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Effect of simulated acid rain on disease progress of wheat yellow rust
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Abstract: In order to determine the effect of acid rain on spores germination and disease progress of
wheat yellow rust, germination of urediniospores of two races, CYR32 and CYR33, of Puccinia striifor-
mis f. sp. tritici was evaluated after 6, 12, 18, and 24 h incubation in different simulated acid rain treat-
ments (pH 2.5, 3.5, 4.5 and 5.6) in vitro, and on epidemiological components of wheat stripe rust caused
by P striiformis f. sp. tritici were investigated with the spraying method in the greenhouse. Results
showed that urediospores germination of two races decreased significantly with increasing acidity of
simulated rain. The spore germination rates of CYR32 and CYR33 were 93.7% and 79.8% after 24 h in-
cubation at control treatment (pH 5.6), and that of CYR32 and CYR33 were only 13.1% and 8.6% at
pH 3.5. In the greenhouse, the lesion expansion rates of CYR32 of P. striiformis f. sp. tritici (or
CYR33) were not significant difference under the same days after inoculation. There were significant ef-
fects of acidity of simulated rain on infection efficiency, latent period, sporulation, disease index and the
area under disease progress curve (AUDPC) of two races. The infection efficiency of CYR32 and
CYR33 at pH 3.5 compared with the control treatment decreased 79.9% and 79.8%, respectively. This

result suggested that heavy acid rain (pH 3.5) could significantly prolong the incubation period, reduce
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sporulation, decrease disease index and AUDPC.

Key words: simulated acid rain; Puccinia striiformis f. sp. tritici; disease progress
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Fig. 1 Effects of different simulated acid rain on spore germination of race CYR32 (A,C)
and CYR33 (B, D) of Puccinia striiformis f. sp. tritici
Pl T B0 A P b R . RS [R) R 3R 7R 42 Duncan BT M 22 B G 30 7E P<0.05 7K F- 22 57 2 % . Data are mean+SE.

Different letters indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

B2 NEFFREEE/NF CYR32(A~E) M CYR33(F~)) B FERRBEE BT E 6 h BRI EE (200%)
Fig. 2 Spore germination of race CYR32 (A-E)and CYR33 (F-J) of Puccinia striiformis f. sp. tritici

in simulated acid rain after 6 h of incubation (200x%)
A F: XI1&; B.G: pH 5.6; C.H: pH 4.5; D.I: pH 3.5;E.J: pH 2.5, A, F: CK; B, G: pH 5.6;C,H: pH 4.5; D, I:pH

3.5;E, J: pH2.5.
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Fig. 3 Effects of different simulated acid rain on the infection efficiency (A) and latent period (B)of
race CYR32 and CYR33 of Puccinia striiformis f. sp. tritici
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Fig. 4 Effects of different simulated acid rain on the lesion expansion rate of race CYR32 (A)
and CYR33 (B) of Puccinia striiformis f. sp. tritici
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Fig. 5 Effects of different simulated acid rain on the sporulation quantity of race CYR32 (A )and

CYR33 (B)of Puccinia striiformis f. sp. tritici
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Fig. 6 Effects of different simulated acid rain on disease index (A) and AUDPC (B) of race CYR32
and CYR33 of Puccinia striiformis f. sp. tritici
P T B a9 bR DR o A [R] S B 7R 28 Duncan BT 1 22 1K B0 7E P<0.05 /K-F-22 5 1.3 . Data are mean+SE.

Different letters indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

3 iFig

S /INAZ S5 TR A0 R A DR R B T S A
TA B — SR, i FR AR A A &
JB % (Staples & Macko, 1984 ) , B 8 (1 2 7N
IR, il B A R e O ) P 2R (Rapil-
ly, 1979;Chen et al.,2014) , Hyk i & W & A 15
T HIE 1% (Staples & Macko, 1984 5 7k 2145,
2006) KAk (5K K LT 45, 2006) | 48 4L 5 % (Cheng
etal.,2014) LA K 25575 4% (Sharp, 1967 ) % X 871

RAAFEN o AUMTFEIIER T35S PR X = AT
17 5 B, A [ 1R 2 PR AR ADA R TR X /N2 % S 0 T
SAFWI RS20 22 5 0.3, G TR R SRR 1S 0 , /)
FHAGIRNE BT AR T, van Bruggen et al.
(1986) IAN[HIERE (pH 4y 2.8 3.4 .4.0 .4.6) R % Xt
TBERS I Alternaria solani FER 2 Phytophthora
infestans Qb P8 J& WLEE 43 A5 16 Ff 58 1 i k3%
BER R RN TR R AL E A TR B A e
REA. Martin et al.(1987) RS AN[F] 2 BE A R4LL R /Y
X Th 4% G 38 5 TR Phytophthora infestans 8 &



11 EARANGE « BERRTR X /N ARG A T2 4L 2 ) R 179

(RS, 45 5 S 7 ) A% S I 922 i TR %o TR R R ik
T 24, AL R TR pH 3.0 B, 1200 B 18 7288 &
R, YRR T pH 3.6 fl pH 5.6 i, Jizsh il 1
KA o FHIAT UL, AN ]9 5 A8 JE B0 AN ] PR
JE (R REALL R T T 52 PSR AN R Y

TG R IR,/ INAZ S5 5 T AR NP CYR33 7E
TR TN (pH 4.5) ZbBE 6 h & , 76171 & A A B
Z RN FEALEE 24 h 5, W AR 5% RO 3 25
S, TR TR RN AL B (1) e 2 Y e A % RT3
285, M /N 22 5555 s T 96 7R R T A 3L 32 3
—ERREE M LA B AR AR R AR AR A 35 N
— B A 5 B K AR Y7 3 R W/ NAE S5 e TR 7L
FREAR Az —E TR FE YR E , X Fh il Lk RE 5 7S5 X
HERh RIA 5 — 2L W58 . Vosatka & Dodd
(1998) i PRk b7 PR M A 53 (1) AR BRI AR LT Acaulos-
pora tuberculata ¥ /5 T TR W 3214 . — € R
FAASEALIIR RN T 22 ) A A PR T (SR U T
PR VE I I PR PR A R 22 5 1 A2 B I R VR FH
TR T hvE R Ik

1R G225 R AL ARG T T3 AR
J& SR TR, 51 BRI, A
B2 SRR, /N2 4555 s TR 7~ 7R ASC UL R A #H
JE R MER 2 S W, A BRI MR B A B I, /D
&SRB R YR TR [FRE , Shafer et al.
(1985) k& B #5225 Phytophthora cinnamomi {3 5]
T F12 YL Bl 52 Lupinus angustifolius cv. Tiftblue t
S Pt UL W 1 S5 1) o L 1R e MR A1

TE/INZZ =555 TR A I AR & R R A
OGS TR A 52, [ B 27 32/ INAZ ABA 52
5T 2 BRR RRI G /N 22 A A R ™ s A R e, 0
AN AR el A e R 2R (2 TR A, 2008
HERZAE,2013) o FERRFE MO T, AR pH<3.5 I,
DT AVIIER AR ALl i = T i s T2 9
TXF IR pH<2.5 B, AR 5 B ) b AR, - R 1T T
U B 30140 (22 1A 55, 2008 ) o ASBIF 5T A X 2 Fh i
FEAP I B /N A A TR TS Ab B, 75 3E— 20 I JRAH OC
TR, DA 715 R R X /INAZ 505 T EL AR

& % L Bk (References)

Bian YJ, Huang J, Sun QS, Jiang D, Jiang HD, Zhou Q. 2013. Effects
of different acidity acid rain on yield, protein and starch content
and components in two wheat cultivars. Acta Ecologica Sinica,
33(15): 4623-4630 (in Chinese) [ N AR, # i, FhILAN, 7R,
VLWEZR, JAEE . 2013, AHURR I X /N2 7 a BORF WL AR 1 BT RIE

O i S A BRI . AR ZREAR, 33(15): 4623-4630]

Britton KO, Berrang P, Mavity E. 1996. Effects of pretreatment with
simulated acid rain on the severity of dogwood anthracnose.
Plant Disease, 80(6): 646—649

Campbell CL, Bruck RI, Sinn JP, Martin SB. 1988. Influence of acidity
level in simulated rain on disease progress in four plant pathosys-
tems. Environmental Pollution, 53(1/2/3/4): 219-234

Chen WQ, Wellings C, Chen XM, Kang ZS, Liu TG. 2014. Wheat
stripe (yellow) rust caused by Puccinia striiformis f. sp. tritici.
Molecular Plant Pathology, 15(5): 433-446

Cheng P, Ma ZH, Wang XJ, Wang CQ, Li Y, Wang SH, Wang HG.
2014. Impact of UV-B radiation on aspects of germination and
epidemiological components of three major physiological races
of Puccinia striiformis f. sp tritici. Crop Protection, 65: 6-14

Goyer RA, Bachmann J, Clarkson TW, Ferris BG Jr., Graham J,
Mushak P, Perl DP, Rall DP, Schlesinger R, Sharpe W, et al.
1985. Potential human health effects of acid rain: report of a
workshop. Environmental Health Perspectives, 60: 355-368

Larssen T, Lydersen E, Tang D, He Y, Gao J, Liu H, Duan L, Seip HM,
Vogt RD, Mulder J, et al. 2006. Acid rain in China. Environmen-
tal Science & Technology, 40(2): 418-425

Li ZQ, Zeng SM. 2002. Wheat rusts in China. Beijing: China Agricul-
ture Press (in Chinese) [ZERI5, B 115 . 2002. H /N 4595 .
Jent: gl R

Liu P, Xia F, Pan JY, Chen YP, Peng HM, Chen SH. 2011. Discuss on
present situation and countermeasures for acid rain prevention
and control in China. Environmental Science and Management,
36(12): 30-35 (in Chinese) [XI ¥, Z 3k, ¥ KK, Mith ¥, 246
W, WA . o [ R R A S B VA 6 SRR . FRBE R A S,
36(12): 30-35]

Luo Y, Zeng SM. 1988. Component analysis of slow-rusting resistance
of wheat cultivars to stripe rust (Puccinia striiformis) (I). Scien-
tia Sinica (Series B), 31: 217-227

Mai BR, Zheng YF, Liang J, Liu X, Li L, Zhong YC. 2008. Effects of
simulated acid rain on leaf photosynthate, growth, and yield of
wheat. Chinese Journal of Applied Ecology, 19(10): 2227-2233
(in Chinese) [ [# i, K847 &, B242, XIEG, 25, Bhaie)1] . AL40)
TR R AT /N2 W e [R)A) A R B B SR . 2008, 1 FH A 28
2£41, 19(10): 2227-2233]

Martin SB, Campbell CL, Bruck RI. 1987. Influence of acidity level in
simulated rain on disease progress and sporangial germination,
infection efficiency, lesion expansion, and sporulation in the po-
tato late blight system. Phytopathology, 77(6): 969-974

Okochi H, Kameda H, Hasegawa SI, Saito N, Kubota K, Igawa M.
2000. Deterioration of concrete structures by acid deposition: an
assessment of the role of rainwater on deterioration by laborato-
ry and field exposure experiments using mortar specimens. At-
mospheric Environment, 34(18): 2937-2945

Rapilly F. 1979. Yellow rust epidemiology. Annual Review of Phytopa-
thology, 17: 59-73

Shafer SR, Bruck RI, Heagle AS. 1985. Influence of simulated acidic

rain on Phytophthora cinnamomi and Phytophthora root rot of



180 o R

S [ 454

blue lupine. Phytopathology, 75(9): 996-1003

Sharp EL. 1967. Atmospheric ions and germination of uredospores of
Puccinia striiformis. Science, 156(3780): 1359-1360

Shriner DS. 1978. Effects of simulated acidic rain on host-parasite in-
teractions in plant diseases. Phytopathology, 68(2): 213-218

Singh A, Agrawal M. 2008. Acid rain and its ecological consequences.
Journal of Environmental Biology, 29(1): 15-24

Staples RC, Macko V. 1984. Germination of urediospores and differen-
tiation of infection structures.//Bushnell WR, Roelfs AP. 1984.
The cereal rusts. Vol 1. Origins, specificity, structure, and physi-
ology. Orlando: Academic Press, pp. 255-289

van Bruggen AHC, Osmeloski JF, Jacobson JS. 1986. Effects of stimu-
lated acidic mist on germination of Alternaria solani and Phy-
tophthora infestans in vitro and their infection efficiency and
sporulation on potato. Phytopathology, 77(4): 564-570

Vosatka M, Dodd JC. 1998. The role of different arbuscular mycorrhi-
zal fungi in the growth of Calamagrostis villosa and Deschamp-
sia flexuosa, in experiments with simulated acid rain. Plant and
Soil, 200(2): 251-263

Yu ZD, Li XX, Guo ZQ, Ren ZZ, Cao ZM, Ma EJ, Gao ZH, Song XB.
2010. Effect of temperature and leaf extractions on the germina-
tion of Melampsora larici-populina Klebon uredospore. Journal
of Northeast Forestry University, 38(7): 109-112 (in Chinese)
AR, 27505, 8GR, B, DRI, SR, R
GEAK . 2010. it 8 A2 Al =1 O A IS 141 590 T W7 14

oM. ARAUMOl R =24 41, 38(7): 109-112]

Yuan ZW. 1988. Acid rain and the occurrence of diseases in Pinus mas-
soniana. Journal of Ecology, 7(5): 50-52 (in Chinese) [ i .
1988, BT 5 Lh R A T 10 & AR TR A . RS20, 7(5):
50-52]

Zadoks JC. 1971. Systems analysis and dynamics of epidemics. Phyto-
pathology, 61: 600-610

Zeng SM, Luo Y. 2006. Long-distance spread and interregional epidem-
ics of wheat stripe rust in China. Plant Disease, 90(8): 980-988

Zhang XM, Chai FH, Wang SL, Sun XZ, Han M. 2010. Research prog-
ress of acid precipitation in China. Research of Environmental
Sciences, 23(5): 525-532 (in Chinese) [5K 81 e, 46 4% &, Tl
%, PN, . 2010, P EIBR AR ST IR . FREERIAEIST, 23
(5): 527-532]

Zhang XY, Jiang H, Jin JX, Xu XH, Zhang QX. 2012. Analysis of acid
rain patterns in northeastern China using a decision tree method.
Atmospheric Environment, 46: 590-596

Zhang YH, Huang LL, Kang ZS. 2006. Study on germination condi-
tion of urediospores of Puccinia striiformis f. sp. tritici. Myco-
systema, 25(4): 656-659 (in Chinese) [ 7K 7K 2T, B i i, B J&
4. 2006. /NE SR CY32 2 AE T W R BESE . 4R, 25
(4): 656-659]

(ITAERH  RIR )



