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Effect of biochar on adsorption—desorption characteristics of nitrate nitrogen in black soil

WANG Bing'?, ZHAO Shan-shan'?, QIN Zhi—jia®, GAO Qiang'?, LOU Yu-jie*, LIU Shu—xia'*"

(1.College of Resources and Environmental Science, Jilin Agricultural University, Changchun 130118, China; 2.Key Laboratory of Soil Re—
source Sustainable Utilization for Jilin Province Commodity Grain Bases, Changchun 130118, China; 3.Zu Min Agriculture Stands of Dongliao
County, Jilin Province, Dongliao 136615, China; 4.College of Animal Science and Technology, Jilin Agricultural University, Changchun
130118, China)

Abstract: It is well documented that biochar can adsorb nitrate nitrogen (NO3;=N) from water. However, few studies were available on the
effects of biochar applications on adsorption—desorption properties of NO; =N in soil. In this study, an incubation experiment was conducted
to assess the effects of different biochars (corn—stalk biochar, rice—hull biochar and larch biochar) at four application rates(0.6%,1.2%,
3.6%, and 6% ) on adsorption and desorption of NO;—N in black soil. Results showed that biochar applications increased NO;—N adsorption,
with the highest adsorption capacity occurred in soil added with 3.6% biochar. Of three biochars, corn—stalk biochar had the highest NO;-N
adsorption capacity, which was 0.929 mg-g™', whereas larch biochar had the lowest NO;—N adsorption, with only 0.578 mg-g™'. Applications
of biochars reduced the desorption rates of NO3—N from soil. The lowest desorption was found at a biochar rate of 3.6%. On the contrary,
corn—stalk biochar had the lowest NO; =N desorption while larch biochar displayed the highest desorption. The adsorption ability of NO;—N
by biochars was: corn—stalk biochars> rice —hull biochar> larch biochar, but the desorption was opposite. The isothermal adsorption of
NO;-N on soil amended with biochars could be well described by Langmuir isothermal equation.
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Table 1 Physicochemical characteristics of tested soil

pH ﬁ*ﬂﬁﬁ/g'kg'l Eﬁ%ﬁ/mg‘kg'] E&ﬁ@?/mg-kg" }iﬁl%‘#/mg‘kg'] NH;-N/mg-kg” NO;-N/mg-kg™ i/ % ki % Wk %
5.57 21.58 84.2 34.99 191.75 8.41 17.72 34.65 25.77 39.57

&2 A UK EREL R

Table 2 Physicochemical characteristics of tested biochars

KM AHBReket  ABUgke? AWekg’  AM/gke’  pH  CEC/emol-kg” EC/mS+em” NHi-N/mg-kg” NO;—N/mg-kg”
FRFEFT 463.54 8.61 16.20 20.79 9.82 21.01 2.81 430 1.02

Tk 708.50 6.46 13.16 1330 8.48 18.27 1.66 338 4.13

A 210.20 145 11.07 6.16 8.08 231 0.12 1.08 425
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Figure 2 FTIR spectrums of three biochars
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Table 3 Relative intensities of main absorption peaks of biochar

FTIR spectra
HE W A5 B/ 9%
BFEE 1600 em™ 1720 em™ 2850 em™ 2920 em™ 3400 cm™
TR 30.37 3.42 0.54 2.54 49.37
e 30.31 4.19 243 6.32 44.79
[N/ 3523 321 4.67 9.97 43.58

B 1 ERFBEFEYRR BREVBRMMAKEY TR (NAEZEH)H SEM

Figure 1 SEM images of corn—stalk biochar, rice—hull biochar and larch hiochar(from left to right )
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Figure 3 Isotherms for nitrate adsorption on black soil amended

with biochars
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Table 4 Isotherm parameters for nitrate adsorption on black soil

amended with biochars

N Langmuir J5 2 Freundlich J5 2
G0 S S ¢ . -

K e @ K 2 K¢/ )
% 151/% oot Lo K Un (L R

CK 0 0.276  0.093 0.953 0.160 0.116  0.748
FOKFEFF 0.60  0.805 0.826  0.994*  0.090 0532 0.834
Y 1200 0.886 111 0.997**  0.093 0.584  0.832

360 0933 1.63 0.999%* 0.089 0.630 0.815

6.00 0.836 0.869 0.994* 0.095 0.542  0.863

100(Be) 0399 0.077 0977  0.200 0.131  0.950

fEred 060  0.680 0356 0967 0.115 0.392  0.869

LYV 120 0.731 0.689 0.996* 0.087 0.488  0.847

3.60 0.803 0.938 0.999*%* 0.084 0.545 0.813
6.00 0.696 0.535 0.989* 0.086 0461  0.765
100(Be) 0353 0.089 0.936 0.219 0.115  0.963

WA 060 0409 0.121 0948 0.179 0.165 0.933
W I I 1.20 0549 0.201 0970 0.143 0.271  0.938

3.60 0579 0.670 0982  0.067 0.421  0.896
6.00 0488 0.283 0.960 0.108 0.287  0.924
100(Be) 0303 0.079 0973  0.186 0.111  0.799

T * 2K K (P<0.05) 5 %% 22575 B /K- (P<0.01 ),

Note:* and ** indicate significant differences between treatments at

P<0.05 and P<0.01, respectively.

AP Q AL IR KR, mg g™ C, NV k3
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Table 5 Desorption rates of nitrate from black soil amended

with biochars

WHIRTEASR  AWB FORFSFT Feine FAK
W mg- L7 L% Y% A % IR I%
20 0(CK) 36.1£1.32a  36.1x1.32a  36.1x1.32a
0.60 24.3+1.53¢  27.3+0.354c¢  31.7+1.59bc
1.20 19.6£1.40d  24.6x1.16¢ 26.5+1.90de
3.60 17.8+1.65d 21.4+0.774d  23.4+1.95¢
6.00 23.0+1.54c  25.0£0.305¢ 29.9+1.13cd
100(Bc) 31.7£2.05b  32.7+1.45b 34.7+1.48ab
100 0(CK) 30.3+2.41a  30.3+2.41la  30.3x2.41la

0.60 21.1+0.880bc 24.4+1.28abc  28.0+1.14a
1.20 17.3+0.299¢  21.8+£1.26bc  24.1+1.94a
3.60 15.3£0.652¢  18.7x1.82¢  21.4+1.74a
6.00 19.8+0.98bc  22.7£1.87bc  26.2+1.30a

100(Be)  25.7+1.43ab 26.8+1.60ab  29.5+1.78a

240 0(CK) 28.1x1.41a  28.1x14la 28.1x1.4la
0.60 19.1£0.458bc  22.4+1.01ab  25.0+0.032a

1.20 15.9+0.797bc  20.0+1.64ab  23.6+1.84a

3.60 13.5+0.694¢  17.3+0.190b  19.6+0.460a
6.00 17.3+0.031be 21.2+1.18ab  23.9+1.32a
100(Be)  22.4+0.004ab 24.8+0.034ab 27.6+1.98a

A AVING PR R I RR B K (P<0.05) .
Note: Different letters indicate significant differences between treat—

ments(P<0.05).
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