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Quantitative Transformation Pathways of Soil Aggregate Breakdown
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Abstract: Soil aggregation and transformation play an important role in soil erosion and vice versa. The quan-
tifiably breakdown and transformation pathways of soil aggregate have not been clarified. The limitation
hampers the in-depth study of sediment separation and transport mechanism of soil erosion processes.
Recently, ""Cs, **Pb, "Be and magnetite tracer methods have been widely applied to soil erosion research at
slope and small watershed scales. However, those methods are not suitable for tracking multiple erosion
processes simultaneously. Six typical agricultural soils with different texture from Loess Plateau and black
soil region in China were selected in this study. Rare earth elements (REE) tracer method was applied to
quantify the transformation pathways of five soil aggregate fractions (5 ~ 2, 2 ~ 1, 1 ~ 0.5, 0.5 ~ 0.25,
< 0.25 mm). The adsorption and desorption capacity of REE on different aggregates were analyzed with the
simulated runoff disturbance cycles. Results showed that the actual adsorption concentration of REE and soil
aggregates were lower than that of the application concentration. REE adsorption concentration of soil aggre-
gatesat 2 ~ 1, 1 ~ 0.5, 0.5 ~ 0.25 and << 0.25 mm were significantly positively correlated with the clay
content (P <C 0.05). The effect of runoff disturbance on the desorption of REE adsorbed on soil aggregates

was very weak, and the desorption concentration only accounted for 0.001% ~0.139% of the actual adsorp-
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tion concentration of REE. The transformation pathways among the 5 ~ 2, 2 ~ 1, 1 ~ 0.5, 0.5 ~ 0.25 and

<C 0.25 mm soil aggregates fractions were basically the same, converting to <Z 0.25 mm microaggregates was

the main pathway. The transformation rate of soil aggregates with high sand content to 1 ~ 0.5 and 0.5 ~

0.25 mm fractions was generally lower, compared with soil aggregates with high content of silt and clay. The

REE tracer method underestimated the labeled > 0.25 mm aggregates, which ranged from —27.96% to
—11.08%. However, << 0.25 mm aggregates was overestimated by 3.65% ~ 22.73%. Based on the REE
quantification values of soil aggregates of various particle sizes, a correction relationship was established,
which could reduce the calculated relative error to 0.04 % ~16.24 %.

Keywords: aggregate transformation; REE tracer; transformation pathway; soil aggregation; soil aggregates
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2% Mk Zhang 044 5 Fh REE 55375 B 45 1 XS 4 1
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1,1~0.5,0.5~0.25,<20.25 mm #kifs + R B IE ] T
REE 7R B0 o 7] 75 45 JBORE o5 B30 43 1R A T 2+
B dE  pH A AL & S AR SE 8 4R (R D
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. . N YL K %
B BURE K/ HHL — —— —

i ) pH [ bR A Fhihi
G 5 fir & (g+em™ ) /%

(50~2000 y.m) (2~50 ‘um) (0~2 ‘um)

YL 109°43'34"E  38°19'48"N 1.29 1.87 7.52 52.98 35.85 11.17
YA 109°11'19"E  36°48'06"N 1.28 1.79 7.43 47.84 38.96 13.20
BC 123°15'52"E  45°51'37"N 1.30 2.06 7.36 44.67 33.93 21.40
XY 108°04'07"E  34°17'35"N 1.31 1.75 7.61 27.89 41.38 30.73
LZ 122°45'57"E  41°33'21"N 1.33 2.44 4.88 30.60 38.52 30.88
CcC 125°24'55"E  43°48'33"N 1.32 2.37 7.04 16.05 51.97 31.98
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(mg/kg);C,;; M j Pobi e bR I 2 A% @ Fh s £ o0
R (mg/kg) s Cy I j BRI PG TR
(T SR EEAE (mg/ ke) s E, 56 @ AR -+ 00 3 19 A8 UK
R COoNS | PR TR IO B (mg/ke) s K MR
BEREG B, N5 @ A L OC R AE L RIS Sk E
(mg/ke) ;R N i B 100 R bric 1 59 R AR A A X
i s ) Jee /M EEAE s MR8 @ R AR T R AUk W it
() s W oS @ FlRG £ 00 R 75 B bR 10 1Y R 1R 5
(k) s PR i M LoeE B A (%) ALK
CORR T T TSIk R AR
%2 HBL REE BARERLENNE

it ZiE -27N it T e B/ EH
JLE FifE /mm (mg kg ") R/ %
Yb 5~2 1538.90 88.04
Ce 2~1 1115.85 84.51
La 1~0.5 1113.00 83.19
Nd 0.5~0.25 1486.10 91.76
Sm <0.25 1267.00 90.09

K3 BITFTEUMERER

WmEIE AT HiE/ "APRE Y TR I/
Ak i % R/ HEE/pm  (geem™®)
Yb, O3 394.08  99.88 87.82 4,54 9.17
CeO, 172.13  99.09 81.41 4.26 7.13
La, O 325.84  99.24 85.29 4.23 6.51
Nd,O;  336.47  99.52 85.73 4.65 7.24
Sm,0;  348.72  99.84 86.24 4.35 7.54

1.3 REE MM REIBEME

T REE 5 4 3 P SR A 1) 52 B 2 B o s 2 75
IR ENE Tt AOAR o, B ERMR T 30 MR A RE S A A 1
REE Wbk B (2 NS R RIBURE 4R R BB ALAY 7 =X
1M REE FE45 K7 A% A SR 4L N 1 43 A3 34 51 % HE ]
— R A% A RARAEAS R T b - () REE W2 B8R 2 5
FETE2E S AT OR A 40 A i 72 4 REE i 2 T & <F
{6, XHE G FE i ik REE 5 58 HTRIK 1Y 30 5K 50
em X 50 cm FRE AL E WA B REE ¥ B2 [a] B 3 47 00
SE L DL TR A 317 REE & B AA7E K.

it — L WA AR AL B e T REE 5 + 3%
VAT R A 1 WA o A 2 A a6 4 1) R M 4% 2 0 REE 52
Brmg B B 5~2,2~1,1~0.5,0.5~0.25,<20.25
mm HIEFRK 0.5 ¢ T 10 mL BLEH (2 A HE
)L MEBE TKERZE 10 mL. AR B OB CE 78
P&t L LA 300 r/min BYARIR T 30 min(HR 3 B 4U
AR . IRGEE AL 3 000 r/min fY 4% 3
B0 10 min 2 L2 B RS 5 pm
YERR S REIN L7 KRG EE RS .
1.4 REE REETERARGTL

Sy W BT L AT SR A e R i o 1 WA s A2 2 £k DL

FAEA KA 5341 1 57 53 50 1302k T Yoder Wi 2%
¥t 5~2,2~1,1~0.5,0.5~0.25,<20.25 mm 5 -k 2 1Y
TIPSR A TR0 . MR A A R A 4 A SR AR AE SR
d A R AR LA 50 g B L H N AR
FHTHC ) 39 51 5 B R AR TR AR N Y 2.1, 0.5, 0.25
mm LR b, W 0 AT 5T WA RE 2208 A 25 B
KEZEZ2E T EFEIFEE 5 min, K5 LL 30 K/
min A 3.2 cm WIRIE R EH IR 5 min, B4
WG DLAS R A2+ 58 P 3R IR ot 3 R S E (40 °C 4t
T, DUAH R &b 42 + HE P 1R REE ¥ B A3 2019
- T AT SRR B A A ik B G e AR AR S A R AR
AR (A () k& # R AE REE /R B+ 41 R
R Ak 12 . SO A X GO IR & R4 + %
VI R A e Al o 70 OV Sl DUk R R AT R A
W, =W,(C.;/C,) 4)
F=W, /W, x100% (5)

KW, W5 Gk o #is oo R bric L HEHTR
PRI (@) s W, 30 j SOk AR 48 P SR AR i ) 1Y)
SN R () s Cy AR j GobifRrpER @ M LT R IE
S B SRR B B (mg/ke) s F N E § SRR a5 s 9%
LA P SRS AL Y 0T o 43 B DT R 3 (000 s W 3R SR
AR R AR 0 25 s Gk A8 T R R B AL B i ()
W, R RORE AR AT 3R AV 7 i A S i ()
2 RS
2.1 REE W M#aE 5

REE 5% R A% 4 58 A R AR IR G J5 1 52 B 0 B v
FEIR ) BETF U Y 81.03% ~89.65% ., 2~1,1~
0.5,0.5~0.25,<20.25 mm + 3 RIKH N REE
B B 5 R 5 f 2 3 IE AR OC (P <C0.05),2~1,
1~0.5,<C0.25 mm +HEH R IR 4N REE W vk &
Sk 2 B AU O (P <<0.0D), BRI
M BB T .24 h.7 X 2 N JE B REE f# WOk B 5 +
S8 P B8 A 52 o W B9 B8 1140001 %6 ~0.139 %4, i Wi
X REE Fric ¥ B2 52 i 14055 .

REE 7545 R A% + 1 W SR AR 20 N 4 A 4 5), S5 B
W2 BF 3 E 10 78 S B8 0.95 % <<CV<C2.47% (¢ 4),
A AR A PR AR R LA . 5~2 mm 4 5 R YD Y
SR B e R 5 B i Ok BE Y 86,1096 ~87.75%0, 2~
1 mm +IEPTRAK Ce B S B M R 2 38 380 it i vk J3E 11
82.11%~83.42%,1~0.5 mm 5 BIK La Y52 B
FF i B8 3k 1) it T o 2 1 81.03 %6 ~82.44 % ,0.5~0.25 mm
3 A R AR N A S B W Rk BE IS B i v BE Y
86.68%~90.64 % ,<20.25 mm -+ 3 A1 B K Sm Y 52
I T 5 5 3] e TR 2 1Y) 85.78 % ~89.65 %5, ANHIF 5T
B 5 Zhang %R Liv 2 ARG B4, B REE 52
BRI Bl IS Tt i v B . H 3 SR AR 5 REE WY B i
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AT AT R B 4% 70 R BT Y 81.03%0 LA b, B
TEIRA I BT A FR AR |- 19 REE [ (5 3%t o 10
9.36%~18.59%, 0.5~0.25,<C0.25 mm 3 [ B 20
M REE W Bty B 77 76 8 3% 25 5% (P <C0.05) , REE ¢
R e 2 5 o B i &2 W 3 IEAH OC (P <C0.05)

B TP B P45 W B 1 3 AT SR AR B REE £
TE— MRS . N3 4 ATLLE L 42 i 3 b
24 h J5REE f#W ik i 43 A 78 0.007~1.804 mg/kg, 5 +
R IAR S REE W R EE A9 0.001% ~0.139% ., &3
Peshib B 7 K J5 REE fif WK BE 43 #ii 78 0.041 ~1.256

mg/kg. 5 T B AR F REE Wik B8 19 0.003% ~
0.097 %, AH[FIHL A2 1 38 A1 R AR 4 9 19 REE fif Wk B
FEAE B35 25 53 (P<<0.05) , H 5 - HEHLAKR AL Bl REE M
A B 246 4 35 AH G (P =>0.05) , L4 0 A I T +
HEWI ki 5 REE BB LA S . 7 RALSEA REE
fif W v BE 3 AE 24 h AL BRIY REE fiff W v 8 0% G 34 =
AFUSK R B AR S B 3 (P >>0.05), #& R R B
HB AR AL S T A R AR L REE W& T
FsE R sh it 45 k42 + A R AR A9 REE FRic ¥
JIE B2 A B s

*4 REEEMIEMBERETH

E ZIiEZEN XY REE i filt ¢ B / REE W, e 5% / 24 h figE W e FE / 7 RS W e E /
5 mm (mg + kg™ ) (mg + kg™ ") (mg + kg™ ") (mg kg ")
YL 1325.20+30.71a 0.13540.005a 0.07640.005b
YA 1335.52419.40a 0.07140.007b 0.07540.006b
XY 1350.36+18.62a 0.06340.010b 0.07920.004b
BC 5~2 1538.90 1324.99+23.17a 0.0124+0.003c¢ 0.04140.005¢
cC 1327.49422.60a 0.00740.004c 0.0932£0.006a
LZ 1316.86+24.81a 0.066+0.006b 0.08040.010b
YL 916.20+19.03a 0.06940.002b 0.33040.018b
YA 920.29417.77a 0.11740.005a 0.3532£0.006a
XY 928.29+13.67a 0.06440.007bc 0.3690.016a
BC 2~1 1115.85 924.24+15.56a 0.03940.002d 0.05740.006e
cC 930.81419.54a 0.05020.008cd 0.124-0.009¢
LZ 929.39+12.28a 0.118£0.015a 0.085-0.009d
YL 901.88+14.64a 0.11940.005d 0.277-40.056bc
YA 909.64422.50a 0.358=0.008a 0.427-0.009a
XY 915.374+13.12a 0.12640.007d 0.38740.007a
BC 1~0.5 1113.00 907.51420.42a 0.128+0.009d 0.32340.018b
cC 917.51410.39a 0.24840.034b 0.322-0.017b
LZ 916.54+16.34a 0.1760.007¢ 0.23840.012¢
YL 1288.09419.11b 0.49540.007¢ 0.614-£0.012b
YA 1296.88+12.28b 1.804-0.008a 1.256+0.038a
XY 1346.97+17.84a 0.382240.013f 0.20520.009d
BC 0.5~0.25 1486.10 1301.88415.66b 0.68120.029b 0.5814:0.017b
cC 1317.54418.60ab 0.435+0.014e 0.46240.008¢
LZ 1317.14+16.24ab 0.46640.006d 0.602+0.017b
YL 1086.82+18.05¢ 0.01540.004e 0.058-£0.007¢
YA 1097.77+13.11bc 0.24740.010¢ 0.98940.008a
XY 1106.46+10.86bc 0.031£0.004e 0.068-£0.007¢
BC <<0.25 1267.00 1101.27£15.23bc 0.42240.020a 0.26340.010b
cC 1135.83£20.58a 0.120%0.012d 0.26240.008b
LZ 1124.48+14.09ab 0.28940.019b 0.262-0.011b

SO BN FAT A R/ NG R0 5 R R — kA% - HE A R REE W& B .24 h REE WK .7 K REE fif Wl e 5 22 57 5.3 (P<<0.05) ,

22 TEFARGCHBEARHERIE
WS R R AR e AR S B A
FE ) — 2, 38 AR 45 AR+ H R AR REE ¥R
FERH A X () 158 & kLA 22 8] 1 e Ak T &, & B
5~2,2~1,1~0.5,05~0.25,<C0.25 mm + 3 # %
AR 28 3o W 7 5 [ 5 AR A A ) B A B A AL [ L 45 AR
] <20.25 mm f AT SR A5 Ak o + 58 1A 3R IR g e 1)
BLFRAR o AN [R5 b A - 08 A SR A ) W] — R AR AT 2R IR

AR DTERR A E AN I 22 5 () 2)
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