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Abstract: A pyrazolopyrimidine derivative ((E)-N-(2-fluoro-4-(trifluoromethyl)styryl)-1-methyl-1H-
pyrazolo [3,4-d]pyrimidin-4-amine, BDO-1) and a pyridazinone derivative (methyl 4-hydroxy-1-(4-
methoxyphenyl)-6-oxo-1,6-dihydropyridazine-3-carboxylate, PDZ-1), were first synthesised by

researchers from East China University of Science and Technology. In this study, the potential inducing
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systemic aquired resistance and the field application techniques for these two derivatives were
investigated. The results showed that BDO-1 and PDZ-1 exhibited no fungicidal effect against
Fusarium oxysporum and Corynespora cassiicola. Pot experiments in the greenhouse revealed that
those two compounds have the potential to induce systemic aquired resistance to seven vegetable
diseases. BDO-1 demonstrated good control efficacies at the concentration of 10 mg/L against
cucumber bacterial angular leaf spot, cucumber corynespora leaf spot, cucumber wilt, cucumber downy
mildew, tomato early blight, tomato gray leaf spot and pepper phytophthora blight, with the efficacies of
58.81%, 61.79%, 69.88%, 64.14%, 54.42%, 54.85% and 63.59%, respectively. At the same
concentration, PDZ-1 also exbibited good control efficacies against cucumber bacterial angular leaf spot
and corynespora leaf spot, which were 62.33% and 59.15%, respectively. Field efficacies of BDO-1 and
PDZ-1 on cucumber wilt were 62.95 % and 48.45%, respectively. Finally, this research also
demonstratde that the best control efficacies against cucumber fusarium wilt and cucumber corynespora
leaf spot can be achieved for both BDO-1 and PDZ-1 under the same conditions (optimum inducing
concentration of 10 mg/L, inducing for 5 times at interval of 5 days).

Keywords: pyrazolopyrimidine; pyridazinone; induced disease resistance; cucumber wilt; cucumber

corynespora leaf spot
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(systemic acquired resistance, SAR)®. HHYFEHLH Scheme 1  The structural formula of compound
AE 8 I/ BUR AE AR R, MY E BDO-1 and PDZ-1
KT R AT U9 T

EHE M ED BT OB ERZRED. K
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25 F1 50 mg/L N X4 F 4 £ B A £ 32 48 70 1 1 1
10 1) 26 1) ik 250K T % B R R R A R R R
{H 5% 185 SR BTH M FBT LEE %R, £
] BDO-1 H1 PDZ-1 A< Er X} 2 Ffis Ji7 B o 4% B 2

&1 BDO-1 71 PDZ-1 MAMERIRERR RN SEREEE
Table 1 Fungicidal activities BDO-1 and PDZ-1 against pathogens of two vegetable diseases in vitro
1 2 Inhibition rate/%
Ab R A RBURS IR S
Treatment Concentration, a.i./(mg/L) BNk Ol % T
Fusarium oxysporum Corynespora cassiicola
BDO-1 1 4.13+3.62 bc 6.42 £ 1.66 be
10 2.54+£1.65¢ 6.30 £ 1.60 be
25 6.04+4.71b 7.70 £1.05b
50 5.09 +3.98 be 8.05+0.61b
PDZ-1 1 4.45+1.65bc 5.95+£5.38 be
10 5.09 +0.55 be 1.76 £1.60 d
25 2.54+1.65¢ 3.50+2.77 cd
50 1.90+1.10¢ 2.10+1.60d
ZRJFEE M BTH 10 3.68 = 1.95 be 0.36+0.12d
ST LB FBT 10 3.82+1.46 be 1.06 +0.61 d
0 s
t;gfhii‘?&'fl}zm)p 400 65.60+1.78 a —
o .
cﬁﬁoﬁéﬁl\:fxff; 750 — 63.64+0.61a
i AR A —_ 413+1.44b 0.48+1.07d

Solvent control

1E7K Water

e FSIEEEA RN FRFRORERIE R E KT (P<0.05);

22 WEMRIESIENE

¥4 &) BDO-1 F1 PDZ-1 W55 i 5] 5 32 - T
Ja, RIS 7 PG S 5 35 A A AR R BT v
ROR, Horb, BDO-17£ 10 mg/L R % /40 i 1
FAPERE HEAT B . R . AR AR A
TR« ik BE R A0S 9 1 B IR AR 3804
50% LA E; PDZ-1 7€ 10 mg/L R X3 N4 1 1 £
B AR AR BRI B VA SR, 20N 62.33% A
59.15%, HAMEEIERE FHRSRS &S T
X} R B0 T BTH(E 2).

2.3 EPREHEMN

23.1 BRERBGHE BHER3IBIBETLUE
th: 7E 10 mg/L KIFIE T, HiF AR 5 d T,
BDO-1 1 PDZ-1 % 8% JIAK 29 115 V6 R R 5018 B
W, AN 69.17% I 44.65%, Hi#E T BTH
(52.67%) 1 FBT(56.92%); [RIFE, 2415 5 18] Fg i
95 d i, BDO-1 1 PDZ-1 8 JIUH: £t i B (1)
Bl va AR N s, 4 N 63.0% AT 51.91%.
zE BATR, RAMAEY) BDO-1 #1 PDZ-1 7 10 mg/L

=7 NRIIZ LR
Note: Data with different lowercase letters within the same column indicated significant difference at 0.05 level. “

” : The effect was not detected.

IR TS 5 IR sAEREIHA S d.
232 HRREMHEHR HRERITUEH: £
10 mg/L Hy71 & M2 5% 5 X, BDO-1 #1 PDZ-1
Xof B TR 2899 (1 1 V8 SR Y B iF . 390N 56.77%
H154.9%, =T 5T BTH(46.87%) #1 FBT(54.29%);
X6 R I BE9% , BDO-1 fil PDZ-1 1)
NEF S IR BBV SR B, 30N 67.44%
M 56.64%. HIULFHI, &%) BDO-1 fil PDZ-1
XoF S A 25 9 R A R P B 1) e A 15 3 B0 R
5.
2.4 HEFGEMR

H R 45 2R (8 5) B BDO-1 XJ 3 /AL
I HIPTIEBORIE 62.95%, W3 T X IR S
Ji 71 BTH (35.84%) FHXJ HE R B 771 70% H L0 b6
R WP (58.75%): PDZ-1 1P VA %R )y 48.45%,
5 & 5 T BTH (35.84%). M4L, BTH 1Mz
FH, BRI A K EERMAR, 1 BDO-1 Al
PDZ-1 WP AR T fZm . WA IR 45 R 5 &
g s —.
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Table 2 Induced resistance on the main diseases of vegetables by BDO-1and PDZ-1
B ¥R %R Control effect/%
SbF B R IR E # JK Cucumber Z 3 Tomato %ﬂ;ﬁiﬂ&zﬁ
Treatment Concentration, phytogﬁthora
- J— s IR ] ‘ i
a.i/(mg/L) HME riﬁﬂﬁ}_ﬁ A B %R EE FLEER% TR BT blight
Bacterial angular Corynespora ) f .
Wilt Downy mildew  Early blight Gray leaf spot
leaf spot leaf spot
BDO-1 1 5235+0.52d 54.11+1.08d 63.47+0.38b 77.10+1.55b 47.87+1.25d 48.79+0.13¢c 43.44+2.18¢
10 58.81+1.01c 61.79+1.37bc 69.88 +4.46a 64.14+1.87¢c 54.42+0.56b 54.85+0.34b 63.59+2.21a
25 63.41+0.69b 56.34+1.39cd 62.60+1.86b 7850+ 1.10b 55.63+1.31ab 5495+1.97b 51.64+2.55b
50 68.72+0.92a 63.12+1.76b 48.82+1.43¢c 63.95+0.73¢c 51.94+£0.70¢c 52.80+0.73b 40.91+3.51¢
PDZ-1 1 4990+238d 59.21+£232¢ 3538+ 1.07ef 63.81+2.96¢c 40.39+0.60e 40.64+1.61d 4545+£2.26¢
10 62.33+131b 59.15+3.14¢ 38.39+1.70 de 35.65+2.68f 36.04+0.57f 36.04+1.02¢e 45.18+3.02¢
25 46.74+1.39e 54.52+1.81d 3549+1.85ef 52.88+3.14¢ 30.07+1.29h 31.73+2.03f 41.91+3.21¢
50 4566 +1.23¢ 4598+1.67¢ 40.10+2.48d 59.46+1.94d 3937+1.57¢ 39.96+£0.77d 46.7+127b
R IHE W BTH 10 31.94+2.68g 4426+135e 3241+0.65g 3335+135f 32.13+023 g 32.81+2.08f 31.97+1.29d
20% MEMEEE SC 250 5846+ 1.61f — — — — — —
zincthiozole SC
75% H #iG WP 750 — 67.10£2.26a — 90.50+2.40 a — 59.16 +1.16 a —
chlorothalonil WP
70% FIERRE R WP 400 — — 64.34£1.29b - — — —
thiophanate-methyl WP
50% JA LSk WP 500 — — — — 56.94+0.13 a — 67.27+6.22a
dimethomorph WP

e RSB EA NG F AR R ZRE RE K (P <0.05);

Note: Data with different lowercase letters within the same column indicated significant difference at 0.05 level.

“—7 RRBZ LR

« ”

*3 UEYESEREART 2 MERSTRE AR

Table 3  Effect of induction interval of two compounds on the resistance effects of two kinds of vegetable diseases

: The effect was not detected.

IR 3 d kG 5 d [Ek% 7 d
B85 3-day interval 5-day interval 7-day interval
ik Vi AR —— " "
Disease Treatment Concentration, e e % EEVE e ek 5 BJ5 74 2k 5 ek K B ¥6 2
wimgl) IS comeol IR ool FIRIEC Contol
effect/% effect/% effect/%
EVINIEST BDO-1 10 54.83+£0.62 2665+093b 22.75+0.63 69.17+0.85b 4556=1.11 39.00+1.54b
Cucumber wilt

PDZ-1 10 58.85+0.41 23.42+0.60bc 40.84+0.36 44.65+049e 56.83+0.72 23.92+0.96d

I~ BTH 10 5976 £0.51 2224+0.70c 3492+1.11 52.67+150d 56.36+1.60 24.55+2.03 cd

TG AL FBT 10 68.81£2.16 1046+141d 31.79+1.59 56.92+2.16¢c 47.57+0.71 3632+1.03b

70% F SRR R WP 400 51.11+£1.45 3349+143a 16.08+0.74 7821+1.00a 39.73+1.01 4681+137a

thiophanate-metlyl WP
& 7K Water — 76.85+0.51 — 73.79+ 1.73 — 74.70 + 0.48 —
BT B BDO-1 10 3471+1.60 42.81+2.58b 21.78+0.58 63.00+£0.98a 29.81+1.44 51.82+237a
Cucumber
corynespora leaf spot

PDZ-1 10 40.76 £0.98 32.84+158¢c 2832+0.78 51.91+133¢c 3633+1.01 41.28=1.66¢

K Ff19E — 1 BTH 10 4381+1.70 27.81+2.80d 3329+0.75 43.46+127d 4249+0.79 31.32+1.28d

TS AL FBT 10 3529+0.62 41.85£1.00b 26.70+0.59 54.65+1.00b 30.66+0.64 50.44+1.05a

75% B #iE WP 750 2925+1.00 51.80+1.65a 21.99+0.50 62.65+0.85a 29.37+0.42 52.53+0.67a
chlorothalonil WP

& 7K Water — 60.69 + 0.68 — 58.88 + 1.20 — 61.87 +0.60 —

e FFEHREA NG FRFRIR 2 Rk B KT (P < 0.05);

Note: Data with different lowercase letters within the same column indicated significant difference at 0.05 level.
L5
ARG KT, HA S Ptk e I s uE A7 A4

3

=7 NRKIZ AT

“« »

: The effect was n

ot detected.

) BDO-1 K WAMEFRAT A4 PDZ-1 X 2 Fh i s 55

HAVSIURENE, punfEm 3%, HEAE 10 mg/L
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Table 4 Effects of the number of induction of two compounds on the resistance of two kinds of vegetable diseases
o . YT ; Y }
. - 1% % g %5 1 X Induce 1 time %% 3 X Induce 3 time %5 5 X Induce 5 time
:ﬁ% B D”lél =< 2 L5 5 2 5 5 D 5 5]
Disease Treatment Concentration, WIE T BirieHCR i tE e 3L Bria R T TE Bria R
a.i./(mg/L) Disease index Control Disease index Control Disease index Control
o effect/% effect/% effect/%
IV BDO-1 10 51.82+0.28 3833+033b 48.98+030 4198+035c 37.61+0.78 56.77+0.90b
Cucumber wilt PDZ-1 10 58.60+ 1.01 3026+120c 5572+149 33.99+1.77d 39.24+0.58 54.90+0.67c
2K FEmE 1 BTH 10 5725+096 31.87+1.14c 5587+023 33.82+028d 46.23+040 46.87+0.46d
FRPLTE{LEE FBT 10 57.32+£022 31.79+027c 4555+1.81 46.04+2.14b 39.77+0.56 54.29+0.65c¢
70% HIBERR R R WP
thiophanate-metlyl WP 400 4465+0.13 46.86+0.16a 3544+021 58.02+025a 28.71+045 67.00+0.52a
57K Water 84.03 £0.32 — 84.42 +0.42 — 87.00 + 0.32 —
ﬁ%ﬁi‘fﬂ”ﬁgﬁ BDO-1 10 3233+1.02 4724+1.67a 32.90+251 47.15+403a 20752052 67.44=082a
corynespora leaf PDZ-1 10 37.19+1.86 39.33+3.04b 36.82+1.50 40.85+240b 27.63+0.85 56.64+133b
SpOt e g
FHIEE W BTH 10 52714033 24.01+053¢ 52.61+127 2548+203e¢ 43.34+0.39 32.00=0.16¢
FMEE LS FBT 10 33.00+0.53 46.15+087a 3470+1.11 4426+1.79a 26.85+0.52 57.87+0.81b
75% E HiE WP
chlorothalonil WP 750 37.71+1.73 3847+2.82b 31.65+098 49.16+157a 20.12+0.60 68.43+0.93a
157K Water — 61.29 + 1.01 — 62.25+ 1.61 — 63.73+1.53 —

e FSIEEE ARG FRFRORZRIE R EKCE (P<0.05);

=7 NARKIZL R

Note: Data with different lowercase letters within the same column indicated significant difference at 0.05 level. “—

”

: The effect was not detected.

x5 UWEYMRNHEZEREERIAHR
Table 5 Effect of control efficacy against cucumber wilt by two compounds in field
posi! A RS R CAEE S B e BOR ZiE

Treatment Concentration, a.i./(mg/L) Disease index Control effect/% Phytotoxicity

BDO-1 10 12.82+£0.76 62.95+2.19a -

PDZ-1 10 17.84 + 1.54 48.45+4.45b -

R IFME M BTH 10 22.21+0.57 3584+ 1.65¢ +

tﬁ?;ﬁhfnf‘%e‘_'il\yyﬁ, 400 14.28 + 1.48 58.75+4.26a -

1E7K Water — 34.61 £0.11 —

Eeo- BHE 0 BEHE, AEmHA . O REIERER.

(P <0.05)

Note: -. No injury; +. Slight injury, the normal growth of leaves, flowers, and fruits was not affected; “—

7 RARAIN LG TN ZI . A S AN F NG RO 2 ik 2 KT

“« ”

: The effect was not detected. Data with

different lowercase letters within the same column indicated significant difference at 0.05 level.

TES SR RGN 5 d I BIIR RO B tE . HiE
S e A BUR S FIAE EL, BDO-1 & PDZ-1
AL 2 G5 SR T A I e S5 R PR, 2P
KEA A0 B S5 5 1) B AR B O T 1 1
G, X R B BEOE R 2 BT AR )
Z PR T AR HEA
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