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Relationship Between the Composmon of Soil Aggregates and the Dlstrlbutlen of

Organic Carben Under Long-Term Abandoned Restoratlon , =
WANG Xlngl 2 ZHONG Ze-kun'? ZHANG Xm"y WU Shao-jun’ 3 i, LsXu- qlao f.- YANG Gai-he'"?| REN.
Cheng -jie"? HAN Xin-hui'** J "'f r / fo—
(1. College of Agroriomy, Northwest A&F UnlveISlty, Yangh‘ng 712100, China; 2 S]faanXl Englneerlng Research Center. of Circular
Agrlculture Yangling 712100, China) ,-" "ﬂd 4 . o

Abstr; ",act Soil aggrégates are important carr{ers of soil orgdnl(, catbon ( SOC) accumulatlon and_play an important role in the
evaludtion' of soilgstructure” and quality. Natural re¢overy-canspromote change in soil aggregate structure and quantity via the
redisfribution’ of SOC in the aggregates. Natural restoratior® from farmland is an important vegetation restoration model on the Loess
Plateau. /The changes™ in soil aggregate structure and soil carbon stock after natural restoration have received extensive attention.
However', little is known about the continuous study of soil changes on the abandoned grassland during the recovery process. Therefore,
to understand how SOC accumulates in the process of natural recovery and quantitatively analyze the contribution of aggregates to the
total soil carbon pool, we selected four abandoned grasslands of different restoration ages on the Loess Plateau, China, and studied the
changes in soil structure, soil total organic carbon (TOC) , soil C: N, soil aggregate distribution, soil aggregate stable index ( mean
weight diameter, MWD ; geometric mean diameter, GMD) , and aggregate-associated SOC changes as well as their correlations from 0-
20 e¢m and 2040 cm soil layers in abandoned grasslands. In addition, we calculated the contribution of aggregates with different sizes
to soil TOC stock. The results showed that; (D natural restoration increased the macroaggregate amount, MWD, and GMD, but
decreased the amount of microaggregate and silt-and clay-sized fractions. There are significant differences in the distribution and
stability of aggregates between different soil layers; the promotion effect of the surface was higher than that of the subsurface soils.
2 In the 42 years after abandoning recovery, soil TOC stock, macaggregate-and mesaggregate-associated SOC stock increased
significantly, and varied with soil depth and years of abandonment (1.92 times, 10.2 times, and 3.61 times). In contrast,
micaggregate-associated SOC stock decreased significantly, and silt-and clay-sized fractions-associated SOC stock showed no distinct
change. In addition, natural restoration promoted the ratio of C:N; nevertheless, the ratio of C:N under the surface showed a reduced
phenomenon after 42 years of abandonment. (3 The improvement in soil TOC stock depends primarily on changes in the macaggregate-
associated organic carbon stocks, which account for 80% of macaggregate, and the significant increase in the amount of macaggregate
is the main reason for the high contribution. The results of our study suggest that natural restoration is conducive to the accumulation of
soil organic carbon, and improvement in soil structure and stability. Macroaggregate is the key factor in soil organic carbon
accumulation and soil structure improvement in the process of natural restoration.

Key words: the restoration of abandoned land; aggregate; soil stability; soil organic carbon stock( TOC) ; contribution
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Fig. 1 Distribution characteristics of aggregates in different soil layers
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Table 2 Two-way ANOVA results for all soil variables
T PESRAEIR (X) TRWREE(Y) X+YZZHAEM
F P F P F p
I MWD 58.52 <0.01 46.50 <0.01 2.30 0.09
GMD 26.96 <0.01 30.49 <0.01 2.50 0.07
>5 40.95 <0.01 31.97 <0.01 1.97 0.14
52 36.59 <0.01 28.98 <0.01 4.00 0.01
21 18.58 <0.01 10.13 <0.01 0.91 0.47
V13 A 42 L A1) 1-~0.5 6.71 <0.01 2.37 0.14 0.33 0.85
0.5~0.25 6.69 <0.01 1.79 0.19 0.44 0.78
0.25 ~0.053 70.73 <0.01 35.43 <0.01 1.31 0.30
<0.053 1.18 0.34 8.14 0.01 0.44 0.78
T0C 150.99 <0.01 96.30 <0.01 4.35 0701
>5 33.58 <0.01 44.29 <0.01 4.09 001"
52 58.91 . <0.01 119.51 <0.01 8.07 "<0' 01
S 21 43.08 | =4 <0.01 63.92 “<0.01 3.95 o, 0L,
1~0.5 18.94 <0.01 21.74 C <001 | 2.16 9 1|
0.5~0.25 - 21, 11 <0.01 21,18 <0-01 1.30 “0.307 4
0.25 ~0.053 2,95 ¢ _—0.04 396 ¢ |/ 0.06 11 g3
= <0.053 0.76 , 056 0.15] 4 0.70 “ & 0.35 0.84)

1) ﬁu >2 mm iudc'liﬂ%ﬁi kit 2 ~0.25 mmﬂﬂ%ﬂxqfﬂgﬁw ﬁﬁéo 25 ~0. 053 mm i%mdzlil%ﬁs 20.053 mm TR BRL IR 5 2>§_ )
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¥ Tabler3  Organic carbon.stock! of different aggregate sizes under different years of abandénment
tpeme Al Eﬁmﬁl}éﬁ%ﬁ : fﬁ:g@g{gx" rhm;@s ﬁmﬁé‘fﬁ BRI
! ! /kgem /g m /g*m /g m /g m

FL 0.66 £0.01d 0.35 +£0.02c 0.88 £0.08d 4.01 £0.10a 0.54 £0.08a
AL10 0.52 £0.02e 1.17 £0.12¢ 1.20 £0.04d 3.39 £0.25ab 0.50 £0.05ab

0~20 AL17 0.85 +£0.05¢ 2.10 £0.06b 1.91 £0.10¢ 3.89 +0.08a 0.53 £0.04a
AlL27 1.03 +0.02b 2.80 +0. 16ab 2.63 +0.23b 3.46 +0.08ab 0.56 £0.06ab

AlLA2 1.27 £0.04a 3.57 £0.58a 3.18 £0.23a 3.06 +0.39b 0.55 £0.08b

FL 0.52 £0.01d 0.17 £0.02d 3.95+0.20c 3.47 £0.08a 0.48 £0.06a

AL10 0.47 £0.01d 0.36 £0.03d 3.88 +£0.0lc 3.35+0.13a 0.53 £0.06a

20 ~40 AL17 0.63 £0.02c 0.83 £0.08¢c 3.77 £0.22b 3.24 +£0.26a 0.53 £0.05a
AlL27 0.79 £0.02b 1.26 £0.13b 3.94+0.11b 3.36 +0.28a 0.58 £0.03a

AlA2 1.01 £0.05a 1.91 £0.08a 3.70 £0. 10a 3.08 +0. 16a 0.62 £0.03a

1) R B R = R (n =3) | 7 — R R)/ING FREFRIR A R4 BRAR R R

2.3
BRALL

AR AT R AR A o3 LRI it 6 AR AT SR AR 2

PSR AR AT HL B it ik B 5 A [] 48 31 4F BR A1 A

LA RIRTE P <0.05 KF FEFBE, TR

PSR AAC, mp P SR A BIL e it i 1 4% 57 42 Ji 20 5l
, Bl AT AR AT

BT 3.22 gem M 2.30 gom
LB i #0807 0.2 gom 2 (% 3).

20 ~ 40

8RR R E R (R 3) . D LZ R
JE b, 5B Hb 0k BEAR LG, e ORI SR AR A AL B At
EAEFE T 42a JA B KR (40510 9. 3 A5 1 10. 3
ff5) RT3 B RAK (20 50 0 2.6 1581 2.9
A7), T - S AR 1T 2R (A AT BIL e i B 2 48 e 4F BR
S S PR . 70 ~20 em £JF, BHER

em FEPRIHFO ~20 cm T )JZ B A #E T,

BRI E S E/DNT 0 ~20 em + )2 3. £

20 ~40 em )2 R R AR, o H R IKG L

WAt AE TR T 42 a G 0 3N T 1. 74 g-m > Al

1.50 g-m 2, 0 AT R AR BLIR A% =k /D> T 0. 25
m2(F3).
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0 ~20 em £ 2, HHERH R ARk
R LI E B AE BRI nmi Rk, B2 R 5
3R A LRI AL R B i b A R AR R R
W, BEAh, 0 ~20 em L2 K o G RIKTEYE 5iE

42a JE R LA B AR AEL, 22 5708 35 /KK 18 20

~40 em )2, BIECPR I | rb R PR A SR AR
Bl SR LU SA 18 3 A BRI I iy 384 i, 35k 141 2R A% A
BHALFH (K 4).
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Table 4  C: N ratio in bulk soil and in each aggregate class of various years of abandonment

TR/ om TiH TIERRALL PNZIE SE T ER R AT SR

FL 10. 11 0. 57b 12.33 +0.28a 13.05 0. 60a 8.08 +0.2lc

AL10 10. 13 0. 83b 12.12 £0.37a 9.68 +0.33b 11. 10 0. 54a

0~20 AL17 11.91 +0. 59ab 12. 64 £0.29a 12.88 +£0.37a 11.20 £0.27a
AL27 12.13 0. 08a 11.83 £0.07a 12.29 +0. 10a 10. 69 +0. 35a

ALA2 11.43 +0. 53ab 9.27 0. 21b 11.96 +0. 18a 9.48 +0.45b

FL 10. 28 +0. 39b 52 £0.33¢ 11.01 +0. 35b 8.91 +0. 05b

AL10 10. 84 +0. 90b .02 0. 35¢ 9.67 +0.47b 10.75 0. 59a

20 ~40 AL17 11. 15 +0. 44ab 12.19 +0. 33b 11. 14 +0.31b 10. 44 +0.07a
AL27 11.33 +0.39ab 11.51 +0. 36b 10.33 +0.37b 10. 44 +0. 14a

ALA2 12.78 +0. 45a 13.73 0. 30a 13.42 0. 94a 10. 56 +0. 12a

2.4 HIEPA RO T3S PR i AR R TTERR

5 FIE 3 M RIK SIS BA T RIS A
ML A DTSR, 3R 5 AT #E 0 ~20 em )2
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": /) FL~ A2 0761 | p Jf'}s 36 79.56 22.27°° -2.04 0.21
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00 “"“‘Zi‘o FL ~ ALL7 0.11 21.40 71.46 27.78 -1.21 1.96
FL ~ AL27 0.27 52.10 76. 67 21.28 -0.38 2.42
FL ~ A142 0.49 95.65 76.94 21.68 -0.85 2.23
1.5 2.0
3l 0~20 cm 20~40 cm 3 0~20 cm 20~40 cm
Mac Mac Mes 1.5 | Mes
1.0
L Fl 2
E ol R 1.0
o 0.5 1 05
ol o ; : 0} s . : . ‘ 0 . : ‘ . ‘ 0
FL AL10 AL17 AL27 AL42 FL AL10 AL17 AL27 AL42 FL AL10 AL17AL27 AL42 FL AL10 AL17 AL27 AL42
2
0~20 cm 10 550 em 03 550 em 02 3040em
I Mic _H_‘O/O 0.5 Mic 0.2} Silt+ Clay Silt + Clay
te 0.1 ol
= 0 0 :
~ 0
-1 \ 0.5 -0.1 i
_10 i " i - i ( ; i i
FL AL10 AL17 AL27 AL42 FL AL10 AL17AL27 AL42 FL AL10 AL17AL27 AL42 FL AL10 AL17 AL27 AL42
Fe i3] F Fd
F1 303 ol VA3 (A BIL 2 5t 1 ST K 5 i1 ST LA A i A Ak 5 2 7 ey DA SR A 0 A0 A BT SR 0 14 - S WL i &t 784

Mac 7 KA BIA ; Mes 2R H I B ; Mic /RISl + Clay R BiRrki 2 4y
B3 tTiHEREIEENHREESTANENENEF

Fig. 3 Two driving factors for the change in soil organic carbon stock after soil abandonment
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