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LU RS IR R A B A Tk e s 1) R R, S, R E A R R DL R A B

SRR ;B b L R 5 A R TEOR 5 P SRR 1 s LR AR

Restoration of grassland soil aggregate composition and total nitrogen distribution

characteristics in Loess Hilly Area
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ZHOU Ronglei, ZHANG Wei "
College of Grassland Agriculture, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract: Aggregates, as the basic structural unit of soil, contribute differently to soil total nitrogen (TN) stocks in terms
of TN content at each grain level. Above-ground vegetation in the process of grassland restoration will affect the composition
of soil aggregates and the distribution of TN at each grain level, which will certainly have an impact on the stability of
aggregates and soil nitrogen accumulation. Therefore, this study investigated the patterns of nitrogen accumulation in soil
aggregates during the restoration of grassland by restoring 10 a, 20 a, 30 a, 40 a, and 50 a grassland and control farmland
(CK). The results are as follows. 1) During the 50 a restoration process, the grass community underwent the succession

process of Artemisia inchiensis — Artemisia inchiensis + Artemisia ferruginea — Artemisia ferruginea + Lespedeza davurica —
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Artemisia ferruginea+Stipa bungeanaTrin— Artemisia ferruginea+Bothriochloa ischaemum. The species diversity index of the
grass community showed a trend of increasing and then decreasing with the increase of restoration years and the carbon and
nitrogen contents of aboveground plants, roots, and litter showed a trend of increasing and then decreasing. 2) Soil pH and
bulk density showed a decreasing trend during the restoration of grassland, while soil water content showed a decreasing and
then increasing trend. The soil organic carbon content increased significantly during the restoration process ( P<0.05). The
soil TN content showed an increasing and then decreasing trend with the restoration years, while TN storage increased year
by year. The restoration of 10—50 a grassland increased by 8.10%—118.92% compared with CK. 3) The percentage of soil
microaggregates (0.053—0.25 mm) in grassland communities with different restoration years was the largest, which showed
a decreasing trend with the increase of restoration years. However, the percentage of large aggregates (>2 mm) and medium
aggregates (0.25—2.00 mm ), the mean weight diameter (MWD ), and geometric mean diameter ( GMD) showed an
increasing trend. 4) The TN content of medium aggregates was the highest in the grass community at different restoration
years and the TN content of each grain level aggregates showed a decreasing and then increasing trend with the restoration
years. The TN stocks of microaggregates were the highest in the grass community, the TN stocks of large and medium
aggregates showed an increasing trend with the increase of restoration years, and the TN stocks of micro and silt+clay
fractions aggregates (<0.053 mm) fluctuated with the increase of restoration years. The TN stocks of each grain level
aggregates were significantly correlated with the biomass of above-ground plants, roots and litter as well as carbon and
nitrogen content ( P<0.05).5) The contribution of large aggregates to soil TN stocks during grassland restoration was 70% ,
and the increase in the percentage of large aggregates was the main reason for the high contribution of large aggregates. In

conclusion, grassland restoration is beneficial to soil stability as well as nitrogen accumulation.

Key Words: Loess Plateau; grassland restoration; vegetation succession; aggregate stability; aggregate nitrogen
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Fig.1 Geographical location map of the study area
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Table 1 Main species, cover and yield characteristics of grassland at different restoration ages

WER BEEDR yeme e _
. TR FE S Above-ground . o R L
Restoration . X . Root biomass/ Litter biomass/
Main species Coverage/ % biomass/ N ) Root/ crown
ages P (g/m”) (g/m”)
(g/m?)
T Artemisia capillaries
L EL Setaria viridi:
10a HPERE Setaria wiridis 33.5:1.5 134.8+7.5 88.2+4.1d 75.545.24 0.65+0.016e

S Patrinia heterophylla
H® Glycyrrhiza uralensis

WWRE Artemisia capillaries
YATE Artemisia stechmanniana
20a A ECE S Stipa bungeanaTrin 45.4+1.5¢ 227.1£5.9¢ 166.2+3.7¢ 114.423.1c 0.73%0.008d
WKL T Lespedeza bicolor
[12E 5 Bothriochloa ischaemum

YATE Artemisia stechmanniana
MAAIART Lespedeza davurica
30a A BCE S Stipa bungeanaTrin 63.9+1.8h 306.3+8.1h 261.5+8.34b 195.725.2h 0.8520.011¢
F12£5E Bothriochloa ischaemum
FOKR Melilotus officinalis
BRATE Artemisia stechmanniana
ARAELF Stipa bungeanaTrin
40a F12E5E Bothriochloa ischaemum 77.9+0.8a 359.6+5.1a 340.8+8.2h 272.2+2.5a 0.94+0.017b
MAGRT Lespedeza davurica
KRR Melilotus officinalis

BRFFES Artemisia stechmanniana
F12E 55 Bothriochloa ischaemum
50¢ - . 65.3+2.3b 311.1£7.5b 384.5£6.1¢ 256.1+3.81 1.24+0.0492
¢ MEHBTF Lespedeza davurica * * £0.1a £3.6b & a

A [CESF Stipa bungeanaTrin
F—F AR NG FRFOR AR RS AR RS IR R E RS DA 1E B35 22 5 (P<0.05)
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BB 28I T D MR — B PR AT 8 AT + 2 AR R AT A IO P - R AT 8 + SR Y
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44.6% ,90.8% (ML) o 7E 50a BV e b R i I Wy Fh 2 R0 AR I B84 (&1 2) , B S35 BT
J5 T RER S B KA 1A 30a, 38530 AT FIPR S 10—50a FHLAT 75 Z2AE 48 B0 R & UG e,
I3 1y =-0.019522" +1.3981x~4.133 (R* = 0.779) (W) F %) .y =-0.00151x> +0. 10604x+1.882 ( R* = 0.828)
(Margalef $8%0) .y=-0.00236x"+0. 1728x+0.36533 ( R* = 0.835) ( Shannon - Wiener 5 %) Fll y = —0.00038x" +
0.02857x+0.63343 ( R*=0.894) ( Pielou 5] FEFR%0) .
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Fig.2 Diversity index of grassland communities in different restoration ages

2.1.2  R[EMRAE AR FR B AR AR R R T8 W) 55 o0 AT

N2 2 PR AN RIS AT PR AT B b L3853 AR R FNIYE Y OC F TN & iR G, AN R A2 A1 FR
BOHUARY) | AR VR 5 Wk S A AR I B N 363.7—456.6 g/kg . 329. 17—427.37 g/kg Fl 296.92—
404.89 g/kg. ALY AR AR TN & 28 A0 73 3 R 12.05—24.51 g/kg 9.74—20.1 g/kg F1 7.36—
18.23 g/kg, HEHUAEY) AHARFIA 5 Pk TN % i Rl AR PRI N 2 3056 b TG T B R a4 R TR B 2 AR | 40AR
P OC &t dwe i B H BUAE 40a, 10 TN &8 dc e {0 BRAE 30a, FEHUAE Y | A0 HR 004 7 W0 ik A L A2 0T
FEl43 3 A 17.45—30.34 19.85—33.85 Fi1 20.75—40.39,, HBEVKZAEFRBE ML B0 NG B TR B/ IMA
Y BLAE 30a,
2.2 RI[RIWKE A PR 4 e A M BRI

AN TR S 4 IR - 3 B A b o 5 o R AH HU A B 22 5 (R 3) o b -4 pH I R IR T IR AR BRAIR,
PRI 10—50a B 54 AR L pH FIZS EREIRTE 73000 0.67%—4.29% 1 6.29%—17.32% , +HE&H/KEAE
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FEIEFEI N 11.57%—17.01% , KB 0—20a LI FRE#F,20—50a 5L 80 b THEa % | fe AR AR AN i o (800 ) o8 PR
20a fil 50a, EHPRE WEHE N T HHERR S KR 10—50a B 54 AR b SRR & N 16.52% —
64.84% , FHIIKAZ i AR R O R IE BTSRRI S TE 30a ik Bl S, 5 2 A VR B
RIS TG BT R R o A DU e I N KR 10—50a ML 5 A L AH LT
T EEA PR S EH N T 37.149%—332.38% , EHLPKE A FR A HHE TN & 25 LS N B KR
40a 35 NI RAE, RIS T TN fifs et () 498 20 AR A AR 40a 3K 8 i S {E, KB 10—50a B b 55 4
FHLE TN i s (E 3G NS Ry 8.10—118.92%
2.3 N[ AR B Al P SR AR 2 A AR MR RRAE

FHE 3 AR, SRR R0 T e RAR O A R AR AR AR M A SR A A3 R AE R B AT SR R (0.053—
0.25 mm) >H AR (0.25—2 mm) = KPR ATER A (<0.053 mm) > KHIRAE (> 2mm) , EFHIKE 10—40a
2Z 0] - S A SR A o s R 7, A AR G A SR AR A3 A0 2 ASAR ], 7E 10 H AT SR 44> KT SR A > il b o 141 2R
1A, 20a Hr A B 44 = P B A S KR RE AT BRAA , 30a F1 40a kP B 14> v [ SR A4S KR [T B8 44, 3] T 50a 15
>l A SR A > v AL SR AR S K R AT SR AR . 50a AP S A R vl e b = 398K AT SR AR o AT SR A 5 LE 2 TR
KT 50a KRR G 2 FHUAT, N 36% , 5 2 AH S AT SR AR TR R S A B LA R TR Rz A
RORAEF RS i B RIS R R JE BTSSP R RFEE HEFR bR MWD Al GMD [ 5 Pk 52 47 PR 34
T (E 3) . EHKE 10a,20a ,30a ,40a Fl 50a +3EF H A MWD Fi1 GMD $8 5043 51 Ho A HI 42 1550.12% |
96.66% .155.07% 188.79% .210.69% F1 14.60% .25.77% .39.73% 49.55% .55.48% , 33 A1 AR & MR AR
WK 50a>40a>30a>20a>10a>ck (P<0.05) ,
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Fig.3 Particle size distribution and stability of aggregate
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2.4 R[EVRE AR B b A R AR R R S

F 1 4 AT B bR O A 45 R 4 A SR AA S TN iR TN it W S kA= 28 Ak, A< T 10a ,20a . 30a ,40a il
50a FRI G AR TN A A28 16 15 Bl 43 514 0.2—0.33 ¢/kg.0.21—0.27 g/kg.0.34—0.43 g/kg.0.55—0.64
g/kg 0.65—0.75 g/kg F10.63—0.71 g/kg, T IR TN Srimfcmn, KEIRIK TN & 7481075 Bl R 0.24—0.67
g/kg, BEVRIZ AR BR 2 ILSE T BRI a3 7E 10a e/ MA . T AR IR FGA R AR AE R K 52 5 % h i TN
e, BRI N RS LT REAR A R AR A3 R 0.27—0.74 g/kg F10.24—0.73 o/kg FeAIRH AN
e (H AT AL BLAE 10a Fi1 40a, 5 F 3R = ARG AR AR 6], Alp s A1 SR AR TN % & 22 K Fl oy 0.2—0.64
o/kg, BRI TR FREREE TE 40a Hi K, ARH 10a F1 20a R0 AR A TN fi &2 35 2 300 A1 R 44>
r I SR A > TR AT SRR S Rl p s P SR A R REAIE , FE b 52 30a i 40a KT SR TN Aifh 15t 2 T v AT SR AR RS #3 A
BIR TN fifiit TN SR RORMK TR R, ARG 50a AT SRR TN A AR YK R K A1 38 1 > Bl A SR A > v 4]
RARSKRr A R A4, iR AR AR TN A S AR RN, K5 10—50a 5 4% HAH LE TN i 32 38 Iy [ 70.19—
1491.30% , "FHAIRMR TN it fE 50a YK i B 2 b 2B 1 THE TR 78 40a i R ME, 54 B
PRI 10—50a HEHE TN fif 815 ML N 32.44—353.62% . (A1 544K TN fiff & 7E 0—10a ,10—30a F1 30—50a 7
BIEBLIE R JE LT FREAEE S, SRR AT R R KRz A1 R R TN A% 7E 10a A fIK{H ,20a 30a ,40a
F150a 5 10a AH HEAS B RLIA]T R IR TN it & 50 5130 T 65.36% ,224.18% ,325.49% F1 357.79% .
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Fig.4 Total nitrogen content (line chart) and stock (histogram) of grassland aggregates at different restoration ages
TNs: 2R fifi 2 total nitrogen stocks; TN : & 7% 1 total nitrogen ; &l HH R [R] /NG S48 7R 457 G A SR AATEAS RV B2 4 PR 1) 4 R e o A 7 o 22
5(P<0.05)

2.5 AEPCRRAER LSRR AR BTG AR R LT 20 A TN fif B G AR
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AR AN TR AT BRI S e i RS 1 - S BEA P o 5 A SR AR B A E P T TN i R AR S LA SRR
B AL AR AV W AR A i S R PR A i PSR A RGBS L P SR A o5 L A0 AT SR AR P 22 IE A OG5
A MR RAR PR RS LS R R R A REBRL P SR AR o LA A SRR AR E PEAR DG . AN TR A2 ok
PR & L5 B AE S B DG SC R, SRR A ARG . ANI&L 5 B 2K TN il B BR A B U 7%
Yot R e Z SM R BCRHIE AT AR O OGP AR AR I 7 0 A o R 5 B 55 R TSR | P TSR Rf ks
PR TN fif ARG, LA R AR TN i S ARAR R RS ARG, RO IR i e 25 v R R A
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Fig.5 Vegetation characteristics and soil physicochemical properties in relation to aggregates fraction and TN storage
Mac ; KRR &7 L macro aggregates content; Mec ; H1 B 5 Lt medium aggregates content ; Mic ; i A 44 /7 Lt micro aggregates content; S+Cc:
KGR BL A AR & HE silt+clay aggregates content; MWD -3 5 & F{ #£ mean weight diameter; GMD: JL{a] -4 12 geometric mean diameter;

MaTNs ; KA R AR A fifi i macro aggregates total nitrogen stocks ; MeTNs ; H1 A1 RK A fifi i medium aggregates total nitrogen stocks ; MiTNs ; 12 1 % &
F B micro aggregates total nitrogen stocks; S+CTNs : Kl 1 R R F i i silt+clay aggregates total nitrogen stocks; PlantB : #8424 ¥  plant
biomass ; PlantC ; F /8% 7 5 plant carbon ; PlantN ; Hi%) & & & plant nitrogen; RootB; # 2 4= ¥ 5 root biomass ; RootC : R Rk 7 5 root carbon;
RootN; H3 R & & root nitrogen ; LitterB ; Ji7% ¥ 4= ¥ litter biomass ; LitterC ; & 7E ¥k 7% & litter carbon ; LitterN ; 875 &% = litter nitrogen ;

BD: % bulk density; SWC; 135 7K1 soil water content; Clay c¢: 5K clay content;Silt ¢ #1875 & silt content;Sand ¢ ¥k % & sand

content; SOC ; +-3EAHHLAK % & soil organic content; STN ; 345

i soil total nitrogen content
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2.6 1 TN fifi it 5 T RIRAL 53R TN R0 C R

AHICPE BT R (1B 6) , T8 TN fiff it 55 A R AR5 10 FIAS E 1 I 2 AH G (P<0.05) o i ok | Rk # A
AR 5 H L AR R A s M A S S Ut i S B0 0 25 IR AR DG (P<0.05) |, 1T 5 1ol AT SR R ol L B2 0 b 25 17
X (P<0.05) , 15 TN fifi it 5K hoRTR Ry AT SR A TN fiff i 2 00 2 TEAH DG (P<0.05) |, {H 57T SR & TN
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Fig.6 Relationship between soil TN stock and distribution and stability of aggregates and TN stock of aggregates

STNs: +- 3 A i soil total nitrogen stocks; * F7m B F[E] A (P<0.05) , s F7m B TR B 45 (P<0.01)

2.7 IR RN I TN fif i AR Y STk R
4 FE T R AREN SIS T IS E G E I TIRCE, 2 3 ATA, 7R B K A L R | BE AR FR 3
i34 AU AR L RN, YK E 10—50a 5% AR HLARfL 2 FEIY 0.003—0.045 kg/m® , Ho KA R AxF
F4 FEGEERENHEAEEURABEEMEN LRAERT LN RHE

Table 4 Contribution of soil N stocks and aggregate N stocks to changes in soil N stocks in grasslands with different restoration ages

T E SRR VA SR ik %<
R4 AF PR Changes in soil TN stocks Aggregate contribution/ %
Restoration ages 25 {k 5t/ (kg/m?) AE 53 L/ % KA TR Ma AR Me AR IR Mi RHRL S+C
Change amount Percentage change Macro aggregate Medium aggregate Micro aggregate Silt+Clay aggregate

ck—10a 0.003 8.442 165.491 75.818 -73.455 -67.854
ck—20a 0.019 52.462 71.4456 26.479 -1.348 3.423
ck—30a 0.038 101.542 72.617 17.451 0.401 9.532
ck—40a 0.048 129.221 70.160 19.140 -0.125 10.825
ck—50a 0.045 120.536 72.950 17.088 -1.039 11.001

Ma; KRR macro aggregate ; Me : 1 I B {K medium aggregate ; Mi; fl{l A1 1K micro aggregate ; S+C : Kk I B {K silt+clay aggregate
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1A AR I TR SR AT T v A SRR SRR AN o AT R AR 3 4 U AR I TR Ry B (L (A
AR RL AT SRR AEVR I 102 DTHRIE N 000 , (R BPK 5Z AF BRI S 30 b e ds, 7 s R 2 2 e v K AT 3R
AR+ e A AR S ALY TTR R B K, 7E 10a B ik 3 165.49% | 111 5 i Fa E 1E 70.16%—72.95% 2 4] , 1.
A AE R A G AR TR T RAR B S A XS BRAR VT F2 & T PRI H, FR AR AK F1ZE 10a BHIE T4
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Fig.7 Two driving factors for changes in soil TN stocks in grasslands with different restoration ages
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FF -+ 26 AR F BT + A LB 2P - BRAT + FE R OR  AE (3R 1) IS R S I 3 5 O e 8 L i
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Mg 27 HL e A FE VR T 20a REAZHERRATH AL 770 1 SE REL 2R AR R AE K IHFEWRE 30a J AT 5 i
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LRV R 2 AR O e A P AR A AN TR 1S A R R e v 2 R A A A A, AR5 v, Bl PR A2
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PR 2) TR 2 e L IR ST A AR R A 25 R 1R TR R MK B2 10—30a [0) , B LT VR A0 2E
P n (R 1) BZEE a2 Sl R ESOKEBRHTRAR (3R 3) , #F 1 T30 30a ZJ5 &8 4046 4 52 7K 43 R il i
R HEE , FEW R A AN R 30a TS BRI S S AR F R 1G5 o e S Bl 5 A TR T
A A A S AR A 1 R A K2 IR T R R RN S R A AR AR T ol A R AR AR A TR B kAR T
MR FRAT i, AR LR s SRR AT BR A b i LA B AR 2R NI P4 TN 5 i Bl PR A2 A1 B 52t S 44
JEIR AR (R 2) 0 i T RIBEK AR AT 30 47, HEEA IR ITEE Y | ERME Y R AR 19 A4 1 AN B
BN, S BE g A SR IR A S, 02, 30a JE A RHIIARARHEY) & S, SRHME D, o Ag R
FIRAR G R, BE R C4 MW RARL S i e ), HE i S ORI AR 2 AR 9 e 2 4 i 4
TR,

3.2 MEBR A G IR L 3R A BRI

FEWER R i R P, i A R 3R A BRI 2 s g ok 2 AR SR A R o Bl
KA AE BRI 35 PH FIZS 2 R s Rk & & 2 BT s (36 3) , R IR &R R A AR BN
Wik R TR R A S R R R RR A, SR R 2 S Y £, KA 2K R
B ANE PR B A LR & R BT R WA 4 PH, AR R R RIS L S E AL
S 1w SN N ST D % /B N & A 7 g 2 [ w2 S 1 = )l w7 € 2 S
T HER RS N, 6 R R AR R eE L SRS RS K B R R e TS BT (ER3) XM T
PR A0 U1 BV B4 3 A e T, MR AR WK I T M B S R 2 T R R | il
IR IZ AR (0 30a Z )5 HEHB TP Z2 FEE R, Tof S A DL 2 A o 3 1 0% 32 3 b 07, 7K 4 28 5020, 9 5L
K SN IR K PSR | BT ALE B HIK 5 30—50a HIHES KB W FTF, R A o A Y b
ML B B3N (3% 3) , SO T R T it DA 2 Hrh & ¢ B Em N RARHEY 2 & C 8
FEYRITA 5 39 | WA T P AR 2R AR BN, DA AT A s R e 88 T R A LR (0C)
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ISR IS BRI EA (3% 3) L7 30a Z R G RHMEY AR £ | 38 1o [ AUV E AR I IE 0 T 4580 N B2 i
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GEREIR ARG TN & R AR IR e T e a LI aia s oA /N T 2mm 59 HLER AR TN 5 5 L AE 40a
Ja TEECE 4) o XJE i THUYKIRT 10a, FHEYZZ , 35 N GO PR 2 T, DAt 4% 4 2% P 2R 1A
TN SR A 10a ZJ5 AR 7 WPIE AR 5 P 1e 4= 6 10 Gl A= 0/ T 23k TR 2500 20 245 vh i 2 1 5k
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TR R S hg RR MR RS EAOC (B S) MR fAR R 2 MR A B 5 i AR E P4
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