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Responses of Rattus rattus L., to foods previously used in a
mixture for poisoning with zinc phosphide
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Abstract. Treatments of equivalent wt./wt, mixtures of foods-millet and maize
flours, or millet, maize and wt-.eat flours;-with zinc pEosphide (4rag/10 g food)
not only make the rats Rattus rattus L. averse to eating the original baits, but
also their components.

Practical implications of such aszociation of ' bait-shyness ' to components of tl=e

original baits, are discussed.
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1.

Introduction

R o o f rats, R a t t u s rattus L. are one of the several species of wild rats that rapidly
learn to avoid eating a poisonous mixture and then the particular food used in
it as base, or become bait-shy (Bhardwaj and K h a n 1977, 1978, 1979a, 1979b).
Th/s behaviour has survival value, but is not advantageous (Bhardwaj and K h a n
1979b). During control operations against this pest, a change in baits and poisons
is thus needed after every treatment (Barnett and Prakash 1975). However, the
effects of poisoning rats in mixture of foods, rather than in one particular food,
have not been examined. I f no shyness develops for individual components,
mixtures can be used to obtain additional poisoning before each food is tried
separately as base for treatment. I f the obverse is true, one poisoning will make
several foods ineffective and the use of such baits (Barnett and Prakash 1975),
may have to be discouraged. The present study reports the responses o f bait-shy
rats R. rattus towards each component of cereal mixtures on which they were fed.
2.

Material and methods

Wild-canght subjects were grouped into colonies and hottsed in wire-mesh cages,
1.32 × 1.0 × 0.32 m, with wooden boxes and straw for nesting. They were fed
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before tests on a laboratory rat diet. Water was given ad lib. Description of the
colonies is given in table 1.
Unextracted flours of millet (Pennisetu,7 typhoides Burm), maize (Zea mays L.),
wheat (Triticum aestivum L.), gram (Cicer arienatum L.), mixture of millet and
maize flour (50 g + 50 g), and millet, maize and wheat flour (50 g each) were used
as test foods. Weighed amounts were given in metal containers and the residue,
including that spilled, was weighed the next day. The rats were poisoned in mixtures with zinc phosphide at the rate of 4 mg/10 g food.
In experiment 1, the rats were offered millet and maize flour mixture and wheat
flour for 5 days. Zinc phosphide was then added to the mixture (4 mg/10 g food).
This poisoned mixture and wheat flour were continuously available for the next
7 days. Thereafter, the choice offered consisted of harmless mixture and wheat
flour, millet flour and wheat flour, and maize flour and wheat flour. Separate
observation was made in tests of 3 days each and the food consumption was
measured daily for 21 days.
The same procedure was followed in experiment 2. A mixture of millet, maize,
wheat flour and gram flour was given for 5 days. The poisoned mixture with gram
flour was given on the following 7 days. The harmless mixture as well as the
millet, maize and wheat flour were separately compared to gram flour for 3 days
each. Consumption was measured daily for 24 days.
Controls of the two experiments were given the same foods, but they were not
given any poison. Replicates were also run simultaneously. The methods described by Bailey (1959) were followed for statistical analysis of results.
3.

Results

Results are summarised in tables 2 and 3. Results of experiment 1 are also
illustrated in figure 1. Some rats died following the ingestion of poisoned foods,
but the experiments were continued with the survivors.

1. Mean body-weight,with standard errors of mean ($E), of rat colonies in
expts. 1 and 2.

Table

Description of
Colony

Body wt. (g ~ S.E.)

No. of Rats

Male

Female

Mean

Range

Death

Experimental

1

5

112"50::k6-285

90--130

130 g~

Control

1

4

110"00-I-6.32

91-132

..

Experimental

1

3

109.25

:k5"52

90-122

..

Control

1

5

115" 60 ::I:3"04

109-130

..
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Figure 1.
Table 2. Consumption of foods (g/day 4-SE) offered in expt. 1 with standard
errors of mean.
Length of
test (days)
5
7
3
3
3

Food 1

Consumption

Millet+maize flour
Millet + maizeflour
+ poison
Millet flour
Maize flour
Millet + maize flour

65-60 4- 5-12
8-88 4- 5.42

Millet q- maize flour
Millet flour
Maize flour
Millet+maize flour

52.50
53.33
32.33
51-66

9-33 4- 0.76
7-66 4- 0.405
7-00 4- 1.14

Food 2
(Wheat flour)

~ consumption

16-80 4-2.13
31-71 -;-2-75

79.61; 20.39
21"72; 78.27

33.33 4- 2"71
28"33 4- 0.91
33.00 -4-2"62

21.84; 78.16
21"29; 78"71
17.50; 82.50

9.33
9.34
10.66
7-00

84.91 ;
85.14;
75"20;
88.15;

Control
12
3
3
3

3.1.

4- 2.752
-4- 0.76
4- 1-45
-4- 1"76

4- 1-32
-4-0-76
-4-1.76
4-0"57

15.09
14.86
24"80
11.85

Selection of foods before poisoning

The rats in experiment I preferred millet and maize flour mixture to wheat flour
(paired t test, P < 0.05; table 2), and those in experiment 2 preferred the millet,
maize and wheat flour mixture to gram flour ( P < 0.05; table 3). A greater
preference was seen for mixtures in controls than in experimental groups but no
significant difference was found in the total food consumption (Fs, s, P > 0" 05).
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Table 3. Intake of foods (g/day 4- SE) by rats in experiment 2, with standard
error of mean.
Length of
test (days)
5
7
3
3
3
3

Control
12

3.2.

Food 1

Food
consumption

Food 2
(Gram flour)

~ Consumption

Millet + maize +
wheat flour
Millet -k maize -b
wheat flour -b
poison
Millet flour
Maize flour
Wheat flour
Millet -t- maize hwheat flour

38"414-2.10

11.23:t=1.51

77.4; 22.60

Millet+maize +
wheat flour
Millet flour
Maize flour
Wheat flour
Millet -b maize -k
wheat flour

8.104-4.15

18.304-1.26

30.70; 69.30

5.004-1.01
4-524-1.56
7.55:t=0.15
4.005:1.11

21.004-1.32
23.554-1.51
24.00-t-1.10
21.534-1.00

18.21 ; 81.82
16.10; 83-90
23"8; 76"20
16; 84

57"664-2"25

9"514-0.88

85"8; 14"2

6-514-1.55
11.134-1.33
10.52-t-0.15
8.004-1.31

89.1 ; 10.9
82-3; 17.7
83.3; 16.7
87.1 ; 12.9

53.004-3.00
51-174-1.22
52-51-4-2.54
54.004-0.20

Effect of poisoning

When poison was added, consumption o f mixtures was gradually reduced. Intake
o f harmless alternatives, wheat flour (experiment 1) and gram flour (experiment 2),
was increased simultaneously (tables 2 and 3). However, the rats continued to
eat the poisoned foods in very small quantities. The choice of f o o d in the experimental groups was thus reversed. The mixtures were still consistently preferred
in the controls, as they were in the experimental groups before poisoning
(tables 2, 3).

3.3.

Food preferences after treatment

After poisoning, the rats in experiment 1 preferred wheat flour to the mixture o f
millet and maize flour, and to b o t h millet or maize flour offered separately. The
rats in experiment 2 similarly preferred gram flour as compared to the millet, maize
and wheat flour mixture. Gram flour was also preferred to either of the three baits
presented separately without poison. However, the mixtures and their components
were preferred to the alternative wheat or gram flour by the respective controls.

4.

Discussion

The r o o f rat, R. rattus, prefers cereals to pulses; a linear order of choice is also
shown between foods o f either category, and both millet and maize flour are
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preferred to wheat flour (Khan 1974). Thus, superior foods added in a mixture
also make more attractive baits than inferior foods offered alone (tables 2, 3).
Even such attractive baits as cereal mixtures were avoided, though not completely
ignored, on treatment with zinc phosphide (tables 2, 3). The avoidance obviously followed the development o f poison-shyness to zinc phosphide (Bhardwaj
and K h a n 1977, 1978), while continued sampling o f toxic baits indicated the slow
aversive action o f this poison (Bhardwaj and K h a n 1979b). Interference by the
learned-safety effect in poison-shyness was not evident (Rozin and Kalat 1971;
Barnett et al 1975).
After poisoning, the rats became averse to eating the mixtures, or ' bait-shy '
Shyness was also extended to components o f the original baits (tables 2, 3).
I f taste was the basis o f such avoidance (Barnett e t al 1975), then the taste of each
food added, viz. millet and maize flour in experiment 1 and millet, maize and wheat
flour in experiment 2 was distinctly perceived in the mixtures. Their specific
tastes by association with poisoning became the basis o f avoidance.
Thus, no blending o f tastes occurs in cereal mixtures, and the rats are not confounded. Zinc phosphide is, however, used in much higher concentrations in the
field (c. 50-500 rag/10 g food), which may result in greater development o f baitshyness. One poisoning in mixtures then would make several foods ineffective
restricting the choice in bait-bases needed for second or more treatment with different poisons. When long-term control operations are planned, use o f mixtures
as base for poisoning with zinc phosphide should be avoided. However, mixtures
can be used if a single treatment is desired, or when residual supplies are to be
used while other kinds o f baits are abundantly available.
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