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Rootstocks

Grapevines Grafted on  Autotetraploid

Hino Motosugi", Yasuhisa Yamamoto,Takasumi Naruo and  Daisuke Yamaguchi
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The  growth of 
`Kyoho'

 (vatis x  tabruseana Bailey x  P: vinijlira  L.) grapevines grafted on  eolchicine-induced

autotetraploids  of  two  grape rootstocks,  
`Riparia

 Gloire de Montpellier' (`GIoire', K  riparia  Michx.), and
`Couderc

 3309' (`3309', Z  riparia ×  Z  rupestris), was  compared  with  the original  diploids. Micro-propagated
rootstock  and  

`Kyoho'
 grapevines were  grafted in vitro  and  rooted.  During  the rooting  and  acclimating  stage,

`Kyoho'
 grapevines grafted on  tetraploids had  much  shorter  shoots  and  internodes than  those grafted on  the

counterpart  diploids. In the nursery  period in pots, 
`Kyoho'

 grapeyines grafted on  each  tetraploid rootstock  also

showed  weaker  growth than those grafted on  the corresponding  diploid rootstock.  After planting in the vineyard,
lateralshootgrowthafterprimaryshoot-tipping,thetrunkcross-sectionalareaandprunedcaneweightof`Kyoho'

grapevinesgraftedoneachtetraploidrootstockwerealsosmallerthanthosegraftedonthecorrespondingdiploid
rootstock.  The  berries of  

`Kyoho'
 grapevines grafted on  tetraploids showed  much  deeper  skin  coloration  than

these of  yines  grafted on  diploid rootstocks.
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                Introduction

  Large-berry tetraploid grape cultivars  such  as 
`Kyoho

 
'

and  
dPione'

 have been planted in about  43%  of  the total

grape production area  in Japan (Production and  Shipment
of  GTapes  and  Japanese Pears, 2005, Ministry of

Agriculture, Forestry and  Fishery of  Japan), These

cultivars grafted on  common  rootstocks  (diploids) grow
vigorously,  and  often  show  fiower shattering,  ln addition,
the vigorous  roots  are likely to absorb  nitrogen  constantly

in summer,  which  seems  to be related to poor berry
coloration,  The  continuous  supply  of  a  high Ievel of

nutrient  solution  resulted  in poorly colored  and  highly
acjdic berries on  

`Kyoho'
 grapevines (Okamoto et al.,

1991), To establish  quality berries of  tetraploid grape
cultivars, many  cultural practices such  as fiower
thinning, imit cluster  thinning, shoot  tipping, and  the
application  of  growth-regulative chemicals  are needed.
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Therefore, control  of  the vigor  of  tetraploid grape
cultivars  by apprepriate  dwarfing rootstocks  could

improve berry quality.
  In grapevines and  several fruit trees such  as Japanese

persimmon and  satsuma  mandarin,  restriction ofthe  root

zone  has been using  practicaLly in commerciai  culture

to regulate  scion  vigor  and  improve firuit quality (Imai,
2001; Imai et al., 1987; Matsumura,  2001; Sawano,
2001), Tetraploid grapevines such  as 

`Pione'

 grown in
the restricted root  zone  produced a larger number  of

seeded  berries than grapevines whose  roots extended

freely (Okamoto and  Imai, 1989). Therefbre, a rootstock
with  root  growth restricted naturally  without  barriers like
the artificially restricted root-zone  culture, if any,  could

appropriately  regulate  scion  vigor  and  consequently

improve setting and  coloration  of  benies,

  Own-root systems  of  tetraploid grapevines are

relatively weak  and  compact  compared  with  the original

diploids (Motosugi, 2000; Olmo, 1976). Imai et al.

(1987) also reported  that own-rooted  
`Kyoho'

 and

`Pione'
 grapevines showed  better berry setting  than

grapevines grafted on  
`Teleki

 8B' rootstocks,  This
improvement ofberry  setting is thought to relate to the

phenomenon that own-reot  systems  of  
`Kyoho'

 and

`Pione'

 are  tetraploid, In a previous study, tetraploids of

three grapevine rootstocks  (`Gloire', 
`3309',

 and  
`St.

George'), produced by in vitro  eolchicine  treatment, had
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relatively thicker and  shorter  roots than the original

diploid rootstocks,  the root  system  of  tetraploids being
very  compact  (Motosugi et al., 2002b), Due to such

characteristics  ofthe  root  system,  the tetraploid rootstock

may  reduce  the growth of  the scion  grafted on  it
compared  to the original  diploid rootstock.  In this study,
the effect of  tetraploid rootstocks  on  the growth and
berry quality of  

`Kyoho'

 grapevines grafted on  them

was  compared  with  those of  the original diploid
rootstocks  in the nursery  period and  for the first several

years in the vineyard,Materials

 and  Methods

Preparation ofgrcv7ed grapevines .fi'om in vitro  culture

  A  weak  rootstock  
`Gloire'

 and  a  vigorous  rootstock
`3309'

 (Galet, 1979) were  used  in this experiment.

Colchicine-induced autotetraploids,  
`Gloire'

 (4x), and

`3309'

 (4x), and  the original  diploids, were  micro-

propagated successively  in rooting  medium  (Motosugi
et al,, 2002b), which  consisted  of  Murashige and  Skoog

(MS) salts  (Murashige and  Skoog, 1962) with  rf3

nitrogen  containing  3%  sucrose,  O.8% agar  and  O.5 pM
1-naphthaleneacetic acid  (NAA), A  simple  cutting-graft

method  was  used  fbr micrografting  because this

technique is very  easy  and  it takes a  short  time to establish

grafted plant]ets (Motosugi and  Naruo, 1999), Internode
segments  (1.5-2.0cm) were  dissected from the shoots
of  each  tetraploid and  diploid rootstock,  and  O,5 cm  in
length from the upper  end  was  cut longitudinally, A
tetraploid scion  cultivar 

`Kyoho'

 was  also  micropropa-

gated in rooting  medium.  One-node segments  (O.5-
1,Ocm) without  leaves were  dissected from `Kyoho'

shoots,  and  the basal end  of  each  segment  was  cut into
a  wedge  fbrm. The wedge-fbrrned  end  of  the segment

of  the dKyoho'

 scion  was  inserted inte the cut end  of

the internode segment  of  the rootstock  (cleft grafting).
The basal end  of  these grafted scion-rootstock  cuttings

was  put in the rooting  medium  O.5 cm  in depth. Two

grafted cuttings  were  placed on  40 rnL  solicl medium  in
a  200mL  glass bottle with  a  transparent plastic cap.

Growth in the acclimation  stage

  Six weeks  after grafting, micrografted  cuttings  were

transplanted into a polyethylene pot (9 cm  in diameter)
fi11edwithvermiculiteandplacedonalightshelfcovered
with  transparent polyethytene film to maintain  moisture.

Nutrient solution  (N : P : K=  18,6 : 1,7 : 8.6 mM)  was

applied  biweekly. Two  rnonths  after transplanting, the

shoot  length and  number  ofnodes  of  
`Kyoho

 
'

 grapevines
grafted on  each  rootstock  were  measured  and  data for
statistic  analysis  were  collected  from 1 1-20 grapevines
showing  superior  growth  on  each  rQotstock,  Both in
micrografting  and  acclimation  experiments,  environ-

mentalconditionswere50pmol･m'2･s']oflightintensity,

16-h day length, and  25 ± 1OC.

Growth in the secondyear  qfrer acclimation

  
`Kyoho'

 grapevines micrografied  on  
`Gloire',

 
`3309',

`Gloire'
 (4x), and  

`3309'
 (4x) acclimated  on  the light

shelf  were  transferred to a glasshouse and  transplanted

into a larger polyethylene pot (18 cm  in diameter) fi11ed
with  vermiculite:  perlite (1 : 1) medium.  Five grams of
mixed-coating  fertilizer (N O.63 g, P O.16g, K  O,36g,
Ca O,27g, Mg  O,04g), which  could  constantly  release

these elements  fbr 100 days, was  scattered  on  the pot
surface.  In late autumn,  grapevines grown in the

greenhouse were  pruned to 30cm  in height and

transferred  outside  for chilling. The next  spring  (March
2000), 20 to 30 

`Kyoho'
 grapevines grafted on  each

rootstock  were  transpianted to larger pots (30cm in
diameter) fi11ed with  sandy  soil: sawdust  manure  (4 : I)
and  transferred to a  rain-shelter  plastic house. Ten grams
of  mixed-coating  fertilizer was  scattered  on  the pot
surface  every  two  months.  Water was  supplied

automatically  twice a day. Only one  shoot  at  the top

node  of  the grapevine was  left; all other  shoots  were

removed  and  all  lateral shoots  were  trimmed  at one  node.

The  shootS  were  trained vertically  up  to 1.5 m  in height,

then horizontally, and  tipped when  the node  number

increased to 4045  (Fig. I). Shoot length and  the number

of  nodes  were  measured  biweekly from early  May  to

September, After leaf fa11, stem  diameter in the thickest
and  thinnest directions was  measured  at the second  or

third internode above  the graft union  and  the cross-

sectional  area  was  calculated, assuming  that the stem

cross-section  was  a true oval. Ratios ofmature  nodes  to

all  nodes  of  shoots  were  also  determined. Each 10

grapevines grafted on  tetraploids or original  rootstocks

were  dug from pots and  washed  with  water.  Root volume
was  calculated  from the difference between.the weight
of  the plant and  that of  the plant with  roots  submerged

m  water.

Growth, beri); set  and  beriy quality in the vinayard

  The grapevines were  removed  from pots with  medium

and  transplanted into the vineyard  in late March 2001.
Four  grapevines of  each  rootstock  were  planted at 1,5 m
intervals in a straight row  with  a  random  design. The
cane  was  pruned at 2.0 m  in length and  bent horizontally
at 1,5m height along  a horizontal trellis system  (Fig. 1).
The shoots  emerging  from the cane  on  the horizontal
trellis were  allowed  to grow freely on  the trellis without

any  shoot  pnming. Flower clusters were  thinned to a

single  cluster per each  shoot  but berries were  not  thinned
after fruit set because the numbers  of  florets were

relatively few, Fruit clusters were  harvested on  20
August. In winter,  grapevines were  pruned, leaving two
2.5m  canes,  which  were  trained in a U-shape (Fig, 1),
  In the fo11owing season  (2002), 20-25 shoots  per vine
emerging  from the distal 1.3m part of  each  cane  were

left and  trained parallel to the horizontal trellis. Befbre
anthesis,  shoots  were  tipped at  the  approximately  15th
node  and  the lateral shoots  were  pruned  to leave the first
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leaf Flower clusters were  thinned to a single  cluster per
shoot  and  shaped  in the conventional  way.  At fu11 bloom,
5 clusters  per vine  in 2002 or 1O clusters per vine  in
2003 were  covered  with  a  paper bag to collect florets
and  fruitlets dropped from the cluster. Two  weeks  after

bagging, the number  of  fruitiets attached  to a cluster,

and  that of  florets and  fuiitlets dropped into the paper
bag were  counted,  The  lateral shoots,  which  grew after

anthesis,  were  repeatedly  pruned, leaving one  or  two

leaves, on  10 June, 18 July and  21 September, and  the

pruned shoots  were  weighed.  Fruit clusters were

harvested on  21st August. All canes  were  pruned to 2

nodes  on  each  cordon  in winter.  In 2003, shoot  and

eluster management  was  the same  as the previous year
and  fruit clusters were  harvested on  2 September.

  The  harvested clusters were  weighed  and  five
representative  berries were  collected  from each  cluster

and  weighed,  For the determination of  berry quality, 5

berries per cluster were  selected  from all clusters in the
fiTst season  and  three representative  clusters in the
fbllowing seasons.  To measure  skin  coloration,  five skin
disks (8 mm  in diameter) were  sampled  from the equator
portion of  the individual berries and  put into 1OmL  of

MeOH  containing  1% HCI, held in refugerator  at 4eC
fbr 24h, and  the optical density of  the extract  was

measured  at 530nm  using  a spectrophotometer.  The

peeled berries were  squeezed  and  the total soluble  solids

content  of  the juice was  measured  using  a  refractometer,

and  acidity was  titrated with  e.05N NaOH  solution.

  The trunk cross-sectional  area  30cm  above  the graft
union  and  the weight  of  pruned canes  were  measured

after  leaf fa11 every  season.  In order  to evaluate  the

eenciency  of  rootstocks  as the control  factor ibr the
sourcefsink  relationship, yield effciency  was  calculated

by dividing total cluster weight  per vine  by trunk cross-
sectional  area  (Battilani, 2000; Battilani and  Mannini,
2000).

  The mixed-coating  feni1izer (200gfvine), with  the

same  composition  as mentioned  in the previous section,
was  scattered  around  the trunk in a circ]e 50cm  in
diameter three  times  (April, July, and  October) in 2001
and  2002, and  twice (April and  October) in 2003. 0ther
cultivation practices, e.g. pest managernent,  were  carried

out  by the conventional  method.

Statistics

  In the stages  ofacclimation  and  growth  in a pot 30 cm

in diameter, mean  differences were  analyzed  by t-test

between diploids and  tetraploids of  each  rootstock

because the rep]ications  ofeach  rootstock  were  different.
In the vineyard  experiments, two-way analysis of

variance  (Rootstock × Pioidy) was  eondueted.  Percentage
values  were  subjected  to arc-sin transiformation befbre
statistical analyses.

'
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                   Results

Growth ofmicrogrclfied grcu)evines in rooting  and

  acclimatien  stage

  The percentage of  successfu1  grafting was  over  90%
in most  scion-rootstock  combinations,  In rooting  culture,

the tetraploid rootstocks  had a  significantly  shorter

average  root  length than the original  diploid rootstocks

(Table 1), In the acclimation  stage, the scions  grafted on
tetraploid rootstocks  showed  significantly  poorer growth
than those  grafted on  the original  diploid (Table 1). The

reduction  of  scion  growth by grafting on  tetraploid

rootstock  compared  to the original diploid rootstock  was

greater in 
`Gloire'

 (4x) than in 
`3309'

 (4x).

Growth in the secondyear  ofer acclimation
  The shoots  of  

`Kyoho'
 grapevines grafted on  

`3309'

(4x) and  
`Gloire'

 (4x) elongated  less vigorously  than

those grafted on  the original diploid rootstocks.  As the

shoots  were  tipped when  the node  number  increased to

40-45 nodes,  shoot  lengths between `3309'
 and  

C3309'

(4x) rootstocks  were  slightly  different at  the end  of  the

season,  but those grafted on  
`Gloire'

 (4x) were

significantly  shorter  (Table2), The grapevines grafted
on  tetraploids had shorter intermodes than those on

diploid rootstocks,  and  the difference was  larger between
`Gloire7

 and  
`Gloire'

 (4x). The stem  cross-sectional  areas

of  
`Kyoho'

 grapevines grafted on  
`3309'

 (4x) and
`Gloire'

 (4x), were  also  significantly smaller  than those

grafted on  
`3309'

 and  
`Gloire',

  There were  no  differences in the ratio  ofmature  shoots

in any  scion-rootstock  combinations  (Table 2). The  total

vine  weight  and  root  volume  of  
`Kyoho'

 grapevines on

tetraploid rootstocks  were  significantly  smaller  than

those grafted on  the original  diploid rootstocks,  and  those

of  grapevines grafted on  
`3309'

 were  the largest

(Table2), Fine roots  of  tetraploid rootstocks  were

thicker and  shorter  than those of  diploid roetstocks,  and

the appearance  of  root  systems  of  tetraploid rootstocks

was  more  coarse  (data not  shown).

Growth in the vinayard  and  beri:y set and  euality
  The  trunk cross-sectional  area  and  pruning weight  of

`Kyoho'
 grapevines inereased year by year and  were

larger on  diploid rootstocks  than on  tetraploid rootstocks

(Fig. 2). Furthermore, 
`Gloire'

 rootstocks  induced less

growth than 
C3309'.

 Lateral shoot  growth of  
`Kyoho'

grapevines grafted on  tetraploid rootstocks  was  much

weaker  than those grafted on  diploids (Fig.3). There
was  no  significant difference in berry set among  ploidy
in 2002 but tetraploid rootstocks  reduced  berry set in
both rootstock  cultivars in 2003  (Table3). The number
of  berries per cluster  two  weeks  after fu11 bloom was
also  considerably  fewer than the recommended  number

ofberries  per cluster after final thinning, 30 to 35 berries,
described in the common  practical guidance. (Table 3).
Fruit production increased year by year and  yield
eenciency  (crop load per trunk cross-sectional  area)

tended to be higher on  tetraploid rootstocks  (Fig, 4) but
there were  no  significant differences in yield per vine
and  yield efficiency  among  rootstocks  and  ploidy as a

result  of  2-way  analysis  of  variance  in the data of  each

year.
  In 2001, there were  only  a few shoots  bearing fiower

Table1,  Growth of  
`Kyoho'

 grapevines micrografted  on  
`33e9',

 
`Glejre",

 and  their tetraploids in rooting  cu]ture  and  during acclirnation  stage,

Rooting culture' Acclimation stageY

Rootstock Shoot length

  (cm)
Intermode length

   (cm)Number
 ofreots  per

    plants

Mean root  length

    (cm)
Shoot length

  (cm)
Internode length

   (cm)

33093309

 (4x)GloireG]oire

 (4x)

Z8 Nsx7,38.5

 NS6.7

1.2 NS1,11.5

 NS1.3

5.9*4.68.9

 NS7.7

6.8**526.8***3.4 86.3***63.884.1***5S.84.0***3,44.1***32

i
 Measurements  were  made  afier 6 weeks  of  micrografting,  (m =  ] 1-36).
Y Measurements were  rnade  afier 2-mQntla acc]irnation peried. (n = 11-20).
"
 t-test between  diploid and  tetraploid of  each  rootstock,  NS:  not  significant,  

*,
 
**,

 
'"*:

 significant  at P<O.05,  O.Ol,and O.OOI, respectively,

Table 2.Shoot growth and  root  volume  of  
`Kyoho]

 grapevines grafted on  
`3309',

 
`Gloire',

 and  their tetraploids grown in 30-cm pot.

Sheetlength!

  (cm)
Tnternede length

   (cm)
Total vine  weight

    (g)
Ratio ofmature  nodes

      (%)
SCSAY(Cm2) Root volurne

  (Cml)

33093309

 (4x)GloireGloire

 (4x)

317.o*x295,4317,4***228,67.1**x6,46.9***5,674S.4 NS-'

502.1595.8***299.9

91.3 NSi88.588,l

 NS83.4

1,42**xI,081.25***O,60422,s**w284,O342.1***193,1

7
 Att vines  were  tipped at the 4045th node.

Y Stem cross-sectional  area.
"
 i-test within  each  reetstock  (n=20-31), NS;  not  significant, *,

 
-*,

 
***:

 sigriificant at P<O.05,  O,O1, and  O.OO1, respectively.
W
 t-test within  each  rootstock  (n =1O),  NS: not  significant, *, 

",
 
***:

 significant  at P<O.OS, O,O1, and  O,OOI, respectively.
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Fig. 2. Changes in trunk cross-sectional  area  (A) and  pruned calle

    weight  {B) of  
`Kyoho'

 grapevines grafted on  
`3309',

 
`GIeire',

    and  their tetraploids. Vertical bars show  SE (n =4),

clusters  and  the  average  number  ofimit  clusters  per vine
was  2 to 3. Therefbre, no  statistical analysis  was  done,
though  the skin  color  content  of  the berries on  

`Kyoho'

grapevines grafted on  tetraploid rootstocks  tencled to be
higher than on  diploid rootstocks  (unpublished data), In
both 2002 and  2003, the skin  color  of  

`Kyoho'

 grapes
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A.gltijmtue

7,O

6.0

5,O

4.0

3,O

2,O

1.0

o.o1O

 Jun 18 Jul 21 Sep

                       (Date)

Fig, 3, Accumulative weight  of  lateral shoots  pruned monthly  of

    
`Kyoho'

 grapevines grafted on  
`3309',

 
`Gloire',

 and  their

    tetraploids, Data wcre  coJlected  in 2002. Vertica] bars show  SE

    (n=4),

on  tetraploid rootstocks  was  significantly  deeper than
on  diploid rootstocks  (Table4). The juice acidity  of
`Kyoho'grapesontetraploidrootstockswassignifieantly

lower in 2003 than  that on  diploids. Comparing two
rootstock  cultivars,  

CGIoire'
 rootstock  produced  the

berries with  deeper skin  color, higher sugar  content  and

lower acidity than 
`3309'

 rootstock  (Table4).

                  Discussion

  All common  grapevine rootstocks  are diploid. In Vlr'tis
species  used  as grape rootstocks,  some  tetraploids have
been reported  (Staudt, 1995; Tompson  and  Olmo, 1963)
but there  have  been no  reports  on  the performance of

tetraploid rootstocks.  In this report,  new  tetraploids of

`Gloire'
 and  

`3309'

 produced by colchicine  treatment

for micropropagating  plantlets were  demonstrated to
reduee  the vegetative  growth of  scions  grafted on  them

compared  to those grafted on  the original  dip]oid

Table3.BerTy  number  per cluster and  berry set (%) measured  2 weeks  after fu11 bleem of  
'Kyohe"

grafted on  
`3309',

 
`Gloire',

 and  their tetraploids  grown  in vineyard.
grapevlnes

Rootstock Ploidy
Berry number  per cluster Berry set (96)
2002 2003 2002 2003

3309

Gloire

AN'OVAz

 Roetstock

 Ploidy

 Interaction

2x4x2x4x 12,4102IS,214.7

NSNSNS

27.821.627.917.7

NSNSNS

6.24,89,410.8

*NSNS

22.416.622.412.9

NS

 *NS

"
 NS: not  significant,  

':
 significant  at P<O.05  (n=20 in 2002 or  40 in 2003).

NII-Electronic  
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Fig. 4. Changes  in yield per vine (A) and  yield eenciency  (yield/trunk
    cross-sectional  area)  (B) of  

'Kyoho'
 grapevines grafted en

    
`3309',

 
`Gtoire',

 and  their tetraploids, Vertical bars show  SE

    (n=4).

rootstocks,  There are  some  reports  about  using

tetraploids as rootstocks  controlling  scion  vigor  in citrus
and  apple  trees. Lee (1988) reported  that autotetraploids

of  commercial  citrus rootstocks  reduced  the scion  size,

Grosser and  Chandler (2000) also  reported  that a somatic
hybrid (allotetraploid) between sour  orange  and

`Palestine'

 sweet  lime reduced  the scion  size of  sweet

orange.  Beakbane (1967) reported  a tetraploid chimera

ofM.13  apple  rootstock  that was  about  as dwarfing as･

M,9, Thus, polyploidized rootstocks  in these fruit trees

and  grapevines may  have common  activity in controlling
sclon  vlgor.

  Among  diploid rootstocks,  
`3309'

 is a vigorous

rootstock,  but CGIoire'

 is weak,  and  its lack of  vigor

favors quality over  quantity and  hastens ripening  (Galet,
1979), Delas et  aL  (1991) reported  that `Merlot'

grapevines grafied on  
`Gloire'

 had lower pruning weight
and  yield, but higher sugar  content  of  must  and  total

phenolic compounds  in skin  than grapevines grafted on
`3309'.

 Similar relationships  between `Gloire'

 and
`3309'

 rootstocks  were  shown  in our  experiment  using

`Kyoho'scions,Moreover,therelationshipofscionvigor

between these two tetraploid rootstocks  was  similar  to

between the orjginal dip]oid rootstocksi  that is, `Kyoho'

grapevines grafted on  
`Gloire'

 (4x) showed  smaller

growth but higher sugar  content  of  juice and  skin

anthocyanin  content  than vines  grafted on  
`3309'

 (4x).
  Autotetraploid rootstocks  have similar  resistance  to

phylloxeracomparedwiththeoriginaldiploidrootstocks
(Motosugi et  al., 2002a) but much  thicker and  shorter

roots  than the original  diploids, and  their root  system is
very  coarse  and  compact  (Motosugi et al,, 2002b). These
characteristics  of  the  roots  oftetraploid  rootstocks  may

reduce  water  and  nutrients  absorption  of  
CKyoho'

grapevines, We  reported  that tetraploid rootstocks,

`Gloire'

 (4x) and  
C3309'

 (4x), showed  much  lower flow
rate efbleeding  sap from a stem  stump  than the original

diploidrootstocks(MotosugiandYamamoto,2000).We
observed  the reduced  size  of  the leaves of  

`Kyoho'

 on

vines  grafted on  tetraploid rootstock  (Motosugi and

Yamamoto, 2000), which  might  similarly  have resulted
from water  stress (Reynolds and  Naylor, 1994), The
Iower transpiration and  net photosynthetic rates on
`Kyoho'

 grapevines grafted on  the tetraploid rootstock

(Motosugi and  Yamamoto, 2O04) should  also  result  from
water  stress, Stem water  potential of  

`Kyoho'

 grapevines
grafted on  tetraploids measured  at midday  was

significantly  lower than that of  vines  grafted on  the
original  diploids (Yamaguchi and  Motosugi, 2004).
Matthews and  Anderson (1988) reported  that moderate

water  stress in the berry ripening  stage  enhanced  berry
coloring,  For grapevines growing in dry areas, regulated
deficit irrigation (RDI) and  partial rootzone  drying
(PRD) were  introduced to improve berry quality
(Behboudian and  Singh, 2001; Goodwin and  Macrae,
1990; McCarthy et al., 2002). PRD  reduced  vegetative

growih but increased water  use  eenciency  and  light

penetration into the canopy,  resulting  in high berry

quality (Dos Santos et  al., 2003; McCarthy  et  al,, 2002).

In our  experiment,  the reduced  vegetative  growth  of
`Kyoho'

 grapevines grafted on  tetraploid rootstocks  may

also  increase berTy quality as above,  probably from
moderate  water  stress  due to compact  and  the coarse

root  system  of  tetTaploid rootstocks.  We  have been
investigating the effect oftetraploid  rootstocks  on  water

relationships  and  berry-ripening physiology, and  will

explain  the result in another  report,

  Tetraploid table grapevines sueh  as 
`Kyoho'

 and
`Pione'usuallygraftedontheeommondiploidrootstocks

show  vigorous  shoot  growth, which  cause  problems in
fertility and  berry coloring.  Imai et al. (1987) reported

that own-rooted  
`Kyoho'

 and  
`Pione'

 grapevines set

many  seeded  berries but vines  grafted on  
`Teleki

 8B'
rootstocks  set  many  seedless  berries due to decreases in
the penetration and  elongation  rates  of  the pollen tube
after pollination. Okamoto et al, (2001) reported  that

vigorous  shoot  growth of  a tetraploid grape cultivar
`Pione'

 inhibited the development of  transmitting tissue

I
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Table 4.Berry  quality of  
`Kyoho'

 grapevine grafted on  
C3309',

 
tGloire',

 and  their tetraploids grown in vineyard,

RootstockPloidy

            Numberofcluster
Cluster weight  (g) ,per

 vmeBerry
 weight  (g)Soluble

 solids  Titratable acids  Anthocyanin

  (Brix) (% tts tartaric acid)  (OD at 530nm)i

2002

3309

Gloire

ANOVA

 Rootstock

 Ploidy

 interactlon

2x4x2x4x 220,O183,8214,12e6.2

NSYNSNS

27,O23,O23.023.0

NSNSNS

15.015,O15.114.6

NSNSNS

16.716,1]7,417,3

**NSNS

O.61O,56O,57O.57

NSNSNS

O.163O.2630212O.407

*****NS

2003

:i

'

:!

3309

Gloire

ANOVA

 Rootstoek

 Ploidy

 Intera¢ tion

2x4x2x4x l86.4173.3170,1159,8

NSNSNS

47.335.039.036.5

NSNSNS

15.015.514.715.9

NS*NS

17,417.518.118,4

***NSNS

O,73O,67O.70O,65

****NS

0246O.372O.338O.486

*****NS

X
 Five skin  discs (8mm in diameter)1100mL  l%  HCI-MeOH,
i
 NS: not  significant, 

*,
 
**

 and  
***:

 significant  at P<O.05, O,Ol, and  e,OOI, respectively.

!i

it

/!

i'

:

(TT) and  pollen tube growth in pistils, resulting  in severe
fiower shuttering  or the set ofshot  berries (small seedless

berries). On  the other  hand, less vigorous  shoots  grown
intherestrictedroot-zoneshowedbetterTTdevelopment
and  allowed  fbr more  pollen penetration into the ovary,
resulting  in the production of  acceptal)le clusters with  a

suencient  number  of  seeded  berries (Okamoto et  al.,

2001), So, we  expected  that the reduced  shoot  vigor  of
tKyoho'

 grapevines grafted on  tetraploid rootstocks

might  induce better fertility, This is why  we  investigated
the perfbrmance of  tetraploid rootstocks  compared  with

the original  diploids in a high density planting system

(7.5 m2  per vine), and  we  expected considerable flower
shuttering  in `Kyoho'

 grapevines, those especially

grafted on  diploid rootstoeks,  Contrary to our

expectations,  tetraploid rootstocks  somewhat  increased
flower shuttering  and  produced many  small  seedless

benies, which  were  removed  before harvest, resulting

in smaller  cluster  weight  (Tables3 and  4), We  estimate

that producing seeded  berries from `Kyoho'

 grapevines
will  become diencult in this high density planting system
as  vines  age,  and  therefbre, we  are  currently  carrying

out  an  investigation on  the effects of  rootstock  ploidy
on  the quality of  seedless  berries produced  with

gibberellin treatment of  flower ciusters. We  will explain

the result  in another  report.
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