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Effects of population density on the fitness of Phenacoccus solenopsis

LUO Zheng-Yu"?” GAO Li-Ping' DU Jia-Yi' LEI Xiao-Tao'
WANG Xiang-Ping'~~  ZHANG Jin-Ping”
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Entomology, College of Agriculture, Yangtze University, Jingzhou 434025, China; 2. MARA-CABI Joint Laboratory for Bio-safety,

Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract [Objectives] To clarify the effect of density on the population growth of Phenacoccus solenopsis to improve
control of this pest. [Methods] The development and reproduction of P. solenopsis kept at (26 + 1) C, a RH of 70% + 10%
and a photoperiod of 16L : 8D, was measured at different nymphal densities (2, 5, 10, 15, and 20 per 15 cm?). [Results] The
developmental duration was significantly shorter, (26.60 + 0.57) d and (26.67 + 0.45) d, respectively, at nymphal densities of 5
or 10 per 15 cm? (P < 0.05). Female fecundity was highest [(100.56 + 1.25) progeny per female] at a nymphal density of 2,
followed by a nymphal density of 5 [(61.29 + 2.64) progeny per female]. The survival rate at a nymphal density of 5 was 75%,
which was significantly higher than the other treatments (P < 0.05). The net reproductive rate (R,) was highest at a nymphal

density of 2 (31.425), followed by that at a nymphal density of 5 (22.985). R, decreased with increasing nymph density. The
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population doubling time () was shortest at a nymphal density of 5 (5.635 d), followed by a nymphal density of 10 (105.682 d).

The ¢ value was first negatively, then positively, correlated with nymphal density. [Conclusion] Nymphal density affects the

population growth of P. solenopsis. A density of 5 nymphs / 15 cm” was the most suitable for the growth, development and

reproduction of this species; lower or higher densities were less suitable. These findings are useful for further research on

control methods for P. solenopsis.

Key words Phenacoccus solenopsis; fitness; density; survival rate; fecundity; longevity; population life table

BSR4 Phenacoccus solenopsis Tinsley
J&3# H Hemiptera #7%%#} Pseudococcidae 43 #;
)& Phenacoccus, j=—FhEEMARELRMNE
R, XTI 2 A A AN AN [ b B A 5 1 3 7
SRo PRRIN AT BRI . BFHAE TR . PR
PREERE R ) AR B 25 (R =2
I, 2009; ARZEHESE, 2011), FFE"E
fadE (EHFAE, 2009 ), ZHUT 1898 4F 15 AL
5 [ 7 55 7Y AR g B & BE ( Tinsley, 18985
Fuchs et al., 1991 ), 5 E #5444
H AR 1t P S84 H 54 1418 ( Akintola
and Ande, 2008 ; i, =% Fl5K I 5 , 2009 ; Ricupero
etal., 2021 ), FE H 2008 4F 15 K TE) Afil &
PRSI LR (IR, 2009), % Hil#E
PHE2E&SH, HES 200 TEE. oM.
HRE 17 M8 (HEET . ARIX) BKERH
X, RESRCTI . HR . dEadE 11 AR IX
R X (BRAEHESE, 20115 T E4E, 2019),

KRG R LT IO 5 B3 3%,
T 3 W I ) AR 3 AN HUAS S DIE RS A
A R SR O O - AL AR AR
BRSO BN, HESEER K E s . K
G EURFE I, T E A R OK T I RIE
ST UL RS RS, S AR ) IE R IR ) fig
FOCEERN, MEZmEy AR ( EH#F5E,
2009; Waqas et al., 2021 ), 1Ei& T ASRIETHED
HREE 25-32.5 °C, MAXHBHEE 45%-75%, %0 —4F
A %A 12-15 18 (Chenetal., 2015), HCES
KA, J“HE % (Huang et al., 2013), iZHN
ZEMEFER, 5EHEF Malvaceae . 2 F}
Asteraceae Fl7iiFl Solanaceae 254 HI( 5K N 55,
2016 ), AIXF 200 RFPATHEYR BN F . H,
Xt # 4E  Gossypium spp. . i T Solanum

melongena . £ K Zea mays. B§JN Cucurbita
moschata FVH¥ Nicotiana tabacum “§VEW) N E
BONTTE (I, 20115 DORAESE, 2016),
P SCHRIC R, R AEEN B BRI IN( 71.2° E,
22.3° N )FRS3 1 X —4F P 24 A A8 7™ 5 36 s
77 40%-50% ( Nagrare et al., 2009 ); 2008-2009
A, 1% He TS0 B R O S AR AR 7 i 43 S s D
112 J3 Wi 48 J5 g ( Hodgson et al., 2008; Wang
et al., 2010 ); EAEXMERY, ZHEKRER
AT IR (Wei et al., 2017), H
A X2 5 T R AR A 91.4% (A sle
2018), —HiZMTEFENEA, Foxid mE K
N 15

B s B AV E KR A F I EE
HEZ— (Klomp, 1964), FiHlJExF—LLit
WM AL, G AU R T DU I AT | AR A A
AT ESCHERGE , 4 BB AR N, R
Loxostege sticticalis B A7 H = I ALEEG P, HX
BRWER, HEX TR REAR (fL#
S, 2012); WA, mEETAKEEN A%
Rk Athetis lepigone %)) H % p¥ B A B H 258 g
A BT PR (25404, 2014); %4 Hill 1 Hirai
(1986 ) WFFE LB HATREE I PR dui A Kk
H . EYA IR ATRE ) S GH  5z h
B B
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12,8 il 6, IS H F BRFEAL S 12 h LAINFTES,
TEFERE R (26 1) °C, JEEW 141 : 10 D,
AEXTIEEE 70% + 10%, & 1-2 d B4 1 JAH R
TR B
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Ho=oiie, ZEICBIIRA LSD k. St
K] DPS Hift R G- BEA B AR S AR ATk AT
o, BdEAUS SRR A Origin 2019 #ft
R AR SRR Ry = ) Lom,

FIHAIIIT =D xlm, /Y om, , WELHER

ry =Ry /T, FIRERKIE A =™, FhREAEHIIT
[ e =n2/n, (KXf, x WA E T D0 E
[BIEIRE, 1, m 205N AE x IR 77 i
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2 HREHH

21 FHEENZEHAKZIE

o U BT R R A i kD B
S (P<0.05) , TEFREFSE RN S Sk, 27U
& B HYERE N (26.60 +£0.57) d, HIK N
JER 10 3k, H (26.67+£045)d, —F¥EE
FET R R 20 SLETAY R E DI 30.59 +0.36 )d.
1 A AR R R B TR 2 k5 20 3k
HiEZERIN (P<0.05) , HAREZ [ TR
FEZES (P>0.05) 5 2 147 MU 7% 8 2 (A1 (1)
KEIWM LR EZES (P>0.05) ; 3 R4
FEB PR T TR 15 3120 3k 5 H AR E >
A 2% FAh (P<0.05) , HAYSRAEE 2 6T
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0.018 65x> —0.1549x +8.469 24 ( R*=0.984) ; 2
i R SR % S R E DR BLE R y =
0.1x° —0.933 3x% +2.590 8x +6.98214 ( R*=0.972 ) ;
3 WA MU SR S A E DR LE R ECh
y=-0.00379x° +0.140 44x* —1.275 42x +12.320 89

(R*=0.995) 5 A1 HE K 7 DT 40045 R
W y=—0.269 66x° +2.787 38x —7.552 62x +32.403 79
(R*=0.988) , 3 VPR EABI I XA [] 25 3 1k 5%
RN K B A BEAR S, R AEY KT 0.972,
Xt 3 WA LA o (RP=0.995) (K1),

x1 FHEEMNEKREMNERKREHZMN

Tablel Development duration of Phenacoccus solenopsis influenced by nymphal density

HHEE (/15 cm?)

KB (d) Developmental duration (d )

Nymphal density

(ind./15 cm?) 1# 1stinstar

2 #% 2nd instar

3# 3rd instar Bk E D Total

2 8.25+0.25 ab 8.63+1.28a 10.25+0.32b 27.13 £ 0.62 be
5 8.05£0.36b 9.44 +0.70 a 9.11+£0.65b 26.60 £0.57 ¢
10 8.35+0.17 ab 8.64+0.71 a 9.68+0.46 b 26.67+0.45¢
15 8.65+0.35ab 9.10+0.61 a 12.10£ 091 a 29.85 £0.62 ab
20 891+£025a 9.00+0.47 a 12.68 £0.35 a 30.59+0.36a

R PIVEAE I FAE + AR, A3 R AR PR R B 2SR (P<0.05, BNRTTEMRE ). T

ECI

The data listed in the table are mean +SE, and followed by different letters in the same column indicate significant

differences (P < 0.05, One-way ANOVA test). The same as below.
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W S10L .. e
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HBREE (K/15 cm?)
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Bl KREEMMARERBZENRETHELER
Fig.1 Trendsin developmental duration of
Phenacoccus solenopsis with different
nymphal densities
A: TR B: 24 H; C: 3 I
D: #HREEFIY,

A: 1st nymph; B: 2nd nymph; C: 3rd nymph;
D: Total developmental duration.

22 FHHEBENRKRHBGERFEENRME
N TR R A b e A T R R B

S (P<0.05, K 2), BWIER 5 KBFILFEH
e, K T5%, 3R HAL 4 AN AN R
(P<0.05); MIEFFEEKRT 5 KT, &R
Rt 2 9 B R 3 0 B REAR (P<0.05); TRl FR %
JE R 20 Sk HAFTE R A 61.5%, 5725 E N 2

a

] b

[}
(=]
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TR (%) Survival rate (%)

2 5 10 15 20
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Nympbhal density (ind./15 cm?)

E 2 HHBEEINKREHYEREEENZM
Fig. 2 Survival rate of Phenacoccus solenopsis
influenced by nymphal density
b B A + bRk, A AR RS B

25t (P<0.05, BRI 2005 ).

Data are mean + SE. Histograms with different letters
indicate significant differences at 0.05 level
by one-way ANOVA test.
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SLIFIE R 62.5% L EER (P>0.05), Mt
A] L% B 5t i e % 0 R Aok gy AR
AH,

2.3 BEXEBRFIPEMNET R

NRZE I 538 1 M B L B i R HAE TR A O, 45
RBRTEFEE N 2-15 ki, F=0p &b % m
BT RRARG o T 975 B Sk 2 Sk ok SR o i g
TR R (100.56 + 1.25) ki, BZEETH
R FE 25 BEAE ) ( P<0.05); BFEE K 15 i HOF
Prr o oy (32.19 + 1.14) i 1242358 N
20 KA H O A A, A (4243 +1.21)
Wi, SN 10 KB OPE (41.26 £2.32)
Wi ) TG i 35 25 S A U B I R e M R R
i (P<0.05 ). MERCRTERS L 25400 10 Sk b
K, A (3073 +£2.60)d, S%EH S5 KT
WEES, BEEKTHM 3 MHEENEG
(P<0.05); HAY 3 AN FR%% R R B A5 ik
AREXm (F2),

xR 2 HREEIEKRE MR IS0 E @0
Table2 Number of oviposition and longevity
of female Phenacoccus solenopsis

influenced by nymphal density

I R CRD) g
(3k/15 em?) Number of M A i (d)

Longevity of

G 1131 f.’/nlssiticenslz) (;‘Zrirli;)lseit(i(gj?a?ne)r female adults (d)
2 100.56 £ 1.25 a 23.75+092b
5 61.29+2.640b 27.31 +3.02 ab
10 4126 £2.32 ¢ 30.73 £2.60 a
15 32.19+1.14d 2422 +1.56b
20 4243 +121¢ 23.88+1.86b

24 AFEEETHREMMTEMEEGR

FRAE K S 4 A I R[] 25 U B T 45 A B B
B 0% S5 R i R ) B A AR SR A o ey S
IR R AR AR (3R 3 ). KIS huff
TR E B A 10 ki, BESHEHRZ
[ TG M 0GR U AR AL T Bl 5 kA
W, M 75.0%, BE%ET (100 15 120 3% )
AT R 5 8 (0 18 T o 5 RS- 24 7 O

ISR 2 SkitRmr, o 100.56 ki, HAAHE
T, Bifi% R A3 e B R 5T R A R
FRBE X R S A R i RN 5 S ECE R
Bl 7 R B A I i 3 (Ry) W/, Al
BN 2 SkEE, H Ry ER R 31.425, EiAAHE
JET (10, 15 F120) H Ry ABLERE N T-2%;
SERHEACTE ] (T) DR FR% Bl 2 kiR, 5
KRz, HRBEZRMZAKR, & HEEN
15 ki, PR IR R, h 1046 d; NEL
HIEOR (). JEIRRBE R (1) S RAEY N RIS
WER 5 SR, HARA A 2ZE A K FhRE
fEYAETE] () DMAFREEEN S kB b/ Ma,
1 5.635d, HikHk 2k, H5728d.

3 itig

HRAE B AR SR Sh SRR s R &, Ak
PO LR SR il ES S [N | 2 EA S
FI BRI E (Williams et al., 2002), Fh
WE IR AR EENEENRZ —, A
] B M A2 5% B RS I AN ] (B BR55, 2016
ZORHEAE, 20175 RAESE, 2021 ), ARWFFEERM,
REMM I R B TR MERCR B
T A S A o B A H 5 R ) O [ i 7 A 2
So —EMAERFEEXN KRG EREEA
F, AE % R S AR B v A6 L A AN I R 5
X5 R E AR 1 (2006 ) 10 5E AR 4 e 235 B 2%
TEH Palembus dermestoides A5 #y B Tenebrio
molitor X HEH DAL RARRL, RIS B4
H S X L A AN RS YR SR AR R A
TSR 5-10 kAT MEE, HR%E
T HoAth 2 BE ( P<0.05 ); 2475 HUBEE A 20 kAT,
HERFIYHEK N (3059 +£0.36) d; %K
st E AT, A RMEE K, kH R
S%, X 0] e i T AE— 0 2 Y P Bt o 28 1Y)
B, HEG MWL, N5 5 Yt A,
FEOL L TR, U X R A R
TR RAMATAE BE R, FFREE N 5 SKAfF
W E, 10 kR, HEESTHAMEE,
T FR 5 B R 2 Sk A 20 Sk B 2H ) 2 TR A7 375 o5 22 5
FNTE
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Table3 Lifetableand its parametersof Phenacoccus solenopsis under five different densities

SR W (3k/15 em?) Density (ind./15 cm?)
Parameters 2 5 10 15 20
Ny Sk A
i A (1) , 120 120 120 120 120
Number of newly hatched larvae (1st instar)
2 %\ﬁiﬁ{ﬁz (%,) 75.0 90.0 96.0 88.0 85.5
Survival rate of 2nd instar (%)
A H VB3 (0
3 ﬂ?’%ﬁ&ﬁ(ﬁ% (A?) 65.6 81.0 82.5 71.9 68.4
Survival rate of 3rd instar (%)
J VB (O
EEEE‘F{%}; (%) 62.5 75.0 67.5 65.0 61.5
Survival rate of adults (%)
LR 2 32 (0
Eﬂﬁﬂﬂtﬁl (%) 92.31 92.31 92.31 92.31 92.31
Egg hatching rate (%)
N TN 11
fﬁﬁﬂtﬁ&éﬂl (fEtk ) . 37.5 45.0 40.5 39.0 36.9
Estimated number of females (sex ratio 1 : 1)
FEpy S Ok ) . . 100.56 61.29 41.26 32.19 42.43
Average number of eggs laid per female (grain)
ﬁ‘ s AE=N AN
BT IR i (.*‘\L) ) 3771.00 2 758.05 1671.03 1 255.41 1565.67
Expected next fecundity (grain)
Y 3% e /)
HHERH Ry ?*i/% ) . . 31.425 22.985 13.925 10.460 13.045
Net reproductive rate (grain per ind.)
S AT > ] Hi
PR T (d) 28.44 25.43 21.56 20.25 23.69
Average generation cycle (d)
B K 2% -1
W’f E'.kz Fm .(d ) O 0.121 0.123 0.122 0.116 0.108
Intrinsic rate of increase (d )
3
Eﬁfﬁiak}{%(d) 1.129 1.131 1.130 1.123 1.114
Finite rate of increase (d)
Y TITP
FRARAFSRINT £ (d) 5.728 5.635 5.682 5.975 6.418

Population doubling time (d)

TEA BRAZS I Y 560, BlE 27 %
pyXEIn, TR AR R SE R, — R
AR Z SRS FRA L, 75— A R
25 ()38 B T BT AT AR, Al RES A AN ]
AN Z T (4R B4 oo g AR T A 4 0, AT
FEOLICT I IN o $R AR W 25 08 I FEAS [R) %5
JET KA FBHS AR, HEx T HEK
HIN S SHATE, — T REE B
A (R AR 15 em®), 55— 1 AT RE AT
AR e N = )iy | I (EP % N1
e e s (B85 EEXT —ALUE Chilo suppressalis
(Walker) P34 1 52 0 () BiF 93 3% I A5 10 9% 32 34
S ERMET- 27 B R R A A, X S AT

SELE AR (FLIEE R4S, 2013 ; #K BE4E, 2016 ),
ST 2, TREBGEIN )& T DTS2 s
() R AT s Bt — Y o
ERRAFAERKZESRERMAEREE
MMM EE R —, AR REREN . &
TR R AR TR 0 6 F | 7300 RN DL S T —4R%
RAGH GERBMB IS R S HARKE
B S ERN KRR R R, RRM, &
HBRE N 5 3K/15 em® i, HA RS EO AL
e, AP ELIA R R o 0123, FEIRREE KSR Al
1131, PRSI ¢ o~ 5.635 %%, X5 Guan
85 (2012) B AR B N A dr R S HOREUH
[ (24 °C), il Rt 2 g m A BERS K Y 32
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TR, RFRERFEH LA REE R 5 L/
15 em? if R 35 RURG K 5 AR 3 Al aieds I 4%
P, R WE AR TR (P<0.05 ).
v MU 3 1o 5 M R S A A I A HU 1 A T R
DA e R R ) A B 7, R i LR RS S . R
SR M W7 HULE TG 5 R H A 5 ) 10 A8 Ak e 34
FH, MEFEBHEEN 2 3K/15 em® ST HESfk
JI5, BOMFPEEE AL P B 2k —
FREERT, 25 AAG e . AR 3, A
T2 B ARV SRR K, DU AP S
T, SR, % E E IR KRR,
FNAEG R RS A R R, R A
ARITF M, I, PRBEMIMFRATAENAER
e VRFERLE] LR AR, IR AR
FEEHLH T T4 7= Ly s 4k S 4 By iy A —
FEE L o
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