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ABSTRACT

Temperature-dependent development and fecundity of apterious
Rhopalosiphum padi (L.) (Hemiptera: Aphididae) were examined at six
constant temperatures (10, 15, 20, 25, 30 and 35 = 1.0C, RH 50-70%, 16L:8D).
Development time of nymphs decreased with increasing temperature and
ranged from 429 days at 10C to 4.7 days at 30C. The nymphs did not
develop until adult at 35C because the nymphs died during the 2nd instar.
The lower threshold temperature and thermal constant of nymph were
estimated as 83T and 101.6 degree days, respectively. The relationships
between development rates of nymph and temperatures were well described
by the nonlinear model of Lactin 2. The distribution of development times of
each stage was successfully fitted to the Weibull function. The longevity of
apterious adults decreased with increasing temperature ranging from 24.0 days
at 15C to 4.3 days at 30T, with abnormally short longevity of 11.1 days at
10C. R. padi showed the highest fecundity at 20C (38.2) and the lowest
fecundity at 10C (3.9). In this study, we provided component sub-models for
the oviposition model of R. padi: total fecundity, age-specific cumulative
oviposition rate, and age-specific survival rate as well as adult aging rate
based on the adult physiological age.

Additionally, the climate adaptation and annual multiplication ability of K.
padi were evaluated using the parameters of life table according to RCP 85
climate scenario. The optimal temperature (Tox) of E. padi was regarded as
the temperature at which the intrinsic rate of natural increase (rm) reached a
maximum. And then the term of TSM (thermal safety margin) was defined
as the difference between Ty and Thay (habitat temperature), which indicates
the tolerance range of rp, with increasing temperature. TSM showed positive

value till 2100 along RCP 8.5 climate scenario, indicating the populations of R.



padi increase continuously. The relationship between the completion rate of
generation time (1/generation time) and temperature provided a lower
threshold temperature for population development and annual generations.
According to the increase of temperature, the first occurrence date was
advanced, and the number of generation increased gradually. In conclusion, R.
padi 1s predicted to increase by global warming in Korea except of some

regions, expecially largely in spring and autumn seasons.
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Table 1. Developmental period (Mean + SE) for nymphal stages of Rhopalosiphum padi at constant temperatures in the

laboratory

Temperature Developmental stage
(C) n' 1st instar n 2nd instar n 3th instar n 4th instar n Total
10 21 1024 + 048a° 17 959 + 032a 14 1079 + 055a 8 1175 + 206a 8 4294 + 2.06a
15 29 388 +£016b 28 379 +013b 26 419 £ 017b 24 540 + 064b 24 1725 + 0.64b
20 28 213 £ 006c 24 213 £ 009 21 250 £ 011c 16 260 + 0.22c 16 9.03 + 0.22c
25 30 117 £ 004d 30 148 £ 005c 28 152 +012d 24 179 + 016c 24 594 £ 0.16d
30 30 103 £002d 30 1.03 +0.04d 30 117 £ 005d 25 144 +0.09c 25 468 = 0.09d
35 17 159 + 1.59cd - - - -

" Number of aphids examined.

*Means followed by same letters in a column are not significantly different by Tukey's HSD test(GLM) at P = 0.05: 1th
instar (df = 5, 154, F = 309.05, P < 0.0001); 2nd instar (df = 4, 128, F = 596.31, P < 0.0001); 3rd instar (df = 4, 118, F =
273.67, P < 0.0001); 4th instar (df = 4, 96, F = 140.20, P < 0.0001); Total nymph (df = 4, 96, F = 493.26, P < 0.0001).

> No survived instars.
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Table 2. Adult longevity in days and fecundity of Rhopalosiphum padi at constant temperatures (Mean + SE)

Aperious Adult

Temperature
Q) n' Pre-reproductive Longevity Fecundity Nymphs/Female/Day
10 7 6.50 + 0.91a° 11.07 = 2.83b 3.86 + 1.58c 0.35 + 0.05c
15 23 146 + 0.13b 24.04 + 3.46a 2426 + 2.22b 1.01 £ 0.10c
20 13 0.62 + 0.08c 15.58 + 2.56ab 3823 + 5.63a 245 + 0.28b
25 17 044 + 0.10c 9.32 + 1.07bc 31.71 + 3.85ab 340 + 0.39a
30 15 0.83 + 0.12bc 430 + 0.38c 11.33 £ 1.40b 2.64 + 0.27ab

" Number of aphids examined.

*Means followed by same letters in a column are not significantly different by Tukey's HSD test(GLM) at p = 0.05:

Pre-reproductive (df = 4, 74, F = 73.97, P < 0.0001), Longevity (df = 4, 74, F = 9.46, P < 0.0001), Fecundity (df = 4, 74, F
= 13.00, P < 0.0001), Nymphs/Female/Day (df = 4, 74, F = 20.88, P < 0.0001).
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Table 3. Estimated parameters of a linear regression model for nymphal and total immature stages of Rhopalosiphum padi

Regression
Lower Thermal
Stage : developmental constant
Equation (y = ax +by = threshold (°C) (DD)
development rate, x = df R®
Temperature)
Small nymph' y = 0.02256x - 0.18952 4 0.99 8.4 443
Large nymph® y = 0.01749x - 0.14266 4 0.99 8.2 57.2
Total® y = 0.00984x - 0.08200 4 0.99 8.3 101.6
Nymph based on
y = 0.01061x - 0.07483 25 0.88 7.1 943

previous reports”

"st to 2nd instar (df = 1, 3; F = 32843; P = 0.00037); °3rd to 4th instar (df = 1, 3; F = 533.06; P = 0.00018); *Total

nymph (df = 1, 3; F = 548.48; P = 0.00017); “Nymph based on previous reports (df = 1, 25; F = 154.67; P < 0.00001).
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Table 4. Estimated parameter values(x SEM) for nymphal development model of Rhopalosiphum padi

Stage P Tmax A A R?
Small nymphs1 0.1515 + 0.02200 37.1151 + 1.83484 6.5675 + 0.93288 -0.0416 + 0.03579 0.99
Large nymphs? 0.1418 + 003522  37.2492 + 303780  7.0091 + 169791  -0.0497 + 0.05655 0.9

Total® 0.1551 + 0.02906 36.4219 + 2.12118 6.4342 + 1.19414 -0.0175 + 0.02149 0.99

Nymph based on
0.1526 + 0.03273 33.7778 + 1.48353 6.5298 + 1.37861 -0.0109 + 0.03329 0.88

+
+
+
+

previous reports”

'1st to 2nd instars (df = 3, 2; F = 1,461.37; P = 0.00068); °3rd to 4th instars (df = 3, 2; F = 498.95; P = 0.00200); °Total
nymphs (df = 3, 2; F = 575.45; P = 0.00174); *Nymph based on previous reports (df = 3, 27; F = 67.64; P < 0.00001).

Four-parameter model (Lactin-2) suggested by Lactin et al. (1995) was applied (Equation 2): Tya is a thermal maximum (i.e.
the "lethal” temperature at which life processes can no longer be maintained for a prolonged period), A is the temperature
range over which ‘hermal breakdown'becomes the overriding influence, and p can be interpreted as a composite value for

critical enzyme-catalysed biochemical reactions and A allows the curve to intersect the abscissa at suboptimal temperatures.
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Table 5. Estimated parameter values(+ SEM) for nymphal distribution model

of development time of Rhopalosiphum padi

Parameter Small nymphs' Large nymphs® Total®
a 1.0429 + 0.01012  1.0622 + 0.01317 1.0165 + 0.00667
B 7.0723 + 0.66347 5.1969 + 0.49997 7.7416 + 0.64653
R® 0.92 0.92 0.93

"st to 2nd instars (df = 1, 32; F = 667.89; P < 0.01); %3rd to 4th instars (df
= 1, 34, F = 407.03; P < 0.01); *Total nymphs (df = 1, 36, F = 503.26; P <
0.01).

Two-parameter Weibull function (Weibull 1951; Wagner et al, 1984) was

applied (Equation 3): a and J are parameters to be estimated.
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Table 6. Estimated parameter values for the adult aging rate,
temperature-dependent total fecundity, age-specific oviposition rate, and

age-specific survival rate of Rhopalosiphum padi

Models Parameters  Estimated SEM R®
Adult aging rate’ a 0.0463 0.03152 .
(1/longevity) b 54,8705 18.78855
w 39.3439 3.33071
Temperature-dependent
s € 19.7455 0.55146 0.97
total fecundity
K 5.6453 0.66352
Age-specific cumulative a 1.3087 0.03563 0.85
OVipOSitiOh rate3 ﬁ 2.3911 0.21186 .
0% 0.9496 0.01904
Age-specific survival rate® 0.93
) -0.2841 0.02139

'Adult aging rate (df = 1, 2, F = 36.175, P = 0.02655), E(Equation 4): a and b
are parameters to be estimated; “Temperature-dependent total fecundity (df =
2, 2, F = 292535 P = 0.03305), (Equation 5): w is the maximum reproductive
capacity, € is the temperature (°C) at which the maximum reproduction occurs
and  is the parameter that controls the width of the curve; *Age-specific
cumulative oviposition rate (df = 1, 65, F = 391.545, P < 0.0001), (Equation 3),
a and S are parameters to be estimated; *Age-specific survival rate (df = 1, 56,
F = 717.374, P < 0.0001), (Equation 6): « is physiological age at 50% survival
and § is parameter to be estimated.
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Table 7. Temperature-dependent development data of Rhopalosiphum padi and source references in previous studies

Development

Temperature } Adult Adult
) al period of longevity fecundity Host plant Country Reference
nymphs

4 499 ! - Barley Germany Sengonca et al. (1994)

8 354 23.8 7.8 Barley Germany Sengonca et al. (1994)

12 17.3 13.6 13.0 Signal grass Brazil Auad et al. (2009)

12 18.3 24.1 18.6 Barley Germany Sengonca et al. (1994)

13 18.8 30.3 30.5 Barley United States Villanueva and Strong (1964)
16 12.9 15.6 21.2 Signal grass Brazil Auad et al. (2009)

16 8.3 18.3 46.9 Barley Germany Sengonca et al. (1994)

18 8.8 26.1 395 Corn Spain Asin and Pons (2001)

20 8.4 77 12.9 Signal grass Brazil Auad et al. (2009)

20 6.8 13.9 37.7 Barley Germany Sengonca et al. (1994)

22 6.2 15.4 35.2 Corn Spain Asin and Pons (2001)

23 6.2 15.9 420 Barley United States Villanueva and Strong (1964)
24 7.1 10.0 20.0 Signal grass Brazil Auad et al. (2009)

24 6.3 20.9 41.0 Barley Chile Descamps and Chopa (2011)
24 6.1 16.5 31.8 Barley Chile Descamps and Chopa (2011)
24 5.1 16.6 39.6 Wheat Chile Descamps and Chopa (2011)
24 6.3 21.3 30.0 Wheat rye Chile Descamps and Chopa (2011)
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24 5.4 18.3 31.9 Oat Chile Descamps and Chopa (2011)
24 6.5 18.7 34.6 Rye Chile Descamps and Chopa (2011)
24 4.4 27.3 62.1 Wheat (‘Niknezhad’) Iran Taheri et al. (2010)

24 5.1 234 499 Wheat (‘Ghods’) Iran Taheri et al. (2010)

24 54 17.5 42.8 Wheat (‘Chamran’) Iran Taheri et al. (2010)

24 4.8 24.2 55.8 Wheat (‘Shiraz’) Iran Taheri et al. (2010)

24 5.2 19.9 47.6 Wheat (‘Marvdasht’) Iran Taheri et al. (2010)

24 55 16.1 40.7 Wheat (‘Darab 2) Iran Taheri et al. (2010)

25 54 14.4 424 Corn Spain Asin and Pons (2001)

26 5.0 14.6 50.4 Barley United States Villanueva and Strong (1964)
27.5 4.6 12.7 45.0 Corn Spain Asin and Pons (2001)

28 6.2 7.3 7.8 Signal grass Brazil Auad et al. (2009)

30 5.1 37 10.9 Barley United States Villanueva and Strong (1964)
30 6.2 12.3 1.6 Corn Spain Asin and Pons (2001)

32 - - - Signal grass Brazil Auad et al. (2009)

"No survived
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Table 8. The estimated values for the life table statistic of Rhopalosiphum padi

Temperature

€C) GRR()) Ro(j)) 70) m(j) AG) D)

15°C 185 + 349a' 1189 + 1.84a  27.61 + 1.24a 00902 + 0.0019a 1.0944 + 0.0021a  7.68 + 0.16a
20°C 494 + 7.11b 3186 + 469b  17.00 + 0.99b  0.2039 + 0.0090b 12261 + 0.0111b  3.39 + 0.15b
25°C 60.0 + 1244b 2515 + 939 1096 + 0.52c  0.2945 + 0.0136c 13423 + 0.0183c 235 + 0.11c
30°C 146 + 2.59 9.39 £ 1.15a 750 £ 023c 02997 + 0.0153c 13493 + 0.0206c  2.31 + 0.12c

GRR is the gross reproductive rate, Ro is the net reproductive rate, T is the generation time, rn is the intrinsic rate of increase,
A is the finite rate of increase, DT is the doubling time.

'Means followed by same letters in a column are not significantly different by Tukey's HSD test(GLM) at p=0.05: GRR (df =
3, 63, F =937 P < 0.0001), Ro (df = 3, 63, F = 1421, P < 0.0001), T (df = 3, 63, F = 98.06, P<0.0001), rm (df = 3, 63, F
= 103.29, P < 0.0001), A (df = 3, 63, F = 86.36, P<0.0001), DT (df = 3, 63, F = 368.35, P<0.0001).
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Table 9. The changes of TSM values of Rhopalosiphum padi

RCP 8.5 senario Jeju Haenam Cheongju Daegwallyeong
Spring 15.3 16.7 16.2 22.6
2010  Summer 4.8 5.1 4.0 10.5
Fall 10.3 124 14.3 204
Spring 15.6 17.0 16.3 22.0
2020  Summer 44 44 34 9.8
Fall 11.0 13.1 13.9 19.6
Spring 14.9 16.2 15.5 21.0
2030  Summer 3.8 3.8 3.0 9.3
Fall 10.6 12.7 13.6 19.0
Spring 15.0 16.3 15.7 21.2
2040  Summer 3.1 3.0 2.3 8.6
Fall 10.2 12.2 13.1 18.7
Spring 14.3 15.5 14.8 20.3
2050  Summer 24 2.2 1.5 79
Fall 9.1 11.1 12.3 17.9
Spring 17.2 194 20.0 25.1
2060  Summer 5.0 5.0 40 10.1
Fall 40 5.0 5.2 114
Spring 12.7 14.2 13.7 19.0
2070  Summer 1.3 1.2 0.7 6.5
Fall 83 10.2 11.3 16.9
Spring 12.3 13.7 13.0 18.1
2080  Summer 0.7 04 -0.2 59
Fall 7.7 9.6 10.7 16.3
Spring 12.0 133 12.5 17.6
2090  Summer 0.1 -0.2 -0.9 54
Fall 7.0 8.7 9.7 15.5
Spring 11.3 12.8 12.3 174
2100  Summer -0.5 -0.6 -1.6 46
Fall 6.4 8.6 10.1 15.1
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Table 10. The number of generation and active period of Rhopalosiphum padi in relation to climate changes in Jeju

The first occurrence The last occurrence
Climate change Active period Number of generation
date date
30 yr average April 21 Dec 13 237 16.2
1°C rise April 12 Dec 26 259 18.1
2°C rise March 23 ! 284 20.3
3°C rise March 7 - 300 22.5

' Annual occerrance
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