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Invastigations into Intervarietal Differences ol a

s
—— - -

Coemical Wature ia tne Potalo.

R T SRS

OnJject of tne Investigation.

During tne summer mwontns a potateo tuber can
be accurately identiried Irom & study ol tne growing
plant, eacn distinct variety giving rise to a caaracter—
istic naudis. In tne winter,nowever, tane identification
ol a tuoer presents a more difficult provlem, and is
arrived at by an opservation ol 1its visible canaracters.
Such properties as snape oI tuber; deptnh ol eye,; colour
of skin; colour of rlesn etc. are not in many cases
cnaractaristic ¢ any one variely and moreover may vary
within the members oI a variety. Useful information
can b2 obtained by subjecting tne tuber to a laboratory
test for “Ywart Disease',(Synchytrium endovioticwa (Scnilb )Percival )
by wnich means varistles can be grouped inte at least
two distinct classes (o, 32 ). Given Iravouraple
conditions tae tiwe required to carry out tuis test
during tane winter is at least fourteen days. anotner
metnod ol distinguisning potato varieties depends on
the rapidity ol development and tne colour ol the
sprout. This wethcd nas the disadvantage oI being
somewnat lengtny especially during tne "rest" period
oI The Lubar. It will Dbe oObserved tnat tne metnods
givan above for tne differentiation ol potato varieties
ar2e eltner uacertain ir used alone or laborious in

tachnique.



R

Tne object orf the present lnvestigation was
to obtain chemical testis wanich would enable a rapid
and accurate identification oI tubers to be wade.

Tne impertance of such a metnod ol identilication is
Obvious Irom a consideration OI tane Iollowing poinis.
Under tne regulations o1 tne Ministry oI agriculture
and tine Departwent CI aAgriculturs Ior Scotiand
varietles ol potatoes used 1or seed purposes nave to
reaci a certain standard ol purity and tne growing
crops are inspected for tnis purpose. Alter tne
crops nave been narvested ncwever,conrusion may arise
ITrom tne similarity in appearance oI tine tubers of
dirfferent varieties and a rapid and certain method of
discrimination would in sucn cases be very valuable.
Work oI tnis nature nhss already been carried out by
licIntosh ( z4) wnose investigation altnough of a pre-
liminary nature, made clear the possipility of differ-

entiating potato varieties by cnemical reactions.

Previous Work.

Tnat intervarietal differences oI a cnemical
nature exist vetween tubers ol potato varieties nas
long heen recognised. During tae war an exteusive
study of the cnemical cowposition Or potato tubers
was undertaken by a Committee of tine Royal Society (43).
Tne dry wmatter and total nitrogen contents ol several
varleties from a nmu wmber oI widely separated sources

were determined. Tne results indicated taat tne
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locality in wnicn tne plants were grown nad an
lmportsant inTluence on tne compesition ol the tubers.
It was found tnat the total nitrogen content of the
plants grown 1 n the North was greater tnan in tnose
grewn in the Soutn; little difference existed between
tnose from East and West. With regard to dry watter
content trne values for tne eastern samples were greater
than those oI tne western, samples Irom the nortn

and socutn were very similar.

Willaman and West (50) working witn American
varieties Tound tnat tne composition OI potato tubers
was not arfected ny varietal diiferences, sSO mucn as
by environmental erlflfects. Barly maturing varietiles,
ncwever, had a lower percentage oI dry mwatter and
nigner percentages oI ether extract, mineral matter,
and nitrogen tnan later maturing varieties.

Tne distrivution of dry matter and nitrogen
was investigated by Coudon and Boussard (128) and later
by Glynne and Jackson (18), wno observed a greater
percentage of dry matter in the cortex than in the
medulla. The reverse was I'cund Ior tne nitrogen
content,

Intervarietal diiferences in starch content
were obtained by Jonnson and Boyle (27,28) wnc also
found that for any one variety tnere was g nigher
percentage ol starcn in tae cortex tao=zn in tne medulla
Ol a tuber. Locality and environment also inliuenced

the value to a Tairly large extent.
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It would tnerefore appear taat tne Iliuctuat—
ions in total nitrogen, dry watter, starci or moisture
contents due tec enviromment, render tnelr determination
unsatisractory for tne diiferentiation oI varieties.

Investigaticons carried out by Sperling (46)
and by Dix(13) also snowed tne existence of varietal
difrerences in starcn content. Mocre recently a study
¢l various properties oI starch obtained Irom four
different varieties of t.e potato was mwade by Kaveic
(30). Varietal diiferences were obtained in mean
diameter of tne grains, content of pnospnoric acid,
water ccntent in tne air dried state, ash content,
gwelling temperature, viscodity, capacity Ior lcdine
adsorpticn, optical rotatory power, aggregate weignt,
and Ifracticn difTusible Tarcugn a colliodion wewprane.
Tne metnods ewmployed were not suitabie, nowever, Ior
rapid routine woIk.

Tne solanine content oIl tupers was iunvestig—-
ated by Artscowager (2) but substantial variaticns
were not observed. A similar investigation was
carried out by Bomer and wattis ( 6) wno found tnat
varietal dirfferences in solanin existed but tnat tne
value Ior tne tubers ©or any one variety varied accord-
ing tc age, size and exposure tc lignt.

Tnere are many otner substances present in
the petato tuver wnicn can he dotected and estimated
by cnemical reactions.

For instance it has been snown tnat tne

potato tuber contains a nuuber OI dirlTerent classes of
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enzymes 7). lention way bé made oI dliatase,invertase,
and pectas€ 0I taes caroonydrases, and tyrosinase,
oxidase and peroxidase oI tne oxidising enzyuwes. A
variaticn in diastatic power oI potato Jjuice accerding
to the variety of petato, was observed by Joszt and
Starozewski (29, sucn a metnod necessarily involved
preliminary extracticn ani preparation of tne plant
sap and is tnerelfore unsultable as a means oI rapiad
estimation.

A considerable amount Ol work has bpeen
publiisned on tne detection and estimation ol the
oxidising enzymes by means oI colour reactions. This
work hag been reviewed at some length by Raper (40).
Since such tests nave been applied direcctly to plant
tissue, it was decided tT0 make iurtner iﬁvestigation
along tnis line.

Several colour tests nave been employed Ior
thne detection oI pectic suostances in plant tissue
(18) and it was considered advisable 10 apply taose
to tne potato.

Altnough some work nas peen carried out on
the determination o nydrogen ion concentration or
potato sap (4,7,24,48 ), no attewpt seews to have
been made to difrereniuiate variaties by tnis means.
It is possible tnat varietal diirTerences do exist as
is the case witn apples (22 ), and since a rapid and
accurate dotermination of nydrogen ion concentration

1s comparatively easy to make it was declded to collect
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data on the subject.

Tne analysis of potato tuvers Dy various
workars raveals tne presence of amino acids and pnenols
(46), Botn tnosa groups Of suovstances Land tneuwsalves
to detection tarougn tn2 Iormation Ol coloured dyes;
and it tnerefore seemed advisable 10 examina tiae
possivility of varietal diilerences in tne potato by

such wetnods.

Preliiminary Invesiigations.

In order U0 Ootain some id2a of tae applic-—
ability of tne coiour reactions used by kcIntosn, tne
following tests were rapeatedi-
1. Tne Alkali Test.
2. Tne Oxidase Test.
3, Tests for Tyrosinase (a) Blackeninz of Potato Tissue

(v ) Tyrosinas2 p.Cresol Reaction.

L. Tn2 Alksll Test. Wnen a section o1 potato tuber

is lmmwersed in a strongly alkaline solution sucn as
normwal scdium, potassiuvm, Or ammonium nydroxides, a
yellow coclour develops and remalns constant alter
approximately 1ive aminutes. A Suumary of resulits is
glven in Table 1.

Tane yellow colour 1s attributed by licIntosn
to "IlLavones'. Thnis 1s doubtful nowaver since standard
reactions ror tne rlavone group (17,37) and tne test
descrivad by Snibata, Nagai andi Kisnida (44 ) gave

negative resulits when applied to untreated tissue and
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Table L. The AlXali Test.

e e ] - -

Ceclours obiained witn Normal Potassium Hydroxide Solution.

TR e —— ——— — -

Lignht Yellow Yellow bark Yellow
Lclipse Bisnop abundance
Edzell Blue Britisn queen AlLLY
Puritan Crusader Arran Cnier
Witcanill Epicura Arran Comrade

Golden Wonder Arran Victory
Katie Glover Cnampion

King zdward Great sScot
Langwortny King George
Ninetyfold Lochnar
President iajestic

Rnoderick Dau Tinwald Periection

Up to Date

A — - . i e e S B
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and o alconolic Uissue exiracis. In any case small
difierences in tae intensity ol tuae colour ovbtalned
witn alkalies are dirficull to esilmate. Furtnermore
tne y2ilow colour of tne riesn oI certvain varieties of
potatoes, varies witn the saeurce of the tubers. This
test was tnerefore regarded as velng unlikely to yield
favouradble resultis.

2. Tae 0xidase Test. Tne presence ol an oxidase in

th2 potato may bve demonstrated by tae catalytic
cxidation of such suvstances as benzidine and tne
leuco base of malacnite green. wnen an alconolic
seclution of benzidinz2 is applied directly to a section
of potato tuver a ovrown-purple coclour is produced.
Taple 2, glves a summary Ol results cotalined wita a
0.5% solution oI benzidine in 50% etayl alconol. Ine
colour produced was not uniform tarougacut tne section
but appeared L0 cogacentrate round tne cortax, vascular
bpundles and smail injuries, giving tae section a
patcny appearance. Moreover tne brown purple Ilormed
is not a cclour waicn lends itself to accurate colour
analysis. Accordingly a closer examination or tae
cxidase of tne potato was postponed in favcocur oI tne
tyrcsinase p.cresol test descrived vbelow.

3. Tests for Tyrosinase.

(a) Tn2 Blackening oi Potato Tissue.

Wnen a potato tuver is cutl and exposed to
the alr a reddish brown coclour appears, winicn is later

replaced by vlack. Ine rcecactlons are brougnt about
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Table 2.

Thne Oxidase Test.

Colours ootained witn a solution of 0.5% benzidine in

50% aleonol,

- —— -

Dark Brown Purple Interwediate Lignt Purple.

- e e

Abundanca
Bisnop
Edzelil Blue
Fortyrolid
Katie Glover
King Gzorge
Locnar
iajestic

President

ALLy

Arran Calefl
Arran Comrade
arran Victory
Darglll Early
Great Scot
way queen
Nintyrold

Rnoderickx Dou

Snarpa's Bxpress

~hclipse

sdinourgn Castle
hplicure

bunotter Castle
darvinzer

King bLdward

Puritan

Tinwald Perfection

Up to Date

witcnnill

30 — 40 tubers of eachn varie ty were tested.
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oy tyrosinase and consist in tae oxidatiocn Or ©a2 nat-
urally occurring awino acid. Raper ( 40) suggestis
that tne series o1 reaections wnicn take piace in tae

cXidation arz as IoLiows:-—

CHz CH (NH,) cool CHz CH(NH,)CooH H: CH(NH, Yeoo
o =
O s ba s l
[ ]UH / Q
oH oH (@]
Tyr‘oﬁn-\e 3y D:hyd'ﬁ.\xy 34 Quinone

phenylalanine / of phenylalanine.

o] 2 ("H:i. Ho Hy
o “000 1 Ho / H: cooly
H 1]

5:6 QU‘“"\OV'I.G. Of D] h:{d\'0|rldﬂ||e siﬁ_DlhdeDy_‘dlhyd(olﬂdole
=5 2 Cd\’bo!yhc acid..

-2 CArbcxylic dcid .

Tne 6:6 guinona of dinyroindole 2 carboxylic acid is
balievaed 10 pe tae red supsiance walicn is tne 1irst
visiple product of tne enzywe action. Tne enzyme is
0ol necessary or ta2 Two Iurtner siages ol tae
eaction tn2 Idrst ol walca 1s tue Iorwation ol a

colourless product oy lntrawciecular caange.

-~ 10

Red Quinone 5:6 D hycl‘rox_\f-
Indole.

+ CO,

Tne final stage ol tne reactlon is tne oxidation of

5:6 dinydrexyiandole to m2lanin.
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A study of tne Xinetics ol tne tyrosinase-
tyrosine réeaction made by Raper and Wormall (41 ) and
Hachn and Starn (21 ) snowed tnat it was ol tae mono-
molacular iType. Tne last named workers lound taat
tn2 coefficient of tne reaction was dependent an tae
concentration ol enzyme and not on tual 0f tyrcsine.
Tne optimim P.d O Tyrosinase was given as vetween
pa6 and pig (41 ).

Tn2 Tormation ol melanin in a section ol
potato tuo2r deponds on tae variety ( 34). A similar
result was obtalned oy Haeun (20) who used extracted
sap in nis deterudinations. In a preiiminary
experiment slices ol tine tuvers to ve tested were
treatad witn a solution of sodium carbonate ( pi about
8) and laid out on a glass plate in a warm atmospnere.
The colour was very slow 1n appearing and tended to
concentrate at irregularities on the surface of thne
tissue giving tne section an uneven appearance. An
@xample oI tae resulis 1is given in Tablie 3.

(v) Iyrosinase p.Cresol Reaction.  Besides acting on

tyrosinz2, tyrosinase also brings about tne oxidation

o certain mononydric pnenols ( 8 ) including puaenol,

p.cresol and catecnol. Wnen p.cresol is used as tne
substrate a brilliant orange—-red colour is produced.

According to Pugn and Raper (39) tanis is due 1o tne

forwation oi an ortaoquinon2 as Iollows:-

CH, CHy CHy
OH . o
% A e

D- Cresol Homeo cateehol Homoguinone
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Table 3. Tyrosinagse - Tyrosine Reaction.
Dark Interuediate Lignt

Britisn gueen
Katie Glover
King George

ajestic

Abundance
AllLy

Arran Cnler
arcvan Victory
Bisnop
Eclipse
idzell Biue
Great Scot
Nintyfold
Puritan

Rnoderick Dhu

Tinwald Perfect-

icon
Up to Date

witchnnill.

unotter Castle
Golden Wonder
Harvinger

llay queen

President
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It appears likely taat tois formation ( nomecquinone) is
only tna rirst part o tune reaction and tnat nigher
products oI unknown constitution are prcduced.

A ailute agueous solution (0.2%) ol p.cresol
was used to trezat tne sections ol potato tubnar and an
orange-red colour, wnicn in most cases was uniioeri
tarougncut tne section, appeared 1ln aboutl o-10 winutes.
A summary oI results 1s given in Table 4.

A colour analysis oI tii: orange-red tiut
snowed tnat 1t was composed ol red ana yeilow 1un tae
approxiwate ratic oI & To l.

Tne estimation ol tnis type ol colour is
comparatively simple, since only i1wo priwary coiours
are usad. Tane measurement of a brown or prown purplae
sucn as is produced 1n tne oxidase test is obtained by
a coumblaation of tne taree priwary colours, and
requires more tiwe and manipulative skill.

Tnz ease witn which this reaction can be
appliesd, and the uniformity and naturz2 of tne colour
Prcduced made the test nignly suitable for the present
investigation; 1t was tnerefore decided to study the
tyrosinase p-cresol reaction in more detail.

During tne preliumlnary investigatious it
was clearly indicated tual improvewent and standard-
isation of laporatory tecnnlque were essential. In
tne first place ta2 varietal dirrerences obutalned by
the m2tnods already descriobed, were rolative, and

som? means nad to e devised wioerepy an apsolute value
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Tyrosinase — p.Cresol Reaction.

0.2% Solution of p.Cresol

Dark Red Intermediate Lignt Orange
Bisnop Apundance arran Victory
Britisn Queen ALLlY unctitar Castle

Crusaier Arran Comrace lelipse
Edzelil Blue Arran Calerl Kerr's Pink
Golden Wwonder Epicure King bkdward
Immane Asnlearl Great 3c¢ot

katie Glover narovinger

King George

nnodarick DLau

Majestic Tinwald Perfect-
ion
President
Up 1o Date
30 - 40 tuwers ol =ach variety werza tested.
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ot tne colour winicn developed could be ascertained.
A tintometer was tnarefore counstructed by means or
wnicn the intensity ol tne colcur produced an a tuber

8ACTLiLon was compared witn a colour standard.
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TYROSINASE pP.CRESOL RBACTION.

(1) Laporatory Lfecanique
(a) Description or Tintoweter and kstimat-
icn oI Colour.
(b) Kinetics oi tae Reaction.
(2) Factors afrecting tne Reaction.
(a) daturity
(b ) Envircament
(c) variety
(d) Disease etc.
(e ) season
(f) Storage
(3) Discussion of Results.

(4) conclusions.

(1). Labcratory Tecanigue.

(a) Description oI Tiatowater and wsstiwation

QI Colour.

A dlagram witn diwensions 01 tane tiatoweter
is given in Fig.l. Tne ilnstruwent cousisted ol a
narrow cardboard box, 4, tapering at tne top end,in
wnicn an ayepiece B was [ixed. AT a short distance
(7.5 cus. ) from tae top was placed a sueet ol card-
voard C, containing two apertures cd and c'd'; a plan
ol tnis 1is given in Fig.=2. Balow tne aperture cd a
rectangular slot D was cut in tne Iront ol tne boX.

Tne purpose oIl this slot was 10 enable a colour

-
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standiard 1o e plac2d 1n tne patn 0l tne rays passing
tarouvgn cd t0 the lens ab in the eyepieca. A swall ‘
cardvcard rest in tan2 back oI tne tintomater opposite
D served as a rest Ior tane colour standard. Ine
wncle instruwment was suspended at a calculated distance
above tne pase H. Tne lens a.b. nad an aperture of
0.65 cms. and a focal length ol 7.» cus. This 1s to
say that wnen tae 2yepiece was in position at the top
of tn2 vox, tne apertures cd and c'd' were at the
tocal distance from tne lens. Rays passing frow a
tarougn ¢ and 4 impinged on tne base at g and n
respectively, wallst rays passing Irom © tarougn c¢ and
4 arrived at e and f. Hence any object witnin
the area 2nh on the base was visible altnougn not in
focus at the lens ab. similarly rays from e'n'
threugn c¢'d' arrived at ab. Any slignt irregularities
of the surface ol an object placed witnin tne spaces
eh or e'n' merge and an average intensity is obtained
at the esyepiece. Since tne rays pass tnrougn tne
aperture at cd or c'd' tne edges ol winich are in focus
tne result i1s a snarply defined area ol even illumin-
atioﬁ. Tne colour values were ovtained by tne use ol
Lovioond's Colour Standards in conjunction witn a
standard wnite background, tne source 0l 1light being
a Dakel daylignt laup. Tne colour standards consisted
el a series of red, yellow and blue glasses of varying
intensity, and by comwpining tnese, any colour could be
mwatched. Tne intensitlies oi tane colour standards

are given nuuerically. Tne pase ol the instrument

-
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rested on an electric not plate, smploy2d to control
tne temperature. To obtaln greater unirormity of
temperature and illumination, tine apparatus was
surrounded by a cardboard boxX containing apertures
for Ln2 lens and tnermomeiers, and to peruit oIl tne
manipulation of tae colour stand wrds.

Tne procedure adopted was 38 IOLLOWsS. A
section apbout 0.7b cms. tnick was cut at rignt angles
to tn2 long axis ol ta2 potato tuoer and coverad witn
2 or 3 drops o1 reagent alter wnlcn it was allowed to
stand on rilter paper Ior 30 seconds to drain. By
this matnod all secticns, irrespective ol size, receiv—
ed th2 same amount ol reagent per unit area. A small
piece was tnen cut from one side oI tne section, which
then appeared roughly semicircular. Tne treated
gection was placed on a porcelain plate alongside a
tray containing tne standard wnite background as in
Fig. 3. The plate and 1ts contents were tnan set
on the base of tne instrument so that the tuber section
and standard wnite appeared in the areas o'n' and e n
respectively. Tne colour of tne section was matcned
by m2ans ol standard cclour glasses placed in tone slot
D. In tnis way thne colour cI tne section was estimal-
ed at definite intervals oI time after treatment witn
reagent, and a grapa 0I colour intensity against time

Wwas obitalned.
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(b) Kinetics of tne Reaction
This part of tane investipgation was divided
into tanree paris.
(i) substrate Concentration and Velocity of
Colour Foruwation.
(ii) velocity or Reaction

(iii ) Temperature Coeflicient of tne Keaction.

i. Substrate concentration and Velocity ol

Colour Formation.

Wnen tn2 0.8% solutlon ol p.crescl was used
as in tne preliminary experiment already descrived,
tne orange-rad oxidation product was slow in develop—-
ing, and in order to speed up ta2 reaction it was
decided t0 make use oI a more concentrated substrate.
A very concentrated agusous solution could not bpe
obtained since tne solubility ol p.cresol is 1.9% at
2000. Two other solvents were used, namaly,ethyl
alconol and sodium hydroxide solution, in botn oI which
P.cr2sol is easily soluble.

Etnvl Alcohol as Solvent. ©Solutions containing

5%, 1%, 2%, 4% andi 8% Pp.cresol in absolute etnyl
alconol ware prepared. Tnese were used witn tae
variety Arran Comrade, and the colour produced was
measured wita tne aid of the tintometer. The inten—
8ity of tne red component O tne orange colour was
plotted against tiwme (Grapn 1). Tne values ror tne
yellow component were not analysed, a reason Ior tnis

will be given in paragrapn ii. Results given in

-
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Table 5 indicated tnat the velocity or colour rormat—
ion was lucreased witn an incr=2ase in substrate
concentration. Ine alconol solvent, anoweaver,
evaporated on the tuber seciion, leaving a dried
surface on wnicn tne colour was orlten irregular.
Furthermore it saould be noted tnat alconol is Irequently
employ2d to precipitate oxidising enzymes in plant
tissue, so tnat tae course oI tne tyrosinase p.cresol
reaction may b2 inlfluenced by tne alconol present.

Sodium Hvdroxide Solution as solvent. Solutions or

p.Ccresol 1ln sodium aydroxide solutions were prepared

as follows:-

045%,1%,2% and 4% p.cresol in a solution contalning tne
equivaient quantity oI WaOi.

" ] i u U u ] nal I‘ t ne

i u u u u u " qu art ar t ne

Tne equivalent quantity oI NaOi was calculated from the

equation
i _ W R = H .CH .
06n4.0n3.0ﬂ + NaOd 06ﬂ4 an ONa, + Hzo
P.Ccresol Sosium salt o p cresol.

Results obtained witnh those solutions Irom the variety
Arran Comrade are given in Tables 6 and Grapn 2.

Tne most suitabl2 solution was tuaat contain—
ing 2% cresol in jequivalent waOd.  Tne grapn ol
intensity ol rod colour agalnst Tiwe Ior tnls solution

had a comparatively long linear period Irow whici tne
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Table 6. vubstrate Concentration and ’JE.‘l.O\JiT;y ol Colour
Laple O

Formation using Sodiuwm Hydroxide solution as solvent.

Ine Iatensity oi Colour produced witn p—Cr2scl Solutions

containing the equivalent guantity O NaOd was very dilrTicult

L0 2stimate. alter 1o minutes tne cortex appeared brignt
red wnilst tne medulla remained light yellow. Alter an
nour tne section nad assumed a very irregular and -patceny
appearance.
Intensity of Colour produced with p.cresol Solutions containing % the

equivalent quantity of NaOH. ( Intensities are in Lovipond's Colour Units).

o -

Time 0.5% p.Cresol] L.O% p.Cresol| <.0% p.Cresol | 4.0% p.Cresol

Interval |gaq veliow Red Yellow| Red vellow | Red Ye LLow
15 mins. 2.7 Bed 4,9 &b |1la4d 5e4 16,8 0.0
30 U 3.8 3.0 Be & 4.2 |LYe0 He8 38 0o O
45 u 4.9 3-3 .LO&O 4.6 20.0 b.U - _—
bo u 5.2 3‘3 -LO.8 OOQ - i - -

Intensity o1 Colour produced wita pP.Cresol solutions
containing 7 tae equivalent quantity of NaOi.

(Intensities are in Iovibond's Colour Uaits. )

Time  |0.5% P.Cresol | 1.0% p.Cresol | 2.0% p.Cresol

Interval | o4 veilow | Red 7Yellow| Red Yellow
15 min. | 2.0 2.6 449 3.6 9.6 5.0
0 2.7 3.0 6.6 4.2 | 14.3 6.0
45 v 3.4 3.0 8.2 5.0 | 18.8 6.8
60 ¥ 3.8 3.0 8.8 5.4 | 84.2 7.2

See grapn 2.
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average velocity constant Ior tue I'Ormation ol red
cecliour was calculated accerding to tne Iorwmula
x = 4r
atv
wnere k is tne velocity constant of tne red colour reaction
r is the Intenslsy ol tae red colour produced in time
It was decided to cumploy tals solution tnereafter and
te cbtain a constant for eacnh variety Irow tne linear
pertion of tne grapns.
It will be noticed tnat a Q% solution of
p.Ccresol in % equivalent NaOH was morqbffectivc than
an 8% alconolic sclution. It is possible that the
alkaline sclution provided a substrate with a pH close
to the cptimum reaction for tyrosinase (pH 8); thoe

alconolic solution was of course acid (pH 5).

ii. Reaction Velocity oI Tyrosinase D.Cresol

Reaction.

A8 Dhas been mentioned previously tne react-
ion produced zn orange-red decowposltion product, wnich
was represented by a combination 01 red and yeilow
standard colours. It was necessary to kunow waetner
beilr coclours proceed Ifrom tne same reaction, in walch
case a study of eitner would yield sulTliclent 1n0I0rit-
ation to determine the reaction velocity.

In order tc prove wnetner or not this was
tae case,sections ol tubers oI a numwber of varietles
wers treated witn p.cresol solutions in 3 equivalent
NaOH, 0.5% and 1% Cresol solutions were used so tnat

tne final colour was nct tco dense ror measurement.

-
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Tne colours Pproduced were estimated at iixed intervals
of tiwe until tane reaction nad ceased. Tne tamper-
ature remained constant. Values 01 potn red and
yellow colour intepsities were plotied against tiwe
and grapns obtalned. An example is given in Table 7
and Grapn 3. Furtner resulls are lincluded in tne
AppendiiXx D.e4,6bH. In botn cases tane curves consisted
¢l a sincrt linear period at tne comwencement, but as
tne reaction preceeded it became logaritimic. Ine
red colour was conslidered Iirst.

If tne final intensity of this (r. ) is
taken as peing identical witan tae initial concentraticn
cf substrate, then tne amount oI uncnanged substrate
after time t is given by tne dirference of r, and the

intensity of the red colour at time t (ry ).
Initial Suostrate concentration

By plotting 1og Cloosl 108 To-r,

Sunstrate councentration arfter
time t.

against tlme a stralgnt line grapn was cbtalned, snow-
ing tnat the course oI tne reaction followed tne mono-
molecular law.

Values ol tne velocily coustant Kk, ror tne

reaction were optalned Irow tne Iroraula,

kp = X log
v T To™ Tt

and proved to ve appreximately counstaut tarcugnout tae
reactioill.

Tne values Icor tne intensity ol tue yellow
colour were treated in a sluwilar mammer. A correction

Tor tne original yellow colour ©I tne section was

.{-

)
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Taple 7.

lda,

Reaction Veloclity ol ITIyrosinasce p.Crescl Reaction.

Colonr Intenslily produced on a section of tae variety YPresident®

with 0.5% solution o1l p.crescl in 3

a

equivalant NaOH.

Tamperature

187, Intensities are given in Lovibond's Colour Units.
riral| ot Yollow  Biour |1os T | log = | kr Ky
T Colour UOSEIVed [ oorrscrea L Ho~Ye

0 min. - 247 = - e - i

B 3.1 3.6 0.9 0.16 Ol 0.072| 0.069
10 ¥ 4,9 4.2 1.6 0.28 0.29 0.066 | 0.06%7
15 * 6.4 4.0 s 0.43 Q.4 0.066 | 0.063
20 ¥ T 9.0 Bad U.6L O.0Y 0.070 | O.08B
26 8.0 o4 7 0.80Q 0. 89 0.074 | 0.082
30 " L2 0.0 2.8 Q.97 L.0L Q.074 | 0.077
35 W - 9.4 5.% 3.0 2 I L.49 0.073 | 0098
a5 9.8 5.8 Bl sy | dedld - 0.070 | -
56 10.0 5.8 o 1 l.71 e Q. 074 -

70 10,8 v 5.8 gl ~ - - -
86 ¥ 10.2 5.8 el - - - -

S22 Grapn 3.
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deducted ITrom eacn reading, and the velocity constant
Ky was obtalned Irom tune corrécted readings.

On comparison it was Iound that the two
constants kKp and ky were in close agreement, indicat-
ing that tne red and yeilow colours proceed Irom tne
same reaction. Hence a siudy oI tne doveropuent ol
cne CcI tne coiours provided suIlTicient inlcrwation to
deterwine tne velocity ol reaction. Tne ovservation
oI tne red colour possessed several advantages as it
was [ormed wore raplaiy and was more easily weasured
tnen tne yellow colour. loreover potato tubers
possess a lignt yellow rlesn, a ractor winicn is
variable, and a correction nad to e applied fcr tinis
eacn tiue. Accordingly tne course oIl tne tyrosinase-
p.crescl reaction was suosequently followed by analys—

ing tne rermation of tne red colour.

iii. Temperature Coeflicient of tne Reacticn.

It was recognised tnat the velocity of
reacticn would lncrease wlth a rise ol teuwperature,
and in order to obtain some 1idea oIl tne magnitude of
sucn a cnange, a series oI readings Ifor tne rate or
reaction were obtained Ifor a range oIl tlemperatures
extendin—g rrom 8°C to 28°C. Tane reagent used was a
2% solution oI P.cresol witn 3 equivalent guantity of
NaO:ri. Wnen tne intensities 01 tane red colour were
plotted against time, linear grapas were dvtained Irom

wnicn tne velocity comstants IOor tne Iorwation oI red
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cclour were calculated. Inc tewperature coerricient
oT trne reaction, waicn snows tne reliation Or tue

reaction velocity (k¢ ) at temperature t, and at a

temperature 109 nigner, tonat is Kt +10 y Was calculated.
Ky
An eXawple 1s given in Table 8 and Grapn 4, waile

rurtner examples are included in tne aprendix (p.66 )
Tne resulis snow that witn a temperature increase of
10°C tne increase in reaction velocity 1s apprcoximately
twofold.

Under existing laporatory conditions it was
Tound tnat the temperature witnin tne tintometer box
coulid be most easily maintained at 18°C.,nence tnis
temperature was taken as a standard Ior subsequent
cbservations.

Tne standardised laporatory tecnnique was as
follows, A section 01 potato tupber was treated witn
a Tew drops €1 &% p crescl solution containing z equi-
valent amount scdiuu aydroxide and allowed O drain
for 30 saconds. It was toen placed in tae tintometer
at a temperature of 18°C and tne colour estimated at
3 winute intervals Ifor a period or 1b minutes. Colour
estimations were discontinued in wost cases arlter the
sectioh assumed an intensity of red colour greater tnan
20 Lovibond's Colour Units. A grapn ol red colour
intensity (r) against tiwe (1) was Obtained and from

this a reaction constant X was calculated

k = 4T
at.

The slope of tne grapn represented by K did not

-
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Table 8. Temperature Coerricient of tne Tyrosinase

PoCresol Reaction.

Colour Intensities (Levibond's Colour Units ) produced witn
varisty RKnoderick Dnu.

Reagent — 2% p.cresol with § equivalent NaOH.

Time Temperature 1370, Temperature 23°¢C.
SHEeTyal Red Yellow Red Yellow
3 legs than Bk 3.0 a4
2.0
IS A, 4 3.6 a8 4.2
9 6.0 4.1 13.1 5.5
12 87 4.6 179 0.0
16 1l.3 5.0 2249 6.8

The values for Cclour Intensities are avarages of four
deteruwinations.

From Grapn 4 1s obtained Kiz = 0,88
. K
The temperature coefficient Eéi = 1.889,
13



21
necessarily determine tne course oi tne reaction,
because tne grapns obtained Irom dilierent varieties
had different intercepts on tne r axis. Tne reasoi
for ihis is notv clear but it was pcssibly due to
complications in tane initial stages or tne reaction.
In order 1o determinate tne course of the reaction
for any one variety tne slope of tne grapn (k) nas
beern supplemented by the value ol tne red colour atb
timwe 10 minutes (r;g). Estimates of the standard error

are given in the appendix p.70.
(2) Factors Arreciing thne Reaction.

(a) Maturity of the Potato Tuber. In order

to 2xamine tne efTect of maturity upon tne reaction,

it was arranged to follew thne growth of a nuwber of
plants throughout tne summer of 1929. For tnis
purpese six well known variaties were chosen namely,
Duke oI York, Epicure, Great Scot, Golden Wonder,
Majestic and Ally. Those varieties dirfer widely in
time of maturing, Duke oI York and Ipicure being in

tne "First Early" class, Great Scot, iajestic and AlLy
in tne v"Early Maincrop', and Golden Wonder in tue

¥Late Maincrop" groups. Tae petatoes weras grown in
Midictnian at seven diflerent localities referred to

as A,B8,C etc., within a radius oI apout sSix miles. AU
an 2arly stage ol growtn Two nealtny and characteristic
plants wer2 selected and warked Ior examlnation. The
fcllowing table gives tne variety marked at tne differ-

ent centres.
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Tuke of York|Xpicure |Great Scot| Golden |liajestid ALL}H
. Wonder
A A A A A A
B - B - - -
C C C C C C
D D L D D D
- B - - - )
F - - - ¥ =
- G G - - -

A — Colliege Gardzns,Liverton, <z miles o.
B - College Farm, Bognadil, o3 ' ¥y

C — Dept.ofl Agriculture Seed Testing Statilon,
bagt Craigs, Corstorpaine, &6 miles W

D - uessrs. Doopie & Co., JOPPa, 4 miles k.
E - J.R.Gray,is8q., soutufield,Duddingston, <7 miles K.

G - R.L.Scarlett,BEs¢., Inveresk, 63z miles E.

At intervals up 1o complete ripening a Tew
tubers were taken from each plant. The samplies were
taken t0 tae labcratory as quickly as possible waere
tney were weigned and treated witn tne standard cresol
reagent. (2% p.cresol witn 3 equivalent NaOQii )9 and the
velccity constant for tune reaction estlwaled as prev-
icusly descrived. Tne towmperature was waintalned
at 18°c. An example oI tne results is giveun in
Table © and grapn 5. Tne couplete tabnle of results

is gilven in tue Appendix Pe 67,
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Table S.

Relation vetween Tyreosinase p.Cresol Reaction and Maturity
or Tuber.
Colcur Intensity Produced witn standard p.cresol reaggent

( Lovivond's Colour Units ).

Variety - iajestic. source — C.

Time 12th July,LS29. | 4tn August 1929 | stnseptewber ;1929 4tﬂ00t0ber,lgsfu
Interval | geq Yellow Red  Yellow | Red  Yellow Red Yellow.

3 ming, | 7.2 3.3 5.2 2.8 3.6 2.5 3.0 3.6

6 ¥u 13«1 4.6 10,8 4.1 8.7 4.5 6.6 4.6

9 " 1908 506 17-3 4’58 13.5 5.2 1005 514
12 " - — 3205 5-3 18-5 508 .Lqro'? 6.0
15 - - - - - - 18.8 6.6

K 2.2 — .]-.9 el lo? - l.!?; g

Tne ftigures given aoove reprasent tne average oI Iour values
cotained Irom duplicale tuvers Irom eacn CI Lwe plants.

Tne valuges ICcr X and 1 were obtalned Irow grapil d.
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An examination or tae data indicated tnat
the activity ol pciato tyrosinase varied with thne age
of the tuber, being greatest at tne early stages of
tuverisation and gradually diminisning as the plant
matured., Witn tne six variesties examined a minimum
reactliviity was usually observed a snort time vafore
complete maturity was reacned, and tuae occurrence of
tnis pericd depended om Tia: source ol tne tubers.
At tne same stage ol wmaturiity tne size oI tane tuber
nad no influsnce oun tae enzywe acivivity. A I'ew typical
exaumples are given in Table 10 (a) and (0 ). Tae
values given in table (o) were Obitalned Irom tua
analyses ol "Ysecond growin" tuobers. During tne latter
part o July 199 a spell O exceptionally dry weather
was experienced, whicn caused a check in tne growtn of
tae potato plants. Tnis was IOLlowed in August by
an apuniant rainfall which brougat about a rapia
increase in tne growtn ol tne plants. wnen tne
Golden wonder g¢rop at D was examined in the veglrning
oI Septemper it was found tnat a large nuwber orf tine
tuners had formed new snoots upon wihich "second growtn"
tubers were appearing. A nuumber or the "parent' tubers
along witn the “second growtn' tubers were taken 1o
the laboratery ror analysis. Wnen weigned it was
found tnat som2 01 tnevyoung" tubers were neavier tnan
tne "Yold'tubers Irom walcn tney nad ilormed. Tne
tyrosinasa activity,nowever, was greatest 1n tue Yyoung"

tubers, except in tne sawples L, walcn were ooladned



Taple 10.

232,

Relation between Tyrcsinase p.Crescl Reaction and weignt of Tuber.

(2) Variety — Iuke of York

SOUrCe A,

(n) Variety - Golden Wonder

Date of Tuver Weight K 0
Sampling in grauws.

26 « 7 .29 146 17 14.3

62 " L.7 13. 4

4 + 9 29 Lz6 l.o ll.8

=7 1.0 ld. 1

7 10 &9 =00 l.4 l2.4

103 l.4 L2. 5

| source DI

Date of |; 3 Tupber weignt .
Sampling 0" Tubex in grams. « r10
6. 9.29 Al 28 1.5 13.5
& 33 e L 21l.0
26. 9.&9 B 1 Y l.3 13.0
2 28 1.5 16.6
3 17 L5 L6565
4 i K 8 1.6 16.8
26. 9.29 C 1 t510] L3 13+3
2 62 l.6 16.3
3 35 1.6 16.1
4,10.29 D1 60 1.5 l4.5
2 38 Leb l4.3
Tupbers 4 1; 8 1; C 1 and D 1 are “parent tubers'
2; B 2,3,4; C 2,3; D 2 are "second growtn tubers".



Relation between Tyrosinase - p.Cresol Reactilon
and weight orf tuber. (See Table 10. ).

(b) Variety - Golden Wonder Source D.

Tubers C 1,2 and 3.



24.

alter tue plant nad Iully matured.  an exawination

CI the results ootalned Ior tne “Ysecond growtu' tubers
snowed tnal tnelr tyrosinase aciivity was greatest in
tae eariy stages_ox growtn and graduadly adlminisned

as tne plant approacn2q waturity. In the case of a
sample oblqalned Irom a mature plant (D 1.2) tne
activity was tne same in botn Yparent" and Ysecond
growtn" tupers. Inese cpservations snow conclusively
taat tyrosinase aclivity is related to stage of
maturlty and not to weignt oI tuvers of any one

variety.

(v) Environument.

It nas already been pointed out tnat the
dry matter, total nitrogen, and starch contents of the
petatoc tuber vary witn environwent. In order to see
how I'ar enviromment lniluenced tne tyrosinase p.cresol
reaction oI mature tuoers, experimwents were arranged
wnerepy potatec plants were grown la s0lls OI various
types and o1 varying degrees oIl aclidily, also in
widely separated localitlies andi altitudes. liature
tuners were obntalned Irom tae plants grown at tae
severn centres in lMidlotnian descrived in the section
dealing witn “"Maturity". Thne scil types varied Iromw
light garden soils at a4 and D 10 clay loams at B and C.
Tne manurial treatments were essentially tne s-=we in
all cases amounting to 20-26 tons per acre ol rarmyard

manure and 6-10 cwts. oIl artirliclal rfertilisers in tne
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usual proportions adopted for potatoes in tnis area.
The plots at B recelved addivional treatment to pro-
duce a wider range 1in acidity and will ve considered
separately. Localities B and F were over 500' apove
sea level, tns remailnder veing vetween 100' and 200!
O.D. A Iew tubers togetner witn a sample ol soil
were taken ITom benealn eacn plant alter ripeuing.
Ine samples were taken to tne lLaboratory wihere tne
tubers were treated witn standard p.cresol reagent and
a constant obtlained Ior tne velocity ol red colour
formation. ITne soils were air dried, after wiich
a pd delermination was wmade Ior eacn sample by means
oI tne quinnydrone zlectrode (3,29). In this way it
was 1ound pcssiple (0 compare tne reactivity or
tyrosinase T0 Tne p.cresol reagent with altitude, soil
typ2 and soil acldity. A sumnary oI the results is
given in Table 1ll.

At locality 3,five plots eacn 1/200tn acre,
were laid down and specially treated to produca a wide
range in soll acidity. Iwo oI tne plots were dressed
witn I'lowers oI sulpaur wnicn 1s picocnemically oxidised
in the soil to sulpauric acid (26), A toird plot was
untreated wanile tne remaining two were made alkaline
by treating tnem witn calcluw nydroxide. Ine treat-
ments were made at tae end ol Marcn, a montn belore
pPlanting tae potatoes. Tne varieties Duke OI York
and Great Scot were grown ana typical planis were

marked for investigation in eacn plot. By tnis
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Reliavicn b2tween Tyrosinase pP.Cresol Reaction of lature Tubers

204 Seil acidity at the centre (B).

S0il Duka or York Great Scot
Plot Treatment Acidity = N
PH units X 10 X r10
A 10 tons Oal OH ), 8.1 1.5 12.8 0.96 Be3
per acre
B 3z tons Cal Oh)gl 7.5 La 13.1 0.96 Be2
per acre
C Untreated 6.5 1sb 12.5 0.98 8.5
D 800 1lbs. sulpnur| 5.1 1.5 12.6 Q.97 B3
per acre
E  |1200 los. sulpaur| 5.0 LB 1249 0.9 8eb
per acre

Tna values Icr tneg soil acidity varied tarocugnout tne growing
season, and tan2 pd values given aoove are averages of tne

Septemver readings.
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weans 1t was possible to iavestigate tne tyrosinase
P.crescl reaction frowm tubers grown over a wide range
of soll acidity. The results are given in Teple 12.

An eXamination ol tne data ol tables 1l and
12 indicated tnat, for potato plants grown witnin a
comparatively small area, th2 tyrosinase activity or
tne tubers is londependent ol altitude, s0il type and
801l acldity.

In order to Iind out now Iar locality
inTluenced tae reactiocon, samples OI wature tubers ol
‘a nuuper of varieties were obtained in tne aAutuun of
1928 Irow tne roilowing countias. Aberdeensnire,
Ayrsnire, BanIfsnire, Duwnfriessnire, Firesnire,
Midlotnian and Pertnsnire.

Tne material was supplied Py:-—
liessrs.alexander and Brown, Perthn; Lr A.W.McAlister,
Dumfries; lMessrs. Dobpie and Co.Ltd.,Edinburgh.
Messrs. lcGill and smith,Ltd.,Ayr; Department of
Agriculture for Scotland,Corstorpnine; Averdsen and
Nortn of Scotland Collsge oI Agriculture,aAberdeen; and
Edinburgn and East or Scotland College of agriculture,
Edinburgh.

The results obtained Ior a Iew varletiles
grown at the apbove localltles are given in Table 13.
A coxplete record is included in tne section dealing
:with Urariety" (appendix, Pe.o8. )

It would appear thnat tne influence or
locality upon tne tyrosinase reactlon is negligibnle
except in a few cases wnicn will be considered in

detall in the discussion ol tnhe resulis.
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(c) Variety. From a coasideraiion ol tine results
already notad 1n tane sections dealing witn daturity

and fnvironument, 1t is obvious tnat the tyrosinase
activity oIl tne mature potato tuber depends U0 a large
extant upon variasty and is independent ol 2avironmental
influsaces. In order o detaruine tae extent ol suci
varistal 20Tesc¢ts, samples oIl tubers ol a number of tae
commoner potato variaties were obtained in Autuumn 1928
from seven localities 1n Scotland, 2xtending from
Banfisnire to Ayrsaire. Tin2 counties in wnhicn the
crops ware grown, togeitnser witn tne growers concerned,
nave bren wentioned previously in section (b). on
arrival at tne laboratory tne sawples OI 2aci variety
were 2xamined closely, and twenty Iive to tnirty sound
and typical tuovers selected (injured or diseased tubers
were rejected ). From tnese at least six were picked
Al random and treated wita p cresol rzagent as already
descrived. A Tew exawples nave been given in Table
13 and tne complete statament ol results is given in
Appandix p. 68.

In order to siwmplify tae compieted table of
results it was decided to classirly tne varieties
according to tne colour oi tane sKin oI tae tubers.

Five groups were forwed (a) Waoite varieties (b ) Bliue
varieties (c) wnite varisties witn pink ayes, (d4) pink
variaties, and (e) wnite varietles witin purple eyes.

Exc2pt in two cases, tne inlluence oI variety

on tha tyrosinase actlvity oi tae tuvers was coustant
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Tor all the varietiss examined. Tne two exceptions,
namely Arran Cniefl and Up to Date will be considered

in more detall in tne "Discussion ol Results'.

(d) Dissase etc. It was recogulsed tnal p2rore ine

Lyroslinase p.cresol reactlon was used to ldentily
potatc variastias 1t wust 02 possibie witn any one
variety 1o obtaln reproduclible resulis witn every.tuber
wnicn 1s capable o1 sprouting and taus producing a
plant. It nas peen saown Tiat concordant results
ware obtalned whnen sound andi nealtlny tubers were
selected for tne test. Commercial sStocks nowever
often contain a considerable percentage o1 tubars
wnicn nave bz2en (i) attacked by diseases sucn as
"Common Scab! (Actinomyces scabies ( Thaxt ) Gusson ),
Corky Scab ( Spongespora suoterranea, Lagerh) Blight
( Pnytopatnora infestans (liont) DeBy), Blackleg ( Bacillus
atrosepticus, van Hall) Sprain ( zacteriuw rubalaciens ).

(ii) injured during or after narvesting.

(iil ) greened tarougn exposure Lo lignt.
all of whicn are capable 0ol producing plants.

A numoer 01 injured,diseasced and greened

tubers were coilected and treated witn tne cresol

reagent. A summary oI tne resuils owialned 1s given

-

n Tabi2 14(a) and snows tonat tne course oIl tae
reaction ig ianrtluenced, sometimes U0 a large extent,
by disease2, injury and greening.

Tnis suggested taatl tne cresol reagent

could pe used to detect diseased tupvers ol a giliven
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variaty. Sucn a matnod of detection would be of
exceptional value 17 successfully applisd to tubers
infected witn virus diseases sucin as "ILeal Roll" and
iiogaich, wanlcn unlike the diseases mentioned above
in (1) are unrecognisible 1n tn2 tuvber stage.
Accordingly pilants sulfering frocm tne elfects oi ieal
roll,; mosalc and crinkle were marked during tne grow-
ing $2as0il. In tn2 autumin tn2 disceased plants along
witn a neignbouring nealtny nauln wers narvested and
tne tyrosinase activity oI Tne crops determined. Tae
results arz given in Table 14 (Db ). Tne data saow
tnat toe milder forws O virus inrection nave very
littlzs eIrect on tne course O tne reaction. The more
severas forms sucn as severe mesaic and crinkle do
inilusnce the tyrosinase acilvity of tne infected

tuners.

(2) Secason. In tn2 autumn of 1929 samples oI tubers
oIth? varisties examined tne previous year were again
pbtained frowm aberdeensnire, Pertnsnire, Midlotnlan,
Dumfriessnire and Ayrsnire, Tne season 1929 was
characterised by exceptionally ravouravle conditions
for th2 growth oi tne potato plant, am in conscquence
a large crop ol nealtny, well ICrmed tubers resulted.
Th2 yvield was well above average. In comparison,

tne season ol 1928 was muchn less lavourable ,tne crop
peing mich lighter tnan in the Tollowing year. I,

as is possible, a seasonal variation 1n the tyrosinase
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activity occurs, then it snould be apparent Trom an
examination of tubers grown in the seasons L928 and

1929, the conditions ol wnigh form a direct contrast.

=

a2 resulis for tne course oI tne reaction, which

ware obtaiﬁed from tubers ol tne same varieties, grown
atl The same source in boin seasons, are given in

Table 15. A complete statement o1 results for tne
1928 ana 1929 crops 1is given in thne appendix, pages 68
and 69 respectively.

A consideration oI the data inaicates that

littl2 or no seasonal variation exisis.

(f) Storage. ATter the potato crop has been
harvested, th2 wethod ol storage whicn is adopted
depends upon sucn factors as variety, accomodation and
weatier conditions, Thus early varieties, which

are in some cases difficult to keep in a healthy
condition tnroughout tne winter, ars Irequently stored
in shallow boxes or trays in a cocl, dry, storehouse.
Tne cecmmoner commercial yvarieties, nowever, are usually
stored in a pit in the op2n, or witnin a storenouse il
adeguate accomodation ex1s8tUS. Since 1t 1s possiple
that tne varying conditions oI storage may bring about
difrerent cncemical reactions Or alter the course of
tn2 same reaction, it was considered advisable to
invegticate the tyrosinase p.crescl reaction ol tubers
stored in a nwmber orl dirierent ways. Witn this end
in view a number ol tubers cI each ol tne six varieties,

Tuxe of York, Epicure, Great Scot, Golden Wonder,



Tfaple 15.

KRelation vetween Iyrosinase p.Crescol Reaction and Season.

A2,

season 1928

Season 1929

Variely source
X T10 K 10
Ally Midlotnian Lo 1L2.0 1.5 l3.4
Arran Comrade Pertasnire L.0 10.0 dsk 10.9
Edzell Blue Ayrsnire Lo le.g 1.3 17.3
King Baward |Dumfriessnire O 44 4e 0 Q. 49 0.0
Tinwald Apardeensnire L.3 12.6 Le4 12,9

Parfection

Readings given above rapresent the average values ol

six tubers.
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Majestlic, and Ally were placed in a pit and covered
with straw and soil in tne manner adopted on most
farms. A Becond series was placed in bags in a cool,
well ventilated storenouse, wnile a third set was
stored in a refrigerator, tne temperature of wnich
was maintained at 2°C. The taree sets of samples
were storad in the autumn of 1929. In tne spring of
1930 tupbers ol eacn variety were removed Irouw toeir
various storage quarters ani alter standing in the
laboratory Ior one day were treated witin cresol reagent..

‘esults, which are given in Taple 16 snow that the

=)
H

ne
tyrcsinase activity oI "pitted' Tubers closely approx—
imateg that or tubers kept in tn2 storshouse, and
Turther that the EaEX vaiues obtained are in good
agreement witn tnose oIl tne same stocks before storage.
It was found tnat storage at z°C. retarded the course

of the reaction. Tubers examined about one aour after
removal frow thne refrigerator were Tound te have little
reactivity towards thne reagent. A similar dut mucn
smaller innibition was obsarved in tubers taken
directly from the pit. In botn cases, however, the
reaction assumed it normal course alter tne tubers

had been allowed to stand in a warm atmosphere (1500.}

Tor ?béut 24 hours.
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3. Discussion af Results.

From a consideration oX tae grapns for tne
rate of tne tyrosinase p.cresol reaction it is obvious
tnat ne one law is applicable tarougnout. Tne greater
Part 18 logaritanmic, out the initial and Iinal stages
ars linear. In this respect tne reaction resembles
otner 2nzymic decompositious (18 gection X ). It is
coavenient to observe itn2 Irirst linear portion whicn
gccurs witnin a period of 16—~20 minutes after
application ol the reagent. ITne Torm oI tanis part
of the curve, wnere tn: substrate is in excess, suggestis
tnat the reaction velocity is proportional to tne
concentration of enzyme. In the case of the potato
tuber such a proportionality cannot be assumed in
view of tne fact that other suvstances are present
wnicn may interfere witn the course oI tne reaction.
For instance it nas been snown tnat peroxidase retards
( 38 ) wnile o-dinydric pn2nols accalerate ( 36 ) tne
action ol tyrosinase. Peroxidase and a nomologue oI
catachol ( 35 ) have botn been identified in tne potato
tuber. Hence tubers wihicn are very reaciive towards
p.cresol may owe tneir reactivity to tne presence of a
catecnol. Un the other nand it is possible taatl
soma2 varieties contain a relatively large percentage
of tyrosinase tne presence ol which is concealed by
innibitars,

Tne behaviour of tne varieties President

and Goldan Wonder suggests the possible existence

D



of varietal differences in Tyrosine content. when
tubers of either variety are cut and allowed to stand
very little blackening takes place (Table 3). Since
the blackening is caused by the action of tyrosinase
Oor tyrosine tnis result would indicate the paucity ol
eitnar enzyme or amino acid. wnen treated witin
cresol nowever vbotn varietles are very reactiive
indicating a nign concentraticn ol enzyme, or tne
presence oI an accelerator, In a similar manner
it can be deduced tnat lLajestic is ricn botn in enzywme
and amino acld; Kelipse is ricn in amino acid but
contains a low concentration of enzymwe or an active
innioitor.

The efrect oI maturity on the tyrosinase
cresol reaction can be divided into three stages,

(1) A rapid fall in reaction velocity.

(2) A mininum activity, the position of which
varies with environment and variety, but which occurs
after the plant nas reacned maximuim growth.

(3) A glight inerease in activity which becomes
constant after tne plant c2ases L0 grow.

The following explanation may e put Ilorward
to explain the cnanges oI activity. It nas been
noted ( 49 ) tnat normal tuber formation usually
comwences somewihere aboul tne period oIl maXimui growin
oI tne haulm. Assuming tnis to be correct Ior the
potatoes under opservation the very swall and reactive
tubers would ve formed wnen tne plant 1s at or has

just passed tnes point oI waXimum growtn. Alter this
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period the rate ol growtn falls OIT until complate
maturity is reacned. The ovserved diminution in
tyrosinase activity of tne tubers occurs avout this
P2riod in the life or the plant and may quite well
accompany the decreasing growtn rate. It nas been
sugp2sted frequently tnat oxidising enzymes are closely
comected witn respiratory functions, further it is
kncwn that respiration is very great at the period of
maximam growtn of tne plant. It is possible tnere—
fore that tne greater oxldase activity oI young tuvbers
S i scue way related to tae vigoreous respiration of
the Ifully grown plant. AS Tne planl approacnes
maturity tane respiration activity Ialls oIT as does
the enzyme activity oI tne tuber. Finally wnen the
plant is completely mature tne respiration and also
the enzgyme activity are at taeir minimum values. Up
t0 tnis stage in its developument the tuber has been
depend2nt on tne growing plant Ior sustenance. When
maturity is reached however tne luvber severs its
connection witn the naulm and commences a separate
existence, and after a short time assumes its own
characteristic properties. It is about:.this period
that the rise in tyrosinase activity to a constant
value is notliced. ITf it is the case that the minimun
tyrosinase activity colneides with complete maturity
of tne plant, then an obhservation of tne enzyme would
provide an accurate metnod of estimation oI the
property “Maturity" whicn is at present uancertain on

acccunt of the arbitrary metnods ol 1Us determination.
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Witn mature tubers it was noted that
environment and season nad little or no influence on
the oXidase activity. Tnis 18 10 be expected ir tne
enzyms action is connected witn respiration wnich
snould be constant for normal individuals oI one type.
Disease and 1Injury increase tne tyrosinase activity.
It is well known tnat injured tissue snows greater
respiratory activity tnan normal tissue, so tanat again
there would appear To be a close connection between
tyrocsinase activity and respiration. "Greening"
reduces tlie snzyme activity, out it also increases tne
golanine content of tne tuber. The presence of the
increased quantity of alkaloid may be responsible for
the innivition of the enzyme oi Ygraened' tuners.

With ragard to storage erffects a decrease in tyrosinase
activity was observed alter long storage in a pit or

at low temperature. Atter a sacrt time tne activity
returned 1o appreximately tne normal value. Tnis

may =zlsc b2 2xXplained on tne vasis of respiration. The
respiration activity of plant tissue whnicn has been
gtcred at low temperatures is very great for a snort
period arter veing reintroduced 10 a normal atmospnere.
A rgpld increase in respliration can bring avout the
rapid accumulation oI decomposition products, sucn as
carbon dioxide, which would tend to retard otner
processaes. ( 19D.74). It may be pointed out here
tnat the temporary decrease in enzymwe activity on
removal Irom storage was accompanied by a temporary

increase in acidity (page 66 ).



36,

The results obtalned snow taat variety
determines to a large extent the tyrosimase activity
ol a potato tuber. Herice the wmetnods described for
tne egtimation of enzyme activity can be made to
provide evidence for tne detection oI variety. with
tnis end in view tne resultis given in tne aprendix
pages 68,69 nave been rearranged and are presented in
Table 17.

For each variety coluun "pY gives the
average of tne average values from all sources. The
figures in column “"a" were obtained by deducting three
times tie standard error Irom tne lowest of the
average values Irom all sources, wnile those in column
e¥ were obtained by adding three times the standard
error 10 the hnighest average value oI all sources.
Thue any tuber having a value lower than “é“ or nigher
tnan "¢ for any variety is significantly difrerent
from tnat variety.

It is possible 10 separate two varietiss
wnen tnzs value ol "e" for one is aqual to or less than
th2 value oI "a" Ifor tne otier. For example Great
Scot naving a value oI YcY equal to 9.8 units can be
distinguisned witnh certainly Irom Ally wnicn has a
valua for “a" of 1l.0 units. Great Scot, however,
cannot with confidence be separated from Arran Comrade
whicn has a value for "a" oI 8.8 units, and cannot be

distinguished from Royal Kidney for which "a" is 8.0

units.
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Table 1%.
The Dirferentiation of Potato Tubers.
- — = _ - s
Wnlte Varieties o Pink Varieties Blue Varie ties _ ﬁnita Varietles witn Pink iyes | Walte Varieties with Purple Eyes.
Variety L@ D c Variety a © c Variety & B c Variet y a D c Vé}iety a 0 ¢
IDunotter L.0 2.5 4.0 Kexr's Pink| 4.5 © 7.9 Arran VietlH %.5 3 King Edward 3 4.5 ; 0at
cast 1e i, 9.0 10.56 King dward'3.5 t.o 6.0 Catricna 11.0 12:6 14.0
Belipse - 4.0 5¢5 7.0 Reading 7.5 9 10.56 | Edzell Biug 15.8 17,0 18.5 K of K 5.6 7.0 8ib Di-vernon | 15.0 1%7.5 19.5
| o Russet | o Y i
May Queen 4,5 6,0 Y.0 || Rogue 1like 8.5 L0 1l.bd Katie Glovery 16.0 17.5 19.0
Great Scot )
Great Scct 7.0 8.5 9.8 | Orange aAntnerS.s 1Li 1l&.d - o
supgstituie
Up-to—-Date 5.8 8.0 L2.3 || mplcure 10.86 L& 13.5

Reyal Kidney 8,0 9.5 11.0 || Gregor Cups|il3.56 1o 1L6.H

witennill 8.0 9.5 11.0 || Snarpe's 7.5 19 0.5
Pink Seed- '

ling
Rnoderick Dhu|l 840 9.8 1lz.0 || Razourn's 19.5 21 R22.5
, Gregor Cups

Arran Comradel 8.8 1l0.5 12.2

Lochnar 9.0 10.6 1.0
Epicure 10.5 12.0 1l3.9
Ally 11,0 1%.5 14.0
Uajestic 11.0 12.5 14.0

Duke of York [1l.2 12.8 14.3

Tinwald 11.5 128.8 14.3
FPerfection
Apundance 1l.5 13.0 l1l4.5
Imgune 12.6 1l4.3 16.0
Asnleafl
Cnampion 13.0 l4.b L6.0
Gecaden 13.0 14.5 16,0
wonder
Crusader 15:.0 16.5 18.0

President 15.5 16.5 18.0
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It is interesting to note tnat Kerr's Pink
can be distingulshed without any dirficulty from any
o1 tne other pink varieties with which it is sc often
confused. similarly Arran Victory can be separated
frcem FAzell Blue and King Edward from Xatie Glover.
S0 far sucn dAistinciions can -only be made by ovser—-
vatlion ol tae growing plants.

Two varieties, Britisn Queen and King George,
were exawined but could not pe given values Ior k and
rlo on account ol tne irregular colouring of thne
tuber section. Botn varieiies were very wuca more
reactive in tne cortex tnan in tne medulla, a point
whicn proves of value in tneir detection. Ihree
otner varieties Arran Calel, Up—-to-Date and Di-Vernon
did not give concordant results. All tnree varlieties
are extremely susceptible to leaf diseases such as
mosaic and leaf roll whiles the filrst two are also
susceptinle to wart disease infection. With regard
to Di-Vernon it appears that a number of types are at
present included under thne name and it is not known
whetner tne variation has been caused by disease or

wnether more tnan one varieiy exists.
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. SUMLARY .

A nuwber oI preliminary experiments nave
been described in whnich cpnemical reagents were
emploeyed 1n an attewpt to discriminate varieties.

One of the reagents (p cresol) nas been
selected and a satisfactory laboratory techaique
developed. This cnabled the rate of decomposition of
the crescl by tyrosinase in the potato tissue to be
fecllowed by observing with a tintometer tne formation
oI an orange coloured intermedlate product.

The course of the tyrosinase p.cresol
reaction has been snown L0 De moncmolecular with a
short linear portlon at the commencement. From an
opservation of this perioed of the reaction constants
fer the enzywe acllivity were owtalned, and a
tewperature coefficient dedquced.

Tne enzyme activity was snown to depend
upon stage ol maturity or tuver, variety or tuber,
and disease infection put to ve independent oI
envircrnment, season,; and storage conditions.

The provable signlficance o the resultls
nas been discussed and a table ol varieties, grouped

according to their enzyme activities drawn up.
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The Hydrogen Ion Concentration of the Potatc Tuber.

In recent years tne hydrogen ion concentrat-
lcr ¢¥ plant sap has veen made tane smibject 01 nuwerous
investigations, and various wetacds nave peen devised
for tue accurate determinaticn oI tals iwportant
value ( 9 ). AN alectrometric wetnod empbodying tne
nydrogen 21ectrode in cenjunciion wita a standard
calomel nall-cell nas veen extensively used in plant
work (11,17, Tnis combination, nowever, nas several
disadvantages a Iew 01 walcn may be mentioned. In
tne I'irst place tae time taken Ifor tne sap 1o come
into equilivriuwm witn tae nydroge n is about 156 wminutes;
and during tnis period enzyuwic decomposition may nave
proceadad a consideravls distance. It is possible
tnatl aciditly cnanges may accoupany sucih reactions.

In tne second place some writers ( 9 p.444) are of

tne opinien tnat tae rapid rlow ol oydrogen tarougi
oiological systems contained in an open vessel, alters
tne composition of tae Iluld Py causing loss oI gaseous
products sucn as carobon dioxide. Tne loss ol some 0Ol
tne cowponents nacessarily upsets tae equilibriuwm or
the system. Anotner objection 1s tne rapid "poisoning"
by %tn2 plant products, OI tne platlinuuw black wita waicn
tne electrode 1s coated. To avoid sucn difficuities
indicators have peen cmployed to determwine tne nydrogen
ion concentration ol plant sap. ( 31). Determinations

of tne pH oI potato sap nave been cotained in tails way
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(10,33) but tne metnods are difficult to apply on
account of enzywe action wnich renders the Iluid
cpague and coloured. Witnin th2 last few years there
nas veen a rapid development 0I tne guinhydrone nalf
cell ( 3 ) which has veen applied successfully in a
wide Ti2ld oI acldity deteruinations, Tne electrode
pcssesses many advantages, tne most ilwportant of wnicn
ig tne rapid attainwent oI equilibriuw enapiing
measurements to be wmade in é very saort time. one
possible disadvantage is suggested. Cnodat ( 8 )
demensirated tnat plant oxidases, suca as are present
in tne potato, attack nydroguinona. Iltnis reaction
takes place wanan quinanydrone is added to potato sap,
tne ratio nydroquinone/quinone, tne constancy oI wnicn
is necessary for accurate use oI tne electrode, will
be disturbad. Eguiliorium 1s attained sO quickly,
nowever, tnat unless tne decowposition is exceedingly
rapid, it sanould be possible TO make an opservation
before tne ratio or reductant to oxidant is apprec-—
iably disturbad. Acceordingly it was decided to carry
out acidity determinations witn potato sap, using the
guinnydrone electrode and 1o compare the results witin

those oObtained witn tne standard nydrogen systeim.



Tne eXxawination was divided 1ato sections as IoOlLiows:-
1. Laboratory uetnods. (a) Extraction ol Sap from
Tupars.
(n ) dydrogen Llectrode
licasurements.
(¢) galnnydrone kldctrode
lleasurements.,
(d) Construction and Use oI
a liicro-Elactrodge.
2. Factors Inilu2ncing tne pid o Potato Tubers.
(a) Variation oI pi through-
out tas tuber.
(o) Maturity
(¢) Environwent
(d) Variety
(¢ ) Disease
(1) Storage
3. Discussicn 0l Resulis.

4, Suimuary.

1.(a) Extraction oI Sap froi Tubers. Tne following

method was adopte=d for tne extraction oI tne sap.

Tne tubers under examination were washed in cold water,
dried ligatly witn a clotn, and pulped by means of an
2lectrically driven pulper. A I'ine masn was obtained
wnicn was used in the preliminary experiments. This
practice,nowever, was found to be unsatisfactory

owing to the presence oI small pileces or tissue in the
Masne. These adhersd to, and Irequently blocked tne
electrodes, bringing about a large increase in the
resistance oI tne cell. Furtnermore a consider-
able time was required Ior tne nydrogen—calowel cell

to reach equiliorium winen used in conjunction witin the



mash. In order to surwount sucn difficulties tne
mash was ITiltered througn Iine linen, and the filtrate
ewployed 1n tne pd deterwinations. The riltered sap
was Icund tc be satisTactery and was accordingly used
in preference to tne masi.

Decomposition of tne pulped tubers was rapid,
80 tnat tne sap usually possessed a red brown colour,

which darkened on standing.

(0 ) Bydrogen Electrode lMeasurencntis.
Hyar _ e as 18

In making tne measurements with the hydrogen
electrode the followlng compinatlion was used:

Pt o Plant Sap| KC1 HgCl Hg
(sat. )

Tae nydrogen electrocde was o tie Hildebrand type witn
a piatinum Toll coated witnh platinum black. Tne black
wag deposited by electrolysis frow a solution of
platinic cnloride al'ter wnich the electrode was Pplaced
in a dilute solution oI sulpnuric acid to remove traces
oI platinic chloride Dy electiroiysis and to displace
abscrbed cnlorine with nydrogen. Belore being used
the celectrede was tnoroughly wasned witn poiled dis-
tilied water. Alter eacn measurexent 1t was wasned,
cleaned witn filter paper and reblackerned, A
Ysaturated¥ calcmel nall cell was used to complete the
circult. In order to winimise dilffusion of potassium
chlorlide, the tip of the electrode was drawn out to a

fine capillary and tnen pentinto the foru.
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The vessel was connected to a reservoir of saturated
potassium chloride — calomel and by means of a side
tuve and stopcock could be rlushed out arter each
determination. To2 tip or tne electrode was placed
in direct contact with the plant sap, tihe saturated
potassivun chnlcoride solution in tne vessel taking tne
Place ol tne usual connecting solution.

The procedure was as Tollows+ About 5 c.cC.
oI tne plant sap were placed in a small narrow beaker
and a current of nydrogen passed thurougn by msans ol
a delivery tuoe. Losses due 1o Irotning were pre-
vented by placing a cone ci Tilter paper in the moutn
ol tane uveaker. Al'ter approximately 5 minutes, the
aydrogen electrode was suvstituted Ior tne delivery
tube and the rlow ol nydrogen gas continued until
equilivrivm was reacned. Tne circuit was completed
by dlpping the calomel eiectrode inte tne sap, and

tne e.m.I. Of th2 combinaticn obsarved by the usa of

W

potentiometer systeim. Tne pH oI tune sap was cal-
culated from the volitage oI tne cell, teuperature
corrections being applied wnere necessary. Tne
instrument was calibrated Iréequently with standard

builer solutions.

(¢) Quinhydrone Electrode leasurcuents.

Tae comwvination ccnsisted ol saturated
calowel and quinnydrone 2l2menis.

Pt Quinaydrone, Plant Sap KCL HgCl Hg
(sat.) sat.
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Tne quinhydrone nall cell consisted of a stout
Platlinum electrode which was placed 1n the potato sap
gaturated with duinhydrone. Before using, the
electrode was cleaned in hot cnromic acid, washed with
distilled water and neated to redness in an alconol
flame. Tne saturated calouel electrode nas alraady
baeen descrived in tne previous secticil. Bstimates
were earried out as Iollows. A swall guantiiy ol
quinnydrone (tne correct amount was determined
experimentally ) and 10 c.c¢c. Of potatc sap were placed
in a test tube and snaken Vigorously. fne contents
ol itne tube were limmpediately transierred to a small
beaker and tne platinmum and calomel electrodes lowered
into th2 solution. Ine e.u.ls O tne cell was
observed on tne potentiometer circuit and tne pi
calculated. Taoe wnole cperation was carried out in
legs tnan a minute, but 2ven in sucn a snort time tne
decoxpsition or tn2 pa2nol had commenced. ATter eacn
determination tne platinum electrode was washed and
heated to redness 1n an alconol Ilame. The apparatus
was cnecked velfere ani afiter use witn standard pnos—
pnate and puntralate bulier solutions. A preliminary
experiment was carried out to determine tne amount orf
quinhydrone wnicn must e adaed o0 10 c.c. potate sap
in order to produce a constant potential Varying
amounts ¢l yuinnydrone were added to test Tubes eacn
containing 10 c.c. 0I sap and the aclidity determined

as pelfore. Tne values gilven below were obtalned IrTom
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the sap ol twe dilferent varieties and indicate tnat
al least C.l1l2 gus. gquinnydrones st e added 10 10 CeCo

g§2p 10 Optain reproducipvle results.

Wt.01 Quinaydrone 001 | 0.0258| 0.05| 0,075 | 0,10 | 0.125 | 0.15
in gus. el
3 A -
pH value o1 (1) 4,79 | 5.38 5.61 | 5.71 5.72 5.72 5.72
potato sap (2) - 5.33 5,49 | 5,57 | 5.65 5.66 5.66

In order to compare tne guinnydrone-calomel
and nhydrogen-calomel combinations tne sap Obtalned
from a numoar os samples ol potatoes was determined vy
botn methods. A Tew of trne results are given in

Tapble 1, and in tne Appendix p.7l.

Taplie 1.
Comparison ol guinnydrone-Calomel and nydrogen—Calomel
combinations in Determination ol pu

oI Potalto Sap.

pr Value
Saumple
Quinnydrone- nydrogeri~Calomel
Calomel

1. 5.66 5.%72
2o 5.62 5. 71
3 5.62 5.6%7
4, 5.73 H.64
5. éj.t;l : bl67

- |

The results obtained by tne two metnods are

in rairly good agreeument, In tne wajority ol cases



(83%) a sllghtly higner pid value was observed with the
hydrogen elecirode . Ifnls way ve due o a loss ol

COg I'rom the sap during to

2 ionger perica required To

Lt

make a weasurement witn tne nydrogen electrode systou,
or To some errcr ln tn2 application ol tne quinaydrone
gell. In any case Tne use CI tne Quinnydrone elsment
enabled raproducible resulis tc ne cvtained with
greal ease and rapiaity, and was used in all supse-—
gquernt determinations.

(d) Two dirfficulties were encountered in the
course oI a study oI Tae nydrogen—ion concentration
of potatc tubers by the metnods already descrived.

In tne Tirst place , tne time requirsd to prepare a
pulp was sufficient. 10 allow enzywme action to proceed

to a considerable distance, and tne disintegrated

tissue could not with confidence be regarded as possess—
ing tiie same degree of acidity as the original tissuc.
In the second place, there 1s no evidence 0 snow tnat
thne pi value 1s uniiorm tarougunout tie potatc tuber.

Tne apparatus described in tnis secticn was designed

to weetl those dirliculties.

Description of ApparatusS. Tne accompanying diagraum

is drawn to scale. Tne vessel A 1s a small “"saturated'
calomel nall-cell, tne rounded end ol the tube B, whicn
carried tne comnecting wire, ritting tne constriction

at C rairly closely so tnat tne wmercury is not disturb-
ed by tilting. D is a saturated potassium cnloride-—

agar bridge ending in a Irine capillary at E. This
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caplllary 1is suificiently long to permit ol the per—

icdic removal of swall pleces Ifrom tne end, so as to

expose a Iresh surface of potassium chloride-agar.

The platinum wire F, heaten outl at the end, lies close
2 10 and protects tne point k. It

is kept in positicon vy tne tube

.Gy wnicn 1s drawn out at K so tanat

tne internal diameter is less thnan

L. Trne ends ol tne wire I

and tne caplllary I reacn a point

apout 2 mu., Irom tne end ol tne

tube G. In2 wnole apparatus 1is

4 - only 14 cm. long and weigns about

-
I Hl—g 40 g., 80 tnat it can be neld
; like a pencil.
Tna procedure adopted was to
F
Place a few crystals oI quinnydrone
—H

or. tne tissue at the peint under

investigation and tnen insert tns pcint H. The plant
Juice, together with some quinnydrone, rose in tne
Capillary to meet E and F and the potential dillerence
was determined by wmeans of a potentioweter circuit, tne
accuracy of wnicn was aooul Q.o millivolt.

To clean tne apparatus 1or anotner determin—
ation, tne tube G was slipped OII tne rupver stopper I
and a Jjet ol water directed wnere necessary. In
addition, tne stopper was partially sglit so tnat tne

tube carrying F could be removed easily to permit or



ihe wire velng flamed without endangering tuae capillary

e

Statepent Ol resulils, A Comparison ol values
cbtained Ior Iour pufrer solutions by tnis capillary
electrode and oy means of the quinnydrone-calomel

system—previcusly mentioned is presented in Table 2.

Table 2.

PH Values oI certain bulfer solutions.

Capillary klectrode Ordinary Electrode
3.98 3.99
4. 92 4492
6.07 6.06
7.09 7.0%

Groups o1 I[ilve tubers wers examined by tnis
methed and tne average Pil value 0I tane tissue compared
withh tnat o' the pulp prepared Irom tne same groups oIl
tuners. A Tew results are given in Table 3, wnica

illustraté typical dilTerences obvtalned.

Taple 3.
Average pH ol tissue obtalned Py caplillary electrode

compared witn tnhe pd ol pulpe.

Tissue Pulp
5.68 5476
5«70 0.76
5.68 5.74
5.67 5. 71

It will pe observed tnat tne nydrogen—ion

concentration of tne pulp is always lower than tnat ol

the tissue; this point is discussed later.



R« Factors_lulluencing tane Acidity oI tue POLato TUDSI.

(a) Variation oI acidity tarougnoul tone tuber.

-

Tnere 1s mucn evidence to sanow tonat tne
acidity oI tae sap way vary tarougnout tne members or
a plant. Taus Gustalson (16 ) was able to trace
a gradient ia nydrogen-ion ceuncentration in a nuaper
0ol plants, wihl—-cn suggesis tne possinility or tane
existence oI g similar variation in the potato tuber.
AsS no observations seem t0 nave been made on this
subject 1t was decided to make use of the micro-
electrcde to investigate the acidity at different
peints within a nuwper of tuvers. The tuber under
examination was cut along a plane parallel tc the
axis Jjoining the “Yrose" andi'neel" ends, and tne.acldiiy

det exmined at eleven peints cn tne section. Tne
" Rose End, i

positions were chcsan S0 taat rour
were inside tae coriex, and tne re-
walining seven at dirrerent positions

tarcuguout tne medulla. ine

B~
Heel”
approximate positions are snown in tne diagram. Tae

ops2rvations, a few ol wnlcao are given 1in Table 4,
indicate that at tnis periecd of tne year (Novewber)
tubers doc snow a variation in PH value, heing most
acid in that part orf the cortex in the vicinity ol

the eyes, and least acld at tne heel. Generally

the average oI tne eleven readings Ior a tuver closely

approximates to the value obtained Tor tne centre ol



ihe tuber; accordingly in subsequent determinaticns
the pH value Tor tne centre of tuber was observed and

taken as belng representative oI tne wholie,.

Table 4. Variation oI pa value over a -secvion ol

DPOTATO tuber.

Position Tuber  Tuver Tuber  Tuber  Tuber
on Tuber E 2 3 4 5
L 0. 40 9.79 0.67 .67 R ala}
2 . 48 « Gl . 69 .09 . 60
3 + 03 .84 .69 <70 62
4 « 03 . 86 « 70 <70 <62
S .87 .88 75 74 «62
6 » 53 .34 .70 .69 « 59
7 <53 .84 .70 .69 « 57
8 <48 « 81 » 70 .69 « 00
9 i ) « 81 .69 . 67 . 0D
10 O3 .88 .70 74 .09
11 .48 . 88 .70 .74 « 00
Average 0.0l 0. 84 0.70 0.0 0.09
(b ) Maturity. In order to,investigate tne eriect

ol stage of maturity on tne pd value oI potato tuvers,
a number oI nealtny and typical plants oI tne varieties
Duke or York and Great Scot were selected early in

toe growing season and marked Ior intensive examinat-—
ion. Samples 0I tuoers were taken I'rom eacn plant at

intervals tarougneut tae summer and tne aclidity



determined by means of thne micro—electrode; readings

peing wade in tne centre ol eacn tuver. A Tew o
tne results are given in Tapble 5.
Table §.
Reldation petween pa vaiue and Tuber Maitwriity.
Variety | Plant Date of Sawpling.
SO.7.29 | LL. 8. &9 3¢ 929 9.9.29 1849329 | 11.10.29
Duke of Ll 6.41L 6. 306 6.0%7 0.89
York
2 6.3 0.33 6. 0L 5,86
3 6.40 6.3l b 98 5.84
4 6430 6. 24 6.00 5. 082
o t.28 6. 24 6.11 5. 84
Graat 1 6.06 6.03 5.86 5.80 5.7%
S5cot
< 5. 90 0.00 .88 5.84 5.70
3 6.04 6,03 5.83 5.79 5.70
+ 6.16 5. 96 5. 84 5.%% 5,686
5 5. 90 6.00 5. 90 5.79 5.72

It would appear I'rom tne observations that itne
acidity of the tuber lncreases witn stage oI maturiity,
slowly at first and .then more rapidly as the pLant

approacnes complete waturity.




(c) Environument. The effect of environwent upon the

nydrogan lon concentration of potato tissue was
det2runin2d for mature tubars grown at the sevan

sourca2s 1n Midlothian whica have been mentionad already
under the Tyrosinase p,Cresol Ra2action in section (b))
Environment . The mature itubers were harvested
towards the end of September and in Octover and were
taken to the laboratory wunere tne aclidity was deter—
mined imgediately, taat is within a few nours al'ter
rewoval Irom thne soil. Ine values werée obtained

with the micro electrode, a r2ading being taken in the
centre of eacn tuver. Taole 6 gives a suumary of

tne results. There is no delinite relation vetween
acldity of tne tuber sap and =2aviromment. In order
T0 2xamine more Iully tne eifect of soll reacticn

upcen the pH of potato sap, the crops grown on specially
tr=2ated plots at locality B were employed. The
determinations extanded over two seasons, a difrferent
metnod of treatment veing employed eacn year.

In 1928 an ar2a in whicn the soil was very
acid was supdivided into a nuuber oi small Dlots,each
1/250 acre, walcn were then treated with different
quantities of different calcliuu compoundis. Ihe
resulting soil reaction OI tne plotls ranged Irowm a pPH
value of 4.2 units (untreatad) to 6.8 units. Tre
variety King George was planted tarougnout tae area
and in Octover a muuper of plants 1a eacn plot were

narvested. At the same time representative sawples



Table ©.

Relation bpetween Reaction of Sap of Matur: Potato Tubers

with Invircnuent.

Logcality AL 1- S0l L Soll o
tude Type Aclidity Luke of York| &Eplcure Great sScot Golda2n wonder waJestic ALLY .
Ph Unics.
A 200" Garden 0.9 D00 * U.03| b6 T 0.03 6.04 * 0.06 5.74¢ * 0.02 5.54 * 0.04 5.70 % 0.03
B 600"’ Clay Loai beH oeB4 T 0,06 - 5.70 *+ 0.08 = - _
C 200" Clay Loam 4.9 0e83 * 0.04 | 580 * 0.05 | 6,03 + 0.00 5.80 * 0.05 5.68 * 0.05 5.75 * 0.02
D 100’ Garden 5.4 0.70 L 0.06 | 6,74 £ 0.04 | 5,87 * 0.07 5.73 * 0.03 5.64 * 0.02 6.79 * 0.03
B 100" | Mediwn Loam 0.4 - — e i _ 5,79 * 0.05
M QGU' Gl.a.y Loa.al[i 'Oa5 Ly I o 1 t O.U;?J - - = Oub.l. + 0‘03 _
G 100" | vandy Loaw| 7.3 - - 5,71 * 0.05 = " .
jaxigum variation|or indlviduad DU — 5,89 |H.70 —65.80 |5,656 — 6,11 5,70 — 5.85 B.BO ~— 5,63 5,67 — 5,84
Values Ifrom all|sources.

Thn2 psd values Ior tne solls represent tne average acidity
during weptamber.

Tn2 pu values Tor ta2 tuber sap reprasent tne average acidity
0I four tuners.



53.

0T the 80il round each plant was collected, A T'ew
tuoars {rom eacn plot were wasnhed and pulped asg
already descrived (page 41) alter which tne pH of the
sap was determined by weans oI tne nydrogen-calomsl,
and guinnydrone-calomel systems (see pages 42 and 43)
The resultis are given in the appendix p. 71l.

In 1929 another sariss o five plots was
laid down (see p. 26.) on a s0il whicn nad a pH value
¢l aboul 5.5 units, Iwe plots were made acid and two
alkallin2 by treatment with sulpnur and calcium nydrox-—
ide respectively. Ine varietvies Duke or fork and
Great Scot wera planted ian eacn plot. In Qcticoer a
nueoer of tubers oIl those varieties were lifted Iroum
each plot and tne aclidity of tue tissue determined
with the micro elecirode. In botn series oIl experi-
@ments tne PH ol tne sOil was determined witn the
quinaydron2—-calomel system. Tne results are given
iln Table 7.

An examination of the data given in Tables
6 and 7 1ndicates tnat for potato plants grown within
2 comparatively swall aresa, the pid of the sap of the

tupers is independent oI altitude and soil conditions.
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Taple 7.
Relation vetween tne Acidity oi Tuber Tissue

and tne Acidity of tne soil,

Prot Treatment ©oll Acidity | Acidity of Tuber Tissue.
pd univs Tuke Of York Great Scot.

A 10 tons CalOQH)gper 8.l 5.70 5,65
acre

B 33 tons Cal OH)gper 7.5 5. 68 .69
acra

C Untreated 5.5 5.70 5.69

D 800 1lbs Sulphur penq 5.1 5.70 5.68
acra

B 1200 1lbs Sulpnur pex 5.0 O.71 .68
acre

— ‘—- .t S ] — . — - .

Tne valuess for tne soild acidity varied tarouguout the
growing season and tne pH values given aoove are
averages or tne Septauber readlngs.

The valuss for the Acidiiy of the tuber
tissue given apove represent tne averages ol ten

tubers.

(4) Yariety.

From a consideration of the average values
gilven in table o it would appear that varietal
differences in acidity do exist. These nhowever ara
small wnen compared witn tne variation which was snown
by members oI any one variasiy. The tubers ol Majestic
consistently yielded pi figures lower tinan tnose or

the other five varieties, but even here tne nignest
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P value obtainasd for Majestic closely approximated
Lo tn2 lowest value for Gr2at Scot. A Fow otner:
variaties were exawined and average pid values obtained

38 I0lLlows.

Arran COonsul H.64; Field Marsnal D74,
Kerr's Pink 5.75; King wdward  5.95.

Tnz valu2s nowever, were not coastant ror
tuners 0L any one variety, a variation oi as much as
0.30 pd unit veing ocotainad in soume cases. slnce
sucn large variations exist ror one variety, it was
Trelt thnat acldity deterwminations could not witn any

conlidance ve used to discriminate varietcies.

(2) Disrase. A nwmber of tuvers arfected by various
dlseases were collacted and tneir acldity compared
with the acldity of normal tubers of tae same variety.
IXamples of tubers suffering from "Corky scap', "Bligat®,
"Blackleg", “Sprain', and “Wart Discase! are givan in
Table 8 (a). Tubars alfiected oy taose dissases nad

a2 very acld region in tne tissue round aovout tne
adis2as2d part. Tne otner parts of tne tuper appeared
L0 D2 alwost normal except in Very severe cases, waen
a slight increas€ in acldlty was ovserved trnrougnout
tne tuber. It is interesiing to note taat olignt
in th» early stages of development sligntliy decreases
tne acldity of tne tuber, but arter the tubers nave
been stored rfor some viwe, tne region around tne
al'lfected part veccowes more acid than tne nealtny

tis

’J}



Tavie 8 (a).

DO%a

Relation between pH Value or Tuber

Sap and Diseaso.

Variety Nature of Infectlion| Norinal Al'Tected Tuver.
Tuber. Healtny Discasad
— sy oll Part Part J

Great Scot Corky scabp 5.70 5.65 4.35
Duke 0T York Common Scab 5.76 5,70 4.58
Epicure Spraln 5.73 - 5.60
Epicure Black Leg 5.73 0.68 He 66
Duks of York Blight (Ifresn) 5.76 5.75 .83
Duke of York Biignt (old) 5.75 0.70 b.38
ITuk> of York wWwart Disease .75 5.65 0+0%

Table 8 (D).

Relatian between acidity of Tuber Sap and Virus

Infection.

Variel y Nature of Infaction | pH value of
tuber sap.

Ally nealthy 5.80

Mosate 5. 70

Crinkie 5.60

Leafl Roll .86

Arran Comrade Healthy 5.64

liosaic 5.47

Ieal ROll be 70

The avove Iigures represent averages or

cur tubers.
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with ragard to the effect of "Virus Diseasesg!
on the pH value ol tuber tissue a I'ew cbscrvations are
noted in Tanle 8 (b ). In the case of "Leaf Roll"
a slignt increase in pH valiue was noted. with toe
scvere Iorwms of MOsalc sucn as "Crinkle" an incresse
in acldaity resulted; tne milder Iorms of mosaic nad

very Little erfrect on tne acidity of t ne tissue.

(£ ) Storage. In tne course of a preliminary
experiment it was noted tnat storage conditions were:
responsdble Tor large aclidity changes in the potato
tuber. Thus there was a decrease in acidity orf tubers
stored for a few weeks in a warm rcom. In order to
Ccvtaln precise information on tnis subject a numeer

of tuners of each of tane six varietias, Duke of York,
Eplcure, Great Scot, Golden VWonder, Majestic and Ally
was placed in a pit in the open. A second set was
placed in vags in a cool, well ventilated storshouse
arnd a third set was stored 1in a refrigerator at 298,
After a few months had elapsed samples were taken froum
each series and tne acidity ol tne tupers determined.
Tae results (Table 9) snowed tnat the tupers stored

in tne storenouse became less acid. Tnose in the pit
and the refrigerator were acid wnen examined immediately,
but on standing for some time (usually about X4 nours)
tae pi Tigure incre2ased to a value usually sligntly

higher than the original.
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3. Discussion of Results.

Attention has already been drawn to the
Tact tnat tuber tissue examined directly with the
micro electrode is consistently more acid than tne
Pulp obtained from the same tuvers, wnich may be
accounted rfor as foliows. fne loss oI carhon
dicxide present in the cell sap during the process cI
pulping praobably resulis in a decreased nydrogen ion
cencentration. Ingold (R4) nas estimated tnat tne
presence oI carpon dioxide in concentrations such as
occur in the intercellular spaces of tne tuber may
alter the pH value 0.3 - 0.4 units. Furtnermere
the oxidese activity in the disintegrated tissue is
very great and according tc Raper (40) brings about
the conversion of tyrosine te indole derivatives which
are intermediate products in the Iormation of melanin.
It is not known exactly now far tnose transition
compounds would influence the hydrogen ion concentrat-—
icn, but formation ol the Ifinal 1nsoluble product,
melanin, would douobtless reduc2 the aclidity.

The variation tarougnout thne tuber is to be
expected, ir consideration is given to the diiTerent
functions performed by tne various parts. Thus tne
region in the vicinity ol tine oyes 1is intlmately
associated witn tne growing parts wanich are usually
more acid than fully developed mermpers. The acidity
of growing tuvers increases with waturity: this 1s

the reverse of the acidity cnanges in tne growlng
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shoot, wihicn is most acid in its early stages of
dcvelopuent., Appleman and Millier ( L ) observed a
somewnat similar contrariety, tne younger tubers
centaining protein wnicn gave place to non protein
and awine-nitrogen in tne maiure state.

The acidity of the potato tuber does not
appear 10 Pe alTected by envirommental Iactors such
as soll acidity. Inis 18 remarkable when it is
considered tnat the solls under examination ranged
from pid 4 to pH 8. Similar results for other plants
have been obtained by Hoagland and Davis ( 23) and
Reed and Haas (42 ). After long storage in a pit or
at low temperature, tubers snowed an increased acidity

which might e due to accumulation of acid products

Auring storage or 1o decomposition products produced
by the greater respiration activitly winlcn Takes place
woen plant tissue 1s removed Ifrom siorage cendltionse.
After remalning in a normal atmwosphere Ior 24 aours
tae pH value increas2d 10 a value sliightly nigner than
tnat cptained for tne same variety nefore storage.

Ther2 wovld appear to be a slignt variation
in hydregen ion concentration of tuber sap witn
variety but this is not large and wnen compared with
the variation witnin tne members of any one variety
is not signilicant. Hence tne estimation ol pd

value cannot be used to discriminate varieties.
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The quilnnydrone electrode has v2en used to
determine tne acidity of tuver sap and nas been
cnecked with the standard nydrogen electrode system.
In addition a micro-guinnydrone calomel cell has
been devised to observe the aydrogen ion concentrat-
icn at a point on plant tissue.

It nas8 been snown tnal tne acidity varies
with position in tne tuber, maturlty and variety ol
tuber, disease 1lnrection, and storage cenditions.
Tne ph value of tuver sap was Ifound tO e independent
oI anvirommental conditions suci as s8c0il acldiity.

Tne variation wita variety nowever was not
signiricantly greater tnan that ol tne tuovers of any
ona variety, so tnat the determination oI nydrogen
ion ccncentration oI tuber sap could not ve empioyed

to differentiate varieties.
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Pectic Substances.

From a coasideration of Table 17 it will
be obsarved tuoal a numoer of tne wnite varieties or
tuvers camnot be distinguisned by means oI tne
D.crescl reagent. For exampic Great Scot and Arran
Chiel two of tne most popular varieties in Scetland
cannot ve distinguisned by this test. Slumilarly it
ls lmpossivle o separate British gueen from King
Gecrge or Tinwald Perfecticn from Up-to—-Date (some
samples ol Up-tc—-Date and Tinwald Perfection could
be separated by P.Ccresol but on account oI the variaovle
resulits obtained with the Tormer variety sucn a
separation was not always certain). The above palrs
oI varieties nave very similar tuvers and morsover
are oTten conrused in the rield on account of the
similarity of thnelr haulwms. In order to attempt a
separation ol such varieties a number of pectin stains
were applied tec potato sections. Nangin ( 18 )
discovered tnat pnenosalranin and bismarck brown in
neutral cr sligntly acild soluticn stained pectic acid
but not cellulose. For example salranin coloured
ti2 pectic substances orange red and tne protoplasm
and ccrky waterial red. Tnese stains nowever also
colcurad nitrogencus vodies but treatment witn alconol
or acids decolorised the pectic substances dut not
tne nitrogenous substances. Nigrosin and indulin

ks

stained the nitrogenous material but not tne pectic
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Four sclutions were made up as I0LlLlows -

ol,

pnenosalranin and bilsmarck brown in water, I%

Nigrosin and indulin in water.

A Tew drops or

2acn reagent were added

te

sections ol potato tuv>r and allioweéd to stand for L5

minutes after wnicn exmcess reagent was wasned orr.

It was Tound tnat wnile
ed witn pnenosalranin and Dismarck brown ounly a Ieeple

stain was Produced witn nigrosin and iaduliin,

a deep colouration was obtain-—-

Qr

treatuwent with alconol mest Oof the staining of

Phenosalranin and Dismarck 0rown was reuoved,

These

cpservations indicated tne presence or pectic subpst ances

in the potato tuber.

Ten tup=2

ra

O

4
4

aach of tne

Varieties, Great Scotl, Arran Calel', Britisn Queen,

King George, Tinwaid Perfection and Up-to-Date Ifrom

dirfrerent sources were tresated witn pnenosafranin and

allowed to stand ten minutes alter which tne

reagent was wasn2d off with water.

or

tne

tinteoneter,

orange co.Llour

croduaced was

excaess

The intensity

estimatad with thne

and the followlng average results obtained.

Scurce Greal Scofr | Arvan Chiel Byrhish Queen 'V(.mg Ceoftse_ Timwald P Up e -Dale.
Re.d Yellow Re‘:l Vellow Recl Nellow Rerl \\{‘.l'lm Recl Netlow I?EA \{':.” ow.
Apardeel— [[1LLe5 | Oad| ldel| 5ed| L4.Z]| Du3|lde o 6.0 LO.3] 6.0 | L3.7 | 6.0
ghire
Banr'fshire||ll.3| 6.2| 14.0| 5.4 —- ey - - || L6.L| 6.0 || L2.8 | 6.0
Pertnsnire||ll.5| 6.0 - - - = = - || L6.6] 6.0 | Lb.a | 6.0
Etlf'i_LCtHiaIl 1108 bos l‘]~.3 b-O lé:-é Do6 .L"}:t;z b.a .Lbatj b.O .L('S-:d b.O
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Tne values for British Queen and King George are
practically identical. Those TIor Tinwald Perrection
are constant out again tnere is8 a variation witn
Up-10-Dbate. Tnis test nowever is useful in the
geparation ol Greal Scot frowm Arran Cniel, every
tueer of Arran Cniel whicn was examined being darker

in colour toBn those of Great 3cot.

nenolic and Anlno Substances.

Tne possivle existence of varietal difier-
ences 1in pnenolic and amino substances in the potato
tuber has been discussed on page 32 . In order
to get more defirnite inforuation, a potato tuber was
pulped under alconol and tae masn Iiltered. The
Tiltrate was concentrated and wade aikaline, and thell
treated witn a swall amount ol diazetised sulpnanidlic
acid when a red cclour was produced.

The test was repeated witn egual weignts of
potato tuber cvhtilned from tne variet ies Golden
Wonder and Ally winich were placed in Nessler tubes aud
covaered witn a delinite amount oI alconolic NaQi.
After 10 minutes a few drops oI a concentrated solut-—
ion of diazo-benzene sulpnonic acid were added. The
red colour produced was darker witn Ally tnan Golden
wonder. On repeating the experiment with tne same
varieties from another source the same fesult was
obtained.

Thigé preliminary experiment suggesied tunat



furtner investigation would yield valuable inrormat—
icn, applicable to tne discrimination ol potato
varielies. It was not Ifound possiple to make a

mere detaliled examination of the reaction.

Th2 writer wisnes 10 tnank tne Department
ol Agriculture Ior Scotland for a Grant wnich enabpled
tne work 1o pe carried out and also Dr A.Lauder and
Dr A.N. Smith of the Edinburgn and East ol Scotland
Collegz of Agriculture Ior tneir interest and assist-

ance tnrougnout tne course or tne Wwork.
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APPENDIX,
Reacticn Velccity of Tyrosinase p.Cresol Reacticn.

Colour Intensities produced on potato sections with
soluticng of p.cre=sol containing nalf the equivalent

quantity ol scdiuwin nydroxide.

(a) Variety - Rnoderick Dhu. Reagent — L.0% p.cresol
in 7 equivalent NaOH.

Time Intensity of  Intensity of Yellow r

Interval Red Colour ) Coleur K. ky
T T Opsearved Coxgicted

0 min. - Zeb = = =

5 2.0 3.0 0.0 U030 0.03%
10 ' 3.8 3.3 0.8 .030 .025
15 5.4 3.6 1.1 031 025
=20 7.0 4.5 1% .034 . .033
<9 8.4 402 y B 4 .0356 - Q27
30 9.6 4.6 s L . 036 .030
35 10.4 5.0 Z¢5 . 036 . 036
40 11.1 5.2 2.7 . 037 . 037
45 11.6 5.4 2+ 9 « 037 .039
50 12.2 5.7 3.2 . 037 « 049
85 12.5 5.8 33 037 0562
60 12.9 5.8 3.3 037 . 047
65 138 6.0 Va 3.5 <037 -
70 13.4 6.0 3.0 « 037 -
75 13.6 6.0 3.5 036 -
80 13.7 6.0 3.0 Q30 -

0.0 3.0 030 -

@
o]
B
Y]
L]
o

l-—«
S
o
o
L]
o
o
-
o
i
|

1650 o
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(n) Variety - Duke oI York.

Solution - 0.5% p.Cresol

in  equivalent NaOil.

Time Intensity or Intensity ol Yelliow
Interval Red Colour ____Colcur K. K,
t T Opsarved Corrected
I

0 min. - 27 - - -

5] Ke 3 4ot LB 0.056 0+.134
10 3.8 4.2 ) 0562 0067
15 4.9 4,6 139 «049 «063
2Q 5.8 4,6 1« 9 +048 047
20 6.6 4.6 1.9 .048 .038
30 7.2 5.0 243 . 048 « 046
35 7.6 5.0 2e 3 047 » 040
40 8.0 Hed 2.7 . 048 0560
45 8.4 5.4 27 . 050 « 046
50 8. 6 5.4 BT « 049 « 041
55 8.8 5.4 B « 060 - 037
60 8.9 Do 4k 2 7 . 049 . 034
65 9.0 5.8 Ve 301 . 049 -
70 = 1 8 5.8 3.1 « 049 -
75 9. 2 5.0 3. L « UL -

120 Py Fud 5.8 Bl - -
150 9.4 5.8 3. 1 - -




60,

Temperature Coerficient of the Tyrosinase p.Cresol

Reaction.

(a) Velocity constants (k) for the fomation of red

colcur, produced at diflerent temperatures with a

2% solution of p.cresol containing hali tne equivalent

quantity oI sodiwn hydroxide.

Variety Tewperature k = %%

Tinwalid Perfection 8%¢. 0.5%7
i b .].30 U. S0

1] ] 150 J_ . 30

] ] 230 .L i 7 9

" u 28° 1.98
Edzell Blue 130 1,23
" u 23° Z.24

(n)

Temperature Ceoefricients oI tne reaction at

dirferent temperature ranges.

Varliety Tewperature Temperature
Range. CoelTicient.
" " O i)
Tinwald Perfection 87 = 15 Xe 28
" " 182 ~ 25° 1.86
" v 189 = 289 1.52
Fdzell Blue ABT e BE° 1.82
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Kgtimation of Standard Error o tne Tyrosinase p.Cresol

Reactlion.

The standard errors ior tne intensity of
red colour after 10 minutes (ry,) were obtained for a
few varieties by the method detailed by Fisher ( 14 ).

Iet X = the arithmetic mean of each set of n
individual values.

and X = any one value.
then (¥ — X) = toe deviation frow the mean and

S(x - X)°= the sum of the squares of tne deviations
% _ X~ X5F

a o ne variance
n— 41
X - X )R .
o = Z = the standard deviation
n - 1
LS tne standard error of toe mean.

J; .
In each case six tupers oI a variety were investigated.
Froi the readings determined from eacth tuber a graph
was drawn and values oI r,, obtained. Tne standarad
error of tne mean and a percentage error were calcul-
ated for eacnh set of six tubers, and a few examples
are glven below.

Deviations frcm tne mean wnich exceed more

than tares times tne standard error are considered

gignificant.

e - D

T
Variet . —
Svy Mean % % error
Apbundance 127 0. 29 Re 27
Arran Comrade LOsY 035 3. 28
Crusader 15.3 0. 32 Z2.11
Arran Victory Y. 0 V.21 z.ziﬁj




I?l.

Determination,by hydrogen-calomel and quinhydrone-calomel systems,

of the acidity of cell sap of tubers grown in soils of different

reaction. - B
umber of PH value pid Value oI Potato Sap.
Plot of soil. Hydrogen—-Calomel Quinhydrone- Calomel
Systein System
28 4.18 5.70 5.67
19 4,29 5.64 5.70
34 4. 23 5.656 5.72
L7 4. 56 5.63 5. 6%
16 4,65 5.67 Se 71l
8 4,608 0400 5. 67
26 4.74 5.69 5.69
L4 4.75 0,69 D.062
9 4,79 5,67 0.70
27 4,79 5.66 0.71
18 4.96 5.61 5.64
23 0.05 5.60 .64
24 5.08 O, 04 5.0%7
L 0.08 .66 5. 72
29 5.08 5.60 5465
3] .30 B 6. 5.67
4 O.41 5.73 5. 64
22 5.561 5.58 5,66
3 5.75 5.62 5.67
7 5. 80 D. 64 5.72
30 5.83 5.64 5. 6%7
32 6.28 5.562 0.06
12 6,48 5.63 5. 60
6 6.72 5. 66 H.03
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