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Effect of host plants and temperature on the accumulation of
carbohydrates and lipid in the soybean pod borer, Leguminivora
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Abstract [Objectives] To explore changes in the content of specific biochemical substances in the soybean pod borer after
diapause, as well as the impact of different host plants and diapause-inducing temperatures on these substances. [M ethods]
The anthrone-sulfuric acid and methanol-chloroform extraction methods were used to determine the lipid, water, total sugar,
trehalose, and glycerol, content of soybean pod borers on different host plants at different diapause-inducting temperatures
before, and during, diapause. The results were analyzed with SPSS17.0 data analysis software. [Results] The lipid, total
sugar, trehalose, and glycogen, content of soybean pod borers increased significantly when these entered diapause, but their
water content decreased significantly. Soybean pod borers fed on cultivated soybeans had significantly higher water, total
sugar, and glycerol, content, and significantly lower trehalose content, than those fed on wild soybeans. There were no
significant differences in these biochemical substances between soybean pod borers kept under different diapause-inducting
temperatures. [Conclusion] The levels of different biochemical substances in the soybean pod borer were affected by host
plant but not by temperature. Levels of the biochemical substances examined significantly differed before and during diapause.

Key words soybean pod borer, diapause, host plant, induction temperature

* Supported projects (CARS-04) ( ) (201103002)
ok First author E-mail chengyuan720@126.com hanll neau@163.com
HAE Corresponding author E-mail kjzhao@163.com

Received 2016-04-18 Accepted 2016-06-29



-717 -

Tauber et al. 1986

Dubois et al. 1956 Beck 1980 Haykawa and
Chino 1981 Moreau 1986

Mansingh 1971
Denlinger 1991

Storey and Storey 1988

Chilo suppressalis
Walker 2008
Chrysoperlasinica Tjeder
2006 Harmonia axyridis Pallas
2008

2014

2014

Leguminirora glycinioorella

Mats. Obraztsov
2005
2005
10
Masaki 1980
1995 & 2004

1 MR5R%
1.1 i HIE

30 5 1
17 20 23 25 4
23
70% ~ 80% L:D=12:12
1
2
12 RENFHEE
Sigma 1-14
RXZ
Nano Photometer P-class S/N,
IMPLEN DPH-781
DZKW-S-4
ER-180 AND
KOH

1.3 XERWD

BKEFERZENE

5
1.5 mL
HM 5
65
DM 1 mL 201
2 600 r/min 1 mL

60



- 718 -

Chinese Journal of Applied Entomology 53

72 h
LDM
HM-DM /HM
DM-LDM /HM Colineta et al. 2007

14 KERLOCHMARNLDE. SEENEESE

B E

100 pug/mL
0 02 04 06 08 1.0mL
Il mL 10% 1 mL
0.2% 4 mL
10 min 20 min
620 nm
2 5
5
20 uL 10%
980 uL
5 000 r/min 5 min 1 000 uL
1 000 uL 20 mL
4 mL 10 min
20 min 620 nm
3
500 pL
1 000 pL 4
16~17h
10 000 r/min 20 min
20 mL 1 000 pL
0.15 mol/L 10 min
1 000 puL 30% KOH
10 min 4 mL
10 min
20 min 620 nm
1 000 pL 20 mL
4 mL
10 min 20 min

620 nm

2004 2011

15 HIESKItSELH
Excel
t-

SPSS17.0

Duncan’s

2 HR5H

21 RFBRERLESHENMBRAERLH
KRR, KOFIELESEILR

1 2 1
21.49% 27.28% t- P
0.05 59.91% 52.21%
P 0.05 2
38.03 +
2.52 pg/mg 64.87 £ 1.27 pg/mg
26.32 + 441 pg/mg 47.89 +
2.39 pg/mg
1 2241 +£2.93 pg/mg
27.58 £3.23 pg/mg t-
P 0.05
N 701 o W& Non-diapause
E’\:/ 601 g 8 Diapause *
gsor |
S 401 ,
;\; 30f
~ 201
Eﬂ 1((: - s i = =
A8 Lipid 7K43 Water
REEOHENRFEY R

Different substances in soybean pod borer

Bl FEMBRSRTEMRAERLR
(XE) BRFKNEE
Fig. 1 Thecontent of lipid and water in soybean pod
borer of diapause stage and non-diapause stage

*

P 0.05 2~ 4

Histograms with * indicates significant difference at 0.05
level between soybean pod borer of diapause stage and
non-diapause stage. The same as Fig. 2-Fig. 4..



- 719 -

4
90 60 —
_ 80t O K#H Non-diapause e 0 K& Soybean *
870t * B ##E Diapause Pud S0 m B KT wild soybean
£ B60t 8 40|
E :g/ 50 §
— 840} 30
I g 30| 2
Yals =
©20¢t 20}
10 + i
0 = . s oo 41 10+
Total sugar B Trehalose ~ Glycogen R 17 Lipid K4y Water
KGR L BEAREI KRG SR

Different substances in soybean pod

2 HEMBRSRTEMRAER LA (KE) B,

BREERSE
Fig. 2 The content of carbohydrate, trehalose and
glycogen in soybean pod borer of diapause stage and
non-diapause stage

BeH)

22 FRABEXTRLRFENERHARKE.
K AIIELE B L

3
4 3
55.39% £+ 1.85%
50.36% + 1.60%

t- P 0.05
21.78% +2.27%

23.20% +2.37% t-

P 0.05 4

66.25 £8.96 pug/mg
46.38+£6.69 ug/mg 40%
3470 £7.16 ug/mg
17.45+2.71 pg/mg 1
3429 +£4.51 pg/mg
4520+ 5.78 pg/mg
P 0.05

Different substances in soybean pod borer

B3 XESHXEFEXRIRLAKABERIKIE
Fig. 3 The content of lipid and water in soybean pod
borer fed on soybean and wild soybean

01 ok Soybean

38 ® BF K5 Wild soybean
B £ 60
E_) i:’ﬁ 50 5 *
— F 40
o g 30
SN *

10

0
Total sugar Trehalose Glycogen
REELEANARRYR

Different substances in soybean pod borer

4 REE5FXREFEXRERLHEBE.
BREERSE
Fig.4 Thecontent of carbohydrate, trehalose and
glycogen in soybean pod borer fed on soybean
and wild soybean

23 FRAFBFBETHEANFEXREZ R/ LB
RBER. KOFELESENZIT

25.69% £ 4.96% ~ 28.28% + 0.88%

s}
0.05 51.29% + 2.30% ~
55.39% + 4.25%
P 0.05 6 59.77
+243 ~ 6447+136 ug/mg
P 0.05 25.68 +

407 ~ 29.55+438 pg/mg



- 720 - Chinese Journal of Applied Entomology 53

P 0.05 43.26 +6.86
~ 48.19+2.67 pg/mg
P 0.05 0

<
(=]

r O J§W Lipid = /K4> Water
a

— N WA U
S O o o © O

Crowe et al. 1990 Williams

%8 (%) Content (%)

(=}

: : : 1, 1
17 20 23 25 24} Outdoor 990

18 F Temperature (°C)
B5 FARFBEFFRETAERLHKE)
ERAkS S8 Acantholyda posticalis

Fig.5 Thecontent of lipid and water in soybean pod 2005 Dendrolimus spectabilis
borer at different diapauses-inducting temperature ) ) )
2005 Diaphania pyloalis

P 0.05 2005

Histograms with different letters indicate significant difference
analyzed by variance analysis at 0.05 level. The same below.

a 4‘3% Total sugar H *EJE G]ycogen

m /F#HE Trehalose
a

a

Colineta et al. 2007

& (ugmg)

Content (ug/mg)

23 25 %5 Outdoor
1R E Temperature (‘C)

6 FARFEFFRETRKERLHE (XK2) 2.
ERENMERESE
Fig. 6 The content of carbohydrate, trehalose and
glycogen in soybean pod borer at different
diapauses-inducting temperature

s L 2014
3 itig 0



- 721 -

B2k (References)

Beck SD, 1981. Insect photoperiodism. Physiological Entomology
Hyperlink,"http://onlinelibrary.wiley.com/doi/10.1111/pen.
1981.6.issue-1/issuetoc", 6(1): 99-116.

Chen YJ, Sun XG, Zhang WG, 2005. Relation between variation of
water, fat, glycerol in vivo of over-wintering Diaphania pyloalis
Walker larvae and cold-hardiness. Canye Kexue, 31(1): 22-25.
[ s s , 2005.

,31(1):22-25]

Colineta H, Vernonb P, Hance T, 2007. Does thermal-related
plasticity in size and fat reserves influence super-cooling abilities
and cold-tolerance in Aphidius colemani (Hymenoptera: Aphidiinae)
mummies. Journal of Thermal Biology, 32 (7): 374-382

Crowe JH, Carpenter JF, Crowe LM, Anchordoguy TJ, 1990. Are
freezing and dehydration similar stressvectors. A comparison of
modes of interaction of stabilizing solutes with biomolecules.
Cryobiology, 27(3): 219-231.

Denlinger DL, 1991. Relationship between cold hardiness and
diapauses//Lee REJr, Denlinger DL (eds.). Insects at Low
Temperature. NewY ork: Chapman and Hall. 174-198.

Ding HM, 2011. Study on dynamic changes of bioehemieal indices
of the peach fruit moth (Carposina sasakii Matsumura) during
diapause period. Doctoral thesis: Beijing Forestry University. [

, 2011,
y

Dubois M, Gilles KA, Hamilton JK, 1956. Colorimetric method for
determination of surgar and related substances. Analyicalt
Chemistry, 28(3): 350-356.

Gao YB, 2005. Soybean pod borer research and application forecasts

predict. Jilin Agricultural Sciences, 30(3): 18-20. [ ,2005.

, 30(3):

18-20.]
Guo HB, Xu YY, Ju Z, Li MG, 2006. Seasonal changes of cold
hardiness of the green lacewing Chrysoperla sinica (Tjeder)
(Neuroptera: Chrysopidae). Acta Ecologica Snica, 26(10):

3238-3244. [ s s , , 2006.

,26(10): 3238-3244.]

Han RD, Sun XG, Xu YY, 2005. The biochemical mechanism of
cold-hardiness in overwintering larva of Dendrolimus spectabilis
Buter (Lepidoptera: Lasiocampidae). Acta Ecologica Snica,
25(6): 1352—-1356. [ s s , 2005.

, 25(6):
1352-1356.]

Haykawa Y, Chino H, 1981. Temperature-dependent interconversion
between glycogen and trehalose in diapausing pupae of
Philosamia cyntha ricini and pryeri. Insect Biochem, 11(1):
43-47.

Liang ZG, Zhang WG, Liu XH, 2005. Cold-hardiness analysis of
overwintering larva of Acantholyda posticalis. Chinese Bulletin
of Entomology, 42(6): 695-699. [ ) s S
2005. . ,
42(6): 695-699.]

Li R, Zhao F, Peng Y, Liang LN, Zhang B, Han JC, Ma CS, 2014.
Diapause induction temperature cycle peach borer larvae affect
the physiological indices of diapause. Journal of Insects, 57(6):
639-646. [ , , s >
2014.

> s >

, 57(6): 639-646.]

Liu'Y, Wang JA, Zhao KJ, 2005. Genetic studies of soybean against
soybean pod borer. Northeast Agricultural University, 36(2):
138-141. [ s , , 2005.

,36(2): 138-141.]

Mansingh A, 1971, Physiological classification of dormancies in
insects. Canadian Entomologist, 103(3): 983—1009.

Masaki S, 1980. Summer diapause. Annu. Rev. Entomol., 25: 1-25.

Moreau R, 1986. Variation of trealosaemia and of trehalose activity
during development and diapause of Pieris brassicae. Rev. Appl.
Ent., 74(1): 3823.

Qiang CK, Du YZ, Yu LY, Cui YD, Lu MX, Zheng FS, 2008.
Dynamic changes of cold-resistant substances of overwintering
Chilo suppressalis (Walker) larvae. Chinese Journal of Applied
Ecology, 19(3): 599-605. [ s , ) »

s , 2008.
, 19(3): 599-605.]

Storey KB, Storey JM, 1988. Freeze tolerance in animals.
Physiological Reviews, 68(1): 27-83.

Su TY, Su TZ, 1995. The chemical mechanism of insect diapause
research. Schuan Animal, 14 (3/4): 113-116. [ s R
1995. . , 14(3/4):
113-116.]

Tauber MJ, Tauber CA, Masaki S, 1986. Seasonal Adaptations of



-722 -

Chinese Journal of Applied Entomology 53

Insects. NewYork: Oxford University Press. 411.

Wang QQ, Li KQ, Yin J, Xiao C, Cao YZ, Cheng C, 2014. Effect of
different host plants on insect growth and development. Modern
Plant Protection and Innovation-Driven. Poceedings of the 11th
Nation Congress and academic annual meeting 2013 of China
Society of Plant Protection, China Agricultural Science and
Technology Press. 66—-72. [ s ) s s

s , 2014,

2013
66-72.]

Wang P, Yu Y, Xu YH, Li LL, Zhang AS, Men XY, Zhang SC,
Zhou XX, 2014. Effects of host plants on the peach fruit moth
larvae overwintering cold material. Journal of Applied Ecology,
25 (5): 1513-1517.[ , , , ,

, 2014.

> s

,25(5): 1513-1517.]

Wang MT, Li ZZ, 2004. Advances in insect diapause. Nanjing

Forestry University (Natural Science Edition), 28 (1): 71-76. [
A, , 2004
( ), 28(1): 71-76.]

Williams WP, 1990. Cold-induced lipid phase transitions. Philoso.
Trans. R Soc. Lond., 326b(1237): 555-570.

Wu JX, Yuan F, Su L, 2004. Sugars changes of the wheat blossom
midge, Stodiplosis mosellana (Diptera:Cecidomyiidae) larvae
during diapause. Acta Insect Snica, 47 (2): 178-183. [ R

, , 2004.
,47(2): 178-183.]

Zhao J, Yu LY, Li M, Zheng FQ, Zhang F, Xu YY, 2008. Seasonal
variation in cold tolerance of the multicolored ladybeetle,
Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae) adults.
Acta Entomologica Snica, 51(12): 1271-1278. [ s s

, 2008.

,51(12): 1271-1278.]

5 s >



