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Three sampling methods: random (1 row x 1 hill), strip systematic
(2 rows x 5 hills) and modified stratified guadrat (5 rows x 5 hills) were
evaluated for rat damage .appraisal in corn. The objective was to find out
the most efficient sampling technique in terms of precision, least cost, least
effort in the field and time spent in damage appraisal. The three methods
had cqual estimation of damage statistically, but strip systematic sampling
method was found to be the most efficient.

INTRODUCTION

To completely assess corn losses due to rats two methods have been
developed. The first one dealt with the determination of the extent of grain
loss on individual damaged ears (Sanchez et al., 1975; dela Paz, 1975; De
Grazio et al., 1969) and the second with the determination of the propor-
tion of ears having at least some damage in the field (Benigno, 1980). Benig-
no’s (1980) study showed that stratified random sampling of quadrat (i.e.,
five rows by five hills) is suitable for corn. The cornfield is stratified into left
(20 leftmost rows) middle, and right strata (20 rightmost rows) from which
the random quadrat samples were taken in a proportion of 1:4:1. Stratifi-

cation was based on the ohserved clumped distribution of rat damage in
cornfield periphery (Benigno, 19380).

Stratified samipling, however, is impractical and time-consuming for
ficld use except when two people work tocether. It is also difficult to keep
track of the boundaries of the § x 5 quadrats, Morcover, this method is not
feasible if the objective of the appraisal is on a widescale estimation of
national losses due to rats,

The most efficient sampling technique in terms of precision, least
cost, least effort in the ficld and time spent, could then be selected for
use in a nationwide rat damage survey. This study therefore was conducted
to evaluate aliernative sampling methods that are practical Tor Tield use,
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MATERIALS AND METHODS

Two one-half hectare cornficlds planted to UPCA Var 1 at barric Wawa,
Lumban, Laguna were appraised for rat damage one week before harvest,
The opposite sides of plot 1 were adjacent to the cornfield, other sides to
strip of bush sitao and riverbank. Plot 2 hag two sides adjacent Lo corn,
and the other sides to squash crops and the riverbank, There were about
10,500 hills for each plot with planting distances of 75 cm x 50 em, All
agronomic practices for corn culture were the same in both plots,

Five percert of the total number of hills were sampled for ratio damage
using random, and random quadrat and 5.7% for strip systematic miethod,
Each sampling method was performed twice for the two plots. The time
spent and number of people who did the sumpling were recorded. Complete
counts of corn plants damaged in both plots were also conducted to compare
actual damage and the estimated damage using the three estimators,

For sample hills with rat damage, the following data were recorded:
length of the damaged ear from the base to the tip with kernels, average
length of damage, width of damage and the type of damage inflicted,
Two types of rat damage in corn were described: strip when missing ker-
nels are on one side of the cob and circular when missing kernels ave around
the cob. For circular damage, length of damage was the average of the short-
est and the longest length of damage. For the strip damage, the length of
damaged ear was measured and the length and the width of cob with missing
kernels were also measured.

- The amount of grain loss in g/damaged car was determined by using the
equations derived by Sanchez et al. (1975) For the strip type: Y = 0.27 +
0.64 X; where X = the cize of damage incm?; Y = weight of shelled corn in

g. Tuable 1 shows the regression equations used to estimate losses in damaged
ears in this study.

Three sampling methods were evaluated in assessing rat damage to
corn: simple random, stratified quadrat, and strip systematic,

In the simple random sampling method, the hills in 23 random hills
and 223 random rows were examined, this_was cquivalen! to 525 sunple
hills exanuned for rat damage. The damaged proportion was estimated by
the equation.,

Y.
.,[l.\1

p=

l'fi

where p = damage proportion

f;= frequency of hills with damage

X; = damage class (.\'i =0,1,2,3, ... dumaged cars)
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the variance was computed as

» P4
5 =7

—

where g= 1-p
n= total sample hills
p = damage proportion

Table 1. Regression equations and coefficients of determination showing
the rclationship between size of circular and strip types of simu-
lated damage and weight of shelled corn. Ears were taken from a
field near Nauhan, Mindoro (from RRC 1975 Annual Report).

Typeof ' Ear Length Regpression Equation
Damage Class (cm) Inches (Y =a+bX) r2
Circular 2 8.82-10.15 3.5-4.0 - 226 +4,165X 0.95
3 10.16-11.42 4,0-4.5 - 212+ 472X '0.89
4 11.48-12.69 4.5-5.0 - 415+ 545X 0.92
5 12.70-13.96 5.0-3.5 - 6,45+ 590X 0.97
6 13.97-15.23 5.5-6.0 - 975+ 677X 0.90
7 15.24-16.60 6.0-6.5 -10.00 + 6,57X 0.97
Sirip 2 3.59-10.1¢ 3.5-4.0 - 0.36 + 0.68X 093
3 10.16-11,42 4.0-1.5 - 0.53+0.69X 0.94
4 131.43-12,69 4,6-5.0 - 0.38 4+ 0.69X 0.94
) 12,70-13.96 5.0-5.5 -032+061X 0.95
6 13.97-15.23 5.5-6.0 - 0.22+ 0.64X 0.93
7 15.24-16.50 , 6.0-6.5 - 095+ 063X 0.92
2.7 B.89-16.50 3.5-6.5 - 0.27+0.64X 0.93

Y = weight of shelled corn in g at 14% moisture content; X = length of corn damage in
- cm.
Y = weight of shelled corn in g at 14% moisture content; X = size of damage in cn12,

A modified scratified quadrat sampling was used as the field did not
permit stratification into left, middle and right strata as described by Benig-
no (1980). The total 525 sample hill. were divided by 25 to determine the
number of 5 x 5 guadrats. The rows were grouped into five consccutive rows
ard hills (5 rows x § hills) which comprised a guadrat. A total of 21 random
quadrats of 525 hills were examined per plot. The proportion of damaged
hills in cach quadrat was,

Yfx.
Pj= Wj._l Eqn. 1 where

)
pj = the proportion of hills with damage in the jth quadrat
fj = frequency of hills with damaged ears in the Jth quadrat
J= 172, ...25 quadrats
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X; = damage class in the jth quadrat (xj =90,1, 2,

. .. damaged
ears). The mean damage was,

b= Ep!- Lqn. 2 where
n

n:: number of quadrats (21 quadrats)
pj = mean damage

The variance was computed as,
(p: — VY
¢ ZBiTT)

n—1

Both mean and variance were computed accordingly (Cochran, 1963).

In the strip systematic sampling method, a 2 row by 5 hill (2 x 5) strip
+sample or a total of 600 hills were examined. The fiyst 2 x 5 sample strip
was chosen by random and other samples were taken at fixed interval there-

after. The interval between strips in the row was determined by the follow-
ing relationship

L4
r e
K, = f

waoere =
§ Kn

N

n

interval between strips
total hills in tire plot-
sample hills

]

H

Kn, number of hills skipped between sample, strips for both plots, was

20. 'The total sample strip (St) per row was obfained by the equation,

T

Kn + 5 where

wn

St = sample strip perrow
T,, = total hills in the row
Kn = interval between strips
5 = size of strip

About 70 samiple hills equivalent to 7 strips for vach double row WEere ox-

amined at each passing, The sample rows were determined by the following
cquation

t  where
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K. = interval between rows (eg.ry =9,19=9.., cte.)
SL = sample strips per row

The damage proportion for each “Lrip and the overall mean damage was
determined similarly as in the stratified quadrat method (Eqns. 1 and 2).

Total damaged cars (T) and grain loss per damage ear (G) were con.-
puted as:

T=pN

where T = total damaged cars
P'= proportion of damage
N = total cars

and G= Y (TI)

where G = yrain loss (g)
Y = mean loss/damage ear (8)
T = total damaged ears

The damage preportion for each plot using the three sampling tech-
niques were compared with the actual damnage. The test for comparison was,.
(p—u)
Z= o ata=0.05
where F'= mean proportion of damage
o= population standard deviation
u = population mean

RESULTS AND DISCUSSION

The dumage patterns were similar for both plots. The distribution of
rat damage for the plots is shown in‘Figure 1. The damage was heavier at
the periphery than at the center of the field i.e., in terms of number of
cars damaged within an area. The dilferent shapes in the map indicate
the number of ears damaged within a given area, e.2. 20 hills x 3 rows =
60 hills or equivalent to 15 m?. The damage intensity in the 0.5 ha plets
appraised for rat damage wag relatively high (12.14%). Previous observation
on rat damage patterns was apparently influenced by damage intensity and
surrounding habitat (Benigno, 1980). However, the damage pattern in this
plot approached a uniform damage distribution.

Tables 2a and 2b summarize the results of three sampling techniques
in 0.5 ha cornfields. The quadrat method estimated the most number of
damaged hills (17.67%) followed by random (17%) and strip systematic
with damage of 13.7% (Table 2a). The estimated mean damage of the three
sampling methods did not significantly differ from one another (o == .03)
and also from the actual damage of 12.14%. ‘The variance of the mean,
V (1), obtained by the different sampling melhods were relatively small and
close to one another sugpesting that little precision is gained in shifting
from one method to another,



Tcbic 2a.Statisticel comparisons of the three sampling methods in estimating demage in 2 one-half hectare cornfields in

berric Weiwa, Lurben, Loguna.,

Factors

Strip
Systematic
(2 rows x 5 hills)

Random
Hil's
1 row x 1 hill)

Modified
Stratified Quadrat
(5 rows x 5 hills)

Na. ol test

No. of sample hill/test

Est'd. 7 mcan damage (100 p)
Variance of the mean (V p)
Aciual 2 damage (']OO i)

. J
Actual variance (<)
. gl
Frror (%)
Z computed

4
600
13.78 (115-20.6)
.002
12.14
.00167
13.5
v 40"

4
525
17.56 (14.5-21.3)
.0003
12.14
00167
40.03
1.32M8

4
525
17.67 (9-22.2)
.001
12.14
00167
44.73

1.35™

1100 x {Mean estimated damage — Actual damage)

ns = not significant at 5%

Actual damage

39
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Table 2b. Comparison of three sampling

RAT DAMAGE 69

methods with respect to precision

and time spent in assessing rat damage on corn,

Strip

Faclors

Systematic
(2 rows x 5 hills)

Random

(1 row x 1 hill)

Modified
Stratified Quadrat -
(5 rows x 5 hills)

Hills

Est'd, total damaged ears

1772

2105 2132

Actual damaged eavs 1558 1558 1558
Est’d. total grain loss (kg) 77.353 91.590 93.068
Actual loss (ka) 68.011 65.011 68.011
Errors (%) 13.74 35.11 36.54
Mean time spent (man-hours)

Sampling 3.51 6.15 16.86

Data sheet preparation 2.0 3.0 2.0

Total 5.51 9.15 18.66

e
LEGEND: Number of damaged ears ;s Q<1 , O~ 2 O3, 1.4, A-5 V-6,
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Fig 1. Rat damaze distribution ina 0.5 ha. comnfield at one

Wawa, Lumban, Laguna. The shapes represent the numbe; of rat damnaged varg with.

in the area.
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No significant dificrences were observed between the plots in terms of
grain loss (Table 2b). Quadrat method estimated the highest mean orain loss
per plot at 93.06 kg, 91.89 kg for random and 77.35 kg for strip systematic
method, The latter appeared to be the most precise with the least percent error
(13.74%) and also gave the closest approximation to the true total grain loss
with 13.74% error. Considaring the time spent, strip systematic sampling
has the advantage. A total of 8.86 man-hours was spent with the quadrat
method, 9.15 man-hours for random and 5.51 man-hours with the systema-
tic method,

Based on the results, strip systematic was the most efficient sampling
techrique for assessing rat damage to corn. The tendency for damage to be
clumped along the field periphery sugpests that stratified systernatic sampling
using strips (2 rows x 5 hills) rather than quadrats may be used, The area
may be siatified as descrived previously by Benigno (1980) and sample
strips taken systematically in each stratum. Time spent in sampling could
be further reduced if the activity of taking the measurements of damage
in damaged ears is disregarded. A study is underway to further improve
the method.
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