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A new perspective on the screening and blending of volatile pest
attractants derived from plants
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Abstract The adult stage of agricultural insect pests represents a window within which artificial interference can affect the
entire subsequent generation. Plant-derived attractants that are effective, compatible, environmentally friendly, and
long-lasting resistance have proven difficult to develop. Some simple attractant blends have been developed, however, their
effectiveness with respect to both luring a significant proportion of the target species population, and reducing the proportion
of beneficial non-target insects caught, have never been satisfactory. Two barriers hinder the screening and blending of
plant-derived attractants using traditional chemical ecology methods; the first is how to rationally break-down a highly
organized plant volatile profile into its constituent chemicals and then to re-organize these to produce compounds with a useful
biological function, the second is how to design and optimize attractant blends in trapping experiments after the identification
of some individual electrophysiological or behaviorally active components. In this review, we first describe some technical
bottlenecks in traditional chemical ecology; then review some recent novel ideas for the screening and application of
plant-derived attractants, including the implications of perfumery for attractant development. Finally we recommend two
complementary screening methods; the first is laboratory behavioral bioassay of the orthogonal combination of
electrophysiologically active components, the second is the principles of uniform formula design, which is a key blending
method for attractants in field trapping.
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Table 1 Example of an Lg(27) orthogonal design for behavioral bioassay of six candidate
electrophysiological active compounds
o Bic 75 o (2 Y g GV AER
HC s 4 Electrophysiological active components in blends P
ercentage
Blend code :
A B 2319 CK C D E F of attraction
1 1 a
2 1 + + + + b
3 + 2 + + c
4 + 2 + + d
5 + 2 + + e
6 + 2 + + f
7 + + 1 + + g
8 + + 1 + + h
K, atb+c+d atb+tet+f atb+g+h atctetg atct+f+h atd+et+h atd+ftg
K, et+f+g+h at+d+g+h ct+d+e+f b+d+f+h b+d+etg bt+ct+f+g b+cte+h
R Koa—Kia Kop—Kp KK, Kr—Kc Kp—Kip Kop—Kig Kor—Kr
2 8 K K
R K

Capital letters in the second row represent codes of the seven components, small letters in the last column indicate attracting
percentages of the eight corresponding blends, “K;” and “K,” indicate mediator variables in the range analysis of orthogonal
design, whose subscripts represent level code, “R” indicates range, i.e. the difference of maximum K value subtract the
minimum K value in a certain factor column.
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m d 1 15 15
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Fig.2 Comparison of formula uniform design and simplex-lattice design with the same total experiment numbers
RN T A B R A, R RN PAUEAR T Bk IR B R A B EON 3, RITTECN 10, LTI
BRI K2 UM 1o(10°) 3, JRATTE M 7 SN {3, 3 s A7 s Lo Bk 3, SAC U5 50k 15, Wi 7 950 BRI A UM 5(15°)

R, ALK T RN (3, 4} .
Solid points in the figures indicate the blends of Formula Uniform Design, and hollow points indicate those of simplex-lattice
design. Left: Three components, a total of ten blends, comparison of UM"4(10%) and {3, 3} Simplex-lattice Design; Right:
Three components, a total of fifteen blends, comparison of UM, 5(15%) and {3, 4} Simplex-lattice Design.

R2 S5HMES. SHES 15 MNFH 2K EHEIEITERUM(15)| REE TR

Table 2 Generation process of the final Formula Uniform Design table with 5 components and 15 dose levels each

[UM,5(15%)]
C UM,5(15%)

Experiment Factor column C-value table Percent content in UM, 5(155 )
No. 1 2 4 7 g H 13 M4 ¢ G G C C  x; xp X3 X4 X5
1 1 2 4 7 € H 13 +4 0.03 0.10 0.23 043 0.83 0.57 0.23 0.10 0.05 0.04
2 2 4 8 14 + 7 11 4 0.10 0.23 0.50 0.90 0.70 0.44 0.22 0.10 0.02 0.22
3 3 6 12 6 9 3 9 + 0.17 037 0.77 0.37 0.57 0.36 0.18 0.06 0.25 0.15
4 4 8 1 13 2 M4 7 H 023 050 0.03 0.83 0.43 0.31 0.14 045 0.02 0.08
5 5 10 5 5 18 10 5 4 030 0.63 0.30 0.30 0.30 0.26 0.10 0.29 0.24 0.10
6 6 12 9 12 3 6 3 9 0.37 0.77 0.57 0.77 0.17 0.22 0.07 0.18 0.13 0.41
7 7 14 13 4 H 2 1 € 043 090 0.83 0.23 0.03 0.19 0.03 0.07 0.55 0.17
8 8 1 2 11 4 B 14 7 050 0.03 0.10 0.70 0.90 0.16 0.57 0.19 0.03 0.06
9 9 3 6 3 08 9 12 6 0.57 0.17 037 0.17 0.77 0.13 0.39 0.19 0.24 0.05
10 10 5 10 10 5 5 10 5 0.63 0.30 0.63 0.63 0.63 0.11 0.29 0.12 0.17 0.30
11 11 7 14 2 B + 8 4 070 0.43 090 0.10 0.50 0.09 0.22 0.04 0.59 0.07
12 12 9 3 9 6 12 6 3 077 0.57 0.17 0.57 0.37 0.06 0.16 0.46 0.14 0.18
13 13 11 7 1 g 4 2 0.83 0.70 0.43 0.03 0.23 0.04 0.11 0.29 0.54 0.02
14 4 13 11 8 7 4 2 + 090 0.83 0.70 0.50 0.10 0.03 0.06 0.15 0.38 0.38
15 5 15 15 15 5 4+ 15 45 097 097 097 097 097 0.01 0.01 0.02 0.03 0.93

“RISBRNFES P 5. 64 8 =8 R IACHAUEMIBR &R, iR S Bk R, X EEHIAEAR S
AL REPAIEH]
The strikethroughs on the level codes in the fifth, sixth, and the eighth columns in the factor columns indicate that these
columns should be discarded during the transformation process in this case, based on the utilization table of Uniform Design.

U5(15%) Ui5(15°)
5 5 1 U,5(15%) C
2 3 4 7 c
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