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Table 1. Results of two-way ANOVA to determine the effects of wheat variety and pre-infestation period on some biological parameters of S. graminum

Source of Nymphal . Pre-repr(?ductlve Reproductive period Adult longevity Fecundity
variation developmental time period (day) (day) (females/female/generation)
(day) (day) Y Y 8

df 3 p d F p df F p df 3 p df F p
Wheat variety 2 6047 <0.0001 2 82.52 <0.0001 2 161.8 <0.0001 2 13934 <0.0001 2 571.2 <0.0001
Pre-infestation 4 1303 <0.0001 4 1401 <0.0001 4 425 0002 4 252 0.0404 4 1428 <0.0001
duration
Variety x Duration 8 0.32 0.956 8 0.29 0.971 8 0.02 0.987 8 0.02 0.998 8 0.89 0.528
Model 14 1255 <0.0001 14 15.95 <0.0001 14 2435 <0.0001 14 20.64 <0.0001 14 86.2 <0.0001

& 0T m Sloine Wiz 31y 9 P ilizeo pBI (595 S. graminum 4 55y Skigadd 50398 Job (Hhwo Slas £) (pSlo - Jgur
Table 2. Means (£SE) of nymph developmental time (day) of greenbug, S. graminum on different wheat varieties after several pre-infestation durations

Pre-infestation Wheat varieties
duration (day) Aseman Morvarid Kohdasht
0 (control) 6.61+0.12b A 5.81+0.13 ¢ B 5.99+0.12 ¢ B
2 6.93+0.11 a A 5.97+0.11 cB 6.37+0.13 bc B
4 7.03+0.11a A 6.11+0.12 bc B 6.47+0.12 ab A
6 713+0.12a A 6.41+0.09 a B 6.77t0.14 a A
8 7114012 a A 6.33+0.09 ab B 6.71+0.14 ab A

df=14, F=12.55, P<0.0001

"Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Tukey's HSD test)
“Means within a row followed by same capital letter are not significantly different (P< 0.05, Tukey's HSD test)
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Table 3. Means (+SE) of female longevity (day) of greenbug, S. graminum on different wheat varieties

after several pre-infestation durations

Pre-infestation

Wheat varieties

duration (day) Aseman Morvarid Kohdasht
0 (control) 13.67£1.37 a B 16.11+141aB 25.27+0.51 a A
2 12.89+1.27 a B 14.71+1.37 a B 24.43+0.48 ab A
4 12.20+1.26 a B 14.37+1.42 a B 23.61+0.49 bec A
6 11.27+1.22a B 13.37£141aB 22.61+048 c A
8 11.61+1.31aB 13.57+141 aB 22794048 c A

df=14,  F=20.64, P<0.0001

“Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Tukey's HSD test)
“Means within a row followed by same capital letter are not significantly different (P< 0.05, Tukey's HSD test)
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Table 4. Means (xSE) of prereproductive period (day) of female greenbug, S. graminum on different wheat

varieties after several pre-infestation durations

Pre-infestation duration Wheat varieties
(day) Aseman Morvarid Kohdasht
0 (control) 1474011 c A 0.91+0.15cB 0.535+0.11 c C
2 1.70+£0.09b A 1.17+0.15¢B 0.7674+0.11 bec C
4 1.904£0.07 a A 1.30+0.14 ab B 0.899+0.13 ab C
6 1.93+0.001 a A 1.57¢0.11a A 1.20+0.11a B
8 1.9340.004 a A 1.41+0.12 ab B 1.11+0.09 a C

df=14, F=15.95, P<0.0001

“Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Tukey's HSD test)
"Means within a row followed by same capital letter are not significantly different (P< 0.05, Tukey's HSD test)
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Table 5. Means (xSE) of reproduction period (day) of female greenbug, S. graminum on different wheat

varieties after several pre-infestation durations

Pre-infestation duration Wheat varieties
(day) Aseman Morvarid Kohdasht
0 (control) 11.33£1.01a B 14.21+1.18 a B 23774048 a A
2 10.21+0.83 ab B 12.61+1.11 ab B 22.67+0.46 b A
4 9.31+0.81 ab B 12.07+#1.18 b B 21.71+0.47 bc A
6 8.07+0.81 b B 10.83£0.94 ¢ B 20414044 c A
8 8.67+0.98 ab B 10.77+1.13 ¢ B 20.71+0.43 c A

df=14, F=24.35, P<0.0001

“Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Tukey's HSD test)
*Means within a row followed by same capital letter are not significantly different (P< 0.05, Tukey's HSD test)
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Table 6. Means (£SE) of fecundity (Nymph/female) of female greenbug, S. graminum on different
wheat varieties after several pre-infestation durations

Pre-infestation duration Wheat varieties
(day) Aseman Morvarid Kohdasht
0 (control) 25.27+2.74 a C 65.26+6.32 a B 82.46+5.61 a A
2 18.76+1.83 ab C 50.51+4.65 ab B 75.1745.08 b A
4 16.26+1.74 ab C 40.76£2.68 b B 70.6614.89 bc A
6 13.06£1.54 b C 28.91+£3.63 c B 65.72+4.09 c A
8 15.73+1.79b C 25.73+£2.66 c B 66.04+3.94 c A

Df=14, F=86.19, P<0.0001

“Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Tukey's HSD test)
*Means within a row followed by same capital letter are not significantly different (P< 0.05, Tukey's HSD test)
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Table 7. Means (xSE) of net reproductive rate (Nymph/female/generation) of greenbug, S. graminum on
different wheat varieties after several pre-infestation durations

Pre-infestation duration Wheat varieties
(day) Aseman Morvarid Kohdasht
0 (control) 17.35+2.33a C 40.64+4.18 a B 73.71£1.91 a A
2 13.76£1.79 ab C 33.61+3.62 ab B 68.22+1.77b A
4 11.84+1.67 bec C 27.51+£3.24 bc B 64.41+1.84 bc A
6 8.61+1.34 cC 19.99+2.79 ¢ B 59.68+1.71 c A
8 10.46+1.74 bec C 25.98+3.16 bc B 60.35£1.63 c A

*Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Paired bootstrap test)
*Means within a row followed by same capital letter are not significantly different (P< 0.05, Paired bootstrap test)
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Table 8. Mean (+SE) generation time (day) of greenbug, S. graminum on different wheat varieties after

several pre-infestation durations

Pre-infestation duration Wheat varieties
(day) Aseman Morvarid Kohdasht
0 (control) 11.59+0.26 b A 10.65+£0.27 ¢ C 11.17+0.21 ¢ B
2 12.11+£0.23 ab A 11.08+0.25 be C 11.72+0.19b B
4 12.15+0.22 ab A 11.43+0.27 ab C 11.85+0.19b B
6 12.39+0.27 a A 11.64+0.29 ab B 12.42+0.21 a A
8 12.47+0.29 a A 11.81£0.29 a C 12.24+0.21 ab B

“Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Paired bootstrap test)
*Means within a row followed by same capital letter are not significantly different (P< 0.05, Paired bootstrap test
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Table 9. Mean (£SE) intrinsic rate of increase (r) (1/day) of greenbug, S. graminum on different wheat

varieties after several pre-infestation durations

Pre-infestation duration Wheat varieties
(day) Aseman Morvarid Kohdasht
0 (control) 0.245+0.011a C 0.348+0.009 a B 0.385£0.007 a A
2 0.2162£0.009 b C 0.319£0.009 b B 0.361+0.005 b A
4 0.203£0.001 be C 0.289+0.001 ¢ B 0.352+0.006 b A
6 0.173+0.011 c C 0.257+0.011d B 0.329+0.005 c A
8 0.187+0.013 bc C 0.275+0.011 cd B 0.335+0.005 c A

“Means within a column followed by same lowercase letter are not significantly different (P< 0.05, Paired bootstrap test)
*Means within a row followed by same capital letter are not significantly different (P< 0.05, Paired bootstrap test
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Abstract

Background and Objectives

Wheat (Triticum aestivum L.) holds crucial significance as a primary global food source,
providing approximately 18% of required calories and 19% of essential protein for human
consumption. The greenbug, Schizaphis graminum, poses a substantial threat to wheat crops
worldwide, including in Iran, causing significant annual damage. Traditional methods for
identifying induced resistance in host plants involve pest pre-infestation and the assessment of
demographic parameters. Considering the adverse environmental and health implications of
excessive pesticide use in wheat fields, the exploration of "induced resistance™ as a biorational
method has gained notable attention in recent years within the wheat-integrated pest
management domain. This study's main objectives included examining induced responses in
three distinct wheat varieties to S. graminum and determining the optimal pre-infestation period
to activate this defensive reaction in the host varieties.

Materials and Methods

Seeds from three wheat varieties (Kohdasht, Morvarid, and Aseman) were planted in growth
chamber conditions (temperature: 25+2°C, relative humidity: 60£5%, and a photoperiod of
14:10 L: D). Upon reaching the two-leaf stage, five one-day-old female apterus aphids were
introduced to each plant, allowing them to feed for O, 2, 4, 6, and 8 days (considered as the
experimental pre-infestation treatment duration). After the designated pre-infestation period,
aphids were removed from the wheat plants, and the plants remained aphid-free for 48 hours.
Following this interval, an age-specific two-sex life table of aphids was separately constructed
for each wheat variety and pre-infestation duration. Using a cohort of 30 one-day-old first-instar
nymphs, the biological and demographic parameters of aphids were measured and compared
using the paired bootstrap test.

Results

The Aseman variety exhibited heightened resistance to S. graminum in comparison to Morvarid
and Kohdasht varieties, as evidenced by the demographic parameter values. Notably, Aseman's
extended nymphal developmental time and mean generation time (T), coupled with decreased
longevity and fecundity, resulted in a significantly lower intrinsic rate of increase (rm) at 0.245



1/day, in contrast to Morvarid and Kohdasht varieties (0.348 and 0.358 1/day, respectively).
Across all varieties, pre-infestation by aphids led to reductions in biological and demographic
parameters, with the effective pre-infestation duration varying based on the variety and specific
parameters studied. The nymphal developmental time increased, while fecundity and intrinsic
rm significantly decreased as the pre-infestation duration progressed from 0 to 8 days. In
Aseman, Morvarid, and Kohdasht varieties, rm decreased from 0.245 to 0.187, 0.348 to 0.275,
and 0.385 to 0.335 1/day, respectively, with an increase in pre-infestation duration from 0 to 8
days. In the relatively more resistant Aseman variety, significant changes in nymphal
developmental time and intrinsic rm occurred after a 2-day pre-infestation period, while aphid
fecundity changed significantly after a 6-day pre-infestation duration. Morvarid exhibited
significant changes in nymphal developmental time, female fecundity, and intrinsic rate of
increase after 6, 4, and 2-day pre-infestation durations, respectively. Across all three varieties,
the intrinsic rm, identified as a crucial demographic parameter, experienced significant changes
after a 2-day pre-infestation period.

Discussion

Diverse demographic responses were observed for S. graminum across the studied wheat
varieties, with the Aseman variety exhibiting heightened relative resistance to wheat green
aphid. Pre-infestation of wheat plants with aphids induced resistance in all three varieties,
resulting in a reduction in the biological and demographic potential of green aphid. Due to their
favorable induction reactions to S. graminum, it is recommended to cultivate Kohdasht
(resistant to pathogenic fungi, suitable for dry and semi-arid drylands) and Morvarid (resistant
to pathogenic fungi, suitable for humid and plain areas) varieties. This approach can contribute
to diminishing the aphid population and enhancing wheat production in these specified regions.
The research outcomes offer valuable insights into identifying sources of resistance,
understanding mechanisms, and facilitating the implementation of integrated aphid
management strategies in wheat fields across Iran.
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