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Abstract ; Soil aggregate stability and its stoichiometric characteristics are the effective ways to evaluate the effect of soil
restoration in rocky desertification areas. Five plots with different rocky desertification grades were set up. Indicators
including the content, stoichiometry, and stability of different aggregate fractions were analyzed by wetting. The results
were as follows: (1) In comparsion, the contents of water stable aggregates > 2 mm and 0.25-2 mm were the highest in
the nil rocky desertification plots, and their average diameters (MWD and GMD) were the largest, but the K value of
erodibility was the lowest. (2) The soil organic carbon, total nitrogen, and total phosphorus contents in the five sample
plots were 20.78-56.28 ¢ - kg, 1.17-2.14 g - kg and 0.41-0.97 g - kg, respectively. The composition of organic
carbon and total nitrogen in aggregates of the nil rocky desertification sample plot were the highest, and the variation of
total phosphorus content were not obvious in the five environments. The ranges of C/N, C/P and N/P of five
environmental aggregates were 11.50-28.60, 25.19-121.75 and 1.65-4.69, respectively. The C/N, C/P and N/P of the
aggregate in the nil rocky desertification sample plot were significantly highest. Averaged C/N values in the small-size
aggregates were higher than in aggregates of other sizes, while the maximum values C/P and N/P were >2mm and 0.25-
2 mm. (3) There was a significant positive correlation between organic carbon and C/N, C/P, and a significant
negative correlation between total phosphorus and C/P, N/P(P<0.01). The overall trend of the variation level of soil
aggregate stoichiometry was C/P>C/N>N/P. The stability and the contents of organic carbon and total nitrogen in
aggregates with different particle sizes decreased firstly and increased from nil rocky desertification to severe rocky
desertification in the study area. The soil structure of nil rocky desertification is good; what is more, nitrogen in the
aggregate is the major factor affecting the soil quality in the degraded ecosystem.

Key words: aggregate stability, stoichiometric characteristics, aggregate nutrients, rocky desertification level,
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K 9T 0 R 5 A A R G R A8 5VE B B IS
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45,2015) , HIEP RAKSE 73 K AL 2F T R AIE 32 A
W T MR A S SR R R (Xu et
al., 2016) , Rl , AN [A) k7 9% A 58 (A e &L W 7 =
Orie KAk 2s AR e B i 25 57 ( Xiao et al., 2017)
WF5E e AR i &L B e SOk T L
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b, A AL G ™ E (FRAAE,2011) o 5N 2 i
A 3T AR L DX AR AR, W T e T R i 4 A
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AR 70% , HRTIZE AR FEF A HLP JE 58
W ATEAL TSN R W X R 2 4T R R
TS A (BERE T 4F,2011) , ITAERARLHE
PB4 B SRS FN N TR REAS W0k 52 245 & b AT A
AR B, T 1A 3R A AR by A o v 07 AR A AR A 1Y
HEHNFZ—, W RE IR, Tk E
(2014) K8 >0.25mm 742 5 K F& M A R ARAE A PEH
TIEHC M AR AR Z — B W R s |
(2010) AR BES K H 1) 1 58 1A R AR T8 8 A7
TEWIIR Y 22 5, oA e Mok P dwc 1Y 02 A K e
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I, AR SCEE S5 O PN Tl (1) MR B R v T 1L
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TR (2) AR A Ak 3 A 3R 54 e LR BT
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LN I 7 e S TR NS IR (T SE D
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1.1 ARXHER

VEREES PE AL BT O R A B 2 AR B IX R F
FEIX 3, 0 A AL FR R (105°06'37" E,27°15' 12"
N) 399 1 600 m, LA R L3t 50 3= Hi v
EAR K, R A G X R T R A 74.26% |, A7 T
SR LB fE—RE N £, KNEYSIE 12.9
C, KFETF 10 CREANT 4 109~4 300 CZ[H],
W2 6—8 A AEFE/K & 900 mm 247, i3 i
T EEREA KM s, BN F
AN R A AR ik, DA s o R
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Table 1  Overview of sample plot
i e Tk TURLZH B Particle c siti %
s Wt B T E,{);if R BY Particle composition (% )
- Altitude Slope Bulk density pH
Type ° L3 content T RE Bk o
(m) () (grem?) o
(%) Sand Powder Clay
ND 1907 14 1.16 21.85 6.75 20.86 74.27 4.87
PD 1 856 20 1.30 10.31 7.32 44.57 53.37 2.07
LD 1834 17 1.38 20.01 7.69 46.70 51.23 2.08
MD 1 850 15 1.25 21.97 7.15 48.94 49.25 1.82
SD 1 860 23 1.43 18.86 7.20 47.15 50.70 2.16

{2 ND. oAl ; PD. {EA AL ; LD, A5 ; MD. shEEA3fl; SD. SR AL, T,
Note: ND. Nil rocky desertification; PD. Potential rocky desertification; LD. Light rocky desertification; MD. Moderate rocky

desertification; SD. Strong rocky desertification. The same below.
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HPUF RS T >2 mm FRE S ERES THA=
FRiA% , T P AR AT AL REHB 9 >0.25 mm B AR &
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HE 2. A AT, R K MWD GMD 975 {1k 4
P—F, o BEAL IR AE AR MWD | GMD ) i 35 5% i
PR b VB TE HE APORI 8 J3E E b 5 T K D 5 A 5R
KB (MWD GMD) 2 2 1m 28 fk i (K 2.B)
BRPEREML K AE S, oA LR K (B A,
22 T EARGENK 2R EMEETUE S
TRHFE
221 S BELARKAIE 28 . 2HEES)H
Bl A AL G I, e R R R 3R 4
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—
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C
abBy, N

aC
b(] 2N

>2 025~2  0.053~025 <0.053
T INF BRI Soil aggregate size class (mm)

ND. JC 7 5 4k; PD. i 1 41 B Ak; LD. BB A7 B84k
MD. HEEAEAL; SD. AL, RE/NE FEEFRRA
(e f o [e] — A2 MR AR 5 B A P<0.05 AKF- 2250 35 A
F) K5 B R Al R R b A (R4 422 P 38 A & 2k 7E P<0.05
KPERRE, FH.

ND. Nil rocky
desertification; LD. Light rocky desertification; MD. Moderate

desertification;  PD.  Potential  rocky

rocky desertification; SD. Strong rocky desertification. Different
lowercase letters represent significant differences among the same
level of aggregate contents at different sample plots at 0.05 level;
Different capital letters represent significant differences among
different levels of aggregate contents in the same sample plot at

0.05 level. The same below.

K1 RESAE R AR A R AR

Fig. 1 Particle size composition of water stable aggregate
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PR DTk 32 ZEVE L, SUERYE L R 34.29% ~ 65.85%,
<0.053 mm HI IR TTHR R BRAK (£ 3) o BRE™ M
F(<0.053 mm) FF, AS [F] FF Hb [R] — 7 2% 4= 38 A 2R
TR B o A STRR KO B B3 2 S
H A RRIFREE A9 >2 mm [ R A (R 5k & 5Tk R 25
SRR e/ MEAR T 40% |, 1M e KAEHEIE 70%
2.3 EH R T IEARENFEIT 2T
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Fig. 2 Changes of soil aggregate stability indexes of different rocky desertification grades

K2 TEARUERKRREARER A BHESE (B4 g- kg")

Table 2 Carbon, nitrogen and phosphorus contents of water stable aggregates in different

rocky desertification grades (Unit: g - kg™)

ERE|

el

Hom Type >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
EERiIR TS ND 49.47+2.02aB 54.73+1.03aAB 55.02+1.67aA 56.28+1.80aA
Organic carbon PD 20.78+2.00cA 21.04=1.60cA 21.27+3.36cA 22.97+2.58cA
LD 35.55+3.78bA 37.48+3.14bA 36.29+1.73bA 37.63+2.88bA

MD 34.40+6.94bA 38.42+4.07bA 38.40+3.49bA 39.22+3.31bA

SD 37.46+3.29abA 39.00+2.76bA 39.10+2.90bA 40.09+3.07bA

2 ND 1.89+0.09aA 1.96+0.15aA 2.14+0.15aA 2.05+0.28aA
Total mitrogen PD 1.17+0.04bB 1.67+0.11aA 1.85+0.07abA 1.89+0.10abA
LD 1.74+0.29aA 1.87+0.32aA 1.71+0.12bA 1.44+0.10bA

MD 1.73+0.23aA 1.74+0.22aA 1.46+0.09bA 1.73+0.13abA

SD 1.810.09aA 1.90+0.17aA 1.9120.07abA 1.85£0.15abA

L ND 0.41£0.05¢B 0.50+0.05bB 0.73£0.04aA 0.63£0.09aA
Total phosphorus PD 0.5420.00bB 0.5420.00bB 0.8920.09aA 0.8120.03aA
LD 0.55+0.01bB 0.58+0.02bB 0.86+0.07aA 0.870.09aA

MD 0.77+0.03aB 0.76+0.02aB 0.89+0.04aA 0.97+0.05aA

SD 0.78+0.01aA 0.77+0.02aA 0.77+0.07aA 0.89+0.02aA

s AFE/NE FRE R IR AN R R 3[R — AR P R AR % 1 7E P<0.05 7KOF 22 57 38 5 N 7] K5 S5 38 s AH (R R 3t A [z A AT 588 A % 2

£ P<0.05 KPR EE. TR,

Note; Different lowercase letters represent significant differences among the same level of aggregate contents at different sample plots at 0.05

level; Different capital letters represent significant differences among different levels of aggregate contents in the same sample plot at 0.05

level. The same below.

Horp TG A A R AR 45 B0 42 C/P 43 ) 2 0 7 1Y
3.3.2.84.2.99 F12.18 £, LA EALR C/P &K
fH0>2 mm K2, B —FH# M >0.25 mm /Y C/P
BEET 0.053~0.25 mm f1<0.053 mm ki, i

9 B PR U2 0.053 ~0.25 mm B K I TE
JEE R KR M P S [R)R 9 2 [R) A BU (B G i 3 22
S HIPBIEIE C/N F1 C/P T 5, N/P #2461
R /IS, TG A AR T B IR Bl 2 R 7 /)N
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Table 3  Nutrient enrichment coefficient and contribution rate of water stable aggregates
>2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
i H Bl
Ttem Type BERE DURAH HER DIy &S BERH i HERY TUHkR
Enrichment  Contribution Enrichment  Contribution Enrichment  Contribution Enrichment  Contribution

coefficient rate( %) coefficient rate( % ) coefficient rate( % ) coefficient rate( % )

APk ND 0.92+ 65.85+ 1.02+ 23.20+ 1.02+ 2.67+ 1.04+ 3.08+
Organic carbon 0.04a 3.16a 0.00a 1.95b 0.02a 0.67b 0.02a 1.05a
PD 0.97+ 46.43+ 0.98+ 38.04+ 0.98+ 11.53+ 1.07+ 1.59+

0.01a 5.32b 0.03a 5.38a 0.04a 0.91ab 0.01a 0.17 a

LD 0.96+ 55.17+ 1.02+ 25.82+ 0.99+ 9.04+ 1.02+ 831+

0.03a 1.14ab 0.02a 3.29b 0.04a 2.38ab 0.00a 6.66a

MD 0.85+ 48.87+ 0.94+ 19.27+ 0.95+ 18.78+ 1.03+ 1.26+

0.08a 2.86b 0.04a 2.57h 0.07a 6.17a 0.08a 0.44 a

SD 0.96+ 56.19+ 1.00+ 24.34+ 1.01+ 16.57+ 1.03+ 5.02+

0.01a 5.52ab 0.01a 2.31b 0.00a 2.44a 0.01a 2.68 a

245 ND 0.94+ 67.35+ 0.97+ 21.96+ 1.07+ 2. 71 1.02+ 2.45+
Total nitrogen 0.03a 3.02a 0.06a 0.59b 0.10a 0.57b 0.13ab 0.89a
PD 0.71x 34.29+ 1.02+ 37.10+ 1.12+ 13.32+ 1.15+ 1.56+

0.03b 4.96b 0.07a 3.62a 0.03a 1.48a 0.06a 0.38a

LD 1.01x 57.79+ 1.09+ 27.80+ 1.04+ 9.79+ 0.86+ 7. 71+

0.08a 2.38a 0.08a 4.85ab 0.15a 3.62ab 0.06b 5.98a

MD 1.03+ 60.32+ 1.03+ 21.15+ 0.88+ 16.56+ 1.05+ 1.37+

0.06a 5.83a 0.05a 2.95b 0.05a 4.04a 0.10ab 0.59a

SD 0.97+ 57.40+ 1.01+ 24.87+ 1.02+ 16.94+ 0.99+ 4.89+

0.06a 7.90a 0.05a 3.85b 0.02a 2.71a 0.03ab 2.69a

e ND 0.64+ 45.83+ 0.79+ 18.32+ 1.14+ 3.03+ 1.43+ 277+
Total phosphorus 0.06¢ 4.05ab 0.09b 3.45h 0.02ab 0.85b 0.11a 0.80a
PD 0.78+ 37.38+ 0.77+ 29.77+ 1.28+ 15.42+ 1.17+ 1.71+

0.02b 5.00b 0.02b 3.67a 0.09a 2.72a 0.06b 0.20a

LD 0.77x 44.30+ 0.81+ 20.73+ 1.21+ 10.41+ 1.21+ 6.27+

0.01b 2.17ab 0.03ab 3.68ab 0.10a 1.84ab 0.12ab 4.79a

MD 091+ 52.65+ 0.90+ 18.49+ 1.05+ 20.26+ 1.14+ 1.37+

0.02a 2.51a 0.01ab 2.60b 0.06ab 6.32a 0.05b 0.59a

SD 0.98+ 57.43+ 0.96+ 23.11% 0.96+ 15.41+ 1.11+ 4.89+

0.03a 6.72a 0.04a 1.46ab 0.07b 1.29a 0.01b 2.69a

N/P 5 “ Y-y - 35 m” /< N” =R AR oA
AR M ) 25 AT R AR N/P & T HARIAES
24 AR SRR T ERARKCKR G BERENE
=17 4:0k P

XA ) B0 45 v oK R Pk T SR AR A Bl | 4 AN
LW U S AL AT 8 LR AT Person AH ¢ R BTN
(£5), &REnR, 2+ 5KBMERREKR, A
Wz [ AFAE AN R A SRR B, Horp & + 5% %A
RARA B AR & i 52 A S 35 OF A OC, A8 4k Rl &
0.941~0.987; 41+ 5>2 mm f10.25~2 mm K 2%
WEoT R 2 W35 A OC, AH SCTE JIE Bt RE 2 1) A8 /N i
Wk R T2 A ITER LS 0.25~2 mm
PR EIEA G, R A HLaK 5 B R AR
C/NFN C/P (Y AH G2 B 38 B A 0 35 7K #5 B )
AR R TE S C/N il C/P FHE RE & T

0.8, 1M AR AAh AT R M C/N BYAHSCHR B 5 i oT
F AN C/N 2230 [ AR AR AREAE 5 [RI, 25K % P 2R A4 1)
BEICE 555 C/P A N/P SR G, B AR
i A SCRR AR T s 2

3 it

H 38 A R A S DR 5 4 R 3 R ) I
b, Hoo A FRAE MR MoK - 5 £ R A
T A i R 4 B YTER R (Amezketa, 1999)
— 80K >0.25 mm K P 3R A A 0 0 P 3R A B AR 4
B (MWD ,GMD ) /5 A 24 £ 3 P 58 &5 40 £ e Pk
-1 B AR (MR LA ,2018) , AWFRE R, T
b Ak 25 9 FE i P9 2 2L >0.25 mm 9 A R KK
F, oA AR A IR I R R MWD | GMD ]
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Table 4  Stoichiometric characteristics of organic carbon, total nitrogen and total phosphorus of water stable aggregates

?{ﬁeE ﬁfﬁ >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
At ND 26.28+1.31aA 28.26+1.75aA 25.86x1.12aA 28.60+4.36aA
/N PD 17.97+2.27aA 12.56+0.26bAB 11.50+1.70bB 12.40+2.14bAB
LD 21.07+2.14aA 20.87+2.78abA 21.50+2.15aA 26.26+1.84aA
MD 21.29+6.36aA 23.36+6.03aA 26.35+5.19aA 24.71+5.94aA
SD 20.87+2.68aA 20.69+1.23abA 20.50+1.41aA 21.75+1.41abA
(37354 ND 121.75+9.48aA 111.39+£13.42aA 75.52+5.56aB 61.78+5.57aC
ep PD 38.67+4.00cA 39.25+3.11bA 25.19+£6.76¢A 28.28+3.23bA
LD 67.32+5.79bA 64.72+4.71bA 42.27+1.36bcB 44.69+7.13abB
MD 45.62+10.27bcA 51.25£11.79bA 43.93+9.48bA 43.13+8.88abA
SD 47.97+4.63bcA 51.12+4.76bA 51.16+£0.85bA 45.23+£3.27abA
AL ND 4.69=0.57aA 4.03+0.76aAB 2.95£0.36aAB 2.26+0.40aB
NP PD 2.17+0.05bA 3.12+0.22abB 2.12+0.24bB 2.33+0.16aB
LD 3.16+0.55bA 3.21+£0.48abA 2.01+0.24bAB 1.71+0.27aB
MD 2.27+0.29bA 2.29+0.31bA 1.65+£0.06bA 1.79+0.14aA
SD 2.32+0.14bA 2.49+0.27bA 2.52+0.19abA 2.10+0.20aA
x5 KBRUEARGFSREUFITEFENXR
Table 5 Relationship between nutrients and stoichiometric characteristics of water stable aggregates
I H Ttem >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
Coon =Cysa 0.941 == 0.983 #x 0.965 ** 0.987 ==
Nionw =Nysa -0.019 0.621 * 0.488 0.065
son. " Psa 0.928 s 0.839 =3 0.346 0.325
Cysy—C * Nysa 0.877 s 0.849 #x* 0.898 #x* 0.949 #x*
Cysy—C * Py, 0.807 s 0.861 #x* 0.944 #x* 0.923 #x*
Nysa—C * Nyga —0.881 #:* -0.477 -0.399 =0.657 =
Nysa =N Py 0.673 #x 0.651 =3 0.817 #x 0.853
Pysa=C : Pyg, =0.712 = —0.544 = —0.687 -0.137
Pysa =N Pygy -0.532 =* —0.592 = =0.776 s —-0.597 =*

. % FoR P<0.05; #% 378 P<0.01, SOIL. 4>+ ; WSA. /Kfa ik B4k,
Note : * means P<0.05; *#* means P<0.01. SOIL. Total soil; WSA. Water stable aggregates.

30 1 A D R b 3 T2 O PR A AR ) R 5
Yo, Re A RO B A WL 25 59 1 JE
T A R AR Fa 2@ MK (Tamura, 2017) , 3
AE— 8 2 B b ok 3% T 0 A1 BE A0 AF b 7y 1 e 45
5 TR K (25 T A TR AR b i %
AH -+ HEACPTAR Dl Y B8 ) oK Bl A S AR BE Y iR
Ti—ELF R, X — B ] g2 th TR ) A B Ak 2R
Brh A RO PT (BRRAR SR, 2012) , AR,

AHEL S, oA B U A MRl 345 48 B4

A BB 2 1 38 A 28 R G2 W) B A6 B B 2
ROTEHE S LA R PR FE K 7 A SCEEE
(Tamura et al., 2017), EA MR FERY, ML KL
A Z It A LK i A7 T A1 R 45 4 v, ks A
AR R ) A ML 1 AR R AT RE (Six et
al., 2000) ; 88 %0 K J& R W AR Y A KA E T
2, B A MY IRAR o 5 G ol R IR Y
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ALY ( EREAT 5t ,2008) . — e, + 15
MR AR o B — 2k, B e W B AR A
KA (Xiao et al., 2017) , AHFFEH, TRl AL Hb &
A R HLAK 2 2 A L RRAE R B TE A Ak >
SRS TSR RSN, 2 A G R R AT A
WAk > 30 >R B > v B S TR, b e A AL A HE
A HLOR AN 4 5 2k B S T LA DU R R BT vT B
S PR A TG A AR U A bR A ) B A R R B
PIERAR Y A 30 B 35 e (REIE 55 ,2019) , A RIS
TREPEI G, ANmfE T Z W
S - 9 P BRI U35 00 I WA Bt 2 A A R B
R R, e H i B AR R b 1A AR HILRR TN 4 A
B T At = bR b X TT R R 5 B A T
FEAE I 2 A K AR R R TR I AR ), BE TE 4
T A AL e 5 T 2 1 [ s O 0 38 R (5 Y 4%
2019) , FEIN _F % SR R A A R R ALK, A
FFRADURE 1) R OT 2 H B9 0 (R
AFE,2014) o BEAb, AR bbb 45 R 9% h A
AR E O WA, AT REJE i T T A B
DU IC 2 I8 T R RE T, A2 a2 FE | A R
IE R 38 A5 okt 45 1 5 ) I 05 B il DX XAk 9 I A
F5R % (Hou et al., 2015) , N E AR X A+
BRI G ™ TR,

T C/N/P VR 380k A W A0 N [
FrfE A B4R b5, 2 KRR BT - SRR
WSl R W sg ), 2o B 4 6] AR Stk (B
58 R 5t g, 2008 ) o ASHIFSE AN [ A 1554k A 2
FEHb 0~20 cm N, &L 158 AT R 1A C/N . C/
P A1 N/P 1y 72 Ak 2 ) g2 11,50 ~ 28. 60,
25.19~121.75 Fl 1.65~4.69, FLRhFEH C/N #B
Frp [ Bl s - 2 ¥ (12.3) (Tian et al., 2010)
H5 A HALREH C/N 25k, BRIk
() C/NAH, T RE S P Ry iz = 4 ML )68 Ak 2 i
%, 2 A o 3G 0 2 B 9% 1% BT 3( ( Zhang et al.,
2013) ; F&E A1 BEALFR B N o, A1 SR 4K C/N (H 2 81
TRE- LT - TR N FIE ARk, 3 B A AL T
B, 1 Zor R AR B S WEFEL R P
BAEAFERE ,IX 5 Clevelan & Liptzin (2007 ) A5
S5 RIR, AT REJE T AN S 9 A AL S b £
HER ALl A5 5k AR 0E IR BRI S B e

BRGPFEDSEA T ARE RS, RUFTEER
B, AR AR C/P AR AL B A A, vl [ fii £ 48 C/P
HE(61) (Tian et al., 2010) & TEE BRE FE
158 B DU Ff g 1l T AIK TG A AR A b 5 AH G 1 43
MR A Rk C/P 5 C R4 B3 E A, IF FLA
KRBT P, UL AR AR C X C/P A /5% 1 3
SR FU RN 25 5 0] BE & e T AT SR v Rk B A
R T U (X HEAE,2018) |, [F] R
BRI R C/P H KT /NKRLAR R AR 22 B KR
BHRAE T P on REBAR, LAY P A F Ak
R (ZEESE 2015) . HHOP AR BT R EAES
R EZBRHI T R NP AE Ry T 4 1
F241 B i 28 AU 1) T 2L HE AR (F 41 9RO T 5
2008) . HI AR K /NE A RIKA BT R 5
AFRHEAS [A] S B R K N/P B R TR], A B 5T
W B A AL RR RN R, 0 NP BB R
Je Tk g 0 Bl 1 BRI e R B e 5 )
SRAGTE AL, TR REHL N/P 8 R Ab T 8 AR A K F
5 AIRAR N/P AR T o [ Bl b - NP RT3
JK3F-(Tian et al., 2010) ; + 3 RI& N/P 5 A 0
FEW I IEME, I HAHSCRE S THoo R, it
BT E XA SRR N/P AYSZI o K, IR I AE A 5T
XA EALE R AR, i TR A TR K%
1, FEA R /T E R A A X 3R
AR FEREIE TR, A, BRI NP ffm
B H BAE R A2 >0.25 mm (A B4R 0]
FOARLAR P B A4 A2 13 0 2R (14 B il A FH B B 4

4 b

(1) A EAL AR oL R v R [ 385 1k 34 45 P 2R
TR E T 45 A R ke LB A i S A
W FER EEER, Hb, T A A b
KA RIK(>0.25 mm) & & HARIKEHLE (MWD,
GMD) & T AE R v B A 3 4 b e b, B
ATl KBS A DU R

(2) oA AL A Hi PO Ak 2% 14 58 A4 vh A5 BILAik
MeERsRReE, SEMEHSTEAHE2ES, I
i b /N R A% P 3R AR B ML | 4 0RT & 7 =
TRk, SH R C/N Al C/P M HE, N/P
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