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Control mechanism of phytophthora blight of chilli pepper by anaerobically
digested pig slurry
— The roles of ammonium and humic acid in biogas slurry

CAO Yun, CHANG Zhi-Zhou, MA Yan, YANG Hao, FU Guang-Qing

(Jiangsu Agricultural Waste Treatment and Recycle Engineering Research Center; Institute of Agricultural Resources and
Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract  Anaerobic digestion is promising in treatments of large amounts of animal manure from animal husbandry. It has been
apparent that new methods of utilizing anaerobically digested slurry were needed to achieve sustainable management of husbandry
wastes. Anaerobically digested slurry has shown suppressive effects on different soil-borne pathogens and its application to soils has
been proposed as a new way to control several plant diseases. The objective of this study was to evaluate the potential use of
anaerobically digested pig slurry (ADP) to suppress Phytophthora capsici, the causative agent of phytophthora blight in chilli pepper.
The study also aimed to clarify the roles of ammonium and humic acid in ADP inhibition of pathogen growth. A pot experiment was
conducted to study the effect of untreated anaerobically digested pig slurry (ADP1), ammonium-intensified pig slurry (ADP2),
ammonium-removed pig slurry (ADP3) and humic acid-removed pig slurry (ADP4) on controlling phytophthora blight in chilli
pepper. The results showed that ADP1 effectively reduced the incidence of phytophthora blight with a relative control efficiency of
40.8%. Disease incidence of plants treated with ADP3 and ADP4 was not significantly different from that of pathogen control (PC).
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This suggested that removing ammonium or humic acid from ADP significantly reduced ADP control efficiency. Real-time PCR
analysis showed that P. capsici number in rhizhospheric soils of ADP2 was the least (2.51x10° copies-g™"), with significantly
larger numbers for ADP3 (8.19x10° copies'g™) and ADP4 (1.38x10* copies'g™) treatments. When P. capsici density in the soil
dropped below 9.54x10° copies'g™', disease incidence became strongly correlated with P. capsici count. Different ADPs had
different effects on the growth of soil microorganisms. The numbers of soil total bacteria, fungi and actinomycete were largest
in ADPI treatment. The least number of fungi was observed in ADP2 treatment. In-vitro experiments showed that NH,"
concentrations of 500 mg-L™", 1 000 mg-L™" and 1 500 mg-L™" reduced zoospore germination by 77.6%, 81.8% and 95.4%,
respectively. Zoospore germination rates in treatments with 25 mg(C)-L™", 50 mg(C)-L™", 75 mg(C)-L™" and 150 mg(C)-L™" of
humic acid extracted from ADP1 decreased by 27.8%, 54.5%, 70.0% and 87.5%, respectively. The study suggested that
ammonium and humic acid were major ADP inhibitors of P. capsici growth. ADP was promising in terms of inhibiting and
controlling soil-borne diseases.

Key words Anaerobically digested pig slurry, Ammonium, Humic acid, Chili pepper, Phytophthora blight, Phytophthora
capsici, Zoospore
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Table 1  Physical and chemical characteristics of different treatments
Codeof 1@l piolved  TotalN  NHS-N  TotalP  TotalK PH  Humic
Treatment treatment S‘().}/f)‘s organic C (mg'L) (mgL) (mel’) (mgL’) acid-C
(mgL™) (mgL™)
Blank control CK 0 0 4150 0 1400 2 650 0
Pathogen control PC 0 0 4150 0 1400 2 650 — 0
Untreated ADP ADP1 0.6 1083 722 390 231 312 7.78 691
Ammonium intensified ADP ADP2 0.6 1083 1250 1000 231 312 7.34 691
Ammonium removed ADP ADP3 3.0 1 848 213 4 338 312 7.20 818
Humic acid removed ADP ADP4 0.2 936 159 58 78 352 8.01 311
ADP: , Anaerobically digested pig slurry. The same below.
1.5 , 28 C 6h , 40
V8 54d, 20 100 ,
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(12h/12h)2 d 5mL 21
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Table 2 Control effects of different treatments of anaerobically digested pig slurry on pepper blight

1 First season 2 Second season Mean
Treatment Disease incidence Control efficacy Disease incidence Control efficacy Disease incidence Control efficacy
(%) (%) (%) (%) (%) (%)

CK 0 — 0 — 0Oc —

PC 100.0 0 80.0 0 90.0+14.1a 0b
ADP1 53.3 46.7 53.3 333 53.3+0.0b 40.8+9.5a
ADP2 46.7 53.3 40.0 50.0 43.4+4.7b 51.8+2.3a
ADP3 66.7 33.7 80.0 0 73.4+9.4a 18.4+23.8b
ADP4 80.0 20.0 93.3 -16.6 86.7+9.4a 3.7£25.9b

(P<0.05), Different small letters in the same column mean significant difference among treat-

ments at 0.05 level. The same below.

F 3 FARBEBENHEMRARENBEREZSRFHEFHELNZMN
Table 3  Effects of different treatments of anaerobically digested pig slurry on microbial populations of chilli pepper rhizosphere soil
and zoospore germination of Phytophthora capsici

Treatment Bacteria Fungi Actinomycete P. capsici number of internal transcribed Zoospore germination rate
catme (x107 cfurg™) (x10° cfurg™) (x10° cfurg™) spacer region (copies'g™") (%)

CK 10.10£1.32a 4.73+0.24b 7.82+0.19b 0 —

PC 4.22+0.54b 7.75+1.33a 5.06+0.10c 9 540+476b 37.62+9.0a
ADP1 8.25+3.90a 10.71£1.67a 26.20+£2.31a 4 363+339¢ 3.84+5.4bc
ADP2 4.45+2.08ab 1.724+0.11d 2.314+1.54d 2 510£295¢ 1.35+1.9¢
ADP3 2.20+0.52¢ 3.43+0.31c¢c 1.82+40.09d 8 190+765b 13.39+1.2b
ADP4 5.41£2.10b 8.11+£0.24a 5.35+0.18¢ 13 800+1 147a 34.25+2.0a
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, 77.6% 81.8% 954%( 2A)
707
X a A a B
s 3 60F
& a
x5 30r
E £ 30
5 o i
i :,D b be
i £ 207 be
® g b
S 10} ] c ¢
N
1 B h =20 O B O O i
0 250 500 1000 1500 0 25 50 75 150
NH,* &% NH," concentration (mg-L") JEEFEIRRE E Humic acid C concentration (mg-L™)

2 BRAMETFREIZRNBERB)MNHEMESEFNEFHLNZMN
Fig. 2 Effects of ammonium (A) and humic acid from anaerobically digested pig slurry (B) on zoospore germination of Phy-
tophthora capsici
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