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Abstract: [Objective] The mulched sand field system in arid and semi-arid regions of Northwest China has long been used for crop
cultivation, where a surface gravel layer plays a critical role in moisture conservation and soil protection. However, over continuous
cultivation periods exceeding 30 years, the degradation of these sand fields has become increasingly evident, yet the weathering behavior
of the gravel cover under water-rock interaction and its potential contribution to soil nutrient replenishment remain poorly understood.
[ Method] To address this knowledge gap, this study selected a degraded sand field that had been under continuous cultivation for more
than 30 years and was currently in a fallow phase. Gravel samples within the major particle size ranges present in the field were collected
and analyzed to investigate their physical and chemical weathering responses to repeated dry-wet cycles. Furthermore, the study sought
to reveal the regulatory mechanisms by which element leaching from the weathered gravel influences the nutrient status of the underlying
plough layer soil. [Result] The results of this investigation are summarized as follows. (1) The gravel used for mulching in the studied
sand field is predominantly composed of silicate minerals, which possess a certain intrinsic weathering potential and a notable capacity
for nutrient release. Under the influence of dry-wet cycling, the slightly alkaline water environment in the field imposed only a limited
chemical weathering effect on the gravel, whereas physical weathering played a dominant role. The water-rock interaction significantly
accelerated gravel mass loss and enhanced the gravel’s water absorption efficiency, with all observed differences being statistically
significant (P < 0.05). Among the different particle size fractions examined, the fine-grained gravel with a size range of 5 to 10 mm
exhibited the most sensitive response to the imposed dry-wet cycles. This fraction achieved the highest mass loss rate, recorded at 2.09%,
and the highest water absorption rate, reaching 1.70%. Compared with the control group (no dry-wet cycles or water-rock interaction),
these values represent substantial increases of 242.11% and 23.10%, respectively. (2) No significant transformation or conversion among
secondary minerals was detected throughout the experimental period. However, chlorite showed the most pronounced loss in the fine-
grained gravel fraction, decreasing by 10% due to the combined effects of thermal stress induced by temperature fluctuations and the
leaching action of infiltrating water. Accompanying the loss of pore-filling, magnesium-rich chlorite, various elements in the plough
layer soil exhibited different degrees of enrichment. The sequence of element release from the gravel into the soil, ranked from highest
to lowest relative release intensity, was ranked by ability as follows: Mg > Ca > Fe > Mn > K > Zn. (3) Correlation analyses and principal
component analysis (PCA) further confirmed that the physical weathering characteristics of the gravel, including mass loss and water
absorption rate, were significantly correlated with the content of rock-forming elements in the soil (P < 0.05). This finding demonstrates
that water-rock interaction under dry-wet cycles has a pronounced influence on gravel fragmentation and also significantly modulates
the elemental composition of the soil. [ Conclusion] In conclusion, the dry-wet cycling process serves as an effective accelerator for the
weathering of mulching gravel in degraded sand fields. The elemental leaching accompanying gravel fragmentation plays an important
role in supplementing soil nutrients in the plough layer. Notably, the fine-grained gravel fraction exhibits the strongest nutrient release
capacity among all tested particle sizes. These results suggest that the surface gravel layer in degraded sand fields possesses a certain
potential for resource utilization in terms of nutrient supply. This study provides a new and valuable perspective for improving the soil
environment of mulched sand fields, mitigating the ongoing degradation of such fields, and facilitating their future reclamation.
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Table 1 Elemental composition and content of mulched gravels

TR aE TR HE TR oE
Element Content/(mg-L™) Element Content/(mg-L™) Element Content/(mg-L™)
W 1.2940.08 NI 25.2549.38 K Ti 1578.10498.04
B Be 1.7940.13 £ Zn 44.7542.88 Tt Si 143 647.20425.20
# Sn 2.6040.17 % Ga 13.5940.44 Al 35 305.74444.37
£ Co 744417 4t Pb 11.9340.16 : Fe 15 788.194653.22
T As 1.58+1.16 8 Sr 27.8740.49 Tk P 609.56+125.59
fifi Se 7.1240.33 fin S 88.6640.01 45 Ca 12 201.0143 617.44
tH Mo 0.3340.13 i B 38.1843.19 B Mg 11 053.64+2 714.38
i Cd 0.0940.01 L 29.62+1.79 K 21 786.89+2 724.56
CinY 36.11+1.45 i Mn 276.99430.15 4 Na 10 215.89+1 545.50
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Fig. 2 Average evaporation rate from June to August in the research area from 2010 to 2019 and diurnal temperature variation of the mulched gravel
layer
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Fig. 4 Mineral content (a) and X-ray Diffraction (XRD) patterns (b) of mulched gravel with different particle sizes under wet-dry cycles
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Fig. 5 Nutrient content (a, b) and enrichment rate (c, d) of cultivated soil in response to gravel-mulching under wet-dry cycles
®2 FREN. NEREZXEMEANHELRER TRZNNERAES R

Table 2 Two-way ANOVA examining the effects of wet-dry cycles, particle size, and their interaction on topsoil nutrient elements

JER AETE kifg AT N R
Element  Dry-wet cycles Particle size  Dry-wet cycles N Particle size
Fe *kk ** *
Mg *kk *kk **
Ca *kk *kk *kk
M n *kk *kk *
K *kk * *kk
B ns ns ns
CU ns ** *kk
Zn * ** ns

e “*7 FORTE P<0.05 /K LEFEE; 7 RIRTE P<O.0L KTV EERERE; " LIRME P<0.001 /KF 2R EE; ns WERTE P>0.05
P EZRAEZE . Note: ™" indicates a significant difference at the level of P<0.05; "**" indicates significant difference at the level of P<0.01; "***" indicates

extremely significant difference at the level of P<0.001; "ns" indicates no significant difference at the level of P>0.05.
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W RERERENE T - S5 AR, FETIRAS R ARAE T, iR 22 RN 55 ¥ P 0O A () 25 52 P D A Y B ok
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R R, RN R E i S R RN 5 R RS . XA AR EG A Ao 85 1 Rk
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SUISLBRAT LAHE— B9 Ji&, T 7B v e . Ah, T THRIEN RS S 5 R TE, S rkifen
LR P BRI R A SCBE R K . 4RR0RLIE W B SR BRI AR, RENS T 78 70 MR A 5 AR 5t
Fefid, PSR IR BESE IR AL N U R, 24518 5 R EPE T i 7 RS (SEM) E& K
“EAEENTIEE R B AVNRAR RO E TIRAEIAME N TR BRI E SRR 2 iU
KK

I H R R AT R A (8 X AT 08T R DA D2 B DA R ER0 0 9 32, T i & BRI (1 4)
IR R SRR I (FHEAE IR R T8 T 30 @) fERIIESAH R RE T 32 2 B IRELN NIRRT A %, &
BURIR sh R AL, A BT i RIRAE TR FLER A5 LAORAE ), A FE B A2 THR A3 T R
JREAR AN 2.09%, (KT U E N THRIEME ORI S R HUA R (3.84%) , Ui IHTFTIX gL
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FRBUN =, 2R RS AR AR AR TY, HET IR RS, T R S AR A B D>
(1) 2 L 5 A
32 HFABE THELIEER TR REXTRAT IR T AN

TR E S BHE TSR TR A EH RS, A SR ESESHEREEER, A
MMEAEBEREESREEENREE, WHE LSRG S TR YT Fe TR EERS, (X LT EIEH TR TT
REEBHARIN Mg iR BB RmS (B5) « e 2—ME S8, BEnmngi Loy, FEMmm
PR, HhEBaleq 2 WA S A BB T, B Bkakie Al DL R 78 A AR AE T2 A LI R B4
TG TR L Feu Mg JC 3N I EZEE R AT REK A BRA T 0o akle A ks Ve o AREERR A Uk it
TR HIK—E M EAE RG], AW FENER A 2 o] B AFLBUIE R IAE AL, 456 KIIFERD H 880
o Fe TR S E M T Mg SR SE 5, vy A e X oA th 4k f 2 DL E SRALIE A YIAF(E . IB1bib |
o Fe TR S EEcm, T KR XAAEH T BRI, T Mg £E TR IR PR A 7 55 N R AR
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A AR F 2 S () 3t B Ak R, 7R3 ) 3 A M ER Ak 2 0 R IA I Iy EE A €, TR 2 M Hh Bk
KZ RGP G e AT 4B, A KA R o 3 s 20t 3808 FR T R ER -G I ) 77 AL TR 5
BT, FEwbBRAVE N LR EMNE SR, H A SRR S 4 SRR S L R s B 2 L g 3R T
RS E. Pearson MHetE T (B 6) £, BHEL3EF Fe. Mg. Ca. Mn. K Fifhitia e K2 A7 R
E R ARG, BT RRAEIE R i NARERN S . AHEEZ R, Zn f Cu 5 BN FRfIE A To 3 Z A1)
MERA[IFANE, BARKIHEERAFESUK-SERAZ 5N RERA RER 7R, 1A Bt
RIRIMESRAE, HAEHHE LI 5 AR N e =5 2 B E W FAEE, R ER AR A TR 6
T G N BT TR AL B ik 5 T BT = 2 A R R S Ok A KA R,
R R 0T B4 R AR OK ZR AR AN S B 7 N R RE E MBI o o XSS R Lt N g fE DR R IR B A
SRR, SR LA TR S E M AT, WIFT TR . s vl X 5378 a5 2 kA R A T
BIEHR S5 TR . —F s (PCL) AE —E sy (PC2) [HTTHRZ ) BN 56.70%F1 17.80%, &
DU S a6 B i 5 B A, 5 — i DUE S U ML O Ttk A -, i — P ESOK-EEH 5 S
IR A IG5 e RIS, R I 888 57 T 2 A R B B B R o

T+i% Dry-wet cycles

# Py Sy .
P<0.05 10 6 Jo i Without dry-wet cycles
ML 1 * * * * * * * . ' WA
0.80
WA 1 4r
0.60
Fe 1 * 2 / E *
0.40 2 F
Mg 1 / / * i =
C 098 1 4 020 2
a 98 * “ 0
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-0.20 Ol
1 s ~
5 | —0.40
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Cu 1
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/n 1 6 L
-1.0
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Fig. 6 Correlation and principal component (PC) analysis on the relationship between gravel physical weathering and nutrient element content in

plough layer soil
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