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Abstract 

Trávníčková M., Pánková K., Martinková Z., Honěk A. (2016): Length of prematurity period in wheat 
cultivars determines maximum cereal aphid abundance. Plant Protect. Sci., 52.

Maximum aphid numbers on wheat are positively related to the length of the period elapsed from immigration to the 
population peak. We predicted that maximum abundances on late maturing cultivars would be greater than on early ones. 
This was tested using 8 spring wheat cultivars that differed in the length of time to senescence. In a 4-year experiment, 
numbers of aphids were checked at weekly intervals. Maximum abundances on late-maturing cultivars were significantly 
greater than those on early cultivars. However, the length of the vegetation period affected maximum abundances less 
than did the annual variation in aphid abundance. Genetic disposition for early ripening thus tends to decrease aphid 
numbers, but manipulation of this character is unlikely to become an important source of aphid resistance. 
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Aphids are important pests of cereals, and their 
biology has been studied with corresponding effort 
(Vickerman & Wratten 1979; Dixon 1987; De-
dryver et al. 2010). The virus transmission causes 
a significant damage. In addition, aphids sucking on 
leaves and ears decrease seed mass and may cause 
significant damage in years when aphids are abun-
dant (Niehoff & Stäblein 1998; Larsson 2005). 
Plants are damaged by the removal of assimilates 
transported to and within ears. The loss of grain 
yield is proportionate to the numbers of aphids and 
the length of their stay on the crop (Kieckhefer 
et al. 1995). These parameters of aphid population 
development depend on both aphid biology and 
crop development.

The dominant aphid species in Central Europe – Me-
topolophium dirhodum (Walker) (MD), rhopalosiphum 
padi (L.) (RP), and Sitobion avenae (F.) (SA) – are all 
holocyclic (reproducing by a series of parthenoge-
netic generations alternating with a single sexually 

reproducing generation) and are either heteroecious 
(occupying herbaceous and woody hosts at different 
stages of the life cycle – MD, RP) or monoecious (liv-
ing on herbaceous hosts throughout the season – SA) 
(Blackman & Eastop 1984). In spring, after hatch-
ing from eggs and passing a few generations on their 
winter hosts, rosa spp. (MD), Prunus spp. (RP), and 
Gramineae (SA), winged migrants, leave the winter 
hosts and settle on cereal crops. All these species are 
typical “flush-feeders” (White 2015) that benefit from 
feeding on young, vigorous plants. 

In cereal stands, aphids produce several genera-
tions. Their populations grow exponentially and, 
after attaining maximum abundance, quickly recede 
(Honek 1994; Honek & Martinkova 1999). The 
time of population collapse usually correlates with the 
onset of the host plant’s “maturation”, approximately 
growth stage GS80–GS85 in winter wheat (Tottman 
& Broad 1987). However, aphid populations colonis-
ing late-sown wheat (Honek & Martinkova 2004a) 
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and maize crops (Honek 1994) also recede from host 
plants in early July, although the host plants are still 
physiologically young and convenient for continuing 
aphid breeding. In this case, the main causes of aphid 
mortality on young plants are mycoses (Honek & Mar-
tinkova 2004a). The maximum number of aphids on 
a crop stand (population peak) is determined by three 
population parameters: (i) initial number of immigrants, 
(ii) rate of population increase, which is determined 
by female developmental time and fecundity, and (iii) 
duration of the period of population increase, which is 
the time elapsed from immigration to the population 
peak (Honek 1991c; Honek et al. 2006). The effects 
of immigrant numbers (Basky & Harrington 2000; 
Klueken et al. 2009) and of factors determining the 
population growth rate, host plant quality (Honek 
1991b; Honek & Martinkova 2004b), temperature 
(Dean 1974; Brabec et al. 2014), aphid reproduc-
tion rate (Simon et al. 1991; Sengonca et al. 1994), 
and presence of natural enemies (Leslie et al. 2009; 
Kerzicnik et al. 2010) are well studied. In contrast, 
factors that determine the duration of the period of 
aphid population increase have not been sufficiently 
addressed. The length of this period increases when 
immigration occurs earlier and the population peak is 
postponed. In Central Europe, aphid migration to cereals 
takes place in May. Immigration is timed based on the 
thermal response of overwintering aphid populations 
and depends on winter and spring weather (Klueken 
et al. 2009; Brabec et al. 2014). After immigration, 
aphids continue to benefit from host plants as long 
as photosynthetic products are translocated. Their 
populations grow until peak density is attained. The 
peak is followed by a quick population collapse that 
results from decreasing natality, increasing mortality, 
and the massive production and emigration of alatae 
(Vereijken 1979; Ba-Angood & Stewart 1980). Ex-
tending the vegetation period of the host plant through 
a delay of maturation extends the period available for 
aphid population growth and will likely increase the 
maximum aphid numbers (Honek & Martinkova 
2004b). 

Seasonal development of host-plant and aphid 
populations has been tuned through their long evo-
lutionary coexistence. However, unlike wild plants, 
crops have been subjected to intensive selection on 
morphological and physiological traits that modified 
their relationship to phytophagous insects (Chen 
et al. 2015). In wheat, this genetic manipulation 
also affected the developmental timing, resulting 
in variations in flowering time and the length of 

the period to maturation and senescence. As a side 
effect, variation in these characters influences maxi-
mum aphid abundances. In cereals, one of the ma-
nipulated traits is time to flowering (period from 
growth stage GS10 to GS65) which is correlated 
with time to crop maturation, a period extended to 
approximately GS80–GS85 (stages critical for aphid 
population collapse), henceforth referred to as the 
“vegetation period”. Genetic factors that delay flower-
ing also lengthen the vegetation period. A series of 
photoperiod and vernalization genes are the main 
components regulating genetic control of flowering 
time. The homoeoloci Ppd-a1, Ppd-B1, and Ppd-D1 
are responsible for most of the photoperiod response 
and are located on the short arms of chromosomes 2A, 
2B, and 2D, respectively (Welsh et al. 1973; Law et 
al. 1978; Mohler et al. 2004). The vernalisation re-
sponse is mostly controlled by the homoeoloci vrn-a1,  
vrn-B1, and vrn-D1, which have been mapped to 
the long arms of chromosomes 5A, 5B, and 5D, re-
spectively (Sarma et al. 1998; Leonova et al. 2003; 
Shindo et al. 2003). Breeding for decreased/increased 
flowering time changes the length of the vegetation 
period (Cockram et al. 2007; Milec et al. 2013). 

The positive effect of extended vegetation period 
on aphid abundance was documented in winter wheat 
using stands whose development rate was manipulated 
by agricultural practices (Honek 1987; Honek & 
Martinkova 1999). However, there is little infor-
mation concerning the effect of genetic variation in 
the length of vegetation period on maximum aphid 
abundance. This is probably because studies of aphid 
population development have mostly been performed 
on winter wheat, for which genetic differences in the 
length of vegetation period are small. For instance, 
winter wheat cultivars recommended for use in the 
Czech Republic differ in length of the vegetation 
period by ≤ 7 days (UKZUZ 2015). By contrast, the 
length of the vegetation period in spring wheat cul-
tivars is more variable; moreover, the genetics of a 
number of cultivars, including those discussed in 
this study, has been well studied. 

In this study, we selected spring wheat cultivars 
with differing lengths of the time to flowering and 
tested a hypothesis predicting a positive relationship 
between the time length of a cultivar to flowering 
(a good proxy of the length of vegetation period; 
Pánková et al. 2008) and the maximum abundance of 
the aphid population. This means that late-flowering 
cultivars would support greater maximum aphid 
populations than early-flowering ones.
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Cultivars. We selected four early-flowering (Kaern-
tner Frueher, Mané Nick, Crespon, Artur Nick) and 
four late-flowering (Paragon, Trappe, Almansor, Česká 
přesívka) spring wheat cultivars. The flowering date of 
each cultivar was recorded when the ear on the leading 
tiller had half emerged (Pánková et al. 2008). Flowering 
time means the period elapsed from the penetration 
of the first leaf through the coleoptile (GS10 of the 
Decimal Code system for measuring wheat growth; 
Tottman & Broad 1987) to the date of flowering. 
Flowering time is a convenient proxy for the length 
of the period to crop maturation (vegetation period), 
during which the cultivar is suitable for aphid growth. 
In the eight cultivars included in this study, flowering 
time differed by nearly one month (Table 1). 

DNA extraction and PCR. The present study up-
dates earlier data on the distribution of vernalization 
genes in selected cultivars (Milec et al. 2013). DNA 
was extracted from five different fresh wheat leaves 
from individuals of each variety using a modified 
cetyltrimethylammonium bromide method (Doyle 
& Doyle 1987). Polymerase chain reaction (PCR) 
was performed in a DNA Engine® PTC-200 cycler 
(Bio-Rad, Hercules, USA) in a total volume of 11 µl. 
The reaction mixture contained 1.5 µl of 10 × PCR 
buffer containing MgCl2, 1.5 µl of 2 mM dNTP mix-
ture, 1.5 µl of 2 µM primers (total volume for each 
primer), 0.07 µl of Taq DNA polymerase (5 U/µl)  
(all Roche Diagnostics GmbH, Mannheim, Ger-
many), and 100–150 ng of template DNA. For the 
analysis of Ppd-a1, Ppd-D1, and the presence of the 
vrn-a1, vrn-B1, and vrn-D1 alleles, protocols from 
Fu et al. (2005), Beales et al. (2007), Milec et al. 
(2012), and Nishida et al. (2012) were used. The 
alleles were differentiated according to fragment 

length and dominant markers. The obtained PCR 
products were then separated on 2.0% agarose gels, 
stained with ethidium bromide and visualised under 
ultraviolet light.

Field experiments. The experiments were performed 
in 2011–2014 in a field belonging to the Crop Research 
Institute at Prague-Ruzyne (50.09 N, 14.30 E, altitude 
340 m a.s.l.), using solitary plants, which are known 
to support greater aphid populations than plants 
in dense stands (Honek 1991a, d). Spring cultivars 
were sown on an experimental field using agricultural 
practices modified to satisfy the standards of organic 
agriculture. The preceding crop was white mustard, 
which was sown in mid-July and ploughed down in 
September as green manure. The following spring, the 
experimental plot was harrowed and rolled before sow-
ing. No fertilizers or pesticides were used, and weeds 
were removed mechanically. A net (3 × 3 cm, nylon 
fibre diameter 0.3 mm, green) was stretched over a 
1.5 m high cage construction above the experimental 
plot to prevent vertebrate (pheasant, hare) grazing 
while permitting access to invertebrates.

The experimental plants were sown on April 1, 
2011 and March 26 and 23, 2012 (two sowing dates 
with three blocks each; results from 2012 were 
pooled because there were no differences in aphid 
abundance between plants of the two sowing dates), 
April 17, 2013 (two blocks used for analysis, one 
block destroyed by hamsters), and April 16, 2014. 
The experimental design was identical for all sowing 
dates. Each replicate was a row of 30 plants (120 cm 
long, 4 cm between plants), and each block was eight 
rows (one row of each of eight cultivars; row spac-
ing was 60 cm), with 3 blocks per sowing date. The 
cultivar position in the rows within each block was 
randomised. This means that for each sowing date, 
each of the 8 cultivars was sown in 3 replicates, i.e. 

Table 1. List of cultivars used in this study, showing cv name and acronym, flowering time (FT) (number of days from GS10 
to GS65 established in preliminary field experiments), and the presence of vrn and Ppd genes in the genetic constitution 
of individual cvs Dominant alleles are designated by capitals, and recessive alleles are designated by small initial letters

Cultivar FT vrn-a1 vrn-B1 vrn-D1 Ppd-a1 Ppd-D1
Kaerntner Frueher KAER 57.8 vrn-a1a vrn-B1c vrn-D1 Ppd-a1b  Ppd-D1b
Mané Nick MANI 59.7 vrn-a1a vrn-B1 vrn-D1 Ppd-a1b  Ppd-D1a
Crespon CRES 61.4 vrn-a1a vrn-B1 vrn-D1 Ppd-a1b Ppd-D1a
Artur Nick ARNI 62.1 vrn-a1a vrn-B1 vrn-D1 Ppd-a1b  Ppd-D1a
Paragon PARA 68.9 vrn-a1a vrn-B1c vrn-D1 Ppd-a1b  Ppd-D1b
Trappe TRAP 70.4 vrn-a1a vrn-B1a vrn-D1 Ppd-a1b  Ppd-D1b
Almansor ALMA 71.5 vrn-a1 vrn-B1a vrn-D1 Ppd-a1b  Ppd-D1a
Česká přesívka CEPR 84.2 vrn-a1 vrn-B1a vrn-D1 Ppd-a1b  Ppd-D1b
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n = 24 replicates. The total n = 24 [2011] + 48 [2012, 
two sowing dates] + 16 [2013, one block deleted] + 
24 [2014] = 112 replicates available for analysis.

Aphid counts. Aphid species (MD, RP, and SA) were 
counted separately on leaves and ears. Counts started in 
mid-May, 5–6 weeks before aphids attained maximum 
abundance. Each year, weekly aphid counts in spring 
wheat were performed on 30 fertile tillers per replicate 
(or the tallest tillers before earing) and continued until 
there were no more aphids present on the crop. Aphid 
numbers per tiller were calculated as a sum of the mean 
number on leaves and that on ears. Data were recorded 
as aphids per tiller within each replicate (row), and mean 
weekly densities were calculated by averaging across 
replicates of particular cultivars. The date when the 
average aphid abundance (a mean calculated of aphid 
abundances on all individual cultivars) was the highest 
was set as the “aphid population peak”.

Data analysis. Differences among cultivars were 
tested using results of the date of aphid population 
peak when average aphid abundance (a mean calculated 
from aphid abundances on all individual cultivars) was 
the highest. Annual variation in aphid numbers was 
tested using data on the peak abundance for individual 
replicates and years, using two-way ANOVA with 
peak abundance as the response variable and year and 
cultivar as factors. For testing the effect of cultivar 
specific flowering time on aphid abundance at the 
population peak, the large effect of annual variation 
was balanced using standardisation. Data for individual 
replicates were standardised within years as:

xs = (xo – xa)/sx

where: xs – standardised value of mean aphid abun-
dance in a particular replicate; xo – experimental 
value of aphid abundance in a particular replicate; xa 
– average; sx – standard deviation of the aphid abun-
dance values on all replicates together (Hendl 2009) 

Standardisation compensated for the important 
annual variation in aphid abundance (Wetzel 2004; 
Brabec et al. 2014), which would conceal cultivar dif-
ferences. The standardized values (xs) were regressed 
on flowering time as a proxy for the cultivar-specific 
length of vegetation period, using second-order poly-
nomial regression y = a + bxs + cxs

2. The differences 
in xs of early cultivars and late cultivars were tested 
using the Mann-Whitney (MW) test. The arithme-
tic means ± standard error of the means are given 
throughout the text. Calculations were performed 
using SigmaStat® (Systat Software 2006). 

resuLts

In individual years, the peak abundance of aphids 
on spring cultivars occurred between June 30th (Julian 
day 182) and July 8th (Julian day 190) with an average 
on Julian day 186.8 ± 1.80. 

Individual aphid species contributed unevenly to 
aphid population (Table 2). Within the total aphid 
population, the dominant species MD represented 
an average of 60.4 ± 4.23%, followed by SA (30.3 ± 
3.96%) and RP (9.4 ± 3.03%). MD inhabited only 
leaves and represented 76.1 ± 4.28% of the aphid 
population on leaves, followed by SA (14.7 ±3 .06%) 
and RP (9.3 ± 3.35%). On ears, the aphid population 
consisted only of SA (86.3 ± 5.10%) and RP (13.7 ± 
5.10%). All differences were significant at PMW < 0.001.

The variation in maximum aphid abundances was 
considerable (Table 2), and it was more important 
among years (two-way ANOVA: F3,80 = 16.76, P < 0.001) 
than among cultivars (F7,80 = 3.026, P = 0.005). There 
was a significant year × cultivar interaction (F21,80 = 
2.22, P = 0.006) caused by the large annual variation 
in aphid abundance on the early cultivar Artur Nick 
and the late cultivars Paragon, Trappe, and Almansor. 

Compensating for annual differences using stand-
ardisation of data resulted in a significant (df = 111, 
r = 0.3885, P < 0.001) non-linear regression of maxi-
mum aphid abundance on the length of flowering time 
(Figure 1). While maximum aphid abundances were 
lower (3.9 ± 0.80 aphids/tiller) on the early-flowering 
cvs Kaerntner Frueher, Mané Nick, Crespon, and 
Artur Nick (mean flowering time 60.3 ± 0.96 days), 
three late-flowering cvs Paragon, Trappe, Almansor 
(mean flowering time 70.3 ± 0.75 days) hosted sig-
nificantly (U = 726.500, PMW = 0.004) greater aphid 
populations (5.5 ± 1.22 aphids/tiller). However, cv. 
Česká přesívka, with a very long flowering time, 
hosted low aphid populations (2.7 ± 0.36 aphids/tiller). 

DisCussion

The effect of crop seasonality (length of the vegeta-
tion period) on the development of aphid populations 
became apparent from this study. The work conclusively 
demonstrated a significant association between variation 
in the length of the vegetation period (flowering time) 
and peak aphid abundance. The results were consistent 
with the hypothesis predicting a positive relationship 
between the vegetation period of a cultivar (flowering 
time) and the abundance of aphid populations on that 
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cultivar. Maximum aphid abundance was significantly 
greater in late-flowering cultivars (Paragon, Trappe, 
Almansor) than in early-flowering cultivars (Kaerntner 
Frueher, Mané Nick, Crespon, Arthur Nick). Aphid 
immigration on individual cultivars was synchronous, 
and then a 10-day difference in vegetation period 
(flowering time) was sufficient to cause a significant 
variation in maximum aphid numbers. 

In our experiments, aphid decline always occurred 
during the week after the population peak, even when 
late cultivars still appeared convenient for aphid breed-
ing. This decline was connected with an interesting 
fact: the positive effect of the length of the vegetation 
period on peak aphid numbers was not linear. In the 
very late cv. Česká přesívka, maximum abundances 
were consistently low. The development of cv. Česká 
přesívka was so delayed that the earing and flowering 
stages came as late as after the aphid retreat from the 
crop stand. The spontaneous retreat of aphids from 
still physiologically favourable cereal crops occurs 
in early July (Honek & Martinkova 2004a), prob-
ably largely because of spreading diseases, increased 
production and the emigration of alatae. Factors other 
than host-plant quality may contribute to alatae pro-
duction, possibly including photoperiod, the effect 
of which on the production of alate virginoparae 
has sometimes been reported in different aphid spe-
cies (MacGillivray & Anderson 1964; Yasue & 
Kawada 1969) but is not recognised as a factor of 
alary polymorphism in cereal aphid virginoparae. A 
similar collapse of cereal aphid populations occurs in 
early summer on maize crops that are still far from 
senescence (Honek 1994; Honek et al. 1998). 

Early flowering and a short vegetation period (time 
necessary to reach growth stage GS80) slightly de-
creased maximum aphid abundances compared to late 
flowering, which is associated with a long vegetation 
period. The genetic constitution of spring cultivars 
definitely influences crop seasonality, but details 
of the genetic factors that determine differences 
in flowering time and the length of the vegetation 
period are not yet completely clear. Information on 
the main factors affecting these traits, specifically 
alleles of the vrn and Ppd genes (Table 1), may provide 
potentially useful information for wheat breeding for 
pest resistance. Late flowering confers some risk of 
increasing aphid abundance on cereals. However, this 
risk is apparently small and probably not of practical 
importance under the usual conditions of Central 
Europe, as in our experiment. This is mainly because 
significant differences manifested as late as in early 
July and by that time aphid populations already began 
to decline spontaneously. The significance of variation 
in the length of the vegetation period for determin-
ing maximum aphid numbers remains to be studied 
under different agricultural practices (fertilisation, 
sowing date) and climates, where its effect may be 
greater than in our experiments and thus important 
from the perspective of crop protection.
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