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Effects of fresh and aged maize straw—derived biochars on ammonia volatilization in a calcareous arable soil
WANG Chao—xu'"?, CHEN Shao-rong'?, ZHANG Feng'?, CUI Jian—guo'”

(1.College of Environmental Science and Engineering, Taiyuan University of Technology, Jinzhong 030600, China; 2.Innovation Center for
Postgraduate Education in Municipal Engineering of Shanxi Province, Jinzhong 030600, China)

Abstract: The object of this study was to examine the effects of maize—straw powder, fresh and aged maize straw—derived biochars (includ-
ing spontaneous aging, high—temperature aging, and freeze—thaw cycles aging) on ammonia (NH;) volatilization in a typical Loess Plateau
calcareous arable soil. The indoor static soil incubation experiment of 29 days was carried out after adding and evenly mixing 2% (in mass)
of abovementioned materials into and with the soil sample to investigate the diurnal variation of soil NH; volatilization rate and the cumula-
tive NH; volatilization of the soils during the whole incubation period. To unravel the mechanisms that control NH; volatilization from the
soil amended with different materials, the inorganic nitrogen content, ammonia oxidation rate, and ammonia-oxidizing bacteria amount of
the soils were determined at the beginning and the end of incubation. Moreover, the NHi—N adsorption characteristics of the materials were

studied. The results indicated that all the materials inhibited NH; volatilization of the calcareous arable soil. Compared with the soil without
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exogenous material added, the cumulative NH; volatilization during the whole incubation period decreased by 30% in the freeze—thaw cy-

cles aged or high—temperature aged biochar amended soil, decreased by 23% in the spontaneous aged or fresh biochar amended soil, and de-

creased by 19% in the maize—straw powder amended soil. The first 10 days after nitrogen fertilizer application was the main stage of NH;

volatilization, which accounted for more than 90% of the cumulative NH; volatilization. The relatively stronger NH; volatilization inhibition

abilities of freeze—thaw cycles aged and high—temperature aged biochars were mainly attributed to their stronger abilities of ammonia oxida-

tion promotion and NH:-N adsorption. This study will be helpful for understanding the effects of returning fresh and aged maize straw—de-

rived biochars back to farmland on soil NH; volatilization. Moreover, the study will supply an effective way to reduce soil NHj; volatilization,

and will provide a theoretical reference for the agricultural application of biochar in arable soils of the Loess Plateau.

Keywords: biochar; aged; ammonia volatilization; ammonia oxidation; adsorption
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Figure 1 Changes of NHj; volatilization rate of the soil amended with maize—straw powder and its derived biochars
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F1 EFNETIELNESE SEUERNEELHARHENTH
Table 1 Changes of inorganic nitrogen content,ammonia oxidation rate ,and ammonia—oxidizing bacteria amount of
the soil before and after incubation
Tt H SS S SMP SFB SSAB SHAB SFAB
NH:-N/mg kg WFRPIA 187.56+6.97  186.35%2.10  177.58+4.30  181.22+5.77  177.74=7.13  174.91+3.43  183.07%5.71
WiFRATS 143.04+5.66  111.00£6.65  113.40+7.82  107.34+5.44  75.22+8.14 83.44+3.20 65.98+6.71
AR A -44.52 -75.35 -64.18 -73.88 -102.52 -91.47 -117.09
NO;-N/mg-kg K04 33.83+3.53 32.89+4.81 32.22+7.92 31.58+6.43 26.52+2.82 29.83+2.54 23.93+3.92
WA 31.70£3.39 53.63+7.47 57.43%2.85 60.68+4.64  71.78+3.02 85.26+3.45 89.82+4.15
A fE -2.13 20.74 25.21 29.10 45.26 55.43 65.89
NO;-N/mg-kg™ RFEWE 0.62+0.14 1.0740.33 1.16+0.16 1.66+0.27 1.63£0.18 2.31+0.58 2.96+0.58
WiRAE 1912035 9.46+0.55 7.1740.58 9.84+0.71 8.85+0.63 7.22+1.00 13.68+0.78
ARl 1.29 8.39 6.01 8.18 7.22 491 10.72
AR ol - ¢ - b FEFERIA 0.54+0.16 59.32+4.40  61.49+10.48  66.45+9.86 70.01£9.42 72.93+1.33 83.25+8.57
WAL 6.09+1.43 719121030  88.22+8.75 89.62+6.47  104.26+6.92  136.72+7.12  161.83+7.39
AR 5.55 12.59 26.73 23.17 34.25 63.79 78.58
AOBHUHE/X10° 4>+ HEFEFIZS 0.000+0.000  1.67+0.237 2.28+0.429 2.43+0.299 2.95+0.347 2.56+0.229 2.75+0.393
RFRAT 0.17220.039  2.7420.417 3360442  4.1420.140  4.380.285 4.61x0.486 5.40+0.464
A 0.172 1.07 1.08 1.71 1.43 2.05 2.65
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Note : Values are given as meanzstandard deviation from triplicate determinations.
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Figure 3 Kinetics of NHi=N adsorbed onto maize-straw powder

A<D

and its derived biochars
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Table 2 Langmuir and Freundlich model parameters for NHi=N adsorbed by maize—straw powder and its derived biochars

Langmuir #57

Freundlich #5754

Bl Guamg g b(x107)/L-mg" R Ki/mg"™"" 1" g l/n R

FARFEFBAR 8.31 3.92 0.96 0.15 0.60 0.97

it E RS FT A M I 10.76 7.05 0.97 0.54 0.46 0.98

AR A FRFEFFE Y e 12.64 7.94 0.98 0.71 0.45 0.99

i T T KRS FF A 9 ¢ 13.30 8.02 0.97 0.74 0.45 0.99

RAMIG IR AL FORFEFFAE Y i 14.90 9.57 0.98 0.99 0.43 0.99
o0r A A NHE-N I U R S 3 0 S 122 4 ) o
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=N SRR L RBT AR RLE , FLIR S K
< ol I LA, EAA R Y W R BB ) RN A 4
20 AE T, it A - 338 5 AT LA B DR S 19 NHE-N, fiff 35850

10« P AR

100 150 200 250 300 350

3

A FAFEFIRE
B TRAS R A

< EIREMIRTERF A5

D> IR bR REFF A4

O VR IRER AL F KRS FFE 5

iy

B4 ERFEFHRREEWRIT NHI-N B Langmuir &R

MR B AR B S A i 2

Figure 4 Langmuir adsorption isotherms of NH;=N adsorbed by

2.8
2.6
2.4
2.2
2.0
1.8

Ing.

1.4
1.2
1.0
0.8
0.6

1.6%

maize—straw powder and its derived biochars

38 40 42 44 46 48 50 52 54 56 58 6.0

Inc.

A FRFEFPRE
B RREFFAE
<R EILE RS RF A4

D> IR LR REFF A4

O WRTRER 2 AL TORFSFF A B 5

5 EXREFHRREEEWRIT NH-N B Freundlich 38

MR B AR B A i 2

Figure 5 Freundlich adsorption isotherms of NHi=N adsorbed by

maize—straw powder and its derived biochars
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