study of tre chemicel nature of yellow corrn et various staces in its
growth . Startire from the tire of flowerine and running to thre time
when tie kerncls were Yerd, trtere w-s ¢ sle-dy decrense in surwrs «id
solu.le ritrocenrzous cormsounds, nd o sterdy rise in stercl.

But it is recorrized ti:l tle sct of soskinr secds would encourea~e
enzyratic ectivity ard initiete creminnl crerree terdin~ tov-rd thre
forretion of eimopler contounds. Tre diffusion of tress troducts into

the solutivn michi Le at differert roves, boverer. As cerly s 10397,

\ . . . .
Cre v(12) voor'ed on Le =7 =~ ¢ tneo iivins cerring
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Figure 6
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PERCENTAGE GERMINATION

Correlation Curves Between Viability and Various Chemical
Components as follows: A. Total Nitrogem, B. Total KMnOg4,
C. Non-Protein Nitrogem, D. Glucose, E. 2nd KMnO4(Reduction

of Protein- Free Extract).
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Telle 20
Comrara*ive F.durive Fower

of Su~nrs rvd Yitreoreneous Conrounds

Total Total Glucose
| sampla Knoy | N-inmz, | inme.
3 0.52 o114 2.24
10 0.53 2195 0,29
7 0.71 «130 2,28
5 0.77 212 1.52
2 1.08 2163 0.80
3 1l.16 0146 3,80
1 5.05 «489 272
16 5.49 «619 £.53
8 632 0326 8.83
15 9.15 1,695 12,77
Even grentine trs fret thnt tre rnitro~sneouas corrounds wrea

rresent s rroteins or similer corrounds, t ey are nevertheless wore
sctive, rram for gram, than the sucars. A difference of .06 mg. of
nitrogen or .50 mg. of protein, tetween saryles No. 6 and }o. 10 is
compensated by 1.95 me. of sugsr to give &n equal cvermanrunate reduction.
But between semples Mo. T and No. 5, an equally great difference of
nitroren is compensated by .76 me. of sucrar, 80 it is hardly wise to

draw erny hard end fast conclusions.






With orly greneral relations uwnder corsideration, it is convenient
to consider the samples in rairs of nearly equal reducing power. In all
casecs of this sort, an excess of sursars in one is compensated .y an excess
of nitrorsen-bearing comczounds in tre other. In the latter vart of the
teble, semples of mark«dly greater reducing vower are found to surpass
those of lesser activity in content of both sugars end nitrogeneous
comoounds. That the reducine vowrer of aqueous extrects rests on the
surars and nitrogeneous compounds is clearly demonstrated.

The variation in germinability of & samrle of seed upon the
conventional method of growine the seeds ray arount to as much as five
or ten per cent. If there was any correlation tetween viability and
reducing vower, it mirht be expected to stay witrin tke same limits,

But wren the variatiop in reducing vower is very much greater, as was
found in table 19, it is sound to conclude that a positive correlation

is lacking.
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Discussion on Exrperimental LCata

On the basis of results presented in this cvaver, it ceanrot be
assumed thet tlere is any correcletion between the vizbility of seeds ard
the reducing cower of their aqueous extracts. As far as tre relative
position of samples in a series was concerned, there wes & fair con-
gistency in the reaction when tested from time to time. But it wes
only infrequently vossiile to find & grour of samcles which would give
gradations in reectivity at all comparabtle to tre viability.

Why are tre results incornsistent? A numver of reassons mirlht re
advancazd, and ro one elore suffice to irterpret the situation., For the
first line of eprprcoanch let us corisider ths chericsl phases of the
gquestion. A great amount of work on the crermicce? corposition of corn
has beorn rutlished. itk svecial rofererce to the variations erncountered,
mention mi~rt be ~ade of the anclyses revorted by Pushey(5), Ladd(13),
Leecr(21l), Lindeirom und Cerkardi(23), ard Portele(33). This proup
right te groatly esus~ented, Wut the tyre conclusions feund sre nuch the
sure.

Tre content of &ll the imcortent constituents may ve varied
by a host of circumstances. The stule of maturity enters very strorgcly
in irfluencine thre co~resition. Bushey(5) found iYet corn killed by
frost ted e nick cercent of ren-oroteins in tre forrm of rolyrvertides end
amirio-acids. Immature corn is &lso known to have rore sururs end less
starch than river semrles. fenetic differerces are tre beasss of gr-at

differences ir cormposition, as ras been sho.m,amonr otrers, bty Lindstrom
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and Gerhardt(23). Lack of chemical uniformity is so conclusive that
no further mention need be made of it.

Added to these differences, the fact that in permanganate
reduction, several groups of compounds were active, makes the task of
establishing a correlation on chemical grounds well nigh impossible.
The various possible eombinations in amount of these components, com-
bined with the differential reactivity of the groups, makes the re-
lation still more complex.

The physical state of plant membranes is not the least im-
portant factor in establishing differences. Shull(40),in his study
of the semipermeability of seed coats, found that even dead plant
membranes might be semipermeable. The entirely impermeable nature
of the coats of many seeds, and the deterrant effect of this on ger-
mination, has been the subject of investigation.

The effect of the colloidal state on the permeabdbility is none
too clearly defined. "hether changes in permeability are due to the
coagulation of the proteins, a view advanced by Crocker(7), is hardly
definitely proven.

The recent findings of Hottes and Huelson(l6) on sweet corn
constitute an interesting study of physico-chemical state. Although
their studies were on the relation of the seedling vigor to the
colloidal properties of the aqueous extract, the relation of the
latter to viability was also indicated. Between samples of zero
germination and those of 954 to 100% germination, the colloidal index,

as measured with a Leitz nephelometer, varied considerably¥. The






results show that denser suspensions were found in extracts from seeds
of low viability, but as far as the applicability of these findings

to measurements of lesser differences in germination power is con-
cerned, the method shows little promise.

In consideration of the data presented in table 19, it would
seem that the most i™portant change accompanying loss of germinating
power is an increase in permeability. Yet even this rule is violated
in at least two cases out of ten, and it is necessary to assume some
uncommon occurrences in the history of samples like No.8 and No.3 in
order to explain their high rate of exosmosis. Subject to these
deviations, the difference in permeability seems to bear a fundamental

relation to the phenomonon of death.






Summary

l. The literature on methods for determining viability was
reviewed.

2. The permanganate reduction method as a measure of viability
was made the subject of a process of refinement.

3. Electrometric titrations were substituted for colorimetric
titrations with a view toward development of a more discriminating
technique.

4. The method was perfected sufficiently to insure consistent
results.

5. No correlation between differences of viability of as much
as ten per cent, and permanganate reducing power of extract, was
established in any oase.

6. Colorimetric titrations under the conditions established
were proven as accurate as electrometris.

7. In a supplementary experiment, iodine absorption of aqueous
extracts was measured, but even less promise was shown by this method.

8. The reducing power of dialyzed extracts was found to have
no correlation with viability.

9. Isolation of compounds causing reduction of permanganate
was attempted.

10. The following classes of compounds were found to have
reducing power: 1, proteins found in corn; 2, some amino-acids found
in corn, and other primary nitrogemeous compounds; 3, common sugars;

4, nitrogeneous compounds of non-protein character found in corn.
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1l. A correlation between content of proteins, non-proteins,
and sugars of extract, and reducing power of extract, was attempted
on basis of standard analyses.

12. Positive correlation between permanganate reducing power
of solution and total nitrogen plus sugar content was indicated.

13. No correlation between viability and amounts of any of

the constituents was found.
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