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Effects of photoperiod and temperature on diapause induction of Lobesia

botrana
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Abstract: [Objective] Many insects utilize diapause to cope with various environmental stresses, and
photoperiod and temperature play significant roles in diapause induction for numerous insect species.
Lobesia botrana (Denis & Schiffermiiller) has a serious potential threat to the grape industry in Turpan
region. The study aimed to refine the understanding of the effects of different photoperiod conditions on
the growth and development of L. botrana, and to further investigate the significant differences in its
photoperiodic responsiveness, as well as the critical photoperiod and sensitive life stages for its dia-
pause pupae so as to identify the patterns linking outbreaks and disasters of L. botrana in its third and
fourth generations to the photoperiodic and temperature variations in the Turpan region. [Methods]
During the larval outbreak period of L. botrana, grapes infested with larvae were collected from multi-
ple vineyard areas affected by the pest in Turpan City. The grapes were brought back to the laboratory,
and the larvae were separated from the fruit. The larvae were reared until they pupated and subsequent-
ly eclosed (emerged as adults). These adults were then mated and allowed to lay eggs, with the resulting

offspring being used as the test insect source for subsequent generations. The larvae were placed in incu-
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bators to observe and record their developmental duration and survival rate. The eggs, larvae, pupae,
and adults of L. botrana were reared under five different photoperiod gradients (16L: 8D, 14L: 10D,
12L 112D, 10L: 14D, and 8L:16D), maintained at a temperature (Tm) of 28+0.5 °C, relative humidity
(RH) of (45+5)%, and light intensity of 800—1200 Ix, to observe their growth, development, and dia-
pause under these varying photoperiod conditions. The diapause individuals were identified based on ex-
ternal morphological characteristics, specifically the color, position, and size of the compound eye, after
pupation. The individuals that had not eclosed after 15 days were classified as diapause pupae. The
weight, length, and width of the pupae, as well as their diapause status, were observed and recorded un-
der different photoperiod conditions. The diapause rate was then statistically calculated. [Results]Un-
der the conditions of Tm (28+0.5) °C and RH (45+5)%, different photoperiod treatments had a signifi-
cant impact on the developmental duration and survival rate of L. botrana eggs, pupae, and adults (P<<
0.05). Specifically, the 8L: 16D and 16L: 8D photoperiods resulted in significant differences (P<<0.05)
in egg duration, with short-day conditions (16L:8D) leading to a shorter egg duration. However, these
photoperiods had no significant effect on larval duration (P>0.05). The 8L:16D and 12L: 12D photope-
riods caused a significant difference (P<<0.05) in adult lifespan, with short-day conditions (8L: 16D and
12L:12D) leading to a longer adult lifespan. The lowest larval survival rate was observed under the 10L:
14D photoperiod, while the lowest pupation rate and adult emergence rate occurred under the 12L:12D
photoperiod. The highest average egg production per female was recorded under the 8L : 16D photoperi-
od; however, no significant difference (P>0.05) was found in egg diameter or egg hatching rate across
different photoperiod treatments. The pupa was the diapause stage of L. botrana. Diapause pupae were
significantly larger in size compared with non-diapause pupae. The female diapause pupae induced un-
der the 14L: 10D photoperiod were the largest in size, and under the same photoperiod, the female dia-
pause pupae were larger than the male diapause pupae. Different photoperiods also influenced the mor-
phology of the non-diapause pupae: the male pupae reared under the 8L : 16D photoperiod had the lon-
gest average pupal length; the pupae reared under the 16L: 8D photoperiod were the widest; and the
male pupae induced under the 8L : 16D photoperiod were the heaviest, with significant differences in pu-
pal weight observed between treatments (P<<0.05).Under conditions of 25 °C or 28 °C and RH (45+
5)%, the 12L: 12D photoperiod resulted in the highest pupal diapause rate, reaching over 80%. At
28 °C, a photoperiod of 12-14 hours induced diapause in over 50% of pupae, while at 25 °C, diapause
was induced in over 50% of pupae within a range of 8-14 h. These results indicated that L. botrana ex-
hibited facultative diapause. The critical day lengths for pupal diapause were 14.17 hours at 25 °C and
14.03 hours at 28 °C. The L. botrana's response to photoperiod showed that increasing photoperiod du-
ration decreased diapause incidence. The short-day conditions had a clear cumulative effect on inducing
diapause in L. botrana. Two most sensitive periods were identified: the initial instar larval stage and the
late stage of the mature larva. [Conclusion] The developmental duration and survival rate of the L.
botrana eggs, pupae, and adults were all influenced by photoperiod. Under short-day conditions, the
egg duration was the shortest, the adult lifespan was the longest, and the egg production was the high-
est. The short-day conditions also significantly increased the egg production rate per female. However,
different photoperiods did not have a significant effect on the egg diameter or egg hatching rate. The pu-
pation diapause could be induced under conditions of 25 °C temperature and photoperiods of 8—14 hours,
indicating that L. botrana was a facultative diapause insect. Both photoperiod and temperature were im-
portant factors in diapause induction; the long-day conditions significantly would reduce the diapause

rate. Among these, photoperiod might play the dominant role, while temperature might act in conjunc-
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tion with photoperiod. These results also could explain why the first and second generations of L. botra-

na typically had lower population numbers. The reason would be that some pupae would enter diapause

under short- day conditions. As day length increased and temperatures rised, diapause would break

around the third and fourth generations, leading to an outbreak and disaster of adults.

Key words: Lobesia botrana; Photoperiod; Diapause; Critical photoperiod; Sensitive stage
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Table 1 Developmental duration of various insect states of L. botrana under different photoperiod conditions

6 5 34 4R i34 I P 3] R
Photoperiod (L:D)/h Egg duration/d Larval duration/d Pupa duration/d Adult duration/d
8:16 7.40+0.51 b 11.56+0.26 a 7.99+0.44 ab 8.91+0.43 a
10:14 7.57+0.67 ab 11.12+0.41 a 10.40+3.41 a 7.44+0.44 ab
12:12 8.45+0.53 ab 11.34+0.67 a 7.77+0.78 ab 6.77+0.69 b
14:10 8.61+0.55 ab 11.9440.70 a 6.93+0.48 ab 7.55+0.81 ab
16:8 9.33+0.62 a 10.10+0.47 a 6.15+1.15b 7.37+0.59 ab

T ASFEVNG FREROR R — AT PIIE A R AR B 8] 22 57 2 2% (P<<0.05)

Note: Different small letters indicate significant differences in the same developmental stage among different photoperiod treatments (P<<0.05).
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Fig. 1 Survival rate of various insect states of L. botrana

under different photoperiod conditions
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Table 2 Effects of different photoperiod on the size of egg
a
diameter of L. botrana R 60t
2 5
YA Photoperiod (L:D)/h  KA4% Length/mm %% Wide/mm ;; 50 /
8:16 0.73£0.03 a 0.65£0.03 a 2 ol % %
10:14 0.75+0.05 a 0.68+0.04 a = / ?/ 4
12:12 0.78+0.03 a 0.70:0.03 a a 30 ¢ / / /
14210 0.834+0.04 a 0.734+0.04 a § 20 k é ? /
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il
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Table 3 Differences shape of diapause and non-diapause in different photoperiod of L. botrana

i e FE HEPE Male HEPE Female

Insect Photoperiod - i R K 1 R

state (L:D)/h Pupa length/mm Pupa wide/mm Pupa weight/mg Pupa length/mm  Pupa wide/mm Pupa weight/mg

i 7 8:16 5.84+0.39 a 1.45£0.14 a 0.66+0.11 ab 6.19+0.47 a 1.54+0.13 ab 0.690.16 ab

Diapause 4.4 5394022 a 1.45£0.08 a 0.50+0.10 b 5.44+0.14 b 1.42£0.16 b 0.53+0.06 b

paps 12:12 5.71£0.41 a 1.39+0.16 a 0.68+0.13 a 5.54+0.59 b 1.39+0.15b 0.58+0.20 b
14:10 5.83+0.67 a 1.43+0.18 a 0.60+0.16 ab 6.42+0.38 a 1.67+0.14 a 0.82+0.15a
16:8 5.77+0.09 a 1.45+0.02 a 0.55+0.05 ab 5.93+0.28 ab 1.65+0.05 a 0.85+0.05 a

A A 8:16 5.76+0.35a 1.4240.12 a 0.68+0.11 a 5.97+0.41 a 1.62+0.59 a 0.74+0.18 a

g’i‘;;use 10:14 5.50+0.19 ab 1.42+0.14 a 0.54+0.17 abc 5.85+0.45a 1.50+0.11 a 0.67+0.18 ab

pupa 12:12 5.05+0.49 b 1.31£0.02 a 0.40+0.08 ¢ 5.62+0.17 a 1.39+0.06 a 0.54+0.11 b
14:10 5.42+0.23 ab 1.42+0.13 a 0.47+0.12 be 5.58+0.43 a 1.50+0.14 a 0.60£0.15 ab
16:8 5.62+0.56 a 1.44+0.14 a 0.61+0.19 ab 5.83£0.42 a 1.46+0.12 a 0.68+0.12 ab
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B A H K, 43508 14.17 h f114.03 h, RIIE 745
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Table 4 Effects of photoperiod and temperature on diapause of L. botrana

25°C 28 °C
Photoperiod  PERIH  WHAE WHE e e L 1 PEAIRE WHRE e e L )
(L:D)/h Number of Diapause  Diapause Female male ratio Number of Diapause Diapause rate/% Female male
tested insects number rate/% (R:d) tested insects number P * ratio( 9:5)
8:16 112 67 59.82+0.08 b 1.0571 63 26 41.27+0.10 b 1.7811
10:14 259 162 62.55£0.06 ab  1.00:1.2 35 11 31.43+0.09 be 101
12712 132 112 84.85+0.06 a 1.10:1 47 38 80.85+0.10 a 1:2
14210 137 104 54.31+0.09 b 1.12:1 57 30 52.63+0.08 b 101
16:8 81 18 22.22+0.12 ¢ 1.16:1 47 5 10.64+0.04 ¢ 1:1
100 - y=-13.537x* +338.83x-2 033.6
R =0.9186 . ,
—— 25 °Ciifi § % 25 °C diapause rate
90 / —8— 28 °Ciifi § % 28 °C diapause rate
S Z 170 (25 °Ciir § %) 25 °C diapause rate of polynomials
‘% ----- Z 120 (28 °Ciiif § %) 28 °C diapause rate of polynomials
Q 80
3
<
g
@)
o 70
KDI y=-15.92x" +400.23x-2 430.5
e R*=0.954 1
60
50
12 12.5 13 13.5 14
R % Light hours/h

5 25°CH1 28 *CHAE LI NEHITEF SRS LA
Fig.5 The critical photoperiod of diapause induction in L. botrana at 25 °C and 28 °C
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Table 5 The diapause rate of L. botrana at different developmental stages under long-day (16L : 8D) and short-day
(12L : 12D) conditions

JISEH TR LRE ) 1% 20 3% 41 5% Tt M2 i iR
Processing number Egg stage Age | Age 2 Age 3 Age 4 AgeS Prepupa  Number of tested insects Diapause rate/%
1 L D D D D D D 51 85.71+0.75 a
2 L L D D D D D 36 33.33+1.00 f
3 L L L D D D D 43 30.77+0.35 f
4 L L L L D D D 35 26.67+0.53 fg
5 L L L L L D D 40 20.00+0.44 gh
6 L L L L L L D 37 42.86+0.33 ¢
7 L L L L L L L 49 10.53+0.31 h
8 D L L L L L L 38 12.50+0.44 h
9 D D L L L L L 45 53.33+0.73 cd
10 D D D L L L L 39 66.67+0.72 be
11 D D D D L L L 40 60.00+0.67 be
12 D D D D D L L 47 70.59+0.37 b
13 D D D D D D L 45 71.11£0.47 b
14 D D D D D D D 46 93.75+0.58 a

VE: LB K BB (161 SDYALEE ; “D7 I8 e IR (121 1 12D) b B

Note: “L” indicates treatment under long-day conditions (16L:8D); “D” indicates treatment under short-day conditions (12L:12D).

A T B, AR I C. W T R s D. ¥ 77 M G5 8 RO s B. ¥ 7 HEMH 9 RO -

A. Diapause pupa; B. Non-diapause pupa; C. Diapause pupa (ommateum); D. Diapause female pupa (eighth sternum); E. Diapause male pupa

(ninth sternum)

Elo A& NEHITEERSIEFTE\BMTHE

Fig. 6 Morphological characteristics of diapause and non-diapause in L. botrana
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Fig. 7 Water content in pupae of different genders of L. botrana
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