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Comparative Rooting of Shoot Tips Of  pagatet planiets of four cuitvars derive

from in vitro shoot cultures of Japanese per-

Four Japanese PerS|mm0n CUIt|Va|"S simmon were used as source material. The

rooting ability of ‘Jiro’ is high, that of

vs. Shoots Regenerated from ROOts s ot i ot e

| d I V dormant buds were established as described

CU tU re n ItrO by Tao and Sugiura (1992a). Shoot multipli-
cation cultures were maintained for more

Takuya Tetsumura' and Hisajiro Yukinaga? than 4 years by subculturing at 30-d intervals

Experimental Farm, Graduate School of Agriculture, Kyoto Universi% 50 subcultures) on Murashige and Skoog

; _ S) salts plus vitamins (Murashige and
Takatsuki, Osaka 569-0096, Japan Skoog, 1962) with fum zeatin (multiplica-
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rejuvenation, subculture, variant, zeatin 1.25 mu indole-3-butyric acid (IBA) in 50%
Abstract.When cultured in vitro, roots of four Japanese persimmonDiospyros kakiL.)  ethanol for 10 s, after which the shoots were
cultivars formed adventitious shoots on MS medium with 1Qim zeatin and 0.03um indole-  placed on half-strength MS with half the
3-acetic acid, although their organogenetic capacities varied. Histological study revealednormal strength of nitrates and without growth
that the origin of the adventitious shoots was the pericycle. The regenerated shoots grewegulators (rooting medium). After 40 d in
well on the shoot proliferation medium (MS with 5um zeatin). Final rooting percentages the rooting medium, lateral roots were re-
of shoots regenerated from roots of three of the four cultivars were greater than those ofmoved from the primary roots originating
shoots that originated from shoot tips and that had been subcultured >50 times. Shootd§rom the shoots. These primary roots were
regenerated from ‘Jiro’ roots rooted 10 days earlier, had more roots than those from shoot excised from the shoots, measured, and used
tips, and maintained higher rooting ability over ten subcultures. Rooted ‘Hiratanenashi’ for the regeneration experiment.
shoots regenerated from roots survived better after acclimatization than those from shoot  Regeneration from root&foot segments
tips. No obvious variants were observed either in vitro or in the field. The trees regeneratedwere cultured on MS medium supplemented
from roots flowered within 4 years. These findings suggest that partial rather than true with 10 um zeatin and 0.0Jum indole-
rejuvenation was responsible for both the early flowering and the juvenile characteristics, 3-acetic acid (regeneration medium) to in-
i.e., the enhanced rooting ability, observed in the regenerated plants. Chemical name usedduce adventitious shoots (Tetsumura and
6-(4-hydroxy-3-methylbut-2-enylamino) purine (zeatin). Yukinaga, 1996). The percentage of root
segments forming adventitious shoots was
determined after 60 d of culture, the number
In several tree species, rooting remainsone In several apple cultivars, adventitiousthatformed more than five was also recorded.
of the most critical steps of micropropagationshoots regenerated from root cuttings readilyhere were 10 to 32 root segments per culti-
Although successful methods for micropropaformed their own roots (Robinson andvar, and the experiment was conducted four
gating Japanese persimmon have be&chwabe, 1977). Furukawa et al. (1990)imes.
previously developed (Tao and Sugiurareported that shoots regenerated from root Histology.After 0-30 d on the regenera-
1992a), their application in commercial pro-cultures ofEustomagrandiflorum(Griseb.) tion medium, small pieces (5—-10 mm) of the
duction has been limited because microcuttingSchinners rooted easily and that culture ofliro’ roots were fixed in a solution of 2.5%
are generally difficult to root (Tetsumura etroots seemed to be useful for micropropagaylutaraldeyde in 0. cacodylate buffer (pH
al., 1991). In addition, more than half of thetion. Similarly, we believe that if adventi- 7.2). Tissues were dehydrated in a graded
cultivars tested by Fukui et al. (1992) have lowious microshoots regenerated from roots athanol series, and then infiltrated with
rooting ability. Long-term subculture with Japanese persimmon cultivars have highecrytron E (Mitsubishi Rayon Co., Tokyo).
benzyladenine (BA) has improved the rootingooting ability, they will be a better source ofSections (4im) were cut with a glass knife,
ability in some cultivars that rooted poorlystock shoots for micropropagation than thatained in 0.05% toluidene blue O, and
when subcultured with zeatin, but 74-76original shoots. To our knowledge, howeverpbserved by light microscopy.
subcultures (6.5 years) were required beforiie rooting and growth of shoots regenerated Rooting and growthAdventitious shoots
satisfactory rooting percentages could b&om in vitro culture of roots of woody plants were excised from the roots, adjusted to apical
obtained (Tetsumura, 1997). has not been investigated. The shoots thhtds containing two leaves, and cultured once
arise on root cuttings, when used as softwoash multiplication medium. The number of
- cuttings, tend to root more readily tharshoots, the height of the tallest shoot, and the
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sterile water, rooted shoots were planted in 66f the Experimental Farm of Kyoto Univ. the vascular cambium of the root (Fig. 1D).
x 60-mm pots filled with fine vermiculite, and One-year-old nursery trees grafted on seedrinally, the ASP differentiated into a shoot
the medium was saturated with half-strengtlings were also established. Nine trees pdyud with a distinct shoot apex and leaf primor-
liquid MS salts with half the normal strengthtreatment per cultivar were planted in aium, and emerged from the root (Fig. 1E).
of nitrates and without sucrose, in ¥3.00- randomized block design with three blocks. Rooting and growthShoots regenerated
mm polycarbonate vessels that were autd-lowering was recorded in May. In addition tofrom roots seemed to grow more vigorously
claved. Between 30 and 60 d after planting, thihese trees, 30 trees regenerated from ‘Jirthan those that originated from shoot tips after
cover was gradually removed from the vessetoots were planted in the same orchard t80 d on multiplication medium, and there were
Survival percentage, plant height, the numbetetermine if there was variation in thesignificant differences in the number of leaves
of new leaves that developed after potting, anctgenerants from roots. of ‘Jiro’ and the number of shoots of ‘Hana
the dry weight of the top were recorded 30 d Statistical analysisAll data were sub- Gosho’' (Table 2). However, there were no
after acclimatization. Since the acclimatizajected to analysis of variance (ANOVA) andsignificant differences in the height of the
tion experiment was carried out after the rooteultivar means were separated by Duncantllest shoots within cultivars. No variants
ing experiment, the number of plants rangethultiple range test. Percentage of data wemgere observed among the shoots regenerated
from 2 to 10 depending on the percentages sfibjected to arcsin transformation beforéom roots of the four cultivars.

rooting. The experiment was conducted fouanalysis.
times.

Changes in rooting ability during subcul-
ture.Shoots regenerated from ‘Jiro’ roots were

Results

Shoots regenerated from roots rooted better
than those that originated from shoot tips and
had been subcultured >50 times (Fig. 2). For
the low-rooting-ability cultivars, Fuyu and

subcultured 10 times on multiplication Regeneration from root®0ot segments Hana Gosho, the differences in rooting per-
medium, and changes in their rooting abilityof the four cultivars tested produced adventieentages between the two types of shoots were
during subcultures were evaluated. At eactious shoots (Table 1). Shoot regeneration wasgnificant after 20 or 30 d of rooting treat-
subculture, 20 shoots were used for the rootingore prolific from ‘Jiro’ roots than from the ment, and the rooting percentages of shoots
test, and the rest were planted on multiplicasther cultivars, because about one-half of theegenerated from roots were twice as great as
tion medium. The experiment was conductetbot segments produced more than five advethose of shoots that originated from shoot tips
twice, and the mother shoots were also usdiious shoots. Comparison of regeneratiomfter 40 d. Even for the moderate-rooting-
for the same rooting test. Rooting was reeapacity of roots among cultivars was conability cultivar, ‘Hiratanenashi’, the rooting
corded after 20 d of rooting treatment. founded by the greater tendency of longer rogiercentage of shoots regenerated from roots
Throughout the course of the experimentsegments to form adventitious shootsvas significantly greaterthan that of the mother
all of the media contained 0.8% (w/v) agaTetsumuraand Yukinaga, 1996), and the meahoots after 40 d. Because of the high rooting
(Wako Pure Chemicals Co., Tokyo) and 0.0%ength of the root segments varied with cultiability of the mother shoots of ‘Jiro’, differ-
M sucrose. The pH of the media was adjustedar. However, the roots of ‘Hana Gosho’ demences in rooting percentage were nonsignifi-
to 5.7 before autoclaving at 12€C and 120 onstrated the lowest regeneration capacity @fant at 40 d. However, shoots regenerated
kPa for 15 min. Two root segments or three tall of the cultivars tested, since its percentagieom roots rooted 10 d earlier than those that
four shoots were placed in an Erlenmeyeof adventitious shoot formation was the low-originated from shoot tips. No differences in
flask (100 mL) containing 30 mL medium.est, although its mean root length was ththe number of adventitious roots per rooted
However, the volume of the rooting mediumongest. shoot were significant except for ‘Jiro’, in
was 50 mL. Cultures were maintained at@8 Histology.Adventitious roots, which were which shoots from shoot tips formed 2.1
under a 16-h photoperiod, except for darketra- or pentarch, consisted of a single epideadventitious roots, while those from roots
incubation for the initial 10 d of the rooting mal layer, a parenchymatous cortex contairformed 4.7 rootsK < 0.05).
treatment (Murayama et al., 1989) andng starch grains, a single-layered endodermis After potting, the rooted shoots from ‘Jiro’
continuous lighting for acclimatization and pericycle, and a central vascular cylindeoots grew better than those that originated
(Tetsumura et al., 1993), with a photon flux ofvithout pith (Fig. 1A). On regeneration me-from shoot tips (Table 3). Although
60 pmol-nr%s? provided by cool-white dium,theroots began toshow secondary thiclpersimmon shoots tend to stop growing during
fluorescent lamps. ening; then the meristematic tissue appearedoting, 53% of the shoots regenerated from
Field performanceAfter acclimatization, in a proliferated pericycle below the protoxy-'Jiro’ roots started to grow vs. only 28% of
the plantlets regenerated from roots and thosem poles between the phloem bundlethose that originated from shoot tips. Rooted
that originated from shoot tips of both ‘Jiro’ (Fig. 1B), expanded centrifugally, and becamshoots regenerated from ‘Hiratanenashi’ roots
and ‘Hiratanenashi’ were transplanted tox20 an adventitious shoot primordium (ASP) (Figacclimated more easily than those that origi-
20-cm clay pots, grown outdoors for a yearlC). When the ASP was about to emerge, rated from shoottips. As aresult, two-thirds of
and then established in clay loam in an orchaqocambial strand elongated to the ASP frorthe regenerated shoots subjected to the rooting

Table 2. Comparison of the growth of shoots regenerated from roots (R)
with those originating from shoot tips (S) of four Japanese persimmon
cultivars after 30 d on multiplication medium.

. . . Cultivar No. of shoots No. of leaves
Table 1. Length of primary roots induced on in vitro shoots 40 d after 1.25
L ) Fuyu R 2.2 5.8
mm IBA treatment and subsequent adventitious shoot formation from s 20 58

root segments of four Japanese persimmon cultivars.

Origin

NS NS
Length Root segments Hana Gosho R 2.8 6.9
of root forming adventitious S 2*'2 1350
segment __ shoots (%) Hiratanenashi R 2.9 4.6
Cultivar (cm) Total >5 S 3.1 4.3
Fuyu 4.5 ab 51b 12a NS NS
Hana Gosho 6.0c 3la 2a Jiro R 2.8 6.2
Hiratanenashi 35a 55b 5a S 2.8 5.0
Jiro 4.4b 85¢c 45b NS *

Mean separation within columns by Duncan’s multiple range test
(P < 0.05). Values are means of four replications consisting of 10-32
roots each.
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vs*Nonsignificant or significant difference between origins within cultivars
atP < 0.05 by ANOVA. Values are means of four replications consisting
of 10 shoots each.
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Fig. 1. A, B, D, andE) Transverse andC) longitudinal sections of ‘Jiro’ Japanese persimmon roots cultured in ¥ifrédn( adventitious root before culture on
regeneration medium. Most of the cortical cells contain starch glBjrsa(ly stage of secondary thickening after 15 d on regeneration medium. Meristematic
tissue appears in the proliferated pericyd®. A protuberance on the root after 18 d on regeneration medium. An adventitious shoot primordium (ASP) is
expanding centrifugally. The endodermis has degener&g@ihe ASP with a procambial strand after 20 d on regeneration medium. The cortex and epidermis
near the ASP have degeneratéf A well-developed shoot bud with a few leaf primodia enclosing a shoot apex. A normal vascular system has been completed
from the shoot bud to the main root vascular cylinder. Abbreviations: cortex (CO), endodermis (ED), epidermis (EP), ldairpiib#);, meristematic tissue
(MT), pericycle (PC), procambial strand (PS), protoxylem (PX), shoot apex (SA), starch grain (SG), secondary vascul#) tiease(8r tissue (VT). All
scale bars = 0.1 mm.
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Table 3. Comparison of survival and growth of plantlets regenerated from roots (R) or shoot tips (S) of four100

Japanese persimmon cultivars 30 d after acclimatization. Fuyu
Survival (%) Growth of surviving plantlets 75 * *
Per shoot with Per rooteu Plant ht Leaves  Top dry
Cultivar Origin rooting treatment shoot (cm) (no.) wt (g) 50 -
Fuyu R 48 78 27.7 114 3.6
S 23 83 28.2 114 2.9 25 |
* NS NS NS NS
Hana Gosho R 60 90 24.5 13.5 3.2 0
S 30 96 24.2 12.9 3.7 100
* NS NS NS NS
Hiratanenashi R 63 92 26.6 14.0 33 Hana Gosho .
S 33 62 26.0 13.3 24 7’ *
* * NS NS *
Jiro R 90 98 31.0 15.1 3.1 50 |
S 78 96 25.2 12.3 1.8
NS NS * * * ) 25 |
vs*Nonsignificant or significant difference between origins within cultivaP=ab.05 by ANOVA. Values :’o
are means of four replications consisting of 2—10 plantlets each. < 0 ¢
° 100
o . .
@ Hiratanenashi .
treatment survived after potting vs. only onefore, once adventitious shoots have formedon 75

third of those from shoot tips. After the rootingroots, a great number of shoots with higher
treatment, survival in the pots was twice asooting ability can be obtained after multiply- 50 -
great for shoots regenerated from roots of thieg them on the proliferation medium, even for
cultivars with low rooting ability than for more recalcitrant cultivars such as ‘Hana 25
those that originated from shoot tips. How-Gosho'.
ever, no differences were observed in the For Japanese persimmon, adventitious
survival percentages of the rooted shoots arghoots seem to form more easily on roots than
growth after potting. on callus derived from primordial leaves. 125 .
Changes in rooting ability during subcul- Although Tao and Sugiura (1992b) reported 199 | Jiro
ture. Although there was neither a linear nothat the callus of ‘Fuyu’, ‘Hana Gosho’, and
a quadratic relationship between rootingHiratanenashi’ did not form any adventitious 75
percentage of shoots regenerated from roolsids, the root segments of these cultivars did

and the number of subcultures, the measo. Such a high organogenetic potential of 50 1

rooting percentage over ten subcultures wasots may be related to juvenility, for as 25 |

significantly (P < 0.01) greater than that of Tamura et al. (1992) have suggested, rejuve-

the shoots that originated from shoot tipmated Japanese persimmon callus has a high 0 o : :
(85% vs. 32%). capacity for adventitious bud formation, while 0 10 20 30 40

Field performanceRegardless of tree type, Bonga (1982) has reported that the roots
50% to 66% of ‘Jiro’ trees flowered in the firstoften retain their juvenility.
year of establishment, and all flowered in the Shoots regenerated from roots, which are
third year. None of the ‘Hiratanenashi’ treeghought to be in a juvenile phase, as stat .
flowered in the first year, but 33% of thoseabove, had a higher rooting ability than thei |g%r2. Rooting percentage of shoots regenerated
. . . . . . om roots (1) and those that originated from
micropropagated from shoot tips .flowered irmother shoots in this stl_de. Inc[dental_ly, the  ghoot tips ¢ ) of four Japanese persimmon
the second year and all flowered in the fourtphenomenon of increasing rooting ability of  cyitivars. within cultivars and days, asterisks
year. The bark, leaves, flowers, and fruits o$hoots from adult plants with successive sub- indicate significant difference @ < 0.005
the two types of micropropagated trees wereultures may be explained by the progressive (***)or0.05 (*) by ANOVA. Values are means
true-to-type, and no variants were observerkjuvenation of these shoots (Sriskandarajah of four replications consisting of 10 shoots
among the 30 trees regenerated from ‘Jiraét al., 1982). The number of subcultures each.
roots. required for rejuvenation varies with species
and cultivar (Banno et al., 1989; Zimmerman
Discussion and Fordham, 1985), and is large in some fruieaves while cultured on the rooting medium
trees: 31 in the ‘Red Delicious’ appleand grew better after potting. Furthermore, the
As previously reported fdPrunushybrid (Sriskandarajah et al., 1982) and 38 in th&ct that rooted shoots from ‘Hiratanenashi’
incisax serrula(Druart, 1980) and apple root- ‘Jiro’ Japanese persimmon (Tao et al., 1994joots were superior in survival and top dry
stock (Malus prunifolia Borkh.) (Masuda et In this study, the shoots from shoot tip culturesveight after potting to those that originated
al., 1994), roots of four Japanese persimmonere thought to be rejuvenated to some extefrom shoot tips might be related to juvenility.
cultivars formed adventitious shoots in vitrobecause they were subcultured >50 times. In our previous study (Tetsumura and
without difficulty. Because of the high orga-However, through adventitious shoot forma¥Yukinaga, 1996), we reported that adventi-
nogenetic capacity, many regenerated shodisn on roots, which might have caused greateious shoots arose directly from the root tissue,
could be obtained from roots even of ‘Fuyu’ rejuvenation, we obtained the shoots wittmot from callus, while histological investiga-
which is considered to be a difficult-to-roothigher rooting ability than these rejuvenatedions in the present study revealed that their
cultivar. Regarding ‘Hana Gosho’, howevershoots. origin was the pericycle tissue, asQ@itrus
the shoots were difficult-to-root and the roots  After potting, the rooted shoots regeneraurantifolia (Christm.) Swing (Bhat et al.,
had a lower regeneration capacity, so that weted from roots survived and grew as well as dr992). Direct organogenesis is preferable in
had to prepare more mother shoots to obtagven better than those that originated frorthe micropropagationindustry in order to avoid
enough roots to investigate the characteristichoot tips. The earlier rooting of the regenermproducing somaclonal variants (Islam et al.,
of the shoots that regenerated from thenated shoots of ‘Jiro’ apparently led to a quicket996). Bhat et al. (1992) have inferred that
Shoots regenerated from roots over 10 subculecovery from damage by the rooting treatpericycle cells are stable, indicating no appar-
tures maintained their ability to root. Therement. As a result, they developed more newnt aberrations in the chromosomes of plants

Days after rooting treatment
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regenerated from roots. Even after passingel Tredici, P. 1995. Shoot from roots: A horticul-  Plantlet differentiation in leaf and root cultures
through a callus phase, plants regenerated tural review. Arnoldia 55:11-19. of birch Betula pendulaRoth.). Plant Sci.
from roots seemed to be true-to-type (Jones Bfuart, P. 1980. Plantlet regeneration from root 42:209-214. _ _

al., 1984; Srivastava et al., 1985). Although callus of differenPrunusspecies. Scientia Hort. Tamura, M., R. Tao, and A. Sugiura. 1992. Highly

the sample size was small, the field perfor 12:339-342. stable regeneration from long-term cultures of

f df : hFukui, H., K. Nishimoto, and M. Nakamura. 1992. Japanese persimmon callus. HortScience
mance of trees regenerated from roots in the ey gifferences in rooting ability of in vitro 27:1048.

present study also showed no variants. There- sypcyltured Japanese persimmon shoots. J. Jafeo, R., J. Ito, and A. Sugiura. 1994. Comparison of

fore, this scheme may have commercial soc. Hort. Sci. 61:821-825. growth and rooting characteristics of micro-
application. Furukawa, H., C. Matsubara, and N. Shigematsu. propagated adult plants and juvenile seedlings

Precocity is usually inconsistent with reju- ~ 1990. Shoot regeneration from the roots of prai-  of persimmon Diospyros kakL.). J. Jpn. Soc.
venation, which is assumed to cause a higher rie gentian Eustoma grandiflorum(Griseb.) Hort. Sci. 63:537-541.

rooting ability of shoots regenerated from roots. | SchFiznn,SIrs&. PIar_lt T'i/sliJeRCult. I'&elzlt.rz:ﬁ/ll—m. Tao‘i R.and A. Sugiuradnl_zQZa. Miﬁrcg-)r;)paggﬂon of
: ; am, R., M. Hossain, M.A. Reza, A.N.K. Mamun, apanese persimmdpi¢spyros kaki..), p. 424—
gzegnfé?ge?tﬁglr':hrrggg’bheog";?lvg‘ ;E?Nterfzé: and O.I. Joarder. 1996. Adventitious shoot re- 440, In: Y.P.S. Bajaj (ed.). Biotechnology in
. generation from root tips of intact seedlings of  agriculture and forestry, Vol. 18: High-tech and
e_'arly as those mlcropr(_)pagated from shoot Aegle marmelas). Hort. Sci. 71:995-1000. micropropagation Il. Springer-Verlag, Berlin.
tips or grafted onto seedlings. Hence, the phaggnes, 0.p., J.A. Gayner, and R. Watkins. 198&a0, R. and A. Sugiura. 1992b. Adventitious bud
of the shoots regenerated from roots was not pjant regeneration from callus tissue cultures of formation from callus cultures of Japanese per-

completely, but only partially rejuvenated, as the cherry rootstock ColPgunus aviurmx P. simmon. HortScience 27:259-261.
reported by Tao et al. (1994). pseudocerasysand the apple rootstock M. 25 Tetsumura, T. 1997. Effect of types of cytokinin
In conclusion, shoots regenerated from (Malus pumilg. J. Hort. Sci. 59:463-467. used for in vitro shoot proliferation of Japanese

roots appear to be useful for micropropagatiolasuda, T., H. Bessho, S. Komori, and S. Tsuchiya. - persimmon on the subsequent rooting of shoots.
of the Japanese persimmon, for both difficult- 1994. Effe_c_t of thidiazuron ar_1d casamino acid Acta Hort. 436:143-148. _
to-root and easy-to-root cuftivars This may on adventitious shoot formation from roots ofTetsumura, T., R. Tao, and A. Sugiura. 1991. Effect
P h . : apple Malus prunifolia Borkh. MO-84) plant- of cytokinin types on the in vitro propagation of
faC|I|tate the_adoptlon ofmlcropr_opf'aga"[ed trees lets cultured in vitro (in Japanese with English  Japanese persimmoBi¢spyros kakiThunb.)
n ComnjerCIaI_ orchards where initial vigorous summary). J. Jpn. Soc. Hort. Sci. 63:39-43. (in Japanese with English summary). Plant Tis-
growth is desirable (Tetsumura et al., 1999)Murashige, T. and F. Skoog. 1962. Arevised medium sue Cult. Lett. 8:209-211.
for rapid growth and bioassays with tobaccoletsumura, T., R. Tao, and H. Yukinaga. 1999.
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