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Summary 

The internode司derivedcalli of Elaeocarplls robustus were cultured on the shoot r巴g巴neratingmedium， modified MS medium 

suppl巴m巴ntedwith 4.4ドMBA and 0.5μM NAA， with different concentrations of sucros巴andpH levels for adventitious shoot 

regeneration. The results showed that the sucrose concentration at 3% was most suitable for efficient shoot multiplication and pH 

5.8 was mostly effective. ln the m巴diumsupplemented with 3% sucrose at pH 5.8， the best results were obtained in th巴fi'equency

of shoot regen巴ration(90%)， number of shoots per・culture (6.2 shoots)， and average length of shoots p巴rcultur・巴 (5.3 cm). The 

high巴rand lower sucrose concentrations and pH levels were less effective for shoot development in this speci巴s.

Keywords: adventitious shoot， Elaeocarpus robustus， micropropagation， pH， sucrose 

要旨

不定芽を誘導するためにElaeocarpusrobustusの節間由来のカルスを、様々なスクロース濃度とpH値のシュート

再生培地 (4.4μMBA及び0.5μMNAAを含む改変MS培地)で培養した。実験の結果、スクロースを3%添加した
場合に最も良いシュート増殖が認められ、また、 pHは5.8に調整した場合が効果的であった。この条件において、

最も良いシュート再生率 (90%)、培地あたりのシュート数 (6.2本)及び培地あたりの平均シュート長 (5.3cm) 

が得られた。本冊究で用いた樹種においては、より高いもしくはより低いスクロース濃度とpHがシュート増殖に

適さないことが明らかになった。

キーワード:不定芽，Elaeocarpus robustus，マイクロプロパゲーション， pH，スクロース

1. Il1troductiOI1 

Indian oliv巴(Elaeocarpusrobustus Roxb.) belonging to 

the family Elaeocurpacea巴isa well-known fruit tree of 

Bangladesh. lts gr巴巴nfruits are rich in vitamin C，巴diblein 

the raw， and can be used for pr巴serves3). Although this fruit 

紅白 ismainly propagated by seeds， the s乱tisfactoryr・esults

for efficient plant production have not b巴巴nobtained so far. 

Propagation by seeds does not also ensure the genetic char司

acteristics of the mother plants. On the other hand， the 

micropropagation m巴thodfor this plant has to severely 

maintain the c10nal fidelity. A better understanding of cul-

ture conditions inf1uencing the shoot r，巴gen巴rationis needed 

for establishing the efficient plantlet production. 

Carbohydrates are necessary as sources of en巴rgyand 

carbon substrates for biosynthesis of metabolites in living 

plant cells. Continuous supply of carbohydrates to plants 

cultured in vitro is essential， since photosynthetic activity of 

in vitro grown tissues is usually reduc巴d.Sucrose is us巴das 

most the common carbohydrate source for plants and utト

lized for tissue culture purpose. During initiation stage， 

high同sucrose1巴V巴1is required in the medium， whereas its 

concentration should be decreased in th巴multiplication

stage 刷.This compound is also necessary as an osmotic 

reagent in media 15'. For all th巴sereasons， carbohydrates 
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have great potential effects on the physiology， growth， and 

differentiation of plant cells 5). 

The pH in medium is another important culture condition 

for in vitro shoot regen巴ration.The enzymatic and hormon-

al activities in plants and nutlient uptake are largely affected 

by pH level in the tissue cultures 1.6). The effects of medium 

pH are more significant for early diff，巴rentiationof pro-

embryogenic cell aggregates. Low pH (ca. 3-4) of m巴dia

se巴msto prevent differentiation of pro-embryogenic cell 

aggr巴gates，whereas high巴rpH levels (5-5.5) favor th巴for-

mation of globular structures 11'. The solidification with 

gelling agent in th巴mediais influenced by the pH level. 

Th巴pH1巴velsmore than 6 produce hard“solidified media 

and pH 1巴velslower than 5 give unsatisfactory solidification 

1). In vitro propagation has possibility to offer highly effi-

cient techniques for propagating elite fruit plants. It is well 

known that among many factors affecting in vitro plant 

regeneration， sucrose concentration and pH 1巴velare major 

important conditions. The objectives of the present study 

are to determine th巴optimalsucros巴conc巴ntrationand pH 

level for efficient induction of adventitious shoots from 

internode司derivedcallus of E. robustus. 

2. Materials and Methods 

Six-week-old callus deriv巴dfrom int巴rnodeof E. robus-

tus was used for the experiments. The callus was induced 

on modified MS (MMS， half strength of m勾orsalts， and 

full strength of minor salts and vitamins) medium supple“ 

mented with 2.2ドM BA and 2.3科M2，4心 fromth巴juve-

nile internode segments according to the method of a previ-

ous report 16). For effici巴ntshoot regeneration， thr巴巴 setsof 

experiment were perform巴dat seven different concentra同

tions (0， 1，2，3，4，5， and 6%) of sucros巴， and pH level was 

adjust巴dto 4.8， 5.8， and 6.8. In the first set of exp巴riment，

pH was adjust巴dto 4.8， and sucrose concentration was ふ

6%， while in the second and third sets of巴xperim巴nt，pH 

level was adリustedto 5.8 and 6.8， respectiv巴ly，at the same 

concentrations of sucrose. As shoot-regenerating medium， 

MMS r口氏liumsupplemented with 4.4μM BA and 0.5μM 

NAA was used as pr巴viouslyreportedl61. The pH in the 

media was adjusted to obリectivevalu巴sby adding 1.0 or 

O.IM NaOH or HCl aqu巴oussolution. All m巴diawere 

added with 0.8% (w/v) agar prior to autoclaving at 121 0 C 

for 20 min. Routinely， a melted medium was disp巴ns巴dinto 

the culture flasks (100 or 200 mL) and plugged with norト

absorbent cotton wrapped in one layer of chees巴cloth.The 

cultures w巴remaintained in th巴cultureroom at 26 ( 1 0 C 

and 60% relative humidity under a 16-h photoperiod pro-

vided by cool white fluoresc巴nttubes (60ドE'm.2・S'I).The 

shoot regeneration frequency， total number of shoots (> 

lcm long)， and 1巴ngthof shoots per culture were recorded 

after 8 weeks of cultivation. Each treatm巴ntconsisting of 20 

explants was triplicated (number of sample， N = 60). The 

differences of th巴averagednumb巴rsand lengths of shoots 

among all treatments were tested using analysis of variance 

(ANOV A) and evaluat巴dby Tukey's multiple comparison 

test using JMP Statistical Discovery Softwar巴 (SAS

Institute， SAS Campus Driv巴，じSA).

3. ResuIts 

Table 1 shows the results of all parameters for shoot 

regeneration in shoot regenerating medium (担MSmedium 

containing 4.4μM BA and 0.5ドM NAA) supplemented 

with different concentrations of sucrose and at different pH 

Table 1 The effects of sucrose concentration and pH level on adventitious shoot 

rcgeneration丘omintcrnodc-dcrived callus of E. robustus after 8 weeks of 

culturc. 

Sucrose pH level Culture Numberofshoot Length ofshoot(cm) 

concentration (%)問sponse(%) (mean :t SE， N=60)# (mean ::t SE， N""6日)話

30 1.0，，0.15d 1.0土0.22d

35 2.5土O.4lc 2.5士0.35c

4.8 50 3.0土0.40c 3.2" 0.20c 

40 2.5土0.25c 2.8:t O.22c 

35 1.8土0.27d 2.5" 0.21c 

40 1.6" 0.15d 1.3土0.22d

50 3.4土0.31c 3.1土0.38c

5.8 90 6.2土0.62a 5.3土0.46a

70 4.0" 0.38b 4.2土0.21b

60 1.7" 0.22d 3.1土0.3日c

25 1.0，，0.16d 1.0土0.25d

30 1.5土0.25d 2.2土0.16c

6.8 40 2.500 0.32c 3.0土0.35c

35 1.8土0.32d 2.5士0.19c

30 1.0土0.22d 2.0土0.19c

市， The valucs with diffcrcnt alphabets were s拍tisticallysignificant by Tukey's multiple 

comparison test (pく0.05)

l巴velsafter 8 w巴eksof culture. When medium was sucros巴

fr巴巴， no shoot r巴generationwas recorded at all pH levels. 

Considering sucrose conc巴ntration，th巴perc巴ntageof shoot 

formation， number of shoots p巴rculture， and length of 

shoots increased gradually with the increase of sucrose con-

centration in the medium up to 3% and then decreased at all 

pH levels. In terms of pH levels， th巴lev巴1of pH 5.8 in 

m巴diumperform巴dthe best shoot regeneration among three 

levels of pH supplementation. How巴ver，th巴 bestshoot 

reg巴nerationwas obtain巴din the medium supplemented 

with 3% SUCl・oseat pH 5.8 among all treatments (Fig. lA). 

Und巴rthis culture condition， the best results were r巴corded

for percentage of shoot formatIon (90%)， total number of 

shoots per culture (6.2 shoots)， and 1巴ngthof shoots per cul-

ture (5.3 cm) (Tabl巴 1).The low sucros巴concentration(1 %) 

with high level (6.8) of pH in the medium resulted in th巴

lowest shoot I・巴generationfrequency (25%)， as well as small 

regenerated shoot number (1.0) and shoot length (1.0 cm). 

Figure 1B shows th巴regeneratedshoots in the medium con-

taining 3% sucrose at pH 6.8. Significant differences (pく

0.05) for shoot proliferation w巴rerecognized among 

sucrose concentration and pH 1巴vel.For number of shoots 

per culture， r巴markablestatistical differences among 

sucrose concentrations w紅巳record巴din the medium adjust-

ed to pH 5.8， while not in th巴m巴diaat pH 4.8 and 6.8 
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Fig. 1 ln vitro grown adventitious shoots of E. robustus on 
MMS (4.4μM BA + 0.5凶-1NAA) medium supple-
mented with 3% sucros巴 atpH 5.8 (A) and with 3% 
以lcroseat pH 6.8 (B). Bar = 1 cm. 

4. Discussion 

It is well known that the carbon source in th巴 culture

medium is an essential factor as an巴nergysource and fOl 

maintaining osmotic pressure 2). In general， sucrose has been 

commonly used in the tissue culture media to induce adven-

titious shoots )7). In the present study， therefore， sucrose was 

selected as a carbon source for adv巴ntitiousshoot regenera-

tion. Three percent sucrose in the medium showed th巴best

performance for shoot regeneration from intemode-derived 

callus of E. robustus. The optimal sucros巴concentration

was 3% for efficient shoot regeneration， which has been 

reported in som巴trees，such as Acacia arabica )3)， Tectona 

grandis )8)， and Calliandra tweediiめ Incontrast， lower con 

centration of sucrose (1.5%) showed th巴bestperformance 

on shoot regeneration in Araria elata 7). Henc巴，the opti 

mum sucrose concentration varies for shoot regeneration 

depending on species and genotype as well as culture stage 

Between two species of Acacia， the maximal shoot yield 

was obtained in the medium supplemented with 3% sucrose 

for A. arabica )3)創ld2% for A. mangium 1.). The optimal 

sucrose concentration was higher in medium at the initial 

culture stage， while it was lower at the multiplication stage 

in Amygdalus communis in vitro cultured 6). The lower and 

higher concentrations of sucros巴inth巴mediashowed less 

effective for shoot regeneration from the callus of E目 robus-

tus in the present study. Similar observations hav巴been

I巴portedon shoot regeneration through somatic embryoge-

nesis in Medicago satil花110). Although the callus cultures 

can utilize contain lower concentration of sucrose in the 

medium to support the full potential of biomass growth 15>， 

the reasons for insufficient shoot development are less 

known. The higher concentration of sucrose in the medium 

increased the osmotic pressure， which showed inhibitory 

巴ffectson shoot regeneration due to tissue adjustm巴ntto 

osmotic pressure during culture 15). Soluble sugars， such as 

glucos巴 andsucrose， have been r巴portedto function as 

osmotic stabilizers of tissues grown under osmotic stress 9'. 

The results of th巴presentstudy suggest that sucrose is an 

important factor， for shoot regeneration of E. robustus. Th巴

shoot multiplication increased with increase in sucrose con-

centration Up to a certain optimum lev巴1，3%.

Another factor pH in th巴mediumwas also巴xaminedfor 

shoot regeneration. In this study， pH 5.8 was the optimum 

during the shoot ll1ultiplication froll1 callus of E. robustus. 

Although either lower or higher pH level produced a few 

shoots， the 1巴velscaused some abnorll1alities: thin shoots 

with very shorter internode， nodes bearing large buds， and 

thicker basal leaves. There are reports on the optimum pH 

l巴velfor tissue culture of some plants: some showed that pH 

5.8 was the optimum 1.8)， whichω.e consistent with the pres-

ent results， while others have reported that a slightly low巴r

l巴vel(pH 5.5) produc巴dthe highest nUll1ber of shoots 叫

This might be attributed to genotypic variation of the plants 

used in the experiments. More slow sucrose uptak巴 from

liquid medium compared to solidified medium has been rec-

ognized in double-layer medium for rnicropropagation of 

Rosa multiflora .). On the other hand， the hardness of the 

medium would limit the nutri巴ntuptal也 前.Th巴presentstudy 

clarified that pH I巴velcan influence the shoot developm巴nt

and an op 
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