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Abstract: [Objective] To combat the depletion of organic carbon and poor water-fertilizer retention in the Horgin Sandy
Land, this study examines the mechanisms by which pelletized straw incorporation enhances soil organic carbon and its
active fractions. [ Method] Through a controlled incubation experiment, the study established treatments with different
application rates of pelletized straw: a control with no straw addition (CK), 75t hm2 pelletized straw (PS75), and 150
t hm2 pelletized straw (PS150). Additionally, the experiment included duration treatments consisting of single-year
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application and two consecutive years of application. [Result] Compared to the CK treatment, pelletized straw
application significantly increased soil organic carbon (SOC) and total nitrogen (TN) contents by 217.52%~~749.15%
and 197.78%~~679.25%, respectively. With increasing application rates and duration of pelletized straw incorporation,
the carbon and nitrogen retention capacity of sandy soil was significantly enhanced. Application of pelletized straw
consistently elevated the C/N ratio of the sandy soil, with the most significant increase observed in the PS150-1a
treatment (P<0.05). Also, the addition of pelletized straw significantly enhanced particulate organic carbon (POC),
mineral-associated organic carbon (MAOC), and labile organic carbon (LOC) contents (P<0.05). The contents of POC,
MAOC, and LOC increased significantly with higher application rates of pelletized straw and longer amendment duration.
Moreover, POC, LOC, and MAOC all showed highly significant positive correlations with total SOC content (P<0.01).
Notably, the 150 t hm2 pelletized straw treatment with two consecutive years of application significantly increased the
proportion of POC to total SOC by 31.81% (P<0.05), suggesting a preferential accumulation of this active carbon fraction.
Nevertheless, pelletized straw application significantly reduced bulk density while improving water-holding capacity and
porosity in sandy soil. The study found a statistically significant positive correlation (P<0.01) between the water-holding
capacity of sandy soil and the duration of pelletized straw application. Moreover, the improved water retention in sandy
soils resulted from synergistic physical adsorption and chemically mediated retention from pelletized straw decomposition.
According to redundancy analysis, soil physicochemical properties explained 98.90% of the variability in SOC, TN, and
C/N. Besides, MAOC was the primary driver, highlighting mineral association as a fundamental mechanism for soil
carbon and nitrogen stabilization. Partial least squares path modeling demonstrated that the cumulative addition of
pelletized straw directly promoted SOC sequestration by significantly increasing the contents of both LOC and MAOC
(P<0.01). The model further confirmed the dominant role of MAOC in SOC stabilization, highlighting the importance of
mineral protection mechanisms for carbon retention in sandy soils. The accumulation of SOC significantly increased TN
content (P<0.01), indicating a coupled carbon and nitrogen sequestration effect in the sandy soil. Furthermore, increasing
the application rate of pelletized straw significantly reduced soil bulk density and enhanced water holding capacity
(P<0.01). In summary, the study demonstrated that SOC fractions served as the key mediator for carbon-nitrogen coupled
stabilization in sandy soils. The establishment of this regulatory mechanism provides a theoretical foundation for carbon
sequestration management in arid sandy soils. [Conclusion] The study demonstrates that pelletized straw incorporation
effectively enhances sandy SOC fractions, promotes carbon-nitrogen synergistic sequestration, and improves soil physical
properties, with the optimal effects achieved at 150 t hm2 with two consecutive years of application.
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Fig. 1 The effects of different treatments on organic carbon, total nitrogen, and carbon nitrogen ratio in sandy soil
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Table 1 Effects of different treatments on organic carbon components in sandy soil
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Fig. 2 Correlation analysis between soil organic carbon and particulate organic carbon, mineral-associated organic carbon,
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3 W

31 FEFMERLRMATLRLIERER S EREUETEFHERNR I

SOC & PFiti e AL 77 15T & 1A% O IR 3 o i L3 BH, RS AT IS &2 AT SOC 7 & & 12 3 1IEAH K [25-261,
B2 DU OB RS FF RS N B8/ T 15t hm2 270, ACHiF su4s e, v o 398 DR L [ 4 1) e 7K R IE
KM S 3 SOC &8 TMK/K T UAEFFE S H 75t hm2$27+ % 150t hm2 i, SOC & & 0 &1
B (P<0.05), Wi HA YD 5 - 366 HLAK 22 W ASTA BB RDIR A, 75 BERpaim N K2 4N MUK Lok 3
TR MIRE S PRI B TR B S REFH N Sk 21— @ BIE RS, SOC A4 B HR T BT REFT 110 Fig i
282N, N FEFF IR A AL PTG U RS FT IR A2, I FE ATk 17 SOC W1k . MR TAE G5 FT
W7, AR RO I HE 8 I WU A i A A A2 1 ) B K e ot 2=, (R R AT 5 e i
ity AWRFURW, FEFFRURLE H AT AR L B A R & 2R LG T U AR T 8%~31%F
11%~32%07, ABFFRI, 1EAHURA R BRIV -8, FEFFRURIE H X SOC A%k
RACKRE MR . X —25 R0 T FEFFRORLIE TR S0 b i U A8 T teah, AT
WERYE, REESELZEMN R, ELEmatiRk 2 EEFmEs. XU R
FACRS R B M AR PR R B R R, NE SR T et 1 e IR ORI, A R0 1 R
FR IR 1) 11 3 35 1) L 3T LR 2R 52 L[] 0l
32 TEFERDARMX Y R IEA L ERE SRS

AR FERLAS . LGB AN G, S sami e miE, ahHEY
FORI AL B R e 22 S, AR /R AN [F) 20 20 o LA R A () sl o 3 A LR 3 282 E i e LT )
J§ 5 T A T AR R B R (AU P 2R s, TR T R, R SRR R R AR A ) B B R bR . TR,
b R AT RO S 0 B RIS I R AR S I, RSSO AS A LB AN 2 B A WL 235 s, X R U
SEREP TR AL A il S i T 3 MUBR P TG 1, 380 T 50N 5 MLBR RN 52 A B LR & & .
A FLEE K, PS150-2a Ab3 B 525 1 Rk AWK (POC) ARG (P<0.05), X—
RIG CMERT FEAHY) &, POC 2 L f i Sef A A U8 5 P o kY, & Al 5 ATLRSGEE N 188 )5 1 = 22)
UEAFAETE B2 A 9T R B, 750 0T 338 o i e RS 0K i N B %P0 S 38 Iy 14 s 22 H 1) POC 4.5



T S5 35 A 4 2 30k [T 3 RS« b i 1343 POC/SOC EEMILE 17.51%~23.08% ) 7 A 4 AL 48 7 1 Fe
I R A B R . TEARLAD SR ARSI NI, T3 e 2 i sk 3 0 R MUK 5 RS SRR 2
BEE R ER, 5 48ESENK (MAOC) EHHE T PRy L AR A A7 1) 3 2 g 42

AW FRAEREH, TWEEEHEIR (MAOC) &5 3 YU & 175 2 A7 7E 3% i 2 bk
IEAHSE K & ARV i 3% MAOC & B4 T 1.93~15.28¢9 kgt 22 [a], &b T A Xt 55 i 7K F, 22 5 MAOC
VR AR E A EEH . CAEMATEH, FORRL S B I (R 3 R IR B 1 i N CAHES)
MAOC IFLRER, KT, FEFFBURLEN NS YD 138 MAOC W& & B E 3T, RAINEA Y
N T Y- WL AR A, 3G 5m 0 B I A 38k 2 R VE B o A DG 0 38— D IE 5K,
MAOC 7E4EFF 1A MR ER & V7 T B A AR R, 3 BYUSIIE T Y3 DO A HLA 04 55
WP G, AT A SR G AU 1) 5 s
3.3  TEFERLRMXTL R IERE T EEE SR AR

AW T B AR FE RO 5 PR 7 IR E, XEERRTREAMEA SR Z L. ZER
TR, AT D T BT AR 398 1) J57 (361, 76 PS150-2a A P b Wi 42 3] + 3 /K ik Bl
RIAFEAT PR A B AW ER K EE T, HAE i B e s A AL 3 A K ek A, idE—P
B 7 K IR RE FIBT. RIS, AEAFURLANIN R E b T IR IR R R LR, U
W BE & AT MR HERE, B B WL R S VR & 8 ke e HLstha i BIRLEE M, e 7+
LIRS, Vb ot 1S E I AR /K 3 SR AR I s, RS AR B [ I ALk () e AL it 1
BB [ FI /K 2 AR5 090, A5 T 0 3R A A28 7. FIR, 3R FLRR S DB AL IR
()38 It A A LB R 20 2% ) B ] A5 R i T DR B ) AR B3 1401,

NT RGN RIS T - e A A7 () S IR BN R, AR SR 2 n it T T A
o TURDHTEERIES, LA SE IR HIA YR, SR LR RRCEE SR .
ZI G FEE TV IR B SRR, S LRI KR AL T OR B IR, AR A R N A LK
O IR E W 4 &8 G W (MAOC);: [FINF, ZHiSik FIab ki & A IR, BRI T Bk A MLk
(POC) WIAEMSME., FRKEILF SR LIEA IR EEIRG T WSS, SRS
AHUR-T YV E SR Z MR e LG %, EIRER . 1285 G100 R L Pk, X seid it
[F 3458 1 A WUBRAE VD i a3 b R A o B T/ IR B AR B BT 25 3, A FidR s 7 RS FT
SR I IO 0 T3 A 39 5k 2 B D (] 6 P00 3R ML 1) o G R R NPT R 35 R T A 4 S S LR
(MAOC) [MFERR, HETiHE e LIRE BREE /7. BTV 3R iRk & 2% AR A VR Z 1
R, DR T SR SRS e A2 s R PN S RO B P R RIR AR 1Y, R RS A ORI RS i
(AT LA 5 P AR P 23T S5O B ), BT T RO M 45 & A ML (MAOC) . HIEH MUK 5 &% &
B HEWEEIEA, YAV RGBT R R E R . 28 b, FEFSURLES b
WA R A, R MAOC TE, J&Vb )i T 58 A I R $E T+ (1 s 1%

4 ZE B

FEATBURLZS ANV B R O R AN B 25, AR I S R S B R &5, Hh
BURLSA IUBR 025 & AR 5 EMAT WUBRAL 70 25 I S, HLUBORE AT HUBRFE 2 A HLK
T o BC LB A g . SRR, AERTIURL S I SRR T A IR R T RRKRE .
BRSO R £ BT (0 5ETT B S S AR S BRI U B SLR R
THOIMTC, Hrhy e & 8H VU A PUBRE RIS 1. BRIk, A RPN A N\ i i 22
RET WS EEAIREE, AR 7 HREEN D FEBE R . 22 EPrd, ERURIOYD U RS FT
UKL AT [7] 25 SEPYD BT - N 3R TH AN BRES R AAL, 9vb IR A A B B AR it T — R T A AR



FEH P R] 25 R SR o

2E 3k (References)

[1] Bossio D A, Cook-Patton S C, Ellis P W, et al. The role of soil carbon in natural climate solutions[J]. Nature Sustainability,
2020, 3(5): 391-398.

[2] ShaZ Y, Bai Y F, Li R R, et al. The global carbon sink potential of terrestrial vegetation can be increased substantially by
optimal land management[J]. Communications Earth & Environment, 2022, 3: 8.

[3] Esmaeelnejad L, Shorafa M, Gorji M, et al. Impacts of woody biochar particle size on porosity and hydraulic conductivity
of biochar-soil mixtures: An incubation study[J]. Communications in Soil Science and Plant Analysis, 2017, 48(14):
1710-1718.

[4] 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.

[5] Angst G, Mueller K E, Castellano M J, et al. Unlocking complex soil systems as carbon sinks: Multi-pool management as
the key[J]. Nature Communications, 2023, 14: 2967.

[6] He N B, Gao J, Sun N, et al. Effects of fertilization on soil readily oxidizable carbon of croplands in China: A
meta-analysis[J]. Soil and Fertilizer Sciences in China, 2024(5): 8-16. [T, i, FIvim, 25 AR EE A [ -5
AN M S T[], E 5 ARk, 2024(5): 8-16.]

[7] Liang Y, Al-Kaisi M, Yuan J C, et al. Effect of chemical fertilizer and straw-derived organic amendments on continuous
maize yield, soil carbon sequestration and soil quality in a Chinese Mollisol[J]. Agriculture, Ecosystems & Environment,
2021, 314: 107403.

[8] Sun Y Y, Dou J G, Liu F M, et al. Effects of straw return methods on organic carbon fractions in soil aggregates of
saline-alkaline dryland[J]. Chinese Journal of Ecology, 2025, 44(4): 1144-1151. [#h =z, &N, X178, &, #iTicH
75 7O R 58 5 B 45 A S E MU L 20 s [J]. AEZS2E4R 8, 2025, 44(4): 1144-1151]

[9] Li T J, Zhang N Y, Shen W'Y, et al. Effects of long-term fertilization on soil aggregate stability and its driving factors in
black soil and brown soil[J]. Scientia Agricultura Sinica, 2024, 57(19): 3835-3847. [Z= K4, 5K /5T, HISCHE, 5. Kt
JIEST 53 AR A8 P TR A A P AR i) S RN R 2R 0]+ L ARk, 2024, 57(19): 3835-3847.]

[10] Li W H, Chen H N, Nan X X, et al. Effects of cropping system of Lycium barbarum L.and cover crops on soil labile
organic carbon pool in an arid region of Ningxia[J]. Chinese Journal of Ecology, 2024, 43(5): 1324-1332. [ZE (&, [Mrits i,
M, 2 T E R XD S (E R A R i MU R ()], AR SEIRE, 2024, 43(5): 1324-1332.]
[11] Liu X T, Cao C Y, Dang H K, et al. Changes in soil organic carbon under long-term straw incorporation in fluvo-aquic
soil of the North China Plain[J]. Agricultural Research in the Arid Areas, 2025, 43(1): 132-138. [X|2¥, ¥ =, w4,
&, AP A AARS AT I8 H - R B R AARFAE[]]. TR ICRAVAT 5T, 2025, 43(1): 132-138.]

[12] Lu Y F, Xie Z L, Gao Y, et al. Effects of short-term warming and amounts of residue return on soil organic carbon in
black soils of Northeast China[J]. Acta Ecologica Sinica, 2024, 44(21): 9805-9814. [51675, WHEE, mk, & R
SRFFE R AR AR LA WU S i R R [J]. AEAS 54, 2024, 44(21): 9805-9814.]

[13] Six J, Conant R T, Paul E A, et al. Stabilization mechanisms of soil organic matter: Implications for C-saturation of
soils[J]. Plant and Soil, 2002, 241(2): 155-176.

[14] Tang P F, Han B B, Wang J M, et al. Effects of cotton straw returning on the soil organic carbon and organic carbon
mineralization dynamics[J]. Journal of Arid Land Resources and Environment, 2021, 35(12): 127-133. [[E5 &, @ik, £
A, A5, RRFTIE B A (R4 PR R 3 WA J A AR AE 2 [J]. 152X B2 5 3455, 2021, 35(12): 127-133.]

[15] Ji Y K, Yan L, Zhu J F, et al. Response of soil organic carbon to maize stovers returning to in farmland diverse main
maize-producing areas based on meta-analysis[J]. Transactions of the Chinese Society of Agricultural Engineering, 2025,
41(12): 95-106. [ZEWFF], AT, AA#FE, 5. HT Meta 20T A E FOK 327 X 388G HLGK B 8 XS FEFT I HH R[],
£l TRE2E3R, 2025, 41(12): 95-106.]



[16] Wang J, Zhang L, Pang H C, et al. Returning granulated straw for accelerating decomposition rate and improving soil
fertility[J]. Transactions of the Chinese Society of Agricultural Engineering, 2017, 33(6): 177-183. [E#%, k&I, #Mk, .
AT ORI T8 8 Aok 2R B i G IR BUR[J]. R0k AR 44k, 2017, 33(6): 177-183]

[17] Wang X Q, LUG Y, Zhang Y, et al. Annual burying of straw after pelletizing: A novel and feasible way to improve soil
fertility and productivity in Northeast China[J]. Soil and Tillage Research, 2023, 230: 105699.

[18] Zan G S, Wang C P, Li F, et al. Key data results and trend analysis of the sixth national survey on desertification and
sandification[J]. Forest Resources Management, 2023(1): 1-7. [%[E &%, T3, 28, & FNREE TR
R R KT, Mol SR L, 2023(1): 1-7.]

[19] Yang X, Xu LY, Xia L L, et al. Differences in soil carbon sequestration effects of long-term carbonization straw return
on soil in acidic red soil areas in Southern China[J]. Acta Pedologica Sinica, 2025,62(5): 1435-1448. [I%%, %GR H, BW
e, 55, a7 BRVE LU XSRS AT s A H ) 398 [ RN 22 S [J]. 43R, 2025,62(5) :1435-1448. ]

[20] Zhang L, Wang J, Pang H C, et al. Effect of granulated straw incorporation on soil nutrient and grain yield of winter
wheat[J]. Chinese Journal of Eco-Agriculture, 2017, 25(12): 1770-1778. [3K#], T45, &Mk, 5. REFTHURE X} 435
FROME/NE =BR[], H E AL 2R, 2017, 25(12): 1770-1778.]

[21] Clark J D, Plante A F, Johnson A H. Soil organic matter quality in chronosequences of secondary northern hardwood
forests in western new England[J]. Soil Science Society of America Journal, 2012, 76(2): 684-693.

[22] Bao S D. Soil agro-chemical analysis[M]. 3rd ed. Beijing: China Agriculture Press, 2000. [fifi+ B.. +3e4etb /3 Hr[M].
3 AR dbEt: AL H AR FE, 2000.]

[23] Culman S W, Snapp S S, Freeman M A, et al. Permanganate oxidizable carbon reflects a processed soil fraction that is
sensitive to management[J]. Soil Science Society of America Journal, 2012, 76(2): 494-504.

[24] Laboratory of Soil Physics, Nanjing Institute of Soil Science, Chinese Academy of Sciences. Determination of soil
physical properties[M]. Beijing: Science Press, 1978. [ [E F}2F ma 5 - He0 FU plr - e it Si = I 3 v sl s
EIMY. Abnt Bl e, 1978.]

[25] Sheng M, Li J Y, Lei W'Y, et al. Characteristics of active carbon fractions and fertility index of black soil under different
soil tillage and straw returning amount[J]. Soils and Crops, 2025, 14(1): 53-63. [#%, ZfEd:, HBi=, & PHEFRN S5
FRIE R 8 A WL 2> AL o fa S 2 [0]. -3 514, 2025, 14(1): 53-63.]

[26] Cui H X, Luo Y L, Chen J, et al. Straw return strategies to improve soil properties and crop productivity in a winter
wheat-summer maize cropping system[J]. European Journal of Agronomy, 2022, 133: 126436.

[27] Wang Y L, Wu P N, Mei F J, et al. Does continuous straw returning keep China farmland soil organic carbon continued
increase? A meta-analysis[J]. Journal of Environmental Management, 2021, 288: 112391.

[28] Diacono M, Montemurro F. Long-term effects of organic amendments on soil fertility[M]//Sustainable Agriculture
Volume 2. Dordrecht: Springer Netherlands, 2011: 761-786.

[29] Wang H Y, Wu J Q, Li G, et al. Changes in soil carbon fractions and enzyme activities under different vegetation types of
the northern Loess Plateau[J]. Ecology and Evolution, 2020, 10(21): 12211-12223.

[30] Zzhang X F, Zheng S M, Xia Y H, et al. Responses of soil organic carbon fractions to land use types in hilly red soil
regions, China[J]. Environmental Science, 2020, 41(3): 1466-1473. [E=l5s75, AN, BARAT, 2. 43 m X H3EA ML
AL 5350+ R 7 2R B[] PRBERL A, 2020, 41(3): 1466-1473.]

[31] Ma H L, Chen C C, Yin Y F, et al. Experimental study on carbon mineralization of different sizes particle in forest
soils[J]. Acta Pedologica Sinica, 2024, 61(5): 1247-1259. [B415%, Brhlhl, F =8, & SRR BER RN I fxE
WF R[], L 3E2EIR, 2024, 61(5): 1247-1259.]

[32] zhou Y, Li Y'Y, Li N, et al. Contribution of soil microbial necromass carbon to soil organic carbon in grassland under
precipitation change and its influencing factors in Loess Hilly Region, Northwest China[J]. Chinese Journal of Applied

Ecology, 2024, 35(9): 2592-2598. [JHIH, Z=4liZ=, 250, 5. 5+ Fefg X /K AR IL T B S A M ik a3 AL



T2 4 I DTk A Hosema R 3R 0], B A AR S 544, 2024, 35(9): 2592-2598.]
[33] Whalen E D, Grandy A S, Sokol N W, et al. Clarifying the evidence for microbial- and plant-derived soil organic matter,
and the path toward a more quantitative understanding[J]. Global Change Biology, 2022, 28(24): 7167-7185.
[34] Georgiou K, Jackson R B, Vinduskova O, et al. Global stocks and capacity of mineral-associated soil organic carbon[J].
Nature Communications, 2022, 13: 3797.
[35] Mosier S, Apfelbaum S, Byck P, et al. Adaptive multi-paddock grazing enhances soil carbon and nitrogen stocks and
stabilization through mineral association in southeastern U.S. grazing lands[J]. Journal of Environmental Management, 2021,
288: 112409.
[36] Jia R F, Cong R H, Xu Z Y, et al. Meta analysis of straw returning technology to improve soil physicochemical
properties and increase the yield of main cereal and oil crop[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2025, 41(4): 80-89. [B4%iilg, MHIF, fpEx, % FEHCHERSEE HIEE M IR S EW ™= =1 Meta
AT AL TRE SR, 2025, 41(4): 80-89.]
[37] Zhang Q, Chen C, Chen X M, et al. Effects of different depths of straw returning to field on soil physical properties and
profile changes of yellow brown soil[J]. Chinese Journal of Soil Science, 2020, 51(2): 308-314. [3K#F, 5%, BEME, .
AN [ 2 R %o B A A8 9 B I B LR T AR Ak sz [J]. - 3383a 4%, 2020, 51(2): 308-314.]
[38] Tang Y Y, Tang X, Zhao J R. Impact of long-term fertilization based on meta-analysis on stability of soil aggregates in
Chinese farmland[J]. Chinese Agricultural Science Bulletin, 2025, 41(9): 117-124. [ZE &, X%, B85, & T Meta 20 #r
AR STt 0 o [ A P 3 R A RS E R e [9]. o A 27 i 4, 2025, 41(9): 117-124.]
[39] Li X Y, Li J, Bi R X, et al. Effects of corn straw concentrated deep returning on soil CO2 emission in dry land[J]. Soils,
2024, 56(5): 1027-1033. [ZEheF, 24, B, & TOKFEATAE shigs B Rt 38 COz HESARHIERIREIII]. 13,
2024, 56(5): 1027-1033.]
[40] Mu Q, Xia S Y, Li Q Y, et al. Effects of different straw returning forms on shrinkage characteristics of typical lime
concretion black soil[J]. Soils, 2024, 56(5): 1084-1090. [#2#, Eilllk, KM, 5. AFEFEFHGEH 7 200 SR R0 22 B+
WARRHE R s [J]. 38, 2024, 56(5): 1084-1090.]
[41] Sokol N W, Whalen E D, Jilling A, et al. Global distribution, formation and fate of mineral-associated soil organic matter
under a changing climate: A trait-based perspective[J]. Functional Ecology, 2022, 36(6): 1411-1429.
[42] Xue Z J, Li X Y, Jiao L, et al. Advance in the formation and stabilization mechanisms of soil mineral-associated organic
carbon[J]. Journal of Soil and Water Conservation, 2023, 37(5): 12-23. [EE &, =8 =, £&, & LY RESEGH
WIS R e ML RO RIE 7T 3 R [9]. /K AR 2440, 2023, 37(5): 12-23]
[43] Mao H R, Cotrufo M F, Hart S C, et al. Dual role of silt and clay in the formation and accrual of stabilized soil organic
carbon[J]. Soil Biology & Biochemistry, 2024, 192: 109390.

(ZREREE: 18HAD



