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    In the present investigation, clianges in activity of some biocatalysts
resPonsib]e for the cel}ular oxidation and iB amount of reserve substances,
such as sugar, starch, protein and fat were histochemically studiee during
the woand periderm formation. The results obtained are reported below.

                       Materia}s and Method

    Roots of lpoinoea Batatas, DahZia pinnata, Arctiunt Lappa, Daucus Carota, '
Beta vuLgari,s and Rapl}anus sattvus ;. tubers of So!an•unt tuberosunt and ffelS-

(tnthus tuberosus; corms of Cotocasta escutenta and GIadto!us gandavensts,
and stems ef Bryeph>fUunt dai,grernontianesnt, Lorcopersicorz esculentcatn and Bras-

sica oLeracia (Kohlrabiknol]en) were used as materials for this investigation.

    The materials, cut with a sharp knlfe making a cross thick section, were
kept in a moist container at a temperature of ahout 300C. for 24,, 4,8, 72
and 96 hours. Longitudinal thin sections of the fresh ti'ssue were made

rectaxxgular to the eut surface, and some of them were studied morphologieally

while others were treated with various histochemical reagents such as nadi
reagent, guaiacol solution with er without hydrobren peroxide, pyregallol solw
tion, with or without hydregen peroxide, pyrocathecol solution, ortho-and
para-cresol solutions eacii with or without hydrogen peroxiae, tyrosine solution,

benzidine solution with hydrogen peroxicle, potassiurn permanganate solution,
acidifiee silver nitrate solutioll, Fehling's reagent, Barfoed's reagent, iodine

potassium iodide solution, Millen's reagent and Sudan III (cf. Mo}ish, 1923;
Romeis, 1932; Ries, !938; Sinke, Iijima ane Hiraoka, 194i7 and Glick, 194i9).
    Similar longitudinal thin sections prepared from the materials immediately
after the cutting by cress section were studied for the sake of comparison.

                            Observations

    PRELiMmARy OBsERvATIoN: When the wound periderm is formed along
the cut surface, the time required for the occurrence 'of eell division and
elongation after the cutting differs according to different kinds of tissues for
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1

2

all the materials stuclied. The
wound periderm formation in parenchymatous
    In order to make our descriptiota
of the wound periderm are classlfied
accorcling to Krenke (1933), may be
endogene, langspolare Restitution
surface are formed in the tissue
In type B, which may be regarcled
IEngspolare Restitution" after Krenke (1933),

injured cells on the cut surface
times 2 or 3 in succession (Fig
on the cut surface elongate themselves
jecting cells resembling bags.*)

 ee) Whether this type oÅí the wound
  to "Reproduktion" aÅíteT Krenke {1933) svas not determined in the present investigatien.

                                    3

              Exp!anation of figures.

          Lo.igltudinal thin sections of stoTage
       tissaes made recutangular tQ the cut snrface
       96 hours after the cutting by eross seetion.

          Fi.ff. I, shows Type A <61adiolus garzr
                 davensis).
          Fig. 2, 7iype B (Helianthus tuberosus).

          Fig. 3, "i"ype C (Betg vulgaris).
                 (Magnification, l30X).

 present investigation main}y deals with the
              tissue of eortex ancl pitk.

  _ c}earer, morphoioglcal characteristics
      inte three types. In type A, whicli,
   deseribed as "wiederheTstellende, exo- und
 ", the wound periclerms para}]el to the cut
several cell 1.ayers below the surface (Fig. 1).

  as "Schiftzhexstelletade, exo- und endogene,

            taew cell divisions occur ita the
and the cell immediately below them, some-
.2). While in type C, the injured cel}s
        and transferm themselves into pro-
   Cell divisions may a]so occur in those

  periderm fermation belonged to "Restitution" or
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e}orgatecl cells (Fig. 3).

Table I. Resultg of histoch
   ctttting by cress section.

emicaI tests on }ongitud inal thin sectlons immediately after the
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Nadi reagent

Cuaiacol

Pyrogalio}

Pyreeathecol

p-Cresol

e-CresQl

'l'yrosin

Benzidine-l-Hi,02

Guaiaeo}+H202

PyrogalloB- II202

p-(:resol+H202

o-Cresol+H20x

K-permanganate

Acidified AgN'03

Fehling's reagent

Barfoed's reagent

lodine potassium iodide

Mi}lon's reagent

Sadan III
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    The merplxo}ogica} charactexistics of the womid periderm in tlie paren-
chymatous tissues may differ accorcliAg to diff'eretat kinds of materials.
Ipon}oea Batatas, SolamtnL tuberosmanz, CoLocasta esculenta, Gladiolus gan-
davensis and BryophyUum daigreinontianesn}, in which the well differentiated
wouna periderms are formed along the cut surface within 72 l}ours after the
cutting, nsually be}ong to type A. ffeZiant.hus tuberosus and Dahlia pimzata,
in whicl} cell divisions occur along tlie• greater part of the cut surface witliin

96 hours, frequetatiy beleng to type B, whi}e Beta vuLgaris and Raphanus
sativus, in which cei} elongation causing the periderm formation covers the
greater part of the cttt surface within 96 hours, be}ong te type C. In the
materials other than those that are mentioned here, ce]} elongatiolt and
divisions cover the greater part of the cut surface within 96 hours after the
euttii.:tg ai:d the wound periderm formation belongs to an intermediary type
between B anct C (ef. Haber]anGt, 1923).
    ilisTocHEMIcAL OBsERvATIoNs: }I[istochemical tests for indophenel oxi-
dase, polypheertol and monophenol oxidases, peroxidases, starch, protein, fat and

reducip.g substances such as ascorbic acid and sugar were carried out mainly
in parenchymatous tissues of cortex aBd pith during the wound periderm
formation.

    (l) Observations on the longitudinal thin sections intmediately after the

cutting by crosS sectton.

    W}ier.i the tissues are treated witli histochemical reagents immediately
after the cutting, tlie results of the tests shown in Table 1 are obtained.
    [l]he tissues shew a b}ue po3itive re.actio"a colour to nadi reagent more or

}ess strongly in all the materials except Brasstca oleracta and Raphanus
sativles.*)

    The tests for polyphenol oxiclase give differen.t results, when different
substances are usecl as substrates. In pyrog.ftllol suhstrate, a ye}low positive

reaction colouy develops itself in Ipomoea Bcttatas, Solanunt tMberosmn, ffeli-

anthus tttberosus, and Beta vuLgcLrts, in pyrocathecoi substrate, a greenish
dark brown positive reaetion colour ip. al} the materl.als except Gladiolus
bctan(lavensts, Br}roph[yLLtenv clatgremontianttm, Br(ssstca oleracLa and Raphanus

sativuas, while in gue.iacol" substrate no positive reaction has been notieed in
all the materials studied.

    The tests for rrrienoplienol oxidase show n.o positive reactiota at all in all

the materials studied, when para- an.d ortho-cresol are used as sul}strates. In

the case where tyrosin is used as substrate, a black positive reaction co]our
appears in Solanun} tuberosient and Beta vuLbffarts•

   're) The activity of nadi oxidase is found stronger in the reglons of camblums and
    parenchymatous tissues lying close to vascalar bundles than in the parenchyma-
    tous tissues remote from the bunclles.
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    The test for peroxidase with benzidine an. d hydxogen peroxicle gives a
blae positive reactien colour iR all the mciterials except Br)eophyHum (iaigre-

montianugn}. Tl}e })lue coloratien turns ye3]ow sooner or Iater. The test
for pero: idase with guaiacol and hydrogen peroxlde shows a positive reaction
of orange eolour in all the materials except GZadioltes garxdavensis and thcftt

with pyrogallol aMd hydrogen peroxide a positive reactioli of yellow ce]our in

all the materials except BryophyZlum daigremonti,ame]n. While in the case
where para-eresol and hydrogen peroxide are usecl as substrates, the test
faintly gives a positive xeactien colour of straw yellow in Solanztni tu,beros!tm,
CoZocasia esculenta, 11illelian•thu,s tieberostss ancl Dahli,a pi.mi,csta, an(l in the case

where ortho-cresol a"d hydrogen perexide are used as substrates, it feebly
shows a positive reaction colotir of cream yellow in all t'he materials except
BryoplbyZlunt datgremo?vttanuni.

     Potassittm permanganate is reduced in all the materials stuclied. Acidifzea

silver nitrate is not reduced at all in the a[bsence of light ixi all the materials

studied. Fehlipg's reaction is positive ha al} the materials exce?t Iileliai}thiLs

tuberosus, whi}e Barfoed's reaction is pesitive in all the materials ether than
CoLocasta escuLenta, Bryoph)tLlam daigremontiantsrn, EfeLianthtts tuberoszLs, DahZia

pinnata and Beta vuZgaris. Starch is contaimed abttndant]y in the tissue of
lpontoea Batatias, Solammz tuberoszarn, Colocasia escuLent•a and Gladiolus gai}-

dct•vensis, but only iii smaal amount in Daucus Carota. Both protein and
fat are also found in smal} amount in a}l the materials studied.

     (2) Observations on the LongitudinaZ thin sections 24, 48, 72 and 96
hours after the cutti•ng by cross section.

     When the tissues are treated with the liistochemical reagents 24,, 4A8, 72

and 96 hours after the cutting by cross sectie.u, it is found t}}at some re-
markable changes in the activity of nadi oxidase and in the amoLmt of starch
take place cluring tlie wound periderm ibrmation.

     In all the materials except Brassi•ca ole'racta and Raphanus sativus, tl}e

activity of nadi oxidase in the wouncled tissue increases previous to and
daring the occurrence of ce]l divisions in the reglons in which cell clivisions

are to be and are observecl, and the increased activity is maintained during
the wound periderm format!on. This i2kerease in activity is eviclent}y observed

espeeial}y in the materials belonginbor te type A.

     On the contrary, starc}] amotint in the wou"decl tissue s}}ows a sudden
decrease in the region where new ce]1 clivisions are to take p]ace previous to
the oceurrence of the cell divlsions in Iponzoea Batatas, SoZamen} tiLberosurn,

Colocasia escualenta and Cladiolus gandavensis, which be}ong to type A.

     rS]he results of our peroxidase tests also show that in the eases where
a positive reaction of benzidine peroxidase is ol]tained, the blue reaction colour

which has appeareCt in the tissues tums ye!low and this discolour.Rtion occurs
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 more rapidly in the region of the }vound periderm than in ether regions.*)
 In the histochemical reactions otliex thait tliose for nadi oxiclase and starch,

 any chaRige in activity of biocatalysts or in amoRnt of reserve substances is
 not decidedly demonstrated duTing the wouncl periclerm foxmation so far as
 the present investigation ls concemed.

                              Conclusion

     Nadi oxidase shows a positive reaction in the pare)achymatous tissue of
all the materials studied except Br(ts.stca eLeraci.a and Raphanus sativus. It
shows an increase in activity previous to anci cluri2s..a the occurrenee of cel}

divisions in tl}e regions iii NsThich eell divisions are te be and are ebserved,

ancl tkq aetivity is maintained in the regions mentiened above during the
wound periderm formatioR. This phenornenon is s}iewn clearly espe-
cialiy in the materials belongip.g to type A. The activity of nadi oxidase
is stronger in the regien$ of cambiums and parencltymatous tissues lying
close to vascular bundies, in which an active e}onga'tion or divisions of tissue

cells are found, than in other parenchyrnatous tissues. These facts show
that the activity of nadi oxidase has some close connection witli tl}e oecurr-

ence of cell divisions in the wounded tissues.
     In Ipemoea Bat•atas, SoLanttnx tuberosum, Colocasia esculenta and CLadtelus

gai}davensis, which be}ong te type A, starch decreases in amount in the woundecl

tissue previous to the weund periderm formatlon (Kabus, i912 ; Nakano, 1924,
ancl 1<renke, I933). Strasburger (1880), Schaede(1925) and Kuwada(l930)
have observed that starc!x granu!es in staminate hairs and pollen grains of
Tra(lescantia are disselved during the ce]1 division. T!iough no appreciable
change in amount of protein and fat was recoveg:izable in the present iRves-
tigation, Frieclrich <l908), NakaBo (1924,) ancl others have demonstrated a
decrease in amount of protein and fat in wounded tissues. All these results
of observations suggest that a decrease in amount of reserve substances is
associated with the oeeurrence of' eell divi$ion in t}}e wounded tissues.

    The author wishes to acknewledge his sineere gratitude to Prof. Dr. N.
Sinke under whose kincl guidance the present investigation was carried out.
The author is also indebted to Assist. Prof. T. I{iraoka for his helpful sug-
gestions during the course of this inVestigation.

ee) 7'his faet may be taken to suggest tkat the peroxidase activity increases in the
  couxse of the wound periderm fermation.
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