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ABSTRACT
Rice farms in Nueva Ecija and Laguna Provinces,

Philippines, were surveyed to evaluate sampling proce-
dures for estimating stem borer infestation and conse-
quent yield losses. Using the screening technique, percent
incidence was s]ightly underestimated because of induced
tillering in infested hills. No definite distribution pattern of
stem borer incidence 'was found across rice fields (center,
periphery).

Stem borers, Chilo suppressalis (Walker) and Try-
ponyza incertulas Walker, the most widespread and
serious insect pest of rice, regularly infest rice plants
from seedling stage to maturity (Pathak 1969). Symp-
toms of infestation for measuring stem borer incidence
are percentage of dead hearts during vegetative stages
and percentage of white heads at flowering and
maturity.

Accurate estimates of yield losses are needed as a
basis for developing ec'onomically feasible control
measures and policies. Two major steps are involved in
the estimation of yield losses: assessing infestation by
suitable sampling techniques and relating incidence
levels to yield losses. In the 1st step, the screening tech-
nique is used to assess infestation (Anon. 1966). The
healthy and damaged tillers from infested hills are
counted. To determine the total number of tillers in
the area studied, it is assumed that infested and unin-
fested hills have equal numbers of tillers per hi]1.

In the 2nd step, stem borer incidence is related to
yield loss. The observation of Israel and Abraham
(1964) that "our present knowledge of yield loss resu]t-
ing from rice stem borer infestation is scanty" is true
today. Relating stem borer incidence to yield loss is
particularly difficult because many external factors af-
fect this relationship, and most previous work was con-
ducted at experiment stations under conditions differ-
ent from those in farmers' fields.

We tested the validity of the screening technique for
measuring stem borer incidence and, simultaneously,
evolved a sampling procedure for estimating stem borer
infestation and consequent yield losses.

MATERIALSAND METHoDs.-We measured stem
borer incidence and yield losses by 2 series of surveys:
the 1970-71 crop seasons in the province of Nueva
Ecija and the 1971-72 crop seasons in the province of
Laguna, in the Philippines.

Nueva Ecija, 1970 Wet Season and 1971 Dry Season.-
A multi-stage sampling plan was used in 2 selected irri-
gation districts. The towns in each district were strati-
fied into single and double croppings. Two towns in
each district were randomly selected from each stratum,
2 barrios from each selected town, and 2 rice farms
from each selected barrio. From each sample farm, 2
paddies were chosen at random and two 4 X4-m sam-
pling units were demarcated at random in each paddy.
We recorded the locations of all infested hills in the
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Re]ationships between yield and percentage of incidence
were exponential. To accurately assess yield loss, dead
hearts and white heads should each be measured once.
Single hills were not effective as sampling units because
plant vigor varies widely among hills. When areas were
used as sampling units, not only percentage incidence but
also distribution among hills influenced yield loss.

demarcated sampling area so that subsampling units of
different sizes could be formed. Dead hearts were
counted at ca. 50 days after transplanting. White heads
were counted at 90 days after transplanting (in the
1970 wet season) and at maturity. From an area, 2 m2,

in each sampling unit, we determined grain yield and
tiller number for infested and uninfested hills.

Laguna, 1971 Wet Season and 1972 Dry Season.-
Nine rice farms were selected in the 1971 wet season and
6 in the 1972 dry season. At each farm, pest and disease
incidence was determined for all hills in one selected
paddy. The incidence was classified by type (stem
borer, virus or rat damage), and their specific locations
in the field recorded. These observations were made at
different growth stages: 50 clays after transplanting, 90
days after transplanting (in 1971 wet season), and ma-
turity. At harvest, each paddy was divided into sub-
units, each 5 m2, excluding border rows. Each unit was
harvested separately. One hundred hills infested with
stem borers were selected at random from each paddy
and harvested separately. The degree of incidence and
the grain weight were determined for each hill.

RESULTSANDDISCUSSION.-Estimating Incidence.-
Three factors that relate to the estimation of stem borer
incidence were examined: the validity of the screening
technique; the effect of size of sampling unit; and the
distribution pattern of stem borer incidence in rice
fields.

Estimates of the percentage of dead hearts and white
heads based on the screening technique were lower than
those from complete tiller count (Table 1). Underesti-
mation ranged from 3.2-7.2 %, avg 4.8 %. Induced tiller-
ing in infested hills probably was responsible for the
infested hills having more tillers than the uninfested
hills (Table 1). We feel, however, that the screening
technique can still be used for measuring stem borer
incidence under field conditions. The bias was small
considering the large variability in farmers' fields. How-
ever, a more precise procedure should be used for esti-
mating stem borer incidence in experimental plots, To
avoid bias in the screening technique, tiller numbers of
non-infested hills, randomly selected, also should be de-
termined in addition to that of infested hills, Percent.
age of incidence is then computed as

I/[nx + (N - n)y]

where I is the total number of infested tillers, n is the
number of infested hills, N is the total number of hills
in the area; and x is the average number of tillers per
infested hill and y is the average number of tillers per
un infested hill.

We found an exponential reduction in the sampling
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FIG. l.-Relations between sampling variance and sizes of sampling unit for estimating dead heart and white head
incidences in farmers' fields, Nueva Ecija, Philippines, 1970-71.



August 1974 GOMEZ AND BERNARDO: STEM BORER DAMAGE IN RICE 511

Table I.-Bias in stem borer incidence in farmers' fields estimated from the screening technique, Nueva Ecija, Philip-
pines, 1970 and 1971.'

Stem borer incidence (%) Avg no. of tillers per hill

Complete Screening Un infested Infested
Time of samplingb count technique Percent bias hill hill Difference

1970 wet season
50 DT 3.88 3.76 3.8** 17.1 18.2 1.1 **
90DT 1.61 1.56 3.2** 16.6 ·17.2 0.6*

Maturity 2.26 2.14 5.6** 16.4 17.1 0.7*

1971 dry season
50 DT 1. 91 1.83 4.4** 17.4 18.0 0.6**

Maturity 2.08 1.94 7.2** 16.1 17.4 1.3**

• From 32 farmB in the wet BeaBonand 16 farms in the dry season, each consisting of four 1X 1-m sampling uits.
b DT _ Days after transplan ling.
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FIG. 2.-Distribution pattern of dead hearts measured at 50 days after transplanting in a paddy field measuring
330 m2, Laguna, 1972 dry season.
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India (T. P. Abraham and R. K. Khosla unpublished
data cited by Israel and Abraham 1964) where no sig-
nificant variation occurred in white head incidence
from the center to the periphery. However, Ii and
Kamano (1951) found the infestation to be slight in the
periphery and heavy in the center of the field. The dis-
tribution of stem borer incidence in rice fields, there-
fore, does not seem to follow any definite pattern.
Hence, random sampling is appropriate.

Estimating Yield Loss.-The relationships between
percentage of white heads and yield loss followed an
exponential pattern rather than the linear pattern
usually hypothesized (Fig. 3 and 4), i.e., reduction in
yield was not proportional to percentage incidence. One
percent white heads is estimated to cause ca. 1.5% yield
loss in IR20, but 2% white heads causes ca. 4.3% yield
loss (Fig. 4).

In relating dead heart and white head incidences to
absolute yield, higher correlation coefficients were ob-
tained with the single-hill unit than with the unit of 5
m2• In the single-hill unit, however, much of the yield
variation was due to tiller number and plant height
which represent differences in plant vigor among hills

FIG. 4.-Percentage yield lass of IR20, based an 2-m2

sampling units, grouped according to percentage of white
heads (class interval = 0.25%), from 14 farms in Nueva
Ecija, Philippines, 1971dry season.
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FIG. 3.-Grain yield of individual hills of IR22 and C4-
63 grouped according to percentage of white heads (class
interval = 2%), from 2 farms in Laguna, Philippines, 1971
wet season.

variance as the sampling unit size increased (Fig. 1).
The rate of reduction was higher in the wet season than
in the dry season. Thus, large sampling units are needed
more for wet season than for dry season crops. While
units from 3-5 m2 were sufficient for the dry season,
units from 7-9 m2 should be used for the wet season.
The same sizes of sampling units can be used to measure
both dead hearts and white heads.

There was no definite pattern in the distribution of
hills infested by stem borers in rice fields with regards
to the center and periphery (Fig. 2). Our findings seem
to agree with those of similar investigations in Cuttack,

Table 2.-Estimates of regression parameters in the multiple regression equation relating grain yield, based on single-
hill units, to percentage of white heads, percentage of virus, tiller number, and plant height. Data" taken from 9 farms,
Laguna, Philippines, 1971 wet season.

Regression coefficients
r with % of

Farm no. Intercept % white heads % virus Tiller no. Plant height R white heads

1 -0.593 -0.104 -0.072 1.190** 0.007** 0.93u -0.45**
2 .585 .144 .030 0.891** .012** .88** .14
3 .273 .256** .123 0.849** .009** .92** .70**
4 .646 .193** b 0.784** .015** .87** .63**
5 .486 .229** .112 0.988** .009** .90** .52**
6 .352 .151** .088** 0.724** .014** .80** .30**
7 .825 .090** .056 1.055** .012** .93** .38**
8 .344 .308** .122** 1. 079** .001 .87** .59**
9 .641 .096 .144 1.276** .004** .76** .18

~Allvariablesexceptplantheightareinl.ogarithmicscale.
No virusincidence.
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Table 3.-Estimates of regression parameters in the multiple regression equation relating percentage of yield loss,
based on units of 2 ml, to percentage of dead hearts and white heads, and yield level, Nueva Ecija, Philippines, 1970-71.

Regression coefficients

Dead hearts White heads White heads
Intercept (50 DT) (90 DT) (Maturity) Yield level" R

1970 wet season
1.976 1.677** 0.62**
2.028 3.232** .47**
0.923 2.973** .51**

-2.214 1.520** 2.529** .75**
-1.692 1.591 ** 2.926** .75**
-2.163 1. 545** 1.329 1.493 .76**
-7.514 0.819** 2.099** 2.012** .83**

1971 dry season
2.426 1.120** .28**

-1.553 3.131 ** .65**
-2.987 0.804** b 3.006** .68**
-3.986 0.818* b 2.978** 0.312 .68**

of the same field (Table 2). Thus} yield loss relationships
based on sin!!;le-hiliunits may not be reliable under field
conditions where plants often are not uniform. If single
hills are used as the unit of measurement, a large num-
ber are necessary to assure a reasonably precise esti-
mate of yield loss. The relationship was improved for
units 5 m2 in area when the number of infested hills per
m2 was included in the regression, particularly for dead-
heart hills. This indicates that percentage of incidence
is inadequate as the sole indicator of yield loss when
area instead of single hills is used as the unit of meas-
urement. At the same level of incidence, yield reduction
may vary, depending on whether low incidence is spread
widely amon!!; many infested hills or high incidence is
concentrated in a few hills. For either unit of measure-
ment, the presence of other pest and disease incidences
always should be considered because they could affect
the yield loss estimate.

The use of "absolute yield" as the dependent variable
in relating to stem borer incidence is appropriate only
if the yield loss estimate is for farms planting the same
variety under similar conditions. But in a locality with
several varieties grown under widely different environ-
ments, percentage yield loss instead of absolute yield
will have to be used. In our case, percentage yield loss
was computed as

L = (Yp - Yo)(lOO)/Yp

where Y p is yield per m2 based solely on uninfested
plants in the samplin!!;area of 2 m2, and Yo is yield per
m2 based on both infested and uninfested plants in the
sampling area. Simple correlation coefficients between
yield loss and percentage of dead hearts and white
heads were moderately high, except for dead hearts in

the dry season, even though data were obtained from
many farms under different conditions (Table 3). The
regression improved significantly, particularly in the
wet season when both dead heart and white head inci-
dences were included. It was not necessary to include
both white head incidences (one at 90 days after trans-
planting and another at maturity), however, because of
a high correlation (r = 0.91**) between the two.

Percentage of yield loss seemed to vary with the yield
levels of the different varieties (Table 3). In the wet
season with 8 varieties, multiple correlation increased
appreciably from 0.75-0.83 when yield level (avg yield
from healthy plants) was included as an independent
variable in the regression. Based on the derived regres-
sion for the wet season, 2% dead heart and 2% white
heads are estimated to cause ca. 4.4% yield loss in the
fields at a yield level of 3 tons/ha and 6.4% yield loss
at a level of 4 tons/ha.
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