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Effects of simulated wind and rain on the natural population
dynamics of Macrosiphum avenae
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Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract The English grain aphid Macrosiphum avenae ( Fabricius) is one of the most prominent agricultural pests of
wheat and causes economically significant damage to wheat crops in China. We artificially simulated wind and rain to
investigate the effect of these weather conditions on the population development of M. avenae. Population development and
recovery were slowed by simulated wind and rain at different stages of population development. Furthermore, the critical
period of M. avenae population development was the most affected. The greater the treatment intensity the stronger the
effect. The control effects of target spraying were obviously higher than those of non-target spraying. We found that the

early filling stage of wheat was the most suitable period for the application of artificial rain or wind.
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Table 1 Wind power grade
4% PG B N Wind speed AL G
Wind scale Scale name (m/s) (km/h) Description of land phenomenon
0 ToA 0—0.2 AT i E
1 B 0.3—1.5 1—5 THBEE 7R XU Ia] , (EL XUl b A BES% Bl
2 B 1.6—3.3 6—11 NTHRSEAT K B A 0 , X B e 2l
3 TR 3.4—5.4 12—19 W it B A A Bl AN, T R
4 FIA 5.5—1.9 20—28 REICES Hi AT 22 A ACEK AR 10 /N s
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Table 2 Precipitation scale
o Bk ;%W;E’\i(@m) *%V\]:E’\i(@m)
. o otal rainfall within Total rainfall within
Rainfall grade Phenomenon description
one day (mm) half a day (mm)
[ FAE L (R 110 0.2-5.0
ight rain
W [
M . RIS E T LA W, M RK 10—25 5.2—15
oderate rain
jtrﬁ , 43 T2
u , W R AR 22, , 7% 3 P e , - UK 25—50 15.1—30
eavy rain
T N .
Rai R TR LR R , B i Ll ik 2 50—100 30.1—70
ainstorm
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Table 3 Measurement on the intensity of wind velocity

Uiy Gl PAL =T 344 44 544 6 #4 744
Dynamic stall 3 gear 4 gear 5 gear 6 gear 7 gear
P [F (/) 4.3—8.2 7.6—10.9 9.8—14.6 12.8—17.5 16.1—20.3
Speed range(m/s)
:Fi’/jm@(m/s) 6.2+1.8 9.8+1.9 12.3£2.0 15.2+1.9 18.3 2.1
Average wind speed (m/s)
HX XU 44 R ;
FAPAZR 23 FIX T M 23 K

Name of wind scale

T KU FEREAR B9 BE B 7E 20 ~ 30 em,

The distance from the target to the tuyere is about 20—30 cm.
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Table 4 Comparison of control effects to the Macrosiphum avenae by precipitation treatment of different dynamic stall

EIpAL = 38 4 1Y S 6 #4 744
Dynamic stall 3 gear 4 gear 5 gear 6 gear 7 gear
Y

PR (% ) 35.63 £2.50 55.61+£3.16  70.10+2.42  92.62 £2.81 99.06 +0.70
Control effect (% )
LSRR 36.67 £2.33 e 48.26+£3.28d 56.92+2.46 ¢ 74.87x4.11 b  86.63 £4.28 a

Arcsine transformed value

TE R PR P PR £ ARUELR A AR P REROR 22 R B 25 (P <0.05) o &5 Al

The data in table are mean + SE, and followed by different letters indicate significantly different at 0. 05 level. The same for Table 5.

2.2 HIETERBIKFR KT E K E RS m’) fSZIAE R (K 1) SR, 2 KA T3 i
R i 55 XU 5 BE B VA G . 76 S RS (A2 T XL ) Ik
LU0 8] 5 R IE 25 14 47 38 3 (20 ~ 30s / AL BRET , 22 KA W AP B R] R F% 30% LA b 7E
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Table 5 Comparison of control effects to the Macrosiphum avenae by blasting treatment of different dynamic stall

g 141 4 4 544 6 14 7 44
Dynamic stall 4 gear 5 gear 6 gear 7 gear
b s
BracR (%) 59.40 £2.55 78.89 £2.71 87.17+1.77 96.29 +2. 86
Control effect (% )
RESFEE 50.46 £1.61 d 62.77£1.95 ¢ 69.08 £0.93 b 79.33+2.13 a

Arcsine transformed value

L b 7 ~
§§ 30- %
}l_g 20 - /
%

B 1 ARG R E R X K E W R 2 RS
Fig.1 Effect on population density of Macrosiphum avenae by simulated winds and rains in short time
e FARE AR TR E0.05 K E2EREE. TEF.

Histograms with different letters indicate significantly different at 0. 05 level. The same below.
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Fig 2 Population dynamics of Macrosiphum avenae before and after interference
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Table 6 Control effects to the Macrosiphum avenae comparing with treatments between target and general spraying

2 b B VG35 (% ) Control effect (% )
Experimental treatment 39 Heading stage HEIZ 913 Early filling stage
e 35 1%
HOE Bk 56.27 +2.94 57. 06 +3.07
General spraying
o g
X ERIEEIK 70.32 +3. 13 * 72.93 £2.67"

Target spraying

TE 3R oo g i W 7K A5 0 B K Y Ak B 8] B BT TR SBOR A AR B P 22 57 (P < 0..05) ¢

* indicates control efficacy between the two treatments with the target and general spraying are significantly different at 0. 05 level.

2.5 NEAREEHHERBIKLENEZEREHT
BB RR

W 7 Frs WK AL B S K (5 1K) PR
RORAEA R AR KM 2Z [ JE 3% 22 5+ (P >0.05) , {2
FUALHRAOERE 3 KA R B BEZ W) 0T 4 1 9L 25 5+
BN A2 T A0 400 (B0 A5 P SR 301 L3R 301 B9 B
RRCR S ST A B L 2 23 LT (P <
0.05) ; BIALBRJS 2 5 RIS, “ HESK A HY B IR 3L
R T HAVA R A KA PR BIIABCR . WA
[ B K Ak B A I 7= 45 SRR SR ) Ak
(/A TR AR S 35 T At 4 AR BE BOR K
AIXFIR (P <0.05) 5 Hy gl WL, w7k b B 5 B (4
) i e (LR ) Joda G R AT, TR

5 AWK IR (36. 43 ) B R 24 5 BIHE SR 4] 3012
/INAE 2 B0 ) BBURR B B, L A KA B O
(PS8

2.6 #3h5 HXAEXNFMRFHENTHE M

TE/NAEREIEANIIR FIAL BB AL S A5 XAk BE
Jrids, WL 22 FA e e DL 34 Rk - R BIR S @
BRSO AR AR AL IR SR (R 8)
718, PEAR R4k B 5 Ak A% 25 AT, FH 1) 58 1 X
/NP G 3 b I e A Ak B R Ak B A
BEZM (P >0.05) , B4 BTG SR AP RERA A
A B R
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Table 7 Comparison of control effects on the Macrosiphum avenae by the same

treatment of water spray during different wheat growth stages

INEAEFH L QLR ity HESAI M5 ) FLAVE 25 (%I
Wheat growing Jointing Heading Early filling Late filling Late milk IC . ‘l
ontro
period stage stage stage stage stage

551 RBR(%)
Control effect at

1st day (% )
553 RBR(%)

Control effect at

3rd day (%)

55 RBA(% )
Control effect at
Sth day (%)

THE (g)
1000 — grain
weight (g)

56.19 +3.09 aA 55.57 £3.04 aA 56.79 +2.70 cA 56. 10 £2.33 aA 57.67 +3. 17aA —

57.03 £3.13 aB 56. 16 £2.73 aB 62.98 +2. 67 bA 60.79 +3.08 aA 58. 13 £3.75 aA —

54.25 £3.67 aB 57.33 +2.45 aB 66.73 £3. 13 aA 61.67 £3.79 aA 59.97 +4.13 aA —

36.33+2.87 C 44.67 +2.37 B 51.17+£2.13 A 46.33 £2.15 B 36.95+2.67 C 36.43 +2.16 C

T a b e RE/NG PR R 0 [F— S B R i 22 57 3% (P <0.05) , A B \C AR RS PR Ay [a] — 47 8t (Al i) 22 57 3% (P

<0.05),

Data followed by different lower-case letters in the same column indicate significantly different at 0. 05 level, and followed by

different capital letters indicate significantly different at 0. 05 level in the same row.

F8  WRXUALEEXSFI AR EE R R R I
Table 8 Effect on population density of ladybirds by simulated winds

Fl#ESS B (3k/4m”) Population density (head / 4m?)

SEue Ak H
Experimentl RS S fosu
treatment Coccinella septempunctata Harmonia axyridis Propylaea japonica
R
. 23.10 £2.03 16.39 +1. 84 7.67 £1.76
Before treatment
b
i 22.87 +1.68 15.16 1. 15 7.00 £1.53

After treatment

3 i

FETHTE], B BRS04 AR 58 5 LR W R B A 1
(RN ) B AR G, AU R B2 &l
JE DR GREE B AU S BN T BATA
(CE R R U R KR T AR AT A, T HL ik
AJ DL 2o (A2 s e 2y SRR SOR B AR I R
KA E R KA (EIKEE,2009) o AL T
IR AN R] R ARSLAEL L[] JXURK 89 77 3k Bl 42 2 4 A8 15
MRER I o 0T IR ARG 5 L K GO R K 2
B BB IE AR, BEE T AN [ i 4 Hi B2 L) S0 B
T A S A B3 96 AR A AR R B 28R,

Mann 25 (1995 ) BLALLXURE 593056 75, A [R] X
(1 568 B2 0F 055 E WAL 3o 7 1) T 70 AR o 25 2 o
A ANTRIREIE B4 5 00, 25 HIE Bl o 56 38 A0 [ R 5
32T [R] B4 58 o T 8 o B, 0 T K Y e R B 2
BN FET R WA T XS5 5 AR A T
FEGERAH— 2, RVBEAE A0 PR B2 /Y38 I, B 6 R0k
IRBEZ AR o Beoh, A IR I T & KA B2
BRAUXURR AL PR A Pl R SR 3. e/ N REIK A
W, 2 RAEBEZ WK TR OER T K AR
JEA IR FI Ak B 24 KA A B K. T UL, R
A R AR PELPK 52 31 L JBE I i B A s ] L 2
HELIIRAE 2 R 1 28 LR RN, ASBIE 5 ik A
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Ab BRI I TR SR AE 56 % Ae A, SR T Xk 418 i i b 34
MBI IARCR AN T LA 3] 70% DL F, 35 356 W3 X6 #E 4k
PG R 1A A0 A A 2 A B D
AR s EA H s 0 i Ak 2 AR AR A 5 it
A BEEAT 2 K ST RE A9 25T AR o

AR AE /N AN [ Az 77 39) S92 it g K Ak B L
BTN 2 B R A B IR ROR FUR /N 7 R R
i o E/NA TSI B 36 A8OR © I v 1 At
4 A HEE IR A BE 5 AAS [F] Bir Bemd i Ak By 7= 45
HOKFE RN AL BN A TR B/ T
FoAty 4 A b B R NIGEK B X6 IR 5 R AL 155 7K Ak B 5
T () et e (LAY C WL A B 1R
FEREH 5 AN K 0 HR A AH 25, R W /)N A2 I )
W /N B2 0 RO R B, RS AAE X A A
U5F R LR ORI Bl 25 WL, i B /) 22 T 3 400 19
DUHA T A2 57 B BE RS A 3], T K B A e A 3 A7 A
Y S R i A5, o A AT ot 97 2 (ol A A8 A
AT, 1990) , 5 NN AR L 1 B R 42 5 41
TR E R RO o R, A A Tk Ad B
{1 B AN 300 S /0N 22 0 S 3, RT3 B B R A T —
UK AR B, o] ARG S A 1) B 1 ROCR AR ™ £
H.

EA IR, 5 R 2 2 X i I UK i 3= 52
SRR, Horh, £ R BRI B A &
W (AP B 0 r i, JFC RS ol A i e i 4 Y H
FE W& 100 ~ 200 3k, —4 B EEf & 6 000 ~
10 0003k (Al S8 AN 2= 1 25, 1990 ) o A5 1) 1H
T SO0 B, AU XL R X 22 9 ) 4 £ 1 K A
SR, b A e A S 0 SO o e R ) 5 T A
/N, FEE AT BE R R X B R IR, HRAT XU R 25
BT HCRE 158, BT LN T 7K e e KU it
FEW R o P, AR T B iR it =
ARALUXURR A B 42 185 0 X R BB AT — 52 O PR 3P 1
o

BEE AR A 2SR L R T R iR R
(4 H £ 858, Xt PRI DR 37 BT 2 7 114 ) B2 o sBof bl
Ko R TR A D B2 1Y A2 25 IR 1, 03 LRy
FEAT AR A B R 3 TSR0 . A, A 2R
T 26 A 2 DR AT R Y 4 LA R o o i T 5
2y TPM AL T 7 2 0 VR AR A, A e 7 e A

VA By B AT 2 T 4 0k R (Fin, 1989,
2003 ; H He A5, 2008 ) o KX 1R 45 4 BT vk
A7 1) 5 HRL ) B R S AN (N A4 B B AR R
TAEE IR RTE
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REGREMENKEMFILAD
EELEERRENE

IXT' AME WK OE REHL K F OFERT

(L LT RBZBAE BRI T TR 1101615 2. S0 FPRRW R #B AL FITFE AT TR 110161)

# E  KEWF Aphis glycines Matsumura 524 F K 5 ( Glycine max ) [ FEZLE W, O AR E KT AE 7= i T 5 ™
G N IUEZ 7 B O N BT U R D NS ek 4171 81D = NI W T Yo s = I | AT R o - BN VA2 G e = o s
BPERE—d E ALY (POD) it AL S ( CAT) W PE R SRk 481K B a3 ke 0 K &k LA~ 2 A
FRIEPRA R . DFFTES SRR, Z B K G faFE M R E i 5KZ 0 Fm 7 B S s R O & B EENR
BEXER (1, =11.814,df=4,P<0.01) , HRTHRFE S EW B 1.73 mg - ¢! S HIHE, AET b E
P55 P PR 5 i o0 i) A B Ak PR TE S 25 5 (05 = — 1. 104,df =4, P >0.05;1y 05 = - 2.639,df =4,P >
0.05) , WAk, 32 B K G I A5 F W30 0 KM B8R 32 S F b i & POD 3G MG BTt , {26 B9 A 3 ] POD 3%
PR EET (1= -2.639,df=4,P>0.05) . [FAIAF, 32 3K G0 & F 1R T 0 3R 3Z 0 F K50k i CAT
TEPEREE . BT B T8 78 R T T R TG 1 LB, S AR (] T 5 o ) R B e 1 T S AR, ol ok
YU AR T LA K S A TR B LR

EEIR  KGWF, fEFEPaE, ABIES, B

The activity of some physiological indexes of soybean
leaves fed by Aphis glycines

WANG Xing-Ya'™ ZHOU Li-Hong® CHEN Yan' ZHAO Tong-Hua' XU Lei' XU Guo-Qing' **

(1. Institute of Plant Protection, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China;

2. Institute of Flower Research, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)

Abstract The soybean aphid, Aphis glycines Matsumura, is an important agricultural pest in China that causes
economically significant damage in some major soybean, Glycine max Merr. (L), production areas. In order to determine
the effect of A. glycines on the physiology of soybean leaves, we investigated changes in some physio-biochemical indices
of leaves, such as soluble and insoluble protein content, soluble carbohydrate (SC) content and the activity of two
defensive enzymes; peroxide enzyme (POD) and catalase ( CAT). The results show that heavy infestations of aphids
significantly (7o, =11.814, df=4, P <0.01) increased soluble protein levels in soybean leaves compared to aphid-free
leaves. However, there was no significant difference in insoluble protein (#,, = —1.104, df=4, P >0.05) or soluble
carbohydrate (i, = —2.639, df=4, P>0.05) between aphid infested and aphid-free leaves. In addition, the results
also indicate that levels of POD were higher in aphid-infested leaves than in control leaves, however, this difference was
not significant (7, = —2.639, df =4, P >0.05). Aphids also caused a marked increase in CAT levels in soybean
leaves. These results shed light on the mechanisms by which soybean aphids damage soybeans and also those by which
soybeans attempt to protect themselves from aphids. Such information provides a useful basis for selecting insect-resistant
soybean cultivars and setting up a theoretical framework for the development of appropriate management strategies.

Key words Aphis glycines, herbivore stress, physiological indexes, defensive enzyme
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K G WF Aphis glycines Matsumura 42k & K &
P 2 E R, SR8 T H Hemiptera Bf #}
Aphididae Wf & Aphis Linnaeus ( 5 ) 22 Fl4h 2k 7%,
1983) o I Sy s A i fil Wi 3 e, o DA
LY 2 (NI U N U e = G O
B G AR IR G2 R R S e S EOR
SLEE T, AN, K IR ] AR B R AR e
B (SMV) 259505 F ( ER =45, 1996 ; £ 47 FAR
75 18,,2005) . H AT, %A BTz oA T 3R E R
B[N AN ST TN NI Yl R € NIPAL 7
S5 R AAEDY W R T 20% ~30% , 7 EAR
3 W18 5 15 50% LA b (RS, 1998 5 B #E 5%,
2005) . 5T, 1998 4F 2% b Ml IX R & 8F & A= T AR
20 J7 hm® " K 1. 125 12 kg (FHRE,1999)
2004 4, K SRV KA & A4, 2 F R
i 139.3 J7 hm® (EFH A, 2005) o 75 6 Sh, IR
KRG FE IR ™, H 2000 4E K T8 AR
JE3E LK, B K 2 500 J7 hm® JL3E R E F =X %
% (Ragsdale et al. , 2004) ,

— RGBT AR TE 32 B0 A Y s 3 (fnie
FRE) B, H g EAE Y RN 5 A P AR
SR AE A AL AL, A DAY 5290 1= G 5 A= B
AL AL XL SR BORTE R R E A — L4
i ( Stafford, 1974 ; 3§ ¥ %= 25, 1995 ; Wojtaszek ,
1997 ; 1 W] £ 45,2003 ) ,  7EARY) 52 403 16 3 A
J& 7 EAEY A A AL A RN £, B
SR R AR ARG S B B B BT S R T
1995 ; 5K B A1 ™ 4@ T, 1998 ; 2= i A8 25, 1998 ; 1 Fiiy
245 ,1998) o R il e =X 10 s B e e 5 A fS
X2 FE AT P AR P A RS R 52 e 1) B Y EE D
(BB R 4026, 1988 s £S5, 1994 K R
45,2001 ; 5K TN 45,2005 ) o U2 4R, O T8 R
Xof AL 5 A I T R 0 R B T E S AR R
A EZINFRAEEFR, MENIE AR RR
(1) VA5 52 3 52 ), 1A P REE T 4o 40k R R I A AR
FABE 3l WO S 48 o 6 PR BT BRI &% , 4
ALY (POD) id A AL 2L ( CAT) 2530 AR AR
Yy By A ik A ot B R PR R T (R A
FIEE PR f1,2004 5 Liv et al. , 2005) , Y24 W 1k, %
TR GGG T 38 I BT R R S AR AR Y A B Ak
(1A% Ak i T AR B SR .

PRI, A3 6 Xof oK T 0 1 5 B3 S R L
W] A AR TR AR AR i D Y

2 Fp i E P B——POD I CAT J5 M1y 3h 48 fL gk
FIBEE , AR R S B A 5 i 3e %o K & A JL
ANTE B PR AR bR Y R 0, 2E T S R AT L Rl A
LR G 2556 B SRS .

1 #R57FE

L1 #iHESEY&RFH(R)

I AR B AL T4 LT e % A
HE KT H [ R LA R R TG, 4 BT 48 4l
BB (VL) 19 H GIR = N 3% IR (20 +
1) C,FXHEE 75% RH,EHE LD =14: 10, HJ5
RAESEIRAE A . R G A L5 157

1.2 #MRFAZE

KA (EAR 30 em) AR 1L 157, R4
3 BRR TR AR, 2e3t 30 ko M RGAKH V3
I, SO S 2 (15 #k) 48 R G0F, Bk i ) 42
b5 KRG, S8 S FE (15 BR) AN dUAE N
XPRR YRGB VS A, 23 57 sz 2
R G MPF P R kg A R AR L o (5 i =300
KR BRI 3 F, /NG BR 25 L, T 70%
PRSI EE , TR K BRI, 50 IR 20 ) it A7
A BRAE AR E o
13 BN
131 MEMEASENE ZEPOLES
(1989) , R 2 O =ik G-250 YLtk ( coomassie
brilliant blue G-250) 347 %€ , WS AVE 2k, PRI
0.5 g AbFRM: Fy (32 3 K G fa % as i) R &Lt B
RS FRR TR P A 7% A 10 mL
B 4°C &1 F 10 000 t/min B0 20 min, {5
IEW BN AR . WIBRBOR 0. 1 mL, i
A5 mL % D5 G250 A10.9 mL 2848 K, 7&
SHRA L CE 2 min 5T 595 nm T D SO0H
J& ODsqs,,,, , I8 18 5 o4 1 26 AR 454 O R 2 1 B
o DAZERIRKANES O IR RSB 3 I A
1.3.2 FAAMEBSENE WU LESE
(1989) , >k M1 7% Eh fy 5 e vE R A7 0 & , W& A el gk
PRELO. 5 g AbFRM R WFEE I AI 0, e A 10 mL B0
o 4°CF 10 000 r/min B0 20 min, B2 _F
ULEF N 3 mL 1 mol/L NaOH 157K ,90°C 7K A5 15
20 min, 4°C 2{FF 4 000 r/min B5.0> 10 min, fff5
IEWRIAE TS ME AR 1. 3.1,
1.3.3 FIAMBEENE ZHARCHZ =
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