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Effects of 2-aryl-3,4-dihydroisoquinolin-2-iums as antifungal
agents on plant seed germination and seedling growth

ZHENG Zuo-lite* , MIAO Fang”,YANG Xin-juan*,ZHOU Le*

(a College of Science sb College of Life Science s Northwest A& F University sYangling s Shaanzi 712100, China)

Abstract: [ Objective] This paper investigated the effects of 2-Aryl-6, 7-methylenedioxy-3, 4-di-
hydroisoquinolin-2-ium salts on plant seed germination and seedling growth to provide theoretical basis for
the development and application of such compounds as new phytofungicides. [Method] The seeds of Pani-
cum miliaceum L. and Brassica campestris L. were soaked in the solution of 14 2-Aryl-6,7-methylenedioxy-
3,4-dihydroisoquinolin-2-ium salts for 20 h before being evenly sowed in Petri dish containing a small a-
mount of deionized water. Then they were cultured in set conditions and germination rate, average root
length,stem length,gross fresh weight,gross dry weight and relative water content were determined. [Re-
sult} At 100 pg/mL,compounds Z-1,7-3,7Z-12,7-13 and Z-14 showed significantly negative effects on some
indicators of germination and growth of one or two plants. Compounds Z-2,7Z-4.7-9,and Z-10 significantly
improved the roots and stems of Panicum miliaceum L. The other compounds showed no significant

effects. [Conclusion) Except Z-1,Z-3,7Z-12,7-13 and Z-14, other tested compounds were safe to plants
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when used with mass concentrations of no higher than 100 pg/mL. Some compounds even promoted crops

roots and stems,and could be developed as crop antifungal agents after further evaluation.

Key words:isoquinoline compounds;antifungal medicines;phytofungicides;safety evaluation
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Fig. 1 Structure of 2-Aryl-6,7-methylenedioxy-3.4-dihydroisoquinolin-2-ium bromides(Z-1—7-14)
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Table 1 Effects of various mass concentrations of Z-1 and Z-3 on germination rate of
Panicum miliaceum 1.. and Brassica campestris L. %
(aeg P e/ (pg » mL™H Panicum igifaceum L. Brassica (@72)«.\'#1’5 L.
Compound Concentration
48 h 72 h 36 h 48 h
200 95.6+0.58 a 96.7+1.00 a 85.6+1.96 b 87.8+5.08 b
100 91.1£0.58 a 97.8+1.15 a 94.4+1.96 a 95.6+1.96 ab
Z-1 50 94,440.58 a 97.8+0.58 a 95.645.10 a 97.8+3.78 a
25 93.3+1.73 a 95.6+0.58 a 93.3+5.77 a 94,4+5,10 ab
25 4 XF 8 Control 87.8+1.53 a 93.3+1.73 a 92.2+1.90 ab 94.4+5.10 ab
200 90.041.00 a 92.2+0.58 a 95.6+£7.70 a 96.7+5.77 a
100 92.2+1.53 a 97.8+0.58 a 92.245.10 a 97.8+3.85 a
Z-3 50 92.2+1.16 a 95.6+1.53 a 92.2+1.92 a 92.2+1.92 a
25 87.8+1.53 a 94.4+1.53 a 95.5+1.94 a 96.7+0.00 a
z5 1% R Control 87.8+1.53 a 93.3+1.73 a 92.2+1.90 a 94.445.10 a
1 R R AR 2 1 5 B0 5080 )5 AR R NS P B R0R 22 57 3% (P<C0..05), %K 2~6 A,
Note; Different lowercase letters within each column mean significant difference (P<Z0. 05). The same for Tables 2—6.
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Table 2 Effect of various mass concentrations of Z-1 on seedling growth of
Panicum miliaceum L.. and Brassica campestris L.
WY 1 Bt e g/ WK /mm K /mm E@iﬁﬁ%/g BT R/ g AXS K/ %
Plant ) (pg - rr}L b Root length Stem length (JrOS§ fresh (Jros's dry Relative water
Concentration of Z-1 weight weight content
200 39.0F1.24 a 44,.3+1.76 a 1.360 3+0.014 b 0.189 3+0.002 b 86.1+0.14 ¢
BT 100 41,443.05a 44,442.05 a 1.373 4+0.018 b 0.183 14+0.005 b 86.740.46 b
Panicum 50 43.74+1.07 a 45.440.34 a 1.432 740.047 a 0.202 840.004 a 85.8+0.22 ¢
miliaceum L. 25 43.34+1.54a  45.4%1.46a  1.467940.011a  0.202440.004a  86.240,15 ¢
25 4 XF & Control 41.0+2.96 a 46.6+0.71 a 1.352 7+0.007 b 0.134 940.006 ¢ 90.0+0.38 a
200 64.1£1.72 b 22.1+£1.42 b 1.013 64+0.011 b 0.091 54+0.006 b 91.0+0.45 a
e 100 71.8+0.86 a 21.8£1.00 b 1. 054 2+0. 088 ab 0.097 140.007 ab 90.8+0. 65 a
Brassica 50 71.27+0.30 a 22.7£0.31b 1. 042 4+0. 002 ab 0.093 8+0.006 ab 91.0+0.55 a
campestris L. 25 71.5+0.76 a 22.3£1.10 b 1.002 3£0.009 ab ~ 0.092 60.008 b 90.840.53 a
25 [T IR Control  63.340.60 b 27.3%£1.08 a 1.114 3£0.102 a 0.096 040.005 a 91.440.45 a
T« B T A R T O A5 e 2 B A 4 v R R R T A, 3K 3,56 [A],

Note:Gross fresh weight and gross dry weight represent fresh weight and dry weight of all seedlings in each group. The same for Tables 3,

5,6.
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Table 3 Effect of various concentrations of Z-3 on seedling growth of Panicum miliaceum L. and Brassica campestris L.
Y Z(iigﬁ: iﬁkji/ # K /mm 2% K /mm /?\ﬁ)—'ﬁ\%/g A%’\“f“ﬁi/g *ﬁﬁé‘/ﬁ%/%
Plant Concentration of Root length Stem length Gro» fresh (Jrosfs dry Relative water

7.3 weight weight content
200 41.6+2.20 a 44, 7+1.20 b 1.203 2+0.007 d 0.167 540.007 ¢ 86.140.66 a
BT 100 40.5+1.84 a 45.4+1.08 ab 1.322 0£0.004 ¢ 0.185 140.007 b 86.040.52 a
Panicum 50 41,9+1.16 a 46, 4-+0.63 ab 1.341 7£0.007 a 0.203 940. 006 a 85.8+0.41 a
miliaceum L. 25 41.740.77a  A7.0+1.07 a 1.368 340.009 b 0.193 6-0.007 ab  85.8+0.59 a
75 4% B Control 41.0+2.96 a 46.6+0.71 a 1.373 4+0.014 b 0.183 140.005 b 86.740.27 a
200 68.342.12 a 21.94+1.10 ¢ 1.040 7£0.008 d 0.093 340.015 a 91.0+1.37 a
FES 100 70.1+4.83 a 24.0%+1.72 be 1.141 4£0.005 b 0.099 040. 008 a 91.34+0.68 a
Brassica 50 69.14+2.30 a 22.8+1.60 be 1.035 3+0.005 d 0.091 640.007 a 91.14+0.68 a
campestris L. 25 68.54+2.77 a 25.14+0.57 ab  1.180 240.008 a 0.097 4+0. 004 a 91.74+0.32 a
25 H AR Control  61.543.44 b 27.240.69 a 1.114 3+0. 009 ¢ 0.096 040. 005 a 91.44+0.49 a
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£ 100 pg/mL AF Ry HoA AL G 0% 4 PR A 9 005t
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Table 4 Effect of 12 tested compounds on germination rate of Panicum miliaceum L. and Brassica campestris L. %
Cifn?o?nd Panicum }n%iiuveum L. Brassica ;f;z'}eslri.\‘ L.
48 h 72 h 48 h 72 h
7-2 94.4+1.92 ab 97.8+1.92 ab 88.9+3.85 ab 91.1+1.92 be
Z-4 96.7+3.33 a 98.9+1.92 a 88.9+5.09 ab 93.3+3.33 ab
7-5 84.4+1.92 de 93.3+3.33 be 91.1+1.92 ab 97.8+1.92 a
7-6 93.3+3.33 ab 95. 6+3. 85 abc 87.8+3.85 ab 90. 0=£0. 00 be
7-7 90. 0%3. 33 bed 94, 441.92 abc 95.6+1.92 a 95.6+1.92 ab
Z-8 92.2-+3. 85 abc 94, 4-+3. 85 abc 91.1%£5.09 ab 97.8+1.92 a
7-9 93.3+3.33 ab 97.8+1.92 ab 92.2+1.92 ab 94,4+1.92 ab
Z-10 92.2+1.92 abe 98.9+1.92 a 95.6+3.85 a 98.9+1.92 a
Z-11 90. 0-£3. 33 bed 94.4-+1.92 abe 92.2+3.85 ab 95.6+1.92 ab
7-12 88.9+3. 85 bed 93.3%+0.00 be 75.6+1.92 ¢ 80.0+3.33 e
7-13 85.6+1.92 de 96.7+3. 33 abc 81.1£1.92 ¢ 86.7+3.33 cd
Z-14 82.2+1.92 e 87.8+3.85d 80.0+£6.67 ¢ 82.245.09 de
235 1% | Control 86.7-+3.33 cde 92.2+1.92 cd 91.1+5.09 ab 91.1+5.09 be
XFFISE 48 h (R ZERIN . Z-12.2-13 M1 Z- WAL 835 128 (4 B (P<<0. 05), Z-12 Fil Z-

14 kb 2H B ZAE T a8 1 X IR (P<<0. 05) , Hiftbfb &
Wb S s AN IR T #FH 27 (P>0. 05); X
T 72 h kRS L&Y 2-5.2-8 f1 Z-10

14 AbFRH B T2 1A R (P<<0.05), UL 45
FW,Z-12 F Z-14 Sl A ZFER — M HEM . m
7-5.72-8 f1 Z-10 H — € WAE #EA/EF bk &8 &
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Table 5 Effect of 12 tested compounds (100 pg/mL) on seedling growth of Panicum miliaceum L.
A FUR/mm K /mm BRI g ey WXt A K 7,
Compound Root length Stem length Gross fresh weight Gross dry weight  Relative water content
7-2 39.0+2.67 cde 46.1+0.92 ab 1.346 0+0.005 d 0.186 34+0.006 ab 86.2+0.51 a
Z-4 41.541.41 be 44,340.56 be 1.357 740. 007 cd 0.190 140. 005 a 86.0+0.42 a
Z-5 35.6+0.93 g 43.741.37 ¢ 1.367 4+0.005 cd 0.190 04-0. 004 a 86.140.36 a
76 38.842.15 cdef 41.440.94 de 1.373 340.008 cd  0.189 8£0.004 a 86.240.25 a
77 39.0+0. 78 cde 43.4+1.65 ¢ 1. 363 4+0.008 cd 0.189 440.007 a 86.1+0.49 a
Z-8 41.841.40 b 42.742.08 cd 1.350 540. 005 d 0.188 340.009 a 86.1%0.67 a
Z-9 40.84-0. 76 be 46.340.55 a 1.417 8+0.017 b 0.192 44-0.007 a 86.440.49 a
Z-10 45.84+1.52 a 46.040.57 ab 1. 460 6+0.009 a 0.195 040.005 a 86.740.25 a
Z-11 39.4+0. 83 bed 44, 6-+0.52 abc 1.392 2+0. 042 be 0.192 740. 005 a 86.1+0.77 a
Z-12 36.3+0.85 g 40.740.61 e 1.120 040.015 g 0.157 140. 006 ¢ 86.0%0.55 a
7-13 37.9740. 84 defg 40.640.30 e 1.173 44+0. 060 f 0.154 84+0.007 ¢ 86.8+1.20 a
Z-14 36.6+1.83 efg 41.440.69 de 1.303 7+0.007 e 0.175 240.010 b 86.6+0.73 a
Xt #8 Control 37.04£0. 80 defg 43.441.32 ¢ 1.125 540.007 g 0.152 740.011 ¢ 86.440.89 a

6 Mo X TSR ARK ER XS TR
WM F 45106 P Ab 3L 5 R B 25 1% B2 ) 3
To i M2 R (P>>0. 05) s E A & /K 205 1 L A Z-
14 Ab 3 2H 3275 0 IR 2 i 2 R AR, i ik Ak & 9 ik
A G52 FXT AR #E2% 5 (P>0.05) 7E &
i 5T B 7 T . Z-14 Ab B2 B AR T A A R4 (P <<

%6

0.05),Z-5.2-9.Z-12 fh B 524 (X B 22 S5 AN B 3%
(P>>0.05), HAh £5 1k Py 4b 38 34 W 35 8 T 28 F X
M2 (P<C0.05), DL g5 5 Ui i, B Z-14 XF il 32 (1)
S B IO Sk URE G 5 K B A — E R RS A, Al
A W RIS 0 BT A AR K A8 AR Y TR RS2 .

12 FhK AW (100 pg/mL W B ESHEERKNEZM

Table 6 Effect of 12 tested compounds (100 pg/mL) on seedling growth of Brassica campestris L.
[a<t’] A /mm Z K /mm SRR T/ g BT/ g A &K/ %
Compound Root length Stem length Gross fresh weight Gross dry weight Relative water content

7-2 67.8+4.57 abe 20.2+1.28d 1.426 0£0.057 b 0.110 440. 004 a 92.3+0.06 ab
Z-4 64.8+2. 36 abc 21.24+0.69 cd 1. 386 3+0.010 be 0.108 240. 008 a 92.2+0.62 ab
7-5 62.2+1.70 ¢ 21.8%+0.90 bed 1.185 2+0. 066 d 0.107 540. 006 a 91.840. 60 ab
7-6 69.4+2.72 ab 23.14£0.91 abed 1.421 44+0.011 b 0.108 3£0.008 a 92.4+0. 60 ab
7-7 70.8+5.71 a 22.9-+0. 31 abed 1.425 94+0.013 b 0.113 840.009 a 92.0+0.57 ab
Z-8 67.3+5.29 abe 24.2+2.24 ab 1.484 8+0.014 a 0.116 440.014 a 92.14+0.85 ab
7-9 64.2+3.76 abc 21.2+1.54 cd 1.278 5£0.018 d 0.096 740.005 a 92.5+0. 38 ab
7-10 64. 644,27 abe 20.240.92 d 1.405 5240.015 be 0.101 5£0.013 a 92.8+0.82 a
Z-11 68.6+2.47 abe 24.7%2.12 a 1.506 3+0.018 a 0.116 640.014 a 92.34+0.85 ab
7-12 63.8+3.48 be 21.6+0.93 bed 1.312 8+0.011d 0.102 840. 006 a 92.24+0.42 ab
Z-13 62.841.36 be 23.3%+1.36 abc 1.377 5+0.014 ¢ 0.112 1£0.015 a 91.941.06 ab
Z-14 62.6+1.49 be 21.2+1.42 cd 1.079 0+0.014 e 0.097 340.016 a 91.0+1.41b

25 % i Control 64.5+3.77 abe 22.0+2.91 abed 1.317 0+0.016 d 0.096 84+0.013 a 92.7+0.90 a

2.3 HEYNEFMBRXMFHEARSEEKD
ZEMIEM

MR 2.1 F0 2. 2 RIS R . R 7 FIH T 4%

AW (100 pg/mL) X BE 1 FIM S Fh 1 B9 8 & K 4
MAERKNZ TR, mETTUEE.FE 14
ML L & E 9 Pk ¥ (Z-2.2-4~7Z-11) %t
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Table 7

T XF 1 Al 2 i 4 59 A 0 A 4 48 AR BoAT 8 35 1
ANRAEH

4 MR EYRNEFNEREFRYHERNREEA00 pg/ml)

Safety of 14 tested compounds (100 pg/mL) on plant seed germination and

seedling growth of Panicum miliaceum 1.. and Brassica campestris L.

A . o o it (PM/BO) Weight *ﬁx?'v[/ﬁ/ﬂ(‘i
(‘,(Ifngo?nd ( P,M/I 0 1LERL(:O(tI_)len/g]fﬁ) ztl:r:l Iien;l}?t(lf (E@iﬁ)}i m:h (EI f?ﬁdm (I}{)ela/tkiiv(;)
Germination rate Iri)::iglifs Ig)eﬁisghtry water content
7-1 o/o o/+ o/ — o/o +/o —/o
Z-2 +/o o/o +/o +/+ /o o/o
Z-3 o/o o/+ o/ — —/+ o/o o/o
Z-4 +/o +/o o/o +/+ +/0 o/o
Z-5 o/+ o/o o/o +/o +/o o/o
Z-6 o/o o/o +/o +/+ +/o o/o
Z-7 o/o o/o o/o +/+ +/o o/o
7-8 o/+ +/o o/o +/+ -+ /o o/o
Z-9 +/o +/o +/o +/o “+/o o/o
Z-10 +/+ +/o +/o +/+ +/o o/o
Z-11 o/o o/o o/o +/+ +/o o/o
Z-12 o/— o/o —/o o/o o/o o/o
Z-13 o/o o/o —/o +/+ o/o o/o
Z-14 o/ — o/o —/o +/— +/o o/—
:PM il BC 43 BB T FIMSE s + . — 1 o 430l om0 35 48 0 b 5 00 ) G b 3 2 )
Note:PM and BC represent P.miliaceum L. and B. campestris L. ,respectively. +,— and o mean improvement, inhibition and no signifi-

cant effect, respectively.

3 shi S

ARSI T 14 R AL 2-05 5 6, 7 H A
HE-34- AU v bk kR 2 Ak B 6 B i ) JBE T
FUSLF I A 1k 3 K 2 L 4 i A A 00 5 T R 22 4
ZE R (100 pg/ml) 32 Fl i, 46 K 3 40 1k &
YIRIAE Y 0 S 28 R AR R AR A R KA
TR AE 0 W 35, 2 R vk R << 100
pg/mL B 25U AP R 1 A KO 2 40 L i L
A Lk A YY) A KR B — s PR R

BRI A e — R RRPUE LAY QBASs [T
BREMY . 5 QBAs M IZ I A A W X 9 I
AT F 0 240 % P SR TR B T Sk 2 O W o
JETE Y ECs)<<20 pg/mL"" 20 o — i 5 A Y B
FR ST B A T A o 6 Mk FE 22 S H ECs fH I 2~ 3 £,
i A 0BT AL Ak A A S R B R Y S B il
J B W BE N <60 pg/mL. Z5A ARG R EH
NN FE 2GR 4tk 2 A ik A BA
KU A9 & i 5

253 AT A TR E S K 207 -
6, 7-3 H AR -3, 4- U S s bk R 5 4 v R 2SR
A B B B A A, 3 1 22 S AUFE TR R

HET A6, T A A, KIKESFTRIET 8
A~ 255 -3 AT 5 W O R G AR W R T A R 4h
BAE R B R L I IR B 2 IR R R kO O 100
pg/mL i, Hor 7 A4 45 My A ) O 2 A T Y
X AT R GERIEA —F, esh, ) N E 5
AT B — e A 2 S8 2- -3, 4- A 57

W ER SR XA AR I R W G T . AT A 4 2R U gk
— AR AR TR A AE 6, T-E Y AR, i) N-
AR B A R BT [ B O — et A 2 51
SRR A B E . B U, 1] 2-55 563,
AT MW gl A 6,73 A B A ) A
KEZEN.

A& LB 7 04 18 P — A - T W4 T 98 AR A I
it 3 Ay 3. 3 My 3T SR T 24 W) I ek 5 mT LA
GiE N GRS A S N i R i v Py T L9 S R BT s 7195
BN HERR BT R BEROR . BRI ST 45 IR
FHBEAE & W IR 0 AN 23 52 W A 400 b 5 B9 % 25 4y o
A A (EL R AN BE 0 I G I T I e 0 TR AR S 4 R A AR
PR A R LT XA TRt — P IRAEE .
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