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Summary

The total saponins of alfalfa, Medicago sativa L., included in the diet of Colo-
rado potato beetle larvae reduced their feeding, growth rate and survival. The biologi-
cal activity of those compounds coming both from the roots and from the aerial parts is
closely correlated with the dose. Larvae reared on leaves treated with a 0.5% dose
virtually did not feed at all and died after 4-6 days. Lower saponin doses (0.01 and
0.001%) reduced the insects” feeding to a lesser degree. However, they inhibited their
growth, caused an extension of the larval stage and mortality at a level of 76.7- 100%.
No major differences have been found in saponin activity depending on its localiza-
tion in the plant.

Key words: Colorado potato beetle, saponins, alfalfa, Leptinotarsa decemlineata,
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INTRODUCTION

Saponins, especially those of alfalfa, are among secondary plant substances
characterized by high biological activity towards a number of organisms. They are
known to exhibit toxic properties towards fungi (Trichoderma viride), bacteria as well
as towards a great many mono- and polyphagous animals (Zimmer et al, 1967,
Cheekeetal.1971,Ameenuddin etal., 1983). They also have a wide range of
effect on insects. The insecticidal properties of saponins have been studied in relation
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to the flour beetle, Tenebrio molitor (Pracros, 1982), the European corn borer,
Ostrinia nubialis (Nozolillo et al., 1997) the armyworm, Spodoptera littoralis
(Adel et al., 2000), the spider mite, Tetranychus urticae (Puszkar et al, 1994)
and a number of other pests.

Substances of natural origin having a negative effect on insects can be used in
integrated methods of plant protection. They can be particularly useful in reducing the
population of pests whose susceptibility to commonly used chemical insecticides de-
creases at a relatively quick rate. The Colorado potato beetle (CPB) is one of those
pests which are particularly difficult to control due to their increasing resistance
to pesticides from various chemical groups (Lg kocy, 1973; Pawinsk a,
Wegorek, 1998; Noronha et al, 1999).

Earlier studies (Waligéra, Krzymanska, 1994, Waligéra, 1998a)
on the effect of secondary plant substances on the development of that pest point to a
high activity of saponins compared with alkaloids and glucosinolates. However, in
those studies only saponins obtained from alfalfa leaves were used, in comparatively
large doses. The objective of our studies was a comparison of the activity of total
saponins extracted from the roots and from the aerial parts of alfalfa, with different
doses of those substances included in the diet of the Colorado beetle larvae.

MATERIAL AND METHODS

Saponins

Total saponins have been isolated from aerial parts and roots of alfalfa (Medi-
cago sativa L.) cultivar Radius, according to the known methods (Oleszek et
al.,1992b; Biatly etal.,1999) as follows: defatted plant material was extracted with
boiling methanol. After removing of alcohol the residue was dissolved in water. The
solution was placed on LiChroprep RP-18 (25-40 mm) column preconditioned with
water. The column was washed with water and 30% methanol successively. Total
saponins were eluated with methanol and dried at 60°C.

Insect rearing

Adults of Colorado potato beetle were collected from the field and mass reared
in the laboratory. After oviposition the eggs were placed in Petri dishes, transferred
into an incubator and kept under standard conditions of 25°C, 50 — 70% RH and 16:8
(light:dark) photoperiod for five days. Newly emerged larvae, aboutl2 h old, were
used in the assays.

Laboratory bioassays

Aqueous solutions at four concentrations (0.5, 0.1, 0.001 and 0.0001%) were
prepared of the total saponins extracted from the roots or the shoots of alfalfa. Larvae
were exposed to potato leaves which had been dipped for 5 s in the appropriate solu-
tion, or in water as control, then dried for 1 h at room temperature. Next, the leaf areas
were measured using a scanner and special software created by A. Zienkiewicz from
the Department of Biophysics, Mikotaj Kopernik University, Toruni. After measure-
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ments the leaves were placed in Petri dishes (3 dishes/dose) together with ten Colora-
do potato beetle larvae. The dishes were kept at 24°C and a photoperiod of 16:8 (L:D)
for two days, after which the old leaves were replaced with fresh ones. The remaining
uneaten leaf areas were measured by the same method. Consumption was determined
by comparing the leaf areas before and after feeding. Early instars (first and second)
were reared in small Petri dishes (9 cm diameter), late instars were kept in larger ones
(15 x 2 cm). On the twelfth day of experiment, when larvae terminated feeding, they
were transferred into 1 1 jars containing sand. Measurements of feeding intensity en-
ded with the digging of mature larvae into the sand.

Neonate larvae were weighted before exposure to treated leaves and after each
48 h period to determine the increase in body weight. The weight of larvae and the
amount of food consumed were recalculated per one larva. Mortality was recorded
daily. The data obtained from the experimental and control larvae were compared
using Student’s test.

RESULTS

Effect of saponins on larval feeding

The saponins used in our experiments considerably reduced larval food con-
sumption. Their antinutritional activity depended mainly on the dose applied. and to
a lesser degree on their derivation. Only small amounts of potato leaves treated with
0.5 and 0.1% saponin solutions, both from roots and shoots of alfalfa were consumed.
In the first 48 hours of observation, the area of leaves consumed was one half of the
control. In the following days. the amount of food ingested by the larvae was at a very
low level, while the feeding intensity of control larvae increased rapidly. Throughout
the larval stage, from emergence until descending into pupation, under local condi-
tions the control larva consumed an average of 28.6 cm’ of leaves. The total amount of
food consumed by larvae reared on treated leaves ranged from 1.10 to 28.74 cm?. It
follows from our experiments that larval feeding was lowest on leaves dipped in 0.5
and 0.1% solutions of saponins from the aerial parts, and only slightly higher if the
saponins came {rom the roots. However, the differences were not significant, and in
the experiment with the 0.5% solution the total area consumed constituted only 3.85%
(aerial parts) and 4.8% (roots) of the area consumed by control larvae. In the presence
of the 0.1% solution of saponins {rom aerial parts larval feeding was minimally redu-
ced in relation to larvae reared on a diet with root saponins. With lower doses, the
strongest antinutritional effect was observed with 0.01% concentration of shoot sapo-
nins: the leaf area consumed was one half of the control. Low doses of root saponins
reduced feeding by only ca. 20%. Larval feeding level approximating the control one
was observed when 0.001% solution of shoot saponins was used. However, even in
the presence of the lowest doses very few larvae survived.

The compounds applied affected the duration of the insects” feeding period.
Control larvae terminated feeding and started descending into pupation after 12 days
of rearing. Among insects reared on a diet containing 0.01 and 0.001% doses of sapo-
nins the feeding period of the surviving larvae was extended by about 4 days (Tab. 1).



Table 1

Feeding activity of Colorado potato beetle larvae after treatment with saponins

Area of consumed leaves (¢cm?/larva) (SE)

Ssa;):;r:: Dg; ¢ Days after treatment Total
2 4 6 8 10 12 14 16
Roots 0.5 | 0.46 (0.06)** | 0.41 (0.04)** 10.51 (0.04)*** =1 138
0.1 | 0.47(0.08)** 10.67(0.12)* [0.83 (0.15)***[0.56 (0.11)*** | 0.53%** ().88#** _1 3.4
0.01 | 0.92(0.15)ns [ 1.12(0.17) ns |2.67 (0.88) ns |4.32(0.94) ns |5.05 (1.33) ns [ 6.39 (2.50) ns |3.96 (2.03) ns -1 24.43
0.001] 0.64 (0.10) ns | 1.15 (0.06) ns |2.21 (0.28) ns [3.82 (0.85) ns | 3.56 (1.08) ns |3.27 (0.80) ns |4.68 (0.68) ns | 3.29 (0.12) ns 2262
Shoots 0.5 | 0.49(0.04)** [0.61 (0.12)* -1 110
0.1 | 0.44(0.08)** | 0.42 (0.14)** [0.48 (0.05)***|0.86 (0.14)* l_]3.(0.] 1* -1 3.33
0.01 | 0.40(0.05)** {0.75 (0.04)** [0.86(0.34)** |1.98 (0.14) ns |4.15(0.51) ns|3.11 (0.53)%* |0.48**** 9 4] #Hk 14.14
0.001 | 0.64 (0.10)ns | 0.78 (0.21) ns |2.44 (0.49) ns |2.28 (0.43) ns | 6.48 (4.14) ns | 5.28 (1.15) ns |5.75 (2.37) ns | 4.73%*** 28.74
Control 0.91 (0.05) 1.43(0.13) 2.54(0.13) 4.14(0.75) |6.23(0.98) |10.09(0.93) |3.29(0.77) -2 28.60

Significance of differences from the control values: ***P < 0.001; **P< 0.01; *P< 0.05; ns-not significant
*#¥¥*Mean of one replicate; '100% mortality was recorded; * larvae dug into the sand
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Table 2

Effect of saponins on the growth rate of Colorado potato beetle larvae

Saponin | Dose Mean body weight (mg/larva) on successive days after treatment (SE)
Source %o
0 2 4 6 8 10 12 14
Roots 0.5 0.80(0.15) | 1.00(0.10)** [ 1.03(0.15)**|0.95 (0.29)*** =!
0.1 0.87(0.09) | 2.00(0.31)ns| 3.40(1.05)ns| 4.33(0.88)** 4.45 (1.85)* -1
0.01 0.77(0.12) | 233(038)ns| 9.80(1.79) ns| 24.70 (5.80) ns | 27.03 (5.27) ng} 59.10 (19.19) ns{84.97 (23.98) ns -2
0.001 0.80(0.10) | 2.63(0.24)ns| 7.83(0.95)ns|20.77 (5.01) ns | 29.73 (8.76) ns 65.57 (22.74) ns[86.50 (17.67) ns | 108.25 (13.25) ns
Shoots 0.5 0.73(0.03) 1.20(0.06)* | 1.30(0.06)** =1
0.1 0.60(0.06) | 1.37(0.18)ns| 2.40(0.72)* | 2.60(0.93)** | 3.17(0.83)** -
0.01 0.63(0.09) | 1.70(021)ns| 4.83(0.79)ns| 7.60(2.62)* | 18.30(7.30)ng 42.25(6.25)** | 49.50 (6.50)** 55.00%*%%
0.001 0.70(0.12) | 1.30(0.50)ns| 4.60(1.89) ns| 10.57 (5.05) ns | 23.60 (8.60) ns| 55.77 (20.98) ns|77.57 (43.08) ns B1.30pkekek
Control 0.63 (0.07) 1.90(0.17) 6.80(0.75) | 22.60(3.75) 31.97(6.38) | 88.03(2.03) | 126.17(6.96) -2

Significance of differences from the control values: ***P < 0.001; **P< 0.01; *P< 0.05; ns-not significant
#Ek*Mean of one replicate; '100% mortality was recorded; * larvae dug into the sand
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Effect on weight gain and larval mortality

Growth of the insects under study varied considerably and was correlated with
the dose applied, but saponins always inhibited that process. Larvae reared on leaves
treated with 0.5% dose showed minimal variations in body weight and died after seve-
ral days without virtually increasing in body weight. Low gain in weight was also
observed after using the 0.1% concentration. The daily weight gains remained at
a very low level, and more than 90% of the insects died after eight days of rearing,
having reached only 10-14% of the body weight of the controls.

Lower saponin doses inhibited larval growth to a much lesser extent. They did
not, however, with a few exceptions, let the larvae reach a body weight approximating
control in spite of the comparatively high consumption (Tab. 2). E.g. out of 30 indivi-
duals reared in the presence of 0.001% solution of root saponins only four had body
weights similar to control. The pupae they formed were also similar to control pupae
in point of body weight. Larvae with lower body weights (ca. 60-70% of the control)
after an extended feeding period often dug into the sand. However, not all of them
pupated: some died in the larval stage, and a small percentage formed small pupae,
whose body weights were much lower than the control. During the first stage of obse-
rvations the mortality of the insects increased slowly, particularly among larvae fed on
a diet with an addition of root saponins. Generally, however, the mortality of insects
reared in the presence of both root and shoot saponins were very similar and amounted
to 76.7-100% (Fig. 1 A, B).

DISCUSSION

The saponins included in the diet of Colorado beetle larvae had a highly adver-
se effect on their development and feeding behaviour. The deterrent properties of sa-
ponins reported for many insect species (Sutherland etal, 1975 Meisner,
Mitchell, 1983; Adel etal., 2000) have also been found in our studies. Inhibitory
effect of saponins from alfalfa (Medicago sativa L..) leaves on the feeding of CPB was
observed by Waligdra (1998b) also. The saponins applied in her study acted as
strong feeding deterrents, especially against larvae, but only at 1 and 0.5% concentra-
tions. The lowest dose of saponins (0.25%) caused the smallest differences in intensity
of feeding between control and treated larvae. In our study larvae offered a diet with
0.1% dose of saponins, both from roots and shoots, ingested minimal amount of food,
which was not enough to keep them alive. These differences in the activity connected
with the compound concentration may have resulted from the different age of the
larvae examined. We used very young (L) larvae while Waligdra (1998b) carried
out experiments with older ones. In the studies by Nozzolillo etal, (1997) a
higher susceptibility of the Ostrinia nubilalis Hubner neonate larvae to saponins from
alfalfa in comparison with older (L) ones was observed, too.

Food ingestion by insects is stimulated by a number of factors, viz., the chemi-
cal nature of the food recognized by its smell or taste, its digestibility, the extent of the
alimentary canal filling and of the passage along the gut. It follows from earlier studies
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on other insect species (Ishaaya, Birk, 1965; Adel etal., 2000) that saponins
reduce the digestibility of food, probably by inhibiting the secretion of digestive enzy-
mes. The resulting lingering of the alimentary substance in the gut has no doubt a
limiting or completely inhibiting effect on feeding. Starvation, possibly due to loss of
an attractive taste in the food with saponins, as well as disturbance of the digestion and
assimilation processes undoubtedly caused a decrease or stoppage in the insects” growth
rate. The clearly lower increase in body weight in relation to the amount of food inge-
sted by larvae reared on a diet containing lower saponin doses suggests that the assimi-
lation of the food ingested is lower than in the control.

The quantity and quality of the food ingested, besides other abiotic factors,
affect the insects™ growth and development. The growth rate determines the succes-
sion of developmental stages. Reaching the critical body weight is a signal stimulating
the release of steroid hormones, responsible for the process of metamorphosis
(Migula, 1990). Thus the low growth of body weight in the Colorado beetle larvae
could have been one of the main causes of the extension of the larval stage and of the
small number of pupae evolved. However, the adverse effect of saponins, particularly
of their aglycones, on the production of ecdysteroid hormones must also be taken into
account. According to Harmatha etal. (1987), Adel etal (2000) and other
researchers, the extension of developmental stages in insects poisoned with saponins
was due to the fall in the production of ecdysteroids. It can therefore be assumed that
the same mechanisms of saponins action occurred in the case of the Colorado potato
beetle.

In our studies no significant differences in activity have been found between
root and shoot saponins. Similar results have been obtained by Tava and Odoardi
(1996) in their studies on the insecticidal activity of saponins from the roots and from
the leaves of alfalfa towards the European grape moth, Lobesia botrana. On the other
hand, the results of studies carried outby Nozzollilo etal. (1996)and Adel etal.
(2000) point to a higher activity of root saponins compared with shoot ones. Similar-
ly, Saniewska etal (in press) found that antifungal activity of root saponins is
higher than those from aerial parts.

Saponins occurring in alfalfa (Medicago sativa) are a complicated mixture of
triterpenoid glycosides which are derivatives of medicagenic acid, oleanolic acid, zan-
hic acid, hederagenin bayogenin and soyasapogenols. It is widely known that the high
activity of alfalfa saponins is due to glycosides of medicagenic acid, and hederagenin
(Oleszek etal., 1992a) which occur in higher concentration in alfalfa roots than in
shoots. The similar activity of root and shoot saponins in our experiments let us presu-
me that the Colorado potato beetle larvae could also be susceptible to other glycosides
than those of medicagenic acid and hederagenin. The results of these studies call for
further research on the susceptibility of the Colorado potato beetle to individual sapo-
nins and their aglycones.
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Aktywnos¢ biologiczna saponin z korzeni i czeSci nadziemnych
lucerny siewnej (Medicago sativa L.) wobec larw
stonki ziemniaczanej, Leptinotarsa decemlineata Say

Streszczenie

Zbadano w warunkach laboratoryjnych rézne aspekty oddzialywania saponin
z lucerny siewnej, Medicago sativa L. na larwy stonki ziemniaczanej. W badaniach
zastosowano wodne roztwory (0,5; 0,1; 0,01 i 0,001%) sumy saponin wyodrgbnio-
nych zaréwno z korzeni jak i z cz¢dei nadziemnych lucerny, ktére podawano 12-go-
dzinnym larwom L, metodg ekspozycji na traktowanych lisciach ziemniaka.

Przeprowadzone badania wykazaty, ze saponiny lucerny wigczone do diety
larw stonki ziemniaczanej obnizaly zerowanie, wzrost i przezywalnos¢ badanych owa-
déw. Aktywnosé biologiczna tych zwigzkéw byla scisle skorelowana z dawkg. Larwy
hodowane na lisciach traktowanych 0,5% roztworem praktycznie nie zerowaly i gine-
ty po 4-6 dniach. Nizsze dawki saponin (0,01 i 0,001%) w mniejszym stopniu ograni-
czaly zerowanie owadéw, wptywaly jednak hamujgco na ich wzrost. Obserwowany,
zdecydowanie mniejszy przyrost masy ciala w poréwnaniu z iloscig pobranego pokar-
mu sugeruje, Ze saponiny zaklGcaty procesy trawienia i przyswajania. Stosowane zwigz-
ki powodowaly réwniez przedtuzenie stadium larwalnego oraz §miertelno$¢ na pozio-
mie 76,7 — 100 %. Nie stwierdzono wigkszych réznic w aktywnosci saponin zwigza-
nych z miejscem ich wystgpowania w roslinie.
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