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ESTIMATION OF STEM BORER DAMAGE IN RICE FIELDS·

BURTON T. Or~ATE**

Stem borer is considered as a major insect pest of rice.
Considerable losses are incurred annually from the attack of
this insect. However, precise methods of estimating the in­
cidence of stem borer attack are not available. This paper
will describe a simple but precise method of estimating the
damage caused by this major insect pest of rice. These esti­
mates with productivity data also can be used to explain the
state and nature of yield loss.

Stem borer incidence in a rice field is usually measured
as the number of dead hearts (Xi) per hill at various .stages
of vegetative growth or the number of white heads (xt) per
hill at maturity. If we assume a' finite universe of hills in
a riCe field, then the parameters may be designated as follows:

•
_ ' "'N ." .. '.
X·= ! (-XlN)

i= 1
.is. the population lIean 0 f dead heart•

.. per hip.

.... Qr

-­x= is the population mean of ""Ue head.
per hill. .

•

*Results given in this paper were presented to the Symposium 'on
the Majo~ Insect Pesis of Rice held last September, 1964, at the Inter­
national Rice Research Institute, Los Banos, Laguna, Philippines.

"Statt:stician. The International Rice Research Institute. lAs
Banos, Lagun~,. Philippines; _. . . ., '.....
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where
." .:N is the size. of the universe .or the total

number of hills.

•

The population variance is defined as

S2(X i ) = ~ (XC.X) 2/ (N- l )
i= 1

*for deed hearh. Similar equations are deriVed for Xt • ID «Jea...
ral, N 11 ulIlIally larqe 80 thatllWlledca11y.,S2 11 eqllal to (72.

Incidence may also be expressed as the ratio of Xi or X~

to the number of tillers in a hill (Y ) or to the number of bearing
panicles (Y;) at harvest time, respectively. These ratios are
expressed as

r i = (Xi/Yi ) for number of dead hearts to
total number of tillers in a
hill.

and
(X~/Y:) for number of white heads to

total number of bearing pani­
cles in a hill.

"!he pcf'Qlletera in the population 0 f dead hearte (~) cmd total t.illera

«(1) are

•

and .'

, I

Q~. (x./v.)

aa the population mean 01
fati 0 a

CD.the, rotioof pqpulation t.otah
X.CI\d ,Y. '(or ratio of population
lIle~8 X CI'Id Y).

:a: . . *
Silllllor fOl'lllulas may b. qi ven for the Xl·' Cl\d the Yi • a
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It is important to indicate which of the parameters X, R or Q '
is being estimated. The variance of the estimator also can
be, derived.

1.' Distribution of Incidence

The pattern of the distribution of dead hearts (XI)' white
head (X~) counts, r. or r~ is shown in Figure 1 where a large

I I I

proportion of the observations XI' X; r i or r~ is zero.

FIGURE I. PATTERN OF DISTRIBUTION OF INCIDENCE

pERCENT

100

This situation gives rise to large sampling variability of the
original'XI or r,'
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2. Pattern of VartabUity

As measured by the cv(x) in percent, the variability ofx
is high. The variability is exhibited by the results given in
Table 1, Figures 2 and 3. Even with high mean incidence, the
variability is still very high. Note the marked linear relation-
ship between S* and X* in Table 1 and Figure 1 and also
the relationship between sand x in Figure 2. This was used
by the author in devising a simple method of approximating
the needed' sample size for a given level' of x(Onate, 1964).a
Also, from Table 1, the size of sample needed to reduce the •.~
cvf x) to 10 percent will exceed 500 random hills. This situa- ,...
tion calls for a simple but precise method of sampling for stem
borer incidence.

TABLE 1

MEAN (X*) AND STANDARD DEVIATION (S*) OF WHITE'
HEADS (X7) AND THE COEFFICIENT OF VARIABILITY

OF x*, CV(x*), IN PERCENTAGE FOR VARYING
VALUES OF n FOUR UNIFORMITY

EXPERIMENTS. IRRI. 1964.

•
Insecticide treatment x* S* CV(x*) in percent for dif-

and variety (mean) Standard ferent sizes of sample n
deviation 1 100 200 500
_._'-~--_._------_.- -_._.-.,.-

I Lindane-
Chianung 242 0.0512 0.2636 510 61 37 23

II Lindane-
Taichung Native 1 .0810 .3656 420 42 30 19

III Endrin-
Chianung 242 .1425 .4544 320 32 23 14

IV Endrin-
Taichung Native 1 .2784 .6691 240 24 17 11

---~~---------_.-._--_..._.._._."....~.

a B. T. Onate. Statistics in Rice Research. Bound manuscript. Part II.
The International Rice Research Institute. 1964.
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FIGURE

:f "','"

-~ *2. THE RELATIONSHIP BETWEEN X AND SAND
, . THE C'OEFFicIE~r,~F, Y~Ri~!3ILITY~' CV(xt) It\

PERCENTAGE FOR WHITE' HEADS COUNT. FOUR

UNIFORMITY TRIALS. IRR!. 1964.
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•
flpr. 3. 1ME REt.ATlONSMlP OF I AND • FOR 40 RANDOM RICJ: VARIETIES

TESTED fIOR DEAD HEARTS INCIDENCE. IRRI. 1962.
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3. Estimators

3. 1 Random sampling

In dealing with incidence of stem borer attack, the para­

meters under study must be defined concisely, so that there
will be no misunderstanding on what is being measured. These
parameters where described earlier.

From the theory of a finite universe, our random sampling
estimators of X and 52 are

n
i = I (Xi/n)

1=1
and

respectively. where - 1. the lIampl e meon.• •
.2 i_ the sample variance.

and n Is the sample size.

~
The variClDce of - 1. J . .. .

x

a2
( i ) = [ (N-n)/N] 52/n

~
:.1.:

. which almpll fiea into ( :1," "

q2(X) ~ S2/n

.1f the finite population corxectloD (fpc) i.

(N-n)/NJ & 1 •
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Thh variance (72 (x) 18 estimated by

.2(1) = [(N-n)/N ]~2/n

•

or

if CaiN] 1.. very .maU.

The results given in Table 1, Figure 2 and Figure 3 show
that random sampling will result in: estimators with very high
sampling variability even for a large n.

3. 2. Screening techniques

This technique was utilized by Onate (Part III, 1964, pp.
94-95) in sampling for stem borer incidence. It is assumed in
the application of this techniqus that the units, Ui with Xi = 0
can easily be distinguished in the field. If so, these
units are screened and ignored in the. samplnig procedure
cedure (Cochran, 1953). The mean of the Xi = 0
is zero and the variance of the mean also is zero. By definition,

variance'folt the wtaol:e population 0'2 1. larger than

er;z ' the vari~ce for the non-zero (nz) popuiat~on'.,

Thf. relation~hi~, Ie 4escribed below:

2 _ PN _.... ,2
ern z - !. (XCXn z) !PN

i=l
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er

PN
_,' ~z = I.Xi/PN, is the population mean

i .',. of th'e nbn~ zeros.

','

Our estimator 0 f X. the population
lIIeGD of hills attacked In the whole population
Is

and

-, ,.
p

.. ,..' .. , . ".

q= (l-P)

i = P~z

'j

is the'proportion of N
th.at, ';i8.' ,n,on-zero ;"' ,

is the proportion 0 f N
that 1 s "Zero.

(,'

where

i =p~z + Q-O

ft*

i nz= ( I Xi/n*)
i=1

•
n* is the samp1esize in the non-zero

population •
and

P and Q are as defined before.

~' ."

The variance of
; (I.

=x is

=p 2cr2(Xn z)

= (p2cr: z)/n*

•

This f~'rm 0 f 'cr2 (; ) indicates that there are three

sources which are responsible for the reduction of

tlle variance of x with the scre!.ninq of Xt=O •
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These sources are aa follows:

•
a)

b)

will be 8mall er them crt. 08 indI-

cated by the condl tion. ,1 ven above.

app8Q18 ID theaume,.ter Cftd 0< P < I •

c) the finite populatioD correeUon of

a 2(i ) will be .maller than In a 2f i ) •
•

Thil relationshlp 1. q1.en by

[(Nnz-n*)/Nnzl < [(N,*,/N] •

0'2.: r' (N- :u/N J S2
= kl~

Note that the ordinary 8G111ple mean which is obtained

without 8e'reening i8 "i and C 2 ( x )=c2/ n* where we

have ignored th~ fpc. In this fOl'llula, we can ex­
presa the yariance In. urlll. of either g2 or 0'2.

from the relationship

"The comparison will he in terme of d 2 ( i ) and 0:2 (~) •
Thus . , II

; . (0-2/n*) - (p2c : 10'*) ~O

implies Q gain in the screening method. From this rela­
l tlonship, the relative efficiency can be expressed 08

which is a function of P and cv(Xinz}. The resul.ts

are given in Table 2 for Some values of Pond cV'(·}(inz}.

Fiqure 4 illuatra'tea the··relatlonahip.We can estimate

0'2 by k8 2 and O'~z by k' .:z·. Ou.r eXGlllple estimate
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,...

wl11 ~e deriged b, the ratio

(k.2/k,.2 ) > p2
:... ftl ..

which indicatel ttle relatioDship nec esaary to attale

eff lei ency in the U'8 0 f the screenin9 method 0ger the

purely random ca•••

TABLE 2

RELATIVE EFFICIENCY IN PERCENT OF SCREENING TO
NON-SCREENING OF ZEROS BY PROPORTION OF

ATTACKED HILLS (P) AND COEFFICIENT
OF VARIATION OF NON-ZEROS [CV(X

i DZ
) % ] '

Coefficient of variation [CV(Xinz ) % ]

Proper-
tion (P) 5 10 20 80 40 60 60

.05 1,905,000 480,000 125,000 35,000 20,000 16,000 10,000

.10 361,000 91,000 23,000 7,000 4,000 2,000 2,000

.20 160,600 40,500 10,500 3,000 1,500 1,000 1,000

.30 93,573 23,643 6,327 1,665 999 666 666

.40 60,250 15,250 4,000 1,250 500 500 500

.50 40~200 10,200 2,800 800 400 400 400

• .r-O 26,726 1i.560 1,760 640 820 820 160
.70 16,940 4,433 1,287 429 286 286 143
.80 10,125 2,625 750 250

,
250 ~25 125

.90 4,551 1,221 444 222 111 111 111
1.00 100 100 100 100 100 100 100

Ii tb tbe data in Table 1. we can find out the

reduction in'\he variance u 2(i ) a. compared to U
2(X)

2 = 2 -The compct:isoft between o (x) and o (X) is given in

Table 3 for 44 experiments. The qain in statistical

precision ranqes fro. 171 percent to 13.900 percent or

-en averaqe of about 1250 percent :r- IRIU Annual Report.

1964 ]. ·Lower·· P yah.. wUl reaul t in higher rela-

tive .~ficiencies•
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FIGURE 3. RELATIVE EFFICIENCY OF THE SCREENING METHOD AS COM­
PARED TO THE NON":,,SCREENING, ME;rtfOD IN THE SAMPLING
FtlR STEM BORER INCiDENCE' F~iR VARyiNG VALUES· OF P, .

... AND CV(X.in~).. '" .,,1
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TABLE 3

COMPARISON OF VARIANCE WITHOUT SCREENING
AND VARIANCE WITH SCREENING OF ZEROS.

IRRI. 1962 AND 1964.*

EXllerim~nt
' ,

P or P Variance Variance Relative efflclenc,
number w/o screening w/screening In percent

= [(8)/(4)]100%

1 0.0435 0.0695 0.0005 13,900
2 .0688 .1337 .0021 6,367
3 .1113 .2074 .0051 4,067
4 .1879 .4477 .0212 2,112
6 .66 1.71 .62 2760. 6 .73 2.66 1.22 218
7 .80 3.05 1.72 177·
8 .61 4.37 1.69 275

·9 .63 2.69 0.67 387
10 .47 1.00 0.16 667
11 .28 0.58 0.04 1,450
12 .80 4.49 2.62 178
13 .40 1.71 0.27 633
14 .55 0.86 0.17 606
15 .83 4.08 2.65 160
16 .60 1.51 0.44 343
17 .52 1.53 0.43 866
18 .80 0.26 0.06 600
19 .17 0.29 0.01 2,900
20 :27 0.37 0.02 1,850
21 .17 0.36 0.02 1,800
22 .30 0.25 0.005 5,000
23 .31 1.17 0.19 616
24 ' .63 2.83 1.07 264

• 25 .38 1.98 0.35 566
26 .66 2.44 0.66 370
27 .42 0.73 0.09 811
28 .67 0.81 0.15 540
29 .50 1.61 0.38 424
30 .62 1.03 0.21 490
31 .50 1. no; 0.16 666
32 .66 1.56 0.49 318
33 .40 1.76 0.27 652
34 .76 2.61 1.25 209
35 .63 0.61 0.06 860
36 .72 2,29 1.01 227
R7 .75 ::l.Il!) 1.90 194
38 ,71 2.29 1.04 220
39 .82 4.71 2.84 166
40 .61 3.93 1.36 291
41 .68 2.10 0.92 2211
42 .60 1.03 0.17 flOA
43 .13 0.17 0.009 l.RR9
44 .80 . .. . 2.05 1.20 1'71

Jlverage == 1,247

-Experiments 5 to 44 were conducted in the 1962 wet season, while
Experiments 1 to 4 during the 1964 dry season.
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A field may ha,ve Bub-areas with different

levels of incidence. "We can Bt'rat! fy the Held in

'relation to Xi -here i=1.2.... : L refers to the

number of, strata or 8ub-field s , Thul. the overall

mean i 8

where

and

3.3. Stratified sampling

Wi= (Ni/N) is the ,weight of. the i t h sub.
area or may represent anothe~ weighing pat­
tern wbich the entomologist may give bimself.

•

..

is the ~ean of the I t b
lub-are••

=

Within eacb I th sub-area. we can screen out X1J=O.
Our esUmator 18

L
i = ! Wi '1

i=1.

L
! ,., [ P·i·'(nz) + Ql'O ]

. 'J. 1 1
,i=1

L
= ! Wi [ Pi it CD.) ]

1=1

L .
~2(i) = '1: W2P 20'2 [ Xl (IlZ) l

- 1=1 1 1

214
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The finite population correction llIay be inserted into:

t hI 8 variance formula;

In actual sampling ~ork. precise estimate of

Pi and 0i can be obtained from a relatively larger
-sample (nr» ni) while an estimate of X!(nz) i.

given' by ii (nz) from the SIDall er eampl e nl In

-fact. the estimate of O';(nz) can be obtained frOID

the ~C!lIIlple varianee formula.

where .
Pi Is derived from a larger sample ni*» nf .

•

The alae of sCDllple for each stratum may be given ai'

_wbere
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3.4. Measurement of ratios

Another type of measurement usually employed in stem
borer experiments is the ratio

r. = (X/Y)
where

X. is the count of dead hearts in the ith hill,
I

and Y . is the count of tillers in the itb hill.
I

It.is important to n'ote that.ourUi·s are the

hi118. If a random sample of size, n hills i8 obtained­

then we have the mean of ratios.

n
r = ( ! rln)

i=l

a8 aft unbiased estimate of

N
it = ! (ri/N)

i= 1

which is the population mean of ratios (ri's) on a hill

ba.~8.

There is another ratio which is termed as .the populaton
ratio of means or totals and this is defined as

Q :- (X/Y)
= (X·/Y.)

. where
X and Yare population means per hill

and
X. and Y, are population totals of hills respectively.

In the literature, it is not very clear which of R or Q
is the parameter which is estimated although in most. cases
the estimator used is, termed .the . sampleratio of means or
totals and this estimator is defined as ....

q = (x/y)
- x'!y'

216
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where
X and yare sample means,

and
x' and y' are sample totals.

Both rand q are biased estimates of Qbut q is easier to com­
pute and has a lower upper bound in the relative bias as com-
pared to r. Note that in this form q is identical to the bi­
nominal estmiator p of P = X. IY . since each tiller is ob­
served as either attacked and that

ls estimated by

•
where

and

ie the total number of tiller. lD
the uni verse,

i 8 the number of Ul1 era In the
sGllIpl e.

•

Note that in the binomial, each tiller is assumed to be
independent of getting attacked or not. However, we notice
that there is a clustering of tillers in a hill. As such there is
a tendency for tillers within a given hill to be alike. Also in
q and Q. our units, UI' are the h'ills or clusters of tillers
while in pand P, our units are the tillers. Thus, the universe
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in Q is smaller than the universe in P. Generally, and in
actual sampling work, the hill or some larger unit is the sam­
pling unit and not the tiller within the hill. Thus, the variance

tiller "ithin the h ..__ • T:1US, the variance 0: ~ ,
··2 - ". a (q) 18 the mere appropriate variance than G"(p)

~ote that p ~stimatco P (popul c t i c r, propo1."tion) whie"

is iden ti cal to Q •

The ratio estimator, q, has a varil1nc"

where
C

xx
' Cyy are the square of the coefficient of

variation (CV) of Xi and Y
j

, re­
spectively,

and
C

Xy
· is the similar CV definition for the
covariance.

11118 v~niance of q is estimated from sample (.4 /). by

s2(q) = [(N-n)/Nn (n-I) y2] (i/Xl. q2 i'y~- 2q I/ x i y i ) -

Note that numerically p = ~ , hut the variances

will differ as shown above. It 1. important to remember

that the units ore the hills and not the tillers. Thus.

; t.he blncimiat·voiiance. 02(p) is not the appropriate

meaau reo

.The. relative efficiencies of the screening method for ~
and ·r as the estimators' 'are 'shown in Tables 3aand· 3b; re­
spectively for experiments conducted during the years 1962 to
1964. I ..
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TABLE 3a

COMPARISON' OF S2(X) WITHOUT SCREENING AN S2(X)
o

WITH SCREENING OF ZEROS. COUNTS (X) OF DEAD
HEARTS. IRRI. 1962-64.D

166"13,900 1260
100- 1,600 328

138- 1,800 367
198-45,000 4074
141- 3,036 643

Overall average 1312

•
July, 1962
August, 1962

March, 1963

August, 1963
March, 1964

Relative efficiency with screen-
Number of ing of zeros, in percent
~perimen~_s Range Average

44'­
40
40
40
40

a Source of basic data: Department of Entomology.
,,* Includes four uniformity data.

TABLE 3b

COMPARISON OF s2(r) WITHOUT SCREENING AND s:
• WITH SCREENING OF ZEROS. PERCENTAGES (rl )

OF DEAD HEARTS. IRRI. 1962-64.&

Date

July, 1962

August, 19G2

March, 1963

August, 1963
March, 1964

Number of
exp_ariments

40
40

40

40

40

Relative efficiency with screen­
ing of zeros, in percent

---'Range Average----
163-3,833 727
100-1,896 318

121-3,161 396

206-7,212 1427

153-l,384 384
Overall average. . . . . . . . . . .. 650

•

& 'Source of basic' data:
'. .

Department of Entomology, 'IRIU.
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4. Summary and Conclusions

Data from experiments on stem borer incidence from the
International Rice Research Institute (IRR!) fields for the
years 1962 to 1964 were used to study the problems of estima­
tion of parameters on stem borer incidence.

Results of these analyses and those from the available
literature indicate that the assumption of a finite universe
(U I ) and finite population (X., X~, X'·) is sound for studies

I I

of stem borer incidence. This paper has classified the para-
meters used in the stem borer incidence and the estimators
relevant to each parameter.

The concept of the tiller in the hill as the observational
unit (ou) was distinguished from the concept of the hill as
the sampling unit (su). Thus, the ratio estimator with the
hill as the (su) is the more appropriate than the binomial
estimator which uses the tiller or (ou) as the unit.

•

For counts, the technique of screening out the zeros will
result in large relative statistical efficiency averaging about
1300 per cent. The coefficient of variability (cv) of the
estimator with screening will be reduced by (1/1113). If the •
cv of the estimator for random sampling is 20 per cent, then
the cv of the estimator using screening will be on the average
about 6" per cent only. For ratios, the relative efficiency is about
650 per cent. From these results, it is concluded that screen-
ing can be used asa precise technique for the estimation of
stem borer incidence in experimental fields. This technique
was utilized in applied research plots in farmer's paddy fields.

The concepts in the method of sampling with the screen­
ing out of zeros were extended to stratified sampling. In con­
junction with crop cutting and/or interview survey, the" re­
lationship between stem. borer incidence and yield may. be ob­
tained and yield loss curve can be derived.
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