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ABSTRACT Using mature seed-derived callus, optimal conditions for efficient callus growth and plant
regeneration, and regeneration efficiency by callus type were investigated in zoysiagrass (Zoysia japonica steud.).
Callus induction was highest when the seeds were cultured on MS medium containing 2 mg/L 2,4-D, 0.2 mg/L
BAP, 4 mg/L thiamine-HCl and 100 mg/L o-ketoglutaric acid. Callus growth was highest when callus were cultured
on MS medium containing 0.5 mg/L 2,4-D, 0.05 mg/L BAP, 4 mg/L thiamine-HCl and 100 mg/L o-ketoglutaric
acid. Plant regeneration was highest when callus was transferred on MS medium containing 3% maltose and 1 mg/L
BAP, or 1 mg/L thidiazuron (TDZ). The combinations and concentrations of 2,4-D and BAP were shown to be
critical factors for both the frequency and the type of callus. And four morphologically distinct types of callus were
induced from the 2,4-D and BAP treatment. Type I, I and I calli produced shoots upon subculture, while the
watery callus, type IV produced roots without shoots. Of four types of callus, type I exhibited the maximum
frequency (82%) of shoot regeneration and the minimum frequency (4%) of albinism.
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ME o)gaty ot Al FAYBGH PES ol
o NEZ o] A% T 9t} (Chai and Sticklen 1998;
Hansen and Wright 1999). o]¢} 7to] x|l &8l HWhHS
o1 e NEE Aol Yoin 47 Aol He R
AZHEE olgste AR & A=A AEs AAE &
& Yol

A7 o) ZAM A AR AEE £2 29
e~ (Al-Khayri et al. 1989; Han et al. 1996), w]<ull 5-2)
A E (Noh et al. 1995; Park and Ahn 1998), Y& A
(Inokuma et al. 1996) 5-°] By 57 glow, wal £z} F)
o BN WA FF, A2AREEAY £F L /g
A7HEol M A= o] itk (Yoo and Kim 1991; Han
et al. 1996). TIv), HT)E= FZo) wepd Aej A FE, 22
L AEA Aol B2 ol Eoli e, 53] FY
FoAM Fed s e AEs 58 zlo|E Eo
22 9t (Yoo and Kim 1991; Han et al. 1996). ¢}2{gF &4
1 WAske WS AEA RSt g geiE A
1 3 73 gejo] BHAE )2k 2251 AL Y=
o T, EA) ANE Wel7t H& HBAZ FEshE Holtk
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A At 70% ethyl alcoholo| A 182+ wRkst & HF ¥k
0.001% (v/v)2] Tween 20°] 718 5% sodium hypochlo-
rite §ofoll A 1587 FHAASIAT A4E TAE BT
2 3~43] QA & 1 mg/Le 2,4-D, 3% sucrose, 0.2%
gelite7} E3HH N6 (Chu et al. 1975) ¥jR]ol] 2|43l 257F
wjeket & A AE fEsITE wiA 9] pHE 5.82 A3}
AT, Wl 26£1°C, G2AAA B3hsich

2SS HjA0| MEst 72K HE

aquldPolia A2 Ao mepy Aes 57 Aol
7t BFEHJ] il 712A SRl wat AEseEEs
7re A2t fRREE U E AR 47ldA fed
FERT 2717 sl 2YAas Xﬂﬂﬂ A gzl e A
25 A7 3mm A7|E2 A3 F 1 mg/L 2,4-D, 0.1
mg/L. BAP, 4 mg/L thiamine-HCI, 100 mg/L. o-ketoglutaric
acide] T3tE MS (Murashige and Skoog 1962), N6, LS

(Linsmaier and Skoog 1965), B5 (Gamborg et al. 1968)%}
R2 (Ohira et al. 1973) 7]E8jA)o)) Al@F (A7 1.5 cmx15
cm) & 3704, S0RHE O 2 A\ ATk ke 7)ok U
ZhdA gatgon, AFY AL o) s Bk F
AHES Mg 20HE & il”ﬂ A Ao o g R
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FTAERY AT 5| e AHLY Rt Ad2d
A Frol mebx zol7t AeAE HESAT 4719 7]
Bz AEAAM AEsEE 2he gy A f2d 7Y &3
2l MS 7]|Euj<]o| 4 mg/L thiamine-HCI, 100 mg/L o-
ketoglutaric acidE 27}8}2L (Asano et al. 1996),2,4-D 0, 1,
2,4, 8 mg/Le BAP 0, 0.02,0.2, 2, 4 mg/LE 233l AR
(F7 9 em x1.5 cm) G 100749 215 398 XAkl oith
B 3719 L 220 Pt o, BH e F &
& ook 3N Foll AGE F TR @ AUt /E
H A4S BEEE eI

Mejre] o8x BRE 24.D (1, 2, 4, 8 mg/L)S BAP
(0,0.02,0.2, 2, 4 mg/LYyE ZF3t A7]9] AAZAA ] WE
AYx G5 Az FUg wiAo] F2E FAT dHo=E
Azjaiol W 30D Foll Aelze) AP} ATES 7]
2 47}A] Type (Table o2 Aei~E EF3FAch ok
719 FAB ZANA BEHATE
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sucrose7} 7tz 3% 4 H7kd MS A &3} vz o) xAkskdck
ZF AT A T 25704 39kE Ageiath AEs M
£ oolok 2% F 22 2319 2 mm o4 AR 4
242 2ARGT B8 BF Zol4 A2 AR} 7Y
Y maltose?] HZ F=E ZAEA Type 1 ZiE
maltose 1.5, 3, 4.5, 6, 7.5, 9% 2 A7 MS ujR]el
2detsinh ARt Wies g 25 § BHAERY #3519
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Table 1. Types of callus induced from mature seeds of Zoysia
Japonica Steud. cultured on MS media containing O to 8 mg/L 2,4-D

and 0 to 4 mg/L BAP for 3 months.
Types of callus Colour Texture
Type 1 Yellow Differentiated structure
Type 1I White Non-friable and compact
Type I Yellow Friable and compact
Type IV Whitish yellow Friable, soft and watery




2mm ol AAE NERFE FALEA M.
Cytokininfe] £F9 Fxo u}2 YE3} NEE AR}
71 9)a Type [ Z#AE 3% maltose, 0.2% gelite 2}
kinetin, BAP, TDZZ 7}7} | & 4 mg/L I7H8 MSHjA) o]
A2Fstch 2t AT AR 21678 3ukE Jaeke
ANE3 NEs FRAA wjgst Fo] ZAE YA sk 7N
AE ZAbste MEstat 4719 A ARRE AFskA] 9
Hjoke 2% 227 (30 umol - m™? - )4 BT
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Ex) FEE AHAE 55FY 712l A48ty 2
A Foll BEHT B2 e BHAE AT AEsY
S b= A A MRS 2ZAREY L Table 264 B uio}
Zro] MS 71 Euizo] A4dE FANAM 58%F 7Y =A Y
Elgtom, 1 9 R2, LS, N6, B5 vjAJo A 2+2t 2.8%, 1.4%,
0.7%, 0.7%2] B=E Rk o)L MS #iA)7} ok 7]1&
Hixlof] Bla]A 2~9u] AT T2 FEES UeRd Aojth o]
H3 A= BT S8 FHeA BHA FEAC
MS wjx]7} Ag3lck= A3 (Han et al. 1996; Inokuma et
al. 1996)9} A=A} o19do] i A& EXIT|VL B
(Chu et al. 1975; Hiei et al. 1994), €4 (Carvalho et al.
1997)9h= ThEA 7)ol ghake] thE AR} v A
& MS HjA A Wol fFrEths A& T1] A dHolth

Table 2. Effects of basial media on regenerative callus (RC)
induction from seeds of Zoysia japonica Steud.

No. of callus tested” No. of RC (%)

Basal media

MS 139 8(5.8)
LS 141 2(14)
N6 144 10.7)
B5 141 10.7)
R2 141 428)

FEXel STC] M3 - 63

ATl S0l M2 ZXZFE M2apd Zae e

2,4-D¢ BAP7} ££9 Hix]o] F2E 245 F 371
AY FE&E A 23 (Table 3), A L3 58S 2
AHA7E 71 2o 28 AL 2mg/l 2,4-D9 0.2 mg/L
BAP7} Etd AgF2 FIVEE 183%5 EAFUTH
Jde}, 2,4-D7F 2357 o= wj Ao E A2 i
o] FAEAY HAEHAY, B¢ 4 mg/L o]} IFEY
24-Ds} BAP/E Z7H8 A FelMe BAAY f=e 3
o wjok Al7ke] AHELE ZwE Helavt F7het
thoo]@d Adks AEE 5o A AHLE FARTEH
FEae d glold 2,4-D} BAPY| FLE7t vy Fodit
B AL RAFE AST o9 fAG ARt e F5Y D
r] (Ke and Lee 1996)9} 244 (Carvalho et al. 1997)°lA]
T RUEAL T3 o5 AHAE SFT A = A
AL 0.5 mg/L 2,4-D9} 0.05 mg/L BAP7} 23H8 327l
AN 7V =0Tk

MAZERO| S0 TE0) 12 ZRiAS| R

SA0) 9 £42 2,4-D8 BAP} 288 WA w3

Table 3. Effects of different hormonal combinations of 2,4-D and
BAP on regenerative callus induction from seeds of Zoysia japonica
Steud.”

2,4-D BAP No. of seed No. of seed formed
(mg/L) (mg/L) tested callus (%)
0 0.00 337 0( 0.0)
0 0.02 250 0( 0.0
0 0.20 233 0( 0.0
0 2.00 239 0( 0.0)
0 4.00 337 0( 0.0)
1 0.00 304 47 (15.5)
1 0.02 421 65(15.4)
1 0.20 389 49 (12.6)
1 2.00 360 61 (16.9)
1 4.00 363 39 (15.5)
2 0.00 115 18 (10.7)
2 0.02 334 54 (16.2)
2 0.20 355 65 (18.3)
2 2.00 348 59 (17.0)
2 4.00 250 39 (15.6)
4 0.00 121 19 (15.7)
4 0.02 330 46 (13.9)
4 0.20 344 56 (16.3)
4 2.00 314 35(11.1)
4 4.00 336 20 ( 6.0)
8 0.00 341 38 (11.1)
8 0.02 354 35(9.9)
8 0.20 362 28( 7.7)
8 2.00 296 19( 6.4)
8 4.00 339 14( 4.1

*Two-week cultured calli on N6 medium were plated on different
basal media containing 1 mg/L 2,4-D, 0.1 mg/L. BAP, 4 mg/L
thiamine-HCl and 100 mg/L o-ketoglutaric acid for 2 months.

Seeds were plated on MS media containing 4 mg/L thiamine-HC,
100 mg/L. o-ketoglutaric acid, and different combinations of 2,4-D
and BAP for 3 months.
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Table 4. Effects of different hormonal combinations of 2,4-D and BAP on morphology of callus derived from seeds of Zoysia japonica Steud.”

No. of callus showed various morphology (%)b

24-D BAP No. of callus o
(mg/L) (mg/L) tested Type 1 Type 1I Type T Type [~ 11° Type IV
1 0.00 47 2(4.3) 00.0) 2( 4.3) 4( 8.5) 43 ( 91.5)
1 0.02 65 6(9.2) 0(0.0) 0( 0.0) 6(9.2) 59 ( 90.8)
1 0.20 49 8(16.3) 0(0.0) 0( 0.0) 8 (16.3) 41 ( 83.7)
1 2.00 61 6( 9.8) 0(0.0) 1( 1.6) 7(11.5) 54 ( 88.5)
1 400 39 4(10.3) 0(0.0) 0( 0.0) 4(10.3) 35 ( 89.7)
2 0.00 18 0( 0.0 0(0.0) 1(5.6) 1( 5.6) 17( 944)
2 0.02 54 2( 37 0(0.0) 1( 1.9 3(5.6) 51( 944)
2 0.20 65 8(12.3) 1(1.5) 2( 1.5 11 (16.9) 54 ( 83.1)
2 2.00 59 5( 8.5) 0(0.0) 4(6.8) 9(15.3) 52 ( 84.7)
2 4.00 39 0( 0.0) 0(0.0) 0( 0.0 0( 0.0 39 (100.0)
4 0.00 19 0( 0.0) 0(0.0) 1(5.3) 1(5.3) 18( 94.7)
4 0.02 46 0( 00 0(0.0) 1(2.2) 2(4.3) 44 ( 95.7)
4 0.20 56 0( 0.0) 0(0.0) 8(14.3) 8(14.3) 48 ( 85.7)
4 2.00 35 0( 0.0) 0(0.0) 1(29) 1(29) 34(97.1)
4 4.00 20 0(0.0) 0(0.0) 0(0.0) 0( 0.0) 20 (100.0)
8 0.00 38 0( 0.0) 0(0.0) 0(0.0) 0( 0.0 38 (100.0)
8 0.02 35 0( 0.0) 0(0.0) 1(29) 1(29) 34 ( 97.1)
8 0.20 28 0( 0.0 00.0) 1( 3.6) 1( 3.6) 10( 96.4)
8 2.00 19 0( 0.0 0(0.0) 2(10.5) 2(10.5) 17 ( 89.5)
8 4.00 14 0( 0.0) 0(0.0) 0( 0.0) 0( 0.0) 14 (100.0)

°Seeds were plated on MS media containing 4 mg/L thiamine-HCI, 100 mg/L a-ketoglutaric acid, and different combinations of 2,4-D and

BAP for 3 months.

*Callus morphology was rated by type I =with yellow, differentiated structure, type Il =with white, non-friable and compact, type Hl=with
yellow, friable and compact, type IV =with whitish yellow, friable, soft and watery.

“Type I~ Il represents sum of number of type I to type IIl.

of Aes FeHE AU (Table 4). 1 #3& HH 4
74 Typel2 2 EFEHJEH, LS o Byt A=
ZAFZE Bolz Type 1| Ze|2 (Figure 1A), 3|37 2
gl FWo] Tedst Type I #e 2 (Figure 1B), =21 %]
3k ZAoA| T BAejR]7] 4& Type Il #el2 (Figure
1C), F=HT E7|7t 9 Type V A2~ (Figure 1D)2
S5 & A%tk Type I Belis 1 mg/l 24-D8 0.2
mg/L BAP7} &8 WA 163%2 71 & ez
FEEN 0} 24-D 2 mg/LY BAP 4 mg/l. o)A} k59 %
oM A FFEHA gk Type I ZAie HE
Type A 2o vlajA w9 AA =™, 23 2 mg/L
2,4-D¢} BAP 0.2 mg/L9] ZgelA 1.5%7 FZHAh
Type M AA2ye AAZAEZ ] FE (65%)9] A
FolA = on, 2,4-D 2 mg/Le} BAP 0.2 mg/Le|
2ol A 7P A veRtl 11 WEE 14.3%% Type IV
AY2e BE HEFA 83.1%0A4 100%714 A et
sth ozt e E FRE Aex FolA Type I, I, M=
A2 Zhl alol= oy B A EA ARd 8E 71K
I AT T, Type V Aejie & AT ofmst X3
o] BAfME NZ AEsrt FEE A et (Figure 2).
B3 ZWQlE AMES Type 1, 1T, M9 Ze2E 747 £
dte} TypeE 3719 HA FExdoA Adejetd 75
Qo) 2ol ot BE Typeo] A 2eX 4 Types] 2

Figure 1. Four morphological types of callus induced from calli of
seeds of Zoysia japonica Steud. grown on MS media containing
various combinations of 2,4-D and BAP for 5 weeks in dark. A,
Callus with yellow, differentiated structure (type [ ) from MS
medium containing 1 mg/L 2,4-D and 0.2 mg/L. BAP; B, White, non-
friable and compact callus (type [ ) from MS medium containing 2
mg/L 2,4-D and 0.2 mg/L BAP; C, Yellow, friable and compact
callus (type [II) from MS medium containing 4 mg/L 2,4-D and 0.2
mg/L. BAP; D, Whitish yellow, friable, soft and watery callus (type
IV) from MS medium containing 1 mg/L. 2,4-D and 0.2 mg/L. BAP.



Figure 2. Shoot formation by callus type in Zoysia japonica Steud.
Calli were transferred to MS medium containing 1 mg/L BAP and
30 g/L maltose for 2 weeks in light. A, Shoots from callus type T :
B, Shoots from callus type II; C, Shoots from callus type II; D,
Shoot from callus type V.

HAart B FFEUCE Jevh Type IV Asirs 43719
ot T8 FExAY WX wgsteln Type Vo] A
28k SAE5 T 9] ofF Typeo| Ae{A% A=A gt
O (A3 m)A). o]zke] AFFEA ) FF B Fkel 0
ghA Aol Fgol mEA veha, 1§l webA 2l
ZARES] dekS vlXE A7} Kentucky bluegrass (Ke
and Lee 1996)9} 2-4=4> (Carvalho et al. 1997)o| M= B 7
HAck wepr] A B 7)E 2FC2RH A AE fE
g T AEAE AR As AeaE PEE Res)
of o] &gtk AlEA9 Aol glo] Hul 47 AT
A7t 7ldiglch

A T2sol 01Xz ERe g8

S5EHY YRl wE AEA AR 288 AR A,
£ A% A Nk e 78] F£2 AMH sucrose
SRl A 7P kot A A o AERSE maltose E
glucose FH7HAA AR =& HIEZE R3E) 53
maltoseZ} H7bE wiAoA = FAHCRE 41FEE 2 mm
o]’ 42l A&7} sucrose Hixlol Bl 108) o]4 Bokr)
(Table 5). Teju}, galactose7} H7Hg wlA o= A1ze] 7|
H37F BEEA] @50 w1 7kel Aapgel wiebd Awisrt
2 IAVeE ATE BAY o) A3 TR 5l
weir Ael 2R E HEA] AEs HYolA] o35t 4
- el BHVF A Ao AzbEnh

BN

Bl >

A A2 HE AzFYol 7P & maltoseE FEHEZ
Aelgte] AZe] ARsh Mg AR 23, 30 g/L ol3) A
F59 maltoseE EF3F wjAollM ARE Y3 Ay
Fof Aeatt Alxe] AEshgo] vlwE EUrh Ee 2 mm
o]l AFAQ 2E2 AE-s= maltose 30 g/L2] Hj Ao
A ok 51%% 7F4 =91t} (Table 6). )¢} 7+o] maltoser}
AtA 0 Z AME3l= sucroseol] HEA B AZEE A&
o) AFFE A= AL 3E Il ¥ (Ghosh Biswas and
Zapata 1993), '@ (Last and Brettell 1990), creeping bent-
grass (Asano et al. 1994)o|lM= B ETE 1 9 6.0%2]
AFE maltose7t ZEE wiR|olAM E3HE 2lE2= 2719 9
o 7pgA e tEAlohd A 9] HAo] Yehdes EAS B
FAT o)A 27 MR B TETe) FFRI 4
A8 AFEst FAe A EH REFHAE Fof
a7 gigh vh3r)Ee 2 yehde d4er By gl
(Sato et al. 1996).

ASH R3]0 0]X)= cytokininse) st

Cytokinin®] 57 R Fkol ©E Ax AR NEE
ZAFSH A3} 1 mg/Le BAPS TDZ7F ztz} E3HE iAo
A AZE AT Aere F Ays g Az 5 3 %

A

9} A% (S mm ool 7V F9uh (Table 7). 22, TDZ

Table 5. Effects of carbohydrates on shoot formation of callus
derived from seeds of Zoysia japonica Steud.”

Carbohydrates  Callus with  No. of shoots Shoot over
(30g/L) green shoot (%) per callus 2 mm (%)
Glucose 373+2.7 69403 39.847.3
Maliose 333+2.7 94+0.3 46.4+5.0
Sucrose 45.3+93 4.5+0.1 45+0.2
Fructose 17.3+27 44+0.8 126%3.0
Galactose 0 0 0

“Type 1 calli were cultured on MS medium containing | mg/L
TDZ for 2 weeks.

*Each value represents a mean and the S. E. from independent
experiments with 25 calli per experiments.

“Each value represents a mean and the S. E. from number of shoot
per 10 calli with highest number of shoots.

Table 6. Effects of maltose concentration on shoot formation of
callus derived from seeds of Zoysia japonica Steud.”

Maltose Callus with No. of shoots Shoot over
(g/L) green shoot (%) per callus 2 mm (%)
15 373 9.9+0.1 452434
30 36.0 129+12 514+39
45 32.0 10.2+1.3 32,136
60 29.3 4.9+0.6 14.5+5.5
75 30.7 83+09 27.3+40
90 28.0 2.5+0.3 6.7+0.2

*Type 1 calli were cultured on MS medium containing 1 mg/L
TDZ and various level of maltose for 2 weeks.
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Table 7. Effects of cytokinins on shoot induction of callus derived
from seeds of Zoysia japonica Steud.”

Growth No. of No. of No. of No. of
regulators  callus callus shoot shoot
(mg/L) tested  withshoot /callus over S mm

Control 0 44 6 4.0 0
Kinetin 1 44 8 3.0 0
4 44 7 1.7 0
BAP 1 44 17 52 19
4 44 9 3.7 1
TDZ 1 44 17 4.8 14
4 44 10 4.1 1

*Type 1 calli were cultured on MS medium containing 30 g/L
maltose and various level of cytokinins for 2 weeks.

Wt iAS A% BE2EYE AE AR FFHY
HgAS) NG BASA stk 0|2 @ A3 cytokinin

7o mreb Az ARl GPE WAL AS BAF
AOT B3 A NEE 97 AsE A5 BAP
S TDZ7h BREL HelZh ¥ 476N TDZE Az
Aol E3HHe AREBAIA ) AP s
NBH) AES) E3p} go] FFHI BN 717 v

g 749 Axe] RS AAEE HF97E AUk oG fAkst
A1 AIE D2 (Akasaka et al. 2000) A% BT FHATE

HEE TDZE AAZEE 279 224 23 FAdlwt
AT 3 Fole A7 sHE Aol siargsiti B,

2o~ 7ol o2 AlEH MEEt

4712 Typeol Ze2E AEsh wiAlo 243t A&
ANE3E NRE AT 1 A3, Type V Aeiihes AE
Ao ARst AE AR gokod, Mg 109 Foll 2
271 27 AlAFR Y (Figure 2D). I, Type I, 10,
I 2yjxs 2219 A2s7t B0 (Figure 2A, B,
C), B3] Type 1 AHAE 82%9] AEA £3g Hyon,
ok A ER)el B3l 7H UA AEEAC (Table 8). A
719) WA feE Axe ARAREA AAEA B
MS HjR|o} o243l MHE KL potol] o] FAFa
EAE A eET} (Figure 3). &3 Type 1, I, Il AeXe
F4 FLEZEE G o) Aldulsy oyt AEA Y A

Table 8. Etfects of callus type of Zoysia japonica Steud. on shoot
induction of callus derived from seeds."

Callus type Calius with Callus with
green shoots (%) albino shoots (%)
Type 1 82 4
Type Il 62 26
Type M 38 22
Type IV 0 0

*Twenty five calli per each callus type were cultured on MS medium
containing 1 mg/L BAP and 30 g/L maltose for 2 weeks.

Figure 3. Plants of Zoysia japonica Steud. established in soil and
grown for 3 months.

23} 585 ZaHA Ea vk AF7A 3R A5 A
A5 el AEAY E37t %ol
gko] ik 53] 717 Aujuleks Ao
% 0 F7heEth wpeba gule AE
AA 7] et wiA Y SR/, AFTAEA R F
HEEo] gttt (Cho et al. 1998). olo] B3t
= 7“3’\—4 Fe & FHE S8 Sk AE
T ke AE AAE o, ojzg 4
H= Kemucky bluegrass (Ke and Lee 1996)%} -S4
(Carvalho et al. 1997) M % B AT}

ol ol & A AW BTl ZAMPAE
Aejxe) Fejo| webd THlee] AFA AEHE Fed
o] 54olH, °‘HLL/] FHEE AN F ] gl
S0 S £ Aelie BasS Fygyoz
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