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xyzPQ�� 1.5cm �=;w{#|�}~�����%�� (20×15×5cm)#�_�~ 50 ppm

tetracyclin� M-solution(mannitol 10,000ppm � benzimidazole 30ppm �V��)#��������~

q/V�0#4��=;w{�e�BY4��L�G����K��(S. fuliginea race 1)����
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test)IJÂÃÄÀ�(goodness of
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� 1. �������	
��
�Sphaerotheca fuliginea� race 1������

Table 1. Evaluation of the resistance of the cultivars of melon (Cucumis melo) in Taiwan to race 1 of Sphaerotheca

fuliginea z

Cultivar Average of disease index
y

Disease reaction
x

Tsuimi 7.90 S

Hsianghua 8.82 S

Hsiumi 7.97 S

Lanpaoshih 8.01 S

Chiumi 8.19 S

Hungpaoshih 6.14 S

Chinhou 7.68 S

Chinmi 8.83 S

Autumn Waltz No.2 0.00 R

Chengfang 0.00 R

Mihua 0.75 R

Honey World 8.54 S

Golden Prize 8.51 S

Golden Lady 8.12 S

New Century 8.03 S

Golden Light 8.30 S

Silver Light 7.56 S

Chiayu 8.64 S

Chiahui 7.18 S

z
The leaf discs were inoculated with conidia (300 spores/cm

2
) of the pathogen race 1 of S. fuliginea, and then were incubated

at 24℃/18℃(day/night ) with 12 hours photoperiod for 10 days.
y
Disease index was evaluated on a scale from 0 to 9 depend on the leaf disc from health to severe.

x
R＝Resistant, disease index＜1； S＝Susceptible, disease index＞3.

� 2. ��������������
��
�Sphaerotheca fuliginea� race 1���� !"

Table 2. Evaluation of the resistance of the melon inbred lines to race 1 of Sphaerotheca fuliginea

Inbred line Disease reaction
z

Inbred line Disease reaction Inbred line Disease reaction

02053 R 02078 R 02095 R

02057 S 02079 R 02096 S

02062 S 02080 R 02097 S

02066 S 02081 R 02098 S

02067 R 02082 R 02101 R

02068 R 02083 R 02102 S

02069 R 02084 S 02103 S

02070 R 02086 S 02104 R

02071 S 02089 R 02105 R

02072 R 02091 R 02106 R

02073 S 02092 S 02107 R

02077 S 02093 S 02108 R

z
R＝Resistant, disease index＜1； S＝Susceptible, disease index＞3.
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��� 02080����(S. fuliginea) race 1�	
��
��

�����������(S. fuliginea race 1)���� 10����������� ! 3"#$

%���&'( 02080�� 20)�*!+,-��./�&'( 02077�� 20)�*!+,-/�.

F1(02080×02077)�� 20 )�,-���F2(02080×02077)�012�� 114 )���)3�/�)

3456- 83731.F1���&'( 02080�8'�012 BCR(F1×02080)�� 105)�9-��.

F1�/�&'( 02077�8'�012 BCS(F1×02077)�� 104)���)3�/�)356- 537

51�:;<2=>"#?@�F2��)3�/�)3�56AB 371�F1�/�&'(�8'�01

2 BCS���)3�/�)356AB 171� CDEF��&'( 02080G���(S. fuliginea) race

1��HI JG?HKLMNOP

� 3. ����� 02080������ 02077��	
���
������Sphaerotheca fuliginea race 1���

�����

Table 3. Segregation of resistance of the progenies between cross and back cross of the resistant melon inbred line

02080 and the susceptible inbred line 02077 to race 1 of Sphaerotheca fuliginea

Number of plants
Pedigree Generation

Rz Sz Total
Expected ratio �2 P

02080 P1 20 0 20 - - -

02077 P2 0 20 20 - - -

02080×02077 F1 20 0 20 - - -

02080×02077 F2 83 31 114 3�1 0.292 0.589

(02080×02077)×02080 BCR 105 0 105 - - -

(02080×02077)×02077 BCS 53 51 104 1�1 0.038 0.845
z R＝Resistant, disease index＜1； S＝Susceptible, disease index＞3.

� �

���-��QR�ST�U�VW��XYZ[\]^_`QRabcdef���gh�i

jG��QRklmn4opPqrstuvwxuyz{����|#}~��I��-����

��������������������yH��(� & � 1995. Khadar & Abdou 1972.

Sitterly 1978； Zitter et al. 1996)�LC�l����-���t������ ¡¢£P

&¤���� S. fuliginea race 1�� PMR45�l(Jagger & Scott 1937)����� S. fuliginea

race 2�� PMR5�l(van Haltern et al. 1943)��¥¦���§¨©ª¤���«¬
���­®�

�¯-����°xP:; Pitrat ±�(1998)�
�²³´µ�¥¦���«c�&¶·P¸¹��

��º»`¼�l½µ�QR�����(S. fuliginea)�*¾�¿À�WÁÂÃ`Äµ+(Cohen et al.

1996. Hosoya et al. 1999. Kaur & Jhooty 1986.Pitrat et al. 1998.Reifschneider et al. 1985. van Haltern

et al. 1943)�ÅÆ race 0Ç1ÇU.S.-2、France-2、3、4、5�M�ÈÉ�����¯Ê�ËÌÍÎÏ�

¿À��ÐÑ��PÒ±(2002)ÓGÔ¬u�M��ÕMÖ×��)ÈÉØÙÚ>�Û>Ü�+ S.

fuliginea race 1��IÔÝ`ÞWßà`á^ßàâãIäå*¾�¿À�æW�çèWé×����

ÈJêwxëìíîï=>P

���ðñ�ÔÝ`ÞstQR� 19 òQR��-­®��ëìíîïÈÉ�/�H=F�:
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;=>"#?@�abMåe=QR���ÅÆ÷øùú�Çûüùú�Çýþ��ÿá��±�G

S. fuliginea race 1,-/�H�*¬Ü÷øùú��ó��Ç����ó± 3���å��H�LC

ÔÝ`Þ�������å¥¦	$���§
�4�
P*�ÈÉ�M�l� 36ò&'((S8�S12)

G��� S. fuliginea race 1�/H=>�*"#?@�*¬å 21ò&'(�å��H�DÈJê�

���&'(���H����*��i�#�ÌH��ÈÉ�B�=>����}��&'(��

��B���&'(���'��Y�l����(S. fuliginea) race 1��'��(P

å ��H��	ØÙá!�"å¥¦
��§ÈÉ����(()G��� S. fuliginea race 1#

race 2�� Erysiphe cichoracearum race 1���H�	ØÙ(Bohn & Whitaker 1964； Epinet 1993.

Floris & Alvaeez 1995.Harwood & Markarian 1968a；Harwood & Markarian 1968b； Kenigsbuch & Cohen

1992. McCreight et al. 1987. Pitrat et al. 1998)� $%ò�������HØÍ!+$ßà�¿À

���LC*��KL¨ß&�à�'B
�"#�n¦3����(()G���(J�¿À���

�HI (J?HKLMNOP-)*��M����&'(��	É-�+ÈJê���&'(

02080�/�&'( 02077-­®ÈÉ�	ØÙ�:;�'�8'�012G S. fuliginea race 1��

/�HØ,5�?@��&'( 02080���H- JG?HKLMNO��t�
�²³¬M.�

G S. fuliginea race 1�å�H4���*��KL¨n¦-(J?HKLMNO�"#�AB(Epinet

et al. 1993. Floris & Alvaeez 1995. Kenigsbuch & Cohen 1992. McCreight et al. 1987. Pitrat et al.

1998)�/C��&'( 02080G$*¾�¿À���/�H0-�çèÈJêF>12$�"#P

� �

�
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���M>?K@AÇ¥óBÀC.=� DE�JFGHP

����

uôIJ�²P2003PÉ45uô6§dK¶PÔLP424 pp.
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51:49-56P

�TUÇ�V©P1995P�W���Pp.135-146P�W¯XY�Z[
\d]^P¬ó_XY�`d

K¶PabP
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 ! "#����
$%&'(�)*+,-. 53:9-17�

/-.0!12�3456�
�'(2&�37�
�$%�89:;�<=>

�
��;�? DNA@A�BC��!D�-.)�
��EF�
���$%&'

(GHIJK�<LMNOP DNAQRS/�DNATU2&VWXYZ[\]^_<

2 WizardTM Genomic DNA Purification Kit QR^_N`�aMN��b:VWXYZ

[\](Nested Polymerase Chain Reaction)2&cdVWXYZ[\]<ef�
��'

(&$%�gh<a2ijkl��
�;m�n�o6p (Biosmart Allin 1.0 GMO

Screening System)8qr<Ls��tuvVWXYZ[\]wx<^_lyz�{�


��$%&'(K�)| CAMV 35S �� }~� 150bp DNA �� ���<s

CAMV 35S �� ��<�WS� 35S 1/35S 2 � 2& 35S-F/ 35S-R� <�l!

1�2�{�
��K�) CAMV 35S �� }~� 195bp DNA ��E 207bp �

DNA���

�����������	
�

� �

������������������ !"#$%&'(��)*+&,-"������

��./01�/�2�34�56789:;<=*5>?@
����A� (Transgenic plant)B

C
D��)E�� (Genetically modified cropsFGM crops)(G 2000)�HI��)E�� “Flavr

Savr
TM

tomatoJ&K 1994LMNKOP8QP+R&STUVW(2003L)XY,Z[ 78\��)E

��
]X^_`+R&abc ISAAA(International Service for the Acquisition of Agri-biotech

Applications )ST&2002LXYdef�A
��)E��,ghijklmn(James 2002)�o�
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������0123456789:
��
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��?1@AB%�CDEFG

�)*HI/CJ
��KLMN%
OPQ�0��?(:
)1RSTUVWX��%:
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�)*YZ[\]^_�1`:
abCJcd?ef�?%
OHI:
gh%ijk�lmnf

op1qr%sOjtucv�0Lw(Losey et al.1999)6

.?xUVWyzT{|!"}~�%��1?x���y�T!"�
�%��|/a�z?

��L?x������C:
��T!"�X/�`��1:
��
�%.s��0����4

5�<����%� ¡¢£¤;¥¦§1:
��¨�L©ª«¬­®e¯°d±%�~²Ta�

³:
��?xL´µ%¶d3·)¸¹
�:
��
�.�0º»�a¼½�L¾¿6

�����

�������

À��Á�Â���^sÃLÄÅ�ÆÇ���%ÈÉ¿Ê�:
�HLÄÅ�ÆÇL?ªV

�%7Ë 5Ì�ÍÎoÏ:
ÄÅ(Ë Roundup Ready soybean)?ª� 7Ì�ÍÐ:
ÆÇ(Ë BT-176)

?ªX¶ÑÈÒÓÔÕÖzLÆÇTÄÅ�??ªV�%��+Ó×ÀØÙ1ÄÅ?ªV�%Ú 5Ó

/ÛV�6ÜÝ�ÞßÚ 17Óàá"?ªV�(â 1)6

� 1. ��������	
��
������

Table1. Samples of maize and soybean seeds prepared for transgenic crops detection

Sample no. Crop Import/ Local origin Source Remark

1 Soybean Local origin #1 Supermarket Non-GMO labeling

2 Soybean Local origin #2 Supermarket Non-GMO labeling

3 Soybean Local origin #3 Supermarket �

4 Soybean Import #1 CGPRDIz GMOz

5 Soybean Import #2 CGPRDI GMO

6 Maize Import #3 CGPRDI GMO

7 Maize Import #4 CGPRDI GMO

8 Maize Import #5 CGPRDI GMO

9 Maize Tainung no.2 TARIz inbreed Non-GMO

10 Maize Tainung no.3 TARI inbreed Non-GMO

11 Maize Import #6 CGPRDI GMO

12 Maize Import #7 CGPRDI GMO

13 Maize Import #8 CGPRDI GMO

14 Maize Import #9 CGPRDI GMO

15 Soybean Import #10 CGPRDI GMO

16 Soybean Import #11 CGPRDI GMO

17 Soybean Import #12 CGPRDI GMO
Z abbreviation, GMO:genetically modified oganism；CGPRDI:China Grain Products Research and Development Institute；

TARI:Taiwan Agricultural Research Institute.
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��������	
�

��������� (Polymerase Chain Reaction, PCR)������������ (Nested

Polymerase Chain Reaction, Nested PCR)���� 
�������!"�#$%
 CAMV 35S &

'!( DNA)*(Meyer 1999+Lipp et al. 1999),Nested PCR��#-.�/012
����3�

PCR 
4567�89:(Kuiper 1999)+; PCR�<=>? CAMV 35S &'!(@A(Wolf et al.

2000)-�BCD
E!FG��-.HIJK�LM,

DNA�������NO	

PQRST�!UV-.��W 50~80mg
"�-X4 Wizard
TM

Genomic DNA Purification System(Promega, Madison, WI)YWizard
®
Magnetic DNA Purification

System(Promega)-�� Premier Excell Pure
TM

Plant/Fungi Genomic DNA Kit Z-[�\]( DNA(

^W567-FG DNA ^W,^W_
 DNA `� Spectrophotometer � OD260
a^W�bc-d

e.��fgJbc8 80ng/hl-ij�8 PCR��(kl-�FG PCR�<.HIJLM,

�	
��35S l/35S 2�� 35S-F/35S-Rm7E!-n>? Wolf Zo( 2000)	
 CAMV 35S&

'!$pq
CDE!,35S l@A8 5’GCT CCT ACA AAT GCC ATC A3’+35S 2@A8 5’GAT AGT

GGG ATT GTG GGT CA5’,r 35S-FE!J@A8 5’ CCT ACA AAT GCC ATC ATT GCG A3’+35S-R

@A8 5’GGG TCT TGC GAA GGA TAG TG 5’,

CAMV 35S �
	� PCR���PCR��stu8 25hl-v% 1 unit Taq polymerase (Roche-

Fast Start)Y1wPCR buffer (10 mM KCl+50 mM Tris-HCl-pH 8.3+5 mM (NH4)2SO4 )Y1.5 mM MgCl2Y

200 hM dNTPY0.5 hM primer � 100 ng template DNA,PCR ��xy8 Perkin Elmer Cetus

Thermal Cycler 9600-��zc{|} CAMV 35S &'!�B(E!@A
 Tm~��pa���

(�)35S 1/ 35S 2E! �95� 5 ����+95� 20�- 57� 40�-72� 1 ��-FG 40 �+

�� 72� 3 ��+���Be��� 4�,�(m)35S-F/ 35S-RE!�94� 10 ����+95� 25

�- 62� 30�-72� 45�-FG 50 �+�� 72� 7 ��+���Be��� 4�,�

CAMV 35S �
	� Nested PCR ���Nested PCRn4��F��(C��-����%��

����-��X4��(E!7FG������4+ e-���� PCR 3��8k¡-pq

��v¢(£E!7-`FG�m� PCR��,¤��¥t¦§�I¨(kl DNAFG�m� PCR

��-2©ª3«I¬­a(]®¯3�,

Nested PCR�<n�����3�	
4
567(Biosmart Allin 1.0 GMO Screening System)

FG
-J#�����stu8 50hl-v% 1 unit Taq polymerase (Roch- Fast StartYPromega

Taq-buffer B)Y 40hl Allin Mix 1 (v% 35S &'! °	
E!Y dNTPR PCR buffer) -�±² 400

ng template DNA+�m���n���� PCR3�-W 1hl ³���kl-`±² 49hl Allin Mix

2`FGm���- ��´�µ#­�¶· internal control(Zein ��)-24�¸
 PCR��-¹º

»�¼½3�«B
�!,����zc{|��pa���(�) Nested PCR������95� 3 �

���+95� 30�- 55� 40�-FG 40 �+�� 72� 3 ��+���Be��� 4�,�(m)

Nested PCR �m����95� 1 ����+95� 45 �- 50� 40 �-72� 30 �-FG 45 �+

�� 72� 3 ��+���Be��� 4�,�

DNA ���¾\]��������;��
 DNA - W 12hl ±² 6 ¿(ÀÁÂÃµ (6

wloading buffer�0.25% bromophenol blue � xylene cyanol-40% w/v sucrose)-�% 2.0% agarose

R 1.25 %Neu-Sev 3�1 agarose
Ät-� 0.5X TBE buffer#FGÀÁ-ÀÁÅÆ8 Cosmo, Mupid-2-

ÀÇ 100 È­-ÀÁÉÊË 25Ì30 ��-LÍeÎ� 0.5 mg/ml ( ethidium bromide #ÏÐ 20-30
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��
������������� DNA �������� !"#$%� IS 2000 Digital

Imaging System (Alpha Innotech Corporation)�&'()*+,-./0 CAMV 35S 123 0 DNA

���45

� �

DNA�������

678*+,-09:!;<=>?@AB 50~80mg () DNA 0CD��EFGH DNA CD

IJ(Promega / Wizard® Genomic DNA Purification KitKPromega /Wizard® Magnetic DNA Purification

System for FoodKPremier Excel Pure Plant/Fungi Genomic DNA Kit)0 DNALMNOP�QRGH

DNACDIJSTUVWCDX;<N9:H3AB0 DNA5CDX0 DNA
6 Spectrophotometer

4YZ OD260[\�]^Z DNAPQR_ 2µg ~4 µg5`abc�4 DNABdQR�GHCDIJ

TUeXBdfg0 DNA�h6 Wizard® Genomic DNA Purification Kit 0Bdig5jCDkl0

m.nop
q_ 1~4rn�h6 Wizard® Magnetic DNA Purification System for Food sl 1rn�

_itn(u 2)5CDvwp_ 25xy 100x0o�hZ�p6 Wizard® Genomic DNA Purification Kit

sl 25x0vwiz(u 2)5

� 2. DNA���������� DNA	
��


Table 2. Different DNA extraction kits and the comparisons of their quality

DNA Extraction Kit Quality
Time

(Hours)

Cost

(NT dollars/sample)

Promega / Wizard® Genomic

DNA Purification Kit Good 2 25

Promega /Wizard® Magnetic

DNA Purification System (food) Fine 1 150

Premier ExcelPure

Plant/Fungi Genomic DNA Kit Fine 4 60

CAMV 35S �	
� PCR�


{ CAMV 35S 123*+| 5’N 3’}~0����V 35S 1/35S 2 �3S(35S 1��_ 5’GCT

CCT ACA AAT GCC ATC A3’K35S 2��_ 5’GAT AGT GGG ATT GTG GGT CA5’)K6! 35S-F/

35S-R�3S (35S-F�3Z��_ 5’ CCT ACA AAT GCC ATC ATT GCG A3’K35S-R��_ 5’ GGG

TCT TGC GAA GGA TAG TG 5’)5�V0 35S 1/35S 2 �36! 35S-F/ 35S-R�3� PCR��QR�

U
q4X*+,-9:!;<AB� CAMV 35S 123*+0 195bp DNA ��(� 1)6! 207bp

0 DNA��(� 2)�Z� PAB_ positive control�6 Biosmart Allin 1.0 GMO Screening System k

�0��S(8 80ng DNA /µlK0.5% each, Round up Ready® soybean and BT-176 maize)K�� 1,2_�

*+,-9:��� 3,4,14,15,16 �*+,-9:ABK�� 9,10 p_�*+,-;<���

6,7,8,11,12,13p�*+,-;<AB5� 35S 1/35S 2 �30 PCRbc��QR���k�*+,-

9:!;<H3ABk�X0 DNA(��AB���3,4,14,15,16,6,7,8,11,12,13)TU
q�� 195bp

DNA��(� 1)K� 35S-F/ 35S-R�30 PCRbc��QR�k�*+,-ABp�� 207bp0 DNA

��(� 2)K`����*+,-0AB(1,2, 9,10)pT����@��5
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� 1. � CAMV 35S�������	 (35S 1/35S 2) 
���
����������������

Fig. 1. Surveyed GMO samples by using PCR with CAMV 35S promoter specific sequence as primers

(35S 1/35S 2).

Sample no. 1, 2 are non-GM soybean�Sample no. 3, 4, 14, 15, 16 are GM soybean� Sample no. 9, 10 are non-GM

maize�Sample no.6, 7, 8, 11, 12, 13 are GM maize. Lanes M: size marker (100 ladder of promega). P: Positive control .

� 2. � CAMV 35S�������	 (35S-F / 35S-R) 
���
����������������

Fig. 2. Surveyed GMO samples by using PCR with CAMV 35S promoter specific sequence as primers (35S-F/35S-R).

Sample no. 1,2 are non-GM soybean�Sample no. 3, 4, 14, 15, 16 are GM soybean� Sample no. 9, 10 are non-GM

maize�Sample no.6, 7, 8, 11, 12, 13 are GM maize. Lanes M: size marker (100 ladder of promega). P: Positive control.

Nest-PCR ��������	
��


�����
����	
���� (Biosmart Allin 1.0 GMO Screening System)�����

Nest-PCR ��� ����!"#$%
&'()*+,-./
01 DNA 234 400ng(PCR .
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/>?@ 50µl)�A 200ng(PCR./>?@ 25µl)�BCDEF'
&'GH�I-JKL
E���

�$%#!"M�5
 CAMV 35S NOP��QRK 150bp DNA ST(U 3)(

Nest PCR��GHV����M�
WX�Y Biosmart Allin 1.0 GMO Screening System Z[�


\]#GH^_`�WXa�b5ZDE
cd\e��f4 278bp ( Zein 
���ghi4

Maize )�217bp ( Zein
��� DNAhi4 Internal Control)�150bp ( CAMV35 NOP�� ) �118bp

( Lectin
�� )(Nest PCRUj5kl 1,2, 4m����!"�kl 10n4m����$%M��

Bop 150bp
 DNA STqgrkl 3,4,54����!"M��6,7,8,124����$%M��s

150bptuvCEwxy
\e(

� 3. � Biosmart Allin 1.0�������	
��
����� CAMV 35S�������

Fig. 3. Surveying maize and soybean GMO sample by Biosmart Allin 1.0 GMO Screen system for CAMV 35S promoter with

nested PCR. Sample no. 1, 2 are non-GM soybean �Samples no. 3, 4, 5 are GM soybean�Sample no. 10 is non-GM

maize�Samples no. 6, 7, 8, 12 are GM Maize� Lanes P: positive control� M: size marker (100 ladder of promega).

� �

������KL
�z{�|�V��}~���
9:��q��
	
����4���

���}�
����������L
����g����#g�����������
���

��� L
(�����&f����{�K������4�!��;w��� 4��
L


��¡¢£�¤¥¦§./(Polymerase Chain Reaction, PCR)�̈ ©ª« PCR(Gachet 1999)¬Nested PCR

(Meyer 1999)V Real-Time PCR­q;®��¯°±��4��
��(Rogan et al. 1999)¡¢¤¥¦

G²³´µ��� (Enzyme-linked immunosorbent assay, ELISA)�A¶�·¸��� (Western blot
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analysis)����������������
������	
� !"#$%&'() (Schreiber

1999)�*+ CAMV 35S ,-./0
1.2345 PCR 
6789:;� ��<=
 PCR >?

(Multiplex PCR)�@AB�����CD�EF
,-.(promoter)GHI.(terminator)G67��

(selection gene)!JK�L
�M��(target gene)��/0NO
1.�!23 Nested PCR@P=�

�����
QR�ST�PCRUVW��X*Y+&'=ZG&'[\]^_`Gabcd�>.

���23e:
QR�!fgP=h#��% PCR>?ij Nested PCR@ ��% PCR>?�X

kl��e:m��!Jno% GMO<=pq�

�rsktq PCRGNested PCRu Real-Time PCR�	
������
vQw!JYLw�x

uy� DNA 
�z{{|}�~% DNA �z(<=��
���g�l����
��(�.�

�����%�.������J���������z�DNA�����������~ DNA�

zk#� ¡�¢l��45£�¤¥� DNA ¦§��¨����
 DNA © PCR Iª*«¬=


YLw�­ PCRW�®¯*°±��²³ DNA¦§´µu��
¶��;! Wizard®Genomic DNA

¦§�·¨�L¸¹�*²«º»¦§(�¼´)J�¦§�l(25½/y�)�¾¿�! 50~80mg
À�

y��Á*�� 2µg!f
 DNA�Â#Ã PCR@ Nested PCRUVÄÅ�Æ*ÇÈ23 20�!f


PCRUV���

g� Nest PCR>?_`D��!°± CAMV35 ,-.��% 150bpÉÊ!JËÌ�.ÍÎÏÐ

% Lectin��
 118bp ÉÊ�ÑÒµ>.Ó¼|Ô­Õ(¼� 150bp
ÉÊ�!#Ã DNAÖ×�%

2% Agrose ØÙÚQ°±JÛÜ�¢l��£�¤Ý�Þ Agarose ßà�!áâãä
 Agarose J

Neu-Sev3:1
ßà�Ö×IªÆ*!Xy�Då����ÓËuæç(y�èé 1,2u 10)�!J��

��ÓËuæç(èé 3,4,5u 6,7,8,12)�+ 150bp
êë�ìíÛÜîkï(����W��

Wolf���ðñ(2000)òbó����W�D CAMV 35S,-.
ô
�/0õÇî#pö PCR

UV
NO1.��D÷� 35S 1/S 2G35S-F/35S-R�l��øù¶�Zöú�1.�!23æçÓ

Ë����y�
	
����Iªûu Wolf��Iª|ü�>ý*Wþ�!ô
 CAMV 35S,-

.
 195bpu 207bp
ÉÊ�Wolf��Iª�ò�ÿ�� 35S 1/S 21.
 PCRW�� CAMV 35S

,-.
NO
 195bpT��Wþ� åN#wÄ��r� 35S-F/35S-R�Wþ�#
 207bpÉÊ8

�l�� PCRUV
�ú]^£� Fast start polymerase �Iªrsk 35S 1/S 2@ 35S-F/35S-R1.

¨�Õ�Wþ�#Ä��«ê¸¹
N#wJ°±w8� 35S 1/S 21.% PCRIªÐ non-GM%Ó

Ë(y� 2)��LrQ=% 35S ,-. 
 195bpÄ�8�Ð 35S-F/35S-R1.ó non-GMy�ô
;

ëSL	�
T�bó 35S,-.% Nested PCR>?�g�UV�[�% internal control(Zein-217bp


 DNA)�¢�
y�
 PCRW�Õê Zein- 217bpÄ�T8Î�êy�D
 Nested PCRW��ÕW

þ% Lectin��
 118bpÉÊ�óæçy�����2#5QRkï(ð(
������ó��b

ó 35S,-.%ô
r����°±�¢X����(���p@��23 GMOô
´���a��

����R*
 PCR	
<=��*>�¥���(Kuiper 1999)�#(	
(Detection ) i	


y�[kï������>
������#Ã! PCR()�	
ó	(kï«ê CAMV35 ,-.

@!� selector marker (	
��8����(<=(Identification ) <=!!����“��”(ó

	�"#����
y�kï(���R*
“��”�S$Ê%! PCR >?()�&'/0P(1

.!	
S����
y�[
 structure gene()�õuó*��ãó(S��
>?��l+,[

-��./�&Æö(X23
0�)8"¥��(=�(Quantification) (	
y���[����

�>
���#Ã!�� Real-Time PCR�1ú!f��ó������<=%���l��Ð��
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Developing the Techniques for Transgenic Crops

Detection -Detection of Genetically Modified Soybeans

and Maize by 35S Promoter Molecular Marker
1

Jau-Yeuh Wang 2,4, Ming-Jen Fan2 and Chien-Yih Lin3

Summary

Wang, J. Y., M. J. Fan, and C. Y. Lin. 2004. Developing the techniques for transgenic crops detection- detection

of genetically modified soybeans and maize by 35S promoter molecular marker. J. Agric. Res. China 53:9-17.

Biotechnology has enabled the modification of crops in a very precise way thereby improving

productivity and yield. Till 2003 about 78 transgenic crops were through safety evaluated and already

approved. Since that, the problem for discriminating between transgenic crops and non- transgenic crops in

the market was posed. In this study, we used herbicide resistance transgenic soybean and Bacilnus

tumufacisos (Bt) corn as model plants for setup the DNA level detection of transgenic crops. Three

commercial DNA extraction kits were evaluated for DNA quality and PCR efficiency. The results showed

that the Wizard® Genomic DNA Purification Kit can be manipulated easily to obtain DNA with good

quality. The results of transgenic crops detection revealed that Nested PCR �Nest Polymerase Chain

Reaction� analysis based on Biosmart Allin 1.0 GMO Screening System allowed the detection of

transgenic soybean and transgenic corn by CaMV 35S promoter specific gene fragment of 150bp.

Furthermore, the synthesized primers of 35S 1/35S 2 and 35S-F/35S-R also showed very efficient in

detected the CaMV 35S promoter and produced the fragments of 195bp and 207bp respectively.

Key words: Transgenic crops, Detection.
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�/01234�5678�9�:;<=>�	
��
���?�/@! 66A�

@! 57A�BCDE	
��
�FG(H)6��/I@! 68ABCDE	
��


���G(J)/BCKLM 14NOG(H)6��/PQR('BCKLM�ST5U�

�VWXYZI[\(' Satsumahikari ]^���('_	
��
���`abc

5dG(J)�e�*+��fg6h�i	
jk6lWGm[�6no/e�pf	


qrgsY][\(' Satsumahikari/_t]@! 68AZI@! 66Ai@! 57A

e�pf*+��fguvY�wa(',-xyz{/
,lW|P}~]�
,�

[\(' Satsumahikari/
,�@! 68 A/�
,�@! 57 A/R
,('`��

,-��������?�T1�����v�6��O���������/�R`

1����o���Gy|P����/� �¡,,-�@! 66A�%ab¢£P

Q��('¤e��¥�K	
fg6¦�i	
§�¨*+��fg�©ªY^0

«¬9�%­pf�	
)*+��fg®¯°�/I±�9�²	
��
���Y

^�z{³´¤eµl�	
6¶·gZI	
��
���6Y^¸�³´¹�,

-���('���º»����¼(�(,)½¾¿À��Á�6('/IÂÃ��

�6��Ä�U_Å���

����
��
�������
���������

� �


�������� !"#$%&�'�()�*+,-./0()�1*+2*�3�45

67�89(:; 1992<Takahata et al. 1994<=>? 1981)�@	
�*+�,-AB!CD*+�

EF�GD&HIJKLM�
�*+NOPQ�D*RSTUVW*XYZ[\]�^E_`ab

1. ����������	
��
��� 2181�������92 � 12� 4��

2. ��������� !�
��"#$ ��%�

3. ����������
��"#$ ��%�

4. &'()*+,-.�Hsinchen@dns.caes.gov.tw/012�(05)2774009�

������ (J. Agric. Res. China) 53:18~26 (2004)
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��������
 !"#$%&'
�()*+,-
.

/0 Satsumahikari �&�1��23(Yamakawa et al. 19944567 1981489: 1996)4&;��

<=>?@A�B�CD�EFGHIJKLCMN�1?23�OP�&�1 !
?Q(RS

T���UKVWX���23�Y*OWZ�[-\��]^P_`a?2bc�12bdefg

h
]i��jk=2>?Wlmgh(no 19944po 19894Picha 1985)[)qrstuvwx�

y��23W��cz{|�db}o_~�1�|d���
 +��CD	
c�����
�

�2b$������ ;����������
�2��������2b��W��i�jk

/3./��[

�����

��������	
�

)�����E� 57�cE� 66�cE� 68�23d� 23 Satsumahikari(¡¢£)&��¤

!�¥¦��§¨©ª«¬­®¯§¨��®°± 6²³�´µ¶ 1·0.25²³�¸´®¹_�[º

��23»¼`©½¾(c©½¿ÀÁ 7Âd©½¿ÀÁ 14Âi´Ã�»ÄÅÆ�ÀÁÇU& 15È[

�
����

�������ÉÊËÌÍÎ�ÏÐ` 100ÈÑÒÓÑÔÕÖ»�� 7~8×ØÙ��Ú¤!?k

�Û�«qÛ��Ü�� 100 meshÝÞßÝ[àá�2 0.1g�â 80×ãà 10mlä»å9æ` 80È

Öç 30»è�� 3000r.p.m.éê 15»è�Ãëìíî?�ï�ðñi´����»Ä[

���	
��
�ëìí��Õ 100ml�Ã 1ml��Õ 5 ml�`òÖçÓ� 10ml Anthrone�

íä»óô�õæ 20»èÐ` 100ÈÖçÓ�ö 10»è�÷ø¿�£ùúû¨ü± 630nm��[

��
��
�ï�ðñ� 50ÈÑÔ��â 3ml ýþÖå9ÿ��� 100ÈÖç�ö 30 »è�

÷ø¿�â 2 ml 9.2NWß��õæ 15»è���Õ 10 ml�l 3000 r.p.m.éê 15»è�Ãëìí�

�Õ 100ml[Ã 0.5ml��Õ 5ml�`÷ÖçÓ�â 10ml Anthrone�íä»óô�õæ 20»èÐ`

100ÈÖçÓ�ö 10»è�÷ø¿�£ùúû¨��[

������������(Kumagai & Umemura 1989)

Ã<��í��ëìí 0.05ml�»¼�â (A) 0.5ml 2%z{|�� (B) 0.5ml �ÖW��	Ó�

æ` 37ÈÖç
 10»è��â� ���?�� Resuter(
¥����1�µ��� ())��¬

��AcB��	i´û�(Resuter û�))ú%�û��T���������(�-amylase)�|�T[

������ ���

��ÉÊ� � 100Èý!ý" 20 »è¿÷ø�>?#$b}»Ä% (stevens-lfra texture

analyzer, made in Germany)&���23Wb}'$�|�§�h& Speed(0.5mm/sec4Model(

normal4Probe(diameter 6mm4)*�(stevens l 250E made in Germany)§�h& speed(2.0mm/sec[

� �

!"#$��%&��'()*�

¸+��,�23Ó�<�-.
W����/©½¾(�E� 57�W 64.4%0k�E� 68�

1 Satsumahikari �232�P�3��h»¼& 61.0×d 61.2×��E� 66 �0X& 58.7%4©½

¿ÀÁ 7 Â45&E� 68 �W 61.7%cE� 57 �W 61.3%d Satsumahikari W 60.5%dE� 66 �
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53.4%�¸23W¦9,:�3�P4©½¿ÀÁ 14 Â�E� 57 � 69.1%0kc�;45&

Satsumahikari W 63.0%cE� 66 �W 61.9%���E� 68 � 57.9%%X[ú%¹+ÀÁ��23¦

<�����
�3º<kX�2��
=�>?(Í 1)[lßÑ@#$¿�AB Satsumahikari C�

�D 3+23W����:E�
F��23¦�3
>?/¹+ÀÁ�¦GHIJ�K�L�©½

¾(�MÑ@NÀÁ 7 Âc14 Â¿Ñ@�@�Ó����ÿ� Satsumahikari 0k�¹+ÀÁ�»¼

& 61.1%c59.1%c62.4%4�;�E� 68��¹+ÀÁ�»¼& 33.8%c35.9%c32.8%4E� 57�

¹+ÀÁ�O»¼& 32.9%c28.3%c26.9%�E� 66�@�����0X�¹+ÀÁ�»¼& 27.1%c

21.3%c20.8%(Í 1)[

� 1. ��������	
��
�����������

Table 1. The starch content (% dry wt) between raw and baked roots of sweet potato cultivars on three storage

durationsz

Starch content of raw root after storage for

different days (% dry wt)

Starch content after baking and storage

for different days (% dry wt)Cultivar

0 7 14 0 7 14

Tainung 57 64.4 ay 61.34 b 69.13 a 32.9 b 28.3 c 26.9 c

Tainung 66 58.7 c 53.38 d 61.88 c 27.1 c 21.3 d 20.8 d

Tainung 68 61.0 b 61.69 a 57.94 d 33.8 b 35.9 b 32.8 b

Satsumahikari 61.2 b 60.54 c 63.00 b 61.1 a 59.1 a 62.4 a
z
Storage temperature was 15℃.

y Means followed by the same letter within each column are not significantly different at 5％ level by DMRT.

��������	
��
����

<�z{|���/©½¾(�E� 57 �cE� 66�0k�»¼� 16.9%9 16.7%4�;�E

� 68 �W 14.7%�� Satsumahikari & 14.2%4©½¿ÀÁ 7 Â�E� 66 � 19.1%0k�E� 68 �

W 16.3%cE� 57 �W 15.1%;W��� Satsumahikari W 14.8%0X4©½¿ÀÁ 14 Â�E� 68

�W 23.1%0kc�;&E� 66�W 17.2%��E� 57�1 Satsumahikariÿ& 14.4%��232�

P�34ú%¹+ÀÁ��<�z{|���A Satsumahikari P�0XC��D¹+23¦Q<k

X�R<��
=�>?[lßÑ@#$¿AB Satsumahikari C��D¹23Wz{|���:E

��S[23¦�3
>?/¹+ÀÁ�¦T&IJ��L�©½¾(MÑ@NÀÁ 7 Âc14 Â¿

Ñ@�@�Óz{���ÿ� Satsumahikari 0X�¹+ÀÁ�»¼& 19.7%c15.3%c16.2%4��

E� 66�W��0k�¹+ÀÁ�»¼& 48.6%c56.3%c56.5%4�;&E� 57��¹+ÀÁ�»

¼& 47.7%c47.5%c51.3%��E� 68�%X�¹+ÀÁ�»¼& 45.4%c47.5%c47.5% (Í 2)[

� 2. ��������	
��
�������������

Table 2. The soluble sugar content (% dry wt) between raw and baked roots of sweet potato cultivars on three storage

durationsz

Soluble sugar content of raw root after storage for
different days (% dry wt)

Soluble sugar content after baking and storage
for different days (% dry wt)Cultivar

0 7 14 0 7 14

Tainung 57 16.9 ay 15.13 c 14.41 c 47.7 b 47.5 b 51.3 b

Tainung 66 16.7 a 19.11 a 17.21 b 48.6 a 56.3 a 56.5 a

Tainung 68 14.7 c 16.30 b 23.06 a 45.4 c 47.5 b 47.5 c

Satsumahikari 14.2 d 14.80 d 14.41 c 19.7 d 15.3 c 16.2 d
z
Storage temperature was 15℃.

y
Means followed by the same letter within each column are not significantly different at 5％ level by DMRT.
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�����������	
����������������� !" 66#$!" 57#$

!" 68#% A& B'�(�))*+�(, 1) -��������./0�(1)2�� 34��

Satsumahikari����56)*(, 1)78��������29:;��<* !" 57#=!" 66

#��>?@AB$?@CDE 7F=?@CDE 14F%��������./0�(1)2�� <

!" 68#�?@AB=?@CDE 7F%��������./G(H) >?@CDE 14F���

�����I�(1)��(. 3)734�� Satsumahikari %����������JK5LM?@A

B$?@CDE 7F=?@CDE 14F0G(H)2./ ��%��������N:7

� 1. ��������	
��
����������������(��� !"#$% 66&'$% 57&'$

% 68&'()�� Satsumahikari)*

Fig.1. The rapid test method for +-amylase activity in fresh root of sweet potato cultivars (from left to right: Tainung 66,

Tainung 57, Tainung 68, Satsumahikari (CK)).

� 3. ,-./01����������(+-amylase)	
��
�2345

Table 3. The+-amylase activity in raw roots of sweet potato cultivars on three storage durationsz

Storage days

0 7 14

Resuter

color index
x

Resuter

color index

Resuter

color index
Cultivar +-amylase

activity
y

A B
x

+-amylase

Activity
A B

x

+-amylase

activity
A B

x

Tainung 57 6 0.4 0.03 6 0.6 0.05 6 0.6 0.05

6 0.6 0.05 6 0.6 0.05 6 0.6 0.08

Tainung 66 6 0.4 0.05 6 0.6 0.08 6 0.6 0.05

6 0.4 0.05 6 0.6 0.08 6 0.6 0.08

Tainung 68 7 0.2 0.08 7 0.6 0.4 6 0.6 0.05

7 0.6 0.4 7 0.2 0.08 6 0.6 0.05

Satsumahikari 7 0.6 0.4 7 0.2 0.2 7 0.2 0.2

7 0.2 0.2 7 0.2 0.2 7 0.2 0.2
z
Storage temperature was 15℃.

y
＋: With β-amylase activity；－: Without β-amylase activity.

x
Resuter color index: A:The color index of ‘0.05 ml raw root juice + 0.5 ml 2% soluble starch + Resuter’. B:The color index

of ‘0.05 ml raw root juice + 0.5 ml H2O + Resuter’.
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� 2. ��������	
��
�������������

Fig.2. The probe pressure curve on different cultivars of sweet potato measured by the texture analyzer. A: The point of probe

attack the root; B: The point of probe attack the periderm tissue of root; C: The point of the root center; D: Viscosity; E:

The probe leaves from the root; F: Radius of root.

��������	
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��
������������������� !��"#$%&' 2 ()"

Satsumahikari*+� 68,-+� 57,��./012��34�
56789!:;<=>?"#

<=@ABCDEFG Satsumahikari*+� 68 ,*+� 57 ,��HI+� 66 ,��./012�

�34�
5JK:;<=>?HL�MN	O��P��QRSTUP$%VTWXYZ���

["#\]�^_`EFGa\�! Satsumahikari"\�!+� 68,"b\�!+� 57,"I+�

66,.YZcd6]���V
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� �

��
��������������������� !"�#$%��&'()*�+,

(- 1987)./0��1��2345
�67���89�:;�<�=>?@ABCDE�FG�

����H$IJK�L2.Balls et al.(1948) MN*OP�������QRST��UV��*

WIJK��@X��YZ�[���89�\]^F.Picha(1985)��_��)`a�I*=>?

;��Lb� cd�ef�(�JK�gh�DEFij;�Cb� cd�kl�^F�JK�

mno�pqgLJK��qI�=>?r������satfuv (Takahata et al. 1992�1994).

Walter et al.(1975)wxyP��z{|(}�_�~��hDE��j� 42%� 95%�H��L�W

�p� 70%���JK�������(dextrins).6���e 4���{|DEFi�j�� )`

a���$�m��4���{|�q��������t�{|��������&mn����

�������{|�Q� ¡���¢£�¤hDEj�45 Satsumahikari <��� 3 {|��

���¥Sm¦§�¨�������@fLtz©ª?«¬ 66 ­C«¬ 57 ­C«¬ 68 ­�®¯

 °±²�eT³���{|hDEFij´eXq�µ¶¦�����·l�¸�¹�{|�º&

mn����«¬ 66­��»o�������*¼½ 53.8%C60.1%C66.3%g�¾�«¬ 57­�

*¼? 48.9%C53.7%C61.0%�¨¿{|Àn��ÁÂÃÄ���·l�ÀnÅtg«¬ 68 ­��

·l�¸ef�ÆX 41.3%� 44.6%gÇÈ{| Satsumahikariq�hDEj�����·l�¸��

�����k& 0.1%C2.36%C0.9%�Q�mn$�.�X)`a���ÉÊ��q�µ¶¦X��

��� Satsumahikari ���ª?»f��� 3 �{|���&mn����ËÌX�����{|

����QÍ&Î��¢£g¤hDEj45 Satsumahikari <����{|�)`a���¥Sm

�Ï�¨{|����¢£�������´Ð ¡�ª?«¬ 66 ­»t�«¬ 57 ­�¾�«¬

68­»fgÐ¯ °±²DE�j�{|)`a��^F�ºm��«¬ 66­E�~)`a�^F

�»��������*¼½ 31.91%C37.18%C39.25%g�¾�«¬ 57­�*¼? 30.78%C32.34%C

36.87%g«¬ 68 ­ef�������*¼? 30.69%C31.23%C24.41%gÇÈ{| Satsumahikari

hDEj�)`a���%q�¿Ñ�Q�mn^F�������k& 5.51%C0.49%C1.81%.®

V�ÒDE�j��:)`a���$�ÇÈ������sa���Ób�¹)ÔÕm���{|

DEFi��j�����·l%��H�I)`a�����¸tfQÖ@q�67�����

 )`a����×Ø��L?q�~������satf���uvDE�������W�¯

Luv��%ÙÚ!".

6��ºÛ°/0q�h���j�DE�j��%)`a����$�%q�������s

aÜÝ.�{|�������q������QÍ&Î��$�¢£��DEj«¬ 57 ­ «¬

66­Àn�����^ÄLÞß¦§���§àeo�áâ�ãäÐÁ%�� 7Á���«¬ 68­

 Satsumahikari ¹�����$��àå(o¨Í&Î��¢£.�Xq��{|�������

)`a���$�¢£�Satsumahikari æçÍ&$��«¬ 57 ­ 66 ­�&$��àå(ok�

2.5è�~�é«¬ 68­Àn�����^ÄL�Ï����� 7Á� 14Á��^Fê 7è�ëìS

m�$�gE��)`a�X«¬ 66 ­ 57 ­Ànq���ÁÂ�^ÄLÅÏ���«¬ 66 ­�

�� 7Áí&¯ °ÅÏL«¬ 57­��� 14ÁîÅt�«¬ 68­¹ëï��µ¶�L Satsumahikari

¹�� 7 Áef�®ÇÈ���������Ób�«¬ 57 ­C66 ­ 68 ­�ð�������

�sa��(}�?«¬ 57­ 66­�ãäÐÁíñì�L«¬ 68­>�ãäjò� 14Áîñì�

m�óçð&������sa�{|��samìjôõVq���&öXDE�����H÷�
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�T«¬ 68 ­®�ãä 14 Ájôõ��¹�DEj��H÷¸þ)Åt��X«¬ 68 ­�q��

����)`a�oàÅt�9�&ÿ¯ °�/0.

��ÑÇ����rarÚ�ÜÝ�uv�o�L!"?�>���� gzÙÚ)V��!"

*� 2��	a (dry mouth feel) ��!�
a (moist mouth feel)��!(- 1987).�!ÙÚ���

{|�AB�����
��� �I�����eSm��öZ��!"*��¯�!"��Îa

���/��>�Feo���îU !
�����T�/���"£#��ëìSm$P%&�

¨��'et.Sisturnk et al.(1954)(�9)�����(}�?*I��Fij�I�C�!"�

��=��+,(1987)úû¹yPÐ���-.�/0&o�1��W�����-.
�ô�µ¨

�*���2äLë�!�Ü��Ð���~������o��Wpq3×��L`WX���[

4���pq5�6-.¨78a^o¹ë�!.9,(1991)úû��:Z{!Îa%��a!�+

,yP��ABj�!"%;Ùa:89�&mn�<´+�:����¹Imn=´+.Walter et

al.(1975)�úûyP����!�å%Ej>?�����IÜ�.6��m�q��������

uvADE,Fi��!"�®q��������sa@t�ADE,Fij����@fL)`

a���@t�A¡Bå¦§(viscosity)¦§�L!"@¢X�!���{|«¬ 66 ­%«¬ 57 ­

�q�������satX«¬ 68 ­��T´Ç�Fij��1¨e�!�LÇÈ{|

Satsumahikari������sa�f�Fij(ð1�¨!"���!.öZ��!"*��)Sm

��P������A��!�åSmz©���!�ÇÈ{| Satsumahikari��!�«¬ 68 ­�

C�!�«¬ 57­�L«¬ 66­�ÙÚ�¹ë�!.

D����öZ ��ÑÇp{��EFÁ¢�G��Hn(}��{|�FiÎa�5WIJ

;Ð�{|KILM�p{�V)oàÅtp{öZ�hNO'�6��Ób�«¬ 66C57 ­��

ªPX������sat�Fij��H�I)`a���ºet�{|��TÙÚ�1�t�F

iÝZ�e;LQE�þAB��(;LYf���p{�«¬ 68 ­ãäj�� â��Ý)^F

�:Z1�.@X������sat�{|�¯�Fi��)^FAE��1å����Ruvp

{�K�ST���TIJ������sa�f�{|U Satsumahikari)&#VWb(Yamakawa et

al. 1994gXYZX, 1986).

[X:Z{!\]þ ;LFiZ{|?D���^|�=>D_�UUöZì`�	
���

�a�a:Éb�cE��:Z{!Îa%
���>���a!��+,�[U�ed�d�:e

Ì����a!Y���:Z{!Îaf�Éb�zg��h4f�:Ji�jkWb(9, 1991).

¤��*���Fi��j�1å%!"�#$�b@�q�µ¶¦����� )`a����

lm�¨�E�µ¶¦��no��p*�b�)�q���I*��rÁs�Ãt^|�Wg6�

�m���q��������sa�)ÝZXFi�������WCE�1å�� !"�l

m.H@ÇJ^{u�q�vw	
x���������sa¯�yJ�z>�{¯ °|���

!"*������Îa�V)}]&W�Åt��^|W¸ Y�Fi{!f��zg.

����

9]C~��C���.1991.��:Z{!Îa%��a!��+,.�ø¬p�w 156:83-94.

9]C~��C+��C���.1992.����Ç����a! :Z!�uv.�ø¬p�w

160:30-42.
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Application of the �-amylase Activity Rapid Test

Method on Processing Character of Sweet Potato
1

Hsin-chen Lee
2,4

and Yi-shin Chen
3

Summary

Lee, H. C. and Y. S. Chen. 2004. Application of the 
-amylase activity rapid test method on processing

character of sweet potato. J. Agric. Res. China 53:18-26.

The objectives of this research are to study
-amylase activity in raw root status, and changes of

starch and soluble sugar content and texture after processing in sweet potato ( Ipomoea batatas (L.) Lam.).

Tainung 66 and Tainung 57 showed (+)
-amylase activity immediately after harvesting. Tainung 68 did

not show (+) activity until stored two weeks. Satsumahikari did not show (+) activity through the

experiment period. After baking, the starch content decreased in Tainung 66, Tainung 57 and Tainung 68,

and the ratio of decreasing were larger in Tainung 66 and Tainung 57. The soluble sugar content was higher

in Tainung 66 and Tainung 57 than in Tainung 68. The texture of steamed sweet potato could be measure by

the texture analyzer by judging the probe pressure curve. The probe pressure curve jutted trend from high to

low were Satsumahikari, Tainung 68,Tainung 57, and Tainung 66, in that order. The probe pressure curve

jutted more; the texture was more dry mouth feel. The results indicated that after baking the soluble sugar

content influenced by 
-amylase activity in raw root status. The 
-amylase activity influenced the

texture character of the steamed sweet potato, also. It’s necessary to use the
-amylase activity rapid test

method to detect
-amylases activity in raw status to select the appropriate variety to improve the product

quality of processing in sweet potato.

Key words: Sweet potato, Starch, Soluble sugar, 
-amylase, Texture.
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!"�#$%&!" 53:27-38�

'!"()*+,�
������ -���� (Bupleurum kaoi Liu, Chao et

Chuang)-./0����� 12)345�6789:;<=����>?@ 1 mg/l

Benzyladenine (BA)AB 0.1 mg/l C-Naphthaleneacetic acid (NAA)� 1/2MSD'EF�

�D<3GH�����IJ���=KIJ2��>LM 0.25 mg/l BA� 1/2MSD

'EF��D3NO��� )()<PQRS�TUVWXYZ[\]^/0��2

��>?@ 0-0.8 mg/l kinetin� 1/2MS��D_3`aXYZ[2b�<c� def

BA (0.25-2 mg/l)ghi�D'EFjkl 1/2MS��Dm>�����Tnofp^

qr_l 3%stB�uv��wxy2� ei>zv��<{�� 6|}b�~�

)XYZ[��^luv��D��� 2-14 �}���zv��D<� de�I�

�>zv��<�Kuv�������>����/�2�n �

����	
������������������

� �

��(Chai-Hu)�� !"#$�#%&'()*+,-./0�1230(4*5678�9:

;<�=>?@ABC(DEF�G.H�I�J"�KHLM�ANOP.H�QR'���ST

U(Umbelliferae)���V(Bupleurum L.)���W��(Bupleurum chinense DC.)XYZ[(\ 1985P

Hiraoka 1989PTang ] Eisenbrand 1992)�"^_*���`����-	
��(Bupleurum kaoi Liu,

Chao et Chuang)�abcdeGJ"fg��(Bupleurum falcatum L. var. komarowi Koso-Polj)L.H

.h!i�� (J. Agric. Res. China) 53:27~38 (2004)
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������(� 1985��� 1999�Yen et al. 1991)!
�"#$

%&'�()*+,-��./0'1234567�"#892:;<*=>
�?
�9@A�

BCDE���9@�FGB?�FH&I�JK"#L3MN(O�P 1995)!QR#STUVWX

,-YZ[A�\]^_�(totipotency)�`453ab�#S,-YcdefQRgZ[�hi
j

kYlmn"#fo9gpqrstuc��(v 1999)�wx�WXQR#STUpy
�9z{K

5|I3}~!�X,-��&��
j��K�3�@���4�f��f��f��f�@f�

�f��fO�f�Of
�f��f
Of��f��Of��f>�f�� s¡�3�X,-

(v 1999�Nishioka 1988�Sagare et al. 2000)!¢£)Xc¤¥
�¦WXQR#STU
jpyQ

#z(§s 1993�Kohda et al. 1990)�¨©¢£ª«¬�9��
�c
j����­®¯°±!w

xWXQR#S
j��TU�py8²³´3��
�9z�µK5|I3oz¶��c}~!ª

��·¸¹º��
�QR#S
j��9zc»¼�	_½¾¿À9z¾�Á9,��xÂ�ÃÄ

Åy�XÆÇ,-cy���!

�����

��������	
��

ª��ÈÉVÊ�ËÌ��¸ÍÎ¬Ï��Ð½¾c��
� (Bupleurum kaoi Liu, Chao et

Chuang),Ñ�ÒÓO�P(1995)ÎÔco967�ÕÔÖÄ×26Ø¿À,Ñ!ÙØ×2"#c��


�ÚÛÜp\ÝL(Þ 1a)3ßFÏ5#,Y�àÜp\ÝØ 10 kßF��á\5LÛâ¶ãÛâ

ä 5kßF�mnßFå±p'¶æ�¸Í�Îh.çQ#z¦Ï5èé
j��¸Íc#,Yêë!

�
�����
�������

ª��ì�l MS (Murashige � Skoog 1962).íîïð�íK\5Úªñ»?òó 3%ôõð

0.9%ö÷(Difco Bacto-agar)��øùäï,-p'úûü�#SÚùýö÷þÿX 1N NaOHgñ�

HCl� pH�ú� 5.7±0.1�¨èl 121�f1.05 kg/cm
2
(15 lb/in

2
)���ç 15\�è��	
X!�

�#SÚ­&ùö÷�? pH�ú� 5.2±0.1!
�#S�l¸�g 125ml¤��5#S�d�\��

ý 10¶ 25ml #SÚmn¸Í�©��#S­WXó� 10ml��#SÚc 125ml¤��mn��#

S!#,YÄ�9è��Ä 25±1�c�C¶�� 16�1(� 2,800 lux)��ãmn
�#S���#

S­`= C!¶������Ä"#$%&��dl 100 rpm'!mn��#S!

��
�ßFå±.ç#Sc¹º�ÙØ×2(6��
�,Ñ\Ý(Þ 1a)��)*+,c& 

Ûâ3-.l 0.5% NaOCl (à 100ml/�ó� 2-30 Tween 20)mn 15\�1ç2q�/.ç"34

3-45è�ÙØ-.LcßF#SÄó� 1 mg/l BAð 0.1 mg/l NAAc 1/2MSÚªîï#SÚ�6¸

& ÛâßF7å±Q#zc8*!/#S 29èßF:;<�o=K�z(Þ 1b)��p'> 69(Þ

1c)c 1.5cm.çz?@#SÄ= ñ»cÜA#SÚ�¦¹º��
��z.ç#S(Þ 1d)�B��

Cj�zèmnèé¸Í!

BA ¶ kinetin 7��
�Q#zæ�cDE�WX)*Û\+,?�� 1.5cm 3��
�.ç

zÏ5#,Y�#SÄøù& F! BA (0.25f0.5f1.0ð 2.0 mg/l)¶ kinetin (0.1f0.2f0.4ð 0.8 mg/l)

c 1/2MS Úªîï
�#SÚ�/#S 6 ð 8 9è�úGQ#zHIðJK²]zI�LM BA ¶

kinetin7��
�Q#zæ�cDE!

MS îïF!7��
�Q#zæ�cDE�WX)*Û\+,?�� 1.5cm 3��
�.çz

Ï5#,Y�#SÄó� 0.25 mg/l BAc& MSÚªîï(1/4MSf1/2MSfMS¶ 2MS)
�#SÚ�

/#S 69è�úGN)zðJK²]zI�LM MSîï7��
�Q#zæ�cDE!
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� 1. ��������	
��
�������

�������������������� !"#$%&'(a)()*��+,- 1 mg/l BA. 0.1 mg/l NAA

� 1/2MS!/01��!23�� 24(b)
 64(c)5�
��%678(���(1.5cm)9:��+;<=>�

$?��!� 64(d)�
��@A78B

Fig. 1.Plant material and establishment of shoot cultures of Bupleurum kaoi. Growth of new shoots in one-year-old Bupleurum

kaoi plant maintained at Agricultural Research Institute’s farm in Taichung (a); Sprouted shoot in the axillary bud after

two weeks (b) and proliferated shoots after six weeks (c) of culture on half-strength MS basal medium supplemented

with 1 mg/l BA and 0.1 mg/l NAA; Established shoot culture using axenic explant (in vitro grown shoot, 1.5cm in

length) on the same medium after 6 weeks of culture (d).
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��
������������������ !"#$�% 1.5cm&����'(�)*

�+,-�./01 0.25 mg/l BA234
��
(1.553562 12%)� 1/2MS6789:;�.6-

<�. 6=>-?@AB�CDEFG�H-IJ
��������������K

:;2L;�.������������������ !"#$�% 1.5cm&����'(

�)*�+,-�./M0 25ml:;N 10mlL;�.6� 125mlOPQ-�.6RS*TU 0.25 mg/l

BA � 1/2MS 6789�.6-<�. 254 2 6 =>-?@AB�CDEFG�H-IJ:;2L

;�.�������������K

L;VWXYZ������������������ !"#$�% 1.5cm&����'(

�)*�+,-�./M0 10mlL;�.6� 125mlOPQ-�.6RS*TU 0.25 mg/l BA� 1/2MS

6789L;�.6-< 100 rpm [\]
L;V�. 2565102 14^>-_+/M0 10ml :;

�.6� 125mlOPQ-�.6RS2L;�.6`4-<�.a 6=>(bcVWXYZ)-?@A

B�CDEFG�H-IJL;VWXYZ�������������K

����

7���defg'(�.hi�-jWX�. 25k�+,(jWX0 5klm-jlm0 5k

�+,)n-ophijWXq�. 20 k�+,(jWX0 4 klm-jlm0 5 k�+,)rhis

tuv< SAS 8.02 (SAS Institute Inc. 2001)wxyz!{|,}~�S!{-�WXZ����-�

�� Student’s t testN Least significant difference test ���WX�q�Z���rN� Sigmplot 8.0

|,����o��K

� �

����	
��
������

����� �2� �de<�./fg�.6>����� 1s�-� �2� ����

�!�* 64%2 56%r'(����!�* 80%2 66.7%r� ��jk1��+,�q��� 3.3

�-�� ��q  2.6�r¡��¢hiuv< Student’s t test!{��q��-� �2� �

deWX�/���5e,fg�2fge,H���q£a��¤¥K

� 1. ��������	
��
����

Table 1. Influence of axillary bud explant position on shoot induction of Bupleurum kaoi
z

Explant

position
y

No. of explants

cultured

Percentage of explants

contaminated

Percentage of

explants responded

Average no. of shoots

per responding explant

Upper 25 64 80.0 3.3

Lower 25 56 66.7 2.6

t value 0.49 0.43 0.58

Pr > |t| 0.64 0.68 0.59

z
Explants were cultured on half-strength MS basal medium supplemented with 1 mg/l BA, 0.1 mg/l NAA, and 3% sucrose for

4 weeks. Each treatment contained 5 replications with 5 explants in each replication.

y
Explants were collected from new shoots from the field grown plants. Each new shoot had approximately 10 axillary buds.

The axillary bud explants were categorized as upper (near to apical meristem) and lower position.

BA� kinetin�������������

hi���� 2s�-0.25 mg/l BAWX/�. 62 8=>-jk�+,!��¦§ 6C 7.3�-

o¨* 0.5 mg/l BA-!�* 52 6.2 �-©o¨* 1 mg/l BA-!�* 4.12 6�-� 2 mg/l BA�
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�²�-!�  32 3.9�KkinetinWX�/��������³-�. 62 8=>-jk�+,%

�� 2.5-4.1�-30§´?µ¶��·��������²³-  1.32 1.9�K¸n-30§´?

µ¶��·�2 kinetinWXq'DEFG�¦§-� 0.25 mg/l BAWX/�. 62 8=>!���

0.6C 1.2kDEFG�(�% 102 16.4%)-0.52 1 mg/l BAWX¹�. 8=>-oDEFG���

º�a 46.8%-»¡ 2 mg/l BAWX¹�. 8=>�DEFG����³(41%)-¼jk�+, ��

� 3.9�K

� 2. BA� kinetin�������	
��
�

Table 2. Influence of BA and kinetin on shoots multiplication of Bupleurum kaoi
z

Plant growth regulators
No. of shoots produced

per explant
y

No. of hyperhydric shoots
developed per explant

Percentage of
hyperhydric shoots

Kinetin(mg/l) BA(mg/l) 6 weeks 8 weeks 6 weeks 8 weeks 6 weeks 8 weeks

0 0 1.3 g
x

1.9 e 0 c 0 c 0 0

0.1 0 2.5 f 2.6 de 0 c 0 c 0 0

0.2 0 2.6 ef 3.0 d 0 c 0 c 0 0

0.4 0 2.9 de 4.1 c 0 c 0 c 0 0

0.8 0 2.7 def 2.7 d 0 c 0 c 0 0

0 0.25 6.0 a 7.3 a 0.6 b 1.2 c 10.0 16.4

0 0.5 5.0 b 6.2 b 1.1 a 2.9 a 22.0 46.8

0 1.0 4.1 c 6.0 b 1.1 a 2.8 a 26.8 46.7

0 2.0 3.0 d 3.9 c 1.0 a 1.6 b 33.3 41.0
z
In vitro grown shoots about 1.5 cm in length were cultured on half-strength MS basal medium supplemented with various

concentration of BA and kinetin.
y

Shoots smaller than 2 cm in length were not scored.
x

Twenty explants were tested per treatment and the data was collected after 6 and 8 weeks of culture. Means within a column

followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.

MS��������	
��
����

hi���� 3 s�-1/2MS WX����²½-jk�+,�¦§ 3.8 kAB�-o¨* MS

WX� 3.2kAB�-� 1/4MS2 2MSWX����³-jk�+,!�¦§ 22 1.3kAB�K4

Y-1/4MS WX¾'DEFG���-opWXq¦§DEFG�-!�* 1/2MS5MS 2 2 MS W

X� 3.858.6C 3.7%�DEFG�-»¡ 2 MSWX�DEFG����³-¼¿jk�+, ��

1.3kAB�K

� 3. MS�����������	
��
�

Table 3. Influence of MS basal salts on shoots multiplication of Bupleurum kaoi
z

Strength of MS
basal medium

Avg. no. of normal shoots
produced per explant

y
Avg. no. of hyperhydric

shoots produced per explant
y

Percentage of
hyperhydric shoots

1/4× 2.0 c x 0 b 0

1/2× 3.8 a 0.15 ab 3.8

1× 3.2 b 0.30 a 8.6

2× 1.3 d 0.05 b 3.7

z
In vitro grown shoots about 1.5 cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/l

BA and 3% sucrose.
y

Shoots smaller than 2 cm in length were not scored.
x

Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. Means within a column

followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.
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��
�� 4���3%������������� 3.1�!"#�$�#%&'
()�

*+, 1.5%- 6%�����./, 2.5 - 2.4 �!"#�0 12%����1�
(2������

345 1.8�!"#678�1.5%����9:;<=>#45�0*?��@� ;<=>#�*

ABC 3D6- 12%�����./, 13.9D5.9E 2.7%6

� 4. ��������	
��
��

Table 4. Influence of sucrose on shoots multiplication of Bupleurum kaoi
z

Sucrose conc.
in the medium (%)

Avg. no. of normal shoots
produced per explant

y
Avg. no of hyperhydric shoots

produced per explant
y

Percentage of
hyperhydric shoots

1.5 2.5 b
x

0 b 0

3.0 3.1 a 0.50 a 13.9

6.0 2.4 b 0.15 ab 5.9

12.0 1.8 c 0.05 b 2.7

z
In vitro grown shoots about 1.5cm in length were cultured on half-strength MS basal medium supplemented with 0.25 mg/l

BA and various sucrose concentration for 6 weeks.
y

Shoots smaller than 2cm in length were not scored.
x

Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. Means within a column

followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.

�����	�������	
��
��

FG-HG�I 2JK��
�L 2-L 3��������M�� 1.6�!"#�N���

O9:�PQR�0KS�I 4 JTUFG�VWHG��)������./� 2.7 E 1.9 �!

"#�0�IX 6 JT�QRY,Z�������./45 4.2 - 1.3 �!"#6[\;<=>#

0]�FG�IC�I 2 JK9:;<=>#� �0KS�I 4 - 6 JT^3� 0.6 - 0.9 �;

<=>#_`aHG�I���I 2D4 - 6 JK@�bc;<=>#�./, 0.1D1.7 - 2.7 �;

<=>#�Mde 6D47E 68%6

�������������	
��
��


��
�� 5f��HGg�I 2h��1$�#%&'
()�������� 3.6�!

"#�*+,HGg�I 6h��1 3.2�!"#�0HGg�I 10h- 14h��1�
W2��

����f451#i@jX 3�!"#6[\;<=>#0]�HGg�I 2h- 6h���3�

 0.3E 0.4�;<=>#�HGg�I 10h��U45Wk;<=>#�ABlX 29.9%�0HG

g�I 14h��1;<=>#ABYmX 60%6

� 5. ��	�������������	
��
��

Table 5. Influence of liquid medium pretreatment on shoots multiplication of Bupleurum kaoi z

Liquid
pre-treatment (days)

Avg. no. of normal shoots
produced per explant

y
Avg. no of hyperhydric shoots

produced per explant
y

Percentage of
hyperhydric shoots

2 3.6 a
x

0.30 c 7.7

6 3.2 b 0.40 c 11.1

10 2.7 c 1.15 b 29.9

14 1.6 d 2.40 a 60.0

z
In vitro grown shoots about 1.5cm in length cultured on liquid half-strength MS basal medium supplemented with 0.25 mg/l

BA for 2, 6, 10 and 14 days and then transfer to solid medium of similar composition in 125ml Erlenmeyer flask.
y

Shoots smaller than 2cm in length were not scored.
x

Twenty explants were tested per treatment and the data was collected after 6 weeks of culture. Means within a column
followed by the same letter/s are not significantly different from each other at the 5% level by LSD test.
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1.3

2.7

� 2. ��(Solid)���(Liquid)����	
���
�����

�	
���
����� 0.25 mg/l BA� 1/2MS������(Solid)���(Liquid)������� 2�4� 6

�� !"�#$
(normal%�)�&'()
(hyperhydric%�)*+

Fig. 2.Effect of solid or liquid medium on in vitro shoot multiplication of Bupleurum kaoi. Normal (�) and hyperhydric (�)

shoots of Bupleurum kaoi produced, when explants cultured on half-strength MS basal medium supplemented with 0.25

mg/l BA, and with (Solid) or without (Liquid) 0.9% Difco Bacto-agar for 2, 4 and 6 weeks.

Weeks after subculture



������ � 53� � 1	34 2004

� 3. ��������	
��
�
������

��������
��� 0.25 mg/l BA� 1/2MS�����	
(a, b)��
(c, d)�
����
 4�(a, c)�

6�(b, d)�����(N) !"#$�(H)�%���&

Fig. 3.Effect of solid or liquid medium on in vitro shoot multiplication of Bupleurum kaoi. Normal (N) and hyperhydric (H)

shoots produced on half-strength MS basal medium supplemented with 0.25 mg/l BA and 0.9% Difco agar and cultured

for 4 weeks (a) and 6 weeks (b). Hyperhydric (H) shoots produced in liquid half-strength MS basal medium

supplemented with 0.25 mg/l BA and cultured for 4 weeks (c) and 6 weeks (d).

� �


 1902 � Haberlandt �
��������������(totipotency)���� !"#$%&

'()*�+,-+./0123456�7) !"#$%89*:	;<=>?@A,BC,D

E,FG,HI,JK,LMD,NO,PQR,ST,UV,WXY1Z[\K)��\]^_`

ab(c 19994Nishioka 19884Sagare et al. 2000)def��ghij�klmn_kopqr(_

stk�5u_kop"�v��_kq���wxy�z{|}N"�v~ !"#��qZ[�

�(Chueh et al. 20004Huang et al. 20004Kohda et al. 19904Komalavalli � Rao 20004Miller et al.

19914Shoyama et al. 1986�19874Tang � Eisenbrand 1992)dHiraoka (1989)*��FG(B. falcatum)

<=>?�����7)���q����"�v������o��q�h��dAlen � Jain (1997)

��������� (Catharanthus roseus) !"#<=>?q��"�vd����  (Gentiana

davidii var. formosana)¡v<=>?\��ij�¢��,�£,�¤¥¦o��"�v�§�¢�

¤q�v¨©�w�ª��o"�v«9¬��v�­®«¯°"�v9±² 6.3° "³�r´§

µ"�v�¶tk"#·¸¹�º�»¼¨©�v¬�(Chueh et al. 2000)d½��7)��¾�q¿
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ÁFGÂ���"�v�"#*ÃÄ 1 mg/l BAÅÆ 0.1 mg/l NAAq 1/2MSÇ½"#Ç�9¨©Â�

²�ÈÉÊ»Ë³"#ÌÍ�È�7)Î� 0.25mg/l BA q 1/2MS "#Ç9ÏÐ "³<=Ñ?(Ò

1)456�Ó 1qgh�ij�ÔBo¥¹BoÂ�q "³¨©ÕÖ»i×ØÙd

Cytokinin Ú��²�Û¤Ü��ÝÏ���Þ,��¥²�q²��)�8�ÝÏßÆ !²

�.à�¨©¥²�q���á*âã��äåÈÝÏ��²����æ�\�h�çè=éêë�

¦¥_ì¦q¬�4í)q cytokinins � BA,kinetin,zeatinî 2ip 1ïn�§�¢ BA\²��

)�ª(Gaspar et al. 1996)dCytokininsðñò¿�ó¿òô�­_ì�\¨©�wòª�ç§õö÷

³øÕ8�¿�ííù� "³\<=úû(Paques 1991)dTsay (1998)*ü~ý(D. caryophyllus)��

"#þ�ÿ� BA���v±²õö÷��­ðñò¿�¬ò�Zd��FG(B. falcatum)��"#*

Î� 1~2 mg/l BA¥ 0.1 mg/l NAAq 1/4MSÇ½�Ú"#Ç�9ÉÊ�©FG�� 1�q»Ë"#(e

1 1993)d½��gh�ij�7)Î� 1 mg/l BA¥ 0.1 mg/l NAAq 1/2MSÇ½�Ú"#Ç�9¨

©Â�²�ÈÉÊ¿ÁFG»Ë"#�ÃÄ 0.25 mg/l BAq 1/2MS"#Ç�9<=>?¿ÁFG "

³�	o
 "³�¬�õö÷���4 !"#³"#*Î� 0-0.8 mg/l kinetin q 1/2MSÇ½�Ú

"#Ç�º�»õö÷�³¬��ç§>?
Õ�� BA (0.25-2 mg/l)���(Ó 2)du5����ë

õö÷���­�_��Ñ?�Õ����l°����\Z�456���¿ÁFG "³õö÷

���\����*��]©�ÏÐ��d

� !(Limonium wrightii)�v<=>?ghij�§�v�}""#* MS# 2MSq¿�Úð

ñ"#Ç�$ 80¥ 87.5%"�v«9¬��v�­®«¯°"�v9±² 7.4. 8.2° "³(Huang

et al. 2000)d56�}Æ*WXY(Anoectochilus formosanus)�vÑ?\� 1/4MS (�1 1987),NO

(Angelica sinesis)v%Ñ?}) MS ¥ 1/2MS (&1 1998)���FG�vÑ?}) 1/4MS (e1

1993)�'(��iju��#"#)\q_k�È�§}N\Ç½�Úðñd*Ú� !"#Ô�

l°Z[\u+���"#Ç�Î=�fq�,�÷��[����-��²�x./0,-1�=

.Û¤234�5§"#)\ØÙÈ�678_k\9:d;1(2000)��ghij�0-5%\<=ð

ñ«9¨©>?(sweet potato) "³\¬��ç¢ 2-3%<=ðñ����\�h�È­¶A@\ï°

mnA\¨©�ÕÖ_tkd½@Bgh�ij�¢ 1/2MS�Úðñ¥ 3%<=����7*¿ÁF

G "³qÑ?(Ó 3,Ó 4)d

ef��ghij�CD"#á* "³Ñ?�l°tN��Õ\"#ÌÍdShoyama et al. (1986)

7)EFG(Flitillaria verticillata)H�"#* 1 mg/l BA¥ 0.5 mg/l NAAq MSCv"#Ç�9I�9

�J 26°KH��ÈLv"# 13IMN� 8.2°H�d��FG��"#��ghij�CD"#

q "³>?Õ¿*LD"#�ÃÄ 1 mg/l BAqCD"#Ç¶OP·¸¹"#��l°Q�9� 13


\>?�h(e1 1993)d56�7)CD"#ÌÍÏÐWXY�v#�£"#�_ç9R:�v�
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Studies on in vitro Shoot Multiplication of Native

Medicinal Herbs - Bupleurum kaoi by

Axillary Bud Culture
1

Uei - Chin Chen
2
, Mau-Shing Yeh

3
and Hsin-Sheng Tsay

4, 5

Summary

Chen, U. C., M. S. Yeh, and H. S. Tsay. 2004. Studies on in vitro shoot multiplication of native medicinal herbs -

Bupleurum kaoi by axillary bud culture. J. Agri. Res. China 53: 27-38.

An efficient method for in vitro shoot multiplication of Bupleurum kaoi Liu, Chao et Chuang using the

axillary bud explants has been developed. The axillary buds dissected from nodal segments of the field grown

plants induced shoots after culturing for 4 weeks on half-strength MS medium supplemented with 1 mg/l

benzyladenine (BA) in combination with 0.1 mg/l 
-naphthaleneacetic acid (NAA). Among the various

concentrations of BA (0 - 2 mg/l) or kinetin (0 - 0.8 mg/l) tested, maximum shoot multiplication (7.3 shoots per

explant) was achieved in the in vitro grown shoots by culturing on half-strength MS medium supplemented with

0.25 mg/l BA for 8 weeks. Although BA was more effective than kinetin in shoot multiplication, BA stimulated

hyperhydric shoots (10 - 33%) after 6 weeks of culture. Prolonged culture period from 6 weeks to 8 weeks

resulted in higher number of hyperhydric shoots (16 - 47%). Half-strength of MS basal medium and 3% sucrose

as carbohydrate source was found optimum for shoot multiplication. Pretreatment of the explants by culturing

them on liquid half-strength MS basal medium containing 0.25 mg/l BA for 2-14 days did not support shoot

multiplication.

Key words: Bupleurum kaoi, Medicinal plant, Shoot multiplication, Hyperhydricity.
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A Synopsis of the Syntretus Foerster Species of Taiwan 

(Hymenoptera: Braconidae: Euphorinae)1

Jenõ Papp2

ABSTRACT

Papp J. 2004. A synopsis of the Syntretus Foerster species of Taiwan (Hymenoptera: 

Braconidae: Euphorinae). J. Agric. Res. China 53:39-62.

The present synopsis is the first review of the Syntretus Foerster species 

distributed in Taiwan. Twelve species are revised of which seven proved to be new to 

science: S. choui sp. n., S. extensus sp. n., S. secutensus sp. n., S. subglaber sp. n., S.

temporalis sp. n., S. transitus sp. n. and S. varus sp. n. The rear five species are new to 

the fauna of Taiwan. Detailed descriptions are presented for the new species; 

taxonomic remarks are added to the known species. A key is provided for the twelve 

Syntretus species recorded in Taiwan and  completed with 84 original figures of 

diagnostic significance. A checklist was compiled for the Syntretus species of the East 

Palaearctic and Oriental Regions. 

Key words: Braconidae, Syntretus, New species, New record, Key to species, 

Taiwan, Checklist. 

Introduction

The genus Syntretus Foerster, 1862 is a middle-sized taxon comprising 31 species in the Holarctic Region 

(28 species are listed in the Palaearctic Region, three species in the Nearctic Region) and three species in the 

Ethiopian Region (Shenefelt 1969; Tobias 1986; Belokobylskij 1993b, 1996; Chen & van Achterberg 1997). In 

the Oriental Region the first Syntretus species has been described by Belokobylskij (1993a). This paper is the 

second one reporting Syntretus species from the Oriental Region. By this contribution the number of the Syntretus

species increased to 42 world-wide. 

������ (J. Agric. Res. China) 53:39~62 (2004) 

1. Accepted: February 3, 2004. 

2. Department of Zoology, Hungarian Natural History Museum H-1431 Budapest, pf. 137, Hungary. 
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In the present paper a total of 12 Syntretus species are reviewed: 7 are new to the science (their enumeration 

is given in the abstract) and 5 have been previously listed but hitherto not from Taiwan (S. bulbus Chen et van 

Achterberg, S. glaber Chen et van Achterberg, S. lyctaea Cole, S. parvicornis (Ruthe), S. testaceus (Capron)). 

Concerning the hosts of the Syntretus species two Palaearctic ones have been recorded as the parasitoids of 

adult ichneumonid wasp (S. lyctaea) and adult bumble-bee (S. splendidus), respectively. 

In the terminology Huber & Sharkey (1993) as well as Wahl & Sharkey (1993) were considered. In the 

material examined only "in BP" (= in the Hungarian Natural History Museum, Budapest) is indicated as the 

depository institution; otherwise the depository is the Department of Applied Zoology, Taiwan Agricultural 

Research Institute, Taichung, Taiwan. 

Key to the Syntretus Foerster species of Taiwan 

The 12 species in Taiwan represent the nominate subgenus Syntretus. Belokobylskij (1993a) has set up the 

subgenus Parasyntretus within the genus Syntretus on the basis of the species S. amoenus Belokobylskij 

described from Vietnam and deviating from all other Syntretus species by its conspicuously shortened radial cell 

(Fig. 106 in Belokobylskij 1993a). 

1 (14) Propodeum entirely polished, at least close along its hind margin rugulose (Figs. 73, 76, 79). 

2  (3) Temple in dorsal view longer than eye; head in dorsal view subcubic, 1.5 times as broad as long (Fig. 15). 

Petiole three times as long as broad behind (Fig. 60). Antenna with 17 antenomeres, first flagellomere a 

bit longer than second flagellomere, further flagellomeres gradually shortening so that penultimate 

flagellomere twice as long as broad. Hind femur 3.8 times as long as broad medially (Fig. 67). R1 

approaching tip of wing (Fig. 44). Head dark rusty brown, meso- and metasoma blackish brown, legs 

reddish yellow, wings subhyaline. Female: 2.3 mm ------------------------------------------------S. varus sp.n. 

3 (2) Temple in dorsal view either as long as eye (Figs. 6, 9, 12) or shorter than eye (Figs. 7, 10, 11). 

4 (9) Temple in dorsal view as long as eye (Figs. 6, 9, 12). 

5 (6) Pterostigma unusually long, four times as long as wide, r–rs distinctly longer  than half width of 

pterostigma (Fig. 35). Hind femur long, five times as long as broad, dorso-medially slightly indented 

(Fig. 63). Antenna with 26–32 antennomeres. Head in dorsal view 1.5–1.6 times as broad as long (Fig. 6). 

R1 reaching tip of wing (Fig. 35). Basal half of petiole somewhat flattened, pair of spiracles at middle or 

slightly beyond middle of petiole. Body reddish yellow, vertex and frons brown, mesosoma dorsally and 

tergites black. Legs yellow. Female: 5 mm... ----------------------------------------------------S. extensus sp. n. 

6 (5) Pterostigma less long, at most 3–3.3 times as long as wide, r–rs at most half as long as width of 

pterostigma (Figs. 38, 41). Hind femur less long, 3.8–4 times as long as broad. Antenna with 18–23(–25) 

antennomeres.

7 (8) Pterostigma issuing r-rs less distally from its middle, r-rs half as long as width of pterostigma (Fig. 41). 

Petiole 2.8 times as long as broad behind, posteriorly more broadening, i.e. twice broader behind than 

basally (Fig. 57). Flagellomeres 2–10 relatively short and thick, 1.6–1.8 times as long as broad (Fig. 

81–82). Dark coloured species: head reddish yellow, vertex dark brownish; mesosoma and metasoma 

black; legs reddish yellow. Female: 3.2 mm -------------------------------------------------- S. temporalis sp. n. 




�� Syntretus
���� 41

8 (7) Pterostigma issuing r-rs more distally from its middle, r-rs clearly less than half as long as width of 

pterostigma (Fig. 38). Petiole 3–3.3 times as long as broad behind, posteriorly less broadening, i.e. only 

somewhat broader behind than basally (Fig. 54). Flagellomeres 2–10 relatively less short and less thick, 

2.1–2.2 times as long as broad (Fig. 83). Light coloured species: head and mesosoma yellow to brownish 

yellow; vertex, mesonotum, scutellum and propodeum light brown to brown; metasoma brown to dark 

brown; legs yellow to pale yellow. Female: 1.9–3 mm, male: 1.5–2.9 mm. See also couplet-lead 13 (12) 

   ----------------------------------------------------------------------------------------------- S. parvicornis (Ruthe) 

9 (4) Temple in dorsal view shorter than eye, head in dorsal view 1–1.7 times as broad as long (Figs. 7, 10). 

10 (11) Pterostigma long, four times as long as wide (Fig. 39). Hind femur five times as long as broad medially 

(Fig. 64). Antenna with 37 antennomeres, first flagellomere 1.6 times as long as second flagellomere. 

Petiole three times as long as broad behind, broadening at its hind third (Fig. 55). Nervellus (or Cu & 

cu-a) of hind wing antefurcal (Fig. 48, see horizontal arrow). Body yellow; vertex, mesonotum and 

propodeum brown to blackish brown; tergites brown, petiole black; tegula pale yellow; legs yellow. 

Female: 5.5 mm----------------------------------------------------------------------------------- S. secutensus sp. n. 

11 (10) Pterostigma less long, at most 3.5 times as long as wide (Figs. 36, 38). Hind femur 4–4.5 times as long as 

broad medially. Petiole broadening at its hind fourth (Fig. 54). 

12(13) Pterostigma long, 3.3–3.4 times (female, Fig. 36) and 2.9 times (male) as long as wide. Antenna with 

26–28 (female) and 23 (male) antennomeres, first flagellomere 3–3.2 times as long as broad apically (Fig. 

1). Nervellus (or Cu & cu-a) of hind wing interstitial (Fig. 47, see horizontal arrow). Head in dorsal view 

transverse, 1.6–1.7 times as broad as long, temple shorter than eye and receded close beyond eye (Fig. 7). 

Reddish yellow; vertex, mesosoma dorsally and tergites brown to blackish. Female: 3–4 mm, male: 

3–3.2 mm ------------------------------------------------------------------------- S. glaber Chen et van Achterberg 

13(12) Pterostigma less long, 2.8–3.1 times as long as wide (Fig. 38). Antenna with (17–)18–25 (female) and 

16–21 (male) antennomeres, first flagellomere 2.5–3 times as long as broad apically (Fig. 2). Nervellus 

(or Cu & cu-a) of hind wing antefurcal (cf. Fig. 46, see horizontal arrow). Head in dorsal view somewhat 

less transverse, 1.5–1.6 times as broad as long, temple usually as long as (sometimes slightly shorter than) 

eye and receded not close beyond eye (Fig. 9). Reddish yellow or yellow, dorsally brownish to dark 

brown. Female: 1.9–3 mm, male: 1.5–2.9 mm. See also couplet-lead 8 (7)---------- S. parvicornis (Ruthe) 

14 (1) Propodeum at least medially rugulo-subrugulose (Figs. 71, 72, 74), usually with carinae or areolation and 

at least along carinae rugo-rugulose (Figs. 68–72, 74–75, 77–78). 

15(16) Propodeum polished, at least medially and transversely rugulose-subrugulose (Figs. 71, 74). For further 

details see couplets 11 (10) — 13(12) ---------- S. glaber Chen et van Achterberg + S. parvicornis (Ruthe)

16(15) Propodeum with carinae (Figs. 72, 75) or areolation (Figs. 68–70, 77–78). 

17(20) Propodeum with a pair of posterior carinae, between carinae propodeum more (S. lyctaea) or less (S.

subglaber) rugo-rugulose (Figs. 72, 75). 

18(19) Eye in dorsal view 1.3 times as long as temple, i.e. temple somewhat shorter than eye and moderately 

receded (Fig. 8). Petiole 2.9 times as long as broad behind, relatively thick, i.e. its hind breadth 1.7 times 

as broad as its thinnest section at laterope (Fig. 53). Antenna with (25-)29 antennomeres, first 
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flagellomere 1.3 times as long as second flagellomere (cf. Fig. 1) (cf. Fig. 1C in Cole 1959). Nervellus 

(or Cu & cu-a) of hind wing interstitial (cf. Fig. 47, see horizontal arrow). Propodeum smooth and shiny, 

medially rugose and laterally rugulose (Fig. 72). Ground colour of body reddish yellow, dorsally 

(mesonotum, scutellum, propodeum and tergites) brown to blackish. Female: 3.2–3.5 mm------------------  

   -------------------------------------------------------------------------------------------------------- S. lyctaea Cole 

19(18) Eye in dorsal view 1.9 times as long as temple, i.e. temple about half as long as eye and rounded (Fig. 

11). Petiole 3.6 times as long as broad behind, relatively thin, i.e. its hind breadth twice as broad as its 

thinnest section before its middle (Fig. 56). Antenna with 22 antennomeres, first flagellomere just longer 

than second flagellomere (Fig. 3). Nervellus (or Cu & cu-a) of hind wing antefurcal (Fig. 49, see 

horizontal arrow). Propodeum rugulose between carinae and laterally (Fig. 75). Corporal colour similar 

to previous species. Female: 3–3.1 mm --------------------------------------------------------S. subglaber sp. n. 

20(17) Propodeum areolated, along carinae more or less rugo-rugulose (Figs. 68–70, 77–78). 

21(22) Marginal cell of fore wing short, as long as length of pterostigma along metacarpal vein (or R1), i.e. R1 

ending clearly before tip of wing; pterostigma 2.8–3 times as long as wide (Fig. 42). Antenna short, 

about half as long as body and with 19 antennomeres, flagellomeres short, penultimate flagellomere 

cubic. Propodeum with areola petiolaris, above areola propodeum striolate, areola itself at most uneven 

(Fig. 77). Petiole 3.3 times as long as broad behind, its hind half evenly broad. Eye in dorsal view 

somewhat longer than temple (Fig. 13). Body reddish yellow, three maculae of mesonotum and petiole 

brownish. Female and male: 4.5–5 mm ---------------------------------------------------- S. testaceus (Capron) 

22(21) Marginal cell of fore wing long, at least one-fifth longer along metacarpal vein (or R1) than pterostigma, 

i.e. R1 approaching (Fig. 43: S. transitus) or reaching (Fig. 34, S. choui) tip of wing. Antenna long, about 

0.7–0.8 times as long as body, penultimate flagellomere always longer than broad. 

23(24) Temple in dorsal view half as long as eye and rounded, eye somewhat protruding, head in dorsal view 

1.5 times as broad as long (Fig. 4). Eye in lateral view as wide as temple, eye anteriorly clearly 

broadening (Fig. 16, see arrows). Hind femur thin, five times as long as broad medially (Fig. 61). Along 

carinae of propodeum with rugae (Fig. 68). Antenna with 22–28 antennomeres. Body brownish yellow to 

rusty brown with more (Taiwanese specimens) or less (Chinese specimens) brown to blackish brown 

pattern. Female: 3–3.2 mm -----------------------------------------------------S. bulbus Chen et van Achterberg 

24(23) Temple in dorsal view as long as eye (Figs. 5, 14). Eye in lateral view at most just wider than temple 

(Figs. 17–18, see arrows). Hind femur 3.5–4 times as long as broad (Figs. 62, 66). Along carinae of 

propodeum at most with rugulae (Figs. 69, 70, 78). 

25(26) Marginal cell of fore wing long, along metacarpal vein (or R1) 1.7 times as long as pterostigma and 

reaching at margin close to tip of wing (Fig. 34). Areola petiolaris extending to half of propodeum (Figs. 

69, 70). Petiole 3.5 (female, Fig. 51) and four times (male) as long as broad behind. Body chestnut 

brown, legs, yellow. Female and male: 2–2.5mm -------------------------------------------------- S. choui sp. n. 

26(25) Marginal cell of fore wing less long, along metacarpal vein (or R1) at most one-fifth longer than 

pterostigma and reaching at margin in a distance from tip of wing (Fig. 43). Areola petiolaris extending 

to two-thirds of propodeum (Fig. 78). Petiole 3–3.2 times as long as broad behind (Fig. 59). Body yellow, 

dorsally brownish to brown. Female: 1.8–1.9 mm --------------------------------------------- S. transitus sp. n. 
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Syntretus bulbus Chen et van Achterberg (Figs. 4, 16, 61, 68) 
Syntretus bulbus Chen et van Achterberg, 1997: Zool. Verh. Leiden 313: 127 (in key) and 127 (description) ♀♂.

Material examined (1 ♀). — 1 ♀: Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 18–21 October 1982, 

leg. K. C. Chou et S. C. Lin. 

Female: Body 3.1 mm long. Antenna with 22 antennomeres, first flagellomere 1.3 times as long as second 

flagellomere. Head in dorsal view (Fig. 4) 1.5 times as broad as long, eye also 1.5 times as long as temple. 

Propodeum areolated, carinae strong (Fig. 68). Hind femur thin, five times as long as broad medially (Fig. 61). 

Pterostigma 3.3 times as long as wide. Petiole 3.6 times as long as broad behind. Body dark coloured: head rusty 

brown, face, ocellar field and occiput dark brownish. Mesonotum brownish black, mesopleuron dark rusty. 

Metasoma dark brown, petiole blackish. Legs yellow, hind coxa brownish. 

Distribution: People’s Republic of China, Taiwan (new to her fauna). 

Syntretus choui sp. n. (Figs. 5, 17, 23, 29, 34, 45, 51, 62, 69, 70) 
Material examined (1 ♀ + 3 ♂♂). — Female holotype + one male paratype: Central Taiwan, Nantou Hsien, 

Tsuifeng, 2300 m, 3 June 1980 and leg. L. Y. Chou et C. C. Chen (holotype), 9 May 1984 and leg. K. C. Chou et 

C. C. Pan. — One male paratype: Central Taiwan, Nantou Hsien, Meifeng, 2150 m, 7–9 May 1981, leg. K. S. Lin 

et S. C. Lin. — One male (not paratype owing to its poor condition, in BP): Central Taiwan, Nantou Hsien, 

Tungpu, 1200 m, 23–27 July 1894, leg. K. C. Chou et C. H. Yang. 

Holotype and two paratypes are deposited in the Department of Applied Zoology, Taiwan Agricultural 

Research Institute, Taichung, Taiwan; one male specimen in the Hungarian Natural History Museum (Department 

of Zoology), Budapest. 

Etymology. — The new species is dedicated to the late DR. LIANG-YIH CHOU (1949–2000), braconid 

specialist and the collector of the holotype specimen, who has arranged (before his unexpected decease) the 

Taiwanese Syntretus material for elaboration. 

Description of the female holotype. — Body 2.3 mm long. Antenna damaged, both right and left 

antenna with 17 antennomeres. First and second flagellomeres equal in length, i.e. three times as long as 

broad, further flagellomeres progressively shortening. — Head in dorsal view (Fig. 5) 1.6 times as broad as 

long, eye as long as temple, temple rounded, occiput weakly excavated. Ocelli small and elliptic, POL = 

OOL. Eye in lateral view 1.7 times as high as wide, temple beyond eye just less wide than eye and ventrally 

faintly narrowing (Fig. 17, see arrows). Face almost twice as wide as high, inner margin of eyes parallel. 

Clypeus 2.5 times as wide as high, its lower margin just convex (Fig. 23). Malar space shorter than basal 

width of mandible. Head polished. 

Mesosoma in lateral view 1.3 times as long as high. Notaulix missing. Mesosoma polished. Propodeum 

areolated, areola petiolaris relatively wide, pentagonal and extending to posterior half of propodeum, close along 

antero-medio-longitudinal carina with rugulae, otherwise polished (Fig. 69). — Hind femur four times as long as 

broad medially (Fig. 62). Inner spur of hind tibia half as long as basitarsus. Hind claw long downcurved (Fig. 29). 

Fore wing: Pterostigma (Fig. 34) 2.8 times as long as wide and issuing r-rs distally from its middle, r-rs 

shorter than half width of pterostigma, Rs3–4 reaching tip of wing; marginal cell long, along metacarpal vein 1.7 

times as long as pterostigma. Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) 

antefurcal (Fig. 45, see arrows). 
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Metasoma somewhat longer than mesosoma and shorter than head and mesosoma combined. Petiole 3.5 

times as long as broad behind, pair of lateropes beyond middle of petiole, petiole itself parallel-sided and 

broadening beyond lateropes (Fig. 51). Petiole anteriorly and along medio-longitudinal line uneven, otherwise 

together with further tergites polished. Ovipositor sheath somewhat shorter than hind tarsomeres 1–2 combined. 

Body castaneous brown. Scape and flagellum brown; pedicel straw yellow, basally brownish. Palpi straw 

yellow. Tegula yellow. Legs brownish yellow, coxae and trochanters yellow. Wings feebly fumous or clearly 

subhyaline, pterostigma and veins brownish. 

Description of two male paratypes + one male specimen. — Similar to the holotype. Body 2 (1 ♂), 2.2 (1 

♂) and 2.5 (1 ♂) mm long. Antenna somewhat shorter than body and with 19 antennomeres (1 ♂; flagellum of 

further two males damaged). First flagellomere a bit longer than second flagellomere, penultimate flagellomere 

twice as long as broad. Areola superomedia (anteriorly of areola petiolaris) missing (Fig. 70). Pterostigma 2.6 

times as long as wide; marginal cell rather approaching tip of wing (2 ♂♂). Pterostigma brownish to yellow. 

Host unknown. 

Distribution: Taiwan. 

Taxonomy. — The new species, Syntretus choui, is nearest to S. varus sp. n. and S. bulbus Chen et van 

Achterberg, 1997 (China), the specific distinction between S. choui and S. varus see at S. varus p.52; the 

distinction between S. choui and S. bulbus is disclosed below: 

1 (2) Eye in dorsal view 1.4–1.6 times as long as temple (Fig. 553 in Chen & van Achterberg 1997). Hind 

femur 5–6 times as long as broad (Fig. 550 l.c.). Carinae of propodeum relatively strong and along them 

uneven to rugulose(-rugose) (Fig. 557 l.c. and Fig. 68). Female antenna with 22–28 antennomeres. first 

flagelomere 1.2 times as long as second flagellomere. Dark coloured, hind coxa brownish. Female: 2.8–3 

mm---------------------------------------------------------------------------------S. bulbus Chen et Van Achterberg 

2  (1) Eye in dorsal view as long as temple (♀, Fig. 5) or just shorter (♂). Hind femur 4.5 times as long as 

broad. Carinae of propodeum relatively less strong and along them surface smooth except 

medio-longitudinal fore carina, along it rugulose (Figs. 69–70). Male antenna with 19 antennomeres, 

flagellomeres 1–2 equal in length (female antenna damaged: with 17 antennomeres), female first 

flagellomere a bit longer than her second flagellomere. Dark coloured, hind coxa yellow, basally 

brownish. Female and male: 2–2.5 mm.------------------------------------------------------------- S. choui sp. n. 

With the help of Belokobylskij’s key (2000b) S. choui runs to S. signatus Belokobylskij and S. areolatus

Belokobylskij, the three species are distinguished as follows: 

1 (4) Mandible with pointed tooth. 

2 (3) Pronotum with pronope. Metacarp 1–1.2 times as long as pterostigma (Fig. 237: 18 in Belokobylskij 

2000b). Hind femur 4.5–4.6 times as long as broad (Fig. 237: 16 l.c.). Pterostigma brown, basally yellow. 

Female: 2.1–2.6 mm--------------------------------------------------------------------- S. areolatus Belokobylskij 

3 (2) Pronotum without pronope. Metacarp 1.7 times asd long as pterostigma (Fig. 34). Hind femur four times 

as long as broad (Fig. 62). Pterostigma brownish to yellow. Female: 2.3 mm, male: 2–2.5 mm -------------  

   --------------------------------------------------------------------------------------------------------- S. choui sp. n. 

4 (1) Mandible with obtuse small tooth. Pronotum without pronope. Metacarp as long as pterostigma (Fig. 237: 

5 l.c.). Hind femur 4.8 times as long as broad (Fig. 237: 17 l.c.). Female: 2 mm-------------------------------  

   ------------------------------------------------------------------------------------------- S. signatus Belokobylskij 
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Syntretus extensus sp. n. (Figs. 6, 19, 24, 30, 35, 46, 52, 63, 80) 
Material examined (1 ♀). — Female holotype: Central Taiwan, Nantou Hsien, Tsuifeng, taken with 

Malaise trap, 2300 m, September 1984, leg. T. Lin et K. C. Chou.  

Holotype is deposited in the Department of Applied Zoology, Taiwan Agricultural Research Institute, 

Taichung, Taiwan. 

Etymology. — The species name "extensus" refers to the unusually long pterostigma. 

Description of the female holotype. — Body 5 mm long. Antenna about as long as body and with 32 

antennomeres. First flagellomere 1.3 times as long as second flagellomere and three times as long as broad 

apically (Fig. 80), further flagellomeres progressively attenuating so that penultimate flagellomere 2.2 times as 

long as broad. — Head in dorsal view (Fig. 6) subcubic, 1.5 times as broad as long, eye as long as temple, temple 

hardly rounded, occiput weakly excavated. Ocelli middle-sized and elliptic, POL = OOL. Eye in lateral view 1.7 

times as high as wide, temple somewhat wider than eye and evenly wide beyond eye (Fig. 19, see arrows). Face 

somewhat wider than high. Clypeus hardly twice as wide as high, its lower margin convex (Fig. 24). Malar space 

as long as basal width of mandible. Head polished, face dispersely and very finely hairpunctured. 

Mesosoma in lateral view 1.5 times as long as high. Notaulix missing. Propodeum smooth and  

polished. — Hind femur long, five times as long as broad, dorso-medially with a faint indentation (Fig. 63, see 

arrow). Inner spur of hind tibia just half as long as basitarsus. Hind claw less downcurved, basal lobe less large 

(Fig. 30). 

Fore wing (left pair of wings missing): Pterostigma (Fig. 35) long, four times as long as wide and issuing r-rs 

clearly distally from its middle, r-rs distinctly longer than half width of pterostigma, Rs3–4 reaching tip of wing. 

Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (Fig. 46, see arrows). 

Metasoma somewhat longer than mesosoma. Petiole 2.8 times as long as broad behind, fore part of petiole 

dorsally somewhat flattened, pair of lateropes slightly beyond middle of petiole, beyond laterope petiole 

broadening (Fig. 52). Petiole and tergites polished. Ovipositor sheath as long as middle basitarsus. 

Ground colour of body reddish yellow. Scape and pedicel reddish yellow, flagellomeres 1–2 darkening 

reddish yellow to brownish, rest of flagellum brown. Frons, vertex and pronotum medially brown; mesonotum, 

scutellum, propodeum and tergites black. Palpi and tegula straw yellow. Legs reddish yellow, coxae rather 

yellowish. Wings hyaline, pterostigma and veins yellow. 

Male and host unknown. 

Distribution: Taiwan. 

Taxonomy. — The new species, Syntretus extensus, is nearest to S. secutensus sp. n. and S. makarovi 

Belokobylskij, 1996 (Russian Far East), the three species are distinguished by the following features keyed: 

1 (2) Flagellomeres 3—10–12 cubic, i.e. as long as broad (Fig. 77 in Belokobylskij 1996), antenna with 29 

antennomeres. Petiole twice as long as broad behind (Fig. 83 l.c.). Hind femur four times as long as 

broad (Fig. 80 l.c.). In dorsal view eye somewhat longer than temple (Fig. 76 l.c.). Head and mesosoma 

yellow with much light brown or reddish yellow pattern, petiole and tergites black, legs yellow. Female: 

3.4 mm ------------------------------------------------------------------------------------ S. makarovi Belokobylskij 

2 (1) Flagellomeres 3—10–12 at least 1.5–1.6 times as long as broad, antenna with more than 30 

antennomeres (Figs. 80, 84). Petiole 2.8–3 times as long as broad behind (Figs. 52, 55). Hind femur five 

times as long as broad. 
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3 (4) Head in dorsal view subcubic, 1.5 times as broad as long, eye as long as temple, temple hardly rounded 

(Fig. 6). Hind claw less downcurved (Fig. 30). Petiole broadening beyond its middle (Fig. 52). Antenna 

with 32 antennomeres. Mesosoma dorsally and tergites black. Female: 5 mm -------------S. extensus sp. n. 

4 (3) Head in dorsal view transverse, 1.7 times as broad as long, eye 1.2 times as long as temple, temple 

rounded (Fig. 10). Hind claw more downcurved (Fig. 31). Petiole broadening from its middle (Fig. 55). 

Antenna with 37 antennomeres. Mesosoma dorsally and tergites brownish to blackish brown. Female: 

5.5 mm --------------------------------------------------------------------------------------------- S. secutensus sp. n. 

Syntretus glaber Chen et van Achterberg, male new (Figs. 1, 7, 36, 47, 71) 
Syntretus glaber Chen et van Achterberg, 1997: Zool. Verh. Leiden 313: 126 (in key) and 128 (description) ♀.

Material examined (3 ♀ + 1 ♂). — Two females and one male: Central Taiwan, Nantou Hsien, Tungpu, 

1200 m, 1 ♀: 19–23 July 1982 leg. L. Y. Chou et T. Lin and 1 ♀ (in BP) + 1 ♂: 18–21 October 1982 leg. K. C. 

Chou et S. C. Lin. — One female: Central Taiwan, Nantou Hsien, Meifeng, 2150 m, 19–21 April 1983, leg. K. C. 

Chou et S. P. Huang. 

Female: Body 3–4 mm long. Antenna with 26–28 antennomeres. Head in dorsal view (Fig. 7) 1.55–1.65 

times as broad as long. Pterostigma (Fig. 36) 3.1–3.4 times as long as wide, Rs3–4 feebly curved. Petiole 2.7–2.8 

times as long as broad behind. 

Male: Similar to the female. Body 3–3.2 mm long. Antenna with 23 antennomeres, first flagellomere 1.25 

times as long as second flagellomere and 3–3.2 times as long as broad apically (Fig. 1). Head in dorsal view 1.6 

times as broad as long. Pterostigma 2.85 times as long as wide and issuing r-rs less distally from its middle. 

Petiole somewhat thick, 2.6 times as long as broad behind. Colour of body darker than that of  female: Head 

reddish yellow, vertex and occiput with faint brownish tint. Mesosoma black, pronotum and prosternum reddish 

yellow. Metasoma blackish to black, second tergite yellowish brown. Legs yellow. 

Distribution: People’s Republic of China, Taiwan (new to her fauna). 

Syntretus lyctaea Cole (Figs. 8, 37, 53, 72) 

Syntretus lyctaea Cole, 1959: Ent. m. Mag. 95: l8 (description) ♀.

Material examined (1 ♀). — One female: Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 28 April – 2 

May 1981, leg. T. Lin et C. J. Lee. 

Female: Body 3.2–3.5 mm long. Antenna with 29 antennomeres, first flagellomere 1.3 times as long as 

second flagellomere. Head in dorsal view (Fig. 8) 1.6 times as broad as long, eye 1.3 times as long as temple. 

Propodeum on its hind third with a pair of carinae somewhat diverging anteriorly, medially and laterally 

rugo-rugulose, otherwise polished (Fig. 72). Pterostigma three times as long as wide and issuing r-rs distally from 

its middle (Fig. 37). Petiole 2.9 times as long as broad behind (Fig. 53). 

Male: unknown. 

Distribution: England, Hungary, Lithuania, European part of Russia (Ural Mts), Taiwan (new to her fauna). 

Syntretus parvicornis (Ruthe) (Figs. 2, 9, 38, 54, 73, 74, 83) 

Microctonus parvicornis Ruthe, 1862: in H. Reinhard 1862: Berl. ent. Zschr. 6: 323 ♂, type locality: "bei Berlin" 
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(Germany), male holotype in The Natural History Museum, London (3.c.73l); not examined. — Shenefelt 

1969: 131 (literature up to 1946). Tobias 1986: 246 (in key). 

Material examined (27 ♀ + 8 ♂). — Five females and one male: Central Taiwan, Nantou Hsien, Meifeng, 

2150 m, 1 ♀: 2–4 June 1980 leg. L. Y. Chou et C. C. Chen, 1 ♀: 5–9 October 1980 leg. C. C. Chen et C. C. Chien, 

1 ♀: 15 July 1982 leg. S. C. Lin et C. N. Lin, 2 ♀: 19–21 April 1983 leg. K. C. Chou et S. P. Huang, 1 ♂: 22–26 

June 1983 leg. K. S. Lin et S. C. Lin. — Two females and one male: Central Taiwan, Hwalien Hsien, Tayuling, 

2560 m, 6–9 September 1983 leg. L. Y. Chou et K. C. Chou. — Six females and four males: Central Taiwan, 

Nantou Hsien, Tsuifeng, 2300 m, 1 ♂: 3 June 1980 leg. L. Y. Chou et C. C. Chen, 1 ♀: 8 May 1981 leg. K. S. Lin 

et S. C. Lin, 1 ♀: 25–27 June 1981 leg. K. S. Lin et W. S. Tang, 1 ♀: 1–3  September 1982 taken with Malaise 

trap leg. L. Y. Chou et K. C. Chou, 1 ♀: July 1984 leg. K. S. Lin et K. C. Chou, 1 ♂: August 1984 leg. K. S. Lin 

et K. C. Chou, 1 ♀: 15–16 August 1984 leg. K. C. Chou, 1 ♀: September 1984 leg. K. S. Lin et K. C. Chou, 2 ♂

(1 ♂ in BP): 12–14 September 1984 leg. K. S. Lin et S. C. Lin. — Twelve females and one male (six females in 

BP): Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 1 ♀: 28 April – 2 May 1981 leg. T. Lin et C. J. Lee, 6 ♀ (4 

♀ in BP): 18–23 November 1981 leg. T. Lin et W. S. Tang, 2 ♀: 18–21 October 1982 leg. K. C. Chou et S. C. Lin, 

2 ♀ (1 ♀ in BP): 22–25 November 1982 leg. K. C. Chou et S. P. Huang, 1 ♀ (in BP): 13–16 December 1982 leg. 

K. C. Chou et C. C. Pan, 1 ♀: 10–14 January 1983 leg. K. C. Chou et S. P. Huang. — One male: Central Taiwan, 

Taichung Hsien, Kukuan, 730 m, 14–17 October 1980, leg. K. S. Lin et C. H. Wang. — One male: Central 

Taiwan, Nantou Hsien, Wushe, 1150 m, 7 May 1984, leg. K. C. Chou et C. C. Pan. 

Female: Body 1.9–3 mm long (1.9: 5 ♀, 2: 1 ♀, 2.1: 2 ♀, 2.2: 2 ♀ , 2.3: 3 ♀, 2.4: 2 ♀, 2.5: 3 ♀, 2.6: 3 ♀,

2.8: 1 ♀, 2.9: 1 ♀, 3: 4 ♀). Antenna somewhat shorter than to as long as body and with 17–25 antennomeres (17: 

2 ♀, 18: 7 ♀, 20: 1 ♀, 22: 4 ♀, 23: 5 ♀, 24: 7 ♀, 25: 1 ♀). First flagellomere 2.5–3 times as long as broad (Figs. 2, 

83). Head in dorsal view (Fig. 9) 1.5–1.6 times as broad as long, eye as long as temple (exceptionally slightly 

longer). Propodeum polished (Fig. 73), exceptionally medio-anteriorly uneven to rugulose (Fig. 74). Hind femur 

4–4.2 times as long as broad. Pterostigma of fore wing 2.8–3.1 (exceptionally 3.3–3.4) times as long as wide, 

issuing r-rs clearly distally from its middle (Fig. 38). Nervellus (or Cu & cu-a) of hind wing antefurcal. Petiole 

3–3.3 times as long as broad behind, broadening from its middle and relatively less broadening posteriorly (Fig. 

54). Ground colour of body reddish yellow or yellow, dorsally dark colour variable brownish to dark brown. 

Male: Similar to the female. Body 1.5–2.9 mm long (1.5: 1 ♂, 1.8: 1 ♂, 2: 1 ♂, 2.1: 1 ♂, 2.2: 2 ♂, 2.9: 2 ♂).

Antenna shorter than body and with 15–21 antennomeres (15: 1 ♂, 16: 1 ♂, 17: 2 ♂, 18: 2 ♂, 19: 1 ♂, 21: 1 ♂).

Pterostigma 2.8–3 times as long as wide. Dark colour of body more to much more extended. 

Distribution: Palaearctic Region, Taiwan (new to her fauna). 

Syntretus secutensus sp. n. ♀ (Figs. 10, 20, 31, 39, 48, 55, 64, 84) 
Material examined (1 ♀). — Female holotype: Central Taiwan, Nantou Hsien, Meifeng, 2130 m, 2–4 June 

1980, leg. L. Y. Chou et C. C. Chen. — Holotype is deposited in the Department of Applied Zoology, Taiwan 

Agricultural Research Institute, Taichung, Taiwan. 

Etymology. — The species name "secutensus" is the abbreviated form of secundoextensus indicating its 

close relation to S. extensus sp. n. 

Description of the female holotype. — Body 5.5 mm long. Antenna about as long as body and with 37 

antennomeres; first flagellomere 1.6 times as long as second flagellomere and 2.7 times as long as broad apically, 

its apical end obliquely truncate (Fig. 84); further flagellomeres progressively shortening and slightly attenuating 
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so that penultimate flagellomere 2.2 times as long as broad. — Head in dorsal view (Fig. 9) transverse, 1.7 times 

as broad as long, eye 1.2 times as long as temple, temple rounded, occiput weakly excavated. Ocelli relatively 

large, elliptic, POL = OOL. Eye in lateral view 1.8 times as high as wide, temple a bit wider than eye and 

ventrally indistinctly narrowing (Fig. 20, see arrows). Face 1.4 times as wide ad high. Intertentorial line three 

times as long as tentorio-ocular line. Clypeus 2.5 times as wide as high, its lower margin just convex (cf. Fig. 23). 

Malar space somwhat longer than basal width of mandible. Maxillar palp longer than height of head. Head 

polished, face finely hairpunctured. 

Mesosoma in lateral view 1.4 times as long as high. Notaulix missing. Mesosoma polished. — Hind femur 

five times as long as broad medially (Fig. 64). Inner spur of hind tibia shorter than half basitarsus. Hind claw 

downcurved as in Fig. 31. 

Fore wing: Pterostigma long (Fig. 39), 4.1 times as long as wide and issuing r-rs distally from its middle, r-rs 

somewhat oblique and longer than half width of pterostigma, Rs3–4 reaching tip of wing and very faintly sinuate. 

Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (Fig. 48, see arrows). 

Metasoma about as long as head and mesosoma combined. Petiole (Fig. 55) 3.1 times as long as broad 

behind, fore part of petiole dorsally somewhat flattened, pair of lateropes at middle of petiole, beyond lateropes 

petiole progressively broadening. Petiole and tergites polished. Ovipositor sheath short, one-fourth shorter than 

hind basitarsus. 

Ground colour of body yellow; vertex, mesosoma, propodeum brown to blackish brown, scutellum brownish 

yellow; petiole black, tergites dark brown. Palpi and tegula straw yellow. Scape and pedicel reddish yellow, 

flagellum dark brown. Wings hyaline, pterostigma and veins brownish yellow. 

Male and host unknown. 

Distribution: Taiwan. 

Taxonomy. — The new species, Syntretus secutensus, is nearest to S. extensus sp. n. and S. makarovi

Belokobylskij, their distinction see at S. extensus s. n., p.45 and in key-couplets 4 (9) — 10 (11) p.40 – 41.

Syntretus subglaber sp. n. ♀ (Figs. 3, 11, 21, 25, 32, 40, 49, 56, 65, 75) 
Material examined (2 ♀). — Female holotype and one female paratype: Central Taiwan, Nantou Hsien, 

Tungpu, 1200 m, 13–16 December 1982 leg. K. C. Chou et C. C. Pan (holotype) and 18–23 November 1981 leg. 

T. Lin et W. S. Tang (paratype). — Holotype and paratype are deposited in the Department of Applied Zoology, 

Taiwan Agricultural Research Institute, Taichung, Taiwan. 

Etymology. — The species name "subglaber" indicates that the new species is nearest to S. glaber Chen et 

Van Achterberg.

Description of the female holotype. — Body 3.1 mm long. Antenna about as long as body and with 22 

antennomeres. First flagellomere somewhat longer than second flagellomere and three times as long as broad 

apically (Fig. 3), further flagellomeres progressively attenuating so that penultimate flagellomere 3.2 times as 

long as broad. — Head in dorsal view (Fig. 11) less transverse, 1.6 times as broad as long, eye 1.9 times as long 

as temple, temple rounded, occiput weakly excavated. Ocelli middle-sized, elliptic, OOL 1.5 times as long as 

POL. Eye in lateral view 1.4 times as high as wide and 1.35 times as wide as temple, temple ventrally slightly 

narrowing (Fig. 21). Face 1.4 times as wide as high, inner margin of eyes diverging ventrally. Clypeus 1.9 times 

as wide as high, its lower margin truncate (Fig. 25). Intertentorial line 3.3 times as long as tentorio-ocular line. 

Malar space as long as basal width of mandible. Head polished. 
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Mesosoma in lateral view 1.35 times as long as high. Notaulix missing. Mesosoma polished. Propodeum 

posteriorly with a pair of carinae, its hind declivous part rugulose-subrugulose, its fore horizontal part polished 

(Fig. 75). — Hind femur 3.8 times as long as broad medially (Fig. 65). Inner spur of hind tibia shorter than half of 

hind basitarsus. Hind claw downcurved as in Fig. 32. 

Fore wing: Pterostigma (Fig. 40) 2.8 times as long as wide and issuing r-rs somewhat distally from its 

middle, r-rs shorter than half width of pterostigma, Rs3–4 arched and reaching tip of wing. Basal and subbasal 

cells evenly setose. — Hind wing: Nervellus (Cu & cu-a) antefurcal (Fig. 49, see arrows). 

Metasoma about as long as head and mesosoma combined. Petiole 3.6 times as long as broad behind, 

relatively thin, i.e. its hind width twice as broad as its thinnest section before its middle (Fig. 56). Pair of 

lateropes beyond middle of petiole (right laterope or spiracle on a spineform tubercule: a teratorologic product?). 

Petiole and tergite polished. Ovipositor sheath as long as hind tarsomeres 1–2 + half of third tarsomere. 

Ground colour of body reddish yellow. Ocellar field, mesonotum, scutellum, propodeum, metapleuron, 

petiole dark brown; tergites 2–3 brown, tergite 3 blackish. Scape, pedicel and flagellomeres 1–3 reddish yellow, 

flagellomeres 4–5 darkening and rest of flagellum brown. Palpi, tegula and legs yellow. Wings subhyaline,  

pterostigma and veins yellow. 

Description of the female paratype. — Similar to the holotype. Body 3 mm long. Pterostigma three times 

as long as wide. Paratype damaged: right flagellum missing, fore left leg from femur together with middle left leg 

missing, hind leg and metasoma glued separately on the card. 

Male and host unknown. 

Distribution: Taiwan. 

Taxonomy. — The new species, Syntretus subglaber,  is nearest to S. glaber Chen et van Achterberg, 1997 

(China), their specific distinction is presented in the subsequent key: 

1 (2) Propodeum polished, at least and exceptionally medially rugulose-subrugulose (Fig. 71). Eye in dorsal 

view less long, 1.2–1.3 times as long as temple (Fig. 7). Pterostigma 3.4–3.6 times as long as wide (Fig. 

36). Antenna with 22 antennomeres. Female: 3.2–3.5 mm ---------------- S. glaber Chen et van Achterberg 

2 (1) Propodeum posteriorly with a pair of carinae and its hind declivous part rugulose-subrugulose, its fore 

horizontal part polished (Fig. 75). Eye in dorsal view long, 1.7 times as long as temple (Fig. 11). 

Pterostigma 2.8 times as long as wide (Fig. 40). Antenna with (23–)26–28 antennomeres. Female: 3.1 

mm -------------------------------------------------------------------------------------------------- S. subglaber sp. n. 

With the help of Belokobylskij’s key (2000b) S. subglaber runs to S. lycteae Cole, the two species are clearly 

distinct by the features keyed: 

1 (2) Eye in dorsal view 1.3 times as long as temple (Fig. 8). Petiole more broadening posteriorly (Fig. 53). 

Antenna with (23–)28–30 antennomeres. Propodeum as in Fig. 72, along carina at most rugulose. Female: 

(2.8–)3.2–3.5 mm ------------------------------------------------------------------------------------- S. lycteae Cole 

2  (1) Eye in dorsal view 1.9 times as long as temple (Fig. 11). Petiole less broadening posteriorly (Fig. 56). 

Antenna with 22 antennomeres. Propodeum as in Fig. 75, along carina transversely rugo-rugulose. 

Female: 3–3.1 mm--------------------------------------------------------------------------------- S. subglaber sp. n. 
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Syntretus temporalis sp. n. ♀ (Figs. 12, 22, 26, 41, 50, 57, 76, 81, 82) 
Material examined (4 ♀). — Female holotype and one female paratype (in BP): Central Taiwan, Nantou 

Hsien, Tungpu, 1200 m, 22–25 November 1982 leg. K. C. Chou et S. P. Huang (holotype) and 19–23 July 1982 

leg. L. Y. Chou et T. Lin (paratype, in BP). — One female paratype: Central Taiwan, Nantou Hsien, Tsuifeng, 

2300 m, 1–3 August 1981, leg. T. Lin et W. S. Tang. — One female paratype: Central Taiwan, Hwalian Hsien, 

Tayuling, 2560 m, 6–9 September 1983, leg. L. Y. Chou et K. C. Chou. 

Holotype and two paratypes are deposited in the Department of Applied Zoology, Taiwan Agricultural 

Research Institute, Taichung, Taiwan and one paratype in the Hungarian Natural History Museum, Department of 

Zoology), Budapest, Hym. Typ. No. 7880. 

Etymology. — The species name "temporalis" refers to the temple equal in length with eye in dorsal view. 

Description of the female holotype. — Body 3.2 mm long. Antenna about one-fifth shorter than body and 

with 23 antennomeres (left antenna damaged: with 22 antennomeres, i.e. ultimate flagellomere missing). First 

flagellomere slightly longer than second flagellomere and 2.3 times as long as broad apically (Fig. 81); further 

flagellomeres progressively attenuating, i.e. flagellomeres 2–10 1.6–1.7 times as long as broad, penultimate 

flagellomere twice as long as broad. — Head in dorsal view (Fig. 12) subcubic, 1.57 times as broad as long, eye 

as long as temple, temple rounded, occiput weakly excavated. Ocelli middle sized and elliptic, POL somewhat 

longer than OOL. Eye in lateral view twice as high as wide, temple beyond eye somewhat wider than eye and 

ventrally indistinctly narrowing (Fig. 22, see arrows). Face almost as high as wide. Intertentorial line three times 

as long as tentorio-ocular line. Clypeus 2.3 times as wide as high, its lower margin truncate (Fig. 26). Malar space 

somewhat longer than basal width of mandible. Head polished, face indistinctly hairpunctured. 

Mesosoma in lateral view 1.5 times as long as high. Notaulix missing. Pronotum, mesonotum, scutellum, 

mesopleuron and metapleuron polished; fore and hind margin of mesopleuron finely crenulated. Propodeum 

polished, its hind margin with rugulae; above lunule with a pair of circular impressions (Fig. 76). — Hind femur 

3.8 times as long as broad medially. Inner spur of hind tibia almost half as long as basitarsus. 

Fore wing: Petrostigma (Fig. 41) 2.8 times as long as wide, issuing r-rs only somewhat distally from its 

middle, r-rs half as long as width of pterostigma, Rs3–4 approaching tip of wing and indistinctly sinuate. Basal 

and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (Fig. 50, see arrows). 

Metasoma about as long as mesosoma. Petiole 2.8 times as long as broad behind, clearly broadening 

posteriorly, i.e. one-third broader behind than basally,  pair of lateropes behind middle of petiole (Fig. 57). Fore 

half of petiole transversely uneven, its hind broadening half together with further tergites polished. Ovipositor 

sheath in lateral view as long as hind tarsomeres 1–2. 

Body dark coloured. Scape and pedicel brown, flagellum distally darkening brown. Head reddish yellow; 

frons, vertex and occiput dark brownish; palpi pale. Mesosoma and tergites black, sternites with rusty tint. Tegula 

blackish. Legs reddish yellow, middle coxa anteriorly and hind coxa entirely blackish. Tarsi brownish darkening. 

Wings hyaline, pterostigma and veins opaque yellowish brownish. 

Description of the three paratypes. — Similar to the holotype. Body 3.2 mm long. Antenna with 26 (2 ♀)

and 27 (1 ♀) antennomeres, flagellomeres 2–10 1.7–1.8 times (Fig. 82) and penultimate flagellomere 2.4–2.6 

times as long as broad. Eye in lateral view 1.8 times as high as wide (Fig. 22). Pterostigma 3–3.3 times as long as 

wide. Pair of circular impressions above lunule of propodeum less distinct. Fore half of petiole also polished. 

Mesosoma reddish yellow, only dorsally (i.e. mesonotum, scutellum, propodeum, metapleuron) black. 

Male and host unknown. 
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Distribution: Taiwan. 

Taxonomy. — The new species, Syntretus temporalis, is nearest to S. parvicornis (Ruthe), their specific 

distinctions are disclosed in key-couplets 5 (6) — 7 (8) p.40.

Syntretus testaceus (Capron) (Figs. 13, 42, 58, 77) 

Microctonus testaceus Capron, 1887: 82 (in key) and 85 (description) ♀♂, type locality: "at Shiere, near 

Guildford" (England), deposition of the type series (l ♀ + 4 ♂) unknown, perhaps in The Natural History 

Museum, London or in Hope Department, University Museum, Oxford (England). — Shenefelt 1969: 132 

(literature up to 1938). Tobias 1986: 246 (in key). 

Material examined (2 ♀). — Two females (one female in BP): Central Taiwan, Nantou Hsien, Tungpu, 

1200 m, 20–22 June 1980, leg. C. C. Chen. 

Female: Body 4.5–5 mm long. Antenna short, about half as long as body and with 19 antennomeres, first 

flagellomere just longer than second flagellomere. Head in dorsal view (Fig. 13) 1.6 times as broad as long, eye 

somewhat longer than temple, latter rounded. Propodeum with areola petiolaris on its hind two-thirds, above 

areola striolate and rugulose, otherwise propodeum polished (Fig. 77). Hind femur 4.6–5 times as long as broad. 

Pterostigma (Fig. 42) 2.8–3 times as long as wide, marginal cell short, along metacarpal vein (or R1) as long as 

pterostigma. Petiole 3.3 times as long as broad behind (Fig. 58). Body reddish yellow with rather effaced three 

brownish maculae on mesonotum, petiole faintly brownish. 

Male: known, hitherto not captured in Taiwan. 

Distribution: western Palaearctic Region, Taiwan (new to her fauna). 

Syntretus transitus sp. n. (Figs. 14, 18, 27, 33, 43, 59, 78) 
Material examined (2 ♀). — Female holotype and one female paratype: Central Taiwan, Nantou Hsien, 

Tungpu, 1200 m, 16–20 April 1984, leg. K. C. Chou et C. H. Yung. — Holotype and paratype are deposited in the 

Department of Applied Zoology, Taiwan Agricultural Research Institute, Taichung, Taiwan. 

Etymology. — The species name "transitus" indicates its deceptive similarity to S. parvicornis.

Description of the female holotype. — Body 1.8 mm long. Antenna as long as body and with 17 

antennomeres. First flagellomere as long as second flagellomere and both flagellomeres three times as long as 

broad apically, further flagellomeres progressively shortening so that penultimate flagellomere twice as long as 

broad. — Head in dorsal view (Fig. 14) subcubic, 1.5 times as broad as long, eye as long as temple, temple 

rounded, occiput weakly excavated. Ocelli small and elliptic, POL somewhat shorter than OOL. Eye in lateral 

view somewhat less high, 1.6 times as high as wide, temple beyond eye just a bit wider than eye and evenly wide 

(Fig. 18, see arrows). Face 1.7 times as wide as high, inner margin of eyes parallel. Clypeus 2.5 times as wide as 

high, its lower margin truncate (Fig. 27). Malar space a bit shorter than basal width of mandible. Head polished, 

face very finely hairpunctate. 

Mesosoma in lateral view 1.4 times as long as high. Notaulix missing. Mesosoma polished. Propodeum 

areolated, areola petiolaris extending to two-thirds of propodeum, along medio-longitudo-anterior carina rugulose, 

along other carinae almost indistinctly uneven, otherwise propodeum polished (Fig. 78). — Hind femur 3.6 times 

as long as broad medially (Fig. 66). Inner spur of hind tibia half as long as basitarsus. Hind claw long 

downcurved (Fig. 33). 
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Fore wing: Pterostigma (Fig. 43) 3.1 times as long as wide and issuing r-rs distally from its middle, r-rs 

somewhat shorter than half width of pterostigma, marginal cell less long: along first section of metacarpal vein 

(or R1) 1.25 times as long as pterostigma, metacarpal vein (or R1–2) approaching tip of wing (Fig. 43). Basal and 

subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) antefurcal (cf. Fig. 46). 

Metasoma as long as mesosoma. Petiole (Fig. 59) 3.2 times as long as broad behind, pair of lateropes large 

and clearly beyond middle of petiole, petiole itself relatively less broadening beyond lateropes, on its anterior 

two-thirds uneven, otherwise together with further tergites polished. Ovipositor sheath as long as hind tarsomeres 

1–2 combined. 

Body yellow. Scape and pedicel yellow, flagellomeres darkening yellow, rest of flagellum greyish brown. 

Vertex brownish; mesonotum, scutellum, metanotum, propodeum and metapleuron brownish to brown. Petiole 

brown, tergites 2–3 brownish, rest of tergites blackish brown. Palpi straw yellow. Tegula straw yellow. Legs 

yellow. Wings hyaline, pterostigma and veins yellow. 

Description of the female paratype. — Similar to the female holotype. Body 1.9 mm long. Head in dorsal 

view 1.55 times as broad as long. Pterostigma 3.2 times as long as wide. Hind femur 3.8 times as long as broad. 

Petiole three times as long as broad behind. Tegula yellow, hind tergites dark brown. 

Male and host unknown. 

Distribution: Taiwan. 

Taxonomy. — The new species, Syntretus transitus, is nearest to S. choui sp. n. and S. parvicornis (Ruthe, 

1862) (Europe, Taiwan), the distinction from S. choui is disclosed in key-couplets 25(26)–26(25) p.42, the 

specific difference between S. transitus and S. parvicornis is presented in the subsequent key: 

1 (2) Propodeum not areolated (Figs. 73–74), polished. Pterostigma 3.4–3.6 times as long as wide, marginal 

cell or vein R1–2 reaching tip of wing (Fig. 38). Hind femur 4.5–5 times as long as broad. Female and 

male: 1.5–3 mm----------------------------------------------------------------------------- S.  parvicornis (Ruthe) 

2 (1) Propodeum areolated, along carinae closely uneven to rugulose (Fig. 78). Pterostigma 3–3.1 times as 

long as wide, marginal cell or vein R1–2 approaching tip of wing (Fig. 43). Hind femur 3.6–3.8 times as 

long as broad (Fig. 66). Female and male: 1.8–1.9 mm --------------------------------------- S. transitus sp. n. 

Syntretus varus sp. n. (Figs. 15, 28, 44, 60, 67, 79) 
Material examined (1 ♀). — Female holotype: Central Taiwan, Nantou Hsien, Tungpu, 1200 m, 18–23 

November 1981, leg. T. Lin et W. S. Tang. — Holotype is deposited in the Department of Applied Zoology, 

Taiwan Agricultural Research Institute, Taichung, Taiwan. 

Etymology. — The species name "varus" refers to the subtle deviation from its nearest species, S. choui sp. n. 

Description of the female holotype. — Body 2.3 mm long. Antenna nearly as long as body and with 17 

antennomeres. First flagellomere a bit longer than second flagellomere, first flagellomere four times as long as 

broad, second flagellomere apically broadening and 2.8 times as long as broad apically, further flagellomeres 

progressively shortening and attenuating so that penultimate flagellomere twice as long as broad. — Head in 

dorsal view (Fig. 15) subcubic, 1.5 times as broad as long, temple long and rounded, 1.3 times as long as eye, 

POL = OOL. Eye in lateral view 1.7 times as high as wide, temple a bit wider than eye. Face just twice as wide as 

high. Intertentorial line three times as long as tentorio-ocular line. Clypeus twice as wide as high, its lower margin 

convex (Fig. 28). Malar space just shorter than basal width of mandible. 
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Mesosoma in lateral view 1.5 times as long as high. Notaulix missing. Pronotum medially rugose, otherwise 

polished. Propodeum also polished, basally with a pair of short carinae, its hind margin with short rugulae (Fig. 

79). — Hind femur 3.8 times as long as broad medially (Fig. 67). Inner spur of hind tibia half as long as 

basitarsus.

Fore wing: Pterostigma 2.8 times as long as wide, r-rs a bit shorter than half width of pterostigma, R1–2 

approaching tip of wing (Fig. 44). Basal and subbasal cells evenly setose. — Hind wing: Nervellus (or Cu & cu-a) 

antefurcal and hardly distinct. 

Metasoma about as long as mesosoma. Petiole three times as long as broad behind, pair of lateropes beyond 

middle of petiole, petiole itself gradually broadening beyond lateropes (Fig. 60), together with further tergites 

polished. Ovipositor sheath as long as hind tarsomeres 1–2 combined. 

Head dark rusty brown, meso- and metasoma blackish brown. Antenna faintly darkening brown distally. 

Palpi greyish yellow, mandible yellow. Tegula and legs reddish yellow. Wings subhyaline, i.e. faintly brownish 

fumous. Pterostigma and veins opaque yellow. 

Male and host unknown. 

Distribution: Taiwan. 

Taxonomy. — The new species, Syntretus varus, is nearest to S. choui sp. n. viewing their dark corporal 

colour as well as their corporal size, the specific distinction between them is summarized in the subsequent key: 

1 (2) Temple in dorsal view 1.3 times as long as eye, head in dorsal view subcubic, i.e. 1.5 times as broad as 

long (Fig. 15). Propodeum smooth and polished (Fig. 79). Marginal cell of fore wing somewhat less long, 

metacarpal vein (R1–2) approaching tip of wing (Fig. 44). Female: 2.3 mm ------------------ S. varus sp. n. 

2 (1) Temple in dorsal view as long as eye, head in dorsal view rather transverse, i.e. 1.6 times as broad as 

long (Fig. 5). Propodeum areolated (Figs. 69–70). Marginal cell of fore wing long, metacarpal vein 

(R1–2) reaching tip of wing (Fig. 34). Female and male: 2–2.5 mm---------------------------- S. choui sp. n. 

S. varus sp. n. is related to S. parvicornis (Ruthe), the two species are separated by the key as follows: 

1 (2) Eye in dorsal view as long as temple (or slightly longer) (Fig. 9). Hind femur 4–4.2 times as long as 

broad. Petiole somewhat broad (54). Body reddish yellow or yellow, dorsally with variable dark colour. 

Female: 1.9–3 mm---------------------------------------------------------------------------- S. parvicornis (Ruthe) 

2 (1) Temple in dorsal view 1.3 times as long as eye (Fig. 15). Hind femur 3.8 times as long as broad (Fig. 67). 

Petiole somewhat less broad (Fig. 60). Body rusty to blackish brown. Female: 2.3 mm----- S. varus sp. n. 

CHECKLIST OF THE SYNTRETUS SPECIES OF THE EAST PALAEARCTIC AND 
ORIENTAL REGIONS 

abbreviator  Belokobylskij, 2000 — Russia (Primorski Territory) 

amba Belokobylskij, 1993— Russia (Primorski Territory) 

amoenus Belokobylskij, 1993 — Vietnam (Gia Lai-Con Tum) 

areolatus Belokobylskij, 2000 — Russia (Primorski Territory) 

bulbus Chen et van Achterberg, 1997 — China (Guizhou) 

combinator Belokobylskij, 2000 — Russia (Primorski Territory) 
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conterminus (Nees, 1834) (Perilitus) — Palaearctic Region 

= cultus Marshall, 1887 

= vernalis (Wesmael, 1835) (Perilitus)

?= politus (Ruthe, 1856) (Microctonus)

choui sp. n. — Taiwan 

daghestanicus Tobias, 1976 — Russia (Daghestan, Primorski Territory), Moldavia 

= microphthalmus Tobias, 1986 

elegans (Ruthe, 1856) (Microctonus) — Palaearctic Region 

= transsylvanicus (Zilahi–Kiss, 1927) (Perilitus)

excavatus Belokobylskij, 2000 — Russia (Primorski Territory) 

extensus sp. n. — Taiwan 

glaber Chen et van Achterberg, 1997 — China (Zhejiang) 

grodekovi Belokobylskij, 2000 — Russia (Primorski Territory) 

hirtus Belokobylskij, 1996 — Russia (Primorski Territory), China (Guizhou) 

= setosus Chen et van Achterberg, 1997 

komarovi Belokobylskij, 1996 — Russia (Primorski Territory) 

kui Belokobylskij, 2000 — Korea 

lyctaea Cole, 1959 — Palaearctic Region 

makarovi Belokobylskij, 1996 — Russia (Primorski Territory) 

miscellus Belokobylskij, 1996 — Russia (Primorski Territory) 

parvicornis (Ruthe, 1862) (Microctonus) — Palaearctic Region 

planifacies Belokobylskij, 1993 — Russia (Primorski Territory) 

sculptor Belokobylskij et Ku, 1998 — Korea, Russia (Primorski Territory) 

secutensus sp. n. — Taiwan 

splendidus (Marshall, 1887)* (Microctonus) — Europe, Russia 

subglaber sp. n. — Taiwan 

temporalis sp. n. — Taiwan 

testaceus (Capron, 1887) (Microctonus) — Palaearctic Region 

= niger Tobias, 1976 

transitus sp. n. — Taiwan 

varus sp. n. — Taiwan 

venus Chen et van Achterberg, 1997 — China (Hainan) 

* The name S. splendidus was placed in synonymy by Belokobylskij (2000b) with S. parvicornis (Ruthe). 

An examination of the female paralectotype of S. splendidus (housed in the Hungarian Natural History Museum) 

clearly revealed that it differs in a few clear-cut specific features from S. parvicornis.
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Figs 1–18. Syntretus species: 1–3 flagellomeres 1–2: 1 = S. glaber Chen et Van Achterberg, 2 = S. parvicornis (Ruthe), 3 = S.
subglaber sp. n. — 4–15 head in dorsal view: 4 = S. bulbus Chen et van Achterberg, 5 = S. choui sp. n., 6 = S.
extensus sp. n., 7 = S. glaber Chen et Achterberg, 8 = S. lyctaea Cole, 9 = S. parvicornis (Ruthe), 10 = S.
secutensus sp. n., 11 = S. subglaber sp. n., 12 = S. temporalis sp. n., 13 = S. testaceus (Capron), 14 = S. transitus
sp. n., 15 = S. varus sp. n. — 16–18 head in lateral view: 16 = S. bulbus Chen et van Achterberg, 17 = S. choui sp. 

n., 18 = S. transitus sp. n. 
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Figs 19–36. Syntretus species: head in lateral view 19–22: 19 = S. extensus sp. n., 20 = S. secutensus sp. n., 21 = S. subglaber
sp. n., 22 = S. temporalis sp. n. — clypeus 23–28: 23 = S. choui sp. n., 24 = S. extensus sp. n., 25 = S. subglaber
sp. n., 26 = S. temporalis (Capron), 27 = S. transitus sp. n., 28 = S. varus sp. n. — hind claw 29–33: 29 = S. choui
sp. n., 30 = S. extensus sp. n., 31 = S. secutensus sp. n., 32 = S. subglaber sp. n., 33 = S. transitus sp. n. — distal 

part of right fore wing 34–36: 34 = S. choui sp. n., 35 = S. extensus sp. n., 36 = S. glaber Chen et van Achterberg 
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Figs 37–50. Syntretus species: distal part of right fore wing 37–44: 37 = S. lyctaea Cole, 38 = S. parvicornis (Ruthe), 39 = S.
secutensus sp. n., 40 = S. subglaber sp. n., 41 = S. temporalis sp. n., 42 = S. testaceus (Capron), 43 = S. transitus
sp. n., 44 = S. varus sp. n. — proximal part of right hind wing 45–50: 45 = S. choui sp. n., 46 = S. extensus sp. n., 

47 = S. glaber Chen et van Achterberg, 48 = S. secutensus sp. n., 49 = S. subglaber sp. n., 50 = S. temporalis sp. n. 
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Figs 51–67. Syntretus species: petiole 51–60: 51 = S. choui sp. n., 52 = S. extensus sp. n., 53 = S. lyctaea Cole, 54 = S.
parvicornis (Ruthe), 55 = S. secutensus sp. n., 56 = S. subglaber sp. n., 57 = S. temporalis sp. n., 58 = S. testaceus
(Capron), 59 = S. transitus sp. n., 60 = S. varus sp. n. — hind femur 61–67: 61 = S. bulbus Chen et van 

Achterberg, 62 = S. choui sp. n., 63 = S. extensus sp. n., 64 = S. secutensus sp. n., 65 = S. subglaber sp. n., 66 = S.
transitus sp. n., 67 = S. varus sp. n. 
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Figs 68–84. Syntretus species: propodeum 68–79: 68 = S. bulbus Chen et Van Achterberg, 69–70 = S. choui sp. n.: 69 female 

and 70 male, 71 = S. glaber Chen et Van Achterberg, 72 = S. lyctaea Cole, 73–74 = S. parvicornis (Ruthe), 75 = S.
subglaber sp. n., 76 = S. temporalis sp. n., 77 = S. testaceus (Capron), 78 = S. transitus sp. n., 79 = S. varus sp. 

n. — Proximal flagellomeres 80–84: 80 = S. extensus sp. n. (flagellomeres 1–3), 81–82 = S. temporalis sp. n. 

(flagellomeres 1–5): 81 holotype and 82 paratype, 83 = S. parvicornis (Ruthe) (flagellomeres 1–5), 84 = S. 
secutensus sp. n. (flagellomeres 1–4). 
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(350-2400 nm)

( ) ( )

3-4 3-5 0.3 m 0.18

m 185,000 hills ha-1 02/26/2001 02/27/2002 06/27/2001

06/18/2002 08/07/2000 08/06/2001 11/23/2000 11/28/2001

0 30 60 90 120

150 kg N ha-1 400 m2 (50 m 8 m)

Fluvaquentic Dystrochrept 5.60 1.2% Kjeldahl-N 755

ppm 9.5 ppm 44.3 ppm 623 ppm 107 ppm

( 39 N:P2O5:K2O= 12%:18%:12% )

( 21% N ) 2 ( ) 3

( ) ( ) 2 ( ) 3 ( )

(2002)

(butachlor 5% 1.5 kg a.i. ha-1)

(bentazon 44.1% 200X 1.3 L a.i. ha-1) (cartap 6%

1.8 kg a.i. ha-1) (stem borer, Rupella spp.) (carbofuran 40% 800X

0.48 L a.i. ha-1) [planthopper, Nilaparvata lugens (Stal)] [leaffolder, Cnaphalocrocis

medinalis (Guenee)] (Validamycin A 50% 1000X 0.5 L a.i. ha 1) (sheath

blight, Rhizoctonia solani Kühn)

6 ( ) (

) 70ºC 72 h (0.1 mm)

Kjeldahl ( 2002) (%)

0.2 g 50 ml 4 ml 36 N 0.2 g (K2SO4:CuSO4·5H2O:Se=

50:10:1, w/w/w) 800 2 hr

(NANOpure, Ultrapure Water System, Barnstead/Thermolyne Inc., Iowa, USA) 50 ml

5 ml 5 ml 10 N NaOH 4 ml

4% 0.01 N HCl

(%) : N(%)=0.01×WN×V×(50 ml/5 ml) ×(1/W) ×100% V

HCl (ml) W (mg) WN (14)

(10:00 12:00 )

70%

(spectroradiometer, model GER-2600, Geophysical &

Environmental Research Corp., Millbrook, NY, USA) 10 (FOV, field-of-view)

330-2600 nm

(spectrometers) 512 (silicon detectors) 330-1050 nm

-
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ãM#�L�é�&'A%M 4�NOÌ%�KpL)=��ÌÎÏ��}�(PQ(reference panel, 
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Hy&S�ú�wÄ¡ Statistical Analysis System 8.1U (SAS 1998)} Sigmaplot 2000 (SPSS ASC 
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Xd	
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¨��(^�)�����wÄ(multiple linear regression analysis, MLR)À)5 SASC!_��`m
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Ã)C5bÉ��wÄ(step-wise selection)�acA Mallows’ Cp criterion)g=©	%!��	
/

âªd!����������GEF�ªd©�H������cÞ�: Y3=a+bRλ1+cRλ2+dRλ3)$

CV^�(dependent variable, Y3)M±��
i�
��w�)/B^�(independent variables, Rλ1, Rλ2,

Rλ3)MÎÏ������CÇ���	
8ÂÃ(λ1, λ2, λ3)�����2pfe(root mean square error, 

RMSE)�¡5Þ«��ý:
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gÑÒtÓIãtqtÓIwh�Ì!ÎÏ����:;(350-2400 nm)18ÂÃ!����o

1#�Ïi±�}
i
��w�q�Z[H���wÄ)�y18ÂÃ����Ïi
��w�!

����Õ>p)c.±�}
i
��w�!�.r4�»s�(o 2))tR5t�(�ÂÃ

(740-1300 nm)}�Â�(�ÂÃ(1300-1800 nm)!���X��W,)>IÏY��IÏY!��\

»Õ>)´[À>IÏY�����18ÂÃ����
��w�!���æó�IÏY­¥$C)

����¨>IÏY6ó-0.5ã 0.5�m)¨�IÏYå6ó-0.75ã 0.5�m�

¨t�(�ÂÃã�Â�(�ÂÃ�C)�±�}
i
��w������].Lª´!8Â

Ã{è)¨>IÏYuó 1240 nm)Ie>�H���)n%��(R2)whM 0.176 (P<0.005)} 0.146

(P<0.01)¥¨�IÏYåuó 1208 nm)Ieó������)R2 whM 0.698 (P<0.0001)} 0.730

(P<0.0001)(o 3)�

� 1. ��� 2000-2002������	
��
�����(0, 30, 60, 90, 120, and 150 kg ha-1)����������
������� !"#$%&'

Fig. 1. Temporal changes of nitrogen concentrations in leaves and shoot for rice plants grown under different nitrogen 
fertilizer application rates (0, 30, 60, 90, 120, and 150 kg ha-1) in the cropping seasons of 2000-2002. 
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� 2. ��� 2000-2002������	
��
�����(0, 30, 60, 90, 120, and 150 kg ha-1)����������
���()*+,-./012+,��3456789:;6'

Fig. 2. Correlation intensity curves between nitrogen concentrations in leaves and shoot and spectral reflectance of canopy for 
rice plants grown under different nitrogen fertilizer application rates (0, 30, 60, 90, 120, and 150 kg ha-1) in the 
cropping seasons of 2000-2002. 
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� 3. ��� 2001-2002 �<���= 2000-2001 �>����������������?( 1240 nm(<��)�
1208 nm(>��)012+,��8@'

Fig. 3. Changes of nitrogen concentration in leaves and shoot to spectral reflectance at 1240 nm and 1208 nm for rice plants 
grown in the first cropping seasons of 2001-2002 and the second cropping seasons of 2000-2001, respectively. 

v¡�������wÄÅÆ)ÇÈ�ªd©�H������!����	
8ÂÃ)cx 1

#m�=©©�H��������w.Ïi��º»£Ì!�M»)Upqw.Ïi±�}
i


� 1. ��� 2000-2002 ������	�A�B�)*+,-.CD012(�������������E
F6GHIJ�KLM

Table1. Summary of multiple linear regression analysis for relationships between nitrogen concentration in leaves and 
shoot and spectral characteristics of canopy reflectance spectra for rice plants grown in the cropping seasons 
of 2000-2002 

Y=a+bRλ1+cRλ2+dRλ3
z

Item
a b c d 

R2 P 

First crops, 2001 and 2002       
Leaf NN%O 1.783 1.828 -0.804 0.091 0.763 <0.0001 
Shoot NN%O 0.560 1.745 -0.703 0.077 0.738 <0.0001 

Second crops, 2000 and 2001       
Leaf NN%O 2.632 0.874 -0.308 -0.097 0.790 <0.0001 
Shoot NN%O 1.673 0.863 -0.293 -0.082 0.803 <0.0001 

z Y represents leaf nitrogen or culm nitrogen; λ1=403 nm, λ2=558 nm, λ3=1607 nm. 
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��w�^3!£Ì�
�>��IÏY)403 nm�558 nm} 1607 nmL©8ÂÃ!���/AR

hIe)>IÏY! R2whM 0.763 } 0.738)�IÏY! R2åwhM 0.790 } 0.807�r=©��

���!£ÌL�:ÌL!��xw¶·)y�´ó 0.94)�2pfe(RMSE)Lµó 0.548(o 4)�

� 4. ��� 2000�P 2002������	�������������QAR(STUF6GHIJVWXAR�
	"�Y'

Fig. 4. Comparisons between the estimated values, from the best three variables linear regression models, and the measured 
values of nitrogen concentrations in leaves and shoot for rice plants grown in the cropping seasons of 2000-2002. 

� �
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Û��!±¹[(�)}$�ð�(ôõ�����ëï�}±��L))�d¨
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(740-1300nm)��Õ@z)������¨t�(�0��y>����~0(¦L 2001¥Blackmer et

al. 1996¥Gausman 1982¥Gausman et al. 1969¥Sinclair 1971)�v¡ó±¹� a}±¹� b!Q¬@

z~{óhl�0!��ÂÃ}��ÂÃ)wh5 450 nm} 670 nmMC9)#5���¨ 550 nm

�t�ÛX\!��L(¦L 2001¥½&+ 1997¥Arnon 1949)�
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û)hYMYZ�i��\]!�Égm�
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UhÔe��IÏYå5 1208 nm8ÂÃ{è!����Ïi±�}
i!
��w������]
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Estimation of Nitrogen Content in Rice Plants from Spectral 
Characteristics of Canopy Reflectance Spectrum1

Fan-Ming Chang2, Chwen-Ming Yang3,5 and Ay-Hwa Chang4

Summary

Chang, F. M., C. M. Yang, and A. H. Chang. 2004. Estimation of nitrogen content in rice plants from spectral 

characteristics of canopy reflectance Spectrum. J. Agric. Res. China 53:63-74. 

This study was to measure near-ground remotely sensed canopy hyper-spectral reflectance data during 

the growing periods under varied treatments of nitrogen (N) fertilizer and to identify spectral characteristics 

in related to N concentration so as to establish spectral models for estimating N status in rice plants. Results 

indicated that reflectance spectra of rice canopy were similar to other green plants. Applications of different 

amounts of N fertilizer changed the spectral patterns, but did not change the decreasing trend of N 

concentrations in leaves and shoot following plant development in both cropping seasons. Correlation 

intensity curve between spectral reflectance in range of 340-2400 nm and N concentration was similar in 

leaves and shoot, suggesting that responses of reflectance along the spectral domain to N concentrations in 

leaves and shoot were quite alike. However, the correlation intensity curve of the first crops was not 

conformed to that of the second crops, and varied correlation coefficients existed in different narrow bands. 

In general, correlation coefficients from near-infrared (740-1300 nm) to short-wave infrared region 

(1300-1800 nm) had larger values than the other bands. Change of correlation coefficient was in 

between –0.5 and 0.5 in the first crops, with the maximum absolute value of correlation coefficient located 

at 1240 nm (R2<0.18). The values of correlation coefficient in the second crops had greater variability, with 

the maximum absolute value found at 1208 nm (R2>0.70). Results also indicated that estimation of N 

concentrations in leaves and shoot of rice plant may be improved by using multiple linear regression (MLR) 

models. The spectral wavebands suitable for the best three variables MLR models were 403 nm, 558 nm 

and 1607 nm for both cropping seasons. The slopes for the relationship between the estimated and the 

measured values of N concentrations were greater than 0.940, with the root mean square error (RMSE) less 

than 0.548. 

Key words: Canopy reflectance spectrum, Spectral characteristics, Nitrogen content in rice, 
Correlation coefficient, Multiple linear regression model. 
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