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Callus induction and plant regeneration of
teak (Tectona grandis) clones

LIU Yan-Li, LIANG Kun-Nan", HUANG Gui-Hua,
ZENG Bing-Shan, ZHOU Zai-Zhi, MA Hua-Ming

( Research Institute of Tropical Forestry. Chinese Academy of Forestry, Guangzhou 510520, China )

Abstract: To establish a teak (Tectona grandis) regeneration system for further teak transformation,internode seg-
ments for clone 71-14 were selected for callus induction and differentiation. In this study,6-BA.IBA,TDZ.NAA were
used to study the effects of Plant Growth Regulators (PGRs) and their ratios on callus induction by an orthogonal de-
sign with four concentrations, then the optimal callus were used for differentiation with different concentration of
TDZ. The results showed that TDZ had the greatest influence on the types of callus,compact callus were much easier
to be formed in low concentrations of TDZ and 6-BA. Meanwhile, using membership function which the evaluation in-
dicators were callus size, callus induction rate and the compact callus rate, the optimal combination of PGRs for callus
induction was 0.9 mg * L.'6-BA+40.04 mg *+ L"'IBA-+ 0.02 mg *« L' TDZ40.8 mg * L' NAA, with 80.78% callus
percentage,1.65 cm average diameter and 83.0 % compact callus percentage. The highest callus differentiation rate
was 34.22 % with 0.132 mg * L' TDZ. Through this study.a regeneration system for teak clone 71-14 was initially
established.
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Wi AR (Tectona grandis) Z2 5 i 5B} ( Verben-
aceae) K& (Tectona) ¥ M PE & KIR A, J5 ™ T
difa) CEPREE R E MR AR B AR | e
WL T S BT HURN S o AR KRR B O
TG 2 5 M W Fp Z — (White, 1991 ; 5 £ B
4,2003) . RRFEWT 08 THIAE SRR E R
Mo AR 3 T8 M P 2R DA S R A 2 T A AN L 4
o VRSO S T s A 221 | 2 AR 5 L RN T AR 1 P b
(XI55 ,2006) B 2 F Br i 35 %60 Aill R 75 oK 38 4F
TR0 Bk B R SRR G Rl AR B B R, /80 4F
UK MR Se 1 B Ep B 28 B A Ep e ¥ e &
BIo%i P N  N S = 1 RV S TR R VA S 7 N7 N
B A VE U 1 1 (AR 4, 2003) AR TE T )
bk,

T 5 TC A AR KRR A, BAF Al AR B BT ¢ U
N RES P B RS 1 N B 8 N =B R S N B
FIAR B A VRS =/ M AR L PG AR A 1 g AR AR 2D
B IX GRS, 2011, B W IESTHEM AL R
st 0 TE AR AT R VR b DXCHE ) RO G Dy B WO A
R RIS M B K LR B AR RSB 47, 2001) , e 2k
PRI A 1 107 P 205 Al R TG P 2R T 9 5t b B o i 2 T —
KB EAE, G 20 g o R EN R T
RAZH U 3% 0F 58 (5 24 4, 19805 1 1 48 45,
1981) . ik ZAEME 5T, ©IF B T WL 1Y 3 & FLAL L
AFFARRE T ZHARCGERZ A, 2000, HHA
A S A IS Y PR R IR KRR B B BRI T
o FE P TR el RAMOR A AR . AR SO o Al R T
PER AT H LU T 5 A R A JE TR R TEPE R
FRAEARZR L AR TC 1 AR 2 i DR H AR R S 4

1 MR 5F&*

1.1 &4

S U0 B RE Ry Hp MO B 2 B 9T I 3R MO A 5T
Pk E R EN B B e R 71-14, Ui B R LW
2 35 R VR AN IR B Y TR 2R B AME AR
1.2 AES5%4%
121 e ariF s WA RIKE e 4 g
YA K8 5 ) (6-BALIBA, TDZ il NAA), %1% 4
AN BE K- . 6-BA(0.9,1.1,1.3,1.5 mg « L) IBA
(0.04,0.08.,0.12,0.16 mg » L"), TDZ(0.02.0.05,
0.08,0.11 mg * L") #1 NAA(0.8,0.9,1.0,1.1 mg *
L, HIELBH L (4°),16 MAEFE (HE) (F

D, BAPE 3 W, 6 i, DI 71-14 Jofk
ALHMH K 0.5~0.7 cm (9717 i) 25 B hy S 14,
BN 5 AN HMEIR A0 B RSN ELAR 90 A

® 1 ERKEIRITR L (4)

Table 1  Orthogonal design of experiment
= K E Y R e BE 7 " w
L . AR TR Rk B KT ] 2 i B R B
JOBLIESS Growth regulator concentration
) No. of
No. of (mg+ L")
explant
treatment . .
6BA IBA  TDZ NAA  inoculation
1 0.9 0.04 0.02 0.8 90
2 0.9 0.08 0.05 0.9 90
3 0.9 0.12 0.08 1.0 90
4 0.9 0.16 0.11 1.1 90
5 1.1 0.04 0.05 1.0 90
6 1.1 0.08 0.02 1.1 90
7 1.1 0.12 0.11 0.8 90
8 1.1 0.16 0.08 0.9 90
9 1.3 0.04 0.08 1.1 90
10 1.3 0.08 0.11 1.0 90
11 1.3 0.12 0.02 0.9 90
12 1.3 0.16 0.05 0.8 90
13 1.5 0.04 0.11 0.9 90
14 1.5 0.08 0.08 0.8 90
15 1.5 0.12 0.05 1.1 90
16 1.5 0.16 0.02 1.0 90

DL MS Sy B AR FR 5 U I EERE 30 g LT, B
7.0 g« L', pH I8 % 5.8, Wil /KK, &b
MOEHETE 25 CHE IR AR b 5 55 9% 28 d., 46 A BI85 57
=T IR G IRETE S 12 h, %R 2 000 Ix,
RIE N (254+2)C;35 d Ja W IME R @420
K/ B B HIR B L O GE A 4 5 R
fb#,

L2.2 sk AA PO ZEBHEMAE MS+0.9 mg -
L'6-BA+0.04 mg + L'IBA+0.02 mg » L' TDZ+
0.8 mg « L' NAA i A if S @ AL 6K
7% 30 d, UV IR ZE B LA K i @ L 818 A MSH-
TDZ(0.022~0.22 mg « L' 3t 10 4> B A6 ) 1) 8%
FrHE AR 3 U R TR O 20 d B 1 4 R
A KRR 2R R A AR A .

1.3 HIBA B S S5t o4

MAHLTE TR (%) =15 F A0 48U S i
AR/ B Tl AR R BB X 100 % 5 43 A3 (%) = 2 4%
A 1) 43 20 2K/ 1 i i A 45 2 ZUEE X100 %05 4
3% (0D = 46 Ak A 105 41 21 SR A4 B/ 12 P S A A4
SVEKT100 0 5 A AR 5 4 2R 80 = 14 2R 50008 iU A
IR H LU

BT R % GENSTAT H1 SPSS18.0 %14 1



6 34 XN A5 - Al AR TCE R A 27 5 SR PR AR 843

Il 25y MR o 2 & e, 1 SR8 ok B0k 1T
S LR A 38 22 TR A b SR 09 OF- 24 0k 3 ) Ak 2
XF AT AL U 5 R AR T L F (R R R ) R

HEAXMX) =Xy — X))/ (X e —
X jmin)

K M (X)) R AbHE G 38 bR A SR R 5L
B, X, 05 D03 G R I EE X i T X
Gy R G AR AR S /N R R R .

2 HRH4M

20 AEEKAGHGESREKEFEGAHALS
EBR KM NELRHFIE

Xt 16 A~ 4b P A 455 40 405 R HEAT O 22 00 T L
REWCGE 2D WOAL T FHEFREN 75.9% kb3
] 22 S 35, Hoh Ab B3 FIAR B 12 35 5 R 0 Bk
F 98.16 Y0 F1 84.23 %0, Hii & 5 53 AW 14 4> Ak #1122 S
3, ORI A B A 45 40 21K /N B ) 25 S A
FHLOHPEE 4 R P ERN 1.78 cm AL B 7
U 174 em A3 2 P AR BRAR . N SEER BT
B 4 JE 6-BA W BEAKF B I H A 3 A AR K
A B K B 0 — A A R A 4
AP B ER KR HIE RN 80.51% ., 5if®
R 3 25 W3, 8 3 Wik S R,
R A B B2 0.97 cm, 5 FE ¥ HAER K
(AL BE 4 22 AR B 3, 76 16 A Ak B b HE P 18] B0
T bR 3 A SR E S A ERN A
FIF T Lm0, W= A8A R Tt
AR B, 16 A b P A 15 A 2 AL F N 0
10.71% . 25 A B E,

AN T A A R 70 B KT X 405 A U 5 R
-4 54252 m R B[] (3R 3) . 6-BA 1 IBA 1Y
AN T e B 7K - TR A 405 L 200 S R 2 5 Wl 3, Hovp 6-
BA 500 45 20 21155 S o8 B PR W) 5 B G ok R 1
T B 205 SRR AR RV BE ) 6-BA B 5 T
WAL W IBA MU PERE S ; TDZ fl NAA
AR W E K EE AR ESFRERARE.
TDZ FI NAA 7K [a] 373 B A% 22 5 43 0] ik 1 . 2
3T 6-BA I IBA JKOF-[A] 25 ORI . 4 Rk
KRB AT B R 22 AR E . AR
T3 2% 43 B 1) b 25 AR 2% KUINVET AT, 6-BA Fi IBA
M AGHLUE R RN EERNE, AN
VR O AR KA LR/ HET 43 50 6-BA

>IBA>NAA>TDZ. TDZ>NAA>6-BA>1IBA,
NAA>TDZ>IBA>6-BA.

R 2 AEREKBFEFTFLEITEG
BENEMSENESEILE
Table 2 Effects of different combinations for the four
plant growth hormones on callus induction and

the Duncan’s multiple comparison (0.05,0.01)

@A
wms PR gy THAE g, WK
No. of . /allgs No. of Avcragc No. of Browning
treatment induction treatment diameter treatment PEreentage
percentage (cm) %)
(2]

3 98.16aA 1 1.78aA 14 0.00

12 84.23abAB 7 1.74aA 5 0.00

6 81.47bcAB 1 1.65abAB 8 0.00

11 81.06bcAB 11 1.60abABC 3 0.00

8 81.06bcAB 10 1.43abcABCD 4 0.21

1 80.78bcAB 14 1.37abcdABCD 10 0.44

4 80.51bcAB S 1.27bcdABCD 16 0.51

7 78.82bcAB 6 1.26bcdABCD 9 0.62

5 77.81bcAB 9 1.21becdABCD 6 1.28

16 75.60bcAB 8 1.12¢dBCD 2 1.36

10 73.63bcAB 15 1.12¢dBCD 11 2.45

13 70.02bcB 16 1.04cdCD 13 3.91

2 65.12bcB 13 1.02¢dCD 7 6.70

15 62.43bcB 12 1.01cdCD 1 6.70

14 52.97¢B 3 0.97¢dD 15 8.07

9 52.27¢B 2 0.92cdD 12 10.71
F{H 2.25 %% 4,19 % % 1.22ns

F value

Fpr &% 0.007 <<0.001 0.264

F significance

SEH4) Mean 75.9 1.28 1.53

HWoeons,x oxx RIRR TSN FHERARE BEMREE. NG
B K B AR [ 670 T i) 2% S AN Gk 3 O AN 5 R T R 28 S L
b ., FE,

Note: ns. * . ¥ % mean the differences of F value in ANOVA are not signifi-
cant, significant and very significant, separately. The lowercase or uppercase
letters after the figures between two treatment are the same mean the differ-
ence was not significant or not very significant; Contrary, mean the difference

was significant or very significant. The same below.

22 AEAEKBATHAESIREKENEHGALAR
B 22

ANFEALBEXS 71-14 B35 & 3 A 2H 4L L) 20 1
JEZ2 . 5 45.8% . T B B B0 R B A R 4 00
23.6 % H1 30.6 %, 16 A~ Ak B ] = Ff 25 B0 Ay {5 4L 41
SR B GR O, Hp 4 1,2.3.5.6.9.11.15
TR A A DL B 7ok L 0 52.1% ~85.0%.,
AEFE 10,1416 T8 B A A5 20 2L DL R B AL, N BB 3K
%R i 50.8%6~55.0 %0 s Ab B 4.8 T B AL 412
DLBRAS LR 32, 43 9105 80.8 % Ml 56.7 % , HiAth 3 A4~ Ab
BRI =PI @A LU 7 L BIA 2 AR

AN TR] A A T 70 B2 7K X T i 1 2H 2L o
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& 3 6-BA.IBA.TDZ . NAA RREIREKEI 71-14
RGERAFENFHMEPESEILR
Table 3 Effects of different levels for 6-BA,IBA.TDZ,
NAA on callus induction of clone 71-14 and the
Duncan’s multiple comparison (0.05,0.01)

S AR S SRE A f B
A A e
Level  Callus rate  diameter rate
regulator %) (em) %)
6-BA 0.9 83.6a 1.329 1.1
1.1 79.0a 1.383 0.7
1.3 73.8ab 1.306 2.4
1.5 65.5b 1.136 1.9
F{& F value 3.16 * 2.14ns 0.42ns
Fpr & &4 0.027 0.098 0.74
F significance
IBA 0.04 70.8ab 1.290 1.7
0.08 67.9b 1.272 0.4
0.12 82.7a 1.362 3.1
0.16 80.5ab 1.23 1.2
F {4 F value 2.79 % 0.57ns 0.82ns
Fpr i 31 0.043 0.636 0.485
F significance
TDZ 0.02 78.7 1.411aA 2.1
0.05 73.2 1.086bB 3.3
0.08 74.7 1.170bB 0.0
0.11 76.3 1.488aA 2.0
F {4 F value 0.29ns 6.86 * 2.04ns
Fpr i ##: 0.832 <0.001 0.111
F significance
NAA 0.8 75.3 1.444a 4.5
0.9 75.0 1.159¢ 1.4
1.0 83.2 1.184bc 0.1
1.1 68.7 1.368ab 1.6
F1{& F value 1.92ns 3.64 * 2.17ns
Fpr i & #: 0.129 0.014 0.095
F significance
1 Mean 75.9 1.29 1.5

M A — (3£ 5, 1),6-BAIBA Al TDZ A [&] 7k
S T) I B B0 A A7 4 2 2 R B 3L ok TDZ X
O ARG B KPR A 22 Ty 38,5200,
WA IBA(30.72 %) .6-BA(27.09 %) ik He B 7K F- 1Y
6-BA Fl TDZ ¥ 5 J& il 0% B i) @i 4141, 6-BA
XoF AT S0 TR 1 o A AL SR R A KL K ] 22 S
B3 25k 38,67 Vo o B A VR FE A BN B S 0 A
(R A AL 2T o L 081 38 A G Al A A IR T R0 X g
o B 5 2B ROK - B 25 SR K. TDZ i
IBA T g A 7Y f) 405 20 2052 i 4 G, 7K - [ 22 57
KW o TDZ /KF 4% 25 5 35.81 %0, B & e
JE 7KSF- B N 5 47 0 A 405 20 2 HE B 3 KL TBA JK
[E] P 0 22 0 K 28.9 %%

HRAE T 22 43 M 11 S 35 P R AR 25 KN, 4 Bl AR K
T TR0 X 35 B A B A A A U e RN 1 DI

x4 FTERLEMNERAGALARMNZMERE S E LR
Table 4 Effects of different combinations for 6-BA,IBA,
TDZ,NAA on callus types of clone 71-14 and the

Duncan’s multiple comparison (0.05,0.01)

S5 2% ) 2 BN 3 35 76 ) 7 BN T
sy FER gy BISER gy R
NO, Of ~ompac NO, Of riable and NO, Of riable
treatment 1ype treatment ConlpaCl treatment 1ype
(%) type (%) %)
2 85.0aA 16 55.0aA 4 80.8aA
1 83.0aA 14 51.7aA 8 56.7abAB
3 76.0aA 10 50.8aA 7 39.6beBC
15 71.5abAB 7 39.5abAB 5 39.6bcBC
11 55.7abcABC 13 38.3abcABC 10 36.7bcBC
9 55.6abcABC 12 36.7abcdABC 12 36.3bcBC
6 52.7abcdABC 6 34.6abcd ABC 13 35.0beBC
5 52.1abcdABC 11 31.3abcde ABC 9 29.2beBC
8 38.3bcdeBC 9 15.2bede ABC 3 24.0bcBC
16 30.7cdeBC 5 8.3bcdeBC 14 23.3beBC
12 27.0cdeC 15 8.3bcdeBC 15 20.2¢BC
13 26.7cdeC 8 5.0cdeBC 1 17.0¢BC
14 25.0cdeC 2 3.1deBC 16 14.3c¢BC
7 20.9cdeC 1 0.0eC 11 13.0cC
4 19.2deC 3 0.0eC 6 12.7¢C
10 12.5¢C 4 0.0eC 2 11.9¢C
F1{H 4.81 %% 3.87 % % 2.72 %
F value
Fprig &M <€0.001 <<0.001 0.001
F significance
S mean 45.8 23.6 30.6
4 K 6-8A [ 1BA [0 7Dz W NAA
40 38.52 38.67 w5 81
€53 '
WE o 35 30.7p
RS 230} 270 i
B-9 25
% %)
> £ = 20 8.49 17.75
kS o L 16,7
] 14.6
o —15
[T & .12
ks 10 6.9
5
0 1 1
R BB R BRAnEY
Compact Friable—looking Friable—
type and compact type looking type

1 AN [ 38 3% 0k A 40 2 2R 5 52 ) ) 22

Fig. 1 Range of effects of different regulators on callus types

¥ TDZ>IBA>>6-BA>>NAA ; Ilii X B ¥ 2% 14 A
P L 2L W K /N B P A 6-BA > 1BA > NAA >
TDZ, TRIZERAES SRR LR 4 d AL
ISR OSSR = S W[R0S S o T A S A
A),60 d ZEA A3k 0.5~1.5 cm® (& 2:B), £
wA A A B B R e, a4l

A 288 1 2.B) kAR AR K0 5 1 6 b 28 o 45 41
ZURIRE A (8] 2.C) , HAEARARES 55 b 2E K 3
Y ERSE NN AR N N R N L TR S B
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Fig. 2 Callus induction and shoot regeneration of Teak A,B,C. Callus induced from stem; D,E. differentiation of the callus.

% 5 6-BA.IBA.TDZ.NAA Xt 71-14 Fif5
HAFMEZMSNESELILE
Table 5 Effects of different levels for 6-BA,IBA,TDZ,
NAA on callus types of clone 71-14 and the
Duncan’s multiple comparison (0.05,0.01)

s BRFAECETY B A

A KA KT Compact Frlal.)lef Frlal?lef
looking looking
Growth regulator  Level type
7 and compact type
type (%) %)
6-BA 0.9 65.36aA 0.02bB 34.62
1.1 42.05bB 20.31aA 37.66
1.3 38.84bB 33.12aA 28.06
1.5 38.27bB 38.69aA 23.03
F {4 F value 5.01 * % 11.16 * = 1.39ns
Fpr i # 0.002 <£0.001 0.248
F significance
IBA 0.04 54.31aA 15.55 30.14bB
0.08 46.13aA 34.04 19.86bB
0.12 57.40aA 17.99 24.61bB
0.16 26.68bB 24.56 48.76aA
F {4 F value 5.72 % % 2.59ns 5.16 % x
Fpr i # 0.001 0.055 0.002
F significance
TDZ 0.02 58.0laA 28.96 13.04cC
0.05 59.55aA 13.44 27.01beBC
0.08 45.93aA 19.60 34.46abAB
0.11 21.03bB 30.14 48.85aA
F{& F value 9.51 %% 2.39ms 7.18 % %
Fpr & &1 <0.001 0.071 <0.001
F significance
NAA 0.8 40.26 30.65 29.10
0.9 49.91 20.41 29.68
1.0 42.99 28.18 28.84
1.1 51.38 12.90 35.75
F{H F value 0.86ns 2.45ns 0.35ns
Fpr & & 0.463 0.066 0.79
F significance
14 Mean 45.8 23.6 30.6

O 2F 05, Z ARG 4B AL s 1T & TS 5 2 iR o B
FHERE AR AR BE @l 2y, AR m A
IR A KGO, A SUE SR 48
S35 AR TN EUR R T B R SR R B0 T 4
A PR TS S RE S A3 AL 1 (MSH40.9 mg « L'6-
BA+0.04 mg « L"IBA+0.02 mg « L' TDZ+0.8
mg « L' NAA) -V 2R 8 6 & K, 40.81, i J5 K
UORALE 11 b BE 3 FAb B 4, 4350 h 0.67.0.65,
0.57, AL 1 JRZE4 3 TR AR fl B AR K
HE HAHHSET R AU LFH ER S
A 5 40 5 R 80.78 % ,1.648 em Hl 83.0% ,
2.3 M BAFEEEK

RSO AL A 104 TDZ W E
oAb 25 3k B AT HAR A S 29 30 d T DR (8 3
SRS AR AR AR B A T 2 R i i A 8
He ordkC 2 Wm, 2R A AE R 2, X TR, Bl
ek, R T AR AT R (B 2. D) 3R A R e Ol 3~
5 em( 2:E), FRrb3ESR 50 d B 40 PR AR A R
i HAdH AN ER BE TDZ 6 5 41 4L A4 R 1
J5 2253 T 6 W, TDZ St F A [8) 1453 241 82 09 S 2 2 4
fRRRERE 2L R A B E ., Y TDZ W E N
0.066~0.132 mg « LI, A& 25 73 A0 8OR AR X 8 4
(3 6).70b% N 26.42% ~36.54 % . HAMEL I A E
ZERE T REIE R B, Hoh TDZ k4 0.132 mg -
L RS R A K SR B i

3 Wiks&®

P ORI PR L L85 57 R A 6-BALNAA,
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x6 AR TDZRENBGHEABSULENBERY
Table 6 Callus differentiation rate and regeneration
coefficient of teak at different levels of TDZ

T W WA
-~ Callus AR KR ERORE
TDZ . . . S 5
. differentia- Regeneration  Growth Growth
concentration . . . .
( LY tion rate coefficient vigour of vigour
me* L % callus of plantlet
0.022 26.93abed 1.28bed ++ ++
0.044 21.93bed 1.08bed ++ ++
0.066 36.54a 1.54bed +++ ++
0.088 26.42abcd 1.29bcd +++ ++
0.110 32.90ab 1.67abc ++ +++
0.132 34.22a 2.23a +++ +++
0.154 30.50abc 1.76ab ++ +++
0.176 19.43cd 0.95d ++ +
0.198 16.66d 1.08bed + ++
0.220 15.39d 1.00cd + ++

NG FRER R LSD £ E A Hr 45 5 (P<C0.05) U3 A 1 4L 4R
LR RS I ' S 'O

Note: Lowercases represent significant differences at 0.05 level with LSD
multiple analysis (P<C0.05). “+ ”represents the growth vigour of callus and

plantlets, the more “+ ", the better growth.

IBA P47 814 41 235 S F0AE Bk 1A dn ke b C D 5
FH,2004) . A7 B (B, 2006) | + T & CFF % Bk %5,
2012) %, B [ #h 4 Noerhad er al.(1980) , Rosi-
lah et al.(2005) ,Kushalkar et al.(1996) ff A& % 2
LU R R ML K 6-BANAAIBA, i 20~30
a — Pl R W A R T ) TDZ 32 35 9k 8 4
AU SR GBS TREE,2009) , X Al A £ 005 20 4L i
S B — AR Y R AT BB N R AE L BN SR A
(2012)H 0.5~2.0 mg » L'NAA S FH— 71-14
TR AR ER AH 2, M 5 6-BA St [6]4F
FH U35 S 3k 40.0% ~86.7% ., 6-BA F1 NAA %%
K22 S5 2, AT R3S B R Ak A
BT X — 5 A SR A 6-BANAAIBA, TDZ #%
AR 4K IER S, 458 Bon, &4 b 3
(HAEH X 71-14 WAL F RN 52.27% ~
98.16 %0 . XA A LM IFEFRE MR KM E R
6-BA, HARW B 6-BA iR W35 & T m Wk E MmN
6-BA, 58 E LA LBV & ; Baghel et al.(2008) Fl
Widiyanto et al.(2005) I\ ke HAA #5468 7 (1) @1 4
LU VR B AR S (0 1) BB AL A 2L, N
KR A H LSRR R MR . A5 AS i
EEVES 71-14 TR A H AW A HE 1 (MSH
0.9 mg * L"'6-BA+0.04 mg «+ L"IBA+0.02 mg *
L'TDZ4+0.8 mg « L' NAA), i R G& m iE S
BB R K o T oA i 14,

TDZ Xf 71-14 Jo Pk 2 & 1 K /N Fi 0% 7 BT 1,
SR 5 R ME T FAE AR W FH TDZ W] 3R A% 4 248 Jifd
R KRR BR . I Widiyanto er al.(2005) ] TDZ
1 IBA 5 Al R @45 4 21 Akram ez al. (2008) H]
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