SRR RSN 85 5t

T rfEd EETHE AT B
0o R

w =

N © 2025 - REMEMREBMIARREEMRZE - EFEEEL RS
HEf 85 1 58-66 °

SHEEE RAEEY)  BURZ R R BRI - INICHRE R o] REHEEE a2 3%
4 > WEPNEASE R E R MR Y - REE(E A AR & - (EAEATR R R S SRR SIS
HLEMEYIREEM R Z/FK - AUTERE K HE L 800 £ (b aniiig K 200 fEFH
FERE R TER R E O AR - SERBURR SR - FORFEATEH 3 2K 800 (b
So B e B TR AR P 200 ARSI 22X - HIEHEEE SRR E R R E T Rt
PRI Ky 12.3% » BLIRAHAREE IR 64.4% Z Fi & 7RISR - EORAIEEA 3 X
800 {2 4 b aa bl Ko 95 TR 4 AR (E P 200 (EHHASREH 2 X > BHEAZEE BREIIaRR &
FrEJIEE > SRR FEIRIE(E 6.3% BB H] 800 & ML onti ik st A TR - W
JE Ry 42.3% TS (R A (E FAAH RS MIZE R > FERE AT4ERF(E 21.3%  TME/KZ EH0R4E - &
TRRE RS ETHE] 72.0% o &5 ERTAL - &8 RS BT - DRG] O R AR L
2 AV REEMFERC T R HY S AT (E ) th M B Sk E > M0 S8 1R 44 (0 P A G
H B AR 65.7% IR ¢ 1T BRAR(E A rh M AL ne bR S A A > A IR -
AR R R AR BERHERE Z ZEEMEN T AR RERE IR
REZHE -

AR « WSEHEERIER S BT LR RS A DGR aEE -

BISTAE : Rt Z &MY RE B a5 E Ak 2 R R A bER R gy
AEBEHEE R RERE -

HWEERE | 1 EHEE AR LR E 50% DL -

RAEDE © GHZEE - SR TP EEERERE - FAERE
BEZHHA 202541 H2 H

1 A = B SR BB e s 5 582 9 -
2. R E P B SR RIGBIHEIZE A - 712009 Z R TTHHEEEIS 70 55 -

58



Z2EEYIRE B T AR E AR Z B9

—_

Al

|

EAZEE] (Daucus carota subsp. sativus) Fy$UZAERE - 1 ~ 2 FFENERIEY) > HI 441 EE
H AT BESTIEEMAREEEY Y BN T EREE AL - Tk EFE
112 2 ER R L B 1,674.6 AHEH Y - SHEEE RSB EREYS > RAONRE - Q8%
BN - MRS R IEE SRS Y Ma(CEREER T ER - (B R R
i B RN EERIRE - BHEN 10% A ERE a8t 0 RERZ LU EYIREEMTE
RS e 2 0BV > BReE— PR EIHEE NaF RO E R - BtE 2 %%
MHEYIREEMINEER N SRESEE - AT ZEL2RERE - KEREZHY -

SRR KRR R By Erysiphe heraclei » F SV EF ] » EEER - WHIE
F HEVINGEERL - AR RIEBER TR R BB R IE » ST ER R EEE - e o R
KElERMEEYSE » W EE KBS ERFMERAC  FEIAYgELEER TE
# o IR IR B O BRI R B O

TEARWSE (i 22 2 EY R E M ACHIE A2 & s 2 P ascs » sEr
AN L AL R g ¢ R R 4 PR AR Y — 18 > 1980 ARk 2 B wT DA & ON G 4
(Oomycetes) 5 [REFVIEYIIRE » ITAFAET 2 51915 H oo i i A o S V) sa b MR R B2
PHmAIhR - EEEEYii e - Beay - SEMPTRE N E A EEN 2 Y &l
N2 fp A T A SRR EL S s 0 DA A AS IR [ B ] A NSR I s © 2
W o 2. WHEST - WA EEE FEBAEYAERITTER » HHEEEYW BOVETER - &1
HE R ERHER - A& EIR AR R ERAE - WAL WEE AW R EEE
KIGEEZPE » BIEHN ~ R N B B EE S e 5H TR ENS ~ M EE A
PSR Y e 3 MEYIREIE ¢ HETEM ARG T PMEY R E I ECERE o BEPHRERE R
THFREGER > A EEDIERAERFOCETER @ AT AR A2 F EYRS
AR A AR AR - MR ~ AGRiE )~ S @0 AT ASH N AR - TR
fRffeT S ~ SERAE M AP ATER AR () BIEHA PR AE M EE 7 % > EEETE L
i 5 MG > tE O R S S R MRS RS BR TOmEIny B B S hResh » Kb ez D- &
IR A IR EE A RAREE > AE S EEYREEEEE ) st E A
g TERH A REENAER (O - BERER(CERE Y 675 Riftgeik
AR 2 R DA B 22 2 MY R E M A TRD T B &R ZEE] iR 2 B > DAHREFEA
FAHR - MR RS E -

M T A

—  TRREMEDFREEMIAARE R ERHER
ARWFEE R ATS ATk i s AT e b T B AR e A S EM B TR E N
EHEE R AT AR > FEARKHEEAEM TS ZEMNN - BT E G ZEME
TrolBR WA HAF S BTG Z &M« Dok d S bRl T EER
ke Al P b E B (FRIKBLEEAIRAE] ) ~ WEEH (27.4% : EEELEEAIRLS
g]) : ROGEIEEM © AR ( D- G ) (60 g/l —RIRSERMARAH) > 4th

59



SRR RSN 85 5t

RSB TP B ROBERIEEM - RS ATE RS ECEE M SO e &M Z
/EXQ%E;‘E PRILL 73 Ryt IR B A P TP M A ~ BRI VG RRIEEM ~ S RifE

-v) i’]@iﬂ%ZF@ H o Ry(EFEMEBEMRES (S EVIDUR Z PR NE - M PR AT TR S
3 % JamRIE 2 AR AR EE BT T UM A 2 ~ 3 REEM M - 2021 £4£17°
/méiaiﬁﬂijoE?ETEEH%‘% (fnfe © ) > % 60 x 30 A RITIVRGER - BRFEL
10 A > AREE S PR > FORs 45 HIRBHMG DL T IS 5 e s S T &M R B
TR EDKE Ry 200 mL > 5 {EERHEAH AT © A BERE A P AT L 800 £5% s (Lo ik
BREE 3 X~ B. B E K AT A 800 £ M b nn B pm BE 3 X - HEfEIR FE DL 200 A
PR EL 2 X~ C. BEfERATLL 2,000 505 B 705K BR L 3 X~ D. HEfE 1% R 2 200 5 H S
PO 3 X~ B IE/KEERAH - YR E R T P [E P R 2 - DL EE R F"‘ffi?aﬁﬁmi’]% 1 -
HVHRE REEEE - AN TS > BEASH R AT A8 Y BEERE
E PGSR ZEE] AT B 23 H - BREEHH M i W B T 2 3 U\ 10 5 PAERkR
TREEAR Bl 3 REBREMREE R - B (R —BFRsRER ERE L R RmE - A
TERN RS E TP BB 3 R 5 SosR W S I G bl - Bk
ZERBEOT R 0 ~ 4 4F > 0 = fEEHE © 1 = RS 2EE | ~ 10% ; 2 = R
MG ST 11 ~ 25% ;3 = R mEiE G 2R 26 ~ 50% ; 4 = B i G 2
8 51% DAL WLAUFFIARGT R © TR (%) = X (R x Z FRERIRE)
/(4 x SEFHERREL) x 100 - rﬁf“ RYPIEE R arcsin /Y #EH1% DL Fisher 2 LSD JA#EFT
EE# I > SatBIE KR E IRy 5% » SHEAFRERHEYIG Z B - st iRe £
%51 E (completely randomized design, CRD) » 3 S8 » &3/ 1 EHE » A [EEHH
B 2 RGO = A — @ T R EE R -

~  TEREMHEMREE M ARRE ONR < AR
KOR = AR - BEERN AR T R E B A EE%BEMEEZ gz

AL na e KRS - TS Iﬁl’f?‘ﬁ%)%ﬁ?%&%fifﬁﬁﬁf ~JaRMEM K
FHEECEEA - LB ARCEE SR - 2022 FRE R RSN EHED » DURB PR
EHEE R R R - A | H R U T B sUR % S i AR - BT T8 4 fER
Hl AL 800 5% AL oo B EREE 3 X ~ B. S5l 800 (& M LEn ik BE R EE 3 K 0 B
PR LL 200 (EFHEEHEET 2 2~ C. B #m 12 DL 200 (EFHAEFEHREE 3 2K~
D. WK BRAH > 7 il A 5 4 Tt P B (] 28 i 2 EMF@@F?BW% 1 > SRR
CRD - 4 H{f - HEMEHL 417 TR 24 AR R 1 AR PETE R 16 /N
hNEExHE6mx 1m: KHFEEE&E%E%T&IWH EMEEHR - S/ NEE%E
TERE 10 Bk - IR  ERIEGER 3 1 3 Ssrim i S 2B a ot - ek
T SRR EUT Ry 0 ~ 4 8% > 0 = fE380 0 1 = PRSI S 2B mE 1 ~ 10% 5 2 = B
I S TR 11 ~ 25% 5 3 = PRI 5 = HTE 26 ~ 50% ; 4 = PR i S 2
R 51% LLE > LA NHIAFETRRERRE - FAIE (%) = X (FERERE x 3% SR IR R ED)
/ (4x SEFIEIREL ) x 100 » RERFREIEE R arcsin /Y #8#51% D Fisher By i/ NE1E 78 2
4 HlBs (Fisher's protected least significant difference test, LSD test) #E{TELER 1T > 45588
FOKAEG R Ry 5% o SHETANTZ R » WERE RS 2 252 -

60



EYEYIIREEM D GEHEEE DR Z 5T

FERE

— FTRZZMHENREZEMITAAREAMNRZENHER

SAZEE O n SRS KRB (R 1) > REERTEA 3 2K 800 & - ME(Lunkmik
K itk A (E F 200 EHHAREREH 2 X > BEHZEE D RRHINT AR AT R - TR
T By 12.3% » BLEIRAHAEEL FTIRE 64.4% 2 RIS 5 a8 R TLEDRE AT 200 EAifEHE
o AR R ER AR R R 2 R - EEIREEA 1 ERRTE S - FrETIEL
R TR A T b ae g o AR R IR S IR A TR R - A
oo R e B AR PR > BIGEASATC Stk - (IR A DURTE (B 1) - EEIEERRRE
TRFEATS Al RS B #AE A B b MR TR (BRSNS b2 AR -
S EAtUBRGER > HORE OB E QPR SRR EE (R B ¢ 800 &t
{bEarklE + 200 [EAHIEREH (R ) 200 fEHASREH ~ 800 & ik boomig - Rt
B ML o R s A R — 2 T FH T U -

I *Eﬂﬁzﬁﬂzﬁﬁﬁﬁ Z‘“Pf%f bEEEﬁPEaF@fE 7J<§H MFQIEZ Iﬁf“ RRE A1E'J “EJK%
BRAH Bt PR R EE 5 B (A ¢ &8P L om Bk i A MR A R

Fig. 1. The disease severity of adjacent potted carrot plants under neutralized phosphorous acid
treatment and water-sprayed control

Side A: The water-sprayed control group exhibits severe powdery mildew infection.

Side B: Plants treated with neutralized phosphorous acid show mild infection.
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Table 1. Severity of carrot powdery mildew disease after different treatments of plant protection

materials in greenhouse

- TR (%)
Treil—tmen N Severity of carrot powdery mildew (%)"
Mean’
2021/2/17" 2/23 3/2 3/10”
800 & A b ool 11.0° 28.0° 35.1° 51.5°
800-fold neutralized phosphorous acid
St P 800 & ik bonhklg + 200 6.0° 9.3° 18.2° 12.3°

(LSRR R

Sequential application of 800-fold
neutralized phosphorous acid and 200-
fold citrus essential oil

2,000 fEHY B # 40.0" 60.9° 69.8° 60.0°
2,000- fold potassium silicate

200

200-

SR 39.0° 22.6° 14.2° 44.0°
fold citrus essential oil

I 7K S HELH 71.0° 87.1° 87.6" 76.7°
Water control

'
71%5

725

* Pe

P9 T BB 45 arcsin /Y BEH{% S HTRR BRAE 2 22 5

TP E RN TR [E R F4EHE Fisher AU/ NI 72 B HIBREEREE 22 B (P = 0.05) -
PHMEER (P Eonmkig - BREST ) BREE 3 Wiz -
BEEMEEM (MRS ) BHE 3 KB 1 -

rcent severity data were analyzed after transformation to the arcsine of the square root of the

proportion of severity.

¥ Means (n = 3) within a column followed by the same letter do not differ significantly by Fisher’s
protected LSD test (P = 0.05).

“' After 3-times treatments with preventive materials (neutralized phosphorous acid and potassium
silicate).

“One week after 3-times treatments with therapeutic material (citrus essential oil).
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Table 2. Severity of carrot powdery mildew disease after different treatments of plant protection
materials in field trail

. T (%)
Tre&zimen t Severity of carrot powdery mildew (%)
Mean”
2022/1/27 2/7 2/17
800 {& i { b om iz 5.7 15.5% 42.3°
800-fold neutralized phosphorous acid
Jetk e 800 £ i M Lok Rz + 200 2.5° 4.2° 6.3"

(EREE TR

Sequential application of 800-fold
neutralized phosphorous acid and 200-
fold citrus essential oil

2,000 {515 B #47 22.3% 19.5° 21.3*
2,000- fold potassium silicate
MEr/K S HEAH 27.8° 50.8° 72.0¢

Water control

" PR BB AL arcsin /Y BRI AT R ER R 2 A2 ER

Y E— R E R TR E 480 Fisher Ay NETE 722 B NI AL 22 82 (P=0.05) -

* THPEEM (T bR ) BREE 3 XK -

* Percent severity data were analyzed after transformation to the arcsine of the square root of the
proportion of severity.

¥ Means (n = 3) within a column followed by the same letter do not differ significantly by Fisher’s
protected LSD test (P = 0.05).

” After 3-times treatments with preventive materials (neutralized phosphorous acid).
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Fig. 2. Severity of carrot powdery mildew under different treatments in a field trial. A: Neutralized
phosphorous acid; B: Sequential application of neutralized phosphorous acid and citrus
essential oil; C: Citrus essential oil; D: Control group
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Study on the control of carrot powdery mildew

disease by safe plant protection materials'

Tsai, H. H.”

Abstract

Carrot is a winter crop, and cool temperatures provide favorable conditions for carrot
powdery mildew development. As a result, powdery mildew is commonly observed in carrot fields.
Although carrots are not continuously harvested crops, making pesticide use relatively safe, there
is still a need for safe plant protection materials in organic and eco-friendly farming. This study
conducted experiments in the greenhouse and field trials to evaluate the effectiveness of 800-fold
neutralized phosphorous acid and 200-fold citrus essential oil to control carrot powdery mildew.
The greenhouse trial results showed that applying 800-fold neutralized phosphorous acid 3 times
before inoculation, followed by 2 applications of 200-fold citrus essential oil after disease occur,
provided the best control and persistence, reduced disease severity to 12.3%, or decreased 64.4%
compared to the water control group. In the field trial, applying 800-fold neutralized phosphorous
acid 3 times before disease occur, followed by 2 applications of 200-fold citrus essential oil after
infection, achieved the best disease control and persistence, with a final disease severity of only
6.3%. Using 800-fold neutralized phosphorous acid alone also had a preventive effect, with a
disease severity of 42.3%. Applying citrus essential oil only after disease occur maintained disease
severity of 21.3%, whereas the control group reached a severity of 72.0%. In conclusion, field
trial results demonstrated that the most effective strategy for controlling carrot powdery mildew
is to apply neutralized phosphorous acid before disease occur and continue with citrus essential
oil after infection, achieving a maximum reduction of 65.7% in disease severity. This approach
is a promising and safe plant protection strategy, and contribute to pesticide reduction and
environmentally friendly agriculture.

What is already known on this subject?
Carrot cultivation mostly relies on conventional chemical fungicides for pest and disease
control.

What are the new findings?
Providing a safe plant protection material application model for controlling carrot powdery
mildew can effectively reduce the severity of the disease.

What is the expected impact on this field?
Reduce the use of chemical pesticides for carrot powdery mildew by more than 50%.

Key words: Daucus carota subsp. sativus, Powdery mildew disease, Neutralized phosphorous acid
solution, Citrus essential oil
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