fBACTERIAL LEAF BLIGHT OF RICE PLANT | IV
Effect of Bacterlophage on the Infect1v1ty of
Xanthomonas oryzae™®.
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‘Abstract”

Some factors assomated w1th the 1nfect10n of X. oryzae Was clarlﬁed k nd
the effect of the phage on_the infection of X. oryzae was studied. In ‘the
greenhouse condition when two-month old rice “plants™ (Taichiing” Natlve 1)
were inoculated ‘with' X. oryzae; only 1x10 cells pér ml ‘of ‘X, oryzde was
required ‘to-obtain 439 infection.:  When six-day old seedlings were used, - 1x:
108 cells per ml of X, oryzae was required to obtain 302 infectivity. . ‘Obviously,
six-day old seedlings were more resistant than two-month old plants ‘When
the phage was applied 1 day before X. culation, all inoculated leaves
were free from infection. However, when phage was applied with X. orvzae
or.: 24 ‘hours.after X. oryzae infection; the. effect was.not so. great. Apparently
the apphcatron of phage has 31gn1ﬁcant brotective effect on r1ce plant from
the 1nfect10n of X oryzae, but less therapeutlc effec

Introductlon

The concentratlon of bacter1a1 cells in the Water of paddy ﬁeld or:.on the
site of. 1nfect1on is beheved to.be very 1mportant to the mfectlon of r1ce plants
by bacterlal leaf ‘blight. caused by XanthomonV

oryzae ,‘For successful mfectmn

ever the 1nf01 matlon concermng thlS pomt is st111 obscure If thls mformatwn
can be clarred and 1f ;there . is: any. approach. Whlch can . keep the bacter1a1
concentratwn in. the paddy. water. or the site of 1nfect1on below this cr1t1ca1
concentratlon the rice blants may be protected. from the. attack by this, d1sease,

Previous studles showed that phages of X. o7yzae were widely d1str1buted
1n the Water pf paddy ﬁelds (Kuo et al., 1968Db) and at least six morpholog1cally
drstmetwe phages Were 1solated and thelr propertles stud1ed (Kuo et al 1967,;
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Kuo et al., 1968a, Kuo ef al., 1969). These phages were very easy to be culti-
vated and could produce 6x10*2 pfu per m! by conventional cultivation method.
The phages could also be kept in lysates or on dry filter papers at room
temperature for at least srx months wrthout losing their actrvrtres These
properties are very helpful when they are used for the brolog1cal control of
this disease. ‘ ‘ o

Many attemps have been-made to use phages for disease control. Some
of them have succeeded but others have failed. They have been extensively
reviewed by Okabe and:Goto  (1963). ' Recently; Stomier’ ef al., (1967) have
demonstrated that bacteriophage: PF;. of ;{grzga;cteriumgCtumefaciens had its

inhibitory effect on tumor induction, and Civeroclo and confirmed

that leaf infection of bacterial spot of peach was significantly reduced when

the phage was apphed as a spray and allowed to dry before 1noculat10n thh

Xanthomonas jbmm , , ‘ '
In thls 1nvest1gat1on, an attempt was made to use phages for drsease

control For the preliminary. information,..some factors associated with thei

infection of ' Xu oryzae were: clarlﬁed and the effect of the phage on the 1nfec'
1on of X oryzae was studled : : : '

Matenals and Methods

Xanthomonas oryzae strain 604 was or1g1nally 1solated from infected rice
plants ‘collected from Tarchung 1n 1970 The cultur was mamtarned 1n PS
agar slants (Kuo et al, 1967 ) and stored in a refr1gerator §at 4°C. The phage
used was Xpl2, a virulent phage active against X. oryzae. It was originally
isolated from dlseased spec1mens and preserved at the Inst1tute of Botany,
Academra Smrca i V S ’ L ‘

Cultures of X. oryzae ‘grown in PS medlum for 16 hr at 28°C were dlluted
with’ sterllrzed water and used to 1noculate r1ce plants Hrgh titer stocks of
the ‘phage were prepared by 1nocu1at1ng an early 16g phase (4><10s cells/ml
culture of bacteria in PS medium at 28°C, and this culture was ‘aerated con-
tmuously until lysrs was complete “Such lysates contained approxrmately 3%
102 pfu phage ‘per ml. 'Bacterial debris was removed by centrrfugatron and
pasSed through Mrlhpore membrane ﬁlters (mean pore srze 045 ;r) Lysates
were ‘stored at 4°C R b AR ERe

*The standard two- layer agar techmque ( Adams 1959) was used to determme
phage titers. A mixture containing 0.5ml! of X. oryzae 1nd1cator and 0:1'mb
phage sample. was added.into 3ml of melted semisolid PS agar (0.6%. agar)

meditim. The mixture was poured over a layer of the same medium, except
that the concentratwn of agar was 16/ Plaques were counted after mcubat-
mg the plates at 28°C overnight.
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Rice:plants used were ‘variety’ Taichung ‘Native 1. {a highly ‘susceptible
variety)... Since" the: susceptibility. of seedlings was known to differ from that
of aged plants, one-week old seedlings-and two-month-old plants were: selected
for:comparison. " For the inoculation of young seedlings; six-day-old. seedlings-
grown in petri dishes were removed and- injured by -cutting off the tips.of
leaves. The injured seedlings were immediately immersed in bacterial ‘suspen-
sion for:one hour, then planted in pots under greenhouse. condition.. . T heins
fectivity: was examined 10: days. after. inoculation. .Since the 1nfected young
seedlings ‘wilted and died rapidly, the amount .of infection was expressed..in
terms. of .percentage: as calculated by dividing the number.of infected plants
by the total number of plants originally inoculated.. For. inoculation of two-
month old plants, uniform size leaves were selected and inoculated by cutting
off the leaf tips and dipped into bacterial suspensiyonfor one hour. After ten
days the severity of disease was examined. Based on. the development of
symptom, the severity of disease was divided into 5 grades; they . were: no
symptom =0, infected area became yellow and. restricted to a small area =1,
infected area became yellow and symptom developed: slowly =2, mfected area
became water soaked, and the symptom developed fast ~3 whole leaf shrrnked
and wilted rap1d1y =4. The percentage of d1sease 1nfect10n was determmed'
by the following equat1on , L k '
(ax0) +(oXx1) - (eX2)+(dX3) +(ex4)

nx4
a, b, ¢, d, e, express the number of inoculated leaves ‘at’ grades 0, 1 2, 3 4’
respectrvely, and n expresses the total numbér: of rnoculated leaves

Percentage of infectivity= x100

Results

Age of plcmts amd‘ mfectwn‘y of X. oryzae

Suscept1b111ty of SlX day old seedhngs to bactenal Ieaf blrght Was drfferent
from that of two- month old plants When two month old plants Were 1noculated;
W1th 1><108 bactenal cells per ml, the symptom appeared 4 days after 1nocu1a-k
tron, but symptom developed slowly However, when young seedhngs were
mfected the symptom usually appeared 10. days after 1noculat1on but once
1nfected the whole seedllng W1lted and dred w1th1n a few days k

Inoculum concentmtzons cmd mfectzvzty of X, oryzae S k ;
Since the symptom developments of six-day old ‘seedlings and two-month
old ‘plants were. different; rice: plants “of both ages were examined for their
responses ‘to-different inoculum concentrations: * The inoculum: ‘concentrations
tested were 0, 1x10%, 1102, 1% 10%, 1x10%, 1% 105, 1x10¢, 1X107, 1x108, 1x10°
bacterial cells'per ml. = The plants were inoculated by injuring the leaf tips
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and dipped in different concentration of bacterial suspensions for one hour,
they were then planted in pots under greenhouse condition for observation.
As indicated in Table 1, the response of young seedling and aged plants to
different concentrations of bacterial suspension was quite different. When
yvoung seedlings were inoculated, much higher concentration was required for
successful infection. If inoculum concentration was below 1x105 cells per ml,
seedlings were almost all free from infection. When two-month old plants
were inoculated, 43% of inoculated leaves became infected even the inoculum
concentration was as low as 1x10' cells per ml. However, when plants were
inoculated with low concentration of inoculum, the symptom appeared rather
late and developed slowly.

For young seedlings at the concentration of 1%10% cells per ml, the in-
fectivity was around 3025 and progressively increased with increasing inoculum
concentration. As the concentration reached 1x10% cells per ml, all seedlings
were completely killed. For aged plants, when they were inoculated with
inoculum at concentration of 1x10! cells per ml, the symptom appear slowly
and the severity of symptom was gradually increased when the inoculum con-
centration increased. At the concentration of 1X10% cells per ml, the majority
of symptom was yellow and restricted to the leaf tip of inoculated site. When
the inoculum concentration was above 1Xx10* cells per ml, the symptom
appeared earlier and spread fast, and always caused wilting of the whole leaf,

Effect of bacteriophage on the infection of X. oryzae

The two-month old plants grown under greenhouse condition were injured
by cutting off leaf tips and dipped in bacterial suspension at 1x10® cells per
ml. The phage was applied at following 5 different times: (1) 1 day prior to
X. oryzae inoculation; (2) 3 days prior to X. oryzae inoculation; (3) 7 days
prior to X. oryzae inoculation; (4) Same time as X. oryzge inoculation; (5) 1
day after X. oryzae inoculation. Application of phage was done by injuring
the leaf tips and then dipping into phage suspension (1x10° pfu/ml} for 24
hours. As indicated in Table 2, a marked protective effect occurred when
phage was applied before inoculation with X. oryzge. When the phage was
applied 1 day before X. oryzae inoculation, all inoculated leaves were free
from infection. The disease reduction was 10025. When phage was applied 3
days before X. oryzae inoculation, the infectivity was 32, compared to 972 of
the control plants, which corresponded to 9625 disease reduction. When phage
was applied 7 days before inoculation, the infectivity was 1325 as compared
with the control, the disease reduction was 86%. Apparently, the phage was
stable for 7 days in site of infection in the absence of host bacteria, and still
effective in protecting seedlings from X. oryzae infection. When rice plants



13

ty of X. oryzae

Jan.,; 1971 Kuo ef al~Bacteriophage and the Infect

11

001 86 0 0 0 0 85 001 76 6. 0TI

00T oL | 0 0 0 0. oIT 001 6 26 OTXT

00T 201 |0 0 0 0 201 e 75 0ot OTXT

0ot & | 0 | o 0 0 86 08 0 00T OTXT

0T 001 | o 0 0 0 001 9 9 86 01

26 26 9 z o | o 00T ¥ ¥ 00T - 0L T

) 8% Q 12 z 0 26 0 0 101 0TXT

&7 R 2 18 no| oz 9% 0 0 o1t DTXT

b g e 92 LT 12 001 0 0 201 0I%T

0 0 0 0 0 00T 001 0 0 86 0
Aypanodyur 72 ! _ mm@Luw amae.m_.&éﬁ _ ° ? moﬂﬂ%ﬂwwoﬁz R e m»:ﬂwwowwawoz ﬁwﬁmﬁmwoﬁz ( ﬂmho\ S[192 3O "ON)

AHM ,A@NV.NOM ﬁ@uU@MQm ..HO .OZ ‘ mu.ﬁh“ﬁ@@ﬁoo

" syue(d plo ‘YIuow-oM [,

s3Ui[pe9s pIo ABp-XIG

wnmnoouy

squvg 2914 f0 95D 32»%.% so, apzhilo mcﬁcﬂaﬁzem Jo &&Ew\yﬁ wﬁ uo g.aet&%&% §§§8§ \a;%mnm@ , ,‘.‘H‘ozaﬁ

2l



Vol. 12

Botanical Bulletin of Academia Sinica

14

- 0 0 0 0 0 | 9€ 9¢ - 0 0 001 zldx 83eyd
0 1.6 1€ | ¢ T 0 |1 e 0 98 98 00t ovzh40 X

. . UOI3e[NO0UL
S 7A £l 8T | § 0 T 9 0g 12 17/ 74 00T 10338 AEp T aSeyd perddy
T'er 7'¥8 2] 9 g 0 |2 Z¢ 01 8L 8. 60T sumxyw gidy pue ap2fso Y

° * uorje[nooul o}
£98 61 ¢ 4 L 0 9z & Jorad sLep 4 o8ryd peiyddy

. . UOIIB[NOOUL 01
996 e 0 L 0 L 8 0e zorad sfep ¢ oFeyd perddy

UOIIRINOOUL 03
00T 0 0 0 0 0 _ 0g og ﬁ 00T 0 0 GOT sorxd fep | oFeqd parddy

! |
- ¥ I | 211 0 | pejemoour pa1o9ur | pejeInoour
e g 76 L L0 P s | | PR |
! 0 o 3 I 13 . t o © . -
soawe] pojooyur Jo o | S0 0N 30 "ON J0 *ON sjuoUIIERL],

sjyue[d pjo yjuow-omJ,

s3urpe9s plo Aep-XIg

SpUDIG 8014 0 25D JUa43[1p U0 anzAI0 svUSWIOYFUDY [0 U0 UL 2Y] o 25vYd ZTdY fo 12l ‘7 9lqel



Jan., 1971 Kuo et al.—Bacteriophage and the Infectivity of X. oryzae 15

were inoculated with a mixture of X. oryzae and the phage, or W1th X oryiae
1-day’ after the phage apphcatron ‘the percentage of 1nfect1v1ty was 84 and
73/ "As compared with the’ control, the disease reduction was 13 and 24%.
Obvrously the effect was much less than that of applymg phage prior to X.
oryzae inoculation.

In ‘order to~confirm the above reSults, six-day old seedlings were tested
for the same purpose. The seedlings were inj:ured'”by cutting off leaf tips and
dipped in bacterial Susp’ension at -1x10% cells per ml* The phage was applied
at following 3 different times: (1) 1 day prior to inoculation; (2) same as X.
oryzae ‘inoculation; (3) 1 day after inoculation. ‘Application of phage was
also ‘done by cutting off the leaf tips“and dipping in ‘phage suspension- {(1x10?
pfu/ml) for 24 hours, The results are showed in Table 2, there was no infec-
‘tion occurred when phage was applied before X. oryzae infection. However,
when phage was apphed with X. oryzae or 24 hours after ‘X. oryzae infection;
the degreéd of infection'is similar to X oryzae ‘infected control. - ‘Again, ‘the
evidence “showed that the ‘application - 'of the phageé has s1gn1ﬁcant protective
effect on rice plant from the mfectron of X. oryzae, but only little therapeutrc
effect. S ' i

Discussion

From the results presented, it was found that the susceptibility of aged
rice plants and young seedlings to leaf blight disease was different, especially
the response to drfferent moculum concentratrons When young ‘seedlings were
inoculated Wrth X. oryzae, an inoculum concentration with 1x10° cells per ml
was, reqmred to obtarn 30/ mfeetron, yvhen the 1nocu1um concentratlon was
below this concentratwn “all seedlmgs Were free from the drsease Whereas,
if the two-month old plants were moculated only 1x%10 cells 'per -ml was
required to obtain 43/ 1nfect10n Apparently, 8ix- day old seedlings was more
resistant than two- month old plants The mechanism of the resistant is till
unknown, however it is an mterestmg problem to-be further 1nvest1gated

In the summer of 1969 samples of paddy water  were randomly collected ~
from the healthy rice field. The ex1stance of phage in these samples were
exammed by two- layer agar techmque Tt was found that ‘the phage actrvrty :
was very easy to be detected among these samples “If the speclﬁcrty of the
: phage to X. oryzae 1s~~very'h1gh the exrstance of phage should represent the
existance of X. oryzae Consequently, it means that X oryzae should be wrdely
distributed in the rice field. If this- assumptron is true;’ ‘the infection of X.
oryzae should be decided by the inoculum concentration. Bacterial concentration

as high as 10° is rarely found in paddy water, except the water drops just
exuded from the hydropore of diseased leaves. However, we have frequently
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encountered with paddy waters which.have a concentration of 1x10 cells per
ml. Therefore, the chance for seedlings to be attacked by X. oryzae is rather
low. On the contrary, the chance for two-month old plant to be attacked by
X. oryzae was much higher. Since very susceptible rice variety Taichung
Native 1 was used in this experiment, the critical concentration for disease
infection was very low. If resistant variety is used, the critical concentration
of disease infection should be higher. ,

The application of phage on rice leaves can reduce the amount of X, oryzae
infection. But there was no significant effect on the amount of infection when
rice leaves were inoculated with X. oryzae prior to phage application. Ap-
parently the phage can not come in contact with the bacteria. Thus disease
therapy by means of the bacteriophage is of no value. It is possible that the
bacteria rapidly occupied sites within the intercellular spaces, which made
them relatively inaccessible to the phage.. However, when the bacteriophage
was applied, first they can widely distributed in intercellular spaces at the
presumed sites of X. oryzae infection. In this case, the phage was able to
infect more bacteria, in addition, phage infected bacterial cells could release
more phage particles within the intercellular spaces, and infected more bacteria,
thereby the amount of infection reduced.
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