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ABSTPACT

The amount of dew, the lenzth of the dew periad,
ard-the feaf arex 2t the time of inoculation were
the only significint varizbles cormrelated witk the
average number of lesions per plant when rice
(Ory=o setize) in the susceptible slage was inclu-
Iated daily during an 11-week period with conidiz

¢l Pricideria ory=ce. Daily records were kept on
dew, rzin, ienperature and; relative humidity of the
air, light. soil temperature, and lzaf area of the rice
plants. No apparent effect of air temperature in the
range of 61-95 F on inféction by the blast organisin
was found.

Experiments under controlled conditions kave dem-
Giistrated the influence of temperatsure and moisture on
infection of rice (Ory=a setive L) by Piriculeria orvzse
Cav., the osganism cavsiax rce blast. IZzmmi and Abe
(3) icund that the following mininxal periods of con-
tinuous wetling were necessary to produce leai infec-
tion: 19brat 9O F. Shrat 32F. 6hbr at 75F. and 65
hr 2t 6S F. Iroculated seedlings kept for 23 hr at 92
and 103<2 relative hizridity by Abe (23 showed typical
blast syraploms: those kept at 907 were healthy.
Hachioka (S} reported that invasion and disease devei-
opment take jplace most easily at 79-52F and maidy
readily at 66 pr 91 F. Kabn znd Libby (6) found that
the optimum Jor infection was $J or $3 F with 16-20hr
of dew. :

Several intéractions may negate the effect of facters
in the fieid that have been demonsirated singly to be
important under controlizd conditions. In mature, high
humidity or dew formation at night is generally a result
oi a considerable diumal fluctuation in tempemture.
Ii nigh-humidity or dew is necessany for infection. it
might appear that infection is favorzed by lew tempera-
ture because dew may not be formed at higher tem-
peratures.

The temperature under which rce is grown affects
its susceptibility to rice blast. Abe (1) found that the
incidence of disease was lowest in seedlings grown at
a soil temperature of S2 F and highest in thoze grown
at. 65 F. Hashioka (4) reported that resistance increases
with the rise-of both air and sail temperatures. The
ratio oi carbon to nitrogen in the leaves is increased
in proportion to the rise in temperature.

Suzuki (7) inoculated the panicles of two resistant
and two susceptible rice varleties grown at low ard
normal soil temperztures. Disease development in al!
plants in the low-temperature series was 73-100%5,
whereas at the normal temperature it was 0-13.39% for
the resistant and 26-33.3< jor the susceptible varieties.

Because of the ciiect of growth temperature on
susceptibility, more infections may occur in the field
when temperatures are low. Hashicka (4) stated that
the severity of blast in the cool first-crop sezson in the
tropizal and subtropical regions and the comparative
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freedom from disease of the second crop are probably
duve to this facter.

The objective of this study was to determine the
inflvence of certain environmental fzclors in the fiela
on blast infectiza of rice and the interactions involved.

Mareriats axp Mernovs—The rice breeding nur-
sery at the Rice-Pasture Experiment Ststion, Beau-
mont, Texas, was the experimental site. It is in the
commerdal rice-growing ares, where the culture of rice
plants minimized interference ef sgronomic problems
with research cffort. The amount of eatural blast infec-
tion in the Beaumont area is nommally small, and the
interference of maiunlly occusving inoculum with ex-
perimental inoculation can be aveided. The climate
oi the Beaumont area is such that a certain amount
of variation ir climatic conditions from day to day
can be expected.

The six main plots each covered approximately 0.1
acre (40 XX 90 it). Each maia plot. was divided into 13
subplots, each 6 X 40{t. Subplots were divided into
cight sub-subplots, 5 65it. A 10-it* area, 36 X 40
inches, within each svb-subplot was used for experd-
mental work.

The rice variety C.I. §970, used in our experiments,
remained susceptible to blast over a relatively long
period of growth. Main-plot piantings were staggered
so that plants in a new main plot would be of sufi-
cient size-that they could be inoculated the day aiter
the incculations were completed on the previous main
plot. Age of plants in the six main plots varied at
the beginning of inoculations because of an increased
rate of growth in the later-planted main plots, asso-
ciated with more fuvorable growing conditions as the
scason progressed.

Seeds were planted with a nursery drill approxi-
mately 0.25 inch deep in rows with 9-inch spacings in
harrowed soil. The plots were cultipacked after piant-
ing and flooded with about 2 inches of water. Afte
about 24 hr the fields were drained, and they rcmaiﬁz},
dry until aiter fertilizer had been applied. On dr
1b. of ammonium sulfate/main plot :\'cx@)li Q

cast 10-15 days after planting. The fiv ere,
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after festilization and remzined flooded for the re-
mainder of the experiment.

All inoculations were made with isolate 770 of race 3
of P. oryzce, obtained from Frances M. Latterell of
these Iabomatoriss. Incoilation rates of 40.0, 4.0, 04,
and 06 mg vizole spores/10 f* were used, with two
replications of each rate each day. The range of rates
of inoculum was selected fo assure a sufiicdently large
numker of lesions for reasonable zccuracy in counting
on days when climatic ceaditiens were neasly limiting
ior lesion production. It also prevented an uncountably
high number of lesions on all treatments when condi-
tions for infection were favorable. The same relative
position for each rate was used cach day on all subplots.

‘Iroculations commenced daily at sundown. A spore
and water suspension was intrcduced throush 1.25-inch
koles in™ the top-center of 39-inch-high plastic inocula-
tion terts that covered the 101{t° areas to be inocu-
lated. The inoculum was introduced into the {enls by a
DeVilbiss No. 152 atomizer nozle attached. to a
No. 651 air gun -powered by nitrogen gas at 25psi
frem a commercial-type cylinder. The tents were pnced
over the sub-subplots just prior to incculztion-and were
allowed to remain in place until the spore aerozol ap-
peareg to kave zettled (usually zbout 20 min).

Fifteen ecbplots were inoculated in main plots 1 and
2,13 in.plot. 3. 12 in plots 4 ard 3, and 10 in plot 6.
Sequential inoculations were made on consecutive sub-
plots starting from one end of each main plot and
procezding each day toward the other end. )

Plants from each 10-it* inoculated plot and controls
were allowed to remain in the field until the fourta day
after inoculation. They were then puiled; the rools
were washed and the plants t2ken to the laboratory
where they were allowed to remain standing in water
until the second day aiter pulling. This -allowed the
lesions to enlarge so that they would be easier to count.
It aiso prevented sporulation of the lesions in the
field. The-second day after pulling, the total number
of plants was determined and 30 plants were selected
at random for lesion counts. Lesions were counted by
examining each lesf on each of the 30 plants and
determining the total number of lesions. This number
was used to calculate the average number of lesions
per plant.

Average plant size and approximate leaf area were
determined at inoculation. Average size was determined
by measurement of Z0 plants for plant height and num-
ber of tillers. Approximate leaf area was determined
from the mean approximate leaf azea of two or three
“average” plants; leaves from a single plant were
placed side by side on the sticky side of a picce of
tape and the area covered was measured.

Background assays for airbomne spores were at-
tempted with a sequential sampler (3). This technique
was inadequate because of the unsatisfactory adhesive
material used to coat the Rotobars. To determine their
notential ofiect on infection, dew, wind, relative hu-
raidity, air temperature, soil tcmpemture rainfall, and
light were measured.

The length of the dew period was measured by a

dew meter of the type desaibed by Tavlor (8). Visual
observations of the rate or 2amount of dew deposited
were recorded. These observations were besed on ihe
width of the deposition line.

Both wind speed 2nd wind direction were 72coréed
continyously during the experiments with Signal Comps
GMQ-1 signal generators attached to two Esteriive-
Angus AW recorders.

Relative humidity and air temperature were mea-
sured by bygrothermographs. Two instruments were
located in sheliers zhout 1it from the tep of the
levess at two locations in each main plot. A therme-
greph in the shelter measured the soil temperature,
The probe was buried about an inch deep in the mud
in the flooded peddies.

Rainfall was measured by an Instrument Corporation
universsl min gage, which was calibrated oace prior

to insiallation in the fie/d. It was piaced on a phtfema.

at the edge of the field and was not moved during the
experiments.

Only a relative measure of light intensity was ob-
tained. This was done by use of 2 bight integrator con-
faining a pholoelectric cell and 2 rectifier system. The
counter shows a cumuiative number of units of energy
and thus indicates relative amounts of light energy
from day to day but noi units of light. The light
intcgrator counter was read and zeroed each aiternoon
aiter the hours of bright light. Both units of energy
and time that the instrument was read were recorded.
In addition, visual observations of cloud cover were
made dailv.

ResuLrs.—Lesion producuon measured as the aver-
age number of lesions per plant, was 0-35.72 at 40mg
spores/10 it*; 0-74 at 4mg; 0-3.1S at D4 mg; and
0-2.70 at 0.0mg (Table 1).

To uze the analysis of variance technique, the data
on the average number of lesions per plant were trans-
formed to logs (number plus 0.01). Separate-analyses
were performed on the six main plots, and the plot
variances were-then tested for homogencity by Bart-
lett’s test. When plot varances were found to be
uniform, it was possible to combine the six main plots
for analvsis to obtain over-all estimates of main effects
and interactions with plot.

The efiects of nine climatic or biological factors on
lesion preduction were estimated by muitiple Bnear
tegression analysis. These nine independent variates
were (i) amount of dew, (ii) length of dew period,
{iii) hours from inoculation tc dew fall, (iv} light

uniis on the day of inoculation, (v) light units on the
day after inoculation, (vi) mean 24-hr temperature
(F), (vii) mean mght temperature (F) from S py to
8 Ay, {(viit) wind speed at time of inoculation, and
(ix) ]eaf area at inoculation. Separate anaivses were
performed for each inoculum rate. ‘The model was the
cquation

Ye=a+4bX; +bXut. ..+ b X,

where there are p independent variables. The linear
maodel proposed in this equation was only an approxima-
tion of the relationship Letween dependent and inde-
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Taste 1. Average rumber of iesions appearing on feld-grown rice scedEngs following inoculation, with ceaidia of

Piricularie ors ac

Dates of Total Rate of inogxh;ion_ . Avenage
fnoculation plants (ms viable conida/10 1) Dew Lai  Nizht
Plot {1939) ecamined? 30 4 054 (1} period arex temp
ro. Azg ne. lestonsiplant kr s F
1 30 Apalto
14 May 6,000 7034 05616 0.159 0009 736 3778 712
2 1SMay to
1 June 6,900 730+ 0699 0.137 0073 952 $939 723
3 2-1% June 5200 53491 0.757 0356 0333 99s S033 736
+ 15-26 Jure +.500 1337 0.157 0072 0055 8§23 3582 e
3 27 Junzto
8 July +,500 3900 1.116 03SS 0s02 963 39.63 73
6 9-18 July +000 3827 €531 0532 0.186 963 1750 0656

= This number of plnts was equaliv divided amongz ihe four inoculum rate ircatments,

pendent vasiables. For the range of valuss in this ex-
periment, however, we thought that a linear model was
sufficiently dccurate for screening for the effective
variates.

Results of these armalyses are shown in Table 2.
Values of R=, the square of the multiple correlation
cocfiicient, were on the order of 0.36 for ali inoculum
rates. R® represents the proportion of the variation in
average number of lesions that is explained by the
linear mode! given in the above equation.

Factors selecied as important jor lesion production
were those shown to be significant at all inoculum rates:
(i) amount of dew, (ji) length of dew period, and
(iii) leaf area at the time of inoculation. Estimating
equations were recomputed using three independent
variates and are snown, with their 95¢5 confidence
limits for partial :egression coefficients, in Table 3.

Discussion.—The analysis of varance on climatic
factors and certain variates indicates that some climatic
factor or a combination of climatic factors with other
variables affects numbers of lesions. Further validation
is provided by the multiple lincar regression analysis
Gescribed previously.

Both length of dew period and amount of dew show
high correlation with the number of lesions produced
{Table 2). The impertance of the amount of dew seems
to be at odds with the findings of Abe (2), who found
that infections occurred at 92 and 10055 relative hu-
midity, presumably in the absence of iree water. The
zmount of dew in these studies was measured by a dew
meter whose plate had maximum exposure to the sky
in contrast to the varying exposure of rice leaves, and
thus, it may not accurately reflect the presence of dew
on the leaves. Ii thc dew on the dew meter is heavy,
the rice leaves are more apt to be completely covered
with dew or surrounded by air of neariy 100¢ relative
humidity. Thus, heavy dew on the meter may be a
more zccurate reflection of dew on the plants than
light dew on the meter.

When dew was relatively heavy for about Shr cor
more, usually a considerable number of lesions were
produced. When dew persisted for less than Shr or
when there was no dew, few lesions were produced.
When the quantity of dew was small even though the

fength-of the dew period was about 8 hr or more, the
number of iesions-was generally well belaw that dor a
dew period of comparable Jength with a greater amount
of dew. Five or mere lesions/plant were produced 29
times during this study. In only two of these 29 cases
was the dew quantity relatively small for a period of
Shr or more. In the few cases in which there was
relztiveiv heavy dew for less than 8 hr, few lesions were
produced.

The time from inoculation to the start of the dew
period was positively correlated with lesion production.
for the inoculation rate of 0.4 mg spores/10 it= {Table
2). This significant positive correlation Is ontrary to
present concepls and {o the results of a limited amount
of previous work. Consequently, we have no explana-
tion for this finding at present.

The data show no obvious effects of temperature on
infection. The mean night temperature (average of re-
corded temperatures occurrire at 2-hr intervals irom
S 3t to S Ax) ranged from 64.7 to S1.OF during the
test. Occasionally the mean night temperature fell be-
low 65 F or rose above 78 F. Maxirium day tempera-
tures ranged from 74 to 95 F, with most days having
a2 maximum of at Jeast §0 F. Minimum night tempera-
tures ranged from 61 tc 75 F, with a majority of nights
having minimums of 79 F or higher.

The partial correlation cocfficients show that there
is no statistical correlation between air temperatures
and lesion number within the temperature range re-
corded, except between the mean 24-hr air tempera-
ture and the lesion number in the control plots. Per-
haps this is an indication of a buildup of natural
inoculum from a low level in the early spring to 2 murh
higher level as the season progressed and not neces-
sarily a result of a bencficial effect of higher tempera-
tures on lesion production. Thus, the levels of these
two varables (temperature and natural inoculum’ in-
creased independently as the season progressed.

The data reveal no effects of relative humidity on
initial infection. Relative humidity, as measured by
hyvgrothermograph, reached 1009 almost every night.
The average length of the measured period of 1009,
relative humidity for the 77-day inoculation period
was 10.04 hr. In most cases the measured period did
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Taste 2. Results of multiple linear regression analysis showing pariial corrchation and pestisl remression coeffidents
(and their standard errcrs) dor the loz (averaze number of lestons mer plant +001) and each of the independent

variates for which dgnificance was found, armanzed according to inoculum rase

Independent variaie 00 mz/10i®

05 mz/10 i 30mz/10 it 40mz/10 1=

Partial corzxlation coesicients (ond tkeir standerd crrors)

Amount of dew (scale 1-8)
Length of dew pesiod (hr)

Hr from inoculation to dew Iall
Mean 24-hr temp {F)

Leaf area at inoculation (cm°)

+027¢  (0.i1S)

+033%¢  (0090)
265 (0.065)

<028 (0.H7) -+037** (D.110) -2035** (0.101)
+037** (0099) -O0X3** (0G90) -+037** (0036)
+023%¢  (0.120)

2072%¢ (0061) $-057** (0036) -+036*% (D.ii1)

Pariial regression coeficients {(axd their starndard crvors)

Amount of dew (scale 1-8)

Length of dew petiod (hr)

Hr from inoculation to dew fall
fcan 24-hr temp (F)

Leaf area at inoculation (zm=)

06357+ {0024

20.11** (021)

20037+ (0070) --00S1%* (0026) -3C13%*  (0u52)
20067°% (0015) --0.11%* (0020) +0.14%* (002%)
£0063* (0.030)

-£0017** (0.0022) =00172* (GD019) -+0015** (00025} -+-0.0097** {0.0050)

* Significaat at the 003 level.
»+ Sisnificant at the 001 level.

Taere 3. Estimating equations for the combined efiects of amount of daw, kngth of dew period, and amount o7 leaf
ar+a 2% time of inoculation en log (average rumber of Jesons per phant plus 901) for the dimate of- Seaumont, Texas,
and rice variety C.I. §970 inoculated with isolate 770, race S, of Piricularia cryzqe at four inoculvm rates

Confidence Eimits (95%0) for partial regression cocfiicients

Tnoculum — ~ -
{mz/10£%) Estimating equation® X, X X
00 T = —23614 +01303 X, ‘
203765 X, +- 01520 X, — 03816 10 $-.06524 -+ 00821 to -+ 08709 + 009824 to -3 02658
04 = —2.1973 4+ 003436 X,
* 406753 Xoy 201419 X, — 053422 10 404110 - 03853 to 409633 +0102% to 01515
30 T =—25160 +071117 X,
+.1057 X, - 01284 X, +3025t0 +.1121 407719 to +.13023 4008337 to 10714
300 $ 2z —17343 1150 X,
41321 X, - 008155 X <-07034 10 -F.1592 409508 to -+.16608 40035221047 .39

2 ¥ =1log (average no. lesions per plant plus 0.01), X; =amount of dew, X, =Ingth of dew pericd in hours, and

X; = leaf arca at time of inocuiation in cm®.

b Values of dew amounts arbitrarily set at 8 for very heavy, 6 for heavy, 3 for light, and 1 for very light.

© Actual length of dew in hours is used in the equation.
4 Actual vaiue of leaf area in cm® is used in the equation.

not vary more than 1-2 hr from the mean. The swuart
of the period of 1C0¢% relative humidity seldom varied
greatly from day to day. Because of the relatively con-
sistent day-to-day relative humidity, no efiects of this
factor on initial infection were noted.

We doubted the accuracy of the humidity-measuring
device on the hygrothermograph used in our studies,
but we have been unsuccessful in calibraiing this
device more accurately i, the range of 95 to 1009
relative humidity.

Generally, when there was a heavy or relatively
heavy rain shortly after inoculation, few lesions ap-
peared. When there was a sprinkle or a light shower after
inoculation, some lesions appeared, but ncot as many as
expected with a heavy dew of comparable length. It
is possible that heavy or long rains washed spores from
leaves.

There were too few instances of inoculations pre-
ceded by rain to establish any trends of the effects of

this rainfall on lesion production. When this did occur,
the number cf lesions produced was relatively small,
but at ieast one other condition considered important
for infection was adverse.

An examination of the wind speed data indicates no
dizect influence on infection. This observation is based
on a visual check of the range of wind speeds shown on
the recorder charts. Average daily wind speeds were
not calculated. Wind speed probably influenced initial
infection indirectly by its effect on time of dew forma-

-tion, lengih of the dew perind, and amount of dew

formed. The relationship of daily wind speeds and
lesion productior: was not examined statistically. There
was no statistical correlation between wind speed at
inoculation and number of lesions.

The data indicated no significant efiects of light on
infection. However, the amount of natural infection
appeared to be influenced by light. Following those
periods when the sky was overcast or partially over-
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cast for 1 er 2 days, the natural infection lesions seemed
to be more abundant than during comparable periods
of clesr weather. \Whether this apparent increase in
the rumber of lesions in check plots was due to an
increase in sporulation by the natural lesions in the
field, was ar indirect effect of factors assodated with
cloudy weather, such as an increase in length of dew
period and slightly lower temperature, or was caused
by some other factor is unknown.

In addition to the climaiic factors, certain physiologi-
cal and biological variables were evaluated ifor their

- .effects on lesion production. These variables were leaf

area of plants at inoculation, stage of growth of plants.
and the efiect oi damage by rice waler weevils.

The amont of plant leai area increased with in-
czeasing piant age in all six main plots. Plants with
greater leaf surface area also had more lesions. Leaf
area at ineculation was statistically correlated with
number of lesions. The cifect of leaf area on lesion
production was not considered for plants clder than
37 davs or for -plants having more than 165 cm® of
Jeai surface.

The stage of growth and age of plants appeared to
be closely but not con:pletely related to leaf area. Leai
area increased with increasing age in 2!l six main plots,
but in oniv one of the four main plots wherc plants
less.than 20 davs old veere inoculated did any appre-
ciabie number of lesions appear, although'in some cases,
conditions were favorable for infection. This may have
been due indirectly to exposed leai area, which was

ASAI ET AL PIRICULARIA 241

considerably reduced by the flooded condition of

the fields.
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