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Abstract:  Objective Soil aggregate is an important storage unit of soil organic carbon, and its stability directly affects the
sequestration of organic carbon. This study explored the effects of shrub encroachment on the stability of soil aggregates and their
cementing materials in grassland. Method The content of soil aggregates and their cementing materials (soil aggregate organic
carbon, Fe-Al oxides, Ca bond organic carbon, and Fe-Al bond organic carbon) and the stability of aggregates (the content of
aggregates >0.25 mm, mean weight diameter/MWD and fractal dimension)were determined at four typical shrub-encroached
grasslands(Spiraea alpina, Sibiraea angustata, Caragana microphylla, Potentilla fruticosa) in the eastern margin of the
Qinghai-Tibet Plateau.  Result  The results show that shrub encroachment significantly decreased the aggregate content of 2~
0.25 mm and <0.002 mm and aggregate stability in the Caragana microphylla plot. However, there was no significant effect on
the other three shrub grasslands. Shrub encroachment mainly changed the content of cementing substances in the aggregates of
the Caragana microphylla and Sibiraea angustata plot. The results of boosted regression tree analysis between cementing
materials and MWD show that the main contributing factors to the stability of aggregates in Spiraea alpina polt were complexed
iron (Fe,) and amorphous iron and aluminum (Fe,, Al,). Also, the major contributors to grassland and other shrub plots were soil
aggregate organic carbon (SAOC) and free iron oxides(Feq).  Conclusion  Although shrub encroachment increases the content
of main cementing material—SAOC in <0.053 mm in Caragana microphylla plot, it reduced the content of large aggregates and
clay, as well as the content of Fey in the Caragana microphylla plot. Thus, the stability of aggregates is reduced, which may be
detrimental to the retention of organic carbon. This study provides theoretical knowledge for the stability theory of aggregates and
the dynamic change of the organic carbon pool in this region.

Key words: Alpine shrub grassland; Soil aggregate stability; Soil aggregate organic carbon; Iron aluminum oxides; Bond organic
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Table 1 Physical and chemical properties of different sample sites

- A TN A LR TR
Bulk density Soil mechanical composition /% pH Soil organic carbon Soil total nitrogen
Sample sites
/ (grem™) Mk Sand Bk Silt FhAL Clay / (gkg™t) / (g'kg™t)
XX 0.71+£0.03A 28.5+1.43 Bb  67.84+1.28Aa 3.67+0.19Ac 5.75+0.09B 64.72+3.71A 1.25+0.09A
Y 0.65+0.12A 32.64+5.52 Bb 63.95£5.07Aa  3.42+0.47ABc 5.9240.15A 59.15+8.45A 1.14+0.08A
1) 0.67+0.21A 74.37£12.04Aa 24.93+11.41Bb  0.70+0.64Cc 5.53+0.14BC 78.84+£24.41A 1.31+0.26A
LM 0.60+0.12A 34924526 Bb 61.96+4.78Aa 3.12+0.55ABc  5.65+0.14CD 76.26+£12.94A 1.26+0.11A
CD 0.76+0.09A 31.75¢3.39 Bb 65.23+3.14Aa 3.02+0.33Bc 5.42+0.06D 77.32+£9.92A 1.29+0.15A

e 1) BNV SR MOCR B BCNE . XX RIGERAE; 2y MR, JI: NEGIL; LM: &#i; CD: Hil;
[ — AT AR NG TR R R — R ] i 22 55 2, [l — SR A RS T BN R i) (9 22 5 3%, P<0.05. BRMEML 6 AR

TR, Note: 1) Soil mechanical composition was measured by laser particle size meter. XX: Spiraea alpina; ZY: Sibiraea angustata;

JJ: Caragana microphylla; LM: Potentilla fruticosa; CD: Grassland. Different lowercase letters in the same row represent significant

differences in the same sample site( P<0.05 ), and different capital letters in the same column represent significant difference among different

sample sites ( P<0.05) . Each plot consisted of 6 replicates. The same below.
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Table 2 The percentage of soil water-stable aggregates content in different sample sites
FEH R Gk Fatk FI R IR & & The percentage of different water-stable soil aggregates /%
Sample sites >2 mm 2~0.25 mm 0.25~0.053 mm 0.053~0.002 mm <0.002 mm >0.25 mm

XX 10.75+1.69Ac 44.83+6.37Aa 25.39+4.19ABb 9.974+2.71Ac 9.05+1.94Ac 55.59+7.41A
Y 13.20+4.53Ac 48.48+5.15Aa 20.11+3.67ABb 9.86+4.79Ac 8.34+1.75Ac¢ 61.69+5.23A

1 11.85+4.44Ab 21.09+10.13Bab 43.84+24.78Aa 18.43+11.30Ab 4.80+2.25Bc 32.94+12.60B
LM 13.83+2.48Abc 44.26+8.63Aa 19.284+6.11ABb 14.13+9.80Abc 8.50+£3.91Ac¢ 58.10+£9.58A
CD 13.70+6.35Abc 41.70+7.17Aa 15.99+5.89Bbc 19.38+5.60Ab 9.24+2.07Ac 55.40+6.07 A

BN P<0.05 ), 341 T 174.2%; KT 2 mm 1 0.053~
0.002 mm P RAR S B A R E (P>0.05),
23 EMLETERAREEEMN

AHIEGE A P R AR E R KT 0.25 mm
KA RIE T (Roos ). T EREEME (MWD)
MR AEEL (D) #EATIEAL . AR KT 0.25 mm
VA SR A 25 LA /INHE B 0 L RE b b e 1%, 25 e B A
HEd i (K la), SEHAHN, (A /NG
JLFEHB KT 0.25 mm PR RS 535 %I 40.55%

( P<0.05 ).

A FEHL MWD 7E 0.55~0.84 mm Z[8], Li/hif
R XG JUAE M P BTG, 78 i B A R b v e e ( BT 1b ),
/NI LFE L MWD B 35K F 50 ( P<0.05), H
1V AR Hb 5 R h 2% SO 3 (P>0.05 ). #5FEHL +
B RAK YR D 7E 2.54~2.66 Z [A], MK %
MR R B, /RS LA M AR i
B 5 2 HE IR D (EJF T 3% 25 5+ (P>0.05)
(K 1c ).

90 - g 1201 2,80
a) g b) c)
S 2 » 2.75) A
3 75¢ A g A 2
g A & 1.00 A A & 2701 A
1 gn A A :‘3.3 A g 270F A A A Q
s 8 60 E m s = ¥ 2650
&g ﬂﬂ; 2 080 €73
Bk £ “ D2 260
S5 4t ’ 72 B by
E S B35 .S 2550
E X = E 060 ® 2
&2 301 B 5 = £ 250f
= NS E
B E o3 - 2.45
S 151 z 040F g 7l
& g = 240
1 1 1 1 1 z
020 1 1 1 1 235 1 1 1 1 1
XX ZzZY 1 LM CD XX ZY 1 LM CD XX zZY 1 LM CD

FEHI Sample sites

FEHD Sample sites

FEHD Sample sites

1 AR S F AR 6] R b R R Fa 2 1 i 22 57 8. 3% ( P<0.05 )., Note: Different capital letters represent significant differences

among different sample sites of aggregates stability ( P<0.05) .

Al 1
Fig.1
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AR KA B 45 ) o —— W AR A L B
( SASOC ) 1y & fat FE VE AL FE M £ 38 vh (19 43 S5 4[]
2a ffi/n . BHEEHLH SASOC & B A1E 46.15~
149.7 g-kg ' Z Il SEIMA L, AS0EEE S AERE D
0.053~0.002 mm FI/MF 0.002 mm ¥i 4% H SASOC

e AT R AR E

Stability of soil aggregates in different sample sites

By & B E AR (P<0.05), 23 BIFEME T 34.03%
I 27.48% (B 2b); /ANEESJLEEHL 0.053 ~
0.002 mm FI/NF 0.002 mm Hi4% s SASOC [ & &
I P<0.05), Zr AB3E I T 61.10%F1 131.7%
(B 2b), Hofh#E 5 54 A0 I G W% 2 R
( P>0.05 ),
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1 ARFING TR R — R Hb A [R] R AR 8] 8 22 5 8 25 ( P<0.05 ), AR KRG AR A — ki A2 AR R REHB ] 7Y 22 5 i 2 ( P<0.05 ),

TIA], Note: Different lowercase letters represent the significances of the difference among different particle sizes in the same site, different

capital letters represent the significances of the difference between the same particle size among different sample sites. The same below.

& 2
Fig. 2

A ST AR A LRI & B (o, RFEPRIART B30, b, AR5 )

Distribution of organic carbon content in soil aggregates among different sample sites ( a. Distribution of organic carbon in different

particle sizes, b. Distribution of organic carbon in different sample sites )

2R AR TCHLIE 25 ) o —— U B A BRAE (Fey.
Aly). BB (Fe,. Al HBASEE (Fe,.
Aly) TEVE LT 3 40 S QR 3 fis . 25
Hirh Feq & BAE 9.63~20.95 g-kg ' 28] (& 3a),
Alg & BAE 1.03~3.74 gkg ' ZME] (K 3b), Hfk
L RBU R R AR AR T Feg MY i T A VE RE
Hu g 5 AR EL , /NI ERS LA LK T 2 mm
0.25~0.053 mm, 0.053~0.002 mm }i 42 Feq B &
i W REIR (P<0.05), ZrIFEAL 33.28%. 54.01%

I 25.90%; £5H#EMNEFEH 0.25~0.053mm ki fE
Aly FHBEEE (P<0.05), LL/NHERS JLAEHL P
Wi Z, WRIR T 62.36%; 75 - 6f B0 RE & ki 7%
(B 0.053~0.002 mm Kif24h ) o Al B9 & B &
ik 48.08%~54.28% ( P<0.05); /N7 JLEE ML/
T 0.002mm kift Al i EHHN 65.72% ( P<0.05 ),
BHEHT Fe, & RATE 0.9~4.0 gkg ' Z A
([ 3¢), Al B & HHAE 0.52~1.39 g-kg ' Z [E)( [ 3d ).
SROARLG, AR EEEAE . NS LA . Rl
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Fig. 3 The distribution of Fe-Al oxides in aggregates of different particle sizes( a. The content of free iron oxides, b. The content of free alumina

oxides, c. The content of amorphous iron oxides, d. The content of amorphous alumina oxides, e. The content of complexed iron oxides, f. The

content of complexed alumina oxides )

FRAHEH (KT 2 mm BAERRAN ) #RA8 9 LK
S EEMREHL 0.25~0.053 mm RiARH Fe, (7t i 3
FEAR ( P<0.05); /NFHERASJLFEM KT 2 mm, 2~
0.25 mm F1 0.25~0.053 mm Rif2d Al, ()& & %
A (P<0.05 ).

HAEHLT Fe, BTN 0.42~1.99 g-kg ([ 3e),
Al &R 0.39~2.09 gk ' (& 3f). 5l Fe, i 5 ,
MU G F R AR AR T Fe, MY BRI 1y 3
ek, SEHALL, SILELA . S5, 5
- B A AL M (2~0.25 mm 1 0.053~0.002 mm ki
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RERAN) AL 95 i B2 AT (P<0.05 ).

i b, HFEHAFEDRAR A R AR 3 FOE RS
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a, BRI T A FEHAS [FDRLAR TP AR TE S 2R AS AAk
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rh BB AR R B B A A9 34 i

W ARG HLICHL R & 1 —— 45 455 B MLk
( Ca-SOC ) FEkER4s & &AWLk (Fe/Al-SOC) 7
A A R AR T 1 oy AN 4 iR o & R
Ca-SOC M &8 1.08~1.43 gkg' (K 4a),
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Fig. 4 Distribution of bounded organic carbon in soil aggregates in different sample sites ( a. The content of Calcium bound organic carbon,

b. The content of Fe/Al bound organic carbon )
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oxides; SAOC: Soil aggregate organic carbon; Ca-SOC: Calcium bound organic carbon; Fe/Al-SOC: Fe-Al bound organic carbon.
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Fig.5 The contribution rate of each cementing material in different sample sites to the mean weight diameter of aggregates( a. Spiraea alpine plot,

b. Sibiraea angustata plot, c. Caragana microphylla plot, d. Potentilla fruticose plot, e. Grassland )
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