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Quantitative occurrence prediction based on the
sequential sampling test of the degrees of
_ infestation by the rice stem-borer

Torizo Torii
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Table I, Limits for the degrees of infested rice-hills available for the sequen-
tial sampling plans with two sets of acceptance and rejection
equations,
Degrees of infestation
Type of Items to be Sampling . . .
distribution sampled unit Light Medium High
Upper limit | Lower limit | Upper limit | Lower limit
. . Percentage in- s . _ _ —
1. Binomial fested rice-hills 1 hill Po=0.05 p1=0.10 P0=0.20 p1=0.40
2. Negative No. of infested 10 hills my=0.5 m;=1.0 my=2.0 my=4.0
binomial rice-hills (po=my/10k) | (p1=my/10k) | ( po=m1,/10k) | ( p1=m1,/10k)
. No, of infested . . _ _ —
3. Poisson rice-hills 10 hills my=0.5 m;=1.0 my,=2.0 m;=—=4.0
No, of infested : . _ _ —
4, Normal rice-hills 40 hills My=2.0 my—4.0 my=8.0 my;=16.0

Note 1: Two kinds of errors pertaining to decisions: a@=pg=0.05—~>Level of confidence:
95% ; k being the index for the negative binomial.
Note 2: In the case from 2 to 4 {ypes of distributions, percentage infested rice hills can

be obtained by dividing the number of infested rice-hills by sampling unit, re-

spectively,
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Fig. I. The quantitative relation between the percentage of infested hills P
and the mean number of infested stems per hill x towards the end of the
first generation of the rice stem-borer. (According to the records obtained
from extensive districts during the period extending from 1948 to 1959.)
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Fig, II. A linear regression of the percentage infested hills P in terms
of log m (where P=1—e™, m==au®) on the mean number of infested
stems per hill z towards the end of the first generation of the rice
stem-borer, (log m=-—0.148-4-0.990log g ; P=1—e-0.711a0990}
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Table II, A table for obtaining the mean number, x, of infested stems per
hill from the value, P, of the percentage of infested hills,

u u “ n
P % P % P% P %
Ist IInd Ist IInd Ist IInd Ist IInd
1 0.014 0.010 26 0. 419 0.595 51 1. 003 1. 493 76 2.025 3.133
2 0.027 0.033 27 0.438 0.624 52 1. 032 1. 540 77 2.082 3.232
3 0.041 0.051 28 0.458 0.653 | 853 1. 062 1. 587 78 2.140 3.326
4 0.055 0.070 29 0.477 0. 682 54 1. 092 1. 635 79 2.211 3. 443
_5_ 0.070 0.090 30 0.497 0.713 55 1,124 1. 685 80 2.282 3.559
& 0.084 0.112 31 0.518 0.743 56 1. 155 1.735 81 2.354 3.679
7 0.099 0.130 32 0.538 0.775 57 1.187 1.787 82 2. 440 3.807
8 0.111 0.151 33 0. 559 0.807 S8 1.222 1. 840 83 2.512 3.942
9 0.130 0.172 34 0. 580 0. 839 59 1.256 1. 895 84 2.598 4. 090
1_0 0. 145 0.194 35 0. 602 0.872 60 1. 288 1. 951 85 2. 699 4, 242
11 0. 160 0.216 36 0. 624 0. 905 61 1. 324 2.009 86 2.799 4, 407
12 0.176 0.238 37 0. 647 0.940 62 1. 364 2.068 87 2.899 4. 584
13 0.192 0.261 38 0. 669 0.974 63 1. 402 2.128 88 3.014 4.776
14 0.207 0.284 39 0.692 1. 010 64 1. 440 2.186 89 3. 144 4. 981
15 0.224 0. 308 gg 0.729 1. 046 65 1. 482 2.257 90 3.272 5.223
16 0.241 0.332 41 0.739 1. 082 66 1. 525 2.321 91 3.416 5.477
17 0.258 0. 356 42 | 0.763 1. 120 67 1. 568 2.362 92 3. 603 5.759
18 0.275 0.381 43 0.788 1.158 68 1. 611 2. 464 93 3.791 6. 085
19 0.291 0. 406 44 0.812 1.197 69 1. 654 2.533 94 4,021 6. 457
2_0 0.310 0.432 45 0.838 1. 2837 70 1. 696 2. 609 95 4,267 6. 909
21 0. 327 0. 447 46 0.865 1. 277 71 1.753° 2.688 96 4,597 7.462
22 0. 345 0.484 47 0.891 1. 319 72 1. 796 2.772 97 5.015 8.170
23 0. 365 0.511 48 0.917 1. 362 73 1. 854 2.858 98 5. 594 9.180
24 0.381 0.539 49 0.946 1. 404 74 1.911 2.944 99 6.592  10.918
25 0. 400 0. 567 50 0.974 1. 448 75 1. 968 3. 035
Note :
Ist: Ist generation; IInd: IInd generation,
(1) {1st: P=1—e-0.7110990 (T, Torii, 1970); llnd : P==1—e-0.487.09%7  (Kono, T. and T.
Sugino, 1958)
(2) Figures underlined denote the values of P in relation to those of p, defined as
the limits for them under specified categories of the degrees of infestation, low,
moderate and high, respectively.
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Summary

A new method is presented for predicting the abundance of the rice stem-borer, Chilo sup-
pressalis Walker, with objective of opening the way to solving the problem concerned, Some
thirty years have elapsed since the predicting work of this pest borer of the rice plant was
launched by the Japanese government in 1941, but much yet remains to be solved in the strict
sense of the technique,

A method newly developed consists of the following 5 steps in essence:

(1) On the basis of a consistent relation between the percentage infested rice hills P and
the mean number of infested stems per hill g, ie., P=1—e#, m=au®, which was originally es-
tablished for the second generation of the borer by Kono and Sugino (’58), a numerical table of
o available for the first generation of the borer was constructed anew in correspondence to the
percentage infested rice hills P (P=0.01~0.99).

(2) According to the current empirical limits for allowable economic degrees of infestation
by this borer, that is, for whether “needing control” or “not needing control”, or eventually for
the degrees of loss of yield, the possible economic degrees of infestation were classified into
three: low (P being equal to, or lower than 5%, the upper limit for “not needing control”),
moderate (P lying between the limits from 10 9% to 20 %), and high (P being equal to, or higher
than 40 %). Corresponding to each case, a set of an “acceptance” and a “rejection” equation
of the sequential sampling test can be set up, respectively,

(3) The total number of healthy larvae will be given by the mean number, (n—d)/t, of
healthy larvae survived per infested stem, where n is the number of living larvae found in the
total number (#) of infested stems sampled, 4 being the number of dead individuals during in-
door storage of the collection, As regards the ability of dispersion of this stem-borer, the fact
is known that one healthy individual larva attacks at least one stem until the middle and/or the
last stage of each generation., Consequently, the average number, N, of healthy larvae surviv-
ed per hill at these stages of each generation can be given by the product of (n—d)/r and g,
the mean number of infested stems per hill, which can be found in the numerical table Table
II according to the value of P obtained from the sequential sampling test carried out at these
stages, From these relations, it follows that the limits, N;, for the values of N which corres-
pond to three classes of economic degrees of infestation can be estimated. Then, the values of
N; will indicate the number of larvae per hill, representing the number of living larvae which
are capable for the source of occurrence in the next generation,

(4) Let N, be the limits for the values of N; in the case where the mortality due to various
environmental resistances including biological factors is subtracted. Then, the limits for the
values of N,, will be given by

gf_g,gla—wk/lom,
in correspondence to each economic degree of infestation by this stem-borer, where e is the
average number of eggs to be deposited, m: f being the sex ratio of male to female, and w,
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the %k-th percentage component of environmental resistant factors concerned, These limits for
the values of N,; exactly give the limits for the values of ., the mean numbers of infested
stems per hill to be observed, and naturally from the relation between P and g, correspond to
the values of P in the numerical table Table II,

(5) Thus, let Py, be the percentage infested hills to be predicted towards the end of the
next generation, then, in accordance with the economic degrees of infestation, the limits for the
values of P;; can be given by the values of P in the numerical table Table II. Consequently,
according as the values of P is smaller than 5 93, or lie between 10% and 20 %, and or larger
than 40 93, the limits for the values of P,; also can be determined quite similarly, In like manner
of inference, the probable percentage infested hills towards the end of any generation can be
predicted by the decision reached from the sequential sampling test carried out towards the end
of the preceding generation, irrespective of the difference in generation, only if the numerical
table (Table II) concerning P and x is employed correctly, that is, against the prediction in the
first generation, the table for the first generation use (Column Ist in Table II), and against the
prediction in the second generation, the table for the second generation use (Column IInd in
Table II) is employed, respectively.

The advantage of this new method lies in the following three points:

(1) A sequential sampling test which is effctive in saving time, labour, and expenses was
first introduced into the prediction of the abundance of the rice stem-borer and it is recommend-
ed that field surveys should be carried out of the percentage infested rice hills towards the end
of a specified generation of the borer, The sequential sampling test here proposed is carried
out on the three levels of infestation adopted empirically from the rates of loss of yield with
the percentage infested hills as the criterion for decision,

(2) On the basis of a consistent relation empirically verified between the percentage infest-
ed hills P and the mean number of the infested stems per hill z, a numerical table of u corre-
sponding to P(=0.01~0.99) (Column Ist in Table II) was constructed anew for the first genera-
tion of the borer, Through this construction, the difference has been clarified between the case
with the first generation and that with the second generation (Column IInd in Table II by Kono
and Sugino, ’58), and the quantitative relation between P and x has been generalized still further,
as a result of which the availability of the Table II has been enhanced greatly, In drawing
final inductive inference of possible damages by this borer, special emphasis was placed on the
effects of biological factors among various environmental resistances during the period between
consecutive generations of the borer, such as the hibernating stage, the post-diapause stages,
egg and larval stages arising from the first brood adults, and the adults themselves,

(3) In addition to this, the way has been opened to the feasibility of elavating the current
biological forecasting work to the economic prediction which is believed to be the ideal state of
forecasting system concerned,



