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An isolate of turnip mosaic virus from cabbage
and detection of the inclusion bodies

Nobumichi Sako

(Laboratory of Plant Pathology)
Received November 19, 1974

Summary

The virus used in the experiment was isolated from cabbage leaves with mosaic symptom
collected at Kagoshima Agricultural Experiment Station. Of twenty five species in
seven plant families, twenty three species were susceptible by inoculation of the sap from
infected leaves. In turnip sap, the thermal inactivation point was between 55 and 60°C,
and the dilution end-point was between 10-3 and 10-4, and infectivity was retained at
25°C for 120-144 hr. The virus was identified as a common strain of turnip mosaic
virus (TuMV). As to the ability of necrotic lesion production on young tobacco leaves,
this isolate was found to be decidedly inferior to that of the isolate 67 stored as a common
strain of TuMV in Kyushu University.

Seven species of host plants were examined for the detection of inclusion bodies in the
infected leaves using three kinds of staining procedures. A Giemsa’s method gave con-
sistently excellent results for the inclusion bodies in Physalis floridana and spinach, a pyronin-
methyl green method for those in petunia, pot marigold and spinach, and also a phloxine-
trypan blue method for those in petunia. On the contrary, it was impossible to observe
any inclusion body in cabbage leaves stained by the Giemsa’s method and in turnip or
cabbage leaves stained by the phloxine-trypan blue method. The results from the ex-
periment indicated that particular attention should be given to the selection of staining
procedures for the species of host plants.

FoXYRRETIVANR R F a0 ) 294 2 VANR, AT EFAL 7Y 4R (TuMV),
ANY 770 =YA 794 N2D3MEINTWEEY, ¥4 2 fER%E BT2F v XUy by
BES 7. TUMV 0fRIZOWTRS TV BEIN TV RN, ZZT, AFETREY 4 2 5ER
DF+ XY POLHRRIANZAOR MR T CEORE LR AT, TOFRTRA}MEY 4 1 = 12
TuMV L2 6123 DTH - 7228, TuMV (THES L7 M 10 2 B E AR I D W T i,
LM BT TR THHED 2 WEAREL T 2 WA LI Z DT 40 |72 TuMV ¥
HMOFEITHEEL T, WL DD ORIk A REBRICT 5 SIS E A OB 2R 5 7

R RP IR Y B 7 5
AKX DB E WRAAE 2 F20 A AN & ML TRk Lis,
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KBMH B LURBRAE

WA L7zh 7294 294 0z (TuMV) 119734 5 J, BEUL R LB SRR O i 55 12w T,
HERBILD DnZer A4 7ERER L v~y (REKET, 19724EMKIERE) 0D O 4
L7ZdDT, ZOHMRARBKF + XV OHEENTHL0E L4 4 ITHEET LT LEITL > TT
N, AHEHTHRERELLIOTH 5.

AEBRICHER L - 4EREMWIERHEEN (26+4°C) F72R1F 7 2ENT, & 12cm OF
BBk ITIBRE, RIE L7230 TH L. AV A v 20FEBHOBRER Z D OYRBITH — K 5
VE LT DHEREICL D IT% o 7. BERERIE L 7 F R © — 0 13 0 P AR o B
BELTHLE. 2RERLIBREMPO S ba N3 ZonTiE, 2ED LS ITL TRBHEE
REED i B¥ Tk -T2, T%hbb, v A vz a4y 4 CEELT2~3EME, 4,
SEHOEXRM L, oK% 5~ 6ZEW D & %23 (Nicotiana tabucum L. FE7" 7 4 + =
v—) O L7z, —F, By 4 vz E LT TuMV 048k 567 (TuMV-67, Juil
KEEERICCTRED) *RAROFERL Y HBOREER L 2. 7THRICEZAEZNORETRK
HREIBL, v 4 vA2ROBREWHRO®KE ®TE -7, %d, 77 7 4 v OEEITIE DDVP 7L
Fll % W 0 (AR L Tz

R Y 4 v 2 OHIEP TORFEILRA (W2, WARE, BHREE) OBE> R 3 ~4
HABEO D 7OHELFML, ZhICEELVI0EAROMAKZMA THEL, ThEeh—¥T
B LBl THEBICI VT 7. CORERROEAICEREMB & LT Chen-
opodium amaranticolor L. % Jl\niz.

FBRAEWIZE T 2 MRAHAKROKRILIICE, 2E¥0 3FHOYG LA, HRFLLHE
bE¥TEOME RO THEERAAL . ThbDb, FA¥iEI Bold o #EYDicHy, ©—n=
YAFATY) =y (P-MG) HEBAL ORBEITHE LT, BREOHAIKRI NV —BITLS
BEEEEY 148, ©—n = KEKRIZX 2RaERE3sMICERERERK L. 720+
v Y7 — (P-TB) #:id McWhorter @ 513 (266 - 72, M A E AR O A 8O ¥ 5E Id 4
LB X N7 R ML 2 R MBI T L TIT 2 v, xR & L CORERALAR & R AL o A ML AR
TR IR Ly 0o e BE LTz,

x B B R

1. FE@EHD L R

Ry 4 v = % 7RSO AMYICHER UciER, 7RO EEL, Z05b T
IR EFH L7c. 208E% Table 1l TR L. ¥, INLHFEHYDBRITHEDOI D,
MBEAHAKOBRE I L 2FFMEDORBROEDOHEY TH D,

# 7 (Brassica rapa L. var. glabra Kitam. GG 2L Y H 7)) KE2~3I KON 7 ITHEHE
T2L, MT~10HBICHERERELEAON, ZOKWMEZey 1 7iERER L. ERO
WML ABEICEAENR, FTEBALAL.

# 4 4 (Brassica chinensis L. FHE B HKE) AHE2~3KodolEES 2L, 17
LR AEDL L, i, AEIALN., ROOFMBREBT 5% TIT, 10HETHR»D -
. :

+ 3 ~v (Brassica oleracea L. var. capitata L. FFE LBAE) AE2~5K0 30T M



Vet s F v _RYPSHEINIC AT EFA 2 94 VR EZOHIPIE A KO B 3

Table 1. Test plants and their symptoms.

Symptoms
Test plants

Inoculated leaves Upper leaves
Japanese turnip (cv. Hakatasuwari) NO M (S, Mal)
Rape (cv. Kanzaki) NO M (S, Mal)
Chinese cabbage (cv. Nozaki No. 2) NO fM (S, Mal)
Japanese radish (cv. Akizumari) NO fM
Brassica chinensis (cv. Nikanme) NO M (S, Mal)
Cabbage (cv. Fujiwase) NO M
Chenopodium album NL NO
Chenopodium amaranticolor NL NO
Spinach (cv. Viroflay) NO M (Mal)
Beet (cv. Monohope) — SL
Tobacco (cv. Bright yellow) NL NO
Nicotiana glutinosa SL SL
Physalis floridana NO M, S, Mal
Petunia (cv. Fl chandelier mix) NO M (S, Mal)
Tomato (cv. Toukou) NO NO
Garland (cv. Ouba) NO M
Pot marigold (cv. Shinguro) NO fM
Zinnia (cv. Dairin) NO M
Lettuce (cv. Great lake) NO NO
Crimson clover NO M
Cowpea (cv. Kurodanesanjaku) BS NO
Broad bean (cv. Wasenagasaya) NL NO
Milk vetch VN NO
Globe-amaranth NL NO
Sesame VN SN

M: mosaic. fM: faint mosaic. S: stunting. Mal: malformation. NL: necrotic lesion.
BS: brown spot. VN: vein necrosis. SN: systemic necrosis. SL: symptomless infection.
(): symptoms not predominant. NO: no sympton.

T2k, W2 MBI HENREAL LR A U, SN D 1 h HRICE B e 4
7 FER A B Tz,

~F o =7 (Petunia hybrida ViLm. @ Fl v » Y7 )7 3 v 7 2) 5~ 6 FEOLHMITHE
M+ 2L, 10~14HBIGRGHERINEL, Z0BEFA 7R~ LER L. £, ®RITAE
DA LR OZEH & E- T,

Physalis floridana RYypB. 5~ 6 QWi HEET 2 &, HI0H CTHRESE L ZO®REYA
7 %Y, WLEHEER EEOTFH e 1.

* vt v (Calendula officinalis L. GFiSE) 4~6HEoMyIc#EmES % L, 10~14H
THECERBE L2 O® LIEWIERL TRy 1 ZIEREZR L.

kv vvy vy (Spinacia oleracea L. fhficw 7v—) 3~5H o i ITHMET 5 L,
7~10H BIGBEMERBEHE CRICEEYA 2 L%, EOHRBBOOLNIEEIH - T,

Nicotiana glutinosa L. 7EHiR%E T B L 7210~1580 M8 L 1cdt, % -7 (WA
Bhbhd oo, %ir, C amaranticolor ~DF L MO S, N. glutinosa © BERHETIE123
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MY 2308 O SR IMHEBEE S N, HEY 4 v 20 TuMV-67 ¢t 89 O REHEE BNz, F
7z, N. glutinosa O BEMIED EALHETIHI2KIEYS Y S8, S Y 4 v = TRT3ME D R 555 BB A
I hicoT, Ry 4 v 2 REHREEEL-LZ2bN0%,

g s3a (N. tabacum L. §fi7 54 b 20 —)5~6HDE K ICHEET 2L, Y5 HHEICE
REZE BICRE 2 mm i 0 BB GO RIEBEATR X e, DX, REKEERREEICHES 2 1k
BRABROMETE, Wy A v 2 CEELVI7TE (4LEL A 7 3AREOEYE) ORKE
BRI NI LT, tBy 4 v 20 TuMV-67 TR203MATH - 7. kv 4 v 2D £ 3
FRBT 5 RIEHEHETIRAE LY 4 v 2 DT RAED 8 ~10% T b Hi 1> TIED - 7z

2. HEHFOY 4 2 RIFELER

KEBIER TR, HRY 1 v 2 ot 1E 55~60°C, it 751k 11 1,000~10,0004%, fiHeR 72k
1 25°C T CI20~144BEMTH - 2. kb, ZOBEOHMKRSE R C. amaranticolor D163 %
1RBRXE LT, 20RETH% - 7-.

3. BRFHEICI T DM E AR kR

FAYA EEASHMBOEOEMOZR A L. F oyt v R X st A%
BRES, B8 6, OMET, REMIBATRMICHEL TREL T, P-MG cid, AL
HEMBACEEE, MEOHAKRISRIE SN, P-TB thclR%ER, FBBO LR B ALK
BEINI,

A7 R 3~ 4 BEBOEOBMWO XK EMRR L1z, ¥ ok CRIBRBMICI S 2 2 MK
DHARBBEI N, 201 o1BE S, MECMMNOZEARERTHD, o 1 >k,
JR S B TH - o, Wi & D Xl BRR O MEW LY bz, P-MG iz & b
B S e AR R, RiEICEAROME 2 L oM (B 50 T, KICBELTh
bhiz., P-TBETCHBHATRETS - 72,

FeNy  EH1IAROEMLEORK T LR L. PMG B2k by Bftao &
ARBRIEE N, ZORBRRFET, BRBEIRWETS -7, —F, o 2T o AK
DRI ATHET D - 7z,

Physalis floridana : 81 AR OER L EO R R 2 L7, ¥ 2¥Bc L ) BRINS Wiz
AR, KA ICENROBED LAY LN, ZOBBRKNE, FERE ST, K&
TR—RTELABLAKRD I DODE, TIN5 0E THEX T (Plate 1 A). P-MG ik
TREHMBAICERRET, Hg, KEBEY - QIR % BAKSRD L v, P-TB ikt
R, HHAEOHARBEEMBEA KRB X .

RF2=7 HEEERIEMHOER L EORE EEL LA L. FoavrEcrtigea, 1
BOHARBBEMBAICHICBEE L TRIBEI Nz, 5% i1c, P-MG#EI2X ) BHMENA IR
I N ARTERE, HHE (#98.5X6 1) T, % O FTH T I R R M H3 B85 X n, B
B L TRTE L Twic (Plate I-B). P-TB it clRH ALK FRf, MK (BW 16 ) <, £
CRRCR S 230 b, [ U B ITREE L CBE SN & £ aEMIcRIEX N (PlateI-C).
TEFAFHELEEEL T, P-MG #: & P-TB 04 I3 #H AL BIBEED S5 - 7.

Fresh HEEBR1IDAHOEEMORR EMR Lic. FA¥ECL - TBEIN:HAK
REARE T ORMEHE L BAWHETD - 7. P-MG #I2L b B2 e HAKRFRE, KR
(10x8p) DI DL, BICHHEL KA, MEOLOLO 2EEHEHAS NI, BiCRKET,
B 2O 0L W /INBOFRRO 3 0L @E X1z (Plate [-D), P-TB p:Ciilx -4
ABREHRE, RERT, EEITRBERROBED 1D O s, RMITKL Raici s &
70"507:.
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Ry vy y  EEBEH LY AHOER L EORK XA L. F2yrEohill I LB AK
R, WIE Q0X11 p) T, % oK1 % BEACREE H 25380 b 7. (Plate I'E).
P-MG iE TRt CRENCHBRED 2 L 013121 (B 6p) 030k, LERD 2D
HAKDE S (Plate I.F), Wij#& OB BBERED» - 72, P-TB ikcldikfif, 13I1FMET,
REATRERE L e B ARSI X 7z,

EEREHEERNTFEMRORGICELTHE, e L TRAF ORI Yt L 7245, MlaA
HAKITHYT 2B ER2{BOONEDb o, HAKRLBLEOHANZCOERITE > TH% -
o, Fa¥HEL P-TBIECREVSEHRIS, CHBERICRE . €K, P-TB Btk BEnd
BICRZE L LBMEINTHDLYN, 2444, P floridana, RF =7 LU+ v HOEEE
TREPREBICPEBINIEEND 7. P-MG BETHEREME, (CIRBIcE 7.

DEOHRPOHONEEERELICH T 2MBNEAKOBRBOTEL L UH#EIZOWT
% Table2 {Z—4F L TR L 7=,

Table 2. Differences in the degree of detection for inclusion bodies in several host plants
infected with turnip mosaic virus by using three kinds of staining procedures.

Staining procedures
Host plants

Giemsa Pyronin-methyl green  Phloxine-trypan blue

Japanese turnip (cv. Hakatasuwari) -+ -+ —
Brassica chinensis (cv. Nikanme) + +

Cabbage (cv. Fujiwase) - + .
Physalis floridana - + 4
Petunia (cv. FI chandelier mix) -4 +H +H
Pot marigold (cv. Shinguro) | H AL
Spinach (cv. Viroflay) +H +H +

—: No inclusion body was detected in host cells.

+:  Some inclusion bodies were detected in host cells.

++:  Inclusion bodies were frequently detected in host cells.

% 2

AERTH, TF A 7HEROF + xvHh b 1EEOYA VA XS L T, 2OV 4 vz
BB~ rokR, #EEMAIRT 77 SR 2R 7 FI238, 1K it 8k 55~60°C, it 7 Rk 1
1,000~10,000%, PR FFPEIZ120~144REBITH Y, HFHO 2 L UHED O #E L BE LT, 4
BIhicv 4@ h 72479402 (TuMV) S8R0 1 REEREIN. T, HFE
Wi¥ D 5 b N. glutinosa ZHEHFETH - 7248, FOHEMHEL LK LMEOR LEBRREETDH -
el b, HHH0 0 TuMV Q5 BBRIZHEZIE, Ay 4121 TuMV © BRIZES 2 &
BEZbND, DFT, Fnar NaBEEZRIANZA 2 HEHT 2L, REHEROBKEEDO I %
$, My 4 vz e LTI TUMV-67 OFIKEN D 8 ~10%I1TL EE 572, DT Lhb,
AT AR ZE N 3BT D REIEBIERBE DI TR & » ) A A L Tnw b 2 & sy
L7-.

Ao A v 2 TER LTI O W T 2 OMIAE AKO BRI G2 i L7 ks s, 7 ok
W EMBOFTRTICENT, HHOXERD L4, MLPOBHAKISBEI N, FayikTid
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Explanation of plate

Plate I.  Inclusion bodies in several host plants infected with turnip mosaic virus (TuMV).

A. Inclusion body (I) in the cell of Physalis floridana RypB. infected with TuMV, stained by Gi-
emsa’s method.

B. Inclusion body (I) in the hair cell of Petunia hybrida Viim. infected with TuMV, stained by
pyronin-methyl green method.

C. Inclusion body (I) in the hair cell of Petunia hybride ViLm. infected with TuMYV, stained by
phloxine-trypan blue method.

D. Inclusion body (I) in the cell of Calendula officinalis 1.. infected with TuMV, stained by py-
ronin-methyl green method.

E. Inclusion body (I) in the cell of Spinacia oleracea L. infected with TuMV, stained by Giemsa’s
method.

F. Inclusion body (I) in the cell of Spinacia oleracea .. infected with TuMYV, stained by pyronin-
methyl green method.
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Friction Loss Measurement of the Black Polyethylene Pipe.

Yoshio Ikusnima, Kiyoshi WATANABE, and Akira NakAjiMa

(Laboratory of Land Melioration)
Received November 20, 1974

Summary

An investigation was made to deduce formulas of calculating the head loss and the
coeflicient of frictional loss of black polyethylene pipes which were soft and hard in flex-
ibility. The formulas of the black pipes were also comared with those of clear pipes.

The results obtained were as follows.

(1) The difference between soft and hard pipes was not distinct in frictional resistance.

(2) When a mean velocity was 0.6 m/sec or below, the head loss and the coefficient
of frictional loss were larger than that of the clear pipes probably because of air pocket
in the pipes.

(3) When a mean velocity was 0.6 m/sec or above, the head loss of the black pipes
was smaller than that of the clear pipes.

(4) When the Reynolds’ number was 30,000 or above, the coefficient of frictional
loss of the black pipes was smaller than that of the clear pipes.

The coefficient of frictional loss was shown to be close to the value calculated with the
formula of Morishima et al.

1. #

) = F v IR REYE OKIRITHT 28RO BEIEIIZ oW, MY c#E L. 4
&, FYVZF VBRI — R 2 MATHAEEZHL, ERALIATw2 BOOKES LHE
BIZDOWCHIE & A EEREITE - 2.

ITNREL-T, BOAFLIHROF ) =7 v U BIIRELEVIE & O BB % ik L, % 7 BRIA
FIKBUTH T 2BEOEAARO L OE~DHER IOV T B %% - 1.

il

2. RBRETEBSIURREERE
21 RBREtAE
KREITES CH7 ) RBRBELRET 2 BN E LT, RFLEOMmE, AMMoOEES, &
LUNVTHEOIRFLL, TORFRTOKMED, FOMBLHE LHHE O 2 k%, KM

* THiK T¥EPIEE
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&% % 184 cm, 113 cm, 50 cm, 3 & U 6cm @ 47kHE, % LT <7 BEE%10/10, 5/10,
X8 2/10 ®3KHEL Lz, ThHLORFOEHREH L LELDIT, & O L KR O K
OGN L L NGO L 7 REOR TR D bETHILT LL L7z,

EBRHE, ZOEROMOMELEDLHRNAFMLERLOT Lig® HARHE % —HEmd 2
LRI VIR T, REOHMAEE, Tablel [TRT.

Table 1. Establishment of conditions for experiments.

Experiment Experiment Difference of D £ d
p number for Kind of pipes high water tank egree. OL openc
number la £ valve
yout of factors from low water tank
1 1 10/10
184 cm
2 2
5/10
3 3
113
4 4 Hard 10/10
5 5 5/10
50
6 6
10/10
7 7
6
8 8
5/10
9 9
184
10 10
10/10
11 11
113
12 12 5/10
Soft
13 13 10/10
50
14 14
5/10
15 15
6
16 16 10/10
17 27 184
18 3! 113
Hard
19 5" 50
20 8’ 6 2/10
21 94 184
22 J 2 113
Soft
23 147 50
24 157 6
2-2 RERKE

2 OEBRIEICE - - HREE R, AR, O, X0 MLY% bRBRAEKEKTD
y, Zh% Fig. 1 [TiRT.
EHE I, %@%Eﬁ&P‘J%B&Cﬁ)\d‘%%‘{ﬁ?ﬂ&%ﬁ.?éka%é"%@ﬁﬁ&Kﬁ}\Lf:ﬁ%%
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bkl BEE (P) |, #) x5 vy BiFROKEE (W 4.28cm, KWJE 0.83cm) & il
B (N8R 5.25cm, WIS 0.40cm) @ 2T, BWE (P LU P) 1, EAKIBOAKEEZH
RE7wE) T F v MIEROKEEYE (NP 5.46cm, K 0.27cm) ZH L. %d, T
NHLOE¥ O TcwlEfbte=—2v8lo 2in. V7 v b (WL UBT) ZHWTER L.

S i 2 iy oo Sl
[T _mow |
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a:%r — o —F f®
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r, M M, M, M, M; M;
Plane view
k P, || P, |} Ps |
\ I
—— U4 \
i M, M M, M, M,
oI D O
L_“L < Lwl;
T Jy J, V., T,
Side view
Ti: High water tank T2: Low water tank
Vi, Va:  Sluice valve J1, Je:  Joint pipe
P1, Pg:  Clear polyethylene pipes Ps:  Black polyethylene pipe

My, M2, M3, My, Mj, Mg: Manometer

Fig. 1. Plane and side views of the experimental arrangement.

Table 2. Lists on the analysis of variance for the discharge.

Degree of | Unbiased estimate of

Primary factor Sum of squares N ‘ Variance ratio, I'
freedom population variance
Kind of pipes 2,743,068 1 2,743,068 58.60%*
Difference of high
water tank from 23,301,103 3 7,767,034 165.93%*
low water tank
Degree of opened valve 2,466,610 3 822,203 17.57%%

Interaction between
kind of pipes and
difference of high 820,610 3 273,537 5.84%%*
water tank from low
water tank
Interaction between
kind of pipes and 146,210 3 48,737 1.04
degree of opened valve

Error 842,557 18 46,809 —

Total 31




