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1 70%
1.1
25 C 3d 1
1 mm 3
300 500 700 C
20 C/min 1
4 hi4 1 mm 2 mm
3 1.5
12 1.0 mol/L (pH 7.0)
K Na Ca Mg [27]
_ [25]
1.0 mol/L (pH 7.0) K
0.2000 g 3 Na Ca Mg
20 ‘C/min [27]
200 C 1h 20 C/min 1.6
500 °C 4h SPSS 15.0
25.0ml 1.0
mol/L HCl 2
K Na
21 K Na Ca Mg
Ca Mg
K Na Ca Mg
(261 0.200 0 g ) (b 300k
500 700 C K 50.8%  117%
100 ml > Na 164%  116%  Ca
20 ml K 474%  136% Mg
Na Ca Mg 57.0%  157% K Na Ca
100 ml 1.0 mol/L (PH 7) 5 Me
20 ml (500 C) (700 T) 300 C 500
K Ca Mg 700 C K 72.1%
1.3 149% Na 67.7%  444%
(119°8°E - 31°6'N) Ca 76.1%  134%
0~10cm 2 mm Mg 64.4%  15.6% K
1:2.5 pH 431 (500 C) (700 OC)
16.5 g’lkg CEC  9.36 cmol/kg H' Ca Mg
APT K© Na" Ca®  Mg™ 0.20 5.97 0.53 300 C 500 700 C K
0.68 4.92  0.35 cmol/kg 29.39% 18.8% Ca
1.4 31.9%  84.6% Mg 75.4%
1.65% 82.1%
F1 300, 500 F1700 CTERBENRARESREBFIE
Table I Contents of base cations in different forms in corn straw biochars under 300, 500 and 700 ‘C
(T) (g/kg) (g/kg) (g/kg)
K Na Ca Mg K Na Ca Mg K Ca Mg
300 673 ¢ 175¢  155¢  4.00c  483c¢  0535¢ 147¢  028lc 12.0 ¢ 750 ¢ 1.12b
500 1020b  2.04b  229b 628b 83.0b  0.897b 258b  0.463a 15.6a 9.89b 1.96 a
700 146.0a 3.80a  36.6a 1030a 120.0a 2910a 3.44a 0325b 143b 13.80 a 2.04a
P<0.05
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22 K Na Ca Mg 700 C 700 C
K Na Ca Mg 9.39% 3.17%
K Na Ca Mg 1 K Ca 17.9% 9.78%
K Na 48.3% 37.8% Mg
71.7% 82.2% 30.5% 76.7% 300 C 500 C 28.0%
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Fig. 1 Percentages of base cations in different forms to the corresponding total base cation
3 K Na Ca Mg pH 0.363 0.816
K Na Ca Mg 71.7% ~ 1.48 pH
82.2% 30.5% ~ 76.7% 9.39% ~ 11.3% 3.17% ~ AP
7.36% 78.6% K 50.4% Na 10.0% 55.6% 82.7% 98.0%
Ca 5.85% Mg K Ca ( 2
Mg 9.78% ~17.9% 37.8% ~48.3%
19.8% ~ 31.2% 143% K 43.1% Ca pH AP
26.4% Mg K 300 500 700 C K
Ca Mg 2.89% ~ 10.4% 42.2% ~ Na Ca Mg K Na
52.8% 65.0% ~77.0% 7.10% K 46.8% Ca Mg K Ca
Ca 67.8% Mg Mg K+ K Ca+ Ca
Mg + Mg K+ Na+ Ca+
Mg K+ Na + Ca +
4 K Ca Mg Mg K+ Ca+ Mg K+
K Ca Na + Ca + Mg + K+
Mg 3 Ca+ Mg pH
K Ca Mg 89.6% ~ N
97.1% 47.2% ~57.8% 23.0% ~38.6% 92.9% K+ Na+ Ca+ Mg pH
K 53.2% Ca 322% Mg y=0.010x +
23 K Na Ca Mg 3.451( R*=10.988 P =0.000)
y pH x K+ Na + Ca+ Mg
300 500 700 C ( Beta = 0.995, P = 0.000) 4
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Fig. 2 Soil pH and exchangeable Al contents under different biochar treatments
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Fig. 3 Contents of soil exchangeable base cations under different biochar treatments
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Forms of Base Cations in Biochars and Their Roles in Acid Soil
Amelioration

YUAN Jinhua'?, XU Renkou®, E Shengzhel’z, CHE Zongxian]’2

(1 Institute of Soil, Fertilizer and Water-saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China;
2 Gansu Scientific Observing and Experimental Station of Agro-Environment and Arable Land Conservation, Ministry of
Agriculture, Lanzhou 730070, China; 3 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Corn straw biochars were prepared under 300, 500 and 700 ‘C respectively by using oxygen-limited pyrolysis
method. The effects of pyrolysis temperature on the contents of water soluble, exchangeable and total base cations in corn straw
biochars were studied. The amelioration effects of corn straw biochars on an acid soil and the relationships between different
forms of base cations and soil acidity amelioration were studied using an indoor incubation experiment for one-year time. The
results showed that pyrolysis temperature had significant effects on the contents of different forms of base cations in corn straw
biochars. The contents of total K, Na, Ca and Mg, water soluble K, Na and Ca, exchangeable Ca and Mg increased with
increasing pyrolysis temperature. Water soluble Mg and exchangeable K first increased and then decreased with increasing
pyrolysis temperature. The main forms of K and Na in corn straw biochars were water soluble forms, about 40% Ca and 30% Mg
existing in exchangeable forms, about 50% Ca and 70% Mg existing in other forms (mainly in insoluble forms). Corn straw

biochar can increase acid soil pH and decrease soil exchangeable A’

significantly. The extent of increasing or decreasing
increased significantly with increasing pyrolysis temperature. The sum content of total K+ total Na+ total Ca+ total Mg can be an
indirect indicator for corn straw biochar’s capacity of raising acidic soil pH. The contents of soil exchangeable K, Na, Ca, Mg and
total base cations were increased significantly by the addition of corn straw biochar. The total content of K or Na in corn straw
biochar dominates the increase of soil exchangeable K or Na content. The content of exchangeable Ca in corn straw biochar
dominated the increase of soil Mg and total base cations.

Key words: Corn straw biochar; Pyrolysis temperature; Forms of base cations; Soil amelioration
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