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Przezywalnos¢ i wzrost pedrakow Melolontha spp. na korzeniach
glownych gatunkow drzew lesnych

Survival and growth of the Melolontha spp. grubs on the roots of the forest's main tree species
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Abstract. The survival, weight and relative growth rate (RGR) of the Melolontha spp. grubs feeding on roots of
Quercus petraea, Q. robur, Fagus sylvatica, Betula pendula, Larix decidua, Alnus glutinosa and Pinus sylvestris were
examined.

Overall, the youngest grubs, L1, were the most affected by food quality. The mortality of the grubs feeding on the
roots of A. glutinosa changed most rapidly and, consequently, LT50 was the shortest (25.9 days), whereas the slowest
changes in mortality with the highest LT50 values were observed on the two oak species (54.9 and 44.9 days on
Q. robur and Q. petraea, respectively). The RGRs of the L1 grubs were the highest on oaks, F. sylvatica and
B. pendula. The overall rate of survival of the older grubs was high (66.7-100%). It was the lowest on the roots of
B. pendula (L2 grubs) and L. decidua (L3 grubs), which at the same time displayed the highest RGRs.

The interpretation of the results is difficult due to the lack of basic knowledge on the potential effects of food quality
and other factors on grub metamorphosis. There is no doubt, however, that among the seven tested tree species the roots
of A. glutinosa are the least favorable for the Melolontha grubs' performance.
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1. Wstep

Chrabaszcz majowy Melolontha melolontha (L.) i
chrabaszcz kasztanowiec M. hippocastani F. (Scarabaei-
dae) sa szczegolnie groznymi szkodnikami leSnymi ze
wzgledu na zerowanie ich larw na korzeniach roslin, w
tym drzew i1 krzewdw, co czesto prowadzi do zamierania
upraw i uniemozliwia odnowienie lasu.

W latach powojennych powstata koniecznos$¢ za-
lesienia znacznych powierzchni réznego rodzaju nie-
uzytkow 1 mato produktywnych gruntéw porolnych,
w duzym stopniu zasiedlonych przez pedraki (Woreta,
Skrzecz 1996). W tamtym okresie byly stosowane che-
miczne $rodki ochrony rodlin o duzej skutecznosci
(DDT, HCH), co przyczynito si¢ do zmniejszenia po-

wierzchni wystepowania pedrakéw do poziomu nieprze-
kraczajacego 500 ha w latach 1980-1993 (Woreta
1994). Szkodliwe dla srodowiska $rodki ochrony roslin
z czasem zastepowano nowymi. Te nowe srodki ochrony
(z grupy pyretroidow), o mniejszym dzialaniu ubocz-
nym na srodowisko, wykazywaly duza skutecznos¢ w
walce z imagines chrabaszczy (Woreta 1999). W ostat-
nim czasie, w trosce o srodowisko naturalne, Parlament
Europejski wprowadzit przepisy prawne, na mocy
ktérych wycofano niemalze wszystkie insektycydy do-
glebowe (m.in. Rozporzadzenie Parlamentu Europej-
skiego i Rady (WE) nr 1107/2009 z dnia 21 pazdziernika
2009 r.). Brak skutecznych s$rodkéw ochrony roslin
przyczynit si¢ do zwigkszenia powierzchni upraw
lesnych zagrozonych ze strony pedrakow Melolontha
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spp. Uszkodzone przez pe¢draki sadzonki zamieraja, co
powoduje konieczno$¢ wykonywania poprawek lub
ponownego zalesienia przepadtej uprawy. Od 1966 r. do
2005 r. wudzial procentowy powierzchni upraw
przeznaczonych do poprawek nie przekraczat 21%,
podczas gdy po tym okresie wahat si¢ juz od 26 do 53%.
W zwiazku z trwajaca od wielu lat gradacja Melolontha
spp. na terenie kraju powstaty stale ,,pedraczyska”, czyli
miejsca stalego wystgpowania pedrakéw, w ktérych
odnowienie lasu jest bardzo utrudnione z powodu
ciaglego uszkadzania korzeni sadzonek.

Ograniczenie stosowania insektycydéw spowodo-
walo zwigkszenie zainteresowania innymi, niechemicz-
nymi sposobami ochrony upraw, m.in. hodowlanymi,
agrotechnicznymi 1 biologicznymi. Przeprowadzone
przez nas badania mialy na celu okreslenie wptywu
rodzaju pokarmu (sadzonki r6znych gatunkow lasotwor-
czych) na przezywalnos¢ i mase ciata pedrakow.
Uzyskana wiedza moze by¢ przydatna na etapie doboru
sktadu gatunkowego przy zaktadaniu upraw lesnych na
terenach o duzej liczebnos$ci populacji Melolontha spp.

2. Materialy i metody badan
Obiekty doswiadczen

Doswiadczenia przeprowadzono z wykorzystaniem
pedrakow Melolontha spp. wszystkich stadidw rozwo-
jowych: L1, L2 i L3. Stadia pedrakéw okreslono na
podstawie szerokosci puszki glowowej (Sliwa 1993).
Identyfikacja pedrakow do gatunku byta niemozliwa ze
wzgledu na brak wiarygodnych metod (Krell 2004).
Z pewnym prawdopodobienstwem mozna jednak przy-
jac, ze wigkszos¢ pedrakow w stadium L2 i L3 wyko-
rzystanych w doswiadczeniach nalezala do M. hippo-
castani (z osobnikow, ktdre przezyly, rozwingly si¢ ima-
gines tego gatunku).

Za pokarm dla pedrakéw postuzyly sadzonki naste-
pujacych gatunkoéw drzew lasotwérczych: dab szyputko-
wy (Quercus robur L.), dab bezszyputkowy [Q. petraea
(Matt.) Liebl.], buk zwyczajny (Fagus sylvatica L.),
brzoza brodawkowata (Betula pendula Roth.), olsza
czarna [Alnus glutinosa (L.) Gaertn.], modrzew euro-
pejski (Larix decidua Mill.) 1 sosna zwyczajna (Pinus
sylvestris L.).

Uklad doswiadczalny

Badania nad rozwojem i przezywalnoscig pedrakow
zerujacych na sadzonkach wybranych gatunkow drzew
przeprowadzono w latach 2011 i 2012 w szklarni Insty-
tutu Badawczego Lesnictwa.

W 2011 r. zalozono doswiadczenie z pedrakami w
stadium L2. Trwato ono od 20 maja do 29 wrzes$nia.
Pedraki do tego doswiadczenia zebrano wiosng na
terenie Nadlesnictwa Kozienice (Regionalna Dyrekcja
Lasow Panstwowych w Radomiu), przeszukujac glebe
do glebokosci 20-30 cm. Do hodowli pgdrakow wy-
korzystano dwuletnie sadzonki, ktére pochodzity ze
szkotek w nadlesnictwach: Grojec i Chojnow (RDLP w
Warszawie), Ostrowiec Swigtokrzyski (RDLP w Ra-
domiu) i Pniewy (RDLP w Poznaniu).

W 2012 r., w ramach doswiadczenia z pedrakami w
stadium L3, wykorzystano osobniki z opisanego wyzej
doswiadczenia, ktore w drugiej potowie 2011 r. przeszly
wylinke, a nastepnie przezimowaly w szklarni. Pedraki
L3 hodowano w okresie od 20 kwietnia do 27 czerwca na
korzeniach dwuletnich sadzonek pozyskanych ze
szkotek lesnych nalezacych do nadlesnictw: Pniewy,
Chojnéw i Grojec.

W 2012 r. zatozono takze doswiadczenie z pedra-
kami L1 zebranymi na terenie Nadlesnictwa Lubartow
(RDLP w Lublinie). Pgdraki L1 hodowano na korze-
niach jednorocznych sadzonek ze szkotki kontenerowej
w Nadle$nictwie Jablonna (RDLP w Warszawie), a dos-
wiadczenie trwato od 28 maja do 18 wrzesnia.

Pedraki umieszczano w doniczkach z gleba (ziemia
ogrodowa firmy Agrohum, Lomianki, Polska) i sadzon-
kami poszczegolnych gatunkéw drzew (1 sadzonka na
doniczke): po dwa pedraki w stadium L1 lub po jednym
pedraku w stadium L2 lub L3 w kazdej doniczce. Dos-
wiadczenie z pedrakami L2 przygotowano w 15 powto-
rzeniach dla kazdego gatunku rosliny, a z pedrakami L1
i L3 —w 10 powtdrzeniach. Pedraki L3 umieszczano w
doniczkach z sadzonkami tych samych gatunkow roslin,
na ktérych zerowaty w roku poprzednim.

Kazdy pedrak, przed wprowadzeniem go do ziemi,
zostal zwazony z doktadnoscia do 0,001 g na wadze
AD 300 (Axis sp. z 0.0., Gdansk, Polska). Oceng zywot-
nosci i masy ciata pedrakow prowadzano we wszystkich
doswiadczeniach co 2-3 tygodnie. Podczas kazdej
oceny, jak réwniez w przypadku uschnigcia sadzonki,
rosliny wymieniano na nowe.

Analiza matematyczna i statystyczna

Do oceny tempa zamierania pedrakéw w rdznych
stadiach rozwojowych zerujacych na korzeniach posz-
czeg6lnych gatunkow drzew oraz do okreslenia czasu
niezbednego do zamarcia 50% osobnikow (LT50) za-
stosowano uogolniony model liniowy (GLZ) z dwumia-
nowym rozktadem zmiennej zaleznej i funkcja wiazaca
typu probit. GLZ zastosowano takze do poréwnania
dynamiki (zmian w czasie) przezywalnosci i masy ciata
pedrakow zerujacych na gatunkach drzew zestawionych
parami — kazdy z kazdym. W przypadku analizy masy
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ciala zmienna ta charakteryzowata si¢ rozktadem nor-
malnym, a funkcja wiazaca miata posta¢ log w przy-
padku pedrakéw L1 oraz postaé identycznosciowa w
przypadku pedrakéw L2 i L3. Do budowania modeli
zastosowano metod¢ najwigkszej wiarygodnosci
(Stanisz 2007). Czas od poczatku doswiadczenia do
kolejnych ocen zdrowotnosci i masy ciata mierzono
liczba dni, a przezywalno$¢ — liczba pedrakéw zywych
(kod 0) 1 martwych (kod 1).

Do oceny rozwoju pedrakow wykorzystano wzgled-
ny przyrost masy ciata (relative growth rate, RGR), ktory
obliczono wg wzoru (Lazarevi¢ et al. 2002):

M ' -M 0
T ,xM,

t

RGR =

gdzie:

M, i M, — poczatkowa i konicowa masa ciata owada
(8

T, o — liczba dni migdzy poczatkowym i koncowym
wazeniem (d).

Wartos¢ RGR obliczano w kazdym roku za okres od
poczatku doswiadczenia do drugiej potowy sierpnia.
Wynika to z faktu, iz w pozniejszym okresie pedraki
zaczynaja przygotowywac si¢ do hibernacji i zeruja
mniej intensywnie, co powoduje spadek masy ciata.

Dla poréwnania srednich wartosci RGR pedrakéw
zerujacych na korzeniach sadzonek roznych gatunkéw
drzew zastosowano jednoczynnikowg analiz¢ wariancji,
a w przypadku niespehienia jej zatozen — nieparame-
tryczny test Kruskala-Wallisa, a nastgpnie pordwnanie
$rednich rang.

Analizy przeprowadzono za pomocg programu Sta-
tistica 10 (StatSoft, Inc. 2011) przy zatozonym poziomie
istotnosci a=0,05.

3. Wyniki
Pedraki pierwszego stadium

Przezywalnos¢

Pedraki L1 zebrane wiosng 2012 r. na terenie Nad-
lesnictwa Lubartéw charakteryzowatly si¢ staba wital-
noscia. Znaczna $miertelno$¢é miata miejsce juz w po-
czatkowej fazie do§wiadczenia (ryc. 1A). Od 28 maja do
18 wrzesnia przezylo srednio zaledwie 11,4% pedrakow,
najwiecej wsrod zerujacych na korzeniach Q. robur
(25%) 1 Q. petraea (20%). Pedraki hodowane na tych
dwdch gatunkach drzew charakteryzowaly si¢ takze naj-
wigkszym wskaznikiem LT50 — odpowiednio 54,9144,9
dni (tab. 1). U osobnikéw hodowanych na pozostalych
gatunkach drzew wskaznik ten wahat si¢ od 25,9 do 35,4
dni. Duza warto$¢ LT50 u pedrakéw zerujacych na ko-
rzeniach obu gatunkéw dgbu wskazuje na powolne
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Rycina 1. Przezywalno$¢ (A) i zmiana masy ciala (B)
pedrakéw L1 Melolontha spp. zerujacych na korzeniach
sadzonek réznych gatunkow drzew w okresie 28 maja—18
pazdziernika 2012 r. oraz wzgledny przyrost masy ciala
(Srednia + blad std.) uzyskany do 21 sierpnia (C)
Figure 1. Survival (A) and changes of the body weight (B)
of the L1 Melolontha spp. grubs feeding on the roots
of plants of various tree species in the period of 28 May—18
October 2012 and relative growth rate (RGR, mean + SE)
reached before 21 August (C)

tempo ich zamierania, ktore réznito si¢ istotnie od tempa
zamierania pedrakéw odzywiajacych si¢ korzeniami
L. decidua i A. glutinosa, a w przypadku pedrakow
zerujacych na Q. petraea byto ono wolniejsze takze w
poréwnaniu z osobnikami hodowanymi na korzeniach
B. pendula (tab. 2). Smiertelno$é¢ pedrakéw zerujacych
na korzeniach 4. glutinosa wyniosta 100% juz 10 lipca, a
dynamika ich zamierania istotnie réznita si¢ od tej na
wszystkich innych gatunkach drzew (ryc. 1A, tab. 2).
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Masa ciata jajacych si¢ na sadzonkach F. sylvatica i B. pendula, aw
lipcu — na sadzonkach Q. petraea. Stwierdzone roznice
w tempie zmian masy ciala pedrakow nie byly
jednak statystycznie istotne (P > 0,05).

RGR pedrakow zerujacych na réznych gatunkach
drzew w okresie do 21 sierpnia byt dodatni i nie roznit si¢

Zmiana $redniej masy ciata pedrakéw L1 Zzerujacych
na korzeniach sadzonek r6znych gatunkéw drzew miata
zblizony charakter (ryc. 1B). W czerwcu w wigkszym
stopniu zwigkszata si¢ masa ciata osobnikow rozwi-

Tabela 1. Wyniki budowy uogoélnionego modelu regresji opisujacego zalezno$¢ Smiertelnosci pedrakéw L1 Melolontha
spp- od czasu oraz obliczone wartosci LT50

Table 1. The results of building the generalized regression model describing the dependence of the L1 Melolontha spp. grubs
mortality on time and calculated values of LT50

Gatunek drzewa daf L(i%i;rl;fagj(r(‘;f:){:clfj v p L.TSO
Tree species Log likelihood [dni / days]

Q. petraea 1 -89,32 40,13 <0,0001 44,9
Q. robur 1 -87,21 47,29 <0,0001 54,9
F. sylvatica 1 72,06 53,01 <0,0001 26,2
B. pendula 1 -67,27 72,64 <0,0001 354
A. glutinosa 1 -11,88 166,18 <0,0001 25,9
L. decidua 1 -55,43 82,90 <0,0001 27,9
P. sylvestris 1 -68,83 68,26 <0,0001 34,0

Tabela 2. Poréwnanie dynamiki zamierania pedrakow L1 Melolontha spp. zerujacych na korzeniach 7 gatunkéw drzew
(analiz¢ przeprowadzono dla kazdej pary drzew; wyniki przedstawiono jedynie dla par drzew, dla ktérych interakcja
gatunku drzewa i czasu zamierania pedrakow byla statystycznie istotna)

Table 2. Comparison of mortality dynamics of the L1 Melolontha spp. grubs feeding on the roots of 7 tree species (the analysis
was done for each pair of tree species; the results are presented only for the pairs, for which the interaction of tree species with
time was statistically significant)

Pary poréwnywanych Log — najwigkszej
gatunkow drzew df wiarygodnosci x? 2
Pairs of compared tree species Log likelihood

Q. petraea vs B. pendula 1 -156,59 4,00 0,0456
Q. petraea vs L. decidua 1 -144.75 8,45 0,0037
Q. petraea vs A. glutinosa 1 -101,20 66,50 <0,0001
Q. robur vs L. decidua 1 -142,64 6,48 0,0109
Q. robur vs A. glutinosa 1 -99.,09 62,87 <0,0001
A. glutinosa vs F. sylvatica 1 -83,94 55,35 <0,0001
A. glutinosa vs B. pendula 1 -79,15 48,29 <0,0001
A. glutinosa vs L. decidua 1 -67,31 38,90 <0,0001
A. glutinosa vs P. sylvestris 1 -80,71 49,90 <0,0001

Tabela 3. Wyniki budowy uogélnionego modelu regresji opisujacego zalezno$¢ $miertelno$ci pedrakow L2 Melolontha
spp. od czasu oraz obliczone wartosci LT50 (n.i. — wynik nieistotny statystycznie przy o=0,05)

Table 3. The results of building the generalized regression model describing the dependence of the L2 Melolontha spp. grubs
mortality on time and calculated values of LT50 (n.s. — the result is not statistically significant at a=0,05)

Log — najwigkszej

Gatunek drzewa ? g 5 LT50
Tree species Gif w1ar¥g0c!n0sc1 x P [dni / days]
Log likelihood
Q. petraea 1 -41,75 6,92 0,0085 195,0
Q. robur 1 n.i./n.s. -
F. sylvatica 1 -46,77 437 0,0366 222.5
B. pendula 1 -52,18 12,90 0,0003 147,1
A. glutinosa 1 -46,94 10,98 0,0009 161,4
L. decidua 1 n.i /n.s. -
P. sylvestris 1 n.i./ns. -
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statystycznie istotnie, chociaz w niektdrych przypad-
kach réznice byly prawie dwukrotne. Brak istotnosci
wynikal z duzej zmiennosci tej cechy w ramach posz-
czegdlnych gatunkow drzew. Najwicksze wartosci
RGR stwierdzono u pedrakéw Zerujacych na
korzeniach Q. petraea i F. sylvatica, a najmniejsze — u
pedrakow zerujacych na P. sylvestris 1 L. decidua (bez
uwzglednienia osobnikéw hodowanych na olszy,
poniewaz przezyty one tylko do 10 lipca) (ryc. 1C). Po
21 sierpnia stwierdzono spadek masy ciata pedrakow
zerujacych na korzeniach P. sylvestris, B. pendula i Q.
robur, a po 4 wrzeSnia takze ciala pedrakow
rozwijajacych si¢ na korzeniach L. decidua (ryc. 1B).

Pedraki drugiego stadium

Przezywalnos¢

Przezywalnos¢ pedrakow L2 zerujacych na korze-
niach wszystkich badanych gatunkow drzew byta wy-
soka, a najwyzsza (100%) w przypadku pedrakow Ze-
rujacych na korzeniach Q. robur i P. sylvestris (ryc. 2A).
Najwigksza $miertelnos¢ z kolei odnotowano sposrod
pedrakéow hodowanych na korzeniach B. pendula i
A. glutinosa — odpowiednio 33,3 126,6%. Dla tych osob-
nikow LT50 byt najkrétszy, odpowiednio 147,11 161,4
dni, tj. okoto 5 miesigcy, podczas gdy w przypadku
pedrakow zerujacych na F. sylvatica LT50 wynidst
222,5 dni (tab. 3), tj. ponad 7 miesigcy, co przekracza
dhugos¢ okresu ich rozwoju w ciagu jednego sezonu
wegetacyjnego. Dynamika zamierania pedrakéw na
roznych gatunkach drzew nie rdéznita si¢ statystycznie
istotnie (P > 0,05). Duzg Smiertelnos¢ stwierdzono w
czasie przechodzenia pedrakow ze stadium L2 w L3, tzn.
w lipcu.

Masa ciata

Przez pierwsze dwa miesiace obserwacji masa ciala
pedrakow zmieniala si¢ w wigkszym tempie niz w poz-
niejszym okresie (ryc. 2B). Dynamika wzrostu masy
ciata pedrakow zerujacych na korzeniach wszystkich
badanych roslin byta podobna i nie réznita si¢ istotnie
statystycznie. Jedynie RGR pedrakow zerujacych na ko-
rzeniach sadzonek B. pendula w okresie do 17 sierpnia
byt istotnie wigkszy niz pedrakow zerujacych na ko-
rzeniach 4. glutinosa (ryc. 2C). RGR pedrakéow L2 byt
dodatni w hodowli na wszystkich gatunkach drzew.

Pedraki trzeciego stadium

Przezywalnosé¢

Przezywalnos¢ pedrakow L3 byta wysoka i pod ko-
niec czerwca 2012 r. wahata sie¢ od 70% w hodowli na
sadzonkach L. decidua i A. glutinosa do 100% na sa-
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Rycina 2. Przezywalno$¢ (A) i zmiana masy ciala (B)
pedrakow L2 Melolontha spp. zerujacych na korzeniach
sadzonek réznych gatunkow drzew w okresie 20 maja—29
wrzeSnia 2011 r. oraz wzgledny przyrost masy ciala
(Srednia + blad std.) uzyskany do 17 sierpnia (C) (rézne
litery wskazuja na statystycznie istotne réznice przy
0=0,05)

Figure 2. Survival (A) and changes of the body weight (B) of
the L2 Melolontha spp. grubs feeding on the roots of saplings
of various tree species in the period of 20 May—29 September
2011 and relative growth rate (RGR, mean + SE) reached
before 17 August (different letters indicate statistically
significant differences at o = 0.05) (C)

dzonkach Q. petraea (ryc. 3A). Gatunek drzewa nie miat
istotnego wplywu na tempo zamierania pgdrakow
(P>0,05). Zamieraly one glownie w okresie przygo-
towania si¢ do przej$cia ze stadium L3 w stadium
poczwarki.

Masa ciala

Srednia masa ciata pedrakéw L3 Zerujacych na
korzeniach P. sylvestris byla wigksza niz masa ciala
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pedrakow zerujacych na innych gatunkach roslin (ryc.
3B), co wynika z faktu, iz w poprzednim roku (2011)
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Gatunek drzewa / Tree species

Rycina 3. Przezywalno$¢ (A) i zmiana masy ciala (B)
pedrakow L3 Melolontha spp. zerujacych na korzeniach
sadzonek réznych gatunkéw drzew w okresie 20 kwietnia
—27 czerwca 2012 r. oraz wzgledny przyrost masy ciala
(Srednia * blad std.) uzyskany do 27 czerwca (C)

Figure 3. Survival (A) and changes of the body weight (B)
of the L3 Melolontha spp. grubs feeding on the roots of
saplings of various tree species in the period of 20 April —
27 June 2012 and relative growth rate (RGR, mean + SE)
reached before 27 June (C)

zwigkszyly one najbardziej swoja mase. W kwietniu i
maju 2012 r. $rednia masa ciata pedrakow ulegata nie-
znacznym zmianom, a najmniejsze wahania stwierdzo-
no w przypadku pedrakdéw na sadzonkach L. deciduai B.
pendula. Z kolei u pedrakow odzywiajacych si¢ ko-
rzeniami Q. petraea i A. glutinosa juz od konca kwietnia
nastgpowat staly spadek masy ciata. U pedrakow ze-
rujacych na pozostatych gatunkach drzew wyrazny spa-
dek masy ciata zaobserwowano dopiero w czerwcu. Pod
koniec tego miesiaca wszystkie pedraki hodowane na
tych gatunkach znajdowaty si¢ juz w kolebkach
poczwarkowych. Tempo zmian masy ciata pedrakow
hodowanych w doniczkach z sadzonkami L. decidua
byto istotnie mniejsze niz w przypadku pedrakow ho-
dowanych w doniczkach z Q. petraeai Q. robur (tab. 4).
Roéwniez istotna byta rdéznica tempa zmian masy ciala
pedrakow rozwijajacych si¢ na B. pendulai Q. petraea.

Gatunek drzewa nie miat istotnego wptywu na RGR
pedrakow. Nalezy jednak zaznaczy¢, ze dodatni RGR
mialy pedraki na sadzonkach czterech z siedmiu bada-
nych gatunkow drzew: L. decidua, Q. petraea, B. pen-
dula 1 P. sylvestris (ryc. 3C). Na pozostatych trzech
gatunkach drzew RGR pedrakow byl ujemny, a naj-
mniejszy w przypadku osobnikdéw zerujacych na F. syl-
vatica i Q. robur.

4. Dyskusja

Pedraki Melolontha spp. zeruja na korzeniach
réznych gatunkow roslin, jednak nie $wiadczy to o braku
wplywu jakos$ci pokarmu na ich rozwoj. W literaturze
mozna znalez¢ zaledwie kilka wzmianek o negatywnym
wplywie niektorych ro$lin zielnych — np. gryki
zwyczajnej (Fagopyrum esculentum Moench) i gryki
tatarki [F. tataricum (L.) Gaertn.] z rodziny Polygo-
naceae, owsa ghichego (Avena fatua L.) 1 perzu wias-
ciwego [Elymus repens (L.) Gould.] z rodziny Poaceae
oraz komosy biatej (Chenopodium album L.) z rodziny
Amaranthaceae (Satkowski 1899; Rozynski 1926; Ula-
towski, 1932; 1933; Hauss i Schiitte 1976; Malinowski
etal. 2001) —na liczebnos$¢ lub wzrost tych szkodnikow.

Tabela 4. Poréwnanie dynamiki masy pedrakéw L3 Melolontha spp. Zerujacych na korzeniach 7 gatunkow drzew (analize
przeprowadzono dla kazdej pary gatunkéw drzew; wyniki przedstawiono jedynie dla par drzew, dla ktérych interakcja
gatunku drzewa i czasu zamierania pedrakéw byla statystycznie istotna)

Table 4. Comparison of weight dynamics of the L3 Melolontha spp. grubs feeding on the roots of 7 tree species (the analysis was
done for each pair of tree species; the results are presented only for the pairs, for which the interaction of tree species with time

was statistically significant)

Pary poréwnywanych

Log — najwigkszej

gatunkow drzew df wiarygodno$ci x’ P
Pairs of compared tree species Log likelihood
L. decidua vs Q. petraea 1 26,11 8,52 0,0035
L. decidua vs Q. robur 1 21,01 4,14 0,0419
Q. petraea vs B. pendula 1 22,52 4,39 0,0361
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Poza tym, obserwacje te w wigkszosci przypadkow nie
byly poparte szczegétowymi badaniami. Wptyw roslin
drzewiastych na pedraki badano jeszcze rzadziej i
opisano jedynie w dwoch pracach. W doswiadczeniu z
pedrakami M. hippocastani Gur’anova (1954) wykazata,
ze najbardziej sprzyjajacym dla wzrostu pedrakéw L1
gatunkiem drzewa zywicielskiego byta B. pendula, a dla
pedrakow L2 — P. sylvestris. W obu przypadkach pedraki
byly cigzsze niz osobniki zerujace na korzeniach Q.
robur. Poza tym, ich ciala zawieraly najwigcej ciatek
thuszczowych, co zwigksza ich szanse na przetrwanie
w niesprzyjajacych warunkach. W doswiadczeniu z
M. hippocastani pedraki L2 zostaly dodatkowo poddane
40-dniowej glodowce i okazalo si¢, ze wsérdd osobni-
koéw, ktore wezesniej zerowaly na korzeniach P. sylves-
tris, przezyto 75%, na korzeniach B. pendula — 62,5%,
a na korzeniach Q. robur — jedynie 37,5%. Berezina
(1957) na podstawie oceny rozwoju pedrakdw M. hippo-
castani na korzeniach 7 gatunkéow drzew i krzewdw
sugeruje, ze intensywny rozwoj pedrakdéw byt zwigzany
z duza zawartoscia cukrow i malym udzialem ogdlnego
azotu w korzeniach badanych ro$lin. Zaleznos¢ ta nie
byta jednak stata, na co wskazuje sama autorka, ani nie
zostata poddana analizie statystycznej. Ogolnie znany
jest pozytywny wplyw zwigkszenia stosunku azotu do
wegla na rozwdj owadow (White 1984; Lincoln et al.
1993; Awmack, Leather 2002). Jakkolwiek cukry sa
waznym zrodlem energii, to zapotrzebowanie na nie
szybko rozwijajacych si¢ owadow moze by¢ znacznie
mniejsze niz owadéw o powolnym rozwoju i wyzszej
aktywnosci ruchowej (Schoonhoven et al. 2005). Do
tych ostatnich mozna zaliczy¢ pedraki Melolontha spp.,
ktérych rozwdj trwa $rednio 3 lata i ktérym do prze-
mieszczania si¢ w glebie niezbgdna jest znaczna ilos$é
energii.

W naszych doswiadczeniach najwigksza $miertel-
nos$¢ pedrakow stwierdzono w okresie linienia i prze-
chodzenia w kolejne stadia rozwojowe. Mogto to byc
zwiazane z duzym wptywem m.in. jakosci pokarmu na
aktywnos¢ hormonoéw — juwenilnego i1 protorakotrop-
owego, odpowiedzialnych za wzrost i linienie stawo-
nogdw (Lee et al. 2012; Andersen et al. 2013; Nijhout et
al. 2014; Sangsuriya et al. 2014). Pedraki L1 charaktery-
zowaly si¢ najstabsza witalnoscia, prawdopodobnie ze
wzgledu na obecno$¢ patogendw w populacji, z ktdrej
zostaly pobrane (obserwowano wysoka $miertelnos¢ pe-
drakdéw po przetransportowaniu ich z terenu do labo-
ratorium). Jedynie w przypadku tego stadium wykazano
istotny wptyw jakosci pokarmu (gatunku drzewa) na
tempo zamierania, co moglo by¢ wynikiem interakcji z
ostabiona odpornoscia (DiAngelo et al. 2009). Najszyb-
ciej zamieraty pedraki zerujace na korzeniach sadzonek
A. glutinosa, a najwolniej — na korzeniach Q. robur i
Q. petraea. Przezywalno$¢ pedrakéw L2 i L3 byla

wzglednie wysoka (66,7-100%) na wszystkich gatun-
kach drzew. Najwigksza przezywalno$¢ pedrakow L2
(100%) stwierdzono wsrdd osobnikéw odzywiajacych
si¢ korzeniami P. sylvestris i Q. robur, a pgdrakow L3 —
zerujacych na korzeniach Q. petraea.

Pedraki najintensywniej przyrastaly w stadium L1 i
L2. Pedraki L1 w trakcie trwania do§wiadczenia od 28
maja do 18 wrzesnia zwigkszyly masg ciata srednio o
ponad 300%. Z kolei $rednia masa ciata pedrakow L2
zerujacych na korzeniach badanych roslin, w czasie 4
miesigcy trwania do$wiadczenia, wzrosta o ok. 250%.
Schwerdtfeger (1939) stwierdzit, ze wyrosnigte pedraki
M. hippocastani na krotko przed przepoczwarczeniem
osiggaja mas¢ 1670 mg, a M. melolontha — 3190 mg.
W naszych doswiadczeniach $rednia masa wszystkich
pedrakow L3 w dniu 12 czerwca wyniosta 1750 mg, co
wskazywato na ich przynaleznos¢ do gatunku
M. hippocastani, a po przejsciu przez stadium poczwarki
zostato potwierdzone pojawieniem si¢ w doniczkach
imagines tego gatunku.

Jako$¢ pokarmu nie miata istotnego wplywu na
tempo zmian masy ciata, jednak pedraki L2 w hodowli
na sadzonkach B. pendula osiagngly istotnie wigkszy
RGR niz na A. glutinosa. Jednoczesnie zaobserwowano
bardzo interesujace zjawisko zwigzane ze zmiang masy
ciata pedrakéw w stadium L3. Srednia masa ciata przy-
rastata w nieznacznym stopniu, gtdéwnie u osobnikow
zerujacych na korzeniach L. decidua, a w przypadku
osobnikdw zerujacych na dwoéch innych gatunkach:
0. petraea i A. glutinosa, zacze¢ta zmniejszac si¢ juz od
konca kwietnia. Masa korzeni sadzonek poszczegdlnych
gatunkéw drzew nie byla analizowana, wigc trudno
powiedzie¢, czy mogta ona mie¢ wplyw na przyrost
masy ciata pedrakéw. Niemniej jednak system korze-
niowy dwuletnich sadzonek P. sylvestris jest znacznie
mniej rozbudowany niz sadzonek F. sylvatica i A. glu-
tinosa (wlasne obserwacje), podczas gdy parametry zy-
ciowe pedrakow na tych gatunkach nie odzwierciedlaly
tych roznic. Wzrost ciata u owadoéw w ostatnim stadium
larwalnym trwa zazwyczaj do momentu osiggnigcia tzw.
masy krytycznej (Davidowitz et al. 2003, 2004). Pozniej
larwy przestaja zerowac i nastgpuje okres poszukiwania
odpowiedniego miejsca do przepoczwarczenia, w czasie
ktérego moze dochodzi¢ do utraty masy ciata (Nijhout et
al. 2014). Tym prawdopodobnie nalezy ttumaczy¢ spa-
dek masy ciata pedrakow L3, przy czym osobniki zeru-
jace na Q. petraeca 1 A. glutinosa przypuszczalnie
najwczesniej osiagnely progowa wartos¢. Zaskakujace
jest, ze jedynie dwa pedraki przeszly w stadium po-
czwarki wzglednie wezednie, tzn. na przelomie maja i
czerwca, natomiast reszta osobnikdw przepoczwarczyta
si¢ miesiac pozniej, na przelomie czerwca i lipca. Dtu-
gos$¢ okresu poszukiwania miejsca przepoczwarczenia
zalezy od stgzenia juwenilnego i protorakotropowego



382 D. Woreta et L. Sukovata / Le$ne Prace Badawcze, 2014, Vol. 75 (4): 375-383

hormonu. Zazwyczaj przed przepoczwarczeniem stg-
zenie pierwszego z wymienionych hormonéw spada
radykalnie, drugiego natomiast wzrasta w kilku etapach,
ale jego wydzielanie jest uzaleznione od fotoperiodu
(Truman 1972; Truman, Riddiford 1974; Cymborowski
1984). W przypadku pedrakéw rozwijajacych sie w
glebie, bez dostgpu s$wiatla, przebieg tych proceséw
zalezy prawdopodobnie od innych, genetycznie zako-
dowanych czynnikow, ktore zapobiegaja zbyt wczes-
nemu przepoczwarczeniu i ewentualnemu wylggowi po-
staci dorostych.

Stwierdzone przez nas zaleznosci przyrostu masy
ciata od gatunku drzewa jedynie czg¢$ciowo potwierdzily
wyniki uzyskane przez Gur’anova (1954) i Berezing
(1957). W hodowli na korzeniach sadzonek B. pendula
pedraki wszystkich stadiow rozwojowych charaktery-
zowaly si¢ najwigkszym lub jednym z najwigkszych
RGR, a dynamika zmiany masy ciata pedrakéw w sta-
dium L3 istotnie réznita je od osobnikow zerujacych na
Q. petraea. Przezywalnos¢ byta jednak ogolnie nizsza
niz osobnikéw zerujacych na korzeniach obu gatunkow
debu. RGR pedrakéow hodowanych w doniczkach z sa-
dzonkami P. sylvestris byt do$¢ duzy, ale jedynie
w przypadku osobnikow w stadiach rozwojowych L2 i
L3 byt wigkszy niz pedrakéw hodowanych na Q. robur.

Wplyw jako$ei pokarmu, a szczegdlnie zawartosci
azotu (biatka) i cukréw, na rozwoj pedrakdéw nie jest do
konca wyjasniony. Z jednej strony, cukry zapewniaja
pedrakom energi¢ do przemieszczania si¢ w tak trudnym
srodowisku, jakim jest gleba, w celu znalezienia po-
karmu. Sg one znane takze jako fagostymulanty u wielu
gatunkow owadow (Johnson i Gregory 2006). Badania z
roslinami zielnymi wykazaty istotny dodatni wptyw za-
warto$ci cukru w ich korzeniach na przyrost masy ciata
i udzial procentowy pedrakéw L1, ktore przeszty wy-
linke (Sukovata et al., w druku). Z drugiej strony, wzrost
larw owaddw generalnie zalezy od ilosci aminokwaséw
pochodzacych z bialek obecnych w pokarmie, a ich
niedobor powoduje znaczne spowolnienie rozwoju i
zwigkszenie udzialu zamierajacych osobnikdéw (Lee et
al. 2012; Andersen et al. 2013). Procesy fizjologiczne,
ktére zachodza w ciele pedrakdw w trakcie ich rozwoju,
oraz wplyw na nie jakosci pokarmu i innych czynnikow
wymagaja podjecia badan zaréwno z punktu widzenia
poznawczego, jak i praktycznego.

5. Podsumowanie

Przeprowadzone badania mialy na celu oceng
przezywalnosci i tempa rozwoju pedrakéw Melolontha
spp. w réznych stadiach rozwojowych Zerujacych na
korzeniach sadzonek 7 glownych gatunkéw lasotwor-

czych: Q. petraea, Q. robur, F. sylvatica, B. pendula, A.
glutinosa, L. decidua i P. sylvestris.

Najwigksza wrazliwoscia na rodzaj pokarmu, wy-
razona zwigkszona $miertelnoscia, charakteryzowaty si¢
najmtodsze pedraki (stadium L1). Tempo ich zamierania
byto najszybsze w przypadku odzywiania si¢ korzeniami
A. glutinosa, a najwolniejsze — na obu gatunkach debu.
Pedraki Zerujace na dgbach oraz na F. sylvatica i B.
pendula miaty rdwniez najwigkszy wzgledny przyrost
masy ciata. Przezywalno$¢ starszych pedrakéw byla
dos¢ wysoka (66,7-100%). Najwigcej zamierato ich,
podobnie jak pedrakow L1, w hodowli na A. glutinosa, a
w nastepnej kolejnosci na B. pendula (pedraki L2) i L.
decidua (pedraki L3). Mimo wzglednie duzej $miertel-
nosci, pedraki L2 i L3 zerujace na dwoch ostatnich
gatunkach osiagnety najwigkszy RGR.

Interpretacja uzyskanych wynikow jest dos¢ trudna
ze wzgledu na brak podstawowej wiedzy w zakresie
przebiegu procesow metamorfozy pedrakow, co dotyczy
zwlaszcza ostatniego stadium. Stabo poznany pozostaje
wplyw na te procesy takich czynnikow, jak jakos¢ po-
karmu i1 warunki srodowiskowe. Nie ulega jednak wat-
pliwosci, ze sposrod siedmiu badanych gatunkow drzew,
korzenie A. glutinosa stanowig najmniej sprzyjajacy po-
karm dla rozwoju pedrakow Melolontha spp. Informacja
ta powinna by¢ uwzgledniona przy planowaniu zabie-
géw hodowlanych na statych pedraczyskach.
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Abstract. The survival, weight and relative growth rate (RGR) of the Melolontha spp. grubs feeding on roots of Quercus
petraea, Q. robur, Fagus sylvatica, Betula pendula, Larix decidua, Alnus glutinosa and Pinus sylvestris were examined.

Overall, the youngest grubs, L1, were the most affected by food quality. The mortality of the grubs feeding on the
roots of A. glutinosa changed most rapidly and, consequently, LT50 was the shortest (25.9 days), whereas the
slowest changes in mortality with the highest LT50 values were observed on the two oak species (54.9 and 44.9
days on Q. robur and Q. petraea, respectively). The RGRs of the L1 grubs were the highest on oaks, F. sylvatica
and B. pendula. The overall rate of survival of the older grubs was high (66.7-100%). It was the lowest on the roots
of B. pendula (L2 grubs) and L. decidua (L3 grubs), which at the same time displayed the highest RGRs.

The interpretation of the results is difficult due to the lack of basic knowledge on the potential effects of food quality
and other factors on grub metamorphosis. There is no doubt, however, that among the seven tested tree species the
roots of A. glutinosa are the least favorable for the Melolontha grubs’ performance.

Keywords: Quercus robur, Quercus petraea, Fagus sylvatica, Betula pendula, Larix decidua, Pinus sylvestris, Alnus

glutinosa, relative growth rate, mortality, food quality

1. Introduction

The common cockchafer Melolontha melolontha
(L.) and the forest cockchafer M. hippocastani F. (Scar-
abaeidae) are extremely harmful forest insect pests
in Poland. Their larvae feed on the roots of trees and
shrubs, causing die-off of forest plantations and delay-
ing reforestation.

In Poland, after the World War II, there was an urgent
need to afforest large areas of different types of unused
or low-productive agricultural lands that had already
been infested by cockchafer grubs (Woreta and Skrzecz
1996). The use of highly efficient chemical pesticides
(DDT, HCH) to control these pests caused a substan-
tial decrease in the area of grub occurrence to less than
500 ha in 1980-1993 (Woreta 1994). Over time, envi-
ronmentally toxic plant protection chemicals were re-
placed with new pest control products, potentially less
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harmful to ecosystems. These products (e.g., from the
group of pyrethroids), were highly efficient in the con-
trol of imagines (Woreta 1999). However, the European
Parliament has introduced legal regulations banning the
insecticides recently used to control grubs (e.g. Regula-
tion (EC) No 1107/2009 of the European Parliament and
of the Council of 21 October 2009) due to environmen-
tal concern. The lack of efficient plant protection prod-
ucts has resulted in the increase of forest regeneration
areas threatened by Melolontha spp. grubs. Tree sap-
lings damaged by cockchafer grubs often die and need
to be replaced by new ones, and sometimes the entire
area needs to be reforested once again. In 1966-2005,
the percentage of the area which required supplementa-
ry reforestation was below 21%, whereas after 2005, it
ranged from 26% to 53%. As a result of the long lasting
outbreak of Melolontha spp., permanent outbreak foci
appeared all over the country, where reforestation has
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become extremely difficult due to repeated damage of
tree sapling roots.

The limited use of insecticides has led to increasing in-
terest in non-chemical methods of plant protection, includ-
ing silvicultural, agrotechnical and biological ones. The
present study was aimed to examine the effects of food
type (saplings of different forest tree species) on survival
and body weight of cockchafer grubs. The results could be
helpful in selecting species composition for reforestation/
afforestation in the areas threatened by Melolontha spp.

2. Study objects and methods
Study objects

The Melolontha spp. grubs at all three instars: L1,
L2, and L3, were used in the study. The instars were
distinguished based on the width of a grub head capsule
(Sliwa 1993). Precise identification of grub species was
not possible due to the lack of reliable methods (Krell
2004). However, it could be stated with some proba-
bility that most of L2 and L3 grubs used in the study
belonged to M. hippocastani (the surviving individuals
emerged as M. hippocastani imagines).

The saplings of the following forest tree species were
used to feed the grubs: pedunculate oak (Quercus robur
L.), sessile oak [Q. petraea (Matt.) Liebl.], common
beech (Fagus sylvatica L.), silver birch (Betula pendula
Roth.), black alder [Alnus glutinosa (L.) Gaertn.], Euro-
pean larch (Larix decidua Mill.) and Scots pine (Pinus
sylvestris L.).

Experimental design

Growth and survival of cockchafer grubs feeding on
saplings of selected tree species were studied in 2011-
2012, in the greenhouse of the Forest Research Insti-
tute (FRI).

The experiment with the L2 grubs was set up in 2011,
and lasted from May 20 to September 29. The grubs
were collected in the territory of Kozienice Forest Dis-
trict (Regional Directorate of the State Forests (RDSF)
in Radom) by searching in the soil to the depth of about
20-30 cm. The grubs were fed with two-year old tree
saplings obtained from tree nurseries of the following
Forest Districts: Grojec and Chojnéw (RDSF in War-
saw), Ostrowiec Swigtokrzyski (RDSF in Radom) and
Pniewy (RDSF in Poznan).

In 2012, the grubs that molted into L3 grubs in the
middle of 2011 in the previous experiment and over-

wintered in the greenhouse were used in the experiment
with the L3 grubs. The grubs were fed on the roots of
two-year old saplings obtained from tree nurseries of
the Forest Districts: Pniewy, Chojnéw and Grojec be-
tween April 20 and June 27.

The experiment with the L1 grubs collected in the
territory of Lubartéw Forest District (RDSF in Lublin)
was set up also in 2012. The L1 grubs were fed on the
roots of one-year old saplings from the container nurs-
ery in the Jabtonna Forest District (RDSF in Warsaw).
The study lasted from May 28 to September 18.

The grubs were placed into pots with garden soil
(Agrohum, Lomianki, Poland) and saplings of the test-
ed tree species (1 sapling/pot). There were two L1 grubs
or one grub of either L2 or L3 instar in each pot. There
were 15 replications for each tree species in the exper-
iment with the L2 grubs, and 10 replications in the ex-
periments with the L1 and L3 grubs. The L3 grubs were
placed into the pots with the same tree species they were
reared as the L2 grubs in 2011.

Before releasing into soil, the grubs were weighed
individually with an accuracy of 0.001 g on an AD 300
scale (Axis Ltd., Gdansk, Poland). Grubs survival and
weight were assessed every 2—3 weeks. During each as-
sessment as well as when dead saplings were found, the
plants were replaced with new ones.

Mathematical and statistical analysis

The Generilized Linear Model (GLZ) with binomial
distribution of the dependent variable and probit link
function was used to estimate the mortality rate of the
grubs at different instars feeding on the roots of tested
tree species and to calculate the lethal time required
for 50% of the individuals to die (LT50). The GLZ
was also used for the paired comparisons of dynamics
(changes in time) of survival and body weight of the
grubs feeding on different tree species — paired with
each other. The body weight had a normal distribution
and the link function was log: in case of the L1 grubs,
and the identity function in case of L2 and L3 grubs.
The maximum likelihood method was used for model
building (Stanisz 2007). The time from the beginning
of the experiment to successive assessments of surviv-
al and body weight was calculated in days, and the sur-
vival was described by the number of live (code 0) and
dead grubs (code 1).

The grub growth was assessed based on the relative
growth rate (RGR) calculated as follows (Lazarevi¢ et
al. 2002):
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M, -M
RGR=—+—"—"0C
T

=0 x 0
where:
M and M, — initial and final insect body weight (g),
T, —the number of days between initial and final weight
measurements (d).

Each year, RGR values were estimated for the period
from the beginning of the experiment to the second half
of August. Later on, the grubs start to prepare for over-
wintering and feed less intensively, leading to the loss
of body weight.

The mean RGR values of the grubs feeding on the
roots of various tree species saplings were compared
using one-way ANOVA. When the ANOVA assump-
tions were violated, the Kruskal-Wallis non-parametric
test was used, followed by ranks comparison.

The statistical analyses were performed using Sta-
tistica 10 (StatSoft, Inc. 2011) with the significance
level set at o = 0.05.

3. Results
First instar grubs

Survival

Overall vitality of the L1 grubs collected in the terri-
tory of Lubartow Forest District in spring of 2012 was
low. Substantial mortality was observed already at the in-
itial phase of the experiment (Fig. 1A). Only 11.4% of the
grubs survived between 28 May and 18 September, and
the highest survival was observed among the grubs feed-
ing on the roots of Q. robur (25%) and Q. petraea (20%).
The grubs feeding on these two species also had the high-
est LT50, 54.9 and 44.9 days, respectively (Table 1). In
the other grubs, the LT50 varied from 25.9 to 35.4 days.
The high values of the LT50 in the grubs feeding on both
oak species indicated the slow mortality dynamics, which
differed significantly from the mortality dynamics in the
grubs feeding on L. decidua and A. glutinosa, and in the
case of the grubs feeding on Q. petraea it was also sig-
nificantly slower than in the grubs feeding on B. pendula
(Table 2). The mortality of the grubs feeding on the roots
of A. glutinosa reached 100% already on 10 July, and its
dynamics was significantly different from that of the grubs
on all other tested tree species (Fig. 1A, Table 2).

Body weight

The changes in the mean body weight of the L1 grubs
feeding on the sapling roots of different tree species
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Figure 1. Survival (A) and changes of the body weight (B) of
the L1 Melolontha spp. grubs feeding on the roots of saplings
of various tree species in the period of 28 May—18 October
2012 and relative growth rate (RGR, mean + SE) reached
before 21 August (C)

were similar (Fig. 1B). In June, the body weight was
changing more in individuals developing on F.
sylvatica and B. pendula saplings, and in July — on Q.
petraea saplings. However, the differences in the grub
body weight dynamics were not statistically significant
(P>0.05).

The RGRs of the grubs feeding on tested tree
species before August 21 had positive values and they
did not differ significantly between tree species, even
though in some cases the differences were almost two-
fold. The lack of statistically significant differences can
be explained by the high variability of RGRs obtained
by the grubs on different tree species. The highest RGR
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values were found in the grubs feeding on the roots of Q. 10) (Fig. 1C). After August 21, a decrease of the body

petraea and F. sylvatica, whereas the lowest ones — in the weight in the grubs feeding on the roots of P. sylvestris,
grubs feeding on P. sylvestris and L. decidua (the grubs B. pendula and Q. robur was observed, and the same
feeding on the alder saplings were not considered in the process was observed after September 4 in the grubs
comparison, because they lived only until July developing on the roots of L. decidua (Fig. 1B).

Table 1. The results of building the generalized regression model describing the dependence of the L1 Melolontha spp. grubs
mortality on time and calculated values of LT50

Tree species df Log likelihood Ve P LT50, days
0. petraea 1 -89.32 40.13 <0.0001 449
Q. robur 1 -87.21 47.29 <0.0001 54.9
F. sylvatica 1 -72.06 53.01 <0.0001 26.2
B. pendula 1 -67.27 72.64 <0.0001 354
A. glutinosa 1 -11.88 166.18 <0.0001 25.9
L. decidua 1 -55.43 82.90 <0.0001 27.9
P, sylvestris 1 -68.83 68.26 <0.0001 34.0

Table 2. Comparison of mortality dynamics of the L1 Melolontha spp. grubs feeding on the roots of 7 tree species (the analysis
was done for each pair of tree species; the results are presented only for the pairs, for which the interaction of tree species with time
was statistically significant)

Pairs of compared tree species df Log likelihood Va P
Q. petraea vs B. pendula 1 -156.59 4.00 0.0456
Q. petraea vs L. decidua 1 -144.75 8.45 0.0037
Q. petraea vs A. glutinosa 1 -101.20 66.50 <0.0001
Q. robur vs L. decidua 1 -142.64 6.48 0.0109
0. robur vs A. glutinosa 1 -99.09 62.87 <0.0001
A. glutinosa vs F. sylvatica 1 -83.94 55.35 <0.0001
A. glutinosa vs B. pendula 1 -79.15 48.29 <0.0001
A. glutinosa vs L. decidua 1 -67.31 38.90 <0.0001
A. glutinosa vs P. sylvestris 1 -80.71 49.90 <0.0001

Table 3. The results of building the generalized regression model describing the dependence of the L2 Melolontha spp. grubs
mortality on time and calculated values of LT50 (n.s. — the result is not statistically significant at a = 0.05)

Tree species df Log likelihood Ve P LT50, days
Q. petraea 1 -41.75 6.92 0,0085 195.0
0. robur 1 n.s. -
F sylvatica 1 -46.77 4.37 0.0366 2225
B. pendula 1 -52.18 12.90 0.0003 147.1
A. glutinosa 1 -46.94 10.98 0.0009 161.4
L. decidua 1 n.s. -
P, sylvestris 1 n.s. -
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Second instar grubs

Survival

The survival of the L2 grubs feeding on the roots
of all studied tree species was high, but the highest rate
(100%) was observed in the grubs feeding on the roots
of Q. robur and P. sylvestris (Fig. 2A). In contrast, the
highest mortality was observed in the grubs reared on
the roots of B. pendula and A. glutinosa, 33.3% and
26.6%, respectively. These individuals also had the
shortest LT50, 147.1 and 161.4 days, respectively, i.e.
about 5 months, whereas the LT50 for the grubs feeding
on the roots of F. sylvatica reached 222.5 days (Table
3), i.e. more than 7 months, which is longer than the real
time of their development during one growing season.
Dynamics of the grub mortality on tested tree species
did not differ significantly (P > 0.05). Overall, the high
mortality was observed during grubs molting from L2 to
L3 instar, i.e. in July.

Body weight

The grub body weight was changing more rapidly in
the first two months of the study (Fig. 2B). The body
weight dynamics in the grubs feeding on the roots of
tested tree species did not differ significantly. However,
the RGR of the grubs feeding on the roots of B. pendula
saplings in the period prior to August 17 was signifi-
cantly higher than the RGR of the grubs feeding on the
roots of A. glutinosa (Fig. 2C). The RGR values for the
L2 grubs were positive, regardless the tree species they
were reared on.

Third instar grubs

Survival

The survival of the L3 grubs was high. At the end of
June 2012, it was between 70% for the grubs reared on
the roots of L. decidua and A. glutinosa and 100% for the
grubs reared on Q. petraea saplings (Fig. 3A). Tree spe-
cies did not have a significant effect on the grub mortality
dynamics (P> 0.05). The highest mortality was observed
in the period of molting from L3 instar into a pupa.

Body weight

The mean body weight of the L3 grubs feeding on the
roots of P. sylvestris was higher than that of the grubs
feeding on other tested tree species (Fig. 3B). This could
be a result of the highest increase of their body weight
in the previous year (2011). In April and May 2012, the
body weight changed only slightly, and the least chang-
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Figure 2. Survival (A) and changes of the body weight (B) of
the L2 Melolontha spp. grubs feeding on the roots of saplings
of various tree species in the period of 20 May—29 September
2011 and relative growth rate (RGR, mean + SE) reached
before 17 August (different letters indicate statistically
significant differences at a = 0.05) (C)

es were observed in the grubs reared on the roots of L.
decidua and B. pendula. In contrast, the body weight of
the grubs feeding on the roots of Q. petraea and A. gluti-
nosa started to decrease already in late April. In the other
grubs, the weight loss was observed only in June. By the
end of June all the grubs were already in pupal cham-
bers. The body weight changes in the grubs feeding on
the roots of L. decidua saplings was significantly slower
than the changes in the grubs reared on the roots of Q.
petraea and Q. robur (Table 4). A significant difference
was also found between the body weight dynamics in
the grubs feeding on Q. petraea and B. pendula.
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Tree species did not have a significant effect on the
RGR. However, it should be pointed out that the RGR
values were positive in the grubs developing on the
roots of four out of seven tested tree species: L. decidua,
Q. petraea, B. pendula and P. sylvestris (Fig. 3C). The
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Figure 3. Survival (A) and changes of the body weight (B) of
the L3 Melolontha spp. grubs feeding on the roots of saplings
of various tree species in the period of 20 April-27 June 2012
and relative growth rate (RGR, mean + SE) reached before 27
June (C)

RGRs were negative in the other cases and the smallest
values were found in the grubs feeding on the roots of F.
sylvatica and Q. robur.

4. Discussion

The Melolontha spp. grubs feed on the roots of many
different plant species. However, it does not mean that
food quality has no effect on their growth. In literature,
there are only few examples of negative effects of her-
baceous plants — e.g. the buckwheat (Fagopyrum escu-
lentum Moench) and Tartary buckwheat [F tataricum
(L.) Gaertn.] from the Polygonaceae family, common
wild oat (Avena fatua L.) and quackgrass [Elymus re-
pens (L.) Gould.] from the Poaceaec family, and com-
mon lambsquarters (Chenopodium album L.) from the
Amaranthaceae family — on the grub density and growth
(Satkowski 1899; Rozynski 1926; Ulatowski, 1932;
1933; Hauss and Schiitte 1976; Malinowski et al. 2001).
Moreover, the most of reported results were not based
on detailed studies. The effect of woody species on
the Melolontha grubs has received even less attention
and to our knowledge is reported only in two papers.
In the study with the M. hippocastani grubs, Gur’anova
(1954) showed that B. pendula was the most beneficial
for the growth of the L1 grubs, whereas P. sylvestris was
the most advantageous for the L2 grubs. In both cases,
the grubs were heavier than those feeding on the roots of
Q. robur. Moreover, their bodies contained the highest
number of fat cells increasing their chances to survive
in adverse environmental conditions. The L2 grubs were
additionally subjected to 40-day starvation, and this ex-
periment revealed that the survival of the grubs previ-
ously reared on the roots of P. sylvestris and B. pendula
was 75 and 62.5% , respectively, whereas on the roots
Q. robur — only 37.5%. Berezina (1957) studied the de-
velopment of the M. hippocastani grubs on the roots of
7 tree and shrub species and suggested that the increase
in the body weight was related to the high content of
sugar and the low content of total nitrogen in the roots of

Table 4. Comparison of weight dynamics of the L3 Melolontha spp. grubs feeding on the roots of 7 tree species (the analysis was
done for each pair of tree species; the results are presented only for the pairs, for which the interaction of tree species with time

was statistically significant)

Pairs of compared tree species df Log likelihood Va P
L. decidua vs Q. petraea 1 26.11 8.52 0.0035
L. decidua vs Q. robur 1 21.01 4.14 0.0419
Q. petraea vs B. pendula 1 22.52 4.39 0.0361
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tested plants. However, this dependence was not regu-
lar, as mentioned by the author herself, as well as it was
not tested statistically. The positive effect of increasing
N:C ratio on insect growth is commonly known (White
1984; Lincoln et al. 1993; Awmack and Leather 2002).
Although sugars are an important source of energy, fast
growing insects may require lower intake of energy than
insects characterized by slower growth and higher ac-
tivity (Schoonhoven et al. 2005). The Melolontha spp.
grubs developing three years and requiring a significant
amount of energy for their movement in soil may be in-
cluded to the latter ones.

In the present study, the largest mortality of the grubs
was observed at the time of their molting and transition
to the subsequent developmental stages. This could be
related to the effect of, among others, food quality on
hormone activity such as juvenile and prothoracic hor-
mones, which are responsible for arthropod growth and
molting (Lee et al. 2012; Andersen et al. 2013; Nijhout
et al. 2014; Sangsuriya et al. 2014). The L1 grubs had the
lowest vitality, which was probably due to the presence of
pathogens in the population they were sampled from (the
high mortality of the grubs was observed already during
their transfer from the field to the laboratory). Only for
the L1 grubs, we found a significant effect of food quality
(tree species) on mortality rate, that could be the outcome
of interaction with a weakened grub immunity (DiAngelo
et al. 2009). The grubs feeding on the roots of 4. glutino-
sa saplings were dying the most rapidly, whereas those
feeding on the roots of Q. robur and Q. petraea — the
most slowly. The survival of the L2 and L3 grubs was
relatively high (66.7%—-100%) on all tested tree species.
The highest survival (100%) was observed among the L.2
grubs feeding on the roots of P. sylvestris and Q. robur,
and among the L3 grubs reared on Q. petraea.

The highest body weight increase was observed in
the L1 and L2 grubs. In the period from May 28 to Sep-
tember 18, the body weight of the L1 grubs increased by
approximately 300%. The body weight of the L2 grubs
in four month period changed by approximately 250%.
Schwerdtfeger (1939) found that shortly before pupa-
tion the M. hippocastani and M. melolontha grubs reach
the weight of 1670 mg and 3190 mg, respectively. In our
study, the average body weight of L3 grubs on 12 June
was about 1750 mg, which indicated that they were M.
hippocastani grubs. It was confirmed by the emergence
of imagines of this species in the pots after the grubs
passed through the pupal stage.

The food quality did not have a significant effect on
the body weight dynamics of the L2 grubs, however the

grubs feeding on the B. pendula saplings had signifi-
cantly higher RGR than the grubs feeding on 4. gluti-
nosa. At the same time, a very interesting observation
related to the body weight changes in the L3 grubs was
made. The mean body weight increased only slightly,
mainly in the grubs feeding on L. decidua roots, where-
as the weight of the grubs feeding on Q. petraea and A.
glutinosa started to decrease already at the end of April.
The weight of sapling roots of different tree species was
not estimated, thus it is difficult to say whether it could
have any effect on the weight gain of the grubs. Howev-
er, the root system of 2-year-old P. sylvestris saplings is
less developed than that of F. sylvatica and A. glutinosa
saplings (personal observations), but vital characteris-
tics of the grubs feeding on the roots of these species
did not reflect these differences. The increase in the
body weight during the last larval instar usually lasts
until reaching the so-called critical weight (Davidow-
itz et al. 2003, 2004). Then, the larvae stop feeding and
begin seeking a suitable place to pupate. At that time,
larvae lose their weight (Nijhout et al. 2014). This may
explain a decrease in the body weight of the L3 grubs,
and the specimens feeding on the roots of Q. petraea
and 4. glutinosa probably achieved their critical weight
earlier than others. Surprisingly, only two grubs pupat-
ed relatively early, i.e. in late May-early June, where-
as the other grubs pupated one month later, i.e. in late
June-early July. The duration of the period of searching
for pupation site depends on the concentration of juve-
nile and prothoracic hormones. Before pupation, the
concentration of juvenile hormone drops down and the
concentration of prothoracic hormone increases grad-
ually, but its secretion depends on photoperiod (Tru-
man 1972; Truman and Riddiford 1974; Cymborowski
1984). In the case of the cockchafer grubs developing in
soil, away from the light, the course of these processes
is likely to depend on the other, genetically encoded fac-
tors that prevent early pupation and subsequent emer-
gence of adult insects.

The dependence of the body weight changes and tree
species found in our study only partially supported the
results presented by Gur’anova (1954) and Berezina
(1957). The grubs of all instars feeding on the roots of
B. pendula had the largest or one of the largest RGRs,
and the body weight dynamics in the L3 grubs was sig-
nificantly different from that of the grubs feeding on Q.
petraea saplings. However, survival of the grubs was
generally lower than the survival of grubs feeding on the
roots of both oak species. The RGR of the grubs reared
in pots with P. sylvestris saplings was quite high, but
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only in case of the L2 and L3 grubs it was higher than
that of the grubs reared on Q. robur.

The effect of food quality, and particularly the con-
tent of nitrogen (proteins) and sugars, on the grub de-
velopment is not fully understood. On one hand, sugars
provide energy for the grubs to move in such harsh
environment, as is soil, in searching for food. Sugars
have also been known as phagostimulants for many
insect species (Johnson and Gregory 2006). The study
of herbaceous plants showed a significant positive ef-
fect of the root sugar content on grub body weight gain
and the percentage of the L1 larvae, which successfully
molted (Sukovata et al. in print). On the other hand, lar-
val growth generally depends on the amount of amino
acids derived from proteins available in food, and their
deficiency significantly retards their growth and causes
an increase in larval mortality (Lee et al. 2012; Ander-
sen et al. 2013). Physiological processes in the body of
grubs during their growth as well as the effect of food
quality and other factors on these processes certainly re-
quire further research, from both scientific and practical
perspective.

5. Summary

The present study was aimed to assess the survival
and growth rate of Melolontha spp. grubs at different
instars feeding on the sapling roots of 7 forest tree spe-
cies: Q. petraea, Q. robur, F. sylvatica, B. pendula, A.
glutinosa, L. decidua and P. sylvestris.

The highest susceptibility to the food type, expressed
by the high mortality, was observed in the youngest
grubs (L1). The mortality rate was the highest among
the grubs feeding on A. glutinosa roots, whereas the
lowest mortality was observed among the grubs feeding
on both oak species. In addition, the grubs feeding on
oaks, but also on F. sylvatica and B. pendula had the
highest RGR. The survival of the older grubs was rel-
atively high (66.7-100%). The highest mortality was,
like in the L1 grubs, in rearing on A. glutinosa,
followed by B. pendula (among the L2 grubs) and on
L. decidua (among the L3 grubs). Despite relatively
high mortality, the L2 and L3 grubs feeding on two
latter species reached the highest RGRs.

Interpretation of the results of our experiments is
rather difficult due to the lack of basic knowledge on the
processes involved in grub metamorphosis, especially
in the last larval instar. The effects of the factors such as
food quality and environmental conditions on these pro-
cesses remain poorly understood. However, it is clear

that among seven tested forest tree species, the roots
of A. glutinosa are the least beneficial food for the de-
velopment of Melolontha spp. grubs. Such information
should be taken into account when planning silvicultur-
al measures in the permanent cockchafer outbreak foci.

Acknowledgements

We would like to express our deep appreciation to
Stawomir Lipinski and Robert Wolski for their help
with laboratory experiments.

The study was conducted within the framework of
the project financed by the National Centre for Research
and Development (contract No NR12-0096-10/2010).

References

Andersen D.S., Colombani J., Léopold P. 2013. Coordination
of organ growth: principles and outstanding questions
from the world of insects. Trends in Cell Biology 23(7):
336-344.

Awmack C.S., Leather S.R. 2002. Host plant quality and fe-
cundity in herbivorous insects. Annual Review of Ento-
mology 47: 817-844.

Berezina V.M. 1957. Li¢ino¢noe pitanie vostocnogo majskogo
hrusca. Trudy Vsesojuznogo Instituta Zascity Rastenij 8:
37-74.

Cymborowski B. 1984. Endokrynologia owadéw. Warsza-
wa, Panstwowe Wydawnictwo Naukowe, p. 260. ISBN
83-01-04700-3.

Davidowitz G., D’Amico L.J., Nijhout H.F. 2003. Critical
weight in the development of insect body size. Evolution
and Development 5: 188—197.

Davidowitz G., D’Amico L.J., Nijhout H.F. 2004. The effects
of environmental variation on the mechanism that con-
trols insect body size. Evolutionary Ecology Research 6:
49-62.

DiAngelo J.R., Bland M.L., Bambina S., Cherry S., Birnbaum
M.M. 2009. The immune response attenuates growth and
nutrient storage in Drosophila by reducing insulin signal-
ing. Proceedings of the National Academy of Sciences of
the United States of America 106: 20853-20858.

Gur’anova N.I. 1954. Vlianie sostava pisc¢i na fiziologiceskoe
sostodnie vosto¢nogo majskogo hrusca (Melolontha hip-
pocastani F.). Trudy Vsesojuznogo Instituta Zascity Ras-
tenij 6: 31-37.

Hauss R. von, Schiitte F. 1976. Zur Polyphagie der Engerlin-
ge von Melolontha melolontha L. Pflanzen aus Wiese und
Odland. Anzeiger fiir Schidlingskunde, Pflanzenschutz
Umweltschutz, 49: 129-132.

Johnson S.N., Gregory P.J. 2006. Chemically-mediated host-
plant location and selection by root-feeding insects. Phy-
siological Entomology 31: 1-13.



D. Woreta et L. Sukovata / Lesne Prace Badawcze, 2014, Vol. 75 (4): 375-383 383

Krell F.-T. 2004. Bestimmung von Larven und Imagines der
mitteleuropdischen Melolontha-Arten (Coleoptera: Scara-
baeoidea). Laimburg 1: 211-219.

Lazarevi¢ J., Peri¢-Mataruga V., Stojkovi¢ B., Tuci¢ N. 2002.
Adaptation of the gypsy moth to an unsuitable host plant.
Entomologia Experimentalis et Applicata 102: 75-86.

Lee K.P.,, Kwon S.-T., Roh C. 2012. Caterpillars use develop-
mental plasticity and diet choice to overcome the early life
experience of nutritional imbalance. Animal Behaviour
84: 785-793.

Lincoln D.E., Fajer E.D., Johnson R.H. 1993. Plant-insect her-
bivore interactions in elevated CO, environments. Trends
in Ecology and Evolution 8: 64—68.

Malinowski H., Augustyniak A., Labanowska B.H. 2001.
Nowe mozliwos$ci ograniczania populacji owadow Zzeru-
jacych na korzeniach ro$lin. Progress in Plant Protection/
Postepy w Ochronie Roslin 41: 175-181.

Nijhout H.F., Riddiford L.M., Mirth C., Shingleton A.W., Su-
zuki Y., Callier V. 2014. The developmental control of size
in insects. WIREs Developmental Biology 3: 113—134.

Rozynski F. 1926. W sprawie walki z chrzaszczem majowym
(Melolontha vulgaris). Przeglgd Lesniczy 7: 32-38.

Sangsuriya P., Phiwsaiya K., Pratoomthai B., Sriphaijit T., Am-
paryup P., Withyachumnarnkul B., Senapin S. 2014. Knock-
down of a novel G-protein pathway suppressor 2 (GPS2)
leads to shrimp mortality by exuvial entrapment during ec-
dysis. Fish and Shellfish Immunology 37(1): 46-52.

Satkowki K. 1899. Przyczynek do $rodkéw tepienia pedraka.
Sylwan 17: 52-54.

Schoonhoven L.M., van Loon J.J.A., Dicke M. 2005. In-
sect-Plant Biology. Second Edition. New York, Oxford
University Press, p. 421. ISBN 978-0-19-852594-3.

Schwerdtfeger F. 1939. Untersuchungen iiber die Wanderun-
gen des Maikéfer-Engerlings (Melolontha melolontha L.
und Melolontha hippocastani F.). Zeitschrift fiir Ange-
wandte Entomologie 26: 215-252.

Stanisz A. 2007. Przystepny kurs statystyki z zastosowaniem
STATISTICA PL na przyktadach z medycyny. Tom 2.

Translated by: Adam Kaliszewski

Modele liniowe i nieliniowe. Krakow, StatSoft Polska Sp.
7 0.0., . 868. ISBN 978-83-88724-30-5.

StatSoft, Inc. 2011. STATISTICA (data analysis software sys-
tem), version 10. www.statsoft.com.

Sliwa E. 1993. Szkodniki korzeni drzew i krzewow. Warszawa,
Oficyna Edytorska ,,Swiat”, p. 53.

Truman J.W. 1972. Physiology of insect rhytms. I. Circadian
organization of the endocrine events underlying the molt-
ing cycle of larval tobacco hornworms. The Journal of Ex-
perimental Biology 57: 805-820.

Truman J.W., Riddiford L.M. 1974. Physiology of insect
rhytms. III. The temporal organization of the endocrine
events underlying pupation of the tobacco hornworm. The
Journal of Experimental Biology 60: 371-382.

Ulatowski W. 1932. Przyktad walki z pedrakiem. Echa Lesne
9 (1): 5-6.

Ulatowski W. 1933. Pedrak chrabaszcza (Melolontha vulgar-
is) 1 jego zwalczanie. Sylwan 51 (7/8/9): 251-252.

White T.C.R. 1984. The abundance of invertebrate herbivores
in relation to the availability of nitrogen in stressed food
plants. Oecologia 63: 90-105.

Woreta D. 1994. Zmiany wystepowania szkodnikow korzeni
drzew i krzewow lesnych w latach 1961-1993 [Changes
in the occurence of pests of forest trees and bushes roots].
Sylwan 5: 37-41.

Woreta D. 1999. Aktywno$¢ owadobojcza insektycydow
przeznaczonych do ograniczania liczebnosci owadéw
doskonatych chrabaszczy (Melolontha spp.). Prace Insty-
tutu Badawczego Lesnictwa 2: 61-74.

Les$nictwa, 20: 90-92.

Woreta D., Skrzecz I. 1996. Szkody wyrzadzane przez owady
w uprawach lesnych na gruntach porolnych i mozliwos-
ci ich ograniczania. Postepy Techniki w Lesnictwie 58:
34-42.





