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The super-cooling ability and biochemical substances of
post-diapause Osmia excavata Alfken
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Abstract [Objectives] Osmia excavata Alfken is the major pollinator of fruit trees in north China where it provides the key
ecological services of pollination and promoting fruit yield. Clarifying the cold-resistance of the post-diapause stage, and the
physiological and biochemical mechanisms of cold-resistance, are important for the conservation and utilization of this species.
[Methods] We systematically measured the super-cooling and freezing points, water content, fat content, protein content,
trehalose levels, and the activity of catalase (CAT), superoxide dismutase (SOD) and acetylcholin esterase (AchE), in post-
diapause and post-eclosion female and male O. excavata. [Results] There was no significant difference in cold resistance

between the sexes. Supercooling and freezing points gradually increased, then decreased, after eclosion in post-diapause
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individuals. The supercooling and freezing points of females and males were highest after eclosion; - 12.35 C, -9.98 C
and - 12.63 C, - 891 C, respectively. Post-diapause males had significantly more fat than females but females had
significantly more protein than males. The fat content of males and the protein content of females decreased rapidly after
eclosion. Before eclosion, the activity of superoxide dismutase, catalase and acetylcholinesterase were higher in males than in
females. However, enzyme activity in females increased significantly after eclosion. Trehalose levels in both sexes decreased
significantly post-diapause and trehalose levels in males on the day after eclosion were 64.5% lower than those on the 190"
day after cocooning. [Conclusion] Post-diapause O. excavata have strong cold-resistance. Cold resistance decreases
gradually before eclosion but increases after eclosion. Trehalose metabolism may be an important energy consumption
pathway in post-diapause O. excavata. Males are smaller, but have stronger antioxidant systems, than females.
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Fig. 1 The dynamics of super-cooling point of Osmia excavata in the post-diapause stage
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Fig. 2 The dynamics of freezing point of Osmia excavata in the post-diapause stage
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Fig.3 The dynamics of water content of Osmia excavata in the post-diapause stage

F=7.595 df =4, P<0.01 F=6.721,df =4, P<0.01
204 d 197 d
F=4.744,df =4, P<0.01 F =0.030, df = 1, P = 0.865
204 d 190d 204d 1d
F=3.794,df=1,P<0.01 F=0.335df= I,
P<0.01 F=0.323,df=1,P=0.027 F=0.913,
222 BRAAEEMTAmT df=1,P<0.01 F=3.918,df=1,P<0.01
F= 223 ERRSENThIS
0.574, df =4, P =0.683 204 d
190d 197d 204 d
1d 1d F=13.387,df =4, P<0.01
40

—a— M SR & & Fat content of females
—m— B & & Fat content of males

Wi & & (%) Fat content
) w w
(9, () W
T T T

[\*]
(=}
T

15 1 1 1 1 )
HJF190d  HUF197d #2044 HEH HEJR1d
On the 190th On the 197th  On the 204th On the On the 1st
day after day after day after day after day after
cocooning cocooning cocooning eclosion eclosion

4 MiEERFERMERERSEMHTLNS
Fig. 4 The dynamics of fat content of Osmia excavata in the post-diapause stage
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Fig. 6 The dynamics of trehalose content of Osmia excavata in the post-diapause stage
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Fig. 7 The dynamics of SOD activity of Osmia excavata in the post-diapause stage

(=]

S

w
1

(=]

[

—_
I

—h— HEPECATIE
CAT activity of females

—B—IfEPECATIE M
CAT activity of males

HJE190d

HJF197d #5204 d HEH HEFLd

On the 190th On the 197th  On the 204th On the On the 1st

day after
cocooning

day after day after day after day after
cocooning cocooning eclosion eclosion

8 MEEETEEMBREIEUEN (CAT) FEMMELNT
Fig. 8 The dynamic s of CAT activity of Osmia excavata in the post-diapause stage



-991 -

1d 1,P<0.01 1d

F=27.018,df=1,P<0.01

F=3.942, df =4, P < 0.01 -
24 TRER. KRSENEMYRAEXE

190d F=

Vi
3.159, df =4, P=0.023
190 d
F=23.197, df = 1
0.035

2 0.030 | —— B AChEYS 1
g ACchE activity of females
& 0025 —8— /¥ AchEIE ¥
a2 AchE activity of males
=
g £ 0020

84}
EE 0.015 |-
% 0.010
e
< 0.005 |

0 1 L 1 L ]

HJ5190d  HJ5197d  HU5204d HEH HEJE1d
On the 190th On the 197th  On the 204th On the On the 1st
day after day after day after day after day after
cocooning  cocooning cocooning eclosion eclosion
9 MEBHFERNECEHIEEEEEE (AchE) EMERTUHE
Fig. 9 The dynamics of AchE activity of Osmia excavata in the post-diapause stage

F1 MESEILANS. KaSEAENIR. BBEERHEXME

Table 1 Correlations between SCP, FP and biochemical substances, enzymes activity

SCP FP SCP FP

Biochemical substances SCP of females FP of females SCP of males FP of males
Person correlation 0.415 0.421 0.217 0.291
Water content Sig. (two-tailed) 0.487 0.481 0.726 0.635
Person correlation - 0.102 - 0.150 -0.248 - 0.226
Fat content Sig. (two-tailed) 0.870 0.810 0.688 0.714
Person correlation 0.296 0.355 - 0.565 0.201
Protein content Sig. (two-tailed) 0.629 0.557 0.321 0.746
Person correlation -0.702 - 0.648 0.283 0.056
Trehalose content Sig. (two-tailed) 0.186 0.237 0.645 0.929
SOD Person correlation -0.147 -0.262 0.603 - 0.104
SOD activity Sig. (two-tailed) 0.814 0.670 0.281 0.868
CAT Person correlation 0.700 0.698 - 0.052 0.378
CAT activity Sig. (two-tailed) 0.188 0.190 0.933 0.530
AchE Person correlation - 0.285 - 0.429 - 0.181 - 0.753

AchE activity Sig. (two-tailed) 0.643 0.471 0.771 0.142
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