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ABSTRACT 

Thirty-two different mineral salts were added individually to a diet of whole wheat flour 
to investigate their effects on population numbers, times of development and longevity of the 
Mediterranean flour moth, Anagasta kuehniella (Zeller). The effect upon the time of 
development varied from inhibitory to no effect to very stimulatory. All tested salts inhibited 
the egg-laying in P and F i generations but egg laying completely stopped only with all the 
concentrations of sodium nitrate, NaNO 3 in the diet of the P generation. No single anion or 
cation was found which would strongly affect this stored-product insect. The effect of each 
salt at each concentration was found to be different. 
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INTRODUCTION 

In 1964, Majumder and Bano reported the toxic effects of calcium phosphate 
salts to insect pests of stored grain. The research has been followed by Press et al. 
1972, Majunder 1974, Highland 1975, Baker et al. 1976, Boczek and Ignatowicz 
1978, Ignatowicz and Boczek 1978, and Kruk et al 1983 on the effects of these 
and other mineral salts on insect and mite development. Research has shown that 
some of the mineral salts examined, which are commonly added to foods, e.g., 
tricalcium phosphate, (Ca3 (P04 )2 ) , will affect the development of some stored-
product pests. The exact mechanisms involved in this adverse effect are not fully 
understood. 

Depending upon the adequacy of the treated food as an insect diet, these 
mineral salts have prevented or suppressed the development of the sawtoothed 
grain beetle, Oryzaephilus surinamensis (L.); the red flour beelte, Tribolium 
castaneum (Herbst); the confused flour beetle, T. confusum Jacquelin du Val; the 

1 The research was supported in part by PL-480 research project PL-ARS-76, M. Sklodowska - Curie 
Grant ( F G - P 0 3 6 0 ) (JB-28). This paper reports the results of research only. Mention of a pesticide in 
this paper does not constitute a recommendation for use by the USDA nor does it imply registration 
under FIFRA as amended. Also mention of a commercial/proprietary product in this paper does not 
constitute an endorsement of this product by the USDA. 
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rice weevil, Sitophilus oryzae (L.); the almond moth, Cadra cautella (Walker); the 
cowpea weevil, Caliosobruchus maculatus (F.); the flat grain beetle, Cryptolestes 
pusillus (Schoenherr); and the mold mite, Tryophagus putrescentiae (Schrank). 

This paper presents an evaluation of a series of mineral salts for their value in 
the suppression of population development in the Mediterranean flour moth, 
Anagasta kuehniella (Zeller). 

METHODS AND MATERIALS 

Thirty-two salts (Table 1) were used in concentrations of 1.0, 2.0, and 3.0% by 
weight. All test insects were from the Agricultural University of Warsaw's stock 
colonies where they are maintained at 25 to 30°C and 75 to 85% RH. Diets were 
prepared by grinding whole grain wheat to a particle size of 220 /xm of less. Salts 
to be tested were thoroughly mixed with the desired amount of ground wheat. 
Tests were established by placing 40 g of this ground wheat-salt mixture into 370 
ml glass jars and introducing 100 1-d-old larvae. All tests were conducted at 26°C 
and 75% RH. Each test was replicated three times. Mean developmental times to 
adulthood were calculated by dividing the number of development days by the 
number of moths secured from 100 larvae. Observations on the fecundity were 
made using 25 individual pairs of adults and egg viability was established using all 
the eggs laid by females of the 25 pairs. 

For the analyses of the data, numbers were transformed as follows: total 
number of progeny tested — y = log (x + 1); for egg viability — Bliss'es trans-
formation; for the developmental time — y = Transformed data were 
statistically treated by analysis of variance. Significance of differences was tested 
with Duncan's multiple range test (P = 0.05). 

RESULTS AND DISCUSSION 

Data dealing with the effect of these salts on mean developmental time for the 
P and F i generations of A. kuehniella are presented in Table 1. It can be seen 
from these data that many salts extended the developmental time of P generation 
but some also shortened it. The effect of the salts was variable, e.g., some 
carbonates: ammonium carbonate (NH4)2C03) and potassium carbonate (K2CO3); 
phosphates: ammonium dihydrogen phosphate (NH4H2PO4) and potassium 
dihydrogen phosphate (KH2PO4); and the chloride and sulfate: magnesium 
chloride hexahydrate (MgCl2-6H20) and magnesium sulfate heptahydrate 
(MgS04-7H20) stimulated development, particularly at the lower salt concen-
trations. Other salts, e.g., calcium carbonate (CaCOs), sodium bicarbonate 
(NaHC03), magnesium carbonate (MgCOs), potassium sulfate (K2S04) , potassium 
nitrate (KN03), magnesium nitrate (Mg(NOs)2), sodium sulfate (Na2S04), and 
ammonium nitrate (NH4NO3) were inhibitory to varying degrees. At higher salt 
concentrations, the developmental time was longer for tricalcium phosphate 
(Ca3 (P04 )2 ) and potassium dihydrogen phosphate (KH2P04), as might be 
expected, but the converse occurred with potassium hydrogen phosphate (K2HP04) 
and magnesium hydrogen phosphate trihydrate (MgHPO 4-3H20). 

The developmental time of the F1 generation was also prolonged by the action 
of some salts and shortened by others. The time was shortened by potassium 
carbonate (K 2C0 3 ) , potassium dihydrogen phosphate (KH2P04) and magnesium 
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chloride hexahydrate (MgCl2-6H20). The effect of other salts, Le., ammonium 
sulfate ((NH4)2S04) which was stimulatory in the P and inhibitory in the Fi 
generations or inhibitory in the P and stimulatory in the F x generations, as were 
sodium sulfate (Na2S04), ammonium nitrate (NH4NO3), calcium carbonate 
(CaC03), sodium nitrate (NaN03), magnesium nitrate (Mg(N03)2), magnesium 
carbonate (MgC03), calcium nitrate (Ca(N03)2), magnesium carbonate (MgC03), 
and potassium hydrogen phosphate (K2HP04). 

All salts inhibited the egg laying both in the P and F1 generations. However, 
only in the case of potassium nitrate (KN03) at the 2 and 3% levels and with 1% 
sodium sulfate (Na2S04) were eggs not deposited in the Fi generation (Table 2). 
Some salts, e.g., sodium sulfate (Na2S04), potassium hydrogen sulfate (KHSO4), 
calcium sulfate (CaS04), ammonium nitrate (NH4N03), magnesium nitrate 
(Mg(N03)2), potassium nitrate (KN03), sodium dihydrogen phosphate hydrate 
(NaH2P04 H20), magnesium hydrogen phosphate trihydrate (MgHP04-3H20), 
ammonium dihydrogen phosphate (NH4H2P04), calcium carbonate (CaC0312H20) 
and calcium chloride (CaCl2) were very inhibitory in the P generation. Generally, 
the effect of most salts on egg laying was similar in the P and F x generations. At 
the higher concentrations, the effect was unpredictable. 

The effect of mineral salts on egg viability was also investigated and compared 
(Table 3). Usually a strong decrease in fecundity was associated with some 
decrease in egg viability. Salts like ammonium phosphate ((NH4)3P04) caused 
small increases in egg viability in P generation in all concentrations tested. Egg 
viability was usually much lower in F1 than in P generation. The greatest decrease 
in egg viability in the Fx was observed for ammonium dihydrogen phosphate 
(NH4H2P04). The effect of higher concentrations was variable. In one case, with 
the mineral salt, sodium nitrate (NaN03), the higher the concentration in the diet 
the greater the egg viability in both P and F x generations. With other mineral 
salts, no such relationship was noted. 

Results obtained with A. kuehniella differ distinctly from those for Tryophagus 
putrescentiae (Schrank) (Boczek and Ignatowicz 1978), Tribolim confusm Jacquelin 
du Val (Kruk et al. 1983), Plodia interpunctella (Hubner) (Press et al. 1972) and 
other stored-product pests (Majunder and Bano 1964). No one anion or cation 
showed a strong effect on the development time, fecundity or egg viability of this 
moth. High tolerance to high concentrations of various salts in A. kuehniella larvae 
cannot be explained except by the possibilty of increased ability to excrete these 
compounds. 

Tricalcium phosphate (Ca3(P04) 2), which is known as a strong suppressant for 
many stored-product pests, was not very effective for suppressing development in 
A. kuehniella. It extended development only at the high concentration, 3%. It did 
inhibit fecundity but most eggs laid were viable. 
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