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Fig. 1. Stages of seedling developmental of Bletilla formosana in in vitro culture. (A) Stage 1, protocorm; (BJ Stage
2, protocorm with 1% leaf; (C) Stage 3, formation of 2™ leaf < 0.5 cm in length; (D) Stage 4, formation of 2™ leaf >
0.5 cm in length; (E) Stage 5, formation of 3" leaf > 0.5 cm in length. (Bar = 5 mm)
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Table 1. Effect of different basal salt media on in vitro seed germination and seedling development of Bletilla
formosana

Seed % of seedling at various Fresh weight of seedling at various developmental stages
Basal salt &ermination developmental stages * (mg/seedling)

formula * (%)? 1+2 3 4+5 2 3 4 5

HYPONeX 100a™ 66.5+221b 163+1.87b 17.2+0.63b 33+0.14bc 55+€032b 7.8+043cd 10.5+0.56¢
Kundson 98a 674+270b 92+096c 214+185b 2.7+0.13 cd 43+028c 85+042c 102+0.83¢c
VW 99a 904+0.72a 18+0.10d 6.8+0.69¢c 43+030a 48+040bc 7.0+0.48d 102+045¢c
172 MS 100a 38.1=+1.57c 229=+251a 39.1+3.60a 3.7+0.24 ab 7.7+£042a 10.7+051b 12.7+£0.46b
MS 100a 72.0+4.84b 12.5+2.67bcl55+2.24b 24+0.17d 7.0+0.30a 122+0.28a 20.2+038a

* Bacto agar (0.8%) and sucrose (3%) were used to prepare basal salt media, using the formula of HYPONeX 7-6-19 (HYPONEX,
USA), Kundson (Duchefa, Netherlands), VW (Duchefa, Netherlands), 1/2 MS (Duchefa, Netherlands), or MS (Duchefa,
Netherlands).

¥ Seed germination was recorded at 50 days after sowing.

* Refer to Figure 1 for development stages of plants.

¥ Means + standard error (n =5). Means within each column followed by with the same letter are not significantly different at 5%
level by LSD test.

2. B 0.1%E MR A RIEEEANC 5 B 2 A AR F e 8 1 S T3 B N R R
Table 2. Effect of basal salt media amended with 0.1% charcoal on in vitro seed germination and seedling
development of Bletilla formosana

Seed % of seedling at various Fresh weight of seedling at various developmental stages
Basal salt germination developmental stages * (mg/seedling)

formula * (%)? 1+2 3 4+5 2 3 4 5

HYPONeX 100a™ 69.7+3.65b 0.7+027b 29.6+3.69c 18+0.14c 3.6+026c 74+043c 147+045b
Kundson 100 a 61.2+3.04b 203+195a 185+131d 34+0.17b 7.1+027b 11.4+043a 13.8+052b
AV 100 a 79.7+2.08a 4.1+£0.60b 162+1.64d 28+0.14b 34+0.19c 3.8+0.26d 74+020c¢
172 MS 100a  299+398c 239+1.67a 462+233a 59+046a 68+035b 99+031b 20.0+0.72a
MS 100 a 389+1.25¢ 223+2.10a 38.6+123b 58+0.33a 92+051a 105+0.56ab 20.8+0.51a

“ Bacto agar (0.8%) and sucrose (3%) were used to prepare basal salt media, using the formula of HYPONeX 7-6-19 (HYPONEX,
USA), Kundson (Duchefa, Netherlands), VW (Duchefa, Netherlands), 1/2 MS (Duchefa, Netherlands), or MS (Duchefa,
Netherlands).

¥ Seed germination was recorded at 50 days after sowing.

* Refer to Figure 1 for development stages of plants.

" Means =+ standard error (n =5). Means within each column followed by with the same letter are not significantly different at 5%
level by LSD test.
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Table 3. Effect of charcoal and banana homogenates in 1/2 MS medium on in vitro seed germination and seedling

development of Bletilla formosana

Banana Seed % of seedling at various Fresh weight of seedling at various developmental stages
Charcoal homogenate germination developmental stages * (mg/seedling)
(%) * %) ” (%)” 1+2 3 4+5 2 3 4 5
0.0 2.5 100a 36.9+193d 37.7+1.69b 254+1.05a 62+040a 73+045b 11.7+022cd 25.0+£0.25¢
0.1 2.5 100a 40.7+1.17d 31.0+2.60c 283+198a 59+047a 9.2+036a 10.8+0.56d 21.1+045d
0.0 5.0 100a 350+1.64d 457+141a 193+1.66b 2.7+0.17de 3.3+0.18e 7.8+0.30e 145+0.36¢
0.1 5.0 100a 58.6+3.09c 23.7+1.73d 17.7+1.72b 47+023b 7.6+038b 128+040c 249+041c
0.0 7.5 100a 704+2.87b 147+148¢ 149+1.65b 24+0.17¢ 43+023d 62+030f 13.6+026¢
0.1 7.5 100a 745+£095b 64+056f 19.1+1.42b 34+022cd 9.1+032a 173+0.50a 26.0+0.31b
0.0 10.0 98a 92.1+£094a 59+0.74f 0.0+0.00c 4.6+021b 55+029c¢ -V —
0.1 10.0 100a 742+1.83b 11.2+0.8le 14.6+1.12b 42+0.17bc 89+037a 154+044b 28.6+0.53a
Significance
Charcoal (C) NS Y ok ok NS NS ok ok o
Banana (B) NS *k *x *x *k ** NS NS
z I%haﬁcolal Sn)d banana homogenates were added to the medium containing 0.8% bacto agar, 3% sucrose and 1/2 MS (Duchefa,
etherlands).

¥ Seed germination was recorded at 50 days after sowing.

* Refer to Figure 1 for development stages of plants.

¥ No seedling. o

¥ NS = Non-significant; * =significant at 0.05 and 0.01 levels, respectively.
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Fig. 2. Seedlings of Bletilla formosana in 1/2 MS basal salt medium containing banana homogenates without (A) or
with (B) 0.1% charcoal for 50 days. Left to right: Concentrations of banana homogenates in the medium, 0% (left

tube), 2.5%, 5.0%, 7.5% and 10% (right tube). Note differences in color of seedlings between the treatments of
0.1% charcoal (B) and the treatments without charcoal (A).
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Table 4. Effect of charcoal and potato homogenates in 1/2 MS medium on in vitro seed germination and seedling

development of Bletilla formosana

Potato Seed % of seedling at various Fresh weight of seedling at various developmental stages
Charcoal homogenate germination developmental stages * (mg/seedling)
(%) * (%) * (%)” 1+2 3 4+5 2 3 4 5
0.0 2.5 100a 222+1.18¢c 35.6+1.59ab422+12l¢ 51+023b 42+033d 62+03le 11.0+0.30¢
0.1 2.5 100a 26.0+136c 204+0.77d 53.7+2.01c 58+0.17a 11.5+025a 12.8+0.36¢c 24.7+0.85b
0.0 5.0 100a 13.8+1.00d 26.0+1.44d 60.2+2.40b 63+023a 6.6+043c 10.1+£0.51d 151+029d
0.1 5.0 100a  10.1+£1.11d 39.6+247a 503+239cd 4.1+£034c 7.1+045c 151+0.67b 30.7+0.56a
0.0 7.5 100a 61.1+0.54a 11.4+059¢ 27.5+0.70f 27+0.09d 43+033d 69+037¢ 149+036d
0.1 7.5 100 a 00+000e 32.8+2.13¢ 672+2.13a -V 103+0.52b 163+0.33a 26.1+0.63b
0.0 10.0 100a 57.6+282a 189+1.19d 235+2.76f 25+0.17d 45+021d 95+0.29d 17.5+024c¢
0.1 10.0 100a 44.1+£1.87b 12.0+£0.71e 439+244de 4.0+034c 6.7+041c 13.1+042c 255+0.34b
Significance
Charcoal (C) NS v ek 3k sk sk sk sk sk
Potato (P) NS ok ok *k ok *ok wk 0
C X P NS k% 3k kK kK kK kK kK

“ Charcoal and potato homogenates were added to the medium containing 0.8% bacto agar, 3% sucrose and 1/2 MS (Duchefa,

Netherlands).
¥ Seed germination was recorded at 50 days after sowing.
* Refer to Figure 1 for development stages of plants.
* No seedling.

¥ NS = Non-significant; =" = significant at 0.05 and 0.01 levels, respectively.
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Fig. 3. Seedlings of Bletilla formosana in 1/2 MS basal salt medium containing potato homogenates without (A) or
with (B) 0.1% charcoal for 50 days. Left to right: Concentrations of potato homogenates in the medium, 0% (left
tube), 2.5%, 5.0%, 7.5% and 10% (right tube). Note differences in color of seedlings between the treatments of

0.1% charcoal (B) and the treatments without charcoal (A).
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£ 0 0.5%DL EyE PERRAY IR IR AR 138 2
FREHIH/ N A REEET o EARRES - DL
0.1%3E PRI A [FIEERERNC ST B B A rh » A
REER/ N AR R Ry PRE - BRI EE R 1Y
e BEEOEERE N AERBRERA
R D E YR B — BT
FRe BN IIEEE T - TETERRELE AR
VIRIE2AG B 2 A RRSSURE VT LAEINES -
TERRAEAVRHAS RS 2 b - BSBERR T By
BERHZ AN W A TR IGE SR e N 3 B
(Arditti 1967) » Hrh i # B G E R H iz
BRARININY) - M RHEYII e R - 1R
BERAPIRIERENEE (6-10%) BERE
(2-4%) » NV INERE - £ R EATRTTHER
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BB BIFSER (Lo et al. 2004; Shiau ef al. 2005;
Yan et al. 2006) ; 75518 —ZERFRYIF IR -
R R RS RE 150 g LY R FRAFR
K (Juang & Lee 1986) o fEAEKEE i
2.5-10%7H (3R 3) HUEERE (R 4 WIIRM
WAEHEGE O ETRIRS - (HRENS
BRI CAEREREE R 3 HE
7 10%05F - B/ RS EAIEIERN - 2%
PLBERIININE/ N AR R EFEE AR
R GRAHPLIEH 7.5%58E 50 0.1%E %
i BB R 1 1 fe o/ N AR R AR RO
f » 7EREER 50 Ki% » 55 4 BOH S AV NeERE
67.2% » #E 5 2/ NP EES] 26.1 mg -
A Lin et al. (1994) Ed Yeh et al. (1995) #5718
1 S R R A fF 92 R BR T TR A MS Bl
K FERE S TETEROREE ~ RISV L RS
AR ES TR SIS I 518 1 S R 3 2 Bl )
HAERBERE G » A5 i
TFRGEV N AR EER RBREIURR 6
#2135 K) AL - BREE T VSR
gh » FEERERERE I AR R DU 2 A
BN edE MR EaE -
ARWFFERE T AR B AR TR - Bl

TR Z BRI BE AR » R
B s SRR MM T2 B R
Huehmd N B B g Eii s < mE - 1271

B R AR R R CBCR - B
AT R B8 R B8 ) i Ry R
SEM B R BE P I -
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Effect of Basal Salts, Active Charcoal, and Vegetable/Fruit
Homogenates on Seed Germination and Seedling Development

Bletilla formosana (Hayata) Schltr in In Vitro Culture'
Chin-Yi Tsao?, Uei-Chern Chen?, and Chi-Ni Hsia*"

Abstract

Tsao, C. Y., U. C. Chen, and C. N. Hsia. 2010. Effect of basal salts, active charcoal, and vegetable/fruit homogenates
on seed germination and seedling development Bletilla formosana (Hayata) Schltr in in vitro culture. J. Taiwan Agric.
Res. 60:77-88.

This study was conduced to determine effect to basal salts, active charcoal and vegetable/fruit
homogenates on seed germination and seedling development of Bletilla formosana (Hayata) Schltr in in
vitro culture. Bacto agar (0.8%) and sucrose (3%) were used to prepare the five culture media, using
reported basal formulations of Knudson (Knudson 1946), VW (Vacin & Went 1949), MS (Murashige &
Skoog 1962), 1/2 MS, or HYPONeX 7-6-19. Results showed that seeds of B. formosana were all
germinated on these basal salt media after incubation at (25 + 1°C) for 8 days. Among the five basal salt
media tested, the medium containing 1/2 MS was the best treatment for development and growth of
seedling of B. formosana. Adding 0.1% active charcoal to each of the five basal salt media had no
significant (P > 0.05) effects on seed germination as all the seeds germinated on each medium after
incubation at (25 = 1°C) for 50 days. Fresh weight of 50-day-old seedling was 20.0 mg/plant for the
treatment of 1/2 MS + active carbon and 20.8 mg/plant for MS + active charcoal but it was only 7.4
mg/plant for the treatment of VW + active charcoal. Adding banana or potato homogenates (at 2.5, 5.0,
7.5, 10%) to the medium containing 1/2 MS, with or without 0.1% active charcoal, had no negative effect
on seed germination. Although both banana and potato substrates in the medium caused an increase in
fresh weight of seedlings, the potato substrate was superior to the banana substrate for seedling
development. This study suggests that the medium containing 1/2 MS salts, 0.1% active charcoal and
7.5% potato substrate is the best for seed germination and seedling development of B. formosana under
aseptic conditions.

Key words: Bletilla formosana, Seed germination, Seedling development, I vitro culture.
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B %P+ E2 Nerinevirus X p# 2. jFE &0+ 24 4
. ot s op e ]
FETE A ppl & =

J_«;;%zzt 351%-_:*? 34 ﬁgﬁgz I{ﬁ f*}::25

W =

TL5FRA ~ TRIEZC ~ BREEE ~ BH<BA < 2011 « JRGYE F3EZ Nerine virus X 5 L MG B3 F4£
Ve E R ARl o HENT - BIEEZETIE 60:89-100 ©

AR M s @ PR EE S I Fr E SRR ORI B 1Bk B SE i
RZE#E (Chenopodium quinoa Willd.) » ¥RHHE 3 K BEPTHA R IES — 3Bk (AL-1)
1 AL-1 [BIHZEHA B S AR PR T Al 3 B FH R MRS (L BREBR S 1 - DABEAE AL-1
L EAEEEEFr Ry MR RIS AR e e B S5 72 St Lo T i b iR
FHQE 7 RMEREIEE - R IR - RETHAERY 508 nm - i Ly 7FE SDS-PAGE
TPk TR R O — R B B HAL (protein subunit) iR » 01 &
58 Ry 25 kDa - #flifbiz AL-1 S FERIER A R AT EME Z Z TP ELISA
(Enzyme-linked immunosorbent assay) + SDS-G &R E (SDS-immunodiffusion test)
Je PG TEREE R E » AT B[R 2 M R TR LR R B SRR R A I - DAZEHLE
Tl AL-1 BN EEC 2 BRI Rt - MBI Te A aRE T 5 [ S i T
WEERERERKRZ RT-PCR ZEIMIEELEE - EFAaRmETL AL-1 itk 2RE
KIfERIE 6577 e EREATHAR (L2 polyA) » & S EHEEELENE (ORF 1-5) 43
HIE 5 EHEREY) - Hrh ORF 2-3 S IEERFY] » HERREREE A
Potexvirus [BiRHE o FLLE GenBank BB $kZ EHA 10 f& potexviruses 2= H: K|
Py AR + AL-1 FEKIfS 2 B ER B I B PP 511328 Nerine virus X (NVX) i FytH
ST FEIEIEEESE 93%LL 1« $1%f AL-1 2 ORF1 [ #5%E (L KIFT 43 BIE% T 65 |+
¥ TP Y AL-1 - FESARTUE AL-1 S3BER A RAE ~ G2 LUR 2
RERRREZ O HTRR - B E AN 2 B s R U BB 8l B 1P o Bl 9
FEE L NVX i — 820 » ) NVX A EER A 2 E SR -

RASEEE . 5T WA  Nerine virus X %% ~ ZIohifg » 2RERKEE - RT-PCR &
Hl o

THEREZ B G REABETI eSS 2505 9% - #2XHIH : 10044 H19H -
AFTEYR AR B - BIRESEE - BIESE R - B S -

G R AR 2 LRI e T B AT R - B S -

VLR SRS R A e i s R R —FE C ERE -

SEINESE - BT EME ¢ chinzue@tari.gov.tw ; EEH : (04)23302803 -
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A

BT (Agapanthus africanus L.) X%
B Fefaribt B FEBZFAEAHEY) » 1
FEFAFE » Al Y CIR AT AR A CEE U E
AR ENHE A TR - BRESmEAE N
B o R E ERNE ERTCAMER Nerine
virus X (NVX) i 555 [EEERRR RO (Fuji et
al. 2006) - NVX By Potexvirus @K EZ— * R
FERERIEE Rk - SEETREERT 540 nm (Phillips
& Brunt 1980) e NVX 15 KA faf i e 28 E AT Rk %
REBEES (XTHREFAIE » Nerine sarniensis)
(Hakkaart et al. 1975; Maat 1976) » B8 1F I
W B ] H ARG AL EH 73 (dgapanthus
praecox subsp. orientalis) (Phillips & Brunt
1980) «

HATC S NVX AR F 2R E T
SHELURIRFE S (Phillips & Brunt 1980; Brunt
1995) » FF FHIEI AR Rl (Alliaceae) » FE}
(Amaranthaceae) ~ f7F} (Amaryllidaceae) ~ #53}
(Chenopodiaceae) J #% #F £} (Tetragoniaceae)
£ (Phillips & Brunt 1980) -

BT NVX SR8 DS EE H
IS 75 B AN R DL R I 3E g 5 L R A R
(Phillips & Brunt 1980) » k% 2006 4F H A £
#H Fuji et al FRFAENE F3H Fz NVX 5
HREREREREEFY (Fuji e al. 2006) » A4
TE— 2 WRAE 53 1 ARV 5 R I e AT e 7 B
HAh potexviruses Z 7252 » (G E A IR HEZ
SRR S Bl Bk o AWEFERBIRZ
Flies St W Al PR 15 < B FSE MR Ak - RS E R
EEFTEEC B A NVX 284 - Kiffse
B PUR P57 BER 2 s sl L ~ LIS B4
DA B FLIM & A I B iy o B PR EEAL ~ R
FRRES BB EFF ~ - TR mNT ~ DU
H—M5 | FHER R EER RIS A
RS ISE -

MG E

MERIE - REREEEERE

ARBFFERY 2004 4 H AL R 1R L Mgl
&+ BRIGEE B SRR R U BB i B 1
SEFE PR B PRL » BURZEYIEAY 1 em TE ST/
FHARBE - 23R 50% glycerol IR L LR 1F
J2-20°C » VR RIAIRTEM L - BEREI R FEfe BE
LL0.05 M ZEFBSTHREA (potassium phosphate
buffer, pH 7.5) » DL 1 : 10 (g¢/mL) ELBFIRFEER -
W R vE R R R R R G B R Y 45 #R
(Chenopodium quinoa Willd.) » #] 6 KIBREEH
FEAFALRERYE (local lesion) » FEGHAE 3 X
O EE R S — S Bk AL-1 (R R AT
e e 2 (MR PR - AL-1 Z1 Bk SS
DIt iR bk 2 L e M R 3/ &y (Tetragonia
expensa) LLSCHRFRAYH FHIEAR - BIEmEC
FH -

REMILREFAMIBRE

B AL-1 55 BEVR R B A A5 8E
VERsiALAA R - FI e B2 R s 5 %%
JEE S o TR BRI L - SR
9% (Chen & Chang 1998) - HUHECHILZ
AL-1 SrBERIR AR Y 300 mesh (< Sl
_F» X 2% PTA (phosphotungstic acid) {73
(Hall et al. 1945) » 1F 40,000 %R 2 2EXET
BEfSE% (HITACH H-7000, Tokyo, Japan) T3
TR FERERI RUREBAIERISE » WEETHE 100 7R
Rife » RIRE LR -
2

W2 T AL SR | mL
(1 mg/mL) Bl 1 mL 522 Z{tH| (complete
Frenud's adjuvant) (Sigma, Sigma-ALDRICH,
Inc., St. Louis, USA) Fa/mES » A LERLZ
TR R 7 B LA © BERR—EE S
1 R B R ZES DA 5E 2 2 A A
(incomplete Frenud's adjuvant) (Sigma) BUf% 58



4 ROEH—EBAIGHEITERI » BERERIM » B
T EH 2 SIRERTS: 30-40 mL 2 I3 » A 37°C
IRIGERE 4 /N o U b5 I A S e L
(8000 rpm » 10 53$#) % » HUAVEIR T EERIEIR
-20°C -+ HEIMIE S HEHERZ 75 -

I ;5 4Rl

ELISA (Enzyme-linked immunosorbent
assay) 237 ¢ HX 0.1 g ZFERastifs - DL 3 mL
Z 15 mM TREEENAEE K (sodium carbonate
buffer, pH 9.6) WHETZ1% » IIA EIA [EREA
(100 pL/ well) HETTEMME (coating reaction)
HRHICVEE AL-1 53 BERRDIRS < SRIEEREE
H (IgG) #1T ELISA [ ) Bl < e Az an
B R C#H AL (Chen & Chang 1998) -

SDS- % % & X fE & (SDS-immuno-
diffussion test) : 737 1 g ZAEYHHIBI I ik
MEL 1 mL 2 3% SDS A& ;¢ 1 mL 2 2R &A%
TRUFPESZ)Z) » P DARJE A AT @R - DO IR E
MEREENLIEVK (95-100C) [t 3 7rdi 4
By SDS BRI PTJF (SDS-treated antigens) ;
b BRI BN EGRIEE A - B
3% SDS ¥A bz 1 mL 2 “RFKEAAKLLT 1121
(RERELD) IREITTR - FRRDALIEVK (95-1007C)
F 3 43 o SDS fRELE PR » FFEL AL-1 %
TR BEMR Z PUIMIE HETT SDS- 6928 i il [ Jié
(Purcifull & Batchelor 1977)

PE77EEE D (Western blotting) : 0.1 g
VIR B - DORREZVERY: » A 200 uL i
KESLEETENE (240 mM Tris HCI, pH 6.8, 10%
glycerol, 2% SDS, 4% [B-Mercaptoethanol) - FHY
100 pL ffF W DA S fE R & LDS VA
(Laemmli 1970) » JR =% 31Tk - SDS-PAGE
Tk RHIERSENE PVDF [ (Millipore Co.,
MA, USA) » DL AL-1 53tk < UG 1T %
S JE -

AL-1 2REERBEFHT
HU AL-1 #lifbiess » DB La AR 2

By g E bl sl 91

HVEEZE (QTAamp viral RNA mini kit, Qiagen,
Hilden, Germany) » DLHH{ b5 BAE Fotbihi -
BHIeHFHERES [T OPAS (5-GTGACGTAGG) 3
{7 reverse transcription-polymerase chain reaction
(RT-PCR) [ » Fitff53.2 658 bp DNA i BeA&
SEFF# B GenBank LK FLEFRG R - MEAILL
DNA FrEJ5EIA Potexvirus ORF1 (replicase)
s Vs 21l

MERSFIFILL 658 bp DNA FrEgFTE &
KEW Y RHSE 3 inakst AFORF658-1
5% (5'GAAGTAATCAAAGCCAAGCO) - ififid
& TN i#E5] T Oligo-d (T)4 (5GCGGCCGCT
TTTTTTTTTTTTT) » DAREALIR 35 2 B Fy i
i - #E1 TR 3L ARE .. RT-PCR B4iiE - 76
flin]J#15 2.6 kbp .« DNA FrE¢EY) - K RT-PCR
HYNEFT1S:Z 2.6 kbp & DNA Fr B » #GEHBUE
P4 » ST HEE B8 GenBank _[-.2 Nerine
virus X (Acc. No. AB219105) #x B FH30T » [KI L3
—H | ETTEH . 658 bp DNA FrEZfr
Hl - BUHGT S'Giastat AFORF658-2 5[f (5
TGATATAGCGTCGGGGTGAAAG) - ifi ] H
NVX (Acc. No. AB219105) CLAIfFE ORF1 2
P 3l 8 i NVXORFl-ul 5| F+ (5'CAC
AGCGGGATAAACTGGACCAGATT) - JE H
AFORF658-2/NVXORF1-ul 5| F&TEMG AT §
¥t AL-1 ;2 ORF1 EL[A] i HHi4Y 1.5 kbp &
KA Fr B L 1.5 kbp 48 Fr B EE PSS E T
EFFR - MBS EtET AFORF1-d 5]
T(5' CTTGACGTGTAAGCAGCCTAA C) » if7
fEEF NVX (AB2191055) RE[KIHE 5" 25 AR
 fF & 5l T (NVXS'end, 5'AAA
ACCAACACAACCTAAAACCAAA) » F] H
NVX5'end/AFORF1-d 5| F¥#£{T RT-PCR I
M - P H LR P BT B AL-1 B
[RI#G S 2.3 kbp L FEP) » K RT-PCR fi{SZ
DNA v B BV T8 HELE T -

REABRET AL-1 755 Bk B R RLR




92 i R 5

%< RT-PCR H4iiE ~ S ELE fr - HAfr RT-PCR
heiE SR TR B RIERR 5 ThRE < B AP B
RT-PCR i %] #1 (One-Step RT-PCR Kkit,
Invitrogen, California) - 57 JEHF » fA%F— 50 uL
S EW th 43 B 2 pL RNA ~ 25 pL 2x
Reaction Mix + 1 uL RT/Platinum® Taq HiFi
mix > ;7% 1 uL 2 20 uM AL-c-up J Oligo-d
(T)14 BIFE » PREVEE K FERE (GeneAmp
model 2400, Perkin-Elmer Co., Norwalk, CT)
1T 30 fli] PCR {EER I IE - [ERE Ky SOC R
Bk cDNA 30 433 » 94°C % 1 4348 » 53°C
TG 1 4reE o T2CNRG 2 S0 o e —
BERP NRCRERELERR 6 478 -
RT-PCR H§liE {5 DNA Fr B - #5572 pOSI-T
#iE (GeneMark Com., Taipei , Taiwan)» 3f #E5E
FA Escherichia coli DHS5o f5 3 H - FRDAEREEM:
R EL K EcoRI [R il /% 34 ) &1 i 3 H A5 B
RT-PCR FHAGEYIAHFIAR /N BFE R » 326521
R Al S RIEIT B R P 51150 (ABI
PRISM 377-96 DNA #4143 4712 » Perkin-Elmer,
CA, USA ; JeHFCF i T AT SRR 1 HH
ABI PRISM BioDye Terminator Cycle
sequencing Ready Reaction kit) » FT{5 2 i lE
FIL Vector NTI Suite (InforMax, Inc. Wesconsin,
USA) B9 Ak gg it T2 b LR -
AL-l 2 REEFNBHEHHEMBFR
potexviruses Z EE ¥4

B AL-1 ZREEREE IS ORF 1
(replicase protein) ~ ORF 2 (triple gene block
protein 1) ~ ORF 3 (triple gene block protein 2)
OREF 4 (triple gene block protein 3) ~ ORF 5 (coat
protein) R EFRELIZ S5 » Bl GenBank
BT B AL-1 ERAIRS AR AT 2 10
FTEAN[ERY potexviruses * FFE Nerine virus X
(NVX) ~ Potato virus X (PVX) » Cymbidium
mosaic virus (CymMV) ~ Clover yellow mosaic
virus (CIYMV) ~ Hosta virus X (HVX) ~ Opuntia

oo 2

virus X (OVX) ~» Cactus virus X (CVX) ~ Cassava
common mosaic virus (CsCMV) ~ Bamboo mosaic
virus (BaMV) ~ Foxtail mosaic virus (FOMV) &
TEATERIAHRIRE 2 o BT ELS - DU AL-1 2
AL-1 E—145| FH 255 BRI

A G B B B T SHE PR R AR T 0 B H
AL-1 0Bk < BERIRS 751 - DUETEE ORF 1
(replicase) Jz ORF 5 (coat protein) Z 5 EE
H > oy plaEeat 51 DL 17 HH RS R ik o2
RT-PCR #g#ll - ¥t ORF 1 5[ ¥k
ALORFup/ALORFdw (5' TGT GGCAGGCTTGT
AGAGA /5' GCTTGGCTTTGATTACTT C) » ¥f
JEWE BRG] T ¥ ALCPup/ALCPdw (5'
TCTTCCCGCACAATCCAAAA/ATAGGGTG
CAGAGCTGCTGT)- S ARS Mt FeEt Ak
Z Potexvirus fGHF=5 | 78 Potex 4/Potex 5 (5'
AGCATGGCGCCATCTTGTGACTG/S'CTGAA
GTCACAATGGGTGAAGAA) (Miglino et al.
2005) fER ¥ - KA A2 potexviruses
f$E CVX » BaMV » CymMV ~ PVX DURz AL-1
TEJ A AR LB AN [F G 7 ¥ 1T RT-PCR #g
W SRERBEHANRTE - RT-PCR ZIEIREYS
FEfG T E A/ DL ALORFup/ALORFdw [ JfE
Ry 429 bp~ DL ALCPup/ALCPdw [ JfE2 s 469
bp ~ DL Potex 4/Potex 5 [ JfE# Fy 280 bp

7w &R

RERE « MR EFREMREE

HVEE Py B Sk e B S B B 1 73
TR (I8 1A) - SEF TV TR Y 2222
KEREER > #) 6 RIRMIERIER iRk
{LBERG - W% b BB e n] g ool 52
T EFSEAE R Y 30 RESEREE A L Bk B
AL (8 1B) i€ ELISA fgifll A m R ML e -
FHZRE AL-1 0k < EREE R ([B12A) £ 120 ¢
TERHHAR T - AR 6.5 mg (ZHREE o $1E
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1. J&KH¢ Nerine virus X 55 AL-1 0EERR B TSEAERORTERL © (A) FHRIFERIRIE Fr S B Bk U S BN
05 (B) H TR HAE NVX AL-1 53k 30 REGHPAFTBE B S RRBEER L -

Fig. 1. Symptoms on leaves of African lily infected by AL-1 isolate of Nerine virus X. (A) Symptoms on field
plants; (B) Chlorotic mottle symptom developed at 30days after inoculation.

AL-1 53Rtk ML gk - 1 T3 T REPIER
BIEE TR IR Ry 2 AR IYRE - HREHTEy 508
nm (& 2B) » FFEEEE X BRFEIRE
#J 470-580 nm ;Z #i[# (Brunt 1995) - #lifbfi#E
#& SDS-PAGE #E yk /3t H i 85 1 /i B —
HEEE B ALAHAL (protein subunit) FirigRE -
G EAEFEAT Ry 25 kDa (& 2C) -
0t 5 B4t Bz 1B AR 5 4

R R B TS M e 53 AL-1
BT Bk PUIMTE » 71T ELISA - SDS-#a3%
B S Y I P TR E S N b SR - A
AL-1 Ji 355 Bk 2 DL Pl LAY S Bk
H (IgG) #fT ELISA [JE - mEE[EJHAEZE
B B R Bk 2R S e - (HAB
FHE A A I S 4 78 potexviruses (fUFE
CVX » BaMV » CymMV }; PVX) & Fefii ik
ZIREYURIE (FERARHIR) » LS S ERS
SREAPE STERE R S RAHE ([ 2D) - 1T
SDS- G fZ B FEE MG » AL-1 [y AT Ed
Ml ~ BIHNERDRFHTERZ AL-1

DU LUR FHRST B 38 R 8 A Se BT I S JE -
L I T W 2 A (] T ) R B R
(identical fusion) (f& 3) B/ FH PR R A 4 Bl
AL-1 S3BERREIFOIRHEIAAE » AL-1 ML B
FRERH AU 1 LR SRE o S I S EeAs
HUR AL-1 izl - v ERERRE 15E
TERIR IR TR LR -
EREEZRBSNURBEERERE L EE
i

AL-1 Jriffitk i RS IS 6577
AR (ML poly-A tail) F#Kf GenBank
UG5l HQ166711 » Hrh 5 25 {Ef%H
FEJ5fE R GenBank & mEE83R.2 Potexvirus
AB219105 EL[Klfg 5'THER 25 L E R [+
(NVX5'end) Bl AL-1 Z 5 [T (AFORF1-d)
HE1T RT-PCR [13 - ATfffF & AL-1 SR ALK
BT RS HT R » B & T2 53 1
B E Potexvirus BiR K iEZ ORF 1
(replicase protein, nt 88-4599) - ORF 2 (triple
gene block protein 1, nt 4635-5321) ~ ORF 3
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2. AL-1 3350 MR BT ~ AL 3 PR MU B VB BB VKT © (A) BERREAE 2R A AR 2 SRS
(B) AL-1 7Btk WAL BRI 78 T PSR EE 5 (C) AL-1 Sy 7Y SDA-PAGE ZFEIKMT - JAHRE
FES 2T Ry 25 kDa s (D) P57 AL-1 ML © SRBHpHH RS e FH R B S i r i i 5
LUAL-1 $UME T TRIE T - M+ B VB AEHE S T8 5 V 0 AL-1 Slifbfis s 5 L : AL-1 M EERRIERG . Z53E 83T 5
D : BH FSEBEHRLR 5 1 1 CVX (Cactus virus X) ; 2 : BaMV (Bamboo mosaic virus) ; 3 : CymMV (Cymbidium mosaic
virus) ; 4 1 PVX (Potato virus X) ; Ha : R E 7SEZEHB -

Fig. 2. Bioassay, TEM observation, electrophoresis and immuno analysis of Nerine virus X isolate AL-1 by Western
blotting. (A) Local lesions shown on the leaf of Chenopodium quinoa developed by the inoculation of AL-1; (B)
Morphology of a purified virus particle; (C) SDS-PAGE analysis of the purified AL-1 particles showing the subunit
of viral coat protein; (D) Western blotting analysis using AL-1 antiserum; purified virus sample of AL-1 (lane V),
AL-1-infected C. quinoa leaf tissue (lane L), AL-1-infected African lily tissue (lane D), and different potexviruses
including Cactus virus X (lane 1), Bamboo mosaic virus (lane 2), Cymbidium mosaic virus (lane 3) and Potato virus
X (lane 4) and preparation of healthy African lily (lane Ha). Lane M, protein markers.

(triple gene block protein 2, nt 5302-5658) ~ ORF
4 (triple gene block protein 3, nt 5438-5797) &
OREF 5 (coat protein, nt 5787-6446) °

AL-1 2 2 R R ALK 8 Bl H Rl 285 % L
Potexvirus fRppLEEHFEER. » B H A Fuji ef al.
A 2006 253K 2 Nerine virus X (GenBank Acc.
No. AB21910) ftHifr » 2R EI R 2 IR
5 15 98.9% (3% 1) o fE—Eil GenBank {2 §%
Z 10 F& potexviruses f1FE NVX (AB219105)
BaMV (D26017) » CIYMV (NC_001753) »

CsCMV (U23414) ~ CymMYV (EF125178) ~ CVX
(AF308158) + FoMV (EF630359) + HVX
(AJ620114)~ OVX (AY366209) » PVX (M95516)
ZETT ORF 1 & ORF 5 ZAH[EI LSS - f5 5L EA
NGRS AR - AL-1 B NVX
AL I g AH R R v 93% LA L 5 {H
EfL LA 9 #d potexvirues Z FEZHEIAHIFEI LY ORF
1 B 37.6-43.0% ~ ORF 2 5 20.0-30.7% ~ ORF 3
By 29.6-42.4% ~ ORF 4 J3 7.4-21.3% ~ ORF 5 J
15.6—38.0%
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‘ AL-vir%

3. SDS-SEIEHERUE AT AL-1 s BEPR B BTN L SRE - thaITIA AL-1 HUIME (Ab-AL) » JEE
ATy RIMAKE SDS JRER#R.Z AL-1 #i{LHK# (AL-virus) » I FSERERHL (AL-p) » AL-1 BREEZE TR
BPERRS (Tt » AL-1 JRREERLZ RO EE (AL-L.L) RAERZERAIRPUR (H) - AL-1 FUiEEK{Z AL-1
EE ~ T T3E0R R ~ [RIRZERR AR R AL-1 KA T A E AR 5 7 A2 R o S BT S E -

Fig. 3. Sodium dodecyl sulfate (SDS)-immunodiffusion test of the antiserum against AL-1 isolate of Nerine virus X.
The central well was filled with the antiserum against AL-1 (Ab-AL). The peripheral wells were filled with
SDS-treated antigens including purified AL-1 virion (AL-virus), field diseased leaf tissues of African lily (AL-p),

AL-1-infected Tetrogonia leaf tissues (Tt), AL-1-induced local lesion tissue of Chenopodium quinoa (AL-L.L), and
tissue of healthy African lily (H).

& 1. {7 AL-1 PEEPRELEL AN [F] potexviruses [RIFERLIKIREM 5 {HIEEE2EAE (Open reading frame) |2
FPHUGIATLERA -

Table 1. Sequence analysis and comparison on the five different open reading frame (ORF) of Nerine virus X isolate
AL-1 and other potexviruses.

Percent identity *

Nucleotide Amino acid
Potexvirus¥  Accessionno. ORF1 ORF2 ORF3 ORF4 ORF5(CP) ORF1 ORF2 ORF3 ORF4 ORF5(CP)
NVX AB219105 98.7 99.0 99.7 99.7 99.1 98.5 93.0 100.0 99.2 95.9
BaMV D26017 51.1 46.8 52.1 22.7 43.7 37.6 23.5 37.9 8.3 20.1
CIYMV NC_001753 529 433 52.5 27.5 51.6 40.2 25.7 424 11.6 34.1
CsCMV U23414 52.9 46.9 473 40.1 49.5 40.9 27.4 33.1 16.5 323
CymMV EF125178 52.3 45.9 49.7 38.2 52.6 41.3 20.0 322 21.3 36.7
CVX AF308158 54.2 504 474 28.5 49.1 41.2 30.3 352 10.7 29.3
FoMV EF630359 50.7  49.6 47.9 22.1 41.5 383 28.5 29.6 7.4 15.6
HVX AJ620114 53.5 49.5 48.8 31.1 49.0 39.5 26.9 34.4 15.7 324
(0)%:¢ AY366209 547 484 43.8 24.2 49.6 41.1 30.7 32.8 10.7 30.9
PVX M95516 54.2 47.0 49.7 31.9 50.7 43.0 22.2 32.8 8.3 38.0

“ Values were obtained using the analysis program of Vector NTI Suite (InforMax, Inc., Wesconsin, USA).

Y Potexviruses including Nerine virus X (NVX), Bamboo mosaic virus (BaMV), Clover yellow mosaic virus (CIYMV), Cassava
common mosaic virus (CsCMV), Cymbidium mosaic virus (CymMV), Cactus virus X (CVX), Foxtail mosaic virus (FOMV),
Hosta virus X (HVX), Opuntia virus X (OVX), and Potato virus X (PVX).
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AL-1 ;2 ORF2-3 ~ ORF 3-4 fiz #%l&F7fH
OEHES B » By Potexvirus YR#EL R
— » fik triple gene block (TGB) - 3ff H JaHFi &
Alphaflexiviridae FHRFHIESREERE (Abou
Haidar & Gellaty 1999) - FIRZIEFFZ 1537 ELETRS
REl AL-1 25 FRAGBERETERR Potexvirus
HIREZ— » BB NVX S NIES TRk
RT-PCR E— 4401 5| 7 2 5% 51 ELFE A

AIFEEEE AL-1 7] Bl Potexvirus fiH =5 |
T-¥} Potex 4/Potex 5 [ZJE » EWIA/ING 280 bp

oo 2

sk aR a5 [+ 2] B — P g H
AL-1 I8 Fr B FEY) » JEAS B TR A/ MHIELZ
DNA FrEyZEY) » L ALORFup/ALORFdw S
i ORF1 147429 bp 4R EB: (18] 4B) » 1f
LI ALCPup/ALCPdw 3l H, CP -4 469 bp 2.
Bl B - 1 AL-1 b ss ~ AL-1 HREE R
RS VAR - DU SRR EE o B
PEFL A RR I AL-1 A B2 AR B
9% AEHE T H [FEAEL CVX ~ BaMV » CymMV
LUKz PVX 5 4 FEAS[E]Y potexviruses i 5EZ 1%

WS e ([E 4C) » BRURIL —#HS5 [ BT E
T3 EAE NVX 5.2 Mgl -

KBEFr B (I8 4A) B AL-1 FLXIHGESE ORF
1 (replicase protein) [\ 5z ORF 5 (coat protein)

bp M V D L 1 2 3 4 5

1000

Ha Hq

500
280
100 Potexd/Potex5

429

ALORFup/ALORFdw

459

ALCPup/ALCPdw

4. AES T EHEIT R R S RS E (RT-PCR) AR T3 Nerine virus X e L UK HTHER ©
M : 100 bp DNA fZ#EAZ 5 V @ AL-1 fifbfi§s5 5 D+ B FEMERIRIEREM 5 L @ AL-1 Bk Yy s 25558
BF 5 1 : CVX (Cactus virus X) ; 2 : BaMV (Bamboo mosaic virus) ; 3 : CymMV (Cymbidium mosaic virus) ; 4 :
PVX (Potato virus X) ; Ha : {@fFH T HIEMHFR s Hq : EREEEZEIEH -

Fig.4. Amplification result of reverse-transcription polymerase chain reaction (RT-PCR) by the use of three sets of
primer for the detection of Nerine virus X (NVX) and several other potexviruses. A 280 bp DNA product was
consistently amplified by potexvirus-specific degenerated primers (Potex 4/ Potex 5) from AL-1 and four different
potexviruses including CVX, BaMV, CymMYV, and PVX. Amplicons of 429 bp and 469 bp were obtained by two
NVX specific primer pairs of ALORFup/ALORFdw and ALCPup/ALCPdw, respectively. Lane M, 100-bp ladder
DNA molecular markers; lane V, purified virus particles of AL-1; Lane 2, field collected African lily tissue infected
by AL-1; Lane 3, AL-1-induced local lesion tissue of Chenopodium quinoa; Lane 1, 2, 3, and 4, four different
potexviruses of CVX, BaMV, CymMYV and PVX, respectively. Lane Ha and Hq, the healthy controls of African lily
and C. quinoa leaves, respectively.
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B o TR AT RS IR » BURPBEE B 1S
Wtk AL-1 s itk - TN G E X 5B
WEHIR B — » HEHFTHAREEEHAZ
H MRk LB 1S Nerine virus
X (NVX) FfHFENRFEZ AR BER (Fuji et al.
2006)

FHRETER R B - SE PR I 2 B AR AR IR
PEBORTE - TN R BT - the]
AR AT Rk = LD RS - [ Y
FSEFEAR D BRI RO - BB RER IR
w55 AR RS 2RI - 5950 » ARt
FELAMIE LU oy TRk e 2 =X TRk
W5 MRIRDA R B2 AL-1 43BERR
FEARFEIR A SDS- s s B e 23 [F] R
FRIER B IR IR E » DLk RT- PCR [ &
rRE 3 ORF 1 J CP ZikH s —1E5 [ 1
T 3 FEAR vk PR AL R R B
MR RURHM R RIEE 2] AL-1 535k
PRAHIER 5 SR G -

HAiCHmE AR FHEZWEES
NVX 19308% (Fuji et al. 2006; Phillips 1996)-Tfij
NVX HE AT H ARG £ 2 AR ER
B RARAE S NVX B L EHE
FE BRI R R B BT T B B
ARG #% L R AEARS HH @k i (Derk & Maat
1995) ~ fET-BEREEE (Phillips 1996; Brunt
1995) o -5 280 7 203 2L LARE I K o3 Mk iR
320 o F R REAE L A R R R A T SRS 2 T ik
B (HFERGE 3-4 FARERASE - DU PRIERHE
FFR R AT A » DO ST R
RHR B ZETEK o Bl H i fE A i @ HY
SRR B e E eSS 2 [ 7
SRR LA AR AR IR 2 A ORI AS
e KELERIN NVX fEaERA AT 5
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TR B U S H A B 2
B MR 2 A ELTSE

g B R R R LSS SRR
HFpyE H A Fuji et al Y 2006 FHFR
NVX (GenBank Acc.No. AB21910) (Fuji et al.
2006) F=RE 6582 bp P EHFEFFSIAHIA
JETEE 98.9%  ANFSRLE FH L B AR IAIE 5'TH
Ui 25 MERETHERIE Ry [ NVXS'end (5" AAA
ACCAACACAACCTAAAACCAAA) > FI[F NVX
5'end/AFORF1-d 5 [ #1T AL-1 SrHEREZIR
& RT-PCR 4 - oA AL-1 KAl
5" TEAAAY 2.3 kbp (KX Fr B » T AT EL B At
G BRI S AR E BRI B
b 25 AR A2 RE AL-1 1Y Smfes o 3
RIFL PTG AL-1 fipeor Bk B R B KIE
SEFF IR ORF 1-5 BEAHRATL AR
NVX i35 53R R » THm IRt IEE 2 A E]
KA HEMFE L TRV FR LS AL-1
Wi Bk SRR -

AWFZESHE A 175 AL-1 SR Bk EY
fif < LR e HAZ el 5 |75 kel
H{ BaMV » CVX » CymMV J PVX % 4 fEAR[H]
Y potexviruses Jp§aE » 17 B J 88 B — 4k oA
AL-1» [E5F AL-1 g IR PR B — 1 A 5k
A8 » MTRHRAENE 2 [E Potexvirus JiHERINMIA
herlll FTRESE FyBAME - HATH®EZ AL-1 fHlEL
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Serological and Molecular Identification of Nerine virus X Infecting
African Lily (Agapanthus africanus L.) and Development of its

Detection Techniques'
Fen-Lang Chiang**, An-Chin Chang>*, Ying-Huey Cheng?, and Chin-Chih Chen?®

Abstract

Chiang, F. L., C. A. Chang, Y. H. Cheng and C. C. Chen. 2010. Serological and molecular identification of Nerine
virus X infecting african lily (Agapanthus africanus L.) and development of its detection techniques. J. Taiwan Agric.
Res. 60:89-100.

African lily (Agapanthus africanus L.), native in South-Africa, is currently a popular bulbous floral
crop in Taiwan and many other countries. An African lily exhibiting foliar chlorotic strip and mottle
symptom was collected from Mai-Fung nursery of Taiwan University in 2005. A virus isolate,
designated as AL-1, was obtained from this plant by establishing a single lesion isolate in Chenopodium
quinoa Willd. Back inoculation of AL-1 onto seedlings of African lilies confirmed that AL-1 was able
to induce chlorotic mottle symptom which was similar to what was observed in the field. Virions of
AL-1 were successfully purified from the inoculated tissue of C. quinoa by differential and equilibrium
centrifugation in cesium sulfate. Elongated virus particles estimated at 508 nm in length were observed
from the purified sample under an electron microscope. By SDS-PAGE, molecular weight of AL-1’s
coat protein was determined as 25 kDa. An antiserum against purified AL-1 virions was prepared in
rabbit and shown to react strongly and specifically with its homologous antigens prepared from diseased
samples of field-collected or inoculated ones in enzyme-linked immunosorbent assay (ELISA),
SDS-immunodiffusion, and western blotting tests.  Full-length genome of AL-1 was revealed by
RT-PCR amplification with random primer and several primer pairs designed in this study according to
those closely related virus sequences in the GenBank. Genome of AL-1 was found to compose 6577
nucleotides, excluding the poly (A) tails, in which five open reading frames (ORF) encoding presumably
replicase (ORF 1), triple gene blocks (ORF 2—4) and coat protein (ORF 5) were located. This genome
structure was equivalent to that of Potexvirus and most resembled to Nerine virus X (NVX) (Acc. No.
AB219105) in the GenBank. The percent identities of nucleotide and amino acid sequences of the
full-length genomes between AL-1 and NVX were 98 and 93%, respectively, indicating they were
isolates of the same virus. A primer pair for specific detection of AL-1 was designed and shown to be
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useful in routine RT-PCR test. Our results revealed that AL-1 was an isolate of NVX based on the
biological and serological characterizations and the molecular analysis of the full-length genomic
sequences. To our knowledgement, it’s the first report of NVX occurrence in Taiwan.

Key words: African lily, Agapanthus africanus, Virus disease, Nerine virus X, Polyclonal antiserum,
Full-length genome, RT-PCR.
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) (Yen 1980; Chiu & Chang 1995) - 3T {CHF5E
FEH I 7 B B R R R R RO
(Su et al. 1994) - ANFE 2SS S EZE A bl g
HARPHEE » ARAX B AR A FRHE NS EA
FelrasEans - hn LARFAEE LR - Bt —gE
FAFEVIEY A IR AT HAS I3 - fE B IR
T AEHBEEE D& TS (Heracleum
scabridum Franch) {BEFERE (Zeng et al
2001) » BEZSEZ EHF (RIFAYEE -

H i e 22 R EY AR E R (4

acutiloba) FIPEIEEE (4. sinensis) Z TEH R
SRS THERS RS B 9E (Watanabe et al.
1998; Tsay & Huang 1998) » S HER TN
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HASHI I T-BR PR bRt » BRI 2R TR o
AR 71 - FRB U oA e A
% (High Performance Liquid Chromatography,
HPLC) 347 L i B 8K DA SR 8 A e B8
PR B A R BT R & & -
M

ISR

BRI < TS B IEE ORI RE 97
11 HiEE G iiER RrAy R TRg - H
JirE St 2Rk R B KRR Y )4 o K I LA R S
% ARER T ELASOR Vi 2 40 BRI A1 A T T 2R
B3t o R IR SRS Rt S i 1
TEFETEMRE - QAN E E AT FH SRR X -
RO A ReBAgaid HARRR AR -
BRI EERTAEE

HIEAERDA B A peszis e - F 12 SR
BT HEEEE AR R L R AR MR AR
ZNERR 2-3 JEEERY » PRI BRE#) 2-3 em
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PESER » pH {E B 5.7 (Chang et al. 1993) -

BB RN e R BN INEHB Y &R - 5t
L 1 N NaOH &, 0.5 N HCI F#Erss 5 pH {H
o SRR DI HENE T 851% o SELIEE g gnTE
MEEDH OV E AREEALIRE 121C - B
77 1.05 kg-em™ P 15 5388 FEEUH SR -
FIERERE A 24°C ~ JBIE 12 /N~ O
5 100 pE'm™s™ B E R 350-800 nm I
BENEEITREE 0 HEGRTEREERR » RZMEY
g B tERE - BInIE BB A Rt -
HEHEASHBERKEEREERER
AT T

A EEER R AN O RGBS
B2  ENA I YEEE AR A A
4 B EGHMR ERE R R - DU H B
GRS AE Rt M R IR BN EESE
MS~ 1/2 MS~WPM (Lloyd & McCown 1980) %1
B-5 (Gamborg et al. 1968) FLAEERENG RN 30
gL FERERD 8.5 gL PESEII GBS E L
30 K A A CRGHRERER - 5%
HEE 3 K BRAEE 500 mL Ak
iS5 S 100 mL B RGBS 1.5 g fit
EEnp S A

% BA fINERE NAA SR ENNGAE
HIEAE B G 2 « IETERE LS



B4 REN O ORISR - 2R EE
WPM EAEEEE AR 30 gL' fek ~ 8.5 gL
PR 1 mg L BARIRFEIRYE NAA (05, 1,2,
4,8 mgL") HEREREFESL T - RIS
ARy WPM (Jikfﬂﬁﬁ‘ﬂ) > WB|Nps ~ WBIN; »
WB/N, » WB N, F{1 WB Ny » BHE RS E R R AL
HhESEE 90 K% - &R Om S HBAE KB -
1R 3 K PR HERE S00 mL ¥t
BTG S - S 100 mL B R EAE
1.5 g #FK} -
HIEKBIHAREZERREE

NEERA R ERTAR IR CFE
B tal i EE I & ks A(2.5em L ) B
(1.5-2.5 cm) 1 C (0.8-1.5 cm) =#H%% - HHIE
A S SR I AR, S0°C SRR I BERZ » 7
FEERN RNy o METTHEARRCD 2R - —iRa
B &Ry 0.2 g AR ERBETR 22 737 2L 20 mL
W £ Bk ~ BHEE (99.9%, Mallinckrodt
Chemical Ltd.,, USA) T, L (95%, Taiwan
Sugar Corporation, Taiwan) {EREHLEVAH] - &
Fer AR RIEG R > BT RERS
(Elma® D-78224, Germany) fIAZE % » [FIFFAD
BEEAINEY (HIE S0C) 1 /NKF - BEADRIRE
oy se R o FHEVAReACHE M (Hermle
Z-383K, Germany) £ 15CK3 T /=5 fE L
(9000 rpm) 10 43§ AHUAS 56— REEALL L&
W& o B8 — REAAVR TR EEWS - N A 10 mL
HIZRBET 7K ~ FEZEC BT 758 K3 5 %
% - & OF AT A0y B3 G DL s O B
(Savant™ SC-110, USA) FQ & H 22 )4 i #%
(Savant™ RVT-110, USA) 5 1.5 /)\iF » A
95%LFEEREE] 5 mL - FEE 0.22 pm HHFLIE
(Millipore, Carrigtwohill, Co. Cork, Ireland) ¥
1Bt - HIRJH#ETT HPLC ARl

A B 2 HPLC AL ¥5 43 B 155
(Waters 2695 HPLC separation module, USA) ~
6 EE AR B f I 28 (Waters 2996 Photodiode

F I B G e BT BTSSR < 250 103

Array Detector, USA) LUK HEfREAZS ©
SEHH (stationary phase) {fiFf Symmetry”™ C18
FEFE (5 um, 4.6 mm x 250 mm, Ireland) 3ff H.
Mg tER P BRI E TR fy 30 C BB EIH
(mobile phase) 1 0.01% =% (TFA) &2
& (ACN) (40 : 60, v/v) ZIREVEW ; B
s & R B A By 1 mL-min™'; BT ff
Aok R A T A E L 8 VR A D' R e A T 23 DA
295 nm SV EEITHREIRT B L 0.22 pm EjE
ESEIRIRAEE - FLUR 30 ul HyiE iy s T
ERESIHT o hAh » ARGABEGEF ChromaDex™
imperatorin fZ#E 1, (ASB-00009070-005, China)
AGLL 100% FHESZA RS - FREOELE 0.1~ 1~ 10
20~ 80 1 100 pg-ml ™" FYEEHERFE - DIAGBLTIHE
o R R AT -

NEEZEREH NEETR DRI
H I MRS RS A RS S 28 4E 500 mL B
FEIEAT 60 K » HELES AT SR EL - R FREEY
8 g TR FAE R Rl e Tzl B oA » 3
B 2 i B RH 35 S o MR/ B ERAE D S BRTSH
BN - ZEHURRANRTEER I - MEfEE
PRIERILEZYE (DA 40°C ZUREZEE 48 /NEF) 4b -
TR TRz (FD-25B3P8 » 723 » i)
HEITEZGTREC M, - DU [FIEZI T =N
BRRTHAR 2R - BN 8 B iREz
PRI S R BRF REKFP F-20°C (0.5 /]NRF) ~ -10C (1
JINEE) ~ -5°C (1.5 7NBF) ~ 4°C (2 7NEF) ~ 12T (5
JINEE) 18°C (5 /INEF)~22°C (5 /INIF) Jz 26°C (48
7INIRF) Bz % & BRI ST B P ARG A S P
B - S SRR E R » & ARk
JHER 3B WGEST HPLC 23477 -
RIEEERERISARZEE R

I I B PR LR 2 B A AR IR (B
B3 WA » AtEGHSE &5 1A K3
i) Bdag i ag e 1 EH k3 @A)
Ehrk - RIRTEEABR P S A R e - (3
TTHRRRRE T BRRTEAR L 2 E AT -
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HEBRET AR

Db — R B A 3 R - EISE
T 52 R B o S S 5 (E S H AR HEA 2
(standard error, SE) > ifi 2 SAS 8.2 (SAS Institute
Inc. 2001) HEETERESLEI T ST 5347 (analysis of
variance, ANOVA) 1% » 1F 5%gaZ /K HE N DL
B/ NEEEE A= FL M HIESR (least significant difference
test, LSD test) e & Bl [ 2= FEnVREE 1k -

m R

TREBEEEEHMNEERGHEBEARR
BEEE
HIE G RIS ENEHE MS

1/2 MS ~ WPM F1 B-5 E:AEEEEN 7R 30 gL
FEPERT 8.5 gL' PESDBIWEBSESEIL 30 K
% DB WPM FR/REEAE RS 2R 7 (1 (i
SRR B SRR i EL SRR A LAt R A

S E AR 1.5 g Mk (25.0 £
1.4)g (& 1) » BEESNEER MS (5.1+£0.6) g ~

1/2MS (9.7 +0.4) g FIB-5(18.6 £ 1.0) g B
WA 2 R EEAE > DA MS F1 1/2 MS [E] RS EE 2L EE
BRI G et B H ReiE /)
FALL WPM [E kg Hikr i b - F980%
SRR IR R e e /R EE PO LIRS

;® 1. AFRIEEE RN O R R R

oo 2

7 WPM BB 2 R - 530
B 0.6gF142.8 -
Z BAMAREIRE NAAIEEEHMNFEER
ARG BERER#ZEE

At G WPM CERGH)
WBNys * WBN; » WB/N, » WBN, I WB;Nj
ZEFEHL 00 K% Bkt G HAR AR ey L
0 fREL WB N s BB fH A = (60.0 + 9.4)% »
EIGRHAT WB Ny Ji BEAH R ek tosi A Ak A
B (3R 2) ;5 WBN, B G A A S
(33.3+2.1) g Kfef/mzEHAE (30.9 +1.9) #55H
E NI IR (264 + 0.5) g K/
HZELUE (25.0 £ 1.3) 5 RIS BRI 5
T AR SRz BN A2 B -
TEBEIENERIRZENEZEE

THEHIEATRIRRE S s A (2.5 ecm L)
F)"B(1.5-2.5cm) fI1C (0.8-1.5cm) =#H (&
1) zEG¥E HPLC A iR (8 2) DAkgilE
BXRTEHR S & » MR LAEBE T /K E R s IS -
H B~ C MifHA A oo 2 & sr iRy (30.3 =
2.0) pgg Bl (29.0+3.1) pgrg v SE LB {EENS
R ARZ (223 +24) pgg! (£ 3) 0 HILE
il AR A= 0 5 5 DAH R B S I E Ry v
W - R A2 B H 2R B FE AR R A B T LA

Table 1. Effect of different basal salt media on growth of callus of Angelica dahurica ‘

Fresh weight/flask Dry weight/flask
Basal salts media () () Fresh weigh/dry weight ratio
MS 51+06d 03+0.1¢ 19.642.4b
1/2 MS 9.7+04c¢ 0.4+0.1bc 224+1.7b
WPM 250+ 14a 0.6+0.0a 428+19a
B-5 186+1.0b 0.5+0.1ab 398+1.0a

* Data is mean and statistical analysis of three replications, each replication with 5 flasks per treatment. Callus (1.5 g fresh weight)
was inoculated in each 500 mL Erlenmeyer flask containing 100 mL solid media and incubated at 24°C under 100 pE-m"

g1

photosynthetic photon flux density for 30 days. Each basal salt medium (MS, 1/2MS, WPM and B-5) contained 30 gL’
sucrose and 8.5 g-L" Difco agar. The pH value is 5.7 for all the four media.
¥ Data presented are mean + standard error (n = 3). Means within each column followed by the same letter are not significantly

different at 5% level by LSD test.
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3} 2. BA FIFRERREE NAA B¢ 1 H G B R ikt iR 228
Table 2. Effect of BA and different NAA concentrations on production of green callus from white callus of Angelica
dahurica”

BA NAA Green callus induction Average fresh weight Average dry weight Fresh weigh/dry weight
(mg-L™) (mg-L™) rate (%) per flask (g) per flask (g) index

0 0 0.0£0.0c? 26.4+05b 1.1+0.1a 250+13b

1 0.5 60.0+9.4a 31.1+1.0ab 1.1+0.1a 27.6+ 1.0 ab

1 1 53.3+54a 31.9+0.8 ab 1.1£0.1a 284+13ab

1 2 26.7+£54b 30.2+1.5ab 1.0£0.1a 29.3+0.6 ab

1 4 13.3+5.4bc 333+2.1a 1.1+0.1a 309+19a

1 8 00=0.0c 31.5+2.8ab 1.1+0.1a 299+ 1.6ab

* Data is mean and statistical analysis of three replications, each replication with 5 flasks per treatment. ~Callus (1.5 g fresh wei%ht?
was inoculated in each 500 mL Erlenmeyer flask containing 100 mL solid media and incubated at 24°C under 100 uE-m™-s”
photosynthetic photon flux density for 90 days. The culture medium contained WPM basal salts, 30 gL' sucrose, 8.5 gL
Difco agar and different concentrations of plant growth regulators (BA and NAA), pH =5.7.

¥ Data presented are mean + standard error (n = 3). Means within each column followed by the same letter are not significantly
different at 5% level by LSD test.

LHRE3EE & AR FRSEZ AT (A-C) » (A)25em Bl E s (B)1.5-2.5cm; (C)0.8-1.5cm- (LEBIR =
3.7 cm)

Fig. 1. Dry root slices of Angelica dahurica from a drug sror showing differences in root diameter (A—C). (A)
above 2.5 cm; (B) 1.5-2.5 cm; and (C) 0.8-1.5 cm.  (Scale bar = 3.7 cm)
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14107 |
12x107 B
Y =1.21x10°X - 1.52x 10*
1.0x107F  R2=10.9999

8.0 x10° |-

6.0 x 106 [

HPLC area unit

40x10° [
2.0x108 [ s
0.0 [ |~

-2.0x108 [

0 10 20 30 40 50 10 20 80 90 100

Amount of imperatorin (ug-mL-")

B 2. BHTEARS SRAE T (HPLC) AEMEh s (REYEVSVRILE £ 0.1+ 1~ 10~20 > 80 A1 100 pg'mL™) -

Fig. 2. The high performance liquid chromatography (HPLC) standard calibration curve of imperatorin (standard
concentrations: 0.1, 1, 10, 20, 80 and 100 pg'mL" b.

+® 3. NEAEIETHE IR BTSRRI R 2

Table 3. Effect of different solvents on imperatorin extracted quantity of market Angelica dahurica slices *

Solvents
Slice specifications Deionized water (ug-g™) Methanol (pg-g™") Ethanol (ug-g™)
AY 223+24a" 581.3+49.1b 521.0+383a
B 303+£2.1a 696.0 + 34.8 ab 526.0+23.7a
C 29.0+3.1a 7723+213a 585.5+28.5a

* Data is mean and statistical analysis of three replications, each replication with 0.2 g dry weight and 20 mL solvent for extracting
the imperatorin composition per treatment.

¥ Diameter of root slices, A: above 2.5 cm; B: 1.5-2.5 cm; C: 0.8—-1.5 cm.

* Data presented are mean + standard error (n = 3). Means within each column followed by the same letter are not significantly
different at 5% level by LSD test.

C HEE ~ HOk B s A HIBEA RS ZEHE: » PRSI T R A - 26
@ﬁz&m’**ﬂy HEETHZ S &L B - HUH RS (772.3 +21.3) pgg f9F m@zﬁ a0
C THEME - 4330k (5813 = 49.1) pgg' K (HAIZEEABIATE (585.5 + 28.5) pgg’ » LI
(521.0 = 38.3) pgg' - W40 BLLCHBEARR  HEET/KIERAECBHETHHERIERE (&
Bl Felg = A EARE A RO EETHE 3@ 3) -
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B (C) ZB -

Fig. 3. The HPLC chromatograms of imperatorin extracted contents of market Angelica dahurica slices (root slices
diameter from 0.8—1.5 cm) throug various solvents. (A) deionized water; (B) methanol; (C) ethanol.
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TR EHNE RS RENENEE

£ 500 mL BYHARHTERSEE 60 RATETIEH
B HER R Mz 7 S BN A e Az B HLE
By 10.3 + 1.0 ([ 4) ; ERAFSTREZ A RRASRE/
FZE LERIRy 105+ 0.2 » “F GRS 7258
o P G R R 3 P BT SR AR R Y
FEFAGHL . RN GRER FRLHZ 77 02 TR
RZME R BTN » (P nlhy (386.7 +
102.8) pg-g A1 (393.8 + 3.8) pgg' » “FH KL
T LR 72 0 -
HIES R RIS AR ZEE AT

HY WPM 5 Sgss e 1 MH Kk 3 A
i HIFA O (& 5) » RO e
HEGRTHARSRIRTR 25 £ 2.0) pgg' fl
(32.0+£22) pgg” ([ 6) ; LI EFEIHIRETE
FohglE g - RINGRRSEIAE 1 EHE0E 3 @
H » HEHTHR & EE AR Sl e
R (B 7) ABKETIHR & & Rl nEE]
(83.3+21.6) ug-g'1 °

&2

TEFEY R g - F AN
AR FIFEEANNRE A A AT - DUEERE
e R ML » XD NAA K
2,4-D FHMARR (auxin) WG BA B
kinetin FEHHIfU 543 (cytokinin) #5534 - Bl
A HFARHRIE SR (4. acutiloba) FTH MR
A4 0.1 mg-L™ kinetin 57 0.01 mg- L' NAA 2
MS £28 5L 8 A - R EANEF A HY)
IV 3 om ZERSIGHE RSN 0.5 mgL!
IAA 19 MS 5585 - HIRE(EERNERIIIER
(Watanabe ef al. 1998) o {EREEEEAYRIN 4 mgL!
BA }% 0.5 mg L' NAA 8{.2 B &7 H10.01 mgL"
TDZ » AR S S TR A B AR 2
FIPER (Shiau 1999) « fEEEEH EEStERRHA 4R
NEZFHEE - QIR 1 mg L BA~ 1 mgL!
kinetin 7 0.5 mg-L"' NAA 7 MS K35 Ha S iy

oo 2

BT R AR 7 @A H AR BEAHAY =
ZFIK » ATHEER cytokinin I auxin HYJRE b
e S5 R (Ramanand et al. 2006) » [t—
a bt B SRR FERS SRARML » ZRBN cytokinin
1 auxin [EE SRS PUERSSIRE - AIEERTE
R » EAHE ELEE(RRT - RIEFIRRRIE
0 AR A S R OISARSE - R SRR
4 (Miller & Skoog 1953; Skoog & Tsui 1948) »
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Material dry methods

4. FRNEHIN BRI ES A ELE (A) &
BHTEIR & & (B) 2% - HD: {40 CiE M
§7 48 hr; FD : fKFF2L-20°C (0.5 h)~-10C (1 h)~-5C
(1.5h)~4°C 2h)~12°C (5h) ~ 18C (5h) ~22C (5
h) F126°C (48 h) (QEREZME - 3 BER RV E AR E
oz n=3)-

Fig. 4. Effect of drying methods on fresh/dry weight
ratios (A) and imperatorin contents (B) of Angelica
dahurica microtubers. HD: heat dried at 40°C for 48
hr; FD: freeze dried at -20°C (0.5 h), -10°C (1 h), -5°C
(1.5 h), 4C (2 h), 12°C (5 h), 18°C (5 h), 22°C (5 h),
26°C (48 h), respectively. Vertical bars indicate
standard error (n = 3).
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5. (£ WPM EABREIS RS 1 HH (A-C) DAKAE WPM B AREIERIA | mg L' BA B 0.5 mg L' NAA
BERALSE 3MEH (B> D) ZHIEREMR - (A) 858 1 A E s (CEBIR = 1.5 cm); (B) 5% 3
A B e (CEBIR = 1.2 cm) 5 (C) 558 | WAk EEE R (EHIR = 1.4 cm) 5 (D) 552 3 {4

Akt (PR = 1.4 cm) -

Fig. S. Callus of Angelica dahurica cultured for 1 month (A, C) on WPM medium and 3 months (B, D) on the
combincation of WPM basal salts, 1 mg-L"' BA and 0.5 mg'L"' NAA medium. (A) 1-month-old white callus (scale
bar = 1.5 cm); (B) 3-month-old white callus (scale bar = 1.2 cm); (C) 1-month-old green callus (scale bar = 1.4 cm);

and (D) 3-month-old green callus (scale bar = 1.4 cm).

AhFeTEfmARER IR AR (B - B
MS EAEBERAZRIT 1 mgL” BA 20.5 mg L' NAA
Bk MHBER S L IE MR A - HEstE
HefEREE ARG D - KL - "J1ER
FEA IR AR ERL T -

LRSS MS ~ 1/2 MS ~ WPM 1 B-5 A
[RIEERERC T B B R R LR G AR U
HURZEE > HIILL WPM RARERRERC et Hod e
HitREGHAIHEAREE GR 1) - USRS
H » FEESE Dendrobium phalaeopsis FEJEIF
HE AR AR (NH,) FRRSEREERL (NO;)
HRE(E HEFT F BSf fE Y 4 K (Gandawidaja

1980) ; De-Eknamkul (1985a) tH.3¥k » Anchusa
officinalis FETTRE G HBIRIZ RIS - RH
B-5 8585 NOs & EHFEAR 24.7 mM
(1533.1 mg-L™") KR 15 mM (930 mg-L™)» A
A R 56 Ry AT - i MS ~ WPM AT B-5
SHEEREREARD S - DL MS BB R NHLNO;
Hil KNO; 227 1650 mg-L™ #1 1900 mg L™ £ 55
HA NH, B NOy & &8558 371.3 mgL' ¢
2664.8 mg'L" - JEEEFLAE 1:7.2 5 WPM K238
KRG AR 7 NHNO; (400 mgL™) Eil
Ca(NO3),-4H,0 (556 mgL") —Fl{LERN, -
NH, Bl NO; &4k 90 mg L' K 615.8 mgL"»



110 ST

120

100f

80

60

40

3 b
20t

e [ [

—T— 1 1 1

A B c D

Test samplings

Imperatorin contents (ug/g)

6. EIFRERRHAR RIS BRETEIR 2 & - (A)
B 1 ARt - (B) 558 3 MHmA
TR - (C) H53 1 (i Hrvik s ; (D)
BEE 3l HAURR RS (B) 5528 3 16 H B9iibl
o BRI ENEERE (n=3) -

Fig. 6. Contents of imperatorin in callus (A-D) and

microtuber (E) of Angelica dahurica. (A) 1-month-old
white callus; (B) 3-month-old white callus; (C)

1-month-old green callus; (D) 3-month-old green callus;

(E) 3-month-old microtuber. Vertical bars indicate
standard error (n = 3).

PR 10 6.8 5 T B-5 B E R 7
KNO; )& B5E 2500 mg-L » (NH,),80,4 &
B 134 mgL" - 5 NH, B2 NOy & &4
ks 36.6 mg L' 2 1519.6 mg'L™' » JEFFLEAT R
1 : 41.6 - EERERFE IR (£ 1) » I WPM
FOAREERT 5 L MS ~ 1/2 MS B B-5 558 [
TER SRR - HFRR TRy R
SRR RS » REBL RS 2 BV
NO; & ER NH B NO; EEILVER
B o BbAh - BRI RS REE
(porphyrin) K EERRFEEE (phytol) FrfHEK - 528
K]y 2 FE O & IS B (pyrrole rings) J&
BRERIRAHE » TR » RS rhrsi E
B DA A4 R SRER IR A -t rT R
TR A ATFE S KPR N 1 mgL!
BA J 0.5-1 mg'L" NAA - 8~ B
R AR A B (R 2) -

oo 2

7. 553 H HIERBEESNE - (BEBIR = 0.5 cm)

Fig. 7. The appearance of a 3-month-old microtuber of
Angelica dahurica. (scale bar = 0.5 cm)

TAACEEMIEERN » I IEAR Ry il 8 4 Ky 8H
i~ IREEEEE - FIATRITIERCE RERTER L
SEJRE AN AR ~ BRI - B
T A IM FREAR T AR ML 5 1T R HAR SRS
JBHEYIFT S ARG » EE R T AT
4% (furo-coumarin derivatives) » #4 » B
PUBR B IG 1 3 R B B i SR, R A A BT
F > DR HEFE  (angelical) ~ H 1%
(byak-angelicin) ~ F{TE/# (angelic acid) ~ 2
€ N B8 (umbelliferone) K¢ & ¥ 12 I &
(bergaptene) Z ks (Ken 1970; Yen 1980) - H
T+ E) IR 18 R EER A RES 5
R A O - S DU RS = T Re Al
FIBHTHIFRAVFAE (Chang 1998) 5 RyRatits
H 8RB BRRITEA R 2 S s DUE I hailliiAz
FIG3HTJ5i% » AEEEEH H SR PIERIR BRI A
[A] - KSR 3 fH A AP L7k ~ H



P £ B AE R A ARTAS 25 HU BRI 2 895K
AE » AEIREEH > ARECA/ N ERHTHHZE S =R
IEERAGR (3% 3) » ASRE— A A [FISR Y
HIEME (T ~ SRR EAHR) - AT
BT AR (7723 £213) nge’ (55
AREE 3 E H 2 % (83.3 + 21.6) pg-g'lj
FftE ek (32.0+2.2) pgg' (3 [H6) -
Wang et al. (2007) EISEEAHEIARE 21 {EA[EH:
AT IS TR o A8 R BT - ZEFT
B ERTEASE S R R 18893 ngg'
/BB 479.8 pgrg » FUAETFHUtE IR
S ERETEAEE & B 600-900 pg-g + HEAA
BRI T T E N & ST & 3) -
Chang (1991) HIff5E&E H AR REE DL
R BCHTEHZRAIES T » AT Eel i I
(667.3 pgg’) » AL (2348 pgg')
#EE (11.8 pgg') FRIZMI (82 ngg') B
ATSAZRE & 5 ARREERERAEEE - HIEsoE
KINEHTSHR & B m R H R EH (=
6) » (Kt » APPSR AL - AMERELEA
Br A EEETAR - Bt RN
A8 BRI E  thEE—
TH(HG 2B EEM AR -

L WPM [E R HE 2R 3 i H BRI
HtE GBSO 22 L% (8 5)
fHE2 > AT HERTE SR (32.0 £ 2.2 ugg?)
A AR L AE 2.5+2.0 pgg’) (&
0) » HAFEGEZ LT 2EE RS E
BRHIHIFRAVERE, (Chang 1991) 5 Y - HEAES
FEAE S WPM BEAEBAEI VRN | mg L' BA R,
0.5 mg'L"' NAA B##5E 1 1 3 {8 H AUk oo 5
FHAR AL A A BRETHHRAVIRUR] » nTREELME Y4
FRRETR  FAEBUE R IR AR - fian
L1 0.1 mgL" KIS NAA BURERGZE S
H 2,4-D » ] Kigfe &M (Cinchona
ledgeriana) BREERINIRE (Compact globular

SRE

structures, CGS) FEEE#RZH quinoline =¥

FIE B G S BT BRATS R 2 220 111

(Hoekstra et al. 1990) ; fFZ2H4 5% (Anchusa
officinalis) HMRIZES BAYES BTN
1 mg'L™" NAA REH BRI £ R HAER
i rosmarinic acid FY4ERNE - I BA 5
kinetin HI| fEXE LAY %2R (De-Eknamkule &
Ellis 1985b) ; Fujita ef al. (1981) MHZed i
Y85 (Lithospermum erythrorhizon) iR TF
B B BRI T IR S MIFE Y A = A T
HEEEIR (shikonin) FEEAVHE - FIRBT
NH, WA e HIGISE R RAIP R - B s
il 6.7 mM B NO;~ (4154 mgL™") {ERsstE
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PA{E A4 NH,' (90 mg-L™) ) WPM k5556 3
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RITRERTELIREREE T » A RH AR 2 2
Yo 4 B B BT B BN PR 2 0 WEAL AR
d-aminolevulinic acid dehydrase (ALA dehydrase)
i iE ALA synthetase S22 {EHE ALARYAES
[ T ALA Bl Ry SRR SRITRTSEYE - il
YrE A R e A R R R 2R
RSl 3 M G ESIDE %=
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Extraction of Imperatorin from Root Slices and Explants of

Angelica dahurica'

Yih-Juh Shiau**, Toong-Long Jeng?, Jui-Lung Kao®, Jui-Sheng Lai®, and
Chia-Hsin Huang®

Abstract

Shiau, Y. J., T. L. Jeng, J. L. Kao, J. S. Lai, and C. H. Huang. 2011. Extraction of imperatorin from root slices and
explants of Angelica dahurica. J. Taiwan Agric. Res. 60:101-114.

Angelica dahurica has long been a popular plant for traditional medicine by Chinese people. It is
widely used to treat disorders, such as catarrh, nasal polypus and skin affections. The main active
ingredients of A. dahurica are furo-coumarin derivatives, including imperatorin, angelical, and
byak-angelicin. Information is scarce on extraction of imperatorin from microtubers and green callus of
A. dahurica plants grown in tissue culture. The objective of this study was to investigate methods of
extraction for imperatorin produced in explants of 4. dahurica. Results showed that the fresh weight of
callus of 4. dahurica was the highest (25.0 g/flask) in 30-day-old cultures on the medium containing
WPM basal salts supplemented with 30 g-L™" sucrose and 8.5 gL' agar, followed by cultures on B-5
basal salt medium (18.6 g/flask), 1/2 MS medium (9.7 g/flask) and MS medium (5.1 g/flask).  The rate
of formation of green callus was 60% after white callus of A. dahurica subcultured on WB|Nj s medium
for 90 days. Among the three solvents (methanol, water and ethanol) investigated, methanol was the
best solvent for extraction of imperatorin from commercial root slices of A. dahurica which yielded 772.3
pg of imperatorin in each gram of dry sampling. Imperatorin in white callus from 3-month-old cultures
on WPM medium was 32.0 pg-g”, whereas imperatorin in microtubers from 3-month-old cultures was
83.3ug'g’. This study suggests that it is possible for mass-production of imperatorin and
mass-propagation of plantlets using microubers of 4. dahurica.

Key words: Angelica dahurica, Explant, Root slice, Imperatorin.
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Fig. 1. Effect of long-term cropping systems on content of soil organic matter in topsoil (A) and subsoil (B) tested
after the second crop in each year. The experiment was conducted from 1987 to 2006 and, for each year, there were
four treatments, including: I. Rice-Rice monoculture; II. Rice-Corn rotation; III. Corn-Rice rotation and IV.

Corn-Corn monoculture.
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SEEIHENN 3.9 g/kg + 2.4 g/kg 5 Wl FRE AR - HL
th— IR K - AERERIN MRS
JA-0.1-5.6g/kg » SEEZHENN 2.3 g/kg + 1.8 g/kg ;
1 —HAZK B R E Ry - 5 EER N
ZIREATR-0.6-6.3g/kg » SPHEIHINN 2.2 g/kg +
2.1 g/lkg »

BREARE S &M UAE 1-B - B
JEE RIS AN FIRH I R o SR A M 2 8 e LS
MlRESEAR Rt HAENEHRH R R A
FA A RAE  Hp/ksdE FE AR E S B
A 11.1-15.0 g/kg » ¥k 13.2 g/kg £ 0.9 g/kg ;
—HIKH I REF R 10.4-13.9 g/kg » V-4
o 12.6 g/kg £ 0.9 g/kg s —HARE_HIZKHE R
10.1-13.2 g/kg » SEH ks 11.8 g/kg £ 0.9 g/kg s FAF
SEEBNH 11.1-16.7g/kg » 5k 13.6 g/kg +
1.7 g/kg

lilE 17 TR AN EIRE R R R A
R EERE— ~ TR - SRR AR 20
FEHRE T EHRESEBLIBPAE 2 - Ea]
TE RN HAMUEEY - B 2-A BURSHHERIE

ZEITARBESEURPEFEE R - TR
15.5-30.0 g/kg » -5k 22.9 g/kg + 3.9 g/kg 5 7K
FEREEREBE XL - /T 15.4-23.1 g/kg - Sk
18.8 g/kg + 2.2 g/kg ; /K FEHER{FRIGRAR - Hrh
—IHRE KB 13.6-21.5 g/kg » 4
By 17.4 g/kg £ 1.9 g/kg» i—HI/KH —HAREE N
7 13.8-21.1 gikg » Pk 17.1 gikg + 2.1 gikg ;
B A RS & B RAE 135 R Es
—IRPE - XIE 2A BUREHHERIRE 2R G5
B &R E s - B g IR
PR FE s ARREFE S Rz - —HKk
H IR EE AR - B AVRS SRR s 200
/N[l 2B -
TEEMEREEZTIRERESES8L
BRHERIET - FBHRAEEE ST
THEERE S EEMbaE 3 - SRR
- Nametbhr » s » ZEBEEA
BHEE » BE . #UR - dEIERHEAE B DU AR
WE e PEARE S ERE 0 ISGERERE
HERES SR —ERE @ (BTS2
B o HkRpEMFEE (B 3A) - ZEARAEE -



118 ST

oo 2

40
A. Surface soil

—0O0— ] .Rice-Rice monoculture
35 —A— 1I.Rice-Corn rotation
—aA— T1.Corn-Rice rotation
—&— [vV.Corn-Corn monoculture

30 | I

25 | T I III IIIII III%II 'y
- ile I_ o T %

20 | aigg g2 1 Logd i THR Ut

o 1718 il ﬁiﬂ%i o H

10 S — SR

30

B. Subsail

Organic matter (g/kg)

—0— T .Rice-Rice monoculture

25 | —A— 11 .Rice-Corn rotation
—a— III.Corn-Rice rotation
—&— [v.Corn-Corn monoculture
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Fig. 2. Content of organic matter in the topsoil and subsoil of the long-term cropping systems experiment (1987-2006)
surved after harvest of the first crop and the second crop in each year. Year and crop sequences are: 19871: first
crop (rice or spring corn) in 1987; 19872: second crop (rice or fall corn) in 1987 and so on.
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3.1 gkg 169 gkg+2.7 ghkg~ 162 gkg + 1.9 ghkg ;
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=HMIEERE & RSN -



PHEGI EHE A RESRE 119

35

30 | A. Rice-Rice monoculture

X
20 | §§§§§i
tleggsPEt THT §

o Crop residue removed
10} m Crop residue incorporated
A Crop residue burned
5 . . . . L .
35
B. Rice-Corn rotation
30
25 )
1 7
20

z
§§§§z§

Crop residue removed
Crop residue incorporated

]
15§§’§§§§§f§§§%gx

°
<
2
— 10
Qo Crop residue burmed
"c—U' 5 L L L L L L L L L L L L
E 35
O C. Corn-Rice rotation
S 30t
4]
g 25 | ']
a8 AL g pdE I
20 i I i gz i gafgh Xff
srgiigiiopiinis
Blrz s dgezxad
®  Crop residue removed
10 m  Crop residue incorporated
A Crop residue burned
5 L L L L L L L L L L L
35
30 | D. Corn-Corn monoculture FY

25
20 |

15 | o Crop residue removed
10 —a— Crop residue incorporated

A Crop residue burned

5 o
N O OO «~ N O I O 0O DO «~ N ® X O ©
W D DDDDDODDODDDDO OO OO O O
D OO DO OO0 OO O O
-~ - T Y v v v — v v «— «— «— N N N NN NN

Year

3. REIRFERHERIE MRt sy ek A E SR -

Fig. 3. Effect of crop residue managements under different long-term cropping systems (A—D) on content of organic
matter in topsoil surved each year after the harvest of the the second crop. The experiment was conducted from
1987 to 2006 and the methonds for the residue management in each year were: crop residue removed, crop residue
incorporated in the soil and crop residues burned.
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Effect of Long-Term Cropping Systems and Crop Residue

Managements on Content of Organic Matter in Soil’
Tseng-Wei Tan?* and Kuei-Nuan Chen?

Abstract

Tan, T. W. and K. N. Chen. 2011. Effect of long-term cropping systems and crop residue managements on content of
organic matter in soil. J. Taiwan Agric. Res. 60:115-124.

A long-term experiment was conducted from 1987 to 2006 in a field of noncalcareous sandstone and
slate alluvial soil at the experimental farm of Taiwan Agriculture Research Institute, Wufeng, Taichung,
Taiwan, to evaluate the effects of cropping systems and crop residue managements on content of soil
organic matter in topsoil and subsoil. In this study, there were four cropping systems including I,
Rice-Rice monoculture; I1. Rice-Corn rotation; III, Corn-Rice rotation and IV, Corn-Corn monoculture
and three crop residue management methods, including 1, manual removal of crop redisues; 2,
incorporation of crop residues in the soil and 3, burning of crop residues. Results showed that the
content of soil organic matter was significantly (P < 0.05) higher in the treatment of continuous corn-corn
monoculture, compared to the treatment of continuous rice-rice monoculture. In contrast, the content of
soil organic matter was slightly lower in the treatments of rice-corn rotation and corn-rice rotation,
compared to the treatment of rice-rice monoculture. All the four cropping systems, especially for the
continuous corn monoculture, resulted in increased organic matter in the soil during the period of 20 years.
Results also showed that burning or manually removal of crop residues had no significant (P > 0.05)
effect on content of soil organic matter, compared to the treatment of incorporation of crop residues in the
soil. This long-term study indicates that rice and corn grown in continuous monoculture or in rotation
and under different managements of crop residues, burning, removal or buried in soil, cause no loss of
organic matter in top soil and subsoil.

Key words: Rice, Corn, Cropping system, Monoculture, Rotation, Crop residue, Soil organic matter.
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& 1. 2009 FREGRETEIE 10 18N FEIRAENI AR I ~ SAHRRE I~ SAE K NME e 25 B AR (B
458 (TY 4)~ 3l 71 5% (TNG 71) ~ 27019 5% (TK 9) MM 145 5% (KH 145)] FHUEREE 2R #iE
EWIL

Table 1. Effect of transplanting dates on number of family and species of weeds and climatic variables in the first and

second crop seasons of four cultivars (cv. TY 4, TNG 71, TK 9 and KH 145) of paddy rice grown in 2009

Climatic variable” TY4* TNG71 TK9 KHI145
Date of Date of weed ADMAT ADIR

Crop Symbol *  Transplanting survey ©) ADSH (h) (MJ m?) F¥ S F S F S F S
I*crop SS— 30d 12/24/08 01/21/09 428.50 196.90 258.19 o 0 o0 o0 o0 o0 o0 O
SS— 15d 01/20/09 02/17/09 524.20 216.50 292.20 33 5 5 0 0 5 5

SS 02/09/09 03/09/09 594.00 191.80 312.07 o 0 4 4 0 0 o6 8

SS+15d 02/19/09 03/19/09 568.40 181.40 307.16 o o0 o0 o0 o o0 o0 O

SS+30d 03/05/09 04/02/09 560.70 159.90 280.34 o o0 o0 o0 o 0 o0 O

2™crop MS-— 30d 06/23/09 07/21/09 800.30 135.00 337.93 1 1 3 3 3 3 1 1
MS - 15d 07/07/09 08/04/09 817.30 149.70 349.81 5 8 5 7 4 6 5 7

MS 07/23/09 08/20/09 799.00 143.80 321.34 7 10 2 2 6 8 5 6
MS+15d 08/10/09 09/07/09 813.60 213.50 391.20 6 9 6 7 6 71 6 17
MS+30d 08/20/09 09/17/09 821.00 225.80 392.28 s 5 3 3 5 6 3 3

~

SS: ‘Lichun’ (first day of spring; 02/09/ 2009).
at the celestial longitude of 0°.

According to the lunar calendar, Lichun refers to the day when the sun is exactly
SS — 30 d and SS — 15 d are transplanting of rice seedlings at 30 and 15 days before Lichun,

respectively, and SS + 15 d and SS + 30 d are 15 and 30 days after Lichun, respectively.

MS: ‘Dashu’ (first day of mid-summer; 07/23/2009).
exactly at the celestial longitude of 120°.

According to the lunar calendar, Dashu refers to the day when the sun is
MS — 30 d and MS — 15 d are transplanting of rice seedlings at 30 and 15 days before

Dashu, respectively, and MH +15 d and MH + 30 d are 15 and 30 days after the date of Dashu, respectively.
Y ADMAT: accumulated daily mean air temperatures; ADSH: accumulated daily sunshine hours; and ADIR: accumulated daily

irradiance.

* Rice cultivar: TY 4: Taoyuan No.4; TNG 71: Tainung No.71; TK 9: Taiken No.9; KH 145: Kaohsiung No.145.

¥ F: number of weed family; and S: number of weed species.

Ty —ZGBIE - R 4-5 S 200 kg ha'
B B NE R SRR R 28 —JGEIE - AR R AT
1-2 EHEFH 100 kg ha™ AYEEAR 39 SRR AHEARPRE
B R PEAE » &3t 120 kg ha ' FYZ3E -

2 HSRAAE I Ak R R - e —
TATERRIREE 4 SEHEI TR - Rt &
YRR 4 11 1 m® (R B e A R
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Fig. 1. The relationships between numbers of weed family and species and accumulated daily mean air temperatures
(ADMAT) measured at 4 weeks after transplanting of 4 rice cultivars in paddy fields in the first and second crops of
2009. There were five transplanting dates for each cultivar in each crop season, SS— 30 d: 30 days beofore Lichun;
SS - 15 d: 15 days beofore Lichun; SS: Lichun (02/09/2009); SS + 15 d: 15 days after Lichun; SS + 30 d: 30 days
after Lichun, MS - 30 d: 30 days beofore Dashu; MS — 15 d: 15 days beofore Dashu; MS: Dashu (07/23/2009); MS + 15 d:

15 days after Dashu; and MS + 30 d: 30 days after Dashu.
the first day of mid-summer, according to the lunar calendar.

Lichun (SS) is the first day of spring and Dashu (MS) is
The four rice cultivars were: TY 4, Taoyuan No. 4;

TNG 71, Tainung No. 71; TK 9, Taiken No. 9; and KH 145, Kaohsiung No. 145.
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Fig. 2. The relationships between numbers of weed family and species and accumulated daily sunshine hours
(ADSH) measured at 4 weeks after transplanting of 4 quality rice cultivars grown in paddy fields in both first and
second crops of 2009. There were five transplanting dates for each cultivar in each crop season, SS — 30 d: 30 days
beofore Lichun; SS— 15 d: 15 days beofore Lichun; SS: Lichun (02/09/2009); SS + 15 d: 15 days after Lichun; SS +
30 d: 30 days after Lichun, MS - 30 d: 30 days beofore Dashu; MS — 15 d: 15 days beofore Dashu; MS: Dashu
(07/23/2009); MS + 15 d: 15 days after Dashu; and MS + 30 d: 30 days after Dashu. Lichun (SS) is the first day of
spring and Dashu (MS) is the first day of mid-summer, according to the lunar calendar. The four rice cultivars
were: TY 4, Taoyuan No. 4; TNG 71, Tainung No. 71; TK 9, Taiken No. 9; and KH 145, Kaohsiung No. 145.
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Fig. 3. The relationships between numbers of weed family and species and accumulated daily irradiance (ADIR)
measured at 4 weeks after transplanting of 4 quality rice cultivars grown in paddy fields in both first and second crops

of 2009.

There were five transplanting dates for each cultivar in each crop season, SS — 30 d: 30 days beofore

Lichun; SS - 15 d: 15 days beofore Lichun; SS: Lichun (02/09/2009); SS + 15 d: 15 days after Lichun; SS + 30 d: 30
days after Lichun, MS — 30 d: 30 days beofore Dashu; MS — 15 d: 15 days beofore Dashu; MS: Dashu (07/23/2009);

MS + 15 d: 15 days after Dashu; and MS + 30 d: 30 days after Dashu.
Dashu (MS) is the first day of mid-summer according to the lunar calendar.

Lichun (SS) is the first day of spring and
The four rice cultivars were: TY 4,

Taoyuan No. 4; TNG 71, Tainung No. 71; TK 9, Taiken No. 9; and KH 145, Kaohsiung No. 145.
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Fig. 4. Comparisons of the relationships between numbers of weed family and species and accumulated values of
climatic variables (ADMAT, ADSH, and ADIR) measured at 4 weeks after transplanting of 4 quality rice cultivars
grown in paddy fields in both first and second crops of 2009. ADMAT: accumulated daily mean air temperature;

ADSH: accumulated daily sunshine hours; and ADIR: accumulated daily irradiance.

The four rice cultivars were:

TY 4, Taoyuan No. 4; TNG 71, Tainung No. 71; TK 9, Taiken No. 9; and KH 145, Kaohsiung No. 145.
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Table 2. Number of weed family and species and order of weed population density in the fields of paddy rice cultivar
KH 145 transplanted at five different dates in each of the two crop seasons in 2009

No. of No. of

Rice crop weed weed
in 2009 Symbol * family species  Species of weeds in order of population density
1* crop SS-30d 0 0 Not available” (no planting)
SS—15d 5 5 Alternanthera sessilis > Rotala indica > Lindernia procumbens > Cyperus
difformis
SS 6 8 Sphenoclea zeylanica > Leptochloa chinensis > Rotala indica > Alternanthera
sessilis > Echinochloa crus-galli > Cyperus difformis > Alternanthera nodiflora
SS+15d 0 0 Not available (cold weather)
SS+30d 0 0 Not available (cold weather)
2" crop MS-30d 1 1 Sphenoclea zeylanica
MS-15d 5 7 Sphenoclea zeylanica > Cyperus difformis > Monochoria vaginalis >
Echinochloa crus-galli > Leptochloa chinensis > Cyperus iria > Rotala indica
MS 5 6 Ammannia multiflora > Sphenoclea zeylanica > Alternanthera sessilis >
Fimbristylis littoralis > Leptochloa chinensis > Echinochloa crus-galli
MS+15d 6 7 Sphenoclea zeylanica > Ammannia multiflora > Monochoria vaginalis >
Leptochloa chinensis > Ludwigia octovalvis > Echinochloa crus-galli > Cyperus
difformis
MS+30d 3 3 Sphenoclea zeylanica > Ammannia multiflora > Alternanthera sessilis

N

SS: “Lichun” (first day of spring; 02/09/2009). According to the lunar calendar, Lichun refers to the day when the sun is exactly

at the celestial longitude of 0°. SS — 30 d and SS — 15 d are transplanting of rice seedlings at 30 and 15 days before Lichun,
respectively, and SS + 15 d and SS + 30d are 15 and 30 days after the date of Lichun, respectively.

MS: “Dashu” (first day of mid-summer; 07/23/2009). According to the lunar calendar, Dashu refers to the day when the sun is
exactly at the celestial longitude of 120°. MS — 30 d, MS — 15 d are transplanting of rice seedlings at 30 and 15 days before
Dashu, respectively, and MH + 15 d and MH + 30 d are 15 and 30 days after the date of Dashu, respectively.
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Fig. 5. Changes in density of the top two largest weed populations, Alternanthera sessilis (L.) R. Brown (A) and

Rotala indica (Willd) Koehne (B) of first crop and Sphenoclea zeylanica Gaertn. (C) and Ammannia multiflora Roxb.
(D) of second crop, with accumulated daily mean air temperature (ADMAT) measured at 4 weeks after transplanting

of 5 planting periods (refer to Table 2) in paddy fields cultivated with 4 quality rice cultivars.

The four rice cultivars

were: TY 4, Taoyuan No. 4; TNG 71, Tainung No. 71; TK 9, Taiken No. 9; and KH 145, Kaohsiung No. 145.
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Fig. 6. Effect of accumulated daily mean air temperature (ADMAT) on population density of major weeds (A-D) in
4 paddy rice cultivars grown in both first and second crops in 2009. There were five transplanting dates for each
cultivar in each crop season, SS — 30 d: 30 days beofore Lichun, SS — 15 d: 15 days beofore Lichun; SS: Lichun
(02/09/2009); SS + 15 d: 15 days after Lichun; SS + 30 d: 30 days after Lichun; MS - 30 d: 30 days beofore Dashu;
MS - 15 d: 15 days beofore Dashu; MS: Dashu (07/23/2009); MS + 15 d: 15 days after Dashu; and MS + 30 d: 30
days after Dashu. Lichun (SS) is the first day of spring and Dashu (MS) is the first day of mid-summer, according
to the lunar calendar. ADMAT was measured at 4 weeks after transplanting. The largest weed population was
Sphenoclea zeylanica (A), followed by Alternanthera sessilis (B), Leptochloa chinensis (C), and Echinochloa
crus-galli (D).
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Effect of Planting Date on Population and Density of Weeds in the
Paddy Field'

Chiao-Ling Hsiao?, Chwen-Ming Yang*’, and Yuh-Jyuan Lee’

Abstract

Hsiao, C. L., C. M. Yang, and Y. J. Lee. 2011. Effect of planting date on population and density of weeds in the
paddy field. J. Taiwan Agric. Res. 60:125-138.

Global warming and climate change has become a major issue on crop production and agricultural
environment, including changes in population, density and distribution of weeds. A field study was
conducted in 2009 at the experimental farm of Taiwan Agricultural Research Institute, Wufeng, Taichung,
Taiwan to determine effects of planting date, in terms of temperature and solar radiation, on weed
population and density in the spring crop (first crop of 2009) and the fall crop (second crop of 2009) of
paddy rice (Oriza sativa). Seedlings (3—4 leaf-stage) of four quality rice cultivars, TY 4, TK 9, TNG 71
and KH 145, were transplanted into the paddy field at five different dates in each crop season. Data on
accumulated values of daily mean air temperature (ADMAT), daily sunshine hours (ADSH) and daily
irradiance (ADIR) of different planting periods in each crop season were recorded. The populations and
densities of weeds were collected at 4 weeks after transplanting. Results showed that number of family
and species of weeds increased significantly (P < 0.05) with increasing value of ADMAT for the cultivars
TY 4 and TK 9. Number of family and species of weeds increased significantly (P < 0.05) with
increasing value of ADIR for the cultivar TK9 but no significant difference (P > 0.05) with increasing
value of ADSH for all cultivars tested. Results of pooled data of four rice cultivars showed that changes
in number of family and species of weeds were correlated with these three meteorological parameters in a
curvilinear trend. In the plots of all four rice cultivars, the most predominant weed species (with the
highest density) in the first crop season was Altemanthera sessilis, followed by Rotala indica, whereas the
most predominant weed species in the second crop season was Sphenoclea zeylanica, followed by
Ammannia multiflora. Populations of these four weed species were curvilinearly correlated to changes
of ADMAT. Results of combined data of both crop seasons (with 10 planting periods in total) showed
that the population density was the highest for Sphenoclea zeylanica, followed by Alternanthera sessilis,
Leptochloa chinensis, and Echinochloa crus-galli and the increase of population density was associated
with the increase of ADMAT values. This study suggests that weed species and density in the first and
second crops of paddy rice are affected by rice cultivars and values of ADMAT in the planting period.

Key words: Planting period, Rice paddy, Weed population, Weed density.
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T L — o RREUN E AT RN S E R MBI IE R L (PDA) I » 4CLUTEE
36 CL A g4 R folERIRER 24C -« A THEEARERET  IRERE
FEETRIBLE T - AR A T RRR R - PR 4CE 36 CHIFE4CZ
EBAET 7 K R SCLUF K 32 CULEARE 3K - 24°C B8k T ik E - 1
5 2-3 REIZH ; (EMGHREMHAYVIR BT 2NN o SRR RN - #IH]
RO R T2 5 DL 25% 58 BFHAIR 2000 fEMERIR (ai 125 ppm) (L RCR AT+ #I
HIR Ry 100% ; 41.8%JEHE/KAEH] 500 f5H B (ai 836 ppm) ZAUERKZ + REFE
4 (NaOCI) 300 ppm (ai) "% {L& (ClO,) 100 ppm (ai) ZBERIGAE o M ]
FREHER BRI AR R IREL 25% 5 BFHAR 2000 FEHRBRR < R i » IR Ry 100%
HAPEREER < RS - REREEER A iwm ok [y 5 R e oiR 4
PRI > $20L 25%5E BFIATR 2000 f5F BERSUR BT » IR EL SRR
% HEIRNERG G REE T 2D TIRENRERE 9 REL AR RS ;
i LR B UIRAE 16 /NEFPIREE » JRrTHIGIR R « oA pLEAgEm] -
FLFGIEHEZKIRA 500 fEFRERIE (ai 836 ppm) KR EFESN (NaOCI) 2000 ppm (ai) &
FRERFTERCR

ARG - MG - REBOW - SERIYGG  soBE

[l

A

AR o 5 18 B B ROAS I SR e i — - )
FERFE B - F— BN - FEIMANE
M ZEKEEEHE (Council of Agriculture
2009) o MRS S - R SRR K ~ H
AR ERTE - RSB hRINY - EFAKEK

JRF T A B ¥ S0 B K BE T 8 0 (HARBUR (1
Penicillium digitatum Saccardo 5 |#8) FI5#UR
(3 Penicillium italicum Wehmer 5 [#2) &
RE M AT RS » CHEAREOREZT
AR [REIRE R B Rz T L R 97 41
SIS R EAREE Y - KR ELRE
HiFR A MEI i R o G SR

I {THPEREZ B G REABEPTI SRS 2521 9% - ##XHIH - 10046 H 17 H -
2. AFTHEYREHEEIICE - He B3R - el - 58 S -
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FERAESE » BRETAIAS S ERR BN < B A KT K
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HABRMZ B - BT  IBEREEFERN

TR B S+ RHR RO TR IR
BRI - EREEIURER AR R R e
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DIFCO, USA) I » 2 1T B0 - FRsil
(b2 IR R PDA e85k b i DUREES
BRI R RRR I E g - RUIPEE
B EHAER RN E M
(virulence) FRAYER PDI701 (73 H EMER T
U MRS AL o BRABERT - oK ke
FEA PDA AR FER 24°C T ERAET
558 57 R AR IEREE -

SEMRTRFRCERE © Kbz ik
PD9701 55 /A PDA 58 - BN 24 C Mk
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i+ A B ZR Bk b B0 A 7 R
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UEZEREZERAEE
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B BN 24C M ERUERMA TR 57 R
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PEAABER 2 Ao« LEEEm B R 3 A e
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oo 2

250 f&% (ai 1672 ppm) (BHERTHERAHE)
2,4-Dichloro phenoxcyacetic acid (2,4-D » {5 &
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FeAE 1500 rpm B0y S 53 » BN F g VR ER 14 £
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7K OB TR IR -
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SR R P HEROE SRS MRS -
ERHBEERRERCEE

T HERZERIR I PDA BEE 5L - JHIGA% 4
TSk R R ok 2 = L SRR - A5 SRR L
25% TEENFHA TR 2000 fE R SR -
fRoe AR - B L AREEEE 5 41.8%/5
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1. RNENREERREE (Penicillium digitatum) FF
PDA R5E A b AR (R TR) -
Fig. 1. Effect of temperature on mycelial growth of

Penicillium digitatum on PDA cultures at 24°C for 7
days.
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2. SRV BIGHEEHME (Penicillium digitatum)
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Fig. 2. Suppression of mycelial growth of Penicillium
digitatum grown on PDA amended with different
fungicides.  Cultures were incubated at 24°C and
measured daily for colony diameter for 8 days.
Values of the same day followed by the same letter are
not significantly different at 5% level by LSD test.



ViERERBRERRZERIEE

A 24°C 2 EIRFET - IR RLE S I TE
R EE 2-3 RENH B (HIREHRE IR
BEREREE 20 RITE2AEHE (E 3) -
VERESERERENTRARAETZE
RIEH

TREAIIRE 558 A i BN A B A TR 2
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Fig. 3. Comparison of fruits of sweet orange inoculated with conidial suspension of Penicillium digitatum with (B)
and without (A) wounding treatment. Fruits were stored at 24°C for 20 days. Note severe green mold on
wounded fruits (B) but no green mold on unwounded fruits (A).
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Fig. 4. Effect of temperature on development of fruit
rot of sweet orange artificially inoculated with
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Values of the same day followed by the same letter are
not significantly different at 5% level by LSD test.
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Fig. 5. Effect of time of application of fungicides on
control of fruit rot of sweet orange caused by
Penicillium digitatum. Orange fruits were wounded,
inoculated with P. digitatum (10° conidia/mL) and then
soaked in a chemical solution (A) or they were soaked
in a chemical solution and then inoculated with P.
digitatum by wounding treatment (B).  Values of the
same date followed by the same letter are not
significantly different at 5% level by LSD test.
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Fig. 6. Effect of duration between inoculation of
Penicillium digitatum and treatment of iminoctadine
triacetate on control of fruit rot of sweet orange.
Orange fruits were wounded and inoculated with
conidiospore suspension (10° conidia/mL) of P.
digitatum, and then dipped in the solution of
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significantly different at 5% level by LSD test.
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Fig. 7. Effect of duration between treatment of injured
fruits with iminoctadine triacetate and inoculation of
Penicillium digitatum on fruit rot of sweet orange.
Fruits of sweet orange were wounded and dipped in
iminoctadine triacetate solution, and then inoculated
with conidiospore suspension (10° spores/mL) of P.
digitatum at different time after the fungicide treatment.
Fruit rot in each treatment was rated after incubation at
24°C for 5 days. Values in the same day followed by
the same letter are not significantly different at 5%
level by LSD test.
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significantly different at 5% level by LSD test.
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Etiology and Control of Fruit Rot of Sweet Orange Caused by

Penicillium digitatum "
Jyh-Nong Tsai?, Pao-Jen Ann?*?, and Hsiu-Fang Cheng?

Abstract

Tsai, J. N, P. J. Ann, and S. F. Cheng. 2011. Etiology and control of fruit rot of sweet orange caused by Penicillium
digitatum. J. Taiwan Agric. Res. 60:139-148.

Fruit rot or green mold caused by Penicillium digitatum is the most common postharvest disease of
sweet orange (Citrus sinensis cv. ‘Liu-cheng’) in Taiwan. A study was conducted to determine effect of
temperature on growth of the pathogen and development of fruit rot of sweet orange and effect of
fungicide treatment on control of this postharvest disease. Results showed that the minimum, optimum
and maximum temperature for mycelial growth of P. digitatum on PDA was 8, 24, and 36°C, respectively.
The pathogen infects orange fruits through wounds and incidence of fruit rot was affected by storage
temperatures, high incidence of fruit rot at the storage temperature of 24°C but no fruit rot at the storage
temperature above 32°C or below 12°C. Symptoms of green mold appeared on inoculated fruits after
storing at 24°C for 2-3 days. Among the five fungicides [Iminoctadine triacetate (ai 125 ppm),
Thiabendazole (ai 836 ppm), 2,4-Dichloro phenoxcyaceticacid (2,4-D) (25 ppm), sodium hypochloride
(2000 ppm), and chloride dioxide (100 ppm)] tested, iminoctadine triacetate at 125 ppm was the most
effective fungicide, which completely suppressed mycelial growth of P. digitatum on PDA and inhibited
conidial germination in 5% CV-8 juice. Treatment of orange fruits with iminoctadine triacetate at 125 ppm
before or after inoculation of P. digitatum also completely prevented the development of fruit rot for 9
days. However, iminoctadine triacetate was ineffective if the chemical was applied after inoculation of
P. digitatum for 16 hours or longer. The fungicide thiabendazole at 836 ppm was effective in reducing
spore germination of P. digitatum but was ineffective in reducing incidence of fruit rot. This study
suggests that prevention of fruit injury, treatment of orange fruits with iminoctadine triacetate, and
storage of orange fruits under cool temperature may be necessary for effective control of green mold of
sweet orange caused by P. digitatum.

Key words: Sweet orange, Citrus sinensis, Green mold, Penicillium digitatum, Postharvest disease,
Disease control, Iminoctadine triacetate.
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Control of Phytophthora Disease of Fruit Tree Seedlings by
Neutralized Phosphorous Acid'

Pao-Jen Ann*?, Ien-Tien Wang?, and Jyh-Nong Tsai’

Abstract

Ann, P.J., 1. T. Wang, and J. N. Tsai. 2011. Control of Phytophthora disease of fruit tree seedlings by neutralized
phosphorous acid. J. Taiwan Agric. Res. 60:149-156.

A greenhouse study was conducted to determine effects of neutralized phosphorous acid solution
(NPA) on control of Phytophthora diseases of kumquat (Fortunella margarita) grafted on Rangpur
lemon (Citrus limon), loquat (Eriobotrya japonica cv. ‘Mogi’) and avocado (Persea americana cv.
‘Tainan’). The NPA solution was prepared by dissolving phosphorous acid in water and then
adding equal weight of potassium hydroxide to the solution. For kumquat, 1-year-old seedlings
were sprayed with NPA solution (1000 mg/L), 50 mL/seedling, for 2 or 3 times at weekly interval
and then sprayed with zoospore suspensions of Phytophthora citrophthora, 10 mL/seedling, at 7
days after last NPA spray. After inoculation for 14 days, each seedling was recorded for disease
incidence on leaves. In another experiment, 5-year-old kumquat plants grafted on Rangpur lemon
were sprayed with NPA (1000 mg/L), 500 mL/plant, for 3 times at weekly interval and inoculated
with the pathogen, 200 mL/plant, at 7 days after last NPA spray. For loquat, 6-month-old
seedlings were treated with NPA (2000 mg/L) by soil drenching or with NPA (1000 mg/L) by
spraying for 3 times at 30-day interval. The seedlings were then inoculated with Phytophthora
nicotianae by placing one gram of pathogen-colonized wheat-oat grains on the wounded area of
basal stems. For avocadoes, 6-month-old seedlings were inoculated with Phytophthora
cinnamomi by drenching with 100 mL of chlamydospore suspension on each plant and then treated
with NPA (1000 or 2000 mg/L) by soil drenching for 3 times at 3-month interval. Results showed
that spraying kumquat seedlings with NPA at 1000 mg/L (a.i.) for 2-3 times significantly reduced
seedling blight (< 2% infected leaves) caused by P. citrophthora, compared to untreated controls
(> 44.8% infected leaves). Similarly, NPA sprayed three times on 5-year-old kumquat plants was
also effective in reducing incidence of Phytophthora fruit rot, leaf blight and twig blight.
Application of NPA at 2000 mg/L by soil drenching or at 1000 mg/L by spraying completely
controlled basal stem rot of loquat caused by P. nicotianae, whereas more than 60% of seedlings
were killed in the controls. The avocado seedlings treated with NPA by soil drenching and
inoculated with the pathogen were all survived during the test period, whereas 50—-60% seedlings
were killed in the pathogen-inoculated control. Avocado seedlings treated with NPA were taller
and heavier than the pathogen-inoculated control, but they were shorter and lighter than the
non-inoculated control. This study reveals that NPA is a chemical with potential for practical use
in the management of Phytophthora diseases of kumquat, loquat and avocado.
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Key words: Phosphorous acid, Phytophthora diseases, P. cinnamomi, P. citrophthora,

P. nicotianae, Disease control, Kumquat, Avocado, Loquat.

Introduction

Phosphorous acid (H;PO;) is an inorganic P fertilizer
beneficial to subsequent crops (MaclIntire et al.1950). It
has also been used since 1980s to control diseases of field
crops caused by oomycetes (Cohen & Coffey 1986) and
other pathogens. Examples of commercial products
containing neutralized phosphorous acid are Foli-R-Fos
400 (20% phosphorous acid, U. I. M. Agrochemicals,
Australia) (Wicks et al. 1991), Nutri-Phite P Foliar (4%
N-30% P,05-8% K,0, Biagro Western Sales, Inc., Visalia,
CA) (Forster et al. 1998), Guard P. K. (7% N-21%
P,0s5-21% K,0O, Agrichem, Australia), Akomon-40
(Chaluvaraju ef al. 2004), and Potphos (Chaluvaraju et al.
2004). In Taiwan, a neutralized phosphorous acid
(NPA) at pH 6.2-6.7 was developed and used for control
Phytophthora diseases in horticultural crops (Ann et al.
1997b, 2009). The NPA solution was prepared by
dissolving phosphorous acid in water and then adding
equal amount of potassium hydroxide to the solution.

The NPA solution is easy to prepare and is effective in
the control of late blight of potato and tomato caused by
Phytophthora infestans (Montagne) de Bary (Tsai et al.
2009), blight of lily caused by P. nicotianae Breda de
Haan = P. parasitica Dastur (Ann et al. 2009), and basal
stem rot of pepper caused by P. capsici Leonian (Ann et
al. 2009). The objective of this greenhouse study was to
determine effects of NPA in the control of Phytophthora
diseases of three fruit trees, including Phytophthora blight
of kumquat (Fortunella japonica) caused by Phytophthora
citrophthora (Smith & Smith) Leonian (Ann et al. 1997b),
basal stem rot of loquat (Eriobotrya japonica) caused by
P, nicotianae (Chern et al. 1998), and root rot of avocado
(Persea americana) caused by Phytophthora cinnamomi
Rands (Ann ez al. 2005).

Materials and Methods
Preparation of neutralized phosphorous solution
(NPA)

High purity phosphorous acid (H;POs;, 99% white
crystal, Aldrich Co., USA) and experimental grade
potassium hydroxide (> 85% KOH pellet GR, Merck Co.,

Table 1. List of Phytophthora isolates used in the study

USA) were used to prepare neutralized phosphorous acid
(NPA) solutions at concentrations of 1000, 2000 and 5000 mg/L
by the method of Ann et al. (2009). The procedure
consists of dissolving phosphorous acid into distilled
water and then adding an equal amount (1 : 1 ratio, w/w)
of potassium hydroxide to the phosphorous acid solution.
Ann et al. (2009) reported that pH values of NPA solutions
at 5005000 mg/L were 6.26—6.45.

Pathogens and inoculum preparation

Pathogens: Three isolates of Phytophthora species
were used in the study, including isolate Tari95004 (A
mating type) of P. citrophthora from a diseased stem of
kumgquat, isolate Tari95024 (A? mating type) of P
nicotianae from a diseased basal stem of loquat, and
isolate Tari94006 (A? mating type) of P. cinnamomi from
a diseased root of avocado (Table 1). These isolates were
single-zoospore cultures, previously isolated by the senior
author from host plants grown in Taiwan.

Inoculum preparation: The three isolates of Phytoph-
thora were inoculated on VA-medium containing 5% V-8
juice (Campbell Co., USA), 0.02% CaCOs and 1.5% agar
(Hwei shen Co., Taiwan), incubated at 24°C for 3-5 days
and used in this study. For inoculation of kumquat
plants, a large amount of sporangia of P. citrophthora was
prepared by the method of Hwang et al. (1976). Mycelial
mats with sporangia were chilled at 15°C for 4-6 hours for
differentiation and release of zoospores. Zoospore
suspensions were adjusted to the concentrations of about
5,000-10,000 zoospores/mL and stored in an icebox until
used for inoculation. To prepare inoculum for inoculation
of avocado, mycelial mates and large amount of
chlamydospores were collected from five plates (9 cm
diam.) of P. cinnamomi cultures by the method described
by Hwang & Ko (1978), placed in 200 mL of distilled
water, homogenized in an Onmi mixer homogenizer at
4500 rpm for 1 min and then filtered through a double-layer
cheesecloth. The chlamydospore suspension was
adjusted to 100-200 spores per milliliter using sterile
distilled water and used for inoculation of avocado. To
prepare inoculum for inoculation of loquat, five agar discs
(5 mm x 5 mm x 3 mm) containing fresh mycelia mates of P

Phytophthora species Isolate No. Mating type Source Location Year of Isolation
P. citrophthora Tari95004 Al Kumquat stem Ilan 1995
P, nicotianae Tari95024 A? Loquat basal stem Taichung 1995
P. cinnamomi Tari94006 A? Avocado root Chiayi 1994




nicotianae grown on VA-medium were removed and
inoculated on wheat-oat grain substrate (wheat : oat :
distilled water at 1 : 1 : 1 ratio; v/v/v) in each 300 mL flask
containing 50 g of grain substrate. The cultures in flasks
were incubated at 25°C for one month.

Control of Phytophthora blight of kumquat by NPA

Both young seedlings and 5-year-old plants of kumquat
grafted on Rangpur lemon (Citrus limon) were used to
study control of Phytophthora blight by NPA. For the
seedling study, 1-year-old kumquat seedlings (20-30 cm
in height) were planted in the growth substrate containing
paddy field soil (clay loam, pH 5.5), vermiculate (no.4),
perlite, and peat moss at 5 : 2 : 2 : 1 ratio (by volume) in
black plastic containers (8 cm x 8 cm x 20 cm; L x W x
H). The kumquat seedlings were individually sprayed with
50 mL (enough amout for covering one seedling) of NPA
at 1000 mg/L at weekly interval for two or three 3 times
during the winter-spring seasons (about 15-20°C). The
control seedlings were sprayed weekly with distilled
water, 50 mL/seeding. Both treated and control seedlings
were individually inoculated by spraying 10 mL of
zoospore suspension of P, citrophthora on each plant at 7
days after last spray of NPA. For the control without the
pathogen, seedlings were sprayed with distilled water.
Clear plastic bags were used to cover individual seedlings
(inoculated and control) for 2 days to maintain high
humidity and then removed. Disease severity was
recorded at 1 and 2 weeks after inoculation by examining
each seedling for lesions on leaves and gummosis on
twigs. Each treatment consisted of 5 seedlings and the
experiment was repeated once.

To test the effect of NPA on protection of fruit and other
aboveground tissues, 5-year-old kumquat plants (about
150 cm in height x 100 cm in diam.) were grown in the
growth substrate in plastic pots (36 cm in diam. % 50 cm in
height), 1 plant/pot, and kept in the greenhouse. The
growth substrate for the 5-year-old kumquat plants was
prepared by the same method described in the seedling
tests. During the winter and spring period, plants with
mature green fruits were individually sprayed with 500 mL
of 1000 mg/L NPA, two or three times at weekly interval.
Plants sprayed with 80% fosetyl-aluminum WP (CiBaGi
Co., USA) diluted 200 times (conc. ai 4000 mg/L) were used
as the fungicide control. At 1 week after the last
chemical application, the NPA treated plants in the
greenhouse were covered with a plastic sheet and
inoculated with P, citrophthora by spraying 200 mL of the
zoospore suspension on each plant. The inoculated
kumquat plants were then kept under cool conditions
(15-20°C). Plants were examined for number of infected
fruits and leaves at 7 days after inoculation and number of
infected twigs at 21 days after inoculation. Each treatment
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consisted of 5 seedlings and the experiment was repeated
once.

Control of Phytophthora foot rot of loquat
seedlings by NPA

Loquat seedlings cv. ‘Mogi’ were planted in black plastic
containers (8 cm X 8 cm X 20 cm, L x W x H), containing
the same growth substrate described in the kumquat study.
After growing for 6 months in the greenhouse, each
seedling was treated with NPA for 3 times at monthly
interval by pouring 50 mL of NPA at 2000 mg/L into the
drench of the growth substrate or spraying 10 mL of NPA
at 1000 mg/L over the entire plant at each time. Plants
treated with distilled water by drenching or spraying were
used as controls. At 10 days after the second NPA
application, the basal stem of each seedling was slightly
wounded by knife scraping, inoculated with P. nicotianae
by placing one gram of wheat-oat grain mixture colonized
by the pathogen on the wound and rapped the inoculated
stem with two layers of parafilm “M” membranes
(Pechinery Co., USA). Two places were inoculated on
each seedling. Plants with stems inoculated with autoclave
wheat-oat grain mixture without the pathogen were used
as controls. Seedlings were examined weekly and plants
killed by the pathogen were recorded for a period of 3
months. Each treatment contained 10 seedlings and the
experiment was repeated once.

Control of Phytophthora root rot of avocado
seedlings by NPA

Avocado seedlings of a local variety from Tainan county
were planted in plastic containers (20 cm in diam. x 30 cm
in height) containing soils collected from a paddy field in
Chiayi county, Taiwan. The soil, belonging to clay loam
with pH 5.5, was heated at 80°C for 30 min and stored at
room temperature (24-28°C) for one month before use.
There were five treatments for this experiment: 1000 mg/L
NPA + pathogen, 2000 mg/L NPA + pathogen, 80%
fosetyl-aluminum WP (4000 mg/L) + pathogen,
pathogen-inoculated control and uninoculated control.
Each of the 6-month-old seedlings was inoculated with P,
cinnamomi by pouring 100 mL of chlamydospore
suspension onto the soil surface in the evening. In the
next morning, 200 mL of the chemical solution (NPA or
Fosetyl-aluminum) were applied to the soil surface of each
plant and two more applications thereafter at 3-month
interval. Plants, treated or controls, were kept in the
greenhouse for three months and then recorded number of
seedlings killed by P cinnamomi. At the end of the
experiment, all survived plants were removed and
measured for plant height and total plant weight. Each
treatment consisted of 10 plants and the experiment was
repeated once.
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Statistical analysis

Data collected from each experiment were analyzed by
analysis of variance (ANOVA), and means were compared by
least significant difference (LSD) test at P = 0.05.

Results
Control of Phytophthora disease of kumquat by NPA
Results of artificial inoculation tests in the greenhouse
showed that kumquat seedlings sprayed with 50 mL of
NPA at 1000 mg/L for two to three times effectively
controlled leaf blight and twig gummosis caused by P.
citrophthora. The leaf infection rates of NPA treatments
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compared to 44.8% and 50.8%, respectively, for the
controls (Table 2). All the infected seedlings developed
symptoms of gummosis and dieback on infected twigs and
they were killed within 6 months. Results also showed
that application of 1000 mg/L NPA or 4000 mg/L
fosetyl-aluminum on 5-year-old plants of kumquat by
spraying for two to three times effectively reduced
Phytophthora fruit rot of kumgquat (Table 3). In the 2™
test, three applications of NPA at weekly interval
completely suppressed development of Phytophthora
disease on plants, whereas the disease rates on plants
inoculated with P. citrophthora without NPA sprays were
80, 59, and 20% on fruits, leaves and twigs, respectively.

were 2% and 0%, respectively, for the 1% and 2" tests,

Table 2. Control of Phytophthora blight of kumquat seedlings by neutralized phosphorous acid solution (NPA)

No. NPA % Infected leaves ™
Treatment * application 7 dpi 14 dpi Other symptoms
Test 1
NPA, 50 mL/plant at 1000 mg/L 2 2 b" 2
Control-1 (with pathogen) 0 30.5a 448 a Gummosis and dieback
Control-2 (without pathogen) 0 0 b 0 b
Test 2
NPA, 50 mL/plant at 1000 mg/L 3 0 b 0 b
Control-1 (with pathogen) 0 25.1a 50.8a Gummosis and dieback
Control-2 (without pathogen) 0 0 a 0 a

“ Neutralized phosphorous acid solution (NPA) was prepared by dissolving phosphorous acid in distilled water and then adding
equal weight of potassium hydroxide.

¥ 1-year-old seedlings of kumquat grafted on Rangpur lemon were individually sprayed with 50 mL NPA at 1000 mg/L for 2 times
at weekly interval. Seedlings in the controls were sprayed with distilled water.

* Inoculation was done by spraying 10 mL of zoospore suspension of Phytophthora citrophthora on young shoots of each kumquat
seedling at 7 days after the last application of NPA. Disease was rated at 7 and 14 days after inoculation of the pathogen.

¥ Means of the same test within each column followed by the same letters were not significantly different at 5% level according to
LSD test.

Table 3. Control of Phytophthora blight of kumquat plants by neutralized phosphorous acid solution (NPA) *

Concentration Disease incidence (%) ™"

Treatment ¥ (ai, mg/L) No. application Fruit Leaves Twigs
Test 1

NPA, 500 mL/plant 1000 2 0bY 8.1b 10b

80% Fosetyl-aluminum WP, 500 mL/plant 4000 2 0b 720 5be

Control-1 (with pathogen) 100 a 925a 35a

Control-2 (without pathogen) 0b 0 b Oc
Test 2

NPA, 500 mL/plant 1000 3 0b 0 ¢ 0b

80% Fosetyl-aluminum WP, 500 mL/plant 4000 3 0b 83D 0b

Control-1 (with pathogen) 80a 59.0a 20a

Control-2 (without pathogen) 0b 0 ¢ 0b

“ Phosphorous acid solution was neutralized with equal weights of potassium hydroxide.

Y 5-year-old potted plants of kumquat were individually sprayed with 500 mL chemical solution two times (test 1) or three times
(test 2) at weekly interval. Seedlings in the controls were sprayed with distilled water.

* Inoculation was performed by spraying 100 mL of zoospore suspension of Phytophthora citrophthora on each plant at 7 days after
the treatment of NPA or Fosetyl-aluminum.

¥ Disease incidence was recorded at 7 days after inoculation for fruit rot and leaf blight and 14 days after inoculation for twig blight.

¥ Means of the same test within each column followed by the same letters were not significantly different at 5% level according to
LSD test.



Control of Phytophthora foot rot of loquat
seedlings by NPA

Results of the greenhouse experiments showed that
three applications of 10 mL of NPA at 1000 mg/L by foliar
spray or 50 mL of NPA at 2000 mg/L by soil drenching at
30-day intervals completely suppressed the development
of stem rot of loquat seedlings caused by P. nicotianae
(Table 4). None of the NPA-treated seedlings were killed
during the study period of three months, whereas the
percentage of dead seedlings in the pathogen-inoculated
controls was 60 and 65% for test 1 and test 2, respectively.

Control of Phytophthora root rot of avocado
seedlings by NPA

Results of the greenhouse experiments showed that both
NPA and fosetyl-aluminum were effective chemicals for
control of root rot of avocado seedlings caused by P,
cinnamomi (Table 5). During the 9 months period, no
dead seedlings were found in the treatment of NPA or
fosetyl-aluminum, whereas 50-60% of seedlings were
killed in the pathogen-inoculated controls. Results of
both tests also showed that application of 2000 mg/L NPA
(100 mL/plant) by soil drenching for 3 times at 3 month
interval, was the most effective method for control of
avocado root rot and the treatment improved seedling
growth by increasing seedling height and seedling
weight (Table 5). The treatment of fosetyl-aluminum
(100 mL/plant, 4000 mg/L) was the second-best, followed
by the treatment of 1000 mg/L NPA. All the chemical
treatments (NPA and fosetyl-aluminum) also significantly
(P < 0.05) improved seedling vigor of avocado, compared
to the pathogen-inoculated controls.
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Discussion

Phytophthora species are important pathogens causing
serious diseases on numerous crops and are distributed
worldwide (Erwin & Ribeiro 1996). In Taiwan,
Phytophthora diseases are common on crops due to warm
and humid climates, which are favorable for propagation
and dissemination of the pathogen and development of the
discase (Ho et al. 1995). Synthetic fungicides are
generally used by growers to control crop diseases
including Phytophthora diseases. In order to reduce the
negative impact of synthetic fungicides, the search for
materials that are effective, safe, cheap and easy to use for
the control of Phytophthora diseases has become a major
pursue for researchers in Taiwan.

Many reports suggest that phosphorous acid and its salts
are effective and useful inorganic chemicals for control of
crop diseases caused by Phytophthora spp. and other
oomycetes (Cohen & Coftey1986; Guest & Grant 1991).
Saindrenan & Guest (1995) reported that the major
mechanism for control of diseases by these chemicals was
due to induced host resistance to the pathogen by the
phosphorous acid ion. Several products containing
phosphorous compounds have been developed and used
commercially for control of crop diseases caused by
oomycetes (Wicks et al.1991; Forster et al.1998; Chaluvaraju
et al. 2004). However, none of these commercial
products are commonly used in Taiwan due to high price
and other reasons such as easy oxidation in air. The NPA
solution reported by Ann et al. (1997a, 2009) is cheap and
easy to prepare and it is effective in the control of diseases
of vegetable crops, including foliar and blossom blight of
lily caused by P, nicotianae (Ann et al. 2009), basal stem

Table 4. Control of Phytophthora foot rot of loquat seedlings by neutralized phosphorous acid solution (NPA) *

Treatment Application method Seedling killed (%) **

Test 1
NPA at 2000 mg/L Soil drench, 50 mL/plant, 3 applications at 30-day interval ob™
Control-1 (with pathogen) 60 a
Control-2 (without pathogen) 0b

Test 2
NPA at 1000 mg/L Foliar spray, 10 mL/plant, 3 applications at 30-day interval 0b
Control-1 (with pathogen) 65a
Control-2 (without pathogen) 0b

* Phosphorous acid was neutralized with equal weights of potassium hydroxide in distilled water.
¥ 6-mo-old potted seedlings of loquat were individually inoculated with Phytophthora nicotianae at 10 days after the second
application of NPA. Inoculation was performed by placing one gram of pathogen-colonized wheat-oat grains on each of the two

wounded areas of basal stem of each seedling.
* Diseased plants were assessed at 90 days after inoculation.

¥ Means of the same test followed by the same letters were not significantly different at 5% level according to LSD test.
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Table 5. Control of Phytophthora root rot of avocado seedlings by neutralized phosphorous acid solution (NPA) *

Concentration Seedling * Plant vigor*
Treatment * (mg/L) killed (%) Height (cm) Weight (g/plant)
Test 1
NPA, 200 mL/plant 1000 0 98.8b™ 3llc
NPA, 200 mL/plant 2000 0 1104 a 381b
80% Fosetyl-aluminum WP, 200 mL/plant 4000 0 106.3 ab 366 b
Control-1 (with pathogen) 60 475¢ 99d
Control-2 (without pathogen) 0 1125a 497 a
Test 2
NPA, 200 mL/plant 1000 0 94.4b 360 ¢
NPA, 200 mL/plant 2000 0 105.5a 476 b
80% Fosetyl-aluminum WP, 200 mL/plant 4000 0 98.2b 466 b
Control-1 (with pathogen) 50 62.8 ¢ 186 d
Control-2 (without pathogen) 0 109.6 a 514 a

* Phosphorous acid was neutralized with equal weights of potassium hydroxide in distilled water.

<

Chlamydospore suspensions of Phytophthora cinnamomi were applied to the soil surface of 6-mo-old seedlings of loquat in the

evening, 100 mL/seedling, followed by application of chemical solution (NPA or Fosetyl-aluminum), 200 mL/seedling, in the next
morning. Two more chemical treatments (NPA or Fosetyl-aluminum) were applied by soil drenching at 3-month interval.

* Disease and plant vigor were determined at 90 days after the last chemical application.

¥ Means of the same test within each column followed by the same letters were not significantly different at 5% level according to

LSD test.

rot of pepper caused by P. capsici (Ann et al. 2009) and
late blight of potato and tomato caused by P. infestans
(Tsai et al. 2009). This study further confirms the
effectiveness and usefulness of NPA for control of
Phytophthora diseases of fruit tree seedlings such as
kamquat, loquat and avocado grown in the greenhouse.
Previous reports indicated that 2—3 foliar sprays of NPA
at the concentration of 1000 mg/L at weekly interval prior
to the inoculation of Phytophthora pathogen was effective
for control of foliar and blossom blight of lily (Ann et al.
2009) and late blight of potato and tomato (Tsai et al.
2009). This study reveals that the NPA concentration
and application method used in lily (Ann ez al. 2009) as
well as potato and tomato (Tsai et al. 2009) is also
effective in the control of leaf and twig blights (Table 2)
and fruit rot (Table 3) of kumquat caused by P
citrophthora. Meanwhile, the treatment of NPA at 1000
mg/L was equal to or slightly better than the treatment of
Fosetyl-aluminum at 4000 mg/L (the recommended
concentration). Ann et al. (2009) reported that NPA
applied by soil drenching at a higher concentration
(2000-5000 mg/L) was more effective than NPA applied
by foliar spray at a lower concentration (1000 mg/L) in the
control of Phytophthora basal stem rot of pepper. This
study showed that NPA completely suppressed basal stem
rot of loquat seedlings caused by P, nicotianae, either by
soil drenching (50 mL/pot at 2000 mg/L) or by foliar

spray (10 mL/plant at 1000 mg/L) was used (Table 4).
The concentrations of NPA applied to loquat were
relatively lower than those applied to pepper (Ann et al.
2009), but the efficiency of NPA in suppression of the
basal stem rot in loquat was much better than the basal
stem rot in pepper. The reason for such differences
between loquat and pepper remains unknown.

This study suggests that NPA is an inorganic chemical
with potential for management of crop diseases caused by
Phytophthora spp. In addition to the control of Phytoph-
thora diseases in vegetable crops in previous reports (Ann
et al. 1997a, 2009; Tsai et al. 2009) and fruit trees
(kumquat, loquat and avocado) in this study, it warrants
further investigations on the use of NPA for management
of Phytophthora diseases in other crops.
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