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Three sampling methods: randolm (1 row x I hil), strip systematic
(2 rows x 5 hills) and modified stratified quadrat (5 rows 5 hills)x 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 equal 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 beel 
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 th.p field (Benigno, 1980). Benig
Tio's (1980) study showed. that stratified random sampling of cluadrat (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 o)served clumped distribution of rat damage in 
cornfield periphery (Benigno, 1.9S0). 

Stratified campling, howeve.r, is ,mpra,'ical and time-constming for 
field use except when two people vork torether. It k also difficult to keep 
track of the boundaries of t"--e 
feasible if the objective 

5 
of the 

5 quadx 
appraisal 

rats. .loreo'.'er, 
is on a 

thi,.; method is not 
widescalet estiniation of 

national losses due to rats. 

The most effici' nt sampling tech n ique inl terms of iprocisio n, least 
cost, least effort in the field and time spent, cou!.-i then hf slected for 
use in a nationw ide rat damage 'alrvoy. This study t htrefore was conducted 
to evaluate alhrnative samplingimethods that art practical for field use. 
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MATERIALS AND METHODS
 

Two one-half hectare cornfields planted to UPCA Var 1 at barrio Wawa,Lumban, Laguna were appraised for rat damage one week before harvesf.The opposite sides of plot 1 were adjacent to the cornfield, other sides tostrip of bush sitao and riverbank. Plot 2 biS sides adjacenttwo to corn,and the other sides to squash crops and the riverbank. There Nere about10,500 hills for each plot with planting distances of 75 cm x 50 cm. Allagronomic practices for corn culture were the same in bth plots. 

Five percept of the total number of hills were sampled for ratio damageusing random, and random quadrat and 5.7% for strip systematic method.Each sampling method was performed twice for the two plots. The timespent and number of people who did the sampling were recorded. Completecounts of corn plants damaged in both plots were also conducted to compareactual 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, averagelength of damage, width of damage and the type of damage inflicted.Two types of rat damage in corn wvere described: strip when missing kernels are on one side of the cob and circular when missing kernels are aroundthe cob. For circular damage, length of damage
est 

was the average of the shortand the longest length of damage. For the strip damage, the length ofdamaged 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 ear was determined by using theequations derived by Sanchez et al. (1975) For the strip type: Y = 0.27 +0.64 X; where X = the size of damage in cm 2 ; Y- weight of shelled corn ing. Table 1 shows the regression equations used to estimate losses in damaged 
ears in this study. 

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

In the simple random sampling method, the hills in 23 randon hillsand 23 random rows were examiled, this was equ ivalen 525to samplehills examined for damage. Tlierat da:maged prolportion was thtiuated by
the equat;on., 

fixif 

vf i 

where p = damage proportion 

fi= frequency of hills with damagte 
=xi damage class (x i 0, 1, 2, 3, . . . daimaged tars) 
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the variance 	was computed as 

s2 =pq
 
n 

where 	 q 1-p 
n total s-ample hills 
p = damage proportion 

Table 1. 	Regression equations and coefficients of determination showing
the relationship 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). 

Type of Ear Length 	 Regression Equation
2
Damage 	 Class (cm) Inches (Y = a + bX) r 

Circular 	 2 8.81-10.15 3.5-4.0 2.26 + 4.15X 0.95 
3 10.16-11.12 4.0-4.5 2.12 + 4.72X 0.89 
4 11.43-12.69 4.5-5.0 4.15 + 5.45X 0.92 
5 12.70-13.96 5.0-5.5 6.4S + 5.90X 0.97 
6 13.97-15.23 5.5-6.0 9.75 + 6.77X 0.90 
7 15.24-16.60 6.0-6.5 -10.00 + 6.57X 0.97 

S:rip 	 2 3.89-10.1E 3.5-4.0 0.36 + 0.6SX 0.93 
3 10.16-11.42 4.0-4.5 0.53 + 0.69X 0.94 
4 11.43-12.69 4.5-5.0 0.38 1 0.69X 0.94 
5 12.70-13.96 5.0-5.5 - 0.32 + 0.61X 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 - 0.95 + 0.63X 0.92 
2.7 	 8.89-16.50 3.5-6.5 • 0.27 + 0.64X 0.9i 

Y = weight 	of shelled corn in g at 14% moistuie content; X length of corn damage in 
cr. 

Y = weight of shelled corn in g at 14% moisture content; X = size of damage in cm2 

A modified stratifiecd 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 quadrats. The rows were grouped into five consecutive rows 
and hills (5 rows x 5 hills) which compri.Qd a quadrat. A total of 21 random 
quadrats of 525 hills were examined per plot. Trhe proportion of damaged 
hills in cach cluadrat was, 

Pj = 	 .1 Ecn. 1 where 

p " the proportion of hills withi daimage ii,he jitl quadrat 
fi=rcquency of hills with da magec cars in the jith quadrat 

j 1,'2,....25 qtaldants 

http:compri.Qd
http:8.89-16.50
http:15.24-16.50
http:13.97-15.23
http:12.70-13.96
http:11.43-12.69
http:10.16-11.42
http:3.89-10.1E
http:15.24-16.60
http:13.97-15.23
http:12.70-13.96
http:11.43-12.69
http:10.16-11.12
http:8.81-10.15
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= x.	 damage class in the jth quadrat (xj 0, 1, 2,..dmaged 
ears). The rnean damage was, 

9pEqn. 2 where 

n 

pj 

n 

number of quadrat
mean damage. 

s (21 quadrats) 

The variance was computed as, 

)2
2 Z(pj -

S -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 total of 600 hills werea examined. The first 2 x 5 sample strip
was chosen by random and other samples were taken at fixed interval there
after. The intenal between strips in the row was determined by the follow
ing relationship 

Kn =-n 

vihere 	 Kn = interval between strips 
N = total hills in tie plot
n = sample hills 

Kn, 	 number of hills skipped between sampl, strips for both plots, was 
20. The total sample strip (St) per row was obtained by the equation, 

St = 	 T-T~ 
Kn + 5 where 

St = 	 sarnple strip per row 

Tn = total hills in the row 
Kn interval between strips 
5 size of strip 

About 	70 srmple hills equivalent to 7 	strips for each double row were ex
amined at each passing. The sam ple rows were determined by the fov luig
equation 

K er SL %%-here 
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Kr interval between rows (e g. rI = 9, r2 9 ...etc.) 
St =sample strips per row 

The damage proportion for eac!, 'rip 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 T-N 
where 	 T total damaged cars
 

IT proportion of damage
 
N = total ears
 

and G Y (T)
where G = grain loss (g) 

Y mean loss/damage ear (g) 
T = total damaged ears 

The damage proportion for each plot using the three sampling tech
niquez 	were compared ,With the actual damage. The test for comparison was,. 

Z 	 =
0 at a 0.05
 
where -= mean proportion of damage
 

o= population standard deviation
 
it population mean
 

RESULTS AND DISCUSSION 

The damage patterns vere similar for both plots. The distribution ofrat damage for the plots is shown inFitgure 1. The damage was heavier at
the periphery than at the center of the 	field i.e., in terms of number ofears damaged within an area. The different shapes in the map indicatethe number of ears damaged within a given area, e.g. 20 hills x 3 rows60 hills or equivalent to 15 rn2 . The damage intensity in the 0.5 ha plots
appraised for rat daniage was relatively high (12.11%). Previous observation 
on rat damage patterns was al)parently influenced by damage intensity andsurrounding habitat (Benit,,no, 1.9S0). However, the d pattern in this 
plot aproached a uniform damage distribution. 

Tables 	 2a and 2b summarize the rcsults of three ampling techniquesin 0.5 ha cornfields. The quadrat method estimated the most number of
damaged hills (17.67%) followed by random (17%) and strip systematicwith damage of 13.7% (Table 2a). The estimated nipe" (amae of the threesampling methods did not significantly differ from one another (a :z.05)and also from the actual damage of 12.1,1%. The variance of the mean,
V (iF), obtained by the different sampling- methods were relatively small andclose to one another suggestig tLhat little precision is gained in shifting
from one method to another. 



Tabc 2a.Statistica! comparisons of the three sampling methods in estimating damage in 2" one-half hectare cornfields in 
barrio 'Wa'ca,Lunrban. Laguna. 

Factors 


No. of test 
No. of sample hill/test 

Est'd. 7;mnear. damage (100 p) 

Variance of th-e mean (V tP) 

Act':(l d.,n (,00 j,) 

Act',al variance 


rror (f ):' 
Z comptted 

.]00 x (.M!ean estimated da:nage - Actual damage) 

Ac.ual damage 

ns = not significant at 5%Z. 

Strip Random 
Systematic Hills 

(2 rows x 5 hills) '1 row x 1 hill) 

4 	 4 
600 	 525 


13.78 (11!S-20.6) 	 17.56 (14.5-21.3) 
.002 	 .0003 


12.1.1 	 12.1.1 

.00167 .001G7 


13.5 	 40.03 
Y0s 	 1.32 n 


Modified 
Stratified Quadrat 
(5 rows x 5 hills) 

4 
525 

17.67 (9-22.2) 
.001 

12.14 
.00 67 

44.73 ns 
1.35 n 

Z 

C 

.0 
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Table 21,. Coml,m'isoll of three ;anzpliIg m tho, with respect to preci.ion 

and little spent in (IsS(ssing r.It damaoe on corn. 

Factors Strip
Systematic 

Random 
Hrills 

Modified 
Stratified Quadrat 

(2 rows x 5 hills) (1 row x 1 hill) (5 rows x 5 hills) 

Est'd. total damaged ears 
Actual damaged ears 
Est'd. total grain loss (kg) 
Actual loss (kg) 
Errors (%) 
Mean time spent (man-hours)

Sampling 
Data sheet preparation 
Total 

177'2 
1558 

77.353 
68.011 
13.7,4 

3.51 
2.0 
5.51 

2105 
1558 

91.890 
6S.011 
35.11 

6.15 
3.0 
9.15 

213 2 
1558 

93.068 
68.011 
36.84 

16.86 
2.0 

18.86 

LEGEND: 1 u.b.r damaged ears- , - 1 . 0 2.0 .3 . .5 6. 
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No significant differences were observed between the plots in terms of
grain loss (Table 2b). Quadrat method estimated the highest mean ;:rain loss 
per plot at 93.06 kg, 91.89 kg for random and 77.35 kg for strip systematic
method. The latter appeared to he 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. Considering 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
technique for asscs.;ing rat damage to corn. The tendency for damage to heclumped along the field periphery suggests that stratified systematic sampling
using strips (2 rows x 5 hills) rather than quadrats may be used. The area 
may be sL.atified as described 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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