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                                Summary

  Phenolic  compounds  extracted  from the gTaft union  of  heterograft tTees (Prunus persica f P.

tomentosa)  were  unalyzed  by histochemistry and  HPLC  methods  and  cornpared  with  those  on

homograft trees (P. persicafP, persica). A  DMACA  (p-dimethylamino-cinnamaldehyde)
staining  method  showed  that at early  stages  after  budding the phenols were  localized mainly  in the

callus cells, in the new  xylem  and  in the cortical  tissues of the heterograft combination  and

peTsisted even  6 months  after  budding. These phenol{c compounds  fTequcntLy suTrounded  necTotic

tissues which  seeming]y  impeded  the union  between the scion  and  rootstock. From  the HPLC

analysis,  four phenelic cempounds  were  found as  major  components  in both rootstocks,  but two of

them  were  not  detected in the phloerr] of  dwarfing P. tomentosa.  The chemical  natuTe  oi these

peaks was  unknown,  except  one  was  identified as  catechin;  howevcr, bascd on  theiT UV  spectrum,

behavior  in TLC  and  retention  time, our  assignrnents  are  tentatiye, In general, the phenolic content

in the phloem  tissues  was  higher in homogTaft than in heterograft trees, particularly peaks # 1 and
# 3, which  we  suppose  are  prunin and  naringenin  respectively.  However,  in the xylem  ti$sues on

heteregraft trees the phenolic concentration  was  much  smaller  and  the patterns frorn the stock  to

the scion  weTe  different fiom those  observed  on  homograft trees. Peak  # 1, prunin and  Peak  # 2

accumulated  in the phloem  above  the heterogTaft union;  whereas  in the xylem,  Peak  # 1, prunin,
and  Peak  # 3, naringenin,  were  present at low ameunts.  Catechin, a  low molecular  weight  flavan

occurred  in similar  amounts  in the xylcm  of  both combinations,  accumulating  at the graft union,

whereas  the phloem, of  the homograft contained  a  larger amount  of  catcchin.
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                Introduction

  The graft incompatibility symptom  observed  on

peaches grafted onto  Prunus tomentosa  Thunb.

(Nanking cherry)  often  becornes apparent  oflly after  a

few years when  the trees suddenly  die, The diminished

growth of  these trees could  be attributed  to graft incom-

patibility rather  than to dwarfing per se  as  apple  root-

stocks.  The causes  of  the graft incompatibility related  to

this rootstock  for peaches are not  known.

  Researchers  have attTibuted  graft incompatibility of

trees to the  accumulatien  of  phenolic compounds  near

the graft union  zone  (Errea et al,, 1992a, b; Errea and

Felipe, 1994; Cooman  et  al., 1996; Treutter and  Feucht,

1988, 1991), We  observed  previously that the graft
union  of  peaches  on  both R  tomentosa  and  R  persica
rootstocks  develeped an  abnormal  pattern of vascular

tissues even  4 years after grafting, However,  necrotic

cells were  observed  mainly  in the union  of  peaches

gTafted on  P. tomentosa  at the early  stages  (1 to 6-
month-old  after budding)  as  wel]  as  in 2 and  4-year-

old  dwarfing trees (Salvatierra et al,, 1998).
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  Many  phenolic compounds  are natural  constituents  of

plants; the release  and  eventual  accumulation  of  phenols
can  occur  as a response  to tissue wounding,  such  as

when  gTafting is performed; hence, the accumulation

cQuld  be related  to graft incompatibility, Prunin

(naringenin-7-glucoside), a characteTistic  phenol of

Prunus found in the phloem abeve  the union  in field-

grown  cherry  trees was  associated  with  the stocklscion

incompatibility of  the trees (Treutter and  Feucht, 1988),

Perhaps foreign phenols aTe  released  into the  surround-

ing tissues when  cut  surfaces  of  the stock  and  scion  are

brought together, Then,  the cells  of  both adjacent  parts
may  be subjected  to 

"foreign"
 substances  and  may  not

have the appropriate  enzymes  to break down  the phenols
or  to convert  them  into a  nontoxic  form (Lockard and

Schneider, 1981).

  On the other  hand, the phenolic compounds,  depend-
ing on  their chemical  structure, have different roles in

physiological processes. Some  of  them  activate  IAA
exidase,  whereas  others  inhibit this enzyme  (Lee et

al.,1982).  Thus, phenols that occur  at the graft union

may  have favorable or noxious  effects  on  the tissue

development at the graft union.

  This study  aimed  to determine the frequency and

spatial location of  phenolic compounds  in the graft
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union  of  trees budded onto  P. tomentosa, compared  to

those budded onto  R  persica and  to identify and

quantify the phenolic compounds  in the graft union

zone.

Materials and  Methods

1, Histochemical localization ofphenolic compounds  at

  the grciji union

  Samples of  graft union  zone  of cv. Kansuke Hakuto

peach, grafted ento  P. tomentosa  and  R  persica in
August 1996, were  collected  at  4 and  15 days, as well  as

1, 3, and  6 months  after budding. The  samples  were

fjxed with  2.5 %  glutaraldehyde in O.1 M  phosphate
buffeT at pH  7.5, under  a moderate  vacuum  for thrce

hours to remove  intercellular air, The dehydfation was

performed by a sequence  of ethanol  solution,  and  the

infiltration of  samples  was  done with  20-40-60-80  %
ethanolic  glycol methacrylate  (GMA) cencentration

series  at  30 min,  intervals. Then, the tissues were

transferrcd to 100  %  GMA  solution  for 48 hours and

embedded  into pre-polymerized GMA  in geiatin cap-
sules. The samples  weTe  put in an  oven  at  40 

"C

 for one
day, then at 60 

2C

 until  the fixatiye hardened, The
embedded  tissues were  cut by a  microtome  at  25 ptm
thickness. The tissues were  stained  with  O.1 %  DMACA

(P-dimcthylamino-cinnamaldehydc) dissolved in O.5 M
sulfuric  acid  in 1-butanol. The specimens  were  stained

in a  microwave  oven  for 15 sec  until  thc solution  began
to boil; it was  then washed  with  absolute  ethanol  three

times and  mounted  on  glass slides  with  Canada balsam

(Gutmann and  Feucht, 1991).

  The DMACA  method  (Gutmann and  Feucht, 1991;
Tcutter, 1989)  selectiyely  stains  of  flavan-3-ols  and

proanthocyanidins (oligomeric derivatives) blue, but

because sulfuric  acid  is also  present in the DMACA

staining  solution,  the original  blue of  the DMA-

CAIfiavan-3-ols complex  may  have faded to a faint
lilac tinge by the superimposed  anthocyanidins

(Gutmann, 1993; Gutmann  and  Feucht, 1994),

2. HPLCanalysis

Plant material  and  extraction  ofphenolic compounds

  Three 2-year-old peach tTees  grafted onto  R  tomen-

tosa (heterograft combination)  and  three on  P, persica
(homograft combination)  growing in pots were  sampled

in July, 1996. The graft union  zone  was  divided into
thrce sections,  2 cm  long i,e,, below the union  zone

(stock sections),  graft union  (union itself) and  above  Lhe

union  zonc  (scion sections).  The  sections  wcic  sub-

merged  in liquid nitrogen  immediately  and  then freeze-
dTied. Thc epidermis  (brown outermost  layer) was

discarded. The bark (phloem, phellcm, phcllogen, and

cortex)  and  wood  tissues (xylem) were  scraped  off the

freeze-dried sections;  200 mg  of  this powder was

extracted  with  20 ml  80%  acetone  containing  O.4 %
Triton X-100, for 10 days at 4 UC

 ; the solvent  was

changed  twice. The filtrates were  peoled  and  evaporated

in vacuum  at 40 
OC

 . The residue  was  dissolved in 2 ml

methanol,  containing  6-hydrexyflavone (O,5 mgl  ml)  as

internal standard,  Afiter these crude  extracts  were  filtered

through  a O.45 pt m  membrane  filter (Sartorius), 10 g1 of

the  filtrate were  injected into HPLC  (TOSOH, 8020
series,  Japan).

AnalyticalRrocedure

  The phenolic compounds  were  separated  by using  a

reversed-pha$e  column  Zorbax ODS  (4,6 mm  ID x

250), and  detected by two  methods.  1. Chemical reaction
detection (CRD) (Treutter, 1988, 1989; Trcutter and

Santos-Buelga,  1994); after  sepaTation  through' ODS
column,  the extracts  were  mixed  with  the staining

reagent  in a  reactoT  consisting  of  a  40 m  long capillary.
The  staining  reaction  was  performed with  1 %  DMACA

reagent  in 1.5 M  rnethanolic  sulfuric  solution  at  95 "C

 .
The compounds  were  detected at 640 nm,  2. UV
dcterminatjon at 280 nm  and  35 

OC

 (Geibel et al., 1990;

Martelock et al., 1994). A  mobile  phasc flowcd at O,5
mllmin  on  both methods.  Solvents: 1 %  aqueous  acetic

acid  (solvent A) and  methanol:  butanol 5:1, vfv  (solvent
B). The gradient ( B in A) was  programmcd as follows :
O min.,  8%; 10 min,,  10 %  ; 20 min.,  14 %  ; 30 min.,  17
%  ; 40 min.,  20 %  ; 50 min.,  27 %  ; 60 min,,  33 %  ; 70
min,,  49%  ; 80 min.,  62  %  ; and  90-  105 min.,  isocratic

80%.

  A  large peak, detected at  640 nm  by mcthod  1 (CRD),
was  identified as  catcchin  by comparing  the retention

time with  the known  standard  ((+)-catechin hydrate).
The concentTation  of  this pcak  was  calculated  as  a

proportion of  the known concentTation  of  catechin.  The
valucs  weTe  expressed  by mg/g  dry weight.

  Peaks  on  the chromatogram  detected at 280 nm  by
method  2 were  integrated and  mcasurcd  with  a photo-
diode-array--detector (JASCO, MD-910,  Japan), then
compared  to known  data fTom  the literaturc ( Trcutter et
al., 1985; Waterman  and  Mole,  1994). Fractions of Peak
# 1 and  # 2 were  separated  by two-dimensional  chroma-

tography Qn  cellulose  plates usjng  the solvents  (1) n-

butanol-acetic acid-water  (4:Ii5, vfv  upper  layer) and

(2) 15 %  aqueous  acetic  acid. The fluorcscencc was

detected under  UV  light after exposure  to ammonium

vapoT,  Chromogenic sLaining  was  performed with  fcrric
chloride  (2,5% in methanol)  and  diazotized sulphanilic

acid  (Waterman and  Mele, 1994). The retention  time

was  also  considered  in the tentative assigllment  ef

phenolic compounds.Results

1. Histochemical localization ofphenotic conrpounds  at

  the grcoflr union

Early stages  ojlrer budding

  At 4 days after budding, in the heteTograft combi-

nation  (R persica / P, tomentosa),  the callus  cells which
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     deveioped between the scion  and  the stock  were  sur-

     rounded  by stained  cells (Fig, IA), whereas  on  trees of

     homograft combination  (Pl persicalR  persica) the

     callus  cells did net  become stained  (Fig. IB). At the

     early  stages  the cambium  is apparently  active  because

     new  xylem  was  produced in the stock  xylem,  but near

     the stained  cells, new  xylem  elements  differentiated,

       At 15 days after budding, the longitudinal sections  of

     heterograft union  revealed  an  isolated layer of  stained

     cells between the scion  bud and  the stock  (Fig. IC). On

     the contrary,  in comparable  sections  of homografts,

     some  plugged ce11s  could  be seen  in the callus  (Fig. ID).

     One-month-oldbudunion

       On  the  heterograft combination,  stained  cells sur-

     rounded  the callus  (Fig. IE). At the union,  one  side

     seemed  to be cQnnected,  whereas  the other  side  con-

     taining pockets of  stained  cells did not, New  xylem

     elements  developed on  the scion;  but in the zone  where

     there were  stained  cells, the connection  was  not  clear

     (Fig. IE, arrow).  On  homograft trees, the callus  cells

     were  reabsorbed  differentiating to vascular  tissues; only

     a  thin layer of  stained  cells was  ebseryed  in the  inter-

     graft zone  (Fig. IF),

     lhree - month  
-
 old  bud union

       The  presence of  red  (preanthocyanidin) and  blue

     (flavans) stained  cells surrounding  the callus  (Fig. IG,

     white  arrows),  reveal  the distribution of  phenelic com-

     pounds. The large amount  of  necrotic  tissues (N) and
     suberin-like  cells between the stock  and  the scion

     apparently  prevent a continuous  connection  from form-

     ing between graft partners en  heterograft trees (Fig. 1

     G). Contrarily, in the homograft trees, the graft union

     was  free of  necrotic  tissues, and  only  vessels  with  resin

     were  observed  in the stock. A  new  wound  cambium

     differentiated vascular  elements  on  both sides  of  part-
     ners  (Fig. IH).

(A)(B)(C)

(D)(E)

(F)(G)

(H)

(I)

(J)
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Six-month-eldbudunion
  On  heterograft trees, the xylem  of  the scion  and  the

stock  developed vessels  with  resin-like  substance.  A

layer of  necrotic  cells surrounded  the  callus  and  stained

cells  seemingly  sepaTated  the old  and  new  xylem  of

scion.  Although the  development of  the  new  xylem

reflects  cambial  activity,  no  clear  vascular  connection

             A. PhteemTissues

   ua

a-as,bVabS.eE

".asibv-tuptE

3S30asooIS10se

3S30asoo]s10so

Fig. Z,

HomDgraft Heterogrnft

    Scien-Roctstockcornbinadon

B. XylemTissues

Abevcthe"nien

Graftu]iDnBctowthcunion

   Hemegtaft Heteregraf1

        Seien-Rcotstockeormbination

  Mean  values  of  catechin  (mglg clry weight)  of  phloem
and  xylem  tissues frem graft union  of  peach trees onto  P.

persica and  P. tomentosa, Vertical bars= SE,

Homograft cornbination:  P, persica / P. persica

Heterograft combination:  P, persica 1 P, tomentosa

    Fig, 1 Photographs of  graft unien  of  peach bud 
-
 grafted onte  P, tomentosa  and  onto  R  persiea  roetstecks.

4 days after  budding, strengly  stained  ce]]s  are  present at  the  graft union  in heterograft trees.

4 days afte[  budding, lesser- stained  cells  are  in callus  between the  scion  and  rootstock  on  homograft trees,

Longitudinal sections  of  graft union  IS days after  budding, stuined  cells  are  present between the  P, tomentosa  rootstock

andscion.

The  caltus  is suriounded  by  a  slight  suberin  
'
 like cell layer on  homogTaft trees.

The graft union  between  the rootstock  and  scien  1 month  after budding  en  heterograft trees. Stained celts  suTround  the

ca]lus.A

 slight  staifled  cells layer was  observed  between  the Tootstock  and  scion  1 month  after budding on  homograft trees,

TTansvcrse  section  of  graft union  3 months  after  budding on  heterograft trees, Necrotic cells  afe  surrounded  by staincd

celts  (white arrows).

TTansverse section  of  gTaft union  3 months  after  budding on  homograft trees the cambium  is connected  togetber and

stained  cells  indicating phenoiic compounds  are  enly  present in the  epidermis,

After 6 months  on  heterograft trees a  strongly  stained cell layer is present in the new  scion  xylern  and  in the intergraft zone

separating  scion  and  rootstock  parts.
After 6 rnonths  homograft trees display no  necTotic  cell layer and  the  cambium  is continuous  between the scion  and  stock,

R; Rootstock; S: Scion; Ca: Callus; N: Necrosis; C/ cambium.  Bars=  O.1 mm

NII-Electionic  



Japanese Society for Horticultural Science (JSHS)

NII-Electronic Library Service

JapaneseSociety  foi  Hoiticultuial  Science

 728

(JSHS)

 S,G.M. Angeliea, H. Gemma  and  S, Iwahori

o

Time(min) 1oo

 t tl
  l
 l
 1
 :
 
･･I

 l
 : 1

 I
 :
 1

elength  (nm)

Fig. 3.  Chrornatographic tracing  ef phenolic compounds  detected at  UV  photo-diodeLarray  HPLC

system  in the phloern tissues of  graft union  of  hornogTaft trees (upper). Tbree  dimensional  assay  of

phenols (loweT).
               IS: Internal standard.

between  the  scion  and  rootstock  was  observed  ( Fig. II).
  On homograft  trees, numerous  blue stained  cells

existed  in the bark tissues which  reveal  the natural

abundance  of diyerse phenolic compounds  in these

rootstocks.  Thc vessels  of  the stock  xylem  at  the cut

surfaces  seemed  to be plugged with  resin  substances,  No

callus  cells was  observed  at  this stage, indicating that
they completely re-differentiated  into connective  tissues

(Fig. IJ).

2, HRLCanalysis

Method1:HRLC-CRD

  The  catechin  was  identified and  quantified by the

HPLC-CRD  method  because of  the high specificity  of

DMACA  with  flavan-3-ols and  proanthocyanidins
(Treutter, 1988).

Catechin in thephloem  tissues

  A  smalier  amount  of  catechin  and  a  different accumu-

lation pattern were  fbund in the  heteTograft combination

than in homograft trees. Catechin, in the phloem tissues

of  the graft union  (Fig. 2A) tended  to accumulate

equally  above  and  below the  graft union  in homograft

trees, whereas  in the heterograft combination  catechin

accumulated  to a  higher degree above  than below the

graft union.

Catechin in the rylem tissues

  The amount  of  catechin  and  its accumulation  pattern
in the xylem  (Fig. 2B) of  graft union  zone  were  similar

in both stocklscion  combinations.  In the heterograft

combination,  the amount  found at  the graft union  tended

to be higher than that found at the same  section  on  the

homograft combination  but the catechin  levels in the

rootstock  sect4on  were  lower than those found in other
sections  of  gTaft union  in both rootstocks.

NII-Electionic  
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                7hephloem tissues

        The relative  concentration  of  each  peak was  cxpressed

      on  the basis of a  chemical  standard  of  each  component

      after  conversion,  except  Peak  # 1 which  was  calculated

      as  that of  rutin,

        The selected  peaks in the phloem extracts  were  not

      found in those fTem below the graft union  (rootstock
      section  ) on  heteTograft trees (Fig. 5A), exccpt  a  trace

      amount  in Peak # 1. The amount  of  the compound  jn

      Peak#1  er on  than on the hetero-

 Fig.4. UV  speetrum,  attained  frorn UV  photo-diode' array

     HPLC  system,  of  phenolic cornpounds  from the graft
     unlon  tlssues.

  The amounts  of  catechin  in the  three  sections  of

phloem tissues were  genera]ly higher than those found
in the xyiem  tissues, particularly in the hemograft  trees.

Method  2 ; HIILC  - UVdetermination

  From  chromatogTaphics  tracing of  UV  deteTmination
at 280 nm,  three quantitative and  qualitative relevant

peaks were  pTeminent. Based on  retentfon  time (Fig. 3),
UV  spectrum  (Fig, 4), and  TLC  behavior, the tentative
assignments  for Peaks # 1 and  # 3 are prunin and

naringenin,  respectively.  Peak # 2 showed  the same

spectrum  as Peak # 1, but the retention  time was

dissimilar te those shown  by standards  tested. As Peaks
# 1 and  # 2 have the same  spectrum,  both were  ex-

pressed as units of rutin. Peak # 1 is yellow under  UV
light and  with  methanQlic  ferric chloride,  and  Rf  values:

O.61 and  O.92, whereas  Peak # 2 is red  with  diazotized
acid  and  Rfvalues : O,51 and  O.46.

  Epicatechin was  identified as enc  of  the other  peaks
observed  in the Fig. 3. However, this particular com-

pound and  the other  unidentified  peaks were  not system-

atically detected in all the samples;  thus, these peaks
weTe  not  considered  in this analysis,

        was  high homograft

gTaft.
  The compound  in Peak # 1, tentatively identified as

prunin, tended  to aocumulate  at the graft union  of

homograft trees, whereas  in heterograft trees it accumu-
lated above  the graft union,  increasing from the graft
union  to the section  above  it.

  The compound  in Peak # 2, showed  an  increase above
the union  on  heterograft trees; the amount  was  slightly

larger than the corresponding  part of  the homograft. This

phenolic compound  had a rising gradient from the graft
union  to the scion  on  the heterograft cembination  but it
was  undetected  in the  stock.  The  iRverse trend  was

observed  on  the homegraft combination.

  The amount  of  naringenin  in Peak # 3 was  much

loweT than those of  prunin and  peak # 2 in both graft
combinations;  the amounts  in the three parts were

similar,  except  that they were  undetected  in the R
tomentosa  stock.

17te aylem tissues

  The amounts  of phenolic compounds  in the xylem

tissues were  much  lower than those found in phloem
tissues in both combinations  except  for Peak # 3 on

hemograft trees (Fig. 5B). Peaks  #  2 and  # 3 had  the

srnal]est amounts  of  phenolic compounds  at below the
union  of  the heterograft combination;  in which  Peak  # 1

was  undetected,

  More  prunin was  accumulated  in homograft than it
was  in heterograft combination;  it tended to concentrate

more  at  the graft union  than aboye  the union,  contrary  to
that found in ph]oem tissues. In homograft trees, this

phenol tended to accumulate  at and  below the graft
unlon.

  Less phenolic compounds  were  found in Peak # 2 than

were  found in the phloem; this compound  did not

accurnulate  at the graft union  in both rootstocks.  Much
more  naringenin  in the xylem  tissues was  accumulated

in the homograft than in the heterograft; it tended to

accumulate  at the graft union.

                 Discussion

  The specific  staining  method  by DMACA  for flavan-
3-ols and  proanthocyanidins (Gutmann and  Feucht,

1991; Gutmann, 1993) clearly indicated that soon  after

budding, the graft union  of  heterograft trees frequently
had more  staioed  cells than those in homograft trees;
these  stained  cells mainly  surrounded  the callus  (Errea et

NII-Electionic  
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A. Phloem  tissues

Hetnograft
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HomogrRft Heterograft

Abov'etheunion

Gfaft unienBelo-'

 the union
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 4)vh'3.vt-
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   1

   oHomogrHft

HeterografL
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s432Io

PcakS3

Homograft Heterograft
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al,, 1994), The  stained  cells were  also  found in the new
xylem  and  in the cortex  between the scion  and  thc

rootstock  even  on  6-month-old  budded trees. One
month  after budding, the necrotic  tissues, surrounded  by
stained  cel]s adjacent  to the callus  in the heterograft
combination,  seemingly  impeded callus differentiation.
Therefore, it is possible that catechin  and  other  phenolic
compounds  which  accumulated  at the graft union  could

be the first biochemical response  to incornpatibility

(Ceoman et al., 1996). Subsequently, the callus  cells

differentiate slower  about  the graft union  of  heteTograft
than those in the homograft tTees (Errea et al., 1994). Six
months  after budding, the callus  cells as well  as a

necrotic  layer bordeTing the callus  were  still visible  on

heterograft combination,  This necrotic  tissue  extendible

through the cortex  and  the phloem apparently  impeded

the formation of  a good vascular  connection  between  the

stock  and  scion.  However,  the  cambium  is probably still
active  because new  xylem  was  differentiated in both

scion  and  rootstock.  The callus,  surrounded  by 1)
stained  cells,  indicate the  presence of  phenolic com-

pounds, and  2) necrotic  cells,  may  be unresponsive  to

growth promoting compeunds,  thus impeding vascular

differentiation and,  subsequently,  limiting the supply  of

water  and  nutrients  to the scion.

  Our  histochemical observations  reveal  a significant

difference in the distributien of  phenolic compounds

between homograft and  heterograft cembinatiens.  On
heterograft trees, the phenols were  found mainly  in the
undifferentiated  callus,  adjacent  necrotic  cells, in the
bark tissues and  in the new  xylem  of  the $cion (Fig, 1),
whereas  in homograft  combination,  a  small  amount
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occurs  in the callus. In Prunus armeniaca  used  as a

rootstock,  an  accumulation  of  phenolic compounds

occurs  during the  early  stages  of  graft establishrnent

which  was  related  to the  problems in differentiation of

the callus  (Errea et  al., 1994).

  Catechin, is a  flavanol recognized  as  a  protective
agent  of IAA  oxidation  (Lee et  al., 1982) or  as  a  radical

scavenger,  In addition,  an  exogenous  application  of

catechin  improved the growth of  callus  cells by increas-

ing the cellulaT  division (Feucht and  Trcutter, 1995).
Catechin, together with  IAA, may  play a regulatory  role

in the growth of  shoets.  In fact the more  vigorous  trees

of  P. avium  contained  comparatively  more  catechin  than

did smaller  trees of  R  fruticosa (Feucht and  Nachit,
1977).

  In this study,  catechin  contents  wefe  higher in the
vigorous  homograft combination  than in the smaller

heterograft. The lower  levels of  catechin  found  in

phloem tissues of  2-year-old heterograft trees might

imply that the cells of  R  tomentosa  lack a  protective
action  of  catechin  bccause of a difference in enzymatic

activity between the partners.
  The grafting process implies decompartmentation of

cellular  components  by wounding.  The main  phenolic
compounds  implicated, in enzymatic  browning are  cate-

chin  (flavans) or hydroxycinnamic acid derivatives

(Florence and  Gauillard, 1997) which  come  in contact

with  oxidative  enzymes  (peroxidases or polyphenol
oxidase)  and  result  in the formation of  o-quinones

which  subsequently  polymerize and  lead to brown

pigments (Errea, 1998) or  condensed  tannins  (Hillis and

Isoi, 1965). The newly  formed quinones  may  lead to

protein precipitation that result  in cellular  necrosis

(ErTea and  Felipe, 1994). The browning of tissues, a

common  symptQm  in the graft union  of  heterograft trees,

could  be similar  to the enzyrnatic  browning of  fruits and

vegetables.  In addition,  the oxidation  of lignin precur-
sors  ( hydroxycinnamic acid  derivatives) would  affect

the process of  lignification of the tissues (Errea, 1998).

  When  we  analyzed  the phloem and  xylem  tissues

separately,  we  found that the gTaft partners have quanti-
tatively and  qualitatively different phenolic compounds
and  the pattern yaries  depending on  tissues. The lack of

some  phenolic compounds  below the  union  of  the

heterograft trees, characterized  this rootstock.  In the

bark of  R  persica and  other  Prunus  species  phenolic
compounds,  such  as naringenin,  prunin, and  dihydro-

kaempferol have been isolated (Bohm, 1975; Treutter et

ai., 1985),

  In phloem tissues of heterograft trees, the increase in

prunin and  the compound  in Peak # 2 above  the union

could  indicate that the rootstock  influences the  normal

gradient of phenolic compounds.  These  results  are

similar  to the finding of  Errea et  al. (1992a, b) and

Treutter and  Feucht (1991) in I'runus. Feucht et al,

(1988) noticed  that prunin caused  less callus  growth and

inhibited xylogenesis  and  peroxidase activity.

  In xylem  tissues, prunin and  naringenin  which  accu-

mulated  at thc graft union  of heterograft trees could

affect wound  healing. Although less naringenin  than

prunin was  found, thc relatively small  amount  of

naringenin  may  be eneugh  to induce dysfunction at  the

interface between two  cells (Errea and  Felipe, 1994),
Naringenin was  found to function as  an  inhibitor of  the

grQwth promoting activity of  gibberellin, while  stimu-

lating IAA  oxidase  (Feucht et  al., 1988).

  These results indicate that phenolic compounds  have a

possible role in causing  graft incompatibility. The cells

of P. tomentosa, which  lack some  phenolic compounds,

could  be damaged by the foreign phenols released  by

peach cells at  the graft union  , This may  contribute  to

the formation of  an  isolation layer that finally would

promote an  accumulation  of  these toxic substances

above  the union  and  graft union.  According  [o Wang

and  Kollmann (1996), this isolation layer is composed  of

necrotic  material  derived from wall  remnants,  contents

of cut  cells, and  pectinaceous as well  as phenolic
compeunds  secreted  by callus  cells.

  The intense production of  new  phenolic compounds
during the early  steps  in the graft establishment  has been

reported  (Kahl, 1978; Treutter and  Feucht, 1991); their

accumulation  could  be an  unspecified  response  because

it occurs  in stressed  tissues after  wounding  (Errca and

Felipe, 1994; Treutter and  Feucht, 1991). In the hemo-

graft combination,  the phenotic compounds  released  as a

wounding  response  practically disappeared from the

union  zone,  where  the necrotic  layer was  broken by

callus  proliferation. In the heterograft combination,  the

establishment  of  unions  may  be influenced by the

difference in cellular  metabolism  of  thc graft compo-

nent,  leading to necrosis  and  slowcr  cell differentiation.
We  suspect  that the  failure or lack of  adaptation  between
stock  and  scion  results in the accumulation  of  phenols,
When  these  phenols are  converted  to quinones, thcy
oxidize  ether  cells constituents  (Errea, 1998). According
to Treutter and  Feucht (1991), such  oxidation  would

lead to a necrotic  line at the union;  or  depending on  the

nature  of  the phenolic substances,  they would  stimulate

IAA  oxidase  (Lee et  al., 1982), theTeby  affecting  IAA

contents  at the graft union  ( Santamour,  1996).

  In the future, the additional  phenols occurring  at the

graft union  of  P. persica on  P, tomentosa  need  to be

identified and  the enzymatic  activity  which  detoxify

them  need  further study.Literature
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Prunus・tomentosa 矮性台モ モ 樹の 接木部に蓄積す る フ ェ ノ
ール 物質の 組織化学的観察およ び

　　　　　　　　　　　　　　　　　　 HPLC に よる分析

Salvatierra　G ．M ．　Angelica・弦間　洋 ・岩堀修
一

筑波大学農林学系　305−8572 茨城県つ くば市

摘　 　要

　ユ ス ラ ウ メ （Prunus 　tomentosa ）台 モ モ 樹（矮性台 樹 ）の 接

木部の フ ェ ノー一ル 物質含量 とそ の 組織内分布 に つ い て 高速液

体 ク ロ マ トグ ラ フ （HPLC ）お よび組織化学的手法で 調 査 し，

共台樹 と比較 した．

　DMACA （p−dimethylamino　cinnamaldehyde ）染色 の 結

果，矮性台樹 の 接木部 の カ ル ス，新 生木部 お よ び皮 層 組織に

接木後6 ヶ 月 の 間 フ ェ ノール 物質 が 局在 して 蓄積す る こ とが

示 され た．こ の フ ＝ ノ
ール 物質は穂木台木間の 接着を遅 らせ

る もの と思 わ れた．

　HPLC 分析 に よ り，穂木接着に 関係 す る と思わ れ る 4つ の

フ ェ ノ
ール 物質 が 検出され た．1っ の ピー

ク を 除 き カテ キ ン ，

プル ニ ン ，ナ リ ン ゲ ニ ン と推定 され た ．こ の うち 2成分 は 矮

性台樹 の 台木部師部で は検出 され なか っ た．共台樹で は師部

フ ェノ
ール 含量 が 矮性台樹 に 比 べ て 多く，と くに プ ル ニ ン （

ピー
ク ＃1成分 ）およ び ナ リン ゲニ ン （＃3）で 著しい こ と が 認め

られ た．

　また矮性台樹 で は木部フ ェ ノール 含量 も少な く，と くに 台

木部 で 微量 も し くは 検出 さ れ な い 成分が あ っ た．次い で 接木

部，穂 木部 の 順 に フ ェノ
ール 含量 が 多 く，共台樹 の パ タ

ー
ン

と異 な っ て い た．す なわ ち，プ ル ニ ン （＃1）と米同定の ＃2成分

が接木部よ り上部の 師部に 蓄積す るが，木部 に お い て は プ ル

ニ ン （＃1）成分 お よび ナ リ ン ゲニ ン （＃3）成分 が 共台樹 に 比べ 少

な い こ と が 判 明 した．

　低分子 フ ラ ボ ノ
ール で あ るカ テ キ ン は，と くに 矮性台樹の

接木部木部組織で 多 か っ た．師部 の カ テ キ ン 含量 は矮性台樹

よ り も共台樹の 接木部で そ の 含量 が 多 か っ た．
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