1824—1830
11/2013

Hook B
PRATACULTURAL SCIENCE

30 & 11 14
Vol. 30,No. 11

BIXAEHERERAEMH
REEMEST

a T'.hzm  ERE

L PG AR AMB R A S M BB 24 B BR VY M 7121005 2. v [EBE2 B K A K £ GRFFIT ST BT . BR VT 458 712100)

WEAMRBESNTTEFTFLOOHAFRAHAFTFRRAEZR 080 cm LENRAED T FAREZAEY
FELRAKFT IRETHNMXXZRATARL. ERAA. DRAHTFRERDRA LD THE L EMRR
By BET AL 030 cm L EDMEHFHFMRGER RAED T EBE M EH T 30 FEHRKM;3)
MAEHRFHHRAT, LSRR T2 SHB XML Y ORELENETHAR, LR MFINKLEHS HHF

FRELGRAZAD TS LREGKEARZEF MM,

EERMAEAD T ARLTF;LELSKE;LERE
FESYES:S812 X HEkFRIRAD A

Tl A B A R )T A R R R 2 — i il
Ho ST AR 1/5 26 A, o Bl A 35 AR G0 ) B A
A . 2 NS B R AR AL A R R Y R
HiAE B L BT AN [ R B Rk B A R R SRR
FETEM B R . gt e £ A 10 4R 3K R
A b 1 T AR DA o 4R T AR 5520 B3] 90 %
PAES P b 5L X 2 70 26 1 M s B A L i
AR o R b B T2 R Bk A BB T RS Y
K I Fh Z AR IR DA S+ S5 M 1 B e B
b 3B A 0] ™ T 4 5 R A R R AR TR AR AS
HTHXAEESHIEMAE S AT R kR,
I s QAT A R0 i T R A 2 R B A R IR Ak
Frmiwie 52 5 i A B A A W A RN
Fo

RN ALY 5 SRR B 0 3L TR A )
ERMERE BB REEERMEMN. —Jrm. Hl
HRGS ARy 14 3t - 8 73 6 3] S #E AN  E AR T o — 7
T » 2000 DA AL A0 42 R 5 0 K G 5 38 e P 2 4 )
WAk ¥ JF 47 1 40 Te5 . 5l AR B (Leymus
chinensis) LR F K5l 5 (Stipa grandis) B 5B H
AW Ry B R Y A A ) B 81. 306 Al
T3, 400N A ey JE e b DX O T A A

< WeRS H 9. 2013-07-10 % H #1.2013-09-20
FE I - o E B A R P S T R L T

XEHS:1001-0629(2013)11-1824-07

AR 8020 LA BN bl IR ME At R AR B
EEAY R BT T O R AR R AR
A Z GE W) R PR R RE B L Bl N T A B BR AT
R A LA - il AR AR A D00 E 9 5 1 B 0
I FL7 BEHE B A Ny AR ) L AT
AR AP I R AR L 4 ) 2 XU B 7 2%
PF T AR R YRR AR B
TFIX J7 T 5T

it 5 T 5 X i AR - A A A S IR Y 4R A
K EHBZEHMOVIKE S5 EEBAFESR
Gt A 8 T A A R . RS SR WL H G
AT LA AR R AL R A L B R R A
AT i 3 G A 5K [ 8 e L (H T R R
TR Z2 B LA K [l 6 ik ) 5B Al R B2 2 O T A 7E Y
R E R B AR, EX— K f,
R Ji R 245 R R ) BB T T A A 7 GB A R K SR
DL B SR JE 75 5 B A I A g R R IR 7 BT R
BRI DA KRR AR ) b A A R SRR E B AR
FERS AN 7] B 7 45 BR K AR 50 Ml 9 AR AR 2R ) o kAT B
FE RVTTE A A 2 77 0 S0 AR AR 2R W4 9 o A RL e
B TE O B e JRUR A0 R b A R A2 S R T R A e
WA .

JOF X A A A Al 9 B S S A IE B AR 56 ) (XDA05050202) 5 6 58 B SR B2 3k 4 0 i i H

(41230852) 3 [ F Mol J7 23 35 PEAT M BHIF L 3 (200904056 5 55 b 4 b AR 25 R G0 [ K 8 5 S %
TEH T (T (1988 . B (S ) - NSl FLE RPN 8 30 A, 9 O il o R IX B AR 25 . E-mail: win129@nwsual. edu. cn
WAFMEH AR (1955, 1 BRpb il 8082 AR W58 5 1 o XA . E-mail: gyzejm@ms. iswe. ac. cn



11/2013 Bk Bt FGE30H 1D 1825

1 #MRE5FE
L1 AT R =% LA R XA T 5 & [
1% 36 DX 5T AR L3S 45 km 4b,106°24" —106°28'
E,36°13'—36°19" N,k 1 800~2 100 m. =%l
PRAP AR T il Ay o 1 5 AU X BAT TR K
AT AR AR IR ZE R HIRK T
P B A U R AR AR R 5 OC L AR R R
JKEE 440.5 mm, % 2012 4E 40 5 4% (R AP X Y 3
AR 313 Fp, o AR S5 AEY) 16 T, B A4 W) 297
v, EEARHAE YA KEF A REF (S, bun-
geana) A BFEF (Thymus mongolicus) V5 (Ar-
temisia sacrorum ) M B B & B ¥ ( Potentilla
acaulis) %%,
1.2 B 7 &k
12,1 Fshi's ARXREFESFILEF S 4.9
13 45,22 4E LA S 30 4 1Y R AR B AR Sl BIF 5T 6
ALY CE R T R AT R AR W A S R
A E o AR HEASfE BLER 1.

1 HFMEXRER

Table 1 General situation of the experimental plots

;\ 2 {/‘ > 2 7p
N %FE i 1 B i &i‘fi R
Enclosing R Altitude/ Coverage/
Slope/ Aspect 0
year/a m %
5 20 . i 1942 64
Sunny slope
9 22 A 1901 82
Sunny slope
13 27 P 1892 78
Sunny slope
S
22 21 . I 1 882 82
Sunny slope
30 26 I 2 098 98

Sunny slope

L2.2 ALY RME RET 2012 4F 8 A
FRAE . TEELF R RAE RUHAREE (2=9 cm) L 0—
80 em 43 JE CHEJZE 10 co) BURE , AL H AT 5 IR,
S SO/ T RE ) Sl 1B de =W 5 BT 7RV vl o & P v e I
0.4 mm ¥ ¥ G . 15 21 5 2 B9 MR BE b K Uk v
ARG .75 C TR E PR AEE  ARBT .

1.2.3 RHERKE  RRARENNE  HHET 2012
AR 8 A W )R MR IR RE A R A

(=4 cm) , [ {H/NEEGEFRE 080 ecm L E+HF(0—
40 cm & 10 cm — )2 HBUFE,40—80 cm & 20 cm — )2
WRE) A YA AT 3 R, 5 K R HTME T ik
M. FINFEGDBEAABRE 141 m K1 m 3
AT m R R L AT R A ENIE . R
HIJgE.HHEmMFsMAN0—80 m743r)/2(0—40 cm & 10
cm — )ZBUFE,40—80 em & 20 ecm — )2 BURE) BU
SERE YA LA S IR RS R . T
R s, Bt TR PR .
124 i WAAYENITEAX N

WERAEYE (1« ha ') =mx100/[x(®/2)"],
Apom R PSRRI R TRRAE (). @ R+ 4
W9 em),

THES KR (V) =[O & ff 7 & + + A &
) -RETRE - TR ]/ LT RE X
100%

TIEAE (@ em H=[(LE&TH&E+LHT
Fid) — & TR ]/ A IR,

T A5 5 A SPSS 18. 0 B AT 47 70 4. 23l
Xof [F]— 3t A AR BR 2t AR R AR ) Y A R TR B
K&K\ —HF R A KR LA EN L
JRREER R AR 35 A R R AW & 09 B 7 4R R
R A7 B R R 7 22 73 1 (One-way ANOVA), 8K
Je A B /N S 3 22 55 v (LSD) b AN [R) Bl 40 2 1) 1
725t » Hl Pearson AH 3¢ & BOAN A [7) B 1~ [A] A9 A 5%
KR BEMAKFBEN «=0.05,

2 ERESM
2.1 AR AFRIRRZ LY F A A
#

2.1 RREY R EH M FEEAESH LA
[ 3 FAERFE AR R Y EE P AL 0—30 cm
FRECR 2 A —HFHEREH 0—10 cm +JZ R
REVEHEES T ITREZIORRAEY & (P<
0.05), HH 9FEH 10—20 cm HJZWIW ALY
HEEST 20 em LT & LREMRARAY & HE
HERHMH 10—20 cm L E2MWRAALEYES 20—30
em 1 ZMRRAEY IO 2 5 (P>0.05), A
FEmT 30 em DT LEIRAREYE. HFE 22
FEEH 20—30 em HEMMWARAEYE S 30—40 cm
TREMRAEY R LR EERHEEET 40 cm D)
THELIZMRREY & HEHFEM 20 —30 cm
TR R EY RS Y E ST 30 om T &2 LIEM
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WAEYE . 1£30—80 cm LJZWHEIN B F 5 4F.,
13 4FHEH 30 cm LIF 4 LZ AR RAY 8%
FE5t BT 22 4EHTHE 30— 40 em IR R A YE B
BTHT&ZEN, BE 30 FERRAY 20

MR R 530 —40 em R A A RS
40—50.50—60 cm LZMIR A A YR L FHE5HF
HHEBEES TR FMZE LIENRZEYHE,40 cm
DTF&LEMRAEY IR EZER.

R2 FRAHBEEREMRZEVENEESS

Table 2 Vertical distribution of root biomass in different encbosing years grasslands te hm?
HEFR + 2B Soil depth
Enclosing year 0—10 cm 10—20 cm 20—30 cm 30—40 cm
5a 1.1640. 16aB 0.44+0.06bC 0.3840.07bC 0.17+0.03cC
9 a 1.0740. 09aB 0.6240.04bC 0.5040. 04cC 0.29+0.02dC
13 a 0.95+0. 14aB 0.68=+0. 05bBC 0.60=£0. 08bBC 0.26=0.04cC
22 a 1.4240. 16aB 0.924+0.10bB 0.7840.07bcB 0.58+0.05cB
30 a 2.5240. 33aA 1.584+0. 14bA 1.20=+0. 16bA 0.77%+0.10cA
HE R + 2% B Soil depth
Enclosing year 40—50 cm 50—60 cm 60—70 cm 70—80 em
5a 0.1140.08cC 0.10+0.02¢cC 0.05+0.01cD 0.05+0.01cC
9a 0.18+0. 02deC 0.11%0.01eC 0.10£0.01eCD 0.10£0.02eBC
13 a 0.252£0.05¢BC 0.15740.03¢BC 0.12%£0.02cC 0.09+0.01cBC
22 a 0.37+0.04dB 0.2240.02deB 0.1940.02deB 0.14+0.02eB
30 a 0.56+0.10cdA 0.37=0.06cdA 0.297£0.04dA 0.23+0.04dA

VE AT AS RN 5 B 2R () — o 3 4 RS [ )2 R 1) 22 53 2 38 (P<C0. 05) 5 [Al 31 R [6] K5 7 B 3R [l — 4 J2 IR BE R [ d

BERR 25 B 3% (P<<0.05),

Note: Different lower case letters within the same row mean significant difference among eight soil depths at 0. 05 level, and dif-

ferent capital letter within the same column mean significant difference among five enclosing years at 0. 05 level.

2. 1.2 AN[A) 7 AR BR b AR R A ) S A AR A A
WE&E B FERMER WA A Y8 27
B IOF R E 30 4Rk Bl R R MW@ H . A5
il — LR R Y B E R HEF 30 £ 5
0—10 em + 2 FR A4 W) & 0 Fr A7 B 5 70 2 b i
FiL,R 2,517 8t « ha ' (K 2), X A[EEHFHAER
T [a]— 2R R A R O 22 50 BT R WL B F 30
AERLHL ) S L ER R AY R B E S THE 4 M
FR & H b (P<<0.05);0—10 cm + 2 {EHIN . HE
AFEREFEMMORREYE LR EEZR (P>
0.05), ANFEFHFER 0—30 cm +ZREEY S
0—80 cm 12 B AR &R A Wy i 19 Lo ] # KK IR
HE2Z2E<HTFI0AE<HT I3EHET IE
BEH S BT LA L BEE B A AR R A 3G, iR
FRAEW AR E LD T Y L 2 R A S B
H ) 2 0 AT R

2. 1.3 RO SR R AEY R M EEE AR
Yo B b AR R AR W AR AR B K o B30 4R
B YA Y O RO B E 5 AR R MY R
WA g R /N (23D o UF S [ i 07 19 B M MR R A i
AT 22 A R WL B E 9 4F 22 AF R ML A B ALY
WEEY R TR EE R (P>0.05), HE 54EM
YA R B E 13 AR A Y Y W R TR
— AP R AN IR B A2 (P<0. 05), B 30
AR TR AR A RS H B TR RA
YRR EES A LR REYREESGTT
Yoo BrEHE 13 FE AN, HEH T LR
A A TR R R AEY

22 ARHFTHEMERIIELS KT LIER
F 8 AR

2.2.1 BIESKEM ML 23K o 2 2
YWRAAK KEFWEEARBERNEZ —. ASHFER
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3 b 4 K R AR T L T 43 A R S SR AR A
] BB )2 DR BE A 34 i o 2> (3R 4) . HH 30
AR 3 KRR 0— 80 em + 2 [ N G &
PRIFHE R B KT o T B S ol T 4 38 25 0 1) el s (i A5
T IELROK PEREIY R . S AHEHIAE 0—60 cm )2 [
P& K AR AR K, BB T 30 4R FE ML, ¥ 7E 60 —
80 cm +ZEENA — I B TR, LS IKE
T B B E A BRI RE 4, 5 ST Rl £ 3 in i
FEEN

2.2.2 FEEREM M s HE R+ b
WHRERAERK X AN ERE HER 72— HE
/0N o 08 B - AL B R v AR R 2 I ML AR B
FN AT R TR R AR WA 2R,
5 T 7 AT PR b ) - A S LA 2 A T R R Y

PR, 020 cm LEZEHEAN.EHF 5 4.9
AR L1 AR B A AL AN T E 22 4R
30 AFEHiHh 0—10 em [ HIEF TR E/NF 10—20
em +JZ Y, X UL Bl BB T, RE LA
R NGE AR R B EER . TR
A R 2R 40 A0 950 P TR 2 L MR B iR D A BR
M 453 B 5 20 em DUF L2 HIEAREA KK
F18) 184 S

23IMERAYYEELELKET LB EEY
MK KX F SHEFERTHBORAEYES +
BeEoKm T EEM I MR R A RS LIEA
FEHRAACER, Kb B E 22 iR R 4
a5 HIEAREENEEAMALCKR(P<0.0D)
(F#6),

R3 AEEAM 0—80 cmn BEMIIR R EMER 2 1L

Table 3 Distribution characteristic of root biomass within 0—80 c¢cm depth of different position on slope t « hm *

BEFR

Enclosing year

Yy Position of slope

3% Upslope

F1y Midslope

T ¥ Downslope

S a 3.10+0. 36aC
9 a 3.23+0.32aC
13 a 2.55%+0.56bC
22 a 4,8340.43aB
30 a 9.33+0.72aA

1.804-0. 40bC
2.83+0.36aBC
4.26=+0.44aB
4.20%£0. 46aB
7.33+0. 86abA

1.7540. 35bB
2.90£0.17aB
2.73+0.32bB
4.85+0. 78aA
5.87+0.66bA

T WA ARNG 78 3R [ — 2 48 PR A 3 07 18] 22 5 8 3 (P<C0. 05); [Al 31 R i) K5 = B 8 R il — 3 7 R 7] 3 & 4 BR 1A
5 W # (P<C0.05),
Note: Different lower case letters within the same row mean significant difference among three slope positions at 0. 05 level, and

different capital letter within the same column mean significant difference among five enclosing years at 0. 05 level.

R4 TEEKENTHEFE

Table 4 Distribution characteristic of soil water content %
B AR + B IE B Soil depth
Enclosing
year 0—10 cm 10—20 cm 20—30 cm 30—40 cm 40—60 cm 60—80 cm

5a 14.08+0. 35abD 14.34-+0.40abB 14.8440.87aB 13.59+0.78abC 12.63+0.62bAB 8.35+0.86cBC
9 a 16.27+0.67aBC 15.5240. 69aB 15.52+0.77aB  14.64+0.95abBC 13. 144+0. 80bAB 8. 88=+0. 54cBC
13 a 15.00+0. 43aCD 14.82+0. 39aB 15.34=£0.62aB  14.36=+0.60aC 11.04=+0.92bB 6.38+0.77cC
22 a 18.39+0.47aA 18.31+0.40abA 17.8140.43abA 16.48+0.67bAB 14.17+1.02cA 9.5440.67dB
30 a 17.51+0. 66aAB 17.6410. 60aA 17.51+0.50aA 16.97+0.56abA 15.5741.53abA 14.33£1.59bA
VE 7173 R )/ 7 27 (7 — 7 4R AR ) J2 VR B ) 2 5 835 (P<0. 05) 5 [ 91 S ) K 5 5 8 3 % Il — £ J2 VR I R [
BRI 2 5 B 3% (P<<0.05),

Note:Different lower case letters within the same row mean significant difference among eight soil depths at 0. 05 level, and dif-

ferent capital letter within the same column mean significant difference among five enclosing years at 0. 05 level.
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Table 5 Distribution characteristic of soil bulk density %
I EH W + Z % Soil depth
Enclosing
year 0—10 cm 10—20 cm 20—30 cm 30—40 cm 40—60 cm 60—80 cm

5a
9 a

. 2540. 03abA
.237£0. 03bA

.2440.02bAB
.2640.03bAB

22 a
30 a

.0740.07cB
.054+0.04cB

.2540. 03bAB
.1940.04bB

1 1 1.2740. 04abA
1 1 1. 30£0. 04abA
13 a 1.29+0.01bA 1.29+0. 03bA 1.31+0.03bA
1 1 1.3240. 04abA
1 1 1.2240. 03abA

1.344+0.03aA 1.3440.03aA 1.344-0.03aBC
1.344+0.05abA  1.37+0. 04aA 1.39+0.03aAB
1.344+0.03abA  1.4240.06aA 1.344-0. 05abBC
1.36+0.05abA  1.4140.04aA 1.4440.01aA
1.2540.03abA  1.3340.04aA 1.2840. 04abC

O AT A /NG T8 3205 [l — B 5 4R IR () L J2 TR B 0] 28 5 (2 3% (<0, 05) 5 [ 91 AN ) KRB 7 B 7R [l — b J2 TR AN [ &

BAF R H] 22 5 i 3% (P<<0. 05)

Note: Different lower case letters within the same row mean significant difference among eight soil depths at 0. 05 level, and dif-

ferent capital letter within the same column mean significant difference among five enclosing years at 0. 05 level.

*6 REEYESIESKE TEFTENHEXYE
Table 6 Correlation coefficients of root biomass with

soil water content and soil bulk density

H & AE R FH 5 R %L Correlation coefficient
Enclosing S K& T E
year/a Soil water content Soil bulk density
5 0. 287 —0.487
9 0.377 —0.508
13 —0.134 —0.075
22 0.530 —0.814 % *
30 —0. 298 —0.243

e x RoREFMEF(P<0.0D).
Note: ¥ % indicate significant difference at 0. 01 level.
3 WREHit

AW R A A R G R B R A R E
EMEES RGN EEE . R
FAEWY R DR ez e R — LR IR A KRR
T R A Y R B R PR TSRO
IR RE Ty BRRE T ARG R I AR B AN
AN TR AR R T b ) AR 2R A ) e 4 I R T Ok
D HAETREERZ X 5RO R M —
R —HFERREH 0—10 cn + 2R RAEY
BREGTHT&LZEZNRAEYRE. REALEYE
FEIP AR IE LR A T2 5 DR RO
A BRFR K 1 ORI Y A R T A 3R IR 2
SR K 2 R B R T IEOR 6 2 AR K 5K 5 B
A L HEGERE R RSN b B AT S K s DL
B AR 7 J2 R 23 X AR AR AR K T AN A 52 e A A A
Bt 2 /0 s 3 K R T DR A PR 13 B

B R AR G b AR TR T R R R A A T
BB L 25 B AR B AR IR A i) B[] 5 Sk ke AE B 1Y

RO M 2 R 5 ) MR 2R A B 1) MR AR 2 0B
Fe AEHEAR R AR RGN T AR R AR A
AR 0T P Bl A A F Y L TR
P 2R P A A 2 [ K A A it e AR AR AR
FI . BT A B BEE B AR R A IE R AR R
YR Z RN AE BT 30 AR R, BARKE
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ALY R ATRE A BT M (0 T HE 3 8 R 55
JEE B4R T DAL T AR 2 A ) i i S B Y
VFZ T TSR W, 3 BAL P J5R] B B2 e AR B
T M FR AR, Connell A1 Slatyer™ ) iy #f 57 %
AT b ST R AT LB 5 R ol ) A 3 R T
RS A BT R R A . AS TS A B T R M A R R
A RS OK A OCE AN B X AT AR T
AR R K BB SR K o BEAR T TR R K
Piv i » BT LA K g3 R R MR AR A BRI
B R R A B T AR SR A Rl S
REBLAEFP IS RO R A Wy EARAT B . s
TR A — O T AT R D - K A i AR K R
R K R A — A B R B K5 95— T THAE PR
G S R )Z R HEE AN IR B L T
W 277 AT S T B T N B
B o » b3 R B B0 LA B 25 Y s 3L
XA B A K B i R A
BT 2 W, B A B R O R B A AT
B AR AE SRR LT A AN 2 R 4 1 I
WA I B T B I 2R U 0 R R e Ml S R Y
R B B R B WO B T RS A . I B
AERRI RIS — N EE MR, Z3E % 8RN
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Root biomass distribution of natural grasslands with

different enclosing years in the Loess Plateau

BAI Yu', SU Ji-shuai', CHENG Ji-min'"*
(1. College of Animal Science and Technology. Northwest A&F University, Yangling 712100, China;
2. Institute of Soil and Water Conversation of Chinese Academy of Sciences and
the Ministry of Water Resources, Yangling 712100, China)

Abstract: An investigation on root biomass distribution in 0 —80 cm soil layer of natural grasslands with
different enclosing years was conducted in Yunwu Mountain, by employing soil core method. The correla-
tions among root biomass, soil water content and soil bulk density were also studied. The results indicated
that: 1) Root biomasses centralize in 0—30 cm soil layer and decrease with the increasing of soil depth for
all natural grasslands with different enclosing years; 2)Root biomass increases with the increasing of enclo-
sing year, and reaches the maximum value in grassland with a 30 years enclosing; 3) With the increasing of
enclosing years, soil water content of grassland increases with a S-type, soil bulk density of topsoil
decreases, and the structure of soil is improved; 4) There is no significant correlation between root biomas-
ses and soil water contents of 5 kinds of enclosed grasslands.

Key words:root biomass; enclosure; soil water content; soil bulk density
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