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Abstract: Cropland ecosystems are terrestrial ecosystems that are highly disturbed by human activity. Fertile soil, organic matter, and
balanced nutrients play fundamental roles in ensuring crop growth, harmonious symbiosis of soil organisms, and stability of ecosys-
tem productivity. In cropland ecosystems, crop straw and livestock manure are two main exogenous organic materials that are incor-
porated into soils; and are the main sources of soil organic matter. The incorporation of organic materials into soils can increase soil
organic carbon accumulation, improve soil fertility, and enhance crop yield. Organic materials are ultimately transformed into soil or-
ganic matter (SOM) after undergoing a series of complex physical, chemical, and biological decomposition processes. These com-
plex decomposition processes are controlled by many factors, such as organic materials properties, soil types and their inherent char-
acteristics, environmental conditions, and agricultural management practices. Therefore, these processes and their driving factors are
receiving increasing attention worldwide. This article comprehensively reviewed the main research progress in the decomposition
characteristics of organic materials and their main influencing factors. The effects of organic amendments on soil nutrient pools and
soil quality and the underlying mechanisms regulating the transformation of organic materials to soil organic matter were also dis-
cussed. This study first outlined the main methods and indicators for characterizing the decomposition processes of organic materials,
analyzed the characteristics of the chemical structure of organic materials and soil during decomposition, and revealed the main
factors regulating the decomposition processes of organic materials (environmental factors; the quality, composition, and chemical
structure of organic materials). Second, the contributions of organic material incorporation to the soil organic carbon pool, active or-
ganic carbon, humus composition, nutrient pools, and soil quality were evaluated. Effects of incorporating organic materials on soil
fertility were discussed in terms of crop yield and soil physical, chemical, and biological properties. Third, the underlying physical,
chemical, and biological mechanisms regulating the transformation of organic materials to soil organic matter were illustrated. Fi-
nally, prospects for future research on the processes and mechanisms of organic material decomposition in the cropland ecosystems
were presented, as listed in the following points: to optimize scientific and reasonable measures for organic materials returning to the
field by considering local conditions, long-term positioning field experiments and cross-regional network experiments. The optimal
ratio between the labile and recalcitrant components of organic materials must be quantified to achieve a highly efficient decomposi-
tion degree of the organic materials. More advanced and elaborate techniques are advocated to be applied together to characterize the
decomposition products more comprehensively and accurately. This review is expected to provide a theoretical basis and data support
for interpreting the decomposition and transformation processes of organic materials and optimizing cropland management practices

in cropland ecosystems.
Keywords: Organic materials incorporation; Decomposition characteristics; Soil fertility; Spectroscopy; Soil humus; Labile organic

carbon

K ERNEF YRR EE, DRIEWREF . &
B AR RN B T O 2, K S S R R
Ao ERRAWARFER, EEATREMETTTL
R AT, WA B PR VR M RS A < fe
FIH, R In R RS FFAE B T B, IR 2 ol 38 P14 R 5
AN T HES Kk R B AR . LRI L X R, 15
T ] E Y AR L M, R AR R R A, AT R
2 8.44C t, HIZIXFEFF 255 F I 44X 66.6%, L4
FEIS 13.5 AN E 4o AT A Tt 14 S (e RS 340 P U
BEINK, 22 B0 FF 9 B HE 08 R B8 hR sl b i 75, 530
ARAC LR IR RS FEBE IR 255 1 A ORI b X
FEFEAE IR N 3812 t, BB IME&A EF AL
JoT N G B A R 3, A0 B R AL R S R sk
R AP, B BRI K4 i FE 0 B IR A 15 3
ARALA SR . 2017 4E [ 5 B AT COCTFhm
PR HE B 8 IR S R AL R R B L ) rh T
T i, B AT IR E A E S 2 R AL R RN R
60%. [F] i, 1 B4F i & FH LB 8 2020 410 J7 ¢,
FRYEHG A B = 1 kg BT, BEa =42 5 ke R

B, Tk BE AR PR 30% 22 A B FIAE & & R A AL
REARELLAN, T3 A7 70% A T A 15 A 15 21 4 B AY WS R 1k
IS, &5 LAk, 40 % 7590 AR A B R, AL
TRTR TR, WA R T E R KT,

D P10 R 127 4 o S AN B IS 344 it
o2 30 4ERY A B, HPE KK (Zea mays) PRGN T
85%, SR ML AL it FH A1 N T 450%™, S L4LR 0
R G K i AR AR, 45 3 Ok T i & N,
mmEfl . SR T E . MRS EREAL . MR 2R
TR AL (SOM) & ik /0 45, 33 28 ] 1 1 i 1
HERE J7 PSS FRE UG T 2015 AF4R T AL AR 4
R8I, L, S 1 S B sg A A0 A B i FH 13 mT
SR LA AR A I HERE 0 B AR, B2 FAROL &
GE AT HLAARFE HH A B A — IR 1 T A5 26 1) 4t
WK FEFT . 2% 0 R0 BB 19 55 Bk B2 40 1) 4% i 40%
26% i 38% AL, IE A BAFAL A FEF . & & FEME
K 19 TR0 % (0 ik i e e ok 7.242 ¢ 7 ARk
W3 B R 7 1978 ML RL 7T 20 B b B 5 AL R,
i Z 38 FASAURT LA 20085 e 4358, 38 i+ 58 MLak

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 9 1]

LA R A2 R G A HLYRHE i 7 SR AL B 52 1395

ik, B R i S B E AR ™ R, i g sk H
Hh L R ) e, S A R A 3 A A Y R
Eb A9 98 04 27 i, T B8 S0 G A A B i B BOR R
15 YR By ) 2% A B R ) PR V5 Y A ] R
fiff T 7= A R AR R A L 4 B 70 3% ] 2030 4F 117 52 1
kUG | 2060 4F [ 5L Bk H RN B A5 1 58 B

PV BEFEA DA W, B9z v Tk A
BRGNS = e . AR E S 58 +
Her) kAR v, R [EAG LR T RS B Ak o B AL
WA 432, 20T A LY RHE - 57 IE 4 e AR
WF &AM, LA SCEER TR HAS RGEAH LY
T Al B S B N 2 O S S e
Xif - R0 1R A 7 e R e A5 ) T Y B Y
YER, RS T AP RLE B Ak ok AT LT G A
FABLE, I3 AT A 1A S RGA YL kA |1
& fife 2ok AR B AR AL A TR AW T AT R 2R, LUK
Al % 78 HLAYEL A R fife 335 18 - 9 5 IR RL fili L0
MG FNSL B R

1 REESRGENIRITHBREIEZERE

i (€] 2=
1.1 FRUEBNHIRERFHENEEZERA
11,1 FEMOIMNEE (FTIR) HAR

A HLYRE Y I e A B HLT T A Y
ELA W B R 2=k, A WL RHIES g RO B+ 584 PLTT
() 3 2 A AL R 1 A fb 2 5 A AR b 1 Bh 25 A
N2 5 B A D AR ), ol Bl e i i B R T
BORASER K fff T A AILDRHE i = 1 Fn H 8 ML 1Y)
Oy T EE R R S IR — e R L. (5
) A 105 30 e 3 o R 4 A e R A ML TR B
Je AT I 5T, 3 S i Ak B G R S IR A ) 1 3
LIV AR SN P Y= 8 i v SR SR N
PR B A, 2 AR BT D Rk . FRAERTAE L G
i H R AR, T HILT A Ak AR T 4
PR SF 4RI A B . DA YRR AE i T 36
BB A 32 SR T IR D % (2925 cm ', 2854 cm ' Al
1420 em '), F5 & % (1623 ecm), B (1163 ecm ',
1073 cm™ . 1033 cm™' H1 1007 cm™"), 33X Fl 4341 77 v B
BRI T A WU AL 22 a5 i A s ™, T
L HE 2N (FTIR) 43087, Hou 45" #5938 & 3R, 76
TR e J5E 1% ] FTHE AR AR AE S R GE D, rA1635/
rA2930 (i [&145 %) 357 i - S B B 38 fin i kA 38
Ui B A MU AR PR 2 R m B . R 6
FEPk 7RI B S AR5 45 12 (0~60 cm) 3 5 F
. IR . I S F0 I LA ROH SIS 0 R i 058 A A X6 %

Wi g T AR AT B T RCOR AR B BB hn, I L, FEAE DT
5 (C=C) FIFEZE (C—O) B A HLE BE H i) B $2 7t
TR N IR AR BE A O K GEAE 24 R T IR
B AP LLAN IR RRE AR L, K A ] KA
foi - BEAALTT P R Dk . P R 220 2 AR I U ) A
Xof WA iR H88 A0, T {68 55 78 IR Al R 682 s i A A1 A 114
A I WA TS B, O /R 1 s B )N, B
A P BS54 T oAk, e PILT R R
e [FIAS, 20 AP 3 o B B R AT DL B 42 0 i At ik
T oA HLY R 27 20 23 0 25 A AT DL o 0 9 i S
AL AR P i S A A T M . A ALYEHE
FH 5 A A 3 vh DG HLAD R rh B AR T R 18 05 7k
I P e B e R 15 2 o 4 ™
112 °C BASZE R IERA

PC I8 S B RE IR B IE AR (solid-state "C-NMR
spectroscopy) FI LATE 5 il 3t it 4y B SR A T XA
BL o 45 1) AT A A, B[] i M 5 0 2 o il
BLW oAb S5 A ) MR DL 3, iR IR 4Rk B 78 +
5 RARA UG W 09 S5 K R AR 58 5 T B T —
SeE R AUE 0, BRTRE &) Z W T REBH
BLAL & W) I 5/ R AR RTG53 M o “C-NMR A% i 3
P W v H AT LU AT 4 KIS E REM]: LeFE ik X (alkyl
C). %t bk X (O-alkyl C). 75 & Bk X (aromatic C)
IR FLBK X (carbonyl C), X L6 E RE A FNE 45 Fh S
WA K FIEY, & Al iR S o1 g 4
53, B o e i A A A AT Bl I AR R i K AL 5 40,
7T o 5 it R 75 8 i 25 DU i A O ik itk 4 4, 2802
MER R K BRI LS9 . AR . ™,
C [ 25 kAR T DA A HLAR A8 H R T Y T
B, B AT d A B I X A AR To g 477 P 1)
R ORI E 15 2 W B s AL F 5 LT B, B TR
RORTREN 73 A B W ;= 97 2) B2 | P s £ e
FE A HLIRES A R T 3EA LB Y o B A P B Ak
S A A R BT A b S R P P C
(] 25 A i I AR D 1 P R R, - AT LAk 1) A 2= 25 4
R H AR 5 i A SRR HILA 0 Ab 27 25 48 B 2 A
KU G N S AR E AT DL 95 75 % (aromati-
city). BEd/AE B (alkyl/O-alkyl) Flke HLRR 5 F 4 3L
fk HLAE (carbonhydrate C/methoxyl C) 1, HCAE K =
T U LY R 6 A B R AR, Ao s R B Y
Wang 25" T JR T 5 X e ] R [R) S S F R 2 4F
il FE IR M ik e, i RS FF 1) Ak 27 45 48 A8 A0 A T AR Y
AL o TEA DL RL I3 fife ik A b, T H] 2 48 s it
FHAFBRAE A, e e . BULE S Bt AF X 75 F 30 T [ A1
1T 7 5 B P9 AR 5 o Bk 3 80, B AR Bl /2 K Bl .

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1396 AR RO 24k (R 3EC) 2022

%30 %

T flk /6 Stk ) BSUTEL 28 W 3 O, e A PIL Ik &5 4
i, A LA N A LB T g e
113 RAEFEHAR

b & BF T T B 5 o A BoR B9 R & g, H EiXS
T HEA LB AR E ALEI A A & AR T R AR,
2047 DA 1 25 L T I L B R 25 SR TR U W
A AR = A HLBOE i B iR, B A HL
SR LA . AFTEARAS S D REOCIK 4 A 1Y - A L
SRR, S — AT DL B o A 1 A LA G P 1 i 2k
A, XA HLP IR B 9 AR T AS W b Ao, 81
N RST A B 3, TR B S50 1 Fn mT e g
P B3 0, DT 38 101 e 7K R A s A B A 4
A AL A 1% 2257 il A& Y, KA LB
& - HEAT ML b B 1 BR A AR 43, AR 2% 5 B A W
FH o [FIE, KU M A AL AE A ML R fif 2ot 2 b oy
A P BR324 RN RE £, W48 7 85 5 o A o3 1) iR B
VLA R, AR A LY R 6 8 Ak 0 T fie A% B2 B F
WA AR DR A7 1 B o M K Vs P WL SR 14 445
P T fif A WL I S 8 i B R

HEDERE 2 M B R T2 W T K A AL
[ T4 F T v, 540 AMGIE% R C R A A% R LR
BABH AR M, 5603E I B R BA 5 19 R
FE RN G 3k #6547 2 W 45 G ik AT LLR
AL GE (0 56 B RS v ek R IR A 22 5, X AR
DI H ARAE A 59825 R HILITT Ak 27 AH DI 5 Sk
FREN T G & e Sl R AR R AL (HIX) . 9
JeFEEL (FI). A AR E (BIX) 598 G R F 48 50y
FEATT, T AR AS 5] 2 5 114 7K 15 P A WL 1) 55 A 1 45
FEARBE AT A RIS R, TS AT T
I3 AT USATT K s A LT 24 ) N
JEFEPI T (C)), HAG AR FFFEY . =3k
W (C). KO (C) I EZ ANNEHHET
PRI IR (C) X 4 N HAG, A
O3 HT T B A A K A LT Y SO R I )
Z I, SRS RRIS Y B 450 . 2 U PR A b I
BV TR . FEAT AR & (L FH 235 1 K i
PEAPU B M E | S5, = 4E58 G FRE
F G DX I 48 B 48 SR R W, K PEA ML b s R
AR & i F &, B A LIS e & e iR 1T,
IRV A LT A 2L A & A B I AR Ak, G v 2R i
o W I A ] ) B, G B A0 Vi S o, TS B
e D) 3% T 5 0 e AR e 2R R R ORFEFFIR
B R T NE () A 5 v kBB, ol A R AT i FH i A 14 m
BN 43 BT 7 AR X 43 bR B R 28 R 1 R e,

HYON 2 BLR, R Fe AN . AN R L kLA
FE XoF = 38 W35 1 A ML S 1) 465 44 5 it A5 i R [ AR
YIRS FEIA G (ol K A WL 174 0 A R B AN A
PRI, T A 0 0 1 it D D 2 R A K V5 1 LR 1
JE B AR BE RN s R
1.2 BHRLE R E R HE

P A [7)A HLARHA F A0 S ot 1 S oAk 27
SER Y sh A AR AT T B R A B9 IR AL R,
DR i ] e ) A FEL 5 L i 5 L 4 3 R 4 e ) %
MEZEHAEENALETEL., B, CA%¥
HOT A LR S 0 I A AR AE AT T R B 5
A2 A VLR BRI R, HAb 4454
YR . S B I 45 R 2 1 B A% 2 G i 34 A A A
25 5, PR LAY RLE fif i 4 B v, R TR FR 28
A LR 43 R 5% BE R 14 B 2578 Ak B8 R E A
FEAEIR R X AR, RRIFA P RLE
FEJ il 1 4% Ji5 19 5% B 2% b AR 30 /8 o S I < AT <A
HAPUIE S 2ed), Kb DI R AR, 735k i
RN 027 gg!, AR AT 5, 38 041 gg ',
— BT T, A AL MR VR RS FF 5 A B A, RS FEIG
JE B AL B BEAR, R 10%~39%; T A3 AL A B4 J6 i A,
FHBOTIE 50% LA L, S A Ak R B0, A HLY R T
O ff o UEIIREFF A0 M R s A ALERAE, B
TEFR ] w4 7 AT H X0 21 38 e S FE VR L
7 b IXC ) B A i R R

YEDIRSFT (%) )38 i o A B 452 BE 5 1 At 4 4y
O)ff, EEFHE R | AU R O L OR R R S 34
B Bedb AT, G e LA S B ARG | R IR 1S
e Ja fa TRoe s s 12 1 AR L RRIE (B 1), %G,
FERGFEIR A L300 J g w0 300, A5 FF op BT & 5 10 2
A SR KA ML Il e R .
A WA Bl i Bl AGH R AR, [ R T T R A, fi
6l 0 kL 9 2L, VS S i 1Y) 8% B R A B
PR T R, B BE A P S i B B S i AT, R
FE o X o ik 400 S50 o L A0 386 O, 4 e eh sh i K
Wi sh32 bR, I PR AR, 2F 4 2 FR B 2 N S AR
AL AW I HL B R A 0 R o i, X
AB BES FLUIHT L, RS FE A0 43 A R T R, S ik 2o
PERZEECT, sl ak SEM i HLEE (K 1b, o) W%
) it 5 JE8 fire B 1R AE K, 1 ) G AT 1) 40 B 485 ) 38 2 3
FEEBEIR, B FF UG I 0 2 1 AR A RLRE, 72 W b2 3 22,
ZENAANWIY K, £F Y R AR AP HL, B i J5 T8 i
RIRPAREE R FE AT 8 f A v, RS FT A sk AR Y
R S5 R (85 MLBR B RE AT ARG F ) kA T

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

%9

WIS K HAED R A IUYRHE R K 1 S IR ML S o 1397

O A L, B L BB o 7 SRR I
ST G, 5 5 R 1 4 2 P 5 72
HEL R IR P REMURI A & BSR4k

Q
g
g
¥
~ 5
g | v |
Rapid | ZZJify | .
decomposition} Slow decompo-! *u/TEliq
period i sition period EStable period

JE& fgp ek 1]

Decomposition time

images of undecomposed straw (b) and decomposed straw (c) (Kubar, et al.

FLR AR TG it =4 0 A8 WL B e AT Ho ARG 5 B e g, 8
47.02%~60.13%, R M IEdkm, 5 1 11.41%~17.38%,
DU 0 & B RAIR, 105 0.75%~2.02%

{

.
A ‘V‘/
{1
4 L. Y /
‘ g q”rw \
&, g 'l J(YSER '
LM sus00 10.0 'm.:mmxlo.Oksg(U‘) 5'-00 L

E1 BHYPRTERBEHRETHER () MEHEEE (SEM) TEMREFTEMERET (b) ME RS (o) STELE (Kubar F™)
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