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Delayed mating impacts on the reproductive performance and
development of the maletestisin Callosobruchus chinensis
(Coleoptera:Bruchidae)
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Abstract [Objectives] To explore the effects of delayed mating on Callosobruchus chinensis. [Methods] Unmated males
aged 1, 2, 3, 4, 5 and 6 d were paired with 1-day-old unmated females under laboratory conditions and the effects of delayed
mating on the intrinsic rate of increase and male testis development were measured. [Results] Delaying the mating of males
reduced female fecundity, shortened the oviposition period but increased adults longevity. The net population growth rate (Ry),
innate rate of increase (r,,) and finite rate of increase () of the delayed mating groups were all lower than those of the control
group. Delaying mating also affected the development of the male reproductive system. The degeneration of male reproductive
organs increased with the number of days mating was delayed. When mating was delayed for 4 d to 5 d, the degree of
degeneration of the male reproductive system was more evident. [Conclusion] Delaying the mating of male C. chinensis
reduced the reproductive capacity of females. The degree of degeneration of the male reproductive organs increased with the
number of days by which mating was delayed.
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oG R R ¥ M H Coleoptera , 5. % F}
Bruchidae, I S 2J& Callosobruchus, Jir=T
R, Je— Pt SR A 1) G i L, Hghil
A fEEZ MG, HESG LI AR
AEIG FFNANIE N B R e m , 5 HA T 2R T
ATE2ES (REMSE, 2015), KPRyt E
RIFEE I FEREIE 43%-69%, FiT 23k
i 30%-50%, F“EHIRL 30%-55%, Hagudmm
I R T E SR E A, R A A% IR
K, e G RIEMRAA NR A FFRES,, TK T2
BMREZH, KPR Y™ E (Gujar and
Yadav, 1978; Kashiwaba ef al., 2003; Bishwo
et al., 2015), H"H KRG F G ENAEFY)
Br, PRERZ) TR SRR T A, [F
A N2 0 B AR o R4 742 ] i A 2
i DL IR A AR A BRI R Y
— ZRY GG ) £ 22 4 (R RIURT N B {5 [
FRORAZEM ., K, IRFIF A PR 5%
kAR 2k L4 10 fe FE AR A BE 4 T G MEREE I
B JE B AT AT S e BT R AR (BG4,
1990 ), A SCHEFEAEIR AR H s o2y
1 H A A2 T, 00 HC P il 7 AR L R
Ff . PR S AR E 5, 4 G5
M ARG R G0 K KR, USSR HE)
FEER “HRmiE BiES G R R MR,

1 #MR5REE

11 #HKHiBEREAFEEYE

LR E i BT R F AR S AR S IR
2B B ARSI = SR, RIFR TR (28.0 £
0.5) °C, MEHN 70% + 5%, 24 h ToLHY &M
T, PG, S8 1 BT 4 d kg,
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NTAMEF (BIC-250, iR ET A9
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PRPR A ( XTS-20, Jbat Z= e g A BRA
#]; OLYMPUS SZX16, H A BARE ik 24t ),
1.3 REAHZE

131 HFRESHERIERIZEIRIE KwPikn

SR G AU A A SR 250 mL #EIERH, fF
B 51 5 — ER B R A R, IR R E T A
TAMRPRIFR. B398 20 d J5, EEERLZH
AT IH 1 PRI AR T (P R R ) A
7% (16 mmx 65mm) N, FHMZERD, fK
WLEE L S 5.5 i L SR AR 0 o SRR SR 1 R
IR 1 HiB (1d), 552K M2 HiE (2d),
DIDLZEHE. $F 1. 2. 3. 4. 516 d IARCHLHE
HA SR AEEE 1 H S it 1 H g RS
1 H e B A0 IE H 5C B4 ; 20 3. 4.5
F6 HshEd 5 1 H e d et 7 5 IER 1
2. 3. 4 M5 dACHid . FeXt I Lk a4 st
NIA 15 Rk g N, HmER D, &
TR NRETE ., BACBE TSR 30 4, HK
FEWIEE K 427, H R MR FHARBETS, DR
W R B H PO, EE R A, G AR
PR AL,
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2% R R TIRE . AR AL B A% e X R 7
60 41, AN[FIALFRA B R4 ) 10 M, St
fiftin) 6 do SCBY Fk T G ME R ALY A,
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HFRB R L, AR R A AR
PR AR AR ER A 1, SRS A 3 B 2 A 31 5
AR, [RImHE A A B K T ohvk, HE
AT R G R N 1k . PR B T AR
JHARE,

14 HESH

IR Excel 2221, FI %K {4 SPSS
26.0 17 H K2 J7 2270 H7 ( One-way ANOVA ),
K LSD £ & b # ¥ ( Least significant
difference ) 17w E M1, BEMHEKER
0.05. [EH2r Bk I PEEIHEE (Di e al.,
2020 ).
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2 GRESH

2.1 BERIER 3T E XM EE AR

Tife P 0E R A8 P e M P B T S
2 e T i 7 B e 2 v T E AR AT T Ak 2
F =B (P <0.05), H.KEHE b IEIR 52 fl KA
(RGN, O E 7 O R R R, U Y
HHER 4 d F1 5 d i, AL BRZLME B = Bl
B, 0301 A 1E 58 TC ZEL M S 7= B i 1Y) 42.2% 11
41.2% (£ 1), M HUIEIR AL KA M g™ IR
B LRt M 5 R y = - 7.486x + 75.600 (R =
0.628 ), FPAREA 2k T 5 1 HUAZIE H & 1 1ER |
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2 R P B A AR AR 25 5, Bl T RS AR IR R
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B, H AP R B T A B, Ty
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W LU F e A 1,82 Mkt SEIR AR 4 d i, T
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NGB RN e ISR e ey i Y L =
W HRUAE B ) AR R SR AN 3R 2 Fom o IE R AR
WP, S BT ) e, AP ER (R
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17.861. LG LM FHHACRM T 2EHE R AER
5dACHE A R (T=22.672), Mk
R 3 d LA, HPH AR R K
(T=30.793 ) I L FE3R 1-5 d 3S L AL B
FREF BRI F BT BT R 7, > 0 ),
EHARANMMMBENEEKE r, k&
(0.134), MERAER 1d F 2 d 3L AY AL BRAE Y
FRRE P BLIE Ky, K (0.107 ), JRIBRIG R %
A TEME B TE A B AL B N s (1.144), M
FER 1 dF 2 d ACHC AL FRZH SRR (1.113 ), 6
ASKE PR AR AT BT ] ¢ A IR 2SS F AL B
i (5.169 ), MEHAER 1 d 28 FCAL P &
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Tablel Effectsof delayed mating of male on the reproduction of Callosobruchus chinensis females

MERELL (@2 8)

X N e (/M ) : .
HERIER KA (d) F;?En%)ei f\f eﬂ{/E S 7 (d) fifi () Longevity (4 TARAEAE (%) Female male
Delayed days of aid per femgli Oviposition Emergence rate of ration
1 i A i ffspring (¢
males (d) (granules/female) period (d) il Female Aty Male offspring (%) (female : male)
0 (IE#)
(12 :14) 79.30 £ 8.45a 6.00 £ 0.52a 7.10 £ 0.48b 7.60 £ 0.45b 0.68 £ 0.04ab 1.29 + 0.15ab
1
(19 :23) 48.50 £4.84bc  5.10+0.35ab 9.20 +£ 0.33a 10.10+ 0.38a 0.62 £ 0.05ab 1.82 +£0.60a
2
(19 :33) 43.20+2.46bc  4.60 £ 0.27b 8.20 £ 0.29ab 9.90 + 0.23a 0.62 + 0.06ab 1.61 £ 0.34ab
3
(19 :43) 59.20£4.05b  5.50+0.17ab 8.90 £ 0.48a 10.70 + 0.30a 0.73 £0.05a 1.04 +0.15ab
4
(19:53) 33.50 + 5.46¢ 3.10 £ 0.46¢c 8.80+0.53a 9.70 £ 0.30a 0.65 +0.11ab 0.75 +£0.15b
5
(19 :63) 32.70 £ 6.80c¢ 3.30 £ 0.52c 8.40 +0.79ab 10.20 £ 0.47a 0.47 +0.12b 1.01 +0.33ab

PR PR EZE 5 RISV IR b A AR NS PR 22 5 3 (P<0.05, LSD ZH HATE ).

Data are mean+ SE, and followed by different small letters within a column indicate significant differences (P<0.05, LSD

test).
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*k 2 BEZRERERTRNEENEGRSHE
Table2 Mortality table parameters of delayed mating of Callosobruchus chinensis males

B HEHRFER KEL (d) Delayed days of males (d)
Parameters 0 (IE% normal) 1 2 3 4 5
y 223
HHREH R, . 42.822 25.811 23.328 29.008 15.745 17.861
Net reproductive rate
qiiéjfﬁﬁﬁj,ﬁ)j T . 28.021 30.440 29.473 30.793 23.193 22.672
Mean generation time
PIBUE K
Intrinsic rate of 0.134 0.107 0.107 0.109 0.119 0.127
increase
& PR <
J—_“;_Eiakzi, 1.144 1.113 1.113 1.116 1.126 1.136
Finite rate of increase
PUTITEN.
FIREIAFIR I « 5.169 6.490 6.484 6.336 5.829 5.453

Doubling time

JE R Ak HAE R R | PN B AR ] PR
SRR IMR T IR H S BCAL BRAL, PRk, Bt SESR
SEHC AT AR SR LR R

23 FREREHBELZESR
LR LG R GREE H A BIRAS

WE 1 Fis, xR 1-10 H A58 R 50
T RAGE R BRAE T, BRI EE 7R
—2 (W), % (R R—=2% (CRI) 3 4%
PR GUZMEANRLFTHR 9 (12 HIR), ¥
HU KB, WS ¥ P A BEE NI IR 2 8L A
@ (B 1 1d), B an B Es ey

Bl AEBREFERERNEFERS
Fig. 1 Reproductive system of Callosobruchus chinensis at different ages
1d: | HigMEd,; 2d; 2 HidiEd; 4d. 4 HidiEd; 7d. 7 HidEd
8d: 8 HiftlER; 10d: 10 HEHER . HORMEAR: 2% HHIR =500 pm. FEIF.
1 d: 1-day-old male; 2 d: 2-day-old male; 4 d: 4-day-old male;
7 d: 7-day-old male; 8 d: 8-day-old male; 10 d: 10-day-old male. Magnification: 2 X ;
Scale bar = 500 um. The same below.
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(E1: 2d); KURERNERREE 9 (3-4
Hid ), £A&MAEE kKT WAL
B, IR, RSN, 2RA6, TR
K, BB P A B R = A (B 1:4 d);
SO R AT =9 (5-10 HiR), &4
e H AR E RN, ORI AR B (E
1: 7d), WAEEESGAR (B 1. 8d), MilgH
IS H2548 (K 1: 10d ),

24 FERIFTEMEREERGER T HIRM

S RN TR H R SER SS L5 26 1-6 K
M R GER ERE WA 2 B T SS i 2H
(Kl 2: A) CHEE 12 RIMERAETIRGER T
SR, BOKEEEEN (K 2: A-a), Wt
WEPED (K2 Ab), HEIPRS 8L TS

WEFEE—G (W1 ); SCHCEE 3-4 R AHE A AR E
R4, WA ARSI E (K 2: Ac),
KSR BMIEAERE (2. A-d), DLBdHEHORS
HR B SR T P ) SR 5-6 K
MRE AT R GE, RS IRZESR (B 2: A-e),
MR AL el ST (F 2. A-f), It
B B SR B SR T8 =% (R ),
HIER 1, 2. 3. 4 15 d BYSCECALRRL, HiA:
VARSI )G H 1-6 REET e 2
(B-F) Fc. 20T 2 ol . Mk H gE R <2 e ik
TZE rh AR B 2R G I 2 e 2 T AR R 1
i, AR E T 2RI AP, MERAZHLH i
e, FHARAEE,; AR EREREEN,
T HEORS L B ZE A R B IR, 45 A Bl 28 B 3
HARN I Wi

2 ERILE 16dHEHREERGEAETE
Fig. 2 Development of reproductive system of malein delayed mating 1 to 6 days after mating
A, MERIERAZECAL; B-F 40 ER 1, 2, 3. 4 F15d 5Cicd.
a-f: HEMUZECHS 1R, 2K, 3K, 4K, 55 KNS 6 RIVEHARGELFRE.
A. The normal mating group of males; B-F. The delayed 1, 2, 3, 4 and 5 d mating groups,

respectively. a-f: Development of reproductive system of male on the
Ist, 2nd, 3rd, 4th, 5th and 6th days of mating, respectively.

3 itig

AT A 7 O e e T — AR R K A P A
FEARHZ, I3 ) B H G A B2 ) ] AR R 1) 52
Wi ( Ahmad et al., 2004 ), FEAFFIH, H#E 1
H i 4 5 g M U S5 B R AN [R) B A1 OSS E , 43
Br 7R AR T . AR PELLA

A RSBUEANME AV E I R G B 4

KW, 1 HRELR GG RN T H R L IE 52 e
o & LR ME LAY BEAR T deve ORI (R
Ro. WEUERA ry MR RIGR R 1 AR ; 2%
TRMERAER 1-5 d SCRCHMER A T | R
HEER Ry WELHIIR R i IR FRIG IR A $1
o X W HHE IR 52 I RIS 0 M B 7 B
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HHFHERR IS ER Ry, WEIGK R ry A PR
R 2 WREAR, BRI, SERS T M R AE L H
W T A A5 T R Bt 1) i e PR AR A S
TEH B R P WA R, AR R
Grapholita molesta ( Fraser and Trimble, 2001 )
FBVE 22404 Cnephasia jactatana ( Jimenez-
Perez and Wang, 2003 ), & A 9E3R A8 ic 5 ik
= R 5C R WL, A 1Y E A e HU A SE R
SEHC AT RE 23D HEL RN 1 IR, Hy I S0
HR =g & T % (Kawazu et al., 2014a), A
FERVN RN A R R TG TR Fvis
3, SEUME S AE TTCE RO a0 A T 2 R 2
B ( Torres-Vila ef al., 2002; Walker and Allen,
2011; Kawazu ef al., 2014b), {HS#4k T 20
HIE 3R A8 E S A A AR AP ) 2 3 s PR
HE—HRTE .

AWFFE LSRRI, Bl b L RE IR 28 LR EL
Hhn, MERE R AR AT RE o OC T REIR ST AR
T B REAR T2 N R S 5 A B AR DG Y g
HHAEIR > T8 ( Stockel, 1973 ; Proshold, 1996
Song et al., 2014; Yang et al., 2017), mE &
M T35 IR 9 B i PR OIS 3000 ( Wenninger and
Averill, 2006 ), A&, B dAER AT HC S H A
A3 N Y 30 G B/ AR A T ) A A )
PEASG, BRI S PIsAROG I R
AR HIE

2% G M e PSS iC S BPEA 7 DR RE
Bt i L IR SR TE R A HG A0, e R 7 B e
MRS, AERACECAL R RS Ry .
LIy, FAIBRIG A 2 BRAK, B rh 2R E
RGR T FERTHEARM (LB TS BB N
B SR ISR W, BRI P S s
HiBHA L), RO THoat & i R 28 B vl i
FHI AR ROR | RS TR & T
KW RE ETHERN OB, HAEW
HOPIE 1-4 d (7= ORRE I8, PRI A iU E AR ™
SEEeH, N ERETE U B TR
L, A REWAHRLFRIBHARCR o SR, G4
RO NN BT FE A FAEY, LHZ

WA E HINEE, R A7 A A
TG, LT E AL SRS BT AR P s
LR AR AU BRI AR, — HBA M
HOPME R ], et I Rk 1k PG,
SRR PR, RS G R AP R
0%
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