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Abstract: [ Objective ] Continuous advancements have been achieved in optimizing the formulation, application strategies, and
overall applicability of seaweed-derived fertilizers. However, a mechanistic understanding of how their key functional
components modulate soil processes remains incomplete. This study investigated the impact of brown algae substances, central
functional constituents of seaweed fertilizers, on soil properties, carbon fractions, carbon turnover-related enzymes, and
associated greenhouse gas emissions. [ Method ] In this study, a soil incubation experiment was conducted with five treatments:
control (CK), brown seaweed powder treatment(Sea), sodium alginate treatment with a viscosity of 66 MPa's (Alg66), sodium
alginate treatment with a viscosity of 360 MPa-s(Alg360), and fucoidan treatment (Fuc). The soil was incubated at 25 °C for 112
days and sampled periodically to determine the soil properties, carbon composition, enzyme activity, and greenhouse gas
emissions. On the 56th and 112th day of incubation, the effects of adding different brown algae substances on soil
B-glucosidase (BG), cellobiohydrolase (CBH), B-xylosidase (BX), and N-acetyl-p-glucosaminidase (NAG) and particulate organic
carbon (POC), mineral-associated organic carbon (MOC), dissolved organic carbon (DOC), and easily oxidizable organic carbon
(EOC) were determined. Nitrous oxide (N,0O), carbon dioxide (CO,), and methane (CH4) emissions were monitored during the
first 50 days of incubation. [ Result ] The results showed that the addition of different brown algae substances had varying effects
on the soil properties. Compared to CK, the addition of brown seaweed substances significantly increased soil organic carbon and
total nitrogen content. The most significant effects on organic carbon and total nitrogen were Fuc treatment and Sea treatment,
respectively. The Sea treatment enhanced soil available phosphorus and potassium content by 19.83% and 260.23%, respectively.
Conversely, the brown algae polysaccharide treatments (Alg66, Alg360, Fuc) decreased soil available phosphorus by 17.67%,
2.74%, and 20.15% and soil available potassium by 11.41%, 3.85%, and 6.36%, respectively. Also, the Fuc treatment significantly
improved the activated carbon component content, particularly the dissolved organic carbon, which was significantly different
from other treatments at the end of the incubation period, and 6.34 times that of CK. The Fuc treatment also increased the enzyme
activities of soil BG, CBH, BX, and NAG. Compared to the CK, the addition of brown algal substances increased CO, emissions,
while the addition of Alg66 and Alg360 reduced N,O emissions. There was no significant difference in the effect of all treatments
on CH, emission. Therefore, new fertilizers that combine soil improvement and greenhouse gas reduction functions can be
developed by optimizing the component ratios of brown algae substances. [ Conclusion] Brown algae substances can enhance
soil carbon and nitrogen nutrients, whereas fucoidan can significantly enhance soil enzyme activity and active carbon components
and sodium alginate can reduce N,O emissions. These results show that brown algae substances have a certain potential for green
enhancement, with different components exerting varying effects on soil properties, thus, showing potential for the development
of brown algae substances for the production of new fertilizers.

Key words: Brown algae substances; Sodium alginate; Fucoidan; Soil enzyme activity; Soil carbon components; Greenhouse

gases
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Table 1 Basic properties of tested materials
A4 #} Test materials LEHRAR S Treatment code  C/ (g'kg') H/ (gkg!') N/ (gkg!)
e 5K Brown seaweed powder Sea 300.47+0.10 19.83+0.04 19.69+0.10
66 MPa-s I} # iR £/ 66 MPa-s sodium alginate Alg66 334.62+0.14 40.57+0.07 1.3440.02
360 MPas ¥ #: R4l 360 MPa-s sodium alginate Alg360 316.00+0.09 40.77+0.06 3.08+0.02
¥ Z W Fucoidan Fuc 247.74+0.16 34.21£0.10 4.92+0.03

TE: Sea: WKL Alg66: ZEE N 66 MPa's UG MR AN T ; Alg360: ZHFF N 360 MPa's FUMFMEMRANAL T ; Fuc: H¥
LA, C: Bifri; H: & N: A&, FF. Note: Sea: brown seaweed powder treatment; Alg66: sodium alginate treatment

with a viscosity of 66 MPa-s; Alg360: sodium alginate treatment with a viscosity of 360 MPa's; Fuc: fucoidan treatment. C: Carbon content;

H: Hydrogen content; N: Nitrogen content. The same below.
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5 CK M, Sea #b¥E 445 pH FEAIK, 1Ml Alg66.
Alg360 fl Fuc 4b# + 3 pH FH&r (£ 2). BN i
KPR T A A B RESE R SOC Hl TN &L, Fuc
Ab PR R SOC R b, & itik 1464 gkg', 5
CK M LR T 29.10%. Sea b P4 7 3 TN R
RBE, 58N 173 gkg', 5 CK HILEST
33.08%. 5 CK A, Sea AbFRAEMSHE R+ AP I
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514.95 mgkg ', #EE T 19.83%.260.23%:; 1fi] Alg66.
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27.66 mg-kg ', Alg66 Ab FHFEAR AK & B RUR i B %,
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Table 2 Physical and chemical properties of soil after adding brown algae substances at the end of culture

Qb EELiIR TS EA A AT
Treatment Pl SOC/ (gkg") TN/ (gkg") AP/ (mgkg") AK/ (mgkg ")
CK 7.05+0.02d 11.34+0.46¢ 1.30£0.01¢ 34.64+0.59b 142.95+2.24b
Sea 6.70£0.01¢ 14.41£0.21ab 1.73£0.02a 41.5142.64a 514.95+5.00a
Alg66 8.410.03b 13.70+0.23b 1.58+0.02b 28.52+1.12¢ 126.64+4.07d
Alg360 8.58+0.02a 14.63+0.71a 1.57+£0.02b 33.69+2.55b 137.44+1.80bc
Fuc 7.38£0.01¢c 14.64=0.13a 1.59+0.02b 27.66=0.88¢ 133.86+3.65bc

e CK: X R FFIARR/NG FHE R R Rl — 3532050 (112 d) AR AL PR 22 5 5.3 ( P<0.05 ). F[Al. Note: CK: control. Different

lowercase letters in the same column indicate significant differences in treatment intervals for the same cultivation time ( 112 d) ( P<0.05) .

The same below.
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Fig. 1 Content of ammonium nitrogen (a) and nitrate nitrogen (b ) in soil after adding brown algae substances
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Fig. 2 The proportion of soil particulate organic carbon ( POC ) and

& 2

mineral-bound organic carbon ( MOC ) in the soil after the addition of

brown algae substances
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Fig. 3 Content of easily oxidizable organic carbon ( a ) and dissolved organic carbon (b ) in the soil after the addition of brown algae substances
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Fig. 4 Activities of B-glucosidase (a ), cellobiohydrolase (b ), B-xylosidase ( ¢ ) and B-N-acetylglucosaminase ( d ) in the soil after the addition
of brown algae substances
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Fig. 5 Soil nitrous oxide emission fluxes ( a ) and cumulative emissions ( b ), soil carbon dioxide emission fluxes ( ¢ ) and cumulative emissions

(d), and soil methane emission fluxes (e ) and cumulative emissions ( f) after the addition of brown algae substances

http://pedologica.issas.ac.cn



1556 + b1

=

62 4

WSS AT, CK A3 4 HE A AL W & 2T HE i
31.01 pgkg', Alg66 Fl Alg360 kbHFEAR T 1 44
LW AR HERL, 5 CK M LA AFFEIR T 57.58%F
68.66% ( [l 5b ), Sea Fl Fuc 4t 424k & 2 it-HEk
00 1219, 213.39 pgkg', i CK /Y 39.31 1%
1 6.88 5.

CK 58 fin i 2 4y o A B 1) 398 — A=Ak e HE
OGRS, Wi TR REB TS,
SR — R R PG, CK I {Hh 934.21 pg'kg “h!,
Sea. Alg66. Alg360. Fuc IE{H43 R 1622, 1112,
1269, 1620 pgkg “h' (& 5¢), FEFEMLEHAT,
N I 758 25 0 I Ak - 9 — SR ARl BT HE T R K
T CK, AN[FAb#E =4 A e R TR R 22 5 i
(& 5d). Alg66 Ab¥E+ i — A Abmk BitHEm R N
487 209 pg-kg ', A CK Y 5.02 5 /R e i % .

CK 5 fin4 8 24 1y Joit A 38 - 398 R o HE 0 o
B, R FRERE B TS, Rk
W (& Se). CK Ab# 358 F e Hl i 2 0
0.021 pg'kg “h™', Sea. Alg66. Alg360. Fuc WE{H 4>
WA 0.023. 0.019, 0.020, 0.020 pgkg “h'. @0
oy 2 o 3 o SR T HE R JE 3 25 R, CK A
P 4 398 B e 3R 3.03 pgkg ! (Bl 5f), Sea
Kb 3R - S e BT HERCIE B, M 3.97 ngkg L K
CK 1 1.31 1%

3 3 ®

3.1 #EEEMBR T TRk A > FIEgE MR R0

HNIEAT DLPRL R B RE SRS A & & A B0
APUBRAE T LI A HLER & B, I REAS M vt AT
AHUBRE 7%, BIAMIEA HLER 8 A 2 J 30 N ko
AT LB i R ) . Wk
WY, AR AR S T R AL S W SO LIS L RS RS
SZZRBRAL A YR RESR iR L S BTG A TR R
EHEA PR S R AW LR RAS RS, R
AR B2 I A LB 5 5 CK A A R
JER I (3% 2), W80T RS R
(K 5), UL B TR — RSN EA FLY R AT
Oy SR A AT M AT B, RTG I  HE A i 2 X
IR A LN A RA PR, b2k A3
BA ML R, FERITA PLBR 2170 %) i T 31 1) 52
Wi B, 388 R TA R b M O R BR B4 53, 4 POC

ROC F1 DOC (38 1IN RE &% 4 ey -+ 58 0 A= W 0 4k e
PR S HC), Bk R 5 i MOC R B
BT R PR RS, RTINS ) R R A
b3 v BAT B % % Y. Chen PRy BFSEHE L, A HL
Yy m i 2 B s T R g DOC. POC., ROC
MY YRR (MBC) %A HUBRA 1 &
AR I 4 S B RAR A HLYAE ROC . DOC
M POC A3t THIRIZE e (& 2, E3), Ak, K
FIAZE R AR L BE ROC & 45 CK ¥4 A Rl L i
HI3E AN, Hor Fue Zb3E5 HAD A FEAH L ROC & 148
I EFE, 1 POC itk fil DOC F &% CK 45
T 21.31%H1 534.28%, MR BE (K2, K 3),
WEFE 1 S A o3 X RPN 5675 . o AL R
A1 SR, Ay e i 1 e A AR AL B R AR
SICFEE, 2T 3 g A o 1) A8 4k 5 1 4
Bl TG A7 e — 2 B RIVE T, 9] An 2 B A 2 L i
+ AR R &P, DOC Fl POC 546 LT 1
A 80 3 TR DG 48 e SR B S A WL R
Ho i SR o e e Y R RUE M R BRIR , Rk
Yy i SR AL e 5 AE FR AR BEGUAE P i A R R B
JNTT 8 5 - S G R PSS LRI, A LA o i ad
R A Y AR A AR Tl 2R 3 L
B 2L 1 5k - AR e M, AT BB R E AR T
ARG IAEE, [REEMEUE T - EGTE 1, EDACHE
58 Fuc ZbFERAHOCE 40 (BG. CBH. BX)
PEECH A AL B 251 (& 4), ekl s> g
LR (S N = S O IAEL Y/ K = SO R & Y il
AR BEAER, B o — 25 0o A
PR B AEA R BT M TR 2 IEAH X,
3.2 BEEYFRRMIT R ESEHE B0

A HLYEHES N 2+ 3Eh SR S & DA WL o
Ayt R, EXHR E SRHE R S e 2 2 H 2 7 |
Mo it FH AR 52 g FE 9 A AL ek A 3 ] e AR
Y=y R HE T EEAE R, (AR LR A
A AES ML CO,. NLO I CH, HE M 41635 JH: [ Ak
g0, R, AR AR B IR B A AL
Yok, LB Bb 6 S b 28 1) A ML) ke TR AR HE B
5= R 2 N S S s e w2 SRS E N T
M A AR A R G AT R e AR TR R . B
FPURM, REGHIR (REFE. B R,
ARG ) WHEBN T R R E S AR, HEA
AR E L, HA H 88 = SRR S 7K 58

http://pedologica.issas.ac.cn



5 FURR A MRl 0] L3RR AL o) . IS PE AN 2 R HER A 1557

T | eI AR BRI SR AF IR R
FURTAEAT HLY RS S 2 SRR Wi D T ) B
FERIFA—B AN, 5 CK M, @
WP Wl BT B B (Alg66. Alg360 ) [
T N0 YR CIEL 5 ), R S84 S0 2808 HE T A 21 410 il
YRR AT RE T e SRR AN B ¥R s 7 e Bl
B, S T AR E T, Rt T AR
e, T N0 i HERC? . FER R, R[]
AbER B NLO HEROWAARRL, (-5 HABALBEAHLE , Sea
AbEEN,O HE i AR AR (] 5a), AIAER
HI T 1 IR0 Sea AL BRANSE S (181 1), K
=B Z N,O, BEHEARITHFE, N.O HEMCEZ
WA FERE IR 05 10 K b T AR VE HTRIOK 23 B0 82 )
NoO HEA SR B34 ft, e 300 B i) 552 B
I P B AR X e I ¢ 3 2 R it P e ] A4 R
PR TR SR WEEREA SR TR &
(£ 1) 2 NoO HEHCRERE , 1A FH 5 1R
B i Bk — 25 25 B AR SN ] R AR L
RERBAE Y R A, B NLO BN ki
G S P A v R T BB AL ,  REAS I R A
KA NGO IIHERL o 463 28 S AR in i i (] Py 42 25 2
i 1 HE CO, flFcRE (&1 5), AIREh LHErP AR
APBRIETEER . S EALn, B iR Ll COL /Y
TR, R P i B HAR I 225 1 CO,
HEHOIR , {EX [ B g HESOR 7 2 T i — 2P i
WIBETE . AL TESh R s I AEYLYRUZ R 3% CH,
HERC e F BN R 2 PO F5e R, ALY
TEXE H e (8 B2 0 5 BN AL R RS OC, i R
SR ALT R AP LF AR A Sy W E R SRR
DL RS ™ A 2 Y e 5 AR IE A A A 20,
F T R P RE A, 77 A 8 Y g AR X
XA A ) SR B S B R A 2 (] 5)
PR TS AR

AR TS AT X A 3 DAy 1 46 95 42 B 2 A R O
WS, X 48 5 28 0 o e o8 A L A 43 o) 35
Wi BT FEATS A IR R o 1 S v ) A P
DR R ) 2 0 A R SR (LT 652 53, L i
A ATF 52 YRR A B, A I v 1 i T AR o T
AL B P S 2% I o T I T AR R o) S H A
e AR HIHLH TR ABTST, R Aol A = S i o
S I OR B IE Rt 7 58, e Al (Y mT Rp 2k
K.

4 % ik

N IR P 250 T X R A s - 9 AL B R 4
Aok, W FMAH (Sea) REMA IR 1A
AR i, AR SR I AL P (Alg66
Alg360. Fuc) SRR R0 & &, 7 i 2 b
AbFHE (Fuc ) P& PERRAL o 5% B 3, ARe 0 e V4 i
PEA AL &8, IR 56 Kl Enik 1569 gkg ',
i CK f 33.25 1%, Hizib#4% BG, CBH, BX
fl NAG EHEHRREE, B CK 4alftm T
44.81%. 80.67%. 181%F 148%. 5 CK Mitt, &
TSR B R T CO, IHER, (EES N i
B W e I BE RN ( Alg66. Alg360) XF N,O )
HEBGE B I HIVEF o 4540 BEXT CH, HER A5 i B
WS, L, ERELN TSR RNIER L,
M W) iz AR AL TR LA . TR INAB B
FRRES L = A LA 2R &8, Wb
U MR TR R R R 2 oy R P L R B
Mg, TV TR TR 4N B 08 A S SR RS I 2 4 4
N,O HEjik, WA RRR, AR 7 32KY)
JBT 4 107 FH AR 2 e RUIE R 9 52 I, S8 Rl
IRBE Y T RRLE & AR T BT AR

S %3k ( References )

[ 1] DingWC, HeP, Zhou W. Development strategies of the
new-type fertilizer industry in China[J]. Journal of Plant
Nutrition and Fertilizers, 2023, 29 (2): 201—219.[ T
SO, AT, TR I R T B AR ol e R R[]
RiYE 3R 5 R824, 2023, 29 (2): 201—219.]

[ 2 1 FAO. Fisheries and Aquaculture Department. The state of
world fisheries and aquaculture 2024 : blue transformation
in action[M]. Rome: Food and Agriculture Organization
of the United Nations, 2024.

[ 3] Chen Y, LiJ, Huang Z, et al. Impact of short-term
application of seaweed fertilizer on bacterial diversity
and community structure, soil nitrogen contents, and
plant growth in maize rhizosphere soil[J]. Folia
Microbiologica, 2020, 65 (3): 591—603.

[ 4] LiuQQ,ZhouHG, Sun M X, et al. Improvement of soil
structure and bacterial composition by long-term
application of seaweed fertilizer[J]. Journal of Soil
Science and Plant Nutrition, 2023, 23: 5122—5132.

[ 51 Chanthini K M, Pavitira G S, Murugan P, et al.
Management of excessive soil H" ion induced toxicities
by application of organic seaweed amendment enhances

photosynthesis and resource use efficiencies in rice

http://pedologica.issas.ac.cn



1558

+ i

e 62 4

[ 10 ]

[ 14 ]

( Oryza sativa ) [J]. Environmental Research, 2024, 247:
118179.

LiC,Dai Q Z, Zhang T L, et al. Effects of seaweed small
molecule sugar fertilizer on the growth and development
of strawberry [J]. Shanghai Agricultural Science and
Technology, 2024 (3): 122—124. [Z5/%, #EE, 3K

f5EbR, S5 /NG T RIS LR AR A KR BRI (],

R RN, 2024 (3): 122—124.]
Vijayakumar S, Durgadevi S, Arulmozhi P, et al. Effect
of seaweed liquid fertilizer on yield and quality of
Capsicum annum L[J]. Acta Ecologica Sinica, 2019, 39
(5): 406—410.

Chen M M, Huang Y, MaQL, etal. Effects of seaweed
fertilizer on nutrient uptake and transport in loquat
seedlings[J]. Journal of Zhejiang Agricultural Sciences,
2024, 65(3): 600—607. [FREAMH, Bk, THITH], 45
T I X AL A 400 B 77 43 WA B B 32 OS2 W ], VAR
ARk, 2024, 65 (3): 600—607.]

Raghunandan B L, Vyas R V, Patel H K, et al. Perspectives
of seaweed as organic fertilizer in agriculture[M]//Panpatte D,
Jhala Y. Soil
development. Singapore: Springer, 2019: 267—289.
Brovko O, Gorshkova N,

Physicochemical properties and compatibility of sodium

fertility management for sustainable

Palamarchuk 1, et al.
alginate and fucoidan solutions[J]. International Journal
of Biological Macromolecules, 2023, 243: 125309.
Abraham R E, Su P, Puri M, et al. Optimisation of
biorefinery production of alginate, fucoidan and laminarin
from brown seaweed Durvillaea potatorum[J]. Algal
Research, 2019, 38: 101389.

Guo X, Wang Y, Qin Y M, et al. Structures, properties
and application of alginic acid: A review[J]. International
Journal of Biological Macromolecules, 2020, 162:
618—628.

Nanda S, Kumar G,
seaweed-based biostimulants in improving plant and soil

health :

Hussain S. Utilization of
Current updates and future prospective[J].
International Journal of Environmental Science and
Technology, 2022, 19 (12): 12839—12852.

Senousy H H, Hamoud Y A, Abu-Elsaoud A M, et al.
Algal bio-stimulants enhance salt tolerance in common
bean : Dissecting morphological , physiological , and
genetic mechanisms for stress adaptation[J]. Plant, 2023,
12 (21): 3714.

ZhaoY, Zhuang J, Wang Y, et al. Improvement of loess
characteristics using sodium alginate[J]. Bulletin of
Engineering Geology and the Environment, 2020, 79:
1879—1891.

Bakhshizadeh A, Khayat N, Horpibulsuk S. Surface
stabilization of clay using sodium alginate[J]. Case
Studies in Construction Materials, 2022, 16: ¢01006.
Yang S H, SeoJ, Koo Y. Alginate and fucoidan changes

[18 ]

[ 19 ]

[ 20 ]

[ 22 ]

[ 23]

[ 24 ]

[ 26 ]

[ 27 ]

the bacterial community in different directions and the
alginate or fucoidan degrading bacteria isolated from
paddy soil promotes the plant growth[J]. Archives of
Microbiology, 2021, 203 (8): 5183—5192.

Bao S D. Soil and agricultural chemistry analysis[M]. 3rd
ed. Beijing: China Agriculture Press, 2000. [#i-}: H. +
e Ay HrIM]. 3 M. bt ARl I RRAE, 2000.]
Blair G, Lefroy R, Lisle L. Soil carbon fractions based on
their degree of oxidation, and the development of a
carbon management index for agricultural systems[J].
Australian Journal of Agricultural Research, 1995, 46
(7): 1459—1466.

LiTK, GuoZL, KouCL, etal. Effects of extraction
conditions on the test results of soil dissolved organic
carbon[J]. Ecology and Environmental Sciences, 2017,
26 (11): 1878—1883. [ZAht, FHMFL, &Rk,
FEICTT i X e S AT VA A LRI o R B [T]. A
BT, 2017, 26 (11); 1878—1883. ]
Cambardella C A , Elliott E T. Particulate soil
organic-matter changes across a grassland cultivation
sequence[J]. Soil Science Society of America Journal,
1992, 56 (3): 777—783.

Saiya-Cork K R, Sinsabaugh R L, Zak D R. The effects of
long term nitrogen deposition on extracellular enzyme
activity in an Acer Saccharum forest soil[J]. Soil Biology
and Biochemistry, 2002, 34 (9): 1309—1315.
ChenL, Liu L, Qin S, et al. Regulation of priming effect
by soil organic matter stability over a broad geographic
scale[J]. Nature Communications, 2019, 10 (1): 5112.
He YL, QiYC, Peng Q, et al. Effects of external carbon
on the key processes of carbon cycle in a terrestrial
ecosystem and its microbial driving mechanism[J]. Acta
Ecologica Sinica, 2017, 37 (2): 358—366.[% =,
FER, B, F. SN A R AR S R G A
SRS R RS0 KU E Y RS LR D). AR SRR,
2017, 37 (2): 358—366.]

Jiang R, Ning S Q, Sui ZM, et al. Effects of long-term
rotation and fertilization treatments on organic carbon
fractions and enzyme activities
soil[J]. Soils, 2024, 56 (3): 510—516. ¥4, T
B, BRI, AE KRR VEEAL b BHX AR 1 A BBk
4 o FEETE ME M B A [D]. R, 2024, 56 (3):
510—516.]

Chen L, Zhou S L, Zhang Q, et al. Effect of organic

material addition on active soil organic carbon and

in tobacco-planting

microbial diversity: A meta-analysis[J]. Soil and Tillage
Research, 2024, 241: 106128.

LiHM, TianSY, Li D D, et al. Effect of application of
organic materials on content of labile organic carbon and
composition of microbial community in fluvio-aquatic
soil[J]. Acta Pedologica Sinica, 2021, 58 (3): 777—
TRT.[EEEL, WME, A, & ALY e X

http://pedologica.issas.ac.cn



54

FURR A MRl 0] L3RR AL o) . IS PE AN 2 R HER A

1559

[ 28 ]

[ 30 ]

[ 31]

[ 32 ]

A LB S B AR A s e (], L e
%, 2021, 58 (3): 777—787.]

Btonska E, Lasota J, Gruba P. Enzymatic activity and
stabilization of organic matter in soil with different
detritus inputs[J]. Soil Science and Plant Nutrition, 2017,
63 (3): 242—247.

LiCL, WeiZJ, Wang X M, et al. Biochar mitigates the
stimulatory effects of straw incorporation on N,O
emission and N,O/ ( N,O + N, ) ratio in upland soil[J].
Journal of Environmental Management, 2024, 369:
122318.

Wei Z J, Well R, Ma X F, et al. Organic fertilizer
amendment decreased N,O/( N,O+N, )ratio by enhancing
the mutualism between bacterial and fungal denitrifiers in
high nitrogen loading arable soils[J]. Soil Biology and
Biochemistry, 2024, 198: 109550.

LiZJ, SuiP, LongP, etal. Effects of different organic
wastes application on net greenhouse gas emission in
farmland system[J]. Transactions of the Chinese Society
of Agricultural Engineering, 2016, 32( z2 ): 111—117.[Z
FhER, FEMG, JeE, % OREAHLYRELE XA ER S
il aE SR HEB R I [T]. ol TRAEHR, 2016, 32
(z2): 111—117.]

Feng XY, Wan P, LiJ, etal. Effects of straw returning
combined with nitrogen fertilizer on paddy soil carbon
sequestration and green-house-gas emission in Central
South region of China[J].
Resources and Environment, 2016, 33( 6 ): 508—517.[1%
B, JIMG, ZRi, SRR S U B X R

Journal of Agricultural

[33]

[ 34 ]

[35]

[ 36 ]

[ 37 ]

DX e P A 4 [0 g R % SR HE RO 2 e (0], ARl 97 9
SR, 2016, 33 (6): 508—517.]

Han B, Yao Y, Liu B, et al. Relative importance between
nitrification and denitrification to N,O from a global
perspective[J]. Global Change Biology, 2024, 30 (1):
e17082.

Wang H, Yan Z, Ju X, et al. Quantifying nitrous oxide
production rates from nitrification and denitrification
under various moisture conditions in agricultural soils:
Laboratory study and literature synthesis[J]. Frontiers in
Microbiology, 2022, 13: 1110151.

Zhang W L, Kolbe H, Zhang R L. Research progress of
SOC functions and transformation mechanisms[J]. Scientia
Agricultura Sinica, 2020, 53 (2): 317—331.[5K4EHE,
KOLBE H, ik, T3EAHLBRAE ] KA LRI B 5T 3k
). " EgRI R, 2020, 53 (2): 317—331.]
XiaLL, TiCP, Zhu C W, et al. Mitigation strategies of
greenhouse gas emissions from crop production in China
and the pathways to agricultural carbon neutrality[J].
Acta Pedologica Sinica, 2023, 60(5): 1277—1288. [
Jee, R, REM, ST EREATMRESE
TRCHE SR W L R e RSB AR (D], ARk, 2023, 60
(5): 1277—1288.]

Yang S, Liu Y B, Wang J, et al. Soil organic carbon
accumulation in old riverway of Yellow River under
different organic material inputs[J]. Soils, 2021, 53(2):
361—367. [fg75, X, E#F, & SREAILIEH
AT EROE A DU AR BRI B ST D). 8,
2021, 53 (2): 361—367.]

(RERE: HRF)

http://pedologica.issas.ac.cn



