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Effects of parental body color and environmental factors on the body
color, longevity and reproduction of Saccharosydne procerus

( Hemiptera: Delphacidae) adults
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Abstract: [ Aim] This study aims to investigate the effects of parental body color and environmental
factors on the body color of F1 generation adults and the changes of the fecundity, mating rate and
longevity of Saccharosydne procerus adults with different body colors in different environments. [ Methods]

The nymphs from S. procerus parents with different body colors ( melanic and non-malanic) were
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subjected to treatments of different ambient temperature (30°C and 22°C ) and photoperiod (20L:4D and
161.:8D) combinations in the laboratory, and the melanism rate of adults was observed. The adults with
different body colors were also subjected to treatments of these same temperature and photoperiod
combinations, the changes in the body color, longevity, fecundity and mating rate of adults were
recorded, and the contribution rates of different factors on these indicators were analyzed. [ Results] The
results showed that the variation range of melanism rate of S. procerus adults was 18.6% —60.8% when
the nymphs from the parents with different body colors were subjected to treatments of the above
temperature and photoperiod combinations in the laboratory. High temperature, long photophase in the
nymphal stage and melanic parents significantly increased the proportion of melanic individuals in the
offspring. The longevity of non-melanic individuals was significantly longer than that of melanic
individuals under low temperature or short photophase conditions in the adult stage, while it was opposite
under high temperature and long photophase conditions. The mating rate and fecundity of melanic
individuals decreased with the decrease of temperature and photophase, while the mating rate and
fecundity of non-melanogenic individuals were mainly affected by photoperiod. The statistical analysis
showed that temperature had the highest contribution rate to the mating rate of S. procerus (39.1% ),
photoperiod had the highest contribution rate to the change of body color and fecundity of S. procerus
(42.5% and 47.4% , respectively), and the interaction between body color and temperature had the
highest contribution rate to the longevity of male and female adults (50.3% and 60.6% , respectively).
[ Conclusion] This study demonstrates that photoperiod in the nymphal stage has the most significant
influence on the body color of S. procerus adults, changing their biological characteristics in certain extent
and improving their adaptability to the environment.

Key words: Saccharosydne procerus; melanism; body color; temperature; photoperiod; biological

characteristics

EL Hu i MR AK (melanism ) J245 H 3 f2 i 73 5l 42
PR AR I G, B A &y | B S A A
BB T RE LR IS BB BRI
0 i R AR TR A S M AR AL, AR TE PR .30 3 Ry
A BRI A 2 8 10 3% 22 14 72 4K ( Clusella-Trullas et
al., 2007) . B ARG SR EE WLEE D6
FACHE S B2 LA KA S b T 5% 101 €0, 25 P 5 2% 4% A
R R A A X T B S R O £ O e B
PRI IA T AT A R R AR, R R A AR
AT SRR IR S BRI S P TT BB AR — 0 1 25 5
AT S Rl B A P (B e g 2 AR U, DAL
WFFAR AR T8 3 FH R BiAR TAERA &
B X (Alho et al., 2010; Castella et al., 2013)

K &t K &l Saccharosydne procerus, J& 2§ # H
( Hemiptera ) #f& wf & B} ( Fulgoridae ) ¥ | F}
(Delphacidae) , ZH 2 EEFEKTE ZEH BHFEH
G RAFZEANFEFERZ — 7 FEREEM
AN R eb KB S IR, AW 2E T, BLG £
1A 2 52 3 d oy ™ 3% R AR A P
IR RO AR B D S Rk . 2 EEE A R A,

HH AN I DU Py 0 1 €2 S 8 R A, P T 3 T
W S BT AR, O T 7 I R R S 2 A O
AR ECE R 28 T RRI BEE 19 & A (E
2012) o K&k R m BIH B AR R, — BB A A St
FRERCE SN, 3 -0 M AR fE ™
AT S HEE O 20% LUE (442, 1993)
K Ra BA KO EIER , AR
SR AT SR o DX %A SR AR (L RELL, T 55—
3P0 R o 00 B8l 2 (5 EL IS G I, 32 He o
AR AT . H RTBESE R W i R B Y
PR o345 o O A B 16 R B AR G, o i Jt b
TR RIS T 2 B EOZ BRI R R A A
PREC A 2 3, 10 P A e B AR (A K AR R
E(BFE, 20085 [E L, 2012) o SR Ah A R 7R K
g REGRA R R T 3 Z A H AR DA, R
AT X e A 7 A T R i ik = BT T I
AP IR 5 K AR @A HAE Y2 R Y
SR AR o ABFTE IR A AT 1o HUYTR
JE DU b — AR A A = 25 5 R I T
Kegg Cal FUAUR AR @RS , LR S 3L E B
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1.1 #ikER

I R A% RECREE A AR PR R A38 it
FET 70 A A SO0 T A 2 i A ] A 2 3% R 7 T ]
BYIUHTAT BB (828 F v A 0 FH ke ) T A
B A BIETRIEAE N, 7E 26°C DB 16L: 8D %
PR RER , R HR AL J5 PR IBCE H 4 2] 73 e 21 4% A1
g BLIL LN
1.2 AMEIEE
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Table 1 Experimental combinations of influencing
factors on the body color,longevity and fecundity of
Sacchaarosydne procerus adults

FA/ BBk WE(C) e JE
Parental/self body color Temperature Photoperiod
30 20L:4D
AL Melanic 30 8L: 16D
22 20L: 4D
22 8L: 16D
30 20L: 4D
AL Non-melanic 30 8L: 16D
22 20L: 4D
22 8L: 16D

1.3 ZHABAAFERXNKE CAMRFMERLE
sEAl

T ) R £ F) B R T S 6 % PN ) 3 (ARl 9 4 1F
[l 115, P s & BRAR 7 SR AR
AL IR SR R P A (0 25 A BT 7 (Y B, >4 B
Bl a B PRI L S U ASRIZE N, 7090
BT PR 4 FOGHR AR Rl KOBIR R D
MR e IELEDE B R RO IR) B — 18 A I
A— R IR IEAR GLZE A S I A S Sk 1 ey
B EE 4 NMEIRE T 20 S R BAEAR
St A A E S R AT 100 v dt, A
A AL, S IR SEAEAR R BRI R 97 (0 1 £

RS A EERN R 25 B 09 A, T P B R W ER ]
SERAL AR L
1.4 FHRBEAREZRELZEERTKE CEAK
HAEYZEFENZ N

FH T Ac 4 7 B 7 S 56 = P9 ) 3 () 3% 2% 4 [
L1y e S AR 8 AR (5 53 JR AR Fn A
AL, B A — R JiC 38 I A A 0 2
128 F I R Je—Xf IR ALECAR R R, B TR 1
JNEY 4 PO EERDC R B A G K ISR (A 1.3
W) EANER 20 XA, A S REE 2R
100 X g H, 5 R U2 — U 51 il L iy L 3E B
FEONE, R HAET,
1.5 HiEsh

SEYS R A S BAE I 22 2 5 22 50 I
1 K S0 AT 534, BT A RHE 73 B 2 i SPSS Statistics
17.0 358 1

2 #HR

2.1 FAEEZEMKZCEMRBUERHFM

TEAH [ B8 RIS 26 A T, o Eh S0 L 8 o ey 1 ¢
TREURIRE P R B L8 R T 2 i R AN AR
A BUBHOG B R T R BE Y 3, 4 R A Ry R A
P U E AR SRR B AR B Fe iR 8
LAk P b BRAL R A S5 AU BUE T 30°C, St A
20L: 4D 2% 4 T 1 3% B Ak JE R AR AR L B B
(60.8% ) 1M AF R AL 26 A 5 AUE T 22°C, Je J W)
8L: 16DZ& A T L5 AL A LB (18. 6% ) IR T
HAh b P (% 2)

R2 FEAMGEREHEEENS R
KRR B BB
Table 2 Influence of the parental body color,

and temperature and photoperiod in the nymphal stage

on the melanism of Sacchaarosydne procerus adults

AR H B (%)

Parental body WE(C) bR ﬁﬁ Melanism rate
color Temperature Photoperiod of adults

” 20L:4D 46.2 +3.8
i 8L: 16D 25.2+3.4
Melanic 30 20L:4D 60.8 1.5
8L:16D 48.2 1.5
” 20L:4D 42.6 £3.2
E|:3:viq 8L:16D 18.6 +2.3
Non-melanic 30 20L:4D 44.4 +£3.8
8L: 16D 34.8+3.7

2% R R 2R RBE I £ ARdETR . Data of the melanism rate of

adults in the table are mean + SE.
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AL O3 R S 25 77 L TR S TR R R R A
ARG SRR, E R HER T A R AR X
IR RN, AR IR 3. FEA RN R
DGR 2 T R AL Y R R B K, BT RR R A F)
42.5% 5 0f AE S SRR HEAE S 2 7 12 T 9 728

e, TTIRR N 29. 1% 5 SRAR TR 4 AR LAY
SEME/IN, STRRR ALY 15. 1% 5 745 BRS04
JHAE B A B RAS A 0 5 UL 52 AR X
2k REWA A B R (P <0.05) , {H 5Tk R 4%
fiR(%3).

R3 FAGE EFRPEESKARREXIEERANKECABRREEZMYRHEREE

Table 3 Contribution rate and significance of the effects of parental body color, temperature and photoperiod in

the nymphal stage and their interactions on the body colour of Sacchaarosydne procerus adults

PBC TNS PNS TNSxPNS  PBCxTNS  PBCxPNS  PBC xTNS x PNS
F1 AR A (a CR 15.1% 29.1% 42.5% 4.8% 3.6% 0 0.3%
Body color of FI generation P1E
. 0.00 0.00 0.00 0.00 0.00 1.00 0.13
adults P-value

CR: ik Contribution rate; PBC: & A {&{f Parental body color; TNS: 77 Hi #}]Jf ¥ Temperature in the nymphal stage; PNS: ¥ 15 &
Photoperiod in the nymphal stage. x ; FE/RPiFaL 3 i Z )32 LAEH Interaction of two or three factors.

2.2 FHEREMAEAHEEXZBEERNARRME
BRE AR RESHIE

H1IE 1 AT, 7RI A 22°C I, J6JE 4 20L: 4D
8L 16D #4544 T , Ak B AL B R 4w 4308 19. 5
d F120.2 d, MR R A5 19.9 d #122.9 d, 55
TR ST BAL R T 7E 30°C 1), 3 2B Ak AN A
B L A 7E 6 JE 0] 201: 4D Al 8L: 16D 2514 F 435l
REARZE 11.4 d #1010 d, B AL R B 754 50 51
FEARZ 11.9 d F19.0 d Zidy, SBAR A A il 75 4 )

TREA N I A B 15,8 Fi 15,2 d, i HUAR R
16.2 f115.3 d,

L2 TJ7 2250 B2 W, eI e, e o i 7 A 2 22
ZEA H B 5 R R BAE R, kR
A3k 60. 6% (i H) F1 50. 3% (M HL) 5 IR EE X M
T B M A AR AR DT R FE R NHEFESE 2 0, 4300
21.7% (HEH) F120. 8% (ML) 5 i €a, et 55k
JE A BAE R B 5 0 R 0 9 28 B AR A5 A B A
FEA BELW(P<0.05) HITERFEM(ERS) .

=

30
& AL MA Melanic individuals

25t B3 AL4MA Non-melanic individuals

T B R i (d)
Male adult longevity

30°C 20L:4D 30°C 8L:16D 22°C 20L:4D
IR EEFE )10

Temperature and photoperiod

22°C 8L:16D

w

A L AR (d)
Female adult longevity

]
30°C 8L:16D 22°C 20L:4D
RG]
Temperature and photoperiod
P A nlg eS0TI 2 A A 0 R R Ui He 7 i B4 5 )

Fig. 1 Influence of body color, and temperature and photoperiod in the adult stage on the longevity of Saccharosydne procerus adults
A MR A7 iy Male adult longevity; B MER{ HU A iy Female adult longevity. [ il P I(H = Frifie, 4F b2 SRR S 037 25 PR 4b
FH A N PFMA MK 2R B E (P <0.05) FIfRBE (P <0.01) (¢ #5),/& 2 13 [f, Data in the figure are mean + SE. The asterisk and

double asterisk above bars represent significant difference (P <0.05) and extremely significant difference (P <0.01) (t-test), respectively, between

30°C 20L:4D 22°C 8L:16D

adults of two body colours under each environmental treatment combination. The same for Figs. 2 and 3.
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Table 4 Contribution rate and significance of the effects of body color, temperature and photoperiod in
the adult stage and their interactions on the longevity of Sacchaarosydne procerus adults
BC TAS PAS BC x TAS BC x PAS TAS x PAS BC x TAS x PAS
ML CR 1.60% 21.70% 0.80% 60. 60% 1.90% 5.20% 0.70%
P {f P-value 0.01 0.00 0.07 0.00 0.01 0.00 0.09
FL CR 2.00% 20.80% 1.50% 50.30% 1.50% 10.20% 0.00%
P {H P-value 0.04 0.00 0.07 0.00 0.08 0.00 0.86

CR: Bk Contribution rate; ML; M 4t %4y Male longevity; FL: #f tt iy Female longevity; BC: {&{f% Body color; TAS: Ji{ Ht #7 B Temperature

in the adult stage; PAS. i H 3G E 3 Photoperiod in the adult stage. x :

2.3 BRECEAPRAEZIEERAMAEEERE Y
BB R AR RS0

P 2 AT DU Y 7R R (30°C) By RO R 2%
PET, BAL SR S e A TR R AL (E 7R
(22°C) Z&F R IAR Rz o SR AG AR SE IBE F8 0T T IR
AR A AR B8R, BEE B YRR IR S TIC A6 M 89 % 1
TR R 42% 5 AR RAL AR B 2 BT R W] 2 52 B1DE
JEIABIRZ N, DGR 3 2010 4D KOEIRZFF,30°C
55 22°C IR RAL A S BE AR 50591 g T8% F1 T5%

FR MRt EL 3 FhH Z 938 HAEH] Interaction of two or three factors.

57% #1 50% .

Z R T7 2253 Mr R WL, B -l 26 A 39 =
HACHAES AR R XK 4 RS R YA
FRR (P <0.05) o FEiX SEERIEE A 3R LB X %
SEHC AR Fie R, H BT 39. 1% 5 6 A I 4 32
WAHECESS 2 437, TTRRAR N 27. 2% 5 T 1 B R %) 52
BCR AR/, TTRRR AN 1. 0% , SR TR (5 il
JER B TR A S BAR AT, He otk 21. 7%,
FOAl PR 2R 5 SR B SRR AR (£ 5) o

L 8L 16D B, 30°C 55 22°C F A B4 1 K

B8 Ak MAMelanic individuals

100 r« O JE kA& Non-melanic individuals

80
Fa ®
S
N
™= 40

20

thon
. 8L:16D
D A
Temperature and photoperiod
B2 A g e ST B RO Fo S 0T K R U i R S E 3 1 2
Fig. 2 Influence of body color, and temperature and photoperiod in the adult stage

on the mating rate of Saccharosydne procerus adults

x5 FE HHABRESEARRESEEAMKE CENHTREZMHRHRER BEHE
Table 5 Contribution rate and significance of the effects of body color, temperature and photoperiod in
the adult stage and their interactions on the mating rate of Sacchaarosydne procerus adults

BC TAS PAS BC x TAS BC x PAS TAS x PAS BC x TAS x PAS
MR CR 1.00% 39.10% 27.20% 21.70% 3.50% 1.40% 0.30%
P {H P-value 0.02 0.00 0.00 0.00 0.00 0.01 0.22

CR: BTk Contribution rate; MR: 3Zfig 3 Mating rate; BC: & Body color; TAS: i Ht#if ¥ Temperature in the adult stage; PAS: K 5%

FERMRNEL 3 Fh K E 93 HAEH] Interaction of two or three factors.

2.4 e AHAEREMARRERESEEARNAR B0 AR 300) MR OLIEAM T, Bk

BEfEEKECAFNEMNHI ()7 5P i v TR SRR AR (BAZEARIR (22°C) 44 T
HIIE 3 WTLAE PO AR b A S ag e PPN T AR RN, S IR (R AR B

1] Photoperiod in the adult stage. x :
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Z R T 2250020, BRI 58RI A2 |
YER A TR AN R W B9 38 BAE FH AN, HAT R &
140
120
100
80
60

40

B i
Number of eggs laid per female

20

Xof e B AR A R E A (P <0.05) o HAoL
1A A= B i A4 R A B K, BTHK R 47, 4% 5 11
SIE= 2GRS YRR (SRR O i 3 (e
BOA R F RSN 7 B AR A 20. 4% AL I
e o AL IEE S A €0 B P OGS 7 B RS AR B 5T
BRI 17, 1% F119. 9% , i F B 4 £ 55 ) 8 1]
(58 B AR X 7= B i 9 52 i BN, AU 1. 8%
(£6),

8 ML MA Melanic individuals
B JEMALMA Non-melanic individuals

30°C 20L:4D

30°C 8L:16D
R EEANL S 1Y

22°C 20L:4D 22°C 8L:16D

Temperature and photoperiod

3 A R SR X S U A B 4 5 0

Fig. 3 Influence of body color, and temperature and photoperiod in the adult stage on the fecundity

of female adults of Saccharosydne procerus

x6 e NRHEESKARRESTEERNKECASNEZWNRHKERBENE

Table 6 Contribution rate and significance of the effects of body color, temperature and photoperiod in

the adult stage and their interactions on the fecundity of Sacchaarosydne procerus adults

BC TAS BC x TAS BC x PAS TAS x PAS BC x TAS x PAS
FD CR 9.90% 17.10% 47.40% 20.40% 1.80% 0.30% 0.10%
P {f P-value 0 0 0 0 0.08 0.23

CR: ik Contribution rate; FD: ;=i Fecundity; BC: {4{% Body color; TAS: il Hi 15 & Temperature in the adult stage; PAS: ¥ gt 305¢ 1)
Photoperiod in the adult stage. x : F/RHFEE 3 Fh K Z AY3E B AEH Interaction of two or three factors.

3 e

ABEFEIRE T VR BE O R 1 LR CEAR AR
X TR & REWR AR LR, DL A B BR
B G RE KAV A Y AR EZ I R o 45
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XS RTAIIE(B5%, 20085 [E 4, 2012) —2, It
HMEARMR AR AU O A BERE . 7RIS
AR R TP RATR I L TS R, K Elp
PR 32 B2 BIPRIGE 52 , e rp ' ] 39 64 82 me oK T
T BE A2 5 32 SR (0 B9 A8 A A — S R JEE bl R ik
TR AR i 3 1 R €0 ) K T UM i

HiFgar SCHCAE 7 IR i YA B (P <0.05),
SRMTAA X8 B He A )2 R A2 A 10 BT R S0 /N T 36
BRI R KA EE R 2 5 0 1 28 BLAPE AT, ) dn L
iy A2 B A SR 5 IR A EAE I
T 7S A X S IE 2 1) 52 Wi i A, 7 D A 22 AR ) =
BLZ R W

B R i A A SR A PR ) — R BT
B, B HOO T AN -4 iRk, PR AR (R 250
R[] AR, B 52 31 58 S 2 5 56 0 35 1) T B
WREZ G, AR, o 5 0 50 HME X Bl
IO FARK, AT LA ) K RAT B S 2 AR
PRIE gl H 3 ] BRI IR AL TR 3 1, i e 5 AR
(Veteli et al., 2003; Jiet al., 2012) , MEAZEER
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iR R (Debecker et al., 2015) Tl = i PR3 0]
AR & He s 5t T 42 % 19 A 5 T & ( Catalan er
al., 2012) , 5 B e 49 T BE %5 UIAH OC 1 19y 48016 il
( phenoloxidase, PO ) 7E{ARE B A 2 F rh 1 5 + 43
HEVER , P T B G TR 07 PO Tl % PEAE A 2%
THE IS B AR K E A, TS 2RISR
K4 (Kutch et al., 2014 ) ,

R TR OGS IS IREE K R, B R A A
W Z FBAL R R A . Bilan, ;B XEE Luehdorfia
puziloi 1 FEAY LG AR W] 2 52 31 il 14 1% B 1Y) black
PRI, PRI e P PR AR AR BT 7 1 I A 427
RN RATY (Koch et al., 2000) . AHFFEFRM, K
g REGEAR O T 5 AUA (A B0 B35 1
el , SEBR b AR S T AR W AR Y 3R B R AN ] P
FAET B Rk M 45 2R, IH I A 45 4 (5,73 Ak
TE N B RBLAE A S A IR IREE 5 A A8A% 5 57 7 T
PR AL I B4 (R AE 55, 2006)

AW R I, K R R AR S A
BB AT O, T St oA i e 4 60,728 A 7 — o
JE B 7Kg CE I A R R B A0
F i A2 B SR S AR R, H AT
FEAR IR L AT LI B R R A dn S 80 A i
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8, 2019) o SRR T —Fh B B R A ANK iR
JE W 38 T Y 2 BT BB AN [, 49 dn F 5 % WD Bk
Myzus persicae £1 AT AANH L T4 (8RR 0T & T
30 T R BRI PR TR TR e Ay, HAE )
B AR (AR EE ER, 2017 ) o AR 4 #K 1 7 fi
( Thermal Melanism Hypothesis) , 18 & A A A0 % T4
IR A, SRAL AR BA B AR AR, R
FEACANRTE AR L e 20 32 b IX B 7E A Rk 2 1 AR X
BAR AR T 2 RIS A 1 PR 45 34 10 ( Musolin
et al., 2009 ; Fedorka et al., 2013), {H 23 EEE &
5 BRI OC R WA R — AN Z R, PR
W Ik e B T A 0 R AL L4, 9 4n Valimeki 55
(2015) W5 B —Fp )RRl B B Chiasmia clathrata
() ARALA) TR B R PR N AR TR MRS R I
B Y PR BEAE LE , HCJDR HE I Ry PR AR 4 B A 8

UF T 52 B K S VAR RE T o AN S8 b 2 R U4
0,5 1 B2 52 EL A OO G e 75 i 52 M A 2 R R AN
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55 R A A AN [ IR RO SR 45 A S A 2
o CEUAY BRI Y B BRI R R, S R TR,
R SIER R EAEN . B A 852
JSLTIARASE T WP 114 2 T 1 43 , 7 0k B 2 % B e A 3
WA JE B 1Y 520 ( BauZiene et al., 2004)
R AT B R 2 5 M M P SRR 1 R TR e e
AN ) AGRORS TR T AR N R) S Ag e
U (IMTHRSE, 2012) o PR Y B AR AL T4
TE B IR R SR AR I, SR BE S BUASC AT B YA
Olo DRI R RE 2 B AU T o i S KR, O
JABIRT s 1 B R et E RGN A T
I (Helfrich-Forster, 2004) , 3520 T B iy
AR W) 2 . a0 AF AR kOB, R A2 LR
Coelophora saucia 7E4 H B FI L& T B A AL
PAERTFE T2, DL R s i 58 g, e H RN
215G 5 T 4 B H 45 2 K (Omkar and Pathak,
2006 ) ; B/NI7 A5 (2016 ) W5 ) R BT, 15 193 407 a5 AT
JEXT AR ML Brithys crini ZERCFI BRAT A R0,
FEERAT Ry B ARG, H S LT 40 min B
ARERASEHCAT N o MABFFER I, K6 A )T
P e 12 A AN 7 A, 3k R W19 R A2 I 7 BR AT
HA TR R AR, IAMRAT A B S Ak TR
JEHRZEAFEI 12 R BB AL A AR S L AR A ™ O 2 1 35
TR, AR RS R S e A8 0 7 B i ) 32 R B
JCRIAAL . X 22 0 PR AT e R R 1Y B K
T B IHFER Z M RE i, 31X — & Wi A0 T oAt A 3
a2 A —E W2, A I A ik R AL B 5 K A 1Y)
PR 0 (Rl , KOG IRAE ) T R T, AL MR
FL bt 2 1 2K (Roulin, 2015) , 3% n] g 2 AL
PRAE AT ' R B 0 2 B 5 ma ) S IR . ASBIFTE R
W1, AR Z I FR 7 22 40 s M (o K g R ml S5
A RFEZW (P <0.05) , {HiX IFIE 52 m iz d 250 )
AR EE R, FI B G R A — e e iR
Th T BRI N

25 FRTIR R R A ik A S B )
32 R IR W 3 S 0 e il RO BT AR A e
AL AL ], 7 BB A A — i R A B
ER O C IR, I AT K RECR LIS
JEH A REREE R T B, i TR AL AR i A 1Y
BXRRRE , DRI 2 ) A AR 2 A BT BT,
TT3X PP % 245 701 UM e A5 A7 2 e W N T A, X
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