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Effect of application with different manures on maize yield and phosphorus
availability of reclamation soil in coal mining subsidence areas
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Abstract Low P availability is one of the major limiting factors for mine land reclamation, which is one of
the effective ways to increase cultivated land resources. The mechanism of P availability change is unclear.
Therefore, the experiment based on crop P requirement (100 kg/hm?) was conducted to study the effects of
applying chicken manure, pig manure, cattle manure, and chemical fertilizer on maize yield, yield component,
and P utilization efficiency in coal mining subsidence (located in Piancheng village, Xiaoyi City, Shanxi Province)
in two consecutive years. The results showed that (1) maize yield and aboveground biomass were significantly
increased by manure application, and the yield increase was mainly owing to the increase in 100-kernel weight
of maize. The yield of chicken manure treatment was significantly higher than that of pig manure and cow
manure in the first year; however, there was no significant difference in the second year. (2) Olsen-P content
gradually declined with the increase in soil depth in the 0-60 cm soil layer; Olsen-P content for chicken manure
was significantly higher than that of pig manure and cow manure in the 0-20 cm soil layer; Olsen-P content of
chicken manure and pig manure was significantly higher than that of cow manure in the 20-40 cm soil layer;
however, there was no significant difference in the 40-60 cm soil layer. (3) The phosphate utilization efficiency is
as follows: chicken manure = pig manure = cow manure = chemical fertilizer in two consecutive years. Chicken
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manure treatment had the highest P recovery rate, at 23.97% in 2017 and 26.99% in 2018, and agronomy P
availability coefficient (1.47), which was significantly higher than that of pig manure (1.00) and cow manure (0.89).
In summary, chicken manure treatment can significantly increase maize yield and P utilization efficiency. This
can be used as a recommended fertilization treatment for reclaimed soil in coal mining subsidence or low-yield

farmland, similar to the soil type in this experiment.

Keywords manure; chicken manure; reclamation soil in coal mining subsidence area; phosphorus availability;
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Table 1 Basic status of reclamation soil nutrients in the coal mining subsidence area

T2 AL 2R LEESTA SR A Rk A
Soil layers pH Organic matter Total N Nitrate N Ammonium N Olsen-P Available K
(6/cm) (OM/g kg™ (TN/g kg™) (NN/mg kg™) (AN/mg kg™ (OP/mg kg™ (AK/mg kg™)
0-20 8.43 5.45 0.15 7.86 6.94 4.34 85.88
20-40 8.67 4.98 0.11 7.46 5.45 4.02 69.43
40-60 8.59 4.03 0.07 5.49 5.01 3.89 60.54
Fz2 R H5-10AEN=E
Table 2 Precipitation in the test site from May to October
FA [% W& Precipitation (h/mm)
Year 5H May 6 June 7H July 8/ August 9/ September 10/] October % ] Growth period
2017 21.7 78.8 170.5 162.4 10.4 145.2 589.0
2018 711 29.6 176.7 37.5 55.8 2.5 373.2
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Table 3 Basic physical and chemical properties of the tested manures

EAy AHHLE pH Eop S il K AL ,
Year Manure Total N (N/%)  Total P (P,0s/%) Total K (K,O/%)  Moisture content (P/%) Organic matter (OM/g kg™)
742 Chicken manure  8.19 2.83 215 2.24 45.21 246.32
2017  J%#% Pig manure 8.15 2.75 3.67 0.99 63.80 187.54
/[-3% Cattle manure 8.07 2.48 4.89 1.22 52.92 156.10
¥ Chicken manure  8.10 1.16 0.75 1.05 52.92 218.21
2018 JZ% Pig manure 8.16 215 119 0.96 63.80 178.87
|:3% Cattle manure 7.98 0.62 0.50 0.27 45.20 155.56
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Table 4 Effects of different manure applications on grain yield and component of maize in the coal mining subsidence reclamation soil (N = 3)

A pog: bE2 A FATHL AT RLEL FERL KL [ER A
Year Treatment Grain yield (mthm®) Rows per ear Kernel numbers per row Kernel numbers per ear 100-kernel weight (m/g)
XHE CK 8.96¢ 16.00ab 34.50a 552.00a 28.55¢
fLAE Chemical fertilizer 13.40a 15.00b 43.33a 647.00a 36.04a
2017 #43% Chicken manure 12.46a 17.33a 34.00a 586.00a 34.28a
¥ 3% Pig manure 12.26ab 16.66ab 36.16a 596.33a 31.04b
2% Cattle manure 10.47bc 16.66ab 35.00a 595.50a 29.82bc
XFHE CK 8.90b 15.50a 43.50a 672.33ab 23.59b
AL Chemical fertilizer 12.08a 16.00a 40.50a 643.33b 31.29a
2018 #%Z% Chicken manure 12.69a 15.83a 45.00a 712.16a 29.72a
¥4 Pig manure 12.13a 15.50a 43.16a 663.16ab 30.56a
4£4% Cattle manure 11.94a 16.50a 38.33a 634.50b 31.41a
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Values with different letters in a column are significant among different treatments at the 5% level.
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Fig. 1 Effects of different manure applications on aboveground biomass of maize in the coal mining subsidence reclamation soil (N = 3).
Different letters above the bars mean significant among treatments at the 5% levels.
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Fig. 2 Effects of different manure applications on P uptake of maize (N = 3). Different letters above the bars mean significant among

treatments at the 5% levels.
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Table 5 Effects of different manure applications on Olsen-P content in soil profile of 0-60 cm after crop harvest (N = 3)
15 %W & Olsen-P content (OP/mg kg™)
A2 Treatment 2017 2018
0-20 cm 20-40 cm 40-60 cm 0-20 cm 20-40 cm 40-60 cm

X CK 3.74 £ 0.21b 3.10+0.32¢c 2.73+1.10c 3.34 £ 0.22d 2.07+1.12b 3.08 £ 0.80a
W53 Chicken manure 9.44 +0.80a 4.31 £ 1.19ab 3.06 £ 0.96b 18.70 £ 1.02a 5.95 + 1.50a 4.35+0.48a
J%3% Pig manure 3.68 + 0.66b 3.46 £ 0.56bc 2.85+0.28bc 1115+ 1.14b 5.63 £ 0.36a 414 £1.99a
/|:2% Cattle manure 3.49 £ 0.93b 3.03 £ 1.48c 1.93 £ 0.14c 7.43 £3.80c 3.71 £0.97ab 3.29 £ 0.80a
1L Chemical fertilizer 10.76 + 0.80a 5.39 £ 0.60a 4.386 £ 0.72a 11.79 £ 0.00b 5.73 + 1.38a 3.93 £ 0.66a
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Fig. 3 Effect of different manure applications on recovery rate of
treatments at the 5% levels.
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