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The effect of acid-alkali in the microenvironment on three major fungal

pathogens In cucumber

WANG Li'*? , L1 B&lO—JUl , SHI Yan-Xia® (1. Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences,

Beijing 100081, China; 2. Institute of Plant Protection, Shenyang Agricultural University, Shenyang 110161, China). Acta Ecologica Sinica,

2005,25(4) :808~813.

Abstract: The microecological theory was combined with the basic principles of plant pathology, three major pathogens:
Botrytis cucumber, Cladosporium cucumerium and Pseudoperonospora cubensis of cucumber were studied in the paper. The
pathogen populations could be changed effectively by regulating the acidity in the microecology thus various pathogens were
controlled in the same microecological system. The influence of buffer solutions of different pH 3. 4~10. 4 on plant, conidia or
sporangia and the pathogenicity of these three cucumber pathogens were studied in this paper.

Plants treated with buffers of pH 3. 4~10. 4 showed no obvious abnormality, only those sprayed with buffer solution of
pH 3.4, 3.8, 9.8 and 10. 4 showed slight change of leaf color. The germination inhibition ratios of conidia or sporangia of the
three pathogens were generally higher at pH 7. 5~10. 4 than that at pH 4. 2~6. 2. The germination ratio of C. cucumerium
conidia was the highest at pH 6. 2, and the lowest at pH 9. 0 at 12h with the 87. 83% inhibition to germination ratio. After
24h, the lowest germination ratio was observed at pH 8. 0, the inhibition ratio was 67. 33%. The highest germinative inhibition
ratio 72. 39% of P. cubensis sporangia was observed in solutions of pH9. 0. Meanwhile, comparison of germination ratio ot C.
cucumerium and P. cubensis in 0. Imol/L KH,PO, (pH=4.15).0. Imol/L K,HPO, (pH==9. 50) gave consistent results. The
pathogenicity and conidia or sporangia germination ratio of three pathogens in microenvironment changed in the same trend.
Pathogenicity of the three pathogens at pH 4. 2~6. 2 was generally higher than that at pH 7. 5~10. 4, the highest at pH 4. 2,
6.2, 5.0 respectively, and decreased obviously at pH==8.0. At pH 9.8, the disease spot caused by B. cinerea was the
smallest, the pathogenicity of B. cinerea decreased significantly and the disease index was lower 71. 41% than control. At pH
8. 0 the patogenicity of C. cucumerium decreased and the disease index decreased 72.49%. Pathogenicity of P. cubensis and

disease index of cucumber mildew decreased while the increase of microenvironmental acid-alkali. Comparison of conidia
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germination ratio and pathogen pathogenicity in 0. Imol/L. KH,PO,(pH=4.15).,0. 1mol/L. K;HPO,; (pH=#9. 50)with those in
buffer solutions of corresponding pH indicated that conidia germination was not influenced by the kinds of buffer solutions, but
only by pH of the solutions. However, further field experiment still needs to be performed.

The experiments results showed that the spore germinating ratio was inhibited and primary infection site decreased by
regulating the acid-alkali in the microenvironment and exposing the habitat of the microorganisms in alkali environment, the
occurrence and spread of the disease were controlled effectively, by this way.

Acid-base balance directly influenced the health of the organisms around it. The results indicated that solubility of leaf
proteins separated from the same plant differed in solutions of different pH. Meanwhile, the extraction ratio in alkaline solution
was generally higher than in acidic solution. The pathogens parasitized on surface of cucumber didn’t invade into it immediately
but grew attaching on leaf surface for some time. This research is a good example for the application of acid-base balance and
microecological balance theory in plant disease control, it presented a bright prospect of its application in plant disease control,
especially in disease control of greenhouse vegetables.

Key words : microenvironment ; acid-alkali; pathogen
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1 MREARZE
1.1 s

1. 1.1 #HPHE (ODERAEKEIENBRE LRI EERN ARFEANERA : DHEFREPEM,20~35CREN 5
FoUKM 1L FEMHNFRA. OERSERAITMBELMM FTRER. FFE0. 10 AREEHHEE . #ET&, T 25CHEBAT
BH 24h  RIGERTFTERHREL AR /NEFILS . E 5CEBAEPREER HEBREEFH.
1. 1.2 iR EH 2 B E 0 K E 5% F Bk (Botrytis cinerea) . 3 J\ B B 3% & H % (Cladosporium cucumerium) i E &\
Bl FEL TR ERZRME, T PDA RIEEFRE LR BINES K A E K (Pseudoperonospora cubensis) & A H R Wk
AR EREFRIT AP RNEERT LR FEEWREFRBNEFE . B THELEERERT.

1.1.3 A 42818 0. 1lmol/L KH,PO, #1 0. 1mol/L K,HPO,;0. 2mol/L KH,PO, # 0. 2mol/L K,HPO, LA % 0. 2mol/L
H & B F 0. 2mol/L NaOH B2 pH 2% 3. 4.3.8.4.2.,5.0,5.4.,5.8,6.2.6.6, 7.0.7.5, 8.0.,8.6,9.0.9.4,9.8 1 10.4 3t 16
R R R N

1.2 A FHE

1.2.1 AR pHEMNEMEBRNEAEHEKZE SMHAAR p HENEZHBERE FTERTNEKXK L. S48 204,68
Sd EE 1 K. AHIK,UBKBEFAINBLBEERAE 1 K.

1.2.2 AR pHEMZRHEBMN SHENRERERMATFHELNEWN

(DAR pHENZWBEBRWNENMNKEBERERTFHANENW B RHEXREIRIBNKEBREBEEK. BB ZE PDA i
RS A RBRT,AMAARE pH ERE WY 0. 1mol/L KH,PO, 1 0. 1mol/L K,HPO, ¥ KB T T B R IEK
BAAXIC MEF/ml HEFEREBR . FURBKERNRFBRZREMBE AMNEEE R EMAFrHRAE BLEHIKER,
AT ABh.72h KA FHEREN . BLEMEILE 10 MHE ., iHE L FHHEE,

(DOAR pHEMNZBEBRMBRMNBERERFERINE RN ZRTHERXBBR IREBENRERK, BB E PDA ¥
FEZEBRTFTHFUXN . FFEREBERT AAR pHEMNEZWEBRE THEFLAMFERKEN 2X10° MM T /m]l W78
W IHURBKERAFREEBRIENB.RAMESFESAB 4 REE .2 E 2h,2h BERFHABER . SLHEBEILE
10 LB, it P k&K,

(DAF pHENZPEBRMENEERAMRFHEANER HREFFERXEEENREERM HEBELETER AA

o
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F pHEKE B BREHE 2X10' MEFR/ml HERBR  URBKEFHEFEREBEMRB, RAMPEREFEBLE 4 RKER
AHFE 24h . 72h BRAFEFERSHFHRXERL, BLHEBHLE 10 M0 T B FHERE,
1.2.3 A[6] pH BR b XT3 R R UK F B 0 |

(DAF pHEMEWBEBR N KERBEEBRMOEZN 453 BAR pH EHK % WK . 0. Imol/L KH,PO, 1 0. Imol/L
K.HPO, B F &K% 1 B L, A KBEE J % M. S B4 4 PDA L35 3d BEBREF I R BEREE NEELES
TS d=4mm WA EM TREL NS L. SN0 0KE. BHEE 3 XKEAEBRRERY,

(DOAE pHEMNE BRSNS SN BEREEENER RAZAFHEMHOFE®. 25 HAF pH EH X 0.
0. 1mol/L KH,PO, f1 0. Imol/L K,HPO, B{% TR & F 5d WERJNEA i L, IEKRF A B, LEERNREA R
FRINBEERTFREAKEN X1 MEF/ml WA FEER MEEM EME 0OKE R4KEE. EHEFE L XAE
IR |

(DAE pHEMNEDBE RN ENEFERBEREEINEZW 23 HANE pH EHMZ . 0. lmol/L KH;PO, 1 0. 1mol/L
K,HPO, BEFHEME 1 FEM L, UEKMFAWNE, VB RERFEXRBEEENEERT HEBERTER HEXHE T K
BRI 2X10' NMETE/ml MERB WEERMHTENE 1 F AL, IE/KAHE TR, B2 30 #hd . KM IHN 4d HE
1 K, FFid %,
1.2.4 B HE

BTFHEFEOHRR(D=[AHIRF@EATFEOHALAYE/ AT TR T (SR FE) S ]IX100%

BrFHAEFEOHAMHARO=[MNBHEF@EFEOHLEFCO—LBRFEFBOHERE(D I/ MRBATF R FEH
KE(CY)

HRERPE=S(BREREXBSERFRE/CABE BB XBERERERE™
2 HZR5GH
2.1 A pH {E R 2 b ¥ 8O B TIVAE R B9 52 W
AR pH B bR E TR, {X pH=3.4.3.8 5 pH=19.8,10. 4 & M 4L T 5 B A BRI €8 L XF B o £
R, HERAAHKERKREREHSR.

F1 AFE pH EAIS MR B RSP
Table 1 The effect of dii‘ferent pH buffer treatment on the cucumber growth

b B S A kAR 4k pH 43 pH treatments
Plant after treatments g 4 38 4.2 4.6 50 54 58 62 6.6 7.0 7.5 80 85 9.0 9.4 9.8 10.4 CK
8,224k Leaf color ++ +/-- - - - - - - - = = = = = +/=+/— =
¥ & 24t Plant height — — — — - — — — — — — — — — _ — — —
HE Bk Others — - = — — — — — — — — — — — — — — —

—"ERERE normality; “+/—"HEE B & very slight abnormality; “+7F BB 7 & slight abnormality; “+ + " F R # midding
abnormality; “+ + + 3 B 5 B BL 4 scale abnormality;CK A& % k43 , A E /KW F A XF B8 Control,no buffer treatment

2.2 AN[E pH HRIE sh s WO 3 Fh 8 N 3% IR B 1 85 & 2 i

2.2.1 RAREIpHEMNZEHBBRMIENKEFRARFHANERN KERBEMFE pHE 3-4~10.4 ZE¥AEE K ;7& 48h H
72h WEMEREAR - .EpH 4. 208 . ERERE MERH/;EpH . S BFRER/D, MEFES. 4 pH 4. 2~6. 2(K
BMUOHRIETHRERFHAELRS T pH 7. 5~10. 4w FEMEH A%, pH 7. 5~10. 4 {5 35 5 X3 95 & 707 85 & 90 &
KPR ETF pH 4. 2~6. 2 WERIFIE T #4785 & W i) 3 Koof B [W] B K B W L+ 7& 0. 1lmol/L KH,PO,(pH=4. 15)# K,HPO,
(pH==9.50) 7E 48h E¥ M FH K E 575N 49. 83%.5.96% s 7E 72h 33K 70.35%.9. 07% . X G A A F X M pH &
BRPHRTFHAENEER - AR ERFHAEASENREH AR E X, A5BER pHERXGE 2,

2.2.2 AR pHEMNZWEBRMNBENEERAERFHEANEN H/NEBEREMRTEpH=3.4~10.4 ZRI¥FEH X, F HE
pH=4.2~6. 2UREBHE O ABE TR AR FH AR L EE T pH="7.5~10. 4Rt KB I8 &K E ,pH=7. 5~10. 4 {581 3F 5
STREETHAMGHRHAEETF pH=4.2~6. 2 RBABE TR FHEAWHEBLENR, FpH=6.2 K, AFHARIIRELK, X
S ANCREMER—BGAE 12h WEE pH=9. 0 WE N B PR TFIH XRE/D, AT KPP H R EIX 87.83% ;7 24h WEH
EHRpH=8.0 BB PHFIHERE/ . WFIHEMH FLER 67.33%., 7 24h W H A 0. Imol/L. KH,PO,(pH==4. 15)
A1 0. 1mol/L. K,;HPO, (pH=9. 5O H 5l FEE R R SR P BE B, 4508 41. 371 38. 26 % (3R 3),

"=l
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Table 2 The effect of different pH buffer treatment on conidia germination of B. cinerea
ot AR MEFB(YL BHEAR WHEOD - HERY) MHEROD BEERG) WHRIEDD
L S pH 4 ¥ . o
pH Germinating  Inhibition  Germinating Inhibition Germinating Inhibition  germinating Inhibition
_ _ ] _ Treatments , , , .
Treatments ratio 48h ratio 48h ratio 72h ratio 72h ratio 48h ratio 48h ratio 72h ratio 72h
3. 4 11.15 88. 20 21. 65 24.13 7.0 23.10 11. 70 27. 30 4.55
3.8 28. 80 —10. 34 31. 90 —11. 69 7.5 21. 50 17. 80 26. 70 6. 37
4.2 46. 05 —76. 44 68. 50 —139. 85 8.0 10. 30 60. 60 16. 70 41. 60
4. 6 43. 35 —66. 09 65. 32 —128. 71 8.5 8. 32 68. 10 11. 70 59. 20
5.0 27.46 —5.21 31.56 —10. 35 9.0 6. 32 75. 80 9.21 67. 80
5.4 26. 79 —2Z. 64 28. 85 — 0. 87 0.4 6. 04 76. 90 9. 14 68. 00
5.8 26. 54 —1]1.68 28. 21 1. 23 9. 8 5. 62 78. 50 8. 97 68. 60
6. 2 27.78 — 6. 44 28. 65 — 0. 32 10. 4 5. 64 78. 40 9. 56 66. 50
6. 6 22.79 6. 44 26. 68 6. 58 CK 26.10 — 28. 60 —
CK AZErhmiibH, BHE /KB E X% Control ,no buffer treatment, J [A the same below
£3 ARpHENEHBAENERREFRERFIHEZOE D
Table 3 The effect of different pH buffer treatment on conidia germination of C. cucumerium
At # AR (Y) MHERL BER HWHEFED BHARAZE() MHBLD BHER)  WHRD
o . pH &b . .
pH Germinating Inhibition Germinating Inhibition Germinating  Inhibition  germinating Inhibition
_ , _ , Treatments _ _ _ _
Treatments ratio 12h ratio 12h ratio 24h ratio 24h ratio 12h ratio 12h ratio 24h ratio 24h
3.4 23.52 42.18 33. 45 42. 27 7.0 51.70 —27.14 67. 60 —16. 66
3.8 12. 50 69. 27 22.54 61.10 7.5 20.10 50.49 32.70 43. 60
4.2 38.42 5. 56 43. 27 25. 32 8.0 9. 79 75.93 18. 90 67. 33
4.6 32.54 20. 01 39. 67 31.53 8 5 36. 80 9.59 40. 60 29. 90
5.0 24. 14 40. 66 29. 08 49. 81 9.0 4. 95 87. 83 39.40 32. 00
5.4 21. 32 47. 60 29.79 48. 58 9.4 30. 20 25. 76 37. 30 35. 60
5.8 46. 20 —13.57 50. 43 12. 96 3.8 24. 80 39.13 30. 20 47. 80
6. 2 69. 30 —70. 35 73. 78 —27. 34 10. 4 10. 30 74. 71 19. 70 65. 90
6. 6 44. 56 —G. 54 60. 37 —4.19 CK 40. 68 — 57. 90 —
2.2.3 ANEIpHEKNZEWAEBRMNEAEERERFHEENE R BNAEERAMAFEE pH=3.4~10.4 ZE¥EEHH X . pH
=>9.4 M pH=3. 4 BN EERFEE 24h AR X;72h 5N BEE R ;7E pH=4.2~6. 2 IREEREIFIE T WA A FEAE L B
ERAF pH=7.5~10. 4 MWBEFRHEHH ZE,pH=7.5~10. 4 IRWHERBEXN W ERA FREEXNWHFXHE T T pH=4. 2~
6.2 REBH B THFBIELZMNEHEENH, £ pH=5.000 , M FRERMIFXFZARABEK;24h WEEFHLAPNHFE S pH=9.0
BZEMBRNATFENHAMHBRBRER,BH 72. 11 %GR 0.
%4 AR pHENZHERRENENEEFREHAFHALZN M
Table 4 The effect of different pH buffer treatment on pathogenicity of P. cubensis
Ak B BHRE(Y) MHEHR WHER MHIFEOD H 4 E AR MHERG) BHERD  MHEIBOD
pH Germinating  Inhibition  Germinating Inhibition P Germinating  Inhibition  germinating Inhibition
, _ , , Treatments _ _ _ _
Treatments ratio 24h ratio 24h ratio 72h ratio 72h ratio 24h ratio 24h ratio 72h ratio 72h
3.4 — — 6. 82 86. 59 7.0 27. 62 —2.98 48. 97 3. 68
3.8 3. 54 86. 80 12. 91 74. 61 7.5 23.43 12. 64 44. 78 11. 92
4.2 14. 32 46. 61 24.53 51.75 3. 0 19. 64 20. 77 34. 83 31. 49
4. 6 24. 14 9. 92 42. 32 16.73 8. 6 13. 47 49. 78 24. 67 51. 48
5.0 34.72 —29. 48 66. 34 — 30. 59 9.0 7. 48 72.-11 20.19 60. 29
5.4 31. 55 —17. 64 62. 40 —22. 80 9. 4 — — 15.43 69. 65
5.8 30. 64 —14. 24 59. 62 —17. 27 g. § — — 16. 32 67. 90
6. 2 29. 42 —90. 70 55. 81 —9.78 10. 4 — — 16. 34 67. 86
6. 6 28. 63 —6. 75 50. 94 — 1. 97 CK 26. 82 — 50. 84 —
2.3 AJE pH 8922 mh i & XY 3 #h e IR F B R
2.3.1 AfE pH {E PHERMENMKEREEA " AEZR AR pHEMZWBEBERMENKERTEBRYZuw LE 1 f

N, MNE

(-

O B N KEBWREE pH=3.4~10. 4 ZE ¥ R ER XL

» B KERERBREREMSGTE  RREHE &R NFIEAZRRR, B A 307 AR B E R R

» HF H. 9% B i AR 5 T G B 5 R R A A L YDA
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X . ERBEFRET REAREEREHEXTHRBESRSGT pH W84 4 85 3 E R (CK BB H =
it , 75 BT i A B K, ik B 16. 87cm?®, 55 BE 1 AR
71.41% ., WM EF B KH,PO,(pH~4. 15)4:H 5
Ab 38 J5 S R BE I BN 2. Sdem?, iR BE AR HE X BRPRAIS 70. 36 %, 5
B.ERBEZFTRERMERE . WEME

8.57cm®); £ pH=4. 2
v RSN 1 96. 85% 5 4E pH=9. 8 B , R BRI AR 2. 45cm®, 5 B 180 FR EL X BB PR {IK
SEH195%5 PR AR 2N 15. 19em? , 5% B AL b X B hn 77. 25 % s K,HPO, (pH~=9. 50)
AFEREARA -, WM EREENNREEELZWEEN A
s TERBME ARG TR AR HE B/, WIERER.

"E 18

g 15

S 12

{>

Eﬁé 6

E 3 2.33

& 030 34 3I8 4I2 4I6 50 54 54 612 616 70 7.4 73 8.2 36 9.0 94 98 102 106 11.0

pH {8 pH value
B 1 A pH {H 895 v B0 3 IR 2% BT AR B9 &2
Fig.1 The effect of different pH buffer treatment on disease area of B. cinerea

2.3.2 AFEpHEMEFRBEBRNEMBRERERBNER BNEBEREE pH=3.4~10.4 ZRINEFIBRENERE FE
HERE S EmMR RN R FIHEX, ERBREFRET REFNRERERETERTHE AT pH W58 &4 5 5% F

H M (CK #5830 62. 60) ;75 pH=6. 2 B , 538 B A, 1 5] 70. 60, 75 15 14 3 O X BB T 12. 786 5 7 pH>8. 0 B , o 18

0. 1mol/L KH,PO,(pH=4.15) B ERIHEHB I N 47. 50, W FH

] o 4 5 2

18 B /> . pH=8. 0 B, 5 8 F L X BEBEAK 72. 4900 .
H Xt B &K 24. 12% ;0. Imol/L K;HPO,(pH~9. SOXAL B E R & 18 B 23. 27, R 1E 8 B L X FR B Ik 62. 83 ¥ 5
m—F (A 2),

#4181 3 Disease index

2.3.3 Afa] pH
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B2 AR pH ERIR shiE B 8RR 2R IE TS a5

Fig.2 The effect of different pH buffer treatment on disease index ot C. cucumerium

J+ H

WIF RS H HMFERBE N ELEHEX., EREERET R ENREHEEEE X THRZET pH BT &4 KR
5 B (CK JR1EEH N 50. 83) ;7 pH="5. 0 B , JRIE R B E K, B B 54. 49, I BB X BEIE M 1 13. 1000 & pH (K w 16
3).

T8 Z /D

15 8% Disease index
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e pH=29. 8 B , i I 5 £ LU X R A 60. 1894 (&
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pH {H pH value

B3 AR pHEMNZEWEBRNRAEERFEINE R

Fig. 3 The effect of different pH buffer treatment on disease index of P. cubensis
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