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Combined Toxicity of Macleaya Alkaloids and Tea Saponin
against Four Vegetable Pathogens

DU Xiaojing, LIANG Hao, QIAN Xicheng
(College of Pharmacy, Tongren Polytechnic College , Tongren 554300, China )

Abstract: To determine the combined toxicity of the Macleaya alkaloids and tea saponin mixture against four vegetable
pathogens, including Phytophthora capsici, Pythium aphanidermatum, P. infestans, and Botrytis cinerea, in order to provide a
basis for the development of botanic pesticides of Macleaya alkaloids and tea saponin mixture, in this study, using the growth
rate method, the EC;, values, toxicity ratios, and combined toxicity of the optimal ratio of the single agents of Macleaya
alkaloids, tea saponin, and their mixture against the four pathogens mentioned above were determined. The results showed that
the EC;, values for Macleaya alkaloids against P. capsici, P. aphanidermatum, P. infestans, and B. cinerea were 29.3, 89.0,
24.8, 29.6 pg/ml., respectively. The EC;, values for tea saponin against the same fungi were 90.0, 90.3, 55.2, 83.0 pg/mlL.
The screening results of toxicity ratios showed that when the EC;, percentage ratios of Macleaya alkaloids and tea saponin were
at 90:10, 80:20, 70:30, 60:40, 50:50, 40: 60, the toxicity ratios against P. capsici, were 1.30, 1.38, 1.45, 1.33, 1.29, 1.28,
respectively, indicating a synergistic effect. Similarly, the toxicity ratios of Macleaya alkaloids and tea saponin at the ECj,
percentage ratios of 40: 60 and 10: 90 against P. aphanidermatum were 1.26 and 1.28, respectively, also indicating a synergistic
effect. At the EC;, percentage ratios of 80: 20 and 50: 50, the toxicity ratio of Macleaya alkaloids and tea saponin against P.
infestans were 1.27 and 1.25, respectively, showing a synergistic effect. The combination of the Macleaya alkaloids and tea
saponin indicated an additive effect on Botrytis cinerea. The screening results of combined toxicity of the optimal ratio showed

that the mixture with the mass ratios of Macleaya alkaloids and tea saponin with 1.0: 3.1 and 1.0:4.6 had synergistic effects on P.
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capsici with a synergistic coefficient of 2.30 and 1.54, respectively. Additionally, the mixture with the mass ratios of Macleaya

alkaloids and tea saponin with 1.0:1.5 and 1.0:9.1 showed a distinct synergistic effect on P. aphanidermatum, with a synergistic

coefficient of 1.67 and 2.12, respectively. The combined toxicity of the Macleaya alkaloids and tea saponin mixture against B.

cinerea was mainly additive. Finally, the mixture with the mass ratios of Macleaya alkaloids and tea saponin with 1.8:1.0 showed

an obvious synergistic effect on P. infestans, with a synergistic coefficient of 1.52. Therefore, the combination of Macleaya

alkaloids and tea saponin had an obvious synergistic effect on P. capsici, P. aphanidermatum, and P. infestans, while it showed

an additive effect on B. cinerea.
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Tab.1 Different test concentrations of Macleaya alkaloids and tea saponin

i JEL TR 2y i ) /(ng/mL)  Mass concentrations of antifungal agents
Pathogen & A= Y8 Macleaya alkaloids XX ZFE  Tea saponin
HRBE B 0 8 16 32 64 128 0 8 16 32 64 128
Phytophthora capsici
N R 0 8 16 32 64 128 0 8 16 32 64 128
Pythium aphanidermatum
e i W58 2 T 0 2 4 8 16 32 0 8 16 32 64 128
Phytophthora infestans
K R 0 2 4 8 16 32 0 64 128 256 512 1024

Botrytis cinerea
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Tab.2 The percentage ratios of EC;, doses of Macleaya alkaloids and tea saponins in each of treatments
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Tab.3 In vitro activity of Macleaya alkaloids and tea saponins against four pathogens %
— W2 K% Mycelial growth inhibition rates
I I o e e o
Pathogen % 1] A 4 Bk KER ZWR L I Pk T4 i
Macleaya alkaloids Tea saponin Carbendazim Pyraclostrobin
PAABUBE 25 0 1 64.9 48.5 92.4 100.0
P. capsici
TR 88 595 T 58.0 56.5 92.8 76.8
P. aphanidermatum
e i WG P2 5 61.3 49.3 98.7 92.0
P. infestans
e IR T 77.3 57.6 84.9 31.8
B. cinerea
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Tab.4 Toxicity of Macleaya alkaloids and tea saponins against mycelial growth of four vegetable pathogens

it 24 71 g Ji TR B 1 Ay KRB () . 95% EAFMR
- . . - . ) - ECs,/(pg/mL) O .
Iest agents Pathogens Regression equation of toxicity Correlation coefficient Confidence limit
7% 17 25 9 i S AUIE 505 T y=1.071x—1.607 0.958 29.3 19.0~43.9
Macleaya alkaloids g g g e y=2.143r—4.214 0.989 89.0 70.2~122.6
7 i W P2 9 T y=1.7862—2.357 1.000 24.8 16.1~34.4
e KRS T y=2.857xr—3.571 0.999 29.6 22.8~42.9
REE FHABUIE B T y=3.5710—6.857 0.888 90.0 41.0~183.2
T'ea saponin IS I e 1 y=3.5712—6.857 0.969 90.3 55.4~272.9
7 it WG P2 975 T y=2.1432—3.714 0.996 55.2 43.7~73.4
T i B9 T y=2.500x—5.000 0.980 83.0 58.9~104.9
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Tab.5 Toxicity ratio of the mixture of Macleaya alkaloids and tea saponins in
different proportions against four vegetable pathogens

BRI REIG T P. capsici  JNRIBEIRTE  P. aphanidermatum — FhiMRIENG T  P. infestans T KBENGH  B. cinerea

pha EPRANE BRI E SRR BUR R SPGB SCPR I T B

R R R R
Treat- R/ % /% o /% /% o /% /% o /% /% o
rea [ [z R Bz
Observed Expected . Observed  Expected - Observed Expected .. Observed Expected .

ment U S oxXicT . ... R Toxicity . ... . R Toxicity . ... .. R, Toxicity
inhibition inhibition . . inhibition  inhibition . inhibition inhibition inhibition  inhibition .
ity ratio ratio ratio

rate rate rate rate rate rate rate rate

T, 30.8 30.8 1.00 65.2 65.2 1.00 54.7 54.7 1.00 48.5 48.5 1.00
T, 43.1 33.3 1.30 62.1 63.3 0.98 52.0 51.6 1.01 51.5 48.2 1.07
T, 49.3 35.7 1.38 63.6 61.5 1.03 56.0 44.2 1.27 50.0 47.9 1.04
T, 55.4 38.2 1.45 60.6 59.7 1.02 46.7 45.5 1.027 47.0 47.6 0.99
Ts 53.9 40.6 1.33 60.6 57.9 1.05 46.7 424 1.10 40.9 47.3 0.87
Ts 55.4 43.1 1.29 60.6 56.1 1.08 49.3 39.3 1.25 43.9 47.0 0.94
T, 58.5 45.5 1.28 68.2 54.3 1.26 40.0 36.3 1.10 49.9 46.7 1.07
Ty 58.5 48.0 1.22 56.1 52.4 1.07 36.0 33.2 1.08 43.9 46.4 0.95
T, 49.2 50.5 0.98 53.0 50.6 1.05 32.0 30.1 1.06 36.4 46.1 0.79
Ty 52.3 52.9 0.99 57.6 45.0 1.28 28.0 27.1 1.03 37.9 45.8 0.83
Ty 55.4 55.4 1.00 47.0 47.0 1.00 24.0 24.0 1.00 45.5 45.5 1.00
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Tab.6 Combined toxicity of mixture in different proportions of Macleaya alkaloids and
tea saponin against three vegetable pathogens

TR Tl 1l A

49 [l A= Py k5

KBHEC IR MR %
e [ER: i dioNial] g 25 55t (14 L £ 77 A 77 ECs/ 95% EAF M EC,/ AR R
Pal};(; on Percentage ratios of ~ Actual content ra- Regression equation ~ (pg/mL) 95% Confi-  (pg/mL) Synergis-
g EC;, dose between Ma- tions of Macleaya of toxicity (observation)  dence limit (theory) tic ratio
cleaya alkaloids and tea  alkaloids and tea
saponin in mixture saponin in mixture
R B 5 1 90:10 2.9:1.0 y=1.600x—2.600 66.0 46.1~107.2 35.6 0.54
P. capsici 80:20 1.3:1.0 y—1.7862—3.286 64.6 49.2~86.5 42.0 0.65
70:30 1.0:1.3 y=2.800x—4.500 43.2 32.9~54.1 473 1.10
60:40 1.0:2.0 y=1.7861r—2.643 53.2 40.6~66.4 53.2 1.0
50:50 1.0:3.1 y=3.3337—4.667 26.0 14.0~39.1 598 2.30
40:60 1.0:4.6 y=2.0002— 3.200 42.8 17.7~64.7 65.7 1.54
ISR 85 25 005 1 40:60 1.0:1.5 y=1.4290—2.714 53.9 38.1~71.6 89.8 1.67
P aphanidermatum 10:90 1.0:9.1 y=0.8572—1.571 42.6 16.0~62.1 90.1 2.12
7 Al M 922 905 T 80:20 1.0:8.1 y=2.857x—3.643 20.4 17.1~24.8 31.0 1.52
P infestans 50:50 1.0:2.2 y=2.8572—5.286 43.1 27.4~84.6 40.0 0.93
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