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Table 1 Physicochemical properties of the soil, biochar and rice straw used in this study
. . BANmE Bk B AR B A LIRSS
F il SIS B N
TOC TC TN C:N pH NO;-N NH;-N EC
Samples Sources y » »
(%) (%) (%) (mgkg™) (mgkg™) (mSm™)
$ % T Rt LR T 18 2.03 351 026 135 6.43 208.5 16.53 54.4
Soil B
ERX 7P/ 48.2 50.3 1.07 47 10.04 ND ND 28.4
‘ S A
Biochar
K ARG A N 51.9 53.4 0.89 60 ND ND ND ND
) L PIC S

Rice straw

. ND, KA Note: ND, not determined

MRS A BRIHA I, W m A A s aE R (80%
N,F120% O, ) sl HETE M <Us o Rk A 260
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Effects of biochar amendment on soil inorganic nitrogen contents and pH in degraded vegetable soil (a, b,
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¢ ) and the soil under

reductive soil disinfestation (RSD) (d, e, f)

http: //pedologica. issas. ac. cn



3 14

T OFES AW sonB G b g S B

RN, O 7= HE 1 52 i) 717

ANKEFE A HENH - N = 0 3 22 5% . it A= 9 ok
P T R HEpH, AR, p AR TR A IR
B AR EERE T, A EpHE E B (F
1f) .
2.2 HEMER X T EN,OH M B0 E2 NG
1B Ak 1 it % S M - 3R 14 AN HHEN,OHF K
MR BT HER R A R W E 2 MES3, 14 dEF 3R
P, S A ) s SN, O HEHIGHE AT CK b 3
5% BCAbFE + 5N, OHEBHE % & eIk (El2a)

(NOWHERE R 68.7% ) ([E3a) o BRILJFEE T
R, WS % Wy o W RRAR T 1 SN, O AR i H R
(FE2b) , HN,0 B HERCR 8 %8 T CKib
(N,OWlHE i 716.0% ) (E3b) . 5RiA B IR
B RIN,0 Bt HEiC: B Hom, RARRE B E
WEETF 95145 ~ 2 5544% (K3) . Pearsonfl X
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Fig. 2 Effects of biochar amendment on soil N,O emission rates in degraded vegetable soil (a) and in the soil under reductive soil

disinfestation (RSD) (b)
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Fig. 3 Effects of biochar amendment on soil cumulative N,0 emissions in degraded vegetable soil (a) and in the soil under reductive

soil disinfestation (RSD ) (b)
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Table 2 Pearson’s correlation analysis between soil N,O emission rates, the abundances of denitrifying functional genes and

environmental factors

25 B S A A
Parameter pH NH;-N NO;-N
Ao A 2 i A NLOHE 5 -0.734 (0.001) 0.084 (0.741) 0.228 (0.362)
non-RSD process N,O emission rate
norBIEH £ & 0.107 (0.784) 0.288 (0.453) -0.172 (0.659)
Abundance of norB gene
nosZFE K+ fF 0.647 (0.060 ) -0.409 (0.274) -0.286 (0.456)
Abundance of nosZ gene
I JFAE e T N, O il 2 3 -0.606 (0.037) -0.660 (0.020) 0.580 (0.048)
RSD process N,O emission rate
norBIE R FE 1 -0.925 (0.008) 0.887 (0.001) 0.927 ( <0.001)
Abundance of norB gene
nosZIEH F 0.354 (0.350) -0.256 (0.506 ) -0.241 (0.532)

Abundance of nosZ gene

W RIS AMNUEAC R BUR B K R, F55 WEUEAC A S BT i B354 (BUI ) Note: Value outside the parentheses is

Pearson correlation coefficient, and value inside the parentheses indicates the sig. ( 2-tailed )

2.3 MEMMEYIRI TIEREMEYREEFEENRI

TR Ak it 5 S - 358 R LA A8 A ok AR R Y
+ I E A E R R IE ] (norB ) AL A GE
B (nosZ) FREEAELIIE4, 14 dBEFRIAN,
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Y AP e nor BRI 5 FIHE TRE (
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1% BCHI5% BCALFE + Hnos Z3 [N 3 3 B F54% | T}
B, A ) e kb B R S CKAN R (A
de ) 5 MERIE FAE Y30 FH - S norB AL H -
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WoR, JEMIA EEE R L norBEE [ FlnosZ
FENFEESpH, NH;. NOJ& N B ZE M
TR A B 2 o B b L EnorBIE N 5pH . NH; .
NO; &R WEME (p < 0.01) , (MinosZHEN FJE
HIREE A A

LA R Bos, JEsREE e S+
HEN,OHE U R i og(H Flnos Z 3 K £ FE il log (H 2
BELVEME (p =0.010) (K5a) , SnorB#:
I E Y loglH JC B HLIEXLR (p =0.748) 5 {H
ETEMIA R E AR, HIEEN,OHE #H E M log
E I nor BRI F M logff 2 W ELIEMK (p <

0.001) (E5b) , SnosZIEHFE M loglt It i %
MR (p=0.801)
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AR T 1716.0% ., % EE8MA TS E AT
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PL b, DR 8 8 A R B v i i A 4 5 AU N, O
o % U HE i 4k T 45 e K o AR HR i N 1 %A=
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W ¢ U HE R 8 5 e i A O, R AR A 25 SRt
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Fig. 4 Effects of biochar amendment on the gene abundances of norB (a, b) and nosZ (¢, d) genes in degraded vegetable soil (a,

¢ ) and in the soil under reductive soil disinfestation (RSD) (b, d)

20 ra 61 Y

~ b ’
~ 1y==0.090x+10.349
Sso p=0.010, R*=0.827 roy”
) ~ /
SET 15| ~ 4t /
EE] TN 4
®z = N /
= 235 ~ 4
_W_,‘é @ '
Q5L 1.0 SNo 2+ 7
Z Q.- ~e
me D N
H3 =z S '—{—)
~ Lo 05 | ~, 0F ’
2g~ /7 3=11.533x-94.169
1 2—,
’[ —a & 2<<0.001, R*=0.843
0.0 . 1 . . i ) =) rd : 1 1 )
8.5 9.0 9.5 10.0 7.75 8.00 8.25 8.50 8.75 9.00
log (13 nosZ EEFHF: ) log (1.3 norB R F )
log (Soil nosZ gene abundance) log (Soil norB gene abundance)
(copies g' dry soil) (copies g' dry soil)
K5 Bfbiiis e+ (a) RIREFBEE SR (b) -8 ife i E (norBfnosZ) = FIN,OHEHH %

Log i [H] Y Ze 14 171 14
Fig. 5 The linear regression analysis between the log values of denitrifying functional gene ( norB and nosZ ) abundances and soil N,0

production rates in degraded vegetable soil (a) and in the soil under Reductive Soil Disinfestation (RSD) (b)
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Effects of Biochar Application on N,O Emission in Degraded
Vegetable Soil and in Remediation Process of the Soil
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Abstract Excessive application of nitrogen fertilizers in facilitated vegetable fields may easily lead to soil degradation

('such as soil salinization, acidification, hardening, etc.) , and even further to some serious environmental consequences

like pollution of groundwater and emission of large volumes of N,O, thus seriously affecting sustainable development of the

vegetable industry. Recently, a novel soil remediation technology, called RSD ( reductive soil disinfestation ) has been

developed of adding organic substances (e.g., crop straw, molasses, manure, etc.) in flooding water. The RSD method

can effectively alleviate the risk of soil degradation, such as removing the nitrate accumulated in the soil, increasing
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pH, lowering soil electrical conductivity and improving soil structure. However, in strong reducing environments the high
amount of nitrate accumulated in the degraded facilitated vegetable fields was rapidly reduced by denitrification, and high
nitrous oxide ( N,0 ) emission was observed in RSD process. N,O is the third major greenhouse gas, and is 296 ~ 310
times as high as CO, in global warming potential. It is estimated that N,O emitted from agricultural soil accounts for 60%
of the annual anthropogenic emission into the atmosphere, and the facilitated vegetable soil with high N input is one of
the most important agricultural N,O sources, contributing about 20% to the emission from agricultural soil. Therefore,
it is essential to investigate how to mitigate N,O emission from degraded facilitated vegetable soil, especially in its strong
reductive remediation process. In this study, Biochar was selected as soil regulator in evaluating effects of the use of biochar
on N,O emission in degraded vegetable soil and its RSD process relative to rate of its use. Six treatments were designed and
conducted, Treatment CK ( 16% in soil moisture content and no biochar used ) , Treatment 1% BC ( 16% in soil moisture
content and 1% hiochar applied, w/w) , Treatment 5% BC ( 16% in soil moisture content and 5% biochar applied ) ,
Treatment RSD ( flooded, rice straw incorporated and no biochar used ) , Treatment RSD + 1% BC ( RSD and 1% biochar
applied ) and Treatment RSD + 5% BC ( RSD and 5% biochar applied ) . By determining the abundance of nitrifying
functional genes ( norB gene and nosZ gene encoding nitric oxide reductase and nitrous oxide reductase, respectively ) ,
activities of denitrifying microorganisms were characterized. Soil samples were collected from the treatments and incubated
at 30 C in dark for 14 days, and N,O emission rate was measured during the incubation using the accumulative method.
Besides, soil samples were also collected for analysis of inorganic nitrogen contents, soil pH and abundance of denitrifying
functional genes. Each sampling had four replicates. Results show that RSD significantly lowered soil nitrate content, raising
soil pH and retarded soil degradation, but the cumulative N,O emission from the RSD-treated soils was over 950 times as high
as that from their non-RSD treated counterparts. Application of 5% Biochar reduced the N,O emission in degraded vegetable
soil and its RSD process by 68.7% and 16.0%, respectively. Pearson correlation analysis reveals a negative relationship
between N,O emission rate and soil pH in both degraded vegetable soil and its RSD process, and a positive relationship
between N,O emission rate and soil ammonium content in RSD process. The abundance of norB and nosZ genes was also
significantly changed after biochar application. Linear regression analysis shows that soil N,O emission was mainly related to
nosZ gene abundance in degraded vegetable soil, but to norB gene abundance in RSD process. To sum up, the application of
5% biochar in degraded vegetable soil and its RSD process can elevate soil pH and alter abundances of the critical denitrifying
functional genes, thus efficiently mitigating N,O emission. All the findings in this study may serve as experimental evidence
for N,O mitigation in degraded vegetable soil, and also can be regarded as important indices for assessment of environmental
effects of the remediation of degraded vegetable soil.

Key words N,O emission; Biochar; Degraded vegetable soil; Soil remediation; Environmental effect; Denitrifiers

(REHE: » )

http: //pedologica. issas. ac. cn



