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Fig. 2. Proportion of mite-infested wheat heads during different heading stages of
wheat (water ripe, early milk, middle milk, late milk, early dough, soft dough, hard
dough and ripe) across years (2012, 2013, and 2014) and locations (Cheyenne, Deuel,
and Kimball Counties).

The proportion of wheat heads (Fig. 2) infested with mites reached
100% for every site year, with the exception of Cheyenne County dur-
ing 2014 (84% infested). In addition, the greatest mite populations per
wheat head occurred after the frequency of infested heads reached
100% during the middle milk stage. In contrast, lower mite popula-
tions per wheat head occurred when infestations of 100% did not oc-
cur until late milk to hard dough wheat stages. Sites with high mite
populations also corresponded with a high proportion of infested
wheat heads at water ripe stage, which was in excess of 40% for both
Deuel County in 2012 and 2014.

Mite Infestation of Seedlings

Of the 4,037 plants evaluated, 61 plants were found to be infested
with wheat curl mites, demonstrating that mites were able to di-
rectly infest germinated wheat seedlings from infested grains under
controlled conditions. Seedling infestation from infested grain var-
ied by site year and wheat development stage. Mites were found on



McMECHAN & HEIN IN JOURNAL OF ECcONOMIC ENTOMOLOGY 110 (2017) 10

seedlings in four of the six site years, with the greatest percentage
of mites occurring in Deuel County during 2012 at 5% (47/921) and
2014 at 2% (7/398). In Cheyenne County, only three and seven plants
were found to be infested during 2012 and 2013, respectively. Of the
seven stages of head development, mites were first observed during
the early dough stage at 1% (8/1163), with increasing levels of infes-
tation for soft at 2% (20/889) and hard at 7% (31/467) dough stages.
Only two of 727 plants were found to be infested with mites during
the harvest ripe stage.

Rainfall Study

Mite infestation method, natural rainfall, as well as application tim-
ing and amount of rain applied varied between the 2 yr of the study;
therefore, each year was analyzed separately. In 2013, limited natural
rainfall occurred (Fig. 3a) during wheat heading, with the exception
of 45mm of rain on 18 June. More frequent rainfall occurred during
the 2014 season (Fig. 3b) following the early rainfall application date,
with nine of the 10 d after the application having measurable precip-
itation. However, the natural rainfall events during this 10-d period
were low (2-15 mm). For the late season application in 2014, only 2
of the 9 d following the second rainfall application had precipitation
with rainfall of <5 mm on either day.

An analysis of variance on mite population data during the 2013
season showed no significant infestation method interaction with rain-
fall treatments (F = 0.10; df = 3, 17.7; P = 0.9564); therefore, infesta-
tion methods were combined for the analysis. In 2013, mite popula-
tions on wheat heads (Fig. 4a) varied by collection date (F = 18.86; df
= 3, 20; P< 0.0001), with increasing mite populations for collection
one (1.5), two (16.2), and three (65). Mite populations declined in the
final collection (13.6) period. Rainfall applications showed differences
in mite populations (F = 6.50; df = 3, 18; P = 0.0036); however, these
differences were not consistent with simulated rainfall treatments.
The greatest number of mites across all collection dates occurred with
early (51) and late (39) rainfall applications followed by no rainfall (29)
and the combination rainfall application (22). The interaction between
rainfall application and collection date was not significant (F = 1.73;
df =9, 25.3; P = 0.1333).
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Fig. 3. Natural rainfall totals per day, wheat head sample (Sample 1, 2, 3, and 4)
dates, and dates of rainfall applications (early and late) for 2013 (a) and 2014 (b)
growing seasons. Wheat was infested on June 6th in 2013 and May 24th in 2014.

Artificial infestation of wheat heads during the 2014 season re-
sulted in large mite populations on wheat heads, with some in excess
of 16,000 mites per head (Fig. 4b). Mite populations on wheat heads
varied by collection period (F = 46.04; df = 3, 20; P< 0.0001), with in-
creasing mite populations from collection one (463), two (1,063), and
three (6,054). Mite populations declined significantly (t = 2.53; df =
20; P = 0.0200) between collection dates three and four (4,484). No
differences were observed between rainfall applications (F = 0.72; df
= 3, 18.1; P = 0.5502) or for the interaction between rainfall applica-
tion and collection date (F = 0.73; df = 9, 25.4; P = 0.6819).
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Fig. 4. Natural log of wheat curl mite populations on wheat heads across rainfall ap-
plications (no rain, early, late, and combined) and collection periods for simulated
rainfall study during the 2013 (a) and 2014 (b) seasons.
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Discussion

Mite populations on wheat heads (Fig. 1) collected from winter wheat
variety trials in the western Panhandle of Nebraska varied consider-
ably between site years. This variation and the mean number of mites
per wheat head were consistent with results reported by Mahmood
et al. (1998) and Byamukama et al. (2016). Regardless of the variation
between site years, this study demonstrated a consistent and signifi-
cant increase in mite populations as wheat heads advanced through
development stages.

Early head collections from the water ripe through the late milk
stages showed relatively low levels of mite populations. However, the
proportion of infested heads at the water ripe stage (Fig. 2) varied
considerably between locations at 0 and 50%, indicating a greater fre-
quency of infested wheat heads in some fields soon after head emer-
gence. During 2012 and 2014, we received and validated reports of
significant yield losses from the wheat-mite—virus complex in Deuel
County wheat fields within a 15-km radius of these field sites, indi-
cating the potential for mite infestation during the previous fall. Mite
populations at the Deuel County sites were the highest recorded for
the study; however, even these populations did not coincide with a
significant virus impact. Yield data from the winter wheat variety trials
during 2012 show that virus resistant ‘Mace’ (1,550 kg/ha) had lower
grain yields than commercially susceptible ‘Camelot’ (2,020 kg/ha), in-
dicating a lack of significant pressure from wheat-mite—virus complex
(Regassa et al. 2012). Mace was not present in 2014; however, yields
for Camelot were at 3,030 kg/ha, indicating virus pressure was min-
imal (Regassa et al. 2014). In addition, no virus symptoms were ob-
served in these variety trials. The lack of virus impact indicates that
few mites were present through the fall and early spring, as virus im-
pact is related to timing of infection (Hunger et al. 1992).

The results from this study demonstrate that not all wheat heads
are infested with mites during the early stages of head development.
This could be owing to the inability to detect low mite populations in
wheat heads through the sticky tape method. The rapid and contin-
ued increase in the proportion of infested heads further supports the
notion that low populations of mites were present within wheat heads.
With the exception of Cheyenne County in 2013, all other site years
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reached 100% infestation level, indicating that all wheat fields are
likely to become infested with mites in the weeks prior to wheat har-
vest. Under the most conservative estimates, mean mite populations
of 50 mites per head would result in mite populations of 269 million
per hectare, assuming 164 heads per meter of wheat row. Nault and
Styer (1969) suggested increasing mite movement from wheat fields
with peak activity near harvest resulted from declining host suitabil-
ity, but from this study, it is clear that increased mite movement dur-
ing this time would have a direct connection to rapidly increasing mite
populations as proposed by Thomas and Hein (2003).

Mite infestation of seedlings was also associated with high popu-
lations on wheat heads, with the highest mite populations in Deuel
County accounting for 54 of the 61 plants with direct seedling infesta-
tion. This had not been previously documented. Direct mite infestation
of wheat seedlings first occurred during the early dough stage, with an
increasing number of infested plants through the soft and hard dough
stages and a rapid decline at the harvest ripe stage. Controlled con-
ditions likely increased mite survival owing to adequate moisture for
seedling germination. Such conditions may be possible under field
conditions, as hail damage typically destroys wheat stands, increasing
the potential for dense residue shielding. Lower humidity levels are
likely to decrease direct infestation of newly germinated wheat, ow-
ing to reduced mite survival (Wosula et al. 2015). This is apparent from
the diminishing ability of mites to survive on harvest ripe wheat, as re-
flected in the decline in mite populations found in wheat heads and
in reduced direct infestation on germinating seedlings. Greater seed-
ling infestation by mites during soft and hard dough wheat stages in-
dicates that mites continue to feed on seeds until germination occurs.
This supports the idea that as wheat approaches harvest, seeds dry
down rapidly and become unsuitable for mite feeding.

Rainfall applications had no consistent impact on mite populations
during either year of the study. A few significant differences occurred
between rainfall applications; however, these differences were not ad-
ditive or consistent across treatment or years. In 2013, the highest
mite populations occurred with the early and late rainfall applications,
but the no rainfall and combined rainfall treatments had lower pop-
ulations. The reduction in combined applications compared with the
individual application suggests that some other factor besides rainfall
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impacted mite populations. In addition, no significant interactions be-
tween rainfall application and collection days occurred, indicating a
lack of impact on mite populations from rainfall treatments. In 2014,
rainfall rates were increased to 25 mm; however, there were no differ-
ences between rainfall treatments or their interaction with collection
dates, reinforcing the lack of impact from rainfall on mite populations.

The rainfall simulator used in this study was designed to produce
raindrops of similar size and energy to those coming from natural rain
events. This reproducibility of natural rainfall events demonstrates that
rain during wheat heading likely has minimal impact on mite popu-
lations. A lack of impact on mite populations could be owing to the
physical structure of wheat heads. The structure of the wheat head
provides numerous protected niches for the mites and precludes rain
drops from directly dislodging mites, and prevents water from col-
lecting within the glumes of the wheat head where mites are typically
found. Similar studies are needed to address the impact of rainfall on
mite populations during the earlier, vegetative stages of wheat devel-
opment when the mites are not protected within the heads.

The results from this study demonstrate the rapid seasonal buildup
of mite populations during wheat heading, with peak populations oc-
curring during the hard dough stage of winter wheat. Large popula-
tions of mites on winter wheat prior to harvest reinforced the need
for producers to manage preharvest volunteer wheat or other poten-
tial oversummering hosts that can be infested at this time. In addi-
tion, we demonstrated that mites can directly infest germinated wheat
from infested grains; however, this occurred at low levels and was lim-
ited to late stages of wheat development (early dough through hard
dough). Our results show a lack of impact from rain applied during
the heading stages of wheat, likely as a result of mites being protected
from the direct impact of rain drops. These results increase our under-
standing of the factors that affect mite population dynamics in head-
ing wheat and the potential for mites to infest suitable hosts prior to
winter wheat maturing.
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