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Inhibitory mechanism of ferrous sulfate combined with
Bacillus subtilis on Phytophthora capsici
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Abstract The inhibitory effects of five elements, i.e., calcium, magnesium, boron, ferrum and silicon, on the
mycelia and sporangia of Phytophthora capsici were studied by using plate inhibition method. It was found that the
inhibitory effect of ferrum on the growth of mycelia and sporangia of P. capsici increased with increasing concen-
tration. According to the preliminary screening results, four different ferrum compounds, including chelated iron,
ferric sulphate, ferric citrate and ferrous sulfate, were selected to inhibit the bacteriophage of P. capsici, and the
inhibitory effect of ferrous sulfate was found to be the most significant. In order to explore the effect of ferrous
sulfate on the control of pepper blight and its effect on the defense enzyme activity in pepper, the pot experiment
was conducted to verify the disease rate and physiological index. Selective application of ferrous sulfate and
ferrous sulfate combined with Bacillus subtilis and B. subtilis was carried out. The test results were as followed:
the incidence rate of pepper plants treated with ferrous sulfate+ B. subtilis was 50% ., with a disease index of
16. 67; the incidence rate under B. subtilis treatment was 70% , with a disease index of 30.44; the incidence rate
under ferrous sulfate treatment was 75%, with a disease index of 32. 89, and the incidence rate in the control

group was 100% , with a disease index of 72.22. The physiological indicators showed that the activity of SOD and
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CAT was significantly increased in the treatment group, while the content of MDA was significantly decreased in

pepper. The results suggested that ferrous sulfate combined with Bacillus subtilis had a synergistic effect on the

prevention and control of pepper blight.
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Table 1 Treatment concentrations of different mineral elements

VIR FANKIE /mg - L
Mineral element Series of concentrations
48 Calcium 200 300 450 700 1050 1200
# Ferrum 14 28 56 112 224 250
il Boron 20 30 60 90 120 150
# Magnesium 60 120 240 360 480 800
fiE Silicon 5 10 20 40 80 160
D) ek B A AE 3 TR A 2 G S R e KB T
i FHE
The lowest concentration is the critical value for the lack of ele-
ments in the soil, and the highest concentration is the toxic
threshold.
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Table 2 Treatment concentrations of different iron compounds

Qb3 Treatment ZHHeSF /mg « L1 Series of concentration
PRk Ferric citrate 7 14 28 56 112 224 250 300
WilR4k Ferric sulfate 7 14 28 56 112 224 250 300
#A4A%: Chelated iron 7 14 28 56 112 224 250 300

HiliR 2k Ferrous sulfate 7 14 28 56 112 224 250 300
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Table 3 Inhibition of different mineral elements on myceli and sporangia of Phytophthora capsici

W LR W /mg « L1 W% B A%/ cm P 2 M2/ %6 6l F AR /4>« mL !
Mineral element Concentration Diameter of colonies Inhibition rate of mycelia Number of sporangia
5 Calcium 200 8.18+0. 27 (6.2941. 8 f (48.342. 26)b
300 7.73%£0.51 (11. 4746. 87) cdef (46.042.67)b
450 7.93740. 06 (9. 16=£0. 05) cdef (24. 343. 29)cde
700 7.737%0. 29 (11. 44=£2. 92) cdef (17.343. 73)efg
1 050 7.58+0. 13 (13.17=£1. 02)cde (2.3%£3.32)gh
1 200 7.48%0. 10 (14. 31£0. 99 ¢ (0. 040. 00O h
4k Ferrum 14 8.10+0. 32 (7.6340. 81)def (78.045.06)a
28 8.13%0.19 (8.20=£1. 31)def (44.7%£5.06)b
56 8.13+0. 32 (8. 9641. 98) cdef (19. 3+1. 17)efg
112 8.08+0.19 (13.55%+1. 34)cd (16. 741. 18)efgh
224 6.28+0. 29 (28.06=+2.24)b (2.741.25gh
250 3.47+£0. 35 (60. 31=£4.57)a (0. 040. 00)h
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43R 3 Table 3(Continued)
porz] WE mg « L1 W& B2/ cm T 2233/ % il F 3R /4> » mL !
Treatment Concentration Diameter of colonies Inhibition rate of mycelia Number of sporangia
il Boron 20 8. 05+0. 06 (7.82+0. 66)def (90. 3+6.89)a
30 8.0340. 19 (8.01+£0. 54)def (52.3+11.49b
60 8.10%£0. 23 (7.25%£0. 66)ef (14. 34£5. 57)efgh
90 8.0310. 12 (8.01+£1. 09)def (20. 7£5. 88)def
120 7.97+0. 09 (8. 7840. 51) cdef (15. 3£2. 15)efgh
150 7.83+0. 25 (10. 30740. 73) cdef (4. 041. 07 fgh
4 Magnesium 60 8.10+0. 33 (7.25+0. 56)ef (41. 0%1. 20)be
120 8.10+0.13 (7.2540.53)ef (45.07+3.29b
240 8.10%£0. 22 (7.24=+1.01)def (42.7£1.25)b
360 7.83+0. 18 (10. 3042. 13) cdef (47.7£0.62)b
480 7.63710. 16 (12. 60£0. 62)cde (52.0%£2.15b
800 7.95+0. 32 (8. 9740. 61)cdef (78.0+4.49b
fit Silicon B 8.10=£0. 20 (8.20740. 87)def (40. 3£1. 07 be
10 8.10%£0. 27 (11. 46=£3. 33) cdef (37.3%£5. 35)bed
20 8.10%0. 17 (7.25%£0. 66)ef (9. 3£0. 59) efgh
40 8.10%0. 12 (7.25%£0.65)ef (8.3%£1. 65)efgh
80 7.90+£0. 20 (9. 5440. 65) cdef (8. 042. 16)efgh
160 6. 4740. 24 (25.95+1. 25)b (0. 0£0.00)h
CK — 8.73%+0. 11 (43.3%+3.03)b

D FFEHRE A RN FRFRRE Tukey Bk, 78 0. 05 K P E2RBE. T,

Values followed by different lowercase letters in a column indicate significant difference at the 0. 05 level by Tukey test among treatments.

The same below.
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Table 4 Inhibition effects of different iron compounds on Phytophthora capsici
Sb 3 RINHE /mg « L1 WiV BAE/cm i/ %
Treatment Series of concentration Diameter of colonies Inhibition rate of mycelia
#A4k Chelated iron 7 (7.03740.18)a (0. 70£0. 26)g
14 (7.0240. 28)a (0. 8240.80)¢g
28 (6.9640. 18)a (1. 60£0.07g
56 (6. 8740. 15)abc (2.91£0.90)¢g
112 (6. 86=40. 24)abed (3.13+£0. 64)g
224 (6. 8540.19)ab (3.2740.86)¢g
250 (6. 8340. 17)abed (3.46+0.92)g
300 (6. 67=40. 07)abed (5.78+1.46)g
F1EfR %k Ferric citrate 7 (6. 9140. 28)ab (2.35£1.39g
14 (6. 794-0. 08) abed (4.097+0.98)¢g
28 (6. 8940. 08)ab (2.65+0.09g
56 (6. 7470. 26)abed (4.76+£2.81)g
112 (6. 364-0. 1) bede (10. 1240. 88)fg
224 (3. 8540. 38)fg (45. 68=£3. 98)de
250 (4.1140. 09 f (41.9142. 05)e
300 (1. 43%40. 38)h (79. 864, 66)c
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ZE3R 4 Table 4(Continued)

ST FANKIE /mg - L) H P /om PTE
Treatment Series of concentration Diameter of colonies Inhibition rate of mycelia
WiliRk Ferric sulfate 7 (6. 87+0. 23)ab (2.87+1.55)¢g
14 (6.97£0.18)a (1.50£0.33)g
28 (6.92=£0. 14)abed (1.994£0. 25)¢g
56 (5.77£0.52)e (18.22£2. 951
112 (6. 29740. 84)cde (11. 18+1. 98)fg
224 (1. 4440. 1Hh (79.70%1. 28)be
250 (0. 9940. 15 hi (86. 0447. 09)abc
300 (0. 59=0. 08)ij (91. 5940. 68)ab
Wik W4k Ferrous sulfate 7 (6.92+0. 14)ab (1.95+0.46)g
14 (6.9940.08)a (1. 247+0.39g
28 (6. 85740. 21)abed (2.46+0.8%¢g
56 (6. 1840. 15)de (12. 4342, 14)fg
112 (3.26+0.10)g (53.90£1. 26)d
224 (0. 67=0. 15)ij (90. 52%1. 94)ab
250 (0. 61=0. 58)1j (91.32£13. 16)a
300 (0. 11£0. 1Dj (98.4642.72)a
Z R carbendazim 100 (6. 94=+0. 25)abed (2.00+0.80)g
JeHE /K Sterile water — (7.08+0.22)a —
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Table 5 Effects of different treatments on the occurrence of Phytophthora blight of pepper

Ab P TR A RA PR IR/ PR KR/ % NIRIER
Treatment Investigated number of plants Number of diseased plants  Disease incidence Disease index
R F ZE AT Bacillus subtilis 20 14 70 30. 44741.71
T E AR 78
Bact?liiﬁg«teﬁfiiﬁfate 20 10 50 6 diyael. 2
R W%k Ferrous sulfate 20 15 75 32.8942. 84
JoH 7K Sterile water 20 20 100 72.22+1.12
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a: BEA AT, b: APEEREACTE; o FREREKALFE; d: FRERI AL TE; e: 6
BiIRALHE; £ 251 RAbBE

a: Chelated iron treatment; b: Ferric citrate treatment; c¢: Ferric sulfate treatment; d:
Ferrous sulfate treatment; e: Sterile water treatment; f: Carbendazim treatment

B 1 RE%LEDIESTSHE BRI 5 BR
Fig. 1 Inhibition effects of different iron compound

treatments on Phytophthora capsici

160r
140t a
120
L100f

: b
gof
60}
C
e
20}
0 — T 1™ K
Abr

ivity

CAT act

St 4L SR /nmol-g ™ min™!

T1
Treatment
3500
3000 |
2500 |

a
b

‘5 2000 |
1500
1000 |

c
500 |

0 T2 T3 CK

hb 3

ity

B AR TR/ U-g”
SOD activi

T1
Treatment

a

o ab I

&8 /nmol-g”!
MDA content
(=)
(=}

(75t

I ™ 1 (K
A3

Treatment

T1: REASE AU G AR T, T2: MARARME Sk - B 2 AT AL B T3: it
FR kAL, CK: FERKANHE, A EAS M SR A R 22 B3 (P<0.05)
T1: Treatment with Bacillus subtilis; T2: Treatment with ferrous sulfate +
Bacillus subtilis; T3: Treatment with ferrous sulfate; CK: Sterile water treatment.
Different letters over the bars indicate significant difference at 0.05 level

B2 A[ESEYEH CAT.SOD F1 MDA & 14 i 2 1
Fig. 2 Effects of different treatments on the activities of CAT ,
SOD and MDA enzymes in infected pepper plants
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