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THE CORRELATION BEEZMEN XANTHOMONAS ORYZAE INOCULUM CONCENTRATION AND THE
SIZE OF DISEASE SPOTS IN THE FLAG AND SECOND LEAVES

[Following is a translation of an article originally entitled
"Effects of Inoculated Concentrations of Xanthomonas Oryzae
on the Size of Disease Spots," by Shigematsu Kuhara, Environ-
mental Section 1, in Kyushu No~yo ShikenJo Iho '(The Bulletin
of the Kyushu Agricultural Experimental Station), Vol. 4,
No. 1. pp 121-127.]

I. INTRODUCTION

Mukai, et al. 12 report that the disease spots formed following
needle inoculation with Xanthornonas oryzae are small in the resistant
varieties and large in the susceptible varieties. The writar 3 934  have
reported the same results in similar experiments that were performed
during the classification of resistant varieties. Mukai, and Yoshida, 1

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 soots
are largest at the tips of the leaves, then diminish in size at the center
and the base. The writers have performed experiments to determine the
differences in the onset of the infection and the size of the disease
noots as a function of leaf position and inoculum concentration following
needle inoculation. As a few observations have been made on the mutual
correlation between these factors, they have been summarized in this
report.

Deep thanks are expressed to Mr. Konjiro Kiriu, Mr. Tadahiro
Nishizawa and Mr. Michio Midome for their guidance during the conduct of
these studios.
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II. EXPEISiNTAL METHODS AND RESULTS

Experimont I. Experiments on the Size of the Disease Spots in the
Flag and Second Loaves.

(1) During 1951, four plants each of 20 varieties were cultivated
in 40 unglazed pottery, 1/10,000 tambu Cl tambu = .1 hectares] pots, the
plantings being replicated. The flag and second leaves of the plants
were 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 difference
between the flag and the second leaves 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 varieties tested.

The methods used for inoculation and for observation were the same
as those covered in the previous report.

(2) During 1952, 12 pots of the same type as those used during
the previous year were utilized in the tests. These pots were planted
with three varieties to replicate the tests four times. The operations
were the same as those that had been conducted the prior year, while
inoculation was by the same method as previously reported by the authors. 4

The results are summarized in Figure 1.

On the basis of the data contained in Table 1 and Figure 1, it can
be 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 area
of the disease spots on the flag and the second leaves in the resistant

- variety, Ogyoku, than the other two varieties. For this reason, the
difference in the area of the disease spots on the flag leaves and the
second leaves was calculated from the data in Table 1 for each of the-
varieties. A rank correlation was then established between the area of
the disease spots on the flag leaves and the difference between the areas
of the disease spots on the flag and second leaves for all of the varieties
tested. 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.
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TAiI 1I/w 1 The. r Sike of Disease Spots on Fug.Le.aves and

Second.Leaves by ".VN.ed'.l'u.ehire" Inorulation.

-j . -,. First observation Second observiation
Varieties ".• __• €---•. i.-.t. - l•

Flag-.he;ves Second'leaves Fla.|-.,ves Second,. a'es

""F11', n IaI P1101'l
2  

lIOP1

- 26 681IS38G
. .• 1 47 .276 58:

N. 1 .', 13 125 177
S 12 . 6 23 119 213
S1...33 106 283 75G

!2! 12 ,10 425 52-.3
j I ij 4 6 . 6 41 233 796

SG1 82 511 1110
,+ .' . 120 * 7 62 363 875

8 53 227 878

" l' ,ij 3 4) . 11 , 509 1272
'1 141 ';, 4 4 4.1 193 1G13 2:191

S 4 0 12 59 225 7L,'
, - 129 459 9O6 1712

,.: III 13 73 575 170C

' . ,!: 1 8 . 17 88 230 .,29

, ., 2 7 - 3:1 50 :371
3 7 " (1 :19 267 971 -

13 53 300 517
S2 9 4.) 11 101 530 822

Date of inoculation Aug. 31

Date of First Observation : Sep. 15 Date of Second Observation : Oct. 1

(Total disease spot area of 24 leaves, 96 inoculated points per variety.)

Key: 1. Zonsho No. 26 11. Nankai No. 3
2. Akashinryoku 12. Saikai No. 44

3. Shinseki No. 2 13. Norin No. 40

4. Ogyoku 14. Toishi

5. Norin No. 12 15. Kamiyama

6. Kogane maru 16. Norin No. 18

7. Seikai, No. 46 17. Norin No. 27
8. Kamiai 18. Norin No. 37

9. Oita mitsui No. 120 19. Tambo

10. Tama 20. Norin No. 29

Thus, it may be observed that, in the varieties in which the disease

spots formed as a result of needle inoculation are small, the difference

botv:een the area of the disease spots on the flag leaves and the second

leaves tends to diminish as a function of increased resistance.

Experiment 2. Experiments on Infection Rates and Inoculum Concentration

During 1952, a study was made of the correlation between inoculum
concentration and infection percentages at the needle puncture sites in

the wet paddy rice, Norin No. 18, in the fields. This variety is believed
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to bo of mediira resistance. Cultivation conditions, in stummary, were:
Planting .Iay 24; transplanting to the main fields, June 27; three stalks

of each plant planted; space betw-on plants, 9 sun [1 sun = 1.2 inches]

X 9 sun. Fertilization (per tan [1 tan = .245 acres] was: Initial
fertilization (June 25) 100 kan r1 kan = 8.72 lbs.] of compost, 6 kan of

anr-oni=, sulfate, 10 kan of lime and 3 kan of potassium chloride; first
su-pnlementary fertilizaton (July 18), 2 kan of ammonium sulfate; second
supplementary fertilization (August 16), 2 kan of ammonium sulfate. The
bacteria used for the inoculation were supplied by the Agricultural
Tochnology Instituto. The bacteria were cultured for five days at 270 C
on a 2V sugar, Irish potato broth, inclined agar culture medium. From
f-'.o test tubes of this !ulture were mado ). cc of the bacterial suspension.
The suspension was diluted to a point between No. 3 and No. 4 in a standard
barium sulfate solution5 by nephelometry. This was used-as the standard
inoculum concentration. The test concentrations were in 13 dilutions,
1/20, 1/21, 1/22, 1/23, l/24, 1/25, 1/26, 1/27, 1/2, 1/29, 1/21-, 1/211,

-and 1/212, of the standard inoculu= concentration. The test groups were
replicated six times. Within each test group, 13 plants were selected
at random, then three stalks of each of these plants were selected 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
vaccine points fixed in two rows 8 mm apart at intervals of 10 M1. An
inspection was made four days later of each of the leaves that had been
inoculated to determine whether disease spots had formed at the inoculation
puncture sites.

Fi,.1. The Average Size of Disease Spots on
Flag-Laues and Second.Leaves by

"Needle.Puncture" Inoculation.

Date of inocuidation - Date of obvervation
SSep. 17 Oct. E .,

(Total disease-spot area of 64 leaves, 256 inoculated 300 - - *
points per variety). flaý second

lea leaf

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

100

The same concentration was repeated for three stalks within each test

group at will.
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The results were as shown in Table 2.

*,cd4 Ir~tkL & * ~Percent-
Bactcrial Replication age4' oef

concentration -- Total di . %,e Cd
in inoculum 1 2 3 4 5 G $Pots

q; x 1/2,1 18 15 id 16 1 E b03 0.37
1/2' 14 .411 13 18 15 Is " ,' -9 8f626
1/2= 17 10 13 17 8 16 81 75.00

8 / 11 17 15 14 15 80 74.07
1/'- 6 '0 it 8 8 10 56 51.85
1)2; 5 12 10 7 8 8 51 47.22
1/b" 0 5 .1 8 3 5 25 M3151 /'21 2 3 6 2 1 2 16 14.81:
l/2' 1 1 2 3 0 1 7 618

0 1 0 0 13 2.'7
112'" 0 0 1 '. 0 0 2 1.85
1/211 0 0 1 0 0 0 1 0.93
112' 0 0 1 0 0 0 1 0.93

Date of inoculation t Sep. 18 Date of observation Oct. 17

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

As is evident in Table 2, there is a reduction in the infection rate
Sat the inoculation points as a function of a reduction in the bacterial

concentration of the inoculum.

Figure 2 shows the correlation between the percentage of disease
spots at the points of inoculation and the bacterial concentration in the
inoculum as drawn on a normal probability graph.

As the correlation between both of these factors as seen in the
figure is generally linear,* it is believed that the correlation between
the logarithm of the inoculum concentration and the percentage of disease
spots at the point of inoculation will generally follow a normal sigmoid
curve.

Experiment 3. Tests of the Infection Rate and the Size of the Spots
on the Flag and Second Leaves and Inoculum Concentration

During 1952, a study was made of the effects of a reduction in the
bacterial concentration of the inoculum on infection rates and the size
of the disease spots on the flag leaves and the second leaves.- The
bacterial concentration of the in 9cultu was reduced in ten groups comprising
1/30, 1/31, 1/32, 1/33, 1/ 34, 1/3 . 1/31, 1/37, 1/38, and 1/39 dilutions
of the standard inoculum concentration. A group of 10 plants was replicated

* The results of linearity tests revealed the highly significant fact that
the variance in the replication was 185.6900.
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(total of 20 plants) and three stalks were taken at random from each
p.ant. Treatment code numbers wore attached at random to those stalks.
The centers of the flag and second leaves were then inoculated with 10
vaccino points fixed in two rows 8 nm apart at intervals of 10 =.'. The
varie•ties tested and the bacterial inoculum were the same as those used
ir zx-oeriment 2. Cultivation was in accordance with the cultivation
standards for wet paddy rice as specified by the Kyushu Agricultural
E•P-rimental 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.

0 0

7t I ! I I I I I i p 1 -

1 - -9 -3 0

Fjo.2; t'ie Percentage of Disease Spot Ploted on the,
Probability Paper Correspopidiig to Logalog *',s,'Y

of Bacterial'Concentfat ion in Inloculum,.
irmlogsA

y Percentage of disease spot.
A ; Bacteri.a concentration in

inoculum.
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TAnra.P 3 Differenc bcewc'en il.Ig-.Leaves anid Sccond-Leaves in the Percentla e
of Diseased SPot in Retalio, to the Inocuin,, Concentratio,.

B3aterial conce- Leaf order
ntration in ino. II.
culum Ia•.h, aves Second-leavc .

;, iij X 1/3' 100.t0 100.00
]/3, 100,00 100.00
I/:;0j (16.66 100.00
I /x, -18.33 96;.
S 1/3, 28 33 10.00
1/3-1 .. 1G.66 23.33
1/3" 8.33 18.33
1/31 5.00 1666
11:1% 5.00 25.00
139 1.06 15.00

n-tfl1F : 9 )1 i8-W- N~~f 11Fl : 10))117 ilI GO 141+16A'~)Date of inoculation : Sep. 18 Date of observation : Oct. 17

Key: 1. Standard
2. (60 inoclation Doints per group)

The values shown in Table 3 were derived as follows: (Total
* disease soot area)/(number of infected inoculation sites) was calculated

for each leaf. The results were then totaled for all of the leaves which
had infected inoculation sites. That product was divided by the total
number of leaves to give the average disease spot area for each inocula-
tion point for all of the diseased loaves in .each inoculum concentration
group.

It may be observed from Table 3 and Figure 3 that the size of the
disease spots drops as a function of reductions in the concentration of
the inoculum. 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.

III. DISCUSSION

It has been generally recognized that there are differences in
susceptibility to disease damage s a function of leaf order and the age
of the leaves 6 ,7, 8 ,9,l0. Toyama,Q 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 age. He
concludes that there are substantial differences in infection between the
different leaf positions.

With regard to the differences in the resistance among plant
varieties and differences in infection as a function of loaf order,
Simon7 states that there are virtually no differences in the formation
of oat crown rust uredia in the resistant varieties as a function of leaf
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J lare second
eaves toaves

..0

3 ii

.is

4

Concentration in inocuh'm

IVit.3. Motaion beltwcee the Size of Disease spot and
the Bacterial Concentration in Inoculm~n.

age, but that there are greator differences among the varieties in Vwhic~'4.
resistance varies by development stage and temperature. He also states
that the uradia 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 varieties. It is believed
that the same sort of correlation may be observed in Xanthomonas oryzac
in the present experiments. It is therefore considered that the generally
heavier infection by this disease in the lower leaves in the fields, in
addition to being attributable to the timing of the infection 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, betwoen
death rates or infection rates and the bacterial or viral concentration of
the inoculum (or the quantity of thi inoculation). It is well known that
this correlation forms a sigmoid curve. There has been wide use of probit
and D1 0 in studies comparing the pa hogenicity of bacteria and for
estia ing viral concentration5 #11' . The writers, have not seen any
reports of the application of this methodology to plant pathogenic bacteria
however. Price, et al. 13,14,15 have reported on plant virus diseases and
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(".c';~ the reduction in the nunbr of necrotic lesions as a fnction of
"rtuctions in inoculun concentration in a number of virus diseases. They
hcn'n c'cmonstratnd that the lofj-ratio method can be used for the measure-
meet of viral concentration. As noted in Experiments 2 and 3,'iýthere is a
S...Iuction in infection rate as a function of reductions in thnebacterial
concentration in the inoculum. By applying an appropriate methodology,
it. is therefore believed that it is possible to estimate to a degree the
quantity of bacteria and their pathogenicity as well as resistance from this
correlation. For example, it is probably possible to use probit analysis
for daetermining pathogen!icity, resistance and tha quantity of bact6ri.
when the curve of the correlation between bacterial concentration in the
inoculur.T and infection rate is sigmoid as in Experiment 2.*

leWith regard to the sigmoid correlation between inoculum concentration
and infection rates, however, it is believed that more careful tests must
be made when there are differences between the resistance of the rice
plants, pathogenicity, bacterial concentration or other conditions.**

Comparing the results of Experiment 3 to those of Experiment 2, the
infection rate for given bacterial concentrations was higher in the former
although the bacteria used for the inoculations and the rice plant varieties
wcra the same. Just as Spencer, ot al. 1 5 have cautioned withir.gard to the
formation of necrotic lesions in tobacco mosaic, this difference may be
accepted as demonstrating that the differences in cultivation methods and
environmental conditions will affect the correlation between bacterial
concentration and disease rates oven in the same plant variety.

IV. SUINARY

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.

I. The disease spots which form at the inoculation sites on the
second leaves are much larger than those on the flag leaves when the two
are inoculated concurrently.

2. Among those varieties in which the disease lesions in the flag
leaves are small, i.e., in the resistant varieties in which the difference
in the areas of the disease lesions on the flag leaves and the'second
leaves is small, the difference tends to increase in the varieties in which
area of the disease lesions in the flag leaves was larger. :

*5'hon the probit method is used, the infection rate in Experiment 2
is still similarly linear.

**The results of the tests of linearity on the probit transformation
of infection rates as derived from Experiment 3 are significant,
but their applicability is no better than in Test 2.
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13. TYa r.Ite at which clcoaso lesions appears in thn infoctcc-
.o..tio, ýsites decreases as f Unction of docreases in tho bnctori5l
icc(. .- ,rtion of the inocLjLL-1. The size of the lesions also dccrenzi'.

'• 'The curve of the correlation botween the logarithm, of inocullrz
c3:,cc,".:ration and tho infection rate at the inoculation site is a noriral

oi-zoid curve, however, the applicability of the sigmoid curve to the
r.•sults of Fx.-nrimnnt 3 was less than its applicability to the results of

<pnrinent 2.

5. Compared to the flag leaf, the less resistant second leaf is
more easily infected by lower bacterial concentrations and the disease
lesions are larger.
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SU,•DARY

Porcentagos and size of diseased spots on the flag-and the secondary-
loaves lineally decreased with Cradually decreasing inoculated bacterial
concentrations. The diseased spots of the secondary-leaves wore remarkably
larger in size than those of the flag-leaves, which were found to be more
resistant than the secondary-leaves regardless of bacterial concentrations.
In the secondary-leaves, diseased spots could easily be formed at very
low bacterial concentrations. The differences in spotted area between
the flag- and the secondary-leavos were smaller in resistant varieties
than in the susceptible varieties.
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