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The preservation methods for sporangia of Chinese cabbage
downy mildew pathogen Peronospora parasitica
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University, Qingdao, Shandong 266109, China

Abstract: Three methods (cotyledon in vitro refrigeration, leaf in vitro refrigeration and 10% dimethyl sulfoxide plus 5%
skimmed milk refrigeration) were used to preserve sporangia of Peronospora parasitica, the pathogen of Chinese cabbage
downy mildew. Cotyledon in vitro inoculation method was adopted to measure the pathogenicity of sporangia of P.
parasitica for screening a better preservation method. The experimental results indicated that the sporangia preserved in 6

months by use of cotyledon in vitro refrigeration method and leaf in vitro refrigeration method had higher germination rate,
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incidence and disease index, on the contrary, when the sporangia were preserved by use of 10% dimethy sulfoxide plus 5%
skimmed milk refrigeration method, germination rate, incidence and disease index have decreased to 2.16%, 0 and 0
respectively. Cotyledon in vitro refrigeration method showed best preservation effect. After being preserved for 12 months,
germination rate, incidence and disease index of the pathogen were 62.22%, 90% and 48.89 respectively. The sporangia
preserved by use of leaf in vitro refrigeration method showed weak pathogenicity, and the sporangia lost their vitality when
they were preserved by use of 10% dimethy sulfoxide plus 5% skimmed milk refrigeration method. Thirty-two isolates of the
pathogen were successfully rejuvenated by 93.75% when they were preserved by use of cotyledon in vitro refrigeration

method in 12 months. It is concluded that cotyledon in vitro refrigeration is a good method for long period preservation of P.

parasitica with higher germination rate.

Key words: cotyledon in vitro, refrigeration, germination rate, incidence, disease index

KA B LRI FTFL —, (LN
AT T 45 AR 7738 B 1 453 2% T3k 50% LA
by AR TR X A . 100 R AT AR
5 %7 Peronospora parasitica (Pers.) Fr. 4y L4 ]
LR AR, OIEAE N TR SR BB TR AR,
FEIR T I AR b 22 B R IR e i1 1 4
T (FETRAE 1964; BAAENSE 19965 MY
AR 200000 SR 11K ISP R 290 A
AL ZE T P A A 5 s (RN 200 D TR AS K I ]
PR, (B ECRIFLEE 1986), {ERFFUA SRS
BEIIN, DR ARAN BT B Do 1 1717 52 21 B 71 o
BRI, SRR A AT REOR B TT K A
SRR R FT ORAIE o

BEE BT ORI R (R R e, CAT Bk %
2R T L P 2 A R ORI A I AR IE . £ 3R
1655 (1989) KGR A TR RIEERT K 20 &
A Py bR RE R T AT DR, R R B AT
LK 6 4 H o Satou (2000) KR 45
R 4 B SE FE B O T a A
Peronospora parasitica (Pers.) Fr., F 073
BIFAE 10% — FHEE AR+ 10% 5t 15 FLE% 10% —
FEMV A5 % B G FL ORI SEAE-20°CUKAE

http://journals.im.ac.cn/jwxtcn

{98 240, JE N80 CUKFH VA AR, F/bn]
PATRIE 12 A H , S0 901 247 HAT 5 11
BopiJy: AR, H TG R HRIR R 250 K
ISR RE 08 B R R . O T KA L
TRIECR FERE RN B, AN SCIRR T k1 it
VRFVE CISE S BRI N ¥t F ST kPN
(8 7325

1 M85 7%

1.1 #F8l

111 R A S AN (EEETD 12
AN SR K SR B, i A
Fhor B9 3RAS 32 MR ar AR 2, ORI T S AR
KR AT

1.1.2 #F EAEY: B R ARG E AE
T, FHHY T AT . e
TAE 52°C KRR 10min, SR 5 7R
AE L E R, AR R 10-15 RiAh T,
BT E 6-10d, REKB B RKAKET
M, YRR SRR P BT R, TR K
e, AT, &H.

1.1.3 Ry —HIEI A TAEY TR (&

© PERZRHEDFRAMTIKS MBS http://journals. im. ac. cn



VTR % AEREDSESEESRT EORESE

D ARAT], BREFL (NSRS 4E A
JBEG A B2 1) o FH G TR 7KK HR 6 AR IS I
FLHIE 8 10% - FF L AR5 % Tt i L 6 2 v
N 4CUKFR%H

1.2 Ak

1.2.1 BARNM AR 5% TR A% (1989)
FEE/ANESE (1990) [1J73%, KR 1A H [a] [R5
i R SRR AR T SRk bk s R T AR 1
FIZLMEYE, BT 1SCTHHNHRE 100%
ZAF NI RRRE IR 240, FFKHHIEEZ G
FH 28 KB ) I8 4RI+ R T 7K 48, TN A%
90mm HEEEFRILN % B 5, B F-20°CUkAE A
RS

1.2.2 BT VRVE  SRAEHT IR 1 S R
e, A SRk 2e T b e R R AT AT
e, 76 1SCHARNEE 100%45 1~ R R
iR 24h, FERKHBEF ARGV, B
IR EASN T 110" AYmL (T2 B T7,
PRI T U L T e S T, g
TR 10pL, BT 15°CH 12h RS
ZAF N ORBERFE 6d J5, FEBTEERE K, K
A RTEERR )2 0 K R R ARIR T 2R T 1R 7K
7y, JNEAER 90mm B FRILN FE 5, &
T=20CUKAH NV RORTE, BEILORGER 10-15 Jv
T,

1.2.3 IRV EFLA % S Satou
(20000 7%, ¥IRTHE R T HEBN 10% - H
B A+S %o i NG FLIR A, SEAE-20CUKAE
L5 24h, SR 5 E T80 CUKFTA T K o
1.2.4 F0FFE0 A (I E < B 25 AR Py VAR
FNEG ARV VR 23l DRk 6 A AT 124 H 1
o3 FH G R K VR 2R 0 R I B T,
FERIFWOR B AR 1x10* AN /mL, K5 1
T PEARIAJC R TR LA N TG M3 Fy s I

T N3 P b R T AN A R T 3 4 A
Wb B JE TR AR T BRI SR
JBENE FLAVRIELE 6 S AR 12 A H 738,
TEARIEG BN Iy AT W R A5
A FEIE 15 CRIAE R IF TR B35,
10-12h JG TTER A EE, B4 K 200 M1
FLL L, MAKEER 3R, IHER TR A
2, DAORGBUHT 17 1 J i 2 % b X
1.2.5 5 3emithfadomle . R & &7t
FERE I f 7 FE R T TR 4L, K FR AR 4f
{1~ P8 T ) S5 b T F WK AR R
W E AR 150mm BrFR I, REOL 10 JrF i, #
AN ) 7 2 AR 9B P DK 11 4 0 T G 1 sk 2
3 1x10*AYmL 13RI, TR
A 10uL, FHXTER 10 10, &R
3WEAE ARG E T 15°CH 120 S A8 B 444
TNRERFR, B 6 KA i &mtsol, i
S TR A AT U ST 0K R B A R
BN 2 RS UEU e 0 G, 1P T CAE
WEERIES AN GE, TH=7 4 1%, Tt
T H B Pt IR S SR (R BE, 552 TR
0-10%; 3 4, THFHIMEERAT, )2
11%-25%; 52, [HSHBEAT, EH
L 26%-50%: 7 2%, [HiTERegA, &
JATTRA 51%-75%; 9 9, Frtisiplseisss,
B )2 75%LL L.

PG TEE=Y, O Bz i) /s g
(K25 2 1 40 100
1.2.6 27 ARG B I DRI SR FH B AR VAR R
1 32 kA AR, DRI 6 MM 12 AN H S
SRR 32 ANTEREREAT B, I e o A
iR
1.3 #iEahiE

AU B PR B R R0 15 R 504 il it

YAl

© PERZRHEDFRAMTIKS MBS http://journals. im. ac. cn



1074 ISSN1672-6472 CNI11-5180/Q Mycosystema November 15,2013 Vol.32 No.6

WEa% %4, K SAS 8.1 #44:h [#) Duncan &
Wz, PUIAN TR AU B R (1) 1 R R R 1 4
¥ (P=0.01, 0.05) , JFuk4TI7 %04,

2 HRG0M

2.1 REA AT EBR NN
2.1.1 PRJETTNE R QD1 -7 2EBU% ) 5
Wi 2 A2 4 B R R QD1 48 3 Pl Ryl 7 vE AL B
oy R FREREE, e MHIE, Bk
T IV VR IE R B A v RV DR 96 1 B
RAIIHIN T7.29%H 65.07%, 1 Kk HE
1M 10% - FJE MV 0+5 % 58 AR FLVA R 15 ARR 1 96
TR R RN 2.16%. 15 12 )5, Btk
T A VR R ORI T B R R AR T
62.22%, 1M BSAARI A ARTE AT 10% - F R AR,
+5% it AR LA RV DRI 181 ZE T R 3 0] A
9.64%%1 0.

b4, Btk QDI LRE 6 N H G, Bk
VA VRV B ORI B VA ORI AR e 1) 77 e ol
R R BRI 100%, E P R 5 15
Bt W2, 4y 71,11 F1 55.56; 1 10%
A5 o M A LA VRV LR R R T
Tl A1 Il 5 PR A0 2 SR R B 0,
HEUHR . Wk QDI K 12 M HJE, BT
VA VRV AR T 0L BE A I i i 24T v
ik 90%, JRTHTRECH 48.89; 1M AN F¥A Uk
PRI I A BEFLRD 1 S RO 20%, F
MR, WITHTREUCY 4.44; 10% - H1JE
S5 % it i L PR 1 7 FEFE b B A it )
(R4 2% S s e 4054 0.
2.1.2 BRRORIECHT IS -7 JE 0 R AR A4 T L
3P TTIER 12 R AR R AT R R R IR 5
R, PR ET AR T R R R R, N
77.94%91.1%; &k 12 M5, Bk T4

http://journals.im.ac.cn/jwxtcn

WOV R OB MR R OR RN
40.31%—62.27%, B ARy ¥ PR % LR R K (1)
W R AN 7.19%—14.57%, 10% — FFHL TV 3
+5% M i L R T2 DR P R 1) £ BT R R 1)
N 0o B BT A VRV (0 PRk R A
HL B B R PRLRE M OR AT RTAR IR T AR T, QT
Bk IB2, CRIEHTHL FREMHIR AN 91.1%, A
12 BRBER 0 R R R Wi (i PRl 12
MHJE, LTI ER 6227%, Uik 12
PRAR R R TP B {EL e P L B AR I A1
AMEOT B AR AT BRI ORI TR, T LA
0 DR TR DRSBTS 90 B i 6 2 [H) 72 e 1)
KE—5 (& D,
22 BURFMHARENFTERENRBMR
K B AR T A VRIERR T 32 #Rar AR
B, I T LT R 6 AN H R 12 AN H
Je PR I 45 B0 A 32 R TR A5 T 7 1
TR LU, I B AR v VRVE BENS LU 3t
TRFr A AR A TR BOR Ty, T PR
Ji% 6 AN 12 AN A wikk IB2 1 i £
hskt I R e R, 405 R 91.28, 81.11 Fl 57.44;
MK CY24 FIERE CY26 1 9915 5 %34
HBHMRAR, 4393k 60.43 1 59.33,29.33 1 18.25
PAK O 0. iREGZ5 R, 5K OB T o
32 BRZF AR AR R R IS TR B A B 2
T LR 99 135 8 5L o PR TR AE CR 5 Ho
LR QA SN E ST R R G A <K N
5. [FI LR 6 AN H IS, 32 BREERE S
BT %k 100% , i 15 8 B e, oA T
29.33-81.11 Z[i], 1A 2 BRERRAER B i1
JE RS TFR R T 30: ORiek 12 M5, 32 FRiE
RIS I E A 93.75%, Witk CY24 FIEFE
CY26 ARAERINEH:, Ty i s 1% H8 00y
i T 17.44-57.44 2 0] (£ 2.

© PERZRHEDFRAMTIKS MBS http://journals. im. ac. cn



VTR % AEREDSESEESRT EORESE
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Table 1 Effect of preservation methods on sporangium germination rate of Peronospora parasitica
PRI 12 A B T2 A %

Germination rate of sporangium after 12 months of preservation (%)

PR PRI — — — —— —
Stain Prior to preservation R PR A i P PRI P4 i 10% - FFRE IR+ 5% B M LA VRV
Leaf in vitro refrigeration ~ Cotyledon in vitro refrigeration 10% dimethyl sulfoxide+5% skimmed
milk refrigeration

IB2 91.1 a A* 62.27 a A* 14.57 a A* 0

YS7 87.01bB 5741cC 7.65k K 0

IB4 84.24cC 51.46 fF 10.10e E 0

IN 82.00d CD 55.82dD 10.51dD 0

IBS 81.29 de DE 49.38j1] 11.27¢C 0

QD1 81.05 def DE 62.22bB 9.64 fF 0

ZB1 80.77 def DE 50.1511 8.13i1 0

WF2 80.61 def DE 51.32¢G 11.31bB 0

GD1 80.29 def DEF 52.75¢E 845gG 0

JB3 79.96 ef DEF 41.44kK 7.191L 0

QD4 79.27 fg EF 50.65h H 8.09j1J 0

TAl 7794 g F 40.311L 836hH 0

e FRNEFERERIRAE 0.01 A10.05 L2 R.

Note: * The capital and small letters showing significant differences in 0.01 and 0.05.

R2 BETFHRFENFEREBTENREIR

Table 2 Preservation effect of Peronospora parasitica sporangia by method of cotyledon in vitro refrigeration

DRI i 6 N H 5 T 12 ™ H s

Prior to preservation 6 month preservation 12 month preservation

B3 IR RV Wbk IR iR LS IR
Strain Disease index Strain Disease index Strain Disease index
IB2 91.28 a A* IB2 81.11 a A* IB2 57.44 a A*

IN 89.79b B BJ2 78.84 a AB BJ2 4891bB

LCl 88.44cC IN 78.68 a AB IN 4891bB

BJ2 83.33dD LCI 73.31bBC CY13 43.56 bc BC
HN1 81.67¢E B4 72.44 bec BCD JBI 43.33 bed BC
IB4 81.33¢E TA1 69.56 bed CDE B4 43.33 bed BC
IB5 80.67 fF IB5 69.56 bed CDE IB5 42.44 ¢d BCD
IB16 80.44 fF CY13 69.47 bed CDE LCI 42.44 ¢d BCD
WF2 79.67 g G JB1 69.44 bed CDE IB16 41.44 ¢d BCDE
TA1 79.47¢ G JB12 69.44 bed CDE CY19 41.11 cd BCDEF

YAl
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g2
JB3 7943 g G JB3 69.33 bed CDE TA1 39.56 cde CDEF
GD1 7933 gG IB16 67.86 becde CDEF JB3 38.91 cdef CDEF
CY13 75.44h H GDl1 67.44 bede CDEFG CY12 38.67 cdef CDEF
YS7 75.11h H ZB1 67.11 cde CDEFGH ZB1 38.22 cdef CDEF
ZB1 75.11h H HNI1 64.67 def DEFGHI GD1 37.44 cdef CDEF
JB8 734511 WE2 63.44 defg EFGHI JB13 37.44 cdef CDEF
CY5 73361 1 YS7 63.33 defg EFGHI CYs5 37.11 def CDEF
JB1 733141 CY5 63.33 defg EFGHI WEF2 37.11 def CDEF
JB12 72.89;1 JB8 63.22 defg EFGHI CY17 34.89 efg DEFG
CY12 72.11kJ CY19 62.56 efg EFGHIJ CY6 33.56 efg EFG
JB9 71431K CY12 61.56 efg EFGHIJ JB8 33.33 fgh FG
JB13 69.32mL CY6 59.55 fgh FGHIJK YS7 33.33 fgh FG
QD4 68.91 mn LM QD4 59.19 fgh GHIJK JBI12 33.33 fgh FG
CYl1l 68.44 no MN JBI13 58.89 fgh HUK CYl1l 29.44 ¢ghi G
JB11 68.11 0N JB9 57.78 gh IK HNI1 29.44 ghi G
CY19 67.39p O CYl1l 57.76 gh IK JBI11 2891 hi G
CY6 66.47qP JB11 57.56 gh UK JB6 2891 hi G
CY17 6437rQ JB6 5437hIJK QD4 27.89hi G
JB6 62.79 sR CY17 5344hK JB9 2744iG
CY16 62.11tR CY16 31.11iL CY16 1744jH
CY24 60.43uS CY24 29.33iL CY24 0.00kI
CY26 59.33vT CY26 18.25j M CY26 0.00kI

e KNG FRERRLE 0.01 A1 0.05 _ER %%

Note: * The capital and small letters showing significant differences in 0.01 and 0.05.
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