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                                Summary

 The  rooting  ability  of  cuttings  of  curTent  shoots  from trifoliate  orange  (Poncirus trifbliata  [L.]
Raf.) trees  at  vaTious  ages  was  determined.  All cuttings  weTe  collected  in early  June  2001.  Rooting

abilities  varied  arnong  vaTious  ages  of  trifoliate orange  tTees. Forty-five days after  cutting,  thc

curr ¢ nt  shoots  from  one-  and  two-year-old  tTees had IOO%  rootingi  those  from  15-  and  25-

year-old trees had O%. FTom  three-year-old  to five-year-old trees, the  rooting  percentage
decreased as  the age  increased. The number  of  roots  produced correlated  po$itiyely with  thc

rooting  percentage. In another  expeTiment,  scions  from cuTrent  shoots  from rnatuTe  
tAoshima'

satsuma  mandarin  (Citrus unshiu  MaTc,) weTe  grafted onte  two'year-old  trifoliate  orange

seedlings,  All trifoliate orange  portions of  cuttings  gTafted with  
`Aoshima'

 satsuma  mandarin

scions  rooted,
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                 Introduction

  Seedling plants undeTgo  the juvenile, transitional and

mature  phase of development to various  degrees in
different parts of  the plant in a  gradient from  base to top

(Hartmann et al,, 1997; Kester, 1976). During  the juve-
nile  stage,  flowering does not  occur.  When  the tTee

begins to flower, it is considered  to have attained  the

adult  phase. Attainment and  maintenance  of  the poten-
tial to flower is the only  consistent  criterion to assess  the

termination  of the juvenile period. Other characteTistics
are  not  consistent  from  species  to species  (Hackett,
1985). Thorniness in citrus may  be an indicator of

juyenility. However,  trifoliate orange  tTees have  thorns

even  in the adult  phase.

  According  to Clark (1983), the length of the juvenile
period for Rosa  (hybrid tea) is 20 to 30 days, one  year
for P'itis spp.,  two  to eight  years for Prunus spp., five to
eight  years for Citrus spp,, and  30 to 40 years for Iiagus

sylvatica. Cuttings taken during the juvenile phase of

most  plants inherently haye a higheT rooting  potential
than  those  from the mature  phase.

  Grape  scions  are often  bench-grafted onto  rootstock

cuttings  and  then  rooted  because the rootstocks  root

easily. Perhaps this method  could  be adopted  for the

propagation of  difficult-to-root citrus  scion  cultivars.

Previously, `Aoshima'

 satsuma  mandarin  (Citrus unshiu
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Marc.) were  found to be difficult to root  (Bhusal et  al.,

2001), We  tested whether  a  juvenile trifoliate orange

stem  cuttings  serving  as  the understock  for 
`Aoshima'

satsuma  mandarin  scion  would  root  easily  or  not.

            Materials and  Methods

  The  experiments  were  carried  out  at  thc Experimental

Farm, Ehime  University, HQjo, Ehime  PrefectuTe, Japan.

In the first experiment,  current  spring  shoot  cuttgngs

were  made  from 1-,2-,3-,4-,5-,  15- and  25-year･

old  trifoliate orange  trees (Poncirus trijbliata [L.] Raf.).

One- to 5-year-old trees bore no  flowers; 15- and  25 
-

year-old trees did. In Exp. 2, scions  from 7-year-old
`Aoshima'

 satsuma  mandarin  trees were  collected  in

March  2000 and  grafted on  two-year-old  trifoliate

orange  seedling  rootstocks.  These grafted plants were

grown  in a  greenhouse  for one  year.

  In early  June 2001, the grafted scion  with  2 to 3 buds
and  short  piece of  rootstock  attached  was  made  into

cuttings,  5-8cm  long. Retaining the topmost leaf that

was  cut  transversely  into half, the cuttings  without  any

hormone  treatment  was  inserted in a  rooting  medium  of

Kanuma  soil  in 50 × 35 × 7-cm  size plastic trays and

mistecl  hour}y for 1 minute  in a grcenhouse. Each

experiment  was  triplicated with  10 cuttings  per treat-
ment  and  control.

  Rooting percentage, number  and  length of  primary
roots,  numbeT  of  secondary  roots,  shoot  numbeT  and

shoot  length were  recorded  45 days after  the  start of

experiment,  cuttings  were  re-embedded  into the rooting
media  and  re-evaluated  in eaTly  September 2001.
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Tab]e  1.

R. C, Bhusal,F. Mizutani and  K. L.Rutto

  Root and  shoot  growth  of  current  year cuttings  from  trifoliate orange  trees of  diffeTent ages.

means  ( =  SE)  per cutting,

All data represent

Tree age(years) Reeting%

After45  days After 90 daysNo.oi'main
  roots

Main  reots
length (cm)

   No. of
            No.
secondary  rootsof

 shootsShootlength

  (cm)

 123451525  100

  10090.0

 ± 5.8

56.7 ± 1.0
23.3 i  3.3

   e

   o

  100

  100

  10093.3

 ±･ 3.3

83.3 i  3.3

   o

   o

4.2 ± O,34.3
 ± O,34.1
 ± O.23.1

 ± O.31.8
 ±･ e.6

   o

   o

5.3 ±.5.4
 -42

 =2.9

 I.2.3
 ±･

   o

   o

O,3O,2O,1O.4O.318.916.815.112.3

 9.1
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±

oo

1,8O,4O.81.32.52.2± O,11,5
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 ± o.2O.3

 Lr O,2
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   o

   o

2.2 ±  O,51.3
 ±  02L.3
 ± O.41,3

 d O,2

   o

   o

   o

             Results and  Discussion

  Cuttings made  from  trifoliate orange  of  different ages

had large yariations  in rooting  ability.  Cuttings from  1-,

2-, 3-, 4- and  5-year-old  trees formed  roots  to

varying  degrees, whereas  Lhose  from  15- and  25-year-

old  trees failed to root even  after three rnonths.  Halma

(1931) likewise, rcported  that no  cuttings  from  mature

trifoliate orange  trccs rooted.  In Exp.1, rooting  after  45

days was  100%  for cuttings  from 1- and  2-year-old
trees, whereas  it was  90%,  56.7% and  23.3%  for those
from  3-,4･,and5･-  year old  trees, respectively  (Table
1). We  also  observed  100%  rooting  in epicotyl  cuttings

of  45-day-old  trifoliate orange  (data not  presented),
The roeting  percentage of cuttings  from 4- and  5-year-
old  trces was  significantly  increased by September. The
numbcr  of  main  roots,  secondary  roots,  shoots,  and  the

length of majn  roots  and  shoots  were  higher in cuttings
from 1-, 2- and  3-year-old trees (Table 1 and  Fig. 1).

  The number  of  Toots  produced  was  corTelated  posi-
tively with  rooting  percentage (r=O.90 for main  roots

and  r=O.89  for secondary  roots  significant at 5%  level),
similar  to our  previous report  (Bhusal et  al., 2001).

Halma  (1931) also  reported  that after two or thTee

months  the cuttings  develop a fairly extensive  root

system.  Hartmann et al. (1997) found that softwood

cuttings  produced roots  in two to four or five weeks  in
most  cases.  In Exp. 1, rooting  time was  much  faster with

juvenile cuttings.  Inhibitors appear  to be correlated  with

the decreasc in root  initiation (Heuser, 1976). Crow  et

al. (1971) identified rooting  inhibitors in Eucalyptus as
derivatives of  2,3-dioxabicyclo (4,4,O) decane. The

drastic decline in the rooting  ability of cuttings  from
mature  trifoliate orange  trees may  be associatcd  with  thc

presence of  some  inhibitoTs.

  All cuttings  of  
`Aoshima'

 satsuma  mandarinl  trifoliate

orange  combination  rooted  (Fig. 2). Cuttings of  currcnt

shoots  from  mature  
`Aoshima'

 satsuma  mandarin  trees

rooted  poorly (Bhusal et  al., 2001). It seems  that adu]t

phase scions  do  not  affect  the rooting  of  rootstock

portions. Our  results  suggest  that patch or ring  grafting
the  base of difficult-to-root citrus species  with  a  strip

of  bark frorn an  easy-to-root  juyenile trifoliate orange

Fig. 1.  Rooting in current  shoot  cuttings  of  trifoliate orunge

(Poncirus trij?]liata LL,] Raf.) taken  from  various  ages

trees, A, 2S years; B, 15 years; C, 5 years; D, 4 years; E, 3

yeaTs; F, 2 yeafs and  G  
=
 

'L
 year old.

Fig. 2.  Rooting  of  trifoliate orangc  cuttings  topworked  with

`Aoshirna'
 satsuma  mandarin  (Citrus unshiu  Murc.)

scjons,  Note roeting  only  occurred  in the trifoliate orange

rootstock,

may  induce rooting  in the scion.  Furthermore, it is

suggested  that bench grafting 
`Aoshima'

 scions  on

juveni]e trifoliate orange  cutting  may  be successful.  Our

present results  reveal  that cuttings  from trifoliate orange

trees up  to 3-year-eld have  a  very  good rooting

potential. Now,  we  need  to investigate what  physio-
]ogica] and  biochemical changes  are invelved in the
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maturation 　process　that　reduced 　the　rooting 　capacity 　of

mature 　trifoliate　orange 　trees．
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幼若性が カ ラ タチ の 枝挿 しの 発根 に及 ぼす影響

ラ ム チ ャ ン ドラ ブ サ ル ・
水谷 房雄 ・

　　キ プ コ リオ ニ ラ バ ン ル ッ ト

　　　愛媛大学農学 部付 属 農場

799−2424 愛媛県北 条市八 反 地 甲 498

摘 　 　要

　異 な る樹齢 の カ ラ タチ か ら得 た 当年 生 枝を挿 し穂 と し

て そ の 発根能力を調査 した，全 て の 挿 し穂 は 2001 年 6月

に採 取 した ．発根能力 は 樹齢に よ っ て 異 な っ た．挿 し木

後 45 日 目に 調査 した と こ ろ，1，2生樹 か ら 採取 した 当

年枝 の 発根率は 100％ だ っ た の に 対 し，15，25年生 樹 か

らの 当年枝は 0％ だ っ た、3年生 か ら 5年生の 樹 よ り採取

した 当年枝 の 発根率 は 樹齢が 大 き くな るに っ れ て発根率

が 減少した ．発 根数 は 発 根 率が 高 い ほ ど多 か っ た ．ま た，

別の 実験 で
‘
青島温州

’
の 成木 か ら採取 した 当年枝 を 2年

生 カ ラ タチ 実 生 台木に 接 ぎ木を して 1年間 養 成 した あ と，

台木の 部分を つ け て 挿 し穂を取 り，挿 し木を した と こ ろ，

全て カ ラ タ チ の 台木 の 部分か ら発根 し た ．
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