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Effects of Different Biochars on Phosphorus Adsorption and Desorption in Brown Soil
LIU Hui', ZHANG Weikang', LI-JIANG Geye', WANG Qingqing’, CHENG Rui?, ZHANG Shaobin®"

(1 College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2 College of Biological
Science and Technology, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In this study, different biochars were prepared with rice straw, corn straw and peanut shell using the oxygen-limiting
heating carbonization method and their influences on phosphorus (P) adsorption and desorption in brown soil were studied
through batch adsorption experiment in order to reduce the loss of soil P and improve the utilization efficiency of P fertilizer. The
results showed that rice straw biochar significantly improved P adsorption with an addition of 4 g/kg, while peanut shell and corn
straw biochars significantly reduced P adsorption. The change trend of isothermal adsorption curves were similar under different
biochars, all could be described well by Langmuir and Freundlich equations (R>>0.93), among them, Langmuir equation fitted
better. P maximum theoretical adsorption caused by different treatments was as follows: rice straw biochar + brown soil> brown
soil> peanut shell biochar + brown soil> corn straw biochar + brown soil. The adsorption kinetic experiments showed that the
trend of P adsorption kinetic curve did not change under different biochars, among all kinetic models, the quasi-secondary kinetic
model was the best suitable to describe P adsorption behavior (R*>0.99), followed by the quasi-first-order kinetic model (R*>>0.99)
and Elovich kinetic model (R>>0.88); The three kinds of biochars significantly promoted P desorption of brown soil, when biochar
addition was =2 g/kg, rice straw, corn straw and peanut shell biochars could improve P desorption rate by 50%, 75% and 90%,
respectively. In conclusion, different biochars can improve P supply and utilization of brown soil, and rice straw biochar has
greater application value in reducing P loss of brown soil and protecting the ecological environment.
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Table 1 Basic physiochemical properties of tested biochars

Ay 2 H(g/kg) 2 (g/ke) Lf(gke)  AHLEK(g/ke) pH HE mA(m/g)
IKFEFEAFAE YBT3 (BR) 7.47 3.85 33.42 538.51 10.65 62.21
FRFERT AW BT (BM) 8.84 9.01 31.16 666.35 8.89 43.52

ABPE 524 ) B 5 (BP) 10.25 6.33 30.21 751.68 8.63 37.40
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Fig. 1 Phosphorus adsorption of brown soil under different types
and amounts of biochars
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Fig. 2 Effects of biochars on soil phosphorus adsorption isotherm
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Table 2 Isothermal equations and fitting coefficients of brown soil under different biochars treatments

W A 25 1 7 Ak 3 FER R
Temkin J5 12 CK q:=1.0653InC, + 106.19 0.826 5
BR qe=1.5115InC, + 149.3 0.8202
BP q.~1.0006InC.+ 87.283 0.849 6
BM q:=0.9082InC.+ 72.864 0.8396
Freundlich 75 % CK lgq=0.55431gC.+1.2721 0.968 0
BR 1gq=0.51841gC.+1.4985 0.976 6
BP 1gg.=0.59381gC.+1.1360 09711
BM 1gq.=0.64371gC.+0.9731 0.967 1
: =]
Langmuir J7 7 CK 1 _o13m2 Ci +0.0023 0.999 7
qe €
1 1
BR —=10.0755—+0.0019 0.993 2
q. C.
1 1
BP —=0.1807 — + 0.0024 0.999 9
q. C.
1 1
BM —=10.2444 — + 0.0025 0.998 2
g C.
% 3 Langmuir /75270 Freundlich 7712 #l & 1Z1E R i 2 5
Table 3 Langmuir and Freundlich equations fit phosphorus adsorption parameters in brown soil
Kb 3 Langmuir 7S Freundlich 77 F£ 5%k
dm Ky KRG WS n Ky W B
CK 434.78 b 0.017b 7.39b 1.80 b 18.71b 4.09b
BR 52632 a 0.025a 13.16 a 193 a 31.51a 438a
BP 416.67 be 0.013 ¢ 5.53 be 1.68 ¢ 13.68 be 381c¢
BM 400.00 ¢ 0.010 ¢ 4.09 ¢ 1.55¢ 9.40 ¢ 3.52¢

T R FESN/ING TR 278 A 7] A ) B A% A 2R ] 22 55 35 (P<0.05) .
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Fig. 3 Effects of biochars on phosphorus adsorption kinetics of
brown soil
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Table 4 Model parameters of phosphorus adsorption of brown soil under different biochars treatments

i S5 CK BR BP BM

HEZ 2,3 ) 2 Ay g.(mg/g) 0.1950b 0.2455a 0.169 7 be 0.154 4 ¢
k 27.806 1 a 93170b 10.595 8 b 2.1803 ¢

R? 1.000 0 0.999 8 0.999 8 1.000 0

e —2 3 J) 2 go(mg/g) 0.0400b 0.0915a 0.079 8 a 0.0474b
k 32198a 2.3919b 2.5279b 3.0481a

R 0.973 2 0.983 2 0.985 0 0.968 2

Elovich 3l Jj 255 Y a 0.1625a 0.176 6 a 0.1070b 0.1159b
b 0.0122b 0.0235a 0.0224a 0.0143b

R? 0.884 6 0.950 2 09127 0.8855

XL R B AR a -1.8210 -1.7392 -2.254 8 -2.164 9
k 0.070 8 ¢ 0.1178b 0.1791a 0.1135b

R? 0.868 4 0.9415 0.887 6 0.860 5

SR A A s A c 0.1554a 0.160 4 a 0.0929b 0.1076b
k 0.009 8 b 0.0201a 0.0186a 0.0116b

R? 0.6757 0.807 6 0.7316 0.6755

— B )RR b -1.790 7 -1.698 0 -2.182 1 -2.115 4
k 0.008 4 ¢ 0.0153b 0.0219a 0.0134b

R 0.454 2 0.584 0 0.487 1 0.441 7

T RRFT/NG TR R 2R A ) A 9 B Ak R ) 22 5 . 35 (P<0.05)
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Fig.4 Phosphorus desorption rates of brown soil under different
types and amounts of biochars
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