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Abstract To identify the effects of biogas residue application on the soil environment, we carried out a pot experiment
of four treatments. Which were BR (biogas residue), OR (organic fertilizer), CF (chemical fertilizer) and CK
(unfertilized) was conducted. The structure of soil nematode community was analyzed to evaluate the effect of the
different fertilizer applications on soil health. Nematodes were classified into four trophic groups: bacterivores,
fungivores, plant parasites and omnivore-predators. Nematode ecological indices were used to evaluate soil quality and
food webs. These included a maturity index for nematodes with cp2-5 (MI2-5) , enrichment index (EI) , structure index
(SD and basal index (BIl), which were calculated using the online NINJA program. The ratio of fungivores to
bacterivores (FB) ,and the ratio of omnivore-predators to plant parasites (OPPP) were also calculated. The Shannon
index (H") and genus dominance (D) were also computed to describe nematode diversity. The results showed biogas
residue stimulated populations of enrichment opportunists. The number of nematode found in this treatment was higher
than in other treatments. A total of 22 genera were recorded, and bacterivores were dominant in all treatments.
However, the composition of bacterivores differed among treatments. Most nematodes observed in BR were cp1 guilds

(Rhabditidae) , while the proportion of cp1 and cp2 nematodes were approximately equal in OR. In both CF and CK
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soils,cp2 guilds were the most dominant bacterivores. The relative abundance of omnivore-predators was significantly
higher in OR treatments compared with other treatments (P <C0. 05). Biogas residue application suppressed plant
feeders,compared with OR,CF and CK treatments. The maturity index for nematodes with cp2-5 (MI2-5) ,basal index
and fauna analysis consistently showed that adding biogas residue to soil formed the healthiest soil environment
compared with other treatments, with a structured soil food web and enriched soil condition. Chemical fertilizer and
unfertilized treatments presented stressed soil conditions. The FB index indicated all treatments were bacteria-based
decomposition. The OPPP index suggested a stronger control of predatory nematodes on herbivorous nematodes in BR
soils compared with CF and CK soils (P<C0.05). No significant correlation was found between two soil properties
(available potassium and electrical conductivity) and nematode indices (P>>0.05). Soil organic matter, total nitrogen
and available phosphorus were significantly correlated with most of the nematode indices (P<C0.05 or P<<0.01).In
general ,MI2-5,E| and Sl indices were positively correlated with soil nutrient content (P<C0.05 or P<C0.01), while Bl
and FB indices were negatively correlated (P<C0.05 or P<C0.01). In conclusion, the results obtained in this study
suggested that application of biogas residue was a better option for soil health,at least in the short-term. It is found that

biogas residue had potential ability to suppress plant parasites. However, the mechanisms and regulations of this topic

need further study.
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Fig. 1 Effects of different fertilizers on

aboveground biomass of Amaranth
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Table 1 Effects of different fertilizers on soil properties

B
BR OR CF CK
Soil properties
2R/ (g/kg) 0.70 a 0.65 ab 0.59 b 0.55 b
BAHLF/ (g/kg) 14.95 a 13.08 ab 10.61 b 11.18 b
AW/ (mg/kg) 53.16 a 37.78 b 17.60 ¢ 9.89 d
SRR/ (mg/kg) 31.74 a 37.48 a 37.87 a 35.00 a
ML $ %/ (ds/m) 0.16 b 0.18 b 0.36 a 0.14 b

11 : BR-A s ORATHLIE s CF-ARNE s CK-IA it NE X 8 5 AN [6] /N B 5 18 3R 7 Ak 21 1) I 35

25 (P<<0.05),

Note: BR,biogas residue; OR, organic fertilizer; CF, chemical fertilizer; CK, unfertilized;

different small letters indicated significant difference (P<C0.05).

x2 AEEELAETIEEHSLRBMFERE

Table 2 Abundance of soil nematode under different treatments

(ind per 100g dry soil)

/100 g(-T 1)

Zie LA &l cp A
Taxon cp Vai)ue OR CcF K
B 41 P £k L Bacterivores
Protorhabditis 1281.0 15.0 6.3 1.2
Rhabditis 223.7 16.7 7.0 2.4
Eucephalobus 4.4 2.8 4.0 7.8
Cephalobus 0 5.3 11.9 0
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Pak s XA 2l cp H
Tasxon o vai)ue BR OR CF CK

Acrobeles 2 0 0 1.6 1.2

Acrobeloides 2 6.4 14. 4 85.1 42.9

Chiloplacus 2 0 0 14.9 3.5

Cervidellus 2 0 0 4.1 0

Alaimus 4 0 0 0.8 0
B EFZ B Fungivores

Aphelenchus 2 4.4 6.1 4.7 7.8

A phelenchoides 2 0 1.7 11.9 1.0

Ditylenchus 2 0 5.3 4.8 6.0
Y % A 2k L Plant parasites

Paratylenchus 2 4.4 0 0 0

Basiria 2 11.5 0 1.6 0

Pratylenchus 3 0 0 0 1.2

Tylenchorhynchus 3 10.8 17. 0 19.7 50. 9
B AL R Omnivore-predators

Lordellonema 4 0 2.8 0 1.0

Eudorylaimus 4 65.8 14.2 0.8 0.8

Mesodorylaimus 4 0 0 0.8 0

Prodorylaimus 4 0 0 0 0.8

Aporcelaimus 5 5.0 2.8 0 1.2

Paraxonchium 5 4.4 3.3 0.8 1.2

LIPS e 1621.9a  107.4c 180.7b  131.1 be

L : BR-{H it s OR-A HLIE s CE-ALNE s CK-RFENE RS B8 3 A R /NG -8 32 Ab PR ) Jg 35 1 2% 57 (P<C0. 05) .

Note: BR, biogas residue; OR, organic fertilizer; CF, chemical fertilizer; CK, unfertilized; different small

indicated significant difference (P<C0.05).
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Fig. 2 Proportion of nematode trophic groups

under different treatments
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Fig. 4 Fauna analysis under different fertilizer treatments
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Table 3 Correlation analysis between soil properties and nematode indices
P AR B ,
MI2-5 BI ElI SI H D FB OPPP
Soil properties
TN 0.631° —0.681" 0.595"° 0.653" —0. 386™ 0.411™ —0.641"° 0.513™
OM 0.832" —0.715™ 0.572™ 0.813™ —0.399™ 0.438™ —0.636" —0.561™
AP 0.850™ —0.900" 0.864 ™ 0.882" —0.517™ 0.547™ —0.631° 0.725™
AK —0.065™ 0.300™  —0.422™ —0.139™ 0.462™  —0.478™ 0.243™  —0.128™
EC —0.478™ 0.509™  —0.403™ —0.572™ 0.472™  —0.364™ 0.006™  —0.374™

75 TN, 22 OM A L s AP, U808 s AK A 208 EC i 538 MI2, 5, B8 4 2,55 BL 6 15 4G EL & £ 858G SL 45 468G H L &
RAIGHG DAL E R H FB 13 B 42 5 AN 26 R HE %5 OPPP, 28 il M 4k ol S M 4 e L 3385 R T8 I 3 A G 1 5 o« A e

A3 W F 7R B A 26 (P<C0. 05) Rl bz i 340 6 (P<<0.01) ,

Note: TN, total nitrogen; OM, organic matter; AP, available phosphorus; AK, available potassium; EC, electrical conductivity; MI2-5,

maturity index for nematodes with c¢p2-5; BI, basal index; EI, enrichment index; SI, structure index; H', Shannon index; D, genus

dominance; FB, ratio of fungivores to bacterivores; OPPP, ratio of omnivore-predators to plant parasites;"

indicated no significant

correlation; * and *x* indicated significant correlation at 0. 05 and 0. 01 level, respectively.
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