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'BENEERRENARE
BT EE AR BYR IR YRR

TR

S AhEEFE M EBEE R EHE TR - RIS EA BRI
SHEEEHEHEE > AMSCGETFEEEHRERTIRE - RERMEEE
B 2 E > ATTFERREERRE 1 9% - /K - IR 1 5tk TS04 anZs - A
PRIEADURE B 22 BHYALTE (£ ) sHEA FEEHCH & T 3on E BoRttZ 22 -
il LU SRR B e R (Y B /K AT T 4 e SR RERE 5 v - DABETE 3%
T AEAFEAREEE T 2R 2 e = R /I - 4 RS (R) R
ATEEARE G H | > DB R AL ZERBUS > SRE R E TS g
H#E 4 GniE (%) R RIEHN Z BoRtE - (RREEAEEEE T - AIILL TS04 mn & H
TR ER TR - BEEEAE 280 mg/L T > “PEABEEC AR 1 5F 1.09 2257 K TS04
an 1.02 Ao H7K 0.88 Aorimy/]y o WEAEIR 1 57K TS04 s HEHE AR -
FEEEHE 70 mg/L ~ 17.5 mg/L K 0 mg/L T » ~PIEfRBE B B LA TS04 it Zae/s » 77
AR 0.72~0.39 J 0.12 357 > 4 fifdl () T > BklE 1 9Tk TS04 i 2B FOH R 1R
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il

]

SREEHEHEMAEF 4 HE2 9 A HREFF XA FHEEEZN - X

HIEIA (Colletotrichum siamense, DL T s IEIR ) 280561 (Chung et al., 2020) °

BRI Y M FE S T A R RIRE TS 2 DA S AR AR - 8 40~50

TR Rt (BT 585F - 2001 5 525 » 2005) - SAF0ZE (2019) 45 it FH = 5 HE A

BN B /KEEEEEEEE » F5 % (800 kg/ha) &5 M40 &1 0] 2= SR RER B TE
40~50 B8 - e BB E SR B nl 2T FatEE -

Foe Y BLARE PR AR R ST B 2 R B Y T & (Trejo-Téllez and Gomez-
Merino, 2014) - ZXBHZEREH - BEE AR SISV REERS N - SEEAE PR BRI
YRRt & HE £ 5 - N [ AYRERY EAC TN & 52 B SR MR SRR Y RO T
% JE 97 fB% BB AR B LUK F Ca(NO,), 85 it A NH,NO, #E i (Walter et al., 2008; Smith,
2009) - £ET AN H 2 HEA B I A iR e BIEEE - BN R R AR
P e

R EsERT > R B 2B MUE BB E AR B - &85
HT1& 34 8.9 mmol/L Fyfz i€ (Andriolo ef al., 2011) » 25 LIGE S HOETIER > 1E
0~5.7 mmol/L FYEAEMEFH o - & SEHPE RS FEF Mg il (Tworkoski et al., 2001) ; [
FHEHE AR EE 5.12 HEH0IE] 15.12 mmol/L » & SRR BT 7552 (Janisch er al,
2012) - HINMEYIE R 2 B R BEEYEBNE RS EEA MM - BFEH
Bk 2T (SPAD-502 meter) JHIfS 7 sE{E (Soil Plant Analysis Development, SPAD) T fi#
HEYIREN SR & & (Padilla er al, 2018) » FEHER RS RIS A SPAD HAA
REE OB - e B ARCRIVER Y - R TERRSERSN B AR
151 SPAD {H (Guler er al., 2006) - SUE A E B E R - IN—EHENRE TN EEs
WO ERGE S EIE - A E iR E A EHE 2 R Tt [E] - e A B0
FEZUURE B G HTAEE -

FERESFHMR B EIEZ EE TR » RIER R E w3 2w
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S

F o WREREERETES S - B AETEREGE BRI A HEMRI (#5
2021) » A [EIEHE I & 3 SRR i DURk M 2 8 (3 B P S i g AR AR BRI SE > ASHTT
FTHRBES S R < BRI 1 5% - H AT S ERAGEERK ~ A5 108 3R 2T
SRR B 1 5% K BEE R ST 2 TS04 S (25 > 2022) > FEHBIRIER U
MEREZRZ miE (&) sHEAEEEEHE MRS <2ie g - DURERER
TIEA [F] i A I S 2 275

)

MR T

— ~ BUspanilE (GR) B

A pk AR E 195~ B/K ~ B0E 1 90K TS04 ah 2 [y st BR i i (TS04 fn 2y
DIBEEE 1 57 k35 PR IR Spain FEAC 2 1R fUhn & > MEAEE2 A B (B 5 )20 A M 6 S L
TRPUERIAE ) > Bhnfl (&) BEZED S PREHER > TEi R A g H R
RSV S m R REn = B - SRR T HE— R R ERE
TE Ry fiaa rk -

= ARV AR

Ry B R AR & 2 ST A RS R - 275 3Rk (Andriolo et al., 2011;
Janisch et al., 2012) 7% 3 G 8 {6 0 I (N) 32 7 » 43 71 % 1,120 ~ 560 ~ 280 ~ 140
70 ~ 35~ 17.5 f1 0 mg/L NH,NO,-N » &% % 50 mL/week « [F]lF » 27 Hoagland
Solution £ 7E 5 mL H AT ZEMIK (108 mg/L KH,PO, ~ 298 mg/L KCI ~ 394 mg/
L MgSO, + 7H,0 ~ 370 mg/L Ca(OH), » 11 mg/L H,BO, ~ 7 mg/L MnCl, + 4H,0 - 0.8
mg/L ZnSO, » TH,0 ~ 0.3 mg/L CuSO, + SH,0 ~ 0.36 mg/L H,MoO, FI 12 mg/L EDTA-
NaFe) - 4 8 7 - FEAREILHE®R O #F - BT IOB IS - 55—
KRBT - BT SRR RAEFERE ROHE IR ER ZBG R TEE
( AEELRZR ST SPAD-502Plus HIE ) - 1055/ VBN SCs G EIRE = 1 BT 2 1
SREETERE - WREMEAR 2B = - =R BRERSRTE R EZE T H e R
BEREY BSRYRIEIRETER TR O - FAHERERER - BEEHEERE
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BETT R o TS SR IEE R 4 TSRS T30 - eSS B E RN A R SR E  5E
UM 7% -

=~ BRIEJR DU MERPAL 5 R

Aot Eastbaite 2 4 e HCRE - HISECA B iR S aERAE A B S AL A &
T BIRIER 2 FiMERE - FEEE 0.01% tween 20 2 1 x 10° spores/mL fYEIFH B
(Colletotrichum siamense ML133) il T-#0FK » T35 Ry By 4 Tl > EL& e RiEfE - i
Heretd - FERIREEATEE R B o RN A S PRIERR - BT ILEER - I
B 30°C > S 16 /NKF - BRI 8 /NRF Z R A RAE T -

(—) =ftkiE

LA 20 psi 7EBRAYZE BRI M BERE N ME AR - FREE N 2 R RGO % - BEE R
T2 R JEE 3 0 0 REO RO AR > DASRIE BB MR G T PRERSE T NSRS 6
REIZEFIECSHAEREER Y » WHETERET T - KRR E R ERE 0 By 6 41 » ERAEE
B SRR EE R 0% B 0 48 1~10% 55 1 4% : 11~25% By 2 4 26~50% 55 3 4% :
S1~75% Ky 4 & 5 75~100% Fy 5 &) - BREEE (%) = %l PRI FE BERA / (6 x FHFHE
PREL) x100 »

(=) B

FAEIRSS 3 R B Z =% E > A SRR 18 > LIS (23 G) fEfRRC
EEL > 10 pL SRR E TR0 F RO I RRCER » FYsfEiR s, 6 RERZEMECHkIE
BEEAE > MEf TR AT
(=) BlEEaeE

HUNHERRSE 3 1 ERAEE » IN=AE5E E o A& Ead 1B DUSHEE (23 G) 1R
a5 0 B 10 uL SRIER TR0 R iSRRG > IR R 5 6 RIRZAIEC
FROAPE RS > T TERET AT
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(U0) HE[E 5 P2

BERFEIRFLL 75% TS ~ 1% REBLEN/K (Clorox bleach) KA EEE 30 PO
B ZKEEE 60 F1% > DT ERBUH R E K 8.5 mm 2 EEE R - B E 7 em fEE B4R
B9 em BPEILT - RS 208 | 2 mL SIS BRFE TR0 » WEEERARse =
&IFIEE 7 BN IEROm R Z ek EiE - WE ORI fRR - it 4 RIREIZEEE
FEBEISE - HEE R fAIREC#R1E > DL Image J §EG AT EE R BYEAEE HoEE - I
HELTHET T o

HELT LA 4 FRRERE ARV AL - B SRR DU M B R R B T =
1B Ry tR Bt R pe 57 -
Y9~ ANE ZALE R SRR R DU M s

AL R M a5 SR B 8 R B 280 ~ 70 ~ 17.5 71 0 mg/L NH,NO;-N > 317 DA
EREE B RERHEDURIEZT775 - PL4 il (&) TEIRIERARL - 55— 1S
KRB - BHEETSRHEERE RERBRE NS ER B RGHE
{H - FR5 88N - SCRR G IREIRES 3 1 BT I L SRR HEME - BB 1 EHE
FA5E 8 EMErTHESE AN By - SR B ELRE 5 ARIE PR - T 2 TOBIEER -
o~ e

s FTSHYEER ERH Microsoft Excel #E{ TR EAHL[E 72 - F[H] SAS Enterprise
Guide 7.1 #E{TEE )88 FLE 534 (One-way Analysis of variance, ANOVA) o 55455
BB E A Z=E » AIILL Fisher’s protected least significant difference test (LSD test)
EITHET T 0 AE p < 0.05 BRI ERE DA EFRHER -

S5 LT3
— ~ GUIERE R S
HAE 8 I EE R B EE AT (1,120 ~ 560 ~ 280 ~ 140 ~ 70 ~ 35 ~ 17.5 §1 0 mg/L
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NH,NO;-N) » ZIR[Em BEAHERES VAR A BE 2 - 1,120 mg/L 2 BiAH %
A BB IR - 560 mg/L QUAHARE SRR, - SR BHO SR FRRE
2R (B —) -

TELEER T 2 SPAD HIN KR AR A= ZEAXALK - mRE SR
SPAD {HiZHMit2 = » 25 7 - 8 HlF - SPAD {[HLERF N i =& - RIRE A AL B4R
SPAD {EFEHEJOZ M BTt - HZE5 7 ~ 8 iBHF SPAD fHA HEE#ES (B ) - HIRE
TERNMERTER ESERENT TR - HIIEEREAEEAT - FrEsTREN e
B (Eer i Z B8Rt - HfL 2 3T (Tegeder and Masclaux-Daubresse, 2017) » 35k
F B iy E SPAD {Hi K 7 BT -

FHoIEFER EAET R E T e R AR (%£—) > SPAD {HIR
bE TR (E=)  fEET S aBOottilEGR a2 M - TEsURTEE
FHUREN EEHERERFAAERZNNE » ARG SR S SR E R R
P2 f2% > 1515 280 ~ 70 ~ 17.5 M1 0 mg/L {F R& s Br s LA -

& — ~ Tt AR EDREE S 8 e H /Kl Ak 2 BIRE & (A ZE H A Ky
1,120 ~ 560 ~ 280 ~ 140 ~ 70 ~ 35 ~ 17.5 1 0 mg/L NH,NO;-N)

Fig. 1. Effect of fertilizer concentrations on phenotypes of strawberry (Xiang-Shui
cultivar) after fertilized for 8 weeks. (A-H represents 1,120 ~ 560 ~ 280 ~ 140 ~
70 ~ 35 ~ 17.5 and 0 mg/L NH,NO;-N)
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[l — ~ A [E] SE A T A B B P B ) 8 B K i S A s B B AR R e T
(SPAD value) 52% ( - FHELAEFEHERE By 5% /KAE 4L LSD sz
HIEAR)
Fig. 2. Effect of nitrogen concentrations and fertilization time on SPAD value of marked
leaves of strawberry (Xiang-Shui cultivar). Means with the different letter are
significantly different from each other (p < 0.05 ANOVA followed by LSD test)
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Fig. 3. Effect of nitrogen fertilizer concentrations on SPAD value of strawberry (Xiang-
Shui cultivar) after fertilized for 8 weeks. Means with the different letter are
significantly different from each other (p < 0.05 ANOVA followed by LSD test)

x— - TEAAERESA 8 BREE KSR EEREN TR e B
Table 1. Contents of essential nutrient elements of strawberry (Xlang—Shul cultivar) after
applied with different concentrations of NH,NO;-N fertilizer for 8 weeks (n =9)

NH4NO;-N Nutrient elements (%)
Treatment (mg/L) N P K Ca Mg Fe Mn Cu Zn
560 410+093 039+0.02 1.65+0.10 1.58+042 0.58+0.18 153+42 171 86 nd 64 + 30
280 3.86+0.37 042+0.09 1.84+026 1.38+0.26 0.56+0.11 162 £3.5 211 +122 nd 75+£13
140 3.16+0.01 0.38+0.05 193+032 122+0.04 0.51+0.06 148+14.8 203+111 nd 55+11
70 256+0.30 035+0.05 1.80+0.25 1.20+0.12 0.47+0.08 138+16.9 206 + 62 nd 53+16
35 2.51+0.04 032+0.02 1.68+0.01 130+0.04 0.52+0.02 140+6.3 272 + 165 nd 53+6
17.5 2.24+0.08 0.31+0.03 1.83+021 143+0.25 0.53+0.08 151+21.2 217+118 nd 60 +24
0 1.93+£0.04 028+0.04 1.83+023 1.39+£0.25 0.51+0.07 146+21.2 325+214 nd 60 + 40
Reference value® 2.6-3.5 0.25-0.35 1.5-2.5 0.5-1.5 0.25-0.5 90-200 20-800 2.0-5.0 20-40

* Reference value: Reasonable contents of essential nutrient elements of strawberry
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=~ BRIEA PR MRS T R
(—) PR

Pl tRpetd 7 Ui A F SR B 2 J/KE SR - PR 6 RiE
A ECER R > PUE LR E 280 me/L i B P P79 B 11 AR die K > <1 479 B T A5 22
41.5% > FHERE 0 mg/L R B I Bt fe/ N - PHABEEIAREE 28% - &Aoot
SHEREUT 4 TR PRAH A B 2 AL -
(=) SRR

DIBR SRR U7 A P A A SR e B 2 |/ /K S5 = 7 fEBHEE - FhREfEik 6
REIE PR ERER > &84T 280 me/L BREEHTEIRBE EISAA »
TAPEELIREE 0.68 127 » BAH M BFRAH HARE =5 -
(=) AR

DI gt 7 A A B SR e B 2 B/ /K S a 8 = 7 fEBHEE - FhREfEik 6
REIZECERA ST B > Fuat o ITEERETR 280 mg/L ~ 70 mg/L ja BRAY-FHI iR L
EAREOKR > SPHRBE AR A R 0.71 2781 0.5 0y - WA ZESIBE =R - [FRF
JNEREC M PR B AH B 72 5 - R VU A TP 4SRRI  J50% -
(9) BB B

LIZEE /Pt 5 AR A R SR R 2 KR A = R R - PR
6 REIZIACHIA S RS - &E4tat (& 280 mg/L s B APy Bt i 5 7 Phfe
Ko IR oy ThEE 100% - 82 0 mg/L Rl P BE i fR H o7 bE 71.9% &
AR AR (AR R EER -

RS B SRR V7 VAR ke ~ BRRGREE K S B 7 PR S i s A A [F]
HE R e B SRR R HL R 2 528 - B AR SERE R V7 VA R 1R S S SR IE R RN
Pz A 574 (1Y ) -
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&Y ~ A [EEH A B N EE K EAER T B DL 4 1T B S IE S (Colletotrichum
siamense ML133) 6 K Z 1% » HFESRTEERYZESE © (a) 2PRFEETTE S (b) BERE
PR (o) BEREREIE G 20 0 (d) HE R B E ( B P E DA FEF AR
T H 5% KETAE LSD IR A e 5 )

Fig. 4. Disease development of strawberry (Xiang-Shui cultivar) inoculated with
Colletotrichum siamense ML133 respectively by 4 different methods under different
concentrations of nitrogen fertilization. (a) Whole potted-plant inoculation; (b)
Single-dot inoculation on potted-plant leaves; (c) Detached leaf inoculation; (d)
Leaf-disc inoculation. Means with the different letter are significantly different
from each other (p < 0.05 ANOVA followed by LSD test)

=~ NE G & R R UM

FEREPREE A B E - 327 280 mg/L ~ 70 mg/L AYETZR 1 5%k 280 mg/L #Y TS04 fh
PR EUT R 9.6 102 R 9.8 /1 3 > BLH AR BRAHEIRIE R A ABEER
FEREREE R ANBUR A] R W sl A 5580 280 me/L AYEREEREGEAS - A aIpkiE 1
5 e B K i AR - BUREZE | 9k TS04 A A RE B AL (E7)
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TEARFEPRE E A 8 H{% - HU N R BHE S A RIEMRE 6 K% » 1F 280 mg/L
P P > B SR BE B A LA EE 1 5% 1.09 A5 K TS04 & 1.02 AR » /K
0.88 273 fe/IN » AT SR 1 5F F TS04 A HAEE 72252 - 70 mg/LJRJEFEET » 19
B EELL TS04 (2 0.72 A3/ » BLESE 1 5RRPE AR 0.88 Ay HEE =5
17.5 mg/L J7 0 mg/L JEREEE T » B2 DL TS04 5 2 EHm BT B R 52/ > 437l By 0.39
NI R 01237y » BLE At el B2 5% - SRS EADEE B giRS4miE(R)
¥ PRI Z B T - (ROREEHEEE T RIILL TS04 i Z ¥ S JE 7 i PR (]
7N

DUSHAE ( %0) NHETTERES - BEE 1 55K TS04 Sh A PHERER 1% » 4 [EEATEH
HES BAREER > 15 DL 280 mg/L fREAH PR B R K > 7055 0.96 24
T3 B 1.02 %57 » B IR 1 5RATZERR 70 mg/L F117.5 mg/L R FRAH IR E A2 5]
280 mg/L Kz Omg/L PR BE B 1R 5T B Ay 1.09 23453 Kz 0.38 224y » B EC A g #EAH [ B
B ER > F/KDL 280 mg/L F1 70 mg/L fRHEAH I BT EASIIK > 5371 55 0.88 2
775 0.82 gy » HAMERHEAHM A HE 2R - &infE (&) NERE A EBE
fit S AEREST I 0 > Bon At ( &) > B ERERS - K2 HER
B FRIERAVEIRE > A LSD test EfT4EET71HT (p < 0.05) » 45REURILTE (£ ) N
H IR R PR 2 FAE R S BRI DIBKE 1 57 K TS04 fm i R AR (&N -

AR EHEYHRZE RN 2 FR RS KB AH - S EHE N EY 4
BNERGERR  AEEBREEHERNE - SRS ERER - 5SS &
BEAO - TR 2R ] DL E RS R (Choi et al., 2000) - §f o] DAKE f7E = F5 &
FEVIR TR - AE T PR 3 2 M R EE A2 S (Huber and McCay-Buis, 1993) - AH#%
{REAEFEEE - M= S AL AU A N AR AT B e R 2 B IR - (HRE RS 2RI
BURPMEE AR 5 = E A e T [ (AR Y [ e A A 4t o A 2 A 4
PRERN R - WA REANE R4 ERAHR AR R - HEHE RS N R 4R EE
PRNEREGEAE - MIEEEYIH ST EE (Zhang er al., 2017) = [E55 - FEPIHY
AEEEHEE E eI AR EEWEERE - mAE RS A R
B B% (C20-C34) 4Hpk » FotE P& 242 50 i1 ~ — (Heredia, 2003; Raffaele ez al., 2009;
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Malinovsky et al., 2014) - & & EAELEHEPRBEGE > MbkF 28N e LSZRR - (#
GV A R E AR - GHERR A A R SR TRETEEUR - &R
MR B EHAUTE PR R HoA 'S R R E AL B4 % (Bondada et al., 2001) ©

&E BRIl - BEO0EACHE 2 8 B SRR T - (e aEm AR
fem > B [EE L EHE R SRR 2 Bt - N ERRE S AN 2 TS RIERTTE
REEERY TSO04 fin Z: B RHIE SAE A B4 (RS SRR I =2 1 > A [F & bl e
IR Z DURMERR A B s R MRS R 2 e B B 5 U R B E I 34 A HY
HENZE -

Xiang-Shui Taoyuan No.1 Miaoli No. 1 TS04

280 mg/L

70 mg/L

17.5 mg/L

0 mg/L

[ 7~ 4 TSR (%) TEAREEE 4 EHDRE 8 HIYIMNEIIRE
Fig. 5. Phenotypes of 4 varieties/lines after applied with different concentrations of
NH,NO;-N for 8 weeks
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Toayuan NO. 1

280 mp/L
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Xiang-Shu

280 mg/L

Diameters of lesions (cm)

Toayuan NO. 1 Miaoli No. 1 Xiang-Shui TS04

Concentration of NH4NO3-N (mg/L)

@280 @70 ol7.5s ao

(&7 ~ 4 T (%) B 4 FEEACRE m B AR AR R B R AR ( BfE ) &
RBE B (B PHE DA RS RE By 5% /KAE &L LSD ISR REE 7252 )
( &)

Fig. 6. Disease development (above) and diameters of leisions (below) of 4 varieties/
lines detached leaves inoculated with Colletotrichum siamense ML133 under
different concentrations of nitrogen fertilization. Means with the different letter are
significantly different from each other (p < 0.05 ANOVA followed by LSD test)
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Study on the susceptibility of strawberry to
anthracnose under different concentrations of
nitrogen fertilization

Yi-Bei Li*', Hsiao-Chun Lo’, Hung-Yi Wu’, Pei-Che Chung'

' Miaoli District Agricultural Research and Extension Station, Ministry of Agriculture

? Department of Plant Pathology and Microbiology, National Taiwan University

ABSTRACT

High nitrogen application could improve the number of nursery plants in the
strawberry nursery but increase susceptibility to strawberry anthracnose, a common
disease in strawberry nursery propagation. The purpose of this study was to evaluate the
susceptibility of these four varieties/lines (Taoyuan No.l, Xiang-Shui, Miaoli No.I, and
TS04) to anthracnose under different nitrogen fertilizer concentrations. Four different
inoculation methods were tested on the relatively low susceptible variety- Xiang-Shui,
and only the detached leaf inoculation showed a significant difference among the 4
tested nitrogen concentrations. In the detached leaf inoculation, all four varieties/lines
showed high susceptibility to anthracnose when fertilized with a high concentration
of NH,NO,-N, whereas TS04 showed significantly low susceptibility when fertilized
with low concentrations of NH,NO,-N. In the treatments fertilized with 280 mg/L of
NH,NO;-N, the average lesion diameters of Miaoli No.l and TS04 were 1.09 cm and 1.02
cm, significantly larger than Xiang-Shui which showed the smallest lesions, the average
diameter of 0.88 cm. However, in the treatments fertilized with 70, 17.5, and 0 mg/L of
NH,NO;-N, TS04 showed the smallest lesion diameter, and the average lesion diameters
were 0.72, 0.39, and 0.12 cm, respectively. Besides, Taoyuan No.l and TS04 show
significant difference under 4 tested nitrogen concentrations. All the tested varieties/lines
showed a significant anthracnose susceptibility rise with an increase in nitrogen fertilizer
concentration, especially for Taoyuan No.1 and TS04.
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