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Enhancement of soil quality in a rice-wheat rotation after long-term application of

poultry litter and livestock manure
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Abstract. With growth in the livestock and poultry farming industries, a large amount of animal excreta has been applied to
agricultural soils as an organic fertilizer over the past 20 years. However, detrimental impacts of animal excreta applications
on the quality of agricultural soils may occur, because the excreta can contain some harmful components, such as heavy
metal and antibiotics. Soil quality, defined as “The capacity of soil to function”, can reflect the physical, chemical and
biological response of the soil to field management practices. The aim of this study was to determine the differences in soil
quality after long-term application of organic manures to a rice-wheat rotation field established in 1988 on a Gley paddy soil.
Treatments included poultry litter (PL) , livestock manure (LM) and chemical fertilizer ( CF). Soils from the cultivated
horizon (Ap) and plow pan (P) were collected from the long-term experimental site in Jiangsu Province, China, and soil
organic carbon, nutrient content, pore structure properties, aggregate stability indexes and microbial and biochemical
properties were determined. Our study showed that (1) The PL and LM treatments significantly increased soil organic
carbon content, total and available N, P and K, more than in the CF treatment and both in the cultivated horizon and plow
pan (P<0.05). The Olsen-P content in the cultivated horizon receiving the PL. and LM treatments increased by 7 —8 times

compared with the soil receiving the chemical fertilizer application, and the soil available K doubled. (2) Soil physical
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properties also improved significantly with the long-term application of PL and LM. The PL and LM applications further
increased the volumes of soil macropore and mesopore in the Ap horizon by 148% —170% and 135% —175% over those in
the CF treatment, respectively, while the soil micropore volume in the PL and LM treatments was less. Compared with the
CF treatment, PL and LM treatments decreased the tensile strength of the soil aggregates in the Ap and P layers by 33.7%
—36.9% and 31.2% —34.0% , respectively. In addition, soil aggregate wet stability index, represented by normal mean
weight diameter, was significantly greater in the PL and LM treatments than the CF in both Ap and P layers. (3) Long-term
application of PL. and LM significantly improved soil microbial and biochemical properties compared with CF. The soil
microbial biomass C and N in the LM treatment was the highest among three treatments, being 2.1 and 1.5 times greater
than in the CF treatment. Compared with the CF treatment, PL and LM applications increased the soil microbial quotient by
38.4% —54.8% and 20.1% —59.6% , respectively. Also, the soil basal respiration rate in the PL and LM treatment was
42 —138 mg/g, 2.0 — 3.0 times greater than in the CF treatment. Application of organic manures also changed soil
enzyme activities. The urease and intervase activities of the soils receiving the PL and LM treatments were 1.0 —2.8 mg/g,
and 17.3 —33.3 mg/g, 3.5 —6.7 and 1.6 —2. 1 times higher than those of the soil receiving the CF. This study suggests
that the long-term application of poultry litter and livestock manure can improve the soil quality in a rice-wheat system,
more so than using only chemical fertilizer. A higher organic matter content and a lower amount of harmful substances in the

poultry litter and livestock manure may be the reason why it had such a positive impact on soil quality.

Key Words: poultry litter; livestock manure; chemical fertilizer; rice-wheat rotation system; soil quality
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T3, BB | SR ALRRE T S FLBR AN b LB LE 1] 1 2 A DG R (P<0. 05) 15 A AL
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Table 1 Organic carbon and nutrient contents in soil with long-term application of poultry litter, livestock manure and chemical fertilizer

Jite A Az pH FHES 72 et G ALK £
Treatment (H,0) CEC/ ( cmol/kg) EC/(ps/cm) SOC/(g/kg) Total N/ (g/kg)
#HFZ Ap horizon PL 7.34 a 11.56 a 272.67 a 17.76 b 1.81b
LM 6.85b 11.87 a 294.83 a 18.97 a 1.93 a
CF 6.24 ¢ 10.24 b 227.93 b 14.40 ¢ 1.45 ¢
AiJZ Plow pan PL 7.51 a 10.12 a 165.27 ab 9.46 b 0.92 b
LM 7.25b 10.35 a 181.80 a 10.57 a 1.16 a
CF 6.87 ¢ 9.80 b 141.33 b 8.57 ¢ 0.93 b
Jit JIES Ak 2 ARA e AR e B
treatment Available-N/ ( mg/kg) Total P/ (g/kg) Olsen-P/ ( mg/kg) Total K/(g/kg)  Available-K/( mg/kg)
B2 Ap horizon PL 82.08 b 1.10 a 53.16 a 18.18 a 230.10 a
LM 99.82 a 0.95b 47.01 b 17.90 b 133.06 b
CF 60.98 ¢ 0.68 ¢ 6.73 ¢ 16.99 ¢ 113.40 ¢
A2 Plow pan PL 39.31b 0.70 a 7.06 b 17.67 a 153.00 a
LM 46.79 a 0.65 ab 9.27 a 16.92 b 96.94 b
CF 31.95 ¢ 0.62 b 3.59 ¢ 15.99 ¢ 80.86 ¢

PL. X;l%ﬁ;LM; %ﬁ;CF; NPK fLHE ; CEC; cation exchange capacity; EC: electrical conductivity; SOC; soil organic carbon; UNGUNEESSE -5 IN
[F]— E RN FEIE AL FAE P<0.05 KV 225 g
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Fig. 1 Effects of poultry litter, livestock manure and chemical fertilizer on soil pore size distribution and soil total porosity
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Fig. 2 Effects of poultry litter, livestock manure and chemical fertilizer on tensile strength and wet stability of soil aggregate
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Table 2 Effects of poultry litter, livestock manure and chemical fertilizer on soil microbial biomass, microbial activities and enzyme activities

g WA AR A ME%E b SRR R IR e ARG

reatments MBC MBN /& SMQ BR UA 1A
/(mg/kg)  /(mg/kg)  MBC/ MBN /% /(mg-kg™-d™) /(mg-g - (24h)7")  /(mg-g(24h) ")

HFZ Ap horizon PL 1209.0 b 84.66h 14.29a 6.81 b 105.25 b 2.80 a 25.28 b

LM 1331.9 a 107.35 a 12.41 b 7.02 a 137.96 a 2.57b 33.31 a

CF 633.9 ¢ 49.01 ¢ 12.94 b 4.40 ¢ 53.33 ¢ 0.42 ¢ 15.32 ¢

AKJZ Plow pan PL 422.6 a 36.69 a 11.54 b 4.47 a 55.42 a 1.00 a 17.26 b

LM 409.8 b 31.11 b 13.25 a 3.88 b 42.10 b 1.02 a 22.28 a

CF 276.6 ¢ 23.21 ¢ 11.94 b 3.23 ¢ 17.67 ¢ 0.28 b 10.60 ¢

MBC: microbial biomass carbon; MBN: microbial biomass nitrogen; SMQ: soil metabolic quotient; BR: soil basal respiration rate; UA.: urease

activities; IA: intervase activities
AR Y SRR M0 (SMQ ) Fl A EEL AR I 3R ( BR) Ko, Hirp SMQ S+ MBC 5 SOC
O LLAE, 2 2 AT, i FHIXS FE RIS 26 48 SMOQ i 35 o Tt A AL 1398, 205082 T 38. 39% —54. 77 % #N

20. 12% —59. 56% ;i X9 2% FlRE 25 + 4 BR (B 435 it AL B AL BEAG 1. 97—3. 14 51 2. 38—2. 59 1%,
X 1E it & & 20 B T O R Rl H A s
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