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บทคัดย่อ 
 
  ศกึษาผลของคูผ่สมปาล์มน า้มนัตอ่การสร้างแคลลสั และเอ็มบริโอเจนิคแคลลสั
ใช้คพัภะออ่น (Immature zygotic embryos: IZE) ของปาล์มน า้มนั 16 คูผ่สม โดยตดัแยกคพัภะ
และวางเลีย้งบนอาหารสตูร Murashige and Skoog (MS) เตมิ dicamba (3, 6-dichloro-oanisic 
acid) ความเข้มข้น 2.5 มิลลิกรัมตอ่ลิตร วางเลีย้งในสภาพการให้แสง 14 ชัว่โมงตอ่วนั อณุหภมู ิ
27±1 องศาเซลเซียส เป็นเวลา 3 เดือน พบวา่ หลงัการวางเลีย้ง 4-5 สปัดาห์ เร่ิมมีการสร้าง
แคลลสั หลงัการวางเลีย้ง 3 เดือน พบการสร้างแคลลสั 4 รูปแบบ คือแคลลสัแบบเกาะกนัแน่น 
แคลลสัแบบหลวมๆ แคลลสัแบบปม และแคลลสัคล้ายราก โดยคูผ่สมท่ี 7 ให้การสร้างแคลลสั
สงูสดุ 33.33 เปอร์เซ็นต์ และขนาดของแคลลสัเฉล่ียสงูสดุ 11.7 มิลลิเมตร สว่นคูผ่สมท่ี 14 ให้การ
สร้างเอ็มบริโอเจนิคแคลลสัสงูสดุ 18 เปอร์เซ็นต์ คูผ่สมท่ี 16 ให้การสร้างปมสงูสดุ 15.79 ปมตอ่
เอ็มบริโอเจนิคแคลลสั ตลอดจนความเร็วในการสร้างแคลลสั 35.5 และเอ็มบริโอเจนิคแคลลสั 
20.17 จากนัน้ย้ายแคลลสัเร่ิมต้นไปวางเลีย้งบนอาหารสตูร MS เตมิ dicamba ความเข้มข้น 1 
มิลลิกรัมตอ่ลิตร ในสภาพเดียวกบัข้างต้น เพ่ือชกัน าการสร้างเอ็มบริโอเจนิคแคลลสั และโซมาตกิ
เอ็มบริโอ พบวา่ คูผ่สมท่ี 9 และ 11 ให้การสร้างเอ็มบริโอเจนิคแคลลสัหลงัการวางเลีย้งเพียง 1 
เดือน คูผ่สมท่ี 1 ให้การสร้างเอ็มบริโอเจนิคแคลลสัสงูสดุ 7.69 เปอร์เซ็นต์ และคูผ่สมท่ี 7 ให้
จ านวนโซมาตกิเอ็มบริโอตอ่แคลลสัเฉล่ียสงูสดุ 33.33 เอ็มบริโอ การวางเลีย้งแคลลสับนอาหาร
สตูร MS เตมิ dicamba เข้มข้น 0.3 มิลลิกรัมตอ่ลิตร ร่วมกบักรดแอสคอร์บิคเข้มข้น 200 มิลลิกรัม
ตอ่ลิตร ภายใต้ความเข้มแสง 25 ไมโครโมลตอ่ตารางเมตรตอ่วินาที สง่เสริมการสร้างปมสงูสดุ 
32.99 ปมตอ่แคลลสั โดยคูผ่สมท่ี 8 ให้การสร้างปมสงูสดุ 61.9 ปมตอ่แคลลสั จากการทดลอง
พบวา่ คูผ่สมท่ี 7 และ 16 ให้การตอบสนองตอ่การสร้างและเพิ่มปริมาณโซมาติกเอ็มบริโอ รวมถึง
สามารถพฒันาเข้าสูร่ะยะสร้างจาวสงูสดุ ดงันัน้จงึน าโซมาตกิเอ็มบริโอทัง้สองคูผ่สมมาใช้ใน
การศกึษาปัจจยัท่ีมีผลตอ่การชกัน าโซมาตกิเอ็มบริโอชดุท่ีสอง (secondary somatic embryo: 
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SSE) และการงอกของต้นออ่น โดยน าโซมาตกิเอ็มบริโอระยะสร้างใบเลีย้ง (haustorium 
embryos: HE) ขนาด 9 มิลลิเมตร มาวางเลีย้งบนอาหารสตูร MS เตมิซอร์บทิอลเข้มข้น 0.2         
โมลาร์ กรดแอสคอร์บคิเข้มข้น 200 มิลลิกรัมตอ่ลิตร เป็นเวลา 2 เดือน พบวา่ คูผ่สมท่ี 7 ให้การ
สร้าง SSE สงูสดุ 80 เปอร์เซ็นต์ ส่วนผสมท่ี 16 ให้จ านวน SSE สงูสดุ 16.8 SSE/HE การเตมิ GA3 
(gibberellic acid) ความเข้มข้น 0.05 มิลลิกรัมตอ่ลิตร ในอาหารสตูรชกัน า SSE สง่เสริมการสร้าง 
SSE สงูสดุจ านวน 18.93 SSE/HE การลดความชืน้ของ HE ลง 5-16.52 เปอร์เซ็นต์ สง่ผลตอ่การ
เพิ่มปริมาณ SSE และการงอกเป็นต้นกล้าท่ีสมบรูณ์ การชกัน าการงอกของ SSE บนอาหารสตูร 
MS ท่ีปราศจากสารควบคมุการเจริญเติบโตและผงถ่าน เป็นเวลา 3 เดือน พบว่า HE ของคูผ่สมท่ี 
16 ให้การสร้างยอดสงูสดุ 18.6 ยอดตอ่ชิน้สว่น และให้การพฒันาเป็นต้นท่ีสมบรูณ์สงูสดุเฉล่ีย 
0.8 ต้นตอ่ชิน้สว่น  

การตรวจสอบพนัธุ์ปาล์มลกูผสมเทเนอร่าระหวา่งพนัธุ์พอ่ฟิสิเฟอร่ากบัพนัธุ์แม่             
ดรู่าของคูผ่สมท่ี 7 และ 16 ด้วยเคร่ืองหมายเอสเอสอาร์ (simple sequence repeat: SSR) พบวา่ 
ไพรเมอร์ EgCIR008 ให้แถบดีเอ็นเอได้ชดัเจนระหวา่งพอ่แม่ และสามารถยืนยนัความเป็นลกูผสม
ได้ทัง้สองคูผ่สม และใช้ไพรเมอร์ดงักลา่วตรวจสอบความแปรปรวนของต้นกล้าลกูผสม พบวา่ มี
ความสม ่าเสมอของแถบดีเอ็นเอ และไมพ่บความแปรปรวนจากกระบวนการขยายพนัธุ์ด้วยวิธีการ
ข้างต้นจากการตรวจสอบด้วยเทคนิค SSR ในทกุระยะคือ แคลลสั โซมาตกิเอ็มบริโอ และต้นกล้า
ลกูผสม 
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ABSTRACT 
    

Immature zygotic embryos (IZE) of 16 crosses of oil palm were excised 
and cultured on Murashige and Skoog (MS) medium supplemented with 2.5 mg/l 
dicamba (3,6-dichloro-o-anisic acid) to initiate callus. The cultures were placed under 
light conditions at 14 h photoperiod, 27±1oc for 3 months. The results revealed that the 
time employed for callus initiation of those embryos was 4-5 weeks after culture.  The 
calli were classified into 4 types: compact, friable, nodular and root-like structure. The 
highest percentage of callus formation (33.33) and size of callus (11.7 mm) were 
obtained from cross number 7. The highest percentage of embryogenic callus formation 
(18) was obtained from cross number 14. The highest number of nodule formation per 
embryogenic callus (15.79) was obtained from cross number 16.  As for the speed index 
of callus (35.5) and embryogenic callus (20.17) formation, cross 16 gave the highest of 
both parameters. The calli were transferred to MS medium supplemented with 1 mg/l 
dicamba and cultured under the same conditions for induced embryogenic callus and 
somatic embryo.  The highest speed of embryogenic callus formation was obtained from 
cross number 1 and 9 after 1 month of culture. The highest percentage of embryogenic 
callus (7.69) was obtained from cross number 1 and average number of somatic embryo 
formation (33.33 embryos) was obtained from cross number 7. The result revealed that 
cross number 7 and 16 gave the highest response on somatic embryo formation and 
multiplication to haustorium stage. So, it represents good quality material for the study of 
biological factors affecting secondary somatic embryo (SSE) formation and germination 
of plantlet regeneration. Nine millimeter of haustorium embryos (HE) were cultured on 
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MS medium supplemented with 0.2 M sorbitol and 200 mg/l ascorbic acid for 2 months. 
The results revealed that SSEs were achieved at 80% obtained from cross number 7, 
and the highest number of SSE/HE formation at 18 SSE/HE from cross number 16. 
Addition of gibberellic acid (GA3) at the concentration of 0.05 mg/l in the culture medium 
promoted SSE development at 18.93 SSE/HE. Partial desiccation of somatic embryo at 
approximately 5-16.52% before culturing on MS medium supplemented with 0.2 M 
sorbitol gave the SSE formation and germination of complete plantlets. Germination of 
SSE was obtained in hormone-free MS medium without activated charcoal after 3 
months of culture. The highest number of shoot formation was obtained from cross 
number 16 at 18.6 shoot/HE.  

Hybrid verification within the F1 populations (Tenera) between Pisifera 
and Dura of cross number 7 and 16 were detected by simple sequence repeat (SSR) 
analysis. The result revealed that EgCIR008 primer provided clear DNA patterns and 
could be used for verifying the hybridity of both crosses. Assessment of somaclonal 
variation derived from this protocol using this primer revealed that there was a uniformity 
within clones, and no somaclonal variation occurred in our propagation system by SSR 
marker in all level, callus, somatic embryo and plantlet status.   
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2 

Eugene 

 LMC 022 (DA115D x LM2T)  LMC 051 (LM 2 T x DA8D) LMC 074 (LM452T x UR6D) 

 LMC 088 (LM10T x DA28D)  LMC 051 

Karun (2004)

3 Mangala  Sumangala Mohitnagar 

12 MS 2,4-D dicamba (3,6-Dichloro-
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2-methoxybenzoic acid)  picloram (4-amino-3,5,6-trichloro picolinic acid) 

Sumangala 30 

2 Mangala Mohitnagar 15  10  

  Eshraghi 2005

3-4 2

 Khanizi Mordarsing MS

Khanizi 2,4-D 

453 2iP isopentenyl adenine) 15  

BAP (6-benzylaminopurine) 13  

NAA -naphthylacetic acid  54 

2iP 148   

Mordarsing 

  

 

Perera 

 6 

5     Teixeira  (1993) 

77  91  100  114  128  140 193 

 Karun Sajini (1996) 

18 6 

7 
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150-180 10  

100-120  

 

 1.   

 

 

 

( , 2553) 

 

 

 

  1.2.1  

 

 2 Y3 

(Eeuwens, 1978) MS (Murashige and Skoog, 1962)  

2530

195 MS 2,4-D 

 2.5 3  0.7  

5.7 Slow growing callus: SGC

40 60 Tisserat (1982) 

MS NAA

7 8        
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Eshraghi MS         

2,4-D 453  2iP 15  BAP 

13   Khanizi  

 Y3 Sogeke (1996) 

Y3 

NAA 0.5 2

Saenz 6  

Y3 2,4-D  0.65 

Y3 2,4-D  6 

  BA (6-benzyladenine)  300   

 

  1.2.2  

 

Corley et al., 1986) 

 2,4-D 50-100 (Teixeria et al., 

1995; Aberlence-Bertossi et al., 1999)    Te-chato (1998b) 

NAA -D 

MS NAA 

-D   

 NAA -D

NAA 

-D

NAA NAA
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-D

-D 0.1 

dicamba  

0.1  1,000 

200  

haustorium embryo: HE

dicamba 2,4-D dicamba 

18  

MS NAA 

dicamba -D 

dicamba 1  

 2,4-D  

NAA  

dicamba 

MS dicamba 

dicamba 

dicamba 

      Wang (2003) dicamba  

 

MS   Chehmalee Te-chato (2007) 

 MS NAA 

40 2,4-D dicamba 2.5 

dicamba 54.44  2,4-D 
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NAA 37.47 1.23  dicamba 

 

Karun  

3 Mangala  Sumangala Mohitnagar 

2,4-D 68 dicamba  25  50 picloram 

 100 200  picloram 

 browning 2,4-D

browning Tisserat 

(1982) p-CPA (p-chlorophenoxyacetic acid) NAA  2,4- D 

 0  0.1  1  10  NAA

7 8  

 

 1.3  

 

   

28±0.5 2545

26±4 

   Avril 1986

25-27 Masanori Nilshino 1999

Fritillaria camtschatcensis 

Ker-Gawl. MS NAA 0.1 

 kinetin 0.1  8 15  20 

 25 40 150 300 

 20 20 

 150 300 

Ouyang 2003
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 Cistanche deserticola  

phenylethanoid glycosides (PeG) MS 2,4-D 

1 kinetin 0.5   GA3 (Gibberellic 

acid) 1  25±1 24                 

  30 15.5 

 PeG 1.7 

  435 

18.4   PeG 2.4 

 

 

 

2. SSE  

 

   

(Stasolla and Yeung, 2003) 

1 

2 

1 (Hilae and Te-chato, 2005  

2 

( , 2545) Stamp 

and Henshaw, 1987 (Vasic et al., 2001)

SSE 
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  2.1  

 

 

   Duong 

2001 Lilium longiflorum) 

0.5  1  2  3 1 

4.1 1 

7 1 5.8 

2551

HE SSE  HE 11 13 

HE 8 10 

SSE 100 SSE HE 

SSE     Teixeira  (1993) 

 

 

  2.2  

 

 

Rajesh 2003

polyamine MS 

2,4-D  0.01  putrescine  1 

 SSE 

200 (Nakagawa et al., 2001)   Lou Kako 
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(1995)  (250  500 ) 

David Wayne (2001) 

   Lou Kako (1995) 

 MS 

0.25 

(bipolar embryo) 

 

2539 Wilson 1996

Paiva  Otoni (2003)

 

(Lou 

and Kako, 1995; Mamiya and Sakamoto, 2000; Nakagawa et al., 2001; Paiva and Otoni, 

2003) 

Mamiya Sakamoto (2000) 

 MS 
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Hilae Te-chato (2005) 

MS 3 1/2 1/5 

0.1-0.3 HE

MS 0.2 40 

2.75     Te-chato Hilae (2007) 

MS 0.2  SSE 

HE 100   21.55 SSE HE SSE 

3 MS 

SSE 78  35.71  

5   Kumria (2003) 

 MS 

70  

40-50     Levi 

 Sink (1990) Mamiya Sakamoto (2000) 

 

5.70 4.65 (Borges and Wagner, 2003) SSE 

MS NAA 0.06 BA 

0.03 Te-chato, 1998b) 2 

MS 0.25 

NAA BA 

73 (Te-chato and 

Muangkaewngam, 1992)  
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2.3  

 

    Leal  (1995) 

4 

 

ABA (abscisic acid)

 PEG (polyethylene glycol) 

Northern blot 

ABA PEG ABA 

PEG 

Find (1997) 

BA 15 40 

 PEG 5 

 (Whatman 

54) 500 

 0  2  4  6 8 

5 20 20 

4 

 

  

3 

SE/SSE )  

( )

5
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3. SSR 

  

 

(Karkonen, 2001) 

somaclonal variation 

(Rani and 

Raina, 2000) somaclonal variation 

Larkin and Scowcroft, 1981

microspore 

 ( 2544

2 

 2,4-D 150 (Teixeria et al., 

1993; Aberlence-Bertossi et al., 1999)

GA3 50-

100 

( , 2544)    Nwanko  Krikorian (1983) (2544) 

  GA3 1 

. . 1987 

100 9,000 
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1 (Khaw and Ng, 1999)

30 

( , 2544)

 Te-chato (1998b)  . . 2533-2534 

 

2,4-D 1-5 

NAA 0.06 BA 0.03 

  

(polymerase chain reaction; PCR)

  

 2 

Random amplified 

polymorphic DNA (RAPD) (Zhang et al., 2003; Morimoto et al., 2006; ) Amplified 

fragment length polymorphism (AFLP) (Matthes et al., 2001  Restriction fragment length 

polymorphism (RFLP) (Jaligot et al., 2002 Microsatellite SSR (Sasanuma et al., 
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2004; Jian et al., 2006) 

 

(microsatellite  simple sequence 

repeats: SSR) 

-

short tandem repeat (STR) 

denaturing polyacrylamide gel electrophoresis 

PCR mono-nucleotide repeat (A)n 

di-nucleotide repeat CA)n tri-nucleotide repeat

(TAA)n n 

- , 2545) 

 

   Thawaro  Te-chato

2009 366(D) x 72(P) 

SSR EgCIR1772 

 

Thawaro 2009

SSR 9  (EgCIR008 EgCIR0243 EgCIR0337 

EgCIR0409 EgCIR0446 EgCIR0465 EgCIR0781 EgCIR0905 EgCIR1772)

2 EgCIR008 118 119 

EgCIR1772 58 

Singh 
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2006 Singh 2007 SSR 

T128 Malaysian Palm Oil Board (MPOB)  UP1026  Colombian oleifera

ortet

ramet 6 

ramet

25 

ortet ramet 12 

48 E. guineensis (palm T128) 

 E. oleifera  (palm UP1026, a oleifera   Colombian germplasm collection) 

PCT14  PCT1 GA/CT 

E. guineensis  E. oleifera  

SSR 

ramet

ramet

 

 

 

 

1) 

 

2)  

3) SSR 
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2 

 

 

 

 

 

 

1.  

 

 16 

8 

4 3-4 2) 

 

 

 

 
 

2 -  

23 



24 

 

 

 2.  

 

2.1  

- MS  Y3  

 1 2  

-   

-  

-  

- dicamba  2,4-D  NAA  BA  

 GA3  

-  

95 70  -

  

   

2.2   

-   

-  

- -   

-  

-  

-  

-  

-  

-  

-  40 

- (CTAB) 

-  
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2.3  

-   

-   

-   

-   

-   

-  Loading buffer 

-   

-  100 bp  500 bp DNA Ladder (Operon, USA) 

-  

-  : bis-acrylamide solution (29:1) 

-  

-  

-  

-  

-  

-  -tetramethyethyenediamine) 

-  

-  (Na2S2O3 .5H2O) 

-  (Na2CO3) 

-  (AgNO3) 

 

2.4  

- dNTP ( dATP,  dTTP,  dCTP  dGTP ) ( Promega, USA ) 

- Primer Operon Tech. (California, USA )  

( 3) 

-     (MgCl2) 

- Ampli Taq Gold 360 (Promega, USA) 
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- 10X Taq buffer (Promega, USA) 

- Taq DNA Polymerase (Promega, USA) 

 

2.5 E-gene 

- QX DNA dilution buffer   

- QX  Wash buffer 

- QX  Separation buffer 

- QX Mineral oil 

- lamda DNA 50 bp       

 

3.  

 

   3.1   

- 2 4  

-  

-  

-  

-  

-  

-  

-  

- volumetric 

flask  

-  

-  

- 70 95  

-  

-  
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-  

 

  3.2  

-  

-  

-  

-  

-  

 

3.3  

    

-  

- -20 -30  

-  

-  2  

-  4  

-  

-  

-  

-  

-  

-  

-  

-  

-  

- (LE Agarose, Promega,USA) 

- XP Thermal Cycler ( Bioer Technology  

  TC-XP  ) 
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- Verity Thermal Cycle Verity 200-1  

- Nano drop (ND-1000) 

- E-gene HAD-GT 12
M

   

- Multina 

-  

-  

-   

-   

-  

-   

-  

-  (vortex) 

 

 

 

 

  

 

 3

(mesocarp) 4

(kernel) 

5  

30 - 1-2

6  
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3  -

 
 

 
 

4   
 

 
 
 

5   

  

 
 

6  

 



30 

 

 

 

 

1  

 

1.1  

 

1.1.1  

 

16 3-4 

 MS dicamba 2.5 

3 5.7 Agar-Agar 0.75 

 1.05 15  

27±1 14 25

 primary callus: PC

3 

 

  =       x  100 

        

 

 =  x  100 

 

 

  =  

        

 

  

         =  
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 Completely randomized design (CRD) 

t (DMRT)  

 1   

 

1.1.2  

 

 

PC 1.1 MS 

dicamba 1 3 

200 5.7 Agar-Agar 0.75 

 1.05 15  

27±1 14 25

 3 

 CRD DMRT 3 5  

 

 

 1.2  

  

  

   

  

2  3  6  7  8  9  10  12  13 16 

MS dicamba 1 3 

200 3 

 MS Y3 dicamba  1-2.5 

3 200 

5.7 Agar-Agar 0.75  1.05 
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15  27±1 14 

25  3 

dicamba

Factorial design CRD DMRT 3 5 

 

2  3  6  7  8  9  10  12  13 16 

2,4-D dicamba 0.1 0.3 0.5 1.0 

3 200 

5.7 Agar-Agar 0.75 

 3  

Factorial design CRD DMRT 

3 5  

 

 1.3   

 

             

 

1.3 MS 

dicamba 0.3 3 

200 19  22 25 27 

 14 27±1 

3 

 Factorial 

design CRD 3 5  
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2 SSE  

 

  2.1  

 

         

 SSE  

 

globular embryo: GE 

haustorium embryo: HE 7 16   9 12

MS 

27±1 14 

25  

2 secondary somatic embryo: SSE SEE/HE 

2  

SSE Factorial design CRD 

DMRT 3 5 1 

 

SSE HE MS 

3 

27±1 

14 25  

SSE

2   SE SSE 

Factorial design CRD DMRT 

3 5 1  
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2.2  

 

  

  SSE 

 

 HE 7 16 2.1 

MS 200 

 

27±1 14 

25  SSE SSE/HE 

2  

 Factorial design CRD 3 5 

1       

    SSE 

MS 3 

27±1 

14 25  

SSE

3 Factorial 

design CRD DMRT 3 5 

1  

 

 GA3 SSE 

 

 HE 7 16 MS 

2.2   GA3 0  0.01  0.05  0.10  0.25 0.50 

27±1 14 

25   SSE/HE 
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2  GA3  

Factorial design CRD DMRT 3 5 

1  

 SSE GA3

MS 3 

27±1 14 25  

3 SSE Factorial design 

CRD DMRT 3 5 1 

 

 

SSE 

 

 SSE 7 16 

 

MS 3 

200 0.2 

7 -  

2 MS

3 200 

 MS 0.2 NAA

0.06 BA 0.03 8 -  

MS 3 

200 NAA 0.06 BA

0.03 0.2 9 -  

27±1 14 

25  SSE/HE 

3  
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 Factorial design  CRD

DMRT 3 5 1  

 

 

 
 

7   

: MS 3  

200 0.2  

 

: MS 3  

200  
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8  2  

 : 2 MS 3  

  200  

  NAA 0.06  

  BA 0.03 

 

 :  2 MS 3  

 200  

 NAA 0.06 

 BA 0.03  
 

 
 

9   

: MS 3  

200 0.2 NAA 0.06 

BA 0.03  

: MS 3  

200 NAA 0.06 BA  

0.03  
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2.3  

 

   SSE 

 

 HE 7 16 

 0 5 10 20 30 40 

 

SSE 2.2.1 27±1   

14 25  

SSE/HE 2  

 Factorial design CRD 

DMRT 3 5 1  

  SSE 

2.2.3 27±1 

14 25 

 SSE 3 

Factorial design CRD 

DMRT 3 5 1 

 

 

 

3. SSR 

  

3.1  

 

 2 

10 3

10 10

10 7 16 
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1.5 Te-chato (2000) 

Doyle Doyle (1990)  

 

 

 

 
 

10  

 SSR 

: 8  

: MS dicamba 2.5  

  3 3  

 : MS dicamba 1  

3 200 

1  

  : SSE  

  

  



40 

 

 

3.2  

 

Te-chato (2000) 

200  TE (Tris-HCl  20 

  pH 8.0 EDTA 0.1 ) 150  

10 20  

70 15 5   

110  -20 

 30 12,000 10 

500  

1,000 

30 - 1 70 

 2  TE

20 -30   

SSE 

Doyle Doyle (1990)  40

PVP-40) 10 

 CTAB PVP 40, NaCl, EDTA 0.5  pH 8.0, CTAB 2 

 -mercaptoethanol

 

,000 0

 

70   2 

 TE -30   
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3.3  

 

LE Agarose, Promega,USA

5 TAE  

Tris Base, Glacial acetic acid, EDTA 0.5 , pH 8.0

15-20 5-10 

 Gel documentation 

Nano-Drop ND-1000 ND-1000 V 3.5.2 2 

 

 

3.4    

 

3.2 Thawaro

(2009) 8 

 EgCIR008 EgCIR0243 EgCIR0337 EgCIR0409 EgCIR0446 EgCIR0465 

EgCIR0781  EgCIR0905 forward reverse  PCR 

10 20 1 

2.5 1 2.5 

1 (dNTP) 1 2 

Taq polymerase 1.5 0.1 

4.9   

1. Pre-denaturation  95  1  

2. Denaturation  94  30  

3.  Annealing   

52  1  

4. Extention 72  



42 

 

 

2 2-4 35  

5. Final-extention 72  8   

 

E-Gene HAD-GT12
TM

 

20 5 2 

0.4 4 Ampli taq Gold 360 (

(dNTP) Taq polymerase) 

10  4   

1. Pre-denaturation  95  10  

2. Denaturation  94  30  

3. Annealing   

52  1  

4. Extention 72  

2 2-4 35  

5. Final-extention 72  8   

6. 4   

 

3.5  

 

  

95  

loading buffer 94 5 

6  600 2 30 

fixative (acetic 
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acid 10 ) 20 20 

10

0.2  30 

 (5 

developer (  2.5   40   

50 ) 4 

stop solution 30 

10   

E-Gene HAD-GT12
TM

 

2

50  E-Gene 1 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 

 

 

 3 

 

 

 

 

1  

 

1.1  

 

1.1.1  

  

 

16 

MS dicamba 2.5 3

11

11

4-5 11 )

11

11

11 11

11

7 33.33 12 14 

16 30  24.77  

( 4)

7-33 4 3  7  14  

16 24-33

 

16 

35.5 13 9 5 

 

 

44 
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 30.67 26.5  

( 4) 

6-35 3 5  9 16 

26-35 ( 13) 

 

 

 
 
 

 11    

  MS dicamba 2.5 3 

3  

 : (  = 2.5   

 : 2 (  = 2.5   

 : (  = 3  

 : ( ) (  = 3  

 

 : (  = 3  

 :  (  = 3   

 : (  = 3  

 : 2 (  = 2.5  
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12 16  

 MS  

3  dicamba 2.5  

3   

 

 
13 16  

MS 3 

 dicamba 2.5  3   
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 16 

4 

compact callus 14 14

friable callus 14

nodular callus 14 root-like 

callus 14 5

17.65  15 7 8

 8.82 7.87 14 

44 11 12 

40.32  30  3 

37.14  16 5 

15.60 9.41  

7  52.94  15  14 

15  40 36.92  

( 5) 

5  
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  14  16 

MS dicamba 2.5 

3 3  

: (  = 3 ) 

:  (  = 3 ) 

 : (  = 3 ) 

:  = 3 ) 

:  (  = 3 ) 

 

 

 

 

   

  



49 

 

 

 
15  16  

 MS dicamba 2.5 

3 3  

 

 

  

3  2 7 

13.1 16 3 

16 16.7 

7 14  14.2 10.5 

( 6)

7 11.7  16   16 14 

 8.7 7.4  

( 6)

4.3-16.7 3.4-11.7 2 

7 16 

14.2-16.7   8.7-11.7  ( 6) 
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16   16  

  MS dicamba 2.5  

 3 3  

 

 

 

 

 

14 

18 17 16  7 
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16.52  15.48 

7

0.4-18 4 7 11 14  16

12-18 

17 14 

16 

15.79 17 4 7 

8.27 7.5

7) 16 

20.17 18

14 11 9.33 7.67 

 ( 7) 

 

 
17  

  16  MS dicamba 2.5 

3 3  
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 18  16 

 MS dicamba 2.5 

3 3  

 

 

1.1.2  

 

 

 3 16 

MS dicamba 1 3 

200 3 

19

10 13

5 19
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33.33

30.33 27.67

20

dicamba 1 

21 21

5 22 2  3  6  12  

14 15  

 

 

 
 

19  16 

 MS  dicamba 1 

 3  200  

 :  

 :  
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20 16  

 MS  dicamba 1  3 

 200  

  

  

 
 

21  

MS dicamba 1 

200 3 (  

= 2.5 ) 1  

 : EC SE  

 : EC SE  

EC 
SE 

SE 

EC 
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22

MS dicamba 1 

200 3 

3 (  = 2 ) 

 

 

 

Cross#7 Cross#8 Cross#9 

Cross#10 Cross#11 Cross#13 

Cross#1 Cross#4 Cross#5 

Cross#16 
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1.2  

 

 

  

MS Y3 

MS  316.39 Y3 

315.93 MS 

23 -

Y3 

23 -

24

2 3 

1  4  5  11 14 15 

 

2 

399 8 13 

 381.02  347.38 

 2 dicamba 1.5 

2 1 

MS Y3 

 dicamba 1.5 

dicamba 2 1 MS

dicamba 368.34 331.24 

 293.82  Y3 345.2  337.14 

296.08  2

dicamba
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dicamba 

8) 

dicamba dicamba 1 

MS dicamba 1 

 

 dicamba

dicamba 2,4-D 0.1-1 

dicamba  458.76 

2,4-D 434.44 

3 dicamba 2,4-D 0.1-0.3 

453-512 

2 718 

13  8 688.83 

623.88 3

2 3

9)  

dicamba 

28 2,4-D 25.59 

4 dicamba 0.3 

32.99 0.1 

0.5   29.11 25.68 

 4

8 61.9 7 3 

52.8 40.3 

4
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2 3

10)  
 

 
 

23  2 

 dicamba  

 : MS + dicamba 1  = 3  

 : MS + dicamba 1.5 = 3  

: MS + dicamba 2 = 3  

: MS + dicamba 2.5 = 3  

: Y3 + dicamba 1 = 3  

: Y3 + dicamba 1.5 = 3  

: Y3 + dicamba 2 = 3  

: Y3 + dicamba 2.5  = 3  
 

 

 24  Y3 5  

 = 1.5  
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 1.3  

  

  

  

 19 22 

25 27  25 

 478.50 

27 22  

461.30 461.10 

5

7 673.50 2 

3 642 617 

 5

( 11)  

 19  22  25 27 

 25 

 32.96 

25 27  28.94 25.68

 

8 55

7 3 48.48 39 

 ( 6) 2 

 ( 12) 
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5   

MS dicamba 0.3 

200 3  

1
 

 
19 22 25 27 

3
 

2 626defgh 630defg 686ab 626defgh  642.00B 

3 580hi  600efgh 646bcde 642bcde 617.00C 

6 142l  136l  160l  154l  151.50E 

7 660bcd 678abc 648bcde 708a 673.50A 

8 588fghi  624defgh 637cdef  604efgh 613.25C 

9 548i  618defgh 618defgh 581ghi  591.25C 

10 134l  140l  146l  140l  141.25E 

12 136l  142l  144l  142l  141.00E 

13 588fghi  590fghi  658bcd 586ghi  605.50C 

16 392k 438j  438j  430jk 424.50D 

2
 439.4C 461.10B 478.50A 461.30B ns 

     C.V. (%) 11.94 

ns :  

1
  :  

2, 3
2  

 

DMRT 
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6  

MS dicamba 0.3 

200 3  

1
 

 
19 22 25 27 

3
 

2 18kl  43.4g 49.4ef  31.2 i j  35.50D      

3 20.8k  45.8fg  52de 37.4h 39.00C      

6 3n 2n 3.2n 3.6n 2.95G 

7 19.6k  55.7d 67.8b 50.8e 48.48B      

8 18.4kl  64.6bc 75.8a 61.2c 55.00A      

9 14.2 l  19.4k  21.2k  17.2kl  18.00F      

10 3n 2.5n 3.9n 4n 3.35G 

12 3.3n 2.8n 3.7n 3n 3.20G 

13 21.2k  33.8hi  35.8h 28.6 j  29.85E      

16 8.4m 19.4k  16.8kl  19.8k  16.10F     

2
 12.99D    28.94B     32.96A     25.68C    ** 

  C.V. (%) 22.66           

: p 0.01   

1
  :  

2, 3
2  

 

DMRT 
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2. SSE  

 

2.1  

 

     

SSE 

 

  SSE 7 16 

GE HE 25 MS 

0.2 200 2 

 

 

   SSE 

 

 HE 7 SSE 57.33 

16  SSE 54.67 7

 HE SSE HE 9 

7 12 7 80  66.67 60 

16 73.33   66.67 53.33 7   

HE SSE 2 

1 SSE HE 

2 SSE  15.9 SSE/HE 1  SSE

5.9 SSE/HE 8

16 SSE  6.2 SSE/HE 3 2 SSE 

18 SSE/HE 7 SSE 5.6 SSE/HE 2-3 

 2 SSE 13.8 SSE/HE 

SSE 16 SSE  12.1 SSE/HE 

7 9.7 SSE/HE 
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8 2 

SSE 13  

GE  HE HE 

SSE SSE 11.80 SSE/HE  GE  HE 

SSE SSE 0

( 9) GE  26  

SSE 16 SSE 7.20 SSE/HE 7  

SSE 4.60 SSE/HE  HE 

SSE HE 9 SSE  7.95 SSE/HE 

12 7 7.1 6.9 SSE/HE 

 ( 9)  

HE SSE 

HE 9  16 SSE 18 SSE/HE 7 

5 SSE 16.8 16 SSE/HE  

HE 9 7 SSE 13.8 SSE/HE 

12 7 SSE 13.6 10.8 SSE/HE 

9

2 3 SSE 

14) 

 

    SSE 

 

 SSE 

MS 3 

200 3 

16 SSE 47.23 7 

SSE 40.27 SSE HE 9 
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16 63.63 7 

58.33 10  

SSE SSE 

2 SSE 

3 4 7 4.07 16.8 

2 16 7.2 18.6 

11 1-2

 

3 0.6-0.8 

0.2 11)  

SSE 7 

4.27 16  3.99 12

HE SSE SSE HE 9 

17.7 7 3  

12.7 9.3 12

HE SSE HE 9 

 16 18.6 7 16.8 

SSE 

11.4 12 HE 

SSE 15 7 

0.44 16 0.28 

13 16 0.68 

7 0.56 14

SSE SSE 
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 7 HE SSE 

MS 0.2 

2  

 HE ( )  SSE (%) SSE (%) 

7 3 33.33  57.33 

 5 46.67  

 7 66.67   

 9 80   

 12 60   

16 3 26.67  54.67 

 5 53.33   

 7 66.67   

 9 73.33   

 12 53.33   
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8 SSE 

MS 0.2 

1 2  

 

 

 

SSE/HE 
2

 

7 16 

1 5.6c 6.2c 5.9B 

2 13.8b 18a 15.9A 

1
 9.7B 12.1A ** 

   C.V. (%) 11.89 

: p 0.01   

1, 2
2  

 

DMRT 
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26  SSE GE HE MS 

2  

        : HE 7 = 3 ) 

        : HE 16 = 3 ) 

       : HE 7 = 3 ) 

     : HE 16 = 3 ) 
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10  HE SSE SSE 

MS 

3 

3  

 HE ( )  SSE (%) SSE (%) 

7 3 20 40.27 

 5 28.57  

 7 50  

 9 58.33  

 12 44.44  

16 3 25 47.23 

 5 37.5  

 7 60  

 9 63.63  

 12 50  
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11  SSE MS  

  3 

3  

  ( )    

7 1 0d  0 0 

 2 4.2c 0 0 

 3 16.8a 0.6 0.2 

16 1 0d 0 0 

 2 7.2b 0 0 

 3 18.6a 0.8 0.2 

F-test ** - - 

C.V. (%) 24.59   

: p 0.01   

-  :  

DMRT 
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12    HE

MS 

3 

3  

 HE    

 

  

3 5 7 9 12 
3
  

7 9.2d 8d 12.4c 16.8b 8.4d 10.96A 

16 9.4d 9.8d 13c 18.6a 8.4d 11.84A 

1
 SE 9.3C 8.9C 12.7B 17.7A 8.4C ns 

  C.V. (%) 24.4 

: p 0.01   

1, 2
  

     2  

DMRT 

 

 

13   HE 

MS 

3 3 

 

 HE (  

 

  

3 5 7 9 12  

7 0.6 0.4 0.6 0.2 0.4 0.44 

16 0.4 0.2 0.4 0.2 0.2 0.28 
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14   HE 

MS 

3 

3  

HE (  

 

  

3 5 7 9 12  

7 0.6 0.6 0.6 0.6 0.4 0.56 

16 0.8 0.6 0.8 0.8 0.4 0.68 
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 27  SSE MS  

  3 

3  

   : SSE  = 3  

 : SSE 1 = 3  

   : 2 = 3  

    

 : 3 = 3  

 : 3 = 3  

  : 3 = 3  
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 2.2  

 

2.   

 SSE  

 

HE 7 16 MS

 

2 

HE 0.2 

SSE SSE MS 

3 

 HE 3 HE 

SSE 28 SSE  

HE 2 29

 SSE  

 

 SSE 

 

  HE MS 

16 SSE 40 7 

34 ( 15)

SSE 7 0.2 

SSE 80 0.1 

SSE 66.67 0.2 SSE 53.33 

16 0.2 

SSE 73.33 0.1 

SSE 66.67 0.1 

0.2 SSE  46.67 15   
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 SSE 

SSE 9.25 SSE/HE 

SSE  7.25 1.9 SSE/HE 

0.2 SSE  0.1  

SSE HE 

16 SSE 5.03 SSE/HE 7 SSE 

3.22 SSE/HE 16

HE 0.2  HE 

30 2 3 

SSE ( 16)  

  

 SSE   

 

 SSE 

MS 3 

200 3 16 

SSE 39.19 7 37.42 

HE 16 7 0.2 

SSE 63.33 58.33 ( 17) SSE 

0.2 

0.1   SSE 16 

 7.84  

7 5.26  

SSE 13 

  8.7 5.5 

 ( 18) 

SSE ( 17)  
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28  HE SSE  

 : HE SSE 2.5  

:  HE SSE 3  

 

 

 

 
 

29  SSE HE MS 

  

  : SSE HE 1 = 3  

  : SSE HE  2 = 3  

  : SSE HE 1 = 3  

  

 : SSE HE  2 = 3 
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 15   SSE 

MS 

200 2  

   (M) SSE (%) SSE (%) 

7 Sorbitol 0.1 66.67 34 

  0.2 80  

 Mannitol 0.1 33.33  

  0.2 53.33  

 Sucrose 0.1 33.33  

  0.2 0  

 Glucose 0.1 13.37  

  0.2 26.67  

 Fructose  0.1 13.33  

  0.2 20  

16 Sorbitol 0.1 46.67 40 

  0.2 73.33  

 Mannitol 0.1 33.33d  

  0.2 46.67  

 Sucrose 0.1 66.67  

  0.2 0  

 Glucose 0.1 26.67  

  0.2 40  

 Fructose 0.1 33.33  

  0.2 33.33  
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  17   SSE 

MS 

3 

200 3  

   (M) SSE (%) SSE (%) 

7 Sorbitol 0.1 50 37.42 

  0.2 58.33  

 Mannitol 0.1 40  

  0.2 50  

 Sucrose 0.1 40  

  0.2 0  

 Glucose 0.1 50  

  0.2 25  

 Fructose 0.1 50  

  0.2 33.33  

16 Sorbitol 0.1 57.14 39.19 

  0.2 63.63  

 Mannitol 0.1 40  

  0.2 42.86  

 Sucrose 0.1 50  

  0.2 0  

 Glucose 0.1 25  

  0.2 33.33  

 Fructose 0.1 40  

  0.2 40  
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30  HE MS 0.2  

 200  2  

= 3  

 

 

.2  GA3 SSE 

 

  HE  MS

200   GA3

0  0.01  0.05  0.10  0.25 SSE 

SSE  

 

 SSE 

 

GA3 

 SSE GA3

0.05 SSE 17.3 SSE/HE

GA3 0.1 0 SSE 16.23 

15.9 SSE/HE 19 16 SSE

16.48 SSE/HE 7 14.81 SSE/HE
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19  GA3

SSE HE 16 GA3 0.05 

SSE 18.93 SSE/HE GA3

0 0.1 18 17.4 SSE/HE

GA3 0.25 

SSE 19  GA3 

2 SSE 18  

 

 SSE 

 

 SSE MS 

3 

200 3 GA3 SSE

SSE GA3 0.05 SSE 

20.1 GA3 0.1 0.01 

 SSE 19.1 18.7 

20

SSE 16 SSE 19.48 7 

17.37 20

 GA3 SSE 

SSE 16 GA3 0.05 

SSE 21.8 SSE/HE GA3 0.1 0 

20.33 19.6 SSE/HE

GA3 0.25 

SSE SSE 20

GA3 SSE 19  
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 19  GA3 SSE 

MS 0.2 

 2  

GA3  

                        

 

SSE/HE  

0 0.01 0.05 0.1 0.25 0.5 
2

 

7 13.8d 14.8cd 15.67c  15.07cd 15cd 14.53cd 14.81B 

16 18ab 14.8cd 18.93a     17.4b 16c   13.73d 16.48A 

1

GA3 15.9AB 14.8BC  17.3A 16.23AB 15.5BC 14.13C ** 

      C.V.(%) 14.05  

: p 0.01   

1, 2
 

     2  

DMRT 

 

 20  GA3 SSE 

MS 3 

 3  

 

GA3  

 

 

SSE   

0 0.01 0.05 0.1 0.25 0.5 
2

 

7     17.4de     18cde 18.4cde 17.87cde    17.13def      15.4f 17.37B 

16     19.6bc    19.4bc  21.8a    20.33ab     18.93bcd  16.8ef 19.48A 

1

GA3    18.5AB   18.7AB  20.1A 19.1AB 18.03B   16.1C ns 

      C.V.(%) 14.67   

ns :  

1, 2
 

     2  

DMRT 
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2. SSE 

 

 SSE 16 7 3 

6 16 SSE 13.87

7 12.51 

21 SSE SSE 

SSE SSE 

2 MS 3 

200 

NAA 0.06 BA 0.03 

SSE  17.1 

MS 3 200  

 MS 3 

 200 SSE 

 17 15.6 21

2 SSE 

 ( 20)  

SSE 

7 2 MS 

3 200 

NAA 0.06  BA

0.03 MS

3 200  

14.8 SSE 16 

14.6 15 

22

MS 3 200  

7 16 1.6 2.6 
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3.4 4.8 

22

SSE SSE 

MS NAA 0.06 BA 0.03 

0.2 SSE 

SSE 

3 6 31 

 

 

21 SSE  

3 6 3  

 

 

7    16  

SSE 
2

 

1. MS 14.8bc 16.4ab 15.6A 

2. MS +  0.2% 11.07d 11.4d 11.23B 

3. MS +  MS 

(0.06 NAA + 0.03 BA +  0.2%) 
9.2e 14.4c 11.8B 

4. MS +  MS 

(0.06 NAA + 0.03 BA) 
17.8a 16.4ab 17.1A 

5.  MS (0.06 NAA + 0.03 BA 

+  0.2%) 
5.6f  7.2f  6.4C 

6.  MS (0.06 NAA + 0.03 BA) 16.6ab 17.4a 17A 

1
 12.51B 13.87A ** 

   C.V.(%)  21.74 

: p 0.01   

1, 2
 

     2  

DMRT 
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22  SSE 

3 6 3 

 

     

7 1.  MS 9.8b 1.6bc 3.4b 

 
2. MS +    

     0.2% 7.2bc 1.8ab 2c 

 

3. MS +  

  MS (0.06 NAA + 0.03 BA     

     +  0.2%) 5.6c 1.8ab 1.8cd 

 
4.  MS +  

 MS (0.06 NAA + 0.03 BA) 14.8a 1.6bc 0.6de 

 
5.  MS (0.06 NAA +  

     0.03 BA +  0.2%) 5.8c 0e 0e 

 
6.  MS (0.06 NAA +  

     0.03 BA) 14.8a 0.8cde 1cde 

16 1.  MS 9b 2.6a 4.8a 

 
2. MS +    

     0.2% 7.8bc 1.6bc 2c 

 

3. MS +  

  MS (0.06 NAA + 0.03 BA     

     +  0.2%) 10b 1.6bc 2c 

 
4.  MS +  

 MS (0.06 NAA + 0.03 BA) 14.6a 0.6de 1.4cd 

 
5.  MS (0.06 NAA +  

     0.03 BA +  0.2%) 7bc 0e 0e 

 
6.  MS (0.06 NAA +  

     0.03 BA) 15a 1.2bcd 1.2cde 

F-test  ** ** ** 

C.V.(%)  25.49 62.83 60.63 

: p 0.01   
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31  SSE 3 6 1  

 : MS 3  

   200  

 : MS 3  

 200 

NAA 0.06 

BA 0.03  

 : MS 3  

 200 NAA 0.06 BA

0.03  

 : MS 3  

 200  

 NAA 0.06 

BA 0.03  

 : MS 3  

 200 0.2 NAA 0.06 

BA 0.03  

: MS 3  

  200 0.2  
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 2.3  

 

     

 

  HE 

 HE 

 HE 7 , 5, 10, 20, 30   4  

100, 86.13, 83.48, 80.35, 75.61 72.97 16 

100 95 94.01 92.33 87.23 84 

23  HE SSE 

SSE  

 

  SSE  

 

    HE 

MS 0.2 

200 2 HE 10 

HE 16.52 7 SSE 13.8 

SSE/HE 14.2 SSE/HE 0.4 SSE/HE

HE 5 HE 5 16 

SSE 18 SSE/HE 18.13 SSE/HE

0.13 SSE/HE 24) 

SSE 16 

SSE 17.39 SSE/HE 7 

SSE 13.54 SSE/HE

SSE 24

SSE 

SSE 

21  
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  SSE 

 

 HE 

MS

0.2 200 SSE 2 

 MS 

3 200 3 

 HE SSE 

10 HE 16.52 7 SSE 

17.4 18.2 0.8 

5 HE 5 

16 SSE  19.6 

19.67 0.07 

25 SSE 

16  SSE  19.18 

7  17.57 

SSE 

25 SSE 

22  

 

23   

    

 

 

%) 

7 16 

0 100.00 100.00 

5 86.13 95.00 

10 83.48 94.01 

20 80.35 92.33 

30 75.61 87.23 

40 72.97 84.00 
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S
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20

0 
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S
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10
 

20
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40
 

2
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12
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12
.6

c 
13

.6
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13
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12

.7
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13

.5
4B

 

16
 

18
a 

18
.1

3a
 

17
.9

3a
 

17
.4

ab
 

17
.0

7a
b

 
15

.8
b

 
17

.3
9A

 

1
 

15
.9

ns
 

15
.9

C
 

16
.0

7 
15

.5
3 

15
.1

 
14

.2
7 

ns
 

 
 

 
 

 
 

 
C

.V
.(

%
) 

15
.9

  

ns
 : 

 

1,
 2

2 
 

D
M

R
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20
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17
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17
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17
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16
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16
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.6
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.6
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19
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18

.6
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b
c 

18
.2

ab
cd

 
19
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8A

 

1
 

18
.5

ns
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3 
18
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18
.5

7 
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17
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ns
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1 

3. SSR 

 

 

Doyle Doyle (1990)

32

33

Te-chato (2000)

(  34) 

30-60  32-34

Nano-Drop ND-1000

2941.9 

7 16 2,811.5

2,110.6 7 16 

1135.31 1171.6

7 3,954.94 4,115.20 

16 3,268.5 5,152.6

26  

SSR 

8 EgCIR008 EgCIR0243 EgCIR0337 EgCIR0409 EgCIR0446 

EgCIR0465 EgCIR0781 EgCIR0905 PCR 

 E-Gene HAD-GT12
TM

 

EgCIR008

7 560 600  
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550 35 16  

210  230  580 600 215  220  590 610  

36-37

35-37

38-41 42-45

SSR  

 

 

 

 

 

 

 

 

 

 

 
 

32  Doyle 

Doyle (1990) DNA  

 lane 1-8    

lane 9-16   

 

 

 

 

 

 

 1    2     3     4      5     6     7      8     9   10   11   12   13    14   15    16  

DNA  D1      D2        D3      D4       P1      P2       P3       P4   DNA 

40ng                         80ng 
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33   

Doyle Doyle (1990)

DNA 

lane 1-8  7   

lane 9-16  16 

 

 

 

 
 

34   

Te-chato (2000) DNA  

lane 1-4  7    

lane 1-8  7   

lane 9-12  16   

lane 13-16  16 

  1      2     3    4     5     6    7    8      9    10  11  12    13  14  15  16  

DNA          7                  16                 DNA 

40 ng                80 ng 

DNA           7                    16             DNA 

40 ng                 80 ng 
      1    2    3     4    5     6     7     8    9    10  11  12   13  14  15  16  
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26    

  Nano-Drop ND-1000  

  ng/µl  

7  2811.5 

 * 2941.9 

  3954.94 

  4115.20 

  1135.3 

16  2110.6 

 * 2941.9 

  3268.5 

  5152.6 

  1171.6 

*  

 

 

 

 

  

 

 
 

35  7 

EgCIR008 

 

D  

P  

M 100  

lane 1-18  

560 bp 

600  bp 

500  bp 

550  bp 

  M  D   P  1  2   3   4   5  6  7  8   9  10 11 12 13 14 15 16 17 18    
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36  16  

EgCIR008 E-Gene HAD-GT12
TM

 

 

D  

P  

M 50  

lane 1-10  

 

 

 

  

 

    

 
 

37  16  

EgCIR008 

 

D   

P  

M 100  

lane 1-18  

 

   600  bp   

580  bp  

610  bp  

590  bp  

215 bp  
220 bp  

250 bp  

200 bp  
210 bp  

230 bp  

 M D  P 1  2 3  4  5 6  7  8 9 10 11 121314 15 16 1718  

 M     1      2    3      4       5     6      7      8     9     10    D     P   
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38  7  

EgCIR008 

 

M 100  

lane 1-18  

 

 

 

 
 

39 7  

EgCIR008 E-Gene HAD-GT12
TM

 

 

M 50  

lane 1-10  

 

 

 

 

 

M     1      2      3      4       5     6      7       8      9    10     

 M   1  2  3  4   5   6   7  8  9  10 11 12 13 14 15 16 17 18     

500  bp  

600  bp  

250  bp  

200  bp  



102 

 

    

 

 

 

 

 

    
 

40  16

EgCIR008 

 

M 100  

lane 1-18  

 

 

 

 
 

41  16 

EgCIR008 E-Gene HAD-GT12
TM

  

 

M 50  

lane 1-10  

 

 

 

210 bp  

200 bp  

230 bp  

215 bp  
220 bp  

250 bp  

   M   1     2    3     4    5    6     7    8    9    10     

 M  1   2  3   4  5  6  7  8   9 10 11 12 13 14 15 16 17 18    

500  bp  

600  bp  
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42 7  

EgCIR008  

 

M 100  

lane 1-18  

 

 

 

 
 

43  7  

EgCIR008 E-Gene HAD-GT12
TM

  

 

M 50  

lane 1-10  

 

 

 

 

 

 M  1  2   3  4  5  6  7  8   9 10 11 12 13 14 15 16 1718  

 M    1     2    3    4    5     6    7    8     9   10       

500  bp  

600  bp  

250  bp  

200  bp  
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44   16  

EgCIR008 

 

M 100  

lane 1-18  

 

 

 

        
 

45  16   

EgCIR008 E-Gene HAD-GT12
TM

 

 

M 50  

lane 1-10  

 

 

 

 

 

200 bp  
210 bp  

250 bp  

230 bp  

220 bp  
215 bp  

 M   1   2    3   4   5   6   7   8   9  10  11  12 13 14  15 16 17  18    

 M     1     2     3      4     5     6     7     8     9    10       

500  bp  

600  bp  
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 4 

 

 

 

 

7 

Karun (2004)

 Steinmacher 2007) 

7 16 

Sarasan (2005) 

bottle palm Viloria  (2005)

(Zhang et al., 

2003) 

4 

Thawaro 

 Te-chato 2008

6 

4 

 

105 
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16 

  Eugene 

 4    

Eshraghi 2005

 

 

Perera 2006

  

MS 

Y3 

2530

195 MS 

(Tisserat, 1982) 

 Khanizi (Eshraghi et al.,  

Agave tequilana Weber var. Azul -Sahagun et al., 

10   

(Usman et al., 2007 2526 Y3 

Kanchanapoom  

Domyoas (1999) Y3

Sogeke (1996) 

Y3 

40 

MS Y3 Y3

1 thiamine-HCl
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 (

, 2553) Y3 

 

dicamba 

2,4-D Furini  Jewell 

(1994) Rakshit 2010

5 2,4-D dicamba

dicamba 2,4-D     Te-

chato 2003  Thawaro  Te-chato (2007) 

4 

2,4-D  dicamba 

 

dicamba 

2,4-D  dicamba 1 

1 

16 

3

16  

dicamba 0.5 

66.67 dicamba 

 0.1  HE (Te-chato, 1998b) 

dicamba 

18 dicamba 
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peach palm (Steinmacher et 

al., 2007)  Areca catechu (Wang et al., 2006) 

dicamba 

; Sanputawong and Te-chato, 2008

 2545; 2552; 2551; 

Thawaro, 2009  

  

28±0.5 2545 27±1 

 Chehmalee and Te-chato, 2007; Sanputawong and Te-chato, 2008) 

Kanchanapoom Domyoas 1999

27  22-30 

Avril 1986

25-27  

22-30 

5  2548

27±1 25              

2551

27±1 20 

Ouyang 2003  
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Cistanche deserticola  phenylethanoid glycosides 

(PeG) 25±1 24 

  

PeG

 

2 SSE) HE

SSE GE SSE 

HE 

 (2545) 

3 GE  HE  HE 

HE 

16 SSE 18 SSE/HE HE MS 

0.2 200 2 

2551 SSE 2-3 HE 

Te-chato  Hilae (2007 SSE 

HE 4 

 3 

1 

SSE 

SSE 

SSE 

(Rajesh et al., 



110 

 

    

2003) 

SSE  

SSE HE 

 GE

2551 2551 SSE 

HE Promchan  Te-chato (2007) 

SSE SSE  

 3 

 

HE SSE HE 

 HE 

HE SSE 

2551 HE 11 13 SSE 

HE  8 10 HE

9 SSE 2554

HE 5 SSE  HE 

SSE HE 

HE SSE  

SSE Hilae and 

Te-chato, 2005; Te-chato and Hilae, 2007

SSE 

    Lou Kako (1995)  (0.25 

 0.50 ) 

0.2 

2 7 16
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SSE 

0.2 SSE 80 7 73.33 

16 Te-chato Hilae (2007) HE 

0.2  SSE 

 SSE 100   Chehmalee       

Te-chato  (2008)  SSE HE 

 SSE 80 Thawaro 2009  SSE 

2551  

SSE 36  

SSE 

SSE 

(Mamiya and

Sakamoto, 2000) David Wayne (2001) 

 

GA3 SSE 

SSE 2551 GA3

0.2 SSE

SSE/HE SSE 35.74 

GA3 0.05 

SSE 18.93 SSE/HE

SSE 20.1

GA3 Magdalita

et al., 2004) English walnut)

25-28 Tang et al., 2000  

SSE 16 7 3 6 16 

SSE 7
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SSE 2 MS 

3 200 

NAA 0.06 BA 0.03 

SSE  Te-chato (1998a) 

MS 

NAA 0.06 BA 0.03 

2 MS 0.25 

NAA BA 

73 

(Te-chato and Muangkaewngam, 1992)

MS 

Kumria 2003)

 MS 70 

 1/2MS)

1/5MS) 40-50 

 

7 10 

HE 16.52 16  5 HE 

5 SSE 2551

10-12 

20-25 HE  14.28 

SSE 25.21 SSE/HE 39.61 

 SSE  SSE

Find (1997) 
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Corredoira 2003) 

14 41.7 

 

 (Leal et al .,1995)  

Sarasan (2005) 

(Aslam et al., 2008; 

Gow et al., 2009)  

 (monoecious)  

 8 

EgCIR008 

Thawaro  

Te-chato 2009 366(D) x 72(P) 

SSR EgCIR1772 

SSR Nandakumr et al., 
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2004; Garg et al., 2006; Hashemi et al., 2009) Anonymous 2009) 

SSR 

Dongre and Parkhi, 2005 Borchetia 2009

Watcharawongpaiboon and Chunwongse, 2008 Sundaram et al., 2008

2 

 

Te-chato 1998a)

2n=2x=32  Singh 2006 Singh 2007

SSR 

T128 Malaysian Palm Oil Board (MPOB)  UP1026 

 Colombian ortets

ramet

2 
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SSR

1) 2) 

3) 4) 

Mutert and Fairhurst, 1999)  Borchetia 2009) 

SSR 
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5  

 

 

 

 

1.  

 

1.1  

 

1.1.1  

 

7 33.33 16 

35.5  

4 compact callus

friable callus

nodular callus linear callus  

7 11.7  

14 18 

 16 15.79 

20.17

3  

 

1.1.2  

 

 

33.33

 

 

116 
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1.2  

 

  

   

  

MS Y3 

 

dicamba 2,4-D  

dicamba 0.1 

512.20 2 718 

0.3 

32.99 8 61.9 

 

 

1.3  

 

 

 

25  

478.50 32.96 

7 673.50 

8 55  
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2. SSE  

 

2.1  

 

 

SSE 

 

HE SSE  

16 SSE 57.33 7

54.67  

HE 9 16  SSE 18 SSE/HE 

16 SSE 7  

HE 9  16 18.6 

 0.8  

 

2.2  

 

2.2.1 

SSE 

 

0.2 SSE 80 7 

73.33 16 

16 SSE 40  

7 34   

16 SSE 5.03 SSE/HE 7.84 
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2.2.2  GA3 SSE  

 

GA3 0.05 SSE

18.93 SSE/HE 16 SSE

7 GA3 0.25 

SSE SSE  

 

2.2.3 SSE 

 

SSE HE 

2 3 17.1 

MS 

3 

200 

SSE  

 

2.3  

 

 

 

 SSE

 

 

  

SSR 
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EgCIR008

SSR  

 

6 

2 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



121 
 

���������	�
	 
 
������	
��		�. 2548. ��������������
��		� ������� ���! "�#$%#&'# �"()*+,-.�!. /��	�0*
��
�

-+������� �1�,2 28 3(�(�,2 20430 /�� 27. 
 
������	
��		�. 2549. 8"()*+,-.�9 ��
0%�����#
��		�%��. /��	�0*
��
�:#��+ �1�,2 16 

3(�(�,2 5774 /�� 33. 
 
�����%��-�<��. 2552. =�:�*��������� ���. -:�>?	"+��� htt://www.ait.nisit.kps.ku.ac. 

th/dbfieldcrop/maincrop/oilplam/mainoilplam1.htm (-:�>?	-�02* 2 �V�W
��X� 2552). 
 
-�<�� -�0*	$��. 2541. *V��/���������� ���:*	���-�Z�-�-.,�...����,2%����"����*	

��+��. ����-'/��-�<�� 22: 53-65. 
 
-���\ ��	/��*, ���*	 -�%�)�, *�, ��	&^ &����, +�����. 2532. ��$%�-�'��'��-
�-�,��	

'�
W�:*	������ ���-
02*��,� ������&���#�����-����	*�. ��������	��% 
�������� ��� _ �/��������	:��'������ ����-:�/+$/\# 16-17 
�<W'� 
2532 /�� 72 - 85. 

 
.�"^��� -�`����,. 2551. ��:��
��XV������� ������a��-�-�*�)+���-
�-�,��	'�
W�. 

������
�X�����Z����/(�_b�� �/��������	:��'������. 
 
X��+,  
�/�������. 2551. ��%��� ).����-*c�(��)*%V+�,2�*	&������-'��/�'��&������

:*	��������� ����,2
�d�)+�$%�-'�02*	/��*��-*
,+,. ������
�X�����Z����/ 
(�_b�� �/��������	:��'������. 

 

X,�� -*�����-�<=�. 2548. 
��XV� ��a���-��c+
��XV� &����*�V(������������� ���. �� 
-����	��#'��� -�c���a��������� ��� ((��_X��� X,�� -*�����-�<=�), /�� 
25-49. �	:�: �,)*
����.   



122 
 

X,�� -*�����-�<=�, %������� �������, X,��
	Z� ���������, ������ �*	'   &����-�,���� �,
��*	. 2548. -����	��#'��� -�c���a��������� ���. �	:�: '_����
��� 
X���%�� �/��������	:��'������.  

 
(V<( ��*���-���=. 2548. '�#�0*������������ ���. ��V	-�
e: Z�����#	-����&��fg�*(��

��-�<��.  
 
-�����, _ �	:�. 2549. a����2	$/\#&/#	������ ���. ����-'/��-�<�� 11: 76-98. 
 

�%�� -/�0*	*W
	Z�. 2549. '��W,�������� ���
0%-Z�<=���-
02*��(��)W'&��*V�)W'.  

��V	-�
e:  ���%�. 
  
��	��<+�h ��,�̀�. 2541. ��-
�-�,��	-�0�*-�02*
0%: /�����&��-�'��'. ��V	-�
e: �/������� 

-�<��Z����. 
 
Z��+�hZ���i )%����V�, ���W�_� �Vj,����� &���������<� �	<��V+-��. 2541. ������ ���. ��V	-�
e: 

�*	�#	-����
0%"�#� ����#	-������-�<��. 
 
��V������ &���V���	<� &�����*	 -�%�)�. 2552. a�:*	'�#a�������� ����#*�����	&'����

&��-*c�(��)*-���'&'����. ��������Z����-�<�� 40 (
�-Z<): 226-229. 
 
�>(�������&��fg�*(����-�<��� �	. 2553. '������	+����-
�-�,��	-�0�*-�02*
0%. -:� 

>?	"+��� http://www.lartc.rmutl.ac.th/ptclab/Tissue%20Culture/media.html#text2 
(-:�>?	-�02* 21 ���j'� 2553).  

 
�V�����  �����, ���-���=  %��
	Z�, 
�%��  -/�0*	*W
	Z�, X,��  -*�����-�<=�  &�����*	  

-�%�)�. 2530. W�� �p\/ &��&���	&��":��:+&'�������������� ���
��XV�+,
$����-�Z"��. �����	:��'������ 9: 105-110. 

 



123 
 

�V������  Z�,�V�. 2532.  ������. �� ������ ���. /�� 16-20. ��V	-�
e: �����%��-�<��.  
 
�V������ �q��)%'_�V�. 2545. �,)�� &��-'�02*	/��+,-*c�-* �r�(�����*��-*
,+, &��-*-*s

&*�
,. ��V	-�
e: �/�������-�<��Z����.  
 
���*	  -�%�)�. 2539. ��-
�-�,��	-�0�*-�02*
0% /�����&��
0%-Z�<=����,2� '�\. �	:�: 

W'��%
0%Z���� '_����
���X���%�� �/��������	:��'������. 
 
���*	  -�%�)�. 2544. ��-
�-�,��	-�0�*-�02*������ ���$%�-
02*��:��
��XV�"+����	/�0*: ��_,

��������,2a#��. �����	:��'������ (3(�(
�-Z<) 23: 753-761 
 

���*	 -�%�)�, *���� /�-� &��*�(�*-^� �,+ . 2547. ��%��� -*c�(��)*-����'&'����              
&��
0%���$/�#��$(*#*������� ������)��,2$/�a�a���+,. �����	:��'������ 
����Z����&��-�')�)��, 26: 617-628. 

 
���*	  -�%�)�, 
�%�� -/�0*	*W
	Z�, ����Z�, ���Z�, &������� -*�	�#*	. 2530. ��%��� 

&'�����=�W���$������� ���)+���-
�-�,��	-�0�*-�02*��%����#��$(*#*�. �����	:�
�'������ 8: 1-6. 

 
� ���	�-Z�<=�����-�<��. 2548. &a��V�XZ���������� ���. �����%V��������%�� 

������ ���: -����	��#'��� -�c�:*	-�<����. _ )�	&����,"��� ���' &*�+� ��      
�,�*��� ��	/��+���(,2 8-9 ������ 2548 /�� 1-7. 

 
*���� /�-�. 2545. ��-
�-�,��	$(*#*�:*	��������� ����,2$/�a�a���+,-
02*��:��
��XV�. 

������
�X�����Z����/(�_b��  �/��������	:��'������. 
 
*����  /�-�. 2551. ��-
�2�������X�W
��	*�:*	).����-*c�(��)*�,2"+�����-
�-�,��	$(

*#*�:*	������ ������)��,2$/�a�a���+,. +V<j,��
�X����%\+V<j,(�_b��  �/������� 
�	:��'������. 



124 
 

*����  /�-�  &�����*	  -�%�)�. 2545. �����(��V	��X,��
�d�-�t�
0%���$/�#a#�
���(����).����-*c�(��)*:*	������ ����,2"+�����-
�-�,��	$(*#*�. �����%V�
-��*a�	��������+�((�_b��Z?�<:*	���-�Z"�� '���	�,2 3 _  �/�������-�')�)��,
�V���, 18-19 ���j'� 2545  /�� 31-32. 

 
*�+, �/��%������. 2526. */�����Z����� /��(-
�-�,��	-�0�*-�02*
0%. ��V	-�
e : W'��%
0%

��� '_�-�<�� �/�������-�<��Z����. 
 
Aberlence-Bertossi, F., Noirot, M. and Duval, Y. 1999. BA enhances the germination of 

oil palm somatic embryos derived from embryogenic suspension cultures. Plant 
Cell, Tissue and Organ Culture 56: 53-57. 

 
Anonymous. 2009. Application studies of EST-SSR and ISSR markers in tea germplasms 

(Camellia spp.) from Yunnan. Agricultural Science 134.  
 
Aslam, J., Mujib, A., Fatima, S. and Sharma, M. P. 2008. Cultural conditions affect 

somatic embryogenesis in Catharanthus roseus L. (G.) Don. Plant Biotechnology 
Reports 2: 179�189.  

 
Avril, L. B., Richard, L. B. and Jennet, B. 1986. Regeneration in palms. In Cell Culture 

and Somatic Cell Genetics of Plants (ed. I. K. Vasil) Vol.3, pp. 207-222. London: 
Academic Press. 

 
Biofuel. 2007. Journey to forever-how to make your own clean burning biofuel, biodisel 

from cooking oil, fuel alcohol, renewable energy, glycine, soap making. Available 
from: http://journeytoforever.org/biofuel.html (Access 12 June 2007). 

 
 



125 
 

Borchetia, S., Das, S. C., Handique, P. J. and Das, S. 2009. High multiplication 
frequency and genetic stability for commercialization of the three varieties of 
micropropagated tea plants (Camellia spp.).  Scientia Horticulturae 120: 544-
550. 

 
Borges, V. P. N. and Wagner, C. O. 2003. Carbon sources and their osmotic potential in 

plant tissue culture: does it matter?. Scientia Horticulturae 97: 193�202. 
 
Chehmalee, S. and Te-chato, S. 2007. Genotypes, physiological ages of zygotic 

embryos and auxin as affect on germination and callus formation of oil palm. 
International Conference on Integration of Science and Technology for 
Sustainable Development, Bangkok, Thailand, 26 � 27 April 2007, pp. 166-169. 

 
Chehmalee, S., and Te-chato, S. 2008. Induction of somatic embryogenesis and plantlet 

regeneration from cultured zygotic embryo of oil palm. Journal of Agricultural 
Technology 4: 137�46. 

 
Corley, R. H. V., Lee, C. H., Law, I. H. and Wong, C. Y. 1986. Abnormal flower 

development in oil palm clones. Planter 62: 233-240. 
 
Corredoira, E., Ballester, A. and Vieitez, A. M. 2003. Proliferation, maturation and 

germination of Castanea sativa Mill. somatic embryos originated from leaf 
explants. Annals of Botany 92: 129-136. 

 
David, R. W. and Wayne, A. P. 2001. Effect of polyethylene glycol and sugar alcohols on 

soybean somatic embryos germination and conversion. Plant Cell, Tissue and 
Organ Culture 64: 55-62. 

 



126 
 

Dongre, A. and Parkhi, V. 2005. Identification of cotton hybrid through the combination 
of PCR base RAPD, ISSR and microsatellite markers. Plant Biochemistry and 
Biotechnology 14: 53-55. 

 
Doyle, J. J. and Doyle, J. L. 1990. Isolation of plant DNA from fresh tissue. Focus 12: 13�

15.  
 
Duong, T. N., Bui, V. L., Seiichi, F., Michio, T. and Thanh-Van, K. T. 2001. Effects of 

activated charcoal, explant size, explant position and sucrose concentration on 
plant and shoot regeneration of Lilium longiflorum via young stem culture. Plant 
Growth Regulation 33: 59�65. 

 
Duval, Y., Engezmann, F. and Durand-Gasselin, T. 1995. Somatic embryogenesis in oil 

palm (Elaeis guineensis Jacq.). In Biotechnology in Agriculture and Forestry (ed. 
Y.P.S. Bajaj) Vol. 30, pp. 335-352. Heidelberg: Springer-Verlag. 
 

Eeuwens, C. J. 1978. Effects of organic nutrients and hormones on growth and 
development of tissue explants from coconut (Cocos nucifera) and date palms 
(Phoenix dactylifera) cultured in vitro. Physiologia Plantarum 42: 173�178. 

 
Eshraghi, P., Reza, Z. and Mitra, M. 2005. Somatic embryogenesis in two Iranian date 

palm cultivars. African Journal of Biotechnology 4: 1309-1312. 
 
Eugene E. K., Durand-Gasselin, T., Kouadio, J. Y., Flori, A. and Rival, A. 2006.               

A modeling approach of the in vitro conversion of oil palm (Elaeis guineensis) 
somatic embryos. Plant Cell, Tissue and Organ Culture 84: 99�112. 

 



127 
 

Find, J. I. 1997. Changes in endogenous ABA level in developing somatic embryos of 
Norway spruce [Picea abies (L.) Karst.] in relation to maturation medium, 
desiccation and germination. Plant Science 128: 75-78. 

 
Furini, A. and Jewell, D. C. 1994. Somatic embryogenesis and plant regeneration from 

immature and mature embryos of tropical and subtropical Zea Mays L. 
genotypes. Maydica 39: 155�164. 

 
Garg, A., Singh, A. K., Prabhu, K. V., Mohapatra, T., Tyagi, N. K., Nandakumar, 

N., Singh, R., and Zaman, F. U. 2006. Utility of a fertility restorer gene linked 
marker for testing genetic purity of hybrid seeds in rice (Oryza sativa L.). Seed 
Science and Technology 34: 9-18. 

 
Gow, W. P., Chen, J. T. and Chang, W. C. 2009. Effects of genotype, light regime, 

explants position and orientation on indirect somatic embryogenesis from leaf 
explants of Phalaenopsis orchids. Acta Physiologia Plantarum 31: 363�369.  

 
Hashemi, S. H., Sayyed, A., Mohammad, M. M., Ghorban, A. N., and Ahmad, A. 2009. 

Identification of rice hybrids using microsatellite and RAPD markers. African 
Journal of Biotechnology 8: 2094-2101. 

 
Hilae, A., and Te-chato, S. 2005. Effect of carbon sources and strength of MS medium 

on germination of somatic embryos of oil palm (Elaeis quineensis Jacq.). 
Songklanakarin Journal  Science Technology 27: 629-635. 

 
Hussey, G. 1958. An analysis of the factors controlling the germination of the seed of oil 

palm, Elaeis guineensis (Jacq.).  Annals of Botany 22: 259-284.  

 



128 
 

Jaligot, E., Beul, T. and  Rival,  A. 2002. Methylation-sensitive RFLPs: characterisation of 
two oil palm markers showing somaclonal variation-associated polymorphism. 
Theoretical and Applied Genetics 104: 1263 -1269. 

 
Jian, S., Yang, Z., Nian, L., Zezheng, G., Qiang, W., Zhenhua, X. and Hai, R. 2006. 

Genetic variation in the endangered endemic species Cycas fairylakea 
(Cycadaceae) in China and implications for conservation. Biodiversity and 
Conservation 15: 1681�1694. 

 
Kanchanapoom, K. and Domyoas, P. 1999. The origin and development of embryoids in 

oil palm (Elaeis quineensis Jacq.) embryo culture. ScienceAsia 25: 195-202.   
    
Karkonen, A. 2001. Plant tissue cultures as models for tree physiology: somatic 

embryogenesis of Tilia corda and Lignin biosynthesis in Picea abies suspension 
cultures as case studies. Vi ikk i: Department of Biosciences Division of Plant 
Physiology University of Helsinki.  

 
Karun, A. and Sajini, K. K. 1996. Plantlet regeneration from leaf explants of oil palm 

seedlings. Current Science 71: 922-926. 
 
Karun, A, Siril, E. A., Radha, E. and Parthasarathy, V. A. 2004. Somatic embryogenesis 

and plantlet regeneration from leaf and inflorescence explants of arecanut 
(Areca catechu L.). Current Science 86: 1623-1628. 

 
Khaw, C. H. and Ng. S. K. 1999. Agrocom!s proven tissue culture technology for oil 

palm. Presented at the Special Meeting on 8Potential of the Oil Palm Industry 
and Clonal Tissue-Cultured Oil Palm Development in South Thailand9, Meritime 
Hotel, Krabi, 6th November 1999, pp. 1-10. 

 



129 
 

Kumria, R., Sunnichan, V. G., Das, D. K., Gupta, S. K., Reddy, V. S., Bhatnager, R. K. 
and Leelavathi, S. 2003. High-frequency somatic embryos production and 
maturation into normal plant in cotton (Gossypium  hirsutum) through metabolic 
stress. Plant Cell Reports 21: 635-639. 

 
Larkin, P. J. and W. R. Scowcroft. 1981. Somaclonal variation: A novel source of 

variability from cell cultures for plant improvement. Theoretical and Applied 
Genetics 60: 197-214. 

 

Leal, I., Misra, S., Attree, S. M. and Fowke, L. C. 1995. Effect of abscisic acid, 
osmoticum and desiccation on 11S storage protein gene expression in somatic 
embryos of white spruce. Plant Science 106: 121-128. 

 

Lou, H. and Kako, S. 1995. Role of high sugar concentrations in inducing somatic 
embryogenesis from cucumber cotyledons. Scientia Horticulturae 64: 11�20. 

 

Magdalita, P. M., Damasco, O. P., Beredo, J. C. and Adkins, S. W. 2004. Effect of 
physical, chemical and light-treatments on germination and growth of tissue 
culture coconut. Proceeding of 4th International Science Congress, Brisbane 
Convention and Exhibition Centre,  Australia, 26 September -1 October 2004., 
pp. 253. 

 

Malaysia!s Sustainable Palm Oil. 2007. Palm oil facts. Available from: http://www. 
Soyatech.com/Palm_Oil_Facts.htm (Access 19 August 2007). 

 



130 
 

Mamiya, K. and Sakamoto, Y. 2000. Effects of sugar concentration and strenght of basal 
medium on conversion of somatic embryos in Asparagus officinalis L. Scientia 
Horticulturae 84: 15-26. 

 
Masanori, O. and Nishino, K. 1999. Effect of temperature and light intensity on growth of 

the regenerated bulblet of Fritillaria camtschatcensis Ker-Gawl. in vitro culture. 
Environment Control in Biology 37: 243-247. 

 
Matthes, M., Singh, R., Cheah, S. C. and Karp, A. 2001. Variation in oil palm (Elaeis 

guineensis Jacq.) tissue culture-derived regenerants revealed by AFLPs with 
methylation-sensitive enzymes. Theoretical and Applied Genetics 102: 971-979. 

 
Morimoto, Y., Patrick, M., Makoto, K., Hiroshi, F. and Hiroko, M. 2006. RAPD 

polymorphism of the white-flowered gourd (Lagenaria siceraria (Molina) Standl. 
landraces and its wild relatives in Kenya. Genetic Resources and Crop Evolution 
53: 963�974.  

 
Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and bio-assays 

with tobacco tissue cultures. Physiologia Plantarum 15: 473-497. 
 
Mutert, E. and Fairhurst, T. H. 1999. Oil palm clones: Productivity enhancement for the 

future. Better Crops International 13: 45-47. 
 
Nakagawa, H., Saijyo, T., Yamauchi, N., Shigyo, M., Kako, S. and Ito, A. 2001. Effects of 

sugar and abscisic acid on somatic embryogenesis from melon (Cucumis melo 
L.) expanded cotyledon. Scientia Horticulturae 90: 85-92. 

 



131 
 

Nandakumr, N., Singh, A., Sharma, K., Mohapara, R. K., Prabhu, T. K. V. and Zaman, F. 
U. 2004. Molecular fingerprinting of hybrids and assessment of genetic purity of 
hybrid seeds in rice using microsatellite markers. Euphytica 136: 257-264. 

 
Ouyang, J., Wang, X., Zhao, B. and Wang, Y. 2003. Light intensity and spectral quality 

influencing the callus growth of Cistanche deserticola and biosynthesis of 
phenylethanoid glycosides. Plant Science 165: 657-661. 

 
Paiva, N. V. B. and Otoni, W. C. 2003. Carbon sources and their osmotic potential in 

plant tissue culture: does it matter?. Scientia Horticulturae 97: 193-202. 
 
Perera, P. I. P., Hocher, V., Verdeil, J. L., Doulbeau, S., Yakandawala, D. M. D. and 

Weerakoon, L. K. 2006. Unfertilized ovary: anovel explant for coconut (Cocos 
nucifera L.) somatic embryogenesis. Plant Cell Reports 26: 21-28. 

 
Promchan, T. and Te-chato, S. 2007. Size of haustorium embryo affecting secondary 

somatic embryo formation of oil palm and its origin. International Conference on 
Integration of Science and Technology for Sustainable Development, Bangkok, 
Thailand. 26-27 April 2007. pp. 22-25. 

 
Rabechault, H. and Martin, J. P. 1976. Multiplication vegetative du palmier a huile 

(Elaeis guineensis Jacq.) a laide de culture de tissus foliaires. Comptes Rendus 
de l Academie des Sciences. Serie III, Sciences de la Vie (Paris) 283: 1735�
1737.  

 
Rakshit, S., Zerka, R., Sekha, J. C., Fatma, T. and Sain, D. 2010. Callus induction and 

whole plant regeneration in elite Indianmaize (Zea mays L.) inbreds. Plant Cell, 
Tissue and Organ Culture 100: 31-37. 

 



132 
 

Rajesh, M. K., Radha, E., Karun A. and Parthasarathy, V. A. 2003. Plant regeneration 
from embryo-derived callus of oil palm�the effect of exogenous polyamines. 
Plant Cell, Tissue and Organ Culture 75: 41�47. 

 
Rani, V., and Raina, S. N. 2000. Genetic fidelity of organized meristem-derived 

micropropagated plants: a critical reappraisal. In Vitro Cellular and 
Developmental Biology � Plant 36: 319-330. 

 
Rodriguez-Sahagun, A., Gustavo, A. H., Jose, M. R. D., Benjamın, R. G., Jesus, C. M. 

and Osvaldo, A. C. H. 2010. Effect of light quality and culture medium on 
somatic embryogenesis of Agave tequilana Weber var. Azul. Plant Cell, Tissue 
and Organ Culture 1: 1-5. 

 
Saenz, L., Azpeitia, A., Chuc-Armendariz, B., Chan, J. L., Verdeil, J. L., Hocher, V. and 

Oropeza, C. 2006. Morphological and histological changes during somatic 
embryo formation from coconut plumule explants. In Vitro Cellular and 
Developmental Biology - Plant  42: 19�25. 

 
Sanputawong, S. and Te-chato, S. 2008. Effect of genotypes of oil palm as indicator for 

speed of callus and embryogenic callus formation. Journal of Agricultural 
Technology 4: 147-156. 

 
Sarasan, V., Ramsay, M. M. and Roberts, A. V. 2005. Rescue of endangered palms by in 

vitro methods: the case of �bottle palm!. In Protocol for Somatic Embryogenesis 
in Wood Plants (eds. S. M. Jain and P. K. Gupta) Vol. 77, pp. 267-274. London: 
Springer. 

 
 



133 
 

Sasanuma, T., Chabane, K., Endo, T. R. and Valkoun, J. 2004. Characterization of 
genetic variation in and phylogenetic relationships among diploid Aegilops 
species by AFLP: incongruity of chloroplast and nuclear data. Theoretical and 
Applied Genetics 108: 612�618. 

 
Singh, R., Jayanthi, N., Soon-Guan, T., Jothi, M. P. and Suan-Choo, C. 2007. 

Development of simple sequence repeat (SSR) markers for oil palm and their 
application in genetic mapping and fingerprinting of tissue culture clones. Asia 
Pacific Journal of Molecular Biology and Biotechnology 15: 121-131. 

 
Singh, R., Rahimah, A. R., Leslie, O. C. L. and Cheah, S. C. 2006. Microsatellite probes 

for fingerprinting oil palm clones. In Malaysian Palm Oil Board. Vol. 305, pp. 312-
314. Kuala Lumpur : Ministry of Plantation Industries and Commodities.  

 
Sogeke, A. K. 1996. Rapid callus proliferation, somatic embryogenesis and 

organogenesis of oil palm (Elaeis guineensis Jacq.). Elaeis 8: 92-103. 

 
Stamp, J. A. and G. G., Henshaw. 1987. Somatic embryogenesis from clonal leaf tissue 

of cassava. Annals of Botany 59: 445-450. 
 
Stasolla, C. and E. C., Yeung. 2003. Recent advances in conifer somatic 

embryogenesis: improving somatic embryo quality. Plant Cell, Tissue and Organ 
Culture 74: 15-35. 

 
Steinmacher, D. A., Clement, C. R. and Guerra M. P. 2007. Somatic embryogenesis from 

immature peach palm inflorescence explants: towards development of an 
efficient protocol. Plant Cell, Tissue and Organ Culture 89: 15�22. 

 



134 
 

Sundaram, R. M., Vishnupriya, M. R., Biradar, S. K., Laha, G. S., Reddy G. A., Rani, S. 
N., Sarma, N. P. and Sonti, R.  V. 2008. Marker assisted introgression of bacterial 
blight resistance in Samba Mahsuri, an elite indica rice variety. Euphytica 80: 
411-422.  

 
Tang, H., Ren, Z., and Krezal, G. 2000. Improvement of English walnut somatic embryo 

germination and conversion by desiccation treatments and plantlet development 
by lower medium salts. In Vitro Cellular and Developmental Biology - Plant 36: 
47-50. 

 
Te-chato, S. 1998a. Callus induction from cultured zygotic embryo of oil palm 

subsequent to plantlet regeneration. Songklanakarin Journal Science 
Technology 20: 1-6. 

 

Te-chato, S. 1998b. Fertile plant from young leaves-derived somatic embryos of oil 
palm. Songklanakarin Journal Science Technology 20: 7-13. 

 
Te-chato, S. 2000. Random amplified polomorphic DNA (RAPD) makers for genetic 

analysis in somaclones of mangosteen (Garcinia mangostana L.). Thai Journal 
Agricultural Science 33: 137-145. 

 
Te-chato, S. and Muangkaewngam, A. 1992. Tissue culture of oil palm: Root induction 

efficiency from young leaf-derived shoot. Songklanakarin Journal Science 
Technology 14: 223-229. 

 
Te-chato, S. and Hilae, A. 2007. High-frequency plant regeneration through secondary 

somatic embryogenesis in oil palm (Elaeis guineensis Jacq. var. tenera). Journal 
of Agricultural Technology 3: 345-357.   



135 
 

 
Te-chato, S., Hilae, A. and Yeedum, I. 2003. Histological study on oil palm of somatic 

embryos development as affected by sources of leaf explants and auxin. Journal 
of Agricultural Science 36: 243-250. 

 
Te-chato, S., Hilae, A. and Yeedum, I. 2002. Improve callus induction and embryogenic 

callus formation from cultured young leaves of oil palm seedling. Thai Journal 
Agriculture Science 35: 407-413. 

 
Teixeira, J. B., Sondahl, M. R. and Kirby, E. G. 1994. Somatic embryogenesis from 

immature inflorescences oil palm. Plant Cell Reports 13: 247-250. 
 
Teixeira, J. B., Sondahl, M. R., Nakamura, T. and Kirby, E. G. 1995. Establishment of oil 

palm cell suspension and plant regeneration. Plant Cell, Tissue and Organ 
Culture 40: 105-111. 

 
Teixeira, J. B., Sondahl, M. R., Nakamura, T. and Kirby, E. G. 1993. Somatic 

embryogenesis from immature zygotic embryos of oil palm. Plant Cell, Tissue 
and Organ Culture 34: 227-233. 

 
Thawaro, S. 2009. Screening and detection of hybrid oil palms by DNA markers and 

theirs propagation. Ph.D Dissertation. Prince of Songkla University. 
 
Thawaro, S. and Te-chato, S. 2007. Auxins as an effect on types of callus formation from 

mature zygotic embryo culture of hybrid oil palms. International Conference on 
Integration of Science and Technology for Sustainable Development, Bangkok, 
Thailand. 26 � 27 April 2007. pp. 166-169. 

 



136 
 

Thawaro, S. and Te-chato, S. 2008. RAPD (random amplified polymorphic DNA) marker 
as a tool for hybrid oil palm verification from half mature zygotic embryo culture. 
Journal of Agricultural Technology 4: 165-176. 

 
Thawaro, S. and Te-chato, S. 2009. Application of molecular markers in the hybrid 

verification and assessment of somaclonal variation from oil palm propagated in 
vitro. ScienceAsia 35: 142�149. 

 
Tisserat, B. 1982. Factors involved in the production of  plantlets from date palm callus 

cultures. Euphytica 31: 201-214. 
 
Usman, S. I., Ado, G. S. and Ng, S. Y. 2007. Media appraisal for somatic embryogenesis 

of elite inbred lines of Maize. African Crop Science Society 8: 769-772. 
 
Vasic, D., Alibert, G. and Skoric, D. 2001. Protocols for efficient repetitive and secondary 

somatic embryogenesis in Helianthus maximiliani (Schrader). Plant Cell Reports 
20: 121-125. 

 

Viloria, Z., Grosser, J. W. and Bracho, B. 2005. Immature embryo rescue, culture and 
 seedling development of acid citrus fruit derived from interploid hybridization. 
 Plant Cell, Tissue and Organ Culture 82: 159�167. 
 
Wang, H. C., Chen, J. T., Wu, S. P., Lin, M. C. and Chang, W. C. 2003. Plant 

regeneration through somatic embryogenesis from zygrotic embryo-derived 
callus of Areca catechu L. (Arecaceae). In Vitro Cellular and Developmental 
Biology - Plant 39: 34�36. 

 



137 
 

Wang, H. C., Chen, J. T. and Chang, W. C. 2006. Somatic embryogenesis and plant 
regeneration from leaf, root and stem-derived callus cultures of Areca catechu. 
Journal of Plant Biology 50: 279-282. 

 
Watcharawongpaiboon, N. J. and Chunwongse, J. 2008. Development and 

characterization of microsatellite markers from an enriched genomic library of 
cucumber (Cucumis sativus). Plant Breeding 127: 74-81. 

 
Wilson, D. P. M, Sullivan, J. A., Marsolais, A. A., Tsujita, M. J. and Senaratna, T. 1996. 

Improvement of somatic embryogenesis in zonal geranium. Plant Cell, Tissue 
and Organ Culture 47: 27-32. 

 
Wooi, K. C. 1995. Oil palm tissue culture � current practice and constraints. In Recent 

 Developments in Oil Palm Tissue Culture and Biotechnology (eds. V. Rao, I. E. 
 Henson and N. Rajanaidu) pp. 21-32. Bangi :  Malaysian Palm Oil Board.  

 
Zhang, G. Q., Zhou, W. J., Gu, H. H., Song, W. J. and Momoh, E. J. 2003. Plant 

regeneration from the hybridization of Brassica juncea and B. napus through 
embryo culture. Journal of Agronomy and Crop Science 189: 347-350. 

 
 

 

 

 

 

 

 

 

 



139 
 

              

 
 
 
 

 
 
 
 
 
 
 
 
 

������� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



140 
 

              

��	
�	����	�������
��	� �����	��������� 
 
��	
�������������	������
� �
�����!"���	#�$ Doyle ��� Doyle (1990) 
 

1.   CTAB ������� ������� 100 ��������� 
 PVP-40 1.00 ��� 
 NaCl  8.12 ��� 
 0.5 M Na2EDTA (pH 8.0) 4 .00 ��������� 
 1.0 M Tris-HCl (pH 8.0) 10.00 ��������� 

����������-./0123���4156.7-. 100 ��������� 8��12189:���� CTAB �����; 2 
��� <�=�>�?@4�A;6BC�� 60 �:E��F��F@0G 81�/>�G���=��07-.6�- 7�194:H>�

�IJ2� ����G�� β-mercaptoethanol �R.�R.1 2 % �>�113���5I. 
2.   TE �������������� 500 ��������� 
 1.0 M Tris-HCl (pH 7.5)  500 7�UV����� 
 0.25 M Na2EDTA (pH 7.0) 200 7�UV����� 

����������-./0123���4156.7-. 500 ��������� <�./13�7�194:H>��IJ2� 
3.   TAE ��������R.�R.1 5 �?>� 
 Tris Base 121.1 ��� 
 Acetic acid   28.5 ��������� 
 0.5 M Na2EDTA (pH 8.0)   50.0 ��������� 

����������-./0123���4156.7-. 500 ��������� �8J�8�:V/���R.�R.1��X1 1 �?>� 
<�=13�7�194:H>��IJ2��>�113���5I. 

4.   TBE ��������R.�R.1 5 �?>� 
 Tris Base 216.0 ��� 
 Boric acid 110.0 ��� 
 0.5 M Na2EDTA (pH 8.0)   80.0 ��������� 

����������-./0123���4156.7-. 4 ���� �8J�8�:V/���R.�R.1��X1 1 �?>� <�./13�7�
194:H>��IJ2��>�113���5I. 
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5.   DNA sample ������� 
 Bromophenol blue 125.0 �������� 
 Xylene cyanol  125.0 �������� 
 Glycerol   15.0 ��������� 
  ����������56.7-. 50 ��������� <�./13�7�194:H>��IJ2��>�113���5I. 
 

��	
�������������	������
� �
�����!"���	#�$ Te-chato ��� �5� (2000) 
 

1. TE �������������� 500 ��������� 
 20 mM Tris-HCl (pH 8.0)  500 7�UV�����  
 0.1 M EDTA (pH 8.0) 200 7�UV�����  

   ����������-./0123���4156.7-. 500 ��������� <�./13�7�194:H>��IJ2� 
2.  SDS V/���R.�R.1 10% ������� 50 ��������� 

   SDS    5  ��� 
   ����������-./0123���4156.7-. 50 ��������� <�./13�7�194:H>��IJ2� 

3.  Ammonium acetate V/���R.�R.1 5 U�����  �������  100  ��������� 
   Ammonium acetate  38.54 ��� 
   ����������-./0123���4156.7-. 100 ��������� <�./13�7����:-./0�����_��� 

 
��	
�������������	�7� denaturing electrophoresis 
 

1. 30% Acrylamide Bis-Acrylamide solution  ?@4`G�<�./ 51����G>/1 29:1 ��b�?@4 
 �A;6BC�� 4 �:E��F��F@0G 
2. 6% polyacrylamide gel (Acrylamide : Bisacrylamide = 29:1) ������� 300  

��������� 
30% Acrylamide Bis-Acrylamide solution  (29:1) 60  ��������� 
5X TBE       60  ��������� 
Urea       135  ��� 
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123���41       105 ��������� 
3. TBE ��������R.�R.1 5 �?>�  ������� 1000 ��������� 

Tris Base    54 ��� 
Boric acid    27.5 ��� 
0.5M Na2EDTA (pH 8.0)  20 ��������� 

4. 10% (w/v) Ammonium persulfate (APS) ���@0�������� 10 ��������� 
Ammonium persulfate   1.0  ��� 
123���41     10  ��������� 
�=��0��X1�1J2��-@0/�1 ��b�?@4�A;6BC�� 4 �:E��F��F@0G 

5. 6X gel loading buffer (G3�6�� denaturing polyacrylamide gel) ���@0�������� 1 
��������� 

Formamide    950   7�UV����� 
5% Bromophenol blue   10 7�UV����� 
5% Xylene cyanol   10 7�UV����� 
1 M EDTA    20  7�UV����� 
V/�<�>:G���=��05G>6��-��b� <�./��b�?@4�A;6BC�� 4 �:E��F��F@0G 

6. Bind silane G3�6��?���=8�<`>16�:?@4��-���8� 
Bind silane    1.0  7�UV����� 
Glacial acetic acid   2.5 7�UV����� 

  95% Ethanol    500 7�UV����� 
 

��	
��������������
� �
���� Silver nitrate 
 

1. Fixative <�= Stop solution (10% Acetic acid) ������� 1,000 ��������� 
Glacial acetic acid   100 ��������� 
123���41     900  ��������� 

2. 0.2% Silver nitrate ������� 1,000 ��������� 
Silver nitrate    2.0 ��� 
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123���41     1,000  ��������� 
�=��0��X1�1J2��-@0/�1 ��b�?@4�A;6BC��6.�: 

3. Develop solution ������� 1,000 ��������� 
Sodium carbonate   25.0 ��� 
����123���4181V��������� 1,000 ��������� ��b�?@4�A;6BC�� 4 �:E��F��F@0G 56.

�0b18-�>�113���5I. R;=5I.56.���� 40% Formaldehyde 500 7�UV����� <�= Sodium 
thiosulfate �R.�R.1 50 ���������>�7�UV����� �����; 40 7�UV����� 

 
��	
�������������	�	�B������
�	���$ E-gene 
 

1. WP (Washing solution) 
  QX DNA dilution buffer   7  ��������� 
  QX Mineral oil   5  ��������� 
2. WI (Washing solution) 
  QX  Wash buffer  7  ���������  
  QX Mineral oil   5  ��������� 
3. Buffer 
  QX  Separation buffer  15  ��������� 
  QX Mineral oil   5  ��������� 
 
4. -@��b1������p�1 50 VC>��G         
  Ampli Taq Gold 360  10  7�UV����� 
  -@��b1������p�1 50 VC>��G 1    7�UV����� 
  123���41194:H>��IJ2�   9   7�UV����� 
  ��������/�        20  7�UV����� 
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��	�$���������� 1 �:V���=���R�:r��A��6��GC�� Murashige and Skoog (MS) 
�:V���=��� �����;G�� (���������>�����) 
r��A��6��6��   
NH4NO3  1,650.00 
KNO3  1,900.00 
KH2PO4  170.00 
CaCl2.2H2O  440.00 
MgSO4.7H2O  370.00 
r��A��6����:   
KI  0.83 
H3BO3  6.20 
MnSO4.H2O  16.90 
ZnSO4.7H2O  10.60 
CuSO4.5H2O  0.025 
Na2MoO4.2H2O  0.25 
CoCl2.6H2O  0.025 
r��A�6�b�   
FeSO4.7H2O  27.80 
Na2EDTA  37.30 
G����1?�@0�   
Myo-inositol  100.00 
Nicotinic acid  0.50 
Pyridoxine HCl  0.50 
Thiamine HCl  0.10 
Glycine  2.00 
Sucrose  30,000.00 
/A.1  7,500.00 
pH  5.7   
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��	�$���������� 2 �:V���=���R�:r��A��6��GC�� Y3 
�$��H	���� H	!��5��	 (�!��!�	���I��!�	) 

r��A��6��6��  
NH4Cl 
KNO3 

 
535.00 
2,020.00 

KCl  1,492.00 
r��A��6����:   
NH2PO41H2O 
KI 

 
312.00 
0.83 

H3BO3  3.10 
CaCl22H2O  294.00 
MnSO4.H2O  11.20 
ZnSO4.7H2O  7.20 
CuSO4.5H2O  0.16 
Na2MoO4.2H2O  0.24 
CoCl2.6H2O  0.24 
NiCl26H2O  0.024 
MgSO47H2O  247.00 
r��A�6�b�   
FeSO4.7H2O  27.80 
Na2EDTA  37.30 
Sucrose  30,000.00 
/A.1  7,500.00 
pH  5.7   
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��	�$���������� 3 7_������ SSR ?@45I.51�����/8G��V/����X1�C�`G�R�:�����123��1 (Elaeis quineensis Jacq.)  
Primer name Repeat motif 5z-3z Forward primer 5z-3z Reverse primer 

EgCIR008 (GA)17 CGGAAAGAGGGAAGATG ACCTTGATGATTGATGTGA 
EgCIR0243 (GA)17 TGGAACTCCTATTTTACTGA GCCTCGTAATCCTTGTCA 
EgCIR0337 (GT)6 

(GC)4 
GTCTGCTAAAACATCAACTG GAGGAGGAGGGGAACGATAA 

EgCIR0409 (CCG)6 AGGGAATTGGAAGAAAAGAAAG TCCTGAGCTGGGGTGGTC 
EgCIR0446 (CCG)7 CCCCTTCGAATCCACTAT CAAATCCGACAAATCAAC 
EgCIR0465 (CCG)6 TCCCCCACGACCCATTC GGCAGGAGAGGCAGCATTC 
EgCIR0781 (GA)17 CCCCTCCCTACCACGTTCCA TGTTTGCTGTTGCTCTTTGATTTTC 
EgCIR0905 (GT)14ctca 

(GA)11 
CACCACATGAAGCAAGCAGT CCTACCACAACCCCAGTCTC 
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��	�$���������� 4   `�R�:VC>`G������123��1�>����G�.�:<V��G <�=-I1@V/����b/51���
G�.�:<V��G 6�:���/�:��@20:�1��6��GC�� MS ����123����FCUV�G 3 
������Fb1�� <�= dicamba V/���R.�R.1 2.5 ���������>����� ��X1
�=0=�/�� 3 �-J�1 

VC>`G� ���G�.�:<V��G (%) -I1@V/����b/51���G�.�:<V��G 

1 10.09ij 11.83ef 

2 7.69j 8.33fg 

3 24.76bc 15.17e 

4 13.02ghij 13.33e 

5 22.75cd 26.5c 

6 11.27hij 11.67ef 

7 33.33a 19.33d 

8 22.05cde 21.17d 

9 20.67cdef 30.67b 

10 15.23fghi 21.5d 

11 17.74defg 14.5e 

12 16.67efgh 12.33e 

13 8.67j 6.5g 

14 30ab 19.5d 

15 21.03cde 20.33d 

16 24.77bc 35.5a 

F-test ** ** 

C.V. (%) 16.23 11.19 
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��	�$���������� 5  `�R�:VC>`G������123��1�>����G�.�:<V��GI1�-�>�:} 6�:���/�: 
  ��@20:�1��6��GC�� MS ����123����FCUV�G 3 ������Fb1�� <�= dicamba 

V/���R.�R.1 2.5 ���������>����� ��X1�=0=�/�� 3 �-J�1 

VC>`G� I1�-R�:<V��G (������Fb1��)  

 Compact Friable linear Nodular 

1 7de 7.9h 1.32hi 11.84gh 

2 1.95g 2.56i 0i 17.95ef 

3 4.34f 14.29g 37.14a 17.14ef 

4 4.69ef 15.62g 7.81cdef 10.94gh 

5 17.65a 5.88h 9.41c 35.29c 

6 5.89de 14.71g 4.41fgh 8.82hij 

7 8.82b 29.41cd 8.82cd 52.94a 

8 7.86b 20.23f 5.62def 11.23gh 

9 5def 19f 8cde 21e 

10 2.47g 27.16de 4.94efg 9.88ghi 

11 6.45cd 40.32b 1.61ghi 4.84j 

12 4f 30c 2ghi 14fg 

13 4f 8h 8cde 6ij 

14 0h 44a 6cdef 40b 

15 7.69bc 13.85g 4.62efgh 36.92bc 

16 6.42cd 24.77e 15.6b 27.52d 

�/� 94.24 317.71 125.3 326.31 

F-test ** ** ** ** 

C.V. (%) 13.567 8.160 23.647 11.378 
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��	�$���������� 6  `�R�:VC>`G������123��1�>�R1�-<V��G <�=R1�-<V��G�~�@40 6�:
���/�:��@20:�1��6��GC�� MS ����123����FCUV�G 3 ������Fb1�� <�= 
dicamba V/���R.�R.1 2.5 ���������>����� ��X1�/�� 3 �-J�1 

VC>`G�?@4 
R1�-<V��G (��.) 

R1�-<V��G�~�@40 (��.) 
1 �-J�1 2 �-J�1 3 �-J�1 

1 2.4f 5.0cde 6.1f 4.5efg 
2 2.3f 4.4de 4.6g 3.8g 
3 4.7b 5.8cde 7.9e 6.1cde 
4 3.7de 5.6cde 7.7e 5.7cdef 
5 3.1e 5.0cde 5.6fg 4.6efg 
6 2.3f 3.6e 4.3g 3.4g 
7 7.8a 13.1a 14.2b 11.7a 
8 1.3g 5.9cde 7.5e 4.9defg 
9 3.9cd 7.2bc 7.8e 6.3cd 
10 4.6bc 6.3cd 9.5cd 6.8c 
11 4.3bcd 6.1cde 8.6de 6.3cd 
12 1.3g 4.8cde 5.7fg 3.9g 
13 1.8fg 9.3b 9.7cd 6.9c 
14 2.0fg 9.6b 10.5c 7.4bc 
15 0h 3.7de 8.8de 4.2fg 
16 0h 9.3b 16.7a 8.7b 
F-test ** ** ** ** 
C.V. (%) 14.61 20.91 9.67 15.28 
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��	�$���������� 7  `�R�:VC>`G������123��1�>����G�.�:��b����U��81�V<V��G 83�1/1 
 ���>���b����U��81�V<V��G <�=-I1@V/����b/51���G�.�:��b����U� 

�81�V<V��G 6�:���/�:��@20:�1��6��GC�� MS ����123����FCUV�G 3 
������Fb1�� <�= dicamba V/���R.�R.1 2.5 ���������>����� ��X1�/�� 
3 �-J�1 

VC>`G� ������- EC (%) 83�1/1nodule/ EC V/����b/51���G�.�:��b����U��81�V<V��G 

1 5.21g 4.25efgh 1.167ghi 

2 0.427k 3.5fghi 0.333i 

3 6.943ef 4.4defgh 2.5fg 

4 3.123h 8.27b 2.5fg 

5 6.507fg 6.25cde 3.333ef 

6 0.98jk 2.5hi 0.833hi 

7 15.477b 7.5bc 0.5i 

8 2.567hij 4.835defg 2.167fgh 

9 5g 5.51cdef 4.333e 

10 8.23de 4.515defgh 7.167cd 

11 12.363c 2.89ghi 7.667c 

12 1.333ijk 1.5i 0.667hi 

13 2.667hi 6.5bcd 1.667ghi 

14 18a 5.9cde 9.333b 

15 8.72d 5.98cde 6.167d 

16 16.517ab 15.795a 20.167a 

F-test         **           **    ** 

C.V. (%)       13.121         19.855                      18.894 
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��	�$����������  8  V/��<����/1R�:����_�4�123�61�G-<V��GR�:�����123��1�C�`G� 
10 VC>`G� (T) 6�:���/�:��@20:�1��6�� 2 GC�� (M) VJ� MS <�= Y3 
����123����FCUV�G 3 ������Fb1�� dicamba ?@4�=-�V/���R.�R.1�>�:} 
(N) VJ� 1 1.5 2 <�= 2.5 ���������>����� ��-<�GV�����V�R.�R.1 200 
���������>����� ��X1�/�� 3 �-J�1 

Source DF SS MS F Value Pr > F 
Replications 9 137608.73 15289.86 3.27** 0.0006 
M 1 43.25 43.25 0.01ns 0.9234 
N 3 764874.7 254958.2 54.57** 0.0001 

M×N 3 37332.34 12444.11 2.66* 0.0470 

T 9 1711953.23 190217 40.71** 0.0001 
M×T 9 483462.11 53718.01 11.50** 0.0001 
N×T 27 1120240.76 41490.4 8.88** 0.0001 
M×N×T 27 1169783.32 43325.31 9.27** 0.0001 
Error 711 3322052.48 4672.366   
Total 799 8747350.88    
C.V. 21.62 % 
ns: 7�><���>�:�1?�:G���� 
*: <���>�:�1?�:G�����0>�:�@10G3�V� (0.01<p<0.05) 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
 
 
 
 
 
 
 
 



152 
 

              

��	�$���������� 9  V/��<����/1R�:����_�4�123�61�G-R�:<V��G�����123��1�C�`G� 
10 VC>`G� (T) 6�:���/�:��@20:�1��6��GC�� MS ����123����FCUV�G 3 
������Fb1�� ���F�1 2 I1�- (M) VJ� 2,4-D <�= dicamba ?@4�=-�V/��
�R.�R.1�>�:} (N) VJ� 0.1 0.3 0.5 <�= 1 ���������>����� ��-              
<�GV�����V�R.�R.1 200 ���������>����� ��X1�/�� 3 �-J�1 

Source DF SS MS F Value Pr > F 
Replications 9 57080.9 6342.322 0.52ns 0.8695 
M 1 118243.85 118243.9 9.46** 0.0022 
N 3 2011519.1 670506.4 53.67** 0.0001 

M×N 3 170888.46 56962.82 4.56** 0.0036 

T 9 41181072.65 4575675 366.26** 0.0001 
M×T 9 375276.41 41697.38 3.34** 0.0005 
N×T 27 1813849.66 67179.62 5.38** 0.0001 
M×N×T 27 1148458.3 42535.49 3.4** 0.0001 
Error 711 8882429.11 12492.87   
Total 799 55758818.4    
C.V. 25.03 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 10  V/��<����/1R�:����_�4�83�1/1��R�:<V��G�����123��1�C�`G� 
10 VC>`G� (T) 6�:���/�:��@20:�1��6��GC�� MS ����123����FCUV�G 3 
������Fb1�� ���F�1 2 I1�- (M) VJ� 2,4-D <�= dicamba ?@4�=-�V/��
�R.�R.1�>�:} (N) VJ� 0.1 0.3 0.5 <�= 1 ���������>����� ��-<�GV���
��V�R.�R.1 200 ���������>����� ��X1�/�� 3 �-J�1 

Source DF SS MS F Value Pr > F 
Replications 9 236.17 26.24111 1.05ns 0.4006 
M 1 1161.62 1161.62 46.38** 0.0001 
N 3 7973.3 2657.767 106.03** 0.0001 

M×N 3 245.8 81.93333 3.27* 0.0209 

T 9 316806.62 35200.74 1404.38** 0.0001 
M×T 9 1172.21 130.2456 5.20** 0.0001 
N×T 27 7760.38 287.4215 11.47** 0.0001 
M×N×T 27 461.88 17.10667 0.68ns 0.8871 
Error 711 17821.23 25.06502   
Total 799 353639.2    
C.V. 18.68 % 
ns: 7�><���>�:�1?�:G���� 
*: <���>�:�1?�:G�����0>�:�@10G3�V� (0.01<p<0.05) 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 11  V/��<����/1R�:����_�4�123�61�G-R�:<V��GR�:�����123��1
�C�`G� 10 VC>`G� (T) 6�:���/�:��@20:�1��6��GC�� MS ����123����
FCUV�G 3 ������Fb1�� dicamba V/���R.�R.1 0.3 ���������>����� ��-
<�GV�����V�R.�R.1 200 ���������>����� /�:��@20:B�05�.V/���R.�<G:
�>�:} (N) VJ� 19  22  25 <�= 27 7�UV�U���>�����:�����>�/�1�?@ 
��X1�/�� 3 �-J�1 

Source DF SS MS F Value Pr > F 

Replications 9 11857.25 1317.472 0.44ns 0.9148 
N 3 75486.75 25162.25 8.34** 0.0001 
T 9 18626847.25 2069650 686.25** 0.0001 

N×T 27 104335.75 3864.287 1.28ns 0.1616 

Error 351 1058572.75 3015.877   
Total 399 19877099.75    
C.V. 11.94 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 12   V/��<����/1R�:����_�4�83�1/1��R�:<V��GR�:�����123��1 
 �C�`G� 10 VC>`G� (T) 6�:���/�:��@20:�1��6��GC�� MS ����123����

FCUV�G 3 ������Fb1�� dicamba V/���R.�R.1 0.3 ���������>����� ��-
<�GV�����V�R.�R.1 200 ���������>����� /�:��@20:B�05�.V/���R.�<G:
�>�:} (N) VJ� 19 22 25 <�= 27 7�UV�U���>�����:�����>�/�1�?@ 
��X1�/�� 3 �-J�1 

Source DF SS MS F Value Pr > F 

Replications 9 408 45.33333 1.40ns 0.1881 
N 3 22350.65 7450.217 229.48** 0.0001 
T 9 133560.8 14840.09 457.11** 0.0001 

N×T 27 23044.13 853.4863 26.29** 0.0001 

Error 351 11395.3 32.46524   
Total 399 190758.88    
C.V. 22.66 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$����������  13  V/��<����/1R�:���G�.�: SSE R�:�����123��1�C�`G� 2 VC>`G� 
  (M) VJ� VC>`G�?@4 7 <�= 16 6�:���/�:��@20:�1��6��GC�� MS ����
F�����?���R.�R.1 0.2 U����� ��-<�GV�����V�R.�R.1 200 ���������>�
���� ��X1�/�� 1 <�= 2 �-J�1 (N) 

Source DF SS MS F Value Pr > F 
Replications 14 75.9 5.421429 3.23** 0.0016 
M 1 86.4 86.4 51.47** 0.0001 
N 1 1500 1500 893.62** 0.0001 

M*N 1 48.6 48.6 28.95** 0.0001 

Error 42 70.5 1.678571   
Total 59 1781.4    

C.V. 11.89 % 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 14  V/��<����/1R�:�=0=_�1����R�:UF�������b����U� (N) VJ��=0= 
 �C���� <�=G�.�:5���@20:R1�-�>�:} (T) VJ� 3, 5, 7, 9 <�= 12 

��������� R�:�����123��1 2 VC>`G� (M) VJ� VC>`G�?@4 7 <�= 16 �_J4�I�
13� SSE 6�:���/�:��@20:�1��6��GC�� MS ����F�����?���R.�R.1 0.2 
U����� ��-<�GV�����V�R.�R.1 200 ���������>����� ��X1�/�� 2 �-J�1 

Source DF SS MS F Value Pr > F 
Replications 14 41.1 2.935714 1.54ns 0.0958 
M 1 507 507 266.47** 0.0001 
N 1 10443 10443 5488.71** 0.0001 

M×N 1 507 507 266.47** 0.0001 

T 4 1184.1 296.025 155.59** 0.0001 
M×T 4 213.3 53.325 28.03** 0.0001 
N×T 4 1184.1 296.025 155.59** 0.0001 
M×N×T 4 213.3 53.325 28.03** 0.0001 
Error 266 506.1 1.902632   
Total 299 14799    
C.V. 23.38 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01)  
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��	�$���������� 15  V/��<����/1R�:���:��R�: SSE ?@4I�13�8��UF�������b����U�
�=0=G�.�:5���@20:R1�-�>�:} (N) VJ� 3, 5, 7, 9 <�= 12 ��������� 
R�:�����123��1 2 VC>`G� (T) VJ� VC>`G�?@4 7 <�= 16 �>����:��0�-
�1��6��GC�� MS ?@4���E8��G��V/�VA�����8�������U� ����FCUV�G 
3 ������Fb1�� ��-<�GV�����V�R.�R.1 200 ���������>����� ��X1�/�� 3 
�-J�1 

Source DF SS MS F Value Pr > F 

Replications 14 106.2 7.585714 0.98ns 0.4772 
T 1 29.04 29.04 3.75ns 0.0550 
N 4 1831.2 457.8 59.16** 0.0001 
T*N 4 22.56 5.64 0.73ns 0.5739 
Error 126 975 7.738095   
Total 149 2964    

C.V. 24.4 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
 
 
 
 
 
 
 
 
 
 
 
 
 



159 
 

              

��	�$����������  16  V/��<����/1R�:���G�.�: SSE R�:�����123��1�C�`G� 2 VC>`G�  
 (N) VJ� VC>`G�?@4 7 <�= 16 6�:���/�:��@20:�1��6��GC�� MS ����

123����I1�-�>�:} (T) ?@4 2 �=-�V/���R.�R.1 (D) VJ� 0.1 <�= 0.2      
U����� ��-<�GV�����V�R.�R.1 200 ���������>����� ��X1�/�� 2 �-J�1  

Source DF SS MS F Value Pr > F 
Replications 4 13.4 3.35 1.6ns 0.1837 
N 1 86.49 86.49 41.24** 0.0001 
T 4 1168.9 292.225 139.33** 0.0001 

N×T 4 125.66 31.415 14.98** 0.0001 

D 1 182.25 182.25 89.89** 0.0001 

N*D 1 79.21 79.21 37.77** 0.0001 

T*D 4 450.3 112.575 53.67** 0.0001 

N*T*D 4 155.14 38.785 18.49** 0.0001 

Error 76 159.4 2.097368   
Total 99 2420.75    
C.V. 34.9 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 17  V/��<����/1R�:���:��R�: SSE R�:�����123��1�C�`G� 2 VC>`G� 
(N) VJ� VC>`G�?@4 7 <�= 16 8����I�13� SSE �1��6��GC�� MS ����
123����I1�-�>�:} (T) ?@4 2 �=-�V/���R.�R.1 (D) VJ� 0.1 <�= 0.2 U�
���� ��-<�GV�����V�R.�R.1 200 ���������>����� <�=13���I�13����
:���1��6��GC�� MS ?@4���E8��G��V/�VA�����8�������U� ����
123����FCUV�G 3 ������Fb1�� ��-<�GV�����V�R.�R.1 200 ���������>�
���� ��X1�/�� 3 �-J�1  

Source DF SS MS F Value Pr > F 

Replications 4 51.7 12.925 1.92ns 0.1161 
N 1 166.41 166.41 24.69** 0.0001 
T 4 1520.8 380.2 46.4** 0.0001 

N×T 4 125.04 31.26 4.64** 0.0021 

D 1 110.25 110.25 16.36** 0.0001 

N*D 1 0.01 0.01 0.0ns 0.9694 

T*D 4 633.2 158.3 23.48** 0.0001 

N*T*D 4 23.04 5.76 0.85ns 0.4953 

Error 76 512.3 6.740789   
Total 99 3142.75    
C.V. 39.64 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$����������  18  V/��<����/1R�:���G�.�: SSE R�:�����123��1�C�`G� 2 VC>`G� 
(N) VJ� VC>`G�?@4 7 <�= 16 6�:���/�:��@20:�1��6��GC�� MS ����
F�����?���R.�R.1 0.2 U����� �>/��� GA3 ?@4�=-�V/���R.�R.1�>�:} 
(T) VJ� 0.01 0.05 0.1 0.25 <�= 0.5 ���������>����� ��-<�GV�����V
�R.�R.1 200 ���������>����� ��X1�/�� 2 �-J�1  

Source DF SS MS F Value Pr > F 
Replications 14 116.24 8.302857 172ns 0.0571 
N 1 125 125 25.85** 0.0001 
T 5 185.11 37.022 7.66** 0.0001 

N×T 5 140.47 28.094 5.81** 0.0001 

Error 154 744.42 4.833896   
Total 179 1311.24    
C.V. 14.05 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 19  V/��<����/1R�:���:��R�: SSE R�:�����123��1�C�`G� 2 VC>`G� 
(N) VJ� VC>`G�?@4 7 <�= 16 6�:���I�13� SSE �1��6��GC�� MS ����
F�����?���R.�R.1 0.2 U����� �>/��� GA3 ?@4�=-�V/���R.�R.1�>�:} (T) 
VJ� 0.01 0.05 0.1 0.25 <�= 0.5 ���������>����� <�=13���I�13����
:���1��6��GC�� MS ?@4���E8��G��V/�VA�����8�������U� ����
123����FCUV�G 3 ������Fb1�� ��-<�GV�����V�R.�R.1 200 ���������>����� 
��X1�/�� 3 �-J�1  

Source DF SS MS F Value Pr > F 

Replications 14 151.58 10.82714 1.48ns 0.1236 
N 1 200.56 200.56 27.45** 0.0001 
T 5 267.04 53.408 7.31** 0.0001 

N×T 5 21.78 4.356 0.6 ns 0.7029 

Error 154 1124.96 7.304935   
Total 179 1765.91    
C.V. 14.67 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 20 V/��<����/1R�:���:��R�: SSE R�:�����123��1�C�`G� 2 VC>`G� 
(N) VJ� 7 <�= 16 ?@4/�:��@20:51��6�� 3 <�� 6 /�r@ (T) ��X1�/�� 3 
�-J�1  

Source DF SS MS F Value Pr > F 
Replications 14 101.57 7.255 0.88ns 0.5790 
N 5 82.69 16.538 10.06** 0.0018 
T 1 2624.31 2624.31 63.84** 0.0001 

N×T 5 178.84 35.768 4.35** 0.0010 

Error 154 1266.16 8.221818   
Total 179 4253.58    

C.V. 21.74 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$���������� 21  V/��<����/1R�:���G�.�: SSE R�:�����123��1�C�`G� 2 VC>`G� 
(N) VJ� VC>`G�?@4 7 <�= 16 6�:8���-V/��IJ21��X1�/���>�: } (T) VJ� 
0 5 10 20 30 <�= 40 1�?@ <�=13���/�:��@20:�1��6��GC�� MS ����
F�����?���R.�R.1 0.2 U����� ��-<�GV�����V�R.�R.1 200 ���������>�
���� ��X1�/�� 2 �-J�1 

Source DF SS MS F Value Pr > F 
Replications 14 229.8 16.41429 2.71** 0.0014 
N 1 665.09 665.09 109.95** 0.0001 
T 5 70.33 14.066 2.33* 0.0454 

N×T 5 8.04 1.608 0.27ns 0.9311 

Error 154 931.53 6.048896   
Total 179 1904.8    
C.V. 15.9 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��	�$����������  22  V/��<����/1R�:���:��R�: SSE R�:�����123��1�C�`G� 2 VC>`G� 
(N) VJ� VC>`G�?@4 7 <�= 16 6�:8���-V/��IJ21��X1�/�� (T) VJ� 0 5 
10 20 30 <�= 40 1�?@ <�=13���I�13����:���1��6��GC��  MS ?@4
���E8��G��V/�VA�����8�������U� ����123����FCUV�G 3 ������Fb1�� 
��-<�GV�����V�R.�R.1 200 ���������>����� ��X1�/�� 3 �-J�1  

Source DF SS MS F Value Pr > F 
Replications 14 130.64 9.331429 1.22ns 0.2643 
N 1 116.81 116.81 15.3** 0.0001 
T 5 49.43 9.886 1.29ns 0.2689 

N×T 5 5.56 1.112 0.15ns 0.9811 

Error 154 1175.62 7.633896   
Total 179 1478.06    
C.V. 15.04 % 
ns: 7�><���>�:�1?�:G���� 
**: <���>�:�1?�:G�����0>�:�@10G3�V�0�4: (p<0.01) 
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��N���������� 1 R21��1���R0�0_1rA������123��18������_�=��@20:V_B=�>�1 <�=���
��/8G��V/��<����/1?�:_1rA���� 

 

 

MS free/��R�	
R��/��R�	 2��S� 

3 �-J�1  

������ 

MS+ dicamba 2.5 mg/l 

EC/SE 

3 �-J�1  

SSE 

2 �-J�1  

3 �-J�1  

������� 

MS+ dicamba 1 mg/l 

MS+ sorbitol 0.2 M 

 �	�B��������H	H	����$N��"X�		� 

 

 

 
�@V/��G�43��G��R�:<��-@��b1�� 7�>_�V/��
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��N���I�� 

2 �-J�1 

7 

7  

16 
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