
BA1TIC FORESTRY 
I N F L U E N C E  OF SOME PLANT EXTRACTS /.../ ON THE /.../ FEEDING /.../-A LUIK ET A L . m  

Influence of Some Plant Extracts and  Neem 
Preparations the Maturation the Large 
Pine Weevil, Hylobius abiefis L. 
ANNE LUIK 
lrwlit~itc of Plarrt Protectiorr, Estorriari Agr.icultrrr.al Urtiver.sitj~ 
Kreutzwaldi 64, 51014 Tartu, Estonia 
IVAR SlUUL 
Depnrtmerzt of Silvicultur.e, Estoriiarr Agr.ictilfrrrc71 Urrir~er-sit!) 
Kreutzwaldi 5, 51014 TOI.!LI, Estorria 
KAWO VOOLMA 
For-est Resear.ch Iristitute, Estor~iarr Agr~iciil/rii~al Urriver.si!,s 
Kreutzwaldi 5,  5 1 014 Tartu. Estonia 

Lr~ik A., Sibul I., Voolma K. 2000. Influence of Some Plant Extracts and Neeni Preparations on the Maturation 
Feeding of the Large Pinc Wcevil, I-b1obirr.r uhietis L. Btrltic Fot.c.~tr:): 1: 53-58. 

In laboratory clioicc fccding tcsts with largc pinc wccvil. II~~lo1ii1r.r uDic.!i.v L., it was cstablisllcd that Ihc walcr cmulsiot~ o f  thc 
NccmAzal-T/S (colitctlt o f  azadiraclitin I % )  in corlccntratiotis 5%, 10% at~d NccmAzal-T (cotltcnt of azadiraclitin 5%) c~r~ulsions 
i n  concentrations 2%. 10% atid 20% provokcd atitifccdntit activity for wccvils during 24-72 11. I t  was strongcr i n  highcr 
concclitrations ( l o%,  20%) than i n  lowcr otics (2%. 5%)  wllcrcas malcs wcrc niorc scnsitivc t l lnt~ fctiialcs and rcspondcd 
significantly alrcady to a lowcr cot~ccntration. 20% watcr cxrracts of  raw lcavcs o f  Pho.vrolrrs 1,111gcrr.i.s L. and fir.ssilngo./irr:/irra L. 
dcprcsscd tlic fccdirig activity i t1 fcmalcs only slightly, but significatitly it1 malcs. Tllc cfl'cct  night bc cnuscd by tllc glycosidcs likc 
phascin and tussilagin. I t 1  forcst conditions tlic trcattnctit o f  sprucc sccdlings wit11 20% watcr cmulsiori o f  tllc NccrnAzal-T 
prcpnration sig~iificantly dccrcascd thc tiunibcr o f  sccdlings dalliagcd by wccvils during thc first vcgctatioll pcriod aftcr planting. 

Key \vords: fI~jlohirrs uhie!i.v, nccm prcparation. plar~t cxtract, maturatioti fccding 

The large pine weevil, Hylohi~rs. abietis L (Coleop- 
tera, C~trcrtlionidac), is one of the most destructive in- 
sects on conifer reforestation areas in the Palearctic re- 
gion. The weevils begin to get out from hibernation sites 
when the mean diurnal temperature is around +9 "C (Ei- 
dmann, 1964; Haritonova, 1965). More active spring 
nlovement of weevils starts generally in the second half 
of May when tetnperatures are around 18 "C (Christiansen 
& Bakke, 1968; LBAngstriim, 1982). Usually in Northern 
European conditions the Inass flight occurs from the 
middle of May till the second half of June (Eidmann, 
1974; Solbreck & Gyldberg, 1979; Lekander et al., 1985). 
It could also be earlier or later depending on ecological 
peculiarities of the conditions where weevils are breed- 
ing and hibernating (Luik & Voolma, 1989). During this 

time weevils guided by olfaction concentrate on fresh 
clear-cut areas where they are looking for maturation 
feeding sites on the cambial layers of young conifer tree 
stems and shoots and for oviposition sites on the roots 
of the stumps in recently felled conifer trees or in the 
logging slash mixed with soil and ground litter (Nord- 
lander et al., 1986; Luik & Voolma, 1989). Heavy conifer 
seedling nlortality is common, particularly, where seed- 
lings have been planted on recently clear-cut areas (Be- 
jer-Petersen et al., 1962; Eidmann, 1974; Heritage et al., 
1989). 

A wide variety of methods has been employed for 
weevil control, including various mechanical and chem- 
ical rneans to protect the plants against weevil damage 
(Eidmann, 1974; Annila, 1982; Lindstrom et al., 1986). 
From the mechanical methods different types of protec- 
tive collars are most pro~nising (Lindstroni et al., 1986). 
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For the nlonitoring of the pine weevils the baited pitfall 
traps with standardized baits (aa-pinene, ethanol 96%, 
water) have been developed (Tilles et al., 1986; Nord- 
lander, 1987). However, all these methods are not suffi- 
cient for large pine weevil control. 

Recently the new interest has arisen in natural bo- 
tanical insecticides. They are environmentally more 
friendly than chemical pesticides and acting in many 
insects in different ways - as repellents, growth regula- 
tors or as toxicants (Bergen, 1994; Schmutterer, 1990, 
1992). Among natural pesticides, the compounds from 
neem (Azadirachta iridica A. Juss) have a number of 
properties useful for insect pest management. These in- 
clude repellency, feeding and oviposition deterrence, 
insect growth regulator activity, low mammalian toxicity 
and low persistence in the environment (Koul, 1992; 
Schmutterer, 1990). Neem is also less toxic than many 
conventional insecticides to nonphytophagous insect 
species, including pests' natural enemies and insects- 
pollinators (Hoeln~er et al., 1990; McCloskey et al., 1993; 
Nauman et al., 1994). Some experiments are made with 
neenl and other plant compounds also for forest pest 
Inanagement. The neem seed extracts had a systemic 
influence on the bark beetle Dendr.octonus poriderosoe. 
Lodgepole pines treated with neem were less attacked 
by D. ponderosae and mortality of larvae was increased 
on applicated trees (Naumann et al., 1994). In weevils 
HyloDius pales the application of pine logs with neem 
extract significantly inhibited feeding during 24 h, some 
other natural compounds as borneol, bornyl acetate, 
cucurbitacin, limonin, lnyrcene S(+) and R(-) carvone and 
verbenone also acted as feeding deterrents during that 
time (Salorn et al., 1994). In feeding choice tests where 
weevils of H. ahietis chose between Scots pine twigs 
treated with plant extracts and untreated ones it was clar- 
ified that 20% water extracts of Asarvtii eur.opaelrrit and 
Nurcis.sus poeticus influenced H. abietis as feeding stim- 
ulants. The extracts of Allirrrit sativuril, Taxrrs Daccata, 
Prinltiln veris and Hcmclerrn~ sosriowslc!~ acted as feed- 
ing deterrents for a short term (24-48 11) in laboratory 
conditions (Luik, 1997; Luik et al., 1998). It would be 
important to detect natural compounds which would 
have a high deterring or repellent activity for the wee- 
vils of H. nbietis. The aim of the present study was to 
establish the influence of water extracts of Phaseoltrs 
vulgaris and Ttissilago farjafirra and neem preparations 
NeemAzal-TIS (1% content of azadirachtin) and NeemA- 
zal-T (5% content of azadirachtin) on maturation feed- 
ing of H. ahietis. The experiments were carried out in the 
spring-sun~nler periods of 1997 and 1998. 

Material and methods 

For laboratory experiments the weevils of H. abi- 
eti.7 were collected from trapping pits from a fresh clear- 
cutting area in the forest district of Rapina in South 
Estonia. Scots pine twigs of 10 cm long and 5 mm in 
diameter were halved, one half was treated with plant 
extracts or neem emulsions, the other was an untreated 
control twig. A treated and untreated twigs were placed 
in individual moistened paper sleeves (to prevent con- 
tact between twigs) within petri dish. One weevil, 
starved for 12 h was placed in each dish (100x15 mm). 
The petri dishes were exposed to natural light condi- 
tions in temperature +20kl "C. In every variant of choice 
tests 35-40 weevils were used and every specimen was 
tested only one time.'An area estimate of  weevil feed- 
ing on cambial tissue was made with the help of the 
transparent mm2 paper after 24 h, 48 h and 72 h for each 
twig. All treatments were replicated two times. The sex 
of beetles was established for the estimation of feed- 
ing differences between sexes. The mean feeding area 
of weevil per different periods and their standard devi- 
ation were calculated. The significance of differences 
was controlled by the Student-t test at 0.05 level. 

For the extract the raw leaves of  Pltaseoltrs vul- 
garis and Tussilugo farfaru were ground and exposed 
in water for 24 h. The content of plant material was 20%. 
After filtration the extracts were used for pine twigs 
dipping for 5 seconds. After dipping the pine twigs 
were dried for 5 seconds on filter paper and put together 
with the untreated control half to petri dish. NeemA- 
zal-T/S (1% azadirachtin) and NeenlAzal-T (5% aza- 
dirachtin) formulations are produced by Trifolio M 
GmbI-I in Germany. These two preparations differ by the 
concentration of active co~npound azadirachtin, and 
also NeernAzal-TIS contains some additional plant oils. 
NeenlAzal-TIS 5% and 10% water ernulsions were test- 
ed in laboratory conditions in 1997. In 1998 the exper- 
iments with NeemAzal-T 2%, 10% and 20% water emul- 
sions were carried out in laboratory and forest condi- 
tions. in field conditions differently treated (294, lo%, 
20% NeemAzal-T) three-year-old Norway spruce seed- 
lings were planted in randomised blocks (every of 40 
blocks contained all differently treated seedlings and 
an untreated control seedling) on a fresh clear-cut area. 
Before planting, the root collars of seedlings were treat- 
ed with different en~ulsions with painting brushes. The 
number of trees daniaged by weevils was established 
with weekly intervals during the vegetation period. The 
mcan of trees damaged by weevils per variant and their 
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standard deviation were calculated in different periods. 
The significance of  differences between variants was 
controlled by the Student-t test. 

Results 

In the experiments carried out in 1997, the effect 
of NeemAzal-TIS and plant extracts on feeding of H. 
abietis weevils depended on the feeding time and the 
weevils' sex. After 24 h weevils fed significantly less 
on twigs treated with the extract of P: vulgar-is and with 
the 10% emulsion of NeemAzal-TIS, whereas the feed- 
ing of males was more inhibited than that of females 
(Table 1). NeemAzal-TIS acts for males already in a low- 
er concentration significantly whereas it depresses feed- 
ing in females only slightly. After 48 h and 72 h cambi- 
al tissues on average were eaten significantly less only 
on twigs treated with NeemAzal-TIS 10% emulsion. 
Also the untreated control twigs were less damaged in 
NeemAzal-TIS treatment variants than in other variants. 
It indicates that NeemAzal-TIS inhibits the total feed- 
ing activity of weevils and its rate depends on the con- 
centration. To all tested plant compounds the males are 
more sensitive than females (Table 1). Even after 48 h 
and 72 h the twigs treated by extract of P. vzilgar-is were 

Table 1. Mean fecding area 
(mrn2 * standard deviat- 
ion) of pilie weevil females 
(f) and males (rn) depend- 
ing on treatment of pine 
twigs and feeding time 

significantly (p<0.05) less damaged by males than by 
females. The extract of 7: farf ira depressed feeding 
considerably (p<0.05) only in males but not in females 
(Table 1). 

In the experiments carried out in 1998, it became 
also evident that males were more sensitive to NeemA- 
zal-T water en~ulsions of lower concentration (2%, 10%) 
(Table 1). Higher concentration (20%) of the emulsion 
( 1  % of active compound azadirachtin) completely de- 
pressed the feeding of specimens of both sexes during 
72 hours on treated twigs. Observations showed that 
beetles moved also to treated twigs and palpated them, 
only after that they left the twigs and started feeding 
on untreated control twigs. Their feeding rate on con- 
trol twigs was higli,er than in case of NeemAzal-T/S 
experiments where the concentrations of active com- 
pound azadirachtin was lower (0.05% and 0.1%) and the 
depression of feeding was not so high but the feeding 
rate on untreated control twigs was lower. This could 
be caused by the additional plant oil content in NeemA- 
zal-T/S preparation. 

NeemAzal-T 20% water emulsion effected signifi- 
cantly (p=0.00019) the feeding behaviour of pine wee- 
vils in forest conditions (Figure 1). During the first two 
weeks weevils did not eat the bark of seedlings treated 

* Sigr~ifica~tt dflererrce betwee11 rlrnles ar~d/errr~rle.s by S!rrtler~t /-lest, p<0.05 
" Sigr~ijica~lf di/Jererrce betweerr treated uric1 ~rr~treute(l corrtrol twigs by S!trclerlt /-test, p<O.OS ( n  = 35-40) 

Treatment 

NecrnAzal- 

T/S 5% 

NcernAzal- 

TIS 10% 

NecrnAzal-T 

2% 

NecrnAzal-T 

10% 

NeernAzal-T 

20% 

P. vulgaris 

T. farfara 

Sex 

f 

m 

f 

rn 

f 

rn 

f 

rn 

f 

rn 

f 

rn 

f 

m 

72 I1 

Trcatetl 

16.8k4.7 

8.2r2.4* 

14.1e2.2 

2,0*0.9* 

44.025.9 

28.523.9* 

6.521.1 

5.121.4 

0.120.0 

0.020.0 

49.1k9.0 

17.0*5.8* 

29.0k5.9 

18.34.4 

24 11 

Control 

19.7k4.5 

19.0k6.1" 

18.7 *5,7 

17.7k4.6" 

73.327.2" 

64.326.6'' 

57.228.8" 

70.929.8" 

71.5k9.3" 

75.728.7" 

53.6r9.5 

51.0k7.9" 

52.528.9 

48.6r10.2" 

Trealcd 

7.823.6 

3.3+.1.0* 

0.8t-0.3 

0.3e0.1* 

17.423.1 

9.223.7* 

0.020.0 

0.5t0.0 

0.020.0 

0.020.0 

6.123.2 

2.5-.0.7* 

6.9k1.7 

4.5k1.5 

48 I1 

Control 

10.4k3.0 

8.5r3.5" 

9.0k2.5" 

8.1e1.6" 

35.625.3" 

26.324.4" 

30.324.6" 

35.925.3'' 

27.323.5" 

22.826.4" 

13.8r3.3" 

13.5k3.5" 

1 2 . 5  4.9 

ll. lrt2.7" 

Treatetl 

15.8k4.3 

4.4r1.2* 

3.8 *1.2 

1.5*0.6* 

31.126.2 

18.423.5* 

1.220.1 

1.220.1 

O.O?rO.O 

0.020.0 

31.1*11.1 

10.0*3.7* 

22.125.7 

12.0~4.6 

Control 

16.1k4.1 

16.4r5.4" 

13.84.3" 

13.2r2.7" 

53.528.6" 

49.7~7.5" 

47.528.4" 

60.929.6" 

44.123.7" 

51.028.2" 

35.4k6.8 

30.8k5.9" 

35.6k9.6 

32.1k8.7" 
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Figure 1. The pcrccntagc (%'%I 
+ s tandard devia t ion)  of 
darnagcd 3-year-old spruce  
sccdlings trcatcd with watcr 
emulsion o f  NcernAzal-T in  
concentration 2%,  10% and 
20% and untrcatcd sccdlings 
by fi.lobilrs ohieris L. on frcsh 
clear-cut arca aftcr 1. . .5 and 
17 wccks aftcr planting. 
* SigriiJicarl[ di[fer.erlces 

with 20% elnulsion. During the whole season weevils 
damaged tlie treated seedli~lgs significantly less 
(33.3%) than untreated control plants (83.3%). Only 
some slight phytotoxic influence of the 20 74 NeemA- 
zal-T emulsion on tlie spruce scccllings was noticed. 

Discussion and conclusions 

A phytopliagous insect finds a host-plant by ccrtain 
chemical stimuli, whereas secondary lnetabolitcs give 
the species specific cllemistry which is of paramount 
importance in tlie selection of hosts by phytopliagous 
insects (Bernays & Chapman, 1994). On tlie other hand, 
secondary colnpounds of plants are a part of tlie 
plants' defence against plant-feeding insects and otli- 
er herbivores (Rosenthal Rr. Janzen, 1979) and, therefore, 
they can actively influence insects. By treating host- 
plant with non-host compounds its smell and tastc can 
become unacceptable for a phytopliagous insect. From 
the point of view of ecological pest control the niost 
promising are the plant-produced compounds which are 
acting as repellents, inhibitors, or  antifeedants as they 
only disorientate insects but do not directly kill them. 
What kind of compounds acts as repellents or detcr- 
rents depends also on insect species (Bernays Rr Chap- 
man, 1994). 

P vu1gni.i~ contains secondary conipounds like 
glycoside phasein and linol-, palmitin-, stearin acids 
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(Vogel, 1996). Glycosides are water soluble and proba- 
bly the feeding inhibiting effect of the water extract of 
P. ~ ~ u l g ( ~ i . i s  on H. ahietis was caused by pliasein. The 
wntcr extracts are not stable ancl tlie concentrations of 
influencing ingredients can change more easily. Appar- 
ently, the antifeedant effect diminished rapidly. After a 
longer time (48-72 h) only tlie males' feeding was sig- 
nificantly depressed (Table 1). Evidently lower concen- 
trations can act more on niales than on females. 

The leaves T. jarjafirr.a should contain secondary 
metabolites like glycoside-tussilagin, saponines and 
sonie organic acids (Tammeorg et al., 1972). The feed- 
ing depression expressed in rnales of N. ahietis could 
be caused by tussilagin and saponins but apparently 
their concentration was too low for the significant in- 
flucnce of feniales. 

It is possible to conclude that both tested plant 
extracts also contain feeding inhibiting ingredients for 
thc pine weevils of H. ahietis but probably their con- 
centration was too low for a strongcr effect and, there- 
fore, only more sensitive sex - ~na les  - reacted on them 
significantly. For practical use the further study is need- 
ed for the stabilization of the extract composition. 

NeemAzal-T/S and NeetnAzal-T contain azadirach- 
tin - triterpenoid, the secondary metabolite of the neem 
tree. In tests with weevils of N. po1e.r azadirachtin had 
an antifeedant activity and was stronger with a higher 
concentration (Salom et al., 1994). In tlie case of If. 
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a[Jiefis the situatioll i s  the same and neem prepara t ions  I lar i tonova N. 7,. ( X a p r ~ ~ o r ~ o n a  11. 3.) 1965. 6o~11,llloii cocrlo- 
nb~ii noJlrorlocrrlc 11 6opb6a c trr~hc. [Thc pitic wccvil, Ifrr- 

seem to have an influence mainly - via taste as weevils lol~irrs trhielis, ant1 its controll. Moscow. 88  p ~ .  (in Rus- . . 
first were checking also treated twigs by touching them sian) .  - - - - 
with palpi a ~ l d  after that the untreated control twigs I l e r i t a ~ e  S. G., Collins S., Evans  H. F. 1989. A survcy of  

danlagc by Ifj,lohirr.r nbietis and Ily1oste.c. spp. in Britain. 
were preferred for feeding. Some vapours of the In: I<. I. Alfaro arid S. G.  Glovcr (Editors), l~isccts  af- 
Nee~nAzal-T/S could also have influenced the behav- fccting rcforcstation: biology and damagc. Victoria, UC, -. 

iour of  weevils as the feeding rate of specimens on Canada. pp. 28-33. 
l loelnier  K. A.. Osbornc  L. S., Yokoini R. K. 1990. I:f- 

control twigs was lower, in comparison with plant ex- fccts of nccm cxtracts on bcncficial insccts i l l  grccnliousc 
tracts variants. 0.05% and 0.1% azadirachtin (5% and culturc. 111: J. C. ~ o v k c  anti R .  H Lawson (Editors). Nccm 

10Y0 NeetnAzal-T/S water emulsions, respectively) con- potcntial in pcst Inanagcmcrlt programs. U. S. Ilcp. Ag- 
ric. Rcs. Scrv. 86: 100-105. 

siderably depressed feeding of  males even dllrillg 72 Koi,I 0. 1992. Nccln al lclocl~c~nicals  ant1 inscct control. In: 
hours but was not so effective against femalcs (Table R. S. 1. I I .  Rizvi and V. J .  Rizvi (Iklitors). Allclopallly: 

1). Males were also more sensitive to alteration of light basic and applicd aspccts. C l l a j ~ ~ n a ~ i  and Flall. Lontlon. pp. 
389-4  12.  

cotlditions (Merivee et al., 1998). Specimens of  both LAngstrii~n B. 1982. Ahuatla~lcc and seasonal activity of adult 

sexes were significantly affected only by 1 % azadirachtin ~ / ~ ~ l u h i r ~ s - w c c v i l s  in rcforcstation arcas tiuring first ycars 
following fclling. ,Colntn. I~ist .  For. 1:crln. 106: 1-3. (200/0 of NeemAzal-T emulsion) and th i s  I,ckan,jer B., E i t lmann  H .  !I., flcjer B., Kangas  E. 1985, 

activity was maintained also in forest conditions dur- Titnc of  oviposition and its influcncc on thc tlcvcloprnc~~t 

ing summer. It is possible to conclude that the NeemA- of Nl~lohirrs trhietis (L.) (Col., Curculiotiidac). Z. ang. 
1:1it. 100: 4 17-42 1. 

zal-T in 20% of  water emulsion was longer active against ,,., I lcl lqvist  C., Gyldl ,erg I,angstriinl B., 
pine weevils than any other tested plant compoiu~ds. hlat tson A. 1986. Ficld pcrforniancc of  a protcctivc col- 
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BJIEIHHEIE HEKOTOPbIX PACTI4TEJIbHLIX BLITHXEK EI HEEM IIPEHAPATOB 
HA ,QOHOJII3MTEJILI-IOE IIMTAHME I;OJIbIIIOTO COCHOBOrO ,QOJITOHOCMKA, 
HYLOBZUS ABIETZS L. 

B nnGoparoprrhrx sKcrrcprrhtcrr-rax 110 rrrr-ratfrrro 6o~lr,rrlol.o cocrronoro no~rr-orrocr~aa Gar~ro ycrarrowrerro, [r-ro oonr~m 
~ ~ ~ Y J I I , C I I W  NcernAzal-T/S (coflcpmarr~rc ,qeiicrnyrotuer-o newccrna ax~~crpax-rurra 1%) rrprr Korrrrcrrrpaurrnx 5%. 10% ri 

NccrnAzal-T (concpx;urrrc rreiicmyror~rcr.o ncwecrna alnnrrpnxrlrrra 5%) npu KorruerrrpauFrnx 2%, 10% ri 20% o~nsr,roaror 
arr~~r+cr,qarrrrroe ~leiicrnlre o Terrcrrrlc 24-72 qacon. Dr,rcm~rc KorrucrrrpaLrrtrr nbrcnri 6o~lee  crrrrr,lroe ncitcrnrrc .rchr IIMIIKUC, 

rrpric~ch4 cahluhr o ~ a ~ u r r ~ c h  Goncc clync.rnrrTcnr,rrr,rhrlr geh~ C;IMKH, rlpopcnnlponan name rra cahrr,rc rrrrs~rre KOIILICI IT~~UII I+ .  npri 
rrcnonisonarrrrrr 20%-rrr,rx nonrrirx s ~ c r p a ~ r o n  Plrcrscolits 1u1gut.i.s L. II  T~r~s i lago  fi~rjkru L. rrrr-rareJrLrran ~ K T R R I I O C T ~  y 
CahfUOU I I O L l ~ I 3 J T ~ J l ~ C b  TaKKC mpa3aV Cll!lLllee q C h l  Y CahlOK. 

OGpa6or~a  cnonirx ccntruc~ 20%-rroii 1)hry~11,~11eii NccrnAzal-T o nccrlr,lx ycJronrrnx srracrlrrcnirlo coaparrrJra 
rronpewcrrrrn, rrprrsrrrrrrehrr,rc no~rr-orrocrr~ohr, n TcLrcirtre rrcpnor.o ncrci-aurro~rrroro rlcprroua rrowre I IOC;LIIKU.  

Knrorenble CJlOna: Hylohi~ts ohietis, IICChl npen;lp;lT, paCTWreJll~IlL1C nl~lTWXKll, J l ~ l l O J ~ l l H T C ~ l ~ l l ~ C  ~IIfTa~lliC. 


