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Effects of soil moisture during pupal stage on population

development of cotton bollworm, Helicoverpa armigera (Hubner)
CHEN Fa-Jun, ZHAI BHD-Piﬂgs ZHANG Xiao-Xi (Key Lab. of Monitoring and Management af

Plant Diseases and Insects, Ministry of Agriculture, Department of Entomology Nanjing Agricultural University,
Nanjing 210095,China). Acta Ecologica Sinica,2003,23(1):112~121.
Abstract : Soil moisture during the pupal stage is a key factor of affecting the population dynamics of cotton
bollworm. Helicoverpa armigera (Hiibner), From 1999 to 2000, indoor experiment was implemented to
study the effects of soil moisture on procedures of pupation and eclosion of the cotton bollworm in the soil,
as well as the consequent performance of the adults after they came up out of the soil. Based on the
pupation behavior and the development duration of the pupae in the soil, the whole period of pupation was
divided into seven phases i.e. , before entry. the 2nd, 3rd, 5th, 8th, 10th and 12th day after they entered
the soil. Six soil moistures were set in the experiment. They were 10%, 20%, 40%., 60%, 80% and
100%. In addition. a soil soaking treatment (making moisture beyond saturation and then vaporizing
naturally) was made in the experiment. There were 49 treatments all together and the individuals exposed
i the air as the control. 50 larvae (5th or 6th-instar larvae) were tested in each treatment.

The results showed that different relative moisture of soil and different time of soil soaking did not
affect entry and pupation of the cotton bollworm, but influence the eclosion and excavation significantly.
Soil moisture lower than 20% was favorable for the eclosion and excavation of adults, while the soil

moisture higher than 40% was unfavorable, saturated soil moisture was detrimental for adults (rate of
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eclosion and excavation was less than 10%). Moreover, the experiment of soil soaking indicated that the
emergence rates of the adults were greatly reduced. If the pupae on phase of 2nd. 3rd and 10th day were
exposed 1o the soaked soil, the emergence rate of moths was only 16.3%. 9.3% and 21.1%.
respectively.

In addition to above direct effects, soil moisture during the pupal stage also played a very important
indirect role on the survival.ovary development, mating and oviposition of adules of the cotton bollworm
after they came up out of soil. and even on egg hatching and other biologcal procedures of the nexi
generation. Based on a set of analysis of the effects of soil moisture on different biological procedures of
the cotton bollworm. four conclusions were derived. (1) The survival rate of the adults decreased
apparently when the pupae that remained in the soil for 3 to 8 days exposed 1o relative moisture of 2240%.
Similarly. the survival rate was also influenced negatively if any phase of pupae exposed to soaked soil.
(2) The ovarian development was significantly delayed and the mortality rate of female adults increased
before oviposition peak. if the relative moisture of the soil was above 60% or the soil was soaked during
any phase of pupae. (3) The mating ability of moths decreased if the relative moisture of soil was over
410% during the 3rd 1o 10th day or over 60% on the 2nd and 12th day. However. the ability of mating
reduced only if the relative moisture of soil arrived to 100%; before the old larvae entered the soil. (4) The
fecundity of the adult decreased when the relative moisture of soil was =20% before entry and after they
entered soil for 2 and 3 days or 2>10% for 5 days. Similarly, the hatching rate of offspring eggs obviously
decreased when the relative moisture of soil was >210% on the 8th day or == 60% on the 3rd day after
entry. In addition, hatching rate of eggs was significantly reduced by soil soaking on the 3rd and 10th day
after they entered the soil.
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W& th Helicoverpa armigera (Hibner) EREMBA T EMFRZ —, HEWHAE RS EREER
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THAREKE = (LREFHFIAKR/ LRMTE) X 100%

TREANETKE = (LMBRTFKE/ LMTE) X 100%

TREAT I KR = (LHEGFEKE / LB ATFKE) X 1004
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BMATRIABER AR ALFE2XETHE . KEWENE L 2A ZR) AL 3 R(FEH.LL3A ER)A
THES KOEPHUSABR) ALESXROEEH.LISA BR).ALE 10 RS, UL 10A £5)H



114 £ Ex % 23 ¥

AFE 12 KCGHEB 124 Z5), QB 6 MARKEN T RAEZKE B 10%.20%.40%.80% H
1005, AN RE— AT R KL, P NB KRR RESRARS RREZAREER. 56
MO R TS AR BT RBED R4 MEE R ABBEST VPR HENLEHE L CK
B, RBUALERGA AN BN EHE S0k, REMEGTMEHEELER L,

® 1 R BRAmeNait

Table 1 Design and setup of treatments

TR RAY + A % & K B Relative moisture of soil 1 9
Division of pupae stage 10% 203/ 10 604 30V, 100y  Soil scaking
A R8T (B)Before entry B10 B20 B10 B60 B8O B100 BSS
ALE 2d (2A)2nd day after entry 2A1U 2A20 2A40 2A60 2A80 2A100 2A88
A T8 3d (3A)3rd day after entry 3A10 3A20 3A40 3A60 3A80 JA100 3ASS
A 18 3d (5A)5th day after entry 5A10 HAZ0 5A40 5A B0 5A80 5A 100 5ASS
A+ % 8d (8A8th day after entry 8A10 A 20 8A40 8AB0 8A80 8A 100 8ASS
A+ 5 10d (10A)}10th dav after entry 10A10 10A20 10A40 10A60 10A80  10A100 10ASS
AT 12d (12A)12th day after entry 12A10 12A20 12ZA40 12A60 12A80 [ZA100 1ZASS

« HHEHSEBRESSPAW, LGOI CKER . & TRRAKRELMMAKHATIRARE. REEZAR
& %.BI0.2A10.3A10.... . 1ZAI0 R HEFHBBAA LW ALERE 2 X B3I R.... B2 XL RHEM T KRE
10% i ZbFE 3 . BSS.2AS8,3A8S ..., 12ASS MR ARMERAALAM ALEE 2 X EIX.... . B 12 X1 NDR
K. » The large larvae {5th or 61h instar larvae) are use as the control (.e. CK). ¢ Soil soaking means the moisture is

bevond saturation, and then the water in the soil vaporizes until the moths get out of the soil. B10,2A10,3A10,...,

12A10 means the relative moisture of soil is 109 before entry and at the 2nd.3rd .. .. .12th day after entrv respectively,
other treatments are educed as above. BSS,2AS85.3AS8S ... .12AS8S means the soil spaks before entry and at the 2nd,
ard .....l12th day after entry respectively

R A R Y 250cm — KB, BTREHMHALLEEEE BN 3~Tem " I BREAT
+ 180g fEH P L EHEE Tem AH. THIKAT HFEELMA lom EEAHHL . HEA - RAOEAE (H
Zomm)., I3 TMEKEMTEAL TR UGNMEHEPERTMAKE . MK . AU R K
MK KD AR EEE AT RS KBEHE . HF KT &P LIRE AR,

RBREEREEAER L L 8N SR -KESHEPEMA -LEZBYSH . FZBRA LLEMP
fkht, BRI RP AR EEERM2ABEEEFN TR ABR URFERPHLRANEE.ERH
Shpfk ERIE. HERBOERLGMEE BEXBL 0K ERER. A—4B4HPLd LR R
AR —TEETAH XA M RMENRA 450m B —KHEBREP. SHF -, P HEFHABIEY 5
=58, BRI — LA IFICFHIPR. B — L BE H BT A 0 4 AA B — SR AR R TE B B L B e R
MR SE TS 3d AR,

B MRA TR NEHARAETEN RENERASRaN. TNARM KSR IEE K
HHRMULE + 24h MBI REHFRANERER. RERBPREFTF LIRS BEREFENMME .
1.5 MEXI Tk FREFHERE LRAFE THER

W LMK RESBLRB L REFFHINERWRARCEZMIEBETE., AR LS
MEENBIAMEBEEOWESRTEFOINAEFGBETEENS . SR LEAD P RBR T ENELER
PIH R HEEHEXAIET BTS00 81 LTI0)Y K ¥,
2 ZERMMSH
2.1 WHHRALEHBLELNER

HEZAUES. TREANSABYREARNERNPLE L EWB A, B L REN K8 &Mk
BRI E L EETRAOEE, ERMTIRBEM T AR K208 EGET . EXARLE T REEH
(67.31%~96.67%); Y LI EKBIE 0% ~B0%MER T . BALEE 2 X8 5 X4 Kt gyad
E RS R PE T RERBERK(ER P F<39.28%), A HMHRE—HER. QKB
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A B ma KR E kL B2 B100 0 12A100 b H i iR A K s A B AG IE X P 4L + F &M T 109 .2A100,
3A100.5A100.8A100 M 10A100 M E XM AL £ EFHH 1.69%.1.52%.5.45%.7- 145 F1 1. 824,
AR RMASATE AN KRN ERBENEEARREEW. K5 RS RA LG MR KRN
L s A GE B Pt +<51.55%), HA.2ASS.3ASS fl 10ASS #IE ¥ P4b it £ % R,
9% 16.33%.9. 28% 1 21. 05% . 0T L AR 40 M M A9 1E — B Bt . TR A9+ S O3 KB <2000) %
WMABWEEFLEETSER " LET 0% ERMEMSKBRASNRERNEX WL LFE D
0 067 ; T T A0 A A K BRI ES S i Ak s Y B R 0 R SR K ¥ A 5 ot 9 R R T BT AR A R
BN P LA R R K

AR EPR BT RETS, KR EEXRRR S R R L WA
+ A EREWEEBANERA LR, ALBHEFERNAE 0K ~ 10042 AREALIKT
OUMT MU ZKE UBRALMBALEE 2 XTI RBAURLRMLBIEEERK AL RENERE
5.36% ~9.62% 2 (8], % 1 WOHIXF & K A 1A PRI RS L0 P L 52 R o 3 /D AR R OPT AL R E 0~
20.0% 2 85 40% ~ 80%MI T MAXM G K BRI MA RN E L EWB A HAARDL L EE 19.64%~
69.49% ZfE, MMWBBALEHE 2 XEI%E 10 XXBENER. MM RS KRN BAENERE K. LS
* P K 78.57% ~95. 45%,

2.2 AFRE H M R I e

+INAFRESBA YN E RN SRR E D, 1 BB FOXHTRENTIKER
MTFRASWMPBE ABALWNAALEE I XENEBENARY I NEN S KRELAE, F 2 H LR,
W R KB MER BEALES S XAHE S X TR EIE AR MMM G KR L
BB IMERN EYMIEHNSKBANNITGSEE BEALEFEF 22X . SI0XAE 12 XAREMT
A XK BAL TR, A R 6 18] 4 3 K R £ o 0 S 6 B e L S JR) L 2ASS #1 10ASS P B RVIRIEH B
KFHMBAEE 2),

2.3 MMAHELERRFIENAHER

HEITURL B RMAMSAKRAOEM. LTS0 LTI RAEMAKMAY. SHBMEL HMERA
THZEALGE S X.QLU M L7150 A LT0 A FTFRAC. HLBE + a5 &K B &80, 45 55 09 7 T 4K
XK. AZEE 10X, 0% LA T IMEM S KRABEREERE R LA LT50 81 LT MA LGS
12 K, 508 80% B E M+ MM & K BA S48 S R4S By L5085 LT90 MR A K. Mo .+ KIF
v gEma Rt REue Lsof LT, S5BEE. B REANFrEEFRE (Pp<0. 0L
3A60.3A80.5A80.8A40,8A60.8A80.8A100,2A8S,3ASS.5A85,8A5S,10ASS f1 12ASS, af L. A+ /5%
IRKEFS K. BN LIMBME AR GO0V B ERBRHE T RBNFEE L. ME BT ot LR K
LD ERERS AN LR AMFEN.

2.4 WKL RMAKGRAEMBERD LR HEAL R

2241 WHIRAMRETFHEY BESY REAMNEKABRETRCHAGERET. Hit . Wil ERKR
RLREEMBE R ERBETNRT AT EEERAHAEHA . ARAPBREFAEZAILUFL..EM
SRR IE — BB B R SK RAE . B 24h MMRIFR AT RENC O MR AMAZ
WA, SAEA.2A20,5A20,.8A40,10A20 F1 10A40 LbFB4H MR 6B S % & K4 7 1 (% 09 W ] B K 094
~ 23.499% ;T B20.3A20,3A40.5A40,8A40,10A20A 1 10A40 4b P40 ME KGR M % 15 4 & A9 H 7138
0% ~ 34.0% ., LEA R HMMATE B T IREAT I KBRBK(Z60% . 645 HIREKEHH) BEEL
BN L EHE IS L MRS KB (SO0 RAETAF,

MRS BN BRAPRETRIN"TUER SHUNAHERETI AT S KERNER . RANRLE
BAUWENEUTHHABZ NN, ALEE2XEH 12 X5 2A60 1 8A40 AL M. IRHEW S K&
ZA0VMH A RP RS HIIRETFENZELL TR R 30% ~ 50%. AT R.EDAFH L RKPREE
MR MRS AT AN AT =R TR ERERH,
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Table 2 Effects of soil moisture on entry, population, eclosion and excavation of cotton bollworm

i+ o & At GEE EWMAEBLE FRE LR GELDORBRGE EXFLLLE
4b 3§ z‘l\.i$‘ Rate of entry Rate of pup- Rate of emer- Rate of moths Rate of moths

Treatments Rate of Pupat;on without pupa- ation without gence without  bad-spreading well-spreading
entry(}5) Rate(}) ton (%} eclosion( %) excavation( %} wings{ %) wings (74)
Blo 98. 15 100 9. 43 7.55 83. 02
Bzu 896. 55 100 3. 27 5. 36 91, 07
B4u 95. 00 100 10, 53 3. 51 1. 75 R4. 21
B6O 94. 92 94, 64 5. 36 12. 50 1.789 3. 57 76.78
B&0 4. 64 82.45 7.55 11. 32 5. 66 75.47
BI100 2. 86 90, 38 9. 62 21. 15 I. 92 67. 31
2A10 93.65 93. 22 6. 78 6, 78 1. 69 3. 39 81. 36
2A20 96. 13 G&. 15 1. 85 5.56 1. &5 3.70 87. 04
2A40 98. 21 100 7.27 21. 82 3. 64 67. 27
ZAGU 95.08 9%. 28 1.72 12. O7 25. 86 60, 34
ZABD 1 G0 100 i. 82 34. 55 63. 64
ZA 00 100 98. 31 1. 69 94, 92 1. 69 1. 69
JAIL0 63, 33 100 1. 79 3. 57 04. 64
JAZ0 §3. 55 08. 28 1. 72 8. 62 13. 79 75. 87
3A40 an. 32 100 19. 64 41, 7 39, 28
JAG0 02, 31 100 18. 33 50. 00 1. 67
JAR0 G3. 65 98. 31 1. 69 6. 78 . 69,19 1. 5 20. 34
3A 00 91. 67 100 85. 45 3. 03 1. &2
SAL0 98. 28 08. 25 1. 7% 1. 75 10. 53 85. 96
5A20 098, 28 1 GG 5, 26 7. 02 3.0l 84. 21
5A40 g}. 07 106 1. 96 23. 53 74. 51
HAB0 0. hY 100 8. 33 5. 00 h6. 67
5A80 92. 06 100 3.45 37.93 1.72 56. 90
5A100 93. 22 98. 18 1. 82 87. 27 5. 45 . 45
BA1D 90, 91 98. 33 1. 67 5. 00 93. 33
8A20 893. RS 100 3. 39 6. 78 89. B3
BA40 4. 74 100 3.7 29. 26 1. 85 35.19
BAG0 91. 67 100 9. 09 65. 45 - 25,45
S8A80 2. 06 100 13. 74 67. 24 1. 72 17. 24
BA 10U 98. 25 100 78. 57 12, 50 1. 78 7. 14
10A10¢ 85. 24 96. 67 3. 33 96, 67
10A20 95. 24 100 5. () 95. 00
1440 91. 17 100 5.45 0. 59 43. 64
1NAB0" 36. 67 160 5. 37 68, 97 5. 86
10A8U" 95, 74 100 20, 00 12. 22 37.78
10ATO0" 96. 65 98. 18 1. 82 92.73 4. 44 1. 82
12A10° 02.73 48. 04 1. 96 3. 92 94.12
12A20° 4. 55 100 g, 62 21.15 1.92 67. 31
12A407 96. 49 100 1. 82 49, 09 49, 09
12A60"° 94, 00 100 8. 33 55. 56 36.11
i2A80" 06. 23 160 17. 65 38, 22 43. 14
12A100° 94. 74 100 55. b6 14. 44
BS 90. 63 3. 10 6. 90 5.75 2. 30 1. 15 83. 91
ZAS 100 90, 82 9. 18 64. 2% 10, 20 16. 33
3AS §7. 00 100 85. 57 5.15 9, 78
nAS 9%. 95 100 51. 06 2.13 16, 81
BAS 07. 0K 100 46, 35 2. 0R 51. hh
10AS 100 160 78.789 21. 00
12AS 160 100 47. 47 1. 01 al. 52 16. 33

2.4.2 MHEHAREAHER REREHANCRENS . FeERARHE-WAIER. UL, BHZA
IR BEREEYEARAD GHRMEEAEEE, TR ITHRRTEI XA ENEREROEQICER
B, AR5 ALIEL RGBT R TR LR WETT RS20 G TH L HBAR
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ARAOBEH K EASERGT4YORF 0% ~ Type 1
75. 01 % MATEE M EF Iod. HEH T HERZ K 167 A 1Al Before entry
B (40% < + MR E AKR<80%) S REE I + R R isp — TALEBIX 3t day afler eniey
S AL 7. % B % WA BRI 0% ~ 41.67%. BAO, N AN
B100.2A60,2A80.12A60 # 12A80 i) 3% A % 14 F % 3l ,l \\
AR A R AR — BT B R KN R 12l -~
SRk 5% A b LA 3ASS 4b B - ——
3 AC 56 R 1. L Type2

Mt EHREBE T HAAENKRER.CKBIO, 8 | — - -ALJER 5K 5thday after entry
2A10.2A20, 3A10. 3A20,5A20, 5A40, 10A10, 10A20 E“' - - - -ALJ5% 8 X 8th day after entry
M I2A10 fb BAAH 5U ~ 27. 27T HER KIS 3+ =l ok
W5 £ OB N % BE 3 K0 T 2A20,3A20,5A10 M1 B | .-
[2A20 SbIEEDH 7. 14% ~ 16. 67 R MEM KR T 1 E i? - ﬁ "‘ff
AR BRI SR 4 U . AT I 48 % S 1 K B B . Type3
By TR0+ 2 B o L RO AE R L BT A R T AL 2 X 200 dny s cary
FBEEE. — - ALEW10 X 10th day after entry
243 MHEMBEBATRBNER gomy 4 [TJATRRRAIGGvRean
TR S8 99 9 7 B B K AR BN o AR BLT =T -
M B B FTO0 RO WE AL SR B ME. ph SMEBR BT LR 12— <~
HBRBALESSXKES 12 XS4 T BRY g 20 40 e 20 100
PMTRESETHE MEALIMALSAE 3d. L min & AR Soil relative moisture (%)

Wy PR E A 2000 LA R IAHRT B K B

F o &R F 54 B . g oh 65 AT 4E — B Bt £ SRR K R LT A MK 53 AR L 55 M B S AT 9 30 R 5 AT

T MM RO ARETFIE, MELELE Fig. 1 Relationship between soil moisture and pupal
(Duncan MB). 5HBERSBEEKFE(p<0.05) 1 duration of Cotton bollwerm

b P8 & . B40,3A40,.8A40,8A60.8A80,.10A60,12A60.

12A80,5ASS fl 10ASS, %:::

1 51 19 98 1L 3 7T LB H1 . B40, 3A60 £ 3A80 =4t S B
BUURRARA LGS REE 12 K% 485 a9 iﬁ%:;;ﬁi ﬁ{hm ﬁl
{4 B A8 B AL R A 5. 93% ~ 68.45%, Mi=RiNINsRs AN}
5h.5ASS 1 10ASS B 4D B8 59 iy 5% F 3 th 801K T %4 L S B e sass Soass
K31V 4 BIBEIE 51. 920 1 50.17%., 47X Treatments

3 £w5itie

HEXWEMBEEACRASFHNEL. A XELEN

ML RTFR TR LEHA RN BN MK RE

FHHA AP R TR, EREHE. 2 ROK S RE T R R A 84E R & i B H P
HERERA. MM HEALMERERBHAR, MERALHMALR 10% ~ 0% iy A F K& X
HPALBEAH MALES 2 XES 10X BANSKEMBAROPLD LN RRKMER . AAEER
SHhmE SR -8, A BBHA LS BN BRFEE LI KE KEEFIRMNGE LR
KRS EREESEN LS NmEREDRE, TR . E5EMXKBLIRIRARESHIEN
AR —, TERTWH B ASHTITEE AEE . 8. PO LSRR TAREREE S .
M SHEIMINRIFEGXBHEAR AL RKRED B W2, X7 8RR N 1K R 5 X K

Cotton bollworm
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Table 3  Effects of soil moisture on the survival of moths during the pupal period of Cotton bollworm

HEldRok) HAEFad) A JCINEDR
_ T3 No. of tested l.ongevity of Martality -survival equation LD50(d) LD (d)
I'reatments ,-
moths moths of regression

UK 29 13.0+0.9 v="5.42742—10. 6883 R*=0.9107 11. 2 19. 2
Bio 29 12.2+0.9 v=35. 1046xr—0. 2380 R*=0,9794 10. 6 18.9
1320 27 11.0+£0.8 v=4.8679x+0,1872 R*=0.8576 9.7 17.9
Bi0 28 12.0+0.9 v=75.6714or—0. 8705 R?*=0.9619 10, 8 18. 2
BAG 2% 10.8+0. 6 v=4.8127r+0.3732 R°-=0, 9833 9.2 16. 9
BRO 24 10,9+0.5 v=8.2063xr—3.5444 R*=0,9818 11.0 15. 8
Blod 26 9.6+ 0.8 v=4,5987r+0, 8844 R*=10, 9682 7.9 14,4
2A10 29 11.8+0.8 y=05,7594r— 0. 8576 R =0.9901 10, 4 17.4
2 A 20 30 10.44£0.7  y=5.2873r—0.0288 R’=0.9779 8.9 15. 6
IA4Y 28 9.9+0.5  y=5.2615,40.2069 R?=0.8995 8.2 14, 4
2A80 29 9.8+0.5 v=15.2940+0.1727 R*=0.8963 8.2 14. 3
2A80 28 9.84+0.8  v=6. 12842 —0,8503 R?=0.9014 8. 1 12.9
ZA100 — — — — -
3A10 10 12.640.6  y=7.13400—2.5474 R?=0.9927 1.4 17. 3
3A2ZD 26 11.7£1.0 v=6.2994r—1.3030 R*=0.9238 10, 0 16.0
JA 19 10.440.9  v=4.65370+1.0851 R’=0,9491 6. 9 13. 1
3A60 11 7.940.9%  y=4.92882+0,9197 R’=0.9420 6. 7 12.2
3A80 20 8.310.8%  v=7.06452—1.5503 R’=0.9195 8. 5 12. 8
JAT0u — — — — —
JAL0 28 12, 00,7 v=17.836%9r—3. 1871 R*=0.9838 11.1 16, 2
3A20 29 10. 410, 9 v=4, 5504+ 0, 7586 R°=10.959] 8.6 16.4
SALD 29 9.8+0.7 v=3. 53502 +2, 1450 R-=0, 9822 6. 4 i4. 6
SAGR0 26 9.7+0. 6 v=275.2591r+0, 1030 R'=0,9144 8.5 15.0
SAERD 26 B.0+1.0¢= v=5,17612—0.1260 R-=10,9543 8. 6 14. 8
5A 100 — — —~ — —
RAILD 30 9. 81 0.9 v=7,2018r-2,2915 R?=0.9101 i0.3 15.5
8AZ0 30 10.44£0. 9 v==5,4450r— 0. 3199 R’=0, 9511 9.5 16. 3
8A40 10 6.54+1.1 »=05.0871or+1.8660 RZ=0.9572 4, 2 7.4
8A B0 14 6.3+0.9%  v=23.62180s+2.5133 R*=0.9016 1, 9 11.0
RA80 11 6.61£1.2« v=23.6517r+2. 8187 R*=0.9034 1. 0 8. 8
8A100 11 .70, 5% r»=4,9035xr+1.8418 R =0.9312 4. 4 8.0
10AT10 42 13.11+06.7 » =5.4083r—0.8941 R’=0.9502 12. 3 21. 2
10A20 12 12.5+0.7 v=5h,6474r—1.0354 R =10, 9628 bt 7 1. §
10A§0 18 11. 04 0.9 v=5.25100—0. 4180 R-=10. 9148 10. 8 18. 9
1 YA 60 14 10.1+£1.2 v=4.5392r+0. 4721 R’=0.9690 10,0 19.1
10A80) 15 10. 4+ 0. 5 +=6.6550r— 1. 7660 R-=0,9718 10,4 16.2
10A100 - — — — —
12A10 38 13.0x£0.7 »=5.7674r— 1. 2802 R° =0, %60] 12. 3 20.5
12A20 Z8 13.34+£0.9 »v=23.8378r+0,6731 R°=0.9346 13. 14 28. 9
12A10 14 12.4+1.2 v=4.6158r—0,0304 R’=0.9476 12.3 23.3
1ZA60 [ [10,9£40.9 v=5,1789r—0, 5681 R =0, 9692 I1.9 21.0
12A80 12 9.8+1.3 v=3.0558r+1.9924 R*=0.9681 9. 6 25,3
12A100 -~ — — — —

B 40 12.2+£5.3 v=4,7731r+0.1612 R-=0.9676 10. 32 16. 15
2A 15 6.1+£3.2° v=§, 9304r~3. 6304 R'=0, 9660 9, 26 12. 88
3A 12 .42, 1" v=d4,7213r+0.4133 R’=0. 9650 g, 36 17.50
hA 43 5.1+2.6° v=4.4867r+ 1. 8525 R‘=10.9904 5. 03 9.71
8A 36 9.9+ 4.8" v=4,5170r1+0, 8766 R’ =0.9941 8. 18 15. 73
J0A 18 7.91+4.4° v=3,9386r+1.8228 R*=0.9658 6. 41 13. 55
1Z2A 31 S 1+2.8"  »=05.5466r+0.0215 R*=0. 9931 7. 90 13.45

s R EFREOTEE. AR R RN ARE.LD50, LD N R 50%.90% MR T M
gyEtE. - "R R ELBRE L RARARD EHKITEL . > FRE Duincan RR - S WHEL . ER LB FAK L P<0.05), r
log tlongevity of moth); v Probability of accumulative mortality. LD50, LI)80 indicate the time that 50% and 90%

population died respectively, R? is the coefficient of relation. —~ Shows no value of statistics. » Shows that compared

with CK, difference 18 significant (P<C0. 05) using Duncan-test
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Table 4 Effects of soil moisture on the ovary development of female moths during the pupal period of Cotton bollworm

PREFHE  BRABNREEH] B9 % B R BARMRERN
%M T, 3@ Am  <1®& o | WE L LB <i®% =54
Treatment (; .9e  Grade Grade < Grade 3= (}rade" Freatment  (;rade  Grade Grade 5 Grade 2 Grade
twWo three four four five two three four four five
CK 22.73 68, 18 g, 09 21. 13 78. 57 || BA1G — — - 27.27 72,73
Bilu — — — 7. 14 §52. 86 |l BAZ0 24. 00 76, 00 0 14. 28 83.71
B2 0 RO, 00 20, D0 13, 33 B6. 67 || BA40 20, 00 30, 0 10, 00 14. 29 8h. 71
B40 40, 74 9. 28 0 R7.15 42. 85 SA60 — — — i), 00 2, 00
B60 : — — 14. 28 85, 72 ” $AB0 37.50 50.00 12,30 H0, Q0 50, 00
BRO 30,43 69. 37 (¥ 16. 67 83.23 || 8A100 — - — — e
B100 — — — 33. 33 66. 67 || 1OAI1Q — - = 15. 78 84,21
2A10 — — — 14. 28 85.72 || 10AZ0 22.73 AR, 18 9, 09 5. 00 g5, 00
2A20 17. 39 82.61 (} 9, 09 00,91 || 10ALD 18. 18 72.73 G. D% 28. 08 71,42
2A 10 30,43 A9, hY 0 33. 33 BB. 87 || 100A60 - -- — 12. 8B A7 1
2A60 — — — 13, 34 86. 67 ‘] 10ARU 50,00 50,00 O 401, () R, 00
ZARD a2 17 17. 83 i} 53. 33 16. 67 || 10A10D - - - — — —
2A100 . — — — — 12A10 — -- - 9. 09 90, U1
JAT0 . — - 20, 00 0. 00 | 12AZ0 - — = 37,40 K2, H
3A20 36, 36 A0 00 13,614 25. 00 73,00 | 12A10 — - - - 40, 00 AT
3A LY 38. 1 2. 38 952 33. 33 6. 67 12A60 — -- - 33. 33 hh. B7
JARD - — : 41.11 55, hA 12A8N — -- = {0, OO AL, Of)
3AB0 37. 83 217 1k SIARUY S0, 00 ) 1ZALI0G — - — — —
3A100 — — — — — B 35. 71 ht. 29 0 5.28 91. 71
5A10 — — — 21. 43 78. 57 || 2A R5. 0b 44, 41 {) 20 O} 20, 00
A A 21. 74 78. 20 ¥ 9. 09 a0, 41 ) A 12. 66 57. 11 Y 37, 50 62,
SALD 40, 81 4. B5 1. 55 37. 5u 52,50 | A 14, 00 2. 01 1. U0 27. 27 T2.73
AR — — - 53, 84 16. 16 ] RA 37. 50 62, b {) 16. 67 ¥&. 33
HARD 33, 33 55,56 ¥ 36. 36 63. 64 | 10A 1R, 28 a3, 772 0 22.22 77.78
5A100 - ~ - 12A — 28. 57 71.43

CHMAREHN R KEA 2R WEAEMIE SRABM.R CHEBM. R HENREE
WM.6% ~WER THEEEFEENUPLEL AR THORREERN ME:-CRANREFRNUG AT R
M AEBRMNEE. = Levels of ovary development, grade one-before development of eggs .+ grade two-the period of yelk
deposition, grade three-the period of egg maturation, grade four-inital stage of oviposition peak. grade five- oviposition

peak. grade six- last stage of oviposition. (1" the ovary development is indicated by the ovary level of the female moths

Just getting out from soil 12h. & Final level of ovary development is indicated by the ovary level of dead female moths
AR EL LA BENERAEERMIRERA.

3.2 ARSI AT RABEIHEER AEMEREFAFAALS I MEEERTHLIRR, d8B1E
BRI LR IPRASEEE TR ES D - BERREE BEEE S GATH L0, &d
A RREE RSN TRATH(EREMEKE<20% W RAHERABOERR . T+ 0 FHH:
MG T (MALEEIXRES 10 X).40% ~ SOUM - HMHEN S KBSABRKY + AR FE
HRZA S . EIBHEPALE 1 ~3D KB A+ 10d B) KRG 0 £ RS 89 G 78 #13TBC A
W MBRAALTERSXKEF 2 XSABAMTHEREE THE . MA LFTHA LFFHET 3d 202414
PR+ REM S KBRBSEK A . BT RSk RSN PERRENREE MK, Fit.H
B PRAOTRGERETEKBIOVEFAL L . BERERTPR. B AL & H
20 PR LI SK BT AR ROAH . HALERIX. B8 X.H 10 XMHE 12 X 60X
U EHTREMEKRESBERBAMTHE, SR RALEFEIXES 12 RELHFH L ERMK
T HB SRR S KR M e (R eyt B, oIl M L s TR (LMY S KR
0%5) 3% 8d LA b o8 £ %} 6P A9 988 16 A Fl . i 5 B L SRAR 35T 3 7K 8 K 5B B IR 4L 3R A B W L

=54
e AN o e

IJ': w1 v -l .
TP £ T
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) \ Table 6 Effects of soil moisture on number of oviposition
Table 5 Effects of seil moisture on the copulation and hatch rate during the the pupal period of Cotton
ahility of moths during the pupal period of Cotton | ihiworm

boliworm 3% 30 M ok R 6 o w4k
N AWM E BRI S L %) 4B (oNum, | THETBEGD g o,
GH () Percentage of the female moths Treatment  of female Num. of llald Egﬁs Hatch rate
Tren L‘npﬂ | receiving different spermphores moth per female mot of eggs
rea ‘opul-
ment  ation 0 : . : . 3 . ) CK 15 936. 11+ 177. 3 11. 98
Prlmary Grade Grade (zrade Grade B10o 15 12R8. 7+ 147. 6 20. 27
'€ grade  ome  two three four B20 14 613.4+128.0  15.96
CK 57.14 42.86 35.71 14.28 7.14 0 B40 13 399.81+127.7° 11. 27
Bio 92.86 7.14 LK7.14 28.57 7.14 0 B60 15 433.7+121.¢ 15. 18
B20 80 20 60 20 0 0 B8O 12 577.24+111.1 12. 73
B40 h 50 42.86 7.14 0O Y B100 15 647.4 1+ 144. 9 13. 21
B&O 71.43 28.57 42.86 21.43 7.4 0 2A10 15 966. 5 105. 2 18. 92
Bgo 58.33 41.67 33.33 25 U { 2A20 15 822.31+170.8 22.92
B100 33.33 66.67 33.33 0O 0 0 2A40 14 898. 6+ 152. 5 16. 56
2A10 78.57 21.43 50 21.43 7.14 0 2A60 7 731.91164.7 16. 24
2AZ0 100 ¢ 54.55 18.18 18.18 0, 09 2AB0 13 788.4+159.5 24.95
2A 1 fG. 67 33.33 66.67 O 0 0 2A100 — — —
2A60 53.33 46.67 33.33 20 iy 4 3A10 19 1071. 3£ 105. 6 14. 15
2ARL 168,687 33.33 46.67 O 0 0 3A20 11 677. 61 140.8 16.43
2A100 - — — - — - 3A40 9 312.7+105.1° 25, 09
A0 63 35 40 15 10 0 JAB0 7 h83. 71 232. 7 8. 42
3AZ0 75 25 41.67 8.33 8.33 16.67 3A80 13 557. 7x111.1 6. 88
JAL0 33.33 6A. 67 33.33 0O 0 0 JA 100 — — —
JARN 33.33 66.67 J11.11 22.22 O ( 5A10 15 815. 61+ 115. 8 24. 15
3A80 33.33 66.867 25 8.33 0 0 5A20 14 871. 1t 136.1 18. 61
3AL00 — - — — - — 5A40 10 468. 5+ 186. 2 28. 37
53A10 57.14 42.86 28,57 21.43 O 7.14 R AG0 11 730. 5+ 166. 2 16. 25
5A20 81.82 18.18 36.36 36.36 9.09 o 5A80 14 471. 44122, 3 21. 59
5A410 50 50 37.5 0 12. 5 0 5A100 — — —
SA60 53.85 46.15 38.46 7.69 G 7. 68 8A10 13 401. 94+100. 2 8. 69
5A80 15.45 954.55 36.36 9.09 O 0 8A20 14 429.9+105.3 12. 10
5A100 — — — - — — 8A40 4 230, 0Lt 164.8" 3. 83
8ALD 54,55 45.45 45,45 9.09 © 0 8A60 4 228. 81+ 74.9° 9.73
8A20 64.29 35.71 57.14 7.14 0 0 RAR0 3 217.3144. 9" 4. 25
2A10 57.14 42.88 57.14 0O 0 G A 100 — — —
8AG0 50 50 50 0 0 0 10A10 19 772.44+112.2 9.19
8A80 50 50 50 0 0 0 10A20 17 8§20.9+114. 8 7.02
8A100 — — — — — - 10A40 8 465. 1 £198. 2 8. 81
10A10 63.16 36.84 36.84 21.05 5.26 0 10A60 8 393.94+118.2* 3. 87
10A20 65 35 45 15 5 0 10A80 3 550.7+254. 9 3.78
10A40 a7.14 42.86 57.14 O 0 0 10A100 — — —
10A60 42.86 57.14 28.57 14.29 ¢ 0 12A10 13 758.81107.8 8. 47
1OARD 40 60 20 20 0 0 12A20 e 619. 7+ 163.6 8.43
10AT00 -- — — — — — 12A40 5 531. 41+ 239. 8 8. 39
1ZA10 72.73 27.27 9.09 36.36 27.27 0 12ZA60 3 314, 0+ 57.5° 7.61
12A20 62.5 37.5 37.5 12.5 t 12. 5 12A80 3 400, 3+102. 8" 5. 94
1Z2A40 B0 40 20 40 () 4 12A100 — - —
12A60 50 50 5¢ 0 (} 0 BSS 20 903. 7 357. 6 13. 49
12A80 40 60 40 0 0 0 2ASS 5 619. 34552. 2 21. 05
1ZA100 — — — — — - 3ASS 7 787. 61 3%1. 9 5.76
13 63.16 36.84 31,588 21.05 0O ( 5ASS 17 339,04309.7" 16, 31
ZA 60 40 40 20 0 0 8ASS 15 700. 7:£459. 3 15. 24
3A ot 50 ab 0 0 0 10ASS 8 285.3£169.8" 2. 97
5A 59.0% 40.91 45.45 13.64 0 0 12A88 12 497. 44£4402. 9 15. 07
BA 75 25 41.67 16.87 &8.33 B.33 % Duncan W, SHBESEBEKT, p<0.05. »
LoA 62.5 37.5 50 12.5 9 0 Shows that compared with CK, the difference is significant
12A 60 14.29 57.14 2i.43 0O ¢

£ 7 B R AL No data ( p<<0. 05) using [uncan-test
- v a
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3.3 RARAEUERMSBALRERISE. 24 A THARENNERRBENFEARENZED.
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