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ABSTRACT 

Rice trap plants, used as probes, were exposed in  quadrats that were 
inoculated with sheath blight (Rhizoctonia solani Kuhn) to study the spread of 
the disease. The effects of leaf wetness regime, leaf contact frequency and strength 
of inoculum source were quantified using this approach. Environmental variables 
were manipulated in the quadrats by covering them with plastic cages for different 
durations (leaf wetness), planting hills at different spacings (leaf contacts) and 
varying the amount and placement of inoculum in the canopy (source strength). 
Each experiment involved three successive batches of trap plants. 

The infection efficiency increased with the accumulation of wet and dry 
daily cycles. Incidence and severity on sheaths increased with increased crop 
density. Increasing the amount of initial inoculum led to increase of disease 
incidence, leaf severity and number of infection points. Most disease variables 
were higher in treatments involving placement of initial inoculum at the leaf 
level compared to placement of the same amount of inoculum at the base of the 
plants. Disease spread declined with the successive batches of trap plants suggesting 
a decline in the number of infectious lesions over time. 
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.INTRODUCTION 

Sheath blight (ShB) is a fungal disease of rice caused by Rhizoctonia so/ani 
Kuhn (Thanatephorous cucumeris) (Frank) Donk. Under favorable conditions, the 

disease causes lesions on leaf sheaths, which coalesce, and spread to the upper 

leaf sheaths and on tl1e leaf blades. ln the last. three decades, as modern, semidwarf 

nitrogen-responsive cultivars were introduced, tl1e economic importance of sheath 
blight increased in many rice growing regions of the world (Teng, I 990). In both 

lowland and upland rice production areas, 25-50% yield loss could be incurred in  

rice as  the disease develops on the flag leaf (Kannaiyan and Prasad, 1978). Roy 

( 1 979) found that 3G% yield loss could be incurred at tillering stage and 1 I .  73% at 
booting stage inoculation (Tsai, 1 974). In tl1e Philippines, tl1e range of yield losses 

.in farmers' fields was reported as negligible (0.4% - 23%) depending on the variety 

and the n itrogen input to the crop (Ou and Bandong, 1 976) 

Detailed experiments are necessary to study and quantify epidemiological 
mechanisms. Detai Is of the different environmental factors associated with sheath 

blight (ShB) epidemiology can be derived from experiments under semi-controlled 

conditions where the host, the pathogen and some environmental factors can be 

manipulated. Factors possibly affecting ShB epidemics, such as leaf wetness, crop 
density and leaf contact frequency, and the strength on inoculum source, have 

been selected for scrcenhouse experiments. These factors have therefore been 

artificially manipulated (stimulus), in order to measure the disease response (Zadoks, 

1 972). Several biotic and abiotic factors can be manipulated in quadrats of rice hills 
that represent field plots. The disease response can be quantified by the use of 

trap plants that can probe the conduciveness of a given environment in  a quadrat. 
Measurements of disease parameters can be derived from botll the trap plants and 

the quadrat. Knowledge on the dynamics of sheath blight can help in developing a 

simulation model of ShB epidemiology tl1at can be used to formulate methods for 

successful management of sheath blight. 

Most epidemiological studies on sheath blight have been conducted in tem

perate countries. In Japan, detailed ecological studies on sheath blight have been 

conducted to develop a computerized forecasting system. Hashiba and ljiri ( 1 989) 

developed a computerized forecasting system of yield losses due to sheath blight 

(BLIGHT AS). However, this cannot be used under tropical conditions where effects 

of climate on sheath blight epidemiology might strongly differ from tl10se of 
temperate regions. Some aspects of sheath blight epidemiology in the tropics have 
already been studied by many researchers. However information on the effects of 

leaf wetness duration, tl1c amount of initial inoculum and some cultural practices on 
sheath blight spread are still lacking. 

The experiments were conducted from March to May 1992 m the screenhouse 
of the International Rice Research I nstitute, Los Banos, La�:,'llna, Philippines. The 

objectives of the study were: to develop an epidemiological method for the study 
of monocyclic processes in sheath blight; to establish a functional relationship 
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between different leaf wetness durations and sheath blight spread; to  establish a 
functional relationship between different crop density treatments and sheaU1 blight 
spread; and to establish a functional relationship between different levels of initial 
inoculum and sheaU1 blight spread. 

MATERIAlS AND METHODS 

Experimental Environment, Land Preparation and Crop .Establishment 

Experiments (Table I )  were conducted in a screenhouse enclosed wit11 wire 

mesh, wiU1 an average temperature of 3 l . 7/28.5°C, relative humidity of 683/72%, 

and light intensity of 690/ 1 050 watlltn2, inside and outside of the screenhouse. 
The experimental area was plowed and harrowed 1 0  days before transplanting_ 
Basal application of SO kg/ha urea (45-0-0) was carried out during the tina! harrowing 
and levelling, a day before transplanting. A short-culmed rice cultivar, !R72, raised 
in a dapog seed bed, was used i n  all experiments. Plrulls were transplanted 1 0  days 
after sowing at 6 seedlings per hill, 20 x 20 em spacing, except for spacing treatments 
in experiment 2 (Table 1 ). At ma;ximum t illering stage, plants were topdressed with 
40 kg/ha urea. 

Inoculum Preparation and Inoculation 

Sheall1 blight inoculum was prepared following Mew and Rosales ( 1 986). 
Isolate AG- 1 -LR-1 of Rhizoctonia solani Kuhn was mass cultured in  PDA plates 
for five days. Rice-grain-hull (RGH) was thoroughly mixed at I :5 ratio. The mixture 
was soaked in water for two hours. Heat resistant bottles, measuring 8 x 20 em, 
were filled with the RGH mixture to 80 percent, covered with aluminum foi l and tied 
with rubber bands. The RGH-filled bottles were autoclaved at 100,000 Pascal at 
1 2 1 °C for two hours. A five-day old culture of R. so/ani in PDA plates was 

i noculated to RGH mixture at I :4 (agar plate: RGH bottles) ratio after cooling. The 
inoculated mixture was used as source of Still i noculum after 10 days of incubation 
at room temperature. Source hills were inoculated will1 ShB at maximwn tillering 
stage, 40 days after transplanting. Except for experiment 3 ,  stems and leaves were 
inoculated with 5 g of ShB inoculum following the insertion me!llod of Yoshimura 
and Nishizawa ( 1954). The inoculum was placed directly at L11e base of each hill 
above the water line. In all experiments, leaves i n  each hill were held together by a 
rubber band tied at about 1 5  em below t.he uppermost leaves and removed seven 
days after .inoculation. To enhance infection, inoculated plants were sprayed with 

water !llree times a day and covered willl plastic cages every night for seven 
consecutive days. 
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Quadrat and Trap Plant 

An experimental unit was composed of a quadrat of 3 x 3 hills: 8 source hills 
and 1 trap plant. The latter was a disease-free hill that had been grown separately, 
and then transplanted at the center of the quadrat. The source hills were inoculated 

plants surrounding the trap plant. The quadrat was used to represent field 
plots where several biotic and abiotic factors could be manipulated. The trap plant 
was used to probe the conduciveness of a given environment, i.e., manipulated 

conditions prevailing in the quadrat, for disease spread. Any change on the trap 
plant with regard to ShB severity, number of infection points and incidence reflected 
the conduciveness of the environment to disease in the quadrat. Each quadrat was 

sprayed with water and covered with plastic cage for 12 hours, every night for 
three days except for leaf wetness treatments in experiment l (Table 1). Mter 

exposure, the trap plant was transferred into pots, sprayed with water and covered 
with plastic cage for another three days. 

Treatments 

Three experiments were conducted to test the effects of a series of environ

mental factors on the srpead of sheath blight using the trap plant and the quadrat. 

The treatments (Table l) in all experiments were aimed at manipulating the quadrats 
prior to and during the exposure of the trap plants. Each treatment was represented 
by quadrats randomly distributed in replicates. Leaf wetness duration in experiment 

l was manipulated by covering the quadrats with plastic cages. In experiment 2, 
contact frequency between plant tissues (leaves and sheaths) was manipulated by 

varying the density of hills. In the first two experiments, 5 g of ShB inoculum per 

hill was used. The amount was either decreased or increased, and placed at different 
positions on source plants in experiment 3 .  

Experimental Design 

All experiments were laid out in a randomized complete block design. Except 
for experiment 2, quadrats were separated by a row of border hills, while alleys (30 
ern wide) were provided to separate replications. In experiment 2, the quadrats were 
assigned to l m  x I rn plots with hills planted at spacing similar to that of the assigned 
quadrat. Plots and replications were separated by 40-crn wide alleys. Three batches 
of trap plants were exposed successively into quadrats at three-day intervals. 

Collection and Analysis of Data 

Four variables (Table 2) for disease measurement were considered simultane

ously because one variable may not sufficiently reflect the factors that contributed 
to the production of new lesions. A few infection points could for instance result in 
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a high severity. Infection efficiency was quantified as the ratio of the number of 
infection points on the trap plant to the number of infection points on the source 
hills. Infection points on the stems and on the leaves were considered to account 
for the spread of disease from the source hills to the trap plant by leaf-to-leaf and 
leaf-to-sheath contacts. Sheath blight severity, count of infection points and inci
dence on tillers (Table 2) were gathered from the source hills and from the trap 
plants. The source hills were assessed for ShB prior to exposure of the trap plants 
in the quadrats. One source hill was randomly chosen and five of itS tillers were 
assessed for ShB. On reach of the trap plants, all the tillers and their leaves were 
assessed for ShB after the three-day incubation in pots. All variables used in ShB 
assessment (Table 3) were analyzed using a repeated-measures ANOV A (Madden, 
1986). Arc-sine transformation was applied on data gathered from variables l and 4 

while for variable 3, log transformation was used to normalize the distribution of 
values (Gomez and Gomez, 1984). 

RESULTS 

Experiment 1 
Effect of Iaf' Wetness on the Spread of Sheath Blight 

The effects of leaf wetness regimes on sheath blight development on trap 
plants are presented in Table 4. Significant differences were found among the 
treatments for all variables, except for severity on stems (Ss). Disease parameters 
on trap plants were usually highest in treatment E (intermittent wet and dry 12112 h 
periods) followed by treatment F (continuous wetness). Treatment E was found 
signficantly different from other treatments for all variables, except for incidence on 
tillers (Nit/Nt) and Ss. 

Batches of trap plants were observed to strongly differ in sheath blight de
velopment as represented by significant (P<O. 0 l )  variance ratios for all variables. 
A strong decline among batches was observed for all variables, particularly infec
tion efficiency (IE), which was highest in batch 1 (mean = 0.61), followed by batch 2 
(mean = 0.09) and batch 3 (mean = 0.07) (Table 5). 

The interaction of batches with treatments (A x B) was not significant for any 
variable except IE (F = 3.44, P < 0.01) .  The strong A x  B interaction on IE indicates 
that treatments were ranked differently among batches (Table 5). Treatment D ranked 
second in batch I ,  fourth in batch 2 and third in batch 3 .  Treatments E and B 
consistently ranked first and fifth, respectively, in all batches. Treatment C in batches 
1 and 2 ranked third, while treatment F ranked second in batches 2 and 3.  
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Experiment 2 
Effect of Crop Density on the Spread of Sheath Blight 

There were no significant differences among crop density treatments with 
respect to Sl, fPs + IPI and IE (Table 6). Nit!Nt, however, significiantly increased 

with increasing crop density. It was higher in treatment A (mean = 0.53, 1 5  x 1 5  em 
spacing) than treatments C (mean = 0. 17,  20 x 20 em spacing) and D (mean = !U 5, 25 
x 25  em spacing). A similar effect was observed with respect to Ss, i .e. , increase in 
sheath blight severity on the stem as crop density was increased. 

A strong batch effect was observed on severity on leaves (SI), total number 
of infection points on stem and leaves ([Ps + IPI) and IE as indicated by their 
variance ratios significant at P < 0.0 1 .  Values of some disease variables decreased 
among the batches of trap plants. This effect was not noted for Nit/Nt and Ss. No 
significant. interaction of treatments witl1 batches (A x B) was noted for any of the 
variables. 

Experiment 3 
Effect of the Strcn1,rth of Inoculum Source on the SJJrcad of Sheath Blight 

Table 7 shows t11e effect of the strength of t11e inoculum source on sheat11 
blight spread. Significant treatment effects were found on Nit/Nt (F == 13 .8, P < 
0.01 ), SI (F = 1 9.5, P < 0.01) and TPs + IPI (F = 1 3 8, P < 0.0 1 ) .  High amount of initial 
inoculum applied to t11e source hills accounts for high disease severity on trap 

plants as indicated by highest means attained for all variables on treatments F and 
G, where total amounts of initial inoculum were 10 g and 7.5 g per hill, respectively. 

The position of inoculum on the leaves had a stronger effect on disease 
variables tlum positiorting the same amount of inoculum on the stems. This is 
particularly shown in comparing means for Sl and fPs + IPI between treatments D 
(SI = 02( IPs + fPJ = 3.09) and E (SI = 0.48, IPs + lPI = 4.24) 

There was a sigrtificant batch effect (F = 4.76, P < 0.05) on JPs + lPl .  This 
suggests a decrease of infection points within tbc source hills of the quadrats wit11 
the successive batches of trap plants. The interaction of treatments with batches 
(A x B) was significant (F = 1 . 94, P < 0.05) on Sl, i .e . ,  ranking of treatments varied 
among batches. Treaunent F had the highest mean in batches l (0.70) and 2 (0.7 1) ,  
but not in batch 3 where it ranked fourth (mean = 0.37). In treatment G, mean values 
in batches 1 (0.6 1 )  and 2 (0. 5 1 )  ranked third but had the highest mean in batch 3 
(0.46). Consistent ranking in al l  batches was observed for treatments C and H 
which ranked ftfth and eightl1, respectively. There was a decline of treaunent mean 
values from the first to the third batch in most of the variables. This decline was 
strong in Sl (Table 8) with mean values across treatments of 0.44 in batch 1 ,  0.4 1 i n  
batch 2 and 0 . 3 5  in batch 3 .  Strong block cliect was observed in Sl (F = 1 3 .5 ,  P < 
0.01 )  and IPs + IPI (F = 5.92, P < 0.0 1). 
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DISCUSSION 

Screenbouse experiments were conducted to understand the dynamic of 
sheatlt blight. The effect of leaf wetness duration, crop density and strength of 
i mculum source on sheath blight spread was quantified u ing a pro (trap plant 
exposed in a manipulated environment (quadrat). 

Moisture on cwp canopies has heen th basi.. of atrempts to rleve!op . everal 
di.ease forecasting me•hod (rry, 19 2). uantifi tion f the influences of wate 
related var.ables, such as daily rainfall, rainfall intensity and duration, humidity an 
surface wetne�s, can help develop prediction rules for disease development. Among 
the water-related variables, leaf wetness duration often has a direct influence on 
pathogen activity. In some pathosystems, leaf wetness periods are often regarded 
as synonymous with infection periods and can acr..ount for a large amount of the 
variability in subsequent disease intensity (Royle and Butler, 1983). 

The first experiment conducted, with strong differences between leaf wetness 
treatments, showed that leaf wetness regimes play an important role in ShB 
development and spread (Table 4). Comparison of treatment mean values indicated 
that ShB is particularly enhanced when subjected to intermittent wet and dry periods. 
Sheath blight severity and incidence we e lower on trap plants subjected to 
continuous wetness {II"..atment F) than to intermittent wet and dry periods (treatment 
E). Increased leaf wetness period (treatments A to E) was associated wiL'l increased 
ShB intensity. SiwjJarly, focus expansion of Rhizoctonia aerial blight of soybean is 
enhanced by prolonged free moisture (Yang et al., 1990). The mild effect oftreat
ments on ShB severity on the stems may be due to the short exposure (3 days) of 
the trap plants in the quadrats. 

The strong decline of ShB infection efficiency from batch l to batch 2 and 
batch 3 suggests that the number of infectious lesions on the source hills has 
declined during the exposure of the second and third batches of trap plants. Thi" 
would mean that lesions in this experiment were infectious only for 3-10 days after 
inoculation. Zadoks and · chein ( 1 979) called his phenomenon in the ep.idemi 
process as "remo.al", the transition from tl e infectious to the n n-infecti us tate. 
Le ion that no longer infectious were re 1oved from the pid mic p oc s . 

The interactio 1 between treatments an batches on infectio 1 effici ucy ug
ge t · that treatment effect differed ru. ong bat hes of tra plan . Infectio 1 effi· 
ciency on trap plants ubjected o continuous wetness (treatment F) ranked fourth 
in a tell 1 d sec nd · n batches 2 and 3 .  Co tinuous wetness th refore appears to 
slo down the removal process, i.e., contributes in prolonging the infectious period 
of the inoculum. 

""rop and canopy densities influen�t, the mi roclimate within canopies and 
havel> een ho n to increa e hB incid nee and .v rity (Pr latha Ddh, 1990). 

e ults of the econd xperim nl (T ble 6) sho ved that inc· dence on ti l ler and 
severity on terns ' re significaul.ty aJiected b the pacing treatm�nts. Incidence 
and Sv erity were higher in the 1 I 5 em (treatment A) <md 15 x 20 em (treat.m nt 
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B) spacing treatments than in  the 20 · 20 em (C) and 25 x 25 em (D) spacing 

treatments. In other words, disease intensity was higher with increased crop den
sity. This result conforms with many reports (Roy, 1 978; Srinivasan, 1 980; Hori, 
1 982; Kannaiyan and Prasad, 1 983; Ou, 1 985). In this experiment, manipulating the 
plant spacing amounts to altering the contact frequency among healthy (trap plants) 
and diseased (source hills) plants in constant, favorable climatic conditions. There 
is high contact probability among the plants in dense planting so that disease is 
easily spread from plant to plant (Premalatha Dath, 1990). 

The effect of crop density was mild on severity on the leaves, total number or 
infection points and infection efficiency. Although colllact frequency was higher 
among the leaves than on the stems, temperature and relative humidity below the 
canopy were usually more favorable for SllB development (Ou, 1985) . This could 
explain why the crop density variation had a significant effect on the stems (inci
dence and severity) and not on the le�ves. 

Strong differences were found among the batches of t rap plants on severity 
on the leaves, total number of i nfection points and infection efficiency. For inci
dence and severity on the stems, batch effect was not significant. This cou.ld be 
attributed to the frequency of contact between th·· source hills and the trap plant 
where contact among the leaves was higher than contact between the stems. 

The results of the third experiment (Table 7) indicate that the amount of 
inoculum in the source (strength) affects ShB spread. The effect of amount of initial 
inoculum was significant on incidence, severity on the leaves and on the tot<t.l 
number of infection points. Except for infection efficiency, all variables had highest 
mean values on e ither treaunents F or G which correspond to an inoculwn amount 
of 10 g and 7 .5  g per hill, respectively. All oU1er treatments with low amount of 
initial inoculum had also low mean values in all variables. For severity on U1e 
leaves and the total number of infection point , significant differences were found 
when t reatments F and G were compared to treaunents , D and H. This indicated 
U1at increasing U1e amount of initial inocuhun from 2.5 to 7.5 and lO g induced ShB 

severity, particularly the incidence on tiller , severity on I aves and the number of 
infect ion points. A simil<u· result expressed by using area under the diseas progress 
curve was obtained by Sharma ( 1989). 

Positioning of inoculum on the leave had a stionger effect on disease int n
sity t11an positioning the same amount of inoculum 01 the stems. The growth habit 
of transplanted rice (Vergara, 1979) llllows cont ct between hills. During the third 
experiment, it was observed that leaf-to-leaf and leaf-to-sheat11 contacts markedly 
increased from early to maximum tillering stages. The frequency of leaf-io-leaf 
coni acts was higher than the frequency of leaf-to.,sheath contacts. This probably 
explains the higher hB severity on trap plant exposed in quadrat" that had been 
i noculated at t11e leaf level. 

The interaction betw en batche and treatments with respect to severity on 
the leaves was indi<.:aliv of changed treatment effects in each batch. For instance, 
treatment F ( 10 g of inoculum per hill) ha l the highest mean in bat hes 1 and 2, but 
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not in batch 3 where it  ranked fourth (Table 8) .  Treatment G (7.5 g of inoculum per 
hill) had the third mean severity on leaves in batches I and 2, but had the highest 
mean in batch 3. 

The quadrat and the trap plant were used to understand the effects of a 
series of environmental factors on the dynamics of ShB. This approach revealed 
that under semi-controlled conditions, intermittent leaf wetness, increased contact 
frequency, increased amount of initial inocu.lum and positioning of inoculum at the 
leaf level favor ShB spread. The methodology can be used to address a number of 
driving variables of the rice-Shb pathosystem. 

Table 1. Scrcenhou ·e experiments with their conesponding treatments. 

Experiment 

Leaf Wetne s 

(5 reps ) 

Crop Density 
(4 rep .) 

trength cf 
inocuium 
source 

(S reps.) 

Treatment 
A - non-inoculated quadrats; no water spray 

and no caging 

B - Inoculated quadrats; no water spray and 
no caging 

C - inoculated quadrats; with water sptay 
and 12-hour ( l  night) caging 

D - inoculated quadrats; with water spray 
and 24-hour (2 nights) caging 

E- Inoculated quadrats, with water spray 
and 36-hour(3 nights) caging 

F - continuous wetnes ; treatment E plus 
water spray on day time, every hour for 
3 days 

A - 1 5 cm x 1 5 cmspacing(49hillslm2) 
B - I c m x 20cm spacing(42hillslm2) 
C - 20cm x 20cm pacing (J5 hiilslm2) 
D - 15cmx25cm spacing(25 hillslm2) 

A - 2.5 g of inoculum on the stems 

B - 2.5 g of inoculum on the leaves 

C - 2. 5 g cfinoculur• on the stems 
r.nd on leave (5 g!hiH) 

D - 5 g of inoculum on the sterns 

E - 5 g of inoculum ou the leaves 
F - 5 g ofiu uhuu on the sterns and 

on the leaves ( !0 g/lrill) 

G- g of inoculum on the stems and 

2.5 g on leaves 

H - no inoculum 
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Table 2. Operational definition oft be variables use.d in SbB assessment 

Variable Definition 

L Incidence Th ratJO of the total num er of infect d tiller 
o er the total numbe of tillers p r hill 

2 Infection t pica sheath blight lesi n w'1ich may or may 
pomt not expand and coalesce with other lesions 

3 Infection The ratio of the total number of infection pomts 
efficiency on the trap plants over !he total number of infection 

points on the source hills 

4. Severity The percent area covered by sheath blight 
lesions on the host tissues 

Talll 3. List cfvariables used for sbeatlt blight me§smcnt 

Acronym Meaning Unit 

it/Nt Incidence on tillers % 
Ss Severity on stem % 
S! Severity on leaves % 
IPs + IP! Total infection points on 

stems and leaves number 

lE Infecuo effi iency 



B E N z 0
 

( A ) p y R E N E s I I i 0
 F A I R 

5
_,.

......-------------

4 3 2 

�
· ::t;:

:;;:3Lf:;:
:::l·:�

L!;:
:3:: .f:

:::'l �
· �

A
:· �

c,l 
0

 
I 

I 
I 

I 
I 

I 
I 

C
TA

 
M

L
A

 
M

K
N

A
 

P
R

Q
 

P
S

IG
 

L
O

C
A

T
IO

N
 O

F
 A

IR
 S

A
M

P
L

E
S

 I
N

 M
E

T
R

O
 M

A
N

IL
A

 

�
 B

E
D

R
O

O
M

-A
IR

 
C=:J

 K
IT

C
H

E
N

-A
IR

 
�

 O
U

T
D

O
O

R
-A

IR
 

)
a

-C
a

im
a

; 
C

a
lo

-C
a

lo
o

c
a

n
; 

M
k

t-
M

a
k

a
ti

; 

M
b

o
n

-M
a

la
b

o
n

; 
M

la
; 

Q
.C

.;
 P

rq
-P

ar
a

ii
a

q
u

e
; 

P
s

ig
-P

a
s

ig
; 

Va
lz-

V
alc

nz
ue

la;
 M

k
n

a
-M

ar
ik

in
a

 

F
ig

u
r

e
 3

. B
e

n
z

o
(a

)p
y

re
n

e
 c

o
n

te
n

t 
o

f
 o

r
g

a
n

ic
 e

x
tr

a
c

ts
 o

f
 a

ir
 p

a
r

ti
c

u
la

te
s

 f
r

o
m

 i
n

d
o

o
r

 a
n

d
 o

u
td

o
o

r
 a

ir
 i

n
 M

e
tr

o
 M

a
n

il
a

 

� [ �· .., a � � cl' lif � :.
.. 

::;·
 

:;·
 � ..
.. 

oe
 

..
.. 



-C
O

N
T

R
O

L
 

-C
O

N
T

R
O

L
 

M
A

N
IL

A
: 

S
T

A
. 

A
N

A
 

M
A

L
A

T
E

 

S
T

A
.

C
R

U
 

Q
U

E
Z

O
N

 C
IT

Y
: 

K
A

M
IA

S
 

L
A

 L
O

M
A

 

M
A

R
I

K
IN

A
: 

C
A

L
U

M
P

A
N

G
 

S
S

S
 V

IL
L

A
G

E
 

M
A

K
A

T
I:

 S
N

. 
A

N
T

O
N

IO
 Y

. 
H

IL
A

R
IO

 S
T

. 

M
A

L
A

B
O

N
 T

A
NO

N
G

 

B
U

R
G

O
S

 S
T

. 

T
E

N
E

J
E

R
O

S
 

V
 A

L
Z

: 
M

A
LI

N
T

A
 

0
 

--
--

-,
 I 

1
6

.4
5

 

1
5

.2
3

 

1
0

.8
4

 

6
.4

1
 

--
-'-

5
 

1
0

 
1

5
 

2
0

 

M
U

T
A

T
IO

N
 F

Q
CY

. O
F

 S
. 

ty
ph

im
ur

iu
m

 H
is 

G
-4

6
 

F
ig

u
•·e

 4
. M

u
ta

g
e

n
ic

it
y

 a
ft

e
r

 m
e

ta
b

o
li

c
 a

c
ti

v
ia

ti
o

n
 o

f
 p

e
rs

o
n

a
l 

sa
m

p
k

'S
 f

.-o
m

 s
tu

d
e

n
t 

c
o

m
m

u
te

r
s 

to
 D

il
im

a
n

, 
Q

.C
. 

..
. 

oc
 

oc
 � § ::; !:!. c; · a � g· ::.. :.
.. 2 ;} � � � � · � 



N
 

0
 

0
 

F
 

M
. 

P
. E.
 

p E R T H 0 u s A
 

N
 

D
 

B
A

P
 

M
C

 

D
M

N
 

20
 

I S
 

W
A

T
E

R
 

B
G

P
 

B
A

P
 

M
C

 

- !lm
mn W

AT
ER

 
D

M
N

 a
lo

n
e

 

B
e

n
z.

o
(a

)p
y

r
e

n
e

, 

M
e

lh
y

lc
h

o
la

n
th

re
n

e
 

D
im

e
th

y
ln

it
r

o
s

a
m

in
e

 

C
A

R
C

 

�
 B

G
P

 a
lo

n
e

 

c:=J
 B

G
P

+
B

A
P

 

D
M

N
 

+
B

A
P

 
+

M
C

 
+

D
M

N
 

N
O

G
E

N
S

 

c:
::::J B

A
P

 a
lo

n
e

 
-

M
C

 a
lo

n
e

 .
 

l1l
lJ B

G
P

+
M

C
 

�
 

B
G

P
+

D
M

N
 

'F
ig

u
r

e
 5

. E
ff

e
c

ts
 o

f 
b

e
n

z
o

(g
h

i)
p

e
r

y
lc

n
e

 o
n

 t
h

e
 c

h
r

o
m

o
s

o
m

e
 b

r
e

a
k

in
g

 e
ff

e
c

ts
 o

f 
B

A
P

, 
M

C
 a

n
d

 D
M

N
 

� � ,.. �· ::,<> �
 

;;
;- � � E' � :.
.. 

::;
· 

;;
· � ..
.. 

..
. 

'0
 



o 10
 

D
 

E
 

A
 

D
 

M
 

p L A
 

N
 

T
 

s
 

B
A

P
 

M
C

 
D

M
N

 

--
---

-
-

--
--

·-
-

--
--

-----

8
0

 

7
0

 

6
0

 

5
0

 

4
0

 

3
0

 

2
0

 

1
0

 

0
 

,-
----r

· 
.1

 
W

A
T

E
R

 
B

G
P

 
B

A
P

 
M

C
 

D
M

N
 

+
B

A
P

 

-
W

A
T

E
R

 

H
HU 

D
M

N
 a

lo
ne

 

B
en

zo
(a

)p
y

re
n

e,
 

M
eL

h
y

lc
h

o
la

nt
h

re
ne

 
D

im
el

h
y

ln
it

ro
sa

m
in

e
 

C
A

R
C

I
N

O
G

E
N

S
 

®'§
 B

G
P

 a
lo

n
e

 

c:=:J
 B

G
P

+
B

A
P

 

, 
,_.

 ,.
 ,.,

 
D

A
P

 a
lo

n
e 

-
B

G
P

+
M

C
 

- --
ss

�·s
-

+
M

C
 

+
D

M
N

 

�
 M

C
a

lo
n

e 

B
G

P
+

D
M

N
 

'F
ig

u
r

e
 6

. E
ff

e
c

ts
 

o
f

 
B

e
n

z
o

(g
h

i)
p

e
r

y
le

n
e

 
o

n
 

G
e

r
m

 
C

e
ll

 
G

e
n

o
to

x
ic

it
y

 
o

f
 

B
e

n
z

o
(a

)p
y

•·
e

n
e

,-
M

e
th

y
lc

h
o

la
n

th
re

n
e

 a
n

d
 

D
im

e
h

ty
ln

it
ro

sa
m

in
e

 

"'
 

�
 

=
 � � � �· � �· � ::.
.. g � � � r 



Matsushita: Profile of Polluted Air in MM 391  

IIIERATIJRE CriED 

Generoso, W.M. 1 980. Workshop Manual, Southeast Asian Conference on Environmental 
Mutagens. Carcinogens and Teratogens. 

Matshushlta, H. 1976. Analytical Methods for Monitoring Polycyclic Aromatic Hydrocarbons. 
Vol. I: New York: Academic Press. 

Moriya, M. 1 980. Workshop Manual, Southeast Asian Conference on Environmental Mutagens, 
Carcinogens and Teratogens. 

Schmid, W. 1976. The Micronucleus Test for Cytogenetic Analysis. Chemical Mutagens. 4:3  
1 · 5 2 .  

Syllanco, C.Y.L. 1 990. Genetic Toxicology, Bicutan, Metro Manila: National Academy of 
Science and Technology. 






