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Abstract: [ Objectives ] This study investigated the effects of long-term straw return on changes in exchangeable
potassium (K) content within different fractions of soil macro-aggregates and its coupling mechanism with
organic carbon content. [ Methods ] This study was based on an 18-year long-term experiment of rice-wheat
rotation in Qianjiang City, Hubei Province. Four treatments were selected: CK (no chemical fertilizer, no straw
return), —S (no straw return), +0.5S (50% straw return), and +S (100% straw return). Soil samples collected in
September 2023 were analyzed through aggregate density fractionation, exchangeable potassium content, and
organic carbon content analyses. Combined with solid-state "C nuclear magnetic resonance (NMR) spectroscopy,
the research revealed the effects of straw return on the distribution characteristics of soil macroaggregates and
exchangeable potassium allocation. [ Results ] 1) Compared to CK and —S, long-term straw return significantly
increased the proportion of >0.25 mm aggregate fractions. Within macroaggregate fractions, the proportion of
M(c)POM under +S treatment increased by 21.9%, while that of M-MOM decreased significantly by 55.4%
relative to —S. 2) Under long-term straw incorporation, exchangeable potassium content in >0.25 mm aggregates
significantly increased, primarily attributable to elevated levels in the M(c)POM and M-MOM fractions. The
exchangeable potassium pool in >0.25 mm aggregates was significantly enhanced. Compared with the —S
treatment, the exchangeable potassium pool in >2 mm aggregates increased by 111.1% and 242.4% under +0.5S
and +S treatments, respectively, with the augmentation primarily originating from the M(c)POM fraction.
3) Under long-term straw return conditions, compared to the —S treatment, the organic carbon content in the >2 mm
aggregate fraction increased by 17.6% and 46.5% under the +0.5S and +S treatments, respectively, while the
organic carbon pool increased by 55.4% and 87.8%, respectively. This improvement was primarily attributed to
the enhancement of the M(c)POM fraction. Compared to the —S treatment, the +0.5S and +S treatments increased
the alkyl carbon content in the M(c)POM fraction of macroaggregates by 38.1% and 34.7%, respectively, while
the aromatic carbon content decreased by 22.7% and 18.2%, respectively. The increase in alkyl carbon, a type of
active organic carbon, can adsorb more exchangeable potassium, thereby improving soil potassium availability.
4) Correlation analysis demonstrated a highly significant positive relationship between organic carbon and
exchangeable potassium content in M(c)POM, indicating that straw return synergistically enhanced soil
carbon sequestration and potassium supply by promoting M(c)POM accumulation. [ Conclusions ] Long-term
straw incorporation significantly increases the proportion of soil macroaggregates (>0.25 mm), as well as their
potassium and carbon reserves. The M(c)POM (macro-organic matter within macroaggregates or coarse
particulate organic matter) component emerged as a key factor influencing soil potassium availability. Straw
incorporation promoted the accumulation of organic carbon in the M(c)POM fraction, regulating potassium
retention and release through processes such as “adsorption—complexation—aggregate stabilization” , thereby
effectively enhancing the soil’s potassium supply capacity. As the amount of straw incorporated increased, the
improvement in soil potassium supply capacity became more pronounced, indicating that the input of organic
carbon directly influences the effectiveness of straw incorporation in regulating potassium. Therefore, the amount
of straw incorporated can facilitate the formation of soil macroaggregates and coordinate the retention and release
of exchangeable potassium in soil.
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Table 1 Aggregate distribution under long -term different straw return rates

LhFp RIRI A Aggregate distribution (%) MWD GMD
Treatment >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm (mm) (mm)
CK 17.1+1.1d 33.5+1.0a 35.1+3.8 a 142429 a 1.0£0.0 d 0.4+£0.0d
=S 39.4+3.5¢ 33.3+09 a 20.1£0.3 b 7.3£1.3b 1.8+0.1 ¢ 0.9+0.1 ¢
+0.5S 52.0+2.3 b 23.1+1.8 b 21.1+1.4b 3.8£0.32 ¢ 2.1£0.1b 1.24£0.1b
+S 63.7+4.5 a 22.243.6 b 8.2+1.6 ¢ 5.940.4 be 2.540.1a 1.6+0.1 a

W CK—AHEAE, FARH; -S—HEHAKLH; +0.5S—FEFFEEid H (3000 kg/hm?); +S—FEFF4xi i H (6000 kg/hm?), [RIFNEHE 5 A

)/ NG PR R AL B 25 5 3 (P<0.05),

Note: CK—No fertilization and no straw return; —S—No straw return; +0.5S—Half straw return (3000 kg/hm?); +S—Full straw return (6000 kg/hm?).
Different lowercase letters after data in the same column indicate significant difference among treatments (P<0.05).
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Fig. 1 Soil exchangeable K content and exchangeable K pool size in the aggregates as affected by straw return amount
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Note: CK—No fertilization and no straw return;

5 —S—FEAFARIEH; +0.5S—FE AT EA H (3000 kg/hm?); +S—FEFF4xiEi8 [ (6000 kg/hm?), #E AR [F/

—S—No straw return; +0.5S—Half straw return (3000 kg/hm?); +S—Full straw return (6000 kg/hm?).

Different lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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Fig. 2 Soil organic C content and organic C pool size in the aggregates as affected by straw return amount
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Note: CK—No fertilization and no straw return; —S—No straw return; +0.5S—Half straw return (3000 kg/hm?); +S—Full straw return (6000 kg/hm?).

Different lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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47.6%~57.8% F1 33.1%~39.7%, HIKEbedkn, 7%
Bk R ik 5 Ak, AU 11.1%~27.6%. 5
~S AbFRAH G, +0.5S FI+S AL FE T M(c)POM £H 43 h
B BESERS S A IR IN T 38.1% M 34.7%, A fhi
OB T 22.7% 1 18.2%, i M-MOM £H /3

x2 KHTREFEFEHE THRAFARFES HEE (%)

Table 2 Percentages of soil macroaggregate fractions as affected by long-term straw return amounts

K3 KA RARS 4 Macro-aggregate fraction

Treatment M(c)POM M-MOM M(f)POM mM-POM mM-MOM
CK 40.7+£1.3 ¢ 32.0+1.5a 0.1£0.0 a 113434 a 16.0+4.0 ab
-S 50.2+5.0b 26.7+4.9 a 0.1£0.0 a 11.2+0.1 a 11.8+0.1 b
+0.5S 48.6+£3.2b 29.6+£2.8 a 0.4+0.5a 11.7+£0.6 a 9.6+1.3b
+S 61.2+19a 11.9£2.5b 0.1£0.1 a 8.9+2.2 a 17.9+0.6 a

W CK—AHEAE, FEFFREH; —S—FEFFALH ; +0.5S— 4 FF &4 H (3000 kg/hm?); +S—FEFF4x&iA H (6000 kg/hm?). M(c)POM .
M(HPOMAImM-POM N B MEA LIRS G 24055 . mM-MOMAIM-MOM A& A MRS & A 3. [RFVEIE G AR NG 1R 7R AR 22
S 3 (P<0.05),

Note: CK—No fertilization and no straw return; —S—No straw return; +0.5S—Half straw return (3000 kg/hm?); +S—Full straw return (6000 kg/hm?).
M(c)POM, M(f)POM and mM-POM are labile organic carbon-associated fractions, and mM-MOM and M-MOM are stable organic carbon-associated
fractions. Different lowercase letters after data in the same column indicate significant difference among treatments (P<0.05).
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Fig. 3 Soil exchangeable K content and exchangeable K
pool size in macro-aggregate fractions as affected by
long-term straw return amount

H: CK—AMEAL, FEFFAEH; —S—FEFTAEH; +0.5S—F5FF
F BRI (3000 kg/hm?); +S—FREFF 4B E [ (6000 kg/hm?) .
M(c)POM . M(f)POM Hl mM-POM g & it Vi B HLER 45 4 4 5%,
mM-MOM il M-MOM 1A PSS & 127 o HE EARF/NS
FREROR b PR 25 5 2 (P<0.05),
Note: CK—No fertilization and no straw return; —S—No straw return;
+0.5S—Half straw return (3000 kg/hm?); +S—Full straw return (6000
kg/hm?). M(c)POM, M(f)POM and mM-POM are labile organic
carbon-associated fractions, and mM-MOM and M-MOM are stable
organic carbon-associated fractions. Different lowercase letters above
the bars indicate significant difference among treatments (£<0.05).

ot et B i IR MR TR, ke Sk aR AR fL a3
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Fig. 4 Soil organic C content and organic C pool size in soil
macro-aggregates as affected by long-term straw
return amount

H: CK—AENE, FFFAEH; —S—FifFAREH; +0.5S—F5FF
AR (3000 kg/hm?y; +S—F5FF 4 FE8 B (6000 kg/hm?),
M(c)POM ., M(f)POM FHl mM-POM Hy Z& it M 47 LR 45 & 41 4
mM-MOM I M-MOM B HLBRAS & 89415 o A EARRNS
SRR IR AL IR 2 57 B3 (P<0.05).,

Note: CK—No fertilization and no straw return; —S—No straw return;
+0.5S—Half straw return (3000 kg/hm?); +S—Full straw return (6000
kg/hm?). M(c)POM, M(f)POM and mM-POM are labile organic
carbon-associated fractions, and mM-MOM and M-MOM are stable
organic carbon-associated fractions. Different lowercase letters above
the bars indicate significant difference among treatments (P<0.05).

T AL/OA WY LGAE, A BLAR B fif F2 B W vy, I AE
M-MOM, mM-POM F1 mM-MOM £H 43 H % #1346 [
FEAR T AL/OA LA, FIAFEFFA I A Lk it
BLENE . AL/AR FF 100 AT HLAR b2 4 i 2 2%
P, — MM, AL/AR B, RS EEG
B, WEBETEAL, 24 ERR, £ M(c)POM
Horrh, FEFFIE H S A DL S 4540 8 TR, T
£ M-MOM Fl mM-POM 2531, 5 HLEK 53 F-45H6 )
BTHER.
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®3 HREARKEASUEMABEINRE (%)

Table 3 Relative intensities of chemical shift components of soil aggregates fractions

= - e
AbiHhk O-alkyl C (% TR (%)
FeIkw (%) i e RO e o0)
INZIEIIN Aromatic C
S Jbg Alkyl C (110~160 Carbonyl C
A, (re ate  Treatment (0~45 oo oo S it mol/mol. (160~220 AL/OA  AL/AR
fgg t.g wmol/mol, pumol/mol, umol/mol, umol/mol, Total P; - > wmol/mol,
Taction — C— romatic
CH,/CH,) OCH,/NCH Carbohydrate O—C—O COO/NC=0)
C=0/Aryl)
M(c)POM -S 14.7 9.8 36.2 12.2 58.3 8.8 18.1 0.3 8.3
+0.5S 20.3 9.2 35.0 10.0 54.2 6.8 18.3 0.4 11.0
+S 19.8 7.0 373 11.6 55.9 7.2 17.1 0.4 10.6
M-MOM -S 49.0 7.4 24.4 8.0 39.8 3.1 8.0 1.2 28.6
+0.5S 30.2 6.5 27.1 11.5 45.1 5.9 18.7 0.7 12.7
+S 32.1 8.0 6.6 26.1 40.8 7.1 19.9 0.7 12.4
mM-POM -S 24.8 5.2 33.9 8.5 47.6 5.0 22.6 0.5 14.5
+0.5S 25.0 6.9 334 9.9 50.2 6.5 18.2 0.5 11.5
+S 159 7.2 38.5 12.1 47.8 8.1 18.2 0.3 9.2
mM-MOM -S 42.7 — 33.1 — 33.1 — 24.2 1.3 —
+0.5S 425 — 34.6 — 34.6 — 22.9 1.2 —
+S 40.2 — 39.7 — 39.7 — 20.1 1.0 —

W CK—ANAE, FEFFACH; —S—HEFFARH ; +0.5S—F5FF L&A H (3000 kg/hm?); +S—F5FF4xmtif (6000 kg/hm?). M(c)POM ,
M(f)POM Al mM-POM Nt HLIRSS G414y, mM-MOM 1 M-MOM i HA HLERES A 45, “— Fn KA S0 B, AL/OA
FORE TR EURE I 2 (B 1 LUAE 5 AL/ARZRZRBEHER 5 U8 SE0 19 0 5 55 5 Bk 1) LU AL

Note: CK—No fertilization and nor straw return; —S—No straw return; +0.5S—Half straw return (3000 kg/hm?); +S—Full straw return (6000
kg/hm?). M(c)POM, M(f)POM and mM-POM are labile organic carbon-associated fractions, and mM-MOM and M-MOM are stable organic carbon-

«“

associated fractions. “—” indicates no significant peak is detected. AL/OA indicates the ratio between alkyl C and aromatic C. AL/AR indicates the

ratio of the sum of alkyl C and O-alkyl C to aromatic C.

2.7 KEIRGESPAIKRSESKBERZTE 2025 mm BFIERKLLS G S %, 135 MWD

LI:DEER Il GMD 3 FH o i e - 48 A1 58 (A 4 g 1 s

M S AT, 16 5 A KB R L 43 i A HLAR 00 -
T S A S AR R K R . K 4 51 s0 |
thT 5 AU HOATHLR B 5 AP B A R 2 25 00t o
PEJTE . M(c)POM ZH A A B & ik 15 28 B 25 - ol oA
RIS TEHCR (P<0.01), HAbJLFZS) %%ig: s, ,/ﬁ
B LB 25 ik 555 P B A B G RS L Sl sl T Wlow
KW, FEFFE AT UGE AL E M(c)POM 2L, B IF] RE | .. .ait % irom
T R A S R L RE S 4o f - cmMMOM

5 10 15 20 25 30 35
3 i,T‘l‘ib F WLk 7 = Organic C content (g/kg)
3.1 HATEFTIE a4 B 4 7R B B 5 BHRSEEXRMERSERNEXR
Fig.5 Correlation between organic C and exchangeable
398 A AR SR 1 B R EE SR R I E E K contents

AR, RV R R M E B AR, BF HE: M(c)POM. M()POM Fil mM-POM Sy Z&fift kA7 HLER 2 41
GELE R, K WA R T B AE 2 ok A - 5 A 4y, mM-MOM Fl M-MOM MM LB & 14153

Note: M(c)POM, M(f)POM and mM-POM are labile organic carbon-
%ﬁiﬁ?ﬁ ’ /ﬁ\:;ﬂp>2 mm géﬁ:zﬂ% HSWJ .« MWD Hi associated fractions, and mM-MOM and M-MOM are stable organic

GMD 7FH ﬁ ¥ N ﬁ{ﬁ e %ﬂ *I:'II: ﬁ: ik H ﬁ] ﬁ LA % :J% % , carbon-associated fractions.
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T4 ANRSHRMEHESEENXR
Table 4 Correlation between organic carbon and
exchangeable potassium contents

KBRS LI o .
Macro-aggregate Linear equation
M(c)POM y=6.4x—49.9 0.7964 <0.001
M-MOM y=4.2x+172.4 0.0207 0.712
M(f)POM y=1.6x+57.7 0.0287 0.602
mM-POM y=—1.3x+53.9 0.0635 0.542
mM-MOM y=—0.45x+113.7 0.0034 0.490

#: M(c)POM. M(f)POM Fl mM-POM N Z&fitPEA HLAR 45 A 41
4%, mM-MOM Hl M-MOM NEMA HURRES &4 5%

Note: M(c)POM, M(f)POM and mM-POM are labile organic carbon-
associated fractions, and mM-MOM and M-MOM are stable organic
carbon-associated fractions.

MWD F1 GMD %) i 2 42 = . ] + 458 141 SR AR 45 14 15
)0, W LR, R T KA S
gy ERWPMEE R YRR S, MR
LB A S S T A PR & =, BT 4%
RS T, AR TR R R ARG IE B, [
B, R AR B O R W R T 20 E R
i, MERER TR RN YE, R AR YR £ B
B, AR HE R A R B0, 3 5 /i AR 2 58
S5 —F FEREREA 53, M(c)POM 443 LAl
EE i fieoh 3 o R R AT R AR A5 4 43 R AT 11 A5 °C %
filh IR B3 3 M, 45 SR R BLAE K U R R A H AR A
T, M(c)POM #4143+ AL/OA W HAEA i, #
A AL IS A A BE 4 25 Tl M-MOM., mM-POM
Il mM-MOM 443+ AL/OA W HAEA BT FRE, £
F AL ok B A . — T, A L e A
7 A TR J 235 0 S A R T AR e 4 R T SR A
5, A HUTE R A SR R T R
YIRgTE T, MR R A R AR G TE AL
32 KHBEHICAMN T RARGZHRERSE
M E RS20

I H PR AR AT B RS, RHE
WIER R K . RPN e m R, S0
T IEALE R ) AL O AR AR . KRS AR IR AT
ARG A P AR rh g e MR R A B R T
TEIREFE R & A R RIS, FFRZ SRS FF
THIFR 1.5%, FEFFE A8 B T 14
SRS, A, RS AT R R b ™ A 0 R T
RS TR AL T 2 A R S, R T A R
T, HET S B A g R B R 3G e, )

B, FEFF A S 38K A R A L3, ARoe t
g, RIEMSEHA ITEGE, WD T RIS A5
R OEE 7 N S R T W I e s NI E 3%
Hi, M(c)POM, M-MOM FI1 M(f)POM 2 43 Hi 354k
PR R ER S, Hoh, XL M(c)POM 44 AS
ok B i P R ORI W . T R AR S R Y
M, BIERHIREM WSS T R ERES, B
B FEIET M(c)POM H#FER e m . itk
FRATHEM, A2 R R AR, FEFFE B 322 1o
J M(c)POM 41 73 v By 28 e PE A % R 4R S B R A
B
33 KHRBHTHMNTEARKBINKRIERS
1R qER A1

A HURRAE oy - HENE 7 i B A R 4, X g
T B AL . AR AR B R 2 . KRS AT
WH T, >2 mm BIRIRA 534 LR & i A AL
T PR 251G, HLRS A 4 it il I A 4R AU AR T
Pk HET R B, B A & i3 s fd ik oK
AR R4 4 v AE BB B s R 3. AT R,
Tl T L BGn T 4 458 e 45 P B A v A B B HL 4l
i, R T AR, HBEERFT
WHE A, FETHEEERE R, RS, i
KRR LG, R AR & BRI 42 5],
K AT SR AR 28546 fi 6 o A AL Ao Ak 38 B A 1 o B DR 4
FHEe, [RIEE, RBRATE B P & SR — e
TRRE TEREEX SHMEYREX, IREHE I
DA BRI, FERETRIKL Z3rh, DL M(c)POM
21 43 A LB B i R R AR T B ol 10 3 . A5 A T
BUC AR TS 0, FRATAIAE M(c)POM 4
g1, AR H e B dme & SIS 0, 05 A ik i
TR bE AR TE 1 e LA oA AR AR S AR AE
FE A% Dol 2% 7K figk B TG BILJST i M B R R A, AT
P A PR R e P, X T RE & M(c)POM 41
a3 AT BILA S A AR T Bl B R R 2
—. BRILZ AN, AL/OA Fl AL/AR FLfERME N,
B M(c)POM 2453 A ML Z5 A A8 A5 5 Ry faf o, H
JE A AR B B ), Xt A R T e i 4 53 AL 1
TEIR 5 %%
3.4 KHIFBFHEHZG T TIEB YIRS 32 14
EENFN

XM, M(c)POM £ (A HLIK &t &
WM 2 AR AR S Y IE A EC R (R 4),
XU RS AT 38 Hi 3 A 2 M(c)POM B, BhlR T
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MIHER o SR, AW 5 2R A T R R b e e ik
BRI, RN AIE— D st R A R . 0
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FH ] 5 i AN [ A4 ) R
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