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THE CORRELATION BETWEEN XANTHOMONAS ORYZAE INOCULUY CONCENTRATION AND THE
SIZE OF DISEASE SPOTS IN THE FLAG AND SECOND LEAVES '

[Following is a translation of an article originally entitled
heffects of Inoculated Concentrations of Xanthomonas Oryzae

on thae Size of Disease Spots," by Shigematsu Kuhara, Environ.
mental Section 1, in Kyushu Noryo Shikenjo Iho (The Bulletin

of the Kyushu Agricultural Experimental Station), Vol. &4,
No. 1, pp 121-127.]

I. INTRODUCTION

Mukai, et al, 1.2 raeport that the disease spots formed following
neadle inoculation with Xanthomonas oryzae are small in tho resistant
varietias and large in the suscecptible varieties.  The vritors3 4
reported the same results in similar experiments that were performed
during the classification of recistant varieties, Mukai, and Yoshida,!
have observed that there are differences in the size of the disease spots
in the inoculated leaves as a function of the infection site, The spots
ara largast at the tips of the leaves, then diminish in size at the center
and tho base. The writers have performad experiments to determine the
differonces in the onset of the infection and the size of the disease
snots as a function of leaf position and inoculum concentration following

nacdle inoculation, As a fow observations have been made on the mutual

correlation between theso factors, they have been summarized in this "
report,

have

Deep thanks are expressed to Mr. Kenjiro Kiriu, Mr. Tadahiro

Nishizawa and Mr. Michio Midome for their guidance during the conduct of
these studios.
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II. EXPERINeNTAL METHODS AND RESULTS

Sxperiment I. Experiments on tho Sizo of the Disaase Spols in the
: Flag and Secord Loaves,

(1) During 1951, four plants each of 20 varieties were cultivated
in 40 unglazed pottery, 1/10,000 tambu [[1 tambu = ,1 hoctares] pots, the
plantings being replicated. The flag and second leaves of -the plants
ware needled inoculated with a suspension of the pathogenic fungus., It
had been observed in separately conducted preparatory experiments that the
disease spots which formed on the leaves tended to be larger in order from
the flag leaf down through the lower leaves and that the differenca
batween the flag and the second loaves was most marked. All of the tests
made for the present report are based on comparisons of the flag and -
second leaves., Table I shows the size of the disease spots in the flag
and second leaves of the 20 varioties tasted, ' o

Tha mathods used for inoculation and for observation ware the same
as those coverad in the previous raport.

(2) During 1952, 12 pots of the same type as those used during
the previous year were utilized in the tests., These pots were plantaed
with three varieties to replicate the tests four times. The opeorations
were the same as those that had baen conducted the prior year, while
inoculation was by the same method as previously reported by the authors.¥

The results are summarized in Figure 1.

On the basis of the data contained in Table 1 and Figure 1, it can
bo said that the disease spots are markedly larger in the second leaves

than they are on the flag leaves in both the resistant and susceptible
varieties around the heading period.

- It appeared in Figure 1 that there was less difference in the srea
of the disease spots on the flag and the saecond leaves in the resistant
variety, Ogyoku, than the other two varieties, For this reason, tha
difference in the area of the disease spots on the flag leaves and the
second leaves was calculated from the data in Table L for each of the-
varieties. A rank correlation was then established batween the area of
the diseasa spots on the flag leaves and the cdifference batween the areas
of the disease spots on the flag and second leaves for all of the varieties
testod. It was noted that Spearman's p for the first inspection was +0.82
and that it was +0.67 for the second inspection, This result was
recognized as being significant with a 1% and 5% standard, respectively.




Tank 1

SecandsLeaves by “NceedleDPunelure' Inoculation,

The Averaye Size of Discase Spots on Flag-Leaves and
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T O 41 First ob':crvauon Ll Sccondvobscrvnuon
Varictices e L] ~fpe St 8-
Flag-leaves Sccond-leaves Flag-le.\vcs Second-icaves
mmi’ ninl nim? mand
o Tm 26 4 6 48 81 376
S B TR 1 A7 276 581
PR I 7 7 2 13 125 177
o HE 6 23 .o u9 213
Tt W12 9 35 106 283 750
¢ F L 12 40 425 923
! I’H g 456 ‘U‘ 6 41 233 796
- st 16 82 511 1110
)\ 9k 120 ¢ 7 62 363 75
78 G ‘.1{ . 8 03 227 878
R T n R6 509 1272
gy A4 Sy 44 193 1613 - )
i 400 ) 12 o9 225 73z
RN 1 129 459 966 1712
e 1l 13 75 575 1766
ARV N ) 1, 88 230 429
A M 27 33 150 4y
o M 37 G 39 267 97'1'
R Nl 13 53 300 517 -
Al K29 4 11 101 530 822
Date of inoculation : Aug. 31
Dute of First Observation : Sep, 15 Date of Second Observation 3 Oct, 1

(Total disease spot area of 24 leaves, 96 inoculated points per variety.)
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Zensho No, 26
Akashinryoku
Shinseki No. 1
Ogyoku

Norin No. 12
Kogane maru
Seikai, No. 46
Kamiai
Oita mitsui No. 120
Tama

11.
12,
13.
14,
15.
16.
17.
18.
19.
20,

Nankai No.

Seikai No. 44

Norin No.
Toishi
Kamiyama
Norin No,
Norin No..
Norin No.
Tambo
Norin No.

3
Lo

18

27 .

37

29

Thus, it may be observed that, in the varietios in which the diseass

spots formad as a result of needle jnoculation are small, the difference

between the area of the disease spots on the flag leaves and the second
leavas tends to diminish as a function of increased resistance.

Experiment 2,

During 1952, a study was made of the correlation between inoculum

Experiments on Infection Rates and Inoculum Concantration

concentration and infection percentages at the needle puncture sites in

the wet paddy rice, Norin No. 18, in the fields,

-3 -

This variety is believed



-~ and 1/212, of the standard inoculum concentration.

to ba of mediun rasistance. Cultivation conditions, in summary, were:
Planting day 2L; transplanting to the main fields, June 27; threc stalks

oI cach plant planted; space betwaan plants, 9 sun [l sun = 1.2 inches]

X 9 sun, Fertilization (per tan [1 tan = ,2L5 acres] was: Initial

fertilization (Juna 25) 100 kan {1 kan = 8,72 1bs.] of compost, 6 kan of
amnonium sulfatae, 10 kan of lime and 3 kan of potassium chloride; first
supplementary fertilization (July 18), 2 kan of ammonium sulfate; sacond
stpplementary fertilization (August 16), 2 kan of ammonium sulfate. The
bactoria used for the inoculation were supplied by the Agricultural
Tochnology Instituto, The bacteria were cultured for five days at 27°C

on a 2{ sugar, Irish potato broth, inclined agar culture medium. From

fi--a test tubes of this nulture were made 10 ce of the bacterial susvension,
The suspension was diluted to a point batwaen No. 3 and No. .4 in a standard
bariun sulfate solutiond by nephelomatry. This was used.as the standard

inoculum concentration. The test concegtrations were in 13‘dilugions.
1/20, 1/2L, 1/22, 1/23, 1/2%, 1/25, 1/2°, 1/27, 1/23, 1/29, 1/23°, 1/211,
The test groups were
replicated six timas. Within each test group, 13 plants were selected
at random, then throe stalks of each of thase plants were solected at .
random and the code for the above concentrations attached to each of these
stalks.* The centers of the flag leaves were then inoculated with six
vaceine points fixed in two rows 8 mm apart at intervals of 10 mm, 4&n
inspection was made four days later of each of the leaves that had bacn

jnoculated to determine whether disease spots had formed at the inoculation
puncture sites.

Fia.l, The Average Size of Discase Spols on
Flag-Leaves and Sccond-Leaves by
“Needle-Puncture” Inoculation,

Date of inoculation s Date of observation : —.
Sco. 17 o Oet2 -

--, <

(Total disease-spot arca of 64 leaves, 256 inoculated 00 [ -k XN
points per variety). fla

Key: . 1. Ogyoku
2. Norin No. 18
3

. Toishi

100 f

@ :'!"t @I}.’Ila : e
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.¥ The same concontration was repeated for three stalks within each test
group at will,
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The results were as shown in Table 2.

— oI ¢ T4
e Kl 1 T RHLAR ()
Bacterial ' Replication kil age of
concentration — — _Total - giscused
in inoculum 1 2 3 4 5 ' 6 : spots
Cifi X 1/ 18 15 i3 15 18 15 . 103 95.37
et ;"l | 13 18 18 1 € -9 81.26
1/2: 17 10 i3 17 8 16 : 81 7500
1724 ] 11 17 15 14 15 80 74.07
1/ -6 10 14 8 8 10 56 51.83
1/2s 5 12 10 7 8 8 51 4725
1 /2 0 5 o4 8 3 5 20 w313
1)0¢ 2 3 0 2 1 2 16 14.81
1/ ! 1 2 3 0 1 7 618
12 © 0 1 0 0 1 1 3 2.7
1/210 0 0 1 1 0 0 2 1.65
1/2ut 0 0 1 0 0 0 1 0.93
1/213 0 0 1 0 0 0 " 1 0.93
=33MA n—'*9'ﬂ-18-ﬂ WPt H 101 (1XH7e b 18 KAIN)

Date of inoculation 3 Sep. 18 Date of observation : Oct. 17

Key: 1. Standard
2, (18 inoculation points per group)

As is evident in Table 2, thore is a reduction in the infection rate
at tho inoculation points as a function of a reduction in the bacterial

concentration of the inoculum.

Fipure 2 shows the corralation between the percentage of disease
spots at the points of inoculation and the bacterial concentration in the

inoculun as drawn on a normal probability graph.

" As the correlation between both of these factors as seen in the

fipure is generally linear,* it is balieved that the correlation batween
the loparithm of the inoculum concontration and the percentage of disease
spots at tha point of inoculation will generally follow a normal sigmoid

curve,

Experiment 3. Tasts of the Infaction Rate and tha Size of the Spots

on the Flag and Second Leaves and Inoculum Concentration

During 1952, a study was made of tha effects of a raduction in the
bacte*ial concentration of the inoculum on infection rates: and the size

£ the disease spots on tho flag leaves and the second leaves.* The

oactcrial concentration of tha ingculum was reduced in ten groups comprising

1/39, 1731, 1/32, 1/33, 1/3%, 1/3°,

1/3%, 1/37, 1/38, and 1/39 dilutions

of the standard inoculum concantration. A group of 10 plants was replicated

the variance in the replication was 185.69*%,

-5

* The results of linearity tests revealed the highly significant fact that
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(total of 20 plants) and three stalks were taken at random from each
olant, Treatmont code numbers were attached at random to these stalks.
The conters of the flag and second leavas were then inoculated with 10
vaccine points fixed in two rows 8 mm apart at intervals of 10 mm. Tho
varicties tested and the bacterial inoculun were the same as thoso used
in Expariment 2., Cultivation was in accordance with the cultivation
standards for wet paddy rice as spacified by the Kyushu Agricultural
Experimental Station., An inspection was made four days subsequent to the
inoculation to determine the number of inoculation points infected.

Measurements were also made of the size of the disease spots at the
infected inoculation points.,

The results obtained were as shown in Table 3 and Figure 3.
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2: The Percentage of Discase Spot Ploted on the,
Fmigrobability Paper Corresponding lo Logahmwf"M
of Baclerial Concentration in Inoculum.
rmlogsA R
y s Percentage of disease spot.
- A : Bacterinl concentration in
inoculum.




Tante 3 Differcnce between Flag-leaves and Second- Leav
Leaves in the Percen
of Discased S/)ol in Relation to the I'mocutum Concentration, reentaie
-4 g0 L2 B
Bacterial conce- : Leaf order
ntration in ino- - Y oo
”,. 1 LA -
culum Flag-le \vcs Scf:)(‘md Iv.";vcs
‘ ) o4 A
Ch Pkifl X 1/30 10000 100,00
¢ 1738 100,00 100,00
1/5 96.66 100.00
1/ S 1883 96.66
1/ 3 28 34 70.00
1/;.- .. 16.66 23,33
. 1/3 8.33 18.33
1/3 : 5.00 16 66
1/0% 500 5.00
R YR\ 1.66 15,00 -
-t ' T
) —#HA N K 9 j1 1.3’H" SRR 10)) 170 (1 (£ 60 fbdak)
Date of inoculation : Scp. 18 Dalc of observation : Qct. 17

Key: 1. Standard
2, (60 inoculation points por group)

The values shown in Table 3 were derived as follows: (Total
di.sease spot area)/(number of infacted incculation sites) was calculated
for cach leaf. The results were then totaled for all of the leaves which
had infected inoculation sites. That product was divided by the total
nunber of leaves to give the averaga dissase spot area for each inocula-

tion point for all of the discased leaves in .each inoculum concentration
group,

It may be observed from Table 3 and Figure 3 that the size of the
cdlsease spots drops as a function of reductions in the concentration of
thae inoculun. The disease spots generally form at lower concentrations
in the second leaves, which have lower resistance, than in the flag leaves
and the area of these spots is greater.

IIXI., DISCUSSION
It has baen generally racognized that there are differences in
susceptibility to diseasa damage gs a2 function of leaf order and the age
of the leaves®:7,8:9,10, Toyama,® has reported that absolutely no wheat
snow rot disease lesions form on the young leaves, but that the percentage
of disease lesions increases as a function of increased leaf agsa. He

concludes that there are substantial differences in infection batwaan tha
different leaf positions.

- With regard to the differences in the resistance among plant
varieties and diffarences in infection as a function of loaf order,
Simon’ statas that thers ars virtually no differences in the formation
of oat crown rust uredia in the resistant varietiaes as a function of leaf

-7 -
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T1u.3. Relalion between the Size of Disease spol and
the Bacterial Concentration in Inoculum,

agae, but that there are greater differences among the varieties in which
recistance varies by development stage and temperature. He also states
that the uredia form in gradually increasing numbers in the susceptible
varieties from the top leaves down, but that there are virtually no
differences between the leaves in the resistant variaeties. It is believed
that the same sort of correlation may he obsearved in Xanthomonas oryzae

in the present experiments. It is therefore considered that the genorally
hoavier infection by this disease in the lower leoaves in the fields, in
addition to being attributable to the timing of the infaection and other

outbreak conditions, may be also attributed to differences in resistance
as a function of leaf position.

As a general rule, there is a close correlation in animals, batween
death rates or infection rates and the bacterial or viral concentration of
the inoculum (or the quantity of the inoculation). It is well known that
this correlation forms a sigmoid curve. There has been wide use of probit
and LDgp in studies comparing thg paéhogenicity of bacteria and for
astimaging viral concentrationd+11+1¢ g writers, hava not saeen any
reports of the application of this mathodology to plant pathogenic bacteria =
however. Price, et al, 13,14,15 have reported on plant virus diseases and

-8 -




ciueuss tho reduction in tho number of nocrotic lesions as a funetion of
reductions in inoculum concontration in a number of virus diseasas. They
nave demonstrated that the lop-ratio mathod can be used for the measurow
ment of viral concentration. As noted in Experimonts: 2 and B.Xthere is a
recuction in infection rate as a function of reductions in the bacterial
concentration in the incculum. Ey applying an appropriatae nethodology.
it is therefore believed that it is possible to estimate to a degres thae
guantily of bacteria and their pathogenicity as well as resistance from this
correlation. For exampla, it is probably possible to:use prooit analysis
for determining palhogenicity, resistance and the quantiiy of bacteria
when the curve of tha correlation tetween bacterial conoentration in the
inoculun and infection rate is sigmoid as in Experiment 2,%

With regard to the sigmoid correlation batween inoculum concantration
and infectjon rates, however, it is believed that more careful taests nust
be made when there are differences betwaen the resistance of .the rice
plants, pathogenicity, bacterial concentration or other conditions.**

Comparing the results of Exporiment 3 to those of Expe mont 2, the
infcction rate for given bacterial concentrations was higher in the formar
although the bacteria used for tha inoculations and tha rice plant varieties
wore the same. Just as Spencer, ot al.*” have cautioned with ragard to the
formation of necrotic lesions in tobacco mosaic, this difference may be
accoptad as demonstrating that the differences in cultivation methods and
eavironmental conditions will affect the correlation between bacterial
concentration and disease rates oven in the same plant variety.

IV. SUMMARY"

A study was made of the differences in Xanthomonas oryzae infection
rates and the size of the disease spots as functions of leaf order and
bacterial concentration by the needle inoculation of the flag’ leaves and
second leaves. The results may be summarized as follows.

1. The disease spots which form at the inoculation si%éouon the

second leaves are much larger than those on the flag leaves when tha two
are inoculated concurrently.

2. Among those varieties in which tho disease lesionsfin‘the flag
leaves are small, i.e., in the resistant wvarieties in which the difference
in the aveas of the disease lesions on the flag leaves and tnqjeecond
leaves is snall the differeance tends to increase in the vari'ties in which
area of the disease lesions in the flag leaves was largar.

*“heon the probit method is used, the infection rate in xporiment 2
is still similarly linear. &

**The results of tha tests of linearity on the probit tranefo*mation
of infoction rates as dorived from Experiment 3 are significant
but their applicability is no better than in Tost 2.

-9 -




v
3. Tre rate at which cdicoease lesions appoars in the infected

inocalation sites decreases as o function of dacreases in tho bactorizl

coiceniration of the inoculun.  The siza of the lesions also docrenses.
. The curve of the corrclation betwaen the logarithm.of inoculvm

conceniration and the infection rate at the inoculation site is a normal

si~moid curve, however, the applicability of the sipmoid curve to the

vea el

~csults of Fxporiment 3 was less than its applicability to the rasults of
Lxperinent 2, y

5. Compared to the flag leaf, the less resistant secohdlleuf is
nore casily infected by lower bacterial concantrations and the disease
lesions are larger.
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SUMMARY

Porcentages and size of disscased spots on the flap-and the cecondary-
loaves lineally decreasod with praduzlly decreasing inoculated bacterial
concentrations., Tho discased spots of the secondary-leaves woare remarkably
larger in size than those of the flag-leaves, which were found to ke more
rosastant than the secondary-leaves rerardloss of bacterial concentrations,
In the sacondary-leaves, diseased spots could easily be formed at very
low bacterial concentrations., The differences in spotied area betwaeen
the flag~ and the secondary-leavss were smaller in resistant varieties
tnan in the susceptible varieties.




