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Identification and biological characteristics of alfalfa powdery
mildew fungi

YUAN Yu-Tao SHIJuan~ MAXin YANG Kai

Agricultural College, Ningxia University, Yinchuan, Ningxia 750001, China

Abstract: [Background] Powdery mildew is one of the main fungal disease affecting the yield and quality
of alfalfa. It has been reported that there are three pathogens causing alfalfa powdery mildew: Erysiphe
polygoni DC., Leveillula leguminosarum Golov., and Erysiphe pisi DC. [Objective] The biological
characteristics of alfalfa powdery mildew, the morphological characteristics of conidia and cleistothecium
were systematically studied, and the pathogenic species of alfalfa powdery mildew in Ningxia were
identified. [Methods] The occurrences of the disease and the formation conditions of the cleistothecia
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were investigated by pot culture in the laboratory. The data were obtained automatically by the
meteorological station. The characteristics of the fungi were observed by the light microscope, and the
germination characteristics of the conidia of the fungi were observed by the water agar slide method.
[Results] The temperature range of alfalfa powdery mildew is 20—24 °C, the humidity is 40%—-60%. The
conditions for the formation of cleistothecia are 20-25 °C and humidity about 70%. The formation of
cleistothecium takes about 42 d. Conidia produce spores on conidiophore in a basipetal form. Mature
conidia oval or elliptic, with the size is (29-46)x%(12.5-21.0) um. The diameter of dark brown globular or
subglobular cleistothecium is 71-135 um, with a large number of appendages, and a few are irregular
branches 1-2 times. The cleistothecium contains 4—6 asci, oval, with the handle, and the size is
(58-90)x(29—60) um. The ascus contains 4—6 ascospores, which are ascospore monospora, oval and the
size is (21—34)%(10.5-20.0) um. The optimum temperature range of conidia germination is 22—26 °C, the
optimum pH is 6.5, and the light could promote conidia germination. Glucose, D-xylose and mannitol
promoted the germination of conidia and the growth of bud tube, cysteine promoted conidia germination,
and glycine promoted the growth of bud tube. [Conclusion] The pathogen of alfalfa powdery mildew in

Microbiol. China

Ningxia was identified as Erysiphe polygoni DC.

Keywords: Alfalfa, Powdery mildew, Conidia, Cleistothecia, Germination, Biological characteristics
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Figure 1 Morphological characteristics of conidia and conidiophore
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Note: A: Conidia; B: Conidiophore and conidia; C: Hypergene mycelium of leaf, conidiophore and conidia.
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Figure 2 The teleomorph characteristics of fungi of alfalfa powdery mildew

e A JOE e ER 2 AR AN ACRIA TS BT, B: BUESUEEE .. MG, 284, DBk C.
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AEFEhEA 6 MR FEE; F: HAEETSZ B 3ADTE; G: EVHREEW T8, TREBIPSONRETE, FREMEE; H.
TR ANTRIETHTFE; | 56 5 M FEMTWTE; ). MATEET, FRATHNEGIRNHE.

Note: A: At the late stage of the disease, the white powder layer and the small black punctate cleistothecium on the diseased leaves; Under
microscope, B: Globular or subglobular, dark brown cleistothecium, cleistothecium more aggregate, less scattered; C: A cleistothecia with a
large number of appendages. The surface of appendages is not smooth; D: A ruptured cleistothecia (1: Unbranched appendages; 2:

Occasionally branched appendages); E: Six mature asci in a cleistothecia; F: The three asci are on the hymenium; G: Mature and immature
asci, ascus inverted rod type or oval, ascus double-wall; H: An ascus containing four ascospores; I: An ascus containing five ascospores; J:

Spore-single ascospore, ascospore contained a fat droplet.
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Figure 3 The relationship between the incidence rate and disease index of alfalfa powdery mildew and environmental

temperature and humidity
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Table 1 Meteorological data of powdery mildew
HE mefRiRE o R SRR FARIRSE e T EHRREE RAEMR
Date Minimum Maximum Average Minimum Maximum Mean Occurrence situation
temperature (°C) temperature (°C) temperature (°C) humidity (%) humidity (%) humidity (%)
4-29 18.8 36.6 24.2 33.0 77.0 55.0 R FRY
5-18 12.8 33.0 19.3 19.7 60.0 43.7 Powdery mildew
6-11 10.3 32.3 20.9 17.8 59.8 37.7 RIS
Cleistothecium found
6-21 18.9 26.8 26.1 68.5 96.4 86.1 KT
Lots of cleistothecium
6-26 17.2 225 20.4 88.8 96.6 90.8 PH 5T Rl 3
Mature cleistothecium
*2 REMNEEOMRFRREASIERFHLNEZNETFHELE, %)

Table 2 Effect of temperature on conidia germination of alfalfa powdery mildew fungi (spore germination rate, %)

5 Temperature (°C)

i & I} 1] Germination time (h)

3 6 12 24
5 1.3D 2.3F 11.3E 13.71
10 2.7D 6.0F 19.7E 33.0H
15 15.0C 29.0E 41.0D 48.0G
16 16.0BC 33.3 DE 47.7CD 60.3F
18 22.7B 39.7CD 54.3C 63.3EF
20 30.3A 45.7BC 64.7B 73.7CD
22 34.0A 54.3A 79.3A 84.3A
24 36.0A 62.0AB 80.3A 87.0AB
26 29.7A 43.7C 73.3AB 80.3ABC
28 22.3B 41.7CD 70.7AB 77.7BCD
30 16.3BC 33.3DE 64.7B 70.3DE

T SR RRE TR 308 22 5l .25 (P<0.01).

Note: Different capital letters in the same column mean extremely significant differences (P<0.01).

2.7.2

FKEBXT S TR F A& BN
AN ) S BT 43 2B 0 B 1) 5% e 3k e 45 SR
(F )R, LML T BT i &
RIKF| 88.0%FH1 86.7%, WiH I LEES, MK
ST A A R 2R 80.0%, S5 RM
R E S, RIDEIA R T A H i A .
273 pHMSERFIALEIE M
ANEL pH X 43 AR 96 R Y R IR 0 45
(F 4R, HEMTFAE pH 3.0-12.0 JEH A AT
Wi%, pH 6.0 Fll pH 6.5 B (e & Rk, 4330
76.7%F1 81.3%, —H LB EER, (H CK
(pH 6.5)yu & ftlt, 6 h wtik3] 50.7%, pH 5.0

FMIpH 7.0k, pH 9.0-12.0 H & K&k, FWh
P sl 0 PR 1 19 2% 2 A R A 1R e D
Paactim Sy
274 k. BRMSEBFELHEN

AN T R XF 4 A 96 1 2 11 it 4 S (3 5) 36
B, B O I B 1 o AR TR 6 Rk
VRESE ANFIREEE AR, DA RS, HOROE
MZHE; 5 CK MLk, #A5HE. D-ARWAH R
HE AT I R ZEE AR, 3 h B &R0
iK% 55.3%. 48.7%F1 57.3%, 24 h B RZEHET
CK, =#IWM 52 TEk . Z22PMPATEERE 3 h #l
6 h I AR BEMT CK, 24h =H B E 2R,
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®3 ARWNEBEEMFEREESERTHANTEIBTFHLE, %)

Table 3 The effect of light on the conidia germination of alfalfa powdery mildew fungi (spore germination rate, %)

JEHE Nlumination i & it [a] Germination time (h)

3 6 12 24
46 Full illumination 29.3A 63.3A 83.3A 86.7A
4221 Total darkness 26.0A 52.3B 73.0B 80.0B
2% HR Half illumination 29.3A 62.7AB 82.7A 88.0A

TE: AP RS FREOR 22 70 .35 (P<0.01).
Note: Different capital letters in the same column mean extremely significant differences (P<0.01).

F4 pHIEEEMFEHERESERTFHELNERNIEFHELE, %)

Table 4 Effect of pH on conidia germination of alfalfa powdery mildew fungi (spore germination rate, %)

pH B & 5[] Germination time (h)
8 6 12 24

3.0 13.7BC 29.3CD 31.3DE 39.7CD
4.0 13.3BC 37.3C 39.0C 44.7C
5.0 18.7AB 37.0B 54.7B 62.0B
6.0 23.0A 40.3A 65.7A 76.7A
7.0 16.7ABC 32.7CD 51.0B 60.7B
8.0 11.0BC 16.3E 32.7CD 40.0CD
9.0 8.0C 15.7E 25.7DEF 32.3DE
10.0 8.7C 16.7E 25.0EFG 31.3DE
11.0 10.7BC 19.3E 23.3FG 27.7E
12.0 8.7C 14.3E 18.0G 26.0E
6.5 (CK) 24.3A 50.7A 71.3A 81.3A

e AR RS 8308 22 7% i 25 (P<0.01).
Note: Different capital letters in the same column mean extremely significant differences (P<0.01).

*5 WRENEBREMHERERSERTHANTWIBTFHELE, %)
Table 5 Effect of carbon source on the germination of the conidia of alfalfa powdery mildew fungi (spore germination
rate, %0)

%5 Carbon source Wi & A} E] Germination time (h)

3 6 12 24
% B Glucose 55.3AB 73.0A 87.7A 94.0A
JERE Sucrose 34.3CD 63.7B 83.3AB 86.7BC
FEH Starch 27.7D 54.0C 72.7C 85.7C
2% 24 Malt dust 37.0BCD 64.78 80.7B 87.3BC
D-/AH# D-xylose 48.7ABC 64.7B 84.3AB 91.3AB
H#&E Mannitol 57.3A 67.7AB 80.7B 89.0ABC
X A8 CK 36.7BCD 75.0A 84.3AB 88.3BC

TE: AP RS FREOR 22 70 .35 (P<0.01).
Note: Different capital letters in the same column mean extremely significant differences (P<0.01).
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AR RN 73 A 1 B K AR A R (R 6) %K
W1, B 5 PRI AR AT A A AN ) A
FERREZ, 5 CKAHLL, 3h DRPEBREmR i Fii &k
LA R A S, H BRI AR RR A AN R

PREFNE R B A1 5

24 h BT HEmRMRE

W2 AR AN, HAh IR B & Ve
275 SEMBTRIBEL
4T LIE H, EMAEKRIE B A1

*6 AEWNEBRAMFEREASERTFHANTWIBFHELE, %)

Table 6 Effect of nitrogen source on germination of conidia of alfalfa powdery mildew fungi (spore germination rate, %)

&R Nitrogen source W 4 I iE] Germination time (h)
3 6 12 24

JKZ Carbamide 18.3B 43.7B 65.0BC 74.0BC
FE 11 Peptone 17.3B 50.3AB 62.3C 77.7B
HZ R Glycine 22.7AB 51.7AB 76.3A 85.0A
MR AR Potassium nitrate 25.7AB 45.0AB 58.7C 67.7C
LR Cysteine 33.7A 53.0AB 66.7BC 76.7BC
IR CK 27.0AB 53.3A 72.3AB 83.3A

0 FIFIAE RS F-5:30R 22 74 18 25 (P<0.01).

Note: Different capital letters in the same column mean extremely significant differences (P<0.01).

4 SHEBTHER

Figure 4 The germination of conidia

TE: A: 3h TR A28 B: 4 h TR IAR B A AR A 2R TE 0B C: 6 h 3R 15— i AR 7 4

TSR s D: 6 h )AL A A (9 204 DU KR I M5 E
AFT IR AR RS K G 2R T I B KR A s H: SRR AT T

OP AT S A 2 A DO I o SR s Fe 2

Note: A: Germinating at the scapula germ tube of 3 h conidia; B: The division of the germinated bud tube at the scapula of 4 h conidia; C: At 6 h, the
other end of the conidia germinated at the scapula to form a double bud tube; D: At 6 h, the apical expansion of the germ tube produced by the
germination of the conidia forms the appressorium; E: The germination of conidia results in the formation of branching appressorium; F: The growth
of the germ tube from the germination of the conidia; G: Secretion or degradation of the apical part of the bud tube; H: A shrunken conidia.
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3 h TR & (B 4A), TE53 A A8 Tots s I Ak i
REHW A S, 4 h BE] TR B4 R (1A
4B); 6 h HFWLEEIHR o o0 A 7 I8 BOBUER A4S (B
4C), ICBT ZEAE O 2 RO I 6 M, W B G
— M IR TR 22, A BB o SCIR (B 4D
4E), (HRERIFTCULRFAIE, T A SR dka A= K (K
4F); 12 h L&, 2R WIS ST IR I A K A6
AKEERE, 1T L ZF4E T T 46 4340 Joa s 9% e
(Bl 4G), fEREEZEE AR, S EMTFRIHH
T R e (18] 4H), S503RH, 25 °C &M F, B
7 R S B 43 A 7 3 h TR IR BT &, 6 h B it
EML, 6 h LUSERMRIAER 22, 12 h LIS AR AR
Fo FEERKBAEN 8.62 upm/h,
3 WikE4e

SR FEAE B 1 TR i DA 1 4 Py A
AR, EAMRE EZ N E. polygoni DC.H—
fr, 7R E FEH E. polygoni DC.H |
DC.*F Leveillula leguminosarum Golov.P!=F,
R E R SR RGN WIS
D5 N5 A= T T (0 T 25 L R D B A 1 25 S5 R AIE
AT T %8, WA S0 Leveillula J& F1 Erysiphe
JEWi~J& . 7E Erysiphe JEH, T E. polygoni DC.
1 E. pisi DC.ICHEASEHIARIEM, AR i Toik &5
SERTR R IR RIS, BRI T X Y R AR
WA RFE MR 20 ks, BD E. pisi DC.FEIL
KL 43EL, TWAE E. polygoni DC.FR, [ffjE 224 /b
ORI AT, AR B0 25 5t S i — WA
WRIGAT AR TR LS R, AR T T LW H T
PR 993 978 DL TR A TR 22 M AR 0L R e AR T
FHRUE MRS A BT RRAE , RIS ik 4
A $6F B R s [ 9 RRAE 6 12006 D A
T Erysiphe J& , (K34 1S A BT IR 226 DA
PRI A3 A B RFAE 4 7 5006 B A R Dt T
YeiE S E. polygoni DC., X —45i8 524 4 My
WroessR—2, 5 (hEARE amE e ) M

E. pisi

(EHE%ETN ) M E. polygoni DC. (A HA
—H, FXTIR SRR E Y, R Z Ik E
A7, SR RS R S MR 22 B S
FRAE R 2508 FUBYIS I R i I L 98 hR , £ 5
WFSE xS RAE DL SR i L S o D R
Pl

1 F I B R SRR R e R A SR S
S o AR T SRR E A TR i D 1A JC
HLF WA F R R T TS, SRR AR
TR IRETE RN 5-30 °C, i i A& I E i
22-26 °C, =T 26 °C i, JCi AT AL 2w
TP B ETREES, KU R 6 ALK,
SRR R IR R, T b OB R IR R
B, LI E R AR TR E R AERNRAT .
A3 X U PR R 25 SR B, R e R
R0 A AR A e B B B SR K A BB SR I T RO
B, s ERTAST IR FENAER, B2
12 h J5 A BB FRE AR L H A K

P 2 76 T8 BUAR A — B 22 AT R fal
R FRES IR T BN EAE UM R A ) = e
Ja ok = HAEUEYE . BFSR R, AN ORI R
F - FEL A SR P ) A8 2 2 42 e
T EL/INZ2 PR 7e A7 00 32 5 14K B Z [ AP 7E B %
AR CPE R R A R PR 5 R A AR LY
PRFEVEFT, AR R B 5 1 B PR 2 R KA
KBS RAEE P, A st REm, TH
SEACETE UMY 8 I T P 2 e ) A R SR
20-25 °C, MIXHZE N 50%-70%, HHETEHITEMN,
KATE 42 d, BROHZE R IE ST A RESER)
e F, P45 B R FE AR T I A
b, PEBEMREFEAIE N, R M B R
WE G, EaRMBEMNE, #2200k, W
JE A BEFETE B S5 bR T A B TR EE LAAR it
FEE TR R A R M SR —, W
WAV, 34h, ARG T B rbis & 4Er
Wit Y v Wil , PHAETC R BN BCH: E 1
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TR YL AR Y PR T LR AT ST

3 5 B (Erysiphe polygoni DC.)sk & T EL 5[]
(Fungi) F #% & 49 (Ascomycetes) H. F %% B V. 24
(Euascomycetes) [ ¥y & H (Erysiphales) [ ¥ # &
(Erysiphaceae) 1 ¥ 1% J& (Erysiphe)* ), 55 &1,
UK (E. polygoni DC.)FEfEEILT . &L,
ME. RS Fh. FON. IR, P oRE .
AP ERER Y SR, Bl
YR AL A EE, eS80 HE
TR A RN P TR, XPERIEE S e E £
BLERIMAERARE T =0/, R E TS L, iR
FEH MR 5 5 4 b PG Ib P B s B, i g
R Bt e S e 2 T P, Ry R
WO, B TR 00 2 & AR N REAR T 1)
BT, T L™ EE R MR AT R A R R
FFVR B TR0 A0 i T, ) R D R )RR AL
2 T8 B2 A RO B 7 2 15 i 1 Al . AR
B30 L 43 AR A R A B ST TR S ARE, 456 B
g RS P RESTIE BRI L R I T 1 AR
SRR, X T R AL E TE U R R R T TR
RARGHIVITE, MR E R E . AR
TR AR I e 7 AP ART E

AR 2 N e, RS R R B TR
FEIABS T ETE ORI R AR, A R R
IR, AR T TN R, S REULEE
FERANGE G R NTERR R
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