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Studies on Witches’ Broom of Tea

II. Various Inoculation Tests to Tea with Crude Sap of
Diseased Tissues of Tea

Kazuo UeHARA, Toshiyuki NoNAKA and Yukito KAWANABE
(Laboratory of Plant Pathology)
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Table 1. Relationship between the methods of inoculation and the infestation, when
crude sap of diseased tissues was inoculated to tea by various methods

Date of No. of ’ No. of Percent. of

Method inoculated inoculation | inoculations ’ infestations | infestation

|

Base of axillary bud was inoculated by ‘
needle puncture, wraped up in sanitary
cotton containing the sap and covered
in polyethylene tape

10.20 72 8 1 1.1

10.22 162 34 21.0

|

Base of ax111ary bud was inoculated by i
needle puncture, and the section was 10. 20 !
daubed with the sap
Base of axillary bud was wraped up in !
sanitary cotton contaning the sap and 10. 20 90 1 1.1
covered in polyethylene tape

Base of axillary bud was injected with | o 7 7 V ‘

the sap by 1n)ect10n needle 10.22 92 28 | 30. 4

Tea was sprayed w1th the sap | 10.20 — 3 i —

" Tea wounded by cudgel was sprayed 7 7 - . . f»

with the sap 10.20 134 | —
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Table 2.

Relationship of the parts of inoculation to the infestation, when crude

sap of diseased tissues was inoculated to tea

. Date of No, of § No. of Percent. of
Part inoculated inoculation | inoculations 1 infestations | infestation
10.20 72 ’ 8 1.1
Base of axillary bud of young shoot* 10.21 166 ‘ 14 8.4
10.28 118 ‘ 25 21.2
; . 10.20 ‘ 56 3 5.4
Inter-knot of young shoot 10. 29 | 51 | 13 25, 5
Section of young shoot** % 10. 20 ‘ 61 | 8 13.1
Midrib of young leaf* 1 10. 20 [ 58 | 0 0
Section of young leaf** 10. 20 ‘ 56 0 0
. . - . 1020, 103 5 4.9
Section of petiole of young leaf | 10. 29 | 58 | 6 10.3
Section of branch, 2-3 years old** | 10.20 | 65 | 11 16.9
Wounded part of trunk, about lcm in !
diameter 10.20 70

3 i 4.3

* Inoculated with the sap by needle-puncture, wraped up in a sanitary cotton contain-
ing the sap and covered in polyethylene tape

B4

WE T ANTHE U ECULIZII & X XD
BT~ ORR, TN IR I E Ol
W L ar T E T BB/ 225 %, O RERRY
TFLUF—FEINETNE T 4 A VTHBILT.
PEREEUI R AR 50~160 TH A, BFEIL 10 A
20, 21, 28 51029 HOD 4 ACHTIz - TZEW,
BIES BRI LT,

2. B ES
WEEEELEITERR L2 b O Cid, HE4~5 Hiczw
TR S D &bt F I D A W03 ET
WCHEREL T 6 DTk, AU, BRIRMALITE O
HHsH B DTz, ABRIK OFEREUIN 2 L ITRd
HTHaH., PCHEMLILT>ORRX T b ¥
WL ALNEN -T2, OMEBXTIZdXTOD
KICFRHI D bz,

5. WHEORLZDBHEEN OB EEDT
REXBCEEL LB SORKROER

TALD 572 B RERHLER, BIAIL AU AR & IEAHT
HETIREDL ST Y DL OREEDIFAET 202 L
HARICNE B A, BUIOL 5B TR 2 1)
H, TS BARRRBNCHRRIL T, ZILE i
AL

1. ®MHEEHE

Wraped up in sanitary cotton containing the sap and covered in polyethylene tape

PEAZBRNI SRS U 3HED “Rax” C
BB, FPERHERE O OEDE S IKLTE-12. T2
HH(1)2 ~ J4EFTICHER I E O AWV & Z IUTRENT
AMEUTZ A, (2596 # ARNCHRA UICIEAHBO
B L DL 12 - 123, (3)IF U BERHTHE D Senmat

RO DB A T HR, (BRI L THE LT
WD BARHOFHI, (7)1 RTINS TR 2 BERT 5
T &L - THRIB USRI OALRHRE, O 7 FROM
%% HCHT OZ-KD S ERIE L, 22 B E O
KEMATT Lo —TCHRLIC.

PERR, MROEFASRICEHERE 217780, 2 O 21t
WO ERIBUNEHTOOA, IHIRZEFDELZEY =
FLUF—FTELCEICL» T -T2 HEDE
D5 L8 RO ML 2 DT WBRIZEYTH
B, BRI 10 B 22 Bigfiisey, BUE S HItRRoR
% U 67,

2. 1% e

FRIIFIRICGRTMYTH A, #96 » HRNTIHAE
UTZHERHTHE T AEE, JCani e IR E 2R
UTzhd, AW E Z DU DIOAERFETZL O
15 L OO K U To O T I RR RO FEEITE L
R IC & b TR U T NERHIX I 2 DR DIEH
RRRUT. TIRRBOBEFE & BRAITEL



90 MR — K - BpchF 2 - FIOAEA

Table 3. Infestations by the crude sap made from various diseased tissues obtained
from the different parts of tea, when the sap was inoculated to tea

Tissue tested ! in(};rgia?{ons inf?s(;étoigns ipnegecs?cg:ioﬁf

Whole of diseased shoot 162 ‘ 34 21.0
Old gall and hypertrophied shoot o ‘.ﬂ i36ﬂ N 3 fw 2.2
Lower-half-stalk of young shoot, hyper-tr(;phled 1 N 11;1 N - 55 - ': 48.2
Upper half-stalk of young shoot, hypertrophled 1"37 S 43 - '51 4 V

. Young leaf haven hypertrophled m1dr1b ‘ » i44 } 7 1717 | : 7 76
Young hypertrophied shoot, infected by artifi- 52 ! i 9 3 17.3
cial inoculation ‘

Healthy young- shoot of dlseased plant " 147 ; 0 0

Young shoot of healthy tea grown among dIS- | 109 } 0 ‘ 0
eased tea j | :
i \

Inoculation were carried out by needle-puncture method 1nocu1ated by needle puncture,
wraped up in a sanitary cotton containing the sap and covered in a polyethylene tape
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Table 4. FEffect of the season of year of artificial inoculation on the infestation,
when crude sap of diseased tissues was inoculated

| | Ti | Incubati
. . No. of No. of | Percent. of 1me | incubation
Date of inoculation : : - " P . appeared | period
inoculations | infestations } infestation symptom ; (Months)
October, 18, 1967 ‘i 80 ’ 21 ‘ 26.3 - May-June, | 7
May, 10, 1968 i 20 | 0 | 0
July, 17, 1968 50 0 i 0 ‘
— e ‘ P i U ,v‘.f, et e et e e e £ S e IS —— -

October, 21, 1968 j 103 ‘ 6 5.8 l |
October, 24, 1968 83 | 22 26.5 | May, 1969 6—7
November, 1, 1968 | 46 32 ‘ 69. 6 ; ;
April, 21, 1969 100 4 | 40 | July, 1969 | 3
June, 9, 1969 100 0 0 ‘ ‘
June, 10, 1969 : 100 0 0
June, 11, 1969 100 0 0
June, 12, 1969 100 0 0 |
June, 13, 1969 100 0 0 5
July, 14, 1969 100 0 0 x \
August, 23, 1969 100 0 0 |
September, 26. 1969 105 0 0 :
October, 20, 1969 ; 72 8 1.1
October, 21, 1969 166 16 9.6
October, 22, 1969 i 162 34 21.0 April-May, 6—7
October, 23, 1969 : 70 29 41. 4 1970
October, 24, 1969 ; 79 37 46.8
October, 28, 1969 ‘ 118 26 22.0
November, 19, 1969 L 14 | 72 63.2 | |
November, 24, 1969 1 87 17 19.5 1 AMav 5-—6
November, 26, 1969 | 68 ‘ 63 | 92.6 ~ Ap%%“*% |
November, 28, 1969 77 40 ‘ 51.9 |
December, 11, 1969 76 54 71.1 : 5
January, 22, 1970 44 10 22.8 ‘ 4
March, 9, 1970 ‘ 77 ‘ 3 : 3.9 | 2
e ,,;,A. S - ) | R R - - " e — - -
April, 3, 1970 1 58 | 1 1.7 . June, 1970 2—3

Inoculations were carried out by needle-puncture-method : inoculated with the sap by
needle-puncture-method : inoculated by needle-puncture, wraped up in a sanitary cotton
containing the sap and covered in a polyethylene tape

Table 5. Average percentage of infested buds in every month inoculated, when
the buds were inoculated with crude sap of diseased tissues
‘(The results shown Table 4 were re-arranged)

| ] . ] s
No. of \ No. of . Perent. of | Time 1 Incubation

Month inoculated : . . p - , appeared | period
moculanons‘ infestations ' infestaion symptom ‘ (Months)
| |
January 44 ‘ 10 ’ 22.8 | Apr.-May | 3—4
February — ‘ — — 1
March 77 ! 3 3.9 i Apr.-May 1—2
April 158 ‘ 5 3.2 ‘ Jun.-Jul. : 2—3
May ‘ 20 0 0 ;
June 500 0 0 \
July 150 3 0 0 1
August 100 | 0 0 1
September 105 ‘ 3 2.9 ‘ Jul. 10
October 933 | 199 21.3 . Apr.-May 6—7
November 392 j 124 i 57. 1 & Apr.-May | 5—6
L

December 76 ‘: 54 71. Apr.-May 4—5




92 M B — &ﬁ-

}‘flliff,é

(”J' HEE A

Pathogenicity of crude sap made from diseased tissues and treated with

various methods, when the sap was inoculated to tea

Table 6.
| Date of
. e
Sap inoculated \ inoculation
I 10. 21
| 10.22
Original sap | 10.23
10.28
11.24
. . 10.21
Filtrate of Seitz filter 10. 24
Filtrate of Millipore filter ‘ 10.24
(0.45 1) 10.28
Supernatant of centrifuge 11. 24
CSOOOrpm SOmm) ’
Prempltate of centrlfuge 10.28
(3000rpm,30min.) ’
Sap heated at 75-80°C, 20min. 10.28
85-90°C, 20min. 10.21
100°C, 20min, 11. 24
Sap added w1th Grlseofulvm 10.21
(500ppm> :
Sap added with HgCl, 10.21

(1000ppm)

Inoculations were carried out by needle-puncture-method :

needle-puncture-method :

|

No. of No. of Percent. of
1nocu1at10ns 1nfestat1ons infestation
166 16 f 9.6
162 34 ! 21.0
70 29 41.4
118 25 21.2
a7 17 , 19.5
120 0 ‘ 0
96 0 ‘ 0
36 | 0 ; 0
103 ‘ 0 | 0
78 9 | 1.5
50 5 10.0
101 0] 0
103 0 0
62 0 0
118 1 6 5.1
123 0 ‘ 0

inoculated with the sap by

inoculated by needle punciure, wraped up in a sanitary cotton

containing the sap and covered in a polyethylene tape
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Table 7. Effect of the dilution of crude sap made from diseased
tissues to the infestations when the sap was diluted with
distilled water and inoculated to tea

-— No. of No. of Percent. of
Dilution 1n0cu1at10ns . infestations lnfestatlon
1o: 1 | 162 34 | 21.0

1 ¢ 5 104 12 | 11. 5

1 10 113 20 ! 17.7

1 100 162 20 i 12.3

DlStllled water ‘ 103 0 : 0

Inocula tions were carried out by needle- puncture method inoculated with
the sap by needle puncture-method : inoculated by needle-puncture, wraped
up in a sanitary cotton containing the sap and covered in a polyethylene tape
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Table 8. Inoculation of crude sap made from diseased tissues to the cuttings of tea

! No. of | No. of Percent. of
Method inoculated seedlings seedlings | seedlings
inoculated : infested i infested
Inoculated with needle at axillary bud and \ 55 0 | 0
winded with cotton contammg the sap ] 37 z 3 | 8.1
Inoculated with needle at ax111ary bud and 61 . : L6
daubed w1th the sap .
Covered in cotton contalmng the sap at ‘ . ‘ |
52 0 ! 0
the section
Daubed the section w1th the sap % 42 0 1 0
- — e e - J— e e
Dlpped the section in the sap 56 o 0 0
InJected the sap to the babe of ax1lldry bud ‘ 76 : 7 9.2
by injection-needle | ‘ o
Non—Inoculated | 88 i 0 : 0

Cuttmgs were planted soon after the inoculations
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Table o.

BT~ - B2

. FI%ME/K

Relationship between temperature and the infestation, when the cuttings

inoculated with crude sap were kept at various temperature for four days

and planted

No. of seedlings ‘ No. of seedlings ‘ No. of seedlings

*Percent. of

Temp. inoculated taken root® ! infested™ ‘seedlings infestedc’
5—7 °C 100 ‘ 92 } 26 28 3

10 100 | 91 { 31 34.1

15 100 | 84 | 11 13.1

20 100 | 80 \ 7 8.8

25 100 J 95 11 1.6

80 100 54 0 0

355 100 72 i 0 0

40 100 ! 0 ' - -

Inoculatlons were carrled out by needle-puncture: moculated w1th the sap by needle-
puncture and wraped up in a sanitary cotton containing the sap, and kept in a

moist chamber,
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Summary

In the previous paper, it was ascertained that this disease could be infested to tea by being
inoculated with crude sap of diseased tissues, hence in this paper a few experiments were
performed using the sap-inoculation technique. The eXperiments and the results obtained were
as follows.

1) In order to examine the technique of sap inoculation, healthy tea was inoculated with
crude sap of diseased tissues by various methods in October, and the number of infected buds
were counted in the next spring (Table 1). And high percentage of infestation was shown in
both cases of the syringe-injection, in which the plants were injected with crude sap by
injection-needle at the bases of axillary buds, and of the needle puncture, in which the plants
were inoculated with the sap by ordinary needle puncture method, wraped up on the parts in
a sanitary cotton containing the sap and covered furthre over it with a polyethylene tape.
But no infestations were observed in case of the daubed inoculation in which the plants were
at non-wounded parts, and covered with the cotton and the tape. And in case of spray-
inoculation in which the sap was sprayed over to the plant, many diseased buds appeared in
wounded plants, but not in non-wounded.

2) Various parts of the plant were inoculated with the sap, and so the infections were
recognized, at the bases of axillary bud, and at the interknot parts of young shoot, by needle
puncture, and in the sections of young shoot and old branch, by daubed inoculation, but not
at leaves (Table 2).

3) In order to examine pathogen contents in the plant tissues, crude sap was made from
old galls, hypertrophied young shoots, diseased leaves and etc, and these saps were inoculated
to tea by needle-puncture method (Table 3). From the results, it was recognized that the sap
of hypertrophied shoots possessed a strong pathogenicity, but the sap of old galls was not.

4) Tea was inoculated with crude sap by the needle-puncture method at every month in a
vear (Table 4, 5 and Figure 1). And so, plants inoculated in November and December showed
high percentage of infestations, but those from May to August showed no infestations.

5) In order to get some confirmation of properties of the pathogen, crude sap of disased
tissues was treated with various methods, and this sap was inoculated to tea by needle-puncture
method (Table 6). The filtrates of Seitz and Millipore (0. 45.) filters, the sap heated at 75-80°C
for 20 min. and the sap added mercuric chloride (1000 ppm) showed no pathogenicity in either
case. From the results, it is assumed that the pathogen of this disease is microorganism, and
the size is larger than 0.45..

6) To find out a simple method of sap-inoculation technique, the cuttings of healthy shoot
of tea were inoculated with the sap and plants in nursery in October. The new buds grown
from the cuttings showed the typical symptoms of the disease in the next spring, but the
percentage of infestations was low (Table 8). In the next experiments, the inoculated cuttings
were kept at various temperatures, in moist chambers for four days, and were planted (Table
9). And high percentage of infestations was obtained in the treatments of 5-10°C, but no
infestations were shown in the treatments under the temperature higher than 30°C. From the
results, it was recognized that the cuttings might be used for the test plants of sap-inoculation,
if they were treated at 10°C for four days.

From the facts described above, we might reasonably conclude that for the occurrance
of this disease low temperature and wound may be indispensable.



