e B e |

12:163-172, 2003
IR P ES ELEE SRS

== SR &

1 BT BN FHBEOCERAEY ) PR A

2 EHIRBEIES TR G R VA SR i

3HHEEE - BB T T milee@tactri.gov.tw » {HIE : +886-4-23321478
B HY - Fh#EREI92 455 H29 H

iw =
AEHER ~ B 2003, LIRS 2 RESHIFELEL S 2 RO T 12:163-172.

PE7T 2001 482 2002 FEY 7 A2 8 HIER] » A TOlRR 28 52 W ZF R 258 EH » 3#A W Albugo
bliti 5| FERT RS 185 iR St o FABaIRe » TR £525-31°C » FHENEEALRS 80 - 100% - & K3 EEd
PR P30 5307 AE £ T BERR 0T A U FAIIRERI 3 A R 11 - 14 B2 9 - 12 hr o FiAAS RN R 28 bk &
JEE BTE B A Ry il 52 B PR (exponential) B (logistic) £ RART » H 3 Fy B B P g T 2 22
FRPERRGR (R*>0.9) o RIZSFRFERT » 225D R R B 1 3 2 I R 128 - i AT g fe
T-HZ BN THE 220 - 260 {EZ[E] - RASEIETZACWIH » BN < 1 G5B B E 4R 125 FH R0 — R
P == BARYR 5 5 RZ2 SR I AE AT HE LT - AR 3 - 4 BEHARI A R B 7E AR 28 R Y 2 B
HH o 3 RS RIS R Z IRF R 22 - 5 230 S TUIE¥IHE 2 Gompertz A Rellifi o RZE 5N
BEAEARRR b B EEATEd b N2 284 - 8 3N » HBRGHARE A 47 - 75% o LIS BREE IS E 2t
{iE (variance-to-mean ratio, VM) & Lloyd FKFEE( (Lloyd's index of patchiness, LIP) 4341 H#5k A2 H L2
2SR 3 AT > BEEUH AT HE R — B REIR BRI S SR 11 (VM = 1, LIP = 1) » RE R8s plik5 2] /31
(VM =0.006 - 0.96, LIP = 0.0008 - 0.68) ° 4 LLH [ HERAE IR 22 & R HIE( L B A IRE T 7 2 o R B
(optimal sample size) » FEWILEFGHERS 0.2 - 0.25 HAERRZS 10% RRE T » (EHEfEIL 14 K93 - 5 ZEHANE
PR DT 300 PR o )7 wTHEE FHIES 558 AL 8RR ©

BREER @ T2 ~ 8RN ~ U ~ TR ~ 22T ~ BoE IR

a8

FLZ5 (Amaranthus mangostanus L., edible amaranth) £
AR ~ EEYEE it iRz Fivk - SRR EE N E
FEEGER M, — O o RIS ARt - SEZE Y
$51 Albugo bliri (Biv.) Kuntze £33 @ » [REERTZR (01
FEHE (sori) 2Tl » EFS SRR EL 1 ISR (white rust, white
blister) i HI2K o W28 ARS8 AL B IR - BEE
b~ Bids » BB EER - B R4 R 2+ 2 R
K+ -

85 F 2 RO T R R AL IR AT F A - 1R
JiE G120 ygg i~ BE B KR REEIE ] R 02 ~ M RRAE
o~ bk @Y g2 £ A o PR O SR
BN A 2K o T FAERIR 2R E 850 (A. candida
(Pers.) Kuntze) Z#JZ0 REGL5 O BB B BINET 22 » 58
AR 28 FEEIR L WG - H 22 8B T R S 28 JE IR
LIRS > HOK R A 2 BRASEHASE MERRE R TR

A1 » R S RS2 2 91l BT S0 B 2R 180 5
it -

AHTIE T B AR A o TR )RR B
R 2 AR R B B B 2 BRG)  6 Be
T ISR 0 g7e AR R LIRS - 53 4 T )
ORI 55— R A 2 BRG] DURDEELZ (985
PR ST VAR I (A 2 P S R A 2 T
Fob o 7 3 FEI 5805 1K 2 f3d #7248 B (optimal sample

size) 1319

RS OYSEER

PR R B G 235 11 B i I Bl
USRS T B Z R (A. mangostanus) S35
(A. mangostanus L. forma ruber Makino, edible red

amaranth) » ffl 75 LIZAEH/KIZ 8 hr £ - FE{THEE -



164 fEppRsEsEa ] 1248 51 #2003

2001 4£7 H26 HES8 H20 H ~2002 47 H22 HE8 H 12
HEL2002 429 H2 HE 9 H23 HEAM » /2 FHhZsR a5 s
S5 — A PR B E T e ms Al » A& Rk REd
S TR R R LA R 2 R S A £ 1 R
R R (21.7 mx2.1 m/ plot) » &AL </ )\ (3.6
mx2.1m) e

KRS BLFHEHEERE & W5

FLAEER AR LS R Bl AL £ T SR a1
HIEBR T2 — @ » [KIHAE 2001 47 -8 FE12002 47 -8
A LLYEE FE 30 $5:5% (HOBO™ Pro Series, Onset computer
Co.) AC#KHH [RIR S IREE ~ 58 BEF AT T8 AR B
Kl » B RE 15 min o8k — RORIRE ~ BEEL TR Bl AH
FHERE » B o trad Bt e H R B AR S - th
IATRER A R 32°C B 28°C 2 G TIREIA] - #ELL TR
SR ARl KSR ~ ERBG R AEIRF IR B AR SR LR -

RARERE OSSR R

FZRREIEIS 0 RN 3 RAANERR SR ~ BER B B
BNARR R 25 S o M A R SR B 1 §R I A R 2
FHBATE o A PR 25 (S Bl A b U RIS Z AR S - 78
22K B > B BLARIR 25 RE L - S M RE A IR A
F R EEEE © 2001 A PRER A 30 PRER &
J5 ~ BER BB AR BRI R AL 0 WK 2001 T2 B AS
R 15 FIR ZRTE F BB AR R U)o R E 28
2002 FHR 778 (quadrat, 0.2 m x0.2 m) FliEREAETT » B/ )\
PE i A LB o AT T BRI 2 RERRIE B~ AR R
BRI AR R MBS RIS Z BRTR o LIFERAR (disease incidence)
Jeefn 2 (disease severity) {5F5 ZAStE R 2 77 AT s gy -
TR (%) = (HERIRED) / (FAEPRE) < 100 » FERFEEL (%)
—[(NoxO+N; x1+Nsx2+Nsx3)/Nx3]x100 > No ~
Ni ~Na ~ N3 2 No 73l ES BAR ) SE v 52 11 655 11k AL THi A
TEO ~ 0~ 1/4 ~ 14 ~1/2 ~ > 1/2 DU 2 35 7 BB 3% 3 5 i
R 35 Fr sy O o G AP S 2R BT BER RS
TR BL R J 25 R Wi A2 P A T W [BIBR AT - RELLHE (5
RAERRT P A B E A Z B Y] » [R5 #
AR B B g 35 3 A2 2 BRAR - R At R DA Sl
J7EHEN » FELLHAR 28 85N Z IR R BA B AR =

J93 B3 2 LL Prism 3 (GraphPad Software, Inc. San
Diego, USA, 2002) #ix & E1 TIERR MR /34 » HIAREAHE
5 23 S BIFESIFE (asymmetrical) . Z {45574 (skewed to
the right) Hiiff » N7 & Logistic ERAER 2 S AVEHE A
Ai$E » KL Gompertz £ R ARGETT 700 - Hlk 7 12
HEY = Knaxexp (-Bexp (-r6X) ) » HHY Bd X 735l £ E0H
AR R AR BLRR R A B » Knax ~ B il rg RIIZ HIES PR 28
LRI A ~ B EL AR 2 B B TR E A

N ZHEIBEZR (rate) > exp FERERARBUEINTLE Z A5 BN

(4,10,17)

CEOGHAE R TR P18 W R G R R

FEIA R R R QR BN & 28 A H U BRGR - B TRERZE
SEHAEHH -3 rh) RO 2 A By AR T - K R
HIEABRAT - DU AR A 2 B IR E IR S A T B
FEGREE 500 g HIEHEREAER = > BRAR 1 g H1EEL |
ml ZREIKIREEE] » FE0.01 ml 3B IERR LL0.01%
acridine orange '® B0.2% calcofluor white M2R ! v »
LU BE SR 300 31 B - I rh e e+ 8 E - FIH
calcofluor white M2R Ui A= fl - #EG AL EE (0 2 R » Al
HOCEAB S T IROEE B E T #1% - FFLL acridine
orange YLt LA € f& I AL 13 { 2iE T - 2
ik o AR ENE M ZIf B 158 » A s
fk o BIFS ERE BRI 1T 2 WAk fe 7 28 - AGABR e
10 R » 5 TR HfEE 07 255 15 - B HGRH oK AE
28 Z HH I8 - 38 o T o0 A0 1 T HI DL 52 B0 78 29 fil b (il
(variance-to-mean ratio, VM) ) 2 5& 88 (index of
dispersion) % Lloyd G5 8 (Lloyd's index of patchiness,
LIP) " 534ff » VM =s7/x » Hrhs® ~ ¥ FRHUEE .2 58 R EE
P9l o LIP = (x +s*/X —1)/% » T (x +s*/X — 1) FRE57F ¥4
EFEE (mean crowding index) * & VM X LIP < 1 E/&9%5)
A HUGE - VM B LIP = 1 8 &ty e » VM B¢
LIP> 1 #HEFRENMRE -

AR EEIA S R B P R A

B 7RISR A I > 58 RIS B Z B
BEIY] - LIRS ZEE AR - f22002 429 H2 HE
9 H 23 HIAM » B % HE DU w0 225w L R &
(Portable air sampler for agar plates, Burkard Manufacturing
Co. Ltd.) WrEZE5R il A f 128 - YCEEIRF RIS i KA H
B/ 10 - 12 B > R EREEIRFRE 2 5388 (10 m” air/min)
WS Z2 s il U 1 28 > IR EEAR L 2% /KEINE 7P
SRR I ASR{RIFEE (1000 mg a.i/liter) RLERIFIEIN o PRER
W 5 PP > e 3l = [ » B IR T R AT 2 22 SRR
W14 » RUGERIRIERA o @R T SRR HE ] 2= ) LUK
BEY thfite - RN 100 {EERARESH - 2B Ak 10 B > )
MrZ2s@ e A JE 3 1 Bl BAatE [ Z BRI

SRS IR L& o347 B TR, Z 22 81 53 A

PR SR AR 2 BEFr B2 F1 80 R & 2 AN ]
IR - 522002 427 - 8 FIJia LI » S #hiaik b
B —HE R T EN - BERP AR f_ B R C R 2 B
e 15— R CIERH L EEE - 2 f35 T EPHELE - K
IEREHERZ A AR L 5P © RABRIG R A% » RETATA SR B N



TEMELAS » ST SET SR R 2 B AR 5 Bt
TR I $F B AEAERE 2 TR AR o BRI SRR Rk
bz ESmI > B LA 2002 457 -8 Ak 9 AR
FH 3R 2 RS RS S » DL b i S 7R filik
fili (VM) ® J Lloyd FCHEB(LIP) " 7347 (8555 (E FH ] 2 22
D TRIBN

GAZR B L RTRR A s IR 58 3 e

B T RERIZS RN A H TR AIRE » TEEREE 2 DAEIRER
AA AT IR Z HERARE B » e 2002 RN 2R FH A
PRI SRARER) » B E U B (optimal sample size) %
(3180 23 o e A e R BT 2 A AN = s R Bk AN = (
(tx8)/(Dx%))* HER TS HGHEDAE R (N) » Hr e (lS t (o
220025, 01 J7ANE * n BHFEIEAE n-1 BEHE s B
TR ISR eI 28 Z AR UE {F 7= (standard deviation) » D £35S
AeRE > BIRATFEGG 2 I EEREEE - —MEPR0.1-02 » &
R ZE 8 R T AR 2 B o ASABR LA IR 255
59 SR ) HA - BIREFE 14 Ktk ZRE IR PR 2R 13 o0 At
R B8 HEMEE A - A5 REMERE D 3% 0.2 52 0.25 »
Mx 81 -20% 2 > FELLEFAS 3R A I 28 85 5%
AERRTTR Z BGEEUER R o

TS

KRV BLAHEHEE RS 2 e

2001 £2 2002 2 7 - 8 HitbuiAk] » FHEKRBEHS
o BT 26 - 31°C E225-30°C » H it /M52 28 - 38
°C o (AR TR 24 - 27°CEiL24 - 26°C Z[H] » FHEHEEH 5>
FIAHS 81 - 98% € 80 - 100% 1] » FEELFEHERR 73 HIE
4.6 +3.1 hr £110.4 +4.2 hr (mean +standard deviation) » &
BHREE 1 hr DLEZIRE RS ISR R 7ERE E 21:00 B 22
H 06:00 Bfif# gl =4~ 12:00 BifE 22 H E4-08:00 B -
2001 £i22002 4FEFABRIAMI AR RIRSE EA 32°C DL ERIIRER] -
R 6.9+2.8 hr Bi15.3+3.2hr » (K2 28°C LU ZHI455I
F3E11.1+3.7hr 82143 +3.6 hr » FE{EFENG 16:00 F[Z22H
4 09:00 2R s AHEHEEE SR 95% 4 » 2001 €l 2002 4
AR EE AR A R R 9.1 £3.7 hr 81 12.6 3.6 hr » 5 1
hr DL b2 FERFER 53 BIFERER /) 18:00 FZ2 H 4+ 06:00
Bl 16:00 F22 H F4-09:00 Z [ -

SRR B 1 B i B4 e Je Z i

TERE BRI J3 T » 2001 4FFH FEER A R - 5 2565 FE 11
K1-2 BEHZMEREES 1.8-2.0cm » 5522 K6 HEHARS
6.5-8.5cm » FZ 25 K 7 HEWIIRF 2 & Al 13.3 - 20.9
cm » FERE RS 5 22 - 25 KK ZhitkE B4 R &
R RLREL R RERE & 2 A REXBR B BE R

RSB SER 165

(exponential growth) f2=L > 53515 Y =0.028exp (0.265X) »
R*>=0.98 B 'Y =0.089exp (0.199X) » R?=0.98 » Hr1y B X
oy R ZE AR o P B v 2SR i i 2 A B KB - Texp 548
Bk 8 (exponential function) ([&— ~ A) °

WASEE RO o (ERBREIRES 11 KIF - B 1-2 F5E
ZREHZESE - BE%ERR2-3 RGN FELE » FZE25 K
IR§ - HE0E| 7 B EHE > AL REE R E B A R R SRR
(logistic) =2 S R » 73RIFS Y =0.962 + [6.831/ (1 + exp
(6.05 —0.33X))] » R*=0.99 B1Y =0.453 +[7.309/(1 + exp
(6.01 —0.35X)) ] » R*=1.00 ([&— ~ B) ° 2002 =& RIS
FRRERRILES 7, 14 e 21 K > 3 RlEEAE 1-2, 2-4, Je5-10 Fr
EIE(E— ~F) » {12001 FA5H -

REME B LS 2002 30 AR » B BB o —x -
IR IPE AEAR 5 FEE W T o ([8— ~ B) > 43 BT ERISCRIT o2 AR B
F R AR BE F A 25 85 B 10.3 B28.9 cm » #AEIR AT
FiNR A4y B4R 189 Eil 252 #k » SRT 43 AT EF BRI 2
RERRE B > RLREE 9 R /7 A RIS Il i 264 B2 348
Pk > BABAR & (B — ~B) o LLJ78R77 =X 3 Aohe R 1 B
WA ZBRR » FamBE T AR RERRZ EETE 200 FRLLT
8500 BRLAE » A Emas i g HsCRE » AR AN
SRR GREEZE (8 — ~E, H) °

LIRS 1G53 ik e ~ ZEBORIRE AR Z BRfR - A5 5R
TS L 25 T B 1 BT AR BRIR B VI (R* = 0.95, p <
0.05) » AL& B (5L 2 P BIEF AR X RS Y, = -0.22 +
0.12X s R*=0.96 » Y, =-0.25 + 0.20X » R*=0.94 » Hr1Y,
BLY,, ARFRALREL ] R8RS FE AR > X RIS BZ5HERR 2
BER B (E ) -

SR 85I < i BAtE I

2001 AR R 1B IS REREES 11 Rikz 1-2 %
A > FHEBLST 2R 2 B ESZ B YLt 3% (B =) >
HIBRAE B 3% 81 7% » FERFEEE 0 A% 0.8% i
2.3% > 18 K4 HEHAIRE » MEZS ETHE119.4% k0 79.4% »
TRIRTLIE IR B THE 2.4% B 8.8% » 5525 K 7 HEWIZ R
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Fig. 1. Relationships among growth of Amaranthus
mangostanus (Amw) and A. mangostanus forma ruber (Amr),
and disease incidence of white rust caused by Albugo bliti in
2001 and 2002. Vertical axes were plant height (A), plant
density (E), leaf no. / plant (B, F), disease severity (%) (C, G)
and disease incidence (%) (D, H) of white rust from top to bottom.
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Fig. 2. Relationship between leaf number and disease
incidence (%) of white rust caused by Albugo bliti. Amw and
Amr represent Amaranthus mangostanus and A. mangostanus
forma ruber, respectively.



ATUEE > 514 ~ 17 B 21 K. Z VM 53517152 0.89 -0.96

~0.26-0.84 £10.004-0.23 .2 » @ 2] AaHURE » TMLIP
TG REL VM &2 » A1 VM K LIP {E 23 R > M
im0 - BER FIERREI R 222 b - SRy
SRS AE AR ORI R —EY (uniform) (%) °

AR 1S5 TR A Jee S IR B8 53 W
ST RIEZR 3 8590 TR AR BRI » (ES8IW 18 -

B = ~ FREE 11 K% 3R B0 2 58 2% (BT OR)
B IEAT (BENTIR) TRl o

Fig. 3. Symptoms of white rust on upper (single arrow) and
lower epidermis (double arrows) of cotyledon of edible
amaranth after seeds sowed 11 days.
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Fig. 4. Collection of sporangia of Albugo bliti from air in the field of Amaranthus mangostanus forma ruber by a portable air
sampler. A. Portable air sampler (arrow, Burkard Manufactring Co. Ltd.). B. 100 sample spots (red) on the agar plate. Bar=1 cm.
C. Sporangia distributed on plate. Bar=100 wm. D. Sporangia stained with lactophenol cotton blue. Bar=40 ym.



168 mEPREELE T H 1248 H 1] 2003

2400 - _ 100
| ----- Sporangia/m? air |
. o o o
i 2000 —— Disease incidence (%) 80 &
® | |
£ 1600 e
s 1 60 =
2 1200+ rog
g | 40 3
& 800 L ©
| X
400 20 =
0 —T 0
0 4 8 24

Days after sowing

B ~ RASGHEVERH 225 R 85 AL £ 3 Bl 55
R ZBRR

Fig. 5. Relationship between sporangial densities in the air and
disease incidence of white rust in amaranth monoculture field.
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Fig. 6. Distribution of white rust on leaf order per amaranth
plant before harvest. Leaf order was the position number of
unfolded leaf counted from top per plant.
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Table 1. Spatial distribution of white rust of amaranth in field
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Amaranth varieties and

Period of growth (days)

investigated items 7 10

14 17 21

Amaranthus mangostanus forma ruber
VM - -
LIP® - -
Sample size 427 400
Am. mangostanus
VM - 1
LIP -
Sample size 476 419

Am. mangostanus forma ruber

July-August, 2002

0.96 0.25 0.04
0.68 0.03 0.003
338 287 278
0.96 0.80 0.006
0.67 0.40 0.0008
414 306 211

September, 2002

VM - 1 0.87 0.84 0.20
LIP - 1 0.16 0.06 0.002
Sample size 928 941 833 734 817

L' VM, variance-to-mean ratio = sz/ X, where s> and X is variance and mean of disease incidence of amaranth white rust in field. VM is
expected to be < 1 for a regular spatial pattern, = 1 for a random pattern, and > 1 for an aggregated pattern.
2 LIP, Lloyd's index of patchiness = (X +5s°/X - 1) /. Values of LIP have similar interpretations with regard to spatial pattern as values of VM.
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Table 2. Analysis of optimal sample size of white rust of amaranth

Optimal sample size

Disease
incidence (%) Amaranthus mangostanus Am. mangostanus forma ruber
D=0.2  D=0.25 D=02 D=0.25
1 25304 16195 34392 22011
2 6326 4049 8598 5503
3 2812 1799 3821 2446
4 1582 1012 2150 1376
5 1012 648 1376 880
6 703 450 955 611
7 516 331 702 449
8 395 253 537 344
9 312 200 425 272
10 253 162 344 220
11 209 134 284 182
12 176 112 239 153
13 150 96 204 130
14 129 83 175 112
15 112 7 153 98
16 99 63 134 86
17 88 56 119 76
18 8 50 106 68
19 70 45 95 61
20 63 40 86 55

" Disease incidence (%) = No. of amaranth infected / total
amaranth accounted x 100%.

Optimal sample size could be inferred quickly from this table
according to the predetermined D value and different disease
incidence levels. Optimal sample size (N)=(t x s/Dx X) 2
where t is the distribution under @/2=0.025 and degree of
freedom by (sample size-1), s is the standard deviation of
disease incidence of amaranth white rust, D is the precision
levels defined, and x is the mean of disease incidence of
amaranth white rust in field.
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ABSTRACT

Lee, M. L. >3 and Hsieh, W. H. ' 2003. Inoculum sources of amaranth white rust and its disease
development. Plant Pathol. Bull. 12:163-172. (" Department of Plant Pathology, National Chung Hsing
Univeristy, Taichung, Taiwan, R.O.C.; > Department of Pesticide Application, Taiwan Agricultural
Chemicals and Toxic Substances Research Institute, Council of Agriculture, Executive Yuan, Taichung
hsien, Taiwan, R.0.C.; * Corresponding author, email: mllee@tactri.gov.tw; Fax:+886-4-23321478)

During July-August in 2001 and 2002, disease development of amaranth white rust caused by Albugo
bliti were investigated continuously in amaranth monoculture fields at Hsilo in the central Taiwan. During
the experimental periods, the recorded temperatures and relative humidities were 25-31°C and 80-100%
respectively, and duration of optimal temperature and relative humidity for sporangial germination lasted
11-14 hr and 9-12 hr everyday, respectively, were the suitable conditions for the disease development.
Increase of plant height and leaf numbers of amaranth exhibited the exponential and logistic growth model,
respectively, during 2001's trial. Relationship between leaf numbers and amaranth white rust showed the
linearity (R* > 0.9). Before trials, the primary inoculum densities of A. blifi in soil varied between 220 and
260 sporangia/g soil were detected and no sporangium was trapped from the air. Based on the analysis of
sporangial density in the air, the infected cotyledons and diseased leaves of seedlings were the main sources
of the secondary inocula which produced maximally at 3-4 leaf stage. Disease development of white rust
exhibited the Gompertz model with an asymmetric sigmoid curve. The accumulated frequencies of diseased
leaf numbers on the 4th to 8th leaf order from the top were varied between 47-75%. Indices of dispersion,
variance-to-mean ratio (VM) and Lloyd's index of patchiness, both were used in spatial analysis of white
rust in the field. Spatial pattern of white rust in the field was random at cotyledon and one leaf stage
(VM=1, LIP=1), and quickly became regular pattern (VM=0.006-0.96, LIP=0.0008-0.68). The results
obtained from the disease incidence inferred the optimal sample size needed at least 300 samples to decide
whether white rust was occurred when the precision level was set at 0.2-0.25 and disease incidence was at
10% after seeds were sowed 14 days later.

Keywords: edible amaranth, white rust, inoculum, disease development, spatial pattern, optimal sample size



