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Abstract: Root-feeding Melolonthinae larvae are a forest pest species in Europe that can exert serious
damage. In Poland, they are classified as the most dangerous pest on land dedicated to afforestation
and the most serious threat to natural regeneration in the stands. This study was performed in three
forest districts in east Poland (Lubartów, Marcule, and Wyszków forest districts) in mixed conifer
forests, where the presence of Melolontha spp. grubs was evaluated in autumn and spring of 2012
to 2017, respectively. In spring 2012, 2014, and 2016, consecutively ‘small sawdust pits’ in rows
between seedlings were prepared, and in adjacent inter-rows similar control pits without sawdust
were marked. In spring and autumn of the following year, sawdust and soil from both types of
pits were sieved and Melolonthinae larvae were counted and compared. More grubs were found in
sawdust pits in spring than in autumn. In Marcule Forest District (FD) (2014), more grubs were found
in inter-rows than in rows with seedlings, when compared to grubs detected using the traditional
method of “autumn large pits assessment”, recommended by Polish forest rules. The Melolonthinae
population size and location of grubs were related to the weather conditions in the evaluated periods,
as well. We conclude that to properly assess the cockchafer threat, it is necessary to perform spring
assessment and to search in inter-rows. This could be recommended for decisions on control.
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1. Introduction

Root-feeding insects are key components of many terrestrial ecosystems. The detrimental effect of
below ground insect herbivory in agricultural and forest ecosystems is widely appreciated, because
root-damaging pests cause great economic losses [1,2]. Among the many insects that have substantial
impacts on forest management in European countries, the genus of Melolontha spp. (Coleoptera:
Scarabaeidae) are especially important. The cockchafer genus, Melolontha spp., is estimated to have
been a pest on 200,000 hectares, mainly in Central Europe, over the past 20 years [3–5].

In Poland, the most important species are Melolontha melolontha L. (common or May cockchafer),
and M. hippocastani Fabr. (forest cockchafer) [6–8]. These species occur at varied frequency throughout
the country, but are commonly found in the central and southeastern parts of Poland. The area of
occurrence of the two species considered as pests has increased in recent years, from 10.4 thousand
hectares in 2016 to 18.3 thousand hectares in 2017 [9]. In fact, in certain regions in Poland, the high
population density of Melolontha spp. grubs makes reforestation or afforestation impossible.
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Melolontha spp. have a 3- to 5-year life cycle: In Central Europe, the life cycle is typically four
years [10,11]. Melolontha melolontha L and Melolontha hippocastani Fabr. have very similar biology [12].
During the life cycle, the insect undergoes a complete transformation characterized by varying
morphology and behavior at each life stage. The grubs (larvae) are more problematic in forests because
they damage the roots of seedlings and trees. [10,13,14]. Dead roots of trees and plants are colonized
and decomposed by fungi and bacteria, and released carbon dioxide serves to attract grubs to migrate
to the root system and to feed on living roots [15,16]. The most intensive feeding periods for grubs
take place after molting (autumn) and after vertical migration to the surface in the spring; it is during
these periods that the greatest damage to tree roots occurs. Adult beetles feed in tree crowns, causing
defoliation, reduced photosynthetic capacity, and weakness in the trees [17].

Until 2010, pesticides were used to effectively control both adults and larvae [14,18]. Two legal
acts adopted in 2009 have had considerable influence on the extent and form of allowable pesticide use:
(a) Directive 2009/128/EC of the European Parliament and of the Council on 21 October 2009 established
a framework for community action to achieve sustainable use of pesticides; and (b) Regulation (EC)
no. 1107/2009 of the European Parliament and of the Council on 21 October 2009 regulated the placement
of plant protection products on the market and repealed Council Directives 79/117/EEC and 91/414/EEC.
These acts limited chemical control of the cockchafer population, shifting management attention to
natural (birds after soil ploughing, use of antifeedants, e.g., buckwheat) or biological (entomopathogenic
fungi, parasitic nematodes) methods of control. The permitted insecticides are used as a last resort.
In order to practically apply one of these non-chemical methods, it is necessary to know the current
threat of the area designated for afforestation or renewal, risk assessment, and decision making.

Globally, field methods used in the monitoring of root pests are highly diverse. To monitor the
threat represented by the cockchafer and its larval stage in Australia, 5 to 10 soil cores of a 10 cm
depth were taken before pupation [19]. In Germany, a 4 × 1 m2 Goettinger frame was used to search
for cockchafer larvae in soil [20]. In Austria, Pernfuss et al. [21] dug three square holes per plot
(20 × 20 cm wide and 20 cm deep) and sampled garden chafer (Phyllopertha horticola) larvae from these
locations before and after control treatment. In Poland, the threat from Melolontha spp. larvae to young
plantations is assessed in autumn, one year before tree planting. According to the Polish Instruction
of Forest Protection [22], this threat assessment is performed between 15 September and 30 October
by counting the number of grubs in the soil in at least six large pits (1 × 0.5 × 0.5 m) placed in each
hectare of afforested or restored area. The age of the grubs is determined by the width of the head
capsule—one-year up to 2.5 mm, two-year up to 4.0 mm, and three-year and older above 4.0 mm [22].
The number of grubs in one pit exceeding five one-year grubs, four two-year grubs, or three three-year
and older grubs specifies the need for protective treatment.

An alternative method has been described where the Melolontha spp. threat is assessed in spring
in small soil pits (0.2 × 0.2 × 0.3 m) that are easier to excavate and have been filled with fresh pine
sawdust [23]. Sawdust is a nutritional base for colonization by local populations of bacteria and
fungi involved in cellulose and lignin degradation [24–27]. This degradation produces: (1) Many
antibiotics, inhibitors, and biopesticides, therefore shaping some microbial properties of soils and
acting as belowground arthropod attractants [28]; and (2) carbon dioxide, released from the decayed
cellulose of sawdust, as well other volatile compounds [16], exert an aggregative impact on the activity
of larvae of Melolontha spp. [15,16,29,30].

The hypothesis of this study was that the ‘small sawdust pits’ method allows better determination
of the real spring threat of Melolontha spp. to seedlings and better indicates the location of grubs in the
plantation, compared to the traditional large pit method used in Poland. Additionally, the impact of
weather conditions on a local Melolonthinae population was assessed. The results of this work could
be used to modify the traditional method of hazard assessment from grubs in afforestation.
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2. Materials and Methods

Experimental plots were located in three forest districts (FD): Lubartów (51◦23′16.8′′N; 22◦37′32.4′′ E),
Marcule (51◦3′58′′ N; 21◦17′12′′ E), and Wyszków (52◦43′15′′ N; 21◦39′03′′ E). The field studies were
conducted in Lubartów FD in 2012 to 2013, in Marcule FD in 2014 to 2015, and in Wyszków FD in
2016 to 2017. Before planting, the area was an 80 to 100 years old Scots pine in fresh mixed coniferous
Oxalis-Myrtillus type (OMT) stands, harvested two years before. The area was partially covered with
grass and Myrtillus, and soil was prepared with a LPZ-75 plough. All evaluated forest districts are
situated in the Middle European Plain Province of the Middle Europa Megaregion [31], with similar
winter temperatures (IIIrd soil freezing class, according to European Act (PN)-EN-12831) (Figure 1),
and annual precipitation classified by Bojarczuk et al. [32] as the continental climatic zone.
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interstices, located 50 cm away from the seedlings and two one side of the adjacent interrow, and 
the soil from these holes was similarly sieved (Figure 2).  

Figure 1. Area of occurrence of Melolonthinae in Poland in 2017 (grey), borders of climatic zones (lines),
and locality of experimental plots (stars) in tested forest districts (FD).

One year before the investigations, all experimental areas were considered to have a strong threat
from cockchafer larvae to intended Scots pine plantations. The threat was based on the high mean
number of cockchafer larvae found in soil checked in the autumn of the year preceding afforestation;
this evaluation used one “big soil pit”, 1 × 1 × 0.5 m (width/length/depth), for every 5 hectares,
according to Polish rules (IOL 2012). The mean number of grubs was approximately 4 three-year
grubs/pit, which meant a serious threat and could lead directly to the destruction of the stand [22,33].

In April 2012, 2014, and 2016, respectively, one-year-old seedlings originating from a local open
nursery were planted manually, spaced 0.7 m between seedlings in a row and 1.2 m between rows,
in each focal area. Within each forest district, three 15-m-long plots were randomly assigned. Each plot
contained eight rows of seedlings. In May, 18 holes (0.2 × 0.2 × 0.3 m) were dug between seedlings in
each experimental area. The holes, called “small pits”, were spaced evenly in every row (Figure 2).
Each hole was filled with fresh, moist Scots pine sawdust (0.2 m deep) and covered with 10 cm local
soil. Sawdust was sampled from each pit: (i) At the end of September (for an autumn rating), and (ii) at
the end of May (for a spring rating, one year after planting). Samples were sieved through sieves with
a mesh size of 2 mm. At the same time, 18 similar holes were dug in the interstices, located 50 cm
away from the seedlings and two one side of the adjacent interrow, and the soil from these holes was
similarly sieved (Figure 2).
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Figure 2. Location of small pits with sawdust (a) between seedlings in the row, and control pit without
sawdust (b) in the interrow.

In the Marcule FD in autumn 2014, we performed an additional experiment in three other plots,
in two replications. The additional pits were dug in rows: (i) Between seedlings, and (ii) in the nearest
inter-row, at a distance of 50 cm from seedlings, and sieved together in autumn with (iii) a similar pit
assessment of the soil directly under neighboring seedlings (across these three treatments there were
108 pits altogether, resulting in sieving of a total of 3 × 1.3 m3 of soil).

Larvae remaining on the sieve were counted and compared. The total number of larvae in all
small pits, per unit volume (0.012 m3 or 0.216 m3 per each area), was converted to an estimate of
the number of larvae expected to occupy the volume of the big soil pits (0.5 m3), according to the
Instruction of Forest Protection [22].

The values of monthly air temperature and precipitation in the forest districts for the period
of 2011–2017 were obtained courteously from the Institute of Meteorology and Water Management
(IMGW Warsaw). For the vegetation growth season (April–October), the values of the Selyaninov
hydrothermal coefficient (HTC) were calculated according to the formula:

HTC = 10 × P/Σ t,

where P is the monthly sum of precipitation and Σ t is the sum of the average daily temperatures in the
month, respectively, in the vegetation growth period, during which the temperature should be above
10 ◦C [34]. The Selyaninov HTC coefficient is often used in agriculture and horticulture as a synthetic
index of the precipitation and temperature dependence in a given period, defining the weather in the
range from hot drought (HTC < 1 means drought) to cold and excessive precipitation [35,36].

Results were analyzed in two ways. First, for every forest district, differences between the number
of grubs in control pits and the number of grubs in sawdust pits were determined. In the second part
of the analysis, the number of grubs was compared separately between the dates of the performance of
small pitches (spring, autumn) for each of the experimental variants. In both cases, the non-parametric
Mann-Whitney test was used to evaluate differences, since a Kolmogorov–Smirnov test found that
the data deviated significantly from a normal distribution. To evaluate the correlation between the
number of grubs and the hydrothermal coefficient, a simple linear regression was used. Analyses were
performed in the Statistica v. 13.0 package (Dell Inc., Round Rock, TX, USA).
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3. Results

In our research, the Melolontha grubs were counted together, regardless of the species and age,
assuming that each individual is responsible for damage to the roots. On the areas tested, M. melolontha
3-years-old grubs dominated; M. hippocastanei were found singly.

The weather conditions in the period 2011–2017 were highly variable in particular months.
Total precipitation in autumn 2012 and spring 2013 was rather low, whereas in spring 2014 it was
above the median perennial moisture. In August 2015, precipitation was dramatically low, and the air
temperature very high. In spring 2016, weather conditions were rather unfavorable for vegetation
(due to low rainfall and relatively high temperatures), and spring 2017 was dry and cold, whereas the
autumn of 2017 was wet and warm.

The values of the hydrothermal coefficient (HTC) were generally lower than the multi-annual
averages for these areas, especially in the particularly dry years of 2012 and 2016 (Figure 3). In 2014
and 2017, the rainfall was higher and the temperature was rather low, which resulted in more favorable
conditions for Scots pine cultures.
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The comparison of the number of grubs of all stages and species found in sawdust pits and
sawdust-free pits within each time period, assessed separately for FD districts (Figure 4), showed the
following relationships:

• In the Lubartów FD, significant differences between spring pits with sawdust and spring pits
without sawdust were observed (p-value = 0.038).

• In the Marcule FD, grubs were significantly more common in control pits made in autumn than
in pits made in spring (p-value = 0.002); in pits with sawdust, no differences between seasons
were found.

• In the Wyszków FD, cockchafer grubs were significantly more common in spring 2017 in small
pits with sawdust than in pits without sawdust (p-value = 0.031).

These results suggest that it is important to perform spring assessment in sawdust pits in all forest
districts. In Lubartów FD, the number of cockchafer grubs found in sawdust pits in spring was 4 times
greater than in autumn of the preceding year, and in Wyszków FD the number was more than 13 times
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greater. The results showed that the grubs were gathering only in interrows and were not found both
in pits with or without sawdust and under seedlings. The total average number of grubs in interrows
between pits with sawdust was 13 for plots (5 when standardized to 0.5 m2 [22]), and 3 (1) in interrows
between pits without sawdust. For comparison, there were 2 grubs found in the large pit according to
the traditional IOL method [22] (personal information from FD).Forests 2018, 8, x FOR PEER REVIEW  6 of 11 
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There was a significant relationship (p-value = 0.049) between the occurrence of grubs in the pits
and the hydrothermal coefficient. The value of the correlation coefficient was R = 0.51, which indicates
the moderate strength of this relationship (Figure 5). The higher value of the hydrothermal coefficient
was associated with a higher number of grubs observed in the pits, as result of the better development
of plants and their higher attraction.Forests 2018, 8, x FOR PEER REVIEW  7 of 11 
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4. Discussion

Soil is a particularly heterogeneous environment, and so the range of abiotic conditions experienced
by root herbivores (e.g., larvae of Melolonthae) can be both diverse and complex. Melolontha spp. are
typical eurytopic organisms; their life cycle is dependent on soil moisture and temperature [17]. Barnett
and Johnson [37] described that temperature and soil moisture are responsible for movements and
changes in the physiological processes of root herbivores. When the temperature is low, metabolic
rates decrease, and, as a consequence, larvae are predicted to have decreased movement compared to
optimal temperatures [38].

With low rainfall, the grubs in this study showed a tendency to gather in small sawdust pits,
where there was probably higher humidity. Similar results were obtained by Lees [39], who found that
larvae of the Coleopteran genus, Agriotes, responded in two ways to soil moisture. First, they increased
activity and migrated out of dry sand into wet sand, but if soil moisture conditions changed too rapidly,
they became trapped and burrowing activity ceased.

In our experiment, we found a significant relationship between the occurrence of grubs in the
pits and the hydrothermal coefficient. The higher value of the hydrothermal coefficient was related to
a higher number of grubs observed in the pits. This can be explained by the fact that when temperature is
low, enzymes react slowly, and, as a consequence, larvae are predicted to display decreased movement
compared to times of optimal temperature [38]. An increase of the water content in the soil causes
a reduction of oxygen and a significant increase of carbon dioxide levels [37]. This could reduce the
movement of most insects not adapted to reduced oxygen contents. In an indirect way, soil moisture
can affect the migration of root pests caused by the search for a host plant. Increased soil moisture
affects the amount of gaseous molecules, like those released from plant roots and decaying matter,
because it can change diffusion rates when compared to standard atmospheric air [40]. Carbon dioxide
has been shown to be a major player when it comes to the plant host location by pests [41], and the
larvae of Melolontha and many other soil insects are attracted to CO2 [16,29,42]. Carbon dioxide
dissolves more quickly in water, which could make it more difficult for pests to move towards the
plant roots when soils are saturated.

During this research, we found aggregation of larvae of Melolontha in rows close to seedlings
when conditions were unfavorable for growth (during low precipitation in spring 2013 and 2017).
These conditions affect the amount and quality of food available for pests and also the plant metabolites
released into the rhizosphere under stress. For example, Schenk and Jackson [43] found that the
absolute rooting depth of plants in moisture-limited environments has a tendency to increase with
increasing levels of precipitation. However, at the same time, some plant species have been shown
to increase the size of their rooting systems when soils become drier [44]. Jupp and Newman [45]
found that some plant systems increased lateral root growth from 300% to 500% when soil is dry.
In contrast, dry soil conditions increase the Scots pine’s susceptibility to soil acidification, and this
could significantly reduce fine root growth and increase root mortality [46]. Released in the process of
decomposition of dead roots, carbon dioxide may additionally lure the grubs [16].

Opinion is divided on the impact of drought on plant nutrition. Drought may increase the uptake
of nutrients by plant root systems through the aggregation of organic and inorganic materials by
capillary forces [44]. On the other hand, drought could increase the concentrations of terpenes and
resin acids in gymnosperms [47,48]. Terpenes are the major class of compounds to which 17% of insects
respond; compounds from this class act as a chemoattractant to insect species, especially those of the
order, Coleoptera, and act as potent long-distance signals for foraging insects [49–51].

The results obtained here show that the inspection of pits in autumn of the year of cultivation
did not offer satisfactory information about the real threat represented by Melolontha spp. to plant
cultures in the year following the cultivation. Autumn inspection in the year of cultivation also did not
corresponded with results of primary threat assessment in the autumn before spring cultivation. In all
cases, inspection performed in the spring of the next year found that cockchafer larvae preferred pits
with sawdust over control pits with forest soil and roots. The short period of this research, and the
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unexpected variability of the weather—exemplified by a dry 2015 followed by a wet 2016—did not
allow us to generalize these results beyond the focal experiment. The great number of pits in which
there were no grubs suggests that cockchafer larvae occur in clusters. The hypothesis that spring threat
assessments and assessment in inter-rows are necessary in order to accurately predict the threat level
from grubs was supported. This research showed that a greater number of grubs is correlated with
a higher value of the HTC indicator. Sawdust in the pits keeps moisture for a longer time, which is
more attractive for grubs in the dry season. The spring assessment period seems to be important due to
the migration of grubs toward both developing tree roots with forming mycorrhiza and old, dead roots
with residues that give off compounds and indirectly inform grubs of available food [50].

In general, the use of spring risk assessment seems valuable, as indicated by earlier results of
mycological [52], bacterial [27], and other sylvicultural research [23,53] in soils subjected to sawdust.
Together, these studies confirm that there is increased activity of grubs in these soils after the introduction
of sawdust. In addition, small soil pits checked in spring seem to offer more precision for assessment
of the severity of the threat of grubs to seedlings, when compared with the more labor-intensive and
expensive method prescribed by Polish regulations [22].

5. Conclusions

• A significant relationship between the number of Melolontha spp grubs and the hydrothermal
coefficient was found.

• It seems that the pits with sawdust checked in spring allowed the number of grubs to be determined
more precisely compared to the assessment performed in autumn.

Author Contributions: M.M. and Z.S. generated the data. All authors analyzed and discussed the data.
The manuscript was written by H.S., Z.S. and M.M. Statistical analysis using the Statistica v. 13.0 package
by: M.T. The general conception of the project was provided by Z.S.

Funding: This work was supported by the State Forest Holding in Poland through Project No. 500 426.
(contract number OR.271.3.4.2015).

Acknowledgments: The authors thank the forest staff of the Lubartów, Marcule, and Wyszków forest districts
for valuable assistance during fieldwork. The authors would like to thank the anonymous reviewers for their
valuable comments and suggestions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Hunter, M.D. Root herbivory in forest ecosystems. In Root Feeders, an Ecosystem Perspective; Johnson, S.N.,
Murray, P.J., Eds.; CAB Biosciences: Ascot, UK, 2008; pp. 68–95.

2. Johnson, S.N.; Benefer, C.M.; Frew, A.; Griffiths, B.S.; Hartley, S.E.; Karley, A.J.; Rasmann, S.; Schumann, M.;
Sonnemann, I.; Robert, C.A.M. New frontiers in belowground ecology for plant protection from root-feeding
insects. Appl. Soil Ecol. 2016, 108, 96–107. [CrossRef]

3. Keller, S.; Brenner, H. Development of the Melolontha populations in the canton Thurgau, eastern Switzerland,
over the last 30 years. IOBC/WPRS Bull. 2005, 28, 31. Available online: http://iobc-wprs.org/pub/bulletins/
iobc-wprs_bulletin_2005_28_02.pdf#page=46 (accessed on 18 December 2018).

4. Oltean, I.; Varga, M.; Gliga, S.; Florian, T.; Bunescu, H.; Bodis, I.; Covaci, A. Monitoring Melolontha melolontha L.
species in 2007, in the nursery from UP IV Bătrâna OS Toplit,a, Harghita forest district. Bull. UASVM CN.
2010, 67, 525.

5. Švestka, M. Changes in the abundance of Melolontha hippocastani Fabr. and Melolontha melolontha (L.)
(Coleoptera: Scarabeidae) in the Czech Republic in the period. J. For. Sci. 2010, 56, 417–428. [CrossRef]

6. Švestka, M. Ecological conditions influencing the localization of egg-laying by females of the cockchafer
(Melolontha hippocastani F.). J. For. Sci. 2007, 53, 16–24. [CrossRef]

7. Woreta, D.; Sukovata, L. Effect of food on development of the Melolonta hippocastani F. beetles (Coleoptera,
Melolonthidae). For. Res. Pap. 2010, 71, 195–199. [CrossRef]

http://dx.doi.org/10.1016/j.apsoil.2016.07.017
http://iobc-wprs.org/pub/bulletins/iobc-wprs_bulletin_2005_28_02.pdf#page=46
http://iobc-wprs.org/pub/bulletins/iobc-wprs_bulletin_2005_28_02.pdf#page=46
http://dx.doi.org/10.17221/109/2009-JFS
http://dx.doi.org/10.17221/2151-JFS
http://dx.doi.org/10.2478/v10111-010-0015-0


Forests 2019, 10, 399 9 of 11

8. Wagenhoff, E.; Blum, R.; Delb, H. Spring phenology of cockchafers, Melolontha spp. (Coleoptera: Scarabaeidae),
in forests of south-western Germany: Results of a 3-year survey on adult emergence, swarming flights,
and oogenesis from 2009 to 2011. J. For. Sci. 2014, 60, 154–165. [CrossRef]

9. Sukovata, L. Szkodniki korzeni drzew i krzewów leśnych [Pests of the roots of trees and shrubs].
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