4 * 897 -
. 15 /
) , 10 / .
( 1.4
2000 2003; 2003;
2004 2004; 2008) (1987) A.D. (%) = (
( 2005; _ ) /
2008) - x 100; (
YE.C.1. (%) = /
x100.  SAS .
. 2
1 2.1
34 5 . .
1.1 0.1599 x 10.0. 2262 x 10°.0. 2100 x
PRX-350B-30 10°.0. 1890 x 10%.0. 2190 x10° sp.
18.21.24.27.30C 5 (L:D=12:12
RH =60% ) 3. B2
4.5 . 5 .
(1=21 em w=16 cm h ( ) ( )
=6 cm) (d =12cem d =6.5 cm h=6 3 ! !
cm) . BS221S (d=0.1 mg) a1
DHG-9140A o s
1.2 18.21.24%C
( ) o 18.21.24C
( Metarhizium anisopliae) ©27.30C .
IM1330189 . ( 18.21.24C
=600 x 10°sp/g 90%) 0.5 ¢ ( ) 27  30%C
9¢ 0.5 mL
. 0.01 g
1 (24 ~ 4
28C) 24 h. 1 1 18.21.30<C
24 h . 1 24.27°C
( 18.21C . 18.21°C
1997) . L 24,27,
1.3 . 30°C . 24C
( 1957)
1 . .
80°C ( .
2001) . ( 5
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Table 1 Nutrient physiological parameter changes of locust before and after Metarhizium anisopliae infection
at different temperatures
Temperature ( C)
Instar Parameters 18 21 24 27 30

D.F.C. 6.0 +1.0aA 5.4+0.7bB 5.9+1.2bB 4.8 +1.5bB 5.6 +0.5bB

( mg) CK 8.4 +£0.8aA 9.1+0.7aA 14.1 £1.0aA 16.9 £1.3aA 26.9 £1.3aA

w. -0.7 +0bB -0.9+0.1bB -0.9+0.1bB 1.5 +0.5bB 1.7 +0.2bB

( mg) CK 2.0 +0.2aA 2.5 +0.2aA 4.7 +£0.3aA 5.6 +£0.5aA 8.0 +£0.6aA

3 A. D. 73.4 £5.0aA 74.1 +£2.9aA 59.1+1.2aA 17.5 £2.0bB 20.3 £4.5bB
3th instar (%) CK 50.5 +1.6bB 39.3 +3.6bB 34.4 £1.4bB 29.5 +1.4aA 37.3 £0.5aA
E.C.1 -11.1+1.8bB -16.1+3.0aA -15.1+2.9bB 30.6 £2.9aA 29.9 £3.8aA

(%) CK 24.4 £1.0aA 26.3 £3.1bB 31.7 £4.7aA 34.6 +1.3aA 31.8 +1.0aA

F.C 15.4 £1.3bB 12.6 £1.3bB 14.7 £1.3bB 10.6 £0.9bB 11.2 £0.2bB

( mg) CK 105.4 +£10. 1aA 70.8 £5.5aA 84.5 £6.2aA 74.3 £5.6aA 102.2 £6.9aA

D.F.C 15.0 £2.0aA 14.5 £2.7aA 15.9 £3.5bB 24.1 £5.2bA 41.1 +9.2aA

( mg) CK 11.0 £1.3aA 19.6 £1.8aA 30.2 £1.8aA 36.2 £2.4aA 53.6 £4.0aA

w. -0.6 +0bB -1.7+0.6bB 2.9 £0.4bB 3.4+0.7bB 4.3+0.7bB

( mg) CK 3.1+0.5aA 4.8 £0.4aA 7.7 +£0.5aA 9.8 +0.6aA 14.6 £1.2aA

4 A. D. 67.4 £2.8aA 60.8 +6.0aA 31.2 £5.8aA 34.1 £3.0aA 45.9 +£6.8aA
4th instar (%) CK 47.9 +0.5bA 37.8 +1.1bB 40.9 £2.3aA 39.7 £1.9aA 47.2 £0.3aA
E.C.1 -3.8+0.2bB -11.7 +1.3bB 18.0 £2.3aA 14.1 +2.1bB 10.5 +0.6bB

(%) CK 24.2 £0.3aA 24.9 £1.2aA 27.5 £1.5aA 27.9 2. 1aA 27.5 0. 6aA

F.C. 49.3 £2.8bB 48.9 +2.7bB 51.7 £4.0bB 60.3 +4.6bB 95.9 £8.7bB
( mg) CK 157.8 £18.9aA  180.7 +16.5aA 190.1 £11.5aA 180.9 £12.1aA  225.3 £16.9aA

D.F.C 9.4 £2.6bA 14.0 £6.5bB 16.4 +4.9bB 16.2 £2.9bB 45.6 +8.9bB

( mg) CK 19.6 £2.4aA 36.7 +4.5aA 60.5 £5.6aA 92.3 £6.7aA 94.2 £10. 1aA

w. -0.7 +0bB -2.5+0.5bB 2.6 £0.1bB 4.5+1.5bB 6.2 +2.7bB

( mg) CK 3.1 +0.6aA 8.1 +1.0aA 13.3 £1.3aA 19.2 £1.5aA 23.2 £2.7Aa

5 A. D. 48.1 +4.0aA 47.5 +3.1aA 50.3 +1.6aA 10.7 +4.2bB 34.8 £4.1aA
5th instar (%) CK 45.3 £1.7aA 38.2 £0.8bA 33.0+£1.2bB 33.5+0.7aA 41.7 +0.7bB
E.C. 1 -8.0+1.2bB -18.1+2.9bB 16.2 £2.9aA 24.0 +£3.8aA 13.5 +2.0bB

(%) CK 15.8 £1.9aA 21.6 £0.2aA 22.1+1.2aA 21.2 +0.6aA 25.6 0. 8aA
F.C. 31.7 £3.9bB 46.8 +2.4bB 65.5 £5.2Bb 32.3£1.2Bb 142.4 £16.0bB
( mg) CK 590.1 +72.5aA  624.1 +77.3aA  544.0 £50.9aA  734.8 +51.9aA  663.6 +75.4aA

D.F.C — 24.3 £5.6aA 32.5 +£8.0bB 38.5+9.2bB 59.4 £7.7Bb

( mg) CK — 40.1 £4.9aA 74.4 £5.5aA 90.3 £5.7aA 110.1 £9.0aA

w. — 6.4 +0.5aA 8.0+0.7aA 8.9 £0.4aA 10.4 £2.6aA

( mg) CK — 4.0 £1.4aA 5.2 +0.8aA 7.4 +£0.8aA 7.4 +1.0aA

3 A. D. — 23.9 £1.8bB 29.9 £2.9bB 22.2 +2.5bB 26.0 +=1.8bA
Male adult (%) CK — 37.2 +1.4aA 36.8 £1.1aA 31.3 £1.0aA 32.5+1.3aA
E.C. I — 26.4 +2.5aA 35.0 £2.8aA 23.6 +£1.0aA 17.6 £0. 8aA

(%) CK — 9.3+1.2bB 7.6 £0.8bB 7.3 +0.8bB 6.4 +0.8bB
F.C. — 93.1+11.6bB  121.8 £15.5bB  109.0 £11.8bB  237.5 £32.5bB

(mg)

3623.7 +445.7aA 4673.8 £347.9aA 4245.6 £267.4aA 4260.2 +349.0aA
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Instar

Parameters

Temperature ( °C)

18 21 24 27 30
D.F. C. — 26.2 £8.4bA 48.9 +13.3bB 58.7 +13.4bB  44.1=17.6bB
(mg)  CK — 72.8 £13.9aA  166.4 £18.6aA  224.9 £23.7aA  291.6 19.2aA

W. — 5.9 +1.0aA 7.1+1.6aA 8.0 = 1.4bA 6.4 +1.4bB

(mg)  CK — 6.9 +1.6aA 12.7 £3. 1aA 17.5 +4. 1aA 24.3 £3.9aA

] . D. — 22.4 £3.7bB 37.5 £4.3aA 33.5 +£2.0aA 18.2 £2.2bA

Female o) ek — 39.9 +1.2aA 36.2 +1.4aA 36.7 £0.5aA 33.6 £2.9aA

adult 0 — 22.5+2.3aA 14.6 £2.0aA 13.6 + 1. 8aA 15.0 £2.7aA
(%) CK — 8.6 +1.6bB 7.6 £1.3bA 8.0 1.7aA 8.6+ 1.8aA
F. C. — 108.7 +8.5bB  195.0£10.9bB  234.7 +17.1bB  114.7 =11.7bB
(mg) CK — 6971.0 = 1088. 2aA 10482.0 + 1170. 0aA10414. 0 = 1096. 0aA 11897.3 +781.0aA

‘D.F.C.— W.— A D. — E.C.1— F.C— .

+ CK  0.05 0.01

D. F. C. —daily food consumption
conversion of ingested food

lowercase letter indicate no significant difference between treatment and CK at 0. 05 level

F. C. —total food consumption. Data in the table are mean = SE

W.—daily body weight changes

The data of adults are not used when they are at 18C .

18°C

1 1

1 1
;27.30°C

18.21.30C

24.27°C

21C

21.24<C

21.30C

;24.27°C

21.24C
;27.30°C

;21.24%C
;27.30C

o

A. D. —approximate digestibility

E. C. 1. —efficiency of

and followed by the same

while the capital letter at 0. 01 level.

5

mg; 21.24.27.30°C 4
93.1.121.8.109.0. 237.5 mg
108.7.195.5.234.7.114. 7 mg.

124 ~30°C

18 ~30°C

96.4.108.3.131.9.103.2.249.5
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1 2%k 13 13

(1. 730020; 2.
730020; 3. 730020)

(62.4% ~67.3% DM) . 30.3% ~
34.2% 1973 FAO . ( )

Protein nutrition evaluation of rangeland
grasshoppers in the Qilian Mountain

SUN Tao' > LIU Zhi~Yun'® QIN Li-Ping'"’

(1. International Centre for Tibetan Plateau Ecosystem Management Lanzhou University Lanzhou 730020 China;
2. Key Laboratory of Arid and Grassland Ecology Ministry of Education Lanzhou University Lanzhou 730020 China;
3. College of Pastoral Agriculture Science and Technology Lanzhou University; Lanzhou 730020 China)

Abstract In order to investigate the nutritional value of grassland grasshoppers as poultry feed several different species
of grasshoppers were collected from grassland and their protein content analyzed according to international standards. The
results indicate that grasshoppers are rich in protein the content of which varied from 62. 4 percent in Angaracris rhodopa
to 67. 3 percent in Oedalius asiaticus. There were 18 kinds of amino acids accounting for 30.3% -34.2% DM of the
dietary requirements of poultry. The amino acid profile of grasshopper protein was superior to that recommended by the
FAO in 1973. The amino acid scores ( AAS) chemical scores ( CS) essential amino acid index ( EAAI) and ratio
coefficient ( RC) of most protein in grasshoppers was higher or similar to those of common poultry feeds such as fish
and beans. However the CS and AAS of methionine cystine and tryptophan in grasshopper protein were lower than those
of fish and beans indicating that these amino acids are limiting in grasshopper protein. In conclusion grasshoppers are a
good protein source for poultry feed that could play an increasing role in the poultry industry.

Key words protein nutritional resource nutritional value feed poultry

1998; 1999) .
N ( Finke 1987; 1999; Onifade
( Barker et al. et al. 2001; 2005) ;

(30730069) .
E-mail: sunt231@ lzu. edu. cn

120110531 120110643
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*k
( 130024)
Locusta migratoria migratoria ( L.) o
0.042 s 0.073 s; 2
0.015s 0.017s 2 0. 0075 s.

Studies on the time domain characters of songs and the stridulatory

organs of Locusta migratoria migratoria

LI Min WANG Yin-Liang SONG Hui-Hua LIU Fei REN Bing—Zhong™
( School of Life Sciences Northeast Normal University Changchun 130024 China)

Abstract The morphology of the stridulatory organs of Locusta migratoria migratoria ( 1..) was examined with a scanning
electron microscope and the time domain characters of its songs analyzed. Stridulation in Locusta migratoria migratoria
involves the forewing acting in combination with the rear femur. Rubbing stridulatory teeth on the middle intercalary vein
of the forewing with on the rear femur produces sound. Stridulatory teeth with a circular granular swell are distributed
regularly on the middle intercalary vein of the forewing in a single line. No significant differences in the shape and
arrangement of stridulatory teeth were found between individuals of Locusta migratoria migratoria. However the number
and distribution of stridulatory teeth on the middle intercalary vein differed between male and female adults. Stridulatory
organs of male adults were fully developed but those of female adults were only partially developed. We infer that this is
the reason why the chirp of male adults is crisp and that of female adults is hoarse. Song analysis showed that the chirp
rhythm of Locusta migratoria migratoria was highly regular with an obvious double pulse. Individual chirps lasted about
0.042 s and the interchirp interval was about 0. 073 s. The A and B pulse of the chirps continued for about 0. 015 s and
0. 017 s respectively with a pulse interval of about 0. 0075 s.

Key words Locusta migratoria migratoria stridulatory organs song time domain

Locusta migratoria migratoria( L.) N o

Orthoptera Acridoidea- (1982)

Locusta Linnaeus

. (1981)

( ) (200903021) »
E-mail: bzren@ 163. com

120110427 120110541
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Fig.1 Stridulatory teeth on the middle intercalary vein forewing of male Locusta migratoria migratoria( A x100; B x 250)

1

u -

Table 1 u-test of Locusta migratoria migratoria calling songs

u-test value

Number of
Average Standard error  Relative error ( %)
samples
A ( ms)
. 187 15.45 0.25 1.7
Width of pulse A
5.329
B ( ms)
. 187 17.74 0.36 2.1
Width of pulse B
(‘ms)
186 7.49 0.36 4.9
Intervals between A & B
('ms)
186 73.1 1.5 2.1
Intervals between double pulse
A
Amplitude of pulse A 187 0.293 0.019 6.3 11.68
( normalized)
B
Amplitude of pulse B 187 0.0736 0.0036 4.9
( normalized)
A/ B
. . 187 4.12 0.25 6.0
Amplitude ratio A / B
° (1982)
11 °
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Fig.2 Time-domain plot of Locusta migratoria migratoria calling songs
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Fig.3 Spectral graph of Locusta migratoria migratoria calling songs
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*
1 2%k 2 R 1 1 Yok
(1. 100193;
2. 100193)
Locusta migratoria manilensis ( Meyen)

( Metarhizium anisopliae) 5 96.4.108.3.131.9.103.2.249. 5
mg;21.24.27.30C 4 93.1.121.8.109.0.237.5 mg 108.7.195.5.
234.7.114.7 mg. . 21 ~30%C

;24 ~30C

Nutrition physiological parameter changes of Locusta migratoria
manilensis ( Meyen) infected with Metarhizium anisopliae

TU Xiong-Bing' > LI Zhi-Hong’ Yasen * Sali' ZHANG Ze-Hua'™
(1. Key Laboratory for Biological Control of Ministry of Agriculture Institute of Plant Protection
Chinese Academy of Agricultural Sciences Beijing 100193 China;
2. Department of Entomology College of Agronomy and Biotechnology China Agricultural University Beijing 100193 China)

Abstract We investigated changes in the nutritional physiological parameters of Locusta migratoria manilensis ( Meyen)
infected with Metarhizium anisopliae at 18 21 24 27 and 30°C. Total food consumption of 3™ — 5™ instar nymphs
infected with M. anisopliae was 96.4 108.3 131.9 103.2 and 249.5 mg respectively. The total food consumption of
infected adults at 21 24 27 and 30°C  was 93.1 121.8 109.0 and 237.5 mg respectively for males and 108.7.
195.5.234.7.114. 7 mg for females. The approximate digestive efficiency of infected nymphs decreased and conversion
efficiency increased with increasing temperature the latter being a negative value at lower temperatures. There were no
significant differences in the approximate digestive efficiency of infected male adults but that of infected female adults
decreased after initially rising. The conversion efficiency of infected male adults decreased from 24 to 30°C  but that of
infected female adults did not. The total food consumption of infected locusts was much less than that of CK locusts. We
also studied changes in the food consumption of different developmental stages; the daily food consumption of CK nymphs
increased at constant temperature and that of female adults was higher than that of male adults. Changes in the total food
consumption of CK locusts were the same as changes in daily food consumption. However there was no obvious
relationship between these paramenters in locusts infected with M. anisopliae.

Key words  Locusta migratoria manilensis  Metarhizium anisopliae  temperature growth and development food

consumption
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